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Introducing the mobile that can move And like all Cobras it comes equipped
you out of the world of the ordinary with such standard features as an easy-
and into the world of the serious CB'er. to-read LED channel indicator.

The Cobra 138XLR Single Sideband. Switchable noise blanking and limiting.
Sidebanding puts ERTTEREaTE An RF/signal strength meter. And

you in your own 2 Cobra's exclusive DynaMike gain control.
private world. A You'l find the 138XI.R SSB wherever
world where theres Cobras are sold. Which is almost every-
less congestion. where. Because Cobra's got a nationwide
More privacy. network of dealers and Authorized

More time to talk. % Service Centers offering sales, installation,
It's all possible because instead of 40 service and advice. So come on in

channels you get your choice of 120 And move on up ,_

channels. Both AM and SSB. And

instead of 4 wfaltts ;)lf legal poSwer you b

get 12 watts of legal power. 50 you get ®

slrmost double the range of AM CO &
With the 138XLR Single Sideband

there's less background noise and less Punches through loud and clear.

Cobra Communications Products

interference. So there's cleaner, clearer DYNASCAN CORPORATION
138X1.R SSB is engineered to punch EXPORTERS: Empre - Pl 10 - CANADA, Mes lecronics - Toroni
thI‘Ongh 1OU.d and Clear ) Even n CTOWded CIRCLE NO. 12 ON FREE INFORMATION CARO
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Burglar Alarm
Breakthroug

A new computerized burglar alarm
requires no installation and protects your
home or business like a thousand dollar

professional system.

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

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

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

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

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

NO MORE FALSE ALARMS

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

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

DEFENSE AGAINST PEEPING TOMS

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

When the Midex senses an intruder, it
remains silent for 20 seconds. It then sounds
the alarm until the burglar leaves. One minute
after the burglar leaves, the alarm shuts off
and resets, once again ready to do its job. This

shut-off feature, not found on many expen-
sive systems, means that your alarm won’t go
wailing all night long while you’re away.
When your neighbors hear it, they'll know
positively that there's trouble.

PROFESSIONAL SYSTEM

Midex is portable so it can be placed
anywhere in your home. You simply connect
it to your stereo speakers or attach the two
optional blast horns.

Operating the Midex is as easy as its instal-
lation. To arm the unit, you remove a special-
ly 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
registered with"Midex and that number is kept
in their vaultshould 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-pro-
tected carton.

The Midex 55 system is the latest electron-
ic breakthrough by the Midex Corporation—a
company that specializes in sophisticated
professional security systems for banks and
high security areas. JS&A first became ac-
quainted with Midex after we were burglar-
ized. 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 commercial equipment in our
warehouse. When Midex announced their
intentions to market their units to consumers,
we immediately offered our services.

COMPARED AGAINST OTHERS

In a recent issue of Consumers Report, 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 pro-
tection 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 as the Midex 55.

YOU JUDGE THE QUALITY

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

Each component is first tested at extreme
tolerances and then retested after assembly.
The entire system is then put under full
electrical loads at 150 degrees fahrenheit for a
full week. If there is a defect, these tests will
cause it to surface.

mericanDadiollicton, Con

The Midex security computer looks like a
handsome stereo system component and
measures only 4 x 10%" x 7.

PEOPLE LIKE THE SYSTEM

Wally Schirra, a former astronaut and
scientist, says this about the Midex 55, I
know of no system that is as easy to use and
provides such solid protection to the home
owner as the Midex. | would strongly recom-
mend it to anyone. | 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
performs in your home or office. That is why
we provide a one month trial period. We give
you the opportunity to personally see how
fail-safe and easy the Midex system is to
operate and how thoroughly it protects you
and your loved ones.

Use the Midex for protection while you
sleep, 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 consumer for over a decade—furth-
er assurance that your investment is well
protected.

To order your system, simply send your
check in the amount of $199.95 (lllinois
residents 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 one year limited warranty. |f you do not
have stereo speakers, you may order the
optional blast horns at $39.95 each and we
recommend the purchase of two.

With the Midex 55, JS&A brings you: 1} A
system built with such high quality that it
complies with the same strict government
standards used in the space program, 2) A
system so advanced that it uses a computer to
determine unauthorized entry, and 3} A way
to buy the system, in complete confidence,
without even being penalized for postage and
handling charges if it's not exactly what you
want. We couldn’t provide you with a better
opportunity to own a security system than
right now.

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

Q) NATIONAL
O SALES
® W\ GROUP

Dept. PE  One JS&A Pilaza
Northbrook, 11l. 60062 {312} 564-9000
CALL TOLL-FREE.... 800 323-6400

In Minoiscall ........ (312) 498-6900
©JS&A Group, Inc.1977




NOW, SCANNING
OVER 6000 FREQUENCIES
IS AS EASY AS

Introducing the incredible, new Bearcat 210.

The exciting, new Scanner Radio with the
space-age, computer control center that brings in
every available public service frequency with
pushbutton ease.

Bearcat's new 210 is as easy to program as a
pushbutton phone. You can select any of the
public service bands (all the available local
frequencies) simply by pushing buttons.

Simply punch in the frequency numbers on the
computer control center keyboard. Hit the Enter
button. And you're programmed.

A large, flashing, digital readout panel shows
you each frequency you've selected.

The Bearcat 210 patented search capacity lets
you explore the endless world of every available
public frequency out there, too.

USING A PUSHBUTTON

Best of all, you're no longer limited 1o a given
band or set of frequencies. The new Bearcat 210
is synthesized. Space-age circuitry lets you forget
crystals forever.

Let's look at some Bearcat 210 features. And
facts.

5 BAND COVERAGE —Includes Low, High, UHF
and UHF “T" public service bands, the 2-meter

amateur (Ham) band, plus other UHF frequencies.

SCANS 20 CHANNELS PER SECOND—In half
a second, the Bearcat 210 scans all 10 channels.
CRYSTAL-LESS —Space-age circuitry with 5
custom designed chips. You never have to buy a
crystal.

SQUELCH

OPERATION

TRACK-TUNING —Patented track tuning provides
full-band coverage on every band.

AUTOMATIC LOCK-OUT —Locks outchannels
and "skips" frequencies not of current interest.
AC/DC —Mobile mounting bracket included.
SELECTIVE SCAN DELAY~Adds a two-second
delay to prevent missing transmissions when
“calls” and “answers" are on the same frequency.
AUTOMATIC SEARCH —New, patented feature
searches out any active local public service
frequency automatically. For more police, fire,
marine, emergency calls. And much more.

THENEW
BEARCAT = i

THE MOST EXCITING THING THAT'S HAPPENED
TO SCANNING SINCE SCANNERS.

Electra Company

300 East County Line Roag, Soulh Cumberland, Indiana 46229
Copyright 1977 Masco Corporanon of Indiana
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TV ELECTRONIC GAMES GROW UP

The sale of home TV electronic games peaked during the Christmas season of
1976, followed by a severe decline in 1977. Was the estimated 3-million video
games sold in '76 justa passing fancy of the American public? Obviously not, since
manufacturers are now producing with the expectation that 1977 sales will easily
be twice those of 1976. And nonvideo electronic games will certainly make their
mark this year, too.

Home TV games did not move as well as anticipated during the first half of '77
for a variety of reasons: (1) Christmas doesn't last all year (though the interest in
games should be year-round); (2) reduced selling prices on games disheartened
many retailers, who placed them on the back shelves; (3) programmable games
are just around the corner. Concerning the latter, there are two companies already
marketing them—~Fairchild, who can’t seem to keep up with consumer demands at
$170 a game plus “cartridges,” and RCA, just really entering the market witha
$150 programmable model.

Dramatic decreases in prices for the older, dedicated video games are anticipat-
ed, with prognosticators saying that they will simulate the price dip exhibited by cal-
culators and digital watches. But with the new dedicated games, such as Atari's
Tank ™ (with sound effects and joy-stick controls) at a suggested retail price of
$65, don't expect $9.95 paddieball/hockey sellers to be around just yet.

The future of home video games is extraordinarily bright. And speaking of bright-
ness, | find it amusing that one major TV receiver manufacturer, who also pro-
duces a TV electronic game, indicates that its receiver CRT warranty will be voided
it electronic games are displayed on it. I've been personally assured by a top ex-
ecutive in the company that they have not seen a single defective CRT with burn
spots caused by video electronic games—even with “duds.”

The burn-spot question arose last year because some coin-operated units in ar-
cades did display such CRT marring after a considerable period of video-game
use. Users of home video games, however, do not play them sufficiently, without
shutoff, to cause CRT damage.

it’s projected that programmable video games will account for some 20% of unit
sales in 1977, rising to 33Y4% by 1980. The omnipresent microprocessor will also
be utilized for nonvideo electronic games. Parker Brothers (of “Monopoly* fame)
will soon market a nonvideo electronic game based on the old *Battleship” game,
as an example. Another toy maker, Mattel, will offer hand-held missile, auto race
and football games with LED score readouts . . . Fidelity Electronics will be pre-
senting an electronic chess game that the user plays against . . . Tryom Inc. will
enable you to pit your wits against a microprocessor in the game of backgam-
mon . . . Unisonic has a four-function calculator that can also permit one to play
blackjack, even changing the deal when 38 cards are played, a la Vegas rules.

Although the programmable microprocessor games are destined to take over
the electronic game market, at least in dollars, the input medium used will not nec-
essarily be the ROM-type cartridges now prevalent. Among other possibilities that
may evolve are matchbook-size tape cartridges and magnetic cards. Regarding
the latter, kilobyte cards can be produced much as record discs can and, therefore,
offer the potential for very low costs. The four-stripe plastic cards now available
provide 1024 bytes, enough for most game programs, unless you want a Star-Trek
game. Then you'll need a full blown microcomputer system.

Clearly, microprocessors are changing the tace of consumer electronic products
for increased efficiency and, in the case of games, to add another leisure activity to
our lives.

POPULAR ELECTRONICS
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ONLY PIONEER COULD
INTRODUCE A QUARTZ

SE LOCKED LOOP TURNTABLE

AND CALL IT A BARGAIN.

Today, there’s nothing more accurate
than a quartz phase locked loop turntable.

It's the Kind of turntable they use at
radio stations and recording studios. Where
people are more interested in getting a great
sound than getting a great price.

Well, Pioneer has just introduced the
same kind of quartz turmtable. Except ours
was designed tor people who do care about
price.

It's called the PL570.

“And like the professional quariz
turntables you'll find in all those radio stations
and recording studios across the country, it
teatures a direct-drive motor that's quieter
than ordinary motors.

Plus an electronic strobe circuit that lets
you adjust the PL570 far more accurately than
conventional strobes.

And the same Kind of quartz phase
locked loop technology that automatically
corrects the turntable speed to account for
things like the weight of the record and even

e e s - e

PIONCCI

the amount of stylus pressure. So your records
can always sound perfect, because they're
always spinning perfectly.

But where the average qua“tz phase
locked loop wirntabie ofters you all this
accuracy for around $800, our new PL570
does it tor under $400. Whicl, you'll have to
agree, is quite a bargain. (And that's even
before you find out that the PI570 is one ol
the few tully-automatic quartz-lock wirntables
available today at any price.)

Of course, if you're looking for
something a little less sophisticated than our
PL570, there’s still no need ro look any further
than Pioneer.

In all, we make eisht high quality
turntables. And while they may not all offer
the sane kind of features as cur PL570, you
can bank on at least one thing.

They all teature the same . oo

kind of value. @pIONEEI‘s

WE BRING [T BACK ALIVE.

1977 U $ Pienewr Flecironics, £5 Oxtord Dra ¢ Moona e, News Jersey 07074
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SAE’s goal today, just as it has been
for over 12 years, is the design and
production of fine audio components;
which offer the best value in both
sonic performance and quality con-
struction. Our line of amplifiers
stand as a testament to this goal.

First, their design — all SAE ampli-
fiers have fully complimentary cir-
cuitry. In this unique design ap-
proach, not only the output (as in
conventional amplifiers), but the
drive and input stages are com-
pletely complimentary. This ensures
low transient and steady-state dis-
tortion, plus full stability and fast
overload recovery. Combine. this
with our high slew rate for accurate
transient response, feedback gain
controls which will not degridate
the input signal (2600, 2400L), and
monocoque construction with its low
weight and high reliability (2200,
2400L).

The result is state-of-the-art per-
formance, but to realize this perfor-
mance we must have the second part
of our goal — production. In order
to ensure optimum performance
from these unique design concepts,
SAE retains total control over the
manufacture, selection, and assem-
bly processes. We maintain 40,000
8q. ft. of production area where the
latest techniques in metal and cir-
cuit board fabrication, component
selection and product assembly are
employed. The result of these efforts
is the line of high quality amplifiers
pictured here, each an outstanding
value in its power range and each a
true SAE component where perfor-
mance and value come together —
that’s SAE Power!

— A =

Scientific Audio Electronics, Inc.
P.0. Box 60271 Terminal Annex, Los Angeles, CA 90060
CIRCLE NO. 57 ON FREE INFORMATION CARD
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CUTTING DOWN THREE BYTES

In “Debugging Aids” (Computer Bits, May
1977), Hal Chamberlain has mistakenly as-
sumed that to insert a breakpoint in an 8080
program, a three-byte CALL instruction must
be used. This gives the impression that a
breakpoint feature on an 8080 is clumsy at
best. We recommend that 8080 users initiate
one of the RESTART (RST) instructions to
implement a breakpoint feature in their soft-
ware. The RESTART instructions are essen-
tially one-byte CALL instructions and require
only one memory iocation within the user's
program for storage. In fact, the RST instruc-
tion is very similar to the BRK instruction of
the 6502 microprocessor.

One nice feature of both the RST and BRK
instructions is that both cause the increment-
ed program counter (PC) to be saved on the
stack. This makes the “print registers and
continue™ function very easy to implement on
either of the microprocessors.—Christopher
A. Titus, Blacksburg, VA.

A QUESTION OF LEGALITY

Your May 1977 article titled “Build a Lagal
In-Flight Airline Receiver” was cause for in-
quiries from persons concerned with the re-
quirements of the Federal Aviation Regula-
tions (FAR) and the legality of using the re-
ceiver while on board an airliner. From the
description of the receiver, it would be con-
sidered a “portable electronic device” and,
therefore, comes under the requirements of
FAR 91.19, titied “Portable Electronic De-
vices.” This regulation places the responsi-
bility for determining that the receiver will not
cause interference to the aircraft navigation
and communication systems with the air car-
riers, who should approve its operation while
on board their aircraft.—John W. Flavin,
Chief Avionics Staff, Flight Standards Serv-
ice, FAA, Washington, DC.

HI-FI FEEDBACK

| commend Ralph Hodges for the honesty
of his observations and opinions expressed
in the June 1977 Stereo Scene. | concur with
his skepticisms on the validity of the “phase
coherence’ technique in speaker systems.
While in theory it may produce better patterns
on the CRT of an oscilloscope, its improve-
ment of the sound as interpreted by the hu-
man ear-brain combination is questionable.
The human brain is a remarkable decoding
device of audio signals and is able to per-
ceive “true” sound even through the phase
distorting motion of turning one’s head a frac-
tion of an inch. The phase-coherent speaker

system can be valid only for a controlled and
stationary listening device. Otherwise it be-
comes no better than a conventional speaker
system. —Michael P. Liben, New York, N.Y.

I found “Instruments | Have Miked” (Stereo
Scene, July 1977) totally engrossing. The
article delivered a tantalizing amount of tips
to use in professional recording that whetted
my appetite to pursue a career in profession-
al recording engineering. | would like to see a
great deal more material published on this
topic. —H. Douglas Black, Raleigh, NC.

APPRECIATES “ELF”

| would like to express my appreciation for
the best project | have ever built from the
pages of POPULAR ELECTRONICS—the “Cos-
mac EIf” microcomputer (August 1976). Now
I would like to see you publish plans for a cas-
sette interface and other peripherals, plus ap-
propriate programming, for the EIf. Keep up
the good work.—Louis Choiniere, Barton, VT.

Herbert S. Brier, W9AD, ex-W9EGQ,
died May 21, 1977 at age 63. Herb was
crippled by rheumatoid arthritis at the age
of 12 and was unable to attend school past
grade 7. In spite of this, he taught himself
advanced mathematics, electronics, Span-
ish, and Braille. For 17 years he was Por-
ULAR ELECTRONICS’ Amateur Radio editor,
and for years wrote the Novice column in
CQ magazine. He wrote one book on ama-
teur radio, and co-authored the VHF Hand-
book with William Orr, W6SAI. He held an
Extra Class amateur license. During World
War II, he ran the Gary (Indiana) emergen-
cy radio station, for which he received a ci-
tation. In later years, he maintained indus-
trial electronic equipment in Gary and
Chesterton, Indiana, and tutored local resi-
dents in electronics and amateur radio.

Out of Tune

In *“Digital Capacitance Meter” (April
1977), one end of C3, in Fig. 2, should be
connected to pin 9 of /C1, not pin 13 as
shown. The normally open contact of St
should be connected to pin 13 of IC1, not pin
9 as shown. Also, at the center of Fig. 3, the
1.5-k resistor should be 1.5 ohms. The sec-
ond lowest range measures capacitances
from 0.01 to 0.99 wF. When the switch is
placed in this p.osition, it automatically inserts
a decimal point in the proper location and the
display gives the capacitance directly in mi-
crofarads.

In “RC Circuit Quiz” (July 1977), the dif-
ferentiator should be circuit H, and the inte-
grator circuit J. The answers, as given, were
reversed.
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New ?roducts

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

SONY THREE-WAY SPEAKER SYSTEM

Sony's Model SU-3000 speaker system fea-
tures a “carbocon” cone material that is
claimed to provide reproduction that virtually
mirrors the original sound. The three-way
bass-reflex system is rated to be driven by 20
watts of amplifier power and to handle up to
150 watts over a frequency range of 35 to
20,000 Hz. Crossovers are at 600 and 5500
Hz, while woofer rolloff and tweeter turn-on
are at a 12-dB/octave rate. The midrange
driver and tweeter are fronted by radial diffu-
sion elements which are said tc smooth the
frequency response and provide improved
dispersion and imaging. Dual-siope level
control network and adjustable midrange and
tweeter controls permit adjustment to suit the
listening room. Size is 34%4"H x 1414"D x
1314"W (87 x 36.2 x 34.3 cm) and weight is
59 b 9 0z (27 kg). $300.
CIRCLE NO. 89 ON FfREE INFORMATION CARD

BEARCAT PROGRAMMABLE SCANNER

Communications Electronics’ new Bearcat
210 five-band programmable “super” synthe-
sized scanning receiver needs no crystals. it
gives the user push-button access to more
than 16,000 different frequencies in the 32-
to-50-, 146-t0-174-, and 416-t0-512-MHz

ranges, which include frequencies on 2 me-

ters and the entire 0.75-meter amateur band.
The synthesizer permits one to enter or
change any 10 frequencies in seconds. The
receiver scans entered frequencies at a rate
of 20 channels per second. A digital input and
display allows the operator to see the fre-
quencies selected as well as those being re-
ceived. Automatic search scanning and lock-
out are included. Sensitivity is rated at 0.6,V
for 12 dB SINAD on the low and high bands.
$319.95.
CIRCLE NO. 91 ON FREE INFORMATION CARD

MARANTZ STEREO RECEIVERS

Marantz has added three popularly priced
AM/FM receivers to its line. Featuring dual-
gate MOSFET front ends, the receivers are
equipped with zone-detented tone controls
for convenient variation of bass, midrange,
and treble frequencies. Other features in-
clude Dolby FM de-emphasis (25-us), full
complementary symmetry direct-coupled am-
plifier section, phase-locked-loop muitiplex
demodulator, and quadradial-ready jack so

that a 4-channel decoder can be connected
should a standardized 4-channei FM broad-
cast system be approved by the FCC. The
three new models are 2226 (26 watts), 2238
(38 watts), and 2252 (52 watts), all into 8-
ohm loads. The 2226 is rated at no more than
0.2% THD with an 8-ohm load; the other two
models, 0.1%. All models include separate
FM-tuning and signal-strength meters.
CIRCLE NO. 92 ON FREE INFORMATION CARD

McKAY DYMEK COMMUNICATIONS RECEIVER

McKay Dymek has introduced an all-wave,
fully synthesized communications receiver
covering the frequency range of 50 kHz to
29.7 MHz. The DR-22 is equipped with
switch-selectable 4- or 8-kHz bandwidth ce-
ramic filters. Preceding the ceramic filters are
crystal filters at 30 MHz and 10.7 MHz. All AM
broadcast, international shortwave, ham ra-
dio contacts, and CB channels are tuned in
by means of a digital phase-locked-loop tun-
ing system. A large five-digit LED readout in-
dicates the frequency being received, which
is selected by four rotary switches and a fine-
tuning control with a +5-kHz tuning range.
Standard features include high-impedance
audio output for recording, 455-kHz i-f output
jack, mute controt for use with transmitters,
front-panel headphone jack, internal speaker
and control switch, and external speaker con-
nections. The receiver is housed in a textured
black enamel case with teak wood sides and
brushed aluminum face. Measures 17.5"W x
16'D x 5.1"H (445 x 40.7 x 13.0 cm).
$2,900.
CIRCLE NO. 93 ON FREE INFORMATION CARD

CONTINENTAL SPECIALTIES SOCKETS

Continental Specialties has two new “Experi-
mentor” 300 and 600 solderless breadboard-
ing sockets, which provide 94 five-point ter-
minals, plus two 40-point bus strips for a totat
of 550 solderless tie-points. The 600, priced
at $10.95, has a 6/10" center channel, mak-
ing it suitable for microprocessors, clock
chips, RAM's, ROM's, and other larger DIP

packages. The 300 has a 3/10" center. chan-
nel that is right for smaller DIP's. Both sock-
ets also accept transistors, LED's, resistors,
capacitors, pots and virtually all types of dis-
crete components.

CIRCLE NO. 94 ON FREE INFORMATION CARD

HEATH AUDIO OSCILLATOR

Heath's 1G-1272 low-distortion oscillator is
designed for a variety of audio uses. It pro-
vides a low-distortion sine-wave output over
a frequency range from less than 5 Hz to 100
kHz. it offers both pushbutton and varia-
ble-frequency operation. Output is said to be
flat across its entire frequency range. At-
tenuation accuracy is +0.2 dB. Hum and
noise are rated at 0.01% or less.Includes an
ac rms volts meter with a dB scale and a level
control, plus an interval load (600 ohms) and
external load switch. It comes with cable and
clip leads as a kit for $129.95, factory assem-
bled (SG-1272). $190.
CIRCLE NO. 90 ON FREE INFORMATION CARD

PANASONIC MOBILE CB TRANSCEIVER

Panasonic’s Model RJ-3450 is a two-piece
AM 40-channel rig. The CB transceiver is
separate from its controls to allow the bulkier
section to be hidden away under a seat or,
with an optional extender cable, in the car’s
trunk. The remote-control microphone con-
tains all controls, switches, and displays

(LED), as well as the speaker. The RJ-3450
also features a built-in scanner system that
can be operated either automatically or man-
ually. It can be set to either V (vacant) or B
(busy) to automatically locate an open or a
busy channel. in the manual position, chan-
nels can be stepped through, up or down,
one at a time. Other controls are a squelch
control, noise-blanker/anl switch, and a
REG/CH-9 switch. $229.95.
CIRCLE NO. 95 ON FREE INFORMATION CARD

EDMUND SCIENTIFIC BURGLAR ALARMS

Two new security alarms are being offered by
Edmund Scientific. One is a portable that can

POPULAR ELECTRONICS



Understanding Digital Electronics
New teach-yourself courses

Design of Digital Systems is written for the engineer seeking to learn
more about digital electronics. Its six volumes — each 11-1/2" x
8-1/4" are packed with information, diagrams and questions de-
signed to lead you step-by-step through number systems and Boolean
algebra to memories, counters and simple arithmetic circuits, and
finally to a complete understanding of the design and operation of cal-
culators and computers.

The contents of Design of Digital Systems include:

Book 1 Octal, hexadecimal and binary number systems; conversion
between number systems; representation of negative numbers; com-
plementary systems; binary multiplication and division.

Book 2 OR and AND functions; logic gates; NOT, exclusive-OR,
NAND, NOR and exclusive-NOR functions; multiple input gates; truth
tables; De Morgans Laws; canonical forms; logic conventions; Kar-
naugh mapping; three-state and wired logic.

Book 3 Haif adders and full adders; subtractors; serial and parallel
adders; processors and arithmetic logic units (ALUs); multiphication
and division systems.

Book 4 Flip flops; shift registers; asynchronous and synchronous
counters; ring, Johnson and exclusive-OR feedback counters; ran-
dom access memories (RAMs) and read only memories (ROMs).
Book 5 Structure of caiculators; keyboard encoding; decoding display
data; register systems; control unit; program ROM; address
decoding; instruction sets; instruction decoding; control program
structure.

Book 6 Central processing unit (CPU); memory organization; char-
acter representation; program storage; address modes; input / out-
put systems; program interrupts; interrupt priorities; programming;
assemblers; computers; executive programs; operating systems and
time sharing.

Digital Computer Logic and Electronics is designed for the beginner.
No mathematical knowledge other than simple arithmetic is assumed,
though the student should have an aptitude for logical thought. It con-
sists of four volumes — each 11-1 /2" x8-1 /4" — and serves as an
introduction to the subject of digital electronics. Everyone can learn
from it — designer, executive, scientist, student, engineer.

Contents include: Binary, octal and decimal number systems; con-
version between number systems; AND, OR, NOR and NAND gates
and inverters; Boolean algebra and truth tabies; De Morgans Laws;
design of logic circuits using NOR gates; R-Sand J-K flip flops; binary
counters, shift registers and half adders.
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In the years ahead the products of digital electronics technology will
play an important part in your life. Calculators and digital watches are
already commonplace. Tomorrow a digital display could show your
automobile speed and gas consumption; you could be calling people
by entering their name into a telephone which would automatically
look up their number and dial it for you.

These courses were written by experts in electronics and learning
systems so that you could teach yourself the theory and application of
digital logic. Learning by self-instruction has the advantages of being
faster and more thorough than classroom iearning. You work at your
own pace and must respond by answering questions on each new
piece of information before proceeding.

After completing these courses you will have broadened your
career prospects and increased your fundamental understanding of
the rapidly changing technological world around you.

31 988
31 488
32990

a saving of over: 3500

The six volumes of Design of
Digital Systems cost only:

And the four volumes of
Digital Computer Logic and
Electronics cost only:

But if you buy both courses,
the total cost is only:

SEVEN-DAY MONEY-BACK GUARANTEE: If you are not satisfied
with your Cambridge course, return it within 7 days for a full refund.

To order your books, complete the order form below and send it to-
gether with your check or money order to GFN Industries, Inc., 6 Com-
mercial Street, Hicksville, N.Y. 11801.

Please send me:
__ Sets of Design of Digital Systems $19.88

___Sets of Digital Computer Logic & Electronics $14.88
___Sets of both courses $29.90

I

I

I

I

I

I Sales tax (N.Y. residents)
| Shipping and handling $2.50 per set

: Enclosed is check/mo (payable to GFN Industries, Inc.)
I

I

I

I

I

I

I

Total $




be carried anywhere, while the other is de-
signed for permanent installation. The latter
is useful for cars, trucks, RV's, boats, and in-
dustrial plant protection, while the portable
unit is for office and personal security. The
portable alarm uses ultrasonics to secure a
“protected” area. Each alarm is programmed
with its own specific two-digit “off” code. Port-
able alarm No. 61,119 with 9-volt battery:
$79.00. The No. 61,120 12-volt permanent
alarm, with lead-in wires: $79.00.
CIRCLE NO. 96 ON FREE INFORMATION CARD

MXR NOISE-REDUCTION ACCESSORY

The MXR Compander is a noise-reduction
device that is said to be capable of doubling
the dynamic range of most open-reel and
cassette tape decks. In operation, it com-
presses the dynamic range of signals being
recorded and then expands them upon play-
back. The compression/expansion process
is claimed to reduce noise and allow quiet
passages to be heard while, at the same
time, allowing musical peaks to be repro-
duced without distortion. The Compander is
designed to process all frequencies at all lev-
els in a similar manner, thereby eliminating
the need for critical level adjustments. A
switch is provided to bypass the Compand-
er's circuitry, and a LEVEL MATCH contro! al-
lows for compensation of level differences
between the inputs and outputs of a tape
deck. The system is designed for use on

three-head decks. Dynamic range is speci-
fied as being 100 dB and frequency response
at30t0 20,000 Hz +1 dB at 0 dBV.

CIARCLE NO. 97 ON FREE INFORMATION CARD

0K WIRE WRAP DISPENSER

The new WD Series Wire Wrap wire dispens-
er from OK Machine and Tool Corp. features
a unique cutting and stripping capability. Wire
is drawn out of the dispenser to the required
length. Then a built-in plunger cuts the wire
free, while a pull on the cut wire through the
stripping blade removes the insulation with-
out nicking the wire. The other end of the wire
is just as neatly and quickly stripped away.
The dispenser comes with a 50’ (15-m) spool
of AWG 30 (0.25-mm) industrial-quality Kyn-
ar® insulated silver-plated solid copper wire.
Insulation is available in blue, white, red, and
yellow. The dispenser is reusable when the
wire runs out simply by inserting a new spool.
CIRCLE NO. 98 ON FREE INFORMATION CARO

JVC PORTABLE/HOME CASSETTE DECK

JVC America’s Model CD-1636 portable/
home stereo cassette deck, with its new su-
per ANRS, is said to have reduced tape hiss
and expanded dynamic range at high fre-
quencies. A monitor speaker for field use is
built-in. The deck is designed to operate for
up to 12 hours with D-size batteries, but will

also operate from a 120 V ac power source
for home use. Features include dual VU me-
ters and battery condition checker, 3-digit
tape counter with reset button, automatic
tape stop, Sen-Alloy tape head for record/
play and ferrite head for erase. Signal-to-
noise ratio is rated at 54 dB, improved by 10
dB above 5 kHz with ANRS; wow and flutter,
0.08% rms; THD, 1.2% at 0 VU with standard
tape, 1.5% with chrome tape. Frequency re-
sponse is 45 Hz to 16 kHz +3dB (chrome).
Weight is 10.1 Ibs. Measurements are
145%"W % 9%"D x 37%"H (37 x 24 x 10cm).
$350.

CIRCLE NO. 99 ON FREE INFORMATION CARD

TURNER AM/FM/CB CAMOUFLAGE ANTENNA

A new “camouflage” AM/FM/CB antenna
that features a new, easy-to-install design is
available from Turner Division of Conrac
Corp. The Model SK750 antenna is made to
look and function like any other auto antenna,
but provide full 40-channel coverage on CB
with minimal VSWR. It has a removable 42"
(106.7-cm) stainless steel whip and a mount-
ing that adapts to sloping surfaces. The filters
in the hermetically sealed watertight housing
act as “band separators” to keep the AM/FM
and CB signals from mixing. Suggested retail
price is $25.00. (The same antenna configu-
ration is also available for CB only as the
Model SK755 for $19.95.)

CIRCLE NO. 100 ON FREE INFORMATION CARO

and 40-channel CB..

4 big Watts of RF power. Aircommand delivers the maxi-
mum power legally allowable to let you belt out the big sound.
100% modulation capability. Even when you talk softly

into the mike, your message cuts through loud and clear,
thanks to one of the most advanced mike preamp and
compressor designs in CB today. With Aircommand, you
don't have to spend an extra $30 to $40 on a “power mike”’
You can't buy better modulation than Aircommand.
Specially tailored frequency response.

LED 40-channel selection display. Easy-to-read, night or day.
8-LED (light emitting diode) meter display. Provides

an easy-to-read display of SWR (standing wave ratio),
modulation, and incoming or outgoing signal strength—
instantly, accurately.

Special emergency Channel 9 scan with exclusive
Aircommand “beep” alert. No matter what channel you're
on, a special Aircommand CB-640 circuit continuously

and silently monitors Emergency Channel 9. When some-
one starts transmitting on Channel 9, a unique “beep”
alerts you, so you can tune yourself in and give assistance.
Public address capability. The versatile Aircommand
CB-640 public address package lets you (1.) Talk into the
CB mike and out an exterior public address speaker.
(2.) Attach a tape recorder to the auxiliary jack on the

From the people who bring
you Marantz—the world's
finest stereo systems—
comes the Aircommand
CB-640—the finest in
40-channel CB. With
Aircommand you get
over 25 years experi-
ence in outstanding
2-way communications
products.
Full 6 Watts of audio
power. Provides plenty
of punch so your speaker
cuts through freeway noise.
§ Dual-conversion super-
heterodyne receiver with
dual-cascaded ceramic
filters. Together, both fea-
tures provide the most com-
plete rejection of unwanted
signals, assuring you unsur-
passed selectivity and
sensitivity.
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New Literature

CB INTERFERENCE CURES

Electronic Specialists offers a flyer describing
cures for common FM, TV and audio interfer-
ence caused by CB radios. Featured are so-
lutions to problems such as interference
picked up by stereo speaker leads and hi-fi
phono inputs, and interference conducted
over ac power lines. Address: Electronic Spe-
cialists Inc., Box 122, Natick, MA 01760.

RCA REPLACEMENT GUIDE

RCA offers its 1977 Solid State Replacement
Guide, SPG-202T. The new 195-page guide
cross references more than 123,000 solid-
state devices, transistors, rectifiers, thyristors
and IC’s that can be repiaced with RCA SK-
Series types. Features of the publication are
an index of SK-Series semiconductors and
accessories, application information, line

drawings of dimensional outlines and termi-
nal arrangements, and a listing of mounting
hardware. Cost, $1.50. Address: RCA Dis-
tributor and Special Products Div., PO Box
85, Rinnemede, NJ 08078.

SILTRONIX ANALOG SWITCH HANDBOOKS

Two new publications from Siltronix facilitate
analog switch system design. The first, titled
"Analog Switches and Their Applications," is
a 352-page handbook covering the theory
and practical application of analog switches.
It begins with an expianation of FET switch
characteristics and driver circuits and moves
on to multiplex systems, signal conversion,
and n-path filters. Cost $4.00. The second,
"High Speed CMOS Analog Switches,”" is a
20-page catalog of Siltronix's DG3000 series
CMOS anaiog switches. Available free. Ad-
dress: Marketing Services Dept., Siltronix,
Inc., 2201 Laurelwood Rd., Santa Clara, CA
95054.

MARINE RADIOTELEPHONE CATALOG

A new booklet from Motorola describes its
line of Triton marine radiotelephones. Fea-
tured are the Triton 55/75, a fully synthesized
unit with simplified channel identification, and
the Triton SSB marine radiotelephone, which
has FM reliability at distances greater than
30-40 miles. Other modeis described are

bridge-to-bridge marine radio telephones,
vhf-FM limited Coast Guard Station models,
and FM portables. Accessories are also list-
ed. Address: Motorola Communications
Group, Literature Distribution center, 1301 E.
Algonquin Rd., Schaumburg, iL 60196.

MEMOREX VIDEO TAPE NEWSLETTER

Understanding the video picture is the topic
of Vol. 3, No. 1 of SCAN, a 4-page newsletter
for video-tape users offered by Memorex.
The issue discusses how a video picture is
created within a monitor/receiver and gives
tips on troubleshooting the video playback
system. Address: SCAN, Memorex Corp.,
PO Box 420, Santa Clara, CA 95052.

NEDA 1977 BATTERY INDEX

The National Electronic Distributors Associa-
tion (NEDA) offers the 1977 Battery index. A
replacement guide for over 182 battery types,
the index uses number suffixes to list batter-
ies according to their group; rechargeabie
NiCd batteries and various groups of nonre-
chargeable types. Major manufacturers in-
cluded are Bright Star industries, Eveready,
Mallory, Burgess, Inc., and Ray-O-Vac. Price
50 cents. Address: National Electronic Dis-
tributors Association (NEDA), 3525 W. Peter-
son Ave., Suite 601, Chicago, IL 60659.

...You never heard it so good!!!

CB-640 rear panel, and boom your tape out through the
same external speaker. (3.) Mix your voice from the

CB microphone with the program material on the tape
recorder. Both voice and tape sound at the same time
through the external speaker. (4.) Beam your received

signal through the external speaker.

Built-in standing wave ratio circuitry. Measures the effi-
ciency of the antenna system for optimum performance.

Other outstanding features include: Delta fine tuning
control, digital synthesizer with phase-locked loop,
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automatic noise limiting switch, noise blanking switch,
squelch control, RF gain control._

Also available: Aircommand CB-140; Aircommand
CB-340. All 3 units bring you state-of-art design, flawless
craftsmanship and day-in, day-out reliability. Try them out
now at your Superscope Aircommand dealer.
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© 1977 Superscope, Inc., 20525 Nordhoff St., Chatsworth, CA 91311. Prices and models subject to change without notice.
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Need a 3! digit DPM?

Build your own LED or LCD
panel meter and tailor it

to fit your system.

No external active components.
Only 7 passive components needed
for an operating DPM.

Internal reference.

Floating
differential inputs.

v+

/

%
»

Built-in clock.

Precision auto-zero/
auto-polarity circuitry.

Order from Intersil Stocking Distributors.

