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ht and the Apple.

If you could talk to Thomas Edison, high speed and low cost. No Pascal, FORTRAN, PILOT and
he’d telt you what it was like to turn the wonder this drive is the most 6502 assembly language.
lights on in 1879. You could tell him about  popular on the market. Use these languages to score
some bright ideas of the 20th century... But now Apple goes one a sonata. Apple will play

particularly, a technological phenomenon  better with the DOS Tool Kit.
that can handle everything from solar heat A series of utility programs,
control to lighting your home via voice it gives you the freedom to
command. The Apple personal computer.  easily design 280hx192v
graphic displays in a palette
Expand your own of living color ...depending
inventiveness with the 0" your choice of Apple
always-expandable Apple. ;.

Edison was first with the
Take a look inside your local computer ~ movie camera and projector.

back your musical master-
piece on its built-in speaker.

Edison listened to his
voice on a revolutionary
phonograph in the 1800s. ..
now you can listen to the
sounds of today with Apple’s
inventive family of personal
computers.

store. There’s a range of Apple systems Now, with Apple’s DOS Tool ’

for you ... whether you want expansion Kit, you can be first to work Whel'g to fll.ld even
capabilities of four or eight accessory wonders with colorful more lllllml.natlng
slots...or memory expandable to 64K creative animation. Apple experiences.

bytes or 128K bytes. With this kind of flexi-
bility, the possibilities for creating your lmagine the

own computer system are endless.

There’s always something
new being invented at Apple to

i set your imagination soaring.
broade8t line Edison bad the first movie / % &

Want to add an A to D conversion )
board? Apple makes it happen. Want to of software camera... and Apple has ‘[?131 5;32;1:321:1;1{ f: pert
plug into time sharing, news and elec- Pprograms €ver, ke DOSTool Kit that takes 4. v Apple dealer. Ifyou
" . you into the colorful world g ' },’
Apple’s broad line of of animation. already own an Apple, there’s
peripherals is equalled only — awhole future ahead to
by the most extensive line of software challenge man, mind and machine.
you'll find in the personal computing If you're considering a personal com-
world. Since more than 170 companies puter, stop by the computer store and
offer software for the Apple family, you compare. Apple’s retiability, proven perfor-
can have one of the most impressive mance and recognized technological leader-
program libraries ever. ship will help you see the light. Don’t
When you write your own programs, let history pass you by. Visit your nearest
your Apple speaks creatively in BASIC, Apple dealer, or call 800-538-9696.

In California, 800-662-9238.

With Apple, Edison could've written a
program to determine why some filaments

burned longer than otbers. éﬂpp'dﬁcompuu!f

tronic mail services? Apple does it all.
Because Apple is the most popular per-
sonal computer with the least complicated
interface, over 100 companies supply g ——
peripherals for the Apple family...includ-
ing an IEEE 488 bus for instant control.

Disk drives, a tool kit
and creativity in color.

Apple was one of the first to use
disk drives for increased performance
and application versatility. Today, our 53"
disk drive offers high density (143K bytes

CIRCLENO.5 ONFREE INFORMATION CARD
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The easiest, least expensive way to generate
spectacular multi-color graphics, sharp two-color alphanumerics:
Your computer, a color tv set and the Percom Electric Crayon™.

Add the Electric Crayon™ to your
system and your keyboard be-
comes a palette, the tv screen
your medium.

You dab and stroke using one-
key commands to create dazzling
full-color drawings, eye-catching
charts and diagrams.

Or you run any of innumerable
programs. Your own BASIC lan-
guage programs that generate
dynamic pyrotechnic images,
laugh-provoking animations.

From a combined alphanu-
merics-semigraphics mode to a
high resolution 256- by 192-
element full graphics mode, the
microprocessor-controlled Electric
Crayon™ is capable of generating
10 distinctly different display
modes.

Colors are brilliant and true, and
up to eight are available depend-
ing on the mode.

As shipped, the Electric
Crayon™ interfaces a TRS-80*
computer. It may be easily

PERCOM

PERCOM OATA COMPANY, INC
211 N KIRBY GARLAND. TEXAS 75042
(214) 2723421

adapted for interfacing to any
computer or to an ordinary parallel
ASCII keyboard.

But that's not all

The Electric Crayon is not just a
color graphics generator/control-
ler.

It is also a complete self-
contained control computer. With
built-in provision for 1K-byte of
on-board program RAM, an
EPROM chip for extending EGOS™,
its on-board ROM graphics OS,
and a dual bidirectional eight-bit
port — over and above the com-
puter/keyboard port —— for
peripherals. The applications are
endless.

Shipped with EGOS™ 1K-byte of
display memory and a com-
prehensive user's manual that in-
cludes an assembly language list-
ing of EGOS™ and listings of
BASIC demo programs, the Elec-
tric Crayon™ costs only $249.95.

™ = trademark of Percom Data Company, Inc
.

Options include:
e LEVEL Il BASIC color
graphics programs on
minidiskette: $17.95.
e A 34-conductor ribbon
cable to interconnect the Elec-
tric Crayon™ to a TRS-80*:
$24.95.
e RAM chips for adding re-
fresh memory for higher den-
sity graphics modes: $29.95
per K-byte.
e Electric Crayon™™
Sketchpad, a sketching grid
of proportioned picture ele-
ments (pixels) in a tv aspect
ratio. For 128 x 192 or 256 x
192 graphics modes. 11-inch
by 17-inch, 25-sheet pads:
$3.95 per pad.

SYSTEM REQUIREMENTS: the video cir-
cuitry of the Electric Crayon™ provides di-
rect drive input to a video monitor or mod-
ified tv set. An internal up-modulator for rf
antenna input may be constructed by add-
INg inexpensive components to the existing
video circuitry.

Prices and specifications subject to change without notice

trademark of Tandy Radio Shack Corporation which has no relationship to Percom Data Company.

Get into computer color graphics the easy, low-cost way with a Per-
com Electric Crayon™. Available at Percom dealers nationwide. Call
toll-free, 1-800-527-1592, for the address of your nearest dealer,

or to order direct if there is no Percom dealer in your area.
CIRCLE NO. 48 ON FREE INFORMATION CARD N
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Editorial

PE Reader Profile

Every year or two, our market research department samples subscribers to ob-
tain views on editorial maticr in Porui AR E1 ECTRONICS, as well as to gather de-
mographic information. The latest editorial study is most revealing, as were all
past ones.

This PE reader profile indicates that rcaders average two years older than they
did two years ago (median age was 33 years compared to 31 years). Highest level
of education attained and median income rose, too. Almost 74% of you guys (and
gals also, since 0.7% of readers are female) have attended or graduated from col-
lege compared 10 63% in 1977. And 10.8% of our readership have post-graduate
degrees. In the income arca, the 1979 median was $23,239, compared to $17,800
in "77. On the personal side, 61.7% of respondents noted they're married.

The most popular column in PE—nuntero uno—was Forrest Mims's “*Experi-
menter's Corner.” Forrest won the number two spot also. with his *“Project of the
Month” column. This was followed by John McVeigh’s “Tips and Technigues™
and *“Hobby Scene.” Number five was *‘Product Test Reports,” while this column
(**Editorial’’) hit the sixth spot out of 11 columns. For departments, **New Prod-
ucts” was first, as usual.

In the general article topics area, new developments in electronics was cited as
capturing the most “‘reading about” interest, followed by how things work. Close
on its heels were electronics experimentation and construction projects. More spe-
cialized subjects followed, headed by microcomputers, with testing/test equip-
ment and electronic games not far behind. A few percentage points below them
were product test reports, new TV designs, and audio.

Regarding the technical level of PE, 74.8% said that its contents were at the
right technical level, compared 10 1977's 71.6%. The remainder was divided al-
most equally between too technical and not technical enough. a not surprising re-
sult since our readership is so broad-based. More than 54% of PE’s subscribers
are currently employed in ¢lectronics or a related field, according to the study,
while 11.6% observe that they plan to make it their career.

It was clear from the study that, while construction projects were among the
most popular features in PE, readers pick and choose from among them for ones
that they truly want. Fifty percent, in fact, had not built a PE project in the past
12 months, though virtually a// readers expressed great interest in this topic, 0s-
tensibly for the circuit/device lcarning expericnce and for as wide an application
choice as possible.

I hope the above gives you a better picture of the Porurar Ei ECTRONICS read-
er. Summing up the rescarch data, | guess one could say that the typical PE read-
eris a well-educated male with a substantially larger disposable income than the
national average and is disposed to continually learn more about consumer elec-
tronic circuitry and developments.

Special thanks to respondents who made this market research study possible.

POPULAR ELECTRONICS
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Burglar Alarm
Breakthrough

A new computerized burglar alarm requires no

Q

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.

he powerful optional blast horns can also be
placed outside your home or office to warn
ycdJr 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 motian-—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.

ARRIVE HOME SAFE

There's personal danger in arriving home
and finding a burglary in progress. And, if you
surprise the burglar, you risk the chance of
serious injury. With the Midex 55 protecting
your home, you can open your front door with
the confidence of knowing that no burglar lurks
inside.

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

JULY 1980

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 iong 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 well-protected
carton.

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

COMPARED AGAINST OTHERS

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

YOU JUDGE THE QUALITY

Will the Midex system ever fail? No product
is perfect, but judge for yourself. All com-
ponents used in the Midex system are of aero-
space quality and of such high reliability that
they pass the military standard 883 for thermal
shock and bum-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

WWW atherieaniadiahistary com
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The Midex security computer l00ksS like a
handsome stereo system component and
measuresonly 4"x 10%2"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. ““| 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 (lilinois resi-
dents add 5% sales tax) to the address shown
below. Credit card buyers may call our toll-free
number below. There are no postage and
handling charges. By return mail you will
receive your system complete with all con-
nections, easy to understand instructions and
a one year limited warranty. If you do not have
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.

5) INPRODUCTS
SINHAT
SNTHINK

Dept. PE One JS&A Plaza
Northbrook, Ill. 60062  (312) 564-7000
Call TOLL-FREE ........ 800 323-6400
InlllinoisCall.......... (312) 564-7000

© JS&A Group, Inc.,1980
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series  (“*Microprocessor Applications
It's a Whole New

- Ballgame!™ May 1980) was inspired.

The 1802 must be the most underrated

microprocessor cver made. 1 have fol-

ol / lowed it ever since your original “EIf”
article and now have my own 1802 sys-

5 tem. It was my first venture into digital

electronics and a very satisfying one.
etters

The article on microprocessor appli
cations is informative, but there appears
to be an error in the program (Table LI).
The switches in Fig. 2 are in the normal-

Your choice of the 1802 as the lead- Iy open position and therefore there
off for the microprocessor application  would normally be a ““high or a one™ on

for the 1980's

Microprocessor Applications

R. Powers, 111, Columbus, OH.

¥

Sabtronics Model 2035A

Handheld DMM Kit

No other hand-held DMM
offers you so much performance
for such low cost.

e 0.1% Basic DCV Accuracy
e Easy one-hand operation
e 6 Functions - 32 Ranges
* Touch-and-hold capability *
* Two-terminal input for
ALL measurement functions
¢ Hi-and-Low Power Ohms
¢ Easy-to-build, one evening

assembly
“with optional Tti{P-20 Probe.

Plus these standard features:

Large, easy-to-read LCD readout; automatic
polarity; automatic zero; automatic decimal point;
low battery indicator; overload protection on all
functions and ranges, and 200 hour operation
from a 9V transistor battery.

NTERNATIONAL INC ﬂ

5709 North 50th Street, Tampa, Florida 33610
Telephone 813/623-2631

Model 2035A
$74.95

FOB Factary

BRIEF SPECIFICATIONS:

OC vOLTS: 100. V - 1000V. 5 ranges
AC VOLTS: 100u V - 1000V, 5 ranges
OC CURRENT: 0.1, A - 2A, 5 ranges
AC CURRENT: O 1, A - 2A - 5 ranges
Hi-OHMS: 0 1 - 20M ¢, 6 ranges
Lo-OHMS: 0.1 20M@ . 6 ranges

Size: 3% ""Wx5%"'Lx1 5/8"H

WEIGHT: 11 oz (exzl. battery)
OVERLOAD PROTECTION: 1000V DC
or AC peak all voltage ranges, 250V
DC or AC peak all Ohms ranges:
2A/250V tuse all current ranges

the EF! through EF4 microprocessor in-
puts. The instructions in the program,
mnemonics B1. B2. B3, and B4 look for
a “‘one” on the EF inputs and if a “‘one”
is found. the program branches to the
specified address.—Gaylord Waisath,
Oxnard, CA

The EF inputs to the 1802 are said 1o
be active low. So a low input to any one
of them is interpreted as u logic | by the
processor. This might have been clearer
if we had put vinculums (or lines) over
EF1, EF2, EF3. and EF4 in both the
text and the diagram, but the program
and the logic would still have been the
same.-Ed.

I wonder if the system depicted in
Fig. 2 of this article will operate as
intended. 1 would suggest that each of
the four pushbutton switches be de-
bounced.-— Kenneth J.  Christensen,
Gainesville, FL.

Debouncing circuits are not required
in this case since the routine in the pro-
gram inherenily debounces 1he cir-
cuit. —Ed

Three-Way Speaker System

I found "A 3-Way Drive System for
Spcakers'™ (April 1980) to be a fascinat-
ing project. but | believe the parts list is
in error. The TIP30 and TIP31 power
transistors are not a matched pair. The
matched pairs are TIP29 and TIP30 or
TIP31 and TIP32.—R. E. Gierman,
Salinas, CA.

While Texas Instruments specifies
TiP29 and 30 and TIP3! and 32 as
matched pairs. other manufacturers
cross-reference the pairs to the same de-
vices. The differences lie mainly in
breakdown voliages. which are not criti-
\cal here. Anv of the possible combina-
tions should provide satisfactory re-
sults —Ed.

Noise Generator Patented

With regard to the Shift Register
Digital Noise Generator described in
the March 1980 “Experimenter’s Cor-
ner.” your rcaders should be cautioned
that use of this for any other than pri-
vate purposes would be an infringement
of the patent our company holds for
such devices and their applications (Pat
#4.191.175). — William L. Nagle. Presi-

r——————-————-———-—————————-—1 (len[' Paratronic S_l’S[eIHS Inc., ’IOIIey-

| To: Sabtronics International, Inc., 5709 N. 50th Street, Tampa, FL 33610 |

I Please send me

Model 2035A Hanaheld Multimeter kit(s) @ $74 95ea. . .. ...
_Shipping and handliing @ $5.00 per kit (See betow)t. .. ... ...
_Model THP-20 Touch-ana-hoid Probe(s) @ $19.95ea. . ......
_Moagel AC-110 Battery Eliminator(s) @ $795ea .. .........
_Model HVP-30 30 kV DC High-voltage Probe(s) @ $29.95ea. . .
Florida residenis acd 4% State Sales Tax . ..............

| enclose [ check* money order Bill my [ Master Charge (] Visa
Card Account # . ] —
*Aliow 2-3 weeks clearance time for personal checks No C O.D

Name
Street

City __ | State
tContinental US only AK. HI & PR $6 00 Foreign $19.00 Airmail

.................. 1 3
.................. 5

Expir. gate._

Apl

2.

l In Canada contact: Kumar & Co., 3344 Mainsail Cresent, Mississauga, Ont. LSL1H2 Canada 416 828-0583
4D TED GED GEE GED hED DID GRS SN D D Ghd D I D D D D D D D G G D G G e S
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brook, PA 19344

E()ut of Tune

In “Experimenting with a Sound-
Effects Generator™ (May 1980). in Fig.

D on page 79. the resistor between pins
| 7 and 8 on the 555 timer should be 47k
| not 4.7k and in Fig. 3. p.81, transistor
I Q1! should be a 2N3704 and Q2 a

2N3703. instecad of vice versa as shown
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PHONE
WIZARD

the producer of
communication systems for the White
House and Pentagon, introduces a space
phone. An
futuristic instument capable of 25

DICTOGRAPH®

age computer

amazing

functions and memory bank storage of 30 L/

numbers — convenient compact size —

b

all at a price that will make you smile!

No one's got it. And if they do, it’s
twice the size and triple the price. The
Phone Wizard is based on a unique
‘Logical Language Sequence’, which
gives each key multiple use. This fea-
ture is activated by pressing a prede-
termined code onto a mulitiple use key
(like a multi-function digital watch). The
‘Logical Language Sequence’ is why
Phone Wizard has twice the capabili-
ties at half the size. {t is the most ad-
vanced phone dialer on the market.
And at a price far below any other
dialer.

It’s an automatic dialer.

Think of the number of people you fre-
quently call. The Phone Wizard stores
up to 30 often used phone numbers {up
to sixteen digits each) in its Memory
Bank. Simply pencil in the name on the
handy index pads, just press the ap-
propriate key — one time!

Dial ‘‘Hands Free’’

When dialing don't pick up the
phone, just push the right button and
listen. The built in loud speaker lets
you hear the other person answer or
the busy signal.

You actually see the number dialed.

Glance at the big bright LED display.
You'll immediately know the right
number is being dialed — no matter
whether you're using the automatic
dialer or are dialing manually.

More Outstanding Features

ePressure sensitive keys, solid face
{no buttons).

*Beep tones tell you that each digit is
being dialed or stored correctly.

eBack-Space Erase lets you ‘erase’ a
wrong number. Easy as pie.

*Want to confirm a stored number?
Just press the storage button twice.
Instantly you’ll see a big read-out so
you can verify.

s Automatically rings your number up
to six times, then stops when your
party isn't home.

*A three-position pulse switch allows
the Phone Wizard to be connected to
virtually any phone system in the worid.
Rotary dial or Touch tone.

JULY 1980

Busy Number Buster
and Emergency Dialer

Suppose the number you're calling is
busy, just touch the Redial Key, to
recall. Still busy? Just program the
Phone Wizard to redial later on {up to
15 times, one per minute). A special
sign on the display will indicate that
the number is being redialed.

Emergency! Here's the quickest and
easiest mechanism for dialing the
Police or Fire Dept. This feature alone
is worth the price of this amazing
Dialer. Program the machine before
you leave. Then the babysitter or
Grandma just presses the Re-Dial Key.
Instantly the call is put through.

Conference Speaker
For Group Conversations

Activate the Conference Speaker by
depressing a button. Everyone on your
end and the receiving end can listen in
and have his say-so — with the voice
coming through loud and clear. Meet
by phone, you'll save time, effort, and
not to mention those high gas bills!

Digital Clock, Stop Watch and Timer

Time of day displayed in hours,
minutes and seconds.

Stop Watch Feature times all calls
automatically — great for gauging long-
distance calls, keeping records, cutting
down on expenses by limiting calis,
etc.

You can even time a particular PART
of a call. That's how exact this special
feature is.

Want to recheck the time of the last
cai!? You can — easily. Press the Clear
Key and the Time Key. A big read-out
will appear instantiy.

How To Place A Catl On Hold

Simply touch the hold button, the
word ‘hold’ will flash on the screen. To
resume your conversation touch the
button again, and you're ready to con-
tinue your conversation,

Prevents Unauthorized Use

An ingenious combination electronic
lock allows you to prevent unauthorized
long distance out going calls while
allowing you local calls. Simply press in
the secret code. This locks the dialer
unit and the phone itself. No long
distance calls can be made, but all in-
coming calls will be received. To react-

Circle 39 on Reader-Service Card

WWW amernacaaradiohisetary com

This incredible phone
dialer let’s you
reguiate out-
going phone
calls using
a secret
lock
command

ivate, simply press the secret opening
code and a beep tone tells you the
phone and dialer are ready for long
distance calls. Only you know the codes
for this amazing dialer. An instruction
kit is included and explains all the
secret codes.

Also is designed for wall mounting or
desk, contour designed to allow you to
locate emergency numbers even at
night, gives you an adjustable wvoice
control, no moving parts, LED,.readout
numbers. Quartz crystal clock for ac-
curacy, sloping display for easy read-
ing, quick change of name labels —
and more!

We can't even come close to listing all
of the exciting features this outstand-
ing Phone Dialer brings you. See for
yourself! Use it for 15 days if you're
not completely satisfied return it at our
expense. Every cent will be refunded
promptly.

The price? Not those inflated prices
you may have seen around town — but
only $119.95 plus $2.75 for insured
shipping. For two or more, $109.95 each
plus $2.75 each for insured shipping.
You'll receive complete, easy-to-follow
instructions plus a 90-day Parts and
Labour Warranty, and service (if ever
needed) is readily available. Phone now
so we can get your tryout unit right out
to you. You're not risking a cent.

Call TOLL FREE:
800-257-7850

In New Jersey, Call: 800-322-8650

Call any time, 7 days a week. Be sure
to have your credit card handy —
either Visa, Master Charge, American
Express, Carte Blanche or Diners Card.

If ordering by mail, include the
following: your name, full mailing ad-
dress, signature, type of credit card,
account number and expiration date
Or send check or money order

Save while this offer last. You’ll not
find a better bargin on a top-quality
handsome, easy-to-use Phone Dialer
anywhere.

) EE

The Imagination People®

International Sales Group
Dept.18 , Lakewood Plaza
Lakewood, New Jersey 08701


www.americanradiohistory.com

New from NRI!
25"color TV that tunes
by computer, programs
an entire evemng S
enteriainment. P

Just part of NRI's training in
servicing TV, stereo systems, video
tape and disc players, car
and portable radios.

8 POPULAR ELECTRONICS
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Only NRI home training prepares
you so theroughly for the next great
leap forward in TV and audio. .. digital
systems. Already, top-of-the-line TV's
feature digital mning, computer pro-
gramming is appearing, and new
digital audio recording equipment
is about to go on the market.

NRI is the only home study school
to give you the actual “hands-on” train-
ing you need ta handle servicing prob-
lems on tomoerrow’s electronic equip-
ment. Because only NRI includes this
designed-for-learning, 25" diagonal
color TV with electronic tuning, built-in
digital ¢lock, and computer program-
mer as part of your training, With this
advanced feature, you can pre-program
an entire evening’s entertainment. ..
even key lock it in to control children’s
viewing.

As you assemble it, you learn
how digital tuning systems work, how
to adjust and service them. You work
_with the same advanced features
used in the new programmable
TV’s and video tape record-
ers. It's exclusive NRI
W, training that keeps you
9\ up with the leading

A edge of technology.

Exclusive
Designed-for-
. learning
Concept

The color
TV you build
as part of NRI's
Master Course
looks, operates,
and performs like
the very finest com-
mercial sets. But
behind that pretty
picture is 4 unique
designed-for-
learning chassis....

JULY 1980

the only such unit in the world.
Rather than retrofit lessons to a hobby
kit or an already-built commercial
set, NRI instructor/engineers have de-
signed this television so each step of
construction is a learning experience.
As you build it, you perform
meaningful experiments. You see what
makes each circuit work, what it does,
how it interacts with other circuits. You
even introduce defects, troubleshoot and
correct them as you would in actual
practice. And you end up with a mag-
nificent, big-picture TV with advanced
features. One you can sell or use in
your home.

Also Build Stereo,
Test Instruments
That's just a start. You dem-

onstrate basic principles and circuits
on the unique NRI Discovery Lab® then
apply them as you assemble a fine
AM/FM stereo receiver, complete with
speakers. You also get practical experi-
ence as you build your own test instru-
ments, including a 5” triggered sweep
oscilloscope, CMOS digital frequency
counter, color bar generator, and transis-
torized volt-ohm meter. Use them for
learning, use them for earning as a
full- or part-time TV, audio, and video
systems technician.

Complete, Effective Training
Includes Video Systems
Using NRI's exclusive methods,

you learn far more than TV servicing.
You'll be prepared to work with stereo
systems, car radios, record and tape
players, transistor radios, short-wave re-
ceivers, PA systems, musical instrument
amplifiers, electronic TV games, even
video tape recorders and tape or disc

WWW amerceatadiohigatery com

video players. Your training covers just
about every kind of electronic enter-
tainment equipment available now or
in the near future.

And because NRI has unmatched
experience gained in over 60 years and a
million students worth of training, your
course is designed for ease of learning
and practical utility. You need no pre-
vious experience of any kind. Starting
with the basics, exclusive “bite-size” les-
sons cover subjects thoroughly, clearly,
and concisely. “Hands-on” experiments
reinforce theory for better comprehen-
sion and retention. And your personal
NRI instructor is always available for
consultation, ready with explanations,
answers, and advice.

Send for Free
Detailed Catalog...
No Salesman Will Call
Get all the facts on this exciting
course and its potential for you by mail-
ing the postage-paid card today. Our free
100-page catalog includes color photos
of all kits and equipment, complete
lesson plans, convenient time payment
plans, and information on other elec-
tronics courses. You'll also find out
about NRI's new Computer Technology
@ Course that includes
§ your personal

microcomputer. Or Complete Com-
munications with 2-meter transceiver
that gets you ready for opportunities in
broadcasting, 2-way radio, microwave,
and other growing fields. If card has
been removed, write to:

NRI Schools
McGraw-Hill Continuing
Education Center

3939 Wisconsin Ave.
Washington, D.C. 20016

'A 'l

:‘nli
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New Products

Additional information on new products

covered in this section is availuble from the
manufacturers. Either circle the item’s code

number on the Free Information Cuard
or write to the manufacturer at the
address given.

Low-Cost 500-MHz
Counter

The 50-Hz-to-512-MHz Model 5500,
8-digit LED display frequency count-
er from DSI Instruments, Inc., is de-
signed around a TCXO (temperature-
compensated crystal oscillator) said to
be stable within | ppm between 17~
and 40°C. Other features include an
input sensitivity of 10 to 15 mV, float-
ing decimal point and automatic
blanking, resolution of 1 Hz at 50
MHz and 10 Hz at 450 MHz, and
either a I-megohm or 50-chm input
impedance. The unit is 1.5 thick, 5"
wide, and 5.5" deep (38 X 127 X 139
mm). $134.95 with rechargeable bat-
tery pack and ac adapter, or $109
without the battery capability.

CIRCLE NO. 86 ON FREE INFORMATION CARD

Tailored Keyboard Titles

The basic nonelectronic, 32-key, ma-
trix keypad KA2 from Danyl has let-

Pioneer Videodisc Player

*;
-
=
= ma—
=1
===

Pioneer is currently marketing a la-
ser-optical videodisc player in Minne-
apolis/St. Paul, Dallas/Fort Worth,
Madison, WI, and Syracuse, NY,.

ters and fixed function codes for
START, COMPLETE, CANCEL, CLEAR EN-
TRY, LETTER, and SPACE. All other key
titles and legends are printed on over-
lay materials available with or with-

out adhesive backing, allowing user to
tailor key functions to specific needs.
Key closures and lines for optional
display are carried by a 26-conductor,
ribbon cable. Address: Danyl Corp.,
310 Cooper Center, Pennsauken, NJ
08109.

Mitsubishi Linear-Track Turntable

The fully automatic Model LT-5V
vertical

linear-tracking turntable

with four new markets planned every
60 to 90 days. The new Model VP-
1000 player complies with MCA Phil-
ips specifications, uses a helium-neon
laser, and plays for up to 30 minutes
per side (60 minutes per side on ex-
tended discs). It features two-channel
high-fidelity sound, with 40 Hz to 20
kHz +3 dB response, less than 0.3%
THD, and greater than 55 dB S/N.
Functions include play, pause, fast
X3, scan, slow, and still/step controls.
Other features include frame number,
elapsed-time, and chapter-number
displays; search and auto-repeat
modes; and chapter and picture stop
functions. Remote control is available
optionally. $749.

CIRCLE NO. 88 ON FREE INFORMATION CARD

Unusual Power Amplifier

Apt Corporation’s Apt 1 Power Am-
plifier is rated at 100 watts per chan-
nel continuous output, 20 to 20,000
Hz, with no more than 0.03% THD.
Additionally, its dynamic headroom is
said to be 3 dB. Its adjustable power
supply is designed to allow it to drive

any and all loudspeaker loads—
including loads that are purely reac-
tive—from 2 to 10 ohms. Newly con-
ceived driver and output stages offer
low static and dynamic distortion as
well as eliminating the need for con-
ventional protection circuitry, which
is reputed to degrade sonic quality in
some cases. The Apt 1 also features
relay muting and short-circuit protec-
tion, LED displays, and a rack-mount
option. $641 (eastern states); $656
(western states).

CIRCLE NO. 89 ON FREE INFORMATION CARD

Dictograph
Phone Controller

from Mitsubishi combines logic-con-
trolled operation and belt drive. At
331/3- and 45-rpm speeds, its PLL dc
servo motor offers a rated 0.045%
wrms wow and flutter and 76-dB
S/N, and its 834" (222-mm) straight
tonearm is statically balanced.
Among the turntable’s automatic
functions are: lead-in and lead-out,
speed and size change, reject and re-
peat, lift/cue, free left and right
movement, and cue prevention when
no record is on the platter. Size:
18¥%"'W X 1678""H X 774" D: weight:
27.61b (12.5kg).

CIRCLE NO. 87 ON FREE INFORMATION CARD

Dictograph Corporation’s Phone Con-
troller™ is a multifunction telephone
appliance that can be used with either
Touch-Tone or rotary-dial lines. It
can store up to 30 different 16-digit
telephone numbers in a memory that
receives back-up power from a 9-volt
transistor battery if the ac line fails.

12 POPULAR ELECTRONICS
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Not Just Another Limited Area Motion Detecgar!

guardex-

Protects Every Square Inch Of Your Building

Turns On Lights Automatically
Powerful Electronic Siren

Low Cost Computerized

Burglar Alarm System

Home - Office - Business

NO INSTALLATION

Just plug the Guardex 8000 alarm system in, make several
simple control adjustments to suit your particular building and
it works! There are no other wires to run. This totally self-con-
tained burglar alarm can completely seal off every square inch
of the surface of your building. It protects doors, windows, and
what most alarms miss...your roof, walls and floors.

HOW CAN ONE SMALL COMPUTER PROTECT MY
WHOLE BUILDING?

Guardex 8000 Alarm System works on the principle of audio
discrimination. This, put simply, is the process of electronic-
ally separating normal everyday sounds, such as voices, tele-
phones, etc. from break-in type noises such as breaking glass,
prying metal, or forcing a door open. The Guardex 8000 pro-
tects one story homes and offices up to 2000 square feet and
open commercial buildings up tc 10,000 square feet. The
Guardex 9300 with wireless remote sensor capability is avail-
able for multi-story homes and offices or single story with
more than 2000 square feet. Call the factory for more detailed
information.

TURNS ON LIGHTS AUTOMATICALLY

When the first break-in type sound is detected, the system will
instantly turn on lights, radio, or cther electronic equipment
that you have plugged into the back of the alarm. These lights
or other equipment will remain on for a period of five minutes,
then automatically turn off.

POWERFUL ELECTRONIC SIREN

The Guardex 8000 alarm is equipped with a loud built-in siren.
If during the five minute period the iights or other electronic
equipment has been activated, a second break-in sound is de-
tected, (it can be only a second or two after the first break-in
sound) the built-in siren will start blasting for 90 seconds. At the
end of approximately 90 seconds the siren will shut off and the
alarm listens again. If another break-in sound is heard, the
siren will come on for another 90 seconds. If no other break-in
sound is detected, the siren will stay off and at the end of the
five minute period the lights will shut off and the alarm in-
stantly resets.

The rear control panel
contains two standard AC
plug receptacles for a table
lamp, spot lights, radio, etc.;
terminals for connecting
optional outside siren and
back-up battery (not
included); entry delay time
control and sensitity control.

JULY 1980

CIRCLE NO.27 ON FREE INFORMATION CARD

The Guardex 8000 Alarm System is walnut grained and dis-
guised to look like a small stereo speaker (6%:" x 9%:" x 8")
and weighs less than 62 pounds.

EXIT AND ENTRY DELAY

The Guardex 8000 alarm has a built-in exit delay allowing you
approximately one minute to lock up and leave the building
before the alarm is armed. When you enter your building you
may find that just your normal entering sounds activate the
siren. You may delay it from starting for up to 30 seconds by
turning up the siren entry delay control.

BATTERY BACK-UP
Burglars rarely cut power. However, to give you total protec-
tion from a burglar and possible power tailure, our alarm has
provisions for a battery back-up. (Batteries not included). 12
volt lantern batteries are available at most hardware stores.

THE BURGLARY PROBLEM

The F.B.I. statistics show that at the present rate, one out of
every four Americans are going to be burglarized. That is not a
very pleasant fact, but it is true. You have a greater chance of
being burglarized than being a victim of a fire or automobile
accident. The time is now to help protect yourself and your
valuables with a Guardex 8000 alarm system.

OUTSIDE SIREN

The Guardex 8000 alarm is equipped with a loud, built-in siren,
but if you desire an additional siren to mount outside or in an
area away from the main alarm, they are available with 50 feet
of wire for $24.95. (Connecting terminals are provided on the
back of the alarm).

30 DAY NO RISK TRIAL

This is your opportunity to purchase an alarm system directly
from the factory for only $199.95. Try it in your home or busi-
ness for thirty days without risking one cent. Put our Guardex
8000 alarm to your own test. See for yourself! It will protect
every window and door from break-in. If you are not completely
satisfied, return the alarm within 30 days for a complete refund.
To order your Guardex 8000 alarm, CALL TOLL FREE to charge
your credit card or send your check to Guardian Electronics,
Inc. in the amount of $199.95. If you want the optional outside
siren, add $24.94. (California residents add 6% sales tax.)

(If you require more information.
call during California business
hours, Monday - Friday)

VISA®
o s5re
Dealer Inquiries invited

CALL TOLL FREE Californiaresidents;.

(800) 423-5499 (213) 889-1414 collect

= GUARDIAN
ELECTRONICS, INC.

Westlake Village, Calif. 91361
13

31117 Via Colinas, Dept. PE
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new products__

Sumibers are identified on replace-
able overlays on the memory keypad.
A built-in speaker functions as a tone
monitor during on-hook dialing and
can be used for group listening once
the connection has been established.
The Phone Controller can automati-
cally redial the lasi number called and
can be programmed to redial a num-
ber up to 14 times at one-minute in-
tervals. Other features include com-
patibility with Centrex systems, ac-
cess codes, and non-telephone compa-
ny toll systems, a hold control and
LED readout which displays number
dialed, actual time, or elapsed time of
a call. Calls can be made manually
using a built-in Touch-Tone keypad.
A Hidden Touch Lock, Flocom float-
ing combination lock, and an audible
alert discourage unauthorized use.
$99.95s.

CIRCLE NO. 91 ON FREE INFORMATION CARD

Kenwood Metal-Tape
Cassette Deck

A cassette deck with Dolby noise re-
duction, metal-tape capability, and
fluorescent peak meters has been in-
troduced by Kenwood as Model KX-
500. It features “*soft-touch’ controls,
claimed to give the feel of expensive
solenoid switches, and a tape selector
switch and variable-bias control per-
mit optimum results with any of to-
day’s tape formulations. With Dolby
on and chrome, ferrichrome, or metal
tape, frequency range is rated to be
from 30 to 16,000 Hz, S/N at 64 dB.
The drive system produces less than
0.05% wrms wow and flutter. Special

Emergency CB Transceiver

=i
M"\
N '
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Model 3-5900

Electric’s
“Help” is a two-way CB communica-
tions package for those who only want

General

features include: automatic shut-off
in all modes; single RECORD button;
RECORDING MUTE switch; and timer-
standby. $225.

CIRCLE NO. 92 ON FREE INFORMATION CARD

Digital Logic Probe

The MLB-1

NLS Model
Logic Probe from Non-Linear Sys-

Digital

Winegard Indoor VHF/UHF/FM Antenna

14

£ 3

e

Designed for urban and suburban
locations where outdoor antennas are
impractical or forbidden, the Wine-
gard Model AT-5001 indoor antenna
is said to replace and outperform
“rabbit ears” on television channels 2
through 60 and stereo FM. The three-
element antenna mounts on a gold-
color, floor-to-ceiling pole whose
height is adjustable from 712’ to 84’
(2.3 to 2.5 m). Included with the an
tenna are a length of transmission
line, a vhf/uhf/FM signal splitter, the
mounting pole and two plant-hanger
hooks $44.75,

CIRCLE NO. 93 ON FREE INFORMATION CARD
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to have the security of CB radio for
emergency and information purposes.
It requires no permanent installation
and includes a compact, full-legal-
power 40-channel transceiver that
plugs into a car’s cigar lighter socket
for power when it’s to be used. Other-
wise it’s stowed away in a case, along
with supplied antenna and 12-V
adapter attachment. Features are:
LED channel readout, S/RF bar-
graph indicator, an r-f gain (‘‘receiv-
ing range”) control, anl, a built-in
condenser microphone, and a channel
9 activity indicator. A push-to-talk
bar is incorporated onto the small
transceiver, which includes a dynamic
speaker. A magnet-mount telescoping
whip antenna is fed through a 10-ft
(3-m) coaxial cable. $115.95.
CIRCLE NO. 94 ON FREE INFORMATION CARD

tems can be used to test DTL, TTL, or
CMOS devices. Modes include
“pulse” for dynamic testing or *mem-
ory™ for stored indication. LED indi-
cators are provided for high and low
states, and a pulse indicator LED
flashes during dynamic testing.
Waveforms to 10 MHz with mini-
mum pulse widths of 50 nanoseconds
can be observed. Powered from the
circuit under test or an external
source, the probe uses go-no-go volt-
age thresholds for high and low states
determined by supply voltage. $41.95.
CIRCLE NO. 95 ON FREE INFORMATION CARD

Posey Jogger’s Aid

The new Pacesetter from John Posey
Co. is a miniature beep-tone metro-
nome designed to help you jog more
efficiently. Its beep rate is adjustable
from 100 to 240 per minute, simply by
setting a dial control to the desired
pace. The device is worn on the wrist
like a watch. Includes battery. $39.95.
Address: John Posey Co., 2485 Mo-
hawk St., Pasadena, CA 91107.

Sony Portable
Stereo Cassette Deck

Sony’s Model TC-D5M portable ste-
reo cassette deck is said to have fea-
tures and performance comparable to
those of home stereo decks. Its dc-to-
dc converter is designed to maintain a
high performance level, even toward
the end of battery life, and assure sta-
ble high voltages. Rated operating
time is up to 4 hours on two D cells.
An efficient coreless motor and fre-

POPULAR ELECTRONICS
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—new products____

quency-generator system give stable
tape speed and fast start-up, while a
Sendust and ferrite head make the
deck metal-tape-compatible. The unit

incorporates: true VU recording me-

ters, peak-level LEDs, Dolby noise re-
duction, switchable limiter, and low-
impedance microphone inputs. Rated
power consumption is 5.5 watts maxi-
mum. Size: 938" X 658" X 178" (237
X 168 X 48 mm); weight: 3.75 1b
(1.7 kg), with battery. $700.

CIRCLE NO. 96 ON FREE INFORMATION CARD

Dc-Powered Portable
Soldering lron

M.M. Newman Corp., has introduced
the Antex Model MLX 12 portable
soldering iron. The iron can be pow-
ered by any 12-volt dc source capable
of supplying 2 amperes, such as car or

boat batteries. Employing replace-
able, plated tips that slide over the
heating element, the iron is said to
attain a tip temperature of 800°F
(427°C) in less than two minutes
from a cold start. Its 8-inch, 1.25-0z
plastic handle is claimed 10 be heat-
resistant and to remain cool during
usc. Leads 15-ft (4.6-m) long termi-
nate with large alligator clips for con-
nection to the power source. Comes
with a vinyl carrying case. $19.95.
CIRCLE NO. 97 ON FREE INFORMATION CARD

Home Remote
Control System

Consumer Electronics Systems’ Cam-
mand Base is a digital remote control
system for the home. The Model TXR
Command Base Transceiver, the
heart of the system, impresses a digi-
tal pulse train onto the ac power line
to turn on or off any of a number of
remote appliance controllers. The
Model CS-300 Table Top Station will
control up to 300 watts: the Model

JULY 1980

No matter how

good your present
stereo system.
we can improve it!

Here's proof-

Add effortless clarity and
transparency with our new
? Omnitec™ series Vector-

Aligned™ dual magnet cartridge or
AT30E moving coil cartridge with
user-replaceable stylus.

Laboratory precision is the hallmark
of every A-T tone arm for home, studio,
or disco.

You might pay $1000 or more for
speakers almost as good as these
remarkable electret stereophones.

Use our complete line of record and
stylus cleaners to keep your collec-
tion sounding great years from now.

WWW ammerieaniadiahictary com

LIFESAVER is the first truly com-
plete record preservative. Stops
static and record wear for years.

Create your own award-winning
tapes with Audio-Technica studio-
quality microphones.

Make it all worthwhile with thrilling
direct-to-disc and digitally-mastered
performances from around the world.

When you add Audio-Technica, you
multiply listening enjoyment. At
leading audio stores. Write for cata-
log and dealer list, today.

audio-technica.

INNOVATION o PRECISION O INTEGRITY

AUDIO TECHNICA U.S., INC., Dept. 70P
1221 Commerce Drive, Stow, Ohio 44224
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Catch
the fastest

C-meter
under 200

the autoranging
B&K-PRECISION

830

LA ol

" Model 830 $199
Model 820 $140 (not shown)

B&K-PRECISION was the first company
to offer a lab-quality capacitance meter
for under $150, now we're first with auto-
ranging for under $200. The new 830 is
fast, accurate and built with famous
B&K-PRECISION dependability.

The 830 offers features that are tough
to match at any price, such as 0.1 pF reso-
lution, large 3V2-digit LCD display and fuse
protection against charged capacitors.
Basic accuracy is 0.2%, much greater
than the tolerance of most capacitors.
Measurement range extends to 199.9 mF.

Simplicity of operation is another
strong suit for the 830. For checks limited
to a narrow value range, the “range hold"”
capability can lock the 830 onto one range
—an addedtime saver. This feature. along
with its fast reading time, makes the 830
especially valuable for incoming
inspection applications.

For applications suited to manual
ranging. B&K-PRECISION offers the
LED readout 820 at an even lower cost.

With either B&K-PRECISION
C-meter you can, measure unmarked
capacitors. ..verify capacitor tolerance. ..
measure cable or switch capacitance...
match capacitors for critical applications
...measure complex capacitor networks
...set trimmer capacitors.

For more information, contact
your local distributor and see why
B&K-PRECISION is now the leading
supplier of digital capacitance meters.

oA PRECISION

DYNASCAN
CORPORATION

6460 West Cortland Street

>

CS-500"Wall Switch Station up to
500 watts; and the Model CS-1000
Plug-In Station as much as 1000

watts. The Command Base Transceiv-
er has LEDs to indicate whether or
not the appliance that has been or-
dered on is in fact drawing power.

Each remote controller also has a
manual on/off switch. A sequencing
mode can be used to enhance security
controllers in a predetermined order.
Command Base system units can be
connected to a single-phase 117-volt
line or to either phase or both phases
of a two-phase, 117-volt line. Each
Command Base package includes one
Model TXR Transceiver, one Model
CS-300 Table-Top Station, and one
Model CS-1000 Plug-In Station. Ad-
ditional transceivers and power con-
trollers (as well as optional Alert Sta-
tions and Surveillance Motion Sen-
sors) can be added.
CIRCLE NO. 98 ON FREE INFORMATION CARD

new products .

Handy RCA
Phono Plug Adapter

A plug-in adapter that converts an
RCA phono jack to single or double
banana plugs and binding posts has
been announced by ITT Pomona. The
adapter is isolated and has gold-
flashed solder turrets that allow per-
manent noise-free addition of compo-
nents for series/parallel compensation
networks. The Model 4728 adapter’s
binding posts are on standard 19.05-
mm (0.75”") centers with 4.22-mm
(0.166"") diameter banana jacks.
Also available is the Model 4729
which has no solder turrets or isola-
tion. $10.85 for Model 4728, $9.50 for
Model 4729. Address: ITT Pomona
Electronics, 1500 E. 9 St., Pomona,
CA 91766.

Cetec Vega
Wireless Microphones

Cambridge Bookshelf
Speaker System

With its rated — 3-dB point of 27 Hz,
the Cambridge Model 310 three-way
acoustic-suspension speaker system is
said to have a deeper bass response
than any other bookshelf speaker on
the market. Overall power response is
rated at 30 to 20,000 Hz *+1.5 dB.
Harmonic distortion is rated at less
than 0.5% down to 40 Hz at a 20-watt
input level. The Model 310 is said to
deliver peak sound-pressure levels of
100 dB. $350.

CIRCLE NO. 99 ON FREE INFORMATION CARD

5/8-Wavelength
CB Base Antenna

Cetec Vega is introducing two hand-
held, FM wireless microphones: Mod-
el 80 is equipped with an Electro-
Voice No. EV-671 cardioid dynamic
microphone element, and Model 81
employs a Shure No. SM-58 cardioid
dynamic element. Of the two, Model
80 is 2 ounces (57 g) lighter and 2"
(1.3 cm) shorter. Rated frequency re-
sponse of each is =1 dB from 100 to
12,000 Hz and +=2 dB from 40 to
15,000 Hz; rated r-f power output is
50 mW for a claimed range up to
1000 ft. (305 m). The antenna is in-
corporated in the microphone hous-
ing. A 9-volt alkaline battery is said to
power the unit for up to 9 hours in
continuous use. Operating frequencies
lie from 150 to 216 MHz. Cetec Vega
wireless systems are available with or
without the company’s Dynex 2:1
compander. Rated S/N is 70 dB with-
out Dynex and 90 dB with Dynex.
CIRCLE NO. 84 ON FREE INFORMATION CARD

Real-Time
Audio Analyzer Kit

Chicago. lllinois 60635 - 312/889-9087
4 intl. Sts.. 6460 W. Cortland St.. Chicago, IL 60635
N Canadian Sales: Atlas ElectroniCs. Ontario

CIRCLENO.90ONFREEINFORMATIONCARD
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Antenna Specialists’ new Model M-
2117 is a 5/8-wavelength omnidi-
rectional antenna designed for CB
base station use. It employs a 22-foot
(6.6-meter) vertical radiator made
from aircraft-grade aluminum with
swaged joints. Four 9-foot (2.5-me-
ter) quarter-wavelength aluminum
radials provide a ground plane for the
vertical element. The antenna’s input
transformer is said to be dc grounded
for both lightning protection and re-
duced noise pickup, and is protected
from the elements by a plastic jacket.
Rated gain is 5.3 dB over a conven-
tional quarter-wave ground plane an-
tenna. Mounting hardware is in-
cluded. $42.95

CIRCLE NO. 100 ON FREE INFORMATION CARD
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Logical Systems’ Model 1081 Real-
Time Audio Analyzer employs a ma-
trix of 81 LEDs to display a musical
signal’s energy distribution across the
ten audible octaves. Active filters with
Qs of 2.9 and ISO center frequencies
(31.2,62.5,125,250 and 500 Hz; 1, 2,
4, 8 and 16 kHz) are used, and the
display’s vertical resolution is 3 dB
per step with a rated accuracy of 0.5
dB per step. Nominal input level is |
volt across 100,000 ohms. Barrier-
block and phono-jack inputs are pro-
vided, as well as an input jack for a
dynamic microphone. Built into the
Analyzer is a diagnostic frequency-
swept signal source. The Model 1081
Real-Time Analyzer comes in kit
form with all components, an assem-
bly and operations manual, and a
black anodized, rack-mountable en-
closure measuring 19" X 7" X 31"
$179.00.

CIRCLE NO. 85 ON FREE INFORMATION CARD
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NOW AVAILABLE!

WATT WIZARD

POWER FACTOR CONTROLLER CUTS

THE COST OF RUNNING ELECTRIC (

APPLIANCES BY AS MUCH AS

50% -- AND YOU CAN EVEN SEE THE ¥ | i1
SAVINGS! S 2 ST

For over a year now, in magazines and
newspapers the world over, there have
been enthusiastic write-ups on a
remarkable new device that can cut your
electric bill while helping the U.S. save
huge quantities of fuel.

*"The NASA/Nola power saver,” wrote
a Popular Science senior editor, “‘was
developed by Frank Nola at NASA's
George C. Marshall Flight Center as an
offshoot of a program to reduce power
consumption in spacecraft motors. Nola
calls it a PFC — power-factor controller.
| prefer to call it a power saver, however,
because that's what it does.”

NASA TESTED IT

According to Ciyde S. Jones of NASA,
"The device has been tested at Marshali
Center on over 40 types of motors, with
power savings ranging up to 60%,
depending on the loading. The motors
tested were both single-phase and three-
phase, ranging from Y2 H.P. to 5 H.P.
Most motors will show up to 40-t0-50%
savings when running lightly ioaded or
unioaded, and some will show 5-t0-7%
savings at rated load.”

NASA's Technical Support Package
showed the test results and noted that
“The Power Factor Controller applies to
induction type electric motors — the
most commonly used type In all major
home appliances and the most common-
ly used by industry.”

HOW IT SAVES POWER

Popuiar Electronics explained it this
way: “AC induction motors character-
istically run at a nearly constant speed
that's fixed by power-line frequency and
independent of load and supply volitage.
When heavily loaded, the motor draws
line current that is nearly in phase with
the applied voltage ... Under light load
conditions, the motor develops less tor-
que by allowing more lag between the
voltage and current. This reduces the
power factor while leaving the current
essentially the same in magnitude.

“Though the low power factor means
that conversion of electricity to
mechanical power is small, the large cur-
rent causes considerable (heat) losses in
the supply lines and motor windings.
This is what reduces efficiency.

“To minimize this waste, Nola's device
monitors the motor's power factor and,
when it detects light load conditions, it
reduces the supply voltage ... The cur-
rent, now more nearly in phase with the
voltage, therefore does as much useful
work as before, but it and the voitage are
smaller, resulting in a net savings of
electrice power.”

THE SAVINGS CAN ADD UP

Like everything else, the cost of elec-
tric power keeps going up. Not only is
the basic rate you pay going up, the
power companies have now added on a
“tuel adjustment” charge to heip pay for
running their generators. In 1980, 1981
and beyond, you'll pay more and more
for the privilege of running your electric
appliances.

National Aeronautics

and Space Administration

Patent No. 4,052,648

Right now, the typical consumer pays
about $8 per month to operate a 16.5 cu.
ft. frost-free freezer .. . $10toruna 17.5
cu. ft. frost-free refrigerator . . . $8.25 for
an attic fan operating 12 hours a day
... and about $60 for an air conditioner
used during summer months. It's not
hard to figure out what you're paying per
year just to run one of these appliances.
And in many parts of the country, the
cost is even higher.

That's why Nola's power saver can
soon pay for itseif, then start reducing
your electric bills — the amount of sav-
ings, of course, depending on which ap-
pliance(s) you usetit with.

There's just one catch. Until now, the
device has not been available — except
for industrial models prices at $80 or
more.

INTRODUCING THE WATT WIZARD

Cynex, an American manufacturer of
electrical and electronic products and a
prime contractor for the U.S. Govern-
ment, has been licensed by NASA to
manufacture Frank Nola's power saver.
Cynex calis it the Watt Wizard.

“The Watt Wizard,”” says Ray
Beauchea, the firm's Marketing Director,
“regulates the voltage fed into an induc-
tion motor, reducing or boosting power
as required, when foads go up or down.
Simply stated, it makes motors run more
efticiently, especially when idling. it
reduces motor heat, aftording longer
motor life and reducing the amount of air
conditioning required for cooling
(rooms) in summer months. It saves elec-
tric power, because kilowatt hours are
greatly reduced. And it causes the motor
to run quieter.”

SIMPLE TO USE

Cynex makes several models of the
Watt Wizard (all with solid state design),
including the 110V AC plug-in model
we're offering. It's for single phase frac-
tional H.P. motors (less than 1 H.P)
which is the type used in most made-for-
the-home freezers, refrigerators, window
and attic fans, swimming pool pumps,fur-
nace fans, vacuum cleaners, sewing
machines, power drills, etc.

Simply plug the Watt Wizard into any
electric outlet, then plug the appliance
into the Watt Wizard. There's no wiring
required. Unlike some competitor's
models (if and when available), the ap-
pliance does not have to be turned on
before being plugged into the power
saver. You can leave the appliance —
whether on or off — plugged into the
Watt Wizard all the time. Or you can
move the Watt Wizard to various loca-
tions, depending on which appliance is
being used. (Better yet, order several
Watt Wizards.)

WWW amerceanadiohigatery com

i
E
\

0861 AHNOHIW

OTHER MODELS AVAILABLE

Air conditioners, washers and dryers
require wire-in modei. f you lack
mechanical skill, you probably need an
electrician to instali it. We aiso offer it in
220 VAC single or three-phase.

ADVANCE FEATURES

The Watt Wizard also includes two more
unique features. It's fused, so if you ac-
cidently overload the device, it won't
burn out. Just change the fuse, which is
available at any auto supply store.

And the Watt Wizard features an LED
readout, so you can actually tell, at any
moment, exactly how much power you're
saving — 10%, 20%, 30%, 40% or 50%.

There's a “Power On" light, too. And
the Watt Wizard comes with the
manufacturer’'s 1-year limited warranty.

LOW COST — AND A TAX CREDIT

We're offering the Watt Wizard for on-
ly $39.95, with immediate delivery. Want
two? Then it's just $37.95 each. Or
splurge and get three at $34.95 each.
Wire-in models for heavy duty motors are
$6 more for each unit. Add just $2.50
postage/handling for each order (not
each unit).

And next year, when you fill out your tax
return, you can deduct a full 15% energy
tax credit — for additional savings.

30-DAY MONEY-BACK GUARANTEE

Try the Watt Wizard for up to 30 days.
If not completely satisfied, return it
(insured) for a full refund.

The sooner you send for the Watt
Wizard, the more you can save on your
electric bills. To order, send your check
or money order to the address below. Or
charge it to your Visa, MasterCharge,
American Express or Carte Blanche
credit card. If using your charge card,
you can also order via our toll-free phone
number:

800-257-7850

(In New Jersey, Call: 800-322-8650)
N.J. residents, add 5% sales tax.

Or mall your order to:

Dept P 4, Lakewood Plaza
Lakewood, N.J. 08701

AmETCLCY

The Imagination People®
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Pseudoacoustics

HE listening environment, it has

been said, is the final frontier of
high fidelity. While its finality as a
domain of endeavor may be in doubt,
its importance to the faithful rendi-
tion of music is undeniable. This is
borne out to a degree by the increas-
ing number of signal-processing de-
vices—graphic and parametric equal-
izers and delay “boxes”—addressed
to the improvement of room acoustics
and the emergence of loudspeakers
designed to couple to room boundaries
in ways that are close to optimum.
The quadraphonic era itself can be
seen as an expression of concern with
room acoustics.

Most of the attention allotted to the
listening room has been based in con-
ventional wisdom: Is the frequency re-
sponse at the listening position essen-
tially flat? Is the reverberation time
of the room correct? Do the speakers
have ‘‘good” dispersion (whatever
that may be)? While these ap-
proaches have yielded some worth-
while results, they have rarely been
completely satisfactory. It seems now
that there is another, possibly more
productive, way of looking at the en-
tire problem.

Using Psychoacoustics. In the
early 1970s, the researchers M.R.
Schroeder, D. Gottlob, and K.F. Sie-
brasse investigated what people ac-
tually heard in concert halls and what
they prefer to hear. This they did by
recording music in over 20 European
halls using a dummy head with micro-
phones as its “ears.” The recordings
were then played back in an anechoic
chamber to simulate the sound of the
concert hall.

In actuality, carrying out this simu-
lation is far from a simple task. If the
sound is reproduced for the listener
via headphones, it tends to become lo-
calized inside his head and does not
remain stationary with small shifts in
head position. L.oudspeaker reproduc-
tion, an alternate possibility, allows
crosstalk from the right channel to
reach the left ear, and vice versa. So-
lution of the ‘‘inverse scattering”
problem for sound diffraction around
the human head allows this crosstalk
to be cancelled.

Data amassed from analysis of lis-
tener preferences establish that after

y
B|/¥ Entertainment

Electronics

By Harold A. Rodgers
Executive Editor

sufficient reverberation, good bass re-
sponse, and freedom from echoes, the
most important parameter associated
with a good concert-hall location 1s
that the signals reaching the two ears
be highly dissimilar. To put it another
way, the signals at the left and right
ears should show a low cross-correla-
tion. This is an interesting result, and
if we permit ourselves to speculate
that listeners retain a similar prefer-
ence for low interaural correlation
when listening to their stereo systems,
it may have important ramifications
for listening-room acoustics.

A New Type of “‘Box’’. If the ap-
proach to the “inverse scattering”
problem used by Schroeder et al
sounds familiar, it may well be be-
cause the "“Sonic Hologram Genera-
tor” included in the Carver preamp
works much the same way. Actually,
the idea is not new. The earliest men-
tion of it seems to be in a paper by the
late Ben Bauer, and workers at JVC
have experimented with variants of it
as well. Bauer discussed it at the same
time he introduced his well-known
headphone crossfeed circuit to simu-
late loudspeaker listening via head-
phones. He noted that the process
could be reversed to give a
headphonelike experience via loud-
speakers, but apparently did not
create a working prototype.

Carver’s introduction of interaural
crosstalk cancellation to commercial
reality was a breakthrough in the
sense that sonic enhancement compa-
rable to, and in many ways superior
to, what could be achieved by quadra-
phonics and time delay was now avail-
able from just two channels, not four.
Since that time, others have devel-
oped processors designed to produce
improved stereo from two channels.
One of these new devices is the Omni-
sonic Imager, made by Omnisonix,
Ltd., P.O. Box 307, Wallingford, CT
06942.

Where Carver has specifically
stated that the operation of the Holo-
gram depends on the use of delayed
signals crossfed between the channels
and phased to cancel interaural cross-
talk at the listener’s ears, Omnisonix
makes no such claims. The Omnisonic
Imager is  said to  ‘‘create
a . . . sound environment that al-

WWW ammerieaniadiahistaory com

lows the listener to experience what
amounts to three- d1mensxonal sound
reproduction . .

On the basis of subjective experi-
ence, [ can attest that the Omnisonix
product works quite well. It seems to
remove virtual sound sources from the
plane of the loudspeakers and distrib-
ute them at various positions in the
listening space, adding a sense of
front-to-back dimension at the same
time. At times, some sounds appear to
come from in back of the listener,
which is a startling effect, given that
sound is being radiated only from the
front. Another effect the device pro-
duces is a greatly increased sense of
ambience or ‘‘spaciousness.” As one
might expect from a modern electron-
ic device, no traces of audible noise or
distortion sully the Omnisonic Imag-
er’s output.

On comparison of the Omnisonix
and the Carver, | found no immedi-
ately obvious basis for concluding that
one sounds more “right” than the oth-
er, but the two sound quite different.
The Omnisonix has the edge on dra-
matic ambience, while the Carver
produces a wider stereo image and a
somewhat more definite location of
sound sources. Both sound best at the
“sweet spot’” midway between the
speakers, but wheré the Carver image
deteriorates quickly as one moves
from that favored location, the Omni-
sonix is more tolerant of off-center lo-
cation. Bass boost, unintentional in
the Carver but purposeful in the Om-
nisonix, is characteristic of both; in
each | preferred to cancel this with
tone controls as best 1 could. Interest-
ingly, although it is not clear why this
should be the case, the devices are
compatible and produce interesting
effects in combination. Explanations
of how these arise will have to wait
until both companies reveal more de-

The Omnisonic Imager.

tails about how the products work. All
we know of the-Omnisonic Imager is
that it uses interchannel crossfeed and
bass boost.

The Ambient Benefits. Curious-
ly, both of these devices, although ca-
pable of optimum effect only for a lis-
tener at a fairly precise location in the
room, enhance the sound at other lo-
cations too. Clearly, this cannot be a
result of crosstalk cancellation, for

POPULAR ELECTRONICS
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If lately your favorite recordings sound like they're gradually
unrecording, it could be the tape they're on.

You see the oxide particles on some tapes just aren’t bound on
very well. And when the oxide particles come off, your music
could come off sounding faded and weak.

Mazxell, however, has developed a unique binding process that
helps stop those oxide particles from taking
a hike. We also polish our tape to a mirror
finish to reduce friction, the major |
cause of oxide shedding. :

So with Maxell, even 1f you play atape |

over and over, the music won't disappear
ITSWORTH IT

before your very ears.

CIRCLENO. 36 ON FREE INFORMATION CARD
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HEATHKIT
CATALOG

400 clectronic kits:
Stereo components, color TV's, com-
puters, test instruments, electronics
educational programs, amateur radio
gear — things you've always wanted,
now at low kit prices.

Discover the fun of kit
building: It's a great way to

relax in your spare time, resuiting in
beautiful things you'll be proud to
have in your home. And it's easy. The
famous Heathkit illustrated manuals
make it easy for anyone to build
reliable craftsman-like kits.

Send today!

It costs nothing to discover the com-
plete line of Heath electronic kits.
Don’t miss it. Clip and mail the coupon
NOw.

Heathkit

iIf coupon is missing, write:
Heath Company, Dept.010-672
Benton Harbor, Ml 49022

——_——————1

I = Heath Company,
Dept. 010-672
l Heathklt B:r?ton Harbor, M| 49022 |
I Send my free Heathkit Catalog now. “
I am not currently receiving your catalog. ,I
I Name

City =
|

Address.

State.

§ CL-730 Zip

Pt il

e o e e e e e —— —
CIRCLENO.29ONFREEINFORMATION CARD

audia

this cannot be accomplished more
than a short distance away from the
intended location. Corroborating this
conclusion is the observation that a
noticeable change is heard in head-
phone listening when these devices are
used, and significant interaural cross-
talk. of course, cannot arise under
these conditions at all.

On the basis of listener preference
for relatively uncorrelated signals at
the ears, it is possible to conjecture
that in each of these systems, the
crossfed signals make the left and
right channels less correlated than
they otherwise might be. As a result,
the “‘acoustics” of the recording, ster-
eo system, and room in combination
improve. Interesting too is the fact
that low ceilings—one of the factors
found to create strongly correlated re-
flections in concert halls—are com-
mon in living rooms. As the Omni-
sonic and Carver processors, unlike
that used by Schroeder and co-work-
ers, are not intended for use in ane-
choic chambers, their designers may
have had to take room reflections into
account. Compensation for such re-
flections may well improve the acous-
tics at many points in the room.

Whatever the exact explanation of
the workings of these devices, they are
certainly enjoyable. Another tantaliz-
ing property that we’ve noted in them
is the ability to make near-field listen-
ing (sound sources within a few inches
of the cars) more plausible. A report
on that will come in the future. Also
on the way is an image-enhancement
box from Sound Concepts.

Some Thoughts on Signal Pro-
cessing. Recently, while listening
to a dbx-encoded disc, | heard some-
thing in the dynamics of the music
that seemed a bit strange. My first
thought  was:  “Aha—something
fooled that box into making a false
transient.” Some reflecting on this
convinced me that this was not neces-
sarily a fair conclusion, as the only
reason | had fixed on that particular
transient was that I hadn’t expected it
to sound that way. Considering the
very short time for which I had heard
it, to conclude that the transient was
not as the conductor and engineer had
planned was rash. Were it otherwise,
any unexpected happening in a re-
cording could be dismissed by the lis-
tener as an error.

If there is any lesson that i1s to be
learned here, it is that full enjoyment
of a signal-processing device depends
on trusting it implicitly. Most manu-
facturers of these devices have not
told us enough to inspire such trust.
Even demonstrating a double-ended
compander (a la dbx, Dolby, or High-
Com) against master tapes does not
settle the issue, for no manufacturer
seems likely to demonstrate his prod-
uct at its worst. Yet the worst-case
performance is precisely the point of
greatest interest.

What would help, in my opinion, is
more information: psychoacoustic
theory on which operating parameters
are decided, results of tests, simple
checks to establish that the equipment
is working correctly, etc. Often, in the
service of keeping proprietary secrets,
such information is concealed. How-
ever, releasing more of it to the public
could make a substantial contribution
to credibility. <
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Audiophile Recordings

Dukas: The Sorcerer’s Apprentice;
CuaBrier: Espaia, DeBussy: Fetes
from Nocturnes, and Prelude to the
Afternoon of a Faun. Zoltan Rozsnyai
conducting the Philharmonica Hun-
garica. M & K Realtime Records
RT-202 (dbx PS-1005). This is anoth-
er of the new digital recordings, pre-
encoded in the dbx compander format
and playable only with a dbx decoder.
This disc makes good use of the fact
that dbx processing allows lower cut-
ting levels, for its loudest passages are
free of the incipient signs of strain
heard from even fine phono cartridges
when recorded velocities get too high.
Let the system gain wiggle instead of
the stylus. The sound of the orchestra
is very well captured, and the per-
formances are, in general, very neat as
well as expressive and elegant. But
here, as elsewhere in specialty discs.
the tendency to produce excerpts
rather than whole selections and keep
the program “light” is still evident.

JoN Jarvis: Evorutions I. Crystal
Clear CCS-8004. Each side of this al-
bum consists of a single, nonstop free
improvisation. There are some nice
moments in the music, and some lus-
cious, well recorded piano sound, too.
It may be that [ am missing the essen-
tial spontaneity of the work, but I
found the arbitrary sequences of mu-
sical ideas a bit distracting and in
need of some unification. The music
darts, dodges, and changes direction
as though it were the background for
an animal cartoon (there he is run-
ning from the dog . . . now climb-
ing . . . now falling . . . whew,
safe home at last), but without the
cartoon. It is unfortunate that Jarvis
didn’t tell what he was improvising
on. That would let the listener into the
game too. Th-th-that’s all folks!

POPULAR ELECTRONICS
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ELF 11 by Netronics

Lok

Featuring F e
RCA ::
COSMAC CPU

Own a powerful home computer system, starting for uusl $99.95-a price that
gets you up and runming the very first mght. _with your own TV for a video
display. $99.95 ELF Il includes RCA 1802 B-bit microprocessor addre::sable to 64k
bytes with OMA, interrupt, 16 registers, ALU, 256 byte RAM. full hex keyboard.
two digit hex output display, stable crystal clock for timing purposes, RCA 1861
wideo IC to display your programs on any video moniter or TV screen and 5-siot
plug-in expansion bus fless connectors) to expand ELF i into a giant!

ELF Il Explodes Into A Giant!

Master ELF II's $39.95 capabilities, then expand with GIANT BOARO
KLUGE BOARD . .4k RAM BOARODS...TINY BASIC = ASCIl KEYBOARD. .
LIGHT PEN  ELF-BUG MONITOR ..COLOR GRAPHICS & MUSIC SYSTEM. .
TEXT EOITOR = ASSEMBLER. .OISASSEMBLER  VIOEOD OiSPLAY BOARO

and, another great reason for getting your ELF now

BREAKTHROUGH!

Netronics proudily d the rel of

Weiteand un programs
irst night-even i
gyer used ag computer bye?(l)lre'

You're up and running with video graphics for just $99.95 —
then use low cost add-ons to create your own personal system
that rivals home computers sold for 5-times ELF I1’s low price!

~the
ve

pre-tecorded tape cassettes.
ELF Il Gives You The Power To Make Things Happen!

Expanded. ELF Il can give you more power to make things happen in the real
world than heavily advertised home computers that sell for a let more money.
Thanks to an ongoing committment to develop the RCA 1802 for home computer
use, the ELF Il products-being introduced by Netronics-keep you right on the
outer fringe of today’s small computer technology. it's a perfect computer for
engineering, business, industnal, scientific and personal applications.

Plug in the GIANT BOARD 1o record and play back programs, edit and
debug programs, communicate with remote devices and make things happen in
the outside world. Add Kluge {prototyping) Board and you can use ELF Il to
solve special problems such as operating a complex alarm system or controlling
a printing press. Add 4k RAM Boards to write longer programs, store mare
information and solve more sophisticated problems.

ELF Il add-ons already include the ELF ) Light Pen and the amazing ELF-BUG
Monitor -two extremely recent breakthroughs that have not yet been duplicated
by any other manufacturer.

The ELF BUG Monttor lets you debug programs with lightening speed because
the key to debugging is to know what's inside the registers of the microproces
sor. And, with the ELF-BUG Monitor, nstead of single stepping through your

the first 1802 FULL BASIC, written by L.
Sandlin, with a hardware floating point RPN
math package (requires 8k RAM plus ASCII and
video display boards), $79.95 plus $2 p&h. Also
available for RCA VIP and other 1802 systems
Board includes area for a ROM version.

prog . you can now display the entire contents of tha registers on your TV
screen. You find out immediately what's going on and can make any necessary
changes.

The incredible ELF Il Light Pen lets you write or draw anything you want on a
TV screen with just a wave of the “magic wand.” Netronics has also introduced
the ELF Il Color Graphics & Music System-more breakthroughs that ELF 1l
owners were the first to enjoy!

ELF il Tiny BASIC

Master This Computer In A Flash!

Regardless of how minimai your computer backgreund is now, you can learn
to program an ELF Il in almast no time at all. Qur Short Course Un Micropro-
cessor & Compuler Programming - writien in non technical language- guides you
through each of the RCA COSMAC 1B02's capabilities, so you'll understand
everything ELF Il can do.  and how to get ELF I to do it! Don't wary if you've
been stumped by computer books before. The Shart Course tepresints a major
advance in literary clanty in the compuler field. You don't have to be a computer
engineer in order to understand it. Keyed to ELF Il it's loaded with “hands on”
illustrations. When you're fimshed with the Short Course. nerther ELF Il nor the
RCA 1802 will hold any mysteries for you.

In fact. not only will you now be able to use a personal compules creatively,
you'll also be able to read magazines such as BYTE.  INTERFACE AGE  POPU
LAR ELECTRONICS and PERSONAL COMPUTING and fully wnderstand the
articles. And, you'll understand how to expand ELF Il to gve you the exact
capabilities you need!

I you work with farge computers, ELF [l and the Short Couvrse will help you
undersiand what they're doing.

Get Started For Just $99.95, Complete!

$99.95 ELF It includes all the hardware and software you need to start writing
and running programs at home, displaying video graphics on your T¥ screen and
designing circuits using a microprocessor -the very first might—ewen f you've
never used a computer before.

ELF I connects directly to the video input of your ¥ set, withaut any add:
tional hardware, Or, with an $8.95 RF modulator isee coupon belowl, you can
connect ELF Il to your TV's antenna terminals instead.

ELF 1l has been designed to play all the video games you want including a
fascinating new target/missile gun game that was devefoped specifically for ELF
Il. But games are only the icing on the cake. The real value of ELL Il 1s that it
gives you a chance 1o write machine language programs -and machme language
is the fundamental language of all computers. Of course, machine language is
only a starting point. You can also program ELF Il with assembly language and
tmy BASIC. But ELF W's machine language capability gives you a chance 10
develop a working knowledge of computers that you can’t get from vunning only

Netronics R&D Ltd., Dept PE 7

supply)
[ Power Supply trequred) $4 8% posipaid
() RCA 1802 User s Manual $5 postpaid
Tom Pittman < Short Course On Microprocessor & Computer
Programming fesches you just ahoul everything (here 15 10 know

about £LF 11 gr any RCA 1802 computer Wrillen in non Iechnica!

333 Litchfield Road, New Milford, CT 06776

1]} y. ELF 1l understands only machine language - the fun¢amental coding
required by all computers. But, to simphty your relationship with ELF Il, we've
introduced an ELF Il Tiny BASIC that makes communicating with ELF 1l a
breeze.

Now Available! Text Editor, Assembler,
Disassembler And A New Video Display Board!

The Tex! Editor gives you word processing ability and the ability to edit
programs or text while it is displayed on your video monitor. Lines and charac
ters may be quickly inserted, deleted er changed. Add a printer and ELF I can
type letters tor you-error tree-plus print names and addresses from your
mailing list!

ELF W's A bly language prog
machine code for ELF Il use. The A bler features
rather than numerics so that the instructions on your programs are easier to
read —this is a big help in catching errors.

ELF IT's Disassembler takes machine code programs and produces assembly
language source listings. This helps you understand the programs you are
working with _and improve them when required.

The new ELF 1| Video Display Board fets you generate a sharp, professional
32 or 64 character by 16 Ime upper and lower case display on your TV screen or
video monitor—d, pi g your ded $99.95 ELF {I. When you
get into longer programs, the Video Oisplay Board is a real blessing!

Now Available!
O A-D/D-A Board Kit includes 1 channel (expandable to
I4') D-A, A-D converters, $39.95 plus $2 postage & hand-
ing. .
O PILOT Language—A new text-oriented language that
allows you to write educational programs on ELF Il with
speed and ease! Write programs for games. ..unscram-
bling sentences.. .spelling drills. .. *“fill in the missing
word"’ tests, etc.! PILOT is a must for any ELF Il owner
with children. PILOT Language on cassette tape, only
$19.95 posipaid!
[0 Game Package on cassette tape (requires 4k RAM),
$9.95 plus $2 postage & handling.
Clip Here and Attach to Your Order Below! ———

PHONE ORDERS ACCEPTED!| |

into hexidecimal

ALSO AVAILABLE FORELF Il

I ) GIANT BOARD™™ ki wan casserie 1/0 RS 232
C/TEY 1°0 8 ot P /0 decoders tor 14 separate /0
| mnsiruchions dnd a system mondor /eddor $39 95 plus
$2 p&h
I [ Kluge (Protolype| Board accepts up to 46 IC s
$17 00 plus $1 p&h
4k Stalic RAM kit. Addressable o any 4k page to
I bk $88 95 pius §3 p&h
Gold plaled 86-pin connectors (one required for each
| g N hoard) $5 70ea  postpad
Expansion Power Supply (required when adding 4k
RAM; $34 95 plus §2 p&h
Protessional ASCIH Keyboard ki with 128 ASCl
upper/lower case set 96 printable ¢haracters onboard
I fegulator panty 0Qic Selection and chaice of 4 hang
shaking Signals to mate with almost any computer
I $64 95 plus $7 pdh
Deluxe metal cabinel for ASCh Keyboard, $19.95
olus $2 50 p&h
I Video Display Board kit lels you generate a sharp
professional 32 or b4 character by 16 fine upper and
I lower case display on your lv screen or video monor-
dramalically mprovm%yuul unexpanded $39 95 ELF ()
iFis mside ASCil Keyboard cabinet ) $89 95
plus §2 p&h
3 ELF 1 Trny BASIC on cassefte tape Com
mands include SAVE LOAD = x - {)

JULY 1980

SUB RETURN END REM CLEAR LIST RUN
PLOT PEEK POKE Comes fuily documenied and in
cludes alphanumenc generator requied to display

- dlphanumeric £ha'acters directly on your tv screen with

out additional hardware Also plays \ick-lack toe pius a
drawing game that uses ELF i s hex keyboard as a joy
shck 4k memory required $14 95 postpaid

{J Tom Pitiman s Short Course on.Tiny Basi 101 ELF 11
$5 posipad

] ELF-8UG™ Deluxe System Montor on casselte
lape Allows »isp aying the contenis ol all regisiers on
your fv at any pont i your program  Also displays 24
byfes ol mersory with tull addresses Dlinking cursor

095 10 help you understand and IMProve your programs
$19 95 on cassette 1ape

SAVE $9 90- Text Editor Assembler & Disassembier
purchased together only $49.95' (Reque Video Dis
play Board plus 4k memary |

3 ELF 11 Light Pen, assembled & tested $7 85 Dlus §1
p&h

[ ELF Il Color Graphics & Music System Board ki
$49.95 pius $2 p&h

O ELF i) cannects directly to the video Dul ol ydur Iv
set wihou! additronal hardware To connect ELF 11 to
your antenna ferminals instead order RF Modulator
$8.95 postpaid

WWW amernaaaradiohietary com

Yes! | want my own computer! Please rush me— Call (203) 354-9375 |
L O RCA COSMAL ELF 11 lamguage (S 4 |earnmq breakthrough for engineers dngd laymen
T ket a1 $99 95 plus $3 postage and alke $5 postpad Total Enclosed § I
handhng {requies 63 to 8 volt AU powe' ) Dejye Metal Cabinel with plexiglas dust cover for ELF I (Conn res aad taxi
$2 95 pius $2 50 p&h GEIT! Exp D I
O 1 am also enclosing payment {including postage & handling) for CNAR IT Exp Date
IN€ ers Checked beiow’ Owsa O "g:s'e’,c"a'ge I
) | want my ELF I wired and tested with power supply. RCA (Bank !
18112 User's Manual and Short Course—all lor just $149.95 pius I
$3 p&h Account #
26 vanables &£ 7 LET tF/THEN INPUT PRINT GO 10  0rograms and produces assembly language source Iist |
GO

a [0 scealling A must 10r the setious programmer’
s’;‘: z;us psslp:u'dg " SEfI0US progtammer Coming Soon A-D D-A Converter Controller Board I
el

[0 Text £ditor on cassetie lape gives you the ability 1o G
nsert delete ar eddl hnes ang words trom your programs, I
while they ar2 displayed on your video momitor (Add  Print
printer and you can use ELF. (1 to type error free (etters  Name
plus msert names and addresses 1rom your mailing hst ) I
$19.85 postp.ud Address
[ Assembier on casselle 1ape lranslales assembly I
language pro4rams into hexidecimal machine code tor
ELF 11 use Mnemonic abbrewsiations ter nstruchions  City |
frather [han Humerics) make programs easier 1o read H
ano help prevent errors $19 85 postpaid Siate

i mi hine l
F] DisassembBisr on cassetle fape lakes machine code _ DEALER INOUIRIES INVITED —

By Netronics

ASCII/BAUDOT,
STAND ALONE

computer FORONLY . . .
Terminal *149

The Netronics ASCII/BAUDOT Computer Terminal Kitis a
microprocessor-controlled, stand alone keyboard/terminal
requring no computer memory or software. It allows the use of
either a 64 or 32 character by 16 line professional display for-
mat with selectable baud rate, RS232-C or 20 ma. output, full
cursor control and 75 ohm composite video output.

The keyboard follows the standard typewriter configuration
and generates the entire 128 character ASCII upper/lower case
set with 96 printable characters. Features include onboard
regulators, selectable parity, shift lock key, alpha lock jumper,
a drive capability of one TTY load, and the ability to mate
directly with almost any computer, including the new Ex-
plorer/85 and ELF products by Netronics.

The Computer Terminal requires no [/O mapping and
includes Tk of memory, character generator, 2 key rollover,
processor controlled cursor control, parallel ASCIl/BAUDOT
to serial conversion and serial to video processing—Ilully
crystal controlled for superb accuracy. PC boards are the
highest quality glass epoxy for the ultimate in reliability and
long life.

VIDEO DISPLAY SPECIFICATIONS

The heart of the Netronics Computer Terminal is the micro-
processor-controlled Netronics Video Display Board (VID)
which allows the terminal to utilize either a parallel ASCII or
BAUDOT signal source. The VID converts the parallel data to
serial data which is then formatted to either R$232-C or 20 ma.
current loop output, which can be connected to the serial 1/0
on your computer or other interface, i.e., Modem.

When connected to a computer, the computer must echo the
character received. This data is received by the VID which
processes the information, converting (o data to video suitable
to be dlsplayed on a TV set (using an RF modulator) or on a
video monitor. The VID generates the cursor, horizontal and
vertical sync pulses and performs the housekeeping relative to
which character and where it is to be displayed on the screen.
Video Output: /.5 P/Pinto 75 ohm (EIA RS-170) * Baud Rate:
110 and 300 ASCII » Qutputs: RS232-C or 20 ma. current loop
* ASCU Character Set: /28 printable characters—

ot EBEL}'\I‘IIﬁﬂq u:“téuﬂﬂ'“‘
IEEA’ (at =, /01 23456789: 1(=)7

BABCOEFGHT JKLMNOPRRSTUNRYZ (N1

i il:tdif ghi ;klnnnﬂrstuwxa{lH

: ABCDEV
RSTUVWXYZ :‘35#() 9014’57 2/68¢
Cursor Modes: Home, Backspace, Harlzanlal Tab, Lme Feed,
Vertical Tab, Carriage Return. Two special cursor sequences
are provided for absolute and relative X-Y cursor addressing *
Cursor Control: Erase, End of Line, Erase of Screen, Form
Feed, Delete » Monitor Operation: S0 or 60HzZ (jumper
selectable.
Continental U.S.A. Credit Card Buyers Outside Connecticut

CALL TOLL FREE 800-243-7428

To Order From Connecticut Or For Technical

T ™ hAssistance, Etc. Call (203) 354-9375 ¥
Netronics R&D Ltd., Dept. PE.7 I
333 Litchfield Road, New Milford, CT 06776

Please send the items checked below—

(] Netronics Stand Alone ASCH Keyboard/Computer
Terminal Kit, $149.95 plus $3.00 postage & handling.
Deluxe Steel Cabinet for Netronics Keyboard/Termi-
nal In Blue/Black Finish, $19.95 plus $2.50 postage
and handling.

O Video Display Board Kit alone (less keyboard), $89.95
plus $3 postage & handling.

[0 12" Video Monitor (10 MHz bandwidth) fully assem-

bled and tested, $139.95 plus $5 postage and handling.

a

a

COMPLETE

I I
1 |
I I
| |
I RF Modulator Kit (to use your TV set for a monitor), l
$8.95 postpaid.
I 5 amp Power Supply Kit In Deluxe Steel Cabinet I
(+8VDC @ S amps, plus 6-8 VAC), $39.95 plus $2
I postage & handling I
I
I
I
I
1
I

Total Enclosed (Conn. res. add sales tax) $

By—
[ Personal Check [0 Cashiers Check/Money Order
T Visa [0 Master Charge(Bank # |

Aect H
Signature Exp.Date .

Print
Mame

ity

; Address
|

State
L e s [ Send

_Zip I

e More lnformnllon - . J
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Audio

Equipment :

Reviews

Hafler

Model DH-200

Basic
Power
Amplifier

HE Model DH-200 basic power
amplifier from the David Hafler
Company is a new design that, in
some respects, advances the standards
of audio performance. Its salient fea-
ture is the use of power MOSFETs
instead of bipolar. transistors in its
output stages. Power delivery is rated
at 100 watts/channel into 8 ohms
from 20 to 20,000 Hz with no more
than 0.002% total harmonic distortion
and 0.005% intermodulation distor-
tion from 1 to 100 watts. Rise time is
specified at 2 microseconds, and slew
rate is given as 30 volts/microsecond.
Unlike the bipolar transistor, whose
gain increases as it becomes hotter
until it catastrophically destructs, the
MOSFET’s gain falls off with rising
temperature. This makes the MOS-
FET immune to thermal runaway and
greatly simplifies the circuitry needed
for its protection. It also eliminates
the sonic aberrations attributed to

by Julian Hirsch

Power MOSFETSs in output stages provide
awesome current capability.

some of the protective circuits used
with bipolar transistors. In the DH-
200. a power-line fuse, thermal circuit
breakers. individually fused dc power
lines to the output stages, and speaker
fuses provide all the necessary protec-
tion. None of these has any effect on
the dynamic operation of the ampli-
fier or its sound.

Finished in flat black, the amplifier
measures 16”'W X 1012"D X 518"H
(406 X 267 X 130 mm) and weighs
26 Ib (11.8 kg). Price is $299.95 for
the kit, $399.95 for the factory-wired
version. Options include: 19 (483-
mm) rack-mount panel for $24.95; an
input bridging circuit that converts
the DH-200 into a 200-watt mono
amplifier for $24.95; multitap power
transformer for operating the ampli-
fier from 100-to-120-volt 10 200-to-
240-volt, 50/60-Hz power sources
(standard transformer is for 117-volt,
60-Hz operation only) for $25.00.

WWW akmrerieaniadiahictary com

Laboratory Measurements. The
FTC-mandated preconditioning peri-
od left the top cover of the DH-200
fairly hot directly above the output
transistors but the heat sinks them-
selves were relatively cool. THD with
an 8-ohm load at 1000 Hz was ex-
traordinarily low, reaching a mere
0.003% at 130 watts. (The outputs
clipped at about 135 watts/channel.)
IM distortion was 0.012% at 130
watts. With a 4-ohm resistive load,
THD reached only 0.003% at 170
watts, with clipping at 193 watts.
Normally, to protect 8-ohm speak-
ers from overdrive, the output lines of
the DH-200 are fused at 2 amperes;
but with low-impedance speakers, 5-
ampere fuses can be used with safety.
These, of course, limit the maximum
continuous output into 2-ohm loads to
50 watts, a level at which THD was
only 0.0022%. Short-term output ca-
pability was  extraordinary-—180
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WHAT YOU’VE BEEI

MISSING!

Listen with an 801 Omnisonic Imager,”
aquantum leap forward in stereo reproduction!

OMNISONIC IMAGERY" IS HERE!

Our innovative state -of -tk e -art electronics create
a totally unique sound environment never before
possible. With an 801 Omnisonic Imager™, you can
now experience the physiological sensation of what
amounts to three-dimensional sound reproduction
— what we call omnisonic imagery™ — from just
two speakers! Sound appears to come from many
sources in the listening area, depending on the
quality of the signal source. A common reaction

is to look about for other speakers. And you don’t
have to sit rigidly fixed at a focal point between

the speakers to enjoy omnisonic imagery™!

RETROFITS TO MOST STEREO SYSTEMS!

Any unit with a tape monitor facility (internal tape
toop) can mate with an 801 Omnisonic Imager. It
also has a built-in tape monitor button so you don’t
lose your existing tape monitor facility.

The 801 Omnisonic Imager™ works on any stereo
source — FM, tapes, and records. You can record
selections via the 801 Omnisonic Imager™ and replay

them on conventional home-use stereo equipment.

Now that you’ve read all about our

801 Omnisonic Imager™, don’'t you think
it's time to hear one? If we have
stimulated your intesest in
seeking the finest sounc
reproduction in the purest
sense, please ask your dealer
for a live demonstration. If you
have any questions, or need
to know the name of the dealer
nearest you. call or write to:

COMNISONIX,LTD.

P.O. Box 307
Wallingford CT U.S.A. 06492
(203) 239-6213

Dealers - join our rapidly-growing network. Write to our
Sales Dept. for details. Visitus.in Booth D-22, Lobby Level
at McCormick Place at the Jume CES, Chicago.

Omnisosic Imager™, Omnisonic Imagery™, 4BX", and Honeybox™ are trademarks
of Omnisonix, Ltd.

i

THREE DIMENSIONS IN SOUND!

Stereo without an 801 Omnisonic Imager™ produces
sound. from two distinct sources. Music from the
speakers arrives at your ear, but most of it falls to
the floor. The result is often “muddiness” and loss
of presence. Only two dimensions result — volume
level and stereo separation.

Stereo with an 801 Omnisonic Imager™ creates
omnisonic imagery™ never before possible. Sound
seems to come from the near and far. At times, it
surrounds you, and appears to come from behind
you and below you. The sound never has a chance
to fall to the floor. It is so alive with movement

that it envelopes you. Three dimensions — wolume
level, stereo separation, and omnisonic imagery"‘
are apparent with an 801 Omnisonic Imager'.

LIFETIME WARRANTY!

You get a lifetime warranty on the active circuitry,
and one year on all other components (excluding
case and line cord), provided your 801 Omnisonic
Imager” is used as specified.

= \\ 1

.,

CIRCLE NO. 45 ON FREE INFORMATION CARD
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watts into 8 ohms (equivalent to an
IHF Dynamic Headroom of 2.6 dB),
312 watts into 4 ohms, and a stagger-
ing 478 watts into 2 ohms. Clearly,
the excellent performance of the am-
plifier is maintained even with ex-
tremely low load impedances. IHF
clipping headroom, relative to the
rated 100-watt output, was 1.3 dB at
8 ohms.

The low distortion of the DH-200
was maintained over the full audio
bandwidth. Driving 8-ohm loads, the
worst-case reading was 0.0012% at
20,000 Hz and rated power.

Frequency response was as flat as
we could measure, with less than
+0.25 dB variation between 20 and
20,000 Hz. Rise time was 2 microsec-
onds, and the slew rate was 33 volts/
microsecond. both figures slightly bet-
ter than ratings. IHF slew factor was
7.5 With a full-power input drive lev-
el, the output waveform began to dis-
tort at 150 kHz. Input sensitivity, as
rated, was 150 millivolts for a refer-
ence output of 1 watt (1.5 volts for the
rated 100 watts). A-weighted noise
output was less than 100 microvolts,
which is better than the rated —90dB
relative to a 1-watt output, or —110
dB referred to rated output power.

User Comment. The test data for
the DH-200 speaks eloquently for the
excellence of its performance. Even an
approximate measurement of the dis-
tortion levels in this amplifier requires
the most advanced test equipment and
special techniques. As for the sound of
the amplifier, we can only state that,
to us, a rcally good. properly operat-
ing amplifier has none of its own. Un-
der any reasonable listening condi-
tions that we could devise, the DH-
200 sounded no different from other
high-quality amplifiers to which we
compared it. Of one thing we feel cer-
tain—it will never limit the sound

Building the Kit

The Hafler DH-200 is the easiest kit
| have ever built. Working very slowly
and triple-checking each step, | was
able to complete it in 6 hours, 15 min-
utes. The amplifier worked perfectly
on its initial trial and thereafter.

| do have some suggestions for
anyone building this kit. Attaching the
green wire to the RM lug No. 1 in step
43 is better done before capacitor CL
is installed. In step 45, the 2 %" wire
is a little too short; 3" would be fine.

My biggest complaint is that, while
the assembly manual states that sol-
dering leads to the circuit boards is
simplified by temporarily removing the
boards from the heat sinks, the build-
er is instructed to attach the heat
sinks before the soldering is com-
plete. | found it better to provide ade-
quate working room by temporarily
disconnecting the heat sinks. The few
minutes required by these extra steps
do not significantly lengthen assembly
time. — Ed Buxbaum, Art Director

quality of a music system and, hence,
deserves the best possible signal
source and speaker systems.

One respect in which we would ex-
pect the DH-200 to excel (although it
would be needed in relatively few
home music installations) is its ability
to deliver very high currents. We were
told by Hafler that the amplifier can
drive 10 amperes into a short circuit
without damage. (It soon overheats
and is shut off by its thermal circuit
breakers.) We did not verify this, but
in driving almost 500 watts into a 2-
ohm load without clipping, the ampli-
fier delivered a current exceeding 15
amperes on a short-term basis. Com-
bined with the excellent stability of
the amplifier (it is not significantly
disturbed by heavy capacitive loads),
this current capability suggests to us
that 1t should be able to drive any
speaker systems likely to be used in a
home music system.

The toughest use test we could de-
vise was to parallel several pairs of
speaker systems presenting the ampli-
fier with a load of slightly less than 2
ohms. We drove the speakers at the
highest volume levels our ears would
tolerate, switching between the DH-
200 and another good amplifier of
conventional design rated at only
slightly less power. When the other
amplifier was plainly clipping—and
sounding “mushy”—the DH-200 was
still delivering clean, undistorted
sound. This is a big 100-watt ampli-
fier that might well outperform am-
plifiers with higher power ratings
when load impedances get low.

Considering the extraordinary per-
formance of the Hafler DH-200, its
price, especially in kit form, makes it
something of a bargain. The kit repre-
sents one of the easier ways we know
to save $100 when assembling a music
system.

CIRCLE NO. 100 ON FREE INFORMATION CARD
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ptor transport is programmable
omatic stop, rewind, and replay

HE Vector Research VCX-600 1s
a deluxe three-head cassette deck

with a logic-controlled two-motor
transport. Among its operating conve-
niences is a Mi:MORY system for auto-
matic stop or replay when the tape has
rewound to a 000 index counter read-
ing. Rewind can be made to occur au-
tomatically at the end of a 1ape. per-
mitting automatic repetition of a tape
in whole or part

The VCX-600. which is compatible
with metal tapes. has a vernier bias
adjustment for optimizing perfor-
mance with different tape formula-
tions. A programmable music scarch
feature gives fast access 10 up to 8
recorded selections per cassette. Re-
cording and playback levels are indi-
cated on parallel rows of fast-respond-
ing green LEDs from —20 dB to O
dB. with red LEDs from 0 to +8 dB

The Vector VCX-600 is finished in
black, with clearly contrasting white
panel markings. Its overall dimen-
sions are 1738"W X 558"H X 1434"'D
(440 X 142 X 375 mm), and it weighs
221b (10 kg). Suggested retail price is
$750

General Description. The door
over the cassette well is opened by
pushing the EJ:CT button. Small
momentary-contact pushbuttons,
whose functions can be duplicated by
an optional, plug-in remote-control
accessory, actuate the transport sole-
noids. Lights adjoining the buttons
show the recorder’s operating mode.
It is possible (except while recording)
to go from any mode to any other
without first using the sTOP button.

With the recorder in PLAY, pressing
either the REW Rvw or the Fr/CUE
button moves the tape at high speed,
allowing modulation on the tape to be
heard at a low level to aid in locating
specific passages. When the button is
released, the machine returns to PLAY
For normal 1AST FORWARD oOr RE-
WIND, the tape is first brought to a
stop and one of the fast-speed buttons
is touched momentarily.

JULY 1980

The MEMORY system stops the tape
when it has rewound to a 000 index
counter reading. If the AUTO PLAY
button is also engaged. the machine
goes immediately into pPLAY. In addi-
tion, AUTO REWIND automatically
switches the machine to REWIND at
the end of a tape

When MUSIC SEARCH is 1ouched (in
normal PLAY) a warning light on the
panel starts to blink. A touch of
REW/RVW Or FE/CL 1 will. respectively,
causc the tape to rewind to the begin-
ning of that selection or advance to
the beginning of the next selection;
the recorder then goes back into nor-
mal PLAY.

A system called PROGRAMMABLE
MUSIC SEARCH is controlled by buttons
marked from 1 through 8, plus CLEAR
The user chooses the selections to be
played by touching the appropriate
buttons before pressing pPLAY. The
tape advances rapidly to the first se-
lected segment and plays it, after
which it advances to the next one, and
so on. The program can be erased at
any time by touching cLeAR. This fea-
ture. like MUSIC SEARCH, operates by
sensing the quiet intervals between re-
corded selections, provided these are
at least 3 seconds long.

Vector
Research
VCX-600
Cassette
Deck

The LED level display reads peak
program levels: its 0-dB index corre-
sponds to the standard Dolby level of
200 nW/meter. Concentric knobs
with a slip-clutch coupling set the re-
cording levels for the two channels,
and there is a separate playback level
knob. Switches select bias and equali-
zation for FE, €O, and METAL tapes.
Equalization time constants are iden-
tified as 70 or 120 microseconds, and
bias levels are expressed in terms of
relative percentages: Ft 100%: co

150%:. METAL 250%. A small
bias vernier knob adjusts each of these
over a nominal + 10% range.

A single three-position switch turns
on the Dolby system, with or without
the 19-kHz FM stereo pilot filter. An-
other switch connects either the
SOURCE or the Tapt playback pro-
grams 1o the linc outputs.

Laboratory Measurements. The
Vector VCX-600 is biased for TDK
AD (rE). TDK SA (c0). and TDK
MA-R (METAL) tapes. which were
used for our laboratory ecvaluation. A
0-dB recording level was obtained
with a line input of 55 millivolts: the
corresponding playback output was
0.575 volts regardless of tape type.

RESPONSE (dB)

Frequency response for three types of tape.
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Frequency response for MA-R tape showing effect of bias vernier.

Sensitivity of the MiC input was 0.24
millivolts, with overload at a safe
53-mV level.

Recorded at a 0-dB level at 1000
Hz, AD and SA wapes produced about
1% third-harmonic distortion, while
MA-R produced 1.4%. The respective
levels corresponding to 3% (reference)
distortion were +4, +5, and +4.5
dB. Signal-to-noise ratio was meas-
ured unweighted, with A-weighting,
and using the Dolby system with
CCIR/ARM weighting, for each of
the tapes. AD gave readings of 50.5,
58, and 64.5 dB: SA 53.5, 59.7, and
66.5 dB: and MA-R 50, 59, and 65.5
dB. Noise increase for the MIC input
at maximum gain was 3.5 dB, indicat-
ing a very quiet microphone preamp.

Erasure of a 0-dB, 1000-Hz record-
ing left a residuatl signal level of —66
dB on SA and unmeasurable levels on
the other tapes. Crosstalk between
tracks (at 1000 Hz) was —58 dB,
with a TDK AC-352 test tape.

Flutter of the transport, measured
with a TDK AC-342 test tape, was a
very low 0.04% wcighted rms (JIS)
and £0.07% weighted peak (CCIR).
Speed, measured on the basis of the
3000-Hz tone on the TDK AC-342
tape (whose accuracy is specificd as
0.03%) was fast by about 0.9%. Fas1
FORWARD moved a C-60 tape over its
length in 79 scconds: REWIND took 86
seconds.

Record/playback  frequency re-
sponse was meusured for each tape
with the bias adjustment control at its
nomimal (center) setting. At a — 20-
dB recording level. all threce tapes
gave exceptionally fat response; AD
was * | dB from 4010 17.500 Hz, SA
was within +0.5, —1 dB from 40 to

18,000 Hz, and MA-R was within + |
dB from 40 to 16,000 Hz. The high-
frequency response of each tape could
be trimmed slightly with the bias con-
trol, but the center settings were close
to optimum. We made a check of the
METAL setting with Scotch Metatine
and found that a —10% bias gave
results much like those obtained with
MA-R tape at the nominal setting.
Substantial ditferences  between
tapes were evident at a 0-dB recording
level. With AD and SA tapes, the O-
dB playback curve intersected the
-20-dB curve at 12,500 to 13,000
Hz; MA-R, on the other hand, gave
about 15 dB more output at 13,000
Hz than the others, and its 0-dB and
— 20-dB curves did not intersect with-
in the audio range. The test results
confirmed the existence of additional
headroom in metal-alloy tapes.
Spectrum-analyzer photographs
give a dramatic illustration of the dif-
ference between metal alloy and oxide
based tapes. The input signal (lower
trace in each photo) consisted of
14,000 and 15,000 Hz at equal ampli-
tudes. with a combined pcak level
equal to that of a 1000-Hz tone that
gave a 0-dB meter reading. Frequency
scan extends from 0 to 20,000 Hz,
with a vertical scale of 10 dB per divi-
sion. The upper trace is the playback
from the recorder. Levels of the
14.000- and 15,000-Hz signals in the
playback from the TDK AD and SA
tapes are down by 23 to 25 dB com-
pared to the input level. In addition, a
large number of odd-order intermodu-
lation products {up to the 13th order)
fills the spectrum between 8000 and
20.000 Hz. TDK MA-R gives the two
input tones a playback level 18 to 20

Spectra (upper traces) of playback response from combined 14- and 15-kHz tones

for (I. tor.) TDK AD, SA, and MA-R tapes. Peak input level is equivalent to O dB at 1 kHz.
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600 was mea.
120 microseco, .
ing test tapes [r0n o 5
BASF. In generary "¢ V,
within + 1 dB from.//¢ aCnX‘
the range covered by'4ms 1

The LED readout €, ans.
rapidly 1o short-duraty,
reading 100% of steady-s.
on the 0.3-second tone burs.
verify the ballistic response of
ters. A standard Dolby level tapc
a reading of about +1 dB on
recorder’s indicators. The resolut
of the LED segments is about | d
near a 0-dB reading and from 3 to §
dB elsewhere.

The headphone output of the VCX-
600, which is unaffected by the vol-
ume control, is nominally specified for
8-ohm phones. We found the level in-
adequate to drive phones that, like
most high-fidelity models. have im-
pedances of 200 ohms or more.

User Comment. Although the op-
eration of the Vector VCX-600 cas-
sette deck is basically straightfor-
ward, familiarization is necded in or-
der o realize the full potential of
some of its unusual features. The MUs-
IC SEARCH feature allows the attrac-
tive option of exploring the content of
a tape containing a number of re-
corded selections, much as one would
sample a phonograph record by cue-
ing the pickup manually to the begin-
ning of each band. It a few seconds
listening to a taped selection shows
that it 1s not to one’s liking, a touch of
MUSIC SEARCH and tF/CUE speedily
advances the tape to the next selec-
tion, which begins automatically.

Recording and playback perfor-
mance of the VCX-600 was first rate.
Even such demanding signals as inter-
station FM tuncr hiss could be re-
corded and reproduced with no audi-
ble ditferences, even at rather high
levels. (Such hiss makes a good test
signal for fine adjustment of bias.)

Lower flutter readings than those
of the VCX-600 are hard to find, and
the S/N with Dolby is very good, with
little dependence on choice of tape.
The convenience features of the deck
and its ability to ““fine-tune”” bias rep-
resent definite advantages. While the
VCX-600 is not cheap. it affords ex-
celient value for its price.

CIRCLE NO. 102 ON FREE INFORMATION CARD
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WHY CUT? WHY STRIP?WHY SLIT?
WHY NOT...

JUST

e AWG 30 Wire
@ .025” Square Posts
@ Daisy Chain or Point To Point

%
%

traditional Wire-Wrapping ® No ﬁ?tsr'}l‘p\ll)vulli%(})’r Slitting Required
L RERRRR ¢ Built In Cut Off
r'J) e Easy Loading of Wire
@ Available Wire Colors.

JUST WRAP Wire-Wrapping

\ Blue, White, Red & Yellow
4 \ US.A.FOREIGN

w.. PATENTS PENDING

o oh

JUST WRAP TOOL WITH ONE 50 FT. ROLL OF WIRE |
COLOR PART NO. U.S.LIST PRICE
BLUE JW-1B $14.95
WHITE JW 1w 14.95
YELLOW JW1Y 14.95
RED JW-1R 14.95
REPLACEMENT ROLL OF WIRE 50 FT.
BLUE RJW B S 298
WHITE RJW-W 2.98
YELLOW RIJW-Y 2.98
RED RJW R 2.98
JUST WRAP-UNWRAPPING TOOL
| JUW 1 $ 3.49

OK MACHINE & TOOL CORPORATION 3455 CONNER ST,

BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091

* MINIMUM BILLING §$ 25.00/ADD SHIPPING CHARGE $ 2.00/NEW YORK CITY/STATE RESIDENTS ADD APPLICABLE TAX.

CIRCLENO.43ONFREEINFORMATIONCARD
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PRODUCT GALLERY

C. MUSICAL CHRONOGRAPH

A. MIX-IN! This new Salton Drink Mixer plays “Oh, Susannah” when you
gives you the latitude of a bartender set the alarm. |t's a watch, a stop-
or soda fountain specialist. It means watch, a calendar and an alarm.
business with a high speed commercial Chimes every hour on the hour if
quality motor. Very simple and safe. you wish. Shows time, date and
Operates on AC. #51549 $19.95 (2.65)t features a 6 digit stopwatch

B. SHEEPSKIN THROW for your function. By Marcel. LCD display,

dial light.

car seat. Choose beige or dark #51568 $79.95 (2.40)t

brown plush. Each measures approxi-

mately 27" x 40, has straps and D. CQMPR_ESSOR FUMP- Could
loops to keep it from slipping. be quite a lifesaver if you have a
Beige #51561 $49.95 (350) low tire, or it could be a breath-

Brown Plush £51557 $49.95 (3.50) saver for inflatable boats, toys,
pools, etc. All packed inside a

molded plastic carrying case.
Features include a pressure gauge
for accurate air filling. Just plug

it into your car lighter!

#45094 $49.95 (3.05)t

E. SAFETY COMBINATION. A
smoke and burglar alarm in one
portable unit. Just hang the unit
over the door, and activate the
on/off switch. Separate alarms
distinguish smoke from intrusion.
Low battery signal, loud 85 decibel
horn. 4" x 3" x 6. By Wells Fargo.
#45092 $39.95 (1.95)t

F. CAR VACUUM plugs into the
cigarette lighter of your car. From
that point you'll be able to reach
front and back seats and floors!
The unit is 17%" long and the set
includes 3 attachments.

#51555 $21.95 (3.30)1

PRODUCT GALLERY calt Toll Free 800-558.8990

SEND ORDERS TO:
Giftmaster Dept. Print Name
P.O. Box 1692 ZE 70
3825 W. Green Tree Rd. Address____
Milwaukee. W) 53201
City
Attow 3-4 weeks
tor detivery State. . Zip

SHIPPING
ITEM NO. UNIT COST & HANDLING

CHECK METHOD OF PAYMENT

[1 Check or Money Order Sub Total §_

[ Diners Ctub O Master Charge
. . . Add appropriate §
0 American Express [J Visa s|a¢eDsDa|e% tax.

Make check payable to Giftmaster, Inc. TOTAL S

Credit card orders without your signature and expiration date cannof be processed.
Credit Card No. Exp. Date

{ } Price in parenthesis Telephone No. ¢ B,

indicates shipping charge.
Please add to unit cost of item.

Signature___

twarranty available
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Avid
Model 110
Speaker
System

Designed for ‘‘minimum diffraction’’ to reduce
‘‘boxy’”’ sound caused by surface discontinuities

HE Avid Model 110 is a compact

two-way speaker system, suitable
for either bookshelf or floor installa-
tion. It incorporates Avid’s “‘mini-
mum diffraction™ design, intended to
reduce the “‘boxy” coloration that can
arise from diffraction of the sound at
sharp discontinuities of the cabinet
and drivers.

Model 110 is moderately efficient,
and is mecant for use with amplifiers
delivering from 15 to 100 watts of
program power. [t has an 8" (20 ¢cm)
woofer, operating in a sealed enclo-
sure and crossing over at 2500 Hz toa
1" (25.4 mm) soft dome tweeter.
There are no external level or balance
adjustments. Nominal impedance rat-
ing is 8 ohms.

The model 110 cabinet is finished
in walnut vinyl veneer. [t is 213" X
1214 X 93" deep (543 X 311 X
238 mm). The snap-on grille is cov-
ered in brown cloth. Weight of the
speaker is 28 1b (12.7 kg). Suggested
retail price is $145.

General Description. The Avid
“minimum diffraction”™ design 1s in
evidence as soon as the grille is re-
moved. The wooden front of the cabi-
net is completely finished, and except
for the function that the grillework
performs in reducing diffraction,
there would be no aesthetic objection
to operating the speaker without it.
The woofer and tweeter are as close
together as possible, and surrounding
each is a ring that extends 38" in front
of the front cabinet surface. In the
case of the tweeter, the inner portion
of the ring 1s flared to scrve as a
matching device for the dome radia-
tor. Avid calls this an “optimum dis-
persion coupler” and says that it im-

proves dispersion as well as reducing
diffraction. The grille cloth is
mounted on a 3" thick board, cut out
to form a junction with the “optimum
dispersion coupler” and the similar
ring around the woofcer. Thus, there is
no discontinuity between the front of
each driver and the front surface of
the grille. Finally, the solid front grille
has smoothly rounded nondiffracting
cdges.

The Avid Model 110 has a rated
frequency response of 48 t0 20,000 Hz
+ 3 dB and a nominal impedance of 8
ohms with a minimum of 6 ohms. Po-
lar response curves supplied by the
manufacturer indicate relatively wide
dispersion over the audio band.

Laboratory Measurements. The
mid- and high-frequency response
curve of the Avid Model 110 was as
flat as our measurement process can
show. It varied by only =1 dB from
100 to 6000 Hz. A gradual rise to +4
dB at 13,000 Hz and a dropto —2 dB
at 20,000 Hz relative to the midrange
level was actually within our measure-
ment uncertainty. The bass response
curve, which probably exceeds the tre-
ble curve in accuracy of measure-
ment, was flat within about | dB from
200 to 1000 Hz, rising gently to +3.5
dB between 60 and 80 Hz and falling
off at 12 dB per octave below about 50
Hz. Our composite frequency re-
sponse curve of the Model 110, made
by splicing the bass and md/high
curves together, showed a variation of
+ 3 dB from 43 to 20.000 Hz, slightly
surpassing Avid’s ratings.

The fine transient response sug-
gested by frequency response such as
this was confirmed by our tone-burst
measurements. These showed clean,

undistorted bursts throughout the
operating frequency range of the
speaker, with envelope shapes almost
completely independent of micro-
phone position.

At a nominal I-watt input, woofer
distortion was between 0.5% and 0.9%
down to 50 Hz, rising to 2.8% at 40
Hz and 5.6% at 35 Hz. Increasing the
drive to 10 watts gave typical distor-
tion readings between 2% and 3%
down to below 50 Hz. increasing to
8.5% by 40 Hz.

Impedance of thc Model 110 was
exceptionally constant with frequen-
cy, measuring between 7 and 10 ohms
from 80 to 20,000 Hz. The maximum
of about 28 ohms occurred at the bass
resonance frequency of 53 Hz. Sensi-
tivity, for an acoustic suspension sys-
tem, is relatively high: a sound pres-
sure level of 88 dB at 1 meter is pro-
duced from a drive signal of 2.83 volts
(1 watt) of random noise in an octave
centered at 1000 Hz.

User Comment. Despite the uncer-
tain correlation between measured
frequency response and subjective
qualities of a loudspeaker, it has been
our experience that flat, uniform re-
sponse is likely to come from any
speaker with a really good sound, and
vice versa. Thus, we were not sur-
prised by the ncutral, transparent
sound of thc Model 110. Its deep-bass
capability is limited, but sufficient to
fill a room of moderate size. Although
its power ratings (up to 100 watts of
program material) are realistic, and
we used most of the output of a 200-
waltl-per-channel amplifier on our
pair of 110’s with excellent results, we
would not drive this speaker at sus-
tained high levels, especially in a large
room.

Perhaps the most outstanding char-
acteristic of the Model 110 is the ab-
sence of upper-bass coloration. [t is as
free of ““boom™ as any speaker we
have ever heard, and rendered male
voices with unusual naturalness. If
this banishment of “boxiness” can be
traced to Avid’s minimum diffraction
design, the extra effort needed to real-
ize it has certainly been worthwhile.

Installed in midwall positions, a
pair of 110’s gave a markedly more
“open” sound than some fairly similar
speakers we had on hand. The meas-
ured frequency response of these
speakers (except for the low bass)
matched that of the Model 110 well,
but the difference in spatial character
was striking. Perhaps this, too, was
because of reduced cabinet diffrac-
tion. Whatever the explanation, we
liked the results.

It is hard to think of these as “*book-
shelf™ speakers, since there is nothing
small about the sonic image they pro-

ject. Furthermore. their excellent
sonic characteristics belie their mod-
est price.
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$140
Gets It All.

We just knocked down the last reasons for not going digital in a
multimeter. Fast continuity measurement. And price.

Beckman’s exclusive Insta-Ohms™ feature lets you do continuity checks
as fast as the analogs. And Beckman'’s superior technology and experience
let you own this beauty for such a reasonable price.

Of course you get a lot more. Like 7 functions and 29 ranges including
10 amp ac/dc current capability. 0.25% Vdc accuracy. In-circuit resistance
measurements and diode/ transistor test function. Two years’ typical operation
from a common 9-volt battery. In other words, all the features you want in
one hand-held unit of exceptional good looks and design.

With 1500 Vdc overload protection, 100% instrument burn-in, plus
rugged, impact-resistant case, you’re assured of the utmost in dependability and
long-term accuracy. You get a tough meter that keeps on going, no matter
how tough the going gets.

So visit your dealer today and get your hands on the DMM that does it
all. Or call (714) 871-4848, ext. 8927 for your nearest distributor.

B AN
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— computers

| both hi- and

tions. Among its many features are
low-resolution color
graphics, and a sound synthesizer to
add realism to games provided by the
company or the ones you create your-
self using APF BASIC.

" Should education be your bag, and
you have been considering using a
computer in some way, Radio Shack
is willing to lend a hand. It has recent-
ly made available a 27-page booklet
that briefly describes a microcomput-
er in the classroom, and provides some
guidelines for selecting a system. Al-
though the booklet carries a price tag
of $1.00, it is available free from most
Radio Shack retail stores.

Using Your Computer. When
you bought your personal computer,
and perhaps tried justifying it to your
spouse, the first question that proba-
bly popped up was: “Now that you
have it, what will you do with 1t?”
When the personal computer industry
got started, the only answer was to
learn about computers. But that has
changed a great deal. This is most
likely owing to the efforts of software
makers such as Personal Software®.
The goal of this company, whose pres-
ident is Dan Fylstra, is to provide soft-
ware that makes the microcomputer
really worthwhile to own, in the home
and the office.

One of the first things that Dan and
his company did was to determine
who bought and used personal com-
puters, and for what. Basically, they
found that the microcomputer was
bought as an entertainment system
and for learning purposes.

Among the company’s many soft-
ware offerings are: A backgammon-
type of game called *“Gammon
Gambler’ at $19.95 for either the Ap-
ple or Commodore PET. This one’s a
hard one to beat because it thinks
along with you and learns with every
move. Also in the game field is
“Checker King" for the Apple. TRS-
80, and Commodore PET. This game

| is really a challenge, and for $19.95

will keep you busy for hours.
Although there are more games
than the foregoing, Personal Software
has other types of offerings. Specifi-
cally, it has either developed or ac-
quired software packages that are de-
signed for the professional. These in-
clude VisiCalc®, which stands for vi-
sual calculator. This package, priced
at $150, is for the Apple, TRS-80,
PET, and, by the time you read this,
the Atari 800 personal computers.
VisiCalc is a dynamic program that
allows you to build tables of virtually

| any type of data important to you.

|

Further, you can take some form of
action on the data by specifying,
through user-defined formulas. how
each data item is to act with or react
to another data item. For example,
the total of columns or rows can be

POPULAR ELECTRONICS
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computers

generated or percentages taken of var-
ious items and placed into separated
data fields, without user intervention.

This software package is only the
tip of the iceberg since the company is
making all the business-type software
inter-compatible. For instance, one of
the newly acquired packages is the
CCA Data Management system for
the Apple ($99.50) which features In-
dex Sequential Access Method
(ISAM) files. This data manager can
be used with VisiCalc-created files to
allow you to pull various types of data
from the individual records. Personal
Software has made this package
available for the Radio Shack TRS-
80 ($74.50), but without the ISAM
feature.

Following the same line is Desktop
Plan® ($99.50) for the Apple comput-
er. This package, like the data base
manager, can use the file created by
VisiCalc and is intended for financial
analysts who want to create models
for complex business problems.

According to company spokesman
Bill Langenes, two other software sys-
tems geared for the professional will
be available later this year. These new
systems are called TrendCalc®, for
statistical analysis, and VisiPlot®, to
create graphs of data in various for-

Finally, a sports car that expresses your individuality, your values.
The MiGiIl. An elegant, authentically detailed replica of the classic

1952 MG-TD.

Own a sports car custom-built for you. Or take pride in assembling
it yourself. The MiGi Il is a complete package designed for easy
conversion of the dependable Volkswagen Beetle. The lightweight
body made of steel-reinforced fiberglass insures years of carefree
beauty with no depreciating rust. You'll enjoy improved gas
mileage and performance. All from Fiberfab, the world’s oldest and
largest component sports car manufacturer.

The MiGi II unites classic design, mechanical simplicity and
economical operation in a car that will never be out of date. Redis-
cover the legendary excitement of sports car driving: the MiGi IL

Send the coupon today. Or call TOLL FREE now for complete

information: 800-328-5671.
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VisiCalc being used on an Apple Il.

mats on the CRT or printer. These
packages will be for the Apple com-
puter at first, with similar packages
for the TRS-80, Atari-800, and PET
to be made available at a later date.
All the professional programs are
geared to work in tandem and give the
businessman the flexibility he or she

may be looking for with his micro-
computer.

Although most of the programs be-
ing developed by Personal Software
are for either the Apple or TRS-80,
the company does have plans to devel-
op similar packages for the Heath/
Zenith H-89 microcomputer. As you
read this, VisiCalc is being made
available for users of this machine.

Word-processing is another im-
portant application for microcomput-
ers. Several different types of editors
and formatters are available on the
market today. Among the most useful
is a formatter named “Textwriter.”
This software system was developed
by Organic Software for systems of
the CP/M and Northstar type. How-
ever, Lifeboat Assoc. has modified it
for a number of systems, including
Heath and Radio Shack.

Although this formatter is designed
to be used with your system editor (or
one of the editors available from Life-
boat), it offers more power than the
so-called integrated packages. With
the Textwriter system, you can format
text in just about any way you want.
This includes specifying footnotes.
The footnoting is very important be-
cause the note goes at the proper loca-

(Continued on page 39)

Home (

Card Number

Name Age
Street

City State ZIP
Phone:

Bus.

| T —
Charge the above material to my 00 VISA O Master Charge account.

Expiration Date

Signature

WWW akherieaniadimhictary com

™ 0 o e e e - -
1000 Turners Cross Road South EL-7
Minneapolis, MN 55416

CALL TOLL FREE: 800-328-5671

O Enclosed is $2 for MiGi II color brochure.

O Enclosed is $15 for color brochure and assembly manual.
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CArccoeoer
training
fl‘()]n‘

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

/ " 4
et Spccial Projects Director
Cleveland Institute of FElectronics

POPULAR ELECTRONICS
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y father always told me that
there were certain advan-
tages to putting all your eggs in one
basket. “John,” he said, “learn to
do one important thing better than
anyone else, and you’ll always be
in demand.”
I believe he was right. Today is
the age of specialization. And I
think that’s a very good thing.
Consider doctors. You wouldn’t
expect your family doctor to perform
open heart surgery or your dentist to
setabroken 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.

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

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

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

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

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

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

In fact,depending on the course
vou take, vou'll do most of the basic
things professionals do every day—
even use a Digital Learning Laboratory
to apply the digital theory essential
today to keep pace with clectronics
in the cighties.
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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 vou
need specialized help, you get it fast
... in writing from the faculty spe-
cialists best qualified to handle
your question.

People who have known
us along 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
malil 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 vour present skills,
your best bet is to go with the elec-
tronics specialists — CIE. Mail the
card or coupon today or write CIE
(and mention the name and date of
this magazine), 1776 East 17th
Street, Cleveland, Ohio 44114,

Pattern shown on oscilloscope screen is simulated.
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We've got 1t all
together.
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" Boker
- Crescent

Lufkin
Nicholson
o % Weller, Wiss
> Xcelite

Takea quick look round this ad and
you'll agree that “All together” is no
exaggeration.Whether you're making
or mending, cutting or joining, measuring
or stripping, there’s a Cooper tool that’s . x N
just right for the job. Don’t take chances - \

on tools. Specify Cooper and get'em Crescent
right the first time!

from Cooper The Toolmakey.

21/ The Cooper Group

COOPER | BOKER"CRESCENT “LUFKIN “NICHOLSON" WELLER *WISS * XCELITE®

_INOUSTRIES | b0y, Box 728, Apex, North Carolina 27502, Tel: (919) 362-7511. Telex: 579497,
CIRCLE NO. 14 ON FREE INFORMATION CARD
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computers

BASIC PROGRAMMER’S SHEET

— —

BASIC PROGRAMMER'S SHEET

Program Name: _ & "5/ T T #ianrmy gz Page_J of & - Program Nsme: 4 5T T MHaw po w i Page_Z of_Z .
Programmer: (T a4y AR BEN Date: 4-9-% O Project noft DEmO P AT el 3 P2 g Date: 4 ~9-2 0 _Project no/name__2 =g
Program length in lines: /2 Bytes: Version of BASIC: 72 ¢ — g3 ¢/ Program length in lines: 7 2 Bytes: Version of BASIC: T i3 v—~&¢1 4 f
Cross reference: Cross reference:
LINE # BASIC STATEMENT REMARKS LINE # BASIC STATEMENT REMARKS
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YARIARLE E&é. THLE 15 Lo IN G
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EROCRAM CAN NAME FILEY, 100\t e wpy] ‘PEPRESS enTER|PAGCE romman
12 conTivv & ’s oo f
30| for T2 7045 CoUNT LINES
__lplEeo_TO 3D Go DACK AXNDR RES&T

40l 1e EOF()) rHEV 120

LE FIeE Po/NTER IS AT

CoUNTER T

END GO T O ENDIN G-

ROY TINE

1L0

CLoSE  FND

SEVERAL DIREc Tiops

ICAN BE HERE (V-

CrT THE MESSAGE

50| L InE INPUT LIR ME

FRoM Fiie &

CLuDINVE A RETVERAN

1= ¢SE L Af A

S F-ROVTINE.

|ADJUST THE VARIBBLE
M To BEGIN AT Stu

Losi1/on (&Lkm: FgrR

5 PACES)

A program such as this can be used to call up data stored in a TRS-80.

tion on the page without causing an
overflow on the page. Also, should the
footnote be larger than the space
available on the page, the remainder
of the note is passed onto the page
buffer for the next page so it appears
at the bottom as it should.

The Textwriter package is pat-
terned after larger mainframe-type
processors and, consequently, is made
for professional use. This, naturally,
has two connotations. Yes, there are a
number of commands required to
make the package work correctly. So
it is not intended for use by the aver-
age, unskilled worker. Second, the
formatter allows the professional
bookwriter, researcher, et al, to for-
mat his or her copy in a manner that is
most suitable for publication.

Features of the system include:
chaptering, where the system allows
you to name a chapter and provides
running heads and title pages; index-
ing as the text is being built, or at any
convenient time (key words or phrases
can be identified to be included in an
index). Textwriter will not only form
the index, but alphabetize it with cor-
rect page numbers. These are only a
few of the functions in the package,
but by themselves they make it worth
the $125.
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File Programs. Along the software
line, here is a helpful hint for the
month.

You may not be aware that you can
handle some of your data files in an
efficient manner to assist you in the
creation of messages, typing letters,
etc. You can do this by developing
your files with either a program writ-
ten in BASIC or with your text editor,
saving the information in ASCII (so
that the information is in the same
form in which it was written, without
compressing it in anyway).

Files that are saved in ASCII for-
mat can then be read using a BASIC
program sheet like the one shown
here, and manipulated in almost any
manner that you want. The program
that is shown assumes that you have
data saved in a file, in this case on a
Radio Shack TRS-80, and want to
call it up for some kind of help.

This routine can be incorporated
into any one of your programs. With a
little imagination, the calling routine
can specify parameters to be passed to
open different information files. A
programming worksheet such as that
shown is a valuable item, and is de-
signed by you. Its use will save you
moves when designing a program
from scratch. <
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MORE INFORMATION
Further information about products
mentioned in this month’'s column can
be obtained by contacting the compa-
nies directly.
APF Electronics Inc.
444 Madison Ave.
New York, NY 10022
212-758-7550
Centronics
Data Computer Corp.
Hudson, NH 0305 1
603-883-0111
Lifeboat Assoc.
2248 Broadway
New York, NY 10024
212-580-0082
LOBO Drives International
935 Camino Del Sur
Goleta, CA 93017
805-685-4546
Organic Software
1492 Windsor Way
Livermore, CA 94550
415-455-4034.
Personal Software, Inc.
592 Weddeli Dr.
Sunnyvale, CA 94086
Radio Shack
Cept. NR-17,
1300 One Tandy Center
Fort Worth. TX 76102
817-390-3272.

e ——————
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NOW—the best
in Electronics
training can
cost you less—

No school, large or small, gives you better
electronics training than E.T.|. Nor, at a
fairer price. Compare quality, price, ser-
vice, background. ET! has been training
men & women for entry into or advance-
ment in electronics since 1909, utilizing
the very latest in educational techniques.
Only ETI combines Autotext programmed
learning, “listen & learn” cassettes and

=3

hands-on" projects designed for learning
at home, quickly, easily. Wide course
choice

SEND TODAY for all new FREE catalog
or for faster service. use the toll free tele-
shone number below, day or night. No
obligation—no salesmen will call.

NHSC

ELECTRONICS TECHNICAL INSTITUTE
FOUNDED 1909
153 W. Mulberry St., Dept. 10070
Lancaster, Ohio 43130

FOR FASTER SERVICE

TELEPHONE FREE 24 HRS A DAY
1 800 621 5809

INinois residents - 800 972 5858

ETI Home Study, Dept. 10070
153 W. Mulberry, Lancaster, Ohio 43130

]

Please rush FREE catalogon electronics oppor- !
tunities, and training. I'm interested in [ ]
Basic Career Specialized ]

Advanced

NO SALESMAN IS TO CALL ON ME, EVER. I
]

Name I
]

Address l
]

City state: zip ]

Ohio Registration NO. 0683H

G D GE D D NS S AT RS B N IS B8 6
CIRCLE NO. 23 ON FREEINFORMATION CARD
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Computer
Sources

By Leslie Solomon
Technical Director

Hardware

Apple Serial Port. The 7710A
Asynchronous Serial Interface allows
the Apple computer to communicate
with all RS232C serial devices. It is
compatibie with Apple PASCAL, has
full handshaking. supports full or half
duplex operation, and uses a DCE-
type interface. It also has 14 standard
baud rates. bit selection, a program-
mable control register, software pro-
grammable interrupts, and a power-
down ROM. 1t supports interrupt and
DMA daisy chains. Address: Califor-
nia Computer Systems, 250 Carib-
bean, Sunnyvale, CA 94086 (Tel:
415-734-5811).

Video Graphics for $-100 Bus.
The VG100 for the S-100 bus is de-
signed for text-oriented applications.
It has totally programmable fonts
that allow up to 256 characters to be
defined in on-board RAM. This per-
mits musical notes. logic or math sym-
bols as characters. Each 8-bit charac-
ter may be modified in 256 different
combinations—for example, blink,
dim, bright, blank, reverse, etc. Other
features include 16 grays or 16 colors
or combinations (4 colors, 4 intensi-
ties). Character field is 9 X 16 or 144
pixels with raster scan line of 621 pix-
els. Maximum vertical pixels is 704.
The entire character field can be
changed at one time allowing anima-
tion. It is configured in 12K of RAM
seiectable in three blocks. When none
of these are selected, the board occu-
pies no address space. $645. Address:
International Product Dev. Inc., 1708
Stiertin  Rd, Mountain View, CA
94043 (Tel: 415-969-6086).

STD-Bus Boards. These three new
“do it yourself” boards are size and
plug compatible with Pro-Log 7801.2
and 3. Mostek MD-SBC-1, or other
systems using the STD bus. The 4610
board ($18.95) is designed for sol-
dered interconnections and can mount
up to twenty 16-pin DIP’s or combi-
nations of DIP’s and discretes. The
4610-2 board ($18.95) is for Wire-
Wrapping and can accommodate up
to thirty-five 16-pin DIP’s. The 4610-
1 board ($15.95) is unciad except for
the edge connector to allow maximum
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layout freedom. This board can sup-
port up to fifty-nine 16-pin DIP’s. Ad-
dress: Vector Electronic Co. Inc,
12460 Gladstone Ave., Sylmar, CA
91342 (Tel: 213-365-9661).

$-100 Control Panel. This S-100
bus control panel features a 20-key
matrix and a 6-digit LED display con-
trolled by on-board 2708 or 2716
EPROM. This permits user-designed
firmware to be used. Standard firm-
ware for 8080/Z80 systems are avail-
able. $139.50 with blank keys less
EPROM. Add $55 for 8080/Z80
firmware. Address: Pike Electronics,
8190 Watsonville Rd., Gilroy, CA
95020 (Tel: 408-842-1235).

Color Monitor. This combined color-
TV receiver and monitor has a resolu-
tion of 300 lines horizontal and 350
lines vertical. In the monitor mode
(switch selectable), input impedance
is 75 ohms. It also features looping

input for multiple use. The 13" ver-
sion (VM-1300) is $449 and the 19"
version (VM-1900) is $575. Address:
VAMP, Box 29315, Los Angeles, CA
90029 (Tel: 213-466-5533).

Diskette Head Cleaner. These
head cleaning diskettes are manufac-
tured by attaching a lint-free nylon
mat to a Mylar substrate. The design
avoids damaging abrasion, keeps head
wear to within industry standards,
and is used in the same way as any
diskette. It should be used once per
day as a prevention against oxide
buildup. $20 for the 8-inch and mini-
diskette versions. Address: Lifeboat

Associates, 2248 Broadway, New
York. NY 10024 (Tel: 212-580-
0082).