Arizona Phoenix: Liberty, (602)257-1272; Weatherford, (602)272-
7144. California Anaheim: Weatherford, (714)547-0891, 633-
9633. Costa Mesa: Schweber, (714)556-3880. El Segundo: Liberty,
(213)322-8100. Glendale: Weatherford, (213)849-3451. Mountain
View: Elmar, (415)961-3611. Pomona: Weatherford, (714)623-1261.
San Diego: Liberty, (714)565-9171. Weatherford, (714)278-7400.
Sunnyvale: Intermark, (408)738-1111. Colorado Commerce City:
Elmar, (303)287-9611. Englewood: Weatherford, (303)761-5432.
Wheatridge: Century, (303)424-1985. Connecticut Danbury:
Schweber, (203)792-3500. Hamden: Arrow, (203)248-3801.
Florida Clearwater: Diplomat/ Southland, (813)443-4514. Hol-
lywood: Schweber, (305)927-0511. Ft. Lauderdale: Arrow,
(305)776-7790. Georgia Atlanta: Schweber, (404)449-9170. 1I.
linois Elk Grove Village: Schweber, (312)593-2740. Indiana In-
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Drives LCD or LED
display directly.

A e e
-

Part Part

ICL7107 ICL7106

LED display LCD display
Capacitors Capacitors

Resistors Resistors
Potentiometer Potentiometer

PC board PC board

Misc. Misc.

Total kit cost $24.95 Total kit cost $29.95

dianapolis: Advent, (317)297-4910. Maryland Baltimore: Arrow,
(301)247-5200. Rockville: Schweber, (301)881-3300. Mas-
sachusetts Billerica: Kierulff, (617)667-8331. Waltham: Schweber,
(617)890-8484. Woburn: Arrow, (617)933-8130. Michigan
Farmington: Sheridan, (313)447-3800. Troy: Schweber, (313)583-
9242. Minnesota Bloomington: Arrow, (612)887-6400. Eden
Prairie: Schweber, (612)941-5280. Missouri Kansas City: L-Comp,
(816)221-2400. Maryland Heights: L-Comp, (314)291-6200. New
Jersey Moorestown: Arrow, (609)235-1900. Somerset: Schweber,
(201)469-6008. Totowa: Diplomat IPC, (201)785-1830. New
Mexico Albuquerque: Century, (505)292-2700. New York Bing-
hamton: Harvey Federal, (607)748-8211. Farmingdale: Arrow,
(516)694-6800. Hauppauge: Components Plus, (516)231-9200.
Rochester: Schweber, (716)461-4000. Westbury: Schweber,
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ut it all together
for aslittle as $24%%°

Intersil's new single chip 3'2-digit
7106 and 7107 A/D converters
for LCD or LED displays.

Meet the latest in A/D converters: Intersil’s 7106, the first single-chip CMOS A/D for driving
LCD displays—including backplane—directly.

And the 7107, first single-chip CMOS A/D for driving instrument-size LED displays directly
without buffering.

Each provides parallel seven segment outputs, ideal for DVMs, DPMs and anywhere modern
digital displays are needed.

Both new devices provide cost advantages over multi-chip designs, because they require no
additional active components. Both have internal reference and clock, and both are CMOS so you get
low noise (12 to 151V) comparable with the finest bipolar devices, and low power (10mW max.@ 10V).
A few more features:

* +1-count accuracy over the entire +2000-count range.

* Guaranteed to read Zero for 0 Volts input.

* Provides true polarity at Zero count for precise null detection.
* Differential input from 200mV to 2.000V full scale.

Build a working DPM in %2 hour with
these complete evaluation Kkits.

o f e ) e NG
est these new parts for yourself with Intersil’s low-cost prototyping kits, | Single .
complete with A/D converter and LCD display (for the 7106) or LED display (for % Eva‘wt‘onqp“aane\r\/\eter
the 7107). Kits provide all materials, including PC board, for a functioning . e

panel meter. Available from Intersil stocking distributors.

CL7Y7 EV/KRt
Kit No. ICL7106EV/KIT (LCD), $29.95 complete. ‘or LED Displays

Kit No. ICL7107EV/KIT (LED), $24.95 complete.

(516)334-7474. North Carolina Raleigh: RESCO, (919)832-2077.
Ohio Beachwood: Schweber, (216)464-2970. Cincinnati: Sheridan,
(513)761-5432. Dayton: Arrow, (513)253-9176. Pennsylvania Hor-
sham: Schweber, (215)441-0600. Pittsburgh: Sheridan, (215)244-
1640. Texas Dallas: Schweber, (214)661-5010; Weatherford,
(214)243-1571. Houston: Schweber, (713)784-3600; Weatherford,
(713)688-7406. Utah Salt Lake City: Century, (801)972-6969.
Washington Bellevue: Liberty, (206)453-8300. Seattle: Weather-
ford, (206)243-6340. Wisconsin Oak Creck: Arrow, (414)764-
6600. Canada Downsview, Ontario: Zentronics, (416)635-2822,
Montreal, Quebec: Zentronics, (514)735-5361. Ottawa, Ontario:
Zentronics, (613)238-6411. Vancouver, British Columbia: R.A.E.
Ind., (604)687-2621.
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Stereo Scene

By Ralph Hodges

RECORDS AND THE VERTICAL ANGLE

HAT THE world still lacks, surpris-

ingly enough, is a really adequate
conceptual model for a record player. To
be sure, the overall principles have al-
ways been obvious: the groove undu-
lates, thereby wiggling the stylus, which
is connected to an electrical generator,
etc. But the intimate geometry of the
way a record is played, taking place as it
does on what is really a submicroscopic
scale, remains somewhat obscure. Vinyl
indentation affects stylus tracing in ways
that are not wholly understood; frictional
drag and other forces on the stylus as-
sembly alter the geometry of the tracing
and transduction situations in complex
ways: the rate of stylus and record
wear—and the form in which it manifests
itself—is not completely predictable. Pe-
riodically there are technical papers writ-
ten to expand or refute existing theories
of stylus-groove interaction, but the ulti-
mately authoritative paper has yet to ap-
pear.

Fortunately, we don't have to fully un-
derstand the record player to use it. In
fact, the system seems to be surprising-
ly tolerant of human error. A cartridge
can be installed in a tonearm in five min-
utes, using the crudest “eyeballing”
techniques for alignment, and almost no
one will object to the audible results
achieved thereby. Considering that the
stylus inhabits a world in which the mi-

CENTER
OF ROTATION
(PIVOT)
\ o
IS
""‘
'\ STYLUS /(1)/
SHANK

“BIRECTION OF
< GROOVE TRAVEL

RECORD K /77777777777

Diagram shows vertical tracking
angle and stylus pivot point.
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niscule wavelengths of visible light are
beginning to become significant dimen-
sions, its apparently obliging response
to very slapdash alignment is a little
unexpected.

In the back of many a well-furbished
mind there has always been the nagging
idea that this can’t be right; that closer
attention to record-player alignment
must result in superior reproduction. The
trouble is, no one's been able to demon-
strate this to the satisfaction of the re-
cord-playing world at large.

The Shreve-Rabco Arm. About a
year ago (November 1976) | wrote in
this space of a modification to the Rabco
SL-8 and SL-8E tonearms performed by
Dr. David Shreve (Department of Math-
ematics, University of Wisconsin). At
that time I referred only obliquely to sev-
eral interesting claims made by Dr.
Shreve, among them being that the ver-
tical angle (the “rake angle,” as it is of-
ten called) at which the stylus impinges
on the record surface as viewed from
the side is critical to within a very small
fraction of a degree.

Dr. Shreve referred to his findings as
being totally empirical, and he has never
shown any inclination to “dignify” his
claims with any nice, neat explanatory
theory (although there are some very at-
tractive ones free for the taking). His atti-
tude has always been: “I can demon-
strate the phenomenon, and if you can
hear it (and apparently everyone has so
far) you're free to make of it what you
will.’

I have been “making what | will” of all
this ever since, and my conclusion—
supported by the informed opinions of
others who have looked into the mat-
ter—is that we have at hand a very basic
and nontrivial demonstration of how
disc-playing systems can be significant-
ly improved.

SD it licion, oo

The Scanning Aperture. Shortly af-
ter my first meeting with Shreve, |
brought his work to the attention of
Mitchell Cotter, founder and chief execu-
tive of Verion Audio and a researcher
with a long and varied background in
many areas of practical and theoretical
audio. As it happened, Cotter was al-
ready convinced of these effects’ exis-
tence, although he had not fared notably
better than others in demonstrating their
audibility. He was, however, somewhat
surprised by Shreve's reports on the cri-
ticalness of the vertical angle. True, the-
ory seemed to predict this, but theory
had not quite been batting 1000 in corre-
sponding to the perceived and/or mea-
surable world of record playing.

What exactly does theory seem to
predict? | couldn’t begin to deal with the
complexities here, even if they could be
pursued profitably in a nonmathematical
presentation. But some of the individual
effects can be mentioned. Imagine view-
ing the stylus (a Shibata or other type of
“line-contact” CD-4 stylus) from the side
as it traces a record groove. If the rake
angle is correct, the stylus’ contact line
will be parallel with the modulation angle
of the groove. If it is not, the upper part
of the stylus will either lead or lag the
lower part in tracing the groove.

So far the situation seems analogous
to tape-head alignment. When the azi-
muth of a playback head is disturbed,
the *scanning aperture” corresponding
to its gap becomes effectively wider, and
high-frequency response begins to fall
off in the same way as it would if the gap
were physically wider. However, while
the “effective” edge of the styius is also
a scanning aperture, a simple loss of
high-frequency response is not the only
predictable resuft of incorrect rake an-
gle. Whether azimuth is right or not, a
tape head is always scanning the flat
plane of the tape surface. The stylus
“sees” a flat plane from a modulated
groove only when its rake angle is abso-
lutely on the button. Otherwise it
traces—or tries to trace—a curvature
that can become rather complex, with
the skewed contact line of the stylus do-
ing its best to strike a rough average be-
tween the various groove contours it is
encountering. Aiso, groove curvature is
a definite factor in stylus indentation of
the record material, so that a further am-
biguity in tracing is introduced.

At this point, let's consider the several
dimensions in which a stylus moves.
Ideally, allits excursions take place with-
in a curved plane—a section of the shell
of a sphere that has its center at the sty-

(continued on page 20)
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Precision and elegance.
The newest Quartz-Servo by Sansui.

Infroducing the Sansui SR-838, a luxurious new
direct-drive tumtable that performs silently with rare

and fin= precision. Free from hcwl anc feedback, the

SR-838 complements the superior tonal quality and

the exccting standards of today’s most sophisticated

compaecnent systems.

The SR-838 Quartz-Servo direct-drive system
delivers phono reproduction so accu-
rate it may astonish you. By locking
motor soeed to the precise contrel of
a highlv refined quartz crystal, Sansui
enginesrs have achieved platter
speed deviation cf less than 0.002%.
and unusually low wow and flutter of
less than 0.025%.

Sansui engineers have aisc
dasigned a unique new tonearm for
tre SR-838. it faatures a Mass-Concentrated Fulcrum
dasign. with wide-set pivot points, to suppress
unwanied front- back/lefi-right vibrations. Insids the
tubulartonearm is a special resin* that prevents
resonance. And the entire unit is firmly mounted on a

zinc die-cast base for the most stable performarce

you can find. il B o

Woodside, New Yok 11377 » Gardena, Calfornia90247
SANSU! ELECTRIC CO.. LTD . Tokyo. Japan - SANSUI AUDIC EUROFE S.A., Antwerp. Belgium = In Canada Electrani Distrbufors S ]

*Patent pending * *Approxmate nationally adwartised vaiue. Actual retait orce is at the oplion of ndvidual dealers

TFe Sansui SR-833 offers all the performance
advanicges you'd expect from a superior turntable.
plus mor=. Such as fine pitch control, an electronic
brake for speed changas, a skating force canceller,
and anoil-damped cueing lever. And the newly
designed rubber insu aing feet provide superior
feedback isolation.

“ctop it all, the SR-838 is a feast for the eyes

as well as the ears. All.condtrols are positioned up
frent for easy access and
operation. And the satiny
piano laccuer finish glows
with the elegance of
simplicity.
See the SR-838, at
! less than $390** including
base and dust cover, at your
nearest franchised Sansui
dealer. Hear it, and you'll
discover that advanced
technology and precision
design do indeed make a
>e. All the differ-
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SANSUI ELECTRODNICS CORP.
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Learn computer design, con-
struction, maintenance and pro-
gramming techniques on your
own programmable digital com-
puter,

NRI is the only
school to train you
at home on a real

digital computer.

Qualified technicians are
urgently needed for careers in
the exciting new field of digital
and computer electronics . . .
and the best way to learn digi-
tal logic and operations is now
available to you in NRI's Com-
plete Computer Electronics
Course.

This exclusive course trairs you
at home on your own digital
computer! This is no begin-
ner's “logic trainer”, but a
complete programmable digital
computer that contains a
memory and is fully automatic.
You build it yourself and use
it to define and flow-chart a
program, code your program,
store your program and data
in the memory bank. Press
the start button and the com-
puter solves your problem and

AmericanRadioHistorv.Com

Learn digital computer

displays the result instantly.

The NRI digital computer is one
of 10 kits you receive in the
NRI Complete Computer Elec-
tronics Course. You build and
use your own TVOM, and
experiment with NRI’'s exclusive
Electronics Lab. You perform
hundreds of experiments, build-
ing hundreds of circuits, learn-
ing organization, operation,
trouble-shooting and program-
ming.

New NRI Memory
Expansion Kit

The Model 832 NRI Digital Com-
puter now comes with a new Mem-
ory Expansion Kit. Installed and
checked out in 45 minutes, it dou-
bles the size of the computer's
memory, significantly increasing the
scope and depth of your knowl-
edge of digital computers and pro-
gramming. With the large-scale IC’s
you get the only home training in
machine language programming
experience essential to trouble-
shooting digital computers.

" s
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NRI offers you five
TV/Audio Servicing
Courses

NRI can train you at home to ser-
vice Color TV equipment and

provide profes-
sional tools and

audio systems. You can choose “Power-On"’
from 5 courses, starting with a equipment along
48-lesson basic course, up to a with NRI kits
Master Color TV/Audio Course, engineered for

complete with
designed-for-learning

training.
With the

25’ diagonal solid state Master
color TV and a 4- Course,
speaker SQ™ Quadra- for
phonic Audio System. instance,
NRI gives you both TV ' you build

your own 5 wide-band
triggered sweep solid
state oscilloscope, digi-
tal color TV pattern gen-
erator, CMOS digital fre-
quency counter, and
NRI electronics Discov-
ery Lab.

and Audio servicing for hundreds
of dollars less than the two
courses as offered by another
home study school.

All courses are available with low
down payment and convenient
monthly payments. All courses

“Trademark ot CBS Inc.

NRI’s Complete Communications Course
includes your own 400-channel
VHF transceiver

NRI's Complete Communications important FCC Radio-telephone
Course will train you at home for License, or you get your money
o | one of the back.

thousands

q of service
¥= and mainte-
M nance jobs
¢ opening in
CB; AM and
! i FM trans-
mission and reception; TV broad-
casting; microwave, teletype,
radar, mobile, aircraft, and marine
electronics. The complete pro-
gram includes 48 lessons, 9 spe-
cial reference texts, and 10 train-
ing kits. Included are: your own
“‘designed-for-fearning’’ 400-
channel VHF transceiver; elec-
tronics Discovery Lab™; CMOS
digital frequency counter; and
more. You also get your all
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CB Specialist Course
also available

NRI also
offers a 37-lesson course in CB
Servicing with your own CB Transceiver, AC
power supply, and multimeter. Also included
are 8 reference texts and 14 coaching units
to make it easy to get your Commercial
Radiotelephone FC% License.

You pay less for NRI training and you
get more for your money.

NRI employs no salesmen, pays N0 ¢com-
missions. We pass the savings on to you
in reduced tuitions and extras in the way
of professional equipment, testing instru-
ments, etc. You can pay more, but you
can't get better training.

More than one million students have
enrolled with NRI in 62 years.

Mail the insert card and discover for your-
self why NRI is the recognized leader in
home training. Do it today and get started
on that new career. No salesman will call.

If card is missing write:
NHI NRI SCHOOLS
38 McGraw-Hill Continuing
:ﬂ;ﬂ Education Center
+a 3939 Wisconsin Avenue
I-H . Washington, D.C. 20016
19




lus's pivot point. Also ideally, the shell is
almost infinitely thin. However, especial-
ly in the case of a line-contact stylus, an
error in rake angle “thickens” the shell,
with resulting phase-time ambiguities.
Such errors are inevitable; even vertical
stylus excursions produce them. But at
what point, if any, do they become audi-
bly detrimental? And what is their effect
when they combine with other errors in
tracing geometry?

The Listening Approach. Since the
means (the Shreve/Rabco arm)
seemed to be at hand, we decided to let
theory rest for the time being and work
toward empirical findings with listening
tests. The Rabco SL-8/SL-8E arm, as
you may be aware, is (or was; it is no
longer made) a radial-tracking mech-
anism. The arm carriage transits on an
aluminum track that has vertical screws
at either end to facilitate height and le-
velling adjustments. Thus the stylus
rake angle can be varied minutely and
repeatably even while a record is play-
ing, without doing any great violence to
other parameters of cartridge alignment
(we invariably found ourselves working
with a range of rake angles spanning
considerably less than a degree of dif-
ference). This, plus its other refine-
ments, made the arm a viable experi-
mental tool in our judgment.

Once we (Dr. Shreve, Mitchell Cotter,
and |, for the most part) had confirmed
that we could hear these seemingly
small differences and could agree on
what the “right” sound was, we evolved
individually for the most part, but with
close agreement later on) a number of
working hypotheses.

(1) The optimum vertical adjustment
should not be the same for every record.
Variables such as different record-cutter
geometries, different cutting practices,
and even different record thicknesses
would logically prevent this.

(2) A warped record should make the
optimum vertical adjustment less easy
to achieve, if it could be achieved at all.

(3) Adijusting the carriage track of the
arm so that it is not quite paraliel with the
record surface should result in a change
of vertical angle over the record side,
and therefore a change in the “sound.”
(It would also result in slight changes of
other alignment parameters; the big
questions concerned which changes, if
any, would be most audible.)

(4) A true line-contact CD-4 stylus
should be quite critical to adjust; and
once properly adjusted, it might conceiv-
ably yield performance superior to that
of a “conventional” stylus.
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(5) A change in stylus force should
change the rake angle, and hence the
*sound.”

After about a year of listening, our
general observations are as follows.

(1) The optimum vertical angle is not
the same for every record. With the rec-
ords we have sampled we've encoun-
tered a range of “optima” spanning a
mere 25 minutes (I) of arc. However,
some records audibly perform quite
badly when used with a different rec-
ord's optimum setting, although they
may sound very good when individually
compensated for.

(2) Warped records are not as difficult
to adjust for as anticipated. An attempt
at explaining this must await further
work. It is true that we've not been ex-
traordinarily successful in obtaining
warped and unwarped copies of the
same record. It almost appears that a
given release is either unwarped or
warped, although the warps are usually
not the same. We have not attempted to
deliberately warp any records.

(3) Making the carriage track nonpar-
allel to the record surface alters the
sound over a record side in an identifi-
able way. Deliberately misaligning the
effective length of the radial arm to cre-
ate a similar change in latera! tracking-
angle error over the record side does not
seem to alter the sound as recognizably.
But this test lacks a certain amount of
rigor.

(4) CD-4 styli are typically easier to
set at optimum vertical angle; the “op-
timum” is much less ambiguous. When
so set, they consistently (audibly) out-
perform comparable cartridge models
fitted with spherical or “conventional” bi-
radial stylus tips.

(5) Altering the vertical stylus force
seems to produce the expected change
in “sound.” In fact, in some cases small
changes in stylus force have seemed to
be as effective as small changes in verti-
cal angle in achieving the most listena-
ble resuits. (In all cases the stylus-force
changes have been very small, and al-
ways well within the recommended
tracking-force range of the cartridge’s
manufacturer. Measurement of the
force, with one exceptional instance,
has always been consistently repeat-
able with the Shreve arm and a tracking-
force gauge of high reliability and resolu-
tion {within 1/10 gram].)

And What Is the Sound? While we
agree when the verticle adjustment is
correct to our ears, we do not always
use the same language to describe what
we hear when it is not to our liking. High

frequencies are affected most profound-
ly, to the point where sharp sibilance on
voice recordings can be reduced to al-
most no sibilance. There is a noticeable
change in the quality of whatever noise
is present on the record, so that it be-
comes subjectively smoother, less ob-
trusive, and less troubled by what sub-
jectively seems to be a periodic modula-
tion effect. Whatever stereo perspective
is present on the record seems dramati-
cally enhanced, with sharper and stabler
positioning of sound sources both left to
right and forward to back (although we
think we have occasionally discovered
“faults” in the stereo perspective of
some recordings as a result of optimum
adjustment).

The Unanswered Questions. The
vertical cutting angle adopted in making
a record is established at the discretion
of the mastering engineer. A fairly com-
mon practice is to use a special test rec-
ord as a vertical reference while the cut-
ting head is set up. However, we have
heard of instances in which the cutter's
vertical angle has been slightly modified
to achieve a smoother or quieter cut.

The variations in vertical angle from
record to record we have found are
probably small enough to be accounted
for by differences in test records, or
even differences in set-up procedures
when the same test record is used.
However, the precise roles that these
and other factors piay in the verticai-
angle situation are far from clear to us at
present.

Several other questions remain. One
concerns the matter of deformations in
the ideally flat surface of the record, and
what part they could or should play in
properly defining the correct vertical an-
gle. Another question asks whether
there is (as would seem logical) an op-
timum relationship between rake angle,
vertical tracking angle, and stylus force,
since the first two would certainly
change with an alteration of the third, but
not necessarily in the same direction
with respect to an optimum adjustment.

Perhaps the ultimate question is
whether a significant number of com-
mercially available arms and record
players (as opposed to the custom-built
and carefully adjusted equipment in our
hands) can reveal the effects of these
minute variations in alignment. Thanks
to Mr. Cotter's efforts, the first tentative
answer to this question seems to be
moving toward a qualified “yes.” And
thus it appears certain that you'll have
heard far from the last of this matter
when you lay down this magazine. ¢
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THE INTEGRATED DC AMPLIFIER
HAS ARRIVED.

It is an amplifier so advanced even the
Ol clsamss on pre-amp has its own power supply.
The Kenwood <A-9"00" -'-5-» reted. LG I’nsthe naxfgonero’non Kenwood. The unit
amplifier is here. " o willbesneasured against. Just as
lts response is flat down ¢ O Hz. It has they w=re when we p|oneered dual power
three power supglies. The “clal Har- supplies.
monic Distortion is 0.03% over-he full The KA-2100 integrated DC am-
frequency range of 20-20k Hz. The plifier. With 90 watts per channal
Signal-to-Noise ratiois 83 dB at 2.5 minimum RMS, at 8 ohms from 20
mV. It has the best ohono sersiivity to 20,000 Hz with no more than
(0.8 mV) cf any integrated ampii- 0.03% Total Harmonic Distartion.
fier. Forbetterheat cissipation, thaKA- And, as f all that wasnt enough.
@100 has large heat sinks or either side. it costs l2ss than $500:
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HIRSCH/HOUCK LABORATORIES

IT HAS long been recognized that a single loud-
speaker cone cannot properly reproduce the full au-
dible frequency range. Nevertheless, a single speaker
is still widely used, as in TV receivers, automobile ra-
dios, and low-priced home radios and record players
for that impossible task. Here, a degree of effective-
ness is made possible only by a reduction in quality
standards, which would not be acceptable in a high-
fidelity system.

The examples mentioned above cannot be called
“hi-fi” by any stretch of the imagination, although
sometimes, against all reason, that claim is made for
them. Even a minimum quality component speaker
system uses at least two drivers to cover the audio
range, and more expensive ones divide the audible
spectrum into three or even four bands. It is thus quite
natural to assume that more separate frequency bands
in a speaker system result in better quality.

The foregoing assumption may be natural, but it is
not necessarily correct. In fact, in the absence of other
information, there is no reason to conclude that a
three-way system is better than a two-way system or
even as good. To see why this is so, let us consider the
reasons for dividing up the reproduction task among
several drivers,

To generate appreciable amounts of acoustic power
at low frequencies, a large volume of air must be
moved by the speaker cone. This can be done by using
a large cone area with a relatively small excursion, or
a smaller cone with a large excursion. Both methods
are capable of good results, but the popular acoustic
suspension speakers are based on the latter approach.
To get a reasonably flat, smooth bass response, it is
not sufficient simply to use the largest possible speak-
er diameter, or to increase the size of the enclosure.
These two factors, together with a host of other speak-
er parameters, are interrelated. Once a certain per-
formance standard has been decided upon, neither
can be changed without a corresponding change in
the other. The value of a proper bass speaker design is
demonstrated by the many small speakers, with woof-
ers only 6 to 8 inches in diameter, whose bass re-
sponse extends to 40 Hz or even lower. S

A larger cone diameter gives the designer several
possible options for improved performance. The low-
er limit of the speaker’s response could be extended
(perhaps together with reduced distortion), or its effi-
ciency could be increased. Since nothing in this
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world is truly free, what disadvantages might result
from such a change?

A woofer cone can deliver its calculated flat re-
sponse only in the limited frequency range within
which it moves as a piston. At higher frequencies,
where the speaker diameter becomes an appreciable
fraction of the acoustic wavelength, the response be-
comes irregular, as well as increasingly directional.
The massive cone, which is advantageous for a woof-
er, becomes a liability at higher frequencies. Here, low
moving mass is necessary to allow the cone to reverse
direction hundreds or even thousands of times each
second. Therefore, whatever the size of the woofer,
above some selected frequency the signal energy must
be diverted from it to another speaker more suitable
for that range. The choice of a “crossover” frequency
is not entirely arbitrary since it must take into account
the high-frequency aberrations in the woofer’s re-
sponse, and the low-frequency limitations of the
smaller speaker. A “tweeter,” as the high-frequency
driver is usually called, is much smaller in diameter
than the woofer, and has a much lighter cone and
voice coil structure. The low mass allows it to re-
spond more rapidly to high-frequency signals, while
its smaller diameter gives the sound a wide polar dis-
persion instead of “beaming” it forward, as happens
when the cone diameter is comparable to the wave-
length of the sound. At very high frequencies, even an
ordinary tweeter cone may be too large to give the de-
sired response, necessitating a second crossover to a
still smaller speaker. This is known as a “three-way”’
system, in contrast to the simple “two-way” system
comprised of a woofer and a single high-frequency
driver.

Here are some considerations on the relationship
between the size of the several drivers and the choice
of crossover frequencies. In a typical small speaker
system, with a woofer 8 inches or less in diameter, it
is feasible to cross over to the tweeter as high as 2000
Hz, or even higher in some cases. At that frequency, a
specially designed dome or small cone tweeter is used
instead of merely a miniature version of the woofer.
With a cone diameter of 1 to 1% inches such a speaker
can give satisfactory results up to 15,000 Hz or even
beyond. While it is possible (and sometimes done) to
cross over to a third “super tweeter” at a very high fre-
quency, such as 7,000 to 10,000 Hz, the benefits
would be negligible. The high-frequency dispersion
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might be improved by using a second, smaller tweet-
er, but the effect is likely to be rather subtle.

Suppose that a larger woofer, 10 or 12 inches in
diameter, is used. Such a speaker cannot function op-
timally much above 1000 Hz, and the crossover to the
next driver usually takes place between 500 and 1000
Hz. At that frequency, a small dome tweeter cannot be
used either because its light voice coil could easily be
burned out by the concentration of program energy in
the midrange. Furthermore, the large cone excursions
needed would be impractical for such a driver.

To cover this frequency, a larger version of the
dome tweeter is sometimes used (this can be expen-
sive). But more frequently, the midrange driver is a
conventionally appearing cone unit that’s about 3 to 5
inches in diameter. This can handle the midrange
power, but its useful upper frequency limit is perhaps
several thousand hertz. For full-range reproduction,
there is a second crossover to a true tweeter, usually
in the 3000-to-5000-Hz range. From this we can see
that a speaker based on large low-frequency drivers or
designed for use at high volume levels has to have
three drivers do what can be done fairly well at lower
levels by a smaller two-way system.

Sometimes we encounter four-way systems, al-
though this is a refinement limited to fairly exotic and
expensive speakers. Usually, a very small super-
tweeter is added to a more conventional three-way
system, with a crossover at 10,000 Hz or even higher.
Alternatively, the fourth driver can be added at the

low-frequency end, crossing over from the woofer to
an upper-bass or lower mid-range driver in the 100-
to-300-Hz region. The upper-bass speaker is normally
a small woofer that measures about 8 inches in diame-
ter. Together with the higher frequency drivers, it acts
as the woofer of a three-way system.

If a super tweeter is used, especially at frequencies
near the limits of human hearing, its benefits may be
marginal. Little program material has much content
in that range, except for noise. Thus, the principal
benefit of a super tweeter may be an airier quality due
to improved dispersion.

The rationale for using a very low woofer crossover
frequency is that the large woofer cone excursions at
low frequencies tend to modulate higher frequencies
in the program band handled by the woofer. Even if
the speaker is perfectly linear, high frequencies ra-
diated by a cone simultaneously handling low fre-
quencies will be frequency-modulated (the Doppler
effect). This produces a modulation distortion very
much like that resulting from woofer nonlinearity. By
restricting the woofer to a narrow frequency range,
the likelihood of such intermodulation is reduced. Of
course, this places an added burden on the next high-
er frequency driver, which often carries the bulk of
the audible program content and must do so with a
minimum of distortion.

We have seen how the number of crossovers in a
speaker system is determined by the limitations of its
individual drivers, the cabinet size, and the degree of
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y father always told me that
there were certain advan-
tages to putting all your eggs in one
basket. “John,” he said, ‘“learn to
do one important thing better than
anyone else, and you'll always be
in demand.”
I believe he was right. Today is
the age of specialization. And I
think that’s a very good thing.
Consider doctors. You wouldn’t
expect your family doctor to perform
open heart surgery or your dentist to
set a broken bone, either. Would you?
For these things, you’d want a
specialist. And you'd trust him. Be-
cause you'd know if he weren’t any
good, he'd be out of business.

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

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

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

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

Specialists aren’t for
everyone.

I'11 tell it to you straight. If you
think electronics would make a nice
hobby, check with other schools.

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

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

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

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

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

In fact, depending on the course
you take, you'll do most of the basic
things professionals do every day —
things like servicing a beauty of a
Zenith color TV set. . . or studying a
variety of screen display patterns
with the help of a color bar generator.
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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 you
need specialized help, you get it fast
... in writing from the faculty spe-
cialists best qualified to handle
your question.

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

We don’t mind. We have a fine

record of preparing people to take. . .

and pass. . . the government-
administered FCC License exams.
In fact, in continuing surveys nearly
4 out of 5 of our graduates who take

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

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

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

I'll send you a copy of CIE’s
FREE school catalog, along witha
complete package of independent
home study information.

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

Remember, if you are serious
about learning electronics. .. or
building upon your present skills,
your best bet is to go with the elec-
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.
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subjective refinement that is desired. (It is difficult, if
not impossible, to actually measure the benefits of
some multi-way speaker systems, especially in view
of the aberrations introduced by any crossover net-
work, let alone a four-way network.)

Having made side-by-side comparisons between
two- and three-way systems based on similar drivers
and cabinet dimensions, we can attest to the added
openness imparted by a good three-way design. It is a
fairly subtle effect, however, and might not be detect-
able without such a comparison. On the other hand,
we have often been impressed by the similarity in
sound quality between some good, small two-way
speaker systems and vastly larger (and more expen-
sive) three- or four-way systems. There is not much
mystery to this effect, since it means that the speakers
involved have been designed to give a uniform energy
response with better than average dispersion. Their
similarity is clearly evident in the measured frequen-

Ne ==,

cy response. Consequently, it is not surprising that
they sound very much alike in their basic octave-to-
octave balance and freedom from coloration. The
low-frequency limitations of the small speakers are
usually evident only below 50 Hz or so, where most
programs have little energy.

The Speakerlab 7 speaker reviewed here is a three-
way system, and from its use of two full-size (10- and
12-inch) woofers it is easy to understand why a three-
way design was necessary. The first crossover at 700
Hz was dictated by the high-frequency limitations of
the woofers, and a rather large horn driver was need-
ed in the midrange to operate down to that frequency.
A horn of this size cannot do a good job at the highest
audio frequencies, making it necessary to cross over
to a second smaller horn at 5000 Hz. A speaker with
the efficiency and power handling ability of this one
could not have been made with a simple two-way
configuration or in a smaller cabinet. o

=

AKAI MODEL GX-270D-SS FOUR-CHANNEL TAPE RECORDER

Synchronous recording function permits multitrack taping.

Paradoxically, at
a time when inter-
est in quadra-
phonics is not
“ especially strong,
a number of open-reel tape recorders on
the market feature 4-channel capabili-
ties. The indication here is that home re-
cordists are using these decks to build
up multitrack recordings in a manner
similar to that used by professional re-
cording studios, rather than for record-
ing and listening to 4-channel tapes.
Akai’'s Model GX-270D-SS 4-channel
open-reel tape recorder is in this catego-
ry, having the synchronous recording
capability that makes it possible to ob-
tain multitrack recordings. Its “Quadra
Sync” recording system can be used in
both the 2- and 4-channel modes. The
deck also features a direct-driven cap-
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stan, 7%- and 33%-ips (19.1 and 9.5
cm/s) speeds, and a bidirectional play-
back feature for stereo operation. The
transport is solenoid controlled.

The recorder measures 18.3'"H x
17.3"'W x 7.5"D (46.5 x 44 x 19.5cm)
and weighs 39.2 Ib (17.8 kg). Its nation-
ally advertised value is $875.

General Description. An ac servo
motor is used to directly drive the cap-
stan of the recorder, eliminating the
belts and pulleys usually found in tape
drives. Pushbutton switches are used to
select the operating speed and simul-
taneously switch in the appropriate
equalization characteristic. The hubs
can accommodate tape reels up to 7"
(17.8 cm) in diameter. Each hub is driv-
en by its own eddy-current motor.

The bidirectional playback mech-
anism can be initiated either automati-
cally by conducting foil on the tape’s
leader or manually by pressing a switch.
The main transport functions are con-
trolled by six pushbutton switches,
through solenoid actuators. They in-
clude normal and fast speeds in both di-
rections, sTOoP, and REC interfock func-
tions. A “flying start” recording can be
made from play by simultaneously hold-
ing down the normal play button and
pressing the REC button. A separate
PAUSE button stops the tape without dis-
engaging the recording function.

AmericanRadioHistorv.Com

A small PITCH CONTROL knob to the
left of the tape heads can be used to ad-
just the tape speeds over a nominal
+5% range. It has a detented center po-
sition, which gives the nominally correct
tape speed. This control operates when
the transport is in both the record and
the playback modes. So, it can be used
to correct the pitch of a reference track
when making a Quadra Sync recording.
Below the PITCH CONTROL are the POw-
ER switch and two TAPE SELECTOR but-
tons (for low-noise and wide-range
tapes) and the speed selector buttons.

There are five pushbuttons in the
Quadra Sync system. Four are for in-
dividual channel selection and the fifth
allows you to select either the 2- or the
4-channel mode of operation.

Four VU meters light according to the
mode selected. In the 2-channel mode,
only the channels 1 and 3 meters light,
while in the 4-channel mode, all four me-
ters light. A red light above each meter
glows when that channel is in the re-
cording mode. This gives a very clear in-
dication of the operation of the Quadra
Sync system, since pressing any of the
system’s buttons disables the erase and
record function for that channel, simul-
taneously extinguishing the correspond-
ing red light.

The settings of the concentric play-
back level controls do not affect the me-
ter readings. A MONITOR switch con-

POPULAR ELECTRONICS
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Record/playback response using Memorex Quantum tape at 7% and 3% ips.

nects either the input signal or the play-
back amplifier output to the line output
terminals. Four separate 14" (6.4-mm)
phone jacks are provided for the micro-
phones, which should be medium
impedance (600-ohm) dynamic types.
There are also two stereo phone jacks
for monitoring the front and rear chan-
nels. For best resuits, the phones should
have an 8-ohm impedance. Below each
VU meter is a concentric pair of record-
ing level controls for that meter's chan-
nel (one each for the mic and line inputs,
which can be mixed).

On the rear of the recorder are the
four pairs of line inputs and outputs and
a socket for an optional remote control
accessory.

The specifications of the Model
GX-270D-SS are consistent with the re-
quirements for a high-quality home tape
recorder. Based on the use of Scotch
211 or an Akai tape, they include: fre-
quency response to 21,000 Hz at 7V ips
and to 15,000 Hz at 33 ips; with wow
and flutter less than 0.07% and 0.1% at
the two speeds; less than 1% distortion
at 1000 Hz and 0 VU; and better than 54
dB S/N ratio, referred to a +6-VU re-
cording level.

Laboratory Measurements. The

record/playback frequency response of
the tape deck was measured with sever-
al types of tape, using the “wide range”
selector position, to determine which
best matched the factory settings of the
recorder. Although the differences were
not large, we found that Memorex Quan-
tum gave the best resuits; it was subse-
quently used for the remainder of the
tests. Akai SRT-F and Scotch 212 were
quite similar to it in performance, while
TDK Audua and Maxell UD35-7 had a
rising high-end response.

The 7%-ips frequency response was
+2 dB from 20 to 24,500 Hz at a 20-dB
recording level and was virtually the
same at O dB. There was no sign of tape
saturation at 0 dB with any of the tapes
used. The 33-ips response was within
+2.5 dB from 30 to 18,500 Hz, and tape
saturation rolled off the 0-dB output
above 7000 Hz.

The playback frequency response,
measured with Ampex test tapes, was
within +1.5 dB from 50 to 15,000 Hz at
7Y% ips. It was 1.5 dB from 50 to 7500
Hz at 3% ips. Both resuits represent the
frequency limits of the tapes.

A line input of 75 mV or a microphone
input of 0.28 mV was necessary for a
0-dB recording level. The playback level

from a 0-dB recording was 0.89 volit with

+
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Playback frequency response of the recorder using Ampex test tapes.
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the Memorex tape. (it varies somewhat
with the tape used.) The playback distor-
tion at O dB at either speed was 0.38%
to 0.40%, which is well below the rated
value. The reference 3% distortion was
reached at a recording input of +10 dB.

The unweighted S/N ratio, referred to
the 3% distortion level, was 59 dB at
both speeds. With IEC “A” weighting, it
was 65.5 dB. With CCIR/ARM weight-
ing, the S/N was 61 dB at 3% ips and 64
dB at 7'2 ips. The noise level through
the microphone inputs was only 3.5 dB
higher than through the line inputs.

The flutter of the GX-270-SS was a
very low 0.04% at both speeds, which is
probably the result of using a direct-
drive capstan motor. The PITCH CON-
TROL had a range of +6.6% to —4.8% at
3% ips, and from +5.5% to —4.1% at
7% ips. In fast forward and rewind, an
1800’ (550-m) reel of tape was handled
in 100 seconds. The meters responded
more slowly than real VU meters, in-
dicating 80% of steady state on 0.3-
second tone bursts. The headphone vol-
ume was not adjustable and was quite
low with 200-ohm phones but fairly good
with 8-ohm phones.

User Comment. The operation of the
recorder was simple and straightfor-
ward, for both conventional operation
and for making “Quadra Sync” record-
ings. The solenoids, which operated
with audible “clunks,” had a logic sys-
tem that enabled the buttons to be oper-
ated in any sequence without going
through sTop. Pressing a normal speed
button while the tape was in fast motion
(or going in the opposite direction)
brought the tape to a smooth, swift stop,
after which it paused for a few seconds
before resuming play.

On the machine tested, we did not find
any effect on the sound when we oper-
ated the TAPE SELECTOR buttons. Nei-
ther the frequency response, nor the dis-
tortion, nor the noise level were affected
by this control in any way that we could
hear or measure. Also, although the
head cover carries the inscription “Auto
Reverse,” this feature is not mentioned
in the instruction manual, nor are there
any instructions given on how to install
the conductive tape for automatic rever-
sal. A couple of pieces of foil are includ-
ed with the recorder, with a cryptic state-
ment that they should be installed on
either the dull side or the shiny side of
the tape. We tried both, and the system
operated properly with the foil on either
side of the tape. Even if the autoreverse
feature is not used, it is still very conven-
ient to be able to play the second pair of

POPULAR ELECTRONICS



i e

ecret

How's a CB bandit going to take your CB if he doesn't
even know you've got one? That's the secret of the
One-Hander. Since all controls you need are in the
palm-sized handset, you can mount the tiny
transceiver case permanently out of sight — in the
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glovebox, under dash or seat, even in the trunk using a 1,.:; s;{em:,a:;nch L e
. ) . . CONTROLS ARE
special extension cable. When you leave your vehicle, for handset speaker, IN THE MIKE

| built-in speaker, or optional

unplug the handset and lock it up or take it with you. A A e A

The One-Hander is safer and easier to use while driv-
ing — no reaching and fumbling around to make ad-
justments. Built-in noise blanker and limiter chop out
ignition-type noise. Two ce\ramic filters and push-pull
audio circuitry. Improved auto-modulation for FULL
talk power, always. With mounting bracket, cables for
12 VDC positive or negative ground. Thieves hate
the Realistic One-Hander. But you'll love it. Just
169.95* at your nearby Radio Shack. ; 2 By

+ Push-to-Talk Switch
« Speaker and Mike

+ Channel Selector
with LED Indicator

« Volume On/Oft Control
+/ Variable Squelch
¢5' Coiled Cord

T = ™

Trunk-mount your One-Hander: Specizl 16%:-foot cable
runs from trunk under carpet to plug-in jack on dash.
Everything's hidden! Cable (21-600) just 29.95".

SOLD ONLY WHERE YOU SEE THIS SIGN:

FREE! New 78 Calalog ®
Come in for your copy and see
what's really new in electronics.

100 in full color.
;%‘g)opagels- 100 't £elc A TANDY DOMPANY « FORT WORTH, TEXAS 76107
exclusive items. OVER 5000 LOCATIONS IN NINE COUNTRIES
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tracks at the touch of a button, without
interchanging the reels.

At 7' ips, the sound quality of the re-
corder leaves little to be desired. When
we recorded interstation hiss from an
FM tuner, we could hear only a minute
brightening of the playback in compari-
son to the incoming signal. This was

consistent with the measured frequency
response of the recorder. But at 3% ips,
the brightness was quite noticeable,
even without an A-B comparison.

This deck will appeal most to the seri-
ous amateur recordist who wants to try
his hand at multi-track-sync recording. It
is a versatile machine, equally at home

with recording and playing back 2- and
4-channel tapes or with creating one’s
own “professional”-style recordings. We
were impressed by the manner in which
it surpassed every one of its published
specifications, usually by a wide margin.

CIRCLE NO. 102 ON FREE INFORMATION CARD

SPEAKERLAB MODEL S7 SPEAKER SYSTEMKIT
Assemble-it-yourself, three-way speaker system employs four drivers.

The Model S7
three-way speak-
LABS er system is one
~15 e -3l Of the six speaker

kit models from
Speakerlab. This second from the top-
of-the-line kit features an air-suspension
system to achieve good bass response
in a relatively small enclosure. (Top of
the line has a folded-corner-horn de-
sign.)

As with all speaker systems kits from
Speakerlab, the Model S7’s enclosure
box is supplied already assembled, re-
quiring only the application of an oil fin-
ish (materials supplied) to complete the
“wood work.” The various elements in
the kit—drivers, crossover network, fi-
berglass insulation, etc.—are mechani-
cally mounted and interconnected.

The Model S7's transducer comple-
ment consists of a horn tweeter, horn
midrange driver, 12" (30.5-cm) cone-
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Tone-burst response for (left to right) 100, 1000, and 7000 Hz.

type woofer, and 10" (25.4-cm) cone-
type woofer. Crossover frequencies are
nominally at 700 and 5000 Hz, and L
pads are provided for adjusting the mid-
range driver and tweeter balance. Zen-
ers protect the tweeter.

Speakerlab recommends that an am-
plifier rated at a minimum of 15 to 25
watts/channel be used to drive the Mod-
el S7 speaker systems. Maximum guar-
anteed safe power for the speaker sys-
tems is 150 watts rms/channel. Nominal
impedance is 4 ohms.

The front and back of the speaker sys-
tem’s walnut-veneer enclosure are
made of 34" (19.1-mm) thick particle
board, while the remainder of the box
has an additional layer of 34" plywood
added to its thickness. The enclosure
measures 29"H x 18"'W x 154D (73.7
X 45.7 x 38.4 cm). The assembied
speaker system weighs 85 Ib (38.6 kg).
Price is $279 per speaker system kit.

AmericanRadioHistorv.Com

Kit Assembly. The.Speakerlab kit
contained everything required to assem-
bie, wire, and finish the speaker system
except scissors, stapler, caulking gun,
and sandpaper. (The last item is used to
gently sand the edges of the box and
any rough spots.) A cartridge of silicone
rubber adhesive, supplied with the kit, is
used instead of screws for driver and
subassembly mounting.

The prewired crossover network/input
terminal/L pad assembly mounts first
over its cutout in the cabinet via a bead
of silicone adhesive. Next, the fiberglass
wool sheets are cut with scissors to
rough sizes and then stapled to all inter-
nal walls of the speaker cabinet except
the front panel. Once this is done, short
lengths of Velcro fastener tape are sta-
pled to the front panel at all four corners.

The front board on which the drivers
mount fastens to the cabinet via a thick
bead of silicone rubber adhesive be-
tween it and the enclosure’s particle
board liner. A 2" x 2" (5.1 x 5.1 cm)
brace is then white giued between the
inside rear wall and the rear wall of the
front panel between the woofer cutouts
to add rigidity and to reduce the possibil-
ity of mechanical resonances in the bass
range. Finishing nails driven through
both walls into the ends of the brace
keep the brace from moving while the
glue is setting.

Heavy-gauge wires with push-on ter-
minals connect to the drivers from the
crossover/L-pad assembly. The drivers
then mount in their respective cutouts
with the aid of beads of silicone rubber
adhesive. No screws are used to hold
the drivers in place. The silicone adhe-

(Continued on page 42)
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SWTPC announces first dual '
minifloppy kit under $1,000

Now SWTPC offers complete best-buy computer system with $995
dual minifloppy, $500 video terminal/ monitor, $395 4K computer.

BT 35S
ey

$995 MF-68 Dual Minifloppy

You need dual drives to get full benefits
from a minifloppy. So we waited to offer a
floppy until we could give you a dependa-
ble dual system at the right price.

The MF-68 is a complete top-quality
minifloppy for your SWTPC Computer. The
kit has controller, chassis, cover, power
supply, cables, assembly instructions, two
highly reliable Shugart drives, and a
diskette with the Floppy Disk Operating
System (FDOS) and disk BASIC. (A floppy
is no better than its operating system, and
the MF-68 has one of the best available.)
An optional $850 MF-6X kit expands the
system to four drives.

Enclosed is:
$1,990 for the full system shown above
(MF-68 Minifloppy, CT-64 Terminal with
CT-VM Monitor).

— $995 for the Dual Minifloppy

___ $325for the CT-64 Terminal

— $175 for the CT-VM Monitor

__ $395 for the 4K 6800 Computer

$500 Terminal/ Monitor

The CT-64 terminal kit offers these
premium features: 64 -character lines,
upper/lower case letters, switchable con-
trol character printing, word highlighting,
full cursor control, 110-1200 Baud serial
interface, and many others. Separately
the CT-64 is $325, the 12 MHz CT-VM
monitor $175.

_ $250 for the PR-40 Line Printer
_ $79.50 for AC-30 Cassette Inferface
______ Additional 4K memory boards at $100
______ Agdditional 8K memory boards at $250

___ CGrBAC# ____ Exp.Date.
_ OrMC # ___ Exp.Date

Name Address

City. State _ Zip

CIRCLE NO. 53 ON FREE INFORMATION CARD
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$395 4K 6800 Computer

The SWTPC 6800 comes complete with
4K memory, serial interface, power supply,
chassis, famous Motorola MIKBUG®
mini-operating system in read-only
memory (ROM), and the most complete
documentation with any computer kit. Our
growing software library includes 4K and
8K BASIC (cassettes $4.95 and $9.95;
paper tape $10.00 and $20.00). Extra
memory, $100/4K or $250/8K.

Other SWTPC peripherals include

$250 PR-40 Alphanumeric Line Printer
(40 characters/line, 5 x 7 dot matrix,

75 line/minute speed, compatible with
our 6800 computer and MITS/IMSAL);
$79.50 AC-30 Cassette Interface System
(writes/reads Kansas City standard tapes,
controls two recorders, usable with other
computers); and other peripherals now
and to come.

! —{ Southwest Technical
. Products Corp.

219 W. Rhapsody, San Antonio, Texas 78216

London: Southwest Technical Products Co., Ltd.
Tokyo: Southwest Technical Products Corp./Japan




Advanced Electronics

There is no doubt television repair can

be an interesting and profitable career
field. TV repair, however, is only one of
the many career areas in the fast growing
field of electronics.

As an indication of how career areas
compare, the consumer area of electron-
ics (of which TV is a part) makes up less

o than one-fourth of all electronic equip-
ment manufactured today. Nearly twice
as much equipment is manufactured for
the communications and industrial fields.

Still another area larger than consumer
electronics is the government area. That
is the uses of electronics in such areas as

o research and development, the space
program, and others.
Just as television is only one part of
e eC | OnlCS the consumer field, these other fields of
electronics are made up of many career

areas. For example, there are computer
electronics, microwave and satellite

communications, cable television, even
the broadcast systems that bring pro-
grams to home television sets.

As you may realize, career oppor-

tunities in these other areas of electron-
ics are mostly for advanced technical
personnel. To qualify for these higher
level positions, you need college-level

®
training in electronics. Of course, while
it takes extra preparation to qualify for
. these career areas, the rewards are
greater both in the interesting nature of

the work and in higher pay. Further-
more, there is a growing demand for
personnel in these areas.
Unlike most other home study schools,
CREI programs are devoted exclusively
to preparing you for careers in advanced
electronics. All of CREI programs are
college level. And CREI gives you both
CREI pl‘epares you at home theory and practical experience in ad-

vanced electronics.

for broader and more advanced Unique Design Lab

A unique feature of CREI training is its

°pportunities in eleCtronics - Electronic Design Laboratory Program,
which trains you to actually design cir-

plus Oﬁers you SpeCIal arrangements cuits. It also helps you understand the
theories of advanced electronics and
1 H ives you extensive practical experience
for eng|neerlng deg rees ign such areas as tests and measurements,
breadboarding, prototype construction,
circuit operation and behavior, charac-
teristics of electronic components and
how to apply integrated circuits.
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career Training at Home

Only CREI offers this unique Lab
Program. It is a complete college lab
and, we believe, better than you will find
in most colleges. The ““Lab™ is one of
the factors that makes CREI training
interesting and effective. And the pro-
fessional equipment in this program be-
comes yours to keep and use throughout
your professional career after you com-
plete the training.

Engineering Degree

CREI offers you special arrangements
for earning credit for engineering de-
grees at certain colleges and universities
as part of your home study training pro-
gram. An important advantage in these
arrangements is that you can continue
your full time job while “‘going to college™
with CREI. This also means you can
apply your CREI training in your work
and get practical experience to qualify
for career advancement.

Wide Choice of Programs
CREI gives you a choice of specializa-
tion in 14 areas of electronics. You can
select exactly the area of electronics
best for your career field. You can spe-
cialize in such areas as computer elec-
tronics, communications engineering,
microwave, CATV, television (broad-
cast) engineering and many other areas
of modern electronics.

FREE Book

In the brief space here, there isn’t room
to give you all of the facts about CREI
college-level, home study programs in
electronics. So we invite you to send for
our free catalog (if you are qualified to
take a CREI program). The catalog has
over 80, fully illustrated pages describ-
ing-your opportunities in advanced elec-
tronics and the details of CREI home
study programs.

Qualifications

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

SEPTEMBER 1977

Send for this FREE Book

describing your opportunities
and CREI college-level
programs in electronics

Mail card or write describing qualifications to

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

Accredited Member National Home Study Council

CAPITOL
RADIO
ENGINEERING
INSTITUTE
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Gl Bill

CREI programs
are approved
for training of
veterans and
servicemen under
the G.1. Bill.



JULIAN HIRSCH AUDIO REPORTS (continued from page 36)

Using a caulking gun, a bead of silicone rubber
adhesive ig applied around the opening in the
enclosure for mounting the electronic assembly.

The prewired assembly,
holding the croggover
network, input terminal,
and L pads is pressed
into the adhesive.

Cabinet is lined with fiberglass and front panel
attached, the latter again secured by adhesive.

sive serves as both mounting and air
sealing mediums. The front panel cutout
for the horn tweeter is slightly longer in
length to permit the driver to slip into
ptace. Consequently, once the tweeter
is in place, two small pieces of wood,
supplied trimmed to the proper sizes,
are glued to the pane! to cover up the
openings at both ends of the driver horn.

A choice of two different ways of fin-
ishing the grille assembly is possible
with the materials supplied in the kit.
One is a plain flat grille that merely re-
quires the grille cloth to be stretched
over and stapled to a ready-made
frame. The other is to make the grille as-
sembly three dimensional. To do this,
four pieces of wood are glued together
to form a frame that is then glued to the
ready-made frame. After rounding the
edges of the frame, the grille cloth is

42

stretched over the whole and stapled
into place. In either case, Velcro strips
are fastened to the frame at the inside
rear corners to hold the grille assembly
in place.

We allowed four hours for the cement-
ed pieces to set before using the speak-
er system, which was lying on a floor so
that the full weight of the drivers bare
down on the silicone adhesive cement/
gaskets. We tested the speaker systems
beforehand, though, propping them up
just enough to permit us to connect ca-
bles from our amplifier to them and to
permit us to adjust the balance controls.

Once the cements had set and we
were satisfied with the operation of the
speaker systems, we used No. 150 dry
sandpaper to smooth all exterior sur-
faces of the cabinets. Then we proceed-
ed to pour small amounts of the oil sup-

Crossover network leads are pulled through
the driver openings. Note supporting wood brace.

plied with the kit on one side after anoth-
er, rubbing it in lightly with No. 400 wet-
paper sandpaper. Excess oil was wiped
off with a paper towel. Then we allowed
the wood to soak up the oit and dry for
about two hours. For the finishing touch,
we installed the grille assembly, and the
system was ready to go to work.

Laboratory Measurements. The
middle and high-frequency response of
the speaker system was measured in
the reverberant field of our room at a dis-
tance of 12’ to 15’ (3.7 to 4.6 m) from
the drivers and with the midrange and
tweeter level controls set to maximum.
To eliminate room interactions at low
frequencies, the woofer response was
measured separately, with the micro-
phone placed in the plane of the mount-
ing board. Since the system has two dif-

POPULAR ELECTRONICS
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IF YOURE WAITING FOR
SOLDERLESS BREADBOARDS TO BE
FASTER, EASIER, MORE

VERSATILE AND LOWER-PRICED...

Incredibly inexpensive. EXPERIMENTOR Mix and match. Use large and small chips Full fan-out. A CSC exclusive. The only
solderless sockets begin at $5.50* inthesame circuit without problems. solderless breadboard sockets with
(S4.00" forthe 40 tie-point quad bus strip). There are two sizes of EXPERIMENTOR full fan-out capabilities for micro-

A spool of solder costs more. sockets with 3/10th and 6/10th centers. processors and other larger (0.6") DIP's.

EXPERIMENTOR QUAD BUS
STRIP $4.00* Four 40-point
bus strips. % x 5% x %"

Microprocessors and other compiex

circuits are easy to develop. EXPER »
IMENTOR quad bus strips give you 4,8

or 16 buses to simplify your breadboards

Designated tie-points. Sim-
plify translation from bread-
boardto PC-boards or wiring
tables.

Infinitely flexible. Circuits can go in o
anydirection,up toany size. All EXPER-
IMENTOR sockets feature positive inter-
locking connectors that snap together
Horizontally and/or vertically. And un

snap to change a circuit whenever you

wish. " k

Easy Mounting. Use 4-40 screws from
the front or 6-32 self-tapping screws. - ®
from the rear. Insulated backing lets
you mount on any surface.

EXPERIMENTOR 600.
$10.95* 94 five-point termi-
nals plus two 40-pointbus
strips. 0.6" centers; % x 6 x
2"

Accepts all standard components.
EXPERIMENTOR sockets conformtoan 0.1"
gndand are DIP compatible. Also accept
IC's, transistors, diodes.LED's, resistors,
capacitors, transformers, pots, etc.

EXPERIMENTOR 350. $5.50*46 five /
pointterminals pius two 20-point bus i
strips.0.3"centers; % x 3% x 2"

Easy hookup. Components push in and pull
outinstantly. Use #22-30 solid AWG

EXPERIMENTOR 650. $6.25"46 five - .
wire for jumpers.

point terminatls plus two 20-point bus e
strips.0.6" centers; % x 3% x 24"
-

SREEE SERES SEEEE EEEEE SEwEw

Rugged, dependable construction.
Sockets are constructed from abrasion
resistant matenals and withstand 100°C.
Each one features non-corrosive
nickel-silver contacts.

EXPERIMENTOR 300. $9.95* 94 five-
pointterminals plus two 40-pointbus
i stnps. 0.3" centers; 3% x 6 x 2"

S ———————E
s gl g T 4 r e

WHAT ARE YOU WAITING FOR?

Discover today how solderless breadboarding can save time and money on every circuit you build. Get
acquainted with EXPERIMENTOR™ sockets and how they simplity circuit design, assembly and testing.
Eliminate the hassles and component damage of soldering. No special hardware or jumper cables
required, either. And the price is so low, it's hard to believe.

See your CSC dealer today. Or call 203-624-3103 (East Coast) or415-421-8872 (West
Coast) for the name of your local stocking distributor and a full-line catalog.
CONTINENTAL SPECIALTIES CORPORATION

=

44 Kendall Streel, Box 1942, New Haven CT 06509
3-624-3103 TWX 710-465-1227
West Coasl 351 California St San Francisco, CA 94104
415.42°-8872 TWX 910-372-7992
MEXICO ELPRO.S A. Mexico City 5-23-30-04
CANADA Len Finkler Ltd . Ontanio
SEE US AT WESCON SHOW BOOTH #1114,1116 & 1118,
SEPTEMBER 1977 CIRCLE NO. 14 ON FREE INFORMATION €ARD 43
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The midfrequency horn driver
is prepared for enclosure mounting.

ferently sized woofers, separate mea-
surements were made on each.

The reverberant frequency response
was very good. Also, the woofer re-
sponse was smooth and flat, without a
glitch in the upper part of its range.
When the two curves were spliced
together, the response was within =3
dB from 35 to 6000 Hz and rose at high-
er frequencies. Of course, the shape of
the high-frequency curve would vary
considerably with different settings of
the level controls.

The reasons for using two different
woofers are not obvious, since the mea-
sured frequency response from each
was the same, although the larger cone
delivered about 2 dB more output. The
output of the woofer reached a max-
imum between 60 and 80 Hz, falling at a
rate of 24 dB/octave below 60 Hz and at
about 6 dB/octave above 80 Hz.

The rated impedance of the speaker
system is 4 ohms, a fact that was con-

Box

By using four pieces
of wood glued together
to form a box that is
then glued to the
regular frame, a

three-dimensional look
for grille is obtained.

44

Completed system without grille.

firmed by our tests. It measured 4 ohms
at 2 Hz and in the 100-Hz region, with a
bass resonance rise to 15 ohms at 50
Hz. The impedance was in the 10-to-12-
ohm range at all frequencies above a
few hundred hertz.

User Comment. For most of our lis-
tening tests, the speaker systems were
on tilt stands supplied by Speakeriab.
This raised the cabinets about 8” (20.3
cm) above floor level and tilted them
back to provide better coverage for the
typical seated listener.

In our live-versus-recorded test, the
Speakerlab S7 was highly accurate in
the upper midrange and at high frequen-
cies. We observed some added warmth
in the lower midrange. It did not show up
on the response curve, however, and
may have been associated with the
room’s characteristics.

The S7’s 4-ohm speaker impedance
gives one a sense of higher speaker effi-

RAISED GRILLE

Regular
grille
frame

+i_ Use masking
tape to hold
parts in
place while
glue dries.

AmericanRadioHistorv.Com

ciency as compared to equivalent 8-ohm
speakers since it draws more power at a
given volume-control setting. Note, how-
ever, that one cannot safely use two
sets of speaker systems when using 4-
ohm ones, even if the remotes are 8-
ohm types, as most amplifiers will not be
able to handle it. For obtaining max-
imum power from one set of speakers,
however, the 4-ohm types are ideal.

All in all, this is a very fine speaker
system. We found it to be equally suited
to all kinds of music. Since its balance
must be set by ear, the end result natu-
rally depends on the builder’s ability to
set up both balance controls properly.
(Instructions are provided with the kit.)

Assembling this kit was an interesting
job. The instruction manual was clearly
written and illustrated, and most infor-
mative. It took us about two hours to
complete each speaker system, exclud-
ing waiting time for glue drying. Not hav-
ing any screws to which to secure the
speaker elements eliminated the possi-
bility of damaging the cone by mistaken-
ly moving the driver above it owing to the
always surprising heavy weight of the
element. But, even if this or any other
damage is done, the manufacturer will
send a new pant, no questions asked.
And if you happen to be the unhandiest
person around and cannot complete the
kit, Speakerlab will finish it for you at no
charge (customer pays freight). If you
should need help with the kit, there’s a
toll-free number where you can obtain
fast, free assistance.

For those who want to make their own
enclosures, speakers and the crossover
can be purchased separately for $191
each channel.

For more information, write Speakeriab,
5500 35th Ave., N.E., Seattle, WA 98105.
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Why you should buy a digital
multimeter from the
leader in digital multimeters.

If you're shopping for your first multi-
meter, or moving up to digital from
analog, there are a few things you
should know.

First, look at more than price. You’ll
find, for instance, that the new Fluke
8020A DMM offers features you won’t
find on other DMMs at any price. And
it’'sonly $169*

Second, quality pays. Fluke is recog-
nized as the leading maker of multi-
meters (among other things) with a
30-year heritage of quality, excellence
and value that pays off for you in the
8020A.

Third, don’t under-buy. You may think
that a precision 3%-digit digital multi-
meter is too much instrument for you
right now. But considering our rapidly
changing technology, you're going to
need digital yesterday.

If you're just beginning,
go digital.

Why not analog? Because the 8020A
has 0.25% dc accuracy, and that’s ten

times better than most analog meters.

Also, the 8020A’s digital performance
means things like 26 ranges and seven
functions. And the tougher your home
projects get, the more you need the
8020A’s full-range versatility and ac-
curacy. The 8020A has it; analog meters
don’t.

If you're a pro.

You already know Fluke. And you
probably own a benchtop-model multi-
meter.

Now consider the 8020A: smaller in
size, but just as big in capability. Like
2000-count resolution and high-low
power ohms. Autozero and autopolarity.
And the 8020A is MOV-protected to
8000V against hidden transients, and
has overload protection to 300V ac.

Nanosiemens?

Conductance To Resistance Conversion

10
=3
S=Rx

|
0 |
|
1

Resistance (M)

g 10 100
(nS) nan

Beginner or pro, you'll find the meter
you now have can’t measure nanosie-
mens. So what? With the 8020A con-
ductance function, you can measure
the equivalent of 10,000 megohms in
nanosiemens. Like capacitor, circuit
board and insulation leakage. And, you
can check transistor gain with a simple,
homemade adapter. Only with the 80204,
a 13-o0z. heavyweight that goes where
you go, with confidence.

What price to pay.

$169.*

Of course, you can pay more. Or less.
In fact, you could pay almost as much
for equally compact but more simplistic
meters, and get far less versatility. And,
the 8020A gives you the ‘plus’ of custom
CMOS LSI chip design, and a minimum
number of parts (47 in all). All parts
and service available at more than 100
Fluke service centers, worldwide. Guar-
anteed, for a full year.

Rugged. Reliable. Inexpensive to
own and to operate; a simple 9V battery
assures continuous use for up to 200
hours.

Where to buy.

Call (800) 426-0361 toll free. Give
us your chargecard number and we’ll
ship one to you the same day. Or, we'll
tell you the location of the closest
Fluke office or distributor for a per-
sonal hands-on feel for the best DMM
value going.

*U.S. price only

Fluke 8020A DMM for
Home Electronics Experts: $169

1808-7001
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" Youre looking at the worlds
bestdesigned tonearm.

This is aDual tonearm. Itzan make abigd ffarenze in the
way your records sound. Ard how longthey |ast.

The four-point gyrascopic gimbal is widely acknowlesiged
t3 b= the finest suspension system for a tonearm. Itpivots.
tae tonearm precisely whese the vertical and o-iz011al
axes intersect. Te arm remains perfectly ba ancedir =il
planes of movement .

Farther, the straignt-line tubular designactisvastha i e
sho-test distance be-ween p vot and stylus. T1al’s basic e i
ageometry. Curving the tonearm adds mass, decar=ases
rigidity and makes the armprone to laterelimaalance

Tne vernier ccinterbalance permits you to balance the
tonearm with micncmeter-li<e precision. Tracking fo-ce is
gppied so that the stylus remains perp=ndicdlar to tha
r=cord, even if tt= chassis is not level.

. Al this serves to establish and maintain the cornezt
cartidge-to-grome relatiorship. So the stylus can tracs
the rapidly changing undulztions of the greove welks frechy,
rrecisely and wit th= lowest practical force. m short,

f awless tracking.

Despite the acvantages of the gimbal-movinted
tonearm, you won tfind many around. But now, yzu wil find
cne on every Dua turntable. Even our lowest-priced
model, the new, lully autorr atic 1237.*

It's one more example of Dual’s total ccmmitm=1ta
€ng neering excellerce.

For the iife of your records
United Audio, 120 So. Columbus Ave., Mt. Vernon, NY 10553

*Lessthan $135. Other DLalste $409. Actuatesal es are cetermined individually by asa at the sole discretion of authorized Dual dealers.
SIRCE KD 4 MEORMATICM CARD
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1/2-0ctave Real Time Audio Analyzer

BY BOB JONES AND RICHARD MARSH

Used with a mike and oscilloscope, it displays system

output to permit accurate matching to room acoustics.

TS COMMON knowledge that an

equalizer can shape a sound system’s
frequency response. But adjusting multi-
ple equalizer bands for flat audio re-
sponse in a room is a chailenge. This
project, an audio Real Time Analyzer,
provides a solution to the problem. 1t
generates a graphic representation of
the system'’s output with sufficient datail
(20 half-octave bands) to allow quick,
accurate matching to room acoustics
when used with a calibrated microphone
and a dc-coupled oscilloscope.

Furthermore, the RTA can be used to
check the frequency response of such
components as preamps, power amplifi-
ers, etc. The RTA can also function as a
sound pressure meter, as a noise
analyzer (energy per frequency band),
and as an aid in the design of speaker
systems and crossovers.

A block diagram of the RTA is shown
in Fig. I. Input signals are selected by S7
from mic or Aux sources. Microphione
signals are boosted to line level by a
preamp with a gain of 200. A buffer am-
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plifier then passes the mMiC or AuUX signal
to twenty half-octave active bandpass
filters. Each filter passes only that por-
tion of the input signal within its pass-
band. These filtered ac components are
then rectified by diodes (one for each fil-
ter) and smoothed by RC combinations.
The resulting dc levels, proportional to
the amount of energy within each pass-
band, are scanned sequentially by a 24-
channel multiplexer. Finally, the multi-
plexed signal is buffered and presented
at the RTA output.

At this point, dc levels can bz applied
to the vertical amplifier of the oscillo-
scope. Variations in vertical deflection
from one band to the next will linearly re-
flect differences between dc levels, and
hence between the energies contained
in the filter passbands. However, in au-
dio work, voltage variations are usually
expressed m decibels. A logarithmic
converter has therefore been incorporat-
ed into the RTA, allowing direct readout
of signa! levels in dB from the CRT
trace. The multiplexing and display func-
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tions of the RTA are carried on so quick-
ly that all bands are shown simultane-
ously or in “real time.”

Circuit Details. The input stage of
the Analyzer is shown schematically in
Fig. 2. A balanced differential amplifier,
IC1, allows the use of long lines and low-
impedance microphones due to its good
common mode rejection characteristics.
This ampilifier has a voltage gain of 200,
determined by R2 and R4, and boosts
microphone input signals to line level.
External frequency compensation for
the op amp is provided by R6 and C1.
Capacitor C2 prevents any dc level at
the output of IC1 from reaching micro-
phone level control R7.

Signals from either the microphone
preamp or a source connected to the
AUX input are selected by S7 and ap-
plied to buffer amplifier IC2. Frequency
compensation is provided by C3. The
low-impedance output of IC2 drives the
paraliel inputs of the half-octave filters.

Each active filter employs one IC (IC3
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BUFFER
20
HALF OCTAVE
24-CHANNEL
FILTERS ANALYZER
i MULTIPLEXER ANALYEE
RECTIFIERS
LOGARITHMIC
CONVERTER
TO ALL STAGES LLOG
oo e OUTPUT
+15V ~5V +5V GND
COUNTER
POWER s
SUPPLY CLOCK MULTIPLEX O TRIGGER
i CONTROL OuUTPUT
sz\» |
117 vaC Fig. 1. Block diagram shows how system

operates. All bands are shown in real time.

C1.C106.C118 through C165—0.01-uF, 50-
V disc ceramic capacitor

C€2,C4—15-pF, 10-V tantalum capacitor

C3,C45 through C64—20-pF, 5%, 500-V sil-
ver mica capacitor

C5 through C44—See text and Table 1. Close
tolerances are essential.

C65 through C104—1-p-F, 50-V 1 ceramic
capacitor

C105—1.5-pF, 50-V ceramic capacitor

C107—500-pF, 50-V electrolytic capacitor

C108,C109—50uF, 50-V electrolytic capaci-
tor

C110,C111—10-pF, 20-V tantalum capacitor

C112—50-wF, 10-V tantalum capacitor

C113 through C117—See Part 11

D1 through D20—1N4148 switching diode

D21 through D24—1N4003, HEP R0052 or
equivalent

Fl—1-ampere slow-blow 3A6 fuse

IC1—LM725CH operational amplifier

IC2,IC3 through IC22—1.M301 AH operation-
al amplifier

IC23—NES555 timer

1C24,1C26—SN7490 decade counter

1C25-—-SN7404 hex inverter

[C27—9301 (Fairchild, or equiv.) BCD-to-
decimal decoder*

IC28 through [C30—AM3705D (National
Semiconductor, or equiv.) PMOS eight-
channel multiplexer**

[C31—LM741CH operational amplifier

[C32—MC7815CP or HEP C6114P +15-volt
voltage regulator

IC33—MC7805 or HEP C6110P +5-volt
voltage regulator

1C34—MC7915CP or HEP C6123P -15-volt
voltage regulator

Ji—Microphone connector (Cannon XLR-3-
13 or equivalent)

J2 through J&—BNC connector

LEDI-20-mA LED (TIL32 or equivalent)

The following resistors are Y8-watt, 1% toler-
ance, metal-film components.

R through R3—1000 ohms

PARTS LIST

R4 ,R5—200,000 ohms

R35 through R74—See text and Table I.

The following resistors are Y4-watt, 5% tolei-
ance carbon components.

R6—47 ohms
R9,R12,R14,R95
10,000 ohms

R10,R11—100,000 ochms

R13—5000 ohms

R115 through R134—3.3 Megohms

R135—330 ohms

R136—560 ohms

R137—20.000 ohms

R139—300 ohms

R7—10,000-0hm, single-turn Cermet potenti-
ometer*

R8—100,000-ohm, single-turn Cermet poten-
tiometer*

R15 through R34-—50,000-0ohm, 20-turn, He-
litrim Cermet potentiometer (Beckman 66X
or equivalent)*

R75 through R94—100,000-0hm, single-turn
miniature Cermet trimmer potentiometer
(Beckman 91'W or equivalent)*

S1—Dpdt miniature toggle switch

$2—Spst miniature toggle switch

T1—Triad F91-X universal transformer or
equivalent 40-volt center-tapped transform-
er.*

Misc.—IC sockets or Molex Soldercons,
printed circuit boards, heat sinks, line cord,
fuseholder, pc board spacers, suitable en-
closure, knobs, coaxial cable, hookup wire,
machine and self-tapping hardware, solder,
ete.

Note: The following is available from South-
west Technical Products Corp; 219 W,
Rhapsody, San Antonio, TX 78216: set of
three etched and drilled pc boards for
$19.00

through R114,R138,—

*Available through distributors such as Allied
Radio or Newark Electronics.

**Consult a National Semiconductor local dis-
tributor or sales representative.

through /C22) in a Wein-bridge circuit,
as shown in Fig. 3. The parallel legs of
the filters are formed by R35 through
R54 and C5 through C24, and the series
legs by R55 through R74 and C25
through C44. The values of these com-
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ponents are chosen according to the for-
mula for the center frequency of the filter
passband: fc = 1/(2wRC). Note that
each RC pair (series and parallel) has
the same time constant. Potentiometers
R15 through R34 control filter gain and

Ao Dodinblictarny, Com

Q. When properly adjusted, the band-
width of each filter is exactly one-half oc-
tave. With filter center frequencies
spaced one-half octave apart, the skirts
of the fiiter response curves will cross
over 12 to 18 dB down. This is satisfac-
tory for most audio work.

To achieve the value of Q necessary
for narrow bandwidth, the resistors and
capacitors in the series and parallel legs
of each filter must have close toler-
ances. Resistors should have toler-
ances no greater than 1%, and capaci-
tors no greater than 3%. Band-to-band
variations in filter gain can be trimmed
by LEVEL ADJUST potentiometers R75
through R94. Each filter output is recti-
fied and filtered into a proportional dc
voltage by D1 through D20, C85 through
C104, R95 through R114 and R115
through R134. A long time constant is
employed in the RC fiiter to average
low-frequency components and reduce
display bounce.

The digitally controlled multiplex sys-
tem requires a reference time base or
clock. In this project, IC23, a free-run-
ning 555 IC timer, generates the neces-
sary clock pulses (Fig. 4). Duty cycle
and frequency are determined by R135,
R136, and C105. Too high a frequency
causes excessive display bounce with a
varying input such as random noise. Too
low a clock frequency results in display
flicker which is hard on the eyes. A clock
rate of 2000 Hz was chosen to avoid
both undesirable effects.