CRT Optical Filter. This black ny-
lon mesh device, held under tension by
a plastic frame, prevents ambient
light from striking the CRT screen
surface and reflecting back to the
viewer to cause glare. The overall ef-
fect is one of enhanced contrast, ap-
parent improved resolution, no glare
and minimal reflections. Nine-inch
size for the PET type is $16.95. 12"
for TRS-80 types is $22.50 and a 15"
type is $25.00. Address: SunFlex Co.,
3020 Kerner Blvd, San Rafael, CA
94901 (Tel: 415-456-8482).

POPULAR ELECTRONICS
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TRS-80 Listener. The VOXBOX
uses a Level Il system with 16K of
RAM and can recognize a vocabulary
of up to 32 spoken words. Words or
phrases may be used to enter data,
control and instruct the TRS-80 with-
out having to type on the keyboard.
The machine-language driver pro-
gram, three demo programs, a dy-
namic microphone and a comprehen-
sive manual are included. Available
for $169.95 at Radio Shack Com-
puter Centers and stores.

Hard Disk For Micros. The Lobo
Model T, (TRS-80), A (Apple), and
S (5-100) disk system provides 10
megabytes of mass storage for these
machines. It comes with an IMI 7710
Winchester disk drive, controller,
power supply, interface, and software.
It requires little or no change in exist-
ing software to use, and is inter-
changeable with conventional floppy
disk drives. Mounting can be either
rack/slide vertically or horizontally,
or it may be placed on a table top.
Price is $4995. Address: Lobo Drives
International, 935 Camino Del Sur,
Goleta, CA 93017 (Tel: 805-685-
4546 or 714-641-1436).

RFI Filters. A new line of ac power
outlet boxes features RFI filters and
transient voltage protection. Filters
operate between 150 kHz and 30
MHz; each outlet is line-to-line (dif-
ferential mode) and line-to-ground
(common mode) filtered and can ac-
commodate [0 amperes. High-voltage
transient protection is to 6000 am-
peres and 8 to 20 microseconds. Ener-
gy absorption is 50 joules. A six-foot
3-wire power line is used. Address:
PMC Industries Inc.,, 1043 Santa
Florencia, Solona Beach, CA 92075
(Tel: 714-481-7422).

KIM Memory Expansion. The
DRAM PLUS expansion board adds
up to 32K of dynamic RAM (with
transparent refresh) and up to 16K of

EPROM to AIM-65, SYM-I, and
KIM-1 computers. Both RAM and
ROM are addressable in independent
4K segments and an on-board
EPROM programmer is included. A
general-purpose prototyping area al-
lows addition of custom circuits. Two
6522 chips provide 32 1/0 lines, hand-
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shaking, four timers, and two serial-
to-parallel shift registers. It is electri-
cally compatible with the AIM/
SYM/KIM bus. $295 for 16K version
(expandable to 32K), and $395 for
32K version. Address: The Computer-
ist, Inc., Robert M. Tripp, 34 Chelms-
ford St., Chelmsford, MA 01824 (Tel:
617-256-3649).

Computer Desk. The CompuDesk
has a split-level top for elbow-height
CRT viewing, and printer height that
is eye-level while sitting, waist-level
while standing. It has two adjustable
shelves and a self-closing door with an
attached storage rack for manuals.
Convection cooling is used in the shelf
area, and a power fan is available for
high-heat situations. The desk is con-
structed from birch plywood with wal-
nut stain finish and Formica tops.
$359, plus freight and packing
charge. Address: ComputerGoods,
Box 2635, Eugene, OR 97402 (Tel:
503-687-2387).

Studio Il Conversion. The RCA
Studio 1 video game can be converted
into a basic microcomputer by the ad-
dition of ROM and RAM. This pack-
age consists of three cards, one for
PROM, one for RAM, and the third
for a backplane that connects these
two boards to the Studio Il via the
game cartridge slot. The package pro-
vides 1560 bytes of RAM and 512
bytes of ROM and includes the Moni-
tor program. Six issues of a newsletter
devoted to the Studio Il are also in-
cluded. Address: Aresco, Box 1142,
Columbia, MD 21044.

Software

TRS-80 Sort/Merge. DSM is a
new disk sort/merge for the TRS-80 I
and Il. The machine-language pro-
gram sorts large multiple diskette
files on @ minimum one-drive or two-
drive system. It physically rearranges
all records and no key files are re-
quired; sorts random files created by
BASIC including sub-records span-
ning sectors: sorts on one or more
fields in ascending or descending or-
der with fields in character, binary in-
teger or floating point; and provides
optional output field deletion, re-
arrangement and padding. Sort com-
mands are saved for reuse in produc-
tion applications. Designed for mail-
ing lists, inventory control, and other
business uses. $75 for Mod I and $150
for Mod II. Address: RACET Com-
puters, 702 Palmdale, Orange, CA
92665 (Tel: 714-637-5016).

Apple Teacher. The *“Teacher
Plus™ features 17 lessons covering all
frequently used BASIC commands, as
well as logic techniques. The package
also includes Apple Tricks, teaching
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INTRODUGING
A DUALTIME
CALGULATOR
CHRONOGRAPH
WRIST WATCH

SHOWN
ACTUAL
8ize

Casio C-80 $49.95

It's A Calculator for Business, Shoppers, Students

o New touch keys allow correct entry by any size finger
e Four function calculator (+/—/x/+)

e Indicator shows math function in use

It's A Chronograph for Competitors and Sports Fans
o Times to 24 hours with 1/100th second accuracy

® Has time-out feature and aiso gives lap/split time

® Gives first and second place times

® Weighs only 1 ounce

It's A Dual Time Watch For Travellers, Pilots, Sailors
» Set second time zone in AM/PM or 24 hour time

® Accurate to =15 seconds per month

® Calendar with day of week and date

The Casio C-80 is the ultimate in technology. its computer
brain is protected against shock by a tough polysuifone
plastic case. Average battery life is an amazing 15 months.
Its mineral glass crystal resists scralvies.

Buy with Confidence

We've become a leading media merchandiser by offering
advanced technology products, prompt delivery. and a 30-
day, no-risk, money-back guarantee. If this product isn't
everything you expect. simply return it in new condition in
30 days or less for a complete refund.

Order Today

Charge customers can call toll free 24 hours a day. Order
product number 130 .

(800) 854-3831 o5 s
marketing

DW international

350-A Fischer Avenue Dept. 86
Costa Mesa, California 92626 (714) 540-4444
Call our toll-free number for quickest service or send your
check, money order, or credit card info. Please allow time
for checks to clear. We accept VISA, M.C., A.E., D.C.
charge cards. Add $2.50 for insured postage & handiing for
first product & $1.00 for each additional product. Cakf.
residents add 6% sales tax.
2 DWS marketing internationa
CIRCLE NO. 21 ONFREE INFORMATION CAR
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SC-2 gives
your cartridge
more than
The Finger!

The famous SC-1 stylus
brush (standard of the record
and hifi industries) now has a
synergistic fluid called SC-2.

SC-2 Fluid enhances and
speeds cleaning and yet
protects diamond adhesives,
cartridge mounting polymers
and fine-metal cantilevers
againstthe corrosive effects
of many other “cleaners.”

The Discwasher SC-2
System. Stylus care you can
finger as clearly superior.

discwasher’

PRODUCTS TO CARE FOR YOUR MUSIC

1407 N. Providence Rd.
Columbia, Missouri 65201

rcompufters
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sound and graphic routines. The sys-
tem refers to the Apple Manuals and
includes tests and problems. The
“Plus Teaching Pac” includes a float-
ing-point dictionary and the lessons
teach with runable programs. The
“Teacher Plus” comes on two linked
diskettes for $59.95, with cassette ver-
sion $24.94. The “‘Plus Teacher™, also
on two diskettes, is $34.95. The float-
ing point dictionary alone is $24.94.
and a 12-lesson integer BASIC ver-
sion of the Teacher is $19.95 for tape,
$29.95 for diskette. Address: Charles
Mann and Associates, Micro Soft-
ware Div., 7594 San Remo Trail,
Yucca Valley, CA 92284 (Tel: 714-
365-9718).

CP/M Music System. The MU-
SICRAFT Development System uses
five machine language programs
called Setup. Editor, Waveform Gen-
erator, Interactive Play and a fast
two-pass compiler. In conjunction
with a Newtech Model-6 Music
Board, it produces four voices, each
with a 7-octave range. [t also supports
measures, line numbers, repeats, re-
frains, key signatures, accidentals,
microtones, etc. [t requires an 8080,
808S, or Z80 S-100 bus with 24K or
larger CP/M, a terminal with an ad-
dressable cursor. and the Model-6
board. Currently available on 8" sin-
gle density IBM, North Star and Mi-
cropolis Mod I CP/M formats.
$79.95. Model-6 Music Board is
$99.95. Address: Newtech Computer
Systems, Inc., 230 Clinton St., Brook-
lyn, NY 11201 (Tel: 212-625-6220).

Heath BASIC Programs. All 76
programs in the Osborne and Asso-
ciates book, Some Common BASIC
Programs, are now available for
Heath cassette systems. All programs
will run with any version of Heath
BASIC and four require Extended
BASIC. The programs include busi-
ness, finance, math, statistics, plotting
and various general-interest applica-
tions. Cassette is $15. Address: J.E.
Bracheau Eng. Co., Box 67, Trenton,
M1 48183,

TRS-80 Animation. ELECTRA
SKETCH is an animation and graph-
ics compiler for the TRS-80 that
claims continuous, fast action without
flicker or jumping. Graphics and text
can be combined. One-key commands
can control cursor direction. draw,
erase. draw vectors, fill in back-
grounds with any sequence of charac-
ters, credte titles. save on disk, recall
frame from disk, review all stored
frames. change graphics, and print
the frame on a line printer. Saved
frames can be animated by display in
either forward or reverse sequence.
Speed can be changed from slow to
fast in ten increments. Demonstra-
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tions are included. $14.95. Address:
Macrotronics, 1125 N. Golden State
Blvd., Suite G, Turlock, CA 95380
{Tel: 209-667-2888 or 634 -8888).

6809 Memory/Disk Package.
Designed to run under the 6809
FLEX Operating System, this pack-
age has a memory diagnostic portion,
including random pattern, walking
bit, dynamic RAM dropout and con-
vergence tests. All tests are position
independent. The disk portion fea-
tures three diagnostic utilities that re-
port unreadable sectors and structural
inconsistencies among the files on the
diskette, two utilities for recovering
data when the disk directory is not
readable. a utility to remove bad or
intermittent sectors from free space,
retrieve deleted files from the diskette
free chain, a single-sector read/write/
modify routine and a copy routine
that ignores CRC errors. $7S on 5" or
8" diskettes. Address: Technical Sys-
tem Consultants, Inc., Box 2570,
West Lafayette, IN 47906 (Tel: 317-
463-2502).

Datestones of Ryn. Available for
the PET (16K RAM), TRS-80 (Level
I, 16K) and Apple (with Applesoft),
this fantasy adventure is written in
Microsoft BASIC. It allows 14 op-
tions, and excellent graphics create a
map of the playing area. This is an-
other game in the DUNJONQUEST
series, in which the player can com-
pete against another player or himself
in a race against time. It comes with a
colorful 16-page illustrated manual.
$14.95 at many computer stores or
from Automated Simulations, Box
4232, Mountain View, CA 94040.

CMB Word Processor. The Word-
Pro Il features global functions, in-
stant editing and full documentation
retention up to 170 pages on-line. It
will global search, replace. and print
an entire 170K-byte diskette without
operator intervention. [t has a com-
plete range of screen positioning com-
mands and over 50 control functions,
including center titles. indent para-
graphs, set tabs and hyphenate words.
Real-time screen editing functions
such as delete, insert, erase. move,
search, and replace are provided. Let-
ters can be merged and a status line
on top of the screen indicates func-
tions in progress. Hard-copy output
includes formatting, line spacing,
right/left margins, and justification.
It operates on the Commodore CBM
2022 and 2023 matrix printers and is
compatible with NEC, Diablo and
Qume printers. Address: Commodore
Business Machines, Inc., 3330 Scott
Blvd., Santa Clara, CA 95051 (Tel:
408-727-1130).

The PEARL. This program, called
Producing Error-free Automatic Rap-
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compufters

T — st AL

id Logic(PEARL), allows the user to generate customized pro-
grams. [t generates data fields, edit routines and 1/0 facili-
ties. PEARL produces a combination of source code and pre-
coded utility routines (BASIC source code) and through a
series of menus and prompts, aliows defining system and
report controls, and the interrelationship between data ele-
ments and files. It requires CP/M and CBASIC with 48K of
RAM. Level 1 for personal computing is $90, Level 2 for
business is $200. Address: Computer Pathways Unlimited,
Inc, 2151 Davcor St., SE, Salem, OR 97302 (Tel: 503-363-
8929).

APF Packages. Designed for the APF Imagination Ma-
chine, the Space, Size and Surface Guide program can assist
the homeowner in problems involving maintenance, covering
surfaces and materials required. It can be used for fertilizing,
seeding and lawn coverings, wall papering, painting, panel-
ing, or tiling. The program tabulates the amount of material
required. It also computes cost difference between products
and allows for extra material due to patterns, door and win-
dow fittings, and the user abilities. The Personal Business
Machine Program allows calculation of financial status and
loan amortization, interest and principal payments, interest
rates, etc. Both programs are available through catalog
showrooms, department stores, and other outlets carrying the
Imagination Machine.

Compucolor Utilities. Soundware includes the necessary
hardware and software to create sounds on the Compucolor
11 system. It is programmable from BASIC and melodies of
three octaves can be created. $49.95. Three diskettes called
Statistics I, Statistics I and Statistics I1I are also available.
Statistics | includes a regression analysis; capability to plot
up to three graphs; and ability to compute and display several
measures of central tendency and other quantiles, disper-
sions, skew, kurtosis, and moment about the mean from
grouped or ungrouped data, and a graph program that dis-
plays histograms/polygonal graphs for grouped or un-
grouped data. Statistics Il includes multiple linear regression
up to six variables. with or without transforms; polynomial
regression using a polynomial of degrees up to five; the fit of
binomial, norm, or Poisson distributions to input data; and a
chi-squared test. The last element uses data from a set of
samples of varying sizes to compute statistics for each sam-
ple. to analyze variance between samples, and to provide esti-
mates of the evaluation mean. Statistics Il features trend
regression, deseasonalization, or other cyclic adjustments
and smoothing of a time series; the ability to compute eight
types of index numbers for several sets of data with any set
used as the data for the base period; or computing capability
for variation within or between pairs of data series using
Mann-Whitney test and rank correlation. Statistics [ is
$24.95, Statistics 11, $29.95 and Statistics 111, $29.95. Ad-
dress: Compucolor Corp., Box 569. Norcross, GA 30091.

PET Array Handling. Matric, an array handling package,
transforms PET/CBM machines into powerful research and
teaching instruments. The SK assembly language program
expands Commodore BASIC with 14 new statements. Varia-
tions lead to more than 25 distinct operations. A single
MATRIC statement displays a matrix on screen and the vai-
ues can be changed and entered. Another statement transfers
data between matrices, transfers diagonals between matrices
or fills a matrix with a constant. Other statements transpose
matrices, transfer diagonals between matrices or from a
matrix to a vector (and vice versa), or fill the diagonal with a
constant. Vector and matrix addition, squares, and square
roots are provided. Matrices can be inverted and the absolute
value of determinant obtained. Eigenvalues and Eigenvectors
for symmetrical matrices can be computed. All statements
can be used in BASIC programs or entered directly. Many
other matrix operations are provided. Versions for 8K, 16K
or 32K machines are available. $125. Address: Cognitive
Products, Box 2592, Chapel Hill, NC 27514.
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BW-2630
Battery Tool

BW-2630 $.9.857
BT-30 $§ 3.95*
BT-2628 $ 795

BW-2630 BATTERY TOOL

The new BW-2630 is a revolutionary dat.ery
powered wire-wrapping tool. The tool operates
on 2 standard “C” size NiCad batteries (not
included) and accepts either of two srecially
designed bits. Bit model BT-30 is for wrapring
30 AWG wire onzo .028" squars pins ; BT-2328
wraps 26-28 AWG wire. Both produce the
preferred “modified” wrap.

Designed for thes serious amateur, BW-2330
even includes both positive indexing and
anti-overwrapping mechanisms — feaures
usually found only in industrial tcols costing
five times as much. Pistol grip design and
rugged ABS construction assure performance
and durability. In stock at local eleztrenic
retailers or directly from

OK Machine & Tool Caorporation
3455 Conner St., Bronx,N.Y. 10475 U.S.A.
Tel.(21R2) 994-6600 Telex 1250€1

Minimum 911lirgs $25.00.add shipping charge $2.00
New York State residents add applicable tax
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£ NEW
TEM.

V.BLOX: The new modular circuit
building system designed especially
for electronic hobbyists. _

‘profess'\ona\” Pgst Strip, Tray
are priced from $1.29 0 $9-0%

Until now, hobbyists had tobuy

so:jder\ess brfeadboards for theér projects

and pay ' pro essional” prices. bu oW 1 ;

there’s Hobb “Blox™ a brand new solderless ﬁ&%%?ﬂfdsei‘;% Ctg\%‘a\;%yggcagg t\aiﬁ\tde\:\g

breadboard'\ng system that's not only even easier

economically priced but offers far more ' _ 4 _
he hobbyist. The Hobby-Blox system 18 compatible with

DIPs of all gizes and 8 wide variety of
onents. gimply plugd in your
th hookup

advantages o t!
are two starter discrete COmp

e of the systém
mponent projects. components and interconnect wi

ponents can

At the cor
packs. on? for discretzco
the other for integrate circuit projects. : :
Each comes with a number of Hobby-Blox gvgrgé;\joazcgg‘egwgégg?na\\ ey
system modules that fit into a tray and an o
Tustrated project booklet which ShOWS you How far can you 90 with the Hobby-Blox
step-by-step how to build ten projects wit system? Take a look at the example on the
the existing modules of each pack. Either age to the left and see for yourself.
starter pack 1s available for under $7.00. Then yo‘g’\\_ know why
You can add modules at any time to build ;’_{ng%ay_‘B\\g;
new projects or expand 0N existing ONES: LN gn\ imit is
The Hobby-Blox system includes 14 separate your im;j\ nation!”
module packs that can be purchased Y 9 '
individually. For a free catalog
Modules include Tray. Terminal Strip Pack, ?‘:g:: :tﬁ::)% o_fo‘g:r
Distribution Strips. Bus Strip, 3 X 16 deale 0T “VF
Terminal Strip. Discrete Component Strip, l800{§31-90668ree
LE.D. Strip, Ve rical Tray Pack, Speaker : ., ©
Panel Pack, Control Pane! Pack, Blank f@a;g“gsﬂ%egg'g%s \CORPORATED 1980 T
| . Prices shown are current suggested U.S resale. f

panel Pack, Battery Hold

A P PRODUCTS
INCOR
;359 West Jackson Strg Ct):RATED
ainesville, Dhio 44077 .

(216) 354-2101

in Europe, c©
4 , contact A P PROD
eumlesweg 21 ¢ 0-7031 ng(IE’ITSO SVme:
. Germany
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AGNAVOX is presenting es-
sentially the same color TV
lineup in 1980 that it had last year,
with the exception of a ‘*‘cost-effec-
tive” T809-10 and new 13" sets.
Otherwise, allowing for the usual cos-
metic knob and cabinet changes, the
major T809 (19”) and T815 (25")
console receivers carry over the excit-
ing electronic “firsts” from 1979.
These include the first micropro-
cessor tuner control for channel
change and programming, an expand-
ed midband CATYV tuning arrange-
ment, as well as its justly famous
comb filter, whose 4-MHz bandpass
from tuner to cathode ray tube.is an
industry mark yet to be duplicated.

Y000 e
Q06800

Other 4-MHz receivers will likely
appear among the better TV receivers
in time. After all, what’s the use of
buying a quality TV that won’t repro-
duce full bandpass from a video disc
or first-rate broadcast? The same rea-
soning applies to cable TV: either
your new receiver tunes at least the
midband cable channels, or you're
wasting at least the extra cost of an
outboard converter.

The T809 19" chassis we’ve chosen
for examination this month, which is
the basis of 14 new Magnavox color
TV models (Fig. 1), includes all of
these niceties. It is assembled from
nine plug-in modules, an accessible U-
shaped mother board, and eight prov-

Popular Electronics
JULY 1980
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en integrated circuits, seven of which
are ordinary off-the-shelf items avail-
able from Magnavox, or distributors.
Only the low-level luminance 1C on
the low-level video (LLV) module is
proprietary (a generic number is not
vet released). Best of all, six of these
1Cs also fit the 25" T81S5 chassis and

‘. . . bandpass of 4 MHz
from tuner to CRT
isan industry mark. . .’

can be identified by both semiconduc-
tor manufacturer names and specific
Magnavox part numbers.

Chassis Features. Three particu-
lar features of the T809 deserve spe-
cial consideration: the dual i-f (inter-
mediate-frequency) strip, the LLV
module. and its accompanying comb
filter in the top models.

Early versions of the T809 were
blessed with a trio of n-channel deple-
tion-mode MOSFETs. Their leakage
currents were little atfected by am-
bient temperature and the devices dis-
played good square-law transfer char-
acteristics and high input impedances.
So they are especially useful as low-
capacitance feedback amplifiers with
negligible cross-modulation. In these
358F3s. charge carriers are always
present and flowing unless a reverse
gate bias voltage inhibits (depletes)
the flow and decreases conductivity.

MODEL T809 CHASSIS
LABORATORY DATA

Parameter Measurement
Tuner/receiver sensitivity vhf: —60 dBm
(before snow): uhf: —48 dBm

Voltage regulation
(line varied
from 104 to 130 V):

Luminance bandpass at CRT (with

comb filter):

S/N at CRT:

Horizontal overscan;

Chassis power requirements
(signal applied):

Agc response (smooth swing)

Direct coupling (or dc
restoration):

Convergence:

Audio bandpass:

A second gate, of course. makes these
metal-gate FETs excellent gain-con-
trolled amplifiers. very similar opera-
tionally to multigrid electron tubes.

In the late T809 and T815 chassis.
a single 1C supplants the discrete
MOSFET decvices just described,
combining i-f amplifier, age, detector,
and video amplifier functions. Happi-
ly. it is a solid retrofit for the older i-f
module and may be interchanged at
will. Magnavox claims that in per-
formance and picture quality you
won’t know the difference.

A fourth-generation IC, RCA’s
CA3153G, features improved keyed
agce response, low noise, good linear-

Low voltage: 24 V (100%)

250 V (97%)
High volitage: 25 kV (97%)
4 MHz

38 dB
13%
105 W

>40dB
>90%

= 85%
50 Hz to 10 kHz

ity, an internal shunt regulator. and
gold chip metalization; and it inter-
faces appropriately with RCA’s
CA3139, an aft. [t employs a special
sample-and-hold (capacitor-charge)
circuit that allows fast agc response
and also reduces vertical sync effects
on the video output that could cause
undesirable modulation. A special
noise configuration is added to reduce
agc gain during both spikes and over-
voltage noisc.

The special Magnavox comb hlter
effectively separates chroma and lu-
minance, while providing a full 330
lines of horizontal resolution (4 MHz)
at the high bi-potential 100° in-line

R-Y
UHF SOUND [(] CHROMA | G-Y RGB
MODULE MODULE
TUNER MODULE B-Y =k (5
AFT l —
SND
IF IF CHROMA SOCKET
BOARD
VHF LOW
TUNER | IF iF VIDEO il LEVEL
MODULE v VIDEO Y q RT
MODULE 19" INLINE C
LRF AGC l SYNC
PINCUSHION
i MODULE
— 145V T
—* REGULATOR |24V REG | YOKE B
120 VAC HV
~* MODULE [—»28V TRANSFORMER
—» 200V
HOT
HORIZ L= —
TH n THU MODULE |—(}7)
+200V -300V s
All artwork Fig. 1. Simplified block diagram of the T809 19-inch
courtesy Magnavox. chassis, on which 14 new Magnavox color-TV models are based.
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MA IN{l.2VP-P)

PRI
N 703924 COMB FILTER
77 pia MODU
+24v 1 piB )
e +]c3
SOURCE ! *]I:wmro
i o CHROMA
R7 LCHNULL
! 120 %
4.2Vig 'Lez
COMB INPUT __|
FROM IF Moouu:g’),
P
- 'ay
ND__L3;
i | B
I g 368
! T
|
Q4 rRisl RB Q6
FROM CHROMA | 6!
MOoULE ~>>'___€Z R 232N ] 560
vt Q2 Ri2 Iroa
232Nl 220K 680

J

r—-

Fig. 2. Schematic of the comb-filter module with chroma

defeat and full chroma/luminance circuitry.

picture tube. And greater resolving
power makes for sharper pictures.
This video bandpass (at the CRT) is
the widest of any consumer TV set
now marketed in the U.S., based on
manufacturer claims. Available with
and without comb-filter defeat, the
circuit is offered in the lesser version
as Module 704203, and with full cir-
cuitry as Module 703924. Technical-
ly, here'’s how the comb filter works:

The assembly amounts to a series of
amplifiers, a glass delay line (Fig. 2)
and a series of LC filters, one of which
is adjustable. Composite video applied
to the basc of 7 is output in opposing
phases across its collector and emitter
resistors. One phase is delayed for a
full line width of 63.5 us through DI/,
with in-phase and out-of-phase compo-
nents summed across chroma null po-

tentiometer R/0. cancelling out-of-
phase luminance to leave only chroma.
Follower Q3 passes this chroma
through complementary amplifiers Q5
and Q7 for the succeeding chroma pro-
cessor. As this occurs, a sample of the
chroma develops across luminance null
potentiometer R/6, and is filtered by
parallel C6-L3. 1t is next applied 1o the
base of Q6 through a series tuned cir-
cuit, (7 and L4, that resonates at 2.95
MHz and passes the chroma double
sideband signal (3.08 to 4.08 MHz) to
this amplifier.

A sccond composite video input is
also routed to the base of Q6. which
acts as the chroma-luminance separa-
tor. Since chroma alternates phase
cvery other line, color information at
the base of Q6 cancels chroma in the
composite signal, leaving pure lumi-
nance to be further amplitied by pnp
and npn complementary amplificrs Q8
and Q9. When only monochrome s

broadcuast, a high from the chroma
module turns on Q2. which causes gate
Q4 to remove all noise and other sig-
nals at R6, permitting only luminance
information through Q9 to be pro-
cessed. At the same time, pnp Q/0 1s
turned on. supplying additional cur-
rent to the collector of @6 and the base
of 8, ensuring full amplitude lumi-
nance output.

The final chassis module of special
interest is the low-level video configu-
ration and its still proprietary 612105
integrated circuit. Developed and pro-
duced jointly by Kenneth Skinner of
Magnavox Consumer Electronics and
William Cocke. National Semicon-
ductor, the chip itself contains three
luminance amplifiers, a dc level shift-
er, rcgulator. adder. enhance ampli-
fier, and comparator. Comparison lev-

Scope photos show that the T809 chassis has a 4. 1-MHz bandpass at both
the video detector and cathode-ray tube and can easily be sweep-aligned.
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i — "
Lg RECEIVER CONVERTER M v S/%T.;:&L
i TUNING ‘
NTROL PAN VOLTAGE | =R —
r‘_:_o__‘}__ |EL AND AFT 0 PT
1 = AMP T
: 1 SCAN :; \ i
- HF
| | xeveoarof e ' OECODER B — 1NER T
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Fig. 3. Block diagram of the DISPLAY =1/
& a1 T
microprocessor touch-tune system. DECODER g U [
CHANNEL
DISPLAY

el is sct by an operator preference con-
trol. referenced to the back-porch lev-
el of the horizontal sync pulse. and
compared each time the flyback
transformer pulses during its usual
11-12-us horizontal blanking inter-
val. Any disparity between operator-
set dc reference and the back-porch
clamp will make the comparator
charge or discharge an external ca-
pacitor. shifting dc levels in the lumi-
nance-signal path to regain a steady
dc reference for constant black-level
control. Dc coupling prevails through-
out the circuit.

There is also a picture enhance-
ment/dehancement function that ori-
ginates from a tap on the delay line.
When zero crossing of the signal at
the particular summing junction
reaches midpoint of the luminance-
signal transition from low to high, en-
hancement can be varied by the ad-
justment of an external sharpness
control. With detail signal polarity
reversal, however, a dehancement oc-
curs which is useful when signals have
been previously overpcaked or when
signal/noise ratios are poor.

A picture operator control is com-
mon to both luminance and chroma
stages and is nothing more than a dc
bias sct for two pairs of ditferential
amplifiers connected to current source
luminance and chroma inputs. Volt-
ages higher or lower than reference
biases permit more or less signal cur-
rent to flow, but a clamp capacitor
can compensate for dc current
changes so that the output voliage is
held constant for various picture and
contrast control settings. Additional
circuitry prevents double compensa-
tion for chroma level variations, en-
suring that only Auto Contrast and
IC! on the L1V module atfect chro-
ma gain.

The Remaining Circuits. The
chroma module consists of standard
monolithic integrated circuits having

JULY 1980

only automatic chroma control (acc).
automatic phase control (apc). 3.58-
MHz oscillator adjustments. and
RGB-Y demodulation. Luminance
and chroma recombination occur on
the RGB module in the final ampli-
fiers before the CRT. There are preset
controls for those who refuse or are
unable to tune a color receiver them-
selves and don't care if tleshtones do
expand across picture detail where
they shouldn’t. There is also a Mag-
netic Pincushion module. controlled
by pulse cnergy from the vertical
windings on the deflection yoke. that
straightens raster sides, while top and
bottom pincushion correction origi-
nates in special torroidal and saddle-
wound deflection yoke design.

Although this receiver hasn’t a self-
regulating power transformer—which
the author considers advantageous for
both initial voltage regulation and
line-transient reduction—it does fea-
ture an 88-volt regulator for the hori-
zontal output that's switched at the
receiver’s horizontal rate from pulses
developed by the flyback transformer
An SCR in this circuit shuts down the
regulator whenever overloads, espe-
cially abnormal currents. occur in the
horizontal output.

‘

. . .an unusually fine
receiver, even among
deluxe models.’

Tuners in these 14 new 197 sets
(BK4166 through BK4466) employ
diode bias switching (vhf high/low)
and Varactor oscillators for both vhf
and uhf bands. since back-biased
diode capacitance (in Varactors) is
sufficient to seclect channcls among

WWW akhrenieaniadiahicstary com

the three groups of frequencies. Dis-
crete voltage tuning does the trick for
individual station location, and Mag-
navox's Touch Tune calculator-like
control does the rest. aided by a mi-
croprocessor in cither local or remote-
controlled receivers (Fig. 3). Chan-
nels are placed in a ROM, and there’s
a scan decoder return to the keyboard.
The microprocessor routes informa-
tion to a D/A converter, bandswitch
control. and display (LLED) decoder.
Midband CATYV channels B through
I (derived from uhf channels 84
through 91) may be directly tuned
since Ch. 69 is the highest channel in
broadcast use.

Comments. As the various measure-
ments show, this is an unusually fine
receiver, even among deluxe models.
Very good color. brightness. contrast.
control functions. voltage regulation.
and audio, along with outstanding de-
tail and resolution. are all highly posi-
tive recommendations

The luminance gray scale and ver-
tical/horizontal linearity are very
good, as are interlace and color fideli-
ty. Serviceability, in addition. should
be fairly convenient. Exchange mod-
ule prices range from $4.72 10 $65 in
regular chassis. and 1Cs from $3.32 10
$20.17. Special remote-control mod-
ules and ICs are somewhat higher be-
cause of their complexity and limited
production.

One might like to seec a little better
than 38-dB S/N ratio at the CRT, a
bit more resistance 1o CB signals on
Ch. 2. and the removal of a slight
audio lag when channels are changed
by remote control. But with up/down
and direct-address remote tuning,
CATV midband reception. ethicient
signal pull-in on most stations, a very
clean picture, and sharp picture detail
through super video bandpass, this
new receiver approaches ideal color-
TV performance.—Stan Prentiss.
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New AM broadcasts
provide motorist
information

on local traffic,

road conditions, etc.

BY LEO G. SANDS

HANKS to a recently adopted rul-

ing of the FCC, commuters, tourists,
and other drivers around the country are
going to be reaping the benefits of a new
Tourist Information service. They simp-
ly set their car radios to either 530 or
1610 kHz and listen to whatever words
of wisdom the local authorities want to
put out. Under the new rule (FCC Rule
90.242), a state, county, city, town, vil-
lage, or similar government entity, or a
park district or authority, is eligible to
apply for a license to operate a Tourist
Information Station. Such a station may
broadcast descriptions of local points of
interest and news such as road and traf-
fic conditions, where to find lodging,

where to get a meal, and often more
important, where to find an open gas
station.

Although intended to be of help to
motorists, there low-power radio sta-
tions can be used by boaters and private
pilots. A boater can use his radio direc-
tion finder to take a fix on a TIS station
or home in on it. A pilot can use the TIS
location as a point of reference and both
can listen to weather news broadcast
over a Tourist Information Station.

TI stations are likely to be located
near airports, railroad stations, bus de-
pots, sports stadiums, and other places
where there is often a lot of traffic. They
may also be located at important inter-
sections. In addition, a TI station can be
used on a bridge or in a tunnel to feed a
radiating cable antenna.

The Technical Side. TI stations are
licensed in the Local Government Radio
Service to an agency of a state, city, or
other local government; to a highway,
tunnel, or bridge authority or district; or
to a park district. Transmitting range is
limited by restricting a T} station to a
10-watt AM transmitter with a 15-
meter vertically polarized antenna or a
50-watt transmitter whose output is fed
to a leaky transmission-line antenna of
up to 1.9 miles (3058 m) in length.

For optimum coverage, the vertically
polarized antenna should be at least a
quarter-wave long—46 m at 1610 kHz
or 4] m at 530 kHz. However, by
means of a loading coil, a 49’ (15-m)
antenna can be made to resonate at 530
or 1610 kHz. (Boats have long used 13’
center-loaded antennas that are an
eighth the height of a full quarter-wave
antenna for operation on 2182 kHz, or
138 m, and other medium-frequency
channels. Most CB antennas have load-
ing coils that make a short whip the
electrical equivalent of a 9’ quarter-
wave whip.)

A leaky transmission-line antenna is
nonresonant and can be slotted coaxial
or two-conductor parallel-wire cable;
the latter is similar to TV twin-lead line
but heavier. When supported above the
ground alongside a road, the cable ra-
diates a signal over its entire length. A
cable antenna suspended from the roof
of a tunnel or above the roadway of a
bridge sends a signal that can be picked
up by vehicles below.

It would be impossible for all TT sta-
tions to operate on only two frequencies
without conflict unless they had ade-
quate spacing. The rules provide that
two stations using conventional anten-
nas be at least 9.3 miles (15 km) apart;

two stations using a cable antenna be at
least 0.31 mile (0.5 km) apart; and a
station with a conventional antenna be
4.66 miles (7.5 km) from another station
with a cable antenna. A TI station can
be locally controlled at the transmitter
site, or it can be remotely controlled
from one or more locations.

You will be able to tune in TI stations
with an ordinary car radio. Even though
their dials are labeled from 54 to 160
(540 to 1600) kHz, most AM radios will
actually tune down to 530 and up to
1610 kHz. A radio can be made to tune
through this expanded range easily by
adjusting its oscillator trimmer and pad-
der circuits.

Additional Benefits. A Tlsignalcan
be used as a beacon by pleasure boats
for homing and navigational purposes.
A TI station at the south end of Man-
hattan, for example, could serve boats in
the harbor as well as motorists ap-
proaching the Staten Island ferry and
those trying to get through the heavy
street traffic.

As TI begins to catch on, enterprising
manufacturers are likely to offer fixed-
tuned receivers that alternately sample
each channel and activate the speaker or
give indication when a signal is present
on one or the other.

Adaptors for use with autosound sys-
tems and CB rigs should start to appear
too. Such converters will probably
preempt the systems to which they are
attached, giving only TI capability when
engaged. Eventually systems that auto-
matically scan the TI channels the way
modern rigs scan CB channel 9 may be
included in CB and autosound rigs.

It is anticipated that TI stations will
soon be in operation all over the country.
After all, what local government could
resist the opportunity to promote the
tourist attractions in its area directly to
passing motorists? <
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Yesterday -+ Remember the first Heathkit
analog Computer (1957)? Or the Heathkit
ingle-Sideband Transmitter (1958)? How

DUt the Heathkit Multiplex Adapter for
reo reception (1960)?

g brainchildren
' Heathkit All-
1-One Compuiter,
compuiter system wi
age, smart terminal, twi
nicroprocessors — all in @
=ompact unit.
Also rising fast, the Heathkit S
Star, a new projection TV that
qgether the best in video technolee
o create the sharpest color picture
aver on a six-foot diagonal screen.
ieath imagination applied to mico-
»rocessor electronics created the
“eathkit Weather Computer. It moni-
rs curent weather, tracks changes,
slores data — and puts it all at your
Angertips.
Jomorrow — Tomorrow's brainchild,
ke today’'s and yesterday's, will cambine
e newest and the best in electnonlc C
zreate a new state-of-the-a
On the drawing boards right now are ne
fesigns for amateur radios, audio compo-
wents, computers, color TV's, test instru-
ments and new educational programs
all in easy-to-build, money-saving kits.
“hey'll be appearing soon in Heathkit
Catalogs and at Heathkit Electronic
CTenters. It's one catalog you don't
want to be without.

Heathkif

SEND FOR FREE CATALOG
*rite to Heath Co.. Dept. 010-674.
Benton Harbor, Ml 49022,

»
&

-_"
VISIT YOUR HEATHKIT STORE

fn the U.S. and Canada visit your

nearby Heathkit Electronic

Center where Heathkit products 1
are displayed, sold and serviced.

See the white pages of your

phone book Inthe U.S. . Heethkit

Electronic Certers are Un'ts of
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c Audio
Time Delay~
Systems

AN AUDIO BUFF is constantly seeking
ways to make the sound from his audio
system more realistic. That's why
there’'s been a high level of interest in a
family of audio components known as
audio delay lines or ‘‘room expanders.”
Such a component is intended to create
an auditory illusion that simulates the en-
vironment in which music is ordinarily
performed—a large concert hall, a night-

club, etc.—rather than the sense of be-
ing reproduced in a small listening room.

IN THIS three-part series, we present
two different types of audio delay lines,
either of which can be built by a techni-
cally inclined audiophile for a relatively
moderate cost. The delay line described
this month and next is an analog design.
Part three’s project employs digital sig-
nal-storage techniques.

c A Low-Cost ¢ Analog

BY JOHN ROBERTS

c Audio Delay~ Line

Analog system employs a bucket-brigade device and
compansion to provide adjustable delays
and wide dynamic range

HE analog audio delay line described

here employs a high-performance,
“bucket-brigade” analog shift register and
a 2:1 compansion system 1o preserve as
much of the input signal’s dynamic range
as possible. According to its designer, it
offers an adjustable delay time of from 5 to
68 ms, a frequency response of 30 to
12,000 Hz (+0, — 1 dB), an output noise
rating (“A” weighted) of —91.5 dBm at 5-
ms delay. and a THD + N content of 1%
at 10 kHz. A complete stcreo delay-line kit
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including an ac or dc power supply and a
custom enclosure is available for $250.

Delay Lines and Reverberation. Per-
haps the most significant difference be-
tween a large concert hall and the typical
home listening room lies in their reverbera-
tion times. Reverberation time can be de-
fined as the amount of time it takes for a
steady-state sound field to decay to —60
dB relative to the level that existed before
the sound source was deactivated. The size

WWW amerncaanadiohistary com

of a room and the materials used to con-
struct it affect its reverberation time.

Because the speed of sound in air is rela-
tively constant (approximately one foot or
0.3 meter per millisecond) for given atmos-
pheric conditions, sound waves travelling in
a very large room will experience fewer
energy-absorbing collisions with the walls,
floors, and ceiling per unit time than will
similar sound waves travelling in a small
room. Accordingly, sound waves in the
large room decay less rapidly.
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audio delay

A listener in a reflective room receives a
series of sound waves starting with the
wave that reaches him on a direct path
from the source. The reflected waves arrive
at some time after the direct signal. The
human ear derives from these differences
in arrival times clues as to the size of the
listening space.

When the reflections arrive so soon after
the direct wave that they merge with it, the
room ‘“‘sounds” small. By contrast, larger
differences in arrival times and more pro-
tracted reverberation tell the listener that
he is in a large hall.

In operation, an audio delay line accepts
signals from the main audio channels,
stores them for a given amount of time,
and then presents them to a power ampli-
fier which drives one or more speaker sys-
tems. The speakers driven by the main-
channel signals arc placed in front of the
listener, and the speaker(s) driven by the
delayed information is (are) placed behind
him or off to the sides. The goal is 10 syn-

+V

thesize the reverberative characteristics of
the type of environment in which the re-
corded program material would ordinarily
be performed.

Delaying the Signal. Various means,
electromechanical and electronic, are
available for providing delayed signals; but
cost, complexity, and space requirements
make most of these impractical for use in
the home. It scems fair to say that use of
delayed signals to enhance home music re-
production was brought about by the avail-
ability of purely clectronic delay systems.

State-of-the-art reverberation synthesiz-
ers derive suitable audio delays by means
of analog or digital shift registers. In either
method, the audio signal is divided at a giv-
en rate into samples that describe its in-
stantancous amplitude. These are sequen-
tially deposited in a shift register that
stores them for a given amount of time.
The samples are clocked through the regis-
ter, the end of which is connected 1o a cir-
cuit that reconstructs a smoothly varying
analog signal out of the series of discrete
samples applied to it.

54

QUTPUT

COMPRESSOR
QuUTPUT

COMPRESSOR
INPUTS

B.B.Delay

afs u

The difference between analog and digi-
tal delay lines lics in the manner in which
the input signal is sampled, stored, and
reconstructed. In an analog system, the in-
put signal is sampled and its instantaneous
amplitude is applied to the input of an ana-
log shift register. What happens next de-
pends on the type of analog shift register
that is employed.

If the register is a bucket-brigade de-
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employed to keep dynamic range high.
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RE—DELAY

vice, the sampled voltage charges a small
input capacitor. This charge is then trans-
ferred to the first of a long serics of storage
capacitors by means of a voltage-controlled
switch ( a FET driven by one component
of a two-phase clock). Next, a new sample
charges the input capacitor and the first
sample is transferred to the second in the
string of storage capacitors. The sample in
the input capacitor is then transferred to
the first storage capacitor; the input capac-
itor receives a new sample; the sample in
the sccond storage capacitor is transferred
to the third while that in the first is trans-
ferred to the second: and so on.

This process goes on continuously and
the analog samples of the input waveform
make their way down the bucket-brigade
device in the form of packets of charge
being shifted from onc capacitor to the
next. At the end of the register, a low-pass

filter intcgrates the stacatto sequence of

samples delivered to 1t into a smoothly
varying replica of the input waveform.

The second type of analog shift register.
the charge-coupled device. functions in a
similar manner but employs a different
method of storing and transferring the
analog samples of the input waveform. In-
stead of using actual capacitors to store the
charge packets, a charge-coupled device or
CCD employs the equivalent capacitances
of a serics of MOSFET channels which
form under gate structures biased by volt-
ages greater than the MOS threshold.

The MOS clements of a CCD are close
enough to cach other that the free charge
consisting of minority carriers stored in the
inversion layer associated with one MOS
capacitor (the channel) can be transferred
to the channel region of the adjacent de-
vice. The transfer of charge is governed by
the multi-phase clock voltages applied to
the gate structures of adjacent MOS de-
vices. In a CCD. an analog sample of the
input signal is stored as a channel charge.
Because CCD gates are very small (typi-
cally a few square micrometers in area),
tiny amounts of charge are involved—
usually fromy approximately 10 clectrons
(") to 107 ¢lectrons.
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DELAY
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DIRECT L—R LEVEL

In an analog delay line, the amount of
delay that is obtainable depends on both
the rate at which the samples are clocked
through the shift register and the number
of storage elements in the register. Current
IC fabrication techniques have made possi-
ble the construction of BBD or CCD delay
lines containing hundreds and even thou-
sands of storage elements. Such devices of-
fer delays as long as 100 milliseconds or
more—longer than necessary for most re-
verberation synthesis applications.

The faster the clock frequency. the
shorter the delay and, for a given device,
the more closely the output signal resem-
bles the input signal. As a rule, longer
delays result in some loss of high frequen-
cies and degradation of dvnamic range.
Advanced delay-line ICs offer impressive
performance in spite of these limitations.
For example, the Reticon SAD-4096 em-
ploved in the project to be described here
has 2048 storage elements, a clock-fre-
quency range of 8 kHz to 2 MHz, and a
delay range of 1 millisecond (2-MHz
clock) to 250 milliseconds (8-kHz clock).
The dynamic range of its output is 65 dB
when the clock frequency is a relatively
low 20 kHz. The use of compansion can
provide even greater dynamic range.

In a digital system, the input waveform
is sampled at an appropriate rate. Each
sample is applied to an A/D converter
which transtorms it into a sequence of bits
describing its instantaneous amplitude in
digital form. Each digital word describes a
specific sample and 1s applied 1o either a
digital shift register or 10 @ RAM, depend-
ing on the design of the delay line. If a shift
register 1s employed. the words are clocked
through the register at a specific clock rate
and cventually appear at its output. If a
RAM is used. the words are written into
specific memory locations. stored in them
for a certain period of time, and then read
out of the memory locations in the appro-
priate order.

As the digital words stream out of the
register or are read out of the RAM. they
are applied to the input of @ D/A converter
which changes them back into analog
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Photograph of the author’s prototype.
The large control knob adjusts vco
frequency and, hence, delay time.

form. Low-pass filtering smooths out the
reconstructed analog waveform. The total
delay provided by a digital system depends
on the fength of the shift register and the
rate at which data is clocked through it or
on the size of the RAM and the rate at
which digital data is written into and read
out of it.

Some delay line designs employ delta
modulation. That is, the input waveform is
sampled continuously and compared to the
previous sample. The circuit that processes
the input waveform generates an output
signal that describes the result of this com-
parison—whcther the input signal has de-
creased or increased in amplitude, or re-
mained constant. [If this is done, only
“change”™ information need be clocked
through a register or written into memory,
rather than information completely de-
scribing the instantaneous amplitude of the
input signal at cach moment that it is sam-
pled. At the output of the storage circuit. a
demodulator reconstructs an analog repli-
ca of the input waveform that is low-pass
filtered to remove abrupt level changes in-
troduced by the delta modulator.

Design Considerations. A digital sys-
tem’s greatest advantage is that the signal
degradation it introduces is fixed and inde-
pendent of the length of the delay. Once a
signal sample has been converted into digi-
tal form. it can be manipulated any num-
ber of times without loss. The quality of
the output signal is affected only by the lin-
earity and dynamic range of the A/D and
D/A converters at the input and output.
The dynamic range of a digital system
in which the digital words directly describe
the corresponding input samples is approx-
imately 6 dB per bit. A 16-bit linear digital
system thus offers a dynamic range of ap-
proximately 96 dB, but is horrendously ex-
pensive. To obtain an acceptable dynamic
range using fewer bits, various “nonlinear”
coding schemes have been developed.
Analog delay systems bypass the com-
plexities of A/D und D/A conversion but
degrade signals more as delays become
longer. Because analog shift registers are
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audio delay

more-specialized, lower-volume devices
than their digital counterparts, analog reg-
isters are considerably more expensive. In
the author’s opinion, analog systems offer
superior price/performance ratios for de-
lays of less than 100 milliseconds. For
longer delays, he would give digital sys-
tems the nod. As 100 ms was considered a
suitable upper limit for delay time in the
system, the analog approach was used.
The length of delay required depends on
the reverberation times that the designer is
attempting to synthesize. In the author’s
opinion, audibly believable reverberation
can be generated by feeding the output sig-
nal of the delay device back to the input.
The resulting multiple repetitions simulate
the arrivals of reflected sounds along paths
of different lengths. In such a system, the
reverberation time can be calculated from
the length of the delay and the gain of the
feedback loop. For example, if the signal is
delayed 50 ms and the gain of the loop is
—3 dB, it will take 20 recirculations of the
signal before the output level decays to
—60 dB relative 1o its initial amplitude.
The reverberation time is thus one second.
Natural-sounding reverberation can be
achieved with a maximum shift-register
delay of 40 to 60 ms as long as the recircu-

PARTS LIST
DELAY CIRCUIT

C1,C18, C19, C32—0.1-uF, 50-V disc ce-
ramic capacitor

C2—100-uF, 18-V radial-lead electrolytic

C3, C13, C16, C25, C27—4.7-uF, 18-V ra-
dial-lead electrolytic

C4—0.01-uF, 5% Mylar capacitor

C5, C11, C21, C22, C24— 100-pF, 5%
polystyrene capacitor

Ce, C7, C8, C12, C17— 1-uF, 25-V radial-
lead electrolytic

C9, C14—5-pF, 50-V disc ceramic capaci-
tor

C10—2200-pF, 5% polystyrene capacitor

C15, C26—0.47-uF, 25-volt radial-lead
electrolytic

C20— 1000-pF, 5% polystyrene capacitor

C23—510-pF, 5% polystyrene capacitor

C28—0.0022-uF, 5% Mylar capacitor

C29, C30—470-pF, 50-V disc ceramic ca-
pacitor

D1, D2— 1N914 diode

IC1—CD4007AE dual complementary pair
plus inverter

IC2—CD4013AE duai D flip-flop

IC3—SAD-4096 bucket-brigade
shift register (Reticon)

IC4—NES570N compander

IC5—TLO74CN quad BiFET op amp

J1,J2, J3, Ja—phono jacks

analog

The following, unless otherwise specified,

are Ya-watt, 5%, fixed carbon-composi-

tion resistors.

R1, R6, R7— 1000 ohms

R2, R10 through R15, R22, R31, R32,
R34— 100,000 ohms

R3, R36, R41-—100,000-ohm, linear-taper
potentiometer

R4, R25, R26—3300 ohms

R5—300,000 ohms

R8, R40— 100 ohms

R9—75,000 ohms

R16, R17—22,000 ohms

R 18, R35—68,000 ohms

R18, R20, R37, R38— 43,000 ohms

R21—10 ohms

R23—36,000 ohms

R24, R27, R28— 15,000 ohms,

R29-—62,000 ohms

R30— 180,000 ohms

R33—20,000 ohms

R39— 10,000-ohm, linear-taper potentiom-
eter

S1—Dpdt
switch

Misc.—Printed circuit board, IC sockets or
Molex Soldercons, circuit board stand-
offs, control knobs, suitable enclosure,
shielded patch cords, hookup wire, etc.

pc-mount  push-on/push-off

DIRECT PAN DELAYED

Fig. 2. Schematic diagram of the delay line. Two audio input channels are
combined by IC5C into a single channel which is delayed by IC3.
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lation loop gain is well below 0 dB. A loop
gain of more than 0 dB will make the sys-
tem unstable.

The bandwidth of the delay line and the
rate at which its input signal is sampled are
intimately rclated. Although standard
high-fidelity practice would dictate a flat
frequency response between 20 and 20,000
Hz, a narrower bandwidth is appropriate
for a delay line. The principal reason for
this is that natural reverberation gencrally
causes high-frequency attenuation.

Sampling theory indicates that a signal
must be sampled at least twice every peri-
od if it is to be reconstructed into contin-
uous form without error. The sampling fre-
quency thus should be at least twice that of
the highest frequency in the signal. Fur-
thermore, a rolloff caused by the recon-
struction process itself results in a response
3 dB down at approximately one-third of
the sampling frequency. (This rolloff is in
addition to any duc to a smoothing filter at
the output.)

Any signal frequency greater than one-
half of the sampling frequency will stimu-
late the production of aliases or beat tones
that fold back into the useful passband.
For example, if a 22-kHz signal is sampled
at a rate of only 40 kHz, an ahas will
appear at 18 kHz. Accordingly, for all of
the above reasons, it is good design practice
to band-limit the signal to be sampled to
about one-third of the sampling rate.

About the Circuit. The Analog Audio
Delay Line appears in block-diagram form
in Fig. 1 and schematically in Fig. 2. The
block diagram shows the principal function
stages of the project.

A voltage-controlled oscillator gencrates
a train of pulses at a rate determined by
the setting of the DELAY potentiometer.
The oscillator drives a flip-flop. which pro-
vides a two-phase clock signal by means of
its complementary (Q and Q) outputs.
This two-phase clock governs the transfer
of signal samples within the analog shift
register.

An op-amp input stage accepts signals
from the two main stereo channels and
generates either an L+ R or L —R output,
depending on the position of the MODE
switch. A considerable saving in system
cost and circuit complexity can be realized
by combining the main stereo channels to
form one channel of delayed information.

Summing the two main channels before
delaying them results in a conventional
monaural signal that is then delayed, am-
plified and reproduced by a single loud-
speaker. The uscfulness of the . —R mode
can be dramatically demonstrated by lis-
tening to a sterco FM broadcast. During
the musical portion of the broadcast, rela-
tively high levels of L.+R or stereo rever-
beration can be introduced to provide a
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KIT AVAILABILITY

The following are available from Phoenix Systems, 375 Springhill Rd., Monroe, CT
06468 complete kit of parts including enclosure for a single-channel, dc-powered-
delay line, No. P-25-DLC, for §145,; complete kit of parts including enclosure for

a single-channel, ac-powered delay line, No. P-25-DL, for $150; complete kit of
parts including enclosure for a two-channel, ac- or dc-powered (specify) delay line,
No. P-25-SDL, for $250. All items postpaid within continental US. COD orders
subject to $2 surcharge. Connecticut residents, add state sales tax. Information
on subassemblies and individual parts will be published next month.

pleasing audio effect. When the announc-
er’s voice is heard, it sounds as if he is talk-
ing from the bottom of a well. This can
also happen when a centered vocal or
instrumental soloist predominates.

The L—R mode, in which the direct
center components are cancelled out, can
prevent this from happening. An addition-
al benefit provided by the L —R mode is
realized because of the common mixdown
practice of placing room or ambience mi-
crophones and studio reverberation unit
output signals away from center. Although
it is not possible to completely characterize
the differences in sound quality provided
by the two modes, the author’s experience
is that L—R reverberation sounds “softer”
or more subtle. The type of music and the
particular mix-down will determine which
mode is more pleasing.

The signal from the input network is
applied to a sccond-order active low-pass
filter with a cut-off frequency of 15 kHz.
This prevents foldback/aliasing problems

ter, which permits adjustment of the
amount of delayed signal fed back to the
input compander. as well as a passive
bandpass filter (R37, R38, C4 and C28).
The bandpass filter provides additional
high-frequency rolloff for each recircula-
tion of the signal and some low-frequency
rolloff. The accelerated absorption of high-
frequency components simulates the treble
loss of natural reverberation; the low-fre-
quency attenuation prevents the reverber-
ant signal from sounding muddy.
Complementary compression and ex-
pansion make it possibie for the delay line
project to have an impressive dynamic
range. The rated S/N of the SAD-4096
analog shift register varies from more than
75 dB for its shortest delays to approxi-
mately 65 dB for its longest delay time.
The compansion employed in this project
allows the delay system to have a very
large dynamic range. As measured by the
author, the IHF “A™ weighted noise at the
project’s delayed output is —91.5 dBm at

< ¢
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This photograph of prototype shows how author housed main
pc board and ac supply inside custom enclosure.

that might otherwise occur. A 2:1 1C com-
pressor acts on the filter output before it is
applied to the analog shift register. Also
applied to the compressor input is a signal
component that is provided by the recircu-
lation loop.

Delayed audio signals appearing at the
output of the analog shift register are
treated by a fifth-order active low-pass fil-
ter before being processed by a 1:2 IC
expander. This filter smooths out the signal
provided by the delay line and suppresses
any ultrasonic clock energy contained in it.
One portion of the expander output makes
its way back to the compressor input by
means of a recirculation loop. This loop
comprises R36, the REDELAY potentiome-
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5 milliseconds and —&9 dBm at 100 milli-
seconds. Input-level adjustments are there-
fore unnecessary.

Output signals are presented to PAN
control R39. This potentiometer allows the
user to drive the subscquent stages in the
signal chain with a fully undelayed audio
signal (when the wiper is set to the DIRECT
extreme of its travel), a fully delayed signal
(when the wiper is sct to the DELAYED
extreme of its travel), or with a mixture of
the direct and delayed versions of the input
signal (when the wiper is set between the
two extremes of its travel). Potentiometer
R41 can be adjusted for the desired bal-
ance of front 10 back sound levels.

(To be continued next month)
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HE ptease-bockeddoop ‘PLL) dr-
suit has been around for many
years now. I- wasn’t until i1 was intro-
duced in in:ezgrated circuit Drm 0 £0-
chznnel CB tramsceive-s, hovevers, that
it truly came into prominencs. Now ijt's
corspicuously vsed in othe~ electronic
equipment, sach as FM tunes enc ama-
teur ~adio gear.
Prz=scnted hene is cetailed nfermation

on how a PLL circrit works in CB a2ppli-
cetions, “ollowzd by stzp-ty-sezp trou-
beshooting analysis of a :-ynizal PLL
CB system. Ttz prirciples are appliza-
ble to otker eqLipment Lsing PLLs.

Why Usa PLLs? Theswitchto PLLs
wis necessitated by che CB mave from
25 to 40 channels The old system, in
waich a dan< of ceysta’s in a ‘Crestal-

p exer ” asrangement was used, woull
havz bzex orohibitively expensive. By
swizchiag 20 the PLL, it was possible to
s*nzhesize all channel f-equencizs wit»
just two o- three crystals. Increased ac-
curacy ard stability were bomuses:.

Ancther edvantage of the PLL is that
its digita. drcuitty is compatibie wita
e ectrcnic nameric displays, which prc-
vide large, easy-to-read nunerals.

How a PLL circuit works, how it is used in
communication equipmeni, and hows

BY HAROLD KINLEY

to bcate circuit defects
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troubleshooting pll

Actual PLL Circuit. Shown in Fig. |
is an actual circuit commonly used in
many CB transceivers. The one shown
here appears in the Boman Model CB-
930 transceiver. The total system, in-
cluding delta-tune and transmit-stop
circuits, is composed of five transistors
and three integrated circuits. The small
boxes in Fig. | are used to indicate inter-
connections to other circuits within the
overall system.

Divider ICI! ¢an be programmed to
divide the input frequency present at pin
2 by a divisor selected via CHANNEL
SELECTOR switch S§7 This switch pro-
vides either 5.36 volts (logic 1) or zero
volts (logic 0) to programming pins 9
through 15 of ICI.

Each programming pin has a
“weight” (value) that increases in bina-
ry fashion (each number is twice the
previous one) as the pin numbers go
down. For example, pin 15 is weighted
1, pin 14 is 2, pin 13 is 4, etc., proceed-
ing down to pin 7 weighted 256. Since
pin 7 is permanently connected to 5.45
volts, it is always a | hence 256 must be
added to the divisor. Pin 8 (which should
be 128) is permanently connected to
ground, hence it has no weight and can
be disregarded.

As shown in Table I, the truth table
for the IC! programming pins, each
channel has a unique array of 1’s and
0’s. In the case of channel I, pins 9, 12
and 14 are selected high (1). Therefore,
the divisor is 256 (pin 7) + 64 (pin 9) +
8 (pin 12) + 2 (pin 14) which equals
330, the divisor for channel 1.

Also contained in /C/ is a phase com-
parator and a constant divider, the latter
dividing the input at pin 3 by 1024. Both
inputs of the phase comparator are fed
with separate 10-kHz signals and the
comparator’s output frequency is deter-
mined by the relative frequency or phase
differences between the two input sig-
nals. This output is then filtered to ob-
tain a steady dc-level “error” signal that
is used to control a voltage-controlled
oscillator (vco).

Vco and Mixer. Contained in /C2 are
a vco and a mixer. When two different
frequencies are fed to pins 2 and 4, their
sum and difference appear at pins 6 and
9, respectively.

The heart of the veo is Varactor diode
DI, whose capacitance varies with
changes in bias voltage. The oscillator in
1C2 is controlled by the external compo-
nents connected to pin 1. The LC net-
work that parallels D/ also has an effect
on the nominal 17-MHz operating fre-
quency of the vco.

Although /C2 and /C3 are identical,
the oscillator in /C3 is crystal controlled
at 10.695 MHz. The outputs from pin 6
of /C2 and the 10.695-MHz oscillator
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go to /C3’s mixer. Their difference ap-
pears at pin 9 of IC3.

The basic reference frequency is gen-
erated by oscillator Q/, which operates
at 10.240 MHz. The secondary of T/ is
tuned to the 20.480-MHz second har-
monic of the oscillator signal.

Detailed Analysis. Let us use chan-
nel 1 (throughout this article) to analyze
system operation. Refer to both Fig. |
and Table 1. Since pin 7 (not listed) is
always high, its weight of 256 must be
added to the final tally to obtain the
divisor on al// channels.

Also shown in the chart is the divider
input at TP3 (3.300 MHz for channel 1)
and the receiver and transmitter outputs
at TP4.

The 3.300-MHz signal is obtained as
follows. The IC2 mixer is fed a 20.480-
MHz signal from T/ and another signal
from the vco. The latter goes to the mix-
er at pin 2. The 20.480-MHz signal goes
into the mixer via pin 4. The sum and
difference of the two signals appear at
pins 6 and 9, respectively, of /C2.

Calculate the vco frequency as fol-
lows. From Table I, the /C2 sum output
frequency is 37.660 MHz. Since the vco
frequency is mixed with 20.480 MHz to
obtain 37.660 MHz, F 37.660
MHz — 20.480 MHz = 17.180 MHz.
The difference of the vco frequency and
20.480 MHz is 3.300 MHz, which is
present at pin 9 of IC2 and pin 2 of IC/.
The programmable divider then divides
the input by 330 to yield 10 kHz. This
10-kHz signal is fed, within /C/, to one
of the inputs to the phase comparator.

The other 10-kHz signal used for the
reference is derived as follows. A
10.240-MHz signal from the emitter of
Q1 is amplified by Q2 and fed to pin 3 of
ICI, where it is divided by 1024. This
yields the 10-kHz reference signal re-
quired for the reference input to the
phase comparator.

The comparator constantly compares
the phases of the two 10-kHz signals fed
to it, and its output varies with the dif-
ferences. Since the reference oscillator is
crystal controlled, its output is very sta-
ble. The frequency of the signal from the
vco, on the other hand, is likely to drift.
Any drift is interpreted by the compara-
tor as a phase change, which results in
an error voltage at pin 5 of /C!.

The error voltage is fed to DI, where
it changes the bias (hence, capacitance)
and, in turn, changes the vco frequency.
The veo “hunts” for the correct frequen-
cy. When it finds it, the error voltage
stabilizes to keep the voltage-controlled
oscillator on frequency.

In the receive mode, the 37.660-MHz
signal from pin 6 of /C2 goes to the first
r-f mixer, where it combines with the
26.965-MHz channel-1 signal to yield
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10.695 MHz. This is the first i-f. In the
second r-f mixer, the 10.695-MHz i-f
combines with 10.240 MHz (from the
reference oscillator) to yield the second
i-f 455-kHz signal.

On transmit, the 37.660-MHz signal
from pin 6 of IC2 goes to pin 4 of trans-
mit-oscillator /mixer [C3. The other
mixer input at pin 2 is fed the 10.695-
MHz oscillator signal. When 37.660
and 10.695 MHz are mixed, the result is
26.965 MHz. This is the channel-1 fre-
quency, which is then fed to the follow-
ing transmitter stages.