Clock pulses are applied to IC24, a
7490 decade counter wired to count
from 0 to 7, then reset to 0 on the eighth
clock pulse. Therefore, a total of eight
different output states on three data
lines (20, 21, 22) are available. These
outputs allow selection of any one of
eight FET gates in a 3705 PMOS IC
multiplexer. All required decoding cir-
cuitry is on the 3705 chip. Of course,
twenty channels are needed, not just
eight. This is why /C26 and IC27 (7490
and 9301, respectively) are employed.
The multiplex circuit is shown in Fig. 5.
Each 3705 (three required for 24-chan-
nel capacity) has an enabie line (E). This
allows sequential multiplexer activation.

Decade counter IC26 (7490) is wired
to count from 0 to 2, and then reset to 0
on the next pulse from IC25F. For the
first seven clock pulses (refer to timing
diagram Fig. 6), /C26 has a O output.
This is decoded by /C27, a 9301 BCD-
to-decimal decoder, as a select line one
(MPX1 Select) command. Accordingly,
multiplexer /C28 is activated. The recti-
fied outputs of the first eight filters are

(continued on page 50)
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+iv —l5rV +15v
3
T scanned and sequentially passed to out-
2B put buffer amplifier IC31, a 741 op amp
M <2 4 .0 with a voltage gain of two. On the eighth
2 —1 To clock pulse, IC24 will revert to a 0 out-
3<_': 2! SETAL 0 put, /IC26 will increment to 1, causing
:::‘ ans7050  |is .2 AT "SOSREER - MPX2 Select to go high and activating
6 <l . el »-’;B 1C29. Thus, the outputs of filters 9
7 —8 \ through 16 are scanned and passed to
8 2 2 1 I / IC31. On the sixteenth clock pulse, IC24
EI bt causes IC26 to increment to 2, and IC27
; issues an MPX3 Select command which
MexI Rise enables IC30. Accordingly, the rectified
outputs of filters 17 through 20 are
i scanned and passed to the buffer. At
CE) clock pulses 21 and 22, a ground (0 volt)
9 2] 14 -0 is sent to the scope for base line refer-
10 <—1 o ence. At clock pulses 23 and 24, IC30
VS TR 2! O ke sends +5 volts (boosted by IC31 to 10
T I s AOUTPYTS "‘)Iﬁ,g volts) to the scope for maximum level
13— D ——-2 OluF .
14 ] reference. (Input signal levels should be
15 <—] adjusted to fall within these extremes.)
6 ~—] i 3 _I.__o_) IW_ At clock pulse 24, IC24 and IC26 reset
= OIpF themselves to zero, MPX1 Select again
1' - goes high and the process is repeated.
MEXZ Also, a positive-going transition at clock
pulse 24 is used for scope triggering.
The power supply for the Analyzer is
6 5| 2| i3] shown schematically in Fig. 7. Trans-
12 B o former T1 (40 V CT) and diodes D21
I'; DT T through D24 form a bridge rectifier. Ca-
i e
&0~ AMI3C730°50 LB Fig. 5. The three 3705 multiplexer IC’s
. are enabled sequentially.
7 3
€ 4
]
ex3 T Fig. 6. The timing diagram below shows

the clock waveform (top) and the events
that occur at various clock pulses.
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Fig. 7. Schematic of power supply circuit shows bridge rectifier and voltage regulators.

TABLE I—FILTER VALUES

Filter Center Frequency Resistors

fc (Hz) {ohms)
1 22.4 R35, R55—68, 100
2 315 R36, R35—75,000
3 45 R37, R57—51,100
4 63 R38, R58—38,300
5 90 R39, R59—38,300
6 125 R40, R60—26,100
7 180 R41, R61—26,100
8 250 R42, R62—28,700
9 355 R43, R63—46,400
500 R44, R64—31,600
710 R45, R65—31,600
1000 R46, R66—23,700
1400 R47, R67—23,700
2000 R48, R68—23,700
2800 R49, R69—26,100
4000 R50, R70—38,300
5600 R51, R71—28,700
8000 R52, R72—42,200
11200 R53, R73—31,600
16000 R54, R74—28,700

Capacitors
(1F)

C5, C25—0.1

C6, C26—0.068
C7,C27—0.068
C9, C29—0.047
€9, C29—0.047
C10, C30—0.047
C11,C31—0.033
C12,C32—0.022
C13,C33—0.01
C14, C34—0.01
C15, C35—0.0068
C16, C36—0.0068
C17, C37—0.0047
C18, C38—0.0033
C19, C39—0.0022
C20, C40—0.001
C21, C41—0.001
C22, C42—470pF
C23, C43—470pF
C24, C44—360pF

FILTER QUTPUTS

pacitors C107, C108, and C109 provide
input ripple filtering to IC voltage regula-
tors IC32, IC33, and IC34. Capacitors
C110, C111, and C112 provide output
filtering. Resistor R139 limits current to
LED1, the front panel power indicator.

Construction. The RTA is most easily
assembled on three printed circuit
boards (four if the optional log converter
is desired). Etching and driling and
component placement guides for the Di-
gital and Power Supply Board, Filter
Board 1, and Filter Board 2 are shown in
Figs. 8, 9, and 10, respectively. (See Ta-
ble | for RC values for each filter.)

Mount all components on the pc
boards using the minimum heat and sol-
der required for good connections. Pay
close attention to the polarity and basing
of electrolytic (aluminum and tantalum)
capacitors, diodes, transistors, and inte-
grated circuits. The use of 1C sockets or

Fig. 8A. Parts placement
guide for digital and power
supply board. See next

page for etching and drilling.
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Fig. 8B. Etching and drilling guide for digital and power supply board.

Molex Soldercons for all IC’s is recom-
mended. All signal lines to and from the
boards should be shielded (small-diam-
eter coax is ideal). The power transform-
er should be mounted as far away from
the boards as possible to minimize hum.

This transformer (T1) is a “universal”
transformer, and not all of its color-cod-
ed leads are used. Cut short any unused

AmericanRadioHistorv.Com
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ficient clearance for easy access to the
LEVEL ADJUST and Q ADJUST potentiom-
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Fig. 10. Parts placement for filter board #2. See Fig. 9A for etching and drilling.

eters. These controls should be mount-
ed on the filter boards so that all adjust-
ment screws point toward power supply
pads and away from input pads.

The prototype was enclosedin a 15" x

54

10" x 5” (38.1 x 25.4 x 12.7 cm) metal
cabinet. Switches S71 and S2, LEVEL
controls R7 and R8, jacks J1 through J5,
and LED1 were mounted on the front
panel. The fuseholder and line cord

AmericanRadioHistorv.Com

strain relief were mounted on the rear.
Part Il of this article will describe an
optional log converter for direct readout
of the scope trace in dB. Calibration and
RTA use will also be covered. <o
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BUILD A TRANSFORMERLESS
DC-TO-DC VOLTAGE DOUBLER

High-efficiency, high-current solid-state circuit
doubles the input dc level.

OR MANY years, the only reason-

able nonmechanical means of gen-
erating high dc potentials from low volt-
ages in the medium-to-high-power
range has been the oscillator-driven
transformer. This type of converter has
two major drawbacks—the average ex-
perimenter may not have the knowledge
or the materials to design and build his
own transformer/converters, and the
power consumption is relatively high,
making the converters inefficient at cur-
rents much below their ratings.

The capacitive voltage doubler de-
scribed here is superior to normal con-
verters in many applications. For exam-
ple, it can be used to extend the range of
a low-voltage power supply or to run a

medium-power audio system in a vehi-
cle. Capable of very high efficiencies,
the converter can easily be adapted to
the voltage and power needed.

Circuit Operation. Basically, the cir-
cuit shown in Fig. 1 acts as a set of high-
speed electronic switches that alternate-
ly charge C3 and C4 to the supply volt-
age and then connect the capacitors in
series with the supply and load. The out-
put load in effect “sees” the sum of the
voltages across C3 and C4 and the sup-
ply voltage. Since C3 and C4 are driven
180° out-of-phase, this is a true full-
wave voltage doubler.

Transistors Q7 and Q8 and their as-
sociated components form a multivibra-

BY MARLOWE J. BUCHANAN

tor that has an operating frequency of
roughly 6000 Hz with a 12-volt dc input
supply. This oscillator produces two
square waves that are 180° out-of-
phase with each other and are used to
drive @5, Q6, Q9, and Q10. Resistors
R1 through A4 are selected to limit base
current to 3 mA. Drive transistor pairs
Q5/Q9 and Q6/Q10 produce equal and
opposite square waves that have ex-
tremely fast rise and fall times and are
capable of sinking or sourcing a mini-
mum of 100 mA to the output transistor
pairs (Q1/Q2 and Q3/Q4).

When Q7 conducts, Q2, Q3, Q5, and
Q10 are driven into saturation. Capaci-
tor C3 charges through Q2 and D3,
while C4 discharges through Q3, D2 and

Cc3
\ ||000xF

L I
100uH

c4
IOOONFll

I+

+I\

IN Qs
2N4037

QI0
2N4037

I’

2R7 R
2100K 100K

13
.OOlSyF)

Q8
2N2222

Fig. 1. The boosted
dc output voltage
18 the sum of input
dc plus charge on
C3 and C4. The two
capacitors are
oppositely charged
by multivibrator.’

|
11+

C1—100-pwF, 25-V electrolytic capacitor

C2—500-pF, 50-V electrolytic capacitor

C3, C4—1000-pF, 50-V electrolytic capacitor

C5,C6-—0.0015-pF, 50-V capacitor

D1 through D4—50-V, 6-A rectifier diode (or
bridge)

L1—100-pH, 4-A, 0.1-ohm dc resistance (or
less) choke

PARTS LIST

Q1,Q3—2N6374 or similar transistor
Q2,Q4—2N5956 or similar transistor
Q5,Q6—2N3053 or similar transistor
Q7,Q8—2N2222 or similar transistor
Q9,Q10—2N4037 or similar transistor
Following resistors are Y4 or Y2 watt, 10%:

R1 through R4—For input of 6 volts, omit; for

9 V, use 1000 ohms; for 12 V, use 330
ohms; for 15 V, use 180 ohms; for 18 V,
use 120 ohms; for 21 V, use 100 ohms; for
24 V, use 82 ohms.

R5,R6-—1800 ohms

R7,R8—100,000 ohms

Misc.—10-watt heat sink, suitable enclosure,
heavy-gauge wire, mounting hardware, etc.
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Empire’s
Blueprint For
Better Listening

No matter what system
you own, a new Empire
phono cartridge is certain
to improve its performance.

The advantages of
Empire are threefold.

One, your records will
last longer. Unlike other
magnetic cartridges,
Empire’'s moving iron
design allows our diamond
stylus to float free of its
magnets and coils. This
imposes much less weight
on the record surface and
insures longer record life.

Two, you get better
separation. The small,
hollow iron armature we
use allows for a tighter fit
in its positioning among
the poles. So, even the
most minute movement is
accurately reproduced to
give you the space and
depth of the original
recording.

Three, Empire uses
4 poles, 4 coils,and 3
magnets (more than any
other cartridge) for better
balance and hum rejection.

The end result is great
listening. Audition one for
yourself or write for our
free brochure, "How To
Get The Most Out Of Your
Records.' After you com-
pare our performance
specifications we think
you'll agree that, for the
money, you can't do
better than
Empire.

EIVPIFE

Already your system sounds better.

Empire Scientific Corp.
Garden City, New York 11530

—oTF
CIRCLE NO. 25 ON fREE INFORMATION CARD
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the output load. When Q8 conducts, the
process reverses itself, with C3 dis-
charging through the output load, Q7,
and D1, while C4 charges through Q4
and D4. Capacitor C1 helps prevent
high-frequency pulses from entering the
supply, while L1 and C2 filter the output.

Construction. Since circuit operation
is not critical, any convenient means of
construction can be used to build the
converter. However, for maximum effi-
ciency and minimum ripple, the following
should be observed:

Keep all leads, especially those to the
output devices, as short as possible.
Even the minor inductance of long wires
can cause ripple in the output at the high
switching frequency used in this voltage
converter.

Use 12- or 14-gauge wire for power
lines and making connections to output
transistors Q1/Q2 and Q3/Q4. If you
elect to assemble the circuit on a printed
circuit board, use at least 14" (6.4-mm)
wide copper traces to interconnect the
output devices. These measures will
eliminate resistive voltage losses.

Connect C1 as close as possible to
the emitter leads of Q5/Q6 and Q9/C10
to minimize ripple feedback into the volt-
age source.

No heat sinking is required for outputs
up to 1 ampere. At higher currents, Q1
to Q4 must be on a heat sink that has
a thermal resistance of 5°C/watt.

Use. The major loss of efficiency in a
capacitive voltage doubler is the inher-
ent voltage drop across the diodes and
output transistors. Hence, it is not possi-
ble to exactly double the supply voltage,
the difference being 1.4 volts with no
load to 4.8 volts with a 3-ampere load.
Since these losses are a fixed function
of the output current, overall efficiency
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will increase dramatically with higher op-
erating potentials, as shown in Fig. 2. Ef-
ficiencies in excess of 98% at several
hundred watts can be achieved by a ca-
pacitive voltage doubler adapted for 100
volts input. These doublers also have
very low ripple, typically less than 200
mV at a 3-ampere output.

The other loss of efficiency is the pow-
er consumed by the multivibrator and
drive transistors. This is generally less
than 150 mW at a 12-volt dc input, which
accounts for the circuit's ability to
achieve high efficiencies over 98% of its
operating range. This sharply contrasts
with the much lower efficiencies obtain-
able with transformer-based converters.

If the circuit shown in Fig. 1 does not
satisfy your needs, there are a number
of adaptations you may wish to try. For
example, higher currents or potentials
can be handled by substituting appropri-
ately rated devices and slightly altering
the multivibrator. Higher efficiencies can
be obtained by substituting germanium
power transistors for Q1 through Q4 and
replacing the rectifiers with four suitable
germanium power rectifiers (transistors
with the base tied to the collector or
emitter). For currents less than 100 mA,
Q1 through Q4 can be omitted; C2, C3,
C4 need be rated at only 50 uF; and the
rectifier diodes (D1 through D4) can be
rated at 1 ampere each.

A voltage tripler can be made by add-
ing two 1000-pF capacitors and another
bridge rectifier between ground and the
common emitters of the output transis-
tors. However, triplers work at lower ef-
ficiencies and with considerably reduced
output current capability.

It is possible to use the output of one
doubler as the input voltage source for
another doubler. Two doublers connect-
ed in this manner provide about 36 volts
output from a 12-volt battery. &

POPULAR ELECTRONICS
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ThelBasicsjofBuging
HICFICOMPORENTS]

OU can run down to your neighbor-

hood: appliance store, hand the
clerk around $99.95, and come away
with a “home music system’ that will de-
liver music received via AM or FM
broadcasting and probably play records
as well. Or, you can go to your favorite
furniture shop and spend a few hundred
dollars or more for a console cabinet
containing unspecified electronic ele-
ments that will do the same thing. Final-
ly, you can shop for individual audio
components, spending anywhere from a

few hundred doliars to many thousands

of dollars and, again, end up with a
home music system that reproduces ra-
dio broadcasts, records, and even tape
recordings. These three divergent ap-
proaches to home music reproduction
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have some things in common—but they
are also poles apart in terms of the kind
of sound you will hear.

Crammed inside the $99.95 compact
system and the one-piece console are
circuits which pick up radio signals and
translate them back to audio signais, cir-
cuits which amplify the minute signals
picked up by a self-contained record
player with its tonearm and cartridge,
and even a pair of loudspeakers which
translate all these signals back to audi-
ble sound. Audio electronics can be fur-
ther broken down into the “tuner” or ra-
dio section, the “preamplifier” or control
section, and the “power-amplifier” sec-
tion which activates the loudspeakers.
Even a tiny portable fransistorized radio
contains all these elements, but you

AmericanRadioHistorv.-Com

would hardly classify the sound you hear
from such a portable as “high fidelity.”

In order for a loudspeaker (or, a pair of
loudspeakers in the case of stereo or
four loudspeakers for quadraphonic
sound) to reproduce music, its cone or
diaphragm must vibrate, for sound is
nothing more than rapid compressions
or expansions of the air around us.
When the air vibrates rapidly, we hear a
high-pitched' tone. Stower vibrations of
air impinge upon our hearing mech-
anism to create the hearing sensation of
a low-pitched note—or one of low fre-
quency. But, whenever a pair of loud-
speakers is mounted in the same cabi-
net as the delicate record-playing tone-
arm and pickup, the fairly violent vibra-
tions of that speaker (needed to re-
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produce sound) are also transmitted via

the cabinet structure to the tone-arm

and pickup, the fairly violent vibrations of

_+ - that spéaker (needed to reproduce

&

.
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sound) are also transmitted via the cabi-
net structure to the tone arm and its pho-
no pickup stylus. If you try to turn up the
volume to life-like Ievels the vibrations
generated by the speaker system can
initiate a “vicious circle.” They are re-
amplified by the record player, repro-
duced as greater-and greater vibrations
from the speakers and so on, until the
entire system takes off in an annoying
*howl” which is called, “acoustic feed-
back.”

Interestingly, most all-in-one systems
do not exhibit this, phenomenon. The

. reason they don't is because the elec-

tronics built into such systems is gener-
ally restricted in its ability to reproduce
all musical tones in their proper relative
intensity. Since low-frequency. tones
(bass) involve more intense vibrations,
the ability of the electronics of such sys-
tems to reproduce those tones is often
' severely restricted. In other words, you
don’t hear all the music contained in the
actual record!

The first requisite of a true high-fidelity
system is that it reproduce all musical
tones faithfully. S(o it's imperative that
loudspeakers are separated from the
rest of the system—a condition easily
yachieved with separate components.
Faithfulness of musical reprodug,tion
also means that sounds must not con-
tain more tones than were present in the
originall program. In high-fidelity terms,
that means low or negligible distortion.
Distortion, broadly defined, includes any
extraneous sounds such as harmonical-

‘" ly related tones, electriéally generated

EN
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hum, or random noise or hiss. In short,
the reproduced music should be an ex-
act replica of the original performance
as contained in the record or other pro-
gram source. The minimal electronics,
poor-quality record players, and under-
sized, unbaffled loudspeakers contained
in most all-in-one radio-phonographs
and “compacts” are simply, incapable of
this kind of reproduction. 7
! )

Building-block Flexibility. There
are other distinct advantages in the
component approach to high-fidelity

. sound. Over the brief history of high fi-

delity we have witnessed a progression
from monophonic sound (in which all
music is reproduced in one-dimensional
form from a single loudspeaker), to two-
dimensional stereophonic sound (in
which two speakers are used to give the
listener an added sense of spatial real-
I I

ir

. Owners of

'
’

ism), to 4-channel or, quadraphonlc
‘sound (in which the ilstener gains true
concert-hall amblence reproduced from
Jfour properly posmoned loudspeakers).
compacts or consoles
found their equipment hopelessly obso-
leted as each of these advances gained
acceptance. Owners of quality compo-
nent systems, on the other hand, were
able to update and add to their basic -
systems without any loss of their original
investment. v
Clearly, this building-block approach
to good sound makes sense economi-

~

basic approaches to assembling the
electronics of a hi-fi system. The most
popular of these involves the purchase
of a component called a receiver. This
single unit will contain all the circuitry

" needed to pick up AM, FM, and stereo-

FM radco signals, the necessary pream-
plifier ‘and control cnrcuns whereby pro-
gram sources are selected and adjusted
for proper listening, and the power am-
plifier section needed to drive the loud-
speaker systems. | 0

In the early days of hi-fi, all-in-one re-
ceivers were rather limited in their ability

cally. As a further example, suppose ~to deliver sufficient power to the loud-

' that your primary interest is in a good

record- playlng system. You might elect
to purchiase a system consisting of a
good amplifier, a pair of speakers, and a
separate" turntable or record-playing
system at the outset. Then, if taste and
budget dictate, you can add a stereo
FM/AM tuner at a Iater date, connecting
it in seconds to the system you already
enjoy. You might also wish to upgrade
- one component in a system while retain-
ing the others, which is easily achieva-
ble with an audio component system. Fi-
nally, you might even want to add tape
recording and playback facilities to your\
expanding system by purchasing a tape

speakers. Today, you will find all-in-one
rececvers which boast power-output rat-
mgs higher than 100 watts per channel.
Because all of the electronics is com-
bined on a single chassis, the receiver
represents the most economical ap-

proach to a hi-fi component system. A .

common power supply,‘ a single front
panel, a single cabinet enclosure and
other parts-in-common result in savings
that cannot be obtained from wholly sep-
arate components.

Nevertheless, a visit to your hi-fi deal-
er will reveal an array of separate am-
plifiers as well. So-called integrated am-
plifiers combine two of the three previ-

deck of the open-reel, cassette, or car- | ously referred to electronic sections—

tridge variety. All of these added pro-
gram sources' will utilize the basic am-
plifier electronics and speaker systems
purchased initially. You may even want
sound in other listening rooms (a bed-
room, or a den). This can be provided by
'the addition of another pair of speakers
which can be .connected to most high-
fidelity component amplifiers or receiv-
ers and.switched in by means of suitable
front-panel controls. Moreover, one can
add an equalizer, noise-reduction sys-
tem, or other accessory component to ,
an audio component system in order to

obtain more realistic sound.
r

'

Electronic Options. There are three
!

i

. the, preampllfler-contr{ol portion and the

" power-amplifier section. We already
) mentioned a possible reason for choos-

ing this option. You may want to forego
FM and AM radio at the outset and con-
centrate on good record reproduction (or
p9ssibly tape).! A tuner can always be
purchased later and will interconnect

, easily with any integrated amplifier,

even if your purchase is made many
years from now. Furthermore, you will
often find that an integrated amplifier
has additional’ control refinements and
perhaps more §igna| input facilities than

y an all-in-one receiver—another possible

reason for its selection as the basic
component of a system. You may ‘also
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be able to purchase a more powerful in-
tegrated amplifier for the same amount
of money that would be required for a
more moderately powered complete re-
ceiver unit.

A third option, offering: perhaps the
greatest flexibility of all (and generally
the most costly), is to purchase a sepa-
rate tuner, a separate preamplifier-con-
trol unit, and a separate basic power
amplifier. This arrangement is not nearly
as popular as the other two, and usually
represents the choice of those audio en-
thusiasts who demand the ultimate in
flexibility, superior pertormance specifi-
cations (lowest distortion and very-high-
power-output capability), and other op-
erating features not found either in com-
plete receivers or integrated amplifiers.

Irrespective of which of these three
types of component systems you
choose to assemble, you'll want to famil-
iarize yourself with the} more important
technical _ performance specnflcatlons
listed in manufacturers’ advertising bro-
chures. Tuner, preamplifier, and amplifi-
er specifications mean the same thing
whether.they are used to describe those
individual sections in a complete receiv-
er, an integrated amplifier, a separate
tuner, a separate preamplifier-control
unit, or a basic power amplifier. =\ ,

What about 4-channel sound? Multi-

ple-channel sound is certainly not new. .

As early as the 1930's, moviegoers
thrilled to the multi-channel Walt Disney
production of “Fantasia,” in which listen-
ers were surrounded by music repro-
duced over as many as six separate
speaker systems. For many years, re-
cording studios have used multiple tape

tracks to record individual instrumental-

ists and vocalists under optimum studio
conditions. These tape “tracks” were
then “mixed down” to two-channel *ste-
reophonic” final products in the form of
stereo records. Only in 1970 did 4-chan-
nel sound reach the home music listen-
er—first as 4-channel tapes and later in
a variety of disc formats. \

Musically, there are two distinct ap--

proaches to 4-channel sound. The
“classical" approach involves the repro-
duction of the ambience of the concent
hall itself. Any concert goer will readily
admit that much of the sound he or she
hears at a live concert is reflected from
the walls 'and ceiling of the hall itself,
rather than from the performers on
stage. It is this ambient quality which
distinguishes the live performance from
its recorded and reproduced equnvalent
in a home listening room of restricted di-
mensions. By recording two additional
channgls, using microphones at the rear
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of the concert hall and reproducing
these channels over similarly positioned
speakers behind the listener, it is possi-
ble to create a sense of vast space in the
home listening environment which is not
achievable ‘with conventional two-chan-
nel reproduction systems.

Given the extra pair of channels, it is
also possible to assign different instru-
ments or soloists to specific channels so
that the listéner finds himself in the cen-

"ter of the “performance” when playing

back recordings. This alternate record-
ing approach to quadraphonic sound is
particularly effective when applied to
modern pop and rock music, affording
the listener a sense of involvement not
otherwise attainable.

Recording four channels on tape is
relatively simple. Both 8-track cartridges:
and open-reel tapes have multitrack ca-
pability. Cassettes do not.

In the case of phonograph records,
there are two basic systems. One called
“matrixing,” is a process of combining or
encoding the four original program
channels into two complex audio pro-
grams. These two “encoded” channels

can then be applied to the record groove -

much like a stereo program. Suitable de-
coder circuits, often built into a four-
channel amplifier or receiver, “decode”

the two channels into four separate sig- -
_nals approximating those which were re-

corded at the beginning of the process.
The two most popular matrix tech-
niques currently in- use in the United
States are the SQ system, developed by
CBS and the QS system developed by
Sansui. Both are capable of excellent 4-
channel reproduction and gach can be
further enhanced by the addition of cir-
cuits called “4-channel logic” which in-
crease apparent separation between
channels. In addition to matrix records,
there are also so-called discrete or CD-4
records which actually contain four sep-
arate programs in the single record
groove. Because of the very high fre-
quencies contained in these CD-4 discs
(developed jointly by RCA and the Ja-
pan Victor Company of Japan), a new
cartridge or phono pickup is required.
Moreover, a turntable used for playing

CD-4 records should have Iow-capavci- '

tance phono cables for best results.

A 4-channel home music system is
necessarily more costly than a stereo
system of equal power and performance
capabilities. Any 4-channel system re-
quires four separate loudspeakers as
well as four amplifiers (the latter often
combined in one unit).

Before deciding whether to buy 2- or
4-channel equipment, listen to each type
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of system in a properly equipped dem-
onstration room at your audio dealer.
Bear in mind that, whether you elect to
buy 4-channel or stereo, the important
criteria of low distortion, good frequency
response, and adequate power output
apply to each type of system.i If your
budget is limited, you might be better off
starting with a good stereo component
system rather than settling for an inferior
quadraphonic system. Separately avail-
able decoders, demodulators, and extra
amplifiérs and speakers can be added to
any existing stereo sound system at any
time in the future. .
Hi-Fi Shopping Tips. Shopping for a
hi-fi component system can be fun—or it
can be a frustrating experience. There
are four general sources of supply. (1)
You can visit an audio specialist dealer
who sells nothing but high-fidelity com-
ponent equipment. (2) You canshopina
branch of one of the many electronic-
supply stores that sell other specialized

;glectronic equipment in agdition to hi-fi,

but generally have listening rooms set
aside for hi-fi component selection. (3)
You can order components from a varie-
ty of mail-order or catalogue houses
(some of whom.also have retail stores in
many cities), or (4) you can visit a “dis-
count” establishment which has a varie-
ty of merchandise available in sealed
factory cartons but provides no facilities
for equipment auditioning. Your choice
of supplier will generally depend upon
how much (or how little) personalized
service you require.

The first two categories of retail estab-
lishments generally offer the most serv-
ice. If you are starting from “scratch,” it
is essentlal that you be able to listen to
the' components you plan to buy. As a
matter of fact, the first components you
should select are your loudspeakers,
since there is the greatest varjation in
sound amongst the hundreds of speaker
models currently available. Zeroing in on
the loudspeakers that sound best to you
also puts you in a better position to de-
cide on how powerful an amplifier or re-
ceiver you will need, since some speak-
ers require far more power than others
to deliver a given loudness level.

Generally, the well-equipped audio
dealer who offers auditioning facilities
and technically trained sales personnel
will offer less of a discount than the “mail
order” or “warehouse” type of retailer, .
since his overhead costs are higher. In
retum for the somewhat higher price you
pay, you will obtain the aforementioned
advantages that may or may not be im-

portant to you. o
)
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HE QUEST for noise reduction in
high-fidelity equipment has chal-
lenged audio engineers for decades. As
far back as 1947, H. H. Scott introduced
a “Dynaural Noise Suppressor,” to deal
with the noise problem; and the Dolby
noise-reduction system (professional
version) was demonstrated in the mid-
sixties. The ‘age of noise’ suppression
was really ushered in for serious audio-
philes, however, when the Dolby NR
system was incorporated into cassette

- decks in the |ate sixties.
Since then, a great deal has been , cially tape recorders and FM tuners. A

’

done to make noise reductlon a realisti-
cally inexpensive and practical means of
obtaining the maximum enjoyment out
of hi-fi equipment. In this article, we will
examine a host of noise-reducing sys-
tems that have come onto the consumer
market and describe how the different
scheme? work.

—

Two Categories. Noise-reduction
systems can be grouped into two cate-
gories: Those that rely on preprocessed
(encoded) signals and those that oper-
ate on “raw” (unprocessed) sngnals Ex-
amples of the first category are the
Dolby A and B systems, JVC's Automat-
ic Noise Reduction System (ANRS), and

the dbx system. In the latter category®

are Phase Linear's “Autocorrelator,”
Philips’ Dynam|c Noise Limiter” (DNL),
and Burwen's no;se -reduction system.
The devices that ‘éncode the signal
before recording or transmission first

pass the signal through an encoder and |

then through a decoder. in essence,
these “two-pass” systems are noise-
preventive devices because they do
nothing to remove noise already in the
program but attempt to prevent it from
creeping in between the encoder and
decoder. The unencoded “single-pass”
systems attempt to remove noise'al-
ready in the program.

Two-pass processors generally em-
ploy complementary signal compressors
ang_ expanders, called companders.
During processing, the dynamic range of
the signal is compressed so that a two-
fold increase in the input signal causes
60 )
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less than a two-fold increase in the out-
put. The actual input/output characteris-
tic depends on the compression ratio

used. For example, a 3:2 ratio causes a .

2-dB output increase for every 3-dB in-
crease in the level of the input signal.
This means that a 60-dB dynamic range
can be compressed into an output signal
with only 4 40-dB range. ‘
Compression is important because
the dynamic range of many program
sources exceeds the range of modern
state-of-the-art hi-fi equipment, espe-

' symphony orchestra cah have an 80-dB

dynamic range, but a recorder might
have a range of only 55 or 60 dB. By us-
ing a 2:1 compression ratio, the entire
80-dB orchestra range can be com-
pressed down to 40 dB, which is well
within the average recorder's capabili-
ties to handle.

The signal-to-noise ratio (S/N) can
glve you an idea of the capabilities of a
plece of equipment. The maximum level
a device can handle is determined by
the point at which distortion reaches an
unacceptable level (generally 3% THD
in consumer equipment\ and 1% in pro-

1
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fessional equipment). The minimum lev-
el that can be handled is‘determined by
the “noise floor.” Signals that are lower
in level than the residual noise of the
equipment are lost in the hiss and hash
at the noise floor.

With sufficient compression, a wide
dynamic range program can be
squeezed into the limited range avail-
able in a tape recorder. This assures
that the program peaks will not be too
high to handle, while keeping the mini-
mal signals above the noise floor.

A compressed signal must be ex-
panded to restore its original dynamic
range. An expander is the mirror image
of a compressor. In it, a two-fold in-
crease in program level at the input re-
sults in a greater than two-fold increase

« in the expander's output signal. To re-
,store the original dynamics of the signal

in the above example, a 2:3 expansion
ratio would be used. Hence, the 40-dB
compressed signal would be expanded
back up to its original 60-dB dynamic
range. This opens up the top of the
range and simuitaneously pushes down
the noise floor. The net effect appears
as a reduction in the residual noise, so

e T
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The 2:1 linedar compander charactqmstw of the dbx system
tllustrates how dynamic range is compressed and then restored.

\
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the system qualifies as a “noise-reduc-
tion™ system.

How Companders Work. Compres-
sors and expanders are basically am-
plifiers whose gain is varied by a volt-
age. (Such a device is known as a volt-
age-controlled amplifier, or vca.) They
also include detectors that measure the
signal level and produce the voltage that
controls the gain of the amplifiers.

The time constants of the detector cir-
cuits must be chosen very carefully. If
they are too short, the detector responds
very rapidly and follows the low-frequen-
cy signals. The vca's gain “chases” the
low-frequency signals, increasing distor-
tion and modulating the rest of the signal
with a low-frequency tone. A very long
time constant causes the detector to re-
spond very slowly to the average signal
level. Sudden transients get through be-
fore the gain of the vca can be reduced.
The transient will not be compressed
and will cause the system to overload.
Since the transient is detected, the sig-
nal for the vca to reduce its gain will be
delayed. Then, an audibly discrete inter-
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val later, the vca’s gain reduces where
no reduction is required and a “dropout”
will be heard in the program.

Another audible flaw in wideband,
widerange companders is “breathing.”
When the input signal disappears or is
greatly reduced in level, the gain of the
compressor increases and boosts the
level of any noise present in the signal.
When the music level increases, the lev-
el of the noise decreases, and when the
music level decreases, the noise floor
comes up. As the system operates un-
der these conditions, it sounds like it is
“breathing.” Note that this is not noise
introduced by the recorder between the
compressor and expander (which is re-
duced by compander action) but noise in
the signal prior to compression.

Enter the Dolby System. The Dolby
noise-reduction system was originally
designed to combat the problems inher-
ent in companders. The professionat
Dolby A system divides the frequency
spectrum into four bands, each of which
is processed separately. This was done
so that an increase in midband energy
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would not reduce the level of the lows
and highs. Where there might be a iot of
midband energy but littie high-frequency
content, the processor reduces the mid-
band level to avoid overloading the re-
corder. At the same time, it keeps the
gain at the high end up so that the highs
are not pushed down near the noise
floor. This is important because psy-
choacoustic tests reveal that low-fre-
quency signals do not mask high-fre-
quency noise, nor do high-frequency
signals mask low-frequency noise.
(Masking psychoacoustically makes one
less aware of noise when a strong signal
is present than when it is absent. Mask-
ing of noise is effective only in the fre-
quency range of the signal; hence,
Dolby’s use of the four-band approach
to the problem.)

The Dolby system employs the
processor only on low-level signals,
which are boosted above the noise floor,
while “higttlevel signals emerge un-
changed. The lower the lgvel of the sig-
nal, the greater the boost. Hence, the
processor is used only when signal lev-
els approach the noise floor. The action
of the system is less noticeable to the
listener and overcomes the objections of
previcus full-range companders.

The final improvement in the Dolby
system is that the attack time of the
compressor is variable. If the signal level
increases dramatically, the attack time is
very fast to minimize the time the system
is overloaded. For less severe increases
in level, the attack automatically siows
down to minimize low-frequency distor-
tion and modulation of the music by
low-frequency tones.

Having become the standard of the
professional recording industry, the
Dolby A system was later simplified and
became the Dolby B system familiar to
consumer products. The B system re-
duces cost by processing signals in only
the band where high-frequency hiss re-
sides. To make it more effective, the
processor's upper frequency cutoff is
made to automatically vary with signal
level. As the level drops, the system pro-
cesses a larger bite of the upper-fre-
quency band. Since hiss is the major
source of audible noise in hi-fi tape re-
cording, the system is quite effective.

Since only low-level signals are pro-
cessed by the Dolby A and B system
and in the consumer B version only a
portion of the audible band is processed,
there is a limit to how much noise reduc-
tion can be achieved. In the case of the
B system, this is approximately 10 dB.
And since the processor does not oper-
ate over the entire dynamic range of the
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signal, the signal must b?a standardized
and matched for the decoder to properly
track the encoder. Hence, the referente
level, the so-called. “Dolby Level,” must
be maintained to calibrate the chain.

It is the signal itself that “tells” the de-
coder where and how much expansion.
to use. If the level into the decoder is too
low, the expansion will begin at too high

— a level. This will upset the original bal-

ance of the program. Similarly, if the in-
put to the decoder is too high, expansion

~ will not occur soon enough.

JVC followed Dolby’s fead with its
ANRS device, which functions in a man-
ner quité similar to the operation of the
Dolby B system. In fact, Dolby B tapes

~ can be decoded by the ANRS circuit

/

i

N
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with quito good rosults. \

The dbx System. The forémost com-
petitor of the Dolby system is the noise
reduction system developed by dbx Inc.
This is a*classical” compander in that it
operates over the entire dynamic range
of the music. However, it has improve-
ments over previous companders that
make its action virtually inaudible. !

The dbx system is a linear 2:1 com-

. pander that compresses the 80-dB dy-

namic range of the symphony orchestra
down to a mere 40 dB. On the decoding
end, the 40-dB range is expanded back
up to 80 dB, pushing down the noise that
was introduced by the tape-recording
process to an inaudible level.

Since the dbx system operates linear-
ly over the full dynamic range, matching
of signal levels is not particularly i impor-
tant. Any 1-dB ris€ in input results in a
2-dB rise at the output of the expander.
There is no “threshold” below which the
system operates as there is in the Dolby
B system. (Note, however, that any ir-
regularities in recorder frequency re-
sponse or any amplitude perturbations,
such as dropouts, that are introduced
will be magnified by a ratio of 2:1.)