Delta Tune & Transmit-Stop. With
delta TUNE switch $2 set to 0, Q77 con-
ducts and grounds one end of C/32,
which is part of the frequency-determin-
ing circuit. This removes C/3/ from the
circuit. When S2 is set to —, Q/7 cuts
off and Q76 conducts. Capacitor C/3] is
now in and C/32 is out of the circuit.
The larger capacitance of C/3/ lowers
the frequency and makes it possible for
stations off-frequency to the low side to
come in better.

The delta-tune circuit is designed so
that when the transmitter is keyed on,
Q17 is forward biased. With S2 set to —
and the MODE switch set to RECEIVE,
Q16 conducts. Supply point 8 has 7.88
volts applied to it on transmit and O volt
on receive. Similarly, point 9 is “live”
only on transmit. So, when the transmit-
ter is keyed, forward bias on QJ6 is
removed because point 8 is dead. Simul-
taneously, point 9 is **hot” and Q/7 con-
ducts, returning the oscillator to the
proper frequency.

When S2 is set to +, both Q/6 and
Q17 are cut off and remove C/3! and
C132 from the circuit. A decrease in cir-
cuit capacitance and an increase in os-
cillator frequency result.

The purpose of the transmit-stop cir-
cuit is to kill the transmitter if the PLL
system should go out of lock to prevent
off-frequency transmission. When an
out-of-lock condition occurs, pin 6 of
ICI goes low and forward biases D22
and kills forward bias on Q22. Since for-
ward bias to @3 is supplied through
Q22, if the latter cuts off, forward bias
on Q3 is killed. This shuts down the
transmitter until lock is restored to the
PLL system.

Getting Acquainted. To properly
troubleshoot a PLL system, you should
get to know all its nuances through ac-
tual hands-on experience. Begin by
monitoring the dc “command” voltage
that keeps the vco on track at pin 5 of
IC!. The actual measurement here is
about 3.7 volts on channel 1. The read-
ing will steadily decrease as you switch
up-channel, until it is about 1.9 volts on
channel 40.
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An exception to the foregoing is that
there will be an increase in voltage as
you go from channel 23 to channel 24
because the latter is actually /ower in
frequency. (See last column in Table I})
When 17 new channels were added to
the existing 23, channels 24 and 25 were
sandwiched between channels 22 and
23. This is less confusing than it would
have been if a new frequency had been
assigned to channel 23 just to maintain
consecutive order for the 40 channels
that now make up the band.

You can determine what occurs at pin
6 of IC2 if one input to the comparator
is missing by temporarily connecting a
0.05-uF capacitor from pin 3 of /CI to
ground. This kills the reference signal
here and places about 5.5 volts on pin 5
of IC!. Connecting the capacitor from
pin 2 of /C2 to ground cuts off the other
input to the comparator. Again, 5.5 volts
appears at pin 5 of /Cl. With either

A TUNE

input missing, the voltage on pin 5 of
ICI will remain at 5.5 volts as you tune
through the channels. This can be an
important clue to troubleshooting a PLL
system.

Repeat the experiment while monitor-
ing the potential at pin 6 of /C/. When
the reference signal disappears, the po-
tential on pin 6 drops to about 0.3 volt,
reverse biasing @22 and killing trans-
mitter output. Interrupting the signal at
pin 2 of IC2 causes the monitored poten-
tial to drop to practically 0, again trig-
gering the transmit-stop circuit.

Substitute the output of a variable-
frequency signal generator in the PLL
system when you suspect vco failure as
follows. Disconnect pin 2 of /C2 to simu-
late a missing vco signal at mixer-input
pin 2. The vco frequency on channel 1 is
37.660 MHz — 20.480 MHz = 17.180
MHz. Using a frequency counter, tune
the generator to 17.180 MHz and set it
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for about a 100-mV output. Feed a sig-
nal from a CB generator to the input of
the receiver so that you know when the
PLL begins operating.

When the 17.180-MHz output of the
signal generator is fed to pin 2 of IC2,
the signal from the CB generator should
come through loud and clear, indicating
that the PLL is working. When the
transmitter is keyed, there may be no
output at first. Then there may be a
brief output that comes and goes as if
the PLL is attempting unsuccessfully to
lock. Confirm this by monitoring the
lock voltage at pin 6 of /C!, where there
should be regular fluctuation. Whenever
the voltage at pin 6 rises to a level suffi-
cient to reverse bias D22, there will be
an output from the transmitter. This
output will not remain since the PLL
cannot lock because it does not have the
control over the signal generator it has
over the vco.
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Fig. 1. The PLL circuit used in the Boman CB-930 transceiver.
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Due to instrument loading effects,
very few frequency-counter readings are
possible around the PLL. When the test
probe is touched to pins 1, 2, 4, and 6 of
IC2, PLL operation will cease. The
3.300-MHz mixer output at pin 9 is the
only frequency you will be able to meas-
ure on /C2 (on channel 1). However,
you can measure 10.240 MHz at the
emitters of @/ and Q2 and at pin 3 of
ICI. You can also measure 3.300 MHz
on pin 2 of ICI. On IC3, you can meas-
ure the signal frequency at pin 9 with
the transmitter keyed, but the transmit-
ter’s output will cease every time the
probe tip is touched to pin 9. If you use a
frequency counter with a top end of 50
megahertz or greater, you can even
measure 37.660 megahertz at TP4
(point 73 in Fig. 1).

If any frequency obtained by mixing
two other frequencies can be measured,
the two mix frequencies must be pres-
ent. For example, if you cannot measure
the IC2 vco signal nor the 20.480-MHz
signal but are able to measure 3.300
MHz on pin 9, you automatically know
the other two signals must be present.

Troubleshooting Examples. Many
conditions can render a PLL system
inoperative. Suppose, for example, that
the reference oscillator stops working.
Without a reference, the PLL would not
operate and the voltage on pin 5 of ICI
would be high and would not vary when
switching through the channeis. This is
a clue that one of the inputs to the phase
comparator is missing. Also the voltage
on pin 6 of /C! would be near 0, another

TABLE I—TRUTH TABLE FOR ICl PROGRAMMING PINS
e ey

iIC1
Program Divider
Pins
(64) (32) (16) (8) (4) (2)
9 10 11 12 13 14

(]
4
M
3

oo

=R s Dk =

oo e e e o i [ e o o o e s |

4= 0000000 0 = = m==-e=2=003000C00—= == - —==00Q0000Q = < =
= 2 Q0000 == a0 w0000 =24=2 220002424242 000=2=2=000=2=2=2000
- DD DD e DD e ) e DD e D0 e O = 0= = 0000100 =

]

Lo
[eNoNoNoNoNoNoNoNoNeoNeoNeoNeNe oo NoNoNoNoNoNoNoNoNoNaNoNo oo No B g S S SE R it
- == 0000000000000 0O00 === a2 a2 adaaaaa0000000000

*Out of sequence— see text.
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Rec. & Xmt.
Divider Synthesizer
Input Output
(1) in MHz at in MHz at Channel
15 TP3 TP4 frequency
0 3.300 37.660 26.885
1 3250 37.670 2E.875
0. 3280 37.680 25.985
0 3280 37.700 27005
1 3.250 37.710 27.015
o] A.240 37.720 27 .025
1 3.230 37.730 27.035
1 3210 37.750 270865
0 3200 37.760 27 085
1 3180 37.770 270758
0 - 3180 37.780 27.085
0 3.180 37.800 27108
1 3,150 37.810 27118
0 3.140 37.820 27125
1 3,130 37.830 27135
1 3110 37.850 27,1565
0 3.100 37.860 27185
1 3.080 37.870 2775
o] 3,080 37.880 27185
0 2080 37.900 27808
1 3050 37.910 27215
o] 3.040 37.920 27,225
1 3010 37.950 27.2585
1 3030 37.930 27,235
0 a0zo 37.940 27.245*
0 3000 37.960 27,265
1 2.900 37.970 27.275
0 2880 37.980 27 285
1 2970 37.990 27,005
0 2,860 38.000 27,308
1 2.850 38.010 27315
o] 2640 38.020 PT.325
1 2.930 38.030 27,335
0 2820 38.040 27.245
1 2.810 38.050 27,365
o] 2.800 38.060 27.3685
1 2.880 38.070 27,378
0 2880 38.080 27.385
1 2.870 38.090 27.305
0 2 BE0 38.100 27.405
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clue that one of the comparator’s inputs
is missing.

First, check for a 10.240-MHz signal
at pin 3 of IC!. Finding nothing here, go
directly to the oscillator. Check for the
presence of r-f at the emitter of Q/; no
r-f here pinpoints the trouble.

A missing vco signal will also cause
one of the comparator’s inputs to be ab-
sent. If the 1024 divider or the program-
mable divider is not working properly, it
can cause one comparator input to be
missing. A malfunctioning mixer in /C2
can also cause a comparator input to be
missing.

Now, suppose the PLL is dead. About
5.5 volts is on pin 5 of ICI and there is
no output at pin 9 of /C2, but the refer-
ence oscillator is working. You must de-
termine if the voltage at pin 5 of IC! is
high because the vco stopped working or
the vco stopped working because the
voltage is so high as a result of some
defect in IC1.

To determine where the fault lies,
tune to channel | and feed a 3.300-MHz
signal to the input of IC! via pin 2.
Assuming [Cl is working properly,
there should be near O volt on pin 6 until
the correct frequency is applied to pin 2,
at which time, the voltage should rise
and fall as the PLL tries to lock. Moni-
tor the voltage at pin § as you vary the
frequency above and below 3.300 MHz.
There should be a voltage below but
none above 3.300 MHz. These results
are a good indication that IC/ is okay.

Suspicion is now on the vco or mixer
in IC2. Generator substitution for the
veco output is called for. Remove all con-
nections from pin 2 of I/C2 by cutting
through the foil trace on the pc board.
Feed a 17.180-MHz (on channel 1) sig-
nal through a coupling capacitor to pin
2. Have a modulated signal feeding the
input of the receiver so you know when
and if the PLL starts to work. If it does,
the problem is in the vco.

To determine if the trouble is within
IC2or in the external circuitry, measure
the voltages on the IC pins. If this fails
to produce results, you may have to sub-
stitute another IC and/or check all ex-
ternal components.

Summing Up. The material pre-
sented here is the result of actual tests
and measurements on a commonly used
PLL system. Using the material pre-
sented here as a guide, you should be
able to troubleshoot virtually any CB
PLL system you encounter. Note, how-
ever, that FCC regulations require any-
one repairing or adjusting the frequen-
cy-determining sections of a CB trans-
ceiver to have a First-Class Commercial
license. However, a radio amateur who
is modifying a CB PLL rig for 10-meter
operation need not have the license. O
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INDICATOR

BY IMRE GORGENY!

TURN/BRAKE

FOR TRAILERS

Simple solid-state circuit pérmits use of 3-wire

systems on older trailers with 4-wire systems on new cars

N AUTOMOBILES manufac-

tured after 1977, the turn-indicator
and brake lights are independent. This
may present a problem when one wants
to haul a trailer that is equipped with
the older 3-wire system in which turning
and braking are indicated by the same
rear light.

The interface circuit shown here per-
mits coupling the old 3-wire system to a
modern car. The circuit for only one side
is shown so it must be duplicated for the
other side. When using this circuit, the
car light flasher does not have to be
replaced with a heavy-duty version as in
some trailer systems. As a further ad-
vantage, there are no moving or elec-

TURN

extinguished. Thus, the turn/brake lamp
glows in step with the lamp flasher.

When the brake is applied, that line
goes high and forward biases D2. The
transistor pair is turned on and the turn/
brake lamp glows. Since the brake line
remains high as long as the brake is
depressed, the lamp remains lit.

Now let us consider what happens
when the turn indicator level is actuated
and the brake is applied at the same
time. Initially, the turn signal drives the
Q3/Q4 pair through R/ and DI with the
base voltage for (@3 developed across
R7. Each positive voltage signal on the
turn line causes the lamp to go on. Note
that the pulsating signal on the turn line

D1

I MSD6100

BRAKE

02

Q3
MPS6560

the line goes high, thus bringing the DI/
R1 connection effectively to ground. In
essence, this action shuts off the turn
signal input to Q3/Q4. But then QI
takes over. Driven by the “turn” line, it
alternately releases and pulls down the
“brake™ voltage at its collector. There-
fore, one trailer light flashes but it is 180
degrees out of phase with the car's
orange light. The other is on steadily,
indicating that the brakes are on.

Construction. Since the circuit is re-
latively insensitive, it can be fabricated
in any desired fashion. Two identical
systems should be made, one for each
side of the trailer. The turn signal is tak-

+12v

BVggo = 25MIN.
B=800t 2.5

\BRAKE / TURN
SIGNAL

®
]

The conversion circuit above must be built twice—one for each side of the car.

tromechanical parts such as relays that
can be affected by moisture or vibration
encountered on the highway.

Operation. Each time the vehicle turn
signal is operated, its line alternately
goes high and low as determined by the
flasher. When the line goes high, diode
D] is forward-biased, turning on the Q3/
Q4 combination and causing the com-
mon turn-brake lamp to glow. When
this line goes low, the transistor pair is
turned off and the turn/brake lamp is
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is also applied to the base of Q/ through
R3 and R4. This signal does nothing to
Q1 since the brake line (collector source
of power) is low, and reverse-biased D2
keeps the positive voltage across resistor
R7 from appearing on the turn line.
When the brake line goes high, the
transistor pair is driven through R2 and
D2 with the base voltage for Q3 develop-
ed across R7. Transistor Q2 is also
turned on by the positive voltage applied
to its base through RS and Ré6, making
Q2 draw current through R/ each time
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en from the appropriate line, while the
common brake signal is used.

A power Darlington can be substi-
tuted for the 93/Q4 combination as long
as you make sure that the output tran-
sistor in the last stage can carry the cur-
rent required by the lamp.

The circuit can be mounted in the car
with the two lamp wires, battery wire
and ground fed to the trailer. Taking the
taillight wire, electric brake, and back-
up light connection into account, we
should use a seven-pole connector. o
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HE relatively new car stereo test

standards (see PopruLarR ELEC-
TRONICS, March 1980) parallel those
that the IHF prescribes for home audio
component equipment. That’s good,
right? In a way, it is, as it will make
specifications consistent and meaningful
from brand to brand and, therefore, sub-
ject to comparison by the consumer. But
in another perspective, we must be care-
ful not to let it blur the distinction be-
tween audio in the home and audio in
the car. These are still distinct breeds,
requiring different design philosophies
to meet different operating conditions.

Whereas home equipment is listened
to in an environment that allows a user
to appreciate its rarified performance,
the hardships of noise, poor acoustics,
and restricted options for speaker place-
ment present in an automotive environ-
ment largely preclude notice of many
sonic subtleties. On the other hand, a
cassette transport designed for use in the
home would probably have a short, un-
happy life on the road—and it might
well carry a few valued cassettes along
to disaster as well.

Another point of difference between
car and home equipment is that the de-
signer of home gear can expect the user
to pay reasonable attention to operating
and adjusting it, while operation of a car
unit must always be subordinate to oper-
ation of the vehicle itself. In addition,
the volume of space allotted to a car
stereo package is decided by the vehicle
design—and not, obviously, according to
the principles of audio engineering.
Thus, car equipment has a higher than
usual percentage of its cost invested in

JULY 1980

State-of-the+
CAR J®
STEREO

How a sampling of

new, sophisticated models measures up

making it fit where it must, ensuring
that it is operable by a driver, and keep-
ing it from breaking down when faced
by the constant abuses of vibration, ex-
treme temperature variations, etc. All of
this, naturally, must divert some effort
away from providing pure performance.
Even a cursory glance at the laborato-
ry data will give clear indication that car
stereo equipment does not compare fa-
vorably with that used at home. To some
extent, this reflects the fact that home
equipment is in many respects a good
deal better than it has to be, and this
luxury is difficult to provide in mobile
equipment. More to the point, we hope
we have established that, in the ap-
plication at hand, test numbers
that are impressive in the con-

ventional way are not neces-
\v
'\,

sarily meaningful.

The Equipment. For
evaluation in this arti-
cle, we chose a number
of sophisticated auto
stereo receivers com-
prising AM-FM
stereo radio and
cassette tape play-
back.In the case of
Alpine and Spark-
omatic, whose top
units do not in-
clude a power am-
plifier section, a
separate  power
amplifier was
tested as well.

m‘“ﬂ;r
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car stereo

The Jensen receiver is meant to drive
four speakers, but uses an outboard am-
plifier to drive two of them. Accord-

ingly, we included the companion ampli-
fier in the test. Here's an overview of the
eight top-of-the-line car stereo models

The Eight Units We Tested:

ve B3 S0 92 94 98 M0 041080 we

Alpine 3002/7307 ($380). This is a
two-unit combination consisting of a
“head end” (radio, tape and control cen-
ter) and a power amplifier that was the
most muscular of all. The head end
(7307) contains a cassette section capa-
ble of playback with 70-us and 120-us
equalization, thereby accommodating
chrome and metal tapes as well as ferric.
Dolby decoding that can be used for
broadcasts as well as tape is included
too. The transport automatically goes
into play at the end of REWIND, and FAST
FORWARD and REWIND can both be
locked in for hands-off operation. music
SENSOR can be used with either high-
speed mode to stop at the beginning of
the preceeding or following selection. A
noise eliminator switch is provided, and
mechanical presets accommodate up to
five radio stations. Readout is from a
slide-rule dial, and independent bass
and treble controls are provided.

® Audiovox HCC-1030 ($420). This
model, housed in a single enclosure, in-
cludes an auto-reverse cassette player
and Dolby noise reduction for tape and
radio. Metal and chrome tapes (70 us
EQ) can be played as well as ferric (120
us EQ). A choice of four 8-ohm speak-
ers or two with impedances as low as 4
ohms can be driven by the unit. A fader
controls the relative levels of the front
and rear speakers. Frequency readout
for the radio is a slide-pointer dial, and
five mechanical presets are included. A
local/distance switch sets sensitivity of
the FM reception. Tone controls are sep-
arate for bass and treble. If an outboard
power amplifier is to be used, driving
signals are available at two pin jacks.
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Cobra 221GTL ($330). One of the
more notable features of this receiver is
that station frequency is read out digi-
tally when the tuning knob is touched or
when the volume control knob is pushed
in. At other times, if the ignition is on,
the same readout acts as a digital clock.
This unit, too, uses a local/distant
switch to adjust FM sensitivity for best
reception. Five mechanical presets are
provided for the radio. Two pairs of
speakers can be accommodated as long
as the total load impedance is 4 ohms

" per channel or more, with a fader setting

the relative levels of the pairs of speak-
ers. The cassette player is of the auto-
reverse type, and separate tone controls,
bass and treble, are included.

we examined. (Prices noted are nation-
ally advertised value, and will vary from
one area to another.)

i e

*) O

Jensen R430 ($470). Featuring a sepa-
rate power amplifier section for the rear
speakers in addition to self-contained
stages that drive the front speakers, this
receiver also has an electronic crossover
that allows the two amplifiers to work in
a bi-amped configuration. Dolby noise
reduction can be applied to signals from
either tape or FM radio. Playback
equalization of the cassette .section is,
according toour data, a better match for
120-us than for 70-us tapes. Apparently
considering the extra ‘“hot” high end
that results to be advantageous in the
car, Jensen recommends chrome tapes
“for ultimate performance.” A slide-
rule dial provides station-frequency

readout; there is no provision for preset-
ting stations. FM sensitivity is set by a
local/distant switch.

we o

® gy @
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Motorola TC-894AX ($390). The cas-
sette player of this receiver is an auto-
reverse type and is equipped with Dolby
noise reduction that can also be used for
FM. Playback equalization is provided
for both ferric and chrome tapes. A con-
ventional slide-rule dial supplies readout
of station frequencies, and FM sensitivi-
ty is set by means of a local/distant
switch. No station presets are included.
The amplifier section can drive two
pairs of speakers provided the total load
on each channel is 4 ohms or more. Bal-
ance with four speakers can be adjusted
left/right and front/back. Separate
bass/treble tone controls are included.

Panasonic CQ-8530EU ($450). In this
receiver, which uses an electronic tuning
system with digital readout, station se-
lection is done exclusively by means of

pushbuttons. In one mode, called *‘seek
tuning,” the tuner section advances up-
ward or downward in frequency and
stops at the next available station each
time the appropriate button is touched.
Manual tuning is accomplished by hold-
ing one of a pair of buttons (for upward
or downward shifting) until the frequen-
cy desired turns up on the display. In yet
another mode, up to six stations can be
selected by use of presets. When the cas-
sette player, which reverses automati-
cally, is used, the display indicates the
direction of tape travel. At other times
the display functions as a digital clock.
The display can be made to dim when
the car headlights are turned on. Play-
back EQ of the cassette section is cor-
rect for ferric tapes only. Equipped with
separate bass/treble controls, the ampli-
fier section can drive up to four speakers
(4 ohms per channel minimum) with
fader control of front/rear balance. A
local/distant switch sets FM sensitivity.

POPULAR ELECTRONICS
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Piomeer KE-3000 ($400). The tuner
section of this receiver uses a digital dis-
piay and operates under the control of a
microprocessor. Tuning can be accom-
plished by means of electronic presets
{five AM siations, live FM stations),
through touch tuning with scan and seek
buttons, and manually via a knob. Dolby
noise reduction is provided for the cas-
sette player only; both 70-us and 120-us
equalization are available for tape play-
back. Sensitivity of the tuner is con-
trolled by a local/distant switch. A
touch of the appropriate button converts
the digital display to a clock. The ampli-
fier can drive up ‘to four speakers (load
impedance 4 ohms minimum per chan-
nel) with fader control of front/rear bal-
ance. Tone control affects treble only.

[; ar_—a;ﬂs_“ﬁﬂ ”]
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Sparkomatic SR3400 ($270). This is a
two-section model consisting of a head
end and power amplifier. Station fre-
quency readout for the tuner is a digital
display that doubles as an electric clock.
An additional control sets the clock to
record elapsed time. The power ampli-
fier can drive up to two speakers per
channel, with fader control of front/rear
balance, as long as the minimum load
impedance is 4 ohms per channel. Tun-
ing can be accomplished by pushbuttons
or by turning a knob. The cassette
player, automatically engaged by insert-
ing a tape, is equalized for ferric tape;
there are no Dolby provisions. Separate
bass/treble controls, a high filter, and a
loudness control are included.

JULY 1980

Test Procedure. For practical rea-
sons, we decided against installing all
eight of the models successively in a ve-
hicle for use tests. The procedure would
have been extremely tedious and time-
consuming without contributing much
to the evaluation, as the environmental
conditions in a vehicle are, of course,
nonrepeatable.

We confined ourselves, therefore, to
bench testing of the units, although we
did take operating convenience into ac-
count as an additional factor. To be cer-
tain that none of the units would starve
for power, we ran them from an Astron
RS-35M power supply capable of a con-
tinuous 25-ampere or an intermittent
35-ampere output. Equivalent output
power at the 14.4 volts called for by the
standard is 360 watts continuous, 504
watts intermittent. Where power or dis-
tortion measurements were made on the
amplifier sections, both channels were
driven. No tests were made on the AM-
radio sections.

In some respects, it was not possible
to follow the procedures established by
the Ad Hoc Committee’s test standards.
The major problem was the inability to
separate the tuner (or cassette player)
from the amplifier section. As a result,
in most cases distortion and S/N meas-
urements for the entire receiver had to
be lumped. It is likely, therefore, that
the tuner performance is better than our
figures suggest, and virtually certain
that the amplifier performance sur-
passes our measurements.

On the first unit we tested (Motor-
ola), we made some measurements at
the volume control, and injected signals
at the point for some tests. This is a
clumsy procedure at best, and inaccessi-
bility of the volume control on other
units led us to abandon it. Another prob-
lem was that some of the receivers use
bridged output stages that will not toler-
ate grounding of either side of the load.
Fortunately it was possible to lift the
grounds on some of our test equipment,
and isolate other pieces with transform-
ers to avoid grounding of the “low” side
of the output. Nevertheless, the testing
process was hampered. Our A-weight-
ing filter, for instance, could .not be
used; S/N measurements, therefore, are
all unweighted.

After a few measurements, using both
8- and 4-ohm loads, we settled on
4 ohms, as this is realistic for car speak-
ers, and none of the units can even
approach its output ratings in any high-
er load impedance. For practical rea-
sons, we measured THD + N (total har-
monic distortion plus noise) at l-watt
output across the frequency range, and
then determined the clipping power out-
put over that range. Some of the ampli-
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fiers distorted well below the clipping
point, but we ignored that and used ac-
tual peak clipping as the criterion for
maximum output. Since our input signal
came from an FM signal generator,
through a Sound-Technology 1100A
modulator, we were limited to the maxi-
mum audio signal that could be ob-
tained from a 100% modulated FM sig-
nal. In some cases, the audio amplifier
could not be driven to clipping at 10,000
Hz or higher due to this limitation. In
one case (Jensen) the amplifier broke
into oscillation when driven hard at high
frequencies.

For tape player tests, we used the
TDK AC-337 tape for frequency re-
sponse measurements (120 us) and the
BASF standard calibration tape for the
70-us measurements. Flutter was meas-
ured with the TDK AC-342 tape, and
crosstalk with the AC-352. Unweighted
S/N was expressed relative to a stan-
dard 250-nW/m level. Dolby noise re-
duction worked well (subjectively)
where present, but could not be meas-
ured because of grounding problems
caused by the needed CCIR or
A-weighting filters.

Generally speaking, the ingenuity
with which these sets are packaged is
impressive indeed. They squeeze most of
the major functions of a full-sized home
receiver into an incredibly small space—
and then throw in tape to boot. This den-
sity leads to a proliferation of controls—
concentric or triple-concentric knobs
and numerous pushbuttons—that can be
cumbersome to use and may divert too
much of a driver’s attention from his
vehicle. Niceties like digital readout and
automatic tuning make matters easier,
but there is still the task of locating the
button that initiates the action you
want. With daily use, however, most of
the challenges will likely be minimized.

Even on the test bench, we had occa-
sional difficulties with adjustments. The
Motorola, for example, could not be set
up so that its channel balance was con-
sistent enough with respect to frequency
to allow meaningful tape separation
measurements

Tables I, 11, and 11l summarize the
results of our lab testing. As can be seen
in Table I, power output in many cases
varies considerably with frequency
This, of course, may occur because the
driving signal had to be introduced via
the FM radio. In any case, the values
derived represent a realistic appraisal of
performance. Reference to Table Il
will show that the power bandwidths of
the amplifier sections is adequate, as
none of the cassette units offers high-
frequency response that would challenge
or outdistance it significantly. On the
basis of our experience, we would expect
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car stereo

the tuner sections as well to overload at
high frequencies before the amplifier
sections do. (Incidentally, in making
power comparisons, the figures in paren-
thescs—decibels with respect to 1 watt
of output power—are the important
ones to use.)

Where possible, tone-control re-
sponses are given as decibels of boost
and cut at the frequencies of interest; if
there was no well-defined center posi-
tion of the control, the total range is giv-
en. Total harmonic distortion (THD) at

I-watt output looks high by comparison
with home equipment. Despite this, it is
unlikely that such levels of distortion
would be audibly objectionable even in a
quiet listening room, and virtually cer-
tain that they would be practically inau-
dible in a car.

FM results are given in Table II.
Note that FM frequency response falls
off at high frequencies, further suggest-
ing that the loss of power at high fre-
quencies will not cause overload. Where
there is little difference between usable

sensitivity and SO-dB quieting sensitivi-
ty. the inference to be drawn is that dis-
tortion is the major impediment to the
former and noise to the latter.

The capture-ratio column is impor-
tant in that it gives an index of immuni-
ty to amplitude modulation. Thus, it is a
reasonable supposition that models with
the better (lower) capture ratios will be
more resistant to “picket fencing” and
other effects of signal fading. Image re-
jection is apt to be noticed most when
you are driving near an airport; a higher

TABLE I—AMPLIFIER PERFORMANCE

Model Max. Clipping Power Output Tone Control Range
[watts (dB re 1 watt)] [boost, cut (dB)]
- 100 Hz 1000 Hz | 10,000 Hz 100 Hz - 10,000 Hz
Alpine *53.5(17.3)| 55.5(17.4)| 57(17.6) | +9.5—7.5|+10.5,—4.5
3002/7307
Audiovox 10.9(10.4) 13(11.1) | 13(11.1) | +10,—6.5 | +9.5,—8.5
HCC-1030
Cobra 6.8(8.3) 7.4(8.7) | 6.4(8.0) (+10.5,—11| +10,—10
221GTL
Jensen **2.0(3.0) 4.2(6.2) | 3.6(56) | +11,—10 | +10.5,—10
R430 *8.4(9.2) | 16(12.0) | 2.4(3.8) = =
Motorola 5.3(5.4) 6.5(8.1) 6.7(8.0) | +6.5,—7.5| 21 overall
TC-894AX
Panasonic 7.6(8.8) 9.3(9.7) | 2.8(4:5) 9 total 17 total
CQ-8530EU
Pioneer 2.9(4.6) 4.0(6.0) | 3.8(5.8) NA 10.5 total
KE-5000
Sparkomatic *8.4(9.2) 13(11.1) 57(76) | +11,—12 |+115,—85
SR-3400
* External amplifier
** internal ampiitier
TABLE II—FM PERFORMANCE
Model Mono [Mono 50 dB| Freq. Resp. | Mono Stereo Separation
Usable Quieting | 30-15,000 Hz} THD+N (dB)
Sens. | Sensitivity (+dB) (%) |100 Hz| 1000 Hz{10,000 Hz
(dBf). _(dBf) ,
Alpine 20 258 + i 0.4 21 27 in
7307 /3002
Audiovox 21 21 =1 =6 0.3 18.5 31 30.5
HCC-1030
Cobra 22 30.3 +0,—4 0.36 345 34 285
221GTL
Jensen 19 215 CHOIEESS 1.1 28 32 335
R430
Motorola 21 22.5 +3,—10 05 333 3156 215
TC-894AX
Panasonic 28 29 +0,—3.5 0.8 335 33 21
CQ-8530EU
Pioneer 14.3 19.8 +0,—2 0.3 34 38.5 36
KE-5000 |
Sparkomatic | 27 25 +1.5—4 0.4 26.5 S8.9 27
SR-3400

* 1-f bandpass Is highly asymmetrical. making this average value of doubtful validity.

** Not measurable.
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THD at 1 Watt

(%)
| 100 Hz| 1000 Hz {10,000 Hz
0.6 0.5 0.9
1.15 0.7 1.2
065 | 057 | 15
1.6 0.5 2.4
1.4 1.0 1.3
1.0 0.76 0.85
1.35 0.7 1.6
1.8 2.2 0.34
1.9 0.34 1.2
Capture| Image | Alternate | FM/Audio
Ratio | Rejection| Channel S/N
(dB) Ratio | Selectivity] Unwtd.
(dB) (dB)__ | (dB)
1.3 69 68 53
1.8 88 69* 71
2.6 ¥ 70* 57.5
1.55 52 57 57.5
1.7 63.5 56* 64.5
6.3 60 60 60.5
3.2 46 73 66
1.2 71 52* 67.5
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W~ " 12/24-Hour Quartz
TABLE lll—TAPE PERFORMANCE { [‘r"fg"}“;— Alarm
r ¥
te=—=_1 Chronograph
Model Tape S/N Tape Freq. Flutter Speed Tape -f'_'fm g p
Unwtd. Response (%wrms) Error Channel Now with fashionably thin styling.
0, - long-lasting selar power. 12- or
120 pus +3dB ( ) Separation el B 24-hour selection. alarm and tull
(dB) (Hz) (dB) — "1—5 T chronograph.
Alpine 50.5 40-12,500 0.17 +0.3 42 =ty LT
7307/3002 y 3 Eamous Ou&nz Accuracy 10 + 5
i = — . econds a Month
Audiovox 56 40-11,000 0.1 0.3 40 | | Thinnest Solar Alarm ® Built-in Electronic Calendar
HCC-1030 || Chronograph Available ¢ Night Light for Evening Viewing
Cobra 47 45-9300 0.10 +2 50 at This Low Price! s Constant LCD D'splay
: o Day of the Week Indicator
221GTL $4488 ® Easily Adjusted “Snap” Type
Jensen a4 45-12,500 0.12 +2 45 el
R430 Solar Power is now combined with rem’arkab%yztgm styling and
famous quartz accuracy in our best selling 12/24-Hour Alarm
Motorola NA* 48-12,500 0.13 +2.2 NA* Chronograph A combination that Seiko and Citizen can't match
TC-894AX even at $200 more!
Panasonic 515 75-12,500 0.10 +2 37 See the value you get for only 544.88
e k- gk | 24-Hour Al Pleasant. but effectve, a b |
- Py o 24-Hour Alarm — Pleasant. but effective, alarm can De prese!
Pioneer 52.5 40-12,500 0.32 +0.2 70 for any minute of day or night. Constantly read indicator iets you
KE-5000 75-12,500*** know when \l'ssse1 .
3 ® 12/24-Hour Selection — You get conventional 12-hour time
Sparkomatic 56 40-12,500 0.12 +1.15 50 or 24-hour military time at the touch of buttons Switch back
SR-3400 and forth as often as you choose Dr. leave it on 12- or 24-hour
4 . 1 - . 4 . . time for as long as you want. A must for pilots, military person-
On this unit, it was impossible to balance channel gains closely enough, or obtain & sufficiently flat frequency response, to nel or anyone who needs the option of 12 or 24 hour time
make these measurements. o Powerful Solar Recharger — Fully recharges itself even in
** 120 microseconds. artificiai light. Power that s guaranteed for three full years with
*9% 70 microseconds. inhe expectancy of many more No more troublesome battery
charges!
‘ ® Full 12-Hour Chronegraph — With 110 second precision
add time and 1ap time. Add time Ie1s you time everythlng rom a
telephone call to atnp  up to 12 full hours. Lap time lets you
time each component within an event. Ideal for production man-
] | N . agers, coaches, sports fans. anyone with a critical time depen-
dB measurement here can help to sup- nificant issue, when it is in fact minor. It dent activity
press interference from all aeronautical must be remembered that these units (S = o) . ﬁontinuously Shovués;s ;
N a N o N M TwuFai i . j
communications. Alternate-channel se-  were designed in the absence of stan- o Dy of Weak Fag o1
lectivity is most critical in urban regions dards and to test them according to a :—: ) l-' I_l l:n ol mdiM Notation in 12-Hour
where many stations crowd the band. fairly severe standard, as we have done, — ===
Frequency response of the tape sec- is bound to put them at a disadvantage. © Quartz Accuracy — to =5 seconds 2 month
tions appears to be somewhat anemic at It is quite likely that these units will do |
high frequencies. However, if the situa-  what is claimed for them if they are A
tion is considered in perspective, the tested under conditions matching those
bandwidth lost is in'most cases.less than used ip deriving their specs. As those | Shown' September 18 Tuesday
an octave. The ambient car noise is suf- conditions are not the ones chosen by the |
ficient to mask such frequencies any- Ad Hoc Committee, we have let this COMPARE TH'NNESS'
way, so the units are about adequate in point remain moot. It seems highly like- Thinnest Solar Alarm Chronograph available at this jow price.
this respect. Were we looking at home  ly that the next generation of car equip- Seikg S0 LOsSIN
: 8 d Citizen $255 11.0 mm
gear, we would regard the flutter data ment will mect specifications as well as - = =
! hn o Texas Instruments $125 12.0 mm
with suspicion, as most of them hover house equipment does. e S T —
right around the threshold of audibility. Looked at overall, these receivers are T R |t.a -
9 . . - . . ® Handsome ing— Crafted. quality stainless steel Dack an
The highest level we found is an odds-on  well suited to their application. Choos- b,ac_e'fe[ Optional g%méoge e Svar it i 3 rieron
bet to be heard in a quict room, but here  in w is largely a m f quality goid plating at $49.88
g ard g q L R .g t.)el een them argely SHCP © 15-Day No-Risk Trial — Try it for 15 days. if you're not com-
again, the automotive environment 1is picking the power output level your pletely satisfied with its quality and features. return it to ys for a
1 S 2 : g g prompt refund of your purchase price. In addition, there's a full
lllfely to mask' these cffects. Persons speaker 1n§tallat10n and vehncl; require, Dnevear Manutasturer s Warrarty against defective parts and
with absolute pitch may want to choose and checking to see that no significant workmanship )
. 8 2 o o . g S Easy To Order. Just cail our toll free number below, or fill in the
units with the lowest spced errors; a dis- weak points lie in areas that will annoy convenient order form. Order yours today!
crepancy of 2% is equal to about /3of a  you. (For instance, an FM devotee | [T7777; |JI ’Eﬁ[ﬁ’ﬁ’ﬁﬁﬁéﬁﬂﬁ"ﬁﬁ """"
e . : g . . o1y 0lellue
semitone. ' e would probably not want a unit with a T AP ERET. DEES
What does seem a bit surprising is fine tape section and a weak tuner.) You Yes! Please send me Thin Solar 12/24-Hour
. : : : Quartz Alarm Chronograph(s). with 15-Day No-Risk Return
that, without exception, the units tested  should also be aware of features such as Priviege. at $44.88 each. pius 52 50 postage and handiing
perform significantly more quietly with single-touch tuning and digital readout T_exgswf:;fe:(sfﬂdsi:lgl%ﬂgss‘j;%
. . . . I n
a good, strong mono FM signal than offered in the various units. These can e
with a tape. But a stereo FM signal loses ~ add materially to ease of operation. | el B 3
approximately 23 dB of S/N ratio com- List prices for top-of-the-line units City
pared with mono. This still leaves tape such as these may seem high, especially State Zip
the better medium for stereo. if the levels of performance to which we Check or money order enclosed
. o For even faster service, charge to
are accustomed in home equipment are Master Charge/Visa Expires _
Comments. We avoided comparing  used as bases of comparison. Clearly, Account # - L
measured data with the specifications however, utilizing the engineering nec- Signature —u B .
given by manufacturers. The reason for essary to realize them as the measuring ORDER TOLL FREE 1-800-527-7066
this is that the poor correspondence be- stick gives a fairer—and more favor- In Texas Call 1-214-349-3120
tween the two might be viewed as a sig-  able—picture. ©MMI - 1980 PE-
CIRCLE NO..37 ON FREE INFORMATIONCAR
JULY 1980 s
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LTHOUGH marketed as a lan-

guage translator, the Nixdorf LK-
3000 is actually a far more powerful
device. It contains a microprocessor,
RAM, ROM, an alphanumeric key-
board for data entry and an alphanu-
meric display for data readout; and it
can apply these elements to a wide vari-
ety of other applications. One notable
use of the LK-3000 is as an alphanumer-
ic terminal. This article discusses hard-
ware/software aspects of the translator
and details how it can be converted for
use as a hand-held computer terminal
by adding simple hardware and some
software.

Basic Operation. The language
translator consists of a hand-held case
that contains a keyboard, a 16-character
one-line alphanumeric display, and a re-
chargeable battery. A module that con-
tains an 8-bit CPU and a language-
translation program in ROM plugs into
the case via an edge connector. The
combination thus formed is a dedicated
microcomputer.

Since the edge connector carries data
and address lines and the needed “hand-
shake” (system control) hardware, it is

68

A simple hardware
addition and some
software allows
portable language
translator to be used
as a computer
peripheral

possible to substitute a computer paral-
lel 1/0O (input/output) port for the plug-
in module. When this is done, the dis-
play section of the language translator
can be used as a relatively low-cost (ap-
proximately $140) alphanumeric termi-
nal. Since there are no hardware
changes, the LK-3000 can still perform
its language translation function when
the language module is in place.

As shown in the photograph, the
translator, which is sold in many retail
establishments, is a hand-held, battery-
powered device about 6’ long, 312" wide
and 1" thick. The upper surface con-
tains 27 dual-purpose data keys and six
control keys with a window for display-
ing the 16-character alphanumeric
readout. Each of the 16 characters is
formed on a 16-segment (plus decimal
point) LED readout.

WWW amerncaanadiohigatary com

BY BILL PORTER

All capabilities are determined by the
plug-in module. A typical language
translation module, shown in Fig. 1,
consists of a 3870 CPU and the 64K
ROM containing the language ‘“pack-
age.” The 3870 CPU includes an inter-
nal 2K ROM, 64 bytes of RAM, four
1/0O ports, a programmable timer, and a
built-in crystal oscillator. It requires a
+ S-volt power supply.

System logic is shown in Fig. 2. If the
plug-in module is ignored, a look at the
circuit shows that, if the proper signals
are applied to the edge connector, it is
possible to cause this system to “‘look”
like a simple alphanumeric terminal.

At present, there are three plug-ins
that can be used to convert the transla-
tor into a terminal. Two are serial ports,
while the easiest to implement is the pa-
rallel interface discussed here.

From a construction viewpoint, the
parallel interface consists of a 16-con-
ductor, color-coded ribbon cable inter-
connected between the LK-3000 edge
connector and a conventional 16-pin
DIP connector as shown in Table I, with
the elements shown in Fig. 1.

In the breadboard stage, this tech-
nique was used to successfully interface

POPULAR ELECTRONICS
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computer terminal
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to 3870, 3872, F8. 8080, Z80, 8048,
8748. 8035, 8039 and 8085A systems.

Write Mode. Without the keyboard
service routine contained in the plug-in
language module, neither the LK-3000
keyboard, nor the external computer can
write to the display. When using the
computer parallel port, the ASCII data
and position address must be latched to
the data and address lines as defined in
Table 1. Once this data is correct. the
display write strobe line DWSTB, which
is normally held in the high state, is
dropped to the low state for at least
400 ns, then raised high. The display
driver within the 1.LK-3000 will do the
rest. Display strobe subroutines for se-
lected microprocessors are shown in Ta-
ble 1.

The following examples make use of
the display. In both cases, the existence
of a DISPLY (display) subroutine like
that shown in Table [] is presumed to be
loaded within the computer.

For example, the 8085 code to write a
space character to all 16 positions is:

CLDISP: MVI B, 15 ;posttion and

loop control
CLDLUP:-MVI A, 20 ;an ASCI! space
CALL DISPLY display and
ncrement
MOV A, B itest if position
INR A ;went below zero
JNZ CLDUP
RET

The second example will show how to
display a previously defined message on
the right side of the display. This mes-
sage is stored as a string of ASCII char-

JULY 1980

acters preceded by a length character.

An example could be:

TITLE DB 6 '‘NIXDORF’

To use the following subroutine, the
length parameter must be one less than
the actual number of characters in the
message. The routine will display the
message found in memory location
pointed to by H,L.
MESSAG:MOV B, M ;get length and
;starting position

MEXLUP:INX H ;bump address

MOV A, M ,get next message
;character

CALL DISPLY :display and
;decrement

MOV A, B ;test position
;for below zero

INR A

IJNZ MESLUP

RET

Key Read. Therc are four basic steps
required to read the keys on the display
case. The first is to sclect onc of the 8
rows of keyswitches, the second is to
write a zero to the keyboard read strobe
(KYRSTB) which is normally kept
high. Four column bits are then input on
the data bus, with a zero indicating a
closed switch. Finally, the keyboard
read strobe is returned to the high state.

Although these four steps are all that
is required for utilization of the key-
board, in practice there are other consid-
erations. In the language translation
mode. the problem of key scanning, code
translation, buffering of data and key-
switch debounce are all handled by a
short program within the language
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Fig. 1. A typical language
translation module consists of
a 3870 CPU and the 64K ROM
containing the language package.

TABLE 1|—
CONNECTIONS BETWEEN

SYSTEM AND DIP SOCKET

Edge Nominal DIP Pin

Contact Name Direction Number
1 RESET e 1

2 KYRSTB — 16

3 DWST8 —— 2

4  Address 3 e 15

5 Address 2 m———— 3

6 V+ IN < 13

7 Ovolts —— 4

8 15 v0ltls g 14

9 Data b < 5
10 Data 4 <— 12
1 Address 0 —— 6
12 Address 1 =i 1
13 Data0 B 7
14 Data 3 - ————p 10
15 Data 2 < 8
16 Data t —— 9

The edge connector pacds are 0.05"" wide on

0.1 centers.

All signals TTL compatible.

Data 0-5: bidirectionatl data bus, 4 biis from
keyboard, 6 bits to display .

Address 0-3: select one of 16 display posi-
tions, 1 of 8 keyboard rows.

DWSTB: negative true display write strobe
{400 ns min.) to write data tp an
addressed position.

KYRSTB: negative true keyboard read signal
to read a key from addressed key-
board row. This signal must be O
(low) while column data is read.

RESET: negative true indicating CRL key de-
pressed. May be used as system re-
set, shift key, or as 33rd data key.
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180/280/8085A

Y: OUT DISPOT
MOV A, B
AN OFH

ORI 30H

OUT DKCONT
AN! ODFH
OUT DKCONT
ORI 20H

OUT DKCONT
DCR B

RET

,does display for one position
;OISPOT= display output

ROM. Since this ROM is not used in
this application, the remainder of this
section will discuss how these items can
be handled by the associated computer
and its keyboard. No actual machine-
language code will be listed, and the em-
phasis will be placed on flow charts so

datain A
;position in R1
DISPLY: XCH A, R1

;DKCONT-= display and keyboard control
;16 display position, 15 is teft, O is right

TABLE 1—DISPLAY STROBE SUBROUTINES

8048 3870
;data in SP O
;position in SP1
DiSPLY: LR A, O

ANL A, #15 com
SWAP A QuUTS 1
OUTL P2, A LR A1
SWAP A com
XCH A, R1 Nt 15
ORL A, OCOH OuUTS 4
OUTL P1, A Ol H 20
ANL A, #7FH OouUTS 4
OUTLP1, A Ni 15
ORL A, #80H OuUTS 4
OUTL P1, A 0S 1
DEC R1 POP
RET

that the process can be implemented on
any system.

The following assumptions control the
design of the keyboard implementation:
(1) all data keys should generate ASCII
codes when operated; (2) the keyboard
need not be fast; (3) key noise should be

TABLE IlI—ASCIIi TRANSLATION TABLE

LOC O0BJ SEQ SOURCE STATEMENT
243 KEYBOARD TRANSLATE TABLE
244 ;
245 ;
246 ; LOOKUP VALUE ISROW + {8*COLUMN) + {32*MODE)
247 ;
248 ; ROW COLUMN GRAPHIC
249 KBTBL
OOEE 4 250 DB A’ 0 0 A
O0OEF 4A 251 DB ¥ A 0 4
O0F0 53 252 DB ‘S’ 2 0 S
00F1 45 253 DB iES i3 0 E
00F2 4E 254 DB ‘N’ 4 0 N
O0OF3 57 255 DB W b 0 W
00F4 3F 256 DB 3FH 6 0 &
00F5 3D 257 DB 3DH 7 0 DEFINE
00F6 42 258 DB ‘B’ ;0 1 B
00F7 4B 259 DB 'K’ i 1 K
O0F8 54 260 DB R a 1 T
O00F9 46 261 DB (EE B 1 F
O0OFA 4F 262 DB 1) 4 1 (¢]
O0FB 58 263 DB L. 5 1 X
O00FC 3C 264 DB 3CH 6 1 BACKSPACE
O0OFD 3B 265 DB 3BH 7 1 STEP
OOFE 43 266 DB :CH 0 2 ©
O0FF 4C 267 DB oL A 2 L
0100 55 268 DB U 2 2 (0]
0101 47 269 DB ‘G’ 3 2 G
0102 50 270 DB P’ 4 2 P
0103 59 271 DB A 7o) 2 %
0104 52 2072 DB Ty 6 " 4 R
0105 20 273 DB ! 57/ 2 SPACE
0106 44 274 DB ‘D’ 0 8 D
0107 4D 275 DB ‘M 1 8 M
0108 56 276 DB AV 2 3 \Y%
0109 48 207 DB ‘H 8 38 H
010A 51 278 DB 1er 4 8} Q
0108 S5A 279 DB [ <4 45 8 z
010C 49 280 DB M 6 3 |
010D 3A 281 DB 3AH 7 3 FUNCTION
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eliminated; (4) only one key at a time
should be used; and (5) there should be
a buffer between the key switch service
function and the mainline program in
the user computer system.

Figure 3 is the flow-chart required to
satisfy the assumptions. Only 4 bytes of
RAM (5 if debounce logic is used) are
required to implement the keyboard ac-
tive flag, keyboard current row, key-
board active column and the keyboard
data buffer.

Translation of keyswitch row and col-
umn into ASCII is accomplished by con-
structing an index into a table like that
shown in Table I1l. The translation val-
ue used for modules i1s row+8 (col-
umn)+32 (mode) where row is O
through 7. column is O through 3 and
mode is O or | depending on whether a
shift-lock key is implemented.

The following example will help to ex-
piain how Table 111 and Fig. 3 make the
keyboard useful. One presumption is
that the keyswitch service subroutine
will be called every 2 ms. When no key is
depressed and the 2-ms interval expires,
the routine is invoked. The routine ex-
amines its own flags and determines that
the keyswitches are not active.

The next step is to add 1 to the work-
ing storage register that holds the repre-
sentation of the current row. Since there
are 8 rows on the keyboard, and since a
1-byte memory location can contain val-
ues up to 255, the results of the addition
are “wrapped around.” By ANDing the
sum with a 7 (binary 0000 0111), the
new value must be in the set
0,1,2,3,4,5.6,7. Each of these eight val-
ucs represents a row. This current row
value is used to enable (send power to)
four switches representing the columns.
The switches are wired to connect a col-
umn to ground.

Thus, open switches are input as bina-
ry 1 and closed switches as binary 0,
with a single port used to read the data
thus presented. If all four column bits
are |, no switches are closed and control
is returned to the main program. As
long as no keyswitches are depressed,
the keyswitch service will continue to
scan all eight rows (one row cvery 2 ms)
looking for a new closure.

As soon as a keyswitch is found
closed, the routine sets an internal flag
to indicate an active state. This flag will
be used to ensure that the key is fully
released before any other key is accept-
ed. The remainder of the new key pro-
cessing is easier to explain if a typical
example is used, as follows.

Assume that the “Y” key is found to
be newly closed. This key could only be
found when the current row is 5. (Table
111, the ASCII code translation table,
shows the mapping of the keys into the
switch matrix.) When the columns are

POPULAR ELECTRONICS
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input, the value will be
where the underlines indica
able (don’t care) bit values.
stores the row (5) and the
The row and column are con
an index into the ASCII co
tion table by first multiplying
umn by 8 to yield 16, adding tt
yield 21, then adding the bas
table in system memory to yield
tual address of the character “Y™,

The code value for *“Y" is binary
1001, and this value is left in a men
buffer for use by the main program. T
routine then returns control to the niair
program. The keyswitch will be auto-
matically debounced by the scanmirg
process during the active state process-
ing as described next.

The next time that the 2-ms interval
expires, the keyswitch service routine
will determine that the keyboard is ac-
tive. However, the current row will be 6
at that time, instead of the 5 where the
key was found. This means that there
will be more processing during that
scan. After six more scans, the routine
will find that the current row is the same
S that was stored when the switch clo-
sure was found to be newly closed. The
columns are read to see if column 2 is
still a zero and if it is, no more process-
ing is required since the key is still held
down.

If a 1 is encountered, the key is
released. In this case, the flag is set to

indicate that the keyboard is inactive
and that new keys may be accepted.
Row 5 will not be examined again for 8
scan cycles, and each of the other rows
will be examined first. If the Y’ key
was bouncing upon release, it will not be
examined again for 16-ms after it was
found open. Since the bounce time for
the switches is about 6 ms, debouncing
has been successfully accomplished.

Thus, it can now be seen that with
almost no hardware addition, and just
using software routines, the LK-3000
can be used as a low-cost computer ter-
minal. The basic language translator,
including the recharger and case (but
excluding a language module) is avail-
able for $140 from many retail outlets.
The parallel interface, including ribbon
cable and DIP connector, will be avail-
able in late summer for $35 from vari-
ous computer stores.

Fig. 3. Keyboard service flowchart. Asterisk indicates debounce logic need
not be used if row scan is less often than once per millisecond.
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HAND-HELD probe to indicate
the status of a logic circuit is very
useful in troubleshooting modern elec-
tronic equipment. Most digital probes
use LEDs to indicate visually a logic
state. This requires that the user watch
the point being tested and the LED indi-
cator simultaneously. This eye-shifting
procedure can result in inadvertent
probe slips which damage equipment.
The logic probe described here over-
comes this problem by employing an au-
dible indication—a high-frequency tone
when its tip senses a high signal, a low-

frequency tone when the signal is low,
and a warbling tone (high-low-
high . . . ) when encountering a pulse
train. The audible probe can be used
with either TTL or MOS devices. Oper-
ating power, from 4 to 15 volts, is
derived from the circuit being tested.
Current demand is 10 mA from a 5-volt
system and 35 mA from 15 volts. The in-
put stage is protected against overload.

Circuit Operation. As shown in Fig.
1, two comparators (elements of a four-
comparator chip) are used to sense the

high and low input levek. A voltage
divider (R4, RS, and R6) sets the refer-
ence levels.

When the input voltage from the
probe tip at pin 5 of IC/A becomes
greater than the reference voltage ap-
plied ar pin 4, the output of this compar-
ator (pin 2) goes high. This, in turn, for-
ward-biases D2 and the timing resist-
ance of R7 and R9 causes astable oscil-
lator /C2 to produce a tone at approxi-
mately 3.5 kHz. This tone is the logic-
high signal.

At low-level detector ICIB, when the

Build an

Logic

Audible

Two-tone device “beeps’’ for high
and low logic levels, and
“warbles’’ for pulse trains

by Robert G. Krieger

JULY 1980
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Fig. 1. One comparator detects logic high while the other
detects logic low inputs. This causes the audio oscillator to change tone

contingent on which comparator is operating.

voltage at pin 6 is lower than the refer-
ence at pin 7, the output at pin 1 goes
high. This, in turn, forward-biases D3 to
place R8 and R/0 in the /C2 timing cir-
cuit. Since this combination has a
greater resistance than R7 and R9, the
oscillator delivers an output tone at
about 300 Hz. This becomes the logic-
low signal.

Divider network R2 and R3 maintain
a resting state of about one volt on the
input line so that when the probe is not
connected to a signal source, neither
comparator will trigger, and no tone will
be generated.

If you wish to use LED logic indica-
tors, simply eliminate D2, D3, IC2 and
their associated components. Retain R7
and R&, however, and connect a LED
between each comparator output and
ground (anode to the comparator).

Input Levels. TTL low level is usual-
ly specified as 0.8 volt and the high level
at 2 volts. MOS levels are generally
specified as 1.5 volts for zero and 3.5

+CLIP

volts for the high level. Therefore, some
compromise was made in the design of
the probe. The levels selected by the R4,
RS5, and R6 network are 0.6 volt for
logic low and 2.5 volts for logic high. If
you wish to change levels, the network
values will have to be recalculated. With
15-volt systems, the probe senses logic
low as about 2 volts and below, and logic
high as 8 volts and higher. Diode DI
ensures that only positive-going signals
are presented to the comparator inputs.
The output of tone generator IC2 is cou-
pled via C3 to a small (it must be capa-
ble of fitting into the aluminum tube
that holds the complete probe) dynamic
microphone or earphone element.

Construction. Although any type of
construction may be used, a 1-inch di-
ameter, S'2-inch long thin-walled alu-
minum tube was used in the prototype.
In this case, the pc board shown in Fig. 2
can be used for the circuit.

The tip is formed from a sharpened
nail passed through a tapered piece of

/ | —Ra— |
—RIO= R? R® | Re |
top oce *"’l“c|2 —R9— f hrc: Rls : |R|' —TIP
c3
3 " D:—m— RS R3 ril
W —oi—  —o2— | |
et o
\—- CLIP

Fig. 2. Actual-size foil pattern and component installation )
for printed-circuit board of suitable size for placing the probe in a tube.
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PARTS LIST

C1—0.01-uF small disc capacitor
C2—0.022-uF small disc capacitor
C3— 10-uF tantalum capacitor
D1,02,D3—Germanium signal diode (Ra-
dio Shack 276-1123 or similar)
IC1—LM339 quad comparator
IC2—555 timer
R1,R7,R8,R9— 1000-ohm, 's-watt resistor
R2—220,000-ohm, /s-watt resistor
R3—100,000-chm, 'a-watt resistor
R4,R5—22,000-ohm 's-watt resistor
R6—5100-ohm, Va-watt resistor
R10—330,000-ohm, Vs-watt resistor
R11—17,000-ohm, V4-watt resistor
SPKR—Medium- or low-impedance ear-
phone or microphone element
Misc.—Suitable thin-walled 1" by 52" alu-
minum tube, wood block for tip, sharp-
ened nail, small piece of perf board, glue,
power twin-lead, alligator clips.

wood to form a cone that can be press-fit
into one end of the tube. A circular piece
of perf board can be used to seal the
transducer end. The power cable (two
leads) is brought out of the tube via a
small grommetted hole an inch or so up
from the transducer end.

Since the operating dc voltage and
ground lie on each side of the pc board,
electrical tape insulation can be used to
prevent accidental shorts. The transduc-
er leads are kept short and soldered to
their pads on the pc board.

After testing the assembled circuit in-
sert it into the tube, transducer end
first—passing the power leads out of the
grometted hole first. The wood tip is
press-fit into place. Ends of the color-
coded power leads are terminated with
suitable alligator clips.

Operation. Since power for the audi-
ble probe is derived from the circuit un-
der test, connect the ground clip to cir-
cuit ground and the positive clip to the
circuit’s positive bus. With the probe tip
isolated from a signal, no sound should
be heard from the transducer.

When the probe tip is connected to
the circuit positive bus, a high-pitched
(about 3500 Hz) tone will be heard, and
when connected to circuit ground, a low
(about 300 Hz) tone should be heard. In
use, a warbling tone indicates that a
pulse train is being monitored. The
probe will sense such activity to about
10 kHz.

It is possible to use a switch that con-
nects the audio output back to the probe
tip, so that the probe can also be used as
a signal injector.

POPULAR ELECTRONICS
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HERE are numerous devices and

circuits that can deliver regulated
dc voltages. One voltage-regulating de-
vice—the ferroresonant transformer—
gives regulated ac voltages and incorpo-
rates some special advantages. Capable
of acting as a step-up or step-down volt-
age transformer as well as an ac voltage
regulator, this component delivers a
more or less constant ac output voltage
even if the magnitude of the input volt-
age changes. In addition, the ferroreson-
ant transformer is efficient, inexpensive,
rugged, and requires no heat sink. It
generates no high levels of electrical
noise and provides a degree of protection
from transients riding on the ac power
line. Ferroresonant transformers are
available in a variety of winding config-
urations and VA ratings and at reason-
able cost from several surplus electron-
ics dealers.

How It Works. A ferroresonant trans-
former has several windings and an air-
gapped ferromagnetic core. It combines
a high leakage-reluctance magnetic cir-
cuit and a resonant LC electrical circuit.
A cross-sectional view of a typical fer-
roresonant transformer appears in Fig.
1A, and the schematic diagram appears
in Fig. 1B. The transformer’s primary
winding (1) is wound first on the X por-
tion of the core, and then the compensa-
tion winding (3) is wound on top of it.
Similarly, the resonant winding (2) is
wound on the Y portion of the core, and
the secondary winding (4) is wound on
top of it. Two air gaps form a magnetic
shunt that isolates the resonant (2) and
secondary (4) windings from the prima-
ry (1) and compensation (3) windings.
When an ac voltage is applied across
the primary winding, a magnetic flux is
set up in the ferromagnetic core. This
flux induces volitages in the other three
windings. Because of the reluctance of
the air gaps in the magnetic shunt path,
the induced voltages essentially corre-
spond to the turns ratios between the
primary and three other windings. If the
magnitude of the voltage applied across
the primary is increased, the flux in the
Y portion of the core increases. If the
flux density attains a sufficient value,
the magnitude of the inductive reac-
tance of winding (2) equals the capaci-
tive reactance of external capacitor C.
The LC network then resonates at the
power-line frequency, and the voltage
appearing across winding (2) increases
to a stable value greater than the prima-
ry/resonant turns ratio would suggest.
This increases the flux density in the
magnetic circuit path traversing the res-
onant winding and significantly de-
creases the relative reluctance of the
magnetic shunt. Any variations in flux
density caused by changes in the voltage
applied across the primary winding are
for the most part swamped by the mag-

JULY 1980
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voltage regulator.
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PARTS LIST

C1—Nonpolar resonating capacitor*

F1—5-ampere slow-blow fuse

11—NE-2 neon lamp

M1—0-to- 150-volt ac panel meter

R1—47,000-ohm, %2-watt carbon-compo-
sition resistor

R2—1-megohm, 2-watt wirewound screw-
driver-adjust potentiometer

S1—Spst switch with 10-ampere contacts

S2—Dpdt switch with 1-ampere contacts

S3—Spst switch with 1-ampere contacts

SO1, SO2—Duplex power sockets

T1—Ferroresonant transformer*

Misc.—Suitable enclosure, fuseholder, 14-
gauge stranded insulated hookup wire,
banana plugs and jacks, machine hard-
ware, solder, etc.

*See text.

INPUT 2OUTPUT

Mi
0-150 vAC

l\szs
INPUT_ N\ OUTPUT

netic shunt, and variations in the voltage
appearing across the resonant winding
are suppressed.

The compensation winding (when
present) acts in a complementary way to
compensate for variations in the voltage
applied across the primary. This wind-
ing is designed so that any variation in
the voltage induced across it caused by a
change in the primary voltage is approx-
imately equal to the change in the sec-
ondary voltage. However, this voltage
change is 180 degrees out of phase with
respect to the change in secondary volt-
age. (Note the phasing dots shown in
Fig. 1B.) Because the compensation
winding is connected in series with the
secondary winding, the resulting voltage
appearing across the two windings re-
mains almost constant. The voltage
across the two series-connected wind-
ings will remain relatively constant even
though the primary voltage varies with-
in a prescribed range. Thus, the com-
pensation winding (which is not found in
every ferroresonant transformer) en-
hances the component’s voltage-regulat-
Ing action.

In normal operation, the X portion of
the core (on which the primary and
compensation windings are wound) does
not magnetically saturate. However, the
¥ portion of the core (on which the reso-

Ta

Fig. 2. Schematic diagram of the
author’s project employing a
ferroresonant transformer.

S
L
s s

nant and secondary windings are
wound) does. Owing to this, the wave-
form set up across the secondary is non-
sinusoidal and has significant harmonic
content. Certain types of electronic
equipment are sensitive to such har-
monic distortion, so some ferroresonant
transformers have a fifth, neutralization
winding. This winding is wound on the Y’
portion of the core. It’s connected in
series with the secondary and compen-
sating windings in such a way that it
introduces the proper amount of inverse
distortion to cancel out most (if not all)
of the harmonic content in the second-
ary waveform. Such transformers typi-
cally produce a sinusoidal output wave-
form with approximately 3% harmonic
distortion.

Employing the Transformer. The
following project, assembled by the au-
thor, uses a surplus ferroresonant trans-
former that generates a regulated ac
output ranging from approximately 24
to 187 volts rms. This wide range of out-
put voltage is made possible by the
transformer employed—a multisecon-
dary device whose secondary windings
can be connected in series.

A schematic diagram of the author’s
ferroresonant ac regulator appears in
Fig. 2. Ferroresonant transformer 7/ is
a surplus component obtained from Del-
ta Electronics, 7 Oakland Street, Ames-
bury, MA 01903, Part No. 9859. Its sec-

Fig. 3. Top view of the prototype shows how components

were mounted in a NEMA electrical junction box.

WWW ammernieaniadiahictary com
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Fig. 5. This view shows the bottom of
the board in the prototype with
point-to-point wiring using No. 14
stranded copper hookup wire.

ondaries have the following ratings:

*60 volts center-tapped at 3 amperes;

*36 volts center-tapped at 4 amperes;

*34 volts center-tapped at 4 amperes;

33 volts center-tapped at 5 amperes;

#24 volts center-tapped at 4 amperes.

The author connected the secondaries
of T1 in series and brought each side as
well as the center taps out to banana
jacks mounted on the project enclosure.
Power sockets SO/ and SO2 facilitate
connection of the regulator to the loads
with which it will be used. They are con-
nected to short jumper wires terminated
with banana plugs and to two of the
position lugs of dpdt switch S2, which is
part of the metering circuit. Banana
plugs simplify the selection of particular
points on the secondary string.

Nonpolar capacitor C/ (usually sup-
plied with the transformer) is the reson-
ating capacitor and is connected across
the resonant winding of 7/. The trans-
former’s primary winding is energized
by the ac power line via S/ and is pro-
tected by fuse F/. Neon indicator //
functions as a pilot light. Current
through it is limited to a safe value by
resistor R/.

The transformer’s primary is also
connected to the remaining two position
lugs of switch S2. The poles of this
switch are connected to the meter circuit
comprising M/, a 0-to-150-volt ac panel
meter, R2, a one-megohm, screwdriver-
adjust potentiometer, and S3, an spst

JULY 1980

switch which when closed halves the
sensitivity of M1.

Photographs of the author’s prototype
appear in Figs. 3,4, and 5. The top view,
Fig. 3, shows how the author mounted
the switches, meter, banana jacks, pow-
er sockets and other components in the
enclosure. (A standard NEMA hinged
electrical junction box measuring 12" X
12" X 6" or 30.5cm X 30.5cm X 15.3
cm was used to house the prototype.)
Also visible in this photograph are
jumper wires used to select taps on the
secondary string and a labelling system
which identifies transformer windings
and their voltages. Figures 4 and 5 are
interior views of the prototype showing
the ferroresonant transformer and re-
sonating capacitor, and the wired side of
the panel seen in Fig. 3. Note that point-
to-point wiring using No. 14 stranded
copper hookup wire was employed in the
construction of the prototype.

Project Performance. Scveral ex-
periments were conducted to determine
how effective a regulator the prototype
was. The results of some of these tests
appear in Figs. 6 and 7.

First, a variable autotransformer con-
nected to the ac power line was used as a
source of variable-voltage ac. Loads
drawing various amounts of power were
connected to the output of the project
and the input and output voltages were
monitored as the input voltage was slow-
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Fig. 4. Interior view illustrates how
the transformer, T1, and the
resonating capacitor, C 1, were
mounted in the enclosure.

ly brought up to 130 volts. The resulting
input/output voltage characteristics ap-
pear in the plots of Fig. 6. Then the
autotransformer was adjusted to provide
a constant 115-volt ac input and a test
load was adjusted to draw varying
amounts of power from the prototype.
The output voltage was monitored as the
power demand of the load was increased
from 30 to 250 watts, and the resulting
output-power/output-voltage was plot-
ted as shown in Fig. 7.

Voltage-regulating action of the fer-
roresonant transformer is clear from an
inspection of Fig. 6. When a 40-watt
load was connected to the output of the
prototype, the output varied only three
volts (from 112 to 115 volts) even
though the input changed from 90 to
130 volts! When a 150-watt load was
connected to the output of the prototype,
the output voltage varied over the same
three-volt range while the input voltage
was increased from 110 to 130 volts.

In Fig. 7, it can be seen that the out-
put voltage slowly decreased from 115 to
110 volts when the power drawn by the
test load increased from 30 to 180 watts,
This might not seem to be good voltage
regulation, but it is impressive when
compared to the performance of a stan-
dard isolation transformer with a com-
parable VA rating. Also, the author’s
ferroresonant transformer does not have
compensation or neutralization wind-
ings. A compensation winding would, of
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voltage regulator
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Fig. 6. Family of curves for three different loads Fig. 7. Curve shows transformer’s relatively
shows prototype’s input/output voltage characteristic. constant output for an increasing load.

course, further enhance the prototype’s In Conclusion. We have seen that is to be powered. The latter makes fer-
voltage regulation. To determine how ferroresonant transformers are efficient,  roresonant transformers especially use-
distorted the output waveform was, it relatively inexpensive ac voltage regula-  ful in computer applications where a
was observed on an oscilloscope. The  tors. Their benefits include some degree  transformerless TV receiver is employed
waveform had a more rounded appear- of protection from high-amplitude pow- as a video terminal. It eliminates the
ance than a true sinusoid would, but at  er-line transients and isolation from the  possibility of a catastrophic pyrotech-
no time was flattening of the peaks ac power line. The former is useful if nics display when the TV chassis is con-
(clipping) observed. transient-sensitive solid-state equipment  nected to the data system’s ground.

cp computique campuﬁque cy computique T \‘\_
Sy IEXAS [NSTRUMIENTS [ () Rty INTRODUCING CRON!C
@ electronic calculators

PACKARD
$2495 115100 sa00s | 0% 20 THE HP-85! ~X~_ DEVICES
150 33'50 Progtamme “-95 HP-92 399.95 T ALL NEW AMAZING DEVICES NOW AVAILABLE IN
aes men j o< 584 95 CONSTRUCTION PLANS, KITS OR COMPLETED ITEMS.

TI-55 3495 MBA 59.95
Ti-58C NEW 109 95 Business Analyst | 2195
Ti 59 209.95 Business Analyst Il 39.95

HP-33C NEW . 109.95
HP-34C NEW
HP-38C NEW

All plans include itemized parts lists with given sources.

TI-58/59 Libraries . 28.95 Business Card NEW 3995 l Lo 3iE “‘95 LASERS-CONSTRUCTION PLANS

T1-30SP 17.95 Language Translator NEW = 249.95 WP-32E 54'95 #SSL1 POCKET SOLID STATE 9000A $9.00
PC-100C 146.95 Digital Thermostat NEW 11495 l§ [0 550 7195 The HP-85 is a powerful #LPH2 PDCKE’T VISIBLE RED OPTICAL VERSION ... §8.00
T1-1750 19.95 Speak & Spell 5495l p37e s3.95 BASIC language computer #RUB1 RUBY/YAG RAY GUN ... $15.00
TI 5015 .64.95 Modules ea 1095 @ oo 9395 COmplete with keyboard #.C1 - CO2BURNING, CUTTING $15.00
T1 5040 94 95 Chrono Alarm 806-3) 39.95 i 4.95 CRT display, printer, an #BT1 LIGHT BEAM COMMUNICATORS--1 mile . . $10.00

HP41C NEW ... CALL tape drive - all in one com-

World Time Alarm-Chrono 807-3 . 8985 HP-85 . NEW . 3250.00 pact unit.

ULTRASONICS—CONSTRUCTION PLANS

% =PPF1 - PHASOR PAIN FIELD $15.00
@ TI HOME COMPUTER 99/4 JR %% ...... - =pSPI PHASOR SHOCK WAVE PISTOL $6.00
Console only . . .. . . | $ 699.95 800. ... .. 9 PG INVISIBLE PAIN FIELD GENERATOR £7.00

HFF- IMAGINATION MACHINE . . 5§95.00 ATAR| (STARTER SYSTEM) SHTS ULTRASONIC LISTENING DEVICE .. ... ... $10.00

J )’J 49.95

afforpic computar 16K MEMORY . 999.95 CASIO’ ';A;:g; N

SCIENTIFIC-CONSTRUCTION PLANS

=BTC3 - 250Ky HIGH FREQUENCY TESLA COIL . $9.00
#7C4 1.5 Million Volt HIGH FREQ. TESLA COIL .. §12.00
6200 NEW EXECUTIVE . .. . .. - 99.95 CHESS “77 . 89.95 #OG1 ION, PLASMA & FDRCE FIELD Generators - 56.00

SHARP 813 NEWIPROGRAMMABLE . . . .. . . 34.95 CHALLENGER
5100 NEW LCD Alphanumeric . . . . . .. 89.95 ALSO: Canon, Seiko, Craig, Sanyo, Mattel,
Pearicorder, Record-a-Call, Code-a-Phone, and

SECURITY & PERSONNEL DEFENSE CONSTRUCTIDN PLANS
#TASAR — INFO & PURCHASE PACK—Elect. Dart gun ... $10.00

EQQSQSYEW )X(‘nw COMMAND . .. . 3995 many others. All at GREAT PRICES! =8HG4 SHOCK GUN $8.00

Each Module . . . . . 14.95 FVWPME  — VOICE ACTIVATED Wireless Phone Monitor .. $10.00
WE WILL BEAT OR MEET ANY COMPETITOR'S PRICE ON MOST ITEMS IF HE HAS MERCHANDISE ON HAND. Al/ =FBT7 LONG RANGE WIRELESS MIKE . $7.00
units shipped n 0riginal factOry cartOns with accessories according to manufacturer's specification CALL TOLL FREE =SNP2 SNOOPER PHONE LISTENING OEVICE $7.00
(800) 854-0523 (outside CA) or (714) 549-7373 (within CA) Visa and MasterCharge. money order, Pers. Ck (14 working =MMOT MOVEMENT ANO MOTION DETECTOR $10.00

Days to Clear): COD accepted MIN. $4 85 for shipping in USA We ship AIR on request. CA residents add 6% sales tax All
merchandise subject to availlabilty Prices good only with this ad for hmitec time only Send orders to Dept

WRITE OR CALL FOR FREE CATALOG

E7 computigue

3211 SOUTH HARBOR BOULEVARD, SANTA ANA, CA 92704 ® 6 Stores in Califoraia
CALL TOLL FREE (800)854-0523 (outside CA) @ (714)549-7373 (within CAl.

PROFESSIONAL DISCOUNTS

CIRCLE NO. 12 ON FREE INFORMATION CARD
78 POPULAR ELECTRONICS

For a mare complete listing of aver 500 different plans, kits and com-
pleted products in the fields of LASERS, INFRASONICS, ULTRA
SONICS, NUCLEAR, HIGH ENERGY, FORCE FIELO, PLASMA,
10N, CHEMICAL, ELECTRONIC and SCIENTIFIC PERSONNEL
PROTECTION, SECURITY and SAFETY QEVICES, send $1. for ous
catalog to

INFORMATION UNLIMITED, INC
Dept Q1,P.O. Box 716
Amherst, N.H. 03031.

CIRCLENO. 32 ONFREE INFORMATION CARD

WWW amerncaanadiohigatary com


www.americanradiohistory.com

Experimenter’s
Corner

By Forrest M. Mims

The Digital Phase-Locked Loop (Part 1)

ECENTLY, I was talking to the parts buyer for an elec-

tronics supplier about sales volumes of various inte-
grated circuits. The most surprising thing I learned was that
sales of the 4046 digital CMOS phase-locked loop (PLL) are
only a trickle compared to those of other ICs.

This is puzzling, because the 4046 is is one of the most ver-
satile CMOS chips. It is also unfortunate—the 4046 is very
handy if you know how to use it. Among the many applica-
tions of the 4046 are those in frequency modulation and
demodulation, voltage-to-frequency conversion, frequency
synthesis, tone decoding, FSK demodulation, and frequency
multiplication.

One possible reason for the low sales volume of the 4046 is
that little descriptive or applications information about this
chip has appeared in electronics magazines and books. To rec-
tify this situation, we will unravel some of the mysteries sur-
rounding the digital PLL and present some basic circuits. By
the time you finish experimenting with some of the more
advanced application circuits, you'll be well acquainted with
the operating principles of the digital PLL, an exceptionally
versatile CMOS chip.

Phase-Locked Loop Basics. The simplest PLL consists
of a phase comparator, a voltage-controlled oscillator (vco),

The low-pass loop filter smooths the pulsating error voltage
into a dc level which is applied to the control input of the vco.
The vco responds to the error voltage by moving its frequency
of oscillation toward that of the input signal. This capture
process continues until the vco frequency equals the input fre-
quency. When this occurs, the PLL is said to be locked or
phase-locked to the input signal.

When the PLL is locked to the input frequency, the vco
automatically tracks any changes in the input frequency that
fall within a window called the lock range. The lock range is
always greater than the caprure range, the band of frequen-
cies over which the PLL can hunt for and “capture™ an
incoming signal.

It is important to understand that, although the loop filter
is essential for proper operation of the PLL, its time constant
limits the speed with which the system can track changes in
the input frequency. It also limits the capture range. On the
other hand, the loop filter helps prevent noise voltages from
adversely affecting loop operation. The charge stored in the
loop filter’s capacitor helps the quick recapture of a signal
temporarily lost because of a noise spike or other transient.

In short, the loop filter is a necessary part of the PLL, but it
imposes certain operating restraints and tradeoffs. Be sure to
keep this in mind when you experiment with PLL circuits,
because optimizing PLL performance often requires experi-
mentation with loop-filter component values.

Inside the 4046 PLL. Figure 2 is a block diagram of the
4046 CMOS micropower PLL. One of the most obvious fea-
tures of this chip is that it includes two phase comparators.
Phase Comparator I is an exclusive-OR gate that provides a
high degree of noise immunity. Unfortunately, this compara-
tor has a tendency to lock onto input signals having frequen-
cies close to harmonics of the vco frequency. Also, it requires
a square-wave input with a 50% duty cycle.

Phase Comparator Il is a relatively complex network of
four edge-triggered flip-flops with control gates and a 3-state
output stage. While this detector is less susceptible to the har-
monic problem that plagues Phase Comparator I, it is much
more sensitive to noise.

and a low-pass loop filter, all arranged as shown in Fig. 1. In Voo
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Fig. 1. Simple block diagram
of a basic phase-locked loop.
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Fig. 2. Block diagram of the 4046 CMOS
micropower phase-locked loop.
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EXPERIMENTER'’S CORNER continved

Both phase comparators are simultaneously driven by an
input amplifier which will be described later. Their outputs,
however, are brought out to separate pins (2 and 13). This
means that the user can select either comparator for a specific
application by simply connecting its output pin to the vco
through the loop filter.

Because the flip-flop comparator has a frequency-tracking
range of more than 1000:1, it is often a better choice than the
exclusive-OR comparator which tracks over a range of only
+ 30 percent. Another advantage of the flip-flop comparator
is that it can accept input pulses of any duty cycle (for exam-
ple, very narrow pulses).

The vco incorporates an NMOS input stage that provides

+ 9V
¢/ +9v
.00/ F
/A 6 7|
P | Ho4e Y
V/N/‘UT
s &g /"
y -
O,
ol
V/F CONVERTER -
SPEAKER
AMPLIFIER.

Fig. 3. A basic 4046 vco circuit used
as a V/F converter with a speaker amplifier.

an input impedance of 10'2ohms. Its linearity ranges from 0.1
percent (V,, = +5 V) 10 0.8 percent (Vp, = +15 V). The
oscillator’s maximum operating frequency typically ranges
from 0.7 MHz (V,, = +5 V)10 1.9 MHz (V,, = +15V).

Figure 2 shows a source follower connected to the vco
input. This buffer stage is intended specifically for frequency-
demodulation applications. It allows an external amplifier or
other circuit to be driven by the output signal from the loop
filter (the filtered error voltage) without loading down the fil-
ter. When the DEMODULATOR output (pin 10) of the source
follower is used, a load resistor of at least 10,000 ohms must
be connected between pin 10 and ground (Vgg). Otherwise pin
10 should be left floating.

Both the vco and source follower are provided with a com-
mon INHIBIT terminal (pin 5) to reduce standby power con-
sumption. A logic 0 (Vgg) at pin 5 enables the vco and follow-
er,and a logic 1 (Vp) inhibits them

The final component in the 4046 is a 5.2-volt zener diode.
This zener is intended for voltage-regulation applications, and
its use is optional.

Using the 4046. The 4046 requires a power supply that
can furnish from 3 to 18 volts at modest current levels. Power
consumption depends upon both the vco frequency and what
percentage of time the vco is enabled. For example, at a fre-
quency of 10 kHz, the 4046 consumes only 600 microwatts
about 1/160th the power required by a typical analog bipolar
PLL such as the 565. Sufiice it to say that the 4046 is ideally
suited for battery-powered operation!

A minimum number of external components is required to
use the 4046. The center frequency of the vco is determined
by one capucitor (C/) and one or two resistors (R/ and R2) as
shown in Fig. 2. When only R/ is used, the vco frequency can
be varied from 0 Hz when the control voltage at pin 9 is Vg 1o
a maximum frequency given by the equation: f__ 1/RI
(C! + 32 pF) when the control voltage is Vpp,. For proper

e
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operation, the resistance of R/ should be between 10,000
ohms and 10 megohms.

Resistor R2 is included when it is desirable to move the
minimum vco frequency to some point above 0 Hz. For this
reason, it is called the offset resistor. The minimum frequen-
cy resulting from the inclusion of R2 is determined by solving
the equation: f,..= 1/ R2 (Cl + 32 pF) when the control
voltage at pin 9'ls Vs When R2 is used, the maximum vco
frequency when the control voltage is V. is found by adding
fip to the f . obtained from the previous equation.

these veo aesign equations are extracted from Motorola’s
MC14046B specifications sheet. They apply only when the
values of R/ and R2 are between 10,000 ohms and one
megohm and when that of C/ is between 100 pF and 0.01 uF.
Nevertheless, the manufacturer’s specifications sheet ob-
serves that experimentation is in order to determine the exact
component values required for a particular application be-
cause, *“. . . calculated component values may be in error by
as much as a factor of 4.”" This poses no problem because it’s a
simple matter to use trimmer potentiometers for R/ and R2
and to adjust them to get the desired frequency range,

The loop filter, like the vco, also requires a capacitor (C2)
and one or two resistors (R3 and optional R4). The best expla-
nation of this rather touchy circuit that I have found is in Don
Lancaster’'s CMOS Cookbook (Howard W. Sams, 1977, pp.
363-364).

Earlier, we bricfly covered some of the loop-filter design
tradeoffs. Don, who seems to know more about the real-world
idiosyncrasies of the 4046 than the data-sheet authors, says
that both R3 and R4 are necessary to avoid driving the loop
into near-oscillation. He reports that best operation is ob-
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Fig. 4. A tone-burst generator in which
R 1 controls frequency and R3 burst rate.

tained when the resistance of R4 is from 10 to 30 percent of
that of R3. This provides enough damping to eliminate loop
overshoot and oscillation, but still ensures a reasonably quick
response to changes in the input frequency.

Don recommends nominal values of 470,000 ohms for R3,
47,000 ohms for R4, and 0.1 uF for C2. A longer RC time
constant means excessive delay when the loop is tracking
quickly changing input voltages. A smaller RC product can
cause erratic changes in the vco frequency as the loop tracks a
rapidly changing signal.

I said that we would have more to say about the 4046 input
amplifier later. Don comes directly to the point on this sub-
ject, so let’s hear from him again. ““The linear amplifier oper-
ation of pin 14 is an unmitigated disaster when the wideband
phase detector is being driven. Don't use it this way! Linear
operation causes extra amplitude-variation sensitivity, jitter,
tearing and generally poor noise immunity” (CMOS Cook-
book, p. 363).
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EXPERIMENTER’'S CORNER continued

One solution to this problem is to apply only full logic levels
to the input. If this isn’t possible or practical, pin 14 should be
pulled up with a 10,000-ohm resistor to V5. The input signal
can then be coupled into pin 14 by means of a 0.1-«F capaci-
tor. In any event, if the input is a low-frequency train of slow-
ly rising and falling pulses, the pulses must be conditioned
with an appropriate pulse-shaping circuit.

VCO Application Circuits. An important feature of the
4046 is that the vco section can be used on its own for many
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Fig. 5. A circuit for a siren using
a 4066 analog switch to vary the sound.

practical applications, several of which will now be described.
Experimenting with them will provide important experience
for working with the chip as a complete PLL.

Voltage-to-Frequency Converter. Figure 3 shows the
most basic 4046 vco circuit possible, a simple V/F converter.
Varying the input voltage from Vgg (ground) to V,, will shift
the output frequency over a range of 0 Hz to 18.5 kHz. You
can use this circuit as a tunable oscillator by connecting the
opposite ends of a 500,000-ohm potentiometer to V and
ground and by connecting the rotor to pin 9.

Figure 3 also includes a basic speaker amplifier that can be
used with this and other 4046 circuits.

Tone-Burst Generator. Figure 4 is a simple tone-burst
generator. Potentiometer R/ controls the tone frequency and
R3 controls the burst rate.

Siren. The operation of the siren shown schematically in
Fig. 5 is controlled by a 4066 analog switch. When the super-
low-frequency NAND gate oscillator closes the switch, ca-
pacitor C3 charges to Vp, through R2. When the analog
switch is opened, C3 discharges through R3. Because the volt-
age across C3 controls the vco frequency, the result is an up-
down siren effect.

Experiment with the various RC time constants to alter the
sound of the siren. Components R/ and C! control the cycle
time, R4 and C2 control the frequency, and R3 and C3 con-
trol the wail.

To be Continued. In Part 2 we'll examine several PLL
applications for the 4046. In the meantime, get some practical
experience with this versatile chip by experimenting with cir-
cuits presented this month.
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COLLEGE DEGREE

in your Electronics Career through

Earn Your

DEGREE — =

No commuting to class. Study at your
own pace, while continuing your present
job. The Grantham home-study program
leads first to the A.S.E.T. and then to the

Computer Age Electronic Innovation per-
mits user to save energy by keeping air con-
ditioners, heating systems, appliances, pool
heaters, machines, lights etc. off when away
from home or business and remotely turning
them on before returning or when the need
arises, by simply calling their own telephone
number and letting it ring for a pre-
determined number of times.

Self contained unit is completeiy portable
and requires no connections to the
telephone lines. A built-in microphone
senses the sound created by the bell of a
telephone. This sound signals are processed
and counted by the product’s logic circuit to
command the unit to turn the appliance
either on or off, as the user desires.

The product comprises 4 integrated cir-
cuits, 15 semiconductors plus 45 additional
electronic components. All neatly arranged
on two easy-to-assemble printed circuit

boards, housed in a vinyl clad metal housing
1% x 3%,” x 5%". All diodes and resistors are
machine formed to simplify assembly of the
kit. In these days of high energy cost and
crime, this is a kit most certainly worth
building. A one evening’s project that will
prove to be useful for yeats to come.

Easytoassemblekit . ......... .. .. $42.20
Factory Assembled . . .......... .. .. $62.20
Shipping and handling charges included.

New York residents include appticable sales tax.
ALL MAJOR CREDIT CARDS ACCEPTED

(i)emco, incorporated

37-05 Cotlege Point Boulevard
Flushing, New York 11354

(212) 359-6190
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B.S.E.T. degree. Our free bulletin gives
full details. Write for Bulletin ET-80.
Grantham College of Engineering
2500 So. LaCienega Blvd.
Los Angeles, California 90034

GRANTHAM'S FCC LICENSE STUDY GUIDE
—377 pages, 16 FCC-type practice tests, 1465 ques-
tions with answers and discussions--covering third,
second, and first class radiotelephone license
exams. Preparation for each separate class of li-
cense is presented is a separate section of the
book. $15.75 postpaid. Order from:
GSE Publications
P. O. Box 35499, L.os Angeles, Calif. 90035
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Hobby Scene / ,,

7

Wireless Microphones

Q. Do you have a schematic for a broad-
cast-band wireless microphone?— Randy
Drezdon, Milwaukee, W1,

A. Your question is ambiguous-——do you
want the schematic of a wireless micro-
phone for the AM broadcast band or the
FM broadcast band? To cover both pos-
sibilities, I am including two schematics.
Shown at A is the schematic diagram of
a wireless microphone for the AM band
that employs two germanium transis-
tors. The circuit functions as follows.
Audiv stage Q7 amplifies signals from
the crystal microphone and amplitude-
modulates oscillator Q2. The frequency
of oscillation is governed by the resonant
LC network LIC2 and can be varied by
rotating the shaft of C2. Feedback nec-
essary to sustain oscillation is provided
by the tap on L/. R-f energy generated
by the circuit is radiated by the antenna
connected to the tuned circuit.

Radio Shack pnp germanium transis-
tors (RS2007) are suggested for use in
the wireless microphone. Inductor L/ is
a J.W. Miller No. 2004 ferrite strip an-
tenna/coil with an inductance of 240
wH. It has a frequency range of 540 to
1650 kHz and is designed for use with a
variable capacitor having a maximum
capacitance of 365 pF such as the J.W.
Miller No. 2112. A short length of cop-
per wire {(one to two meters) connected
to the top of the L/C2 tuned circuit
functions as an antenna.

By John McVeigh, Technical Editor

To use the microphone, tune an AM
broadcast receiver to a dead spot on the
dial. Then speak into the transducer
and, with the antenna positioned near
the receiver, adjust C2 until you hear
your voice coming through the radio’s
loudspeaker. Range of the wireless mi-
crophone is typically 50 to 100 feet (15
to 30 m).

Shown at B is a wireless microphone
for the FM broadcast band that first
appeared as a reader’s circuit by Thom-
as Duncan in the Solid State column for
October 1971. It employs a standard
rectifier (D7) as a voltage-variable ca-
pacitance in the frequency-determining
network of modified Hartley oscillator
Q3. The circuit operates as follows.

Dc bias is applied across D/ through
R8, RY9 and RFCI. The instantaneous
bias across the diode varies in step with
the amplified microphone signal deliv-
ered by Q/ and Q2. The capacitance of
the diode junction and the frequency of
oscillation vary accordingly. In this
manner, an FM signal detectable by a
standard vhf receiver is generated.

Good vhf wiring practice should be
observed in the r-f portion of the circuit.
Either printed-circuit or point-to-point
wiring construction techniques can be
employed to reproduce the wireless mi-
crophone. Standard components are
used except for L/. This i1s a hand-
wound coil consisting of four turns of
No. 18 AWG solid copper wire wound
on a l!a-inch (6.4-mm) noninductive
form 1 inch (2.54 c¢m) long. The turns
should be evenly spaced and the coil

tapped at the second turn above ground.

A Radio Shack No. 273-102 choke
can be used for RFC!, and Radio Shack
RS-2009 general-purpose npn silicon
transistors for O/, Q2 and Q3. The Ra-
dio Shack replacement for the 1N4817
is the 276-1114, a 1000-volt, 2.5-
ampere rectifier. The circuit can be
driven by a crystal or dynamic micro-
phone. Switch S/ functions as a push-to-
talk switch, controlling the application
of power and microphone output to the
circuit. Plug P/ and jack J/ are stan-
dard '/a-inch (6.4-mm) phone-type ster-
eo connectors. A short length of copper
wire connected to the emitter of Q3
functions as an antenna.

After the circuit has been assembled,
position its antenna near that of an FM
broadcast receiver. Apply power to the
receiver and tune to a dead spot on its
dial. Close S7 and speak into the micro-
phone with the wiper of R9 set to the
midpoint of its travel. Adjust C7 until
you can hear your voice coming through
the receiver’s speaker. Finally. adjust
R9 for optimum modulation and the
best quality audio as reproduced by the
receiver. Retune C7 if necessary.

These circuits have relatively short
ranges but many uses such as monitor-
ing a baby in another room, paging an-
other member of the family, etc. They
also act as self-contained broadcast sta-
tions that allow you to entertain friends
and family by putting on your own radio
shows.

Adding a Center Tap
Q. Do you know how to add a center tap

to a transformer without rewinding the
secondary ?— B. Paddock, Masury, OH.

A. No, [ don’t.

Have a problem or question in 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
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NMclntosh

“A Technological
Masterpiece..."

Mclntosh C 32

“More Than a Preamplifier”

Mclntosh has received peerless ac-
claim from prominent product
testing laboratories and outstand-
ing international recognition! You
can learn why the “more than a
preamplifier” C 32 has been
selected for these unique honors.

Send us your name and address
and we'll send you the complete
product reviews and data on all
Mcintosh products, copies of the
international awards, and a North
American FM directory. You will
understand why Mcintosh product
research and development always
has the appearance and tech-
nological look to the future.

Keep up to date.
Send now - - -

Mcintosh Laboratory Inc.
Box 96 East Side Station
Binghamton, NY 13904

Name

Address

City _State___ 7Zip

If you are in a hurry for your catalog please
send the coupon to Mcintosh. For non-rush
service send the Reader Service Card to the
magazine.
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By Glenn Hauser

Fantastic Intercontinental TV-DX

AST autumn, a hardy breed of TV

DXers had their heyday during the
peak of solar Cycle 21. They succeeded
in pulling in European TV stations via
the heavily ionized F, layer of the iono-
sphere. Some used imported or modified
domestic TV receivers to pick up sound
or pictures or both while others em-
ployed scanners or police-band radios to
detect sound portions only. The recep-

" tion window was in the hours of sunrise

to noon local time.

Here’s a summary of some of the F,
TV-DX reported in VHF-UHF Digest,
by members of the Worldwide TV-FM
DX Association (P. O. Box 97, Calumet
City, IL 60409). Glenn Jacobs, Mos-
cow, PA, had snow-free video from Dub-
lin, Ireland, on 53.25 MHz (close
enough to American Ch. 2-—55.25
MHz—that it could be tuned in on an
unmodified U.S. set, with nothing but
rabbit cars for antenna'). It was so
strong on Nov. 11 that his closest Ch. 2
station, Utica, NY, was unwatchable.
Jacobs reported another peak Dec. 8-16
with Ch. F-4 audio on 54.40 MHz and
lots of stations on Ch. E-2, including
West Germany. Jerry Pulice, Staten Is-
land, NY, with an impressive array of
equipment, logged Swiss and German
video; Czechoslovakia tentatively. On
Nov. 4, using a modified TV set, he
viewed a credit roll on Russian Ch. 1
(49.75 MHz) with Cyrillic letters.

During November, Pat Dyer in San
Antonio, TX, had frequent reception of
video on 49.75 MHz, from the northeast
in the morning (eastern Europe), and
from the northwest in the afternoon
(China and Soviet Far East). Pat had a
few days of watchable 45-MHz BBC
Ch. 1 video, and Ch. B-2 video received
as radio signals on 51.75 MHz. By care-
ful attention to offset frequencies, DX-
ers such as Rich Turcsany in Shelton,
CT, were able to identify several differ-
ent stations in different parts of Great
Britain on channels Bl and B2.

Television DXers farther to the north
and west were not so fortunate, since
their more northerly paths to Europe
were subject to lower maximum fre-
quencies and more auroral absorption.
Still, Buck Battin in Duluth, MN, had
almost daily English and French TV au-
dio just above 41 MHz; and Fred
McCormack in Fargo, ND, logged some
weak audio on Ch. B-1.

It worked both ways. Television DX-
ers in Europe caught signals on Ameri-

WWW amerncaanadiohigtary com

can channels. Mike Allmark, for in-
stance, in Leeds, England, received sta-
tions on American Chs. 2 and 3 on vari-
ous dates in October, November and
December. Another *‘season” of inter-
continental TV DX is expected during
those same months in 1980, but since
the solar flux and sunspot counts are
declining from their peak, reception will
probably not be as exciting as it was last
year. After that, it may be another nine
years or so before another solar cycle
peak produces such DX and by then
many of these lower-frequency Euro-
pean TV channels are expected to have
been phased out in favor of uhf.

Slow-Scan Broadcasting? Inter-
continental TV DX of another kind can
take place regardless of the solar flux, if
SSTV experimenters encourage a few
stations that have launched trial bal-
loons on SSTV broadcasting. Owing to
its narrow bandwidth, SSTV can be
transmitted on ordinary shortwave
equipment. The definition is much infe-
rior to regular TV, and each picture
takes seven seconds to form. Neverthe-
less, the prospect of a visual aspect to
international broadcasting is exciting. A
station with at least two frequencies
could run its newscast or feature pro-
gramming on one, and accompanying
slides on another. The catch is, hardly
any SWLs have SSTV receiving equip-
ment. Lots of hams do, however, and it’s
up to them to get the ball rolling (or,
should we say, get the electron beam
scanning), by writing to the individuals
thinking of trying SSTV on their sta-
tions (both of whom are hams them-
selves): Ben Dalfen, DX Corner, Kol Is-
rael, Box 1082, Jerusalem, Israel; and,
Warren Moulton, Radio Australia,
Melbourne 3000, Victoria, Australia.

Summer Conventions for DX lis-
teners. The major convention is spon-
sored by the Association of WNorth
American Radio Clubs—a rare oppor-
tunity for North American listeners to
meet each other by the hundreds, and to
meet some international broadcasters in
person. Among those planning to be at
ANARCON 1980 are George Wood,
DX Editor of Radio Sweden; Alfonso
Montealegre of Radio Nederland; lan
McFarland of RCI (who is also a superb
auctioneer); and the editors of the
World Radio-TV Handbook, Jens Frost

and Andy Sennitt.
(Continued)
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The VP-111 hobby computer:
Start programming for only $99.

AC Yol 3

New! VP-111 $99
Microcomputer .... .

Assembled* and tested.

Features:

e RCA 1802 Microprocessor.

e 1K Bytes static RAM.

Expandable on-board to 4K.
Expandable to 32K Bytes total.

® 512 Byte ROM operating system.

e CHIP-8 interpretive language or
machine language programmable.
Hexidecimal keypad.

Audio tone generator.

Single 5-volt operation.

Video output to monitor or modulator.
Cassette interface—100 Bytes/sec.
Instruction Manual with 5 video game
listings, schematics, CHIP-8, much more!

Ideal for low-cost control applications.

Expandable to full VP-711 capability with
VP-114 Kit.

*User need only connect cables (included), a
5-volt power supply and speaker.

New low price! $199
VP-711, only.......... =

Completely assembled
and tested.

All the features of the VP-111 plus:

A total of 2K Bytes static RAM.
Power supply.

8 Bit input port.

8 Bit output port.

{/0 port connector.

System expansion connector.
Built-in speaker.

Plastic cover.

Three comprehensive manuals:

e |nstruction Manual—20 video game
listings, schematics, much more.

e User's Guide—operating instructions
and CHIP-8 for the beginner.

e RCA 1802 User's Manual (MPM-
201B)—complete 1802 reference guide.

RGA

Add computer power a
board at a time.

With easy-to-buy options, the versatile
RCA hobby computer means even
more excitement. More challenges in
graphics, games and control functions.
For everyone, from youngster to serious
hobbyist.

Built around an RCA COSMAC micro-
processor, our hobby computer is easy
to program and operate. Powerful
CHIP-8 interpretive language gets you
into programming the first evening.
Complete documentation provided.

Send the coupon now...

Complete the coupon below and mail to:
RCA MicroComputer Customer Service,
New Holland Ave., Lancaster, PA 17604.

Or call toll free (800) 233-0094

to place your Master Charge or VISA
credit card order. In Pennsylvania,
call (717)397-7661, extension 3179.

Please send me the items indicated.

O VP-111 New low cost Microcomputer
(See description above)
O VP-114 Expansion Kit for VP-111—Inciudes
3K RAM, 1/O Port and connectors. § 76
The original VIP Microcomputer
(See description above)
RAM On-Board Expansion Kit—Four
2114 RAM ICs. Expands VP-711
memory 10 4K Bytes ......... . $ 36
Coior Board—Adds color. Four
background and eight
foreground colors
Simple Sound Board—Provides
256 programmable frequencies For
simple music or sound effects
Includes speaker

Super Sound Board—Turns
VP-111/711 into a music synthesizer!
Two independent sound channels.
Outputs to audio
4-Channel Super Sound—Inciudes
VP-576 and demo cassette. Requires
VP-550 and 4K RAM $ 73
Memory Expansion Board—
Plug-in 4K RAM memory .......
Auxillary Keypad—Adds two-piayer
interactive capability. Connects

to VP-590 or VP-585 $ 20
Keypad Interface Board—Interfaces

two VP-580 Auxiliary Keypads

$ 99

0O vP-711

0O VP-44

0O VP-590

0O VP-595

O VP-550

$ 49
0O VP-551

0O vP-570
$ 95
0O VP-580

0O vP-585

toVP-111/711 ... L $15
O VP-560 EPROM Board—Interfaces two
2716 EPROMS1toVP-111/711 .. § 34

JULY 1980

O vP-565 EPROM Programmer Board—
Programs 2716 EPROMSs.

Withsoftware ................. $ 99
O vP-575 Expansion Board—Provides 4

buttered and one unbuffered

expansion sockets ............ $ 59

0O VP-576 Two-Board Expander—Allows

use of 2 Accessory Boards in either

1/O or Expansion Socket ....... $2
0O VP-700 Tiny BASIC ROM Board—BASIC

codestoredin 4K 0of ROM . ... .. 39
O VP-701 Floating point BASIC for

VP-711 on cassette. Requires 16K

Bytes RAM (avail. 7/80) ........ $ 49
0O VP-710 Game Manual—Listing tor 16

excitinggames ............... $ 10
O VP-720 Game Manual-li—More games .. $ 15

Enclosed is $
Add your state and local taxes $

ASCIl keyboards.

0O VP-601 Keyboard—128-character ASCil
encoded alphanumeric 8-bit parallel
output

O VvP-606 Keyboard—Same as VP-601
Asynchronous serial output

0O vP-611 Keyboard—Same as VP-601 plus
16-key numeric keypad

O VP-616 Keyboard—Same as VP-606 plus
16-key numeric keypad ........

0O vP-620 Cable—Connects VP-601/611 to
VP-111/711

O VP-623 Cable—Unterminated for
VP-601/611

O VP-626 Connector—Maje "D" mates t¢
VP-606/616

$ 69

for items checked plus shipping & handling charge of $3.00.
Totalenclosed$_______

I enclose O check or O money order. Or charge my O VISA O Master Charge.

Credit card account No.

Master Charge Interbank No. ______
Signature (required for credit orders):

Expiration date

Name (please type or print):

Street address:
State & Zip:

= City:

Telephone:( )

Make checks payable to RCA Corp. Prices and specifications are subject to change without notice.
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DX LISTENING continued

The ANARC Convention has a good
mix of formal and informal activities, is
open to all interested DX listeners,
whether or not they are club members,
and prices are extremely reasonable.
This year’s takes place July 18-20 on the
campus of the University of California
at Irvine. For further information, send
a business-size, self-addressed stamped
envelope to convention chairman Stew-
art MacKenzie, 16182 Ballad Lane,
Huntington Beach, CA 92649.

ANARCON is *“all wave”, but the
emphasis is on shortwave. Two other
conventions are mediumwave oriented,
sponsored by the two major clubs in this
field: International Radio Club of
America, Aug. 15-17, Louisville, KY;
send SASE to Ted Fleischaker, 3023
Tremont Dr., Louisville, KY 40205. Ted
has hosted 2 number of DX conventions
before, and assures a good time. The
other: National Radio Club, Aug. 30-
Sept. 1, Los Angeles. SASE to John
Clements, P. O. Box 33188, Granada
Hills, CA 91344, for info.

Frequency Mismanagement. The
shortwave broadcast bands are crowded,
resulting in inevitable frequency con-
flicts. Yet these can be kept to a mini-
mum by astute frequency management.
Unfortunately, a number of stations op-
erate oblivious to the real situation on
the bands, very much to their own detri-
ment and that of would-be listeners.

Some rely exclusively on registrations
made with the ITU, some of which are
imaginary or out of date (and the ITU
pretends jamming does not exist). Oth-
ers believe that a frequency can be
shared with another station broadcast-
ing to a different target zone. In truth,
no antenna is wholly unidirectional.
Quite often radiation from the back or
side is more than sufficient to seriously
disrupt a ““share.” Some examples are:

Radio Bras was doing fine on 15290
to North America at 0300 during our
winter, and decided to stay for spring—
but by then Radio Liberty’s jammed
service at the same time on the same fre-
quency, wiped out Brazil! If Brazil had
been sufficiently alert, it would have
changed frequencies before or shortly
after the beginning of the conflict.

Radio Lebanon is becoming a laugh-
ingstock for its poor choice of frequen-
cies in its North American service. One
was underneath the much more power-
ful TWR-Bonaire; another was under-
neath Deutsche Welle; and still another
mixed with BBC. To make matters
worse, Radio Lebanon goes on new fre-
quencies without publicizing them, forc-
ing listeners to search or give up.

Far East Network, Tokyo, used
11750 and 15260 years ago, so when
they decided to resume transmissions on
those bands in 1980, they came up on
the same frequencies—now interfered
with in both cases by the BBC, as any-

one who took the trouble to turn on a
radio would find out.

The Voice of Greece, for reasons un-
known, left two good frequencies for two
awful ones—both already subject to
jamming against RFE/Radio Liberty
(17835 and 21455 at 1200 and 1500
GMT).

Other stations make propagation
work against them, instead of for them.
Argentina’s external service is a good
example—both 11710 and 9690, the
only two frequencies they ever use, are
ineffective because of interference and
absorption, while much better propaga-
tion and clear frequencies could be
found on the bands above 15 MHz.

Country by Country. Falkland Is-
lands. Many North American DX lis-
teners got the thrill of a lifetime when
they finally received that rarest of
catches, FIBS, until sign-off at 0130
GMT on 2370 kHz. Reception peaked
during December, when the northern
hemisphere was darkest, and it may
peak again in July when the southern
hemisphere is darkest. F/BS’ April-Sep-
tember schedule runs later, to 0200
GMT, except local Sundays to 0100.
The reason for FIBS’ success in reach-
ing North America at last is a more
powerful 2.5-kW transmitter and a di-
rectional antenna favoring our azimuth.
But according to Bob Donly in
SPEEDX-GRAM, they are very partic-

computer).

10 DAY FREE TRIAL

of purchase price.

NEW 16K-RAM
PERSONAL
COMPUTER

SPECIAL FACTORY PRICE!!

For $299.00 you get new Interact Model "R” computer,
16-K-RAM, 2K-ROM, 8080A Microprocessor, color, sound,
full 53 Keyboard, cassette deck, AC adapter, R.F. Modulator,
Owners Guide, FCC approved.

SPECIAL FACTORY PACKAGE PRICE $399.

(Lists for over $800.) Everything you get for $299.00 plus: Level Il
Users Manual, Level 1l Basic Program Tape, Level Il Command
Cards, Basic Examples Book, Two 8-axis action controllers, 12
Programs and Data Tape, 90 day parts & labor warranty.
(Everything you need to learn programming and operate a

Return within 10 days complete and undamaged for full refund

We expect a factory sell out - Hurry - Order - Now! Send bank
draft, money order, or check to Protecto Enterprizes, Box 502,
Franklin Park, 11 60131 (312 e 382 e 5244)

Add $15. for handling and shipping via United Parcel
illinois residents add 6% Sales Tax

$299.00
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MlNlATURE ADJUSTABLE
CAPACITOR

Ay 4 % dis

ALCO HEAVY DUTY
MINATURE SIZE TOGGLE
35-13pt « Rated: 10 amps « 120 vac
or « Contacts: solid silver S, P.D.T,

7-35pt high « Body Size: 9/16" dia.
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| i — *—_" y -
22144 EDGEBOARD CONNECTOR
| TIN SOLDERTAIL .156"x 200" ||
| @342 W @ 2:3 40 LT ‘W
|
LARGE QUANTITIES AVAILABLE
REED RELAYS $1.35 each 10 for $12.50
3-15VOLT D.C.
NORMALLY OPENED PHOTO — FLASH

CONTACTS: 1 amp max.
switch — 2 amp max, carry
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loeng ' inch high
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CAPACITOR
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'ALL ELECTRONICS CORP. "

905 S. Vermont Ave. SEND FOR OUR FREE CATALOG
Los Angeles, CA 90006
(213) 380-8000

Store & Warehouse Hours
SAM-5PM

TERMS

* Quantities Limiled

* Min. Order $10.00

« Add $2.00
Shipping USA

« Calif. Res. Add 6%

* Prompt Shipping

Monday thru Friday
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10 AM - 3PM
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ular about the accuracy of reception re-
ports and stingy with their newly de-
signed QSL cards. However, there have
been unconfirmed reports of a pirate in
Connecticut pretending to be FIBS at
the same time on the same frequency.
Beware! Should you get tired of hearing
FIBS on 2370, noone in North America
has yet reported its other frequency, 536
kilohertz!

Guatemala. Union Radio is a new
shortwave station operated by Adventist
World Radio. The station made a big
splash during its first five days on the air
in March, since it was radiating a pow-
erful harmonic on 18266 or 17935 kHz,
much more easily heard than fundamen-
tals one third of those frequencies (its
two intended frequencies are 5980 and
6090). AWR then went off the air for a
week, returning with much weaker har-
monics and slightly stronger fundamen-
tals. A power increase to 100 kilowatts is
planned.

Iceland has long been a tough country
to hear—nothing but a domestic pro-
gram for mariners half an hour per day
at 1200 on 12175 kHz using a low-pow-
ered transmitter on a frequency with
lots of interference. But for the summer,
Iceland has registered a new broadcast
to Europe at 1800-2000 GMT on 9565
and/or 11855 and/or 15420 kHz. A re-
gistration is far from a certainty, and
the language is not specified, but it’s
worth checking.

Malaysia is upgrading its external
service with two new 500-kW senders
now supposed to be in use on 11900,
15295 and 17725 kHz. They’ve not said
anything about using them to broadcast
to North America.

United Arab Emirates. Dubai Radio
& Color TV seems seriously dedicated
to starting an international service from
a place most Americans have never
heard of. They advertised for English
language newscasters, offering salaries
as high as 17,000 pounds, and carried
out test transmissions mainly to Asia
and the Pacific, but also heard in North
America testing on 21485 and nearby
frequencies around 0700 GMT. Howev-
er, 300 kW transmitters are registered
on some frequencies toward us: 11755 at
0030-0230 GMT and 9505 at 0300-
0430.

Vanuaatu is the name for the newly
independent New Hebrides. Its radio
station adopted the name Radio Van-
uaatu as carly as March, per Arthur
Cushen. Once a prime DX catch on
3945 kHz, Vila became somewhat easier
to hear in North America this year by
using 7260 kHz at 0800-1030 GMT.
Don’t confuse with R. Hong Kong,
which has returned to 3943 at 1100 to
1115 only.

Yugoslavia has been promising a ma-
Jor expansion in its external broadcast-
ing for years, but this suffered continual
delays, topped by Pres. Tito’s long ill-
ness. Once Yugoslavia’s future course is
set, perhaps Radio Yugoslavia will ful-
fill its plan to add new high-powered
transmitters and antennas more suitable
for serving North America and many
other regions.

(continued overleaf)

’ Start Computing For Just $129.95 With An

8085-Based Professional Computer Kit—

Exploreri85

100% compatible with all 8080A and
8085 software & development tools!

No matter what your future computing plans may
be, Level “‘A"—at $129,95—is your starting point.

Starting ar just $129.95 for a Level *'A"* operating sysiem,
you can now build the exact computer you want. Explorer/8s
can be your beginner's system, OFEM controller, or IBM-
formatted 8" disk small business system. . .yet you're never
Sforced 10 spend a penny for a component or feature you don't
want and you can expand in small, affordable sieps!

Now, for just $129.95, you can own the first level of a fully
expandabie computer with professional capabililies—a com-
puter which features the advanced Intel 8085 cpu, rhereby
giving you immediate access 10 all software and development
tools that exist for both the 8085 and its 8080A predecessor
(they are 100% software compatible)—a computer which
features onboard S-100 bus expansion—plus instant conver-
sion to mass storage disk memory with either 5-1/4" diskettes
or standard IBM-formatted 8" disks.

For just $129.95 (plus the cost of a power supply, keyboard/

terminal and RF modulator, if you don’t have them already),
Explorer/85 lets you begin computing on a significant level. .
applying the principles discussed in leading computer maga-
zines. . .developing ‘‘state of the art’”” computer solutions for
both the indusirial and leisure environment.

Level “A” Specifications

Explorer/85°’s Level ““A’" system features the advanced Inte!
8085 cpu, an 8355 ROM with 2k deluxe monitor/operating
system, and an 8155 ROM-I/O—all on a single motherboard
with room for RAM/ROM/PROM/EPROM and S-100 ex-
pansion, p/us generous prototyping space.

(Level ““A’ makes a perfect OEM controller for industrial
d is available in a special Hex Version which
3 e can be programmed using
¥E | the Netronics Hex Keypad/
< 1 Display.)

PC Board: glass epoxy, plated
through holes with solder mask
) * 1/0: provisions for 25-pin

—— (DB25) connector for terminal
Level A" at $129.95 is a serial 170, which can also sup-
complete operating system, pOrt a paper tape reader
perfect for beginners, hob- .. provision for 24.pin DIP
biests, or industrial con- socket for hex keyboard/dis-
trolier use. play.. . cassette tape recorder in-
put. . .cassette tape recorder output...cassette tape control
output. . .speaker output... LED output indicator on SOD
(serial output) line. . printer interface (less drivers). . .total of
four 8-bit plus one 6-bit 1/Q ports e Crystal Frequency: 6.144
MHz ¢ Control Switches: reset and user (RST 7.5)
interrupt. . .additional provisions for RST 5.5, 6.5 and TRAP
interrupts onboard * Counter/Timer: programmable, 14-bit
binary * System RAM: 256 bytes located at F80@, ideal for
smaller systems and for use as an isolated stack area in
expanded systems. . . RAM expandable 1o 64k via S-100 bus or
4K on motherboard.

System Monitor (Terminal Version): 2k bytes of deluxe
system monitor ROM located at FO00 leaving 0008 free for user
RAM/ROM. Features include tape load with labeling . . .tape
dump with labeling. . .examine/change contents of memory
...insert data...warm start...examine and change all
registers. . .single step with register display at cach break point,
a debugging/training feature...go 1o execution address. ..
move blocks of memory from one location to another. . fill
blocks of memory with a constant. . . display blocks of memory

. .automatic baud rate selcction. . . variable display line length
control (1-255 characters/line). . .channelized 1/Q monitor
routine with 8-bit parallel output for high speed printer. .
serial console in and console out channel so that monitor can

communicate with 1/0 ports.

System Monitor (Hex Version): Tape load with labeling.
tape dump with labeling . . .examine/change contents of mem-
ory...insert data...warm siart...examine and change all

[ ]
| P enoncs R L ST e = ———

333 Litchfield Road. New Milford, 06776

Please send the items checked below— plus $2 p&h.

registers. . .single step with register display at each break point
...80 to execution address. Level *‘A” in the Hex Version
makes a perfect controller for industrial applications and can
be programmed using the Netronics Hex Keypad/Display.
== Hex Keypad/Display
Specifications
, Calculator type keypad with 24
*" system defined and 16 user
defined keys. 6 digit calculator
type display which displays full
S address plus data as well as
Hex KNeypad/Display. register and status information.
Level “‘B” Specifications
Level*B'’ provides the S-100 signals plus buffers/drivers to
support up to six S-100 bus boards and includes: address
decoding for onboard 4k RAM expansion select-able in
4k blocks. . .address decoding for onboard 8k EPROM expan-
sion selectable in 8k blocks. . . address and data bus drivers for
onboard expansion. . . wait state generator (jumper selectable),
to allow the use of slower memories. ..two separate 5 volt
regulators.

Level “C” Specifications
Level "C" expands Explorer’s
motherboard with a card cage,
allowing you to plug up to six
S-100 cards directly into the
motherboard. Both cage and
Explorer/85 cards are neatly contained inside
“‘C"’card cage. Explorer's deluxe steel cabinet.
Level ""C’" includes a sheet metal superstructure, a S-card gold
plated S-100 extension PC board which plugs into the mother-
board. Just add required number of S-100 connectors
Level “D” Specifications
Level "D*’ provides 4k or RAM, power supply regulation,
filtering decoupling components and sockets to expand your
Explorer/85 memory to 4k (plus the original 256 bytes located
in the 8155A). The static RAM can be located anywhere from
0000 1o EFFF in 4k blocks.
Level “E” Specifications
Level "E" adds sockets for 8k of EPROM (o use the popular
Intel 2716 or the T12516. It includes all sockets, power supply
regulator, heat sink, filtering and decoupling components.
Sockets may also be used for soon to be available RAM IC’s
(allowing for up to 12k of onboard RAM).

Order A Coordinated

Explorer/85 Applications Pak!

Experimenter’s Pak (SAVE $12.50)—Buy Level "“‘A’" and Hex
Keypad/Display for $199.90 and get FREE Intel 8085 user’s
manual plus FREE postage & handling!

Student Pak (SAVE $24.45)—Buy Level ‘A, ASCII Key-
board/Computer Terminal, and Power Supply for $319.85 and
get FREE RF Modulator plus FREE Intel 8085 user’s manual
plus FREE postage & handling!

Engineering Pak (SAVE $41.00)—Buy Levels “A,” “B,”
“C,” D,” and “‘E"’ with Power Supply, ASCII Keyboard/
Computer Terminal, and six $-100 Bus Connectors for $514.75
and get 10 FREE computer grade cassette tapes plus FREE
8085 user’s manual plus FREE postage & handling!

Business Pak (SAVE $89.95)—Buy Explorer/85 Levels “'A,"
“B,” and “‘C’" (with cabinet), Power Supply, ASCII Key-
board/Computer Terminal (with cabinet), 16k RAM, 12"
Video Monitor, North Star 5-1/4"" Disk Drive (includes North
Star BASIC) with power supply and cabinet, all for just
$1599.40 and get 10 FREE 5-1/4"" minidiskettes (549.95 value)
plus FREE 8085 user’s manual plus FREE postage & handling!

Continertai U.S_A. Credit Card Buyers Outside Connecticut

CALL TOLL FREE 800-243-7428

To Order From Connecticut Or For Technical
Assistance, Etc. Call (203) 354-9375
sonalized disk operating system— just
plug it in and you’re up and running!?),

$699.95 plus $5 p&h.

with level

0 Explorer/85 Level “* A" Kit (ASCII
Version), $129.95 plus $3 p&h.

O Explorer/85 Level “A'' Kit (Hex
Version), $129.95 plus $3 p&h.

O 8k Microsoft BASIC on cassette
tape, $64.95 postpaid.

O 8k Microsoft BASIC in ROM Kit
(requires Levels “'B,”” *'D,"" and “'E""),
$99.95 plus $2 p&h.

0 Level “*B" (S-100) Kit, $49.95 plus
$2 p&h.

[ Level **C'’ (S-100 6-card expander)
Kit, $39.95 plus $2 p&h.

O Level 'D" (4k RAM) Kit, $69.95
plus $2 p&h.

O Level “E” (EPROM/ROM) Kit,
$5.95 plus 50¢ p&h.

O Deluxe Steel Cabinet for Explorer/
85, $49.95 plus $3 p&h.

O ASCH Keyboard/Computer Ter-
minal Kit (features a full 128 character
set, upper & lower case, full cursor con-
trol, 75 ohm video output convertible
to baudot output, selectable baud rate,
RS232-C or 20 ma. 170, 32 or 64 char-
acter by 16 line formats, and can be
used with either a CRT monitorora TV
set (if you have an RF modulator),
$149.95 plus $2.50 p&h.

[J Hex Keypad/Display Kit. $69.95
T T WS S

[J Deluxe Steet Cabinet for ASCIl
Keyboard/Terminal, $19.95 plus $2.50
pé&h.

O Power Supply Kit (+8V @ § amps)
in deluxe steel cabinet, $39.95 plus $2
p&h

O Gold Plated S-100 Bus Connectors,
$4.85 each, postpaid.

O RF Modulator Kit (allows you to
use your TV set as a monitor), $8.95
posipaid.

O 16k RAM Kit (S-100 Board expands
to 64k), $199.95 plus $2 p&h.

O 32k RAM Kit, $329.95 plus $2 p&h.
O 48K RAM Kit, $459.95 plus $2 p&h.
O 64k RAM Kit$589.95 plus $2 p&h.
O 16k RAM Expansion Kit (to expand
any of the above up to 64k), $139.95
plus $2 p&h each.

O Intel 8085 cpu User's Manual, $7.50
postpaid.

O Special Computer Grade Cassette
Tapes, $1.90 each or 3 for $5, postpaid.
O 12" Video Monitor (10 MHz band-
width), $139.95 plus $5 p&h.

O North Star Double Density Floppy
Disk Kit (One Drive) for Explorer/
85 (includes 3 drive S-100 controller,
DOS, and extended BASIC with per-

WWW ammrernieaniadiahictary com

OPower Supply Kit for North Slarl
Disk Drive, $39.95 plus $2 p&h.

J Deluxe Case for North Star Diskl
Drive, $39.95 plus $2 p&h.

O Experimenter’'s Pak (see abovc).l
$199.90 postpaid.

[J Student Pak (see above),
postpaid.

O Engineering Pak (see abovc),l
$514.75 postpaid.

O Business Pak (see above), 31599.40I

sslo.ssl

postpaid.

Total Enclosed $ ——I

(Conn. res. add sales tax) By—

(] Personal Check 5 M.O./Cashier'sl

Check O visa O Master Chargel
(Bank#___ )

Acct. #

Signature __Exp. Date

Print I

Name I

Address I

City I

State . Zip.

D SN EEN WU mEm TN SEN W SES mem s mww Bm [ Send Me Information -J
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DX LISTENING Continued

Publication. Radio Communicalion§ Guide is the latest 1800-2 150 R. New Zealand 15485, ex-15345
compilation of utility station frequencnes and schedules by 1900-2000 HCJB Ecuador  17825t,  15435%, ex-17885,
Steve Handler. The 80-page spiral-bound booklet covers 15405
moslly .mllllary and go'vernmen!al transmitters on hf and vhf 2000-2115 BBC delete 17840
in 51 different categories. Cos} is $6.95 (plus 42¢ tax for Hli- 2030-2130 V. of Turkey 11895, 11855, ex-11955
nois residents; $_1 extra for first class mailing), payable to 2045-2230 All india R. 15110
Handler Enterprises, Inc., P.O. Box 48, Deerfield, IL 60015. 2050-2100 R. Free Europe 17835, 15420, 11825, ex-15290
Updating Listing. The following changes and additions (Friday)
should be made in the “English Broadcasts™ listing that 3128'2‘50 R-CRSA 11900, 9585, ex- 17780, 21535
appeared in the June issue. 130-2200 HCJB Ecuador :;%:T, 15435t,  ex-17885,
GMT Station Frequencies 2200-221 R.J . i
0900-0930 NSB, Tokyo  delete 2200_2303 . Ggar é?;go, ex-15230 (via Portugal)
??88‘ :ggg i‘#g#ss"a"a ég;gs 2200-2300 V. of Turkey 15360, ex- 11955
- o 2200-0200 AFRTS- 17765, ex-25615
e hingion Washington
ggglggg ngashkent :1;;: (gc;r;hsnugt;ss)o not 11730 pdigrec ol SRac 11970, B Ve
. ] : 0 ' 2300-2330 R. Sweden 15380 ex-15275
o el and (ol 2300-2330 R. Vilnius 15275, 11735
1200-1245 R. Berlin Int'l delete 2300-0300 R. Moscow 15460
1200-1300 V. of Turkey 17860, 15185, ex- 17820, 11800 World Service
1230-1255 Austrian R. 15290, ex-21655 2305-2320  — -
el WYFR 21525, ex-21615 (Sunday) 0000-0030 Kol Israel 21710, not 21555
1300-1345 R. Berlin Int’l 21540, 21465, 17700 (ex-1400- e R Berlin Int'l ek L oo oS
1445) ' , ' 3
0000-0155 R. Pek
1300-1600  CBC Southern 9580 (17880, 1300-1400, 17710, (oao o100 oo - —
SR gel ;Z&?ZSOO) (Sunday) 0030-0200  HCJB, Ecuador 1515561, ex- 1525
: 0100-0115 Vatican R. 9645, ex-9605
1530-16 NSB, Tok -
1600-16:2 VjtiéanoR);czjio ?‘;lsi;g ex-1700 UGG el 2 ol BUsiad
; 0100- . 2 i s
1600-1709 BBC 17830 15260 0130 R. Budapest (6)(1)28) ex-6105 (Wed & Fri 0030
1605-1655 R. France Int. 25900, 21515, ex-21675
1700-1730 HCJB, Ecuador 26020, 21480, 17790t (ex-1700- 8:28:8228 \\//VEFeF:many ?;;g,sex IS SN
1800) : -
geEr il fmee
.1 i '
:;gg-égg gBﬁorway g;;;g =t 0200-0230 R. Budapest 6000, ex-6105
' 0200-0250 R.RSA 9610, 9585, 5980, ex-17770,
T/mm. B — 15265, 15155
iy 0200-0300 Radiobras 15290
0200-0430 AFRTS- 15430, 9755
Washington
0200-0455 R. Peking 15230 not 15600
0230-0245 R.Pakistan delete 21730
0230-0300 R. Lebanon 11820t, ex-11785
0230-0300 R. Sweden 152901, ex-9695
0230-0315 R. Berlin Int’l 11975, 11890, ex-0330-0415
0230-0445 BBC 15070
I i— bANK SYTE : 0230-0500 HCJB Ecuador 15155, ex-15250
IN STOCK . RES L K 0300-0315 R. Budapest 6000 ex-6105 (Wed & Sat; Mon-
16 Kx1 Static ‘
745373 0330)
745374 0300-0330 R. Portugal 15125, ex-6025
‘}325 M[ngyxgogno:lm ﬁ“ 0330-0400 R. Finland 15400, 15430, ex-9760 and
- - B 755
$EQog 1o 450ns 11
8“" 59 16K EPROM 0330-0500 R. Tanzania delete
‘ 0330-0500 AWR, 5980, 17940, ex-0100-0300
82795 Guatemala
1024 x4 Static RAM . 0350-0410 RAI, ltaly 21560 not 2156 1
o = 3475 a8 0400-0530 (TZapnil R, 3950t
ranskel
80380 : 0400-0600 R. Moscow 12060 not 12030
0430-0630 TWR, Swaziland 7175t ex-7290
vCO waveformGe BARE BOARD .
wisine "s 265 WITH DOCUMENTATION MO 32895 0430-0700 AFRTS- 17765, 15430
K Washington
. 0500-0515 Kol Israel 21710 not 21555
i ¥ — 0500-0530 R. Portugal 9575, ex-6185
E: g 0500-0600 R. Australia 21650
| = 0530-0600 R. New Zealand 17860, 15345 (Mondays; fort-
CONCORD nightly)
0600-0630 R. Australia 17795
COM PUTER 0600- 1100 HCJB Ecuador 11900, 6135, (0700-1030, also
9745)
0625-0800 TWR, Monte 9495t ex-9485
1971 SOUTH STATE COLLEGE - ANAHEIM, CA. 92806 Carlo
VISA-MASTER CHARGE (714) 937-0637 MINIMUM ORDER-$10.00 0700-0730 Swiss R. Int’l 21520
CHECK ORM.0. ADD $1.50 FOR FRT. Note: For late information on schedule changes, monitor ‘DX
ND COD. We stock amd selt over 12,000 types of semi-conductors  CAL,RES. ADD 6% Digesl’ on Radio Canada International: Sundays 1807. 1915
; 3 3 ] 5
CIRCEE NG 13 ONEREEINEORMATIONCARD 2015; GMT Mondays 0007, 0407; Wednesdays 2145.
88 POPULAR ELECTRONICS
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New Literature

SHAKESPEARE FIBERGLASS ANTENNAS

The 1980 Shakespeare Catalog describes over
100 products, including accessories, for CB, CB
marine, land mobilc and amateur applications.
Featured arc the Super Big Stick™, a fully
insulated bast station antenna: the two Load™,
a duo-phased mobile antenna; and the compa-
ny's new generation of magnetic mounts, whose
holding powers arc said 1o be increased 400%
over older models.  Add: Shakespeare . Elec-
tronics and Fiberglass Div., P.O. Box 246, Co-
lumbia, SC 29209

AAL SPEAKER CATALOG

Thirty-six models of hi-fi speakers are covered
in a new catalog from America Acoustics Labs.
Engineering, construction. and performance
specifications are given for the Classic, Studio,
Micro and new Equation scries of speakers.
Also included are special units for discos, clubs,
etc., and individual drivers for homespeaker
builders. Address: American Acoustics Labs,
629 W. Cermak Rd.. Chicago. [L 60616.