One way dbx avoids the problems of

, Classical companders is that it employs

an rms detector to drive the vca, rather
than the usual peak or average detector
used by previous companders. The rps
detector measures the power of the sig-
nal and is unaffected by the phase dis-
tortion introduced in the taping process.
Peak or averaging detectors, on the oth-
er hand,'are affected by phase shifts.
Another solution is the use of variable

attack times that quickly respond to
~ large changes in level and slowly re-
. spond to small changes. Both attack and
" release times vary with the signal level

and are optimized to simulate the time
response of the human ear.
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The final solution is the use of
* high-frequency preemphasis before
compression with- complemeniary de-
emphasis after expansion. This helps to

_ reduce the effect of breathing by a factor

—

of12dB. - .

The S/N improvement of the dbx sys-
tem is in the range of 40 dB, which con-
‘trasts sharply with the 10-dB improve-
ment provided by the Dol};y B system.
Although the Dolby system has a huge
head start in the recordlng industry,
there may soon come a time when the
system developed by dbx will replace it
as the standard one in use. '

Single-Pass Systems. So far, our
commentary has focused on two-pass
systems designed to reduce noise only
during the recording (or transmitting)
process. Such systems do not reduce
the noise already in the program. A
- great deal of work has been done to re-
move the noise already in the program

and the result is thp single-pass system. -

Two of these new systems are the
PhI|IpS DNL and Burwen DNF that are
béth dynamlc low-pass filters. The Phil-
ips system was developed specmcally to
reduce noise in unencoded cassette re-
cordings. (It is not widely available in the
U.S.) The Burwen system is more flex-
ible and can be used for tapes and
discs. Both systems consist of low-pass
filters whose cutoff frequencies are au-
tomatically controlled by the program
level. When there is a lot of high-fre-
quency program energy, the filter
“opens up” to let it through. Then when
the high-frequency program energy is
small, the cutoff frequency of the filter
shifts downward to cut out the highs and
the hiss. In essence, if there is enough
high-frequency program energy to mask
the hiss, the bandwidth of the DNF
opens up to 30,000 Hz. But if the highs
are missing and, hence, are unavailable
to mask the higs, the bandwidth nar-
rows. in the.absence of any signal, the
Burwen DNF system starts to roll off
above 500 hertz,

The constants of the detector circuit
that senses the program level are criti-
cal. The filter must open up rapidly to let
a transient through and should close
down rapidly to prevent a burst of noise
from following a brief transient or record
tick. However, too fast a response tends
to be audible. Consequently, the attack

»and release times are made variable ac-
cordlng to the magnitude of the signal
chanhge. Depending on the program
material and the control settings, the
newest Burwen system provides from 5
to 14 dB })f noise reduction. Since it is.a

~
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single-pass system, it operates on any
program source.
The Phase Linear “Autocorrelator” is

~ more complex than the dynamic noise

filters. It actually attempts to distinguish
between music and noise by slectronic
means. Noise is typically random in na-
ture and contains many frequency com-
ponents that are not related to each oth-
er, which makes it incoherent or uncor-
related. Music, on the other hand, con-
tains mathematically related tones and
is coherent, with a high correlation fac-
tor. The Autocorrelator consists of band-
pass filters and a circuit that analyzes
the signal for its degree of correlation. If ~
it determines that the signal is music, it
passes it through and those filters that
correspond to the harmonics of the sig-
nal are amfvated to pass the overtone
structure. If the signal is determined to
be noise, the filters close down. it is ob-
vious that this is a more sophisticated
-approach to noise elimination than the
dynamic noise filter7

Another sophisticated type of noise-
reducing device is SAE's Model 5000
pop and click filter. The premise used
here |s that clicks and pops are char/ac-
terizéd by a'fapid rise and decay, while
music should exhibit a more gradual de-
cay. Once a click or pop has been dé-
tected, that section of the program is
gated out and the previous program sec-
tion is recalled and inserted in its place.
Since the click or pop is very short in
duration (on the order of 1 ms), this sub-
stitution goes undetected by the ear.

Most of the time, the Model 5000 re-
mains completely passive. A threshold
control establishes the sensitivity of the
detection circuit. This is necessary be-
cause different ‘records may exhibit
slightly different characteristics.

Conclusion. So far/, noise—re'duction
systems -have provided some impres-
sive results. The effort to develop better
systems is still going strong, but what
the future has in store is difficult to pre-
dict. As things now stand, the most dra-
matic steps have been taken to reduce
noise. Most of what is left is the refine-
ment of the systems we now have and
the additjon of a few more decibels of
noise reduction. :

One or more of the noise-reducing de-
vices we havelmentioned certainly has a
place in every high-quality hi-fi system.
In fact, we can expect to see these de-
vices incorporated into highef-quality hi-
¢ fi amplifiers and receivers in the future,
~ just as all high-fidelity cassette decks

now have noise-reduction systems built
into them. o
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HETHER you own a new open-
reel tape deck or a super-perform-
_ing stereo cassette deck, you'll have to
decnde which type of tape to use to get
the best possible performance. If cas-
settes are what you need, you can buy a
60-minute (C-60) cassette tape for as lit-
tle as 99¢ or you can spend up to $5.00
for the same amount of recording time.
In the case of open-reel tapes, an 1800-
ft (550-m) reel may cost less than $6.00
or you may spend more than twice that
amount for the same tape length. Which
kind of tape you buy will depend on the
type of recording you intend to do and
the kind of tape deck you own.

For open-reel tape, selection involves
physical considerations almost as much
as electrical performance or fidelity.
Broadly speaking, the two basic
“grades” of tape are “standard and
“high-energy,” each of which requires a
different bias setting on your machine.
Lower priced standard tapes often have
more residual noise and somewhat
poorer frequency response than “premi-
um” tapes, though they may be suitable
for noncritical recording applications.

Generally, 1-mil-thick tape, with its
1800-ft capacnty on a 7-|n (17.8-cm)
reel, offers the best oompromlse be-
tween tape storage bulk and playback
quality. Aimost all open-reel tapes use
ferric-oxide particle coatings even
though there are still some differences
between the products of different manu-
facturers. Mechanical differences in reel
construction and accuracy of tape split-
ting and dimensions and uniformity of
coatings account for the wide differ-
ences in prices.

In contrast to open-reel tape record-
ing, the quality of recording obtained
with a cassette deck is more critically
dependent on the compatibility (or lack
of it) between the tape and the machine
with which it is used. A growing number
of tape deck manufacturers make spe-
cific recommendations of tapes that
work best with their products. However,
even these suggestions require an un-
derstanding of the kind of recording to
be made and the nature of different tape
formulations.

Correct Bias. A high-frequency bias
signal must be added to the program

signal to be recorded to reduce the dis-
SEPTEMBER 1977 / '
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tortion normally caused by the nonlinear
transfer characteristic of magnetic tape.
However, not all tape formulations re-*
quire the same amount of bias for best
results. Normally, ferric-oxide coated
tapes require less bias than do chromi-
um-dioxide (CrOp) tapes. Several new
formulations that combine ferric-oxide
particles with other elements such as
cobalt (in a single-compound layer) also
require the high bias settings of CrOo.
In cassette tape testing, most manu-
facturers determine the correct refer-

ence bias for a given tape by'recording a-

fairly high frequency (usually around
6300 Hz) onto the tape while observing
playback output as bias is gradually in-
creased. At some bias setting, the out-
put reaches a peak, after which a further
increase causes the output level to drop
*off. The reference bias for the tape is set
at the point where the output level has

_ dropped off by about 2.5 dB beyond

peak. Usually, a standard reference
tape is tested in this way, and its op-
timum bias point is identified as the “0
dB” reference bias. Then, the tape un-

.der investigation is compared with the

0-dB reference bias specified in dB.

In Fig. 1 are shown the results of this
test when performed on a well-known,
low-noise, ferric-oxide tape. The op-
timum bias has been established at a
—1-dB setting, relative to the standard

|
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(\)-dB bias point. In Fig. 2, the same test
was performed on a CrOp cassette; and
the optimum point for bias was +2 dB
(with reference to the standard 0-dB
bias point of the reference tape). This
means that the CrOo tape requires a
bias setting that is 3 dB higher than that
for the low-noise, ferric-oxide sample.

For any practical tape, the bias
strength that results in the highest out-
put -at middle and low frequencies is
greater than the ideal for high frequen-
cies. Conversely, if the bias is adjusted
to favor the highs, the middle and low
frequencies suffer in terms of realizable
output. Whatever bias point is selected,
some degradation of signal-to-noise
(S/N) ratio and overload distortion will
occur in some part of the audio frequen-
cy-spectrum.' While increased bias tends '
to reduce distortion, no one setting can
guarantee overali distortion reduction by
the maximum amount at all frequencies.
Thus, bias settings are always a com-
promise, and the best tape permits the
most favorable compromise.

To demonstrate the effect of overbias-
ing and underbiasing, we recorded a
.continuously sweeping series- of fre-
quencies (20 to 20,000 Hz) on a strip of
ferric-oxide tape at a fairly high record-
ing level. The results are shown in Flgs
3 (underblasmg) and 4 (overbiasing).
Note in Fig. 3 that high-frequency re-

REFERENGCE BIAS LEVEL

o . +1 E 2 - A 2 I

} RELATIVE BIAS-dB

Fig. 1. Determining the bias level for a sample low-noise tape.
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"Fig. 2. Determining the bias level for a sample of CrO, tape.

~

'sponse\ obtained in the underbiased

condition is excellent. In fact, there is
even a slight risé in response above
10,000 Hz before the response rolls off
in the 20,000-Hz region. In Fig. 4, how-
ever, the response begins to fall off
gradually above 1000 or 2000 Hz and
really takes a giant dip beyond 10,000
Hz. Each vertical division in the photo
‘equals 10 dB of amplitude.

From the results shown in Figs. 3. and
4, one might conclude that the best per-
formance from any tape is obtained with
underbiasing. However, the curves do
not reveal_what happens to harmonic
distortion if a given tape’s bias is set too
low. In Fig. 5, the spectrum analyzer
was used once more to examine the dis-
tortion and noise components of a repro-
duced 1000-Hz signal, as recorded on

the underbiased deck. The large spike -

at the center represents the desired fun-
damental output (1000 Hz), while the
spikes to the right, notably at 3000 and
5000 Hz, are components of third- and

, fifth-harmonic distortion. The third-har-

monic component is only about 33 dB
below the fundamental or about 2.2% of
the signal content. The random spikes
represent residual tape noise as repra-
duced during playback of the 1000-Hz
recorded signal.

Figure 6 shows what happens to a
1000-Hz signal in the overbias condition
that resulted in the frequency response
of Fig. 4. The third-harménic distortion
component has gone down to about 44
dB below the fundamental. This corre-
sp/)onds to distortion of about 0.6% but
there is little if any evidence of fifth-har-
64 ~
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monic contribution, and the gener[al ran-
dom noise content is much lower. ,
Equalization. Once the proper bias
for a given tape has been selected, it is
still possible to tailor the frequency-
response capabilities of that tape by a
process called equalization. Up to a cer-
tain frequency, if a recording is made on
magnetic tape, the playback system
“reads” that signal with a rising ampli-
tude characteristic as the frequencies
are. increased. Since we want a “flat”
frequency response, a rolloff in re-
sponse is built into the playback elet-
tronics so that the net response, hope-
fully, will be flat.

Playback equalization in a tape deck
is generally standardized and fixed to
obtain reasonably flat playback results
from any tape recorded on one tape
deck and played back on another.

Recording equalization, however, is
variable and is designed to match the
particular tape you use and generally in-
volves a ‘specified amount of treble
“boost” added to the record electronics
to compensate for the high-frequency
rolloff that occurs atove a given high fre-
quency. As with bias, record equqllza-
tion is often adjustable by means of a
switch on the deck’s control panel. Most
equalization switches have only two or
three positions that generally approxi-
mate the right playback conditions for

{many of the tapes on the market.
In recent years, manufacturers of cas-.

settes have tried to make tapes that give
best results when used with ‘the most
commonly available equalization ~set-
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tings of most machines. The two most '
popular settings of equalization are_70
and 120 ps, the figures representing the
time constant provided by the resistor-
capacitor combination that gives the re-
quired 6-dB/octave response slope. The
120-us equalization setting begins to
boost high frequencies during recording
at a lower turnover point than does the
70-ps setting that has been standard-
ized for CrOo tapés and some of the
more exotic ferric-cobalt tapes.

Let us see what happens to the re-
sponse if the wrong setting is used for a
given tape during the recording process.
For one series of tests, a ferric-cobalt
tape requiring the 70-us equalization
was used. After adjusting the bias for
optimum, the proper equalization switch
position was set and a frequency re-
sponse check was run. The result (the
lower trace in Fig. 7) shows a good, flat
response curve, similar to that shown in
Fig. 3, but with somewhat greater rolloff
at the high end because of the correctly
ad|usted bias. Without altering the\blas
setting, the run was repeated with the
120-us equalization setting. The result
is the upper trace in Fig. 7. Overboosting
during recording resulted in an overem-
phasized rising hlgh-end response dur-
ing playback.

Next, a low-noise fernc—oxnde tape .

was tried. It\normally requires the
120-ps equalization characteristic. With
this equalization and the correct bias
setting, we obtained the upper trace in
Fig. 8. The response is nice and flat to
well beyond 15,000 Hz. In a second
sweep, the equalization switch was set-
to 70 ps; and, as can be seen in the low-
er trace, the response during playback
rolled off severely, starting at about
2000 Hz. N
Characteristics. Here are details on
other key specifications.

Sensitivity of a given tape is the deci-
bel difference between the output and
input levels when an input 20 dB below
the reference level (0 dB) is recorded on
a tape. If the recorder used for this test
has been biased properly, equalized flat
and input/output adjusted to be equal
for a standard reference tape (a German
DIN standard, known as Bezugsband
4.75/3.81 tape is often used as the
standard), the data obtained is the sen-
sitivity\ of the tape'under test relative to
the reference tape. For cassette tapes,
333- and 12,500-Hz tones are used for"
sensntlvuty tests. Typical results obtained
for standard and high-output tapes are
plotted against bias settings in Fig. 9. As
can be seen at the “optimum bias” inter-

\
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Fig. 3. Too low a bias may imprave
a tape’s high-erd response but degrade
other performance characteristics.

Fig. 5. Under-biased }ape sample
reproduces 1-kHz signal with high
third-order harmonic distortion.

Fig. 7. Upper trace, with rising high-end
response during playback occurs when
sweep froquencies are recorded onto tape
requiring CrO, équalization with switch
setto “standard” position. Lower sweep
was plotted using correct setting.

SEPTEMBER 1977

Fig. 4. Overbiasing causes :
high-frequency roll-off
“dn tapa playback as shown hare.

L T
Fig. 6. Increas as lowers
third-order harmoric distortion content
for this 1-kHz reccrded test signal.

(T

Fig. 8. When CrO, equali!.-a{fﬁan setfing
is used with standard ferric-oxide tape,
response at high end has severe rolloff
{lower trace). Upper trace stows
‘fesponse obtained with correctly set
aqualization sn/itch for this tape.
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Fig. 9. Relative output sensitivities of standard and high-output tapes.

section, the high-output tape is more
sensitive {han the standard tape by
nearly 2 dB at middle frequencies and
by 6 dB at 12,500 Hz. This means that
the higher-output tape affords a few ex-
tra decibels of dynamic range above the
noise threshold.

Maximum modulation level is the re-
corded output level of a given tape that
exhibits 3% third-order harmonic distor-
tion. Itis sometimes plotted as a function
of bias level. In Fig. 10, are plotted the
maximum output levels of two different
tapes that have widely differing max-
imum output-level characteristics. The
frequency used for maximum output lev-

el in cassettes is usually 333 or 1000 Hz.
Some tape manufacturers also specify
maximum output at a high frequency; in
the case of cassette tapes, a 12,500-Hz
signal is usually used for these tests.
Biased tape noise is also often speci-
fied by tape makers. This is the level of
residual tape noise (referred to a specif-
ic reference level) when it has been re-
corded with bias signal only and with the
bias signal weighted or modified by the
use of a standard noise-weighting net-
work. The biased tape-noise level for the
two tapes tested in connection with max-
imum output level is also shown in Fig.
10. The difference between the noise
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Fig. 10. Maximum output levels and biased tape noise for two types of tape.
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level and the maximum modulation con-
stitutes the maximum dynamic range of
each tape.

Tape Is Different. As we have seen,
tape cannot be looked upon in the same
way that we consider other program
sources in high fidelity, such as phono-
graph discs or FM signals. All discs are
recorded with the same equalization
and, therefore, only one fixed setting of
playback equalization (RIAA) is required
in preamplifier circuits. There are, of
course, differences in disc quality that
result from the use of different grades of
vinyl from which discs are pressed.
However, these differences are minor
when compared with the differences that
exist among the many grades of cas-
sette tapes available.

Radio FM signals also employ a form
of equalization known as “preempha-
sis,” which has long been standardized
in this country. Hence, all tuners provide
correct deemphasis for FM. reception,
and difference in program quality de-
pends on signal strength and the overall
quality of a tuner or receiver.

In our discussion of the electrical
propetties of cassette tapes, we haven't
stressed mechanical properties. These
include: accuracy of tolerances main-
tained in the cassette housing (which
can affect smoothness of tape travel);
uniformity of magnetic coating and
smoothness of the coated surface (both
of which, if poor, can cause dropouts or
momentary = lapses of reproduced
sound); tensile strength of the plastic
base material itself (poor tensile
strength can lead to tearing or stretching
after repeated use); friction-reducing
techniques used to insure smooth, uni-
form tape motion within the cassette
housing; etc.

All of these qualities, ;n some mea-
sure, determine the price of a casette
and its usefuiness for recording applica-
tions. Obviously, if all you want to record
are baby’s first words or a business con-
ference, response to beyond 15,000 Hz
is of little importance. (Though mechani-
cal reliability of the{cassette itself may
be of as great importance as if you were
recording a once-in-a-lifetime live con-
cert over FM.) On the other hand, if you
want the finest results from your cas-
sette deck (or even from your open-reel
machine), it pays to research the ques-
tion of which tape is best for you. itis im-
portant to choose the brand and type
whose formulation in relation to the
switch setting available on your tape
deck has the right “compromises” for
your needs. o
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ICiMultiplerjoecoder
ImprovesiStereolFiPecformance

ODAY'S state-of-the-art audio com-

ponents yield levels of performance
unattainable a few years ago. However,
most of us can't update our sound sys-
tems as frequently as technological ad-
vances are made. This project—an add-
on phase-locked-loop multiplex decod-
er—will allow the user to improve the

stereo FM demodulation of an existing

receiver or tuner for about $25. Only a
few hours of assembly and alignment
time is required. The PLL decoder will
not only improve channel separation
and lower distortion levels, but will also
select deemphasis time constants for
standard and Dolby-FM broadcasts..

About the Circuit. The hean of the
PLL multiplex demodulator is the
LM1800A, an IC manufactured by Na-

tional Semiconductor. A block diagram
of the LM1BOOA is shown in Fig. 1. The
phase-locked loop comprises a voltage
controlled oscillator {vco), frequency di-
viders, phase detectors, low-pass filter-
ing and an error ampilifier. Also included
are a voltage regulator allowing opera-
tion from 12-to-24-volt supplies, auto-
matic stereo monaural switching, and
use of a stereo indicator lamp.

In the absence of an input signal, nq(
error signal is generated and the vco os-
cillates at a frequency designated as f;.
When a composite FM signal is applied
to the input, the loop phase detector
generates an error signal which is fil-
tered and amplified. This amplified error
voltage shifts the oscillating frequency of
the vco to exactly 76 kHz. Filtering per-
formed at the phase detector and error

amplifier prevents modulation of the vco
by the input signal.

The vco input frequency is divided by
two, resulting in a 38-kHz carrier used in
the synchronous demodulation of the
composite signal. Passing the 38-kHz
signal simultaneously through a pair of
=2 counters produces two 19-kHz sig-
nals which are applied to the IC's two
phase detectors. If the 19-kHz pilot sig-
nal drops below the level at which a sat-
isfactory stereo signal can be recovered,
an electronic switch causes the IC to
produce a monaural output.

The schematic diagram of the com-
plete multiplex detector is shown in Fig.
2. Input signals are capacitively coupled
by C5 to level control RS. Capacitor C4
passes the composite FM input to the
base of Q7, which amplifies it to a level
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Phase-locked-
loop circuit upgrades
older stereo
tuners

and receivers.

BY MARTIN MEYER
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parallel)

\ C13—0.05-p.F disc ceramic capacitor

\'C14—0.002-pF disc ceramic capacitor

C15, C21—0.47-pF Mylar capacitor

C16,C18—0.0068-pF, = 10% Mylar capaci-
tor

C17,C19—0.015-pF, + 10% Mylar capacitor

C20—0.22-uF Mylar capacitor

C22—330-pF disc ceramic or silver mica ca-
pacitor

11—12-V, 35-mA pilot light

IC1—LM1800A PLL multiplex decoder

1C2—747 dual operational amplifier

J1 through J4—RCA phono jacks \\

QI1—2N5232 npn silicon transistor

The following are linear-taper, pc trimmer po-
tentiometers:

R1—50,000 ohms

R5—200,000 ohms

R16—10,000 ohms

The following are 10% tolerance, Y4-watt car-
bon-composition fixed resistors:

R2—470,000 ohms

R3,R14—3300 ohms

R4—1 Megohm

R6—1000 ohms

R7—See text. ! )

RS through R11—33,000 ohms [

R12,R13—3900 ohms

R15—22,000 ohms

S1—Dpdt slide or toggle switch

Misc.—Printed circuit board, suitable enclo-
sure, hookup wire, shielded cable, pilot
light jewel, hardware, solder, etc.

Note—The following are available from Ne-
tronics Research and Development, Ltd.,
333 Litchfield Road, New Milford, CT
06776: complete kit including all compo-
nents, pc board, screened enclosure, less
audio cables, $24.95; complete kit as above
but less screened enclosure, $19.95. U.S.
residents add $1.50 postage and handling;
Canadians add $3.00. For receiver connec-
tion info, send schematic, SAS envelope
and $1 (free if purchasing kit). Connecticut
residents add 7% sales tax.
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that will properly drive the phase-locked
loop. The parallel combination C2R1
provides compensation for high-fre-
quency rolloff in the tuner’s i-f and detec-
tor stages. Resistors R12 and R13 and
capacitors C16 through C19 provide
deemphasis for multiplex decoder IC1.
When S17 is in the sTD position, the
standard 75-us FM deemphasis charac-
teristic appears. Placing S1in the poLBY
position changes the deemphasis to 25

ws, which corresponds to the reduced
preemphasis used in Dolby-encoded
broadcasts. .

Operational ~amplifiers IC2A, IC28B,
and their associated components form
active low-pass filters with 16,000-Hz
cutoff frequencies and 12-dB/octave
slopes. These filters attenuate any 38-
kHz carrier and 67-kHz SCA compo-
nents which would otherwise appear at
the left and right audio outputs. If
allowed to pass, these signals could
cause beats and whistles when program
material is recorded on tape. Indicator /1
glows in the presence of stereo pilot car-
rier. Jack J2 is wired in parallel with input
jack J1, providing access to the compos-
ite FM signal for such accessories as 4-
channel and SCA demodulators.

~
N

Construction. Printed circuit guides
for the project are shown in Fig. 3.
Mount all components on the board,
paying close attention to pin basing and

’
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polarities of semiconductors and elec-
trolytic capacitors. Power can be tapped
from any +12- to +24-volt dc source.
The tuner’s i-f stage or existing multiplex
decoder is usually powered by a +15-to
+20-volt supply which can be utilized for
this purpose. Select the value of R7 in
kilohms according to the equation:

7= (V supp'y —12)/55
A one-watt carbon composition resistor
will have adequate heat dissipation ca-
pability for this application.

The tuning lamp used in the author’s
prototype (and supplied with the kit)
draws 35 mA at 12 voits. If you substi-
tute another incandescent lamp or a

LED and current limiting resistor, modify .

the equation for the value of R7. Re-
place the 55 mA in the denominator with
the sum of 20 mA (the current required
by the PLL and active filters) and the

<
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LM mmcumnﬂm
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current fequired by the indicjor. For ex-
ample, if a LED and resistor drawing 20
mA are used, the denominator would be
40 mA. {

The ,project can be mounted in thel

tuner cabinet or housed in' a separate -

enclosure. If it is placed in the tuner ca-
b\jnet, mount S7 on the rear panel of the
tuner and connect it to the pc board via
low-capacitance shielded cable such as
RG-59-U. The same type of cable
should also be used to conduct the com-
posite FM signal from the detector out-

put to the input of the multiplex decoder.
\ .

. o )
> X "43020435;.
o B mqiieser . 220
T
-
A L

>
R29¢
K

TUNING METER
H12521208

N

. If your tuner or receiver has a “com-
posite FM” or “FM detector” output jack,
the required signal is available there. If
not, you will have to locate the FM de-
tector and tap the signal at tl;\at point.
The partial schematic of a typical FM re-
ceiver is shown in Fig. 4. The’ composite
signal is obtained by disconnecting the
existing ‘multiplex decoder and tapping
the signal at point A.

The left and right audio outputs are
available at jacks J3 and J4. If you are
using the project in place of the multiplex
decoder in a tuner, you can either use

'
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Fﬂzg. 3. Etching and drilling guide for i
multiplex decoder is shown at left.
Component placement guide is above.
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these jacks in place of those in the tuner,
assuming the decoder is mounted exter-
nally. If it is mounted internally, you can
disconnect the outputs of the 'existing
multu’plgx\decodgr from the output jacks
on the tuner's rear panel and connect
the outputs of the decoder’s active filters.

Similaf'ly, if you have a receiver and

are mounting the project in an external
enclosure, you can connect the decod-
er's outputs to the tape monitor circuit.
Mounting the decoder inside the receiv-
er cabinet suggests an internal connec-
tion. Remove the output leads at the ex-

\ ’ 2
) Y & -
HI1020465 5 . .
_____ : * ¥
: L -]_1 ’ [
b 4.;‘-'( r‘ + - )
N >
2 2k 3 T :
Y Fig. 4. Partial
schematic of typical
FM receiver. Composite
R A signal is obtained by
CEDG disconnecting existing
N i multiplex decoder
e Qe (circuit below C34) ,
H43020483 J . and tflpmng signal
c39 R33 at point A.
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isting multiplex decoder running to the
“appropriate lugs on the receiver's MODE
switch. Then connect them to the decod-
er's active filter outputs. ;

Alignment. When properly aligned,
the project will provide performance as
outlined in Table I—assuming no degra-
dation in the tuner's i-f and FM detector.
Two typical recejvers were used with the
PLL decoder. Results are shown in Ta-
ble II.\The alignment procedure about to
be described requires no”test instru-
ments, but will yield good results. The
author was able to improve the stereo
separation only 2 dB when instrument
alignment was performed with an ex-
pensive FM stereo generator.

Rotate potentiometers A1 and R16 to
the midpoint of wiper travel, and R5 for
maximum signal drive at the base of Q1.
Turn on your receiver and tune in a 'sta-
tion broadcasting in stereo. Indicator /1
should glow. If not, adjust R16 until it
does. Then turn R16 fully clockwise. If /1
still glows, adjust RS until the indicator
just goes out. Slowly rotate R16 counter-

TABLE Il—RECEIVER MODIFICATION RESULTS

Sony STR-6060FW Harman Kardon SR900

"

Before After Before After
Stereo Separation—100Hz: 20dB 32dB 25dB 30dB
1000 Hz: 28 dB 42 dB 32dB 42 dB
10,000 Hz: 18dB 30dB 25dB 33dB
Total Harmonic Distortion (1000 Hz): 0.5% 0.3% 06%  0.25%

e

clockwise until the lamp begins to gIowj.
Note the position of the control. (It may
be necessary to adjust A5 slightly.) ~

Next, turn R16 fully?counterclockwise,
adjusting R5 again if necessary to extin-
guish the lamp. Slowly rotate R16 clock-
wise until the lamp glows, noting the po-
sition of the control. Set R16 midway be-
tween the two positions noted. Adjust
RS until the lamp goes dark, then slowly
turn it until the lamp just starts to glow.
Advance the wiper of R5 another 10°.
This will properly tailor the input level to
decoder IC1.

Potentiometer R1 is included in the
circuit for adjustment if test equipment or

B

N\

3
a cooperative FM broadcast engineer is
availablje. Since all stations must con-
duct tests and certify the quality of their

. signals once a year, you can easily

check out adjustments. Call several lo-
cal stations and ask when they will per-
form the tests. If it is late at night, the en-
gineer might turn off a channel for 30
seconds or so. While only one channel
is being transmitted, adjust A1 for max-
imum separation at any mid-band fre-
quency. Note, however, the seétting of
R1 will not have a critical effect on the
performance of the decoder and can
simply be left midway between the two

adjustment extremes. . <

1 Which of these audio waveforms
indicates the use of tremolo

<

and which is vibrato? -

A

1

2 If the vertical frequency

2

 Fule of Hodis Beles. ... ..

~

used to produce these Lissajous
patterns is 1000 Hz, which has
a horizontal frequency of 1200 Hz

and which is 1250 Hz?!

A B
f r N
1
} ' 3 J .
. With this crossover network, which speaker
is the woofer and which the tweeter?
\ o -
- . ) \
SEPTEMBER 1977 o T 7
—f ———— e 4 AmericanR adiaks ’ / ~




0 \
\
t

. \
! .
P 47 47 40f these 300-ohm attenuator
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6Which tape-head condition producés an v '
azimuth error and which a zenith error?
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N
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L/ 7 In this phono-amplifier tone
A control circuit, which pot is ’
~ / for treble and which is fog bass? 3
J -
1 K — -
8 Which audio test signal - . ‘ > o
has been affected by intermodulation Z ‘
( and which by overmodulation? ( v‘
t
/ o
) L 3
Rl )
I
9 Which scope pattern indicates that &
two audio sine waves are in phase and = -
which that they are 90° out of phase? . ,
‘ S B
10 Which speaker baffle is known as a A B ! N
resonant column and which as an air coupler? ] = )
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p ~
'V ‘sseq ‘g ‘s|gail "L "g “19199M} Yy “IBJOOM E
v ‘Ja|dnoo 58 ‘UUJﬂlOQ oL ‘9 ‘qnuaz fv ‘q)mugzv ‘g g 24 0S2L ‘v ‘ZH 002l ¢
‘g 'IN0 06 'V ‘aseyd uj 6 ‘g ‘'yby 'y *Aousnbay-moq °g 'V OYeIQIA 'g ‘OjowBi] "L
/ 'V ‘18A0 ig ‘uoneinpowauj ‘g ‘v‘agezrg‘'ge-o v~ . SHIMSNYV
2 / ' POPULAR ELECTRONICS -

AmericanRad\oHistorv.lom




Print Your

With help from the Digital Group, naturally.

Now, that small computer system you own or have been
considering for personal or business use suddenly be-
comes a lot more usable—with the addition of a full-size
impact printer from the Digital Group. A printer designed
for small computers that need big output (like yours).

With the Digital Group printer, you can 1print_ryour heart
out...and it won’t cost an arm and a leg. The Digital
Group printer is available for less than $500. That's
right—$500.

Just look at these specifications:

Fast—120 characters per second

96 characters per line

12 characters per inch horizontal

6 lines per inch

Makes up to 4 copies simultaneously

Character set and pitch variable under software
control—double width characters, etc.

5 x 7 character matrix

¢ Ribbon has built-in re-inkers for a life of
10,000,000 characters

* Paper can be either a standard 8%2-inch roll, fanfold
or cut page

¢ Interfaces to 8-bit parallel ports

There are lots of capabilities and outstanding features of the
Digital Group printer...and (as always) the best news is
our price. Kit prices start as low as $495 for the printer and
interface card. It simply can’t be beat.

Find out all the facts about the Digital Group printer now.
Just fill in the coupon below or give us a call for the details.
We think you'll find a place for our printer in your system
...and in your heart.

[thedigitalgroup )

P.O. Box 6528
Denver, Colorado 80206
(303) 777-7133

Quick. I want to print my heart out.
Send me all the details on your full-size impact printer.

Name

Address

City/State/Zip

Please primt.

CIRCLE NO. 17 ON FREE INFORMATION CARO
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FIRST WEST COAST COMPUTER FAIRE &y rommunnecke

AN FRANCISCO was the setting last April for the First

West Coast Computer Faire, which may become the
Woodstock of the personal computing movement. Almost
13,000 people attended the 165 exhibits, 107 lectures, 17
home-brew demonstrations and two banquets.

The crowd was as kaleidoscopic as one would expect in
San Francisco. Among them were a blind man seeking braille
production equipment and voice synthesizers; Berkeley pam-
phleteers warning of government restrictions against home
computers; artists looking for a new medium for artistic ex-

1 Prototype of Commodore’s PET 2001, an 2 A portion of the exhibit hall, where
165 vendors displayed their wares to

12,750 people. The crowd and the size of

the exhibition made it almost impossible to

see all of the interesting

computers on display.

“appliance-type" computer based on the
6502 MPU. Computer provides built-in BASIC,
a graphics or character-oriented CRT,
cassette storage, and 4k of RAM in a
factory-assembled unit.

74

pression; and a father looking for aids for his deaf child.
Banquet speakers told of the coming revolution in home
computing. Ted Nelson predicted that the “cybecrud” coming
out of the large computers would be counteracted by the
masses of personal computers. What used to be a topic for
science fiction writers has come true, with the help of MPU's.
There were 37 conference sessions, covering everything
from “Tutorials for the Computer Novice” to “Hereticai Pro-
posals.” Commercial exhibitors had on display all their latest
products, including electronic music synthesizers, speech

3 Dr. Franz Frederick, Lafayette, Indiana,
shows his “turtle’ to Michael Rubinstein.

Built in three weeks from surplus parts, it

is controlled by a homebrew 6800 system to

draw pictures while moving about the floor.

POPULAR ELECTRONICS
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synthesizers and recognizers, and 64k memory boards.

A new class of computers emerged at the Faire—the so-
called appliance computer. Meant to be purchased much as
one would buy a television receiver or stereo tuner, these
computers are complete systems that require no assembly.
Apple Computers, Inc., showed the Apple II, a 10-Ib (4.5-kg)
microcomputer with keyboard, color-TV and audio cassette
interfaces, game paddle, and BASIC built-in for $1300. Com-
modore International had a working prototype of its PET 2001
computer, which has a CRT, keyboard, cassette drive, IEEE
488 interface, and built-in BASIC; price goal is the $500-$600
range. Commodore sees the personal computing market as a

4 Angela and Joanna Prelesnik, of Santa 5 Dennis Wong, from Mountain View,

Clara, react to the PET's showing of their
lunar landing module's crash on the

shows his computer-based payroll

merger of the electronic games and calculator markets and
expects the same dramatic decline in prices as more of the
semiconductor manufacturers join in the competition.

There was a general air of amazement at both the number
and sophistication of the products offered by the vendors.
Since the January, 1975 POPULAR ELECTRONICS article intro-
ducing the Altair 8800 microcomputer, a dozen new compa-
nies have emerged to offer Altair-compatible mainframes;
memory boards have increased 16 times in capacity; an array
of compatible peripherals is being offered; and a whole new
generation of computers has emerged. And all those people
came to San Francisco to see it happen. <

6 Rich Gold's "Mr. Computer” is based
on a KIM-1 and 200-byte program. Its

moon. MOS Technology 6502 architect
Chuck Peddie is shown looking on at left.

SEPTEMBER 1977

system for small businesses. System
consists of a Processor Tech. SQL
microcomputer, a North Star Floppy Disk,
and Memorex printer, ail for less than $3000.

AmericanRadioHistorv.Com

coded messages (via LED displays in its
mouth) are interpreted by Rich in storybook
form. He plans to add video graphics

and electronic music output.
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AST MONTH, we described the cir-
cuitry and construction of the Ca-

bonga electronic percussion synthesiz- .

er. Now here are four accessories—the
Snare Drum Adapter, the Auto Trigger,
the Sound Modifier, and the Combiner/
Power Pack. Methods of interconnecting
them with each other and the Cabonga
will be shown. The result of these
patches will be a flexible and expand-
able percussion synthesizer system.

The Cabonga has two jacks which,
until now, you have not used. They are
marked EXTERNAL TRIGGER and EXTER-
NAL POWER. The EXTERNAL TRIGGER
jack will be used with the Auto Trigger
and the Snare. The EXTERNAL POWER
jack will accept *9 volts from the Com-
biner/Power Pack. Actually, all Cabon-
ga system components couid be pow-
ered by 9-volt batteries. Cost, however,
makes this an unattractive proposition in
a muiti-component system.

The Combiner/Power Pack will not
only provide =9 voits dc (if 117 volts ac
is available), but also includes a unity-
gain active mixer. This mixer will sum up
to five input signals and present them at
a low-impedance output. In practice, all
Cabonga components will operate with
supplies ranging from =8 to +15 volts
dc. Accordingly, the Combiner/Power
Pack does not include such features as
voitage regulation, foldback current li-
miting, etc. If you're a purist, you can
add them; but you will probably not be
able to hear any difference.

The schematic of the Combiner/Pow-
er Pack is shown in Fig. 6. A full-wave
bridge composed of D1 through D4 rec-
tifies ac from T'1, a 12.6-volt, 1.2-ampere
center-tapped transformer. Pulsating dc
produced by the bridge is filtered by

76

BUILD
“ cqbonga’

PART 2

How to use various accessories to

achieve greater flexibility.