PHILLIPS INSTRUMENT CATALOG

A new catalog of Phillips products marketed in
the U.S. and Canada by PTMI includes specifi-
cations and illustrations of oscilloscopes, coun-
ters and counter timers, pulse generators. a
logic analycer and a logic scope. Address: Phil-
lips Test & Measuring Instruments, 85 McKee
Dr.. Mahwah, NJ 07430.

SEMICONDUCTOR REPLACEMENT GUIDE

The 1980 edition of the Archer Semiconduc-
tor Replacement Guide is a 224-page de-
scription of Radio Shack’s Archer-brand
semiconductors and includes data and pin
connections for ICs, diodes, SCRs, LEDs.
and other devices. 1t also features a cross-ref-
erence/substitution listing for over 100,000
devices available from Radio Shack. Infor-
mation is included on the care and handling
of semiconductors, and there is a glossary of
words, symbols and abbreviations. $1.99
from Radio Shack stores and dealers.

AVIONICS KITS CATALOG

A 16-page catalog from Radio System Tech-
nology describes its line of light aircraft avi-
onics and test equipment kits, including au-
dio panels. transceivers, intercoms, battery
packs, and antenna splitters. Address: Radio
Systems Technology, Inc.. 10985 Grass Val-
ley Ave., Grass Valley, CA 95945.

JULY 1980

SPEAKER MINI-CATALOG

A pocket-size 12-page catalog of spcakers and
related components from Heppner Sound in-
cludes illustrations and specifications for horns,
domes, and compression drivers. Speakers
range from 3’ to 18’, including elliptical and are
for use in 2- and 3-way systems. Address:
Heppner Sound, Rt. 120, Belvidere Rd., Round
Lake, IL. 60073.

COMPUTER SUPPLIES AND ACCESSORIES

Inciuded in International Minicomputer Ac-
cessories Corp.’s 1980 catalog are new items
such as preformatted flexible disks. micro-
computer cables, sound enclosures, flexible-
disk hanging file folders, and mini-data car-
tridge binder leafs. In addition to its product
line, the catalog contains product/supply
compatibility indexes and cross-reference
guides for computer accessories and supplies.
Address: Dept. BPR, INMAC, 2465 Au-
gustine Dr., Santa Clara, CA 95051.

RECTIFIER TECH TIP

Westinghouse's Tech Tip 1-9 “What Is a
Fast Recovery Rectifier—Where and Why
Is it Used?" explains the relationship be-
tween fast recovery and soft or abrupt recov-
ery, the factors that determine this relation-
ship, and whether a rectifier will be usable in
specific applications. Reverse recovery time,
voltage rating, circuit design, snubber cir-
cuits, and operating frequency are discussed
as determinants for such applications as
high-frequency rectification. freewheeling
diodes, and feedback or clamp diodes. Ad-
dress: Semiconductor Div., Westinghouse
Electric Corp., Youngwood, PA 15697.

INTEL COMPONENT CATALOG

The 1980 Component Data Catalog.”
available from Intel Corp., contains specifi-
cations for commercial, industrial and mili-
tary devices, support products and services,
including megabit bubble memory devices,
the 2920 signal processor, and the 8089 16-
bit /O processor and peripherals. LS1 mem-
ory and microprocessor devices are included
along with the 8086 16-bit VLS] CPU and
support components. The catalog is $7.50.
Address: Literature Dept., Intel Corp.. 3065
Bowers Ave., SC3-3, Santa Clara, CA
95051.

LED CATALOG

The 1980 short-form Catalog from OPCOA
features its complete line of LED lamps, dis-
play modules, and “chip-on-board™ display
assemblies. Specifications and dimensions
are given on a new line of bi-color LEDs in
red, green, orange. and yellow combinations
in T-1% low-profile and T-1 packages. Digit
heights are 0.3” to 1.0"”. Address: OPCOA,
330 Talmadge Rd., Edison, NJ 08817.

TEST INSTRUMENTS

Features and specifications of test equipment
made by 14 concerns are given in a catalog
from The Instrument Mart. Included are os-
cilloscopes, digital multimeters, frequency
counters, function and pulse generators, au-
dio analyzers, power supplies, etc. Address:
The Instrument Mart, 295 Community Dr.,
Great Neck, NY 11021.

WWW akmerieabiadiahistary com

"RATED NO.1 FOR
SERVICE & RELIABILITY”

THIS MONTH'S
SUPER SPECIALS!
CAR STEREO_

PIONEER- contnued
M PIONEEIR  oM1216 wausich 2890

CASSETTE INDASH W/RADIO &1 163050 %) 133 %
KP-1500 9.90 €5 (7-band equalizer)
z:j;% :?; 38 CO-7 {7-band equalizer) 24 90
KP-5500 127,90 h[ h
KP-8500 142.90 J E SE
KE-2100 17490  CAR SPEAKERS
KE-3000 209.90 11001 {6x9 separates) 94.50/pr
KE-5000 . 24490 1065 (6x9 triax—S0 watts) . 62.50/ps
KP-3500 (foreign cars) 129.90 11933 {6x9 triax 11-100 w.}. 79.50/pc.
KP-4502 (foreign cars) 144.90 11101 {4x10 triax—4S watts) 62.50/pr
KP-8000 {foreign wﬁ} 154.90 11130 {4x10 triax )1-50 w.). 79.50/pr
KE-2007 (foreign cars} 20990 11174 (5% triax—50 watts) . . 62.50/pr.
KPX-9000 {requires amp} 15490 (1124 {$% triax 1175 watls) 79.50/pr_
KPX-9500 (requires amp) 1799|1069 (629 coax—45 wauss) . 40 50/pr.
CASSETTE UNDERDASH 11037 {629 coax 11-90 w.}. . 5§9.90/pr.
KP272 £9.90 11077 (5% coax—45 watss) .. 41.50/pr.
Kp-373 84.90  J1041 (8% coax 1175 watts} 49.50/pr.
KP-575 .94.90
KP-250 104.90 SANYO
KP500 . 12990 CASSETTE IN-DASH W/RAD|
KP-66G (requires amp) 7990  FT-1490A. 139.90
KP-77G (requires amp) 10490  F.1498 259.90
KP-88G (requires amp} 9990 FT.646 154.90
KPX-600 {r¢quires amp} 12490  FT-1490-2 164.90
KP-707G {requires amp} 14490  FT-1495 169.90
CAR SPEAKERS Frc2 54.90
. . FTC4
X 8 9.90
5 lg; sg.gg;pr CASSETTE UNDERDASH
15 -49.50/pr. FT 606 90
Ts-168 84.50/or. 121400 95 90

15695 89'50/pr, [ WE ALSO CARRY THE
TS-X6 69.90/pr. FULL LINE OF CAR

TSX9 | 125.90/pr. | STEREO 8Y:GRUNDIG,
POWER AMPS/EQUALIZERS |MITSUBUSHI,CONCORD,
BP320 (20 watts/ch sag0 | e e,
AD-360 (70 was/ch ) 1990 o &
AD30 (30 watts/ch, + equalizer) 89.9¢ | AUDIOLONCAAIGAND
AD-50 (50 watts/ch. » equalizer|144.9¢ :

BLANK TAPES

CASSETTE TAPES
AMPEX Grand Master [ or 11 C90 2 99 TDK ADC-60 1.68
BASF pro), Il or 111 C-90 TDK AD C-90 L 245
FUJIFX 1 or 11 C-90 2 9 TDK SA C-H0 2.5
SCOTCH Low Noise C-90 3/pack. 5 99 TDK SA C-90 N 299
SONY LNX C-90. TOK Ma C-60 (metal). 6.29

Sony FeCr C-90. ’ 2‘ MAXELL UD, UDXL | & i1 C-90
TDK D C-60 119 100 low to advertlse
TDK D C-30 168 call or write for prices

REEL-TO-REEL TAPES
SCOTCH Master {1800 f) s 99 VIDEO TAPES

(1800 1) ALLBETA L-500. 1295
MAXELL UD 35-90 (1800 ft. .549 ALL BETA L-750 1595
TOK L-1800 (1800 ft} 522 ALL VHST-120 14.95

VIDEO TAPES
WECARRY: AMPEX, BASF, FUJi, |VC, MAXELL, PANASONIC, MEMOREX, TDK,
SCOTCH, SONY, RCA
WE ALSO STOCK VIDEO RECORDERS AND HOME VIDEO MOVIES

MINIMUM ORDER 12 TAPES—100% GUARANTEED

CARTRIDGES

audlo -technica

AT20S: 13450 B§
AT-15 ss. 89.95
AT-145A 4995  V1Stype IV £9.90
AT-125A 39.95 V15 type It 69.95
AT-10 12.95 MITHE 51.95
M95 HE. 34.90
STANTON M9 ED. 2050
8815 79.95 M4 E. 14.90
681 EEES $9.95 M70E) 11.90
681 EEE 49.95
680 €€ 17%:
S00E 14
@ PICKERING
EMPIFE X5V /4000 6830
2000 2 4995 XSV/3000 4590
2000 7 2950  XV15/750 3490
2000 E/111 1850 XV15/625. 26.90
EDR 9 11450 xv1s/400 L2450
DISCWASHER
Complete system 10.9
Diski ;  HEADPHONES
Discorganize 9.6
16 00,03 retl Y9 KOSS pro 4/AAA 46.50
e leas KOsSHVILC 3450
SC-1 stvlus cleancr oS OSSIVX/LC pa5g)
drscfoot 1595 KOSSHVX 4295
SENNHEISER HD420 52.50
FUZZBUSTER I radar detecior 82.90  SENNHEISER HD-430 7250
FUZZBUSTER ELITE detestor 134 AUDIO FECHNICA ATH-7 9495
BEAM BOX FM-8 antenna 995 PIONEER SE-205 2295
BEAM BOX FM-10 antcnna 64.9

RECORDS
ALL ROCK, JAZZ & CLASSICAL

Al 798 List ... ... $4.99
Al1898 List...... $5.49
AI19.98 List. ... . $5.99

.50c additional for cassette or 8-track
MINIMUM ORDER: 5 records or tapes

WE STOCK ALL MAJOR LABELS

HOW TO ORDER: For shipment within 48 hours, send money
order or certified check. Two weeks delay on personal checks.
Plaase add $3.50 per order for shipping & handfing {$5.50 for
orders outside U.S.). NY.S_ residents add tax. No C.0.0 "s.

Al merchandise 100% guaranteed, brand new & factory fresh.

(

JERUSRD

33 PARK ROW, DEPT. PE, NEW YORK, N.Y. 10038

ORDER TOLL FREE (800) 221-8180
ALL OTHER MATTERS: CALL (212) 732-8600

CALL OR WRITE FOR FREE 160-PAGE CATALOG
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PARTS MASTERS

STOCKING DISTRIBUTOR

10 MHZ DUAL TRACE
OSCILLOSCOPE
MODEL —302 LEADER

Sensitivity calibrated
Bandwidth DC or 2Hz to 10MHz
Time Base Calibrated: 1uS to 0.2S per div:

3% DIGIT LAB DMM
MODEL B & K 2830

0.5% DC Accuracy
Autozeroing
100uV, 100 nA, .01 ohm resolution

PARTS MASTERS, INC.
P.O. Box 684 Pinebrook, N.J. 07058
(201) 227-7797

Send for full catalog
CIRCLE NO.47 ON FREE INFORMATION CARD

Get A GNOME

the original micro-synthesizer

Every day more people discover that PAIA’s
GNOME is the most versatile, cost effective
special effects device on the market today.

John Simonton’s time-proven design
provides two envelope generators, VCA, VCO
and VCF in a low cost, easy to use package.
Use alone with it's built in ribbon controller or
modify to use with guitar, electronic piano,
polytonic keyboards, etc.

The perfect introduction to electronic music
and best of all, the Gnome is only $59.95 in
easy to assemble kit form. Is it any wonder
why we've sold thousands?

AR 1020 w witshire Bive. Oiizhoma City. 0K 73116

ih------------d’----------ﬁ
3¢ ) Send GNOME MICRO- SYNTHESIZER Kit)
(359.95 plus $2.00 postage)
) GNOME MICRO-SYNTHESIZER
(Fully Assembled) $100.00 plus $2 postage

) Send FREE CATALOG
j hame
: address
: city.

]
1

1
8

. state ___ zip

lvisa___ me card no.

Lm Dept. 7.P kh0518h3-9828

1020 W. Wilshire Bivd. Okishoma Gity. DK 73116 J
- o o - - - - o o - - - - = - = - - -
90 CIRCLE NO. 46 ON FREE INFORMATION CARD

Electronics Library

280 Assembly Language Programming

by Lance A. Leventhal
Written for the scrious programmer, this
book discusses Z80-based assembly lan-
guage programming in depth. It presents
software development concepts and contains
more than 80 programming examples. In-
cluded are tlow charts. source programs, and
object codes. Comparisons between Z80 and
8080A /8085 instruction sets. interrupts, and
other pertinent areas are detailed. Separate
sections are devoted to subroutines, pro-
gramming the Z80 interrupt system, 1/0 de-
vices, interfacing, debugging, and two sam-
ple projects. With about 600 pages, small
type size and a rather challenging subject,
this is not a text that is casily digested. But
supported by clear writing, good paper stock,
bold type where important, and helpful
drawings, a determined person can become
truly knowledgeable about assembly pro-
gramming. Published by Adam Osborne &
Associates. Inc./McGraw-Hill Publishing
Co.. 630 Bancroft Way, Berkeley, CA
94710. Soft cover. $9.50.

How to Build Your Own

Self-Programming Robot

by David L. Heiserman
I'he aim ot this book 1s to show the reader
how to build a microcomputer-based robot
that can “learn™ (program itself) based on
its environment. The latter need not be sta-
tic since the robot (based on an 8085 CPU
and called “"Rodney™ by the author) under-
goes continuous lcarning. adapting to any
changes in its environment. Fully illustrated.
the book contains schematics, photos, and
programs to build Rodney and get him into
operation. The obvious omission of pc foil
patterns and the mechanical work required
may restrict the number of readers who ac-
tually try to build the robot. So this is an
exciting project for only the most daring
hobbyist, though others will get vicarious
satisfaction by reading how it's all done.
Published by Tab Books. Blue Ridge Sum-
mit, PA 17214. Soft cover. 237 pages. $7.95.

The Video Primer

by Richard Robinson
This is a revised and updated version of a
book originally published about 1974. The
new edition reflects the latest innovations in
telecommunications technology. Without as-
suming an extensive background in electron-
ics and optics or resorting to complex lan-
guage, the author gives a sophisticated view
of a difficult subject. The first part covers
equipment, along with its characteristics and
pitfalls, while part two covers techniques and
philosophy. You will not be an expert after
having read this book, but you will have your
feet solidly planted and a good idea of where
you are going. Published by Quick Fox, 33
W.60th St.. New York., N.Y. 10023 Paper-
bound. 400 pages. $8.95

WWW amerncaarnadiohigatary com
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"SAVE!

MONEY o TIME © FREIGHT

QUALITY STEREO EQUIPMENT
AT LOWEST PRICES.

YOUR REQUEST FOR QUOTA-
TION RETURNED SAME DAY,
FACTORY SEALED CARTONS—
CUARANTEED AND

SAVE ON NAME BRANDS LIKE:

)

PIONEER
KENWOOD
SHURE
MARANTZ

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

illinois a

BANK CARDS ACCEPTED
12 East Delaware
Chicago, Illinois 60611
312-664-0020

INSURED.

SANSUI
DYNACO
SONY
KOSS

wa1e
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AUDIO-MAIC

CALL TOLL FREE

(800) 223-2706

Exceot New York, Canada

ELECTRONICS i

BLANK TAPES
(Minimum Order - 10 Tapes)
MAXELL
C-90 UOXL-tlor . ..339
CH0 UOXLlorl. .. ... . 249
CYOUD £p .« mwewenn . oo
TDK

C90SA(Cs) ... ...
CE0SA (L) ..

CAR STEREO

PIONEER
KPX 9500 Indash
KP8500 tndash . .
KP80QO0 Indash . . . . .
GM-40 Power Amp . ... 5298
GM-120 Power Amp .. 125.98

PIONEER SPECIALYY

KE5000 Indash. . . . ..

. 21599
. 144.99
.165.99

SANYO
FT-1490-2 Indash . . . .
FT-646 Indash
FTC-6 Indash
JENSEN
R-420 Indash Casserte . 269.99
R-402 Indash Cassette . 172.99
JENSEN SPECIAL I
d 3

Kaoss Pro 4AAA
Sennheiser HD-420 . . . .
Audic-Technica ATH-7. .

RECORDS
ENTIRE SCHWANN CATALOG
ROCK, JAZZ, R&SB
Minimum arder 4 records.
All 7.99 List. .. ... Only4.85
All 8.98 List.. ... Dnly5.35
All 9.98 List. .. .., Only 5.85
apes - Cassette or 8-track add .40
Record orders by maid only!!!
No telephane orders accepted

PHONO CARTRIDGES

Shure V15 Type IV

Shure V15 Type Il HE . .
Shure MO7-HE ... ..
Shure M95-HE. . ... . ...
Audio-Techmica AT15-55 .
Audio-Technica AT14.SA .
Audio-Technica AT12-SA .35.

ORDERING
INSTRUCTIONS

All merchanduse s Factory Fresh and
complete with Manufacturec’s War
reaty. For immediate shipment, send
Certified Check, Money Order, Cagh-
ier’s Check, or Master Chasge or Visa
(Send Card Number and Expuation
Dorel. ot us toll-free Mon-Fri 9AM.
TPM, Sat 10AM 7PM (Eastern Time)
for Credt Card orders Personal

We carry a full line of PIONEER,
TECHNICS Home Stereo and
PIONEER, SANYD, JENSEN,
CLARION, & BLAUPUNKT Car
Stereo + Blank Video Casseftes.

Checks are subject to hold for bank
clearance. Smpping & Handling cha
rge $3.50 {Canada, Puesto Rico,
Hawau_ Alaska $700) Aliow 512
days for UP § delevery Fou all mat
ters other than to place orders
please cail 212.686 5500 No C.O.0
Orders Accepted  NY  Remdenn
must include proper Seles Yax

AUDIO-MAIIC 1263¢ swey

ELECTRONICS NY. NY 1000
CALL TOLL-FREE 800-223-2706

CIRCLENO.7ONFREEINFORMATIONCARD
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Qperation Assist

need information on outdat oOr rare
equipment—a schematic. parts list. el
night be able to assist. Simply send a

another reader
ostcard to Opera

on Assist. POPULAR ELECTRONICS. T Park Ave., New YOrk
v  WwiQ
pond directly 1o the hey Il appreciate O ose

reqart la

Howard Radio Co., mode! 318 AM receiver. Need schemat-
ic. R. J. Simon. 5555 Shepherdess Ct.. Columbia. MD
21045

Jackson model 848 dynamic tube tester. Need chart listings,
schematic and instruction manual. W. F. Menard, 6801
Russell Ave. So., Minneapolis. MN 55423,

General Electric YGS-3 R-F signal generator. Need sche-
matic and instruction manual. Dale Le Stourgeon. 3 Sugar
Creek Rd., North Little Rock, AR 72116.

Monarch model SAT-460X stereo tuner amphfier. Parts list
and schematic needed. Joseph P. Stefani, 43 Livingston
Ave.. New Providence, NJ 07974,

Korting Dynamic mode! 1030 receiver. Need schematic
and/or any other data. Theodore Zahorodny., 1626A Rein-
burg Cir., Bolling AFB, Washington, DC 20332,

Mostek series MK 50310 calculator. Need pc board tayout.
Duane Kinchelos, Box 287, Iola, KS 66749,

Armstrong model 626 tube-type AM/FM receiver. Need
service manual, schematic or address of company in Eng-
land. Pierre Oliver, 830 Melancon 7305, St. Jérome, Québec,
Canada J7Z 5X9.

webcor model 12-8300AM/FM 8 track. Need schematic or
service manual. Cart H. Harp. 3632 Modlin, Ft. Worth, TX
76107

Kinsman Organ Corp., Crown Princess organ. Need service
information. M. Ploennies. 224 Riverside Rd.. Marquette, M|
49855

Unicom model 1610 ac powered desktop calculator. Need
schematic, power transformer or electrical specifications of
power transformer. Erwin Stanley, Rt. 3, Box 813, Benton, AR
72015.

Hallicrafters model HT 40 transmitter Schematic and
instruction manual needed. Dennis L. Whitson, RR1, Box 99,
Greenfield, IN 46140,

Hewlett-Packard modei 211B square-wave generator and
model 431C power meter. Need schematics and operation
manuais. Robert J. Zmudzinski, 65 Marie St., N. Lindenhurst,
NY 11757

Knight model KG-2000 scope. Need power supply transform-
er, service manual or any other information. A. G. Spence,
629 Henderson Ave., Staten Island, NY 10310,

Hammarlund model HQ-129X receiver. Need schematic or
operating and technical manuais. Fred Goldberg, 29 Clear-
view Rd., E. Brunswick, NJ 08816.

Hallicrafters model S-38B shortwave receiver. Need own-
er's manual. Troy Stuart, 11938 N. Vega Ave.. Mequon, WI
53092

Allen B. DuMont Laboratories, Inc., type 304-AR cathode
ray oscillograph. Need schematics and manuals. Alan Pat-
tee, 3690 Madison Ave.. Boulder, CO 80303

Grundig model RTV250 stereo receiver. Need schematic or
any information on power and preamp pc boards. G. A, De
Pietro, 752 Commerce St., Thornwood. NY 10594,

Split-Dort model R-V-695 battery-operated radio. Need
schematic and information on types of tubes used. Jim Lynn,
Cecil Lake. British Columbia. Canada VOC-IGO.

Hammarlund Super Pro modet SP-600-J-11 receiver. Need
operation manual, parts source, schematic and r-f gain con-
trol pot. R. Holzapfel, 7249 Old National Rd. East, Richmond,
IN 47374

Allied Radio Knight Kit Star Roamer |l SWR. Schematic and/
or assembly manual needed R, Tomeo, P.O. Box 2362, San
Diego, CA 92112,

Amphenol Commander model 870 voltmeter. Need sche-
matic and calibration instructions. David Potter, 406 E. 32,
Austin, TX 78705.

JULY 1980

General Radiotelephona Co., model MC-5 AM-transceiver.
Need schematic or any available information. John Stefan-
cic, 8201 Atlantic #5, Long Beach, CA 90805

Friden 132 electronic caiculator. Need schematic. operating
and service manual. Zvi Rozensher, 141-42 Pershing Cres-
cent, Briarwood, NY 11435,

Polymorphlc 8813 microcomputer. Need compatible chass
program in BASIC or machine language. John C. Therriault,
Box 225. RR 1, Newcastle, ME 04553.

New London Instrument Co., model 160 amplifier. Need all
available information. Atlan Vontorak, 17301 Mapleboro Rd.
Maple Hts.. OH 44137

Tung-Sol fluorescent 7-segment display. Need 4 type
DT1704:DT1705 displays. Perry Minyard, 5427 Fieldgreen
Dr.. Stone Mountain, GA 30088

Precision Apparatus Co. Inc., Series 654 tube and high
sensitivity set tester. Need operator's manual. Lyle Mah!-
berg, 11605 W. Hwy. 23, Duluth, MN 55808

Gonset G150 FM base and mobile transceivers and Commu-
nicator Hl. Manuals and schematics needed. Sam J. Esposi-
1o, 719 Florence Ave.. Vineland, NJ 08360

Measurements inc., model 65-B signal generator. Need ser-
vice information. P. Young. 16 W. 76 White Pines, Bensen-
ville, IL. 60106

Standel Co., modei 530B bass guitar amplifier. Schematic,
parts list and service manual needed. Andrew Poston, 209
Hayes Ave.. Hartsville. TN 37074.

Measurements Inc., model 82 and model 658 signal gener-
ators. Need manual and’/or schematics. A. Reges, 16 W
761 White Pines, IL 80106.

Allied model 435 receiver. Need service manual. Garth Fish-
er. Walla Walla College, College Place, WA 99324,

Gonset model 3220 antenna. Need sChematics, manuals
and any available information. C. Cazares Calvillo, Calle B.
Juarez No. 27, Patzcuaro, Mich., Mexico.

Eico model 722 VFO. Need schematic and manual. Tom
Cook. 1262 Mississippi Ave., Pittsburgh PA 15216,

Sonar FS-23 CB radio. Schematic needed. Billy H. Leonard..
Rt. 1, Box 183-A, Blue Ridge, VA 24064.

Solar CF160 exameter and Triplett 2432 signal generator.
Need manuals. James Humphrey, 1006 E. 28 St., Los
Angeles, CA 80011

Knight model R- 185 communications receiver. Need sche-
matic and alignment information. Donald Scripter, 5235 N.E.
57th, Portland, OR 97218.

Astrocom-Marlux mode! 407 tape recorder Need schemat-
ic and manuals. B.H. Mealy, 553 Blue Ridge Dr.. Medford, NY
11763,

Edison model RS radio receiver (with Edison power unit type
8P and receiver type 7R). Need schematic and/or manual
Jerome Galiley, 1303 Justin Rd., Cardift by Sea, GA 82007

Tektronix 531 oscilloscope. Schematic and manuals
needed. Ken Kloppenborg, Jr., 5037 Shimerville, Clarence,
NY 14031

Dowvue serial No. SD 013-72 § video monitor. Need sche-
matic or other information. Honeywell model No. 74100903
003 terminal console. Need keyboard pinout, description of
function of other boards and all other intormation. Michael
Qlah, 2892 Mogadore Rd., Apt. 1-B, Akron, OH 44312.

Philco model 6100 vacuum tube voltmeter. Need circuit dia-
gram and instructions. J. Goldstein. 2002-4th St.. Santa
Monica, CA 90405

Roberts 17700 tape deck. Need mechanica! and electronic
service manuais. Charles Crawford. PO Box 818, Lomita, CA
90717

Latayette model HA-230. Need schematic and operating
manual. Mark Schutt, 2403 Peach Stone Ct.. Silver Spring.
MD 20904,

Precision Apparatus series ES-500 A oscilloscope. Need
schematic and operating manual. Walter V. Canon, 542 But-
fer St., Grass Valley, CA 95945,

Solar model CBB capacitor analyzer. Schematic and operat-
ing manuai needed. Kurt Bendit, 3927 19th St,, San Francis-
co,CA94114

Concord model VTR800-1 video tape recorder. Schematic

needed. Daniel Bartko. Rt. 2, Box 377. Greensboro, NC
27405

WWW ammernieaniadiahictary com

DISCOUNT

Ve

PRICES!

Top Quality
Money-Back Guarantee

All Factory Prime

MICROPROCESSOR IC’S
7-80 895 6800

§ 6.75
2-80A 1095 6802 11.50
80804, 5.50 6502 950
8085A 1195 6504 950
28001 18900 6505 9.50
78002 139.00 2901, 8.95
MICROPROCESSOR SUPPORT IC’S
8212 249 780-PID 6.95
8214 390 Z80A-PIO 825
8216 249 280-CTC 6.95
8224 295 Z80A-CYC 8.25
8226 225 Z80-DMA 2495
8228 475 Z80A-OMA 3295
8238 490 280-S10/0 3385
3251 595 Z80A-SI0/0 3795
82563 1950 280-S10/1 3395
8255 570 Z80Z-510/1 37.95
8257 1950 280-510/2 3395
8259 1950 Z80A-SI0/2 37.95
6810 475 6860 8.95
6820 390 6520 6.75
6821 390 6522 975
6850 410 6532 19.95
6852 390 6551 13.75

MEMORY ¢ RAMS e PROMS @ EPROMS

21141-450 ns. 4.50 2101-450 ns 1.95
21141-200 ns 595 21102-250 ns 110
4044-450 ns 425 21102-450 ns 99
4116-200 ns 7.95 2111-450 ns 295
4116-150 ns 12.95 2112-450 ns 1.95
4096-5 350 2147-85 ns 19.95
MCM 6604 AC 350 2708-450 ns. . 8.95
AM 9060 CDC 295 2716-450 ns 2595
5101-3 495 2732-450 ns 79.95
SOUND GENERATORS
SN76477 Compiex Scund Generator. 249
AY-3-8910 Gl Sound Gen (Add $3 00 for manual) 64 Pgs, 11.95
UARTS
AY-5-1013A 395 AY-3-1015A 510
AY-3-1014A 6.50 TR1602A 350
LINEAR LM 3407 Series 118
LM 301N-8 32 LM 387N-8 99
LM 301AH k73 LM 393N-8 9
LM 307N-8 25 LM 3900N-14 58
LM 307H 25 LM 3909N-8 99
LM 308H 75 LM 7330C-14 99
LM 311N-8 59 LM 741CK-14. 19
LM 3194 90 LM 747CN-14 59
LM 320K Series 135 RC 1556NB-8 128
LM 3207 Series 115 LM 4250CH 95
LM 323K 495 CA 31307 225
LM 339N-14 98 LM 4136N-14 95
LM 340K Series 135 LM 3837 125
SOCKETS

Low Wire Wrap #3
Profle Goid Tin
8 Pin 14 49 29
14 Pin 16 57 37
16 Pin 20 61 41
18 Pin 10 89 59
20 Pin 28 99 69

SPECIALS OF THE MONTH

While Suppiy Lasts

Low Wire Wrap #3

Profle  Gold  Tin
22 Pn 28 99 69
22 Pn 6 99 70
24 Pin 36 110 85
28 Pn 39 139 110
40 Pin 55 175 140

ECL 101461 RAM 1024X}-29 ns 695
AM 3705 PMDS 8-Ch Multiplexer 895
MM 500H Dual 25-Bit Shift Register 49
TR1671 Asyn/Sync. Recewver - Transmtter 16.95
95H90 Hi-Speed Div. 10/11 Prescaler 1095
MCT6_Dual Opto. Isolator 1500V 99
ICL 7107 CPL 3%2-Digit A/D Conv LED 1150
AY-5-2376 Keyboard Encoider. 88 Keys. 1050
AY-5-3600 Keyboard Encoder. 90 Keys 995
1488 or 1489 Liner Driver/Recerver 99
18-Pin Low Profile Sockets End Stackable 10

HOW TO ORDER - pay by check creditcard or CO D Foregnpay nUS
Funas Order by phooe o mail 100 mimmum  Prices vaud thry Jast day of cover date
Shipping ~ $2 00 for the first 2 (s For surace add 35¢ tor ea addi b For ar ada 70¢
for each aod) 1b Foresgn - Adg 10"+ for Shrpping and handiing C 0 0 s add S1 85 Guar
anteed satisfaction or yout money back We reserve the nght 1o himil quartimes some
items subject 10 prigy sale We arg not responsible for typos

SEND FOR OUR FREE FLYER' Comains complete st of 741500 I1C

Components
Express, Inc.

1380 E. Edinger, Unit PE
Santa Ana, CA 92705
(714) 558-3972

“Have you kissed your computer lately?”,
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PUT THE REAL
LIFE ACTION OF
OUR TOWN IN
YOUR SHIRT
POCKET!

Six channels of local as it hap-
pens excitement packed inside
"the smallest high-performance
scanner package in the wortd”
Four bands of scanning action! s
15 channels per second scanning! !1;
Big scanner features like built-in

Scan Delay, Channel Lockouts |“ l‘lm \n\
and Manual Channel selection. 1 “ \H}
Patented Track Tuning on UHF T
bands. The Four-Six ThinScan™ is { "h
small enough to slip easily into a I
shirt pocket or purse. Now you
can take al/l the excitement of
police, fire and emergency broad-
casts anywhere you go.
Measures 2% x 6% x 1! Rubber ducky
antenna included. Frequency range:
33-47, 162-164. 450-508 MHz. List
price is $179.95, but from Communi-
cations Electronics™ yourcostis anly
$119.00. These accessories are also
available tor your Four-Six ThinScan™
scanner: SP50 AC Adapter $12.00:
SP51 Battery Charger $12.00; SP57
Carrying case with belt Glip $15.00;
B-4 1.2 V. AAA NiCad's (pack of 4) $15.00: A-135ce Crystal certificate
$4.00 each. Add $5 00 per scanner for U.P.S. ground shipping in the
continental U.S. or $9 00 for even faster U.P . air shipping. Add $3.00
for all accessories Ordered at the same time. Order now by credit card.

Call our number below. E I

FOUR-SIX THINSCAN

™

B COMMUNICATIONS
ELECTRONICS™

854 Phoenix O Box 1002 O Ann Arbor, Michigan 48106 U.S.A
Call TOLL-FREE{800) 521-4414 oroutside U.S.A. (313} 994-4444

CIRCLENO. 1 ON FREEINFORMATIONCARD

SEE YOUR DEALER TODAY
DEMAND THE ORIGINAL
‘Firestik’
iresti

“THE FUEL-SEEKER"

DON'T TAKE NO FOR AN ANSWER!!
THE #1 WIRE-WOUND AND MOST
COPIED ANTENNA IN THE WORLD!

Rugged, Shatterproof Fiberglass . . .
Antennas and accessories for marine. RV,
C truck. auto, van and motorcycles, etc
Stx COLORS
Clear. Spun-Gold.
Silver-Gray. Black, Red and White.

SMOKEY and the BANDIT Il
stamng BURT REYNOLDS
and ‘Firestik® Antennas!

g | Waich for the New Fiim
i

A TOUCH OF CLASS!

Outside
Vehicle

Inside y&
Vehicle 0
- \ad
y i .»‘f) nOGERUANER-
MIRFOR
e Rax OR SIOE MOUNT KIT

SEND FOR FREE CATALOG

‘Firestik® Antenna Company
2614 East Adams/Phoenix, AZ 85034

Name

Street
City
State Zip

Serving the CB and
Communications Market Since 1962.

5-YEAR REPLACEMENT WARRANTY

CIRCLE NO.24 ONFREEINFORMATION CARD
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Tips & Techniques

Charge Indicator

Keeping track of the operation of a cordless
soldering iron’s recharging stand is the func-
tion of the circuit shown. The stock charger
for a typical quickly rechargeable iron is
labelled CriarGER CIRCUIT, while the supple-
mental indicator circuit is the MONITOR CIR-
cuiT. A simple half-wave dc¢ supply compris-
ing stepdown transformer 7 and diode D is
the stock charger. Power switch S permits
manual control over the flow of ac to the
charger. This can prevent continuous appli-
cation of charging current after the NiCd
cclls have been fully replenished—some-
thing that can shorten useful battery life.
The charger circuit delivers pulses of charg-
ing current to the iron's NiCd cells when the
voltage between points 4 and B is positive
enough to overcome the forward voltage
drop of diode D and the voltage of the cells to
be charged.

CHARGER
CONTACTS

120
VAC
CHARGER CIRCUIT
DI
IN3600
M
ot
tOuF R3

Qi
2N39086

b2
INd148

AMAAMAA
W
o%
x

RGE

MONITOR CIRCUIT

The monitor circuit does not affect the
recharge rate at all. It functions as follows.
Diode D3 conducts during the negative half-
cycle of the power waveform. when point B is
positive with respect to point 4. Current
flows through R/. LEDI and D3. causing
the LED to glow. Light from the LED indi-
cates that power is applied to the charger.

If the iron is not in its stand, C/ charges
during the positive half-cycle of the ac wave-
form up to the full secondary voltage (ne-
glecting diode voltage drop). which is ap-
proximately 10 volts. Diode D2 is reverse
biased, so Q2 receives no base drive and
LED2 remains dark, This indicates that no
NiCd cclls are being recharged.

When an iron containing discharged bat-

WWW ameraaaradiohistary com

teries is placed in the stand. the voliage
across the charger contacts decreases to ap-
proximately 3 volts. Capacitor C/ charges
through D/, but only to a lower voltage level.
This forward biases D2 and drives Q/ into
conduction during the negative (noncharg-
ing) half-cycle of the ac waveform. This
LED, like LED/. pulscs on and off so fast
that it appears to glow continuously.

Power for the two LEDs is derived from
the charger during the noncharging half-
cycle of the ac waveform. so the recharging
rate is not affected. Only 0.4 mA or so is tak-
en from the charger circuit during the inter-
vals when the NiCd cells are receiving pulses
of charging current. Scotr A, Woods,
Madison, Wi,

Tools Help In PC Pattern Design

I have developed a set of useful tools for
making printed circuit foil patterns with cut-
and-peel Mylar paper. The tools are made
from brass tubes of various diameters and
are very cffective foil pad cutters. Grind or
file one end of a 6-inch (15.2-cm) length of
brass tubing to a sharp point so that it will
make a clean circular cut. | use tubes with
diameters of /16"’ (1.6 mm). 18" (3.2 mm),
4" (6.4 mm). and ¥ (9.6 mm) in my pc
work. but you can choose other sizes to suit
your particular needs.

To use a tool. hold it above and perpen-
dicular to the sheet of cut-and-pecl paper.
Press the tube down on the desired spot.
Twist it about 180" clockwise, then back up
to the starting point. and twist the tube 180
counterclockwise. —Dave Nichelini, Oak-

land, CA.
N

The world of
electronics
gee-wizardry

Test Equipmernt (] Burgiar, Fine Alarms  Hobboyist & Aytomotive Biectionics

-YOURS FHEE.

32-pages of test instruments — from the
latest digital multimeters to the famous
EICO scopes. Security systems. Auto-
motive and hobbyist products. Kits and
assembled. EICO quality. EICO value.
For FREE catalog, check reader service
card or send 50¢ for first class mail.

108 New South Road
Hicksville, N.Y. 11801
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BY FORREST M. MIMS

HE Project of the Month for March

1980 was a pocket color organ de-
signed around three active filters. This
month's project 1s a digital color organ
using an LM3915 LED dot/bar display
driver. Both color organs arc sensitive to
the frequency and amplitude of an incom-
ing audio signal. but their visible reactions
to these paramcters are quite difterent.

The analog color organ has three tixed
frequency-response ranges indicated by
red (low). vellow (midrange). and green
(high) LEDs. The brightness of a single
color at any instant indicates the relative
amplitude of that portion of the signal in
the appropriate frequency range.

In the digital color organ, the opposite
is true. The number of glowing LEDs
indicates something about frequency.
while increasing amplitude is indicated by
changing colors. A more dramatic differ-
ence between the two kinds of color or-
gans is the apparent motion of the lights.
The LEDs in the analog circuit brighten
and dim in fixed spots on the screen, but
the LEDs in the digital version appear to
bounce about in flashing clusters and

The schematic diagram here is for one
of several digital color organs with which
I've been experimenting for several years.
In operation, signals generated by a tran-
sistor radio are coupled via its phone jack
directly to the input of an L.M3915 LED
dot/bar display driver.

The sensitivity of the LM3915 is ad-
justed by means of potentiometer R2 so
that radio signals having maximum am-
plitude activate the green [.EDs while low
and intermediate levels activate the red
and yellow LEDs. respectively. Potenti-
ometer R2 might have to be readjusted if
the radio’s volume is changed.

The total display consists of ten tricolor
clusters, each of which is scanned by a
4017 counter/decoder at a rate deter-
mined by a clock made from two of the
gates in a 4011. In accord with good
design practices. the inputs of the remain-
ing two 4011 gates are grounded. When
the radio is silent. the display is blank.
Sound from the radio causes a flurry of
scintillating activity, as lights appear to
bounce up and down while racing across
the display in bursts and tilaments. Slow,

Digital Color Organ

range does not cause a dramatic display,
but a strong beat gives a veryflashy show.

Before making a permanent version of
the circuit, build a test circuit on a pair of
solderless breadboards (one for the circuit
and one for the display). This will allow
you to evaluate both the circuit’s opera-
tion and the relative brightness of the
L EDs. For best results, operate the circuit
in a darkened room and select the bright-
est LEDs you can find. Once the circuit is
operating, experiment with the values of
R4 and RS to balance the brightness of
the LEDs. You can initially use 1000-ohm
potentiometers for R4 and RS, and then
substitute fixed resistors having the ap-
propriate values after achieving a good
brightness match. Also, be sure to experi-
ment with the clock frequency by adjust-
ing R6 to find the most interesting level of
display activity.

If you build a permanent version of the
circuit, don't be afraid to experiment! Ar-
ranging the LEDs in concentric circles
(with red LEDs the innermost) will pro-
duce starburst patterns. Finally, you can
expand the display by adding additional

moving strings. smooth music with restricted dynamic 4017s and LEDs.
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Schematic of a color organ having a display of ten tricolor clusters.
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System

Ohio Scientific Superboard Il

The first compiete computer system on a8 board. Includes
keyboard, video interface and audio cassette interface.
8K BASIC-in-ROM; 4K RAM. Requires power supply + 5V
at 3 Amp.

‘‘We heartily recommend Superboard Il
for the beginner who wants to get into
microcomputers with a minimum cost. A
real computer with full expandability.’’
POPULAR ELECTRONICS, MARCH, 1979

“*The Superboard Il is an excellent choice
for the personal computer enthusiast on a

budget.’’
BYTE, MAY, 1979

Accessories

AC-3P 12" B/W monitor, TV
AC-15P 12" Color monitor
AC-16P 2-8 Axis Joysticks with
cable

AC-11P Answer/Originate 300
baud modem with cable
AC-17P Home Security Starter
Set. 1 fire detector, 2 window
alarms, 1 docr unit.

AC-18P 82" aluminized paper
printer. Upper/lower case.
AC-9TP Centronics 799 110cps

The Challenger 1P. The best bargain in
personal computer anywhere! 8K BASIC-in-
ROM. 4K RAM. Cassette based with 53-key
keyboard. B&W video interface, 30 rows x
30 columns. Upper and lower case.

$399.

Ohio Scientific C1P MF. Mini-floppy version
of the C1P. BK BASIC-in-ROM. 20K
RAM and 0S-65D software. Fully

expandable. $1250.

SOFTWARE

Cassettes

AddGame $ 6.00
BASIC Tutor Series
L3

29.00
Torpedo $ 6.00
Address Book
$ 8.00
Programmable
Calculator  $12.00
Savings Account
6.00
$ 6.00
$ 6.00

Breakout
Battleship
Bowling .00
Destroyer .00
Space War .00
Star Trek .00
Tiger Tank 12.00

Disks

When ordering, specify
Challenger 1P, 4P

or BP

MDMS Education
$29.00

Many, many more software systems are
available to you. See our catalog for

complete listings.

tractor feed, business printer with
interface

AC-12P AC-Remote starter set.
Console. 2 lamp modules, 2
appliance modules, OS B5D home
control operating system

Disk Drives

CD 3P Single 5" mini fioppy

€D 2P Dual 8" Disk with interface
and 0S-65D DOS

Power Supplies
PS 1. 5-volt @ 3 amps regulated.
For use with Superboard Il

Boards [Assembled and tested)
CM 9P. 24K Static.
610. BK Static. Expandable to
24K and dual mini-floppy contraller.
CA-14A. Votrax® voice
synthesizer.
CA-15 Universal Telephone Inter-
face, rotary or touch tone
CA-15V UTI with Votrax®
29.00 CM-6 48K Dynamic memory
) board.
4KP. 4K static RAM chg set
Baseball | & II, Golf, CA12. 96 line paraliel I/
Bowling, Hockey Books: _
39.00 How to Program Microcomputers,
Poker, Black Jack, By William Barden
Spades, Hearts, more Basic and Personal Computer
$29.00 By Dwyer & Critchfield $12.95
Tiger Tank, Space Howard Sams C1P Service Manual $ 7.95
Attack, Etch-A- Howard Sams C4P Service Manual $15.95
Sketch, more
$29.00
Star Wars, Zulu 3,
High Noon, mare
$29.00
Monster, Kite, Three
Little Pigs, Humpty
Dumpty and more
{2 Disk Set] $29.00

MDMS Checking and
Savings Account

$29.00
MDMS Personal
Calendar/Address
Book $29.00
Home Control Il

DAC I Music
Generation $39.00

Freight Policies

All orders of $100 or more are shipped
freight prepaid. Orders of less than $100
please add $4.00 to cover shipping costs
Ohio Residents add 5.5% Sales Tax.

Guaranteed Shipment Ceveland
Consumer Computers & Components
guarantees skipment of computer systems
within 48 hours upon receipt of your order.
Our failure to ship within 48 hours
entitles you to $35 of software, FREE.

CLEVELAND CONSUMER
E= COMPUTERS & COMPONENTS

P.O. Boxk 46627

Cleveland, Ohio 44146

CIRCLE NO.550ONFREEINFORMATION CARD

WWW akherieaniadiahicstory com

Now get OHIO SCIENTIFIC personal computer
products with guaranteed, quick, mail order delivery.

Ohio Scientific C4P Series.

The Challenger 4P. A 4-siot computer with
one open slot. Highly sophisticated 16 color
video interface. 32 rows x 64 columns,
upper and lower case. 8K BASIC-in-ROM, 8K
RAM. 200-20KHz programmable tone
generator. AC remote interface. Expandable
to 32K RAM and two mini-floppy drives.
$750.

The Challenger 4P MF. Mini-floppy version
of the 4P. Two to three times faster than
competitors. More I/O built-in than any other
in its class. 24K RAM. Real time clock.
Modem interface. Printer interface.
Foreground/Background operation and much,
much more. $1795.

Ohio Scientific 8P Series.

e -

e ot v

Challenger 8P. Ohio Scientific’'s mainframe-
class. Personal computer. B slots with 6
open. Cassette based with 8K BASIC-in-
ROM. BK static RAM, expandable to 32K
RAM, and dual 8-inch floppy disk drive. $950.

Challenger 8P DF. A top of the line personal
and small business computer. 32K RAM,
expandabie to 48K. Features dual 8" flopp
disk drives. Audio output 200 20KHz. DA

for voice generation. Keypad interfaces.
Joystick [2] interfaces. AC Remote. Real
Tirme Clock. Printer & Modem interfaces.
And more. $2895.

To Order:

Or to get our free catalog

CALL 1-800-321-5805 TOLL FREE.
Charge your order to your

VISA or MASTER CHARGE ACCOUNT

Ohio Residents Call: (216] 464-8047.

Or write, including your check or money

order, to the address listed below.

Hours:
Call Monday thru F—ridaE
8:00 AM to 5:00 PME.S.T.

TO ORDER: CALL

1-800-321-5805
TOLL FREE

POPULAR ELECTRONICS
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Zilog N

Z8001 $195.00 16 Bit CPU with segmented address space
to 8 Megabytes
4 Z8002 $150.00 16 Bit CPU with non segmented address
space 10 64K bytes
All Products Stocked in Depth
Largest Zilog Inventory
280-CPU 2.5 MHz $10.40  Z80-S10/0 25 MHz 30.50
Z80A-CPU 40 MHz 1205  Z80A-SIO/0 40 MHz 36.70
280-PI0 25MHz 665  Z80-S10/1 25 MHz 36.00
Z80A-PI0  40MHz 800  Z80A-SIO/1 40 MHz 44.10
280-CTC  25MHz 6.65  280-SI0/2 25 MHz 36.00
Z80A-CTC 40 MHz 800  Z80A-SIO/2 4.0 MHz 44.10
Z80-DMA 2.5 MHz $22.35
EDA-DMA 40MHz 28,00 )
o - ( MOS MEMORIES h
MICROPROCESSOR R4 SCR s and TRIAC s N\ - MOS Static RAM's s
C106D SCR § amp 400V TO-220
CH|p SETS TIC116B SCR 8 amp 200V TO-220 2102-35 o
TiC1268 1,09 SCR 12 amp 200V TO-220 & SHIF -
TIC2168 .99 Triac 6 amp 200V TO-220 ;;““‘4"5” 350NS 16 PIN -
TIC226D 95 Triac 8 amp 400V TO-220 :
Ricel  fRagiiog [Brce Baciitiog  Bile TiG2360 145 Triac 12 amp 400V TO-220 1K (256 x 4) 450ns 18 PIN
TIC246D  1.45 Triac 16 amp 400V TO-220 P2112-35 3.25
$5.95 6800 $6.50 6502 $9.95 B N F t O P AM PS 7K (256 x 4) 350ns 18 PIN
11.95 6802 11.95 6504 995 I-Fe 21140 7.95
Low Power 4K {1024 x 4) 300
6505 995 | | TLOS4CN 275 Quad low power TLOBICP 49 JFET input g Ron S ILOSAEISn0nS
71CP 59 Low noise TLOB2CP .99 Dual J-FET input ¢ .
8212 275 6810 3.75 | TL072CP 119 Duallow noise  TLOBACN 1.95 Quad J-FET inpur T _MOS Dynamic RAM's o
TLO74CN 2.35 Quad | i - -
8214 395 6820 495 6520 6.95 K N uad low noise R B0ons 22 PIN
8216 2.95 6821 3.75 6522 995 TMS4060-20 3.95
8224 345 6850 395 6532  13.95 il(sRbdi200nsle2la
8226 295 6852 3.75 6551 1395 1980 IC MASTER UART's
8228 4.98 . ./ over 2700 PAGES AYS-1013A 395
8238 4.98 ’ ey e S e ‘- Complete integrated circuit data selector. Master DAL LD
. guide to the latest .C.'s including microprocessors AY3-1015 495
8251 6.95 1 Mem and consumer circuits 45,000 device types listed. 010 30K BAUD 40 PIN Single 5V supply
B ory I 5.000 new device types added. Complete new sec-
8253 10.95 ’ non on MPU boards & Systems 1K CMOS RAM »>
5101 . .9
8255 BEH spec,a I Free Quarterly . Srs-eq 1K (256 % 4) 450ns 22 PIN Low Power
8257 10.95 \Updates Special $49.95
8259 12.95 of the \ 4K CMOS RAM_
.y P4315-45L 4K (4K x 1) 450ns 18 PIN 14.95
- PE504 13.95
,__"u - i P month EPROM’S c270s $ 695 || Ak (1) 550ns 16 PIN1TOMW 1605
i 1K x 8 450 ns @a\ I 4K (1K x 4) 450ns 18 PIN 110MW
] 16K MOS DYNAMIC RAM'’s (16 PIN) TMS2532 »:ﬁ'?' $119.95
32K (4096 x 8) 450 ns «fﬁ" SHIFT REGISTERS
416-3 (200ns) CERAMIC $6.95 TMS2716 s2a9s B | ssssecrroimm: — 550
16K (2K x 8} 450 ns 3342PC 64 Bit Shitt Register 4.45
! 1K BiPolar RAM (25ns) (3 power supplies) T I. Version I 3347PC 80 Bit Shitt Register 3.95
93425APC/2511-1 $8.95 C2716/TMS2516 ECL RAM
IS (EIS B D) SR G ; Ex 18. 95 I 10410ADC/HM2106 Special 195
- - ——— ~ (Single 5V supply —Intel version) SpeCIaI $ 656 x 1 Bit Fully Decoded 15ns 16 PIN J
- N i 5 T :
LINEAR I C s ‘& ~ |
1 Lwmsoiane 34 LM723CH 69 SUMMER 10% gty discount on 100 pieces per device lype OPTO SALE '
LM304CH .89 LM723CN-14 49 A {ofter valid until August 31 1980) L.E.D. LAMPS
LM307N-8 29 [M725CN-8  1.25 LED209  T-13 mm Red 09
(M308N-8 89 (M733CN-14 159 SPECIAL c 9 (ED211  T-13 mm Green 19
LM308CH 95 LM739CN-14 129 ACTIVE Is AGGRESSIVE LED212  T-1 3 mm Yellow 14
LM309K 129 (M741CH 65
LM310HC 1.49  LM741CN-8 44 LED220  T-1% 5 mm Red 1"
[M311N-8 59 (M747CN-14 59 . N\ LED222  T-1%5 mm Green 24
LM317T 149 LM748CN-8 .39 DUAL-IN-LINE — LOW PROFILE — I.C. SOCKETS LED224  T-1% 5 mm Yellow 16
T0-220) TBABIODAS  1.29
LM318N-8 1.45 LM1458N-8 .49 CONTACTS PRICE CONTACTS PRICE DISPLAYS
LM318CH 175 LM1488N-14 .69 8 PN 07 22 PIN 21 FND357 375" Common Cathode .99
LM324N 59 LMI1489N-14 69 14 PIN B 24 PIN 23 FND367 360" Common Cathode 1.24
LM33gN 59 LM3046N.14 .99 16 PIN 13 28 PIN 27 (tgh brightness)
| masan-14 99 IM3302N-14 55 18 PIN a7 40 PIN 39 FNDS00 500 Common Cathode 99
1 mgggg-a“ ‘,‘78 tmggggw-m .89 20 PIN 19 FND507 500" Common Anode .99
. -1 . M N .49 FND560 .500° Common Cathode 124
LMS55N-8 49 (M4136N-14 99 P ESUINYIWHERE FOR THE HIGHEST QUALITY. AN ooy eT SALE (high brighiness)
i LM556N-14 43 ULN2003AN 99 ") FND$67 500" Common Anode 1.24
P {high brightness)
: A D - DL704 300" Common Cathode 1.29
f PLASTIC O DL707 300" Common Anode 1.29
, CMOS POWER DL747  630° Common Anode 229
CD4000BE .19  CD4021BE 99  CD4O046BE 1.25  CD40BIBE 29  CD4S22BE 1.75 TRANSISTORS ISOLATORS
CD4001BE .39  CD4022BE 129  CD4047BE 1.26  CD4082BE 29 CD4526BE .99 Tip2g NPN 1 AMP 100V ILD74  Dual Opto Isofator 1500V 1.29
CD4002BE .34 CD4023BE 39  CD4049BE .69  CD4085BE .79 CD4527BE 145 TIP30 ‘39 PNP 1 AMP 100V ILQ74  Quad Opto isolator 1500V 3.95
CDA4006BE 1.29  CD4024BE .79  CD40SOBE .69  CD40S6BE .95 CD4528BE .99 TIP31 .42 NPN 3 AMP 100V MCT6  Dual Opto Isolator 1500V 1.29
CDA4007BE .29  CD4025BE .39  CD4051BE .99  CD4093BE .79  CD4531BE .99 TIP32 43 PNP 3 AMP 100V TiL1t1 Opto Coupler Jsoov. .54
CD4008BE .84  CD4026BE 1.79  CD4052BE 1.25  CD4039BE 1.75 CD4532BE 1.50 - 4N26  Opto Isolator 2500V .54
CD4009BE .69  CD4027BE .49  CD4053BE 1.25  CD4104BE 295 CD4539BE 1.15 TIP41 .59 NPN 6AMP 100V 4N32 Opto Isolator 2500V .69
CO4010BE .69  CD4028BE .89  CD4060BE 1.99  CD4502BE 1.45 CD4543BE 1.65 TIP42 .54 PNP 6AMP 100V 4N33 Opto Isolator 1500V 85
CD4011BE .49  CD4029BE 1.29  CD4066BE .89  CD450BBE 1.99 CD4553BE 3.95 TIP115 .59 PNP 2AMP 60V 4N36  Opto Isofator 2500V .79
CD4012BE .39  CD4030BE .79  CD4068BE .34  CD4510BE 1.25 CD45558E .89 ’ 4N37 Opto Isolator 1500V 85 :
CD4013BE .59  CD4033BE 1.79  CD4069BE 34  CD4511BE .99  CD4556BE 89 TIP120 .64 NPN SAMP 60V A
gmomag 89 83403435 2.99 83487055 49  CD4512BE 99  CD4581BE 2.25 TIP122 .74 NPN 5 AMP 100V
D4015BE .89 4035BE  1.39 4071BE, .39  CD4514BE 245 CD4582BE .99 ;
CD4016BE .58  CD4040BE 1.88  CD4072BE .29  CD4515BE 245 CD4584BE .89 I:Z‘g? jai :::z ::m: 133\\5 @& B
CD4017BE .89  CD4041BE 1.75 CD4073BE .54  CD4516BE 1.75 CD4585BE 1.50 ! o> 74LS447N 59
CD4018BE .89  CD4042BE .89  CD4075BE .59  CD4518BE 125 CD4702BE 9.95 TIP2955 .83 PNP 15AMP 60V .
CD4019BE .89  CD4043BE 99  CD4076BE 129  CD4519BE .89  CD4724BE 1.95 TIP3055 .70 NPN15AMP 60V BCD to 7 segment decoder/driver 0/¢
CD4020BE 1.39  CD4044BE .99  CD4078BE .45  CDA4520BE 1.25 FT3055 59 NPN1OAMP 60V J /

JULY 1980

P.O. BOX 1035 FRAMINGHAM,

Qver-the-counter sales.

12 Mercer Rd.. Natick. Mass 01760

Behind Zayres on Rte. 9

Telephone Orders & Enquiries (617) 879-0077
Massachusells customers add 5% sales tax.

IN CANADA

MINIMUM ORDER $10.00 ¢ ADD $2.00 TO
COVER POSTAGE & HANDLING

Foreign customers piease remit payment on
an international bank dratt or international
postal money order in American doliars.

©
CHARGEX

5651 FERRIER ST.
MONTREAL. QUEBEC
H4P 2KS

Tel.: (514) 731-7441

4800 DUFFERIN ST.
DOWNSVIEW, ONTARIO
M3H 589

BAXTER CENTRE
1050 BAXTER ROAD
OTTAWA. ONTARIO
K2C 3P2

Tel.: (613) 820-9471

Tel.: (416) 661-1115

CIRCLE NO.2ONFREEINFORMATION CARD

WWW ameraaaradiohistary com

3070 KINGSWAY
VANCOUVER. B.C.

V!

Tel.:

SR 5J7
(604)

438-3321
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CompUuPROFESSIONAL

NOTE: Most CompuPro boards are available in unkit form (sockets, bypass caps pre-
soldered in place); assembled, or qualitied under the Certified System Component (CSC)
high-reliabllity program (200 hour burn-in, more).

CAREFUL . . . NOT ALL CPU BOARDS ARE CREATED EQUAL!

You'll appreciate the extras that go into our CPU boards; take IEEE spec com-
patibility, for example. Whlile others may claim compatibility, we meet all timing
specs — and we'll be glad to send you timing diagrams for our CPUs to prove it (just
include an SASE). You don't have to compromise on another “me-too”
board . . . choose CompuPro.

THE ENHANCED/ADVANCED Z-80A S-100 CPU BOARD

Superior design in an |IEEE-compatible board gives the power for future expansion
as well as system flexibility. Includes all standard Z-B0A features along with power
on jumpiclear, on-board fuily maskable interrupts for interrupt-driven systems,
selectable automatic walt state insertion, provision for adding up to 8K of on-board
EROM, 4 MHz operation, IEEE compatible 16/24 bit extended addressing. $225 unkit,
$295 assm, $395 CSC.

NEW! = 5-100 DUAL PROCESSOR CPU BOARD

The Dual Processor Board is here . . . and CPU boards will never be the same again.
8088 CPU gives true 16 bit power with a standard 8 bit S-100 bus; an 8085 gives com-
patibility with CP/M and 8080 software. Accesses up to 16 megabytes of memory,
meets IEEE $-100 bus specifications, runs B0B5 and BOB6 code in your existing main-
frame as well as Microsott 8086 BASIC and Sorcim PASCAL/M™, runs at 5 MHz for

For
faster
service

USE
LIP

e it R ey Sy O Py ey e Sy ey o 3

BULLEY
ELECTRGNICS

Box 401244P Garland, TX.
75040 (214) 278-3553

Sound Effects Kit 17.50

The SE-01 15 acomplete kit that
contain ail the parts to buiid a
programmable sound effects
generator Designed around
the new Texas Instruments
SN76477 Sound Chip, the
board provides banks of MINI
DIP swiches and pois to
program the vanous com-
Dinations of the SLF Oscillator.
VCO, Noise, One Shot, and
Envelope Controls. A Quad Op.
Amp IC is used ta mpiement
an Adjustable Puise Genera-
tor. Level Comparator and
Mullipiex Osciiatar for even
mare versatilty The 3%" x 5°
PG Board features a prototype
area to allow for user added
clrcultry. Easily programmed
10 duplicate Explosions,
Phasor Guns, Steam Tralns, or
almost an infinite number of
other sounds. The unit has a
multiple of applications. The
tow price includes all paris

S T e Y St 3

speed as well as power, and is built to the same stringent standards that
have established our leadership in S-100 bus components. Introductory
prices: $385 unkit, $495 assm, $595 CSC

assembly manual, prograr.,..ng cnarts, and detailed 78477 chip spec)-
fications It runs on a 9V battery (not included). On board 100MW amp
will drive a smail speaker directty, or the unit can be connected to your
stergo with incredibie results' (Speaxer not inciuded)

| CODE

. EACH
8085 single processor version of above: introductory prices $235 unkit, $325 * 76477 CHIP IS INCLUDED. E’::‘:yg:lpsaw P
assm, $595 CSC + $17.50 LESS SPEAKER &
} 2N5191 pen! PN2222 (2N22224)
MOST POPULAR NPN
16K DYNAMIC RAM SPECIAL: 8/$69! NPN TRANSISTOR GEN. PURPOSE

Expand memory in TRS-80* - and -Il, as well as machines made by Apple, Exidy, ‘ Veeo - 60V P9 4OW TRANSISTOR
Heath H89, newer Pets, etc. Low power, high speed (4 MHz). Add $3 for 2 dip shunts v IC = 4A TO - 90 Vceo = 40V
plus TRS-B0* conversion instructions. *TRS-80 18 & tradsmark of the Tandy Corporation o n Hie 25-100 Pd = 5W
= . @15a = 35100 Hte = 100 - 300

. 7 100/$25.00 10/$1.00  100/$9.00
SPECIAL ON H8 MEMORY HSEW

THE PERFECT TRANSFORMER
117VAC primary. 12VAC secondary @ 200ma
Great for all you CMOS, or low power TTL
projects. PC board mount.

99¢ ea. 3/82.50
Size: 15" Wx 1.25" D x 1.25" H

Limited quantity; 32K x 8 static memory In kit {not unkit) form. With all parts,
documentation, mounting bracket, etc. Includes solder masked, fuily legended
board for easy assembly. 32K kit: $549.

all

mail |

=2

TERMS: Cal res add fax. Allow 5% for shipping, excess refunded. VISA*/Mastercard® orders ($25 min} call
415) 582-0838, 24 hrs. COD OK with streel address for UPS. Prices good through cover month of magazine,

ompuPro” . BOPCOUE

ELECTRONICS
Bldg. 725, Oakland Airport, CA 94614  (415) 562-0636
CIRCLE NO.26 ON FREE INFORMATION CARD

AY3-8910 PROGRAMMABLE SOUND GENERATOR

The AY3-8910 is a 40 pin LSI ¢hip with three oscillators, three
amplitude controls. programmable noisg generator, three
mixers. an envelope generator, and three D/A converters that
are controiled by 8 BIT WORDS. No external pots or caps
required. This Chip hooked to an 8 bit microprocessor chip or
Buss (8080, Z80. 6800 etc.) can be software controlied to
produce almost any sound. It wilt play three note chords, make
bangs, whisties. sirens. gunshots, explosions, bieets, whines
or grunts. In addition. it has provisions to control its own
memory chlps with two |O ports. The chip requires «sv @

75ma and a sta d TTL clock truly

circuit

$14.95 W/Basic Spec Sheet (4 pages)
60 page manual with S-100 interface instructions and
several programming examples. $3.00 extra

Free!

Model Your Cost [ﬁlﬂ HEWLETT 1/2W RESISTOR ASSORTMENT o
HP-41C Scient $244 95 A good mix of 5% and 10% valuss in Hogh full Iead and PC lead devices. All
Edmund Scientific el PACKARD | (i) ron sty k
Printer/41C 319.95 {Asst.} 200 pieces/2.00 s
HP-34C Scient 123.95 1
catalo HP.38C Bus | 1%3 95 M ULTRASONIC RELAY KIT
g HP-38E Bus 93.95 INVISIBLE BEAM WORKS LIKE APHOTQ ELECTRIC
= HP-33C Scient 99.95 Bl EYE. USEUP TO 25 FT. APART. COMPLETEKIT ALL
HP-33E Scient 72.95 i (e PARTS & PC BOARDS. $21.50
HP-?E gus picd 5% 7 WATT AUDIO AMP KIT %)
:: 325 S s cient P SMALL SINGLE HYBRID IC_AND COMPONENTS FIT ON A 2° x & s
fraseonpog 23 R S
B Al X
HP-97 Scient Print 579.95 COMPATIBLE WITH SE-01 SOUND KIT_$5.95
HP-92 Bus. Print 39795 L

TUNES SYNTHESIZER
The AY3-1350 is a MOS
tunes for applicatsons in toys, music boxes. and door chimes The standard
device has a set of 25ditferent popular and classical tunes. n addition there
are 3 chimes making a totai of 28 tunes. 28 pin IC
FEATURES

« Minimal external components

+ Automatic switch-off signal at end of tune for power saving

» Envelope contro) 1o glve organ or pian0 guallty
+ Sequential tune mode
.
.
.
.

“C"stands for continuous memory HP-85 COMPUTER

We are now taking orders for
the HP85. Call us for the best
deal in the country. Buy from
us and save-

We carry an enormous stock of HP
accessories. All units complete
One year guarantee by HP

TEXAS INSTRUMENTS

4 door capability when used as door chime

s

TI-59 $208.95 T1-5100 3998 Speak and Spell 5895 | | 809'5"0" W""(‘g"fs In exllemal PROM it required (2708}
X d 0 ngie supply {+5V) operation
H ggc Zg gg P‘ gggg Ea:: e ,TI ng;\am:na{ 2; ;2 Tunes Include. STAR WARS, BEETHOVEN'S 9th & Sth. JINGLE
: i B O alyS BELLS YANKEE DOODLE, STAR SPANGLED BANNER
PC-100C 144.95 TI-5221 Call us Bus Card 3895 CLEMENTINE. GOD SAVE THE QUEEN, O SOLE MIO,
Expl Ast Biofeed K PC-100A 16995 TI-5230 Call us MBA 5795 WESTMINISTER CHIME and DESCENDING OCTAVE CHIME PLUS b
] TI-55 34.95 Bus. Analyst it 3895 MANY MORE!
xplore Astronomy, Biofee back, 715040 39.9 Bz;ness ‘Xna‘lvs” 2 WITH OETAILED SPECS AND INsTRUCTIONS $14.50 3
Optics, Lasers, Magnets, Weather, 15015 5995 The0 35 i
T1-5025 67.95

Magnifiers, Microscopes, Photo-

W

Huge mventory of 7| accessories on hand at all imes Guarantee by Ti |

raph Over 4,000 Fascinatin mﬂ:
g 8 yt ino FRE,E(%% I 9 SPECIALS SONY Betamax SL5600 $1,049 95
roducts in Qur 0 page color 320 Seiko waiches 10 choose from RCA Select VDT625 $1,095 00 w ealﬁm&g LEADCAE 3100 TIPIOTAS PNP POWER 3
Catalog! Send for your FREE Digiana §S lagigs NACAISETeCIVOTE00 graoa || 12314 PIN DIP 50 L4 BAR CRAPH DRIVER
% rher Typ *Tank” ladies 16995 SONY TVs atunbetble prices  Call us
$ rH Ca yP 69.9: 13141 m mru! 74| mm 0P 3/1.10 7805 5V 1A REGULATOR
Edmund Scientific Catalog, Toda Cartier Typ “Tank” men 169,95 Craig translator for bst price  Call us 30,000 ROMDE 210 ToNIS A SVELTO 8
N Music Alarm Chrono SS  179.95 71 Speaking transiator 199 95 gng% P'I'JPTcel/PLPIM NT I% 391! TIEMPS TRANSDUCER iy
38 Years Of Service! Calc Watch with Alarm  189.95 ! four station thermostat 83.95 || CNSBOTWAUOK ICWISPECS 108 LIS DURD CONPARATOR 1€
Dual Chronograph S§ 109.95  Navtrome flite computers 9900 up LM377 DUAL LM380 W/SPECS 250 - 555 TIMER IC
Dual Time Zone S 8995 APPLE COMPUTERS and peripherals ngu 1 L,lf,"n';“" N AMP gg “MC3401 UAD NORTON AMP
O Yes! Rush me your FREE catalog! Memory Bank Calendar 149,95 3t unbeatable prices. Calllus | 7812 14 12V REG 3 “INDICATES (TEM 1S “HOUSE NUMBERED"
] Dwers 500Ft gtz 60581 18995 YExa; Instruments 994 Computer IL1OPTO ISOLATOR UM e B0
| L
Nerig | ] Soiar e ChuanaiBS) {1883 e Cnamter ‘Inainatlt Callue Uk PROTECTED, SiMLAR e caeen vu |n
Address Waorldtmr alrm. perp cal 17995  ATARI 800 and 400 computers Call us || MV1624 VARICAP DIDGE 10 PFO 39 MEDIUM RED (4" 15
. Single Alarm SS 89.95 Casto-Sharp-Canon- Sanyo-Pearlcorder "‘5‘7‘5FV"""D“P3!’I|““;“0 " mﬁ?'u” GAN DR L““‘w 16 ‘
Clty Alarm Chrongraph SS 13995 Polaroid-Pa wasumc}‘Amana Linte rveans | 1NADO3 |A 200V DIODE 15/100  TWO COLOR RED/GAN 59
n T! Watches 70 models to choose from $7.95 up Chess games-Vicior (
State Zip | Pricebarei0b [A Add 495 for shipping hanheld calcs in USA K CALL OR WRITE FOR FAEE CATALOO. K

Clip and Mail Coupon Today to:
Edmund Scientific Co., Dept. 2020 AV/4
Edscorp Bldg., Barrington, N.J. 08007

LA res)gents ada 6% saies tax
We will beat any advertisedPrice t the compatition has the goods on hand
Goods subject to availabihty Ask for our v3(1p ,z rataleg

Call Monday thru Saturday. TAM 10

A, 1all free 800—421-8045
i below #'s

THE FINE PRINT

MO C.0.D.'s SEND CHECK, MONEY ORDER, CREDIT CARD ¢

|ADD §% FOR SHIPPING TX. RES. ADD 8% TAX FOREIGN ORDER:
(EXCEPT CANADA) ADD10% (20%) ARMAIL} U.S. FUNDS ONLY

No. 156 “1980 Edmund Scientitic Co. OLYMPIC SALES COMPANY. INC. PHONE onosnls’ 10"; :’A.{;izfmnaf & VISA ONLY
216 South Oxford Avenue * P.0. Box 74545 - Los Angeles, CA 90004 Ry oy Sy ey S ] T T
1 {213) 381-331 or (213) 3811202 - Telex 67-3477 =
96 ! - POPULAR ELECTRONICS
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Make The Shack"® Your Parts Place!

Low Prices and New Items Every Day

L™\ Speed Up Your| Project Case
Py ) Wiring with | With Panel

This No-Strip 299
! Wrapping Tool!| Flip-Open Cover /

Onh onR
" Sensitive

VOM

Easy-to-work reversible in-
ner panel accepts a meter,

9 5 switches or readouts.
5Vex3%x2"
270290 ... ........ 299 2995
8-Position » Tricolor and

Pro-Quality Wiring DIP ! 2 Pulsing
Switch ®  LEDs

« 27 Ranges

Quick-Wrap Tool® is ideal for & Low 29| ° 30K Ohms/Voit

daisy chain or point-to-point : As

wiring between std. 0.025' Ideal for testing solid-state circuits! 4"-wide
square wrapping posts. Cuts, 199 color-coded, mirrored scale. Reads DC Volts: 0
strips, easy to load! Red on DC, green on re- to 0.3-1-3-10-30-100-300-1000. AC Volts: 0 to
276-1572 . ... ... . ... 12.95 verse DC, yellow on AC! 25 10-30-100-300- 1000. DC Current: 0 to 100pA-
30-Gauge Kynar Wire. For 8 SPST sections. Fits stan- mA max. at 2.2VDC. T-1% 3mA-30mA-300mA- 10A. Resistance: 0 to 1K-
above. 50 ft. spool. dard 16-pin DIP socket. case. 276-035 1.39 10K-1 Meg-10 Megf. Decibels: — 10 to +62 in
Red. 278-501 ......... 1.99 | Ideal for digital and low (8] Red. Buit-in 3 Hz flasher! 5 ranges. Accuracy: = 3% DC, +4% AC.
White. 278-502 . . . 1.99 | current circuits. 20 mA max. at 5VDC. 6'2x4"%2x1%" With 47" leads. Requires one 9V,
Blue. 278-503 . ... ... 1.99 | 275-1301 ... 1.99 | 276-034 . ... .1.29 | one "AA" batteries. 22-203 . . .. .. ... .. 29.95

Alarm Clock/Thermometer Module [High Performance Op Amps Engineer’s
; ! User S | A Notebook of
. Programmable IC Circuits
' 12 or 24-Hour 189 P HI 99
j" Seit @ BIFET Design @ 1

95 [a] LF353N. Dual. Low noise JFET in-
4 puts, wide bandwidth. Fast 13V/uS Sold Only

slew rate. =18V supply 8-pin DIP. At Radio Shack J
276-1715 . .. . .. 1.89 o " . .
Bright 0. 7"~ displays 12/24- ti lus . This “must-have" sourcebook gives appli-
perz‘r%tunpézn tgggl;sgsrgagog!t 2"1_%33, aé/rfn ah:du;r:(%ig fté,a{ﬁ:gsl (8] TLOBAC. Quad. 13V |.LS slew rateA cations and circuit examples for most pop-
With complete data. 277-1006 o 2495 | 18V supply (14 P'" DIP. ular linear and diglta' ICs. 128 Pages
Temp. Sensor IC. LM-334. 2761734 . ... ... 199 | 9761714 ... ... .. 299 | 276-5001 :
Power Transformer. For above. 273-1530 . . . ... 4.99 c S .

Sound Generator | emiconductor -;
12-Hour Auto Reference 1 m |
Clock Module Handbook
Save Reg. 21.95 Only

21% 1695 199
For all 12V neg. ground vehicles. Mounts in dash or with case SN76477. Creates music and sound Cross reference/substitution listings for
(below). Bright green display has automatic dimmer, leading effects from phaser guns to steam over 100,000 devices! Pin outs and data
zero blanking. With data. 277-1003 = .. . .. .....Sale 16.95 whistles! Line level audio output. Mi- for transistors, ICs, diodes, SCRs, LEDs
Pushbutton Switches. For above. 275-1547 .. ... Pkg. 5/2.49 | Croprocessor compatlble 28- pm DIP. and more. 224 pages.
Custom Case, 270-303 .. .. .. ... (Reg. 5.95) Sale 3.95 With data. 276-1765 . ...... 299 | 276-4003 .. .. B. .. S 1.99

Mini DPDT Switches

Low 99 contacts Rated
As 6 Amps @ 125VAC

(A DPDT Right Angle. Ideal for PC
board mounting. On-Center Off-On

4" 120VAC Cooling Fan

1 2 95 Very Quiet
Operation

NEW

contacts. 275-665 . . . ... 199 tdeal for cooling power supplies, Ham and hi-fi
DPDT. PC mtg. On-Center Off On gear, computers and more! Delivers 70 CFM.
contacts. 275-668 ... ... .. .. 19 Sealed bearings. Diecast venturi. U.L. recog-

nized motor. Corrosion-resistant metal parts.
Low power consumptuon—only 11 watts!
273-241 . ... . L. 12,95

Radie fhaek

A DIVISION OF TANDY CORPORATION - FORT WORTH, TEXAS 76102
OVER 7000 LOCATIONS IN 40 COUNTRIES

[¢] DPDT. Solder lugs for panel
mounting. On-None-On contacts.
275-669 .. ... ... .. ... .. ... 229

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

Prices may vary at individual stores and dealers

WWW akherieaniadimahictary com
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MURAPHONE
Cordless

DIGITAL MULTIMETERS

Portable VOMT 100 MHz 8-Digit Counter =E= 6”x9” 3-Way Speaker

5§ TIL, and CMOS'= 16

Sinclair PDM35 Hickok éx303 EEItiphone - . \ y'ngllzl-:egs‘gesr Earsgoﬁ:-za%%é:if'sglg; Mgfg‘;s'g[ﬁgﬂ afgoe?zﬂggézsrglg;’a‘gnet
Re!sSBegg: 20 K2 VDG = 10 KO VAC. 14%ea.
HICKOK =1 Eggggammtor Telephone CODE4-PHONE
I Dlgllal CB In-Line \‘\1 g;/slfa‘?r‘\/:% ls(t)e;tllgiand ﬁ‘ﬁ?ﬂgﬁ:gg 05 /! :04. _t F R E E
W Tester = Model LM-1 Works with DTL, HTL ngcgg‘;g'gs 2499 — ) R D

374-Digit

TECH310 ®)

516995

3599

purchase from this ad.|

Model 1400 19995

LED display

Portable $3795
DMM EE8s 40. | < F Reg. $399.00 B portable] WAHL Miniature High Fidelity
Made! 2800 : i Model 388 DlgltaICa acitance SORTIP Cordless 3Way58(;e;§gossmp:g§(ers
Portable Oscllloscopes o< Weller’ Xcelite' |Met () Soldenng 693,
Functi Aftache o ' fron
15 MHz unction Stvi ERRTTR [Motel 820 .
Dual Trace Generator | Style BN ) [+ s [ $9Q95
Triggered Tool Case FMK l i €85 Mode! 7800 " Modei
Mlﬂlscope Model TC100 ST ;..‘w(‘:‘“\ Bro1mF0 1535 to 1 artad = Resolves Bo > i HE-9
Modet 2001 | Reg S = pF a -rang_ee or acturacy an TA 7S, ”
$38995., Model MS-215 Meta | siee$ 29995 resouton Soh sy 1o LED | Gircuit Tes’?g::ﬁég? in-Dash Car Stereos
$15795 |Service ; - 8-Track Tape Player with
1M5M1\{I;ls{grlgﬂgezgga(l]wlmscope s sae- | Master 5= 372-Digit 0.1% Digital AM/FM/MPX Radio__
93990 $28995) i i Tool Kit W | Capacitance Meter modei 3001 Model G777~
square wave Model 99-5M 9 ranges from 1993 pF to 199.9 uF $5250
30 MHz Dual Trace output = Reg. § 95 _ »0.1% of reading accuracy Reg $1 70 :Jm -k
Triggered Mmlscope Hrequengyange: ] 579,95 49 4 cassette Tape PI
Model M$-230 R i 95— [ DIGITAL MULTIMETER Sj 461 asselle Tape Player
o 5598.15 5490 "“PSO“ ith AM/FM/MPX Rai
Proto bﬁS: Proto Board with Complete win riker Mogel e
reassemble Built-in Power charglé‘r, adapterI test CAS-888 |% .
i 'y ) 1}
D e e 9505 | Supplies S ages | 5750 Fimal

Detects pulses as short as 50
yisec m DTU/TTUHTL CMOS

compatibiity 54495

Fully assembled breadboard
contains four GT-59S sockets,
seven OT-59B bus strips and four

rap sies, fi%'ﬁ'x‘l‘%%‘}'ﬁ%'..’é’éVStereoo Power Booster Kﬁw:ﬂ?
Model POW-40 =
31 2995 ;ﬂ;%ﬂ ® 40W stereo 32495 .=

LP-1 5-way binding posts

»

RC Circuit Box [

= 36 resistors 515!! >
to 10 M) w 1

cagacnors (100 pt ta

Reg $49.95 42

includes test leads

Magnifier Lamp

Precision ground and Dohshsexb
magnification lens.§
L Model MG10A 49

viZ Model WC 4124

30 MHz LEADER*
Dual Trace _

ey
) Stanaard Command Reg $37 95

Aapliance

Voo : 7950

5 Pc c Uitrasonic s«c.ner KIt = One (1) Deluxe Ultrasonic Reg 5112 95
and Conscle e One {3) Hand Helg Remote Ut @ Two

® One 1) Apphance {ntt ,9995

:: gg andars mma :nSL‘ $36.00
It Cons:
Moduies $14.50 i hand riel Rermate. $59-95

aPc standurd Starter Kit » Ong
wa

»u » Motul

855 Conklin S$t. Farmingdale, N.Y. 11735
o ::::‘Z::'Tégfd 400 #oR SHipeivGY ANO |nsurw4ct
» VISA « COD S

mp Modules
Moduies

# Weller*Controlled
Output Soldering
Station

Ches
Challen er?7

Reg $110. 00 Model

379 BBC

* Money Oraer s’ st i g 2'6
,‘ o

PRECISION » Check 751. nu |n wnn ] vn 00

Mg: EIS‘A{JESN 3 0 M HZ Z N.Y. State resicents add nvlv 12.50
g appropniate sales tax 0's exua

Portable Frequency

Counter  reg swaéoo S

TOLL

1941 (800)645-9518

in N.Y. State call (516) 752-0050

2 $5495

OUND EFFECTS GENERATOR BASIC Ki

5804

AUTO RADIO
SPECIALISTS!!

RADIO

Models May VVary

MADE BY THE

AUTOMATIC

PUSH BUTTONS

Now CHANEY ELECTRONICS MAKES 17 POSSIBLE TO BUILD YOUR OwWh
SOUND EFFECTS GENERATOR Wi THOUT SPENDING A FORTUNE, WE SUPPLY
YOU WiTH THE TI76477 SQUND CHIP PLUS AN ETCHED AND DRILLED
GLASS EPOXY PL BOARD WITn SCHEMATIC AND LAYOUT INSTRUCTIGNS.
1S BOARD MAKES (T SIMPLE TO BUILD A GENERATOR CAPABLE OF
FMASER SOUNDS, LOCOMOTIVE, SIRENS, AIRPLANES, cLocks, efc, [
DOES NOT REQUIRE DIP 6WITCHES OR OTHER EXPENSIVE/UNUSUAL g3
2N2222 TRANSISTOR FOR ABOVE 1249 237 EacH
1€ YOU MAVE ALREADY PURCHASED TwE T176477 CHIP YOU MAY BuY
THE PL_BOARD AND INSTRUCTIONS ONLY. (23885  §4.00

COMPONENTS, YOU SUPPLY ONLY A FEW STANDARD RESISTORS, CAP-
Strobe ube & ngger B LED .
) Flasher(&ﬂ
e N

5803

BATTERY. Basic kit CONTAINING
P— M 176477, PC BoARD £23863
F ! —— e AND INSTRUCT IONS ONLY 55 95

4

24081

UNBELIEVABLE

4 450

$3.00 FOR SHPG

AM-FM-MUX

5170 STEREO
TRAK TAPE

*1.75

ACITORS, SWITCHES, PDTS, SPEAKER, ZN2222 TRANSISTOR aAnD 9V
ludng the PG bt 1o Sarmey = not

$2.49

e
T oWER

3505 -nE g A
g 21z

6VDC Xenon

ol B

e T
~ \ B Wheel of £ZI

120 VAC

BY POPULAR OEMAN O! Delta is the first in the world They

to offer these new, first-grade stereo radios at surplus!!!

stereo 8-track player.

Xenon

e o ot
=11

are 100% solid state AM-FM-MPX stereo radios & @ Fortune

A Rhobs and & paeh buttenst Strobe Kit

At EN Convert Your Gar Into A Concert Hall!

- ——
- - B §AUTOMATIC RADIC, —=TH
»""— = -TT3 WADE BY THE ( 3
— AUTO RADIO
. R
e - L,

SHPG.
Oelta 5785P
FACTORY CLOSEOUT! One of America’s largest mqnufﬂctgr-
ers of auto radios has given up. We’ve been fortunate in acquir-
designed for new vars. are tested 100% operational and —
come with knobs and push buttons. Ideal for installing in your
NEWS ITEM! Auto hi-fi has become as sophisticated as hom
hifi — and nearly as expensive. You can spend $200 for slmple
folks and 2nd cars, 1f you want hi-fi FM, you can start with
the purchase of a $100 radio for a mere $19 95....This price

SPECIALISYSU
; | rﬂ
-."r‘
{

¢ g 'AUTO RAD]O

UNBELIEVABLE
ing the last auto radios in production. These are AM-FM sets....
auto, van, camper boat, truck.
components--which means hi-fi can be out of reach for many
will not last long — order today while our limited supply lasts!

TQO GOOO TO BE TRUE! This sale is not a-
vailable to the general public as they would sell
out instantly. However, our loyal customers
have the oppertunity to scoop ups these new
SURPLUS SEMS and save big dollars.

@@@@@@@@@@@@@@@@@@@@
HIGH OUTPUT SILICON SOLAR CELLS

Delta No. Size Compare SALE WE NOw STOCK A FULL LINE OF THESE WARD TO FIND CELLS WHICH
TVa x 22 x 7Va"' $160.00 $39.95*

o VRl [stcea) finies i U A SRS B

5B03F 7-3/8x3%x6%”  $170.00 $44.501 CONNECT CELLS IN SERJES FOR MORE VOLTAGE AND CONNECT CELLS IN

5804P 7Vex3-3/8x7M”  $170.00 $44.50t PARALLEL FOR MORE CURRENT. MANY OTHER TYPES ARE LISTED IN

OUR CATALOZ
SIZE
2" 1/% ogLL
2" 1/2 ereL
2" WHOLE CELL

CURRENT
100ma
250ma
500Ma

sTocx #
C2u154
C2u155
€26156

C2415?
C2L158
C2u159

1.3 amps (21160

Q €24181 79¢

= Minimum order $5.00

= Plzase inctude $1,00 for postage
= Visa, MC and COD accepted

= Phone orders are welcome

PRCE
$1.75
$3.00
$5.50

* Manuat tuning. t Push buttons!
Negative ground. 5%’ knob spacing.

MAIL-ORDER ADDRESS:

@ 3" 1/3 CELL
I /2 cELL
3" WHOLE CELL
4" WHOLE CELL
RECHARGEABLE AA NICADS
USED-EXCELLENT CONDITION

750m

lZO-PG
|'sURPLUS
/] ( CATALOG

=

ELECTRONICS

176 SECOND AVE.
WALTHAM, MASS.
02154
Minimum Order $8.00

electronics inc
P.0. BOX 27038, DENVER, CO. 80227

(303) 7815750

98
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Quality Electronic Components

@ ey e

MN., AK., Hl. RESIDENT. B8-681-6674

DO OR OUR 1.C.'S o RESISTORS o TRANSISTORS ¢ CAPACITORS o DIODES o 1.C. SOCKEYS & PINS o S:’I;m::
» O 5 ) DAR DR CLOCK MODULES o OPTOELECTRONICS o BREADBOADING & TESTING Dgl:!: ;E DCRAATFI:.:GG
DATABOOKS o HEAT SINKS o WIRE ¢ TOOLS... AND MORE... WRITE RI vessenens
A R DER B 7 D A ) 0 : ANSISTOR b - -
e SROGR . oD o0 o 200 CMD S | L teny ATUL LiA0S
> G 400N N £l 5 n lsuoo T AP 1 e
us: H 7"0]" g 4SOIN 4001 g; gggw E 7 2"3931 \ 38 ?% 16,25 T :; L:g :s
740 IR MSOMN e B [2N3906 20 1B 16.25 K
SOLDER TAIL DIP SOCKETS T — . . TA0IN 377450 an0e  1.36 JU3! ] 124 2 10 17.50 ) ; ;'g
o f Sl el 5 STVl o el 40N 3TN 4007 49 b [N T 18,25 7 E 14
. Fixadcr b coon ormar 74050 3q74L505M R REON 2Ma401 21, s % 149 1607
o 50150 Ha i Froguency operetion s allzaon o B i 403 T ote rse '3 )7 Y40 )16h
o Low profite a0 3grasion o1 33 244410 o 230 ;;,3 7 14 r
* Facs grip ‘.“"n.wl-xluumm ontion foree 400N IA7ASTIN 4012 35 lMam(‘ 7 RIS ] 2000 B B & 9
& Redundent contect poi 410 LS} PAESE: et 5089 24 220 1 ! e o
741N 3IQ74L5IN SH4014 1.0 M5210 . 4 2.4 22.50 1 T4 ‘
- 741N ad7aSien 1ogans  1.ajuaiTr Fiisey S 486 388 ! o i -4
TRUMENTS QUALITY TN BTASTON PASREL L 97PU01A 3 342 08 YRR 24 .
THL N aifraisaon DAY T Gt % e W o X 24 40
Soks 45 M. 200 Microindee Tin TN AHTasaIN AR it 97Pu45A 4 389 1w BTN Kl
;:ﬁ 6N 1.30JLmazome -9 Y2PUSTA 342 30.88 '3 13, ‘2
74BN TSI ioa) i Jszove1z IS 4 T 12,% 7 5
JAWN 3 1.08 g 172 ) X !
ngm IrASIN ;; 2;2 32 WM;E 7: MUE182 7 : :g s‘g.g § ] g }
o e ks sl Mo o 612 552 z EIEE
. Guva 7 inch - 4 dhget LED drsploy with red lara. 437N A7 AUSAON 4027 74 [LM324N 9 MUE370 » 801 7% 425 .. . 3
oen dra o 0K D inicators a3y Alf7aam a0 LM325H 3: W b 10 990 8918 o . i e
.t vacondr. chorm, sheep nd lomp test. 440N 374N 1.03§4079 119 JLMI2EN e g L2 o & ¥ i ]
:m.nw&-y:mwﬁmwnmmsw e R gl i & B v 9 . . .
Loodig zor0 bl 3 L34 : i - - ; ¥
100 [ T oy e, s e oy o g o oM7L PISSTN auoss )42 el 20 13007 sve v 8 B 41 .
2 oroesder for mecsurement ond dipley of Vaaperahrss in rorge of 40T 70 744N : ;:15&9‘ &u‘) :g; X b %12; ;: :ﬁ :3.:% R v 2 P s gt
s o 748N 1 . " i i ] . ) \
150 s v 74 o . 75
q i Bt eed .08 C5 21 g 2“ », % ot v ' 7 STy
2 4 Pais7sn w0as 108 SERE k] i) eal [fi7iso i sov. a6 3Im R 94 A
® ionoswitheng pore] 10 sty bosk-up 4 i MO vl SRR (EHN 220 xo 1o lBEL T 1N o au %
3 o .~ Drecrgin a7oM  ARAse 1osfoen  BopmsoTio 132 ftmes2907A] 2 220 000 10008y 275 2Es 4
224 aoee  sglsaoriz 1 2z2fmesaier 23 20 175 169.00 330008y N 260 ek 48 7
H"""“‘ Maors Clack Wb (hmseriies o Tt ot e D DreerEs: prict S a5 1320 mesazes 21 1 750 srsoMBoivus 392 'S 54 iy
MA10288 Dip Koy Ponel Kit for W 10284 [mehades P € 74748 744051 H; T»;: :14; MPSAI0L en g;g ;g% ::g :‘g;g;°N 7§ ;; ,; ;‘ g
lwq HH Awitches, - B MPSI 24 8 % B g .. e 3
hanto e ; ZNR 4 nmg‘m A ﬁg L19RMBAIP-S 1.4 miii 2 19 1750 srsoaroriov.. 32 268 32 42 48
omnmwu tructions) nug’ et 4060 1safBaPe  1oall Lol IR 1750 157,50 47016V n 2 33 47 47,
oo IS o ® g g it sfioes  mofuaaips e NSRS 2 1w v ssofwoy. % 300 20 s 4 2
Ao bt fr MAI026 300 M7485N  A7RIS1IIN 4440k iz ‘P:‘g -3: MPs3601 2 183 1750 157.50 :;g/;v o e 72 hangs i
Incues MATOT6M, P, 1, ond B siosQraesh 17dras agun asheaniz e PRS- noam s wsoffirer.iE o 03 a7 5
Comvantorei Swrich Sat for copicotioms whers MA1025P :m H 745}% 13 407 35 ISTERET] (il 7 1% 17.88 160 38 Wiooo/10v. 037 310 80 52 4. 3.7
o ermp oot ol odrasion sfiors  spwaapas 104 fwesono. 2 1w use TssoMidonev. 4 375 3123 87 486 4043
T 2 el O ) ol hoab o ne mafwmar ©otno B2 %R AR
A1026 A ! ; ; g b : | y 02 94 7 .
',:(“:,:‘:“‘.:’,',,ﬂ,’,,. ewtomanic s s ot mon TGS (e ! e ke, A2 1008 9100 BlGcoRTIGOEY .48 438 S 5 o :'7-4[
e T """".,.,. T AN Eon 2ok Jag P20 T T T oo 8 i Do w3 6
e r e i i 78N s TPz ju ¢ 200/25v |1 94 7448 131 9 78
300 b it for 134 tromichcer g sqrasin 77fases o7 i sy 15 120 ¥ i 9l peatige 8
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NEW PRODUCTS!

Super Color S-100 Video Kit $129.95
Expandable to 256 x 192 high resolution color
graphics. 6847 with all display modes computer
controlled. Memory mapped. 1K RAM expanda-
bleto 6K. 5-100 bus 1802, 8080, 8085, Z80 etc
Delivery January '80.

1802 16K Dynamic RAM Kit $149.00
Expandable to 32K. Hidden refresh w/clocks upto 4
MHz w/no wait states Addl. 16K RAM $63

Quest Super Basic

Elf Il Adapter Kit $24.95

Plugs into Eif 1} providing Super EIf 44 and 50 pin
plus S-100 bus expansion. (With Super Ex-
pansion). High and low address displays, state
and mode LED's optional $18.00.

Gremlin Color Video Kit $69.95
32 x 16 alpha/numerics and graphics; up to 8

colors with 6847 chip; 1K RAM at E000. Plugs
into Super Eif 44 pin bus. No high res. graphics.

Quest, the leader in inexpensive 1802 systems
announces another first. Quest is the first com-
pany wortdwide to ship a Jull size Basic for 1802
systems. A complete function Super Basic by
Ron Cenker inciuding floating point capability
with scientific notation (number range = 17E2%),
32 bitinteger =2 billion; Multi dim arrays; String
arrays; String manipuiation; Cassette I/0, Save
and load, Basic, Data and machine language pro-
grams, and over 75 Statements, Functions and
Operators

Easily adaptable on most 1802 systems. Re-
quires 12K RAM minimum for Basic and user
programs. Cassette version in stock now. ROM
versions coming soon with exchange privilege

allowing some credit for cassette version. New
improved version with improved speed and accu-
racy now avail. Source list for 1/0 now incl.

Super Basic on Cassette $40.00

Tom Pittman’s 1802 Tiny Basic Source listing
now available. Find out how Tom Pittman wrote
Tiny Basic and how to get the most out of it.
Never offered before. $19.00.

$-100 4-Slot Expansion $ 9.95
Super Monitor Vi.I Source Listing $15.00

Coming Soon: Assembler, Editor, Disassem-
bler, DA/AD, Super Sound/Music, EPROM
programmer, Stringy Floppy System.

RCA Cosmac Super Elf Computer $106.95

Compare features before you decide to buy any
other computer. There is no other computer on
the market today that has ali the desirable bene-
fits of the Super ENf for so littie money . The Super
Elf is a small smgle board computer that does
many blg things. It is an excellent computer for
training and for learning programming with its
machine fanguage and vet it is easily expanded
wnh additional memaory, Fuil Basic, ASCl
boards, video ¢ , etc.
Betore you buy another small computer, see it it
inciudes the following features: ROM monitor;
State and Mode displays; Single step; Optional
address displays; Power Supply; Audio Amplifier
and Speaker; Fully socketed for all IC's; Real cost
of in warranty repairs; Full documentation.
The Super Elf includes a ROM monitor for pro-
gram loading, editing and execution with SINGLE
STEP tor program debugging which is not in-
cluded in others at the same price. With SINGLE
STEP you can see the microproce ssor chip opera-
ting with the unique Quest address and data bus
displays before, during and after executing in-
structions. Also, CPU mode and instruction cycle
are decoded and displayed on 8 LED indicators.
An RCA 1861 video graphics chip aliows you to
connect to your own TV with an inexpensive video
modulator to do graphics and games. There is a
speaker system included for writing your own
music or using many music programs already
written. The speaker amplifier may also be used
to drive relays for control purposes.

A 24 key HEX keyboard includes 16 HEX keys
plus load, reset, run, wait, input, memory pro-
tect, monitor select and single step. Large, on
board displays provide output and optional high
and low address. There is a 44 pin standard
connector slot for PC cards and a §0 pin connec-
tor slot for the Quest Super Expansion Board.
Power supply and sockets for all IC's are in-
cluded in the price plus a detaited 127 pg. instruc-
tion manual which now includes over 40 pgs. of
software info. including a series of lessons to
help get you started and a music program and
graphics target game. Many schools and
universities are using the Super EIf as a course
of study. OEM's use it for training and R&D.
Remember, other computers only offer Super Eif
features at additional cost or not at all. Compare
before you buy. Super EIf Kit $106.95, High
address option $8.95, Low address option
$9.95. Custom Cabinet with drilled and labetled
plexiglass front panel $24.95. Expansion Cabinet
with room for 4 S-100 boards $41.00. NiCad
Battery Memory Saver Kit $6.95. All kits and
options also completely assembled and tested.
Questdata, a 12 page monthly software pub-
lication for 1802 computer users is available by
subscription for $12.00 per year. Issues 1-12
bound $16.50

Tiny Basic Cassette $10.00, on ROM $38.00,
original EIf kit board $14.95. 1802 software;
Moews Video Graphics $3.50. Games and Music
$3.00, Chip 8 Interpreter $5.50.

Super Expansion Board with Cassette Interface $89.95

This is truly an astounding value! This board has
been designed to allow you to decide how you
want it optioned. The Super Expansion Board
comes with 4K of low power RAM fully address-
able anywhere in 64K with built-in memory pro-
tect and a cassette interface. Provisions have
been made for all other options on the same
board and it fits neatly into the hardwood cabinet
alongside the Super Elf. The board inciudes slots
for up to 6K of EPROM (2708, 2758, 2716 0r TI
2716) and is tully socketed. EPROM can be used
tor the monitor and Tiny Basic or other purposes.
A IK Super ROM Monitor $18.95 is available as
an on board option in 2708 EPROM which has
been preprogrammed with a program loader/
editor and error checking multi file cassette
read/write software, (relocatible cassette file)
another exclusive from Quest. It includes register
save and readout, block move capability and
video graphics driver with blinking cursor. Break
points can be used with the register save teature
to isolate program bugs quickly, then fottow with
single step. The Super Monitor is written with

subroutines allowing users to take advantage of
monitor functions simply by calling them up.
Improvements and revisions are easily done with
the monitor. If you have the Super Expansion
Board and Super Monitor the monitor is up and
running at the push of a button.

Other on board options include Parallel Input
and Output Ports with full handshake. They
ailow easy connection of an ASCI| keyboardto the
input port. RS 232 and 20 ma Current Loop for
teletype or other device are on board and if you
need more memory there are two $-100 slots for
static RAM or video boards. Also a 1K Super
Monitor version 2 with video driver for full capa-
bility display with Tiny Basic and a video interface
board. Parallel 1/0 Ports §9.85, RS 232 $4.50,
TTY 20 ma I/F $1.95, S-100 $4.50. A 50 pin
connector set with ribbon cable is available at
$15.25 for easy connection between the Super
Elf and the Super Expansion Board.

Power Supply Kit for the completg system (see
Mutti-volt Power Supply below)

TERMS: -$5.00 min. order U.S: Funds. Calit residents add 6% tax.
BankAmericard and Master Charge accepted.
Shipping charges will be added on charge cards.

Same day shipment. First line parts only.
Factory tested. Guaranteed money back.
Quality 1C's and other components at fac-
tory prices.
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Rockwell AIM 65 Computer
6502 based singie board with full ASCIl keyboard
and 20 column thermal printer. 20 char. alphanu-
meric display, ROM monitor, fully expandable.
$375.00. 4K version $450.00. 4K Assembier
$85.00, 8K Basic Interpreter $100.00.

Special small power supply for AIMBS assem. in
frame $49.00. Complete AIMB5 in thin briefcase
with power supply $485.00. Molided plastic
enclosure to fit AIMB5 plus power supply $47.50.
Special Package Price: 4K AIM, 8K Basic, power
supply. cabinet $599.00

AIMBS/KIM/VIM 'Super EIf 44 pin expansion
board; 3 female and 1 maie bus. Board plus 3
connectors $22.95.

AIMBS/KIM/VIM 1/0 Expansion Kit; 4 parallel and
2 serial ports plus 2 internal timers $39.00. PROM
programmer for 2716 $150.00. 32K RAM Board
assem. $419.00. 16K RAM assem. $360.00

Multi-volt Computer Power Supply
8v 5amp, =18v 5amp, Sv 1.5amp, —5v
5 amp. 12v .5 amp, —12 option. =5v, =12v
are regulated. Kit $29.95. Kit with punched frame
$37.45, $4.00 shipping. Kit of hardware $14.00.
Woodgrain case $10 00, $1.50 shipping.

PROM Eraser

Will erase 25 PROMs in 15 minutes. Ultra-
violet, assembled 37.50
Safety switch/Timer version $69.50
60 Hz Crystal Time Base Kit $4.40
Converts digital clocks from AC line frequency
to crystal time base. Outstanding accuracy.

NiCad Battery Fixer/Charger Kit

Opens shorted cells that won't hold a charge
and then charges them up, all in one kit w/full
parts and instructions. $7.25

LRC 7000+ Printer $389.00
40/64 column dot matrix impact. std. papes.
Interface ail personal computers.

$-100 Computer Boards

8K Static RAM Kit $126.00
8K Static Godbout Econo I!A Kit  145.00
16K Static Godbout Econo XIV Kit  $285.00

24K Static Godbout Econo VIIA-24 Kit 435.00
32K Static Godbout Econo X-32 Kit $575.00

16K Dynamic RAM Kit 199.00
32K Dynamic RAM Kit 310.00
64K Dynamic RAM Kit 470.00
Video Interface Kit $129.00

80 IC Update Master Manual $55.00
Complete IC data seiector, 2700 pg. master refer-
ence guide. Over 51,000 cross references. free
update service through 1980. Domestic postage
$3.50. 791C Master closeout $28.95.

Z80 Microcomputer

16 bit 1/0. 2 MHz clock, 2K RAM, ROM Bread-
board space. Excellent for control. Base Board
$28.50. Full Kit $98.00. Monitor $20.00. Power
Supply Kit $35.00.

Video Modulator Kit $8.95
Convert TV set into a high guality monitor w/o
affecting usage. Comp. kit w/full instruc.

Modem Kit $60.00

State of the art, orig.. answer. No tuning neces-
sary. 103 compatible 300 baud. Inexpensive
acoustic coupler plans included.

BSR Controller $39.95

Connect your computer to the BSR Home Contro!
System. Computer controlled ultrasonic trans-
mitter for your BSR. Software for 1802 user.

FREE: Send for your copy of our NEW 1980
QUEST CATALOG. Include 28¢ stamp.

CIRCLENO.52ONFREEINFORMATIONCARD

WWW akmerieanbadiahistaory com
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Popular Flectronics

ADVERTISERS INDEX

cd 7 DISCOUNT

RS no. ADVERTISER Take 20% Of
The Total Price Of Any ltems Shown Below”
2  Active Electronics Sales Corp. . . .. . . ..o 95 - £
) 200 PC-SEMICON SPECIAL, assorted semis of all types. Untested material, (=3300)
i ﬁll E Iectrémlcs SRR 132 | 20-MOTORS MOTORS, asstd. sizes speeds & types, 1.5-12 volls, (#25514)
ncrona Corporation ... .. o - O 35 3@ -5 B E | 200-LONG LEAD DISCS, prime, marked caps, assorted material, (~2598)
B AR e ¢ e 1 140-PLASTIC 1nA~snsropks untested, 10p92 assl. tvpes (+2604)
pple Computer . .. & .0 . ne e e ....Cover 2, 50-SLIDE SWITCHES, various shapes, sizes. and tvpes, (42726) . . 5
6 AP ProduCts . . .o a4, 45 75-TRANSISTOR ELECTROINTICS opory encapsulated, asst. values, (12747) ..
=1 o] 250-HALF W ATTERS, 100%, color-coded resistors, asst. values, (43036)
udio Matic . ... ... 90 25-SLIDE VOLUME CONTROLS, various values & types, for Hi-Fi, etc. (43057) .
]
P TERtTiEs oo . e o s o B e 15 50-UPRIGHT ELECTROS, 100%, assorted values & voltages, marked, (#3226) .
: . 20-ROCKER SWITCHES, while rockers, DPDT, solder lugs, 125V 4A, 1133024)
50-MINI POTS, pc slyle, single turn, assorled values, (#3345) .
o i 20.JUMBO RED LEDS, 3V 10 mA, 100°. wood material, red dome lense, (13369)
8y Beckman INSTRUMENTS| gumos - =g - FEENE * - @ RW * ¥ N 32 3-SOUND TRIGGERS, sound activated amp, SCR triggered, on 3" board, (+3625) .
9 B & K Precision .. ....... 16 50-TRANSISTOR SOCKETS, assortment may include; 10-19,5,66,3, efc, (43845)
Bulet Electronics o6 o e i
250-'s WATT RESISTORS, asstd. carhons, carbo-films, some 5%.ers, (ws797l\1
. 100-PLESSY CAPS, ceramic blocks in assorted sizes & vlaues, (#6221) ... ...
10 Chaney Electronics .98 :
- o of'o 30-HOBRY LEDS, assorted types & colors, mosily dims, some good 146225)
Classified Advertising . ... ... .. 106, 107, 108, 109 100-TTLs. 7400 series, incl. gates, flip-flops, etc. untested, (#6226)
Y o N W—— P 30-NE-2 BULBS, neon, for 110 VAC, requires resistor, (not incl.) (+2613)
[P B etc. 56253) .
Cleveland Institute of Electronics, Inc 34 35, 36 37 f;g ’;"gux\?g‘r‘:}:s "'nn-a-sirip”, matelyourosalpced els,
assl. serew and solder lug types, (#6251) .
56 Cobra . ......... ... .. ... .Cover 3 } 50-RCA PHONO PLUGS, popular audio/speaker plugs, 100% material, (#3293)
W T GTENE Iectronlcs 92 f; c:J:LIMIs .!s;:rl?d lgns, some H6/U, some frequency marked, (#16256) ...
o NIIE TRANSFORMERS, asst. may include; osc. antenna, efc. (#6259) ..
11 Components Express, Inc. 91 \ 60-SQUARE OHM RESISTORS, prime resistors, asst. values, grab ‘em! (#6261} ..
12 Computique . . .o v 78 ;gor.;lécnco‘:«;rénTnéioss»\arcms v |(:ng, for atarms, relay systems, elc. (26263)
I PECIAL, asst. mylars, polys, micas, etc. 100% good, (=6264) .
13 Concord Computer Components .88 20-PUSHBUTTON ALARM SWITCH, SPST, momentary, NC, w/hardware, (#6267} E
14 Cooper Group, The .. ...... .. .. 38 ;go- PC. MAERDV\M;E SURPRISE, (“approx.) 1 Ib. asst. screws, washers, etc. (#6271}
9v BATTERY CLIPS, snap conneclor, coded, insulated leads, (#6286
5 . -
15 CPU Shop . .... .. .. 81 6-WATCH GUTS, 5-function, LED stvle, assorted sizes, unlested, (46287)
| 10-HEAVY DUTY LINE CORDS, white, 2 cond. b ft. 16 gauge, (76292)
] _ 20-SINGLE PIN LEDS, green, micro style, 3V 10m 4, 100%, (+6293)
16 Delta EICTtrONiCS . . o v i 98 40-LED/TRANSISTOR SOCKETS, “‘snap-in”, 3 pc leads, for TO-5,18,46etc, (6297
17 Digi-Key Corp. 99 200-PRE-FORMED 'z WATTERS, popular values, some 5 & 10 %ers, (#6246). .. ... ..
Yy P -
b ! 2 50-SCRs & TRIACS, assorled values, 10 Amp T0-220, untested, (26337}
8 Discwasher ... ........... ..., . .42 1-CB CONVERTER, receives CB on car radio, 12 VDC operalion, (#5193}
21 DW.S. Marketi a1 40-EDGE CONNECTORS, asst. 3 & 6 sided, pc laads, (+6364)
WS, arketin . | pln -sided, pc leads, (#63b. -
9 20-6 CELL BATTERY HOLDERS, for AA size celis, 9V clip receplacte, (#6386) .
60-THERMAL FUSES, break at 257 £. 14 gauge axial leads, t76367)
Ed n i ifi S e BN B T JEROE - B B -
mund Scientific Co - .96 25-TINY SLIDE SWITCH, only 37 cube, SPOT. PC leads, (26385) ..
22 EICO . wyize arrm 92 ;g-;&;{glggs [50;600 prv., 3 lead TO-5 cans, 60%+ yield, (£6321)
WERS, 25 wall, npn & pnp, 50-200 bycbo, TO-220, (#6237)
5 P pnp. cbo, (#6237
23 Electronic Technical Insntute 40 100-2 WATT RESISTORS, assorted carbons, films, etc. some 5%ers, (76238)
10-HOBBY VOLTAGE REGULATORS, TO-3, assorted voltages, untested, (~3330) ..
Fiberfat 33 | 25-MAGNETIC DISCS, Plastalloy 13/16 dia. » 1/8” discs, (£6293) ...
5 .. .om. .an A% w  BEES 150-PLUGS & SOCKETS, assorted Ivpes & styles, wide variely, (3527) ...
24 Firestik Antenna Corp. 92 :g ;;\tﬁ%)?& E%AR%S for GE PA-263 stereo amps, pre-etched, (#2013) ... ..
' DICATORS, tiny red 1.5V bulbs, for Hi-Fi replacement, (+6244)
Fordham Radio Supply .98 | 40-800% 1A RECTIFIERS, type IN40O6, epoxy, axial leads, (:6145 ¢
:Ozaar:w au(r)nco[s silicon, full wave rectificrs, TO-5 case, (#6238) .. ..
D PHONO JACKS, 4 RCA jacks on 2 x 10" Bakelite strip, (6249)
25 General Engines Company .. ... .. ... 109 ‘ Sgl-)MODUl.AR SWITCHES, by Centralab, "push-on” DPDT, «,Pr;r etc., (#3150A)
26 Godbout Electronics, Bill 150-74000"" REC TIFIERS, IN4DUO series, may include; 50 to 1000V, (=2417) .
o . | ) 96 15-THUMBWHEEL TRIM POTS, snap-in lype, assorted salues, (#6299)
Grantham College of Engineering 82 ‘ 150-MICA CAPS, popular values by assorted manufaciurers, (46265)
= e X 1-L.R. DIODE, 5-9 wats, hetera-junclion coas, for Pulse mode, (#6345) ...
27 Guardian Electronics ... ... ... 13 200-BULLPLATES, ass). resistor-capacitor networks, various values, (#6262)
150-METAL CAN TRANSISTORS, assl. 2N #°s in TO-5,1,18, some unmarked, (=2603)
2% LB 51 24-1M-340T VOLTAGE RIGULATORS, unlested T0-220, may incl. 5-24V, (2635) .
29 Heath Co. . .... .. .. .20
30 Hemco Industries .82 60-THERMISTORS, various tvpes & styles, neg. coefficient, 100%, (= 3089) .
gi IC SOCKETS, assl. 24.28, & 40 pin sockels on G-10 board, (~6380) ...
o ) MINI PLUG & CABLE SETS, 3.5mm plug, 6 insulated 2 cond. leads, (46269)
31 lllinois Audio 90 20-RCA PHONO JACKS, ' i
...... } popular HiFi jack on a Bakelit slrip, (76230) .
32 information Unlimited 78 250-PRE-FORMED DISCS, cgps wileads for PC use, mlxnd‘:aluos (22605)
50-AXJAL ELECTROS, asst values, volts, sizes, What a buy!, (#3227)
:x-;«;m\;gcpgfsxsrsoks, mostly ¥ watters, asst. val. 1-5% tol. (6280
Jameco El - WERS, 3 to 7 watt power resistors, (#6281
33 co Electronics .. ... .. 104, 105 ‘ 15-IGNITION SUPPRESSION CAPS, for auto radios, decks, elc, 0.5 mi {#6224)
34 J8 Musls World : 89 [ OO IO S O R s, 220
plas .c assl. types, untested, (#2425} ..
JS & A National Sales Groun 251 | 24-SKINNY TRIM POTS, multi & single turn, asst. values & types, (:6285) .
30-H1088Y OPTO COUPLERS, untested, min DIP, 1500V isolation, (72629) .
35 Magnavox Cover 4 :g‘-)zgsTl{slscyossv“Tu:N?l,skTicl)_Rs‘,l oLprt ’i“gu'i T()?AB' R ‘:66)2“ .
........... - s, moslly dua ip flops, marked, 100% prime, (#6444} oo
36 Maxeil Corp. of Amerlca ...... 19 igo;&#;s&g:#k:kas;sl :W':els'islorsam:slly carbons, some 5%ers, (#6284} .
- ', fts, some w/pointers, (#6498) .
MICROCOMPUTER MART 72 15LINE CORDS, h v, 18 gouge, 6, mol *ycond” '
- , heavy-duty, 18 Rauge, 6, molded plug, 2-cond. (#6399)
37 Media Marketing . . . . . 67 10-MICRO LED DISPLAYS, 4 tiny 0.1 digits, 12 pin, mitplx, (+5084)
) (VR = . -17 15 DIGIT RFADOUTS 1Ia| p.L w/bubble mag,. 120 high, 14 pin, (+5558)
, - color lyles,
40 Mcintosh Laboratory, Inc 84 15 5 JUMBO LEDS, assorled slvles ] (okws aN new & 100%,
JENCH Gar e RN PR S c 4-0.3" DIGITS ON A DIP, com. cathode, mltplx, w/bubhle mag, :1887) .
p 3
| 6-8-1/2 DIGIT LED DISPLAY, 1/8" high digits, com. cathode, 2V, 25 mA (¥6009) ...
Netronics R & D Ltd. . . . .. B-INCANDESCENT READOUTS, asst. 5 & 6 volt, 5/16" high, com. anode, (#6645)
X DA ‘ 4.0.5" READOUTS, red FND 507, common anode, PC leads, 7-seg. LED, (22950}
etronics & D Ltd. 2-RUBBER DUCKIE, scanner anienna, VHF-Hi, 1/8" threaded slud, (v6137) ..
NR! Schools 40-IN4148 SWITCHING DIODES, 4 nsec. 100V, 10 mA, axial, 100%, (26623} ..
5-SETS-COMPUTER TAPE HEADS, play/record & erase sets, digital appl. {+6636)
| ER szmD AUDIO CABLES, 2 cond., with RCA plugs at each end, wbuz)
42 OK Machine & Tool - 6-Y ADAPTER, shielded, 2 motorola p|ugs to 1 motorola jack, (25974} .. ... ..
‘ ol Corp. 43 200-HI-QUALITY RESISTORS, asst. carbans, some metallic, some 5 .ers, (26627) ...
43 OK Machine & Tool Corp. . .. ... .. .. 27 40-RADIO/TV KNOBS, various styles, shapes, & colors, w & w/o shaits, (#6628) ...
44 Olympic Sal 20-PANEL SWITCHES, assorted rotary, micro, slide, etc. (56629) e ]
ymp Sa s pae e BEeE .96 30-PAIRS-RCA PLUGS & JACKS, popular for Hi Fi, speakers, etc. (#6630)
45 Omnisonix . . . ... .. .. 23 100-IN914 SWITCHING DIODES, 4 nsec. axial, glass, untested, (#6632} ... 5
! 1-2N3055 NPN TRANSISTORS, 115 watts, 15 amps, 10-3, 100% material, (+h633)
. 80-UPRIGHT MYLAR CAPS, incl. asst. epoxy, plastic, polystyrene, efc. (56634)
46 PAIA Electronics, Inc. .. ... .. 920 20-NE-2 BULBS W/RESISTOR, neon, plugs right into 110 VAC, (56620} .
P 100-1/2 WATT METAL FILM, asst. resisiors, color-coded, avial leads, (#6621)
2; Parts Magters C ............. .80 | 100-PREFORMED 1/4 W ATTERS, assorted values, precul for PC appl. (<6622}
ercom Data Company, Inc. ... .. . . 52 "
49 Phoenix Systems 72 g ORDERING DEADLINE: September 1, 1980
50 Poly Paks . ....... ......... .103 l St Discount To Be Taken BEFORE Postage Is Added.
51 Protecto
----- 86 SEND FOR FREE CATALOG - sred oW 10 OROER
e honor MA CHARGE. VISA, check, d COL.
52 Que " E i . Order by phone or mail. Minimum order :10 - E
s ECHONICS « . . oEE 5N s 3503 3 EES JIIEE 90 =34 100 Piease state Cat. No. & description, name & mant
@ of magazine. POSTAGE: USA: add $3. CANADIAN: add
. $S. FOREIGN: add $10. US funds  Excess wil be
P T N — - 97 P.0. BOX 942, E7 A A e B
0 nimum, .
G578 RCEA smaw . .Ffc . W9.4. . WO 2 9900 EAE dA Y, . 4 4 85 SOUTH LYNNFIELD, €.0.0. OROERS: _Payment must be made In Cast,
‘ostal Maney Order. or Certitied Chech. €.0.C
] | MASS. 01940 charges will be added to the order.
abtronics . ... L 6
CIRCLE NO. 50 ON FREE INF! M
JULY 1980 SRMeNIoNERRY 103

WWW akmerieanbiadiahistary com


www.americanradiohistory.com

NEWINEWINEW! NEW! NEW! NEW! NEW!NEW! NEW!NEWINEWINEWINEW!INEWINEW!NEW!NEW!NEWINEW!NEWINEW!NEWINEW!
NEWINEW! NEW EWINEWINEWINEWINEW!NEW! NEWI NEWINEW! NEWl NEWINEWINEW! NEW!
NEW! NEW! NEW EWINEW!INEW!INE . v

NEW! NEW| NEW EWINEWINEWIN
NEW! NEW! NEW EW!NEWINEW! NI
NEW! NEW! NEW EWINEW!NEWIN

NEW! NEWI EWI!NEWINEW!

NEWINEW! EWINEWINEW!

NEW! NEW! EWINEWINEW! INE v WINF !
NEW!INEW! N EWINEW! NEWINEWINEW! NEWINEWINEW!NEW! NEW! Ni:W' NEWINEW!NEW!

NEW! NEW! NEW! NEW! NEW! NEW! NEWINEWINEW!NEWINEWINEWINEW! NEWINEW!NEW!INEW! NEW! NEW! NEW! NEWINEW! NEW!

JE608 PROGRAMMER

2704/2708 EPROM PROGRAMMER

o 3 separate Display Registers: 8 LED's for Hex Key entries, 10 LED’s {2°-2?)
for Address Register and 8 LED'sfor Data Memory Register. The Data Memory
Register displays the content of the EPROM.

¢ Development of microprocessor systems by means of a ribbon cable from the
programmaer panel test socket to the EPROM socket on the microprocessor
board.

e Rapid checking verification of programmed data changes.

¢ User may move data from a master to RAM’'s or write into RAM’'s with
keyboard entries.
¢ Altows manual stepping manipulation (up and down) at any address location.
¢ Stand-alone EPROM Programmer consisting of:

A 19-key Hexadecimal Keyboard assembly, Programmer Board assembly with

4 power suppties and a LED/Test Socket Panel Board assembly. The Test

Socket is zero force insertion type. Power requirements: 115VAC, 60Hz, 6W.
® Compact desk-top enclosure: Color-coordinated designer’s case with light tan
panels and end pieces in molded mocha brown. Size: 3% H x 11”W x 8%"'D.
Weight: 5 Ibs.
The JE608 EPROM Programmer is a completely self-contained unit which is
independent of computer control and requires no additional systems for its
operations. The EPROM can be programmed from the Hexadecimal Keyboard
or from a pre-programmed EPROM. The JE608 Programmer can emulate a
programmed EPROM by the use of its internal RAM circuits. This wili allow
the user to test or pretest a program, for a system, prior to programming a
chip. Any changes in the program can be entered directly into the memory
. circuits with the Hexadecimal Keyboard so that rewriting the entire program
® TO COMPARE EPROM(S) FOR CONTENT will not be necessary. The JEBO8 Programmer contains a Programmer/Board

with.25 IC's and including power supplies of: -5V, +5V, +12V and +26V. The

DIFFERENCES i ;
H deci | Keyb d LED/ T Sock P I b d
© TO EMULATE A PROGRAMMED EPROM aceonblins within the systam est Socket Panel board are separate
. $399.95

€ TO STORE PROGRAM IN RAMS FOR ALTER- Kit 6o. v o v ne 5
ATIONS JE608 Assembled and tested . . $499.95

JE610 ASCII Encoded Keyboard Kit JE600 Hexadecimal Encoder Kit

FULL 8-BIT
LATCHED OUTPUT
: 19-KEY KEYBOARD

GENERAL APPLICATIONS:
€ TO PROGRAM EPROMS 2704 and 2708.

© DEVELOPMENTAL SYSTEM FOR MICRO-
COMPUTER CIRCUITS

¢ TO READ THE CONTENTS OF A PRE-PRO-
GRAMMED EPROM.

The JE610 ASCII Keyboard Kit can be interfaced into most any
computer system. The kit comes complete with an industrial grade

keyboard switch assembly (62-keys), IC's, sockets, connector, elec- The JE600 Encoder Keyboard Kit provides two separate hexadecimal

tronic components and a double-sided printed wiring board. The
keyboard assembly requires +5V @ 150mA and —12V @& 10mA for
operation. Features: 60 keys generate the full 128 characters, upper
and lower case ASCII| set. Fully buffered. Two user-define keys pro-
vided for custom applications. Caps lock for upper-case-only alpha
characters. Utilizes a 2376 (40-pin) encoder read-only memory chip.
Qutputs directly compatible with TTL/DTL or MOS logic arrays.
Easy interfacing with a 16-pin dip or 18-pin edge connector.

JE61O ASCI| Encoded Keyboard Kitonly .. $79.95

Desk-Top Enciosure for
JE610 ASCII Encoded Keyboard Kit

Compact desk-top enclosure: Color-coordinated designer’s case with
light tan aluminum panels and molded end pieces in mocha brown.
Includes mounting hardware. Size: 3%"H x 14%"'W x 8%''D

digits produced from sequential key entries to allow direct program-
ming for 8-bit microprocessor or 8-bit memory circuits. Three addi-
tional keys are provided for user operationswith one having a bistable
output available. The ocutputs are latched and monitored with9 LED
readouts. Also included is a key entry strobe. Features: Full 8-bit
latched output for microprocessor use. Three user-define keys with
one being bistable operation. Debounce circuit provided for all 19
keys. 9 LED readouts to verify entries. Easy interfacingwith standard
16-pin IC connector. Only +5VDC required for operation.

JEGOO Hexadecimal Board Kitonly ...... $59.95

Desk-Top Enclosure for
JE600 Hexadecimal Keyboard Kit

Compact desk-top enclosure: Color-coordinated designer’s case with
light tan aluminum panels and molded end pieces in mocha brown.
includes mounting hardware. Size: 3%''H x 8%"'W x 8%''D.