BY JAMES BARBARELLO

electrolytic capacitors C1 and C2. The
+9-volt output of the power supply is
routed to jacks J1 throughJ6 and to IC1,
the unity-gain summing amplifier.
Etching and drilling and parts place-
ment guides are shown in Fig. 7. Be
sure to observe polarities and pin basing

of semiconductors and electrolytic capa-
citors. The Combiner/Power Pack
should be housed in an enclosure mea-
suring about 914" x 4" x 215" (23.5 x
10.2 x 6.4 cm). The top and bottom of
each wall should be rabbeted to provide
a %" (9.5-mm) deep x %" (6.4-cm)

[l |

*DI D03

COMBINER/POWER PACK
PARTS LIST

C1, C2—2200-pF, 16-V electrolytic capacitor

D1 through D4—1N4001 silicon diode

F1—Y%-ampere fuse

[1—120-V ac neon pilot lamp assembly (Ra-
dio Shack 272-703 or equivalent)

IC1—pA 741CV operational amplifier

J1 through J6—Miniature phone jack

J7 through J12—Standard phone jack

R1 through R6-10,000-ohm, Y4-watt, 10%
carbon composition resistor

S1—SPST switch

T1—12.6-V, 1.2-A transformer

Misc.—Printed circuit board, ac line cord,
etc. See photo p. 80 for kit prices.

12.6VCT
IN4%OI \ A
(4 a
= D2 b4 2200uF
%
= Ll
TZZOO;’F
v+
v+
JD—OW Ji
\,—’—'
*——o— IJ2
*—=0o—, 3
f—‘—l SOFLY
ICI=pA74ICY
“_-._VI‘M QUTPUT
Jie ¢—e— s
o, JVIXER
QUTPUT

—._V IJS
= e
Fig. 6. Schematic of
Combiner/Power Pack.

The former is a full-wave
rectifier with filters.

BILL OF MATERIALS
1—Piece 1/32" aluminum 836" x 2-15/16"
1—Piece 1/16" phenolic stock 134" x 114"
2—Pieces 34" pine or plywood 9%2" x 214"
2—Pieces 34" pine or plywood 3-1/16" x 214"
1—Piece ¥4" plywood 8-7/16" x 3"
{—Piece 18" rubber matting 8-7/16" x 3"
1—Piece black vinyl 28" x 5"

10— No. 4 x 4" sheet metal screws
1—38" grommet
Misc.—Contact cement, etc.

AmericanRadioHistorv.Com
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Fig. 7. Guides for Combiner/Power Pack board.

“shelf” on which to mount the top and
bottom plates. This will enable the plates
to be flush with the top and bottom of the
walls. Round ali top and bottom edges of
the walls with sandpaper.

Form a top plate from an 83%" X
2-15/16"  (21.3- x 7.5-cm) piece of
1/32" (0.8-mm) aluminum stock. Holes
should be drilled for the mixer input and
output and power output jacks, for the
line cord, power switch and pilot light.
The power output jacks, as well as the
EXTERNAL POWER jacks on the Cabonga
components, must be isolated from the
aluminum top plates. This is because
the “ground” portions of the jacks are at
-9 volts. Isolation can be ensured by
drilling the holes for the jacks with 7/16"
(1.1-cm) bits. The jacks should be
mounted on a 134" x 114" (4.4- x 3.2-
cm) piece of 1/16” (1.6-mm) phenaolic.

An 8-7/16" x 3" (21.4- x 7.6-cm)
piece of 14" (6.4-mm) plywood forms the
bottom plate. If you wish, you can fash-
ion a sheet of ribbed rubber runner to
the outer surface of the bottom plate
with contact cement. The runner will pro-
vide an antiskid surface for the Combin-
er/Power Pack. The case can be cov-
ered with a 28" x 5" (71.1- x 12.7-cm)
piece of black vinyl. Secure the vinyl to
the case with contact cement by wrap-
ping it around the perimeter. At each

SEPTEMBER 1977

corner, slit the vinyl and trim it as neces-
sary. Carefully fold the vinyl over the top
and bottom edges and into the rabbets.

Wire the jacks, switch, etc., according
to the schematic diagram. When all con-
nections have been made, secure T71
and the pc board to the bottom plate,
and the top and bottom plaies to the
case. Make one patch cord from a con-
venient length of shielded audio cable,
terminating its ends with miniature
phone plugs and prepare one patch cord
terminated with standard phone plugs
for each Cabonga. Also make one ter-
minated with miniature phone plugs and
one terminated with subminiature phone
plugs for each Auto Trigger or Snare.

To test the Combiner/Power Pack,
plug one power patch cord (terminated
with miniature phone plugs) into a power
output jack. Then connect the line cord

to a wall socket and close S1. Indicator
/1 should glow. Attach the negative
probe of a voltmeter to the barrel of the
miniature phone plug, and the positive
probe to the plug tip. The meter should
read 17 to 20 volits dc. If you read only
half of this voltage or zero volts, turn off
the Combiner/Power Pack and disas-
semble the enclosure. Check your wir-
ing far shorts. When the reading is cor-
rect, attach the negative probe to the
aluminum top plate and the positive
probe to the plug tip. A reading of 8.5 to
10 volts dc should be obtained.

Turn off the power by opening S17.
Then remove the patch cord from the
power plug. As the plug barrel comes
out of the jack, it momentarily touches
both terminals of the jack and shorts
them together. The Combiner/Power
Pack’s supply can take a direct short for
a second or two without damage to its
components. As a rule, however, you
should turn off the power before making
any power patch cord changes.

Connect a Cabonga to the power sup-
ply and mixer circuits to verify that both
are functioning correctly. Successively
try each power and mixer input jack to
be sure they are correctly wired.

The Modifier. Most often, the damped
sinusoidal output of the Cabonga is the
signal you will use. But there will be
times when a certain amount of clipping
is needed. For example, the peaks of
the Cabonga output should be clipped
somewhat to get a “crisp” sound like
that of a good bongo. This also pro-
duces a better sounding tom-tom.

The schematic diagram of the Modifi-
er is shown in Fig. 8. The circuit is simply
a 100-ohm potentiometer. It presents a
variable load of from 0 to 100 ohms to
the output stage of the Cabonga. As the
load resistance decreases below the
value required for “crispness,” various
sound effects can be obtained. Aithough
the load resistance as seen by the Ca-
bonga varies, the Combiner/Power
Pack input sees a constant 100-ohm
signal voltage source.

The Modifier, as well as the Auto Trig-

Fig. 8. Modifier is
simple potentiometer
circuit shown here.

MODIFIER
PARTS LIST
J1, J2—Standard phone jacks
R1—100-0ohm, linear-taper potentiometer
Note—See photo p. 80 for kit price.

2R
Jif y—e———— L o, o2
INPUT 1000 OUTPUT
FULL

NORMAL

BILL OF MATERIALS

Same as for Auto Trigger, less phenolic stock
and one 34" diameter knob,

mericanRadioHistarny Cam.
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EXTERNAL
TRIGGER
QUTPUT

AUTO TRIGGER
PARTS LIST

Cl—I1-uF, 16-volt electrolytic capacitor

IC1—5558 dual operational amplifier

J1, J2—Miniature phone jack

J3—Subminiature phone jack

R1—10,000-ohm, Y4-watt, 10% carbon com-
position resistor

R2—22,000 ohm, Y4-watt, 10% carbon com-
position resistor

R3—500,000-ohm, audio-taper potentiometer

R4—1000-ohm, V4-watt, 10% carbon compo-
sition resistor

ICI=5558

Fig. 9. The Auto Trigger
produces variable-level,
variable-frequency
square waves.

R5—10,000-ohm, linear-taper potentiometer
Misc.—Printed circuit board, hookup wire,
etc. See photo p. 80 for kit prices.

BILL OF MATERIALS
|—Piece 1/32" aluminum 4” x 2"
2—Pieces 34" pine or plywood 5-1/16" x 2"
2—Pieces 34" pine or plywood 2-1/16" x 2"
| —Piece 8" rubber matting 4-34" x 2-34"
1—Piece 1/16" phenolic stock 112" x 14"
|—Piece black vinyl 1614” x 314"
4—No. 4 x 14" sheet metal screws
2—34" diameter knobs

ger and Snare, should be housed in en-
closures measuring about 5%4” x 34" x
2" (13.4 x 7.9 x 5.1 cm). The enclo-
sures should be constructed from the
same materials as used for the Cabonga
itself and the Combiner/Power Pack, ra-
betted, and finished with black vinyl and
rubber matting. Top plates can be made
from 4" x 2" (10.2- x 5.1-cm) pieces of
1/32" (0.8-mm) aluminum stock. Two
standard phone jacks and the 100-ohm
potentiometer are mounted on the Modi-
fier top plate. Wire them as per Fig. 8.

To test the Modifier, patch the output
of the Cabonga to input jack J1, and the
output of the Modifier (J2) to the mixer
input of the Combiner/Power Pack.
Place R1 in its NORMAL position. Play
the Cabonga and slowly rotate R1 to-
ward its FULL position. You will notice
that the sound becomes “crisp.” As the
control is rotated further, the sound will
become more and more distorted and
lower in volume. At the extremity of wip-
er travel, the output will be a steady os-
cillation if your potentiometer’s minimum
resistance closely approaches zero
ohm. (This will not damage the Cabonga
output state.)

The Auto Trigger. Before we discuss
the Auto Trigger, let's review how the
Cabonga has been triggered until now.
When the head is struck, switch S1
closes and applies a pulse to the active
filter, resulting in a damped sinusoidal
output. The amplitude of the trigger
pulse determines the amplitude of the
output signal. Jack J1 (EXTERNAL TRIG-
GER) is connected in parallel with S1 so
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that an external pulse source can cause
the generation of a percussive output.
The Auto Trigger is such a pulse
source. It produces a variable level (0 to
9 volts), variable-frequency (0.5-to-
400-Hz) square waves. Its circuit, shown
schematically in Fig. 9, is not complicat-
ed. Only seven components are used.
Operational amplifier IC1A, one half of a
5558 dual op amp IC, is used as a com-
parator. The other half, IC18B, is used as
an integrator. When the comparator out-
put changes states, a pulse is generat-
ed. This pulse is integrated by IC18 into
a ramp whose slope depends on the
amount of signal current supplied to the
integrator, and thus on the values of R3
and R4. When the output of the integra-
tor reaches one-half of the supply
voltage, the comparator changes states
again. The process then repeats itself.
Resistors A3 and A4, and capacitor
C1 determine the frequency of oscilla-
tion. It can be varied over a wide range
by adjusting TEMPO control R3. The up-
per limit of oscillation is governed by R4.
Square waves appear at the output of
IC1A and are coupled to J3 by LEVEL
control R5. Power is derived from the
Combiner/Power Pack and coupled to
J1 or J2. An extra power jack is provided
for patching to other accessories.
Etching and drilling and parts place-
ment guides for a suitable schematic are
shown in Fig. 10. Be sure to observe the
polarity of C1 and the pin basing of IC?1
when mounting them on the board. Con-
struct an enclosure and top plate to the
dimensions and style previously de-
scribed. Note that jacks J1 and J2 must
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be isolated from the aluminum top plate,
which is at ground potential.

Connect a power patch cord between
the Combiner/Power Pack and J1 or J2
of the Auto Trigger. Then connect a
patch cord terminated with subminiature
phone plugs between the Cabonga’s Ex-
TERNAL TRIGGER jack (J7) and the Auto
Trigger output (J3). Turn the Auto Trig-
ger's TEMPO and LEVEL controls fully
clockwise. Then close the Combiner/
Power Pack’s power switch and monitor
the mixer output. You will hear an output
signal about once every two seconds.
As the TEMPO control is rotated, the trig-
ger rate will increase. Rotating the LEv-
EL control will vary the output signal's
volume from minimun to maximum.

The Snare Drum Adapter. The
snare sound is the most difficult to syn-
thesize because a snare drum produces
three different sounds simultaneously.
As the drumstick strikes the top head,
the sharp sound of the strike is heard. At
the same time the sound of the drum it-
self (actually a medium-size tom-tom) is
produced. The bottom head also vi-
brates and causes the snare wires
touching it to move.

We can synthesize this complex
sound by combining three different com-
ponents: a high-level, short-duration
pulse; an exponentially damped sine
wave; and filtered noise. The damped si-
nusoid is already available at the Ca-
bonga output. We can therefore use the
Cabonga to trigger an accessory that

R
: .
1 (. “+ l

Fig. 10. Guides for
Auto Trigger board.

will produce the other two components
and mix them all together to produce a
synthesized snare.

That is exactly what the Snare Drum

POPULAR ELECTRONICS
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SNARE DRUM ADAPTER
PARTSLIST

C1—33-pF, 16-volt electrolytic capacitor
C2, C3—0.01-pF disc ceramic capacitor
D1—1IN914 or IN4148 silicon diode
IC1—pA 741CV operational amplifier
J1—Subminiature phone jack

J2, J3—Standard phone jack

J4, JS—Miniature phone jack

Fig. 11. Snare Drum Adapter first produces
signal that approximates white noise.

Q1-—2N2712 npn silicon transistor

Q2—2N5129 npn silicon transistor

The following fixed resistors are Va-watt, 10%
carbon compwsition components.

R1—-470 ohms

R4—330,000 ohms

R5—1 megohm

R6, R7—10,000 ohms

R8—-470,000 ohms

ICI= yAT4ICY

J3
CABONGA

R10, R11—1000 ohms OUTPUT

R2, R9—10,000-ohm, linear-taper potentiom-
eter

R3—1-megohm trimmer potentiometer

Misc.—Hookup wire, printed circuit board,
etc. See photo p. 80 for kit prices.

BILL OF MATERIALS

Same as for the Auto Trigger

Adapter does. It is shown schematically
in Fig. 11. Noise generator Q17 produces
a continuous signal that approximates
white noise. Capacitor C2 couples this
noise to the base of Q2.

When a voltage spike is applied to the
Snare's EXTERNAL TRIGGER jack (J71), it
charges C1. Such a spike is available
when the Cabonga’'s trigger switch
closes as the head is struck. Depending
on the values of R1 and A2, the voltage
across A3 decays exponentially with a
time constant equal to the product of C1
and (R1+R2). A portion of this voltage
envelope (determined by the setting of
R3) is also applied to the base of Q2 via

GND v+

| T

R4. The voltage envelope causes Q2 to
conduct and pass the noise signal.

Transistor Q2's output is filtered and
capacitively coupled by C3 to a high-
gain amplifier. At the input to op amp
IC1, the signal comprises a high-level
spike and a very low-level noise compo-
nent. Amplifying the signal by a factor of
47 (determined by the ratio R8/R7) pro-
duces a useful effect. The initial spike,
whose amplitude is already approaching
the positive supply voltage, is relatively
unaltered while the noise component is
amplified and equalized in level with the
spike.

However, the high gain has an unde-

Ji

! 7 T
*—7R7—@ R6 ——R| =
&) s £ G Fig. 12. Use the
e l 1 - [ j cl etching and

R9
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drilling guide

below and component
placement at left

to make Snare Drum
Adapter board.

sirable side effect—it greatly accentu-
ates the internal noise of the inexpen-
sive op amp. To eliminate this noise, D1
is placed in series with the op amp out-
put The diode will not pass signals be-
low 0.7 volt, so the unwanted noise,
which would sound like a low-level hiss,
is eliminated but the desired signal is
allowed to pass. Inthe process, we geta
bonus—the noise is made to sound
more realistic by clipping off its bottom
half. Resistors R10 and R11 combine
the Cabonga and Snare waveforms into
a single output, available at output jack
J2. Potentiometer R9 serves as a LEVEL
control for the snare signal.

Etching and drilling and component
placement guides are shown in Fig. 12.
Mount the components on the board,
observing polarities and pin basing of
the semiconductors and electrolytic ca-
pacitors. Construct an enclosure and top
plate to the dimensions and style previ-
ously described. Note that jacks J4 and
J5 must be isolated from the aluminum
top plate, which is at ground potential.
Trimmer potentiometer A3 is installed
on the pc board. The other potentiome-
ters are mounted on the top plate.

Patch external power to J4 or J5, and
run patch cords from the Cabonga out-
put and external trigger jacks to J3 and
.'1, respectively. Interconnect the Snare

v+

Fig. 13. Simple circuit to trigger Snare.

P .
@ TO SNARE EXTERNAL

1oon TRIGGER INPUT
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output (J2) to the Combiner/Power
Pack’'s mixer input. Place the thumb-
wheel of R3 at the midpoint of its rota-
tion. While striking the Cabonga drum
head, adjust the setting of R3 in either
direction until you obtain the most pleas-
ing sound. As you strike the head, you
will hear the sound of the strike, the tom-
tom and the noise simultaneously. The
relative loudness of the strike sound as
compared to the noise is governed by
R3, so you might have to make a com-
promise adjustment of the trimmer po-
tentiometer. Adjust the output level to
obtain a balanced snare sound.

Use the circuit shown in the Fig. 13 to
trigger the Snare. It will result in a fair
approximation of a cymbal. Then trigger
the Snare with the Auto Trigger. For a
different effect, prepare a patch cord
from a single piece of stranded hookup
wire. Solder the hookup wire to the tips
of two subminiature phone plugs. Con-
nect the patch cord to the Auto Trigger
output and the Snare EXTERNAL TRIG-
GER input. Turn both Snare controls to
maximum. By adjusting the Auto Trigger
TEMPO and LEVEL controls, you can cre-
ate such effects as the sound produced
by a biplane.

Using the Cabonga System. The
Cabonga and its accessories form an
expandable synthesizer system. As with
any electronic musical instrument, the
best way to realize its full potential is to
experiment. Here are some hints. Itis al-
ways best to: ;urn off the power before
mgkmg any patch cord changes As pre-
vuously mentioned, this prgvents inad-
vertent damage to the power supply di-
odes. It's the only restriction on use of
the system that should be observed. Let
your imagination dictate system configu-
rations and patches.

{“Casonca MODIFIER =
10 TO
-
(2
CONTROLLER
NORMAL FULL INPUT . ~

144
.'
-
£

MIN!
§, oureur

Cabonga accessories are shown here
and below. Following are available
from JAL Assoc., Box 107, Eaton-
town, NJ 07724: Combiner/P-P pc
board at $3.50, complete kit, $27;
Snare pc board,$3.50, complete kit,
$16.95; Auto Trig. pc board, $1. 50
complete kit, $12.95; Modzﬁer com-
plete kit, $7.50. All postpaid. NJ res-
idents add 5% sales tazx.

A three-head system is shown in Fig.
14. (You may prefer a fivehead system.)
Cabonga 1 is sef up as a snare, Cabon-
ga 2 as a tom-tom and Cabonga 3 as an
automated bass drum, resulting in an
electronic 'drum set. Set the Modifier
control to give a crisp tom-tom sound.

The Controller and Power Pak
i8 necessary to connect
all the other units toget!zer.

As mentioned in Part | of this article, the
Cabongas can be interconnected via
ther EXTERNAL TRIGGER jacks. Tune two
Cabongas an octave apart and intercon-
nect them. You will note that the sounq
produced is much fuller than that from
just one. Another possnbllnty using four
Caprgas is as follows. Tune two (A
and B) as a Conga set and two (C and
D) as a pair of Bongos Interponnect Ato

C and B to D. When you play either the
Congas or Bongos, you'll hear both
pairs simultaneously.

The Auto Trigger can be used in many
different ways. Adjust its output frequen-
cy for about 2 Hz and use it to trigger the
Cabonga. Briskly rotating the Cabonga
PITCH control back and forth will produce
an effect reminiscent of the “musical
percolator” that appeared in television
coffee commercials.

By increasing the tempo and rotating
the PITCH control from minimum to max-
imum, you'll hear a sound effect com-
mon to science fiction movies. If the
tempo is set just right, you will hear an
“echo” as the bubbling sound increases
in pitch. Stepping up the tempo even
more causes the sound to become a
continuous oscillation. The Cabonga
then acts like a variable bandpass filter
(waa waa), and the PITCH control func-
tions as the bandpass frequency selec-
tor. You can also trigger the Snare with
the Auto Trigger to create such sounds
as that from a locomotive,breathing, and
others which are difficult to describe!

Casonga ™S ourur
P Covirouien @ @
o Power Pak ‘ @ ®
o o8- b—«’h @ @

arr 70 Mo O ExFEhh

On the more practlcal snde you can
use a number of Cabongas and Modifi-
ers to make a faitly realistic steel drum
set. The Modifier, as previously men-
tioned, is most useful when syn}hesizing
a Bongo or tom-tom.

Those are some ideas to get you
started. As you experiment more and
more, you will probably create sounds
that no one else has even thought of! &

CONTROLLER/
POWER PACK

PWR SUPPLY
OQUTPUTS

MIXER
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Fig. 14. Thig interconnection diagram shows how

to set up a three-headed Cabonga sys
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HOW TO CUSTOM DESIGN

PLASTIC CASES FOR PROJECTS

BY JOHN HUFF

An auto-clock case is used to describe cutting, bending, joining, etc.

OUR electronic projects deserve to

be housed in attractive and reason-
ably priced “custom designed” cases.
As a modern hobbyist, you don't have to
make do with utility boxes that do not
complement your projects. Instead, you
can design your own inexpensive and
attractive plastic cases, thanks to the
ready availability of acrylic plastic sheets
and tubes.

Acrylic plastic is easier to work with
than wood—and with the same tools
used in woodworking. It can be cut, filed,
sanded, glued, and even bent to perma-
nently conform to a desired shape.
Available under such brand names as
Plexiglas, Lucite, and Safe-t Vue, it
comes in crystal clear, color-tinted trans-
parent, translucent, and opaque sheets
in 1/16", ", and 14" (1.6, 3.2, and 6.4
mm) thicknesses.

This article describes how to work
with acrylic plastic to custom design and
fabricate cases for your electronic pro-
jects. To illustrate the step-by-step pro-
cudure to use, we also include a digital
Kar Klok project to assemble (see box).
The Kar Klok is built around National Se-
miconductor's new MA1003 clock mod-
ule, a printed circuit assembly contain-
ing a four-digit 0.3" (7.6-mm) high
fluorescent display, time base, clock
chip, and all necessary driving circuitry.

Working With Acrylic. Just about
any brand of acrylic plastic can be used
by the electronics hobbyist because all

SEPTEMBER 1977

have the same basic physical proper-
ties. However, some types of acrylic are
easier to work with than are others. Most
acrylic pieces made by the cast method
can be cemented together with a solvent
that actually dissolves the mating sur-
faces and forms a monolithic weld joint
in minutes. More difficult to work with are
the acrylics made by a continuous con-
veyor-belt process, which require a

2-5/18"

-—3/4"-»|

thickened type of cement (airplane
dope) that takes an hour or more to set.
Needless to say, cast acrylic, such as
Plexiglas G, is your best first choice. Ask
for Plexiglas G (or similar cast-type
acrylic) at your local hardware or hobby/
craft store.

Acrylic sheets come with a special
protective paper on both surfaces to pre-
vent scratches. This paper makes an ex-

2-5/16" {

1
|
| i/a" l
SWITCH !

| HOLES
$ 178" om*’+
I I
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BEND LINE

178" DIA
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BEND LINE
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7-1/16"

Fig. 1. Fabrication
details for

the Kar

Klok case.

SECTION

BOTTOM

ALL PIECES-1/16"ACRYLIC PLASTIC
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cellent surface for marking cutting lines
and the centers of holes to be drilled.

The plastic can be cut with a saw or a
special scribing tool. You can use a jig-
saw, hacksaw, coping saw, or saber
saw for cutting. However, scribing is
easier if all you have to do is cut straight
lines. Curved lines and circles still re-
quire cutting with a saw.

The fabrication details for the Kar Klok
(see box) case are shown in Fig. 1. Mark
all necessary lines and hole centers on
the protective paper on the acrylic sheet.

The scribing tool, which sells for about
$2.00 wherever the plastic is sold, looks
like a miniature harpoon. In use, the
sharp point of the tool is guided along
the cut line with moderate downward
pressure, using a straight edge, as
shown in Fig. 2. Once the line is scribed,
the plastic is placed over the edge of a
table, scribed line up and in direct align-
ment with the edge of the table, and
struck sharply on the side overhanging
the table. The snapping action yields a
very straight, clean edge. The snapped
edges must then be lightly smoothed
with fine sandpaper before being ce-
mented. Edges that are not to be ce-
mented can be buffed to a crystal sheen
with a drill-mounted muslin wheel and a
special buffing compound (about $3.00
for wheel and compound) or with fine
steel wool and soap and water.

Cutting holes is done with ordinary
drill bits, as shown in Fig. 3. It is impor-
tant to note that during the drilling opera-
tion, the sheet of plastic must be firmly
held or clamped to a piece of wood to
prevent it from riding up the bit and
cracking. Square and rectangular slots
can be made by drilling a small hole and
cutting with a coping saw.

Since the Kar Klok case pictured in
the lead photo and dimensioned in Fig. 1
is triangular in shape, it is necessary to
bend the acrylic plastic sheet to conform
to this shape. The trick to making accu-
rate bends is to use a bending jig and
heat only those portions of the plastic
that are to be bent. Do not heat the en-
tire surface of the plastic.

Acrylic plastic bends at about 300° F
(about 150° C). It bends best if the pro-
tective paper is peeled off before the
heat is applied. You can heat the plastic
along the bend line in several ways, the
easiest of which is to use the specially
made strip heater element that sells for
about $8.00 from the same dealers who
handle the plastic. This heater element
requires a simple wood strip that keeps
it about 14" (6.4 mm) away from the plas-
tic. Detailed instructions come with the
element.
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Fig. 2. The acrylic scribing tool, obtainable wherever the plastic

is sold, looks like a small harpoon and is used to scribe a

line, following a straight edge, where the plastic Is to be broken.

Fig. 3 Acrylic is easily drilled by holding the plastic firmly

to a wooden base. Here, holes are being drilled for pushbutton switches.
Square and rectangular slots can be madé by drilling a hole and

cutting with a coping saw.

Fig. 4. Acrylic bends at about 300° F. Here strips of wood faced with
cloth for protection, are placed on both sides of bend mark

and heat is applied by a 1000-watt hair dryer.

Fig. 5. Heat for bending can also be obtained from a 500-watt photoflood bulb.
Fig. 6. Once the plastic has been heated, it can be bent using

a jig as shown here. Note that the actual crossection of the case

has been drawn on the bottom of the jig. Jig corners are 4-inch nails.
Fig. 7. Acrylic solvent cement is easily applied and dries in minutes.
Here one end of the clock case is being glued to the main frame.

Fig. 8. If preferred, an acrylic cylinder can be used for the body

of the clock with square end pieces as shown here.

POPULAR ELECTRONICS
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Fig.5

Fig.7
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Fig. 6

Ancther bending technigue is to place
the plastic sheet on a flat surface, place
a 14" thick strip of wood on both sides of
the bend line (face the strips with soft
cloth or cotton to prevent them from
scratching the plastic), and use a blow-
type hair dryer to heat along the line. De-
tails are shown in Fig. 4. The hair dryer
must be rated at a minimum of 1000
watts. How well it heats the plastic de-
pends on the chemistry of the particular
sheet of acrylic you use. Do not hold the
dryer too close to the plastic or the air
flow will be restricted and the heat fuse
will blow.

Still another approach that works for
heatirg the plastic is to use a 500-watt
photofiood lamp. Again, use wood strips
to frame the bend line. Hold the plastic
about 10” (25.4 cm) away from the lamp
as shown in Fig. 5.

Once the plastic has been heated, it
can be bent to shape using a bending jig
as shown in Fig. 6. Note here that, to get
the angles correct during bending, the
actual-size crossection of the body of
the clock case is drawn on the base of
the jig. A 4” (10.2-cm) long nail is then
driven into the indicated corners of the
drawing and the plastic is aligned with
the drawing and gently bent around the
nails. When the bending operation is
complete, there will be a small open slot
where the ends of the plastic sheet do
not quite meet. This slot is used for run-
ning the wires between the vehicle’s
electrical system and the clock module,
without drilling holes.

Next, cut the triangular end pieces for
the case from the same plastic sheet
from which the case body was cut, using
Fig. 1 as a guide. After sanding the
edges smooth and buffing them, cement
one side piece to the case body as
shown in Fig. 7. Slip the clock module
into the case. Then fasten down the
pushbutton switches in their appropriate
holes and route the electrical-system
hookup wires through the siot in the
body of the case. Cement the other side
piece to the case.

Decide where in your vehicle you
want to mount the Kar Kiok and cement
Velcro strips to the bottom edges of the
case end pieces with the solvent cement
and to the dashboard with a silicone
adhesive. Finally, route the wires com-
ing frgm the clock module into your vehi-
cle’s electrical system (see box for hook-
up details). The use of Velcro strips to
mount the clock allows you to remove
the clock and put it out of sight to reduce
the possibility of theft.

A Simpler Case. Perhaps you do not
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ABOUT THE CLOCK

As shown in the schematic diagram, the
Kar Klok is a very simpie project to put
together. It is built around National Semi-
conductor’s new MA1003 clock module
that requires the addition of only three mo-
mentary-action pushbutton switches and
five wires to be connected into the vehi-
cle’s electrical system.

With the Kar Kiok wired as shown, the
display will be on continuously as long as
the vehicle In which it is installed is run-
ning. The clock remains powered even
with the ignition turned off, but power is re-
moved from the display to conserve bat-
tery power. However, even with the ignition
off, the time can be displayed on demand
simply by pressing switch S3.

Switches S1 and S2 provide the means
for setting the hours and minutes for the
correct time. These switches are activated
only when the ignition is on. With the igni-
tion turned off, the time-setting switches
are disabled.

Basically, only three connections need
be made from the vehicle’s electrical sys-
tem to the clock module. Constant dc pow-
er from the positive battery terminal, with
the ignition on and off, is made to pad 3 on
the module, while the negative side of the
battery, or chassis ground, goes to pad 6.
The ignition-controlled display on/off con-
nection goes from the other side of the ig-
nition switch to pad 1.

Optionally, you can add brightness con-
trol to the display by connecting a lead
from the headlight switch to pad 4 on the
module. Now, when the headlights are

turned on, the brightness of the display is
reduced by two thirds, which reduces glare
under nighttime driving conditions. Addi-
tionally, if your car is equipped with a dash-
board-tight level control (rheostat), a final
wire from the wiper lug of the control to pad
2 on the module allows you to control the
brightness of the display from full to about
one-third brightness. No connections need
be made from the vehicle's electrical sys-
tem to pads 2 and 4 on the module for the
clock to operate.

The green vacuum fluorescent display
consists of four 0.3" (7.6-mm) digits with a
colon between the minutes and hours. The
green display allows the use of blue,
green, or yellow filters.

The clock module itself is protected
against autornotive voltage transients and
reversals. It is designed to keep time with
supply potentials of nominally 12 volts
down to approximately 9 volts dc. The
clock draws 5 mA when operated with the
vehicle’s ignition off).

For wiring between the clock module
and the vehicle’s electrical system, it is
best to use 20-gauge stranded hookup
wire, You can use 22- or 24-gauge strand-
ed hookup wire between the switches and
module. (A kit of parts, including the MA-
1003 clock module, three pushbutton
switches, and triangular case described
elsewhere in this article, is available for
$26.95 from: Digi-Key, Box 877, Thief Riv-
er Falls, MN 56701. Please ask for the Kar
Klok kit. Minnesota residents, please add
state sales tax.)

AmericanRadioHistorv.Com

wish to go to the bother of bending a
sheet of acrylic plastic to make a case
for your Kar Klok. In this event, you can
substitute an acrylic cylinder for the
body of the clock and use square end
pieces (see Fig. 8). Select tubing with a

134" (44.5-mm) inner diameter and %"
(3.2-mm) wall thickness and cut it to
3%" (8 cm) in length. The end pieces
should form squares that measure 214"
(57.2 mm) on each side from %" or 14"
thick acrylic plastic sheet.

Acrylic tubing for craft work is usually
crystal clear. However, if you prefer a
transparent color tint, solvent-based
dyes that simply brush onto the plastic
are available. You can use the crystal
clear tubing as is with crystal clear or
color tinted end pieces to better show off
the Kar Klok's “innards.”

To locate the holes for the three push-
button switches, slip the module into the
acrylic tube and note and mark where
the holes should be drilled. When you
drill the holes for the switches, drill a
fourth hole of the same diameter for the
wires that connect to the vehicle's elec-
trical system to exit the case. Then drill a
line of 1&” holes at the top and bottom of
the case, spacing them about 35" (9.5
cm) apart to aflow air to cool the clock
module when it is installed in the case.

Cement one end piece to the cylindri-
cal body. Slip the clock assembly into
the case, fasten down the switches in
their appropriate locations, and route the
electrical-system hookup wires through
the hole drilled for them. Then cement
the other end piece to the case. Finally,
use Velcro strips to mount the Kar Klok
to your dashboard and connect the
wires to your car's electrical system as
shown in the box.

In Closing. The world of acrylic plastic
provides the electronics hobbyist with a
practical and inexpensive means for
custom designing and fabricating cases
for his projects. In this article, we have
detailed the basic techniques for work-
ing with acrylic plastics. With a little
practice and by exercising some imagi-
nation, you can be making custom
cases for all your projects in short order.
For example, you might substitute wood
for the end panels of your cases or use a
wood base with a brushed aluminum
pedestal on which to mount an acrylic-
cased project. The combinations of
materiais and styles are almost limitless.

The Kar Kiok project presented here
is a practical automotive accessory that
is particularly suitable for exercising
your imagination in designing custom
plastic cases. O
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Z Solid State

IC AUDIO PREAMPLIFIERS

EMICONDUCTOR devices have been used in audio am-
plifiers ever since the transistor first became a practical
commercial product. In fact, to a large degree it was the con-
tinuing search for improved and more efficient audio amplifi-
ers and switches which led to the invention of the transistor by
scientists of the Bell Telephone Laboratories in the late
1940’s. The first consumer application of transistors was as
audio amplifiers in hearing aids, followed shortly thereafter by
their use in the audio sections of AM radio receivers and as
preamplifiers for vacuum tube operated audio systems. As
time passed, the mass production of junction transistors for
the hearing aid industry resulted in a surplus of units which
didn’t meet the critical requirements of hearing aid designs but
which, nonetheless, were excellent amplifiers. These devices
were made available to the retail market through local dis-
tributors as moderately priced “experimenter’s transistors,”
opening a whole new field for the experimenter and hobbyist.
Originating back in the heydays of vacuum-tube amplifiers,
the preamplifier often was an afterthought—that is, an extra
retrofitted circuit used to boost relatively weak signals prior to
processing by a conventional amplifier. Sometimes the
preamp, as it came to be known, was incorporated as part of
an external signal source, such as a condenser microphone
or magnetic phono pickup. In other cases, the preamp was an
add-on circuit mounted directly on the main amplifier chassis
and using the same power source. In still other cases, it was a
separate piece of self-contained equipment with an integral
supply as well as input and output jacks. In those early days,
the preamp generally was a single- or dual-stage circuit de-
signed to furnish some frequency compensation as well as
modest gain. It seldom was equipped with gain or tone con-
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Fig. 1. Audio preamp circuits: (A) tape playback;
(B) RIAA phono; (C) NAB tape preamp; (D) mixer.
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trols, however, for these were found in the main amplifier as-
sembly.

Today’s preamp designs range from simple single-purpose
configurations to compiex circuits with nearly as many con-
trols as an osciiloscope. Depending on equipment perfor-
mance requirements, the preamp may be used only as a buff-
er or isolation amplifier. More often, it serves to provide addi-
tional gain and impedance matching as well as frequency
compensation, equalization, and control. While early solid-
state audio preamps usually employed from one to four dis-
crete transistors, current designs commonly feature one or
more integrated circuits. General-purpose operational amplifi-
ers are perhaps the most widely used devices as preamps,
with FET-input types increasingly popular among design engi-
neers because of their high input impedance characteristics.

Typical IC audio preamp designs are illustrated in Figs. 1
through 4. Abstracted from manufacturers’ data sheets, ap-
plication notes and similar published literature, these circuits
all feature standard devices and commercial components
and, therefore, are suitable for a variety of experimenter and
hobbyist projects. Generally, layout and lead dress are not
overly critical as long as good wiring practice is observed.
This permits the circuits to be assembled using standard con-
struction techniques, including pc or perf boards, solderless
wirewrap, or conventional point-to-point wiring. In general,
too, dc circuit power may be obtained either from batteries or
well filtered and regulated ac line operated power supplies, at
the builder's option. Since the required assembly and wiring
time is but a few man-hours for most of the circuits, the de-
signs are excellent for weekend projects.

Selected from data sheets published by the Signetics Cor-
poration (811 East Arques Ave., Sunnyvale, CA 94086), the
four simple audio preamp circuits shown in Fig. 1 are based
on the NE542 dual low-noise preamp IC. However, the gener-
al designs may be used with a variety of amplifier IC’s having
similar electrical characteristics, including the LM381,
LM381A, and LM387, with few, if any, changes in component
values. Of course, pin connections vary with different IC's and
an adjustment in dc supply voitages may be required for some
types to achieve optimum performance. Of the four IC’s in-
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dicated, types NE542 and LM387 are supplied in 8-pin Mini-
DIP’s, while types LM381 and LM381A are furnished in stan-
dard 14-pin DIP’s. All contain dual amplifiers, permitting a sin-
gle device to be used for two-channel (stereo) systems.

A typical magnetic tape playback preamp circuit is illustrat-
ed in Fig. 1A. Requiring relatively few components, the circuit
will deliver 0.5 V rms output when driven with an 800-p.V input
signal (nominally, at 1 kHz) by the pickup coil. A modified
preamp design providing RIAA equalization for use with
standard magnetic phono cartridges is given in Fig. 1B. In-
tended primarily for broadcast equipment applications, a two-
pole fast turn-on NAB tape preamp circuit is shown in Fig. 1C.
Finally, a multiple input audio mixer circuit with independent
gain controls is illustrated in Fig. 1D. All four preamp circuits
are designed for operation on conventional single-ended dc
power supplies.

Featuring a BIMOS device, the Baxandall tone-control cir-
cuit shown in Fig. 2 is one of a number of suggested applica-
tions described in a 20-page data brochure (File No. 957)
published by RCA (Solid State Division, Box 3200, Somer-
ville, NJ 08876) for the CA3140 op amp family. As described
in April's column, the CA3140 is a dual-technology unit which
combines a high-impedance MOSFET input stage with a bi-
polar output amplifier in a single op amp. The CA3140 devices
are furnished in standard 8-lead TO-5 type metal cases. Us-
ing linear potentiometers, the Baxandall circuit, according to
RCA, can furnish up to +15 dB bass and treble boost or cut at
100 Hz and 10 kHz, respectively, while providing a full peak-
to-peak output of up to 25 V to at least 20 kHz. The amplifier's
output is only —3 dB down at 70 kHz from its 1-kHz reference

Fig. 4. An audio preamp
complete with gain as
well as bass and

treble tone controls.

O OUTPUTA

Fig. 3. This audio distribution
amplifier circuit features
multiple isolated outputs and

outPuT B can be used effectively in
electronic musical instruments
to achieve special effects.
ouTPUTC

level. With the controls set for a flat frequency response, the
circuit offers unity (0 dB) gain. As shown, the circuit is intend-
ed for operation on a single-ended dc power supply. It can be
modified easily for operation on a dual +15-V dc source, how-
ever, simply by removing the offset bias network and returning
pin 3 (+input) to circuit ground while connecting pin 4, by-
passed to ground with a 0.1-uF capacitor, to the negative sup-
ply terminal rather than to ground; all other circuit connections
remain unchanged.

In contrast to the multiple input mixer described earlier (Fig.
1D), the audio distribution amplifier circuit illustrated in Fig. 3
features multiple isolated outputs. It can be used effectively in
electronic musical instruments for special effects as well as in
PA, music distribution, and intercom systems requiring multi-
ple drives for several power amplifiers to achieve high output
levels. It also can be used in light organ, audio control, and
test instrument designs. Abstracted from 20-page Bulletin
CB-248, published by Texas Instruments, Inc. (P. O. Box
5012, Dallas, TX 75222), the distribution amplifier employs a
type TLO84 quad operational amplifier. A member of TI's BI-
FET family, the TLO84 comprises four identical JFET input op
amps in a single 14-pin DIP. The device can be operated on
dc supply voltages of up to =18 V, with each amplifier section
offering an input impedance of 106 megohms, a unity gain
bandwidth of 3 MHz, a slew rate of 12V/ps, internal compen-
sation, and continuous integral output short-circuit protection.
Individual amplifier pin connections are not identified in the
schematic diagram because the amplifier sections are inter-
changeable and the final selection can be made best by the
equipment designer to achieve optimum layout and lead
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dress. in all cases, however, dc power supply connections are
topins 4 (+) and 11 (-).
Another TiI BIFET circuit is given in Fig. 4—an audio
preamp complete with gain as well as bass and treble tone
_controls. Intended for general purpose applications, the
preamp can provide more than adequate drive for standard
power amplifier designs. The circuit features the TLO80, a sin-
gle JFET input op amp which is offered in both 8-pin MiniDIP
and TO-99-L style packages. Except for requiring external
compensation (10-pF capacitors), the TL0O80's electrical char-
acteristics are essentially similar to those of the individual am-
plifiers in the TL0O84, discussed earlier. The device's pin as-
signments are the same as those of such standard op amps
as the LM301A, LM308, and nA748.

+5v
Cl

2> 2>

Fig. 5. Square-wave oscillator circuit
can deliver signals from 1 Hz to 1 MHz
as value of feedback capacitor is varied.
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Right On! |n last January’s annual “predictions” column, you
may recall, | predicted a further breakthrough in the pricing of
digital electronic watches . . . that commercially available
watches would be offered in the “ten-dollar range.” Ah so!
Texas Instruments, Inc., which originally broke the twenty-five
dollar price barrier for digital watches, per an even earlier pre-
diction, has done it again! In a recent press release, Tl an-
nounced a reduction in the suggested retail list price of its
model 503 sports/youth watches from $19.95 to a low $9.95!

Reader’s Circuits. if the bulging mail bag is any indication,
many of our readers have been quite busy devising and test-
ing new circuits.

While on the subject of mail—a personal word to those of
you who may have written and not received answers to your
letters and postcards. The volume of mail generated by a
magazine with a readership of 400,000 is simply too much for
one guy to acknowledge personally. However, be assured
that all letters are read and given full consideration. If you
don't receive an answer to your inquiries promptly (or even at
all), it isn't due to a lack of interest. It's simply because we
don't have time. But please, please keep us posted about
your interests and keep sending those interesting circuits.

We have a twenty-year old French-Canadian reader, Guy
Isabel (1725, Henri-Bourassa East Bivd., Apt. 25, Montreal,
Quebec, H2C 18, Canada), to thank for the simple and inex-
pensive square-wave oscillator circuit illustrated in Fig. 5. Itis
capable of delivering signals at frequencies ranging from 1 Hz
to 1 MHz as the feedback capacitor’s value, C1, is varied from
300 pF to 300 pF. The circuit may be used as a “clock” in digi-
tal applications, as a simple square-wave generator for test in-
struments, or as a basic tone source for alarms and electronic
musical instruments.

The duty cycle is approximately 50% and is independent of
the feedback capacitor's value. The three active devices mak-
ing up the oscillator, IC1, IC2, and IC3, are three sections ofa
standard type 7405 TTL open-collector hex inverter. Pull-up
resistor R1 is a half-watt unit, while capacitor C1 may be a ce-
ramic, plastic-film, paper or electrolytic type, depending on
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PRINTED CIRCUIT KITS
MAKE CARDS QUICKLY

ONLY Vector kits contamn:
® Positive photo-resist coated AND uncoated copper laminate—no
messy photo-reversal—no spraying, dipping, or baking.

® 4 types of art aids: rub transfers, ink, tape, cut and peel—use 1 or all.

® 1:1 circuit art rub transfers—IC sets, pads, lines, connectors,
symbols, letters, and numbers.

® Everything included —just add water and sunlamp or bright sunshine.
XI\Il.[i;zuid etchant and developer—no dry chemical mixing problems.

®Process choices—make circuit on copper and etch for 1 card.
Make circuit on film, expose, develop and etch for 1 or many cards.
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32XA-1 kit makes 7 PC cards, $28.00, 32X-1 starter kit makes 2 cards, $11.50
Vector Electronic Co., 12460 Gladstone Av., Sylmar, CA 91342
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The better the trainin
e better

COMPU-TRAINER

IN-CIRCUIT TRANSISTOR TESTER
TROUBLESHOOTER
VOM

ELECTRO-LAB

As an NTS student you'll acquire the know-how
that comes with first-hand training on NTS profes-
sional equipment. Equipment you’ll build and keep.
Ourcoursesincludeequipment like the NTS/Heath
GR-2001 computerized color TV (25" diagonal)
with varactor diode tuning and digital read-out
channel selection; (optional programming capa-
bility and digital clock avail.).

Also pictured above are other units — 5" solid state
oscilloscope, vector monitor scope, solid-state ster-
eo AM-FM receiver with twin speakers, digital multi-
meter, and more. It's the kind of better equipment
that gets you better equipped for the electronics
industry.
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LL NEW
NTS/Heath
GR-2001
DIGITAL :
SOLID-STATE
COLORTV
315 sq. in.
PICTURE

A

(Simulated TV Reception)

SOLID-STATE
OSCILLOSCOPE

This electronic gear is not only designed for train-
ing; it's field-type — like you’ll meet on the job, or
when you're making service calls. And with NTS
easy-to-read, profusely illustrated lessons you learn
the theory behind these tools of the trade.

Choose from 12 NTS courses covering a wide range
of fields in electronics, each complete with equip-
ment, lessons, and manuals to make your training
more practical and interesting.

Compare our training; compare our lower tuition.
We employ no salesmen, pay no commissions. You
receive all home-study information by mail only.
All Kits, lessons, and experiments are described in
full color. Most liberal refund policy and cancella-
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Fig. 6. This dc low-voltage monitoring circuit
uses a standard op amp IC as a voltage
comparator and to drive the LED output indicator.

value. With neither parts placement nor wiring arrangement
critical, the circuit can be assembled in a small metal or plastic
case with an integral dc power source as a self-contained in-
strument or incorporated as part of a more complex piece of
equipment, at the individual builder’s option.

Ted Reiter (1442 Brook Drive, Titusville, FL. 32780), a fre-
quent contributor to these pages, suggests that his dc low-
voltage monitoring circuit might be of value to other experi-
menters and hobbyists. Ted’s circuit, Fig. 6, uses a standard
op amp, IC1, as a voltage comparator and output indicator

computer
depotinc.
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driver. In operation, a portion of the monitored voltage, deter-
mined by R1’s adjustment, is compared to a fixed voltage ob-
tained from a zener reference network, R2-D1, by IC1. As
long as the monitored voltage remains at or above its present
monitor point (determined by R1's setting), the output indica-
tor, LED1, remains dark. If the voltage drops below this level,
however, the indicator is activated.

The circuit can be set to operate within millivolts of a chosen
setpoint level. Standard components are used in the design:
IC1 is a type 741 op amp, R1 a conventional potentiometer,
R2 and R3 one-quarter or one-half watt resistors, D1 a 3.3-
volt zener, and LED1 a familiar red LED. A 12-volt dc power
supply is suitable for monitoring input voltages of up to 12
volts, but a 15-volt power supply should be used for higher
levels (up to 13.8 V). Since the circuit is essentially a dc am-
plifier, neither tayout nor lead dress are critical.

Seeking a simple combination clock and single-pulse sig-
nal source for his digital experiments, Charles D. Baker
(1141-18 Minto Ave., Kenora P9N 3K1, Ontario, Canada), de-
vised the circuit in Fig. 7. Intended for operation on a standard
TTL 5-volt dc source, the instrument can be used as a con-
ventional clock, a two-phase clock, or a manually operated
single-pulse generator.

The instrument’s single active device is a standard TTL hex
inverter, IC1. Three of the inverter sections are coupled
together as a ring oscillator, with feedback capacitor C1 deter-
mining the frequency of operation (or clock rate). Shunt resis-
tor R2 biases one inverter section into its active region to in-
sure oscillation. Two of the sections are interconnected as a
modified one-shot, delivering a negative-going output pulse,
while the remaining section serves as a conventional inverter/
butfer to deliver positive-going pulses.

The instrument’s mode of operation is determined by func-
tion switch S1. When S1is in its PULSE position, output pulses
are delivered each time pushbutton switch S2 is depressed,
discharging G2 through R4, and delivering a step signal
through series isolating resistor R1. Between pulses, C2is re-
charged through R5. When S1 is in its CLOCK position, the ring
oscillator drives the one-shot through R1, and a continuous
series of positive- and negative-going pulses is developed at
arate determined by C1’s value.

Readily available components are used in the circuit. The
hex inverter is a standard 7404. Capacitor C1's value and
type are determined by the clock rate needed; and C2 is a

O OUrPUTS O

Fig. 7. Simple circuit using standard TTL hex
inverter can be used as a conventional clock,
two-phase clock, or single-pulse generator.
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100-uF, 6-volt electrolytic. Function switch S1 is a spdt toggle,
slide, or lever switch, while S2 is a spst, momentary contact,
NO pushbutton switch.

At the builder's option, the instrument may be housed in a
small metal box, a plastic case, or in a probe body. If assem-
bled in a box or case where there is ample space, the builder
may wish to include several different values for C1, selectable
by means of a multi-position rotary switch, to provide a choice
of clock rates. Typical values may range from a fraction of 1
wF to as high as several thousand pF. According to Charles,
the ring oscillator can be operated at rates from 1 Hz to 1
MHz, depending on C1’s value.

Device/Product News. A new series of high-voltage,
high-current, silicon npn transistors, types RCA9113,
RCA9113A, and RCA9113B, has been announced by RCA’s
Solid State Division (Box 3200, Somerville, NJ 08876). De-
signed for use in off-line switch-mode power supplies, invert-
ers, converters, pulse-width-modulated regulators, and motor
controls, the new transistors feature high-voltage capability,
fast switching speeds, and low saturation voltages, together
with high SOA ratings for both forward- and reverse-bias con-
ditions. With a peak collector current rating of 22 A and a max-
imum power dissipation of 175 W (at 25°C), the new transis-
tors are supplied in standard TO-3 packages.

Motorola Semiconductor Products, Inc. (Box 20912, Pho-
enix, AZ 85036) has announced some new devices of potenti-
al interest to hobbyists and experimenters, including an ex-
tremely stable 2.5-V reference source and a monolithic auto-
motive electronic ignition control IC.

Designed for critical instrumentation and D-A converter

applications, the new voltage-reference source, type
MC1403/1503, features a maximum output voltage variation
of only 1% (+25 mV) and a typical temperature coefficient of
10 ppm/°C. It also features a line regulation of 3 mV (max) at
input voltages from 4.5 to 15 V or 4.5 mV (max) from 15 to 40
V, together with a load regulation of 10 mV (max) at output
currents from 1 to 11 mA.

intended for circuits utilizing a flux-averaging sensor in-
stead of conventional ignition “‘points” and condensers, the ig-
nition control IC, type MC3333, is designed to drive a Darling-
ton power transistor which supplies the current required by a
high-energy ignition coil. Housed in a 14-pin DIP, the
MC-3333 can operate at battery voltages from 4 to 24 volts.

Fairchild’s Optoelectronics Division (4001 Miranda Ave.,
Palo Alto, CA 94303) has plunged into the hoboyist market
with the introduction of a series of electronic construction kits.
Designated as Solid State Technology Kits™, the new line in-
cludes an alarm clock-calendar (Model 0100), a wall clock
(Mode! 0101), and an automotive digital clock. All of the kits
feature LED displays. Future products planned for the line in-
clude additional clocks, a DVM and a frequency counter.

Meanwhile, another Fairchild division (Components Group,
464 Ellis Street, Mountain View, CA 94042) has announced a
new 2-A monolithic voltage regulator designed primarily for
use in power supplies for home-base CB radic equipment.
The new device, type nA78CB, features a fixed output voltage
of 13.8 volts, internal thermal overload protection, short-circuit
limiting, a peak current capability of better than 4 A, and an
output voltage tolerance of 5% over the 0° to 125°C tempera-
ture range. Available in both TO-3 and TO-220 packages, the
new regulator can dissipate up to 20 watts. o

STAY TURNED ON
with your low power

friends from CIS

Autoranging DMM $ 99.95

Frequency Counter $119.95
Logic Probe $ 34.95

Liquid crystal displays. plus CMOS designed testers offer you

long life from a single 9 volt battery.

AUTORANGER™ DMM. Fast responding 3.5 digit liquid crystal
display with full automatic operation. Autoranging up to

1000 voits and 2000 K(}. Automatic zeroing. Automatic polarity
sensing. Protected to 600 vdc. 10 Meg Input. Resolution 1 mv.
Accuracy DCV 0.5% reading - 1 digit. All for $99.95.

30 MHz FREQUENCY COUNTER. Liduid crystal 6 digit display
allows 8 digit Resolution when switching the range to an

overflow condition. 200 mv rms sensitivity and input of 10 K(}
minimum. RCA phono connection. $119.95,

PROBIT ™~ LOGIC PROBE. Tests TTL/CMOS pulses-down to 35 NS
and frequencies up to 40 MHz .Uses 7 segment LED display — “H",
“L", “dot” for pulses. Flexible, detachable tip plus “Micro-Hooks" far
power. Includes pocket carrying case. $34.95.

FREE 15 DAY TRIAL. Be convinced or get your money back. Full 90
day warranty. Each tester shipped complete with battery, schematic,
assembly drawing, parts lists.

For More Convenience, Call Now With Your Order
TOLL FREE: 1-800-527-4634
(Texas Residents 1-214-234-4173)
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LASER DIODES

N OCTOBER the semiconductor laser

diode will celebrate its fifteenth birth-
day! Even in this era of complex inte-
grated circuits, the laser diode remains
one of the most remarkable electronic
components yet invented.

In some ways the laser diode closely
resembles its first cousin, the light emit-
ting diode (LED). For example, both di-
odes produce infrared or visible light
when electrons recombine with holes at
a forward-biased pn junction.

CATH ODE

= TN

By Forrest M. Mims

and communications applications.

The laser diode is nothing more than a
carefully made LED with an uitra-flat
junction and two tiny mirrors. The mir-
rors face one another and produce the
internal feedback which leads to stimu-
lated emission of radiation, the process
responsible for laser action. Stimulated
emission occurs naturally when a light
photon emitted by an excited electron
strikes a second excited electron and
forces it to recombine with a hole. The

Fig. 1. How a
typical laser
diode works.

WNIND O

USUARL. POLARITY. REFER 7O INFORMATION

SUPPLIED WITH YOUR LASER

The electrons are excited to a higher
than normal energy level, enabling them
to cross the potential barrier formed by
the junction. When they fall into holes af-
ter crossing the junction, they give up
their excess energy in the form of radiat-
ed heat and light. The better the diode
is, the more light than heat it produces.

This method of light generation, is
called spontaneous emission, as it's
pretty much a random process. Elec-
trons and holes recombine whenever
the opportunity presents itself, and the
result is a chaotic jumbie of light waves.
Fortunately, the relatively constant ener-
gy levels the electrons can occupy be-
fore crossing the junction limits the ener-
gy each electron can absorb. This re-
stricts the radiated light to a reasonably
narrow band of wavelengths (100-150
nanometers). Light is emitted at a much
faster rate (within a few tens of nano-
seconds) than that from most other
sources. That's why LED's and laser di-
odes are ideal for detection, ranging,
94

result is two photons having almost
identical frequency and traveling in per-
fect phase with one another. As you can
see, stimulated emission is a type of am-
plification. Normally it occurs only rarely,
but the two feedback mirrors of a laser
cause stimulated photons to be reflected
back and forth within the laser material
and the result is a cascade of oscillating
photons—or laser light.

Most laser diodes are made by pro-
ducing precise, sandwich-like junctions
in wafers of gallium arsenide (GaAs) or
other efficient light-producing semicon-
ductors. The wafers are then cleaved
into thin bars, which are sawed into in-
dividual laser chips several mils on a
side (about the size of the dot on this let-
ter "i"). The cleaving process gives each
chip two perfectly paraliel facets which
serve as the mirrors. Individual chips are
usually installed in a protective package
with a plastic (OK) or glass (much bet-
ter) window and a miniature, built-in heat
sink (Fig. 1).

AmericanRadioHistorv.Com

Driving Laser Diodes. Both LED’s
and laser diodes will produce recombi-
nation radiation when driverrat very low
levels of forward current. Lasers, how-
ever, will not lase until the forward cur-
rent exceeds a level called the threshold
(Jth). Above Jth, the optical power from
the laser increases linearly with current.
Many lasers will emit several watts or
more when pulsed with 10- or 20-
ampere pulses.

You may have read about the new
generation of laser diodes which can be
operated continuously without having to
be cooled to the temperature of liquid ni-
trogen. Primarily designed for high-
bandwidth communications through
glass fibers, these lasers are a delight to
use, but are temperature-sensitive and
limited to several milliwatts of output
power. They are not yet available at
hobbyist prices.

Single heterostructure (SH) lasers,
the kind you can buy at bargain prices
from some of the suppliers who adver-
tise in POPULAR ELECTRONICS, have a
Jth of 5-10 amperes. Apply this much
current to a SH laser diode and the chip
will literally explode! The only safe way
to drive an SH laser without cooling it
with liquid nitrogen is to use current
puises no more than 200 nanoseconds
wide.

The avalanche transistor circuit
shown in Fig. 2 offers an excellent way
to generate high-current pulses only
50-75 nano-seconds wide. Different
transistors avalanche at different volt-
ages, so you'll have to select a specific
transistor for your particular laser. Brief-
ly, you should NOT connect a laser to
the circuit until you have selected and
verified the operation of Q1. Remem-
ber—laser diodes don't like too much

R/
1K

RZ

7S5V

Fig. 2. Avalanche transistor circuit.
POPULAR ELECTRONICS



drive current! A good rule of thumb is to
limit the maximum current to 2.5-3 times
the threshold current. Both values are
usually supplied with the laser.

Select Q1 by connecting a short cop-
per wire in place of the laser and a fast
oscilloscope (at least 15 MHz) across
current monitor R4. This resistor must
be carbon composition, NOT wire-
wound. Use ten 10-ohm carbon resis-
tors in parallel if you can't find a suitable
1-ohm component. Keep all leads in the
current discharge path (Q1, C1, R4, and
the LASER) as short as possible. The
height of the pulses on the scope screen
in volts will equal their peak current in
amperes. Many, but not all, transistors
will oscillate in this circuit. You should
have good results with most common
npn silicon switching transistors such as
2N914, 2N2222, 2N3643, 2N4400,
2N5188, HEPS50, etc.

After the driver circuit is working and
Q1 is selected and in the circuit, you can
install the laser. Pay attention to its pola-
rity! Don’'t expect a spectacular red
beam. Although the beam is truly im-
pressive to see, it's invisible. To verify its
presence, you'll need a photodetector
sensitive to the 900-nanometer infrared
radiation. Silicon photodiodes driving
fast amplifiers work best. Phototransis-
tors and silicon solar cells are marginal
detectors because they have very slow
response times. Photoresistors simply
will not work.

To see the beam you'll need an infra-
red image converter such as a snooper-
scope or silicon vidicon TV camera. The
cheapest way to see the beam is to or-

der a plastic, phosphor-coated infrared |

viewing card from Kodak Special Prod-
ucts Sales, Rochester, NY 14650. The
viewing card costs about $30—but that's
a bargain compared to the cost of an im-
age converter.

With the help of an image converter or
viewing card you can quickly squeeze
the 20- x 40-degree beam from the laser
into a pencil-thin beam as narrow as that

emitted by the popular helium-neon las- |

er. All you need is a convex f1 lens. A
good source for lenses and other optics
is the Edmund Scientific Co., Edscorp
Bldg., Barrington, NJ 08007.

Safety Considerations. Fortunate-
ly, the beam emitted by most laser di-
odes is reasonably safe because of its
low average power. Nevertheless, as
with any bright light source, you should
avoid viewing the beam directly. You
should also avoid pointing the beam at
other persons or toward reflective sur-
faces. <
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The Atfordable Programmable

Never Before A Fully Programmable Calculator
Available To The Scientific Community At Such A Low Cost!

CALLTOLL FREE

800-621-8318

24 HOURS — 7 DAYS

commaosfore

12345678

by Mail Order
SUMMARY OF

$ 995

« 12 DIGIT RED L.E.D. DISPLAY » PERCENTAGE CALCULATION —
entries or results in ¥ modes, add on/discount/yield A
scientific, fixed poini or percentage

| engineering ‘  AND CHANGE SIGN KEY
+ PROGRAMMABLE — 12 10 MEMORIES — 7 functions —

Keystroke program siorage M+, M—, MR, Mx, M=,

FUNCTIONS OF X—17x, , X

LINEAR REGRESSION: TRENO

ANALYSIS: SLOPE A4D

INTERCEPT

« STATISTICAL: = +, = —
averages, standard deviatlon,
variance, permutatlans,

combinations

|| - TRIG FUNCTIONS — Ealculates STORE, 9M
in radians or degrees or grads « DEGREES/DEGREE, MINUTE,
» HYPERBOLIC FUNCTIONS SECONDS CONVERSION
« Ln, log, e*, 10 * RADIAN/DEGREE CONVERSION
| - POWERS Y*, Roots* /Y » POLAR/RECTANGULAR
5 CONVERSION

8 METRIC CONVERSIONS

SPHERICAL/CARTESIAN
CONVERSIONS

The Commodore PR (Personal
Resource) 100 —Allows You To
Personally Program According To
Your Own Problem-Solving Needs!

NO LANGUAGE TO LEARN

Truly this programmable calcufator is a powerful per-
sonal scientific and mathematical computing resource.
And you don't need to know programming to make it
work for you. There is no special language to learn. The
entry system is so easy and flexible to use that you can
apply it quickly to your own personal problem-solving
techniques and style.

Special Functions of the PR-100: To allow you greater
flexibility in programming, there are 3 special functions:
1. HALT—The program will halt and allow the user to
read or enter data. 2. GOTO— Allows branching from
one sectior of a program to another. 3. SKIP — Allows
conditional flow of a program on an intermediaie result;
that is—tha program goes one way if an answer is
negative and another way is positive.

Loading, Editing and Modifying Programs: You can
single step through a program to check it out, backstep
through a program, easily read entered steps and
modify a sirgle step of a program.

Now personal programming is here. A step-function
increase in capability over sophisticated slide-rule cal-
culators. Capability you won't fullz discover until you
own a PR-100 yourself. Fill out the coupon below or
call our toll free number for your two week trial.

The Commodore PR-100 is powered by rechargeable
NiCad batteries and is furnished with an AC adapter/
charger, leatherette carrying case and full instruction
booklet. One year manufacturer’s warranty.
Dimensions: 3%" x 6%." x 1" Weight: 4 0z.
r - r r ¥r B ' & .}

C

ompute With It For Two Weeks — No Obligation
. Commodore PR-100 Calculator(s) at the

WHY A PROGRAMMABLE?

The Commodore PR-100 Programmabtle Calculator
introduces a new, innovative dimension in highly sophis-
ticated mathematical and scientific problem-solving. It
decentralizes and personalizes the decision-making
power of the computer, bringing to you what was
never before available in a programmaole calculator
with such features, yet at an amazingly affordable price.

Method of Eniry: The Commodore PR-1C0 is designed
for “Think and Touch" operation utilizing an algebraic
mode of entry. You can enter equations which have up
to 4 levels of parenthesis. Add to these features the 10
memory registors, and you can work the most com-
plicated mathematical, scientific, engineering, business,
statistical and combinational functions. Furthermore,
you can also perform unit conversions: metric to English
and English to metric.
Keyboard: The keyboard consists ot 40 keys and 2
switches. 35 keys are for number and function entry.
10 of these keys are dual function (shifted keys).
SPECIALIZED FUNCTIONS:
Most of the important functions found on large scale
computer systems are finally now available to you on
the ultimate hand-held programmable calculator:
iterative and recursive problem solving tecaniques; loop-
ing; conditional and unconditional branching.
ADVANTAGES OF THIS
PROGRAMMABLE:
Consider for a moment the advantages of the Commodore
PR-100. In terms of increased productivity you can now
achieve the capability of: optimizing mathematical and
scientific models; making trend and risk analyses; pro-
jecting and forecasting more accurately; performing
statistical reductions; automating time-consuming
"'number-crunching.”

The PR-100 is also a pre-programmed calculator
that can achieve a multitude of functions: Basic +— x +
and = functions; clear entry or the entire calculation; I

Please send

Introductory price of only $59.95 {plus $3.85 shipping and insur-

ance) each. I not completely satisfled, | can return it within two

weeks tor a prompt refund.

] instead, I/we would like to take advantage of your quantity

price offering of $54.95 (plus $3.95 shipping and Insurance
each. OFFER GOOD ONLY ON QUANTITY ORDERS OF 6 UNIT

OR MORE! You can save $30.00!

[ Check ar M.0. Enclosed (1. residents add 5% sales tax)
Please i;harge my credit card checked below:
American Express  [J BankAmericard

O Oiners Club [0 Master Charge

Credtt Card #
Master Charge Bank # _ __ ____ Exp. Date

Hyperbolic functions include: sinh, cosh, arc cosh and
arc tan; Trigonometric functions include: sin x, C0S X,
tan x, arc sin x, arc cos x, and arc tan x. Calculates in
radians, degrees or gradians. Enter x 0° to 360° (0 to
2m) or multiples of 360° (2 ). Natural Log (Ln x).
Common Log (log x), Exponential (e}, Antilog (10*{; I
Algebraic Functions include: x, x2, 1/x. Powers: (Y*);
 (pi). Change Sign (+/-); x>y exchange function;

[0 Carte Blanche

Parenthesis () enter equations that contain up to 4 tevels FTar

of parenthesis without using temporary or intermediate g Address

storage. City State Zp

Memory Functions: The PR-100 has 10 separate mem- @ Signature GES/U

ory registors. For each memory there are 7 operations
that can be performed: memory storage and clear,
recall, addition, subtraction, muitiplication. division and
performs the desired functions on each memory .

I As Contemporary Marketlng, Inc.
790 Maple Lane, Bensenville, ill. 60106

Call Toll Free: 800-323-2272. 11\ call: 312-595-0461
13 ON FREE INFORMATION CARD

\
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MULTIPLEXED LED DISPLAYS

Q. In the Solid State Column on p.73
of the August 1976 issue, | saw the
schematic for a stopwatch with a 6-
digit display. Each segment's like
digits (a through g) are connected in
parallel, but none of the common
cathodes of each display is ground-
ed. Can you explain how the circuit
works ?—Santiago M. Quijano U., Bo-
gota, Columbia.

A. This is an example of a multiplexed
display (see diagram). When a particular
SEGMENT ENABLE switch is closed, the
anodes of all like segment diodes—say,
segment a in digits 1 and 2, represented
as 7a and 2a—are connected through a
current-limiting resistor to the positive
supply. However, unless the DIGIT EN-
ABLE switches are closed, the cathodes
are left floating above ground and no
current can flow through the diodes.
Thus the LED segments remain dark.

Now, if DIGIT ENABLE switch 71 is
closed but switch 2 left open and seG-
MENT ENABLE switches a through f are
closed, digit 7 will form a “0.” Opening
DIGIT ENABLE switch 1, closing switch 2
and closing SEGMENT ENABLE switch g
will cause digit 7 to go dark and cause
digit 2 to form an “8.” If this process is
repeated very quickly, the two digits will
appear to form “08” without any display
flicker.

This is the basic principle of operation
in a multiplexed LED display. Gates and

By John McVeigh
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counters take the place of the mechani-
cal switches, with their outputs either
sourcing or blocking (segment enable
outputs) current or sinking or blocking
(digit enable outputs) current. A high-
speed clock provides the necessary
time reference. A large-scale integration
chip (LSI) such as the Intersil ICM7205
contains all multiplex circuitry “on
board.” That's why the common cath-
odes are not shown grounded in the
stopwatch schematic. The major advan-
tage of multiplexed over direct-drive
LED displays is reduced current de-
mand—an important consideration in
battery-powered equipment.

CAR CLOCK POWER SUPPLY

Q. / plan to build a digital clock/timer
using a clock chip and a crystal-con-
trolled time base. Do you have a cir-
cuit to reduce the car’s 12-volt power
source to +5-V dc with adequate reg-
ulation for the IC's?—Tom Ritch,
Austin, TX.

A. You can use an LM309K IC regulator
to step the 12 volts down to 5 volts regu-
lated, as shown in the figure. Be sure to
adequately heat sink the IC. Capacitors
are used on both sides of the regulator
to keep noise off the line, thus improving
the stability of the regulator.

+l2V-—

LM309K

+5v

3000

e

3
JApF
DISC (CASE)
CERAMIC

+

2
20pF I.l WF
TANTALUM DISC
CERAMIC
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RESISTOR Quiz

| would like to thank all the readers
who have written in response to the Re-
sistor Quiz in the July issue. Although
some wrote suggesting answers such
as 0 ohm, 14 ohm, ¥4 ohm, and %5 ohm,
most arrived at the correct answer of 15
ohm. As you will recall, the problem in-
volved finding the effective resistance
between points A and B in the infinite
matrix of 1-ohm resistors. Of those who
reported the correct answer, some used
a “shotgun” approach by having a com-
puter solve the problem for a very large
but finite matrix. Others suggested the
following, elegant solution.

Connect a one-ampere current source
between node A and infinity so that 1
ampere flows into node A. By symmetry,
the current will split into four Y%4-ampere
components, each of which will flow
through one of the four resistors. Then

remove the current source and connect
it between node B and infinity so that 1
ampere flows from node B. Again, the
symmetry of the lattice dictates that ¥4
ampere will flow into node B from each
of the four resistors connected to it.

The superposition theorem allows us
to sum the resulting currents from both
configurations. Accordingly, the current
through the resistor connected directly
between A and B is ¥4 + Y or % am-
pere. By Ohm'’s law, the voltage across
the resistor, Epp, is ¥ ampere times 1
ohm, or ¥ volt. Ohm’s law also tells us
that the effective resistance between A
and B is Eag divided by /1, the total cur-
rent in the matrix. In this case, /1 is one
ampere. Thus, Rpg, the effective re-
sistance between A and B, is 1 volt di-
vided by 1 ampere, or 14 ohm.

POPULAR ELECTRONICS
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Test Reports

GENERAL ELECTRIC MODEL 3-5825
AM/SSB CB TRANSCEIVER

Features high average modulation and good noise suppression.

ENERAL ELECTRIC's Model

3-5825 AM/SSB transceiver is de-
signed to provide total communication
capability on the Citizens Band. It oper-
ates on all 40 channels and employs a
digita! frequency synthesis system and
the now customary seven-segment LED
channel display. Special features to be
found in this transceiver include internal
burn-out circuit protection, an antenna-
failure indicator (Awi), and a quick-
release mobile-mounting setup.

The transceiver also has the following
complement of controls and features: RF
GAIN, SQUELCH, CLARIFIER, and VOLUME
controls; itluminated S/r-f meter; switch-
able anl/noise blanker; AM/LsB/usB
mode selector; transmitter-on LED and
modulation peak indicator; automatic
level control (alc) and automatic modu-
lation control (amc); HI/LO TONE switch;
detachable dynamic microphone; PA
operation; jacks for external speakers;
bottom-facing speaker; operation from a
12-volt dc negative- or positive-ground
power system; reverse-polarity protec-
tion; line filter; and electronic switching
and voltage regulation.

The transceiver measures 10 5/8"D x
72"W x 2W%"H (27 x 19.1 X 6.4 cm).
$329.95.

Technical Details. On SSB, the re-
ceiver employs single conversion to a
10,695-kHz i-f and uses a crystal filter
for selectivity and sideband selection.
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Three 10,695-kHz i-f stages, two of
which are direct coupled, precede the
SSB product detector, while carrier in-
jection is provided by a 10,695-kHz crys-
tal oscillator (bfo). A second conversion
to 455 kHz is employed for AM, which
uses a ceramic filter for selectivity.

A diode-protected transistor stage
precedes the first mixer. The second
mixer, used for AM, is of the balanced-
diode type. Three 455-kHz i-f stages
precede the AM diode envelope detec-
tor and agc, following which is the anl
that can be switched in and out simul-
taneously with the noise blanker. The
latter employs an r-f amplifier, detector,
and pulse amplifier that cause the output
of the first mixer to be interrupted (gat-
ed) by the noise pulses.

The audio section, including the pow-
er-output amplifier, is incorporated into a
single integrated circuit. The squeich
system is a three-stage amplified sys-
tem that is activated by the agc.

A phase-locked-loop (PLL) scheme is
used for frequency control. It contains
the usual 10,240-kHz crystal oscillator,
from which the standard reference is de-
rived. This oscillator is also used for the
second conversion to 455 kHz for AM
reception.

The voltage-controlled oscillator (vco)
at the first mixer functions at a frequency
10,695 kHz higher than the CB signal.
lts comparison signal is obtained
through a down mixer and a 10,052.5-

kHz crystal oscillator and dividing setup
that is controlled by the channel selector
switch. This signal is applied to an IC
phase comparator, along with the stand-
ard reference. The LED display consists
of the usual decoder/driver circuitry.

On transmit in the AM mode, a
10,695-kHz crystal signal from the bfo is
difference-mixed with the vco signal to
provide the on-channel carrier. The mix-
er is followed by a two-stage r-f pream-
plifier, driver, and final power amplifier.
The latter two stages are collector-
modulated as usual from the audio sec-
tion in the reciever, which contains auto-
matic modulation control (amc). A multi-
section output network provides imped-
ance matching to 50-ohm loads and at-
tenuation of harmonics.

An Antenna Warning Indicator (awi)
comes on if a short or open circuit or oth-
er malfunction in the antenna system
causes a high SWR to be detected by a
sensing element in the transmitter. This
indicator immediately apprises the user
of a problem. It functions only on AM. If
the malfunction is not noticed immedi-
ately, the manual states that built-in cir-
cuit protection will permit the transmitter
to be operated for up to five minutes be-
fore damage occurs.

The usual type of SSB transmitting
system is used in this transceiver. It con-
sists of a balanced modulator and crys-
tal sideband filter, followed by the trans-
mitter mixer, where the signal is com-
bined with the 10,695-kHz crystal signal
for USB use. This crystal signal is shift-
ed to 10,692 kHz, along with a
+3000-Hz change in the vco to set up
the initial signal at the proper side of the
filter for LSB use.

Laboratory Tests. The receivers
sensitivity measured 0.8 p.V for 10dB (S
+ N)/N with 30% modulation at 1000 Hz
on AM with a nominal 0.5-p.V signal at 6
dB (S + N)/N. In either case, it pro-
duced a maximum sine-wave audio out-
put of 3.25 watts at less than 2% THD
with a 1000-Hz test signal into 8 ohms.
SSB sensitivity was nominally 0.18 and
0.1 pVfor10and 6 dB S/N.

Operating from the standard test
source of 13.8 volts dc, the transmitter
carrier output on AM was 3.75 watts. Up
to 100% modulation was possible, and
at microphone levels 25 dB more than
needed for 50% modulation, the THD
with a 1000-Hz signal was less than 2%
(10% with a 400-Hz signal). Adjacent-
channel spiatter with 1000-Hz or voice
signals was at least 60 dB down and no
overmodulation was observed. The
6-dB audio response was 500 to 2400
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Hz, and transmitter frequency tolerance
was within +2 Hz of —83 Hz.

The r-f power output on SSB was 9
watts PEP using test tones and 12.75
watts PEP during voice operation. The
unwanted-sideband and carrier sup-
pression were 55 dB on USB and 60 dB
on LSB. The audio response was 300 to
2800 on LSB and 380 to 3100 Hz on
USB. Third-order distortion products
were 29 dB below two test tones (35 dB
below PEP) at 10 watts PEP, while at 12
watts PEP, they were 23 dB below test
tones (29 dB below PEP). Above 10
watts PEP, some flattopping was noted,
accounting for the deterioration we ob-
served at 12 watts PEP.

The range of the squelch threshold
was 0.5 to 550 uV. The agc held the au-
dio output level to within 8 dB on AM and
13 dB on SSB with an r-f input change of
20 dB at 1 to 10 uV. It held to 15-dB on
AM and 20 dB on SSB with an 80 dB
change at 1 to 10,000 V. The S meter
registered S9 with a nominal 50-pV in-
put signal.

Image rejection was 65 dB (primary)
and 60 dB (secondary). !-f and other un-
wanted spurious-signal rejection mea-
sured greater than 80 and 60 dB, re-
spectively. AM adjacent-channel rejec-
tion and desensitization was 58 dB mini-

mum. Unwanted sideband suppression
was at least 60 dB at 1000 Hz. The 6-dB
audio response was 575 to 1600 Hz on
AM and 600 to 2000 Hz on SSB (the cla-
rifier control works only on SSB receive),
with the upper end extending 300 to 400
Hz higher with the tone control set to Hl.

User Comments. As our measure-
ments indicate, receiver sensitivity, se-
lectivity, and unwanted-signal re-
sponses, plus the use of the r-f gain con-
trol, provided good reception under ad-
verse conditions. The ANL/NB combina-
tion enhanced receiving performance,
with our lab tests showing that the origi-
nal S/N versus sensitivity was main-
tained in the presence of impulse noise
100 dB above 1 nV/MHz bandwidth.
Vehicle tests were also excellent.

We obtained good quality and high
audio output power even with weak r-f
signal levels. Use of the tone control let
us set up the sound to suit our own
taste. In this respect, the HI tone position
provided us with the best intelligibility.
On the other hand, the LO position
helped to minimize noise.

The transmitter performed nicely, pro-
viding high average modulation levels
without overmodulation or adverse
splatter. The excellent unwanted-side-

CIARCLE NO. 103 ON FREE (INFORMATION CARD

band suppression on SSB made dual-
channet operation (simultaneous use of
one frequency with two separate con-
versations, one on LSB and the other on
USB) possible without interference be-
tween the two.

The transceiver is enclosed in a well-
shielded case. The rotary controls are
clearly identified and convenient to use.
The mode and channel selector knobs
have grip bars for easy operation. We
particularly like the mode switch setup at
the top of the panel, with the center posi-
tion for AM and the LSB and USB posi-
tions to the left and right.

Another nicety is that the clarifier con-
trol has =1 to x5 calibration points, with
a detent at the center position. This
makes for quick retuning.

The edgewise meter is somewhat
easier to read than is usually the case.
Miniature toggles are used for switching
some functions, such as the tone control
(which has fixed HI and LO settings).

Aside from good overall performance
and convenient handling, the transceiv-
er offers the mobile user the advantages
of SSB for enhanced CB communica-
tion. Of course, the inclusion of AM op-
eration allows the user to communicate
where the “other” station is not
equipped for SSB.

ARIES SYSTEM 300 ELECTRONIC MUSIC SYNTHESIZER
Has five-octave keyboard and 12 functional modules.
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HE ELECTRONIC music synthesiz-
er has added a whole new dimen-
sion to modern music. The basic charac-
teristic that sets it apart from other musi-
cal instruments is flexibility. A synthesiz-
er'can produce almost as many different
sounds as the player can imagine.
That's why electronic music comprising
many synthesizer tracks is so dramatic,
and why many rock bands now use the
synthesizer as a primary keyboard in-
strument.
The Aries System 300 is a two-voice,
modular electronic music synthesizer. It
has a five-octave keyboard with key-
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board interface and 12 functional mod-
ules: two envelope generators; voltage-
controlled amplifier (vca); two voltage-
controlled oscillators (vco’s); voltage-
controlled filter (vcf); duai low-frequency
oscillator/lag/inverter; sample-and-hold
/clock/noise generator; balanced modu-
lator; dual mixer; power supply; and an
audio output/power control module.
Cases, keyboard, and modules are
available separately (see box). The key-
board in its case measures 43"L x 10"D
x 4"H (110 x 25.4 x 10.2 cm) and the
synthesizer cabinet measures 344"l x
10"H x 10"D (88 x 25.4 x 25.4 cm).
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General Description. At the heart of
the System 300 synthesizer is the
AR-317 voltage-controlled oscillator
(vco) module. It produces and simul-
taneously provides four waveforms at
amplitudes of 10 volts peak-to-peak.
The +5-volt sine, sawtooth, and triangle
waves are centered on a O-volt refer-
ence, while the variable-width pulse out-
put oscillates between 0 and 10 volts.

Exponential circuitry provides 1-volt/
octave (1/12-volt/semitone) control
over a very wide range. Two potentiom-
eters and a RANGE switch permit manual
control from 0.03 to 30 Hz and from 16
to 16,000 Hz. External control voltages
can determine the output frequency over
a 0.002-t0-50,000-Hz range. Four con-
trol inputs, one with a level control, are
provided. The control inputs are
summed so that each +1-volt input dou-
bles and each —1-volt input halves the
output frequency. Inputs are also provid-
ed for pulse-width modulation and fre-
quency syncing with an external square-
wave or pulse generator.

The basic waveform produced by this
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module is the triangle. Its frequency is
determined by an exponential current
source varied by the control inputs. The
source provides charging current for tim-
ing capacitors selected by the RANGE
switch. A loop composed of two opera-
tional transconductance amplifiers, a
complementary pair of bipolar transis-
tors, and a JFET generate the triangle
waveform.

The triangle wave is buffered and pre-
sented at the appropriate output jack. It
also drives an open-loop op amp and a
waveform converter circuit, which re-
sults in variable-width (5% to 95%) pulse
and sinusoidal outputs. The sawtooth is
generated by a separate loop driven by
a secondary output of the exponential
current source. This sawtooth circuit is
pulse synchronized to the main oscilla-
tor loop.

The AR-312 envelope generator pro-
duces a 0-to-10-volt signal that is nor-
mally used as a control input for a vca or
voltage-controlled filter (vcf). The Ar-
TACK, DECAY, SUSTAIN, and RELEASE
controls shape _the output waveform.
When a positive gate signal is applied to
the input, the envelope generator can
accept trigger pulses. Upon receipt of a
trigger pulse, the generator’'s output in-

creases exponentially from 0 to 10 volts,
at a rate determined by the setting of the
ATTACK control. The attack time is vari-
able from 2 ms to 4 s. A level detector
conducts when the output reaches 10
volts, causing the main timing capacitor
to discharge at a rate determined by the
setting of the DECAY control. The output
voltage decays exponentially until it
equals a threshold selected by the sus-
TAIN control and remains at this level un-
til the gate signal is removed. When this
occurs, the output exponentially decays
to O volt at a rate determined by the set-
ting of the RELEASE control.

Four outputs (wired in parallel) and
two gate and trigger inputs are provided.
Pressing a MANUAL GATYE switch acti-
vates and triggers the envelope genera-
tor. When the button is released, the
output signal decays to ground. This
module also includes a four-jack, front-
panel patch point.

Dynamic control of an audio signal is
performed by the AR-316 vca, which is
designed around a CA3080 operational
transconductance amplifier. One of two
op amps sums four control inputs (one
with an attenuator); the other serves as
an output gain stage. Setting the MODE
switch to LIN causes the vca’s gain to be

determined by the ratio (control volt-
age)/10. In the ExP position, the gain is
determined by the formula gain (dB) =
10(V — 10), where V is the control volt-
age in volts. This allows a 10-dB/volt
control.

Four audio inputs, two of which are
connected by level controls, can be ap-
plied and summed by the CA3080. An
INITIAL GAIN control acts as a front-panel
master gain control. Depending on its
setting and the magnitude of the control
inputs, the gain will vary from -100to 0
dB. The vca can handle audio inputs up
to =10 volts peak and control inputs up
to +10 volts maximum.

Control over the tonal characteristics
of synthesizer waveforms (and those of
other electrical musical instruments) is
furnished by the AR-327 multimode vcf.
Audio input signals are summed by an
op amp mixer and passed through one
or more active filters. Control inputs are
mixed by another op amp, whose output
drives an exponential generator module.
The module controls op amps that set
the frequency response of the active fil-
ters. Low-pass, high-pass, band-pass,
and peak/notch outputs are available si-
muitaneously. (The notch or peak mode
is switch selectable.) Response is 12
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dB/octave, and Q is adjustable from 0.5
to 512 by means of a RESONANCE con-
trol. One audio and one control input are
connected to front-panel attenuators.

Exponential control, an important vco
feature, is also provided. The cut-off fre-
quency of the filter increases one octave
for each +1-volt increase of the control
input and decreases one octave for
each —1-volt increase. A FREQ control,
together with any control inputs, deter-
mines the cutoff frequency over a 16-
to-16,000-Hz range.

Three modules contain independent
circuits that perform separate functions.
The AR-324 module has two low-fre-
quency oscillator's (Ifo's) that simuitane-
ously provide +5-volt triangle, O-to-10-
volt sawtooth, and 0-to-10-volt square-
wave outputs over a frequency range of
0.3 to 30 Hz. The osciliators can be syn-
chronized to an external puise or
square-wave generator by means of a
SYNC input. As in the vco, the sawtooth
is generated independently. Differentiat-
ed pulses from the square-wave circuit
control the discharge of the capacitor
across which the sawtooth is developed.
Thus, the sawtooth is synchronized to
the other waveforms.

The lag circuit in this module is essen-
tially a low-pass filter. A potentiometer
determines the time constant (1 ms to 1
s) of an RC circuit. The output of the lag
is buffered by a unity-gain voltage foi-
lower. Also included in the module is a
variable-gain inverter. Inputs are cou-
pled to a standard op-amp inverter
through a variable attenuator. The max-
imum voltage gain is —1. Both the lag
and inverter can handle peak signals of
+10 volts.

The second multifunction module is
the AR-318 sample-and-hoid/clock/
noise generator. When a positive-going
puise is applied to the trigger input of the
sample-and-hold circuit, a FET switch
turns on and allows a capacitor to
charge up to half the instantaneous sig-
nal voltage. (The input is passed
through a 2:1 attenuator.) The switch
then turns off to prevent the capacitor
from further charging or discharging.

A FET op amp output buffer multiplies
the capacitor voltage by two and pre-
sents it at the sample-and-hold output.
When a positive signal of at least 2 volts
is applied to the GATE input, the FET
switch is kept on continuously. In this
“track-and-hold” mode, the input follows
the output exactly. If the gate signal is
removed, the output remains at the in-
stantaneous signal voltage at the time of
removal. The circuit can also be activat-
ed by a MANUAL TRIGGER switch.,
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The clock is a voltage-controlled,
low-frequency oscillator with 0-to-10-woit
sawtooth, square-wave, and trigger
(narrow puise) outputs. The frequency
range is 0.3 to 30 Hz. Inputs are provid-
ed for frequency modulation and sync-
ing to an external pulse or square-wave
source. A switch allows either the clock
or an external source to provide trigger
and gate signais for the sample-and-
hold circuit.

The third function of this module is to
provide three noise signals. White noise
is developed by ampiifying and filtering
the output voltage from a reverse-biased
transistor junction. Pink noise is ob-
tained by passing the white noise
through a —3-dB/octave low-pass ac-
tive filter. The pink noise is rectified, fil-
tered, and amplified to create a slowly
varying random waveform. The random
and pink-noise outputs are 4 volts rms,
with equal energy per cycle between 0.4
and 7 Hz and equal energy per octave
between 16 and 16,000 Hz, respective-
ly. The 7-volt rms white-noise signal has
equal energy per cycle between 16 and
16,000 Hz.

The AR-315 module contains a bal-
anced modulator and two general-pur-
pose attenuators. The balanced modu-
lator has X and Y inputs. Signals applied
to these inputs are fed to a four-quad-
rant multiplier IC whose output drives an
op amp in the differential mode. When
the circuit is properly trimmed, the out-
put voltage is XY/10, where X and Y are
the input signal levels in volts. If either or
both inputs is zero, the output is zero.
The levels can be independently con-
trolled for each input. The two attenua-
tors in the module can be used at any
point in a synthesizer patch.

Signal summing is performed by the
AR-323 dual mixer. Each mixer has four
inputs, two of which have polarity selec-
tion switches and level controls. This al-
lows both addition and subtraction of au-
dio signals, envelopes, etc. Outputs are
provided for the A and B mixer separate-
ly, as well as combined A + B and A —
B. These allow the module to be used as
a single eight-input mixer. Six op amps
are used for signal summing and invert-
ing. Maximum signal levels are =10
volts.

The voltages required by the various
modules in the system (+5, +15, —15
volts) are supplied by the AR-322 power
supply module. IC voltage regulators,
large heat sinks, and electrolytic capaci-
tors are used in the module. The three
current-limited (1-ampere) output voit-
ages are available at three parallel-
wired octal sockets.
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The AR-326 output and power control
module switches ac from the line to the
power supply and contains two indepen-
dent audio output ampiifiers. The am-
plifiers are each mounted on separate
pc cards and consist of an op amp driver
and a complementary pair of transistors
operating in class AB. The output sig-
nals are routed to a headphone jack and
two output phono jacks. The module can
drive headphones, high-impedance (40
ohms or more) speakers, or power am-
plifiers. Two four-jack patch points are
provided as are jacks at which +10 and
—10 volts are available. The power sup-
ply's ac line switch and pilot light are
mounted on the front panel of the
AR-326 module.

All of the modules described so far
mount in the AR-310 cabinet. Eleven
modules (all but the power supply) have
front panels and all of these except the
output power and control module plug
into 22-pin edge connectors, which bus
power from the power supply module.

Patching can be accomplished in one
of two ways. First, patch cords terminat-
ed with miniature phone plugs can be in-
serted into front-panel jacks. This allows
the user to make hundreds of different
patch combinations according to his
own ideas of how the synthesizer should
be used. Alternatively, all inputs and out-
puts at the edge connectors can be
hard-wire patched, or limited-patch
switching can be developed via the edge
connectors. .

Also included in the System 300 are
the AR-311 keyboard, AR-313 keyboard
interface, and AR-320 keyboard case.
The preassembled keyboard has 60
precision resistors that form a voltage di-
vider. One set of gold-plated key con-
tacts connects a specific tap on the voit-
age divider to the keyboard voice bus.
The voltage on this bus depends on the
specific key depressed. The lowest key
produces 0 volt and the highest, five oc-
taves away, produces 5 volts. Each as-
cending key produces an 83.3-mV in-
crease over the key to the left, resulting
in 1 volt/octave voicing.

The keyboard voice voltage tracks the
lowest key depressed. However, anoth-
er “auxiliary voice"” voltage is deveioped
when two keys are pressed simultane-
ously. The magnitude of this voltage de-
pends on the keyboard interval created
by the two keys. A second set of gold-
plated contacts is used to generate gate
and trigger signals.

The AR-313 keyboard interface pro-
duces four output signals. The GATE sig-
nal is at +10 volts and remains on as
long as any key is heid down. The TRiG-
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GER output is a =10-volt, 1-ms puise
that appears each time a key is pressed.
The vOICE output is a dc voltage that is
proportional to the lowest key held
down. It remains at its last level after the
key is released.

When the interface is properly tuned
and trimmed, the lowest key (C) pro-
duces a O-volt “voice” signal. The C#
key produces 83.3 mV, etc. Hence, each
octave adds one volt, which raises the
output frequency of the vco by one oc-
tave. The “aux voice” output appears
only when more than one key is pressed
at the same time. Its voltage is propor-
tional to the interval between the highest
and lowest keys depressed. When one
or no key is depressed, this output is O
volt.

The interface’s TUNING control adds or
subtracts voltage from the vOICE output
over a 1.5-octave range. It has no effect
at or near its center position. Glide or
slur from one key to the next is provided
by the portamento circuit. The POR-
TAMENTO control determines the glide
time that is essentially independent of
the keyboard interval in the NORMAL
mode. In the LINEAR mode, the glide
takes longer for larger intervals. Placing

ARIES SYSTEM 300
ELECTRONIC MUSIC SYNTHESIZER
AR-311 Keyboard $119.00
AR-313 Keyboard Interface 67.00
AR-320 Keyboard Case 48.00.

AR-312 Envelope Generator

(2, each) 55.00
AR-327 Multimode VCF 149.00
AR-316 VCA 63.00
AR-315 Balanced Modulator and

Attenuators 62.00
AR-317 VCO (2, each) 115.00
AR-318 Sample-and-Hotd/Clock/

Noise Generator 59.00
AR-323 Dusal Mixer 65.00
AR-324 Dual LFO/Lag/inverter 65.00
AR-322 Power Supply 92.00
AR-326 Output and Power 59.00
AR-310 Synthesizer Cabinet 89.00
System Price (Kit form) 1195.00
System Price (Assembled) 1895.00

the PORTAMENTO switch in the OFF posi-
tion disables the circuit.

The AUx TRIM and VOICE TRIM are
front-panel screwdriver-type controls
that are used to set the output intervals
to 1 volt/octave. After initial adjustment,
they need not be disturbed.

Assembling the Kit. This is a fairly
complex kit to assemble. Actually, itis a
collection of mini-kits. Each of the mod-
ules can be assembled and tested inde-
pendently. After completing the power
supply module, we put together the syn-
thesizer cabinet from precut lumber.
Then we installed the power supply and
edge connectors to be ready for each of
the other modules.

Next, we assembled the keyboard,
keyboard interface, and keyboard case.
The keyboard case comes precut and
drilled, and the keyboard itself is preas-
sembled. The interface circuitry is
housed on two printed circuit boards.
The interface boards (as well as those in
the other modules) are not silk screened
with component locations, but assembly
was not difficult because larger-than-life
parts placement diagrams were provid-
ed with the instructions.

HOBBY WRAP

RIBBON CABLE
ASSEMBLY

'MODEL BW 630

DIP IC INSERTION
TOOL WITH PIN
STRAIGHTENER

MODEL
INS-1416

PRE-CUT
PRE-STRIPPED WIRE

- /"’//,’ Z

e

-
i

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

OK MACHINE AND TOOL CORPORATION

3455 CONNER STREEY, BRONX, NEW YCRK, N.Y. 10475 U.S.A.
PHONE (212 994-6600 TELEX NO.125091
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With two exceptions, each Aries mod-
ute worked perfectly the first time it was

powered. One was due to a wiring error. ~

The other was a result of a marginal cir-
cuit's design given tolerance of parts.
Trouble was experienced with the dual
ifo’'s. Correct waveforms were obtained
at the square and triangle wave outputs,
but a +10-volt levet appeared in place of
the sawtooth outputs. Aries was contact-
ed for advice by telephone. Following a
few suggestions from Jim Bastable (now
one of the Aries partners), the begin-
nings of a sawtooth appeared.

Further experimentation on our and
Aries’ parts resulted in a solution to the
problem, which involved a few changes
in component values. Aries has modified
the circuit in line with our results, and in-
formed us that although previous mod-
ule purchasers had not contacted them
about the sawtooth, they would ali be in-
formed of the change.

We performed the various circuit ad-
justments with the aid of a multimeter,
frequency counter, and oscilloscope.
These instruments are not absolutely
necessary for making the adjustments,
but they do make them easier to perform
and yield accurate results. Easy-to-fol-
low trim instructions are provided with
each module.

The last part of assembly was to finish
the wood that makes up the two cases.
This is an option left to the builder's
tastes, but it is well worth the effort,
since it results in an instrument that
looks as good as it sounds. Two coats of
stain and then two coats of polyurethane
were applied to all exterior surfaces of
the keyboard and synthesizer cabinets.

Total assembly time for the System
300 was about 95 hours, not including
the three hours or so required for trim-
ming adjustments. We noted during as-
sembly that all components supplied
were of high quality. In many cases,
components with tolerances closer than
specified in the parts lists were supplied.

User Comment. Modern electronic
music synthesizers fall into two catego-
ries, performance types and studio
types. The performance synthesizer is
polyphonic, computerized, and looks
like and is played in a manner similar to
an electronic organ. The studio synthe-
sizer, on the other hand, is usually mo-
nophonic or has two- or three-note
chord capabilities. Most studio synthe-
sizers are made up of combinations of
different modules that are designed to
be interconnected as required by jacks
and patch cords. With this type of instru-
ment, the musician has a more deliber-
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ate, subtie control over each note he
generates. He can patch as conditions
require. As each note is generated, he
can record it and, at the end, perform a
mix-down to obtain the final “composi-
tion.”

The Aries System 300 is decidedly a
studio synthesizer. It looks solid and
substantial. More importantly, it sounds
as good as it looks.

The fact that this is a kit and is modu-
lar in design gives the user a wide range
of possibilities for designing the instru-
ment to meet his own specialized needs.

We were impressed with the way Ar-
ies has covered the classical spectrum
of function modules in the System 300.
As laid out, the system gives the musi-
cian a practically infinite palette. Each of
the modules that make up the system
performed with clean precision, and we
were unable to exhaust the patch combi-
nations possible.

On the negative side, we found the
control parameters to be too husky and
too responsive. We would have pre-
ferred to be able to spread the control
over a larger, smoother range. For ex-
ample, the amplitude of a control signal
applied to the vco for vibrato (frequency
modulation) had to be cranked down to
the very threshold of the input level con-

trol to be within acceptable limits. We .

could have passed the control voitage
through one of the two attenuators and
thence to the input level control, but that
would have been awkward and wasteful.

A similar problem was noted with the

.noise generator. it would have been

preferable if the noise generators had
had built-in attenuators because noise is
seldom used at full volume. Patching the
noise signal from its source to an at-
tenuator and then to another module is a
nuisance. in short, the Aries synthesizer
is a bit too spunky, and it has too many
muscles.

For us, the ultimate test of any synthe-
sizer is in musical composition, using
multitrack overdubbing. We usually try
to construct a piece in four stages, using
simul-sync on a 4-track tape recorder.
Using the System 300, we began by
patching up an automatic percussion
rhythm, using white noise and a sine
wave at low audio frequency. The sam-
pler module was used to control the fil-
ter's cutoff frequency. (Signals were tak-
en from the filter's bandpass output.)
The pulse output of a low-frequency os-
cillator was used to trigger the envelope
generator. The result was a pseudo
bass drum and brushed cymbal. The
drum, controllable from the keyboard,
was played as a bass line rhythm on the

first track of the 4-track tape recorder.

Next, we set up and piayed a chro-
matic cymbal on track two to comple-
ment the walking bass. Then a voice
patch with an envelope and vibrato that
approximated the human voice was re-
corded on track three as a melodic fig-
ure manipulated in conventional ballad
fashion. Finally, a supporting contrapun-
tal line was added, using a stringy
sound. When we were through, we were
pleased with the result. The Aries sys-
tem had accomplished everything we
asked of it.

In sum, the Aries System 300 is for
serious music and meticulous recording
applications. It was obviously designed
by an engineer who takes pride in his
craft. The system may be a bit compli-
cated and clumsy to program, but then it
is definitely not a toy. However, we
learned at press time that another mod-
el, using the same internal design, will
be available to permit one to override
the patch-cord interconnect system at
will. This would give the option of using
the unit as a highly flexible studio syn-
thesizer or as a “live” performance syn-
thesizer with less control flexibility. So it
is possible, you see, to have your cake
and eat it, too.

(The User Comments in this report
were prepared by Robert A. DeVoe,
Professor of Education at Fairleigh Dick-
inson Univ. in New Jersey. Mr. Devoe
has conducted radio and classroom
courses in the Humanities and Electron-
ic Music and is an accomplished com-
poser of electronic music. His work has
won the Armstrong award for excellence
in FM broadcasting and the John Hay
Fellows Award in Humanities. He is also
the author of Electronmusic: A Compre-
hensive Handbook, published by Elec-
tronic Music Laboratories, Inc., Box H,
Vernon, CT 06066.)
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CB Scene

By lvan Berger

BETTER EMERGENCY SERVICES ARE NEAR

HE ODDS on someone’s hearing

when you call for help on Channel 9
are going up. The government is raising
them. And you can help.

The government's goal is to knit
together law-enforcement officials, med-
ical and emergency services, automo-
bile clubs and such volunteer CB moni-
toring groups as REACT and ALERT
into a network which will put every CB-
equipped car in the country within reach
of fast emergency assistance. To imple-
ment that goal, a new program has been
set up that’s called National Emergency
Aid Radio, or NEAR.

Independent efforts at coordinating
CB with emergency services have been
going on successfully for years, of
course. REACT and the other monitor
groups, for example, have teams to lis-
ten to Channel 9 in systematic shifts, so
that there is always someone there to
hear and relay calls for help. Several
states have equipped their highway pa-
trol cars with CB. Some Smokeys have
even equipped their official vehicles at
their own expense.

The results have been impressive.
Where the police are equipped to hear
them, CB'ers now often report to
Smokey, telling him of reckless drivers,
accidents, traffic jams, hazardous condi-
tions and other emergencies. Such ex-
periences doubtiess helped the Depart-
ment of Transportation’s National High-
way Traffic Safety Administration
(NHTSA) to recognize CB radio com-
munication as “the only existing method
convenient to the public at large by
which the motorist can enter the re-
sponse system from his vehicle,” and to
set up NEAR.

The program will be federally funded,
but must be implemented by the in-
dividual states. That leaves it up to each
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state to decide how it will allocate its
NEAR funds: to buy CB equipment for
local police and emergency services, to
set up public information programs, to
train CB monitors in emergency report-
ing procedures, and to pay the costs of
administering NEAR. States may even
elect not to participate at all.

Those states which do participate will
be assigned easily-recognized call signs
for use in legally communicating with
other CB operators. These callsigns will
consist of the letter “K,” the state’s two-
letter abbreviation, and the number
0911—"KNY-0911" for New York, for in-
stance, or “KCA-0911" for California.
(Since each state government is a single
licensee, all its CB units share a single
callsign.)

No money is allocated for direct use
by volunteer monitors. However, there
are ways that they can benefit indirectly.
Local or state governments can set
aside space in government facilities for
volunteers’ use, and may even provide
equipment there. But the equipment will
remain the government's, not the volun-
teers’. NEAR funds can also cover ex-
penses directly relating to monitoring ac-
tivities, such as long-distance telephone
calls made in response to emergencies.

Where groups like REACT will benefit
directly is in closer contact between gov-
ernment and volunteers. We understand
that each state must collaborate with
volunteer monitors (and with other vol-
unteer groups, such as Civil Defense) in
setting up a NEAR Advisory Council and
a NEAR plan. Without such collabora-
tion, the state won't qualify for Federal
NEAR funds.

The volunteer monitor groups must
meet several criteria, though. For in-
stance, they must be primarily devoted
to emergency communications monitor-

mericanPRadiolistorn: Cam
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Defore
you buy
stereo
headphones,
get
some
good §
advice.f

Theirs:

Julian S. Martin
HI-FI STEREO BUYERS’ GUIDE, March-April, 1976

“‘Superb from every viewpoint. An outstanding achievement in headphone
design. One of the most comfortable.”

The Len Feldman Lab Report
TAPE DECK QUARTERLY, Winter, 1975

*“‘Response of these phones extends uniformly from 20 Hz to over 22,000 Hz
with no more than +2dB variation over this entire range...this is nothing
short of incredible.”

New Equipment Reports
HIGH FIDELITY, January, 1976

“The sound quality the AT-706 presents (to you) is exceptional : very wide
range and smooth...Within this excellent operating range the sound is
exceedingly clean and open...an extremely fine stereo headset.”

If you asked the critics they’d tell you to listen critically to a variety of
products before you buy. We agree. Because the more carefully you listen,
the more you’ll be impressed by the sound of Audio-Technica.

AT-706

Electret Condenser
Stereo Headset $129.95 =
Our finest Personal Transducer

aUdio-technié%;

INNOVATION o PRECISION o INTEGRITY

AUDIO-TECHNICA U.S., INC., Dept. 107P, 33 Shiawassee Avenue, Fairlawn, Ohio 44313
Available in Canada from Superior Electronics, Inc.
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ing, have demonstrated their capabilities
and earned community support, and
have state or national affiliations.

Independent monitoring will stili be
encouraged. NEAR funds spent on pub-
lic infcrmation and education will prob-
ably result in more and more CB users’
learning what Channel 9 is for and how
to use it. This part of the program has al-
ready borne some fruit. It's a handy,
common-sense book called the Citizens
Band Monitor Guide. Some of its hints
and reminders struck are especially
worth noting.

Four C’s. The book stresses the four
“C's”: an effective NEAR monitor should
be Calm, Courteous, Correct and Con-
cise. The book gives some specific tips
on how to accompiish this:

® “The monitor must remain the link
between the need and the help until that
help arrives. That includes getting and
relaying further information from the call-
er, and relaying or giving advice on life-
saving or other emergency procedures
that the caller may be able to handle in
the meantime.

® “Keep in mind that most calls for
help come from a place of stress. The
caller may be excited, shaken, alarmed,
frantic and even hostile. Your job is to
remain clam and instill caim and confi-
dence inyour caller. . . . However, you
should not tell him to ‘calm down.’ This
will only make him think you don't ap-
preciate the seriousnes: of the situa-
tion.”

® The Guide gives two pages of
suggestions on how to deal with such
common and uncommon emergencies
as aircraft accidents, fires, lost children,
stalled cars and tornados. For each of
26 such incidents, it suggests what infor-
mation a monitor should elicit from the
caller, which govemment services
should be alerted, and what special in-
structions should be relayed back to the
caller. (Oddly, | noticed no sign of anoth-
er common-sense suggestion: that the
phone numbers of all these services
should be kept at the monitoring sta-
tion.)

® 10-codes are listed in large type,
for easy reading. But the Guide also
points out that “You should never use
10-codes with parties who would not un-
derstand them,” though “you should be
able to understand them, nevertheless.”

® Get the information in a regular se-
quence. You can't ask everything at
once, and you have to ask important
things first.” The book suggests one
possible such sequence: first ask the
nature of the problem, then the caller’s

POPULAR ELECTRONICS



location and phone number (if applica-
ble), then the specific location of the inci-
dent, the caller's name, and more details
of the incident itself.

@ “Explain why it will take time to
check for information, and that you will
call back. A party waiting on a ‘dead
phone’ may become irritable and un-
cooperative.”

@ To simplify evaluation of the NEAR
program’s effectiveness, a monitor log-
book designed for input to a computer
will be made available. This will be for
use only by Monitor Base Stations des-
ignated by State CB NEAR Programs.
Data to be filled in includes the time de-
lay between occurence of the incident
and notification, nature of the incident,
type of response agency notified, and
the time the action was completed, as
well as identification of the calling
source and the monitor unit.

@ Monitors should be able to identify
an emergency's location even when the
caller is a stranger to the area. The
Guide suggests that monitors equip
themselves with road, street and topo-
graphical maps and guides.

@ Monitors should use words and
phrases that are easy to transmit and
understand, should avoid local jargon
which callers en route through the area
might misunderstand, and should speak
slowly and clearly.

@ For clarity, it's wise to learn the In-
ternational Phonetic Alphabet (Alpha,
Bravo, Charlie, Delta, etc.), but not to
overuse it. If reception is clear and the
name is common, it's enough to relay it
as ‘S-M-I-T-H, Smith.” You don't have to
slow it down to “Sierra, Mike, India, Tan-
go, Hotel.”

A NEAR monitor log has been de-
signed, 100, that's divided into sections:
(1) identification, (2) incident, (3) loca-
tion, (4) notification source, (5) action
taken. The latter's time is to be ex-
pressed in 24-hour clock time. The
forms can be produced locally for distri-
bution to monitors. Interestingly, forms
can be used for input to a computer so
that information can be readily extract-
ed. Number codes are used throughout,
even for the type of emergency.

If you'd like to read the whole Citizens
Band Monitor Guide, it's available for
80¢ a copy ($1.00 minimum on mail or-
ders) from the Superintendent of Docu-
ments, U. S. Government Printing Of-
fice, Washington, DC 20402. Order
Stock No. 050-003-00235-6.

You can also find out who's working
on NEAR in your state by contacting
REACT, 111 E. Wacker Dr., Chicago, IL
60601. (o]
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If you are in a hurry for your catalog please send the coupon to Mcintosh.
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id State equipment in the Mclntosh catalog. in addition you will
receive an FM station directory that covers all of North America.
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lsn't it time you had your
own personal computer:

Read BYTE, the leading consumer publication covering the fantastic new field of per-
sonal computer applications, Today, large scale integration has made it possible for the
individual to enjoy the unique benefits of a general purpose computing system. Now, an
entire micro industry markets microcomputer related items, products that range from
computer system kits to peripherals, software and literature on the subject. But where
should you go for all the details about your personal involvement in computer
technology?

Read BYTE, the Small Systems Journal devoted exclusively to microcomputer
systems, Every issue a monthly compendium of lively articles by professionals, com-
puter scientists, and serious amateurs.

Fill in subscription coupon today, or phone your request directly — call 617/646-4329 and
ask for your subscription. Read your first copy of BYTE, if it's everything you expected,
honor our invoice. If it isn’t, write ‘CANCEL’ across invoice and mail it back. You won’t
be billed and the first issue is yours
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The Small Systems Journal
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Computer Bits

By Hal Chamberlin

UPDATE ON MICROPROCESSOR DEVELOPMENTS

VER THE past year, there has

been a flood of new microproces-
sor IC's and related peripheral IC's com-
ing on the market. Many have been ru-
mored in the past but are now finally
available. These new IC's are important
to casual as well as advanced computer
hobbyists because they will show up
shortly in new hobbyist-oriented equip-
ment offerings.

One obvious overall trend in micro-
processor IC's has been toward true sin-
gle-chip central processing units or even
complete computers. With today's CPU
chips, one merely adds memory, ad-
dress decoding, and bus buffering to
have a complete, expandable computer.
The newest “computers on a chip” have
the CPU, erasable read-only memory,
read-write memory, and a couple of in-
put-output ports all in one IC! Although
these are not as easily expanded, they
are ideal for use in terminals or intelli-
gent game machines.

Another trend is toward 1/0O systems
on a single chip. The TMS5501 IC from
Texas Instruments, for example, com-
bines a complete UART with baud-rate
generator for serial 1/0, a parallel input
port, a parallel output port, 5 (count
them) interval timers, and a vectored in-
terrupt system into one IC! Another ex-
ample is the MCS6530 from MOS Tech-
nology (now part of Commodore) and
Synertek. This IC offers 1k bytes of
read-only memory, 64 bytes of read-
write memory, two bidirectional (pro-
grammable for input or output) parallel
ports, and a very versatile interval timer.
As a matter of fact, two of these are
used in the KIM-1 to hold the monitor
and provide its extensive 1/0 capabili-
ties.

Complete peripheral controllers are
also appearing in chip form. Most nota-
ble is the fact that no fewer than three
different floppy-disk controller IC's are
now available. Most of them are flexible
enough to handle the disk formats in
common use by hobbyists as well as the
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“standard” and more complex IBM for-
mat for which the chips were designed.
Another IC that has been announced but
is not yet available is a video display
chip with programmable line length and
number of lines., Even the character
read-only memory is buiit-in.

Memory developments certainly have
not taken a vacation either. Static 4k
memory chips have become cost effec-
tive alternatives to the common 1k 2102
chips and are now appearing in 16k-byte
memory boards for the hobbyist. Earlier
problems with dynamic memory chips
have been overcome by correct board
design and will be emerging as the
price-performance leader in memory for
the hobbyist since 4k dynamic memory
chips are now selling for as little as
$2.70 in large quantities. Finally, the
availability of 16k dynamic memory IC's
makes possible the single-board “full
gallon” (64k) memory system. In fact,
IMSAI has announced a 64k memory
board for its systems.

The 8080 Field. Even though the
8080 is the most popular microproces-
sor chip for hobbyist systems and has
also enjoyed considerable success in

Size