J
| ELECTR

DINEEAK < 39 sa 34 3rameie A AN B T wTA ..$49.95 DTE-HK . . e . $44.95

SPECIAL: JE610/DTE-AK PURCHASED TOGETHER SPECIAL: JE600/DTE-HK PURCHASED TOGETHER

(Value $129.90) . . . . . . .. ... ... ... $124.95 (Value $104.90) . . . . . .. . . . .. .. $99.95
AVAILABLE TODAY ONLY THROUGH JAMECO ! 80

® $10.00 MINIMUM ORDER — U.S. FUNDS ONLY — CALIF. RESIDENTS ADD 6% SALES TAX — POSTAGE: ADD
5% PLUS $1.00 INSURANCE — 1980 CATALOG AVAILABLE (IF DESIRED SEND 41-CENT STAMP TO:

1355 Shoreway Road ¢ Belmont, CA 94002 e Phone orders welcome (415) 592-8097
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MINIATURE SCREWDRIVER

MICROPROCESSOR COMPONENTS The Incredible

—————8080A/8030A SUPPORT OEVICES MANU q 0
8080A  CPU I R ALS o |‘Pennywhistle 103"
8212 8-8it Input/Quiput 3.25 2
: M-CDP1802  User Manual 7.50
5% 8214 Priority Intecrupt Control 5.95 M-2650 User Manual 5.00
4 ———= | w26 8i-Directional Bus Driver 349 ' :
RUGGED CONSTRUCTION 8224 Clock Generator/Diwer 195 AOM'S .
1000's OF USES — 1/67 TIP .. . 2/$1.00 | oo Busliyel 349 2513(2140)  Character Generator(upper case) 59.95 ° it Only
8228 System Contralier Bus Driver 395 551330211 Character G,,,,m,(,w‘,’m case) 995 | The Pannywhistls 103 is capable of recording data to and from audio tape without
8238 System Controller 595 2516 Character Generator 109 critical speed requirements tor the recorder and it 1s abie to communicate directly with
MAGNETIC RETRIEVER TOOL 8251 Prog Comm. 1/0 (USART) ol R Tge | snother mogem ang terminat tor telephone “hamming” ana commumcatians. in
8250 Prog Interval Timer 14.95 T el adartion, s ree of andis bullt with non-p . readily
i 8255 Prog Penph 1/0 (PPI} 9.95 RS oants. .
- — - 8257 Prog DMA Control 19.95 101 256%1 Static $149 Data Transmission Method Frequency-Shitt Keying. full-duplex (half-dupiex
8258 Prag. Intefrupt Control 1305 S A o selectable)
Picks up elusive metal parts or tools 6800/6800 SUPPORT OEVICES: émuamn 256%4 S(yalic 395 Maximum Data Raie . 300 Baud.
in hard-to-reach places. MCB800 MPU $1495 5 jo2ax1  statie 175 | Deta Format Asynchronous Seriat (return to mark level required
MC6802CP  MPU with Ciock and Ram 2495 QtLBz 1024%1 Suatic 195 between each character)
, EXTENDS TO 26%" — ROTATES 360° MC6810AP!  128XB Static Ram 59 5iiGi 256k Statie 305 | Recelve Channel Frequencies ...2025 Hz lor space. 2225 Hz lor mark
STRONG, LIFETIME MAGNET MCEB21 Perigh inter. Acap! {MC6820) 743 549 256%4 Static MOS 495 § Transoul Channel Frequencies ..Swiich selectable Low {narmal) - 1070 space,
‘ MC6828  Priority Interrupt Controlle: 1295 50 oaiva Werihisn i 1270 mark, High ~ 025 space. 2225 mark
MRT-2281 ............... ,..$3.95 | MCS830L8  1024X8 Bit AOM (MC58A30-) g 54 oo meieNeD ower 109 | Recawe Sensitivit 46 dbm accoustically coupted
MCE650 Comm  Adapter 7905 ° S B I Transmit Lovel 15 dbm nommnal. Adjustable from -6 dbm
MC§BS2  Synchronous Senal Data Adapt gss A 135:;‘: RES ggg“" PR 1o 20 dom )
= 5 = CONTINENTAL SPECIALTIES | mcssso 0-600 bps Digital MODEM 129 o 2564 Sm'c (B 03 o g5 | Recetve Frequency Toterance . Froquency refecence automauically adjusts to
MEE862 2490 bps Modulator 1995 Gren2107  4096X1 Dynamic 495 2llow for operation between 1800 Hz and 2400 Hz
MC68804 Quad 3-State Bus. Trans. (MC8T26) 225 389 16%4 Static 175 Oigital Dala interiace EiA RS-232C ar 20 mA current loop (recemver 1s
LOGIC PROBE KIT —— MICROPROCESSOR CHIPS — MISCELLANEQUS —— 7,070 256X1 Stanc Tnstate 595 aptorsolated and non-potar)
280(780C)  CPU oy . Pawer Requirements 120 VAC, single phase, 10 Wants
ZB0A7B0-1) CPU S{g.g 3?,‘:7?“‘4 = g‘““ . fgg Physical All components mount on a single 5 by &
— i [ 1955 (ka7 Yiame Oipg printed creut board. Al components included
B Wi 9 " Requires a VOM. Audio Oscillator. Frequency Counter and/or Oscilloscape to align
2650 c rPJu i 35 UPD41E 16K Dynamic 16 pin 25008 7.95
6502 1 M9 (MKa16)
SPECIFICATIONS aoggs g;s:« MPY wiciock, RAM, 170 Jines |; gg ™S04 dK Static 1495 R B O
. P8 L 1 ashL f q
ITnhpmhl "I\gadaEC& 338;800 Oh':& .- THSSS00AL 651 WP wiardvare. gy bp IUSO ke e 1495 1 6 K C onversion K |t
resholds: “Lo" cc — “Hi" 70%Vce vide 48 217 16,384X1  Dynamic 350ns 995
R 8 SHIFT REGISTERS {house marked) Expand your 4K TRS-80 System to 16K.
Maximum s"‘?e'j: 300 "[S)EC" 1.5MHz MMS00H  Dual 25 Bit Dynamic S50 MMS62  2KX1  Dyname 7100 Kit comes complete with:
Input Protection: 150V DC continuous 117VAC mgg:: g.ml ?g s.: Dyam gg —————————— PROM'S - —_ * 8 each UPDA416-1 (16K Dynamic Rams ) 250NS
fo gls)sec: MMS0EH  Dusi 100 B1 Stac 50 17024 048 FAMOS 9595 occymentationiiogconvarsion
Pawer: 30mA @5V —40mA @ 15V — 25V max. | wMsion  Duai 84 8t Accumustor 50 271GNTEL 16 EPROM 599 TRS _1 GK 59 9 5
reverse voltage protected; 36" cable with color | MMS0EH 500512 Bil Dynamic 89 TMS2516 16K EPROM 20 (IFAAQO=10RN ... ... ... .
e 25047 1024 Dynamic 395 (2718 “Requires singie » SV Dower supply
coded clips inciuded. 2518 Hex 32 81t Stalic 495  TMS2532  4KXA  EPROM 89.95
Operating Temp.: 0-50°C. 2522 Dual 132 Bt Static 295 2708 8K EPROM 1095 b .
: . . 2524 512 Stanc @ BTI 18K EPROM 2995
Dimensions: 5.8L x 1.0W x 0.7D in. '] Q
: . . 2525 1024 Dynamic 2.95 “*Requires 3 vonages, —5V. 45V, +12V
(147 x 25 x 18mm) 2527 Dual 256 Bit Stalic 2% 5203 2048 FAMOS 14.95 .

f . 2528 Dual 250 Static 4.00  6301-1(7611) 1021 Tristate Bipotar 349 kb
Weight: 30 oz. (85 gm) | Dual 210 Bit Statc 400 6330-17602) 256 Open C Bipoiar 295 J o
LERKE TR v 2t 0. 7 o e $21.95/Kit | 2% Qliad 80 B Starle 2.95 82523 32%6  Open Collector 395

3341 Fii 695 825115 4096 Bipolar 19.95
74L5670 4%4 Register File (TriState) 249 828123 32%8 Tristate 395 «30 AWG wire *.025" square posts
1 P"oto c,i S - 7-3123 g‘sé ﬁt g“'” g“:‘f‘-’:’" 23? Daisy chain or  *Built-in cut off
F ARL ! — g point-to-point s Includes 50 ft. wire
i !I & p ALs013 JoCRAg 595 145287 1028 StEnc £ eNo stripping or slitting required—
il a ’ :
il 14-PINCLIP PC-14 . .. d Lsiwrap
i 16-PINCLIP PC-16 . ... 2 :.gg FunCtlon . THERﬁl(;;;\l/]Tgﬁ'léR KIT Pant N Coe 4
24PINCLIP PC-24 . $10.00 Generator Kit B = Sios
W) 40PINCLIP PC40 . ... $16.00 - o ue -
Provides 3 basic WLy ihite 1295
ol o IW-1-Y Yellow 14.95
triangle and square JW-1-R Red 14.95
Proto Boards iy | onoin s
Lid from 1 Hz to 100K o 0
s17.95 q -_! He Output ampli- JUST WRAP Replacement Wire
. 22'95 { tude from O volts Part No. Color Price
26'95 :" :‘“"‘ 6 "‘t‘)s R-JW-B Biue ........50¢t.rol....... $2.98
o peal 0 peak}. N R H
44.95 »Duai sensors—switching control for in R-JW-w White 2o C0Ge [l cce 2.98
Uses a 12V supply
55.95 or a +6V split sup- ?:oanoutdoo':Eo‘saé)ulhmonltormg R-JW-Y Yellow . ..... 50t roil .. .. 298
! sContinuous t. display . .
12233 ply. includes chip, *Range: AO:F 10 199°F / -40°C to 100°C R-JW-R Red . . S0ftroi....... 298
- - P& Bosrd. com. | *Accarscy: nominal =
PB 203A-Kit . . . 131.00 " *Set tor Fahrenheit or Celsius reading
Ki ponents & instruc- .g;m v:“/a‘lnut case - AC W"%a:??‘é' inel JUST WRAL Unwrap Tool $3.49
- tions. »Size: /4"Hx6-5/8"Wx
Jumbo 6-Digit Clock Kit JE2206B $19.95 JE300 $39.95
* Four 6207ht. and two .300""ht.

et it rocs omrp. i ‘ DESIGNERS’ SERIES
« Hours sasy iewsble to 1 taar | et Blank Desk-Top Electronic Enclosures

* Simulated wainut case

* 11 VAC operation High strength epoxy molded

* )2 or 24 hour oPeration
* Includes alt comPonents, case and walf transtormer fmlfshpleces ingmoghairow

* Size: 63 x 3% x 1%

Vacuum Vise

Vacuum-based light-duty
vise for smaill components
and assemblles. ABS con-
struction. 1% jaws, 1%’
travel.Canbe permanently
installed.

Sliding rear/bottom panel for

service an p ac
----- e $2995 - cessibility. ADJUSTABLE WRENCH
% _
T —
ols MBS 14 clock chip finish (gold tint color) for —
eSwitches far hours, minutes best paint adhesion after e 10"
de holdlmo;des N 201t mndifﬁ:ntinn. :;rv;?efs'iz:,s‘;,ﬁolf;?tyo
. t : i
SSimulaies wainur case ¢ Vented top and bottom e eIt
©115 VAC operation panels for cooling efficiency. | 6~ AW-6,.%$4.95 10— AW-10..%6.95
liclorizafhiyoperation * Rigid construction provides
JE701 «incy. all components, case & ? p
| { nnned appllcatlnns
Sre By w5/ x 1% | CONSTRUCTION: JOYSTICK

6"D|g|t Clock Klt $19 95 The “DTE" Blank Desk Top Electrnm: Enclosuresare designed to blend and complement VIDEO CONTROLLER

today's modern computer equipment and can be used in both industrial and home. The
end pieces are precision molded with an internal stot {all around) to accept both top and
bottom panels The panels are then fastened 1o %" thick tabs inside the end pieces to

Regl-“ated power Supply provide maximum rigidity to the enclosure. For ease of equipment servicing, the rear/
Uses LM309K. Heat sink bottom panel slides back on slotted tracks while the rest of the enclosure remains in-

LN tact. Different panel widths may be used while maintaining a common profile outline.

provided. PC board con- — N ;
struction. Provides a solid — The molded end pieces can also be painted to match any panel color scheme.

1 amp @ 5 volts. Can supply up

i Enclosure Panel
to +5V, 9V and :12V with 2
JE205 Adapter. Inciudes compo- Modelli: Width PRICE
nents, hardware and instructions. DTE-8 8.00" $29 95
S o b | | ISTUR
= DTE-11 | 1065 | $3295
JE200.. ... $14 95 DTE-14 | 14.007 | $34.95
$10.00 Min. Order — U.S. Funds Onl Spec Sheets — 25¢
ADAPTER BOARD Calif. Residants AQd 6% Sates Tax | 1680 Catalog Available — Send 41¢stamp
- Adapts to JE200 - Postage Add 5% plus $1 Insurance (if desired} = NS

i b 5| aBy + + + IDEAL FOR ALL VIDEO GAMES OR REMOTE CON-
+5V, £9V and +12V PHONE TROL PROJECTS

b — ) ) ) B % ORDERS *SMALL CASE SIZE: 1-1/2"'H x 2-3/8"W x 4-5/16"L

DC/DC converter with +5V input. Toriodal hi- | A \‘5 oG WELCOME *2 MINIATURE POTENTIOMETERS — 40K OHM EACH

speed switching XMFR. Short circuit tection. < .
PC boas(d construction. Piggv-bacll goJE ’zono X /\ 2 ECTRON|CS OURIE el .mfnpeutfg:ﬁggﬁgfzmgtsFm LONG
board. Size: 3™ x 27 x 9/16"H 4 MAIL ORDER FLECTRONICS — WORLDWIDE * RUGGED PLASTIC CASE
1355 SHOREWAY ROAD, BELMONT, CA 94002
\_ JE205 . .. .. . $1295] HOREWAY ROAD, BELVONT, CAS JVC-40. ... $4.95each /
JULY 1980 CIRCLENO. 330N FREE INFORMATIONCARD
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Flectronics Classified

REGULAR CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services, $2.75 per word. Minimum order $41.25.EX-
PAND-AD® CLASSIFIED RATE: $4.10 per word. Minimum order $61.50. 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, $1.60 per word. No minimum! DISPLAY CLASSIFIED: 1” by 1 column (2-1/4" wide), $330. 2" by 1 column,
$660.00. 3" by 1 column, $990.00. 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 to be billed on credit cards — American Express, Diners Club, Master Charge, VISA (supply
expiration date) — or when ads are placed by accredited advertising agencies. First word in all ads set in caps. All copy subject to publisher’s approval. All advertisers
using Post Office Boxes in their addresses MUST supply publisher with permanent address and telephone number before ad can be run. Advertisements will not be
published which advertise or promote the use of devices for the surreptitious interception of communications. Ads are not acknowledged. They will appear in first issue
to go to press after closing date. Closing Date: 1st of the 2nd month preceding cover date (for example, March issue closes January 1st). Send order and remittance to
Classified Advertising, POPULAR ELECTRONICS, One Park Avenue, New York, N.Y. 10016. For inquiries, contact Linda Lemberg at (212) 725-7686.

FOR SALE

FREE! Bargain Catalog — 1.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, transmitters,
snooperscopes, electronic parts, Picture Catalog 25 cents.
Meshna, Nahant, Mass. 01908.

EOWES? -Prices_Elect;wic PansA‘ConrindentieTCataTog F;e.
KNAPP, 4750 96th St N., St. Petersburg, FL 33708.

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

RADIO — T.V. Tubes — 49 ce;s eac_h. Se-nd for free catalog.
Cornell, 4213 University, San Diego, Calif. 92105,

AMATEUR SCIENTISTS, Electronics Experimenters, Sci-
ence Fair Students . .. Construction plans — Compiete, in-
cluding drawings, schematics, parts fist with prices and
sources . . . Robot Man — Psychedelic shows — Lasers —
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignition — Burgiar Alarm — Sound
Meter . . . over 60 items. Send $1.00 (no stamps) for complete
catalog. Technical Writers Group, Box 5994, University Sta-
tion, Raleigh, N.C. 27650.

SOUND SYNTHESIZER KITS — Surf $16.95, Wind $16.95,
Wind Chimes $22.95, Musical Accessories, many more
Catalog free. PAIA Electronics, Box J14359, Oklahoma City,
OK 73114.

TELETYPE EQUIPMENT: Copy Military, Press, Weather,
Amateur, Commercial Transmissions. Catalog $1.00.
WEATHER MAP RECORDERS: Copy Satellite Photographs,
National-Local Weather Maps. Learn How! $1.00. Atlantic
Sales, 3730 Nautilus Ave., Brooklyn, NY 11224. Phone: (212)
372-0349.

BUILD AND SAVE TELEPHONES, TELEVISION, DETEC-
TIVE, BROADCAST Electronics. We sell construction plans
with an Engineering Service. Speakerphones, Answering Ma-
chines, Carphones, Phonevision, Dialers, Color TV Convert-
ers, VTR, Games, $25 TV Camera, Electron Microscope,
Special Etfects Generator, Time Base Corrector, Chroma
Key. Engineering Courses in Telephone, Integrated Circuits,
Detective Electronics. PLUS MUCH MORE. NEW Super Hob-
by Catalog PLUS year's subscription to Electronic News Let-
ter, $1.00. Don Britton Enterprises, 6200 Wilshire Bivd., Los
Angeles, Caiif. 90048.

NAME BEAND ‘ITesl Eduipm;ni, aJarar;eed aiscounts up to
50%. Free catalog. Salen Electronics, Box 82, Skokie, Il
60077.

UNSCRAMBLERS FOR any scanner. Several models avail-
able. Free literature. Capri Electronics, 87537 Windom, St.
Louis, MO 63114

e

Record telephone conversations mnyour
office or home. Connects between any
cassefte or tape recorder and your
telephone or telephone LINE. Starts
automatically when phone is answered
Records both sides of phone conversation

Stops recorder when phone (s hung up Each
This device IS not an answering ser?nce 518.95
Oty Disc Ava
Super Powerful 3
Wireless Mic %%
10 times more powerful than other mics. 974
Transmits up to ' mile to any FM radio 28 213

Easy o assembie kit. 15V battery inatincl.)

Call (305) 725-1000 or send $18.95 + $1.00 shipping pe
tern to US| Corp.. P.O. Box PE-2052, Melbourne, FL 32901,
COD's accept. For catalog of transmitters, voice scrambiers
and other specialty items. enciose $2 00 to USI Corp
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UNSCRAMBLERS, seven models available to decode police,
ambulance, and fire coded transmissions. Other scanner de-
vices. Tone encoders/decoders. Telephone accessories, efc.
Free Catalog. KRYSTAL KITS, Box 445, Bentonville, AR
72712. (501) 273-5340.

POLTCE/FIRE SCANNER?. crystals, antennas, CBs, Radar
Detectors. HPR, Box 19224, Denver, CO 80219.

SATELLITE TELEVISION — Build or buy your own earth sta-
tion. Article gives much hard to find, necessary information.
Send $3.00. Satellite Television, R.D 3, Box 140, Oxford, NY
13830.

N-EW CATAE)EOf_low cost electronic par; Se_nd 1;)r FREE
copy. ALL ELECTRONICS CORP., Dept. F, 905 S. Vermont
Ave., Los Angeles, CA 90006.

CB RADIOS, VHF-UH} Scanners, Crystél, Antennas, Radar
Detectors. Wholesale. Southland, Box 3591, Baytown, TX
77520.

PRINTED CIRCUIT supplies, chemicals, tools, artwork, plat-
ing solutions. Major credit cards. Catalog $2.00, refundable.
CIRCOLEX, Box 198, Marcy, NY 13403.

RECONDITIONED TEST EQUIPMENT $1.00 for catalog.
WALTER'S TEST EQUIPMENT, 2697 Nickel, San Pablo, CA
94806, (415) 758-1050.

NEGATIVE ION GENERATORS AND ACCESSORIES. (Kits).
Fascinating details — $1.00. Golden Enterprises, Box
1282-PE, Glendale. Arizona 85311.

SATELLITE TV

FOR THE HOME Ay

Our receiver lets you get
over 75 channels of televi-
sion directly from earth-
orbiting cable TV satellites!:
HBO, Showtime, super sta-
tions, sports and movies .
from around the world. S

Sick of Network TV?
Tl Buy Complete or
Teet s Build our kit and save!

Our 24-channel receiver provides “studio quality”
TV reception. Easy to install! Ultra low power con-
sumption! Brilliant color! Works anywhere! FCC
licensing no longer required. Order today!

Complete details covered In our Home Earth Sta-
tion manual. Send $7.95 today (retundable against any
purchase), or call:

24-hour C.0.D. Hotline

(305) 869-4283
SPACECOAST RESEARCH

Dept. H, P.0. Box 442, Altamonte Springs. FL 32701

TREMENDOUS BUYS In New
And Gov’t Surplus Equipment

* Save the lobor costs of cleoming and
polishing ond sove $$%% on stondard dioil
telephones Work on ony commercicl system
Complete no poris missing

working order Your choice of desk

models These ore toke-outs from cammerciol
service { not toys ) Instruchions furnished

$7.95

PRICE EACH

Wall Model <715 WPl PRtPAIDIN Y § &

Boes not include
MAWAIL AL&SKA PR

ek Modrl #7135 BI

FREE CATALOG Shows BIG SAVINGS On
LECTRICAL = ALARM STSTEMS = TELEPHONES * PUMPS
* BINOCULARS = GEAR MDTORS « wiINCHES = SURVETING INSTRUMENTS
* GIMERATORS * COMPRISSORS * WTDRAULICS + pOWSR 10015 * WELDERS
* POWIR PLANTS + CHMICAL SPRAYING * TARPAULINS + MANT DTMIRS

Surplus Center Box 82209-PE Lincoln, Ne. 68501

- ALECTRONICS *

NEW ELECTRONIC PARTS. Continuously stocked. Stamp
brings catalog. Daytapro Electronics. 3029 N. Wilshire Ln. Ar-
lington Hts., IL 60004.

WWW ameraaaradiohigtary com

RF POWER TRANSISTORS plus TV, audio, radio, VTR tran-
sistors, and more. IC's, diodes. B & D Enterprizes, P.O. Box
32, Mt. Jewett, PA 16740. (800) 458-6053

FREE CA3140 O};;\mp ;vith every order. Al top quall_ty mer-
chandise. Send for bargain catalog. KEY ELECTRONICS,
Box 3506P, Schenectady, NY 12303.

nents. Everything needed by the hobbyist or technician. $2.00
(U.S. funds) Postage & handling, refundable with first $15.00
order. T & M Electronics, 472 East Main St., Patchogue,
NY 11772, (516) 289-2520.

POLICE SCANNERS — WHOLESALE PRICES. Over 25
models. Bearcat 300 — $379.95. Regency M 100 — $209.95.
Bearcat 220 &250— $269.95. Same day shipping. VISA/MC.
(415)573-1624. Free catalog. Write: Scanners Unlimited, 1199
A Laurel Street, San Cartos, CA 94070.

SAVE 50%. Build your own speaker system. Write: McGee
Radio Electronics, 1901 McGee Street, Kansas City, Missouri
64108.

HOW TO BUILD CROSSOVERS. Send S.A.S.E. for catalog of
crossover information publications. Mesalab, Dept. PE, 3942
Mesa Avenue. Sarasota, FL 33583.

OSI CHALLENGER 1P — Superboard II. 90 page step-by-
step programming manual, $5.95 + $1.00 P&H. TIS, Box 921-
PE. Los Alamos, NM 87544,

ERIN?ED CIRCUIT BOERDS, your artwork. Q:ick Eliver;.
Reasonable. Atlas Circuits, Box 974, Waynesville, NC 28786.
(704) 456-3739.

PCB AS LOW AS 15¢ sq-in., Free Drilling, Also PTH. Interna-
tional Enterprise, 12507 Brent, Cerritos, CA 90701

UNSCRAMBLERS $19.95 and up. Free information. Dealers
inquiries invited. Oak Valley Enterprises. Route 1, Grand
Marsh, WI 53936.

HORNS-WOOFERS-MIDS-TWEETERS at tremendous OEM
savings. Altec, Electro-Voice, Philips, Peerless Polydax and
many others. Dozens of hard to find items used in major manu-
facturers most expensive systems. Huge selection of cross-
over network components, automobile systems, and musical
instrument loudspeakers. Send $2.00 for catalog, refundable
with purchase. SRC Audio, Dept. PE7, 3238 Towerwood Dr.,
Dallas, TX 75234.

OLD RADIO, TV, F;ono Schematics, send $1.00, refundable,
stating needs to: Oldies, 6116 Mary Ellen Ave., Van Nuys, CA
91401.

SATELLITE TV RECEPTION 36-page "How-To" Book. Com-
plete reprint of Bob Cooper's 7-article series from Radio-Elec-
tronics Magazine. $6.00 postpaid U.S. and Canada. All others
add $3.00 postage. N.Y.S. residents add 48¢ sales tax. SAT-
ELLITE TV RECEPTION, Box A, Radio Electronics, 45 East
17th Street. New York, NY 10003.

ELECTRONIC SURPLUS, You can have a list of over 50 Elec-
tronic Surplus Dealers. You can buy from or sell to. These are
some of the dealers your local Electronic Store is probably
buying from now, and marking it up to you. Send $2.00 to:
ELECTRONIC SURPLUS DEALERS, P.O. Box 2483, Or-
ange. CA 92669.

HAMS, CBERS, SWLS, ELECTRONICS BUFFS! Parts, kits
and plans now available for Popular Electronics projects.
MORSE-A-WORD: Circuit boards $24.00; Essential parts kit
$99.95: Complete four character kit $149.95; Eight character
kit $169.95; Wired $249.95. RTTY READER: Boards $24.00;
Complete kit $189.95; wired $269.95. S&H $5.00 kits; $1.5¢C
boards. Use VISA/Mastercard. (414) 241-8144. Write for cata-
log. MICROCRAFT, POB 513PE. Thiensville, Wl 53092.

POPULAR ELECTRONICS
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SATELLITE TELEWVISHIN—SATELLITC WEATHERFAX Wi
Wl 1ecerang amenna clear acal obstruglions ¥ Get ANTEN-
MA AIMING DATA lor geostationary satelites, custom com-
puted for yowr latiuge and longilude. Includad is chart of U.S
&nd Irtemalional salalites around the globe and instructions
an fow 1o find tham = e sy Send $5.00 to: COMPUSAT
643 South Route 83, Eimhurst, IL 60126.

g 'MI-'L'H:H :OVERS—TRS-80, Apple, Pet, Printers, DISkS
eto. Far sample/prices write: COMPUCOVER, Box 324-PE,
Mary Ezihar, FL 32569. (904) 243-5793

METRIC COMVERSION PROGRAM. Converts Metric to En-
glish aret Eryglish to Metric. Can be used on Pet computers
with 8K memory. Send $9.95 to: D.E. Britton, St. Rt. Box 38,
Pritchett, CO 81064.

I.C. PULLER TOOL
- Save time! 8 to 40 pin
(-~ plug-in chips removed
‘= easlly. Slimline, rugged
“ and nickel plated for long
life. Send $6.95 plus 50¢
postage to:
Steve Robinet, Box 144
Hospers, lowa 51238

\jj ‘lt‘; i

AUDAX and SEAS raw drivers and speaker kits. Wholesale-
Retail. Dynaco replacement woofers and tweeters. For com-
prehensive catalogue of specifications, technical information,
and accessories for the speaker builder, send $2, refundable
upon purchase to: The Speaker Works, Box 303, Dept. P.E.,
Canaan, NH 03714.

RECORDS — TAPES! Discounts to 73% All labels; no pur-
chase obligations; newsletter; discount dividend certificates.
100% guarantees. Free details. Discount Music Club, 650
Main St., Dept. 5-0780, New Rochelle, NY 10801.

SOLAR BREAK-THRUI

4" x 6" solar panel powers anything operating on
3V, 6V or 9V up to 50ma. Includes reflectors
and patch cord. $24.95—use VISA/MC

(800} 638-2000.

In Md'{301) 933-4801

Solar World, Suite 603

10750 Cotumbia Pike

Silver Spring, MD 20901

SHORT WAVE LISTENERS! Check out our new all band KRS
"“active” receiving antenna! Covers 200 KHZ-50 MHZ and is
under 4 ft. in iength. Works anywhere! Great for mobile homes
or in town condos. Introductory price $115.00. Free catalog.
Radio West, 3417 Purer Road, Escondido, CA 92025. (714)
741-2891.

HARD COPY PRINTER—For Your Computer. Completely re-
furbished, Model 33, Friction Feed Recsive only. Table Model,
110 Baud, 8 level ASCII, 20 MA Loop, $279.95. Complete line
of options available. Check or M.O. $50 Deposit on COD or-
ders. N.J. Residents add 5% Sales Tax. Red Arrow Electronics
Corp., 1217 Summit Ave., Union City, NJ 07087. (201) 863-
7916.

TRS-80 USERS™: We have hardware and software. Write for
current list. HARTMANN-LANG, Box 693, Chatham, NJ
07928.

AMATEUR RADIO

AMATEUR RADIO EQUIPMENT. All major brands plus ac-
cessories. New/Used. Call/write for quotes: AMATEUR RA-
DIO SUPPLY OF NASHVILLE, 615 South Gallatin Rd., Dept.
PE, Madison, TN 37115. (615) 868-4956.

THE EAVESDROPPER™ ANTENNA. Your ear to the world's
international shortwave broadcast bands (13 through 60 me-
ters). Fully assembled. $64.00 plus $2.50 U.P.S. Literature
50¢. VISA/Mastercharge. ANTENNA SUPERMARKET, Dept.
PE7, Box 563, Palatine, IL 60067. (312) 359-7092.

STUDIO I Conversion to Mncrooomputer' Plans $5 (. Kiis
available. ARESCO, Box 1142, Columbia, MD 21045, (301)
730-5186.

LASERS HANDBOOK with burning, cutting, Ruby Reds, CO's
complete plans, books, and parts. Send $4.00 to: Famco,
Dept. PE, Box 1902, Rochester, NH 03867.

KIT CATALOG. Send 50¢ to Gl KITS, Dept. PE, Box 2329,
Garland, TX 75041. Electonic ks, solar art, P.C. paste-up
pads, electronic ward puzzles, electronic study courses. Dis-
count coupons.

STOP THE AGONY. Get yourself a set of custom high quality
speakers. For ultra unique speaker design book send $3.50 to:
Wood "N" Things Workshop, P.O. Box 1043, Binghamton, NY
13902.

PRINTED CIRCUIT BOARDS, send your sketches or artwork,
kit projects. Quick Service. Free Estimates. ELECTRONIC
DESIGN CONCEPTS, 2780 Skyline Circte, Memphis, TN
38127.

TESLA COIL RESONANT TRANSFORMERS. 50,000 -
5,000,000 Volts, 520W - 3000 Kilowatts, Arcs - 100”. lllustrated
Construction Manual includes: 5 Powerful Coil Plans (Tube,
Sparkgap), Electrical Theory, Designing Procedures, 25 High-
Voltage, High-Frequency Experiments, History, Part Suppliers
. Manual $15.00. Information Photo $2.00. ASTRO-ENGI-
NEERING, 2706 Harbor BI., Costa Mesa, CA 92626.

CATALOG OF ELECTRONIC DESIGNS. Preamps, speakers,
crossovers, transmitters, linears and more. Catalog and Con-
struction Guide, $1.00. Peter Schmitt Enterprises, Dept. EP,
P.0O. Box 07071, Milwaukee, Wi 53207.

C.B. EQUIPMENT

BURGLARS BEWARE—Make your own Auto Protection Sys-
tem. Booklet of 5 easy circuits, $3.00. Omni Enterprises, Box
2572(E), Muscle Shoals, AL 35660.

HI-FREQUENCY XTALS. All radios — regular and special,
.99¢ each. Walkie-Talkie xtals $1.00/pair. Dealer inquiries in-
vited. BUENA PARK STEREO, 8204-P Commonwealth,
Buena Park, CA 90621. (714) 522-0202.

PREPARE FOR NEW CB CHANNELS! Frequency Expand-
ers, books, boosters, plans. Catalog $1. CB CITY, Box
31500PE, Phoenix, AZ 85046.

PLANS AND KITS

RESISTORS YaW, 12W5%CF. 2.2-ohm through 4.7 meg.
stocked. .03¢ ea. plus $1.00 shipping. JR INDUSTRIES, 5834-
A Swancreek, Toledo, OH 43614.

| MAKE IT

Audiokit 62, 6 in/2 out pro mic mixer
perfect for live recording. Can be
assembled in just hours. Features

wgome  [] [

treble, bass, pan, cua, echo, sgggn
control on all inputs. Kit .
©/0 008066 onped...$395 Send check or

money order to: Audiomarketing, 652
Glenbrook Rd., Stamford, CT 06906

* $ ? ? ? $ ﬁ ﬁ or call us Toli Free at 800-243-2598.

CABLE TV DESCRAMBLERS AND CONVERTERS. Build or
buy. Plans and parts. For information send $2.00. C&D Com-
pany, P.O. Box 26, Hudsonville, Mi 49426,

ION GENERATOR. Output 10X others. $79.95, $64.95 (kit).
Professional lonizers, 204-PE N. Hydraulic, Wichita, KS
67214,

COMPUTER EQUIPMENT

™™ “Now decode exotic 1
4 radio signals

Fueld Daayiss 4 teal Larpulen b3 raads &l sizds of coded fadio trnsmis
SIOﬂl-" Illlﬂlm-'nlll Ll |a..|r-l Ipi2, pIEs wie b ang ASCII

| Buifn 79 hew clock Wited, frsted,
h

| -year warranty 'I:| d.ay hi [Il'll poikup dr any Yeceiver $46 195 HHI

I g Chﬂrge checkor CO D No nisk

%1202 E, 2%rel 5t
| Kantronlcs Ine. Lawrence, k5 Ge0dd
L mateur radio ' maniifacturers, 191318427705 )

FLOPPY DISKS and COMPUTER PERIPHERALS at DIS-
COUNT PRICES. AB COMPUTERS, 115-E East Stump
Road, Montgomeryville, PA 18936. (215) 699-5826.

APPLE HOBBYISTS, dealers send $2.00 for Volume One
Dandelion Report. Contains programming, applications
instructions, software. Dandelion Micro Products, P.O. Box
615, Mt. Vernon, IL 62864.

PASCAL WANTED? Need 6800 CPU, 6850 serial /0 port,
32K memory, video term and KC cassette on port! Information:
Stein, Box 313, Raritan, NJ 08869.

ATTENTION HOME COMPUTER OWNERS: Take some of
the drudgery out of the kitchen with KITCHEN AIDE. Helps
plan daily menus, makes shopping lists, and more. Pro-
grammed in BASIC. Send $35.95 to: COMPU-HOME PROD-
UCTS, Box 405, North Versailles, PA 15137.

FREE KIT Catalog contains Test and Experimenter’s
Equipment. Dage Scientific Instruments, Box
1054P, Livermore, CA 94550.

TIGER 500
SIMPLI-KIT

FOR THE DO-IT-YOURSELFER
NOW! a high quality CD ELECTRONIC
IGNITION SYSTEM in kit form
Contains all components and solder to
build complete Solid-State Electronic CD
Ignition System for your car. Assembly
requires less than 3 hours

# Increases MPG 15% * Eliminates 4 or 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 $26.95 postpaid

“TF1-Star Corporation

P.O. Box 1727 Grand Junction Colorado 81501

PRINTED CIRCUIT Boards from sketch or artwork. Kit pro-
jects. Free details. DANOCINTHS Inc., Dept. PE, Box 261,
Westland, Mt 48185.

SPEAKERPLANS — Build ANY size speakers without special
tools, experience. FOOLPROOF, illustrated instructions, parts
sources. 80% SAVINGS! Rush $4. SPEAKERPLANS, 334
Pursel, Phillipsburg, NJ 08865.

NEW-UNSCRAMBLER PLANS. State of art integrated circult
design. Fits all scanners. Complete plans, $3.95. Innovative
Marketing, Box 7577, Huntington, WV 25777.

TOP QUALITY SPEAKERS AND KITS. Send $1.00. Speaker
Warehouse, 809 North Route 441, Hollywood, FL 33021.

FIBER OPTIC EXPERIMENTER'S KIT. tncludes fiber, cable,
tools and instructions. Send $6.00 to: FIBERTRONICS, Box
322, Primos, PA 19018.

NEGATIVE ion generator; build with easy-to-get parts for less
than kit prices! Complete plans $5.00. LUNATRIX, Box 891,
Yucaipa, CA 92399.
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NEGATIVE ION GENERATOR — Easy to build. Plans
and source of parts. $5.00. EMCO, P.0. Box 02223-
PE, Portland, OR 97202.

ALARMS

Buerglar-Fire Protection

Protect Your Life, Home, Business, Auto, etc.

= Our catalog shaws how. Install your own
alorm systems ond devices ond sove $$85. We
offer FREE write-in engineering service

=="FREE CATALOG "5 mmimy e
Box B2B02-PE  Lincoln, Ne. 68501
POLICE DIALER $29.95. Free burglar alarm equipment cata-

log. Sasco, 5619P St. John, Kansas City, MO 64123. (816)
483-4612.

BURGLAR, FIRE, CAR! Finest equipment! Save! Free Cata-
log. Refundable! AAS, 186A Oxmoor Road, B'ham, AL 35209.

Bardex Security Co.

HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount
prices for Shure, Pickering, Stanton, Empire, Grado, Audio
Technica, Osawa, Satin and ADC. Send for free catalog. LYLE
CARTRIDGES, Dept. P, Box 69, Kensington Station, Brook-
tyn, New York 11218. Toll Free 800-221-0906 9AM -8PM ex-
cept Sunday.

AUDIO, VIDEQO, ELECTRONIC PRODUCTS: Best Pricing,
Delivery! Personalized Service! SONY, DBX, Hewlett-Pack-
ard, BSR X-10, Multi-Track Equipment, WYCO SALES, P.O.
Box 887, Cary, NC 27511. 1-800-334-2483 (N.C 919-467-
8113).

TUBES

RADIO & T.V. Tubes — 49 cents each. Send for free Catalog.
Cornell, 4213 University, San Diego, Calif. 92105.

TUBES: "Oldies”, Latest. Supplies, components, schematics.
Catalog Free (stamp appreciated). Steinmetz, 7519-PE Ma-
plewood, Hammond, Ind. 46324.

TUBES-RECEIVING, Industrial and Semiconductors Factory
Boxed. Free price sheet including TV, Radio and audio parts
list. Transteteronic, Inc., 1365 39th St., Brooklyn, New York
11218. Telephone: (212) 633-2800. Toll free: 800-221-5802

PERSONALS

MAKE FRIENDS WORLDWIDE through international corre-
spondence, illustrated brochure free. Hermes-Verlag, Box
110660/Z, D-1000 Berlin 11, W. Germany.

MAILORDER SUCCESS! Interested? Free exposé. TWP-V,
Box 6226, Toledo, Ohio 43614.
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HOBBIES
pihoenaeninn GACAT CUTDOOR FUs s
FARUHELFCTROMIGALLY FOR silver,
coirs and relics witn White's Elentri rmineral/

avetal delsctzrs. Fays kar tself U S Pglented
For your neurest dealer il ‘@\
and free ratalog o iy
CALL TOLL FREE g
1-800-547-6911

RN LR RN AR TR R

ﬂ White's Electronics. Inc. Dept PE-0
snnniisn Sweet Home, OR 97386usiunnanssiiiitaaennm

3 OLD LIBERTY HEAD NICKELS Only $1.00. Issued before
1913. Limit 1 set. (Adults Only). Plus price lists. Littleton
Coins, HL-17, Littleton, NH 03561.

WANTED

GOLD, Silver, Platinum, Mercury, Tantalum wanted. Highest
prices paid by refinery. Ores assayed. Free circular. Mercury
Terminal, Norwood, MA 02062.

GOVERNMENT SURPLUS

MANUALS for Govt Surplus radios, test sets, scopes. List
$1.00 (cash). Books, 7218 Roanne Drive, Washington, D.C.
20021.

SURPLUS JEEPS—-$19.30!—CARS—$13.50!1—650,000
ITEMS!+—GOVERNMENT SURPLUS!'—Most COMPRE-
HENSIVE DIRECTORY AVAILABLE tells how, where to buy!!
—YOUR AREA—$2.—MONEYBACK GUARANTEE!!—
"Government Information Services”, Department GE-31, Box
99249, San Francisco, California 94109.

INSTRUCTION

UNIVERSITY DEGREES BY MAIL! Bachelors, Mas-
ters, Ph.D's. Free revealing details. Counseling, Box
317-PEQ7, Tustin, California 92680.

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details,
strange catalog free! Autosuggestion, Box 24-ZD, Olympia,
Washington 98507.

RADIO BROADCASTING: Become DJ, engineer. Start your
own station — investment/experience unnecessary! Receive
free equipment, records. Free details. Broadcasting, Box
130-A7, Paradise, CA 95969.

LEARN ELECTRONIC ORGAN SERVICING at home. Com-
pletely revised course covers latest models including digital,
LSi's, synthesizers, etc. NILES BRYANT SCHOOL, PO Box
20153, Sacramento, CA 95820.

PASS FCC EXAMS fn

The Oniginal FCC Tests-Answers exam manuat that
prepares you at heme for FCC First and Second class
Radiotelephone licenses Newly revised muttipis-choic:
exams cover 2il areas 1ested on the actual FCC exam
Plus "*Sell-Study Abildy Test ** Proven! $0.95
postpaid Moneyback Guarantea

MEDICAL ELECTRONICS TECHNOLOGY, home study.
Troubleshoot medical instruments. University Reme 5, Box
9622, Fresno, CA 93793.

COLLEGE DEGREES BY MAIL! No classes. Fast. Economi-
cal, Accredited. FREE Revealing details. Success, Box
13151-R7, Columbus, Ohio 43213.

HAMS: ADVANCED CLASS TEST GUIDE! Accurate! Send
$11.50 to Dick Bash - KL7IHP, Box 4325, San Leandro, CA
94579.

AVIONICS Aircraft Electronics. Accredited School. Excellent
Employment Opportunities. Aero Technicians, P.O. Box 7PE,
Rexburg, 1D 83440.

INTENSIVE 5 week course for Broadcast Engineers. FCC
First Class license. Student rooms at the school. Radio Engi-
neering Inc., 61 N. Pineapple Ave., Sarasota, FL 33577 (813)
955-6922.

FOR INVENTORS

PATENT AND DEVELOP Your invention. Registered Patent
Agent and Licensed Professional Engineer, Send for FREE
PATENT INFORMATION every inventor should have. Rich-
ard L. Miller, P.E., 3612 Woolworth Building, New York, NY
10007. (212) 267-5252.

PATENT SEARCHES, LOW FEE, Since 1940. Whitehurst,
Box 8022, JFK Post Office, Boston, MA 02114
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IIWEH'I'IIIHS WANTED
FREE COWSULTATION KD |DEA TOO SMALL

i hacin tngslinled: Prisijus Tl e seeking new
wlaas, by P oripimomer o heos oo gt v s Dyl o wote

AMERICAN INVENTORS CORP.

59 Interstate Dr Dept PE
West Sprinﬁf;eld, MA 01089 (413) 737-5376

ee Based Service Company

ok on mea e i

NEW! “Patenting Your Invention Yourself!", $29.95. Regis-
tered Patent Attorney, 7400 ZD Benjamin Franklin Sta,,
Washington, DC 20044

INVENTORS Patent your invention, Free initial consultation.
We are registered by the U.S. Government. VICTOR J. EV-
ANS & CO., 4637 Eastern Ave. N.E., Washington, DC 20018.
Since 1898.

CUSTOM PROTOTYPING from your ideas. Confidential. SU-
PER WIDGETS & Gizmos. (817) 387-2189.

BUSINESS OPPORTUNITIES

| MADE $40,000.00 Year by Mailorder! Helped others make
money! Details 25¢. Torrey, Box 318-NN, Ypsilanti, Michigan
48197.

FREE CATALOGS. Repair air conditioning, refrigeration.
Tools, supplies, fult instructions. Doolin, 2016 Canton, Dallas,
Texas 75201.

NEW LUXURY CAR WITHOUT COST! Free Report. Co-
dex-ZZ, Box 6073, Toledo, Ohio 43614. (419) 865-5657.

MECHANICALLY INCLINED individuals desiring ownership
of Small Electronics Manufacturing Business — without in-
vestment. Write: BUSINESSES, 92-K2 Brighton 11th, Brook-
tyn, New York 11235.

MILLIONS in Mait!! Free Secrets. Transworid-17, Box 6226,
Toledo, OH 43614.

MECHANICALLY INCLINED INDIVIDUALS
Assemble ejectronic devices in your home
Knowledge, or experience not necessary. Get start-
ed in spare time. Above average profits. $300 -

$600/Wk possible. Sales handled by others. No in-
vestment — Write for free details

ELECTRONIC DEVELOPMENT LAB
Box 1560PE, Pinallas Park, FL 33565

ERASE DEBTS with little-known law — create wealth!! Details
FREE — Blueprints, No. EE7, Box 100, LaGrangeville, NY
12540.

BIG MONEY! Interested? Free disclosure. Febre-V, Box
6073, Toledo, Chio 43614. (419) 865-5657.

FREE Inflation-Beater Book 2042 Unique, Proven Enter-
prises.” Fabulous “Little Knowns." Work home! Haylings-M,
Carlsbad, CA 92008.

DIGITAL WATCH REPAIR — Learn to repair digital watches
— provide service to jewelry and department stores — part
time or full time. We supply training — equipment — replace-
ment parts. Zantech. Inc., 13 Greentree Rd., Trenton, NJ
08619. (609) 586-5088.

$625/WEEKLY! Home mailing program. Free postage — sup-
plies! — $20 bonus! Write immediately. Treasure-7Y, Morri-
son, CO 80465.

MAKE DURABLE BUILDING PLASTIC EASILY. Waterproof,
Fireproof, Economical. Bays Laboratory, 2086-2075 Drive,
Cedaredge. CO 81413.

WHOLESALE DISTRIBUTORS WANTED! Achieve financial
independence. Free information. Ace Merchandise Co. (PE),
20 Knight Lane, Epsom, NH 03234.

START BIG BUSINESS AT HOME. No experience needed:
Earn $25.00 per hour in spare time. Write: Victor, Room MC-
376-JH, 1512 Jarvis, Chicago, IL 60626.

MAKE YOUR HOBBY YOUR CAREER! High demand elec-
tronic job market! Get unique guide booklet — prepare for ex-
citing, rewarding jobs. Send $3.95 to: Files, Box 459E, Mas-
sapequa, NY 11758.

REAL ESTATE

BIG ... FREE. .. CATALOG! Over 2,700 top values coast to
coast!! UNITED FARM AGENCY, 612-EP West 47th, Kansas
City, MO 64112,

RUBBER STAMPS

RUBBER STAMPS, BUSINESS CARDS. Many new prod-
ucts. Catalog. Jackson's, E-100, Brownsville Rd., Mt. Vernon,
Il 62864

WWW akhrenieaniadiahicstary com

EMPLOYMENT OPPORTUNITIES

éLECTRDNIUS-A'\fIUNICS EMPLOYMENT OPPORTUNI-
TIES. Repoet an jros now opan. Detads FREE. Aviation Em-
ployment Information Service, Box 240E, Northport, New
York 11768

INSTANT CASH COMMISSIONS Full or part time. Free
sales kit features America's largest line low-priced
Business, Printing, Advertising Specialties, Signs,
Calendars and other necessities used daily by
business peopie. Profitable repeat order. No experi-
ence. No investment. No collections or deliveries.
Write today. National Press, Dept. 069, North Chi-
cago, IL 60064.

HOW TO BECOME A COMPUTER PROGRAMMER . . . free
details: Dept. CP3, Box 5734-PE?7, Pittsburgh, PA 15208.

ELECTRONIC ENGINEERING and TECHNICIAN EMPLOY-
MENT information for anywhere in the U.S. FREE details.
Write: NATIONAL ELECTRONIC EMPLOYMENT SER-
VICES, Box 14766, Austin, TX 78761.

REPAIRS & SERVICES

PRODUCTS ASSEMBLED with American Labor and Know-
How. Seek contracts from electronic firms and manufacturers
to assemble your product. For details write: Production Devel-
opment, Inc., 1320 Water St., Brownsville, PA 15417,

TV TUNERS REBUILT, VHF or UHF only $11.90. Send for
free mailing kit. JW Electronics, Box 51A, Bloomington, IN
47402.

DO-IT-YOURSELF

AUDIO ANALOG/SYNTHESIS. Plans, parts, kits, etc. for the
most exciting sound projects ever. Get on our mailing list,
send 25¢ to: CFR Associates Inc., Newton, N.H. 03858.

PRINTED CIRCUITS. Photo-sensitive boards and masters
made without darkroom and chemicals. Easy, inexpensive.
Materials readily available. Details $3.00. Boreal Electronics,
S.R. 140A, Menominee, M| 49858.

SATELLITE TV .. . . Build your own satellite receiving station.
For information write . . . Robert Coleman, Rt. 3, Box 58-A,
Travelers Rest, SC 29690.

BOOKS AND MAGAZINES

ELECTRONIC MUSIC and home recording in Polyphony
magazine. Advanced applications, interviews, projects, com-
puter music. Sample $1.50. Subscription (6 issues). $8.00
US/$10.00 foreign. POLYPHONY, Box P20305, Okla. City,
OK 73156.

"CRIME BY COMPUTER", $6.95 Postpaid. 300 pages.
Comp-U-Tronix, Box 3401, Kent, WA 98031.

SATELLITE TELEVISION BUYERS GUIDE. Exctusive com-
parisons plus how to install your own saving big $. Worldwide
movies, news, sports, religion, entertainment on your set.
Well over 35 channels. Where to find all parts, kits, plans and
distributors. Signal strength maps. Become a dealer. Book
guaranteed. US funds please. $12.95 postpaid or $14.95 First
Class (Airmail). Reed Publications, Box 219-X, Maitland, FL
32751.

HOW TO DO IMPORTANT MATHEMATICS with your SCI-
ENTIFIC CALCULATOR? Differentiating . . . Integrating . . .
Solving differential equations — Aigorithms . . . Limits . ..
Trigonometry . . . ? "I'll show you how in just 10 days or mon-
ey back!! Order my GIANT NEW GUIDEBOOK today — 271
pages ... quick ... easy ... guaranteed ... fun." Send
$14.95 to: Professor McCarty, Box 974-E1, Laguna Beach,
CA 92652.

BUY, SELL, TRADE new and used amateur radio and com-
puter equipment. Monthly publication. Lifetime subscription
$5.00. Send to: Nuts & Voits, Box 1111-P, Placentia, CA
92670.

LEARN VMOS CIRCUIT DESIGN THROUGH EXPERI-
MENTS in Audio, RF, Power Supply, Microcomputer and oth-
er applications. Book 21686 in the Blacksburg Series $8.95
plus $1.00 shipping. GROUP TECHNOLOGY, Box 87D1,
Check, VA 24072. (703) 651-3153.

PROGRAM/INTERFACE THE 6502 (Book 21651, $13.95),
Design 6502 Software (Book 21656, $10.50) using step by
step experiments in Blacksburg Continuing Education Series.
Shipping $1.50. GROUP TECHNOLOGY, Box 87D2, Check,
VA 24072. (703) 651-3153. VISA/MasterCharge

TESLA CLUB — 37 years of research. Monthly experimental
illustrations. See 40" or 100" Arcs, Kirlian Aura Phenomenon
(Ghost Images) of TESLA, OUDIN. $2 Membership. Start
Now. 1729 N. 68 St., Milwaukee, WI 53213,

POPULAR ELECTRONICS
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Package Offer

ELECTRONIC TECHNICALDATA
OData Books
OApplications
OPrice Lists
[(OCross References

only

90

$

LOOK AT WHAT YOU'LL GET!
. Motorola Master Catalog
. Motorola 1980 Price List.
. Motorola Voltage Regulator Handhook
. Motorola MOS Cross-Reference Guide
. NPC-Transistor Handbook. . .
. Signetics LS Guide.
. Ferranti Timer Application.
. Fujitsu-2716 Data Sheet
. Silicon General-LM317 Data Sheet
10. Silicon General-LM323 Data Sheet
11. Silicon General-1380 Price List.

12. Silicon General-Product Catalog

@ N bW N -

B8022A

ﬂg s139

-

B8024A

SYM I NEW LOW

PRICE 8020A

$179

$239.00
KTM-2 CRT/TV Kybd Term $349

SD Systems Z-80 STARTER SYSTEM

The ZBO Starter Kit by SD Systams uses the power-
tull ZBO microprocessor 8s tha heart af the complate
microcomputer on e single board. Learn @ step-by-
tep to with 8 key
| ond display. audio cassatte intertece. PROM pro-
grammer, wire-wrap expansion srea. 4-chennsl
Countar Timer and on Bosrd RAM and PROM. Com
plets Operation and Instruction Menuel included.

4. ZBUG Monitor in ROM
5340 00 Assembled & Tested. $450.00

Kit

METER KITS h - &
BUILD A WORKING DPM IN 2 HOUR WITH
THESE COMPLETE EVALUATION KITS

ke YA

$219
@ PLESSEY| ArProoucts

. 923101 § 79.95

r\:::alh:ed 923102 124.95

- yester 923103 124.95
Capacitors
Series 160
MINIBOX

SAMPLER
$26.00

ICLT106EV (LCD $2995 1CLTIOTEV (LEC S20.95

8 Digit- 10 MHz Universal Counter Kit

Kit includes: ® Resistors

® ICM7226A10C IC ® Capacitors

® 10 MHz Quanz Crystal ® Diodes

® (B) 7 Segment .3" LED Displays ® Switches

® PC Board ® IC Socket
Order Part Number ICM7226AEV. $74.95

Power Supplies from ADTECH POWER MOBDEL 938_

Whe WL 3 45| 8038CP | Loun cavstal piseLay
y APS12.16 12 1.6  APS124 |z 5o F i tion G e toTliC ® High Contrast Ratlo
APS 1515 15 15 APS153 15 30 $3.90 sach ® Wide Viewing Angte
APS 24-1 24 1.0 | APS 24-22 24 22 2 o—g— ® 0.5 in. Digit Height
19 10 vp 2500 19 10 up 25 wp 7 |
EPRO ® ULTRA L
$37.25 535 55 534 05 559 75 557 lO $54. 65 | $10.50 sa o LCD106 g, c°""é';‘:";3
LIATLITY 1 WCERPY 1990 T
MOTORO LA mClasaL wy  mosrr ns | 30 MHz Hl ACHl Dual Trace Oscilloscope
MCTOLIZEP § 57 MCESTP 150 ME198G 157 e | 5
wClLZeCP S mCesl 227 moissop 600 ™ . TV sync-separater circuit
wETemosCr 5 wmeese L moieoee 1.6 w2 . ® High-sensitivity 1mV/div
MCTOMDSCT 175 MCI013P Tie  mCitose 136 1292 (5MH2)
METOMOOCT 1.8 MC13T0P 29 WO 5.2 W . .
MOEMIZET 175 MEIJI0AIP 220 ME3IECP [ 1058 ® Sweep-time magnifier
MOHOMISET 178 wC1Is0P 14 MOt 2 e A (10 times)
MCTOMIBET 175 MCIISIP 210 MO [ 538 - ) .
MOTOMZACT 178 MC1IS2P 101 MCao2ep » a3 — & | @ Z-axis input (tntensity
MCISUZCe 112 MC1ISEP 181 mCdo2eP Lo m o == & modulation)
LTI 112 MC1eak 200 mMCaodsp (34 in " - P
MCISLZACP 117 MCIDI2P S48 wcesoop 1290 m = ® Signal delay line
MCEsAP 170 wCInIp T MOKI0I e 2 @® X-Y operation - o
mcaInt i wensse €4 MERZP 1990 mcesase 1"
meazt 221 MCl0me B84 MCHSDIL 5935 MCIOSCT 108 - @ Trace Rotation 945
wcaaye T35 MCIO0BLe 655 MCABOSP L3 wmEIN2CT 108 iti 5
meaast 246 wC1aML 502 wCease 4530 mO9DZEl 238 More sensitive to your input
wcslse 180 MCSL ) wosne 3 wCsoser 23 e
Py sl s i vcozsr Jss  wenET 236 = HYBRID AUDIO POWER AMPLIFIERS
MCaIsp 156 450 wCbs0P 22 wcane 1% * Matching
e 150 WOSBIL 4938 wClotie 3o PIN Tronstormer
wesasl m messaal 4533 MCMAIISACID u,ux S1-1010G{10W) $ 6.95 TR10 $ 7.80
wees s 148 MC1a09al 188 M‘lllﬁ' 34120 w103 $1-1020G{20W) $13.95 TR20 $10.90
— e e _4 b P
A Si 8(Socket for above) .95
Intersil LED or LCD - i
q S$1-1030G(30W) $19.00 TR30 $12.90
/2 D'GIT PANEL ~ $1-1050G{50W) $27.80 TR50 $17.90
A-81-10(Socket for above! 95

Capacitance Meter ®

® Enay 1o use - phug in capacnror, push mnge
button and reed the veius to 0.1%

# 0.5 in. hguid crystat dlapiay

® Exclusive “Acharge/Avolt meesure-
ment circuit (patant pending} holds £:0.1%

beslc accuracy for o full year.

@ Up to 200 hrs operetion on stendard 9V Bar.

® B essy pushbutton rangea covar 0.1pf to
1999 microferads.

® Baest of 81l it's easy on the budget - only

$169

*Now: One Transtormer can powsr two sudic emplifhers

Send your check
or Money Order 10
P.0. Box 2208p. Culver City, CA 90230. Californis res:
dentd add 6% sales tax. Minimum Order; $10.00. Add
$1.00 t0 cover postage and handling, Master Charge snd

A

Vise weicomed. Please Include your charge cérd number, Interbank
PHONE ORDERS (213) 541-4064

PORTLAND

number snd .xplrallou date.

TU CSON

CUI.VER CITV SANTA ANA

X 03
38 e 'sar saze

"reon eay T 200 29m8 541
“Aiaons’ | SUNNYVALE ATI.ANTA HOUSTON
Son Il s r.—- :c-_A ont Aa N E 2649 Aichmand
o v Wabaoe B
804) 3240707 -Aﬂi IIMI)I uoo 241 7100 17131 829 3409

HYPNOTISM

FREE Hypnotism. Self-Hypnosis. Sleep Learning Cataiog!
Drawer H400, Ruidoso, New Mexico 88345

MOTION PICTURE/VIDEO FILMS

BRAND NEW! Marlon Brando “Godfather I (Para.) full color
400° mag/snd. ‘Battlestar Gallactica”(Univ.). "Dracula. a
Love Story”, S-8 col/snd 400' reels $54.95 ea’ ($62. reg
price). Columbia Features: “Anderson Tapes” Sean Connery:
Buck & the Preacher” S. Poitier, only $49.95 ea PPD, save
$10. a film. Pre-owned prints OK for plenty of entertainment,
as is, S-8 400’ color (Col.) "Queen Boxer” female Bruce Lee
karate; (Univ.) A. Hitchcock's 'Frenzy” inci shower scene.
(20th Cent.) “"Poseidon Adventure ' $24.95 ea deld. List order
of preference. You don't have to drive to enjoy auto racing
show it right at home. Order J. Rutherford's ‘76 Indy “500
$18.95 ea” — 200’ S-8 Color — salute A. J. Foyt's 77 indy
win (script), $21.95 ea®. American Auto (sound) Racing (Mo-
vietone). Squealing cars, skids, action in '40's; 200 BW snd
$25.95°. Nostalgia buffs, 2 great Blackhawk releases, "Sports
In the 20's” & "Sports iImmortals”. ea 200° + S-8 B/W reels
only $16.95 ea". Col. Pix Sci Fi horror films S-8 BW 400" snd

Straltjacket” (J. Crawford) & “Creature with the Atom Brain
$41.95 ea — both $80. del. 1st time: Minlature boxing glove
key ring & jogging tennis show key chaln — $1.50 ea + 25¢
ship. Minimum order 3 asstd. 'Add $1.50 ea ship. lll res +
6%. Hollywood Gold Video movie cat $1.50; Sportiite ma). lea.
basebail, All + others $1.; Univ. S-8 sil, snd, 16mm cat $1.25;
Univ. 20 pg ll. $-8 col snd cat. $1.; asst broch. Sportiite, Ring
Classics, Paramount, 50¢ ea. SPORTLITE FILMS, Elect-7,
Box 24-500, Speedway. IN 46224.

MISCELLANEOUS

MPG INCREASED! Bypass Pollution Devices easily. RE-
VERSIBLY!! Free detaills — Posco GEE7, Box 300. La-
Grangeville, NY 12540.

ALCOHOL Fuel Legally. Free information. Write: Geans Pub-
lishing, Box 982, Payson, UT 84651

NO FUEL MOTOR— PATENTED! Soon to obsolete fossil fu-
els, solar, wind, nuclear— all other sources of energy. Details
$10. Includes copy of patent. Jim Stoddard, Dept. PEB, P.O.
Box 22469, Robbinsdale, MN 55422

CIRCLE NO. 4 ONFREE INFORMATIONCARD

FREE INFORMATION! Fuel-economy tuning secrets ex-
plained. Techneering, Box 1219100, Norfolk, VA 23502

MICROFILM EDITIONS AVAILABLE. Copies of POPULAR
ELECTRONICS Magazine are available on microfiim from
Xerox University Microfilm, Ann Arbor, Michigan; Microfiche
from Bell & Howell, Micro Photo Division, Wooster, Ohio

1980 STEREO
DIRECTORY &
BUYING GUIDE

Al the latest information
on stereo and quadra
phonic systems and com
ponents for your home. A
complete guide to more
r than 2500 products in all
-with complete "specifi
— - | cations, descriptions and
prices. PLUS bonus feature articles. A must for
anyone concerned with good sound.

STERED DIRECTORYs

L

Order from STEREO DIRECTORY, Dept. 01251
P.0. Box 278, Pratt Station, Brooklyn, NY 11205.
Enclose $3.50" (postage and handling included)

*Residents of CA, CO, DC, FL, IL, MI, MO, NY
STATE, and VT add applicable sales tax.

1980 Electronic Experimenter’'s Handbook

This latest editlon includes a Micro-
computer Buying Section in addition
to a host gof exciting construction
projects with complete construction
plans, parts lists, and printed cir
cuit board patterns. PLUS—A Com-
puter Buying Directory with product
specifications, latest prices, and
photos. Only $2.50!

Order from ELECTRONIC EXPERIMENTER'S HAND
BOOK, Dept. 01237, P.0. Box 278, Pratt Station,
Brooklyn. NY 11205. Enclose $3°($2.50 plus postage
and handling). Outside U.S.A. $4.

*Residents of CA, CO, DC, FL, IL, MI,
STATE and VT add applicable sales tax.

MO, NY

WWW ammerncaaradiohisetary com

BEAT HIGH GAS PRICES!

e |

FREE
Bookletl

Electrify Your Bike!

PEDALPOWER exciting new bike drive tames tough
hills. Be independent. Shop when you want. Fits all
Bikes, Adult Trikes. Installs in minutes. Thousands
soid. Recharges overnite. Travels 100 miles for a
dime. Get your exercise without strain. Pedal easily
with motor engaged to help improve your health.
Visit friends. Travel to work or ride for fun. Starts
without pedaling. Noiseless. nonpolluting. Virtually
maintenancefree operation!

CALL TOLL FREE
800-257-7955*

For Free Booklet and Special Offer or write:

General Engines Co.
5957 Mantua Bivd. Sewell, NJ 08080

* In AK. HI, NJ call coliect (609) 468:0270
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AM STEREO BROADCASTING WINS FCC APPROVAL. The stereo systermn chosen was designed
by Magnavox Consumer Electronics Co. Criteria used to evaluate systems suggested as stan-
dards included the effect of the AM stereo signal on adjacent-channel protection ratios,
directional antenna operation, out-of-band emissions, and compatibility with existing
monophonic receivers. AM stereo is expected to find its major use in automobile radios.

XEROX OPENED COMPUTER RETAIL STORES in two test market areas (Dallas/Ft. Worth and
Denver) to sell and service Apple II computers, Centronics printers, Hewlett-Packard cal-
culators and ADT office security systems. They will also sell The Xerox 510 small business
computer. Xerox will buy Apple computers and related products direct from the factory, and
plans to perform service pn—sit.e or in an authorized repair center.

MICROPROCESSORS CREATE THE SOUND OF BAGPIPES
without the need to master difficult blowing techniques.
“Keltic Pipes,” produced in Scotland, is expected to retail for
$495. It consists of an electronic chanter, an amplifier, and
a sound box with pitch, volume and tuning electronically
controlled. Traditional fingering isused on the pipes, but the
notes are created electronically. For group music playing,
the pipes can be switched from the bagpipe scale or mode to
the standard tonic major scale. A 9-volt battery is said to
provide 30 hours of playing time. ( British Information
Services, 845 Third Ave., New York, NY 10022).

A SOLAR-POWERED FM/AM RADIO will soon be available to the public at a cost of about, $70.
Developed by Aldermaston, Inc. (Locust Valley, NY), the “Solar-E” radio, believed to be the first
of its kind, is powered by six solar cells. (An AM-only Solar-E has been available for about a
year.) It has a ferrite bar antenna for AM and a monopole FM antenna, an earphone jack, and
provision for inserting two AAA batteries for use when sun power is not available.

PERSONAL COMPUTERS FOR EDUCATION at hormne and in schools are getting a boost from an
agreement between Atari (supplying the computers) and Science Research Associates, Inc.
(developing educational courseware programs ). The latter will cover reading, language arts,
mathermatics, science and social studies. Atari will market the courseware to its computer
owners. SRA will also produce courseware for schools and market it, along with Atari com-
puter systems, to educational instituytions. :

A DIGITAL EARPHONE capable of executing digital-to-analog conversion as well as trans-
duction was demonstrated recently at the Salt Lake City meeting of the Acoustical Society of
America. Invented by James L. Flanagan of the Acoustic Research Department of Bell Tele-
phone Labs., the device reproduced speech recordings made in a four-bit code with high
intelligibility and surprisingly tolerable quantization noise. The earphone works by associat-
ing either a fixed radiating area or a fixed excursion with each bit of the PCM word, according
to its significance. Thus, the least significant bit might have a unit area, the next most
significant bit twice that, etc. Or the same thing can be done using the amount of excursion of
an area. Smoothing of the acoustically generated sampled signal is performed by an acoustic
low-pass filter that fits onto the transducer. For larger digital words (for better resolution and
S/N ratio) it would be necessary to use elements of area and excursion in combination as either
alone would have to encompass an impractically large range.

SPEECH COMPRESSION OF TV COMMERCIALS might come to broadcast and you'll never
know the difference. Compression is achieved without changing the actual frequency of the
audio. The secret is in removing the pauses and lapses that occur in normal speech and
providing a faster style of delivery, which is reported to be imperceptible to listeners. And there
are no “chipmunk” side effects, say the developers. The system is reported to enable com-
mercial producers to compress 30 seconds of voiceover information into as little as a R0-
second time span. By doing this, recording retake costs to eliminate running overtime will be
reduced. The system was developed by Integrated Sound Systems, Long Island City, NY.
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COBRA'S PUNCH-THROUGH SOUND
COMES TO CAR STEREO.

The same technology that brought
a cuality of sound to CB never before
thought Dossible, now brings a quality of
sond tc car stereo never before heard.

Introducir.g Cobra’s Punch-
Trrough Souna.

AM/FM Stereo sound. 8-track or
cassette sound Big, booming sound that
gives ycu great highs and low-down
@ lows. Because whichever
> by Cobrareceiver you

» w choose, yougeta
K y full 25 watts of
\" \ power plusan
FM sensitivity
of 1.9 micro-
volts. And
when you
match your
Cobra receiver to
any one of Cobra's
2-vray or t-way speakers you get a
sour d that really s:ngs. Add a Cobra
grapiic equalizer/amplifier and boost
your pewer output to 60 watts. And geta
sound vou car: feel.
See your Cobra radio dealer today,
And when you buy a Cobra you also get
aone year warranty end the assurance
that there's a rational network of factory
szrvice centers to heip you with installa-
ton, service and advice.
Because wheth=rit's CB or
Fatoscund, if t comes from Cobra
you know it's going tc
sound Jreat.

Cobra

Music Loud and Clear.

Cobra Communications Products
DYNASCAN CORPORATION
5460 W Cortland St., Chicago, Illinois 60635

Write for color brochure.
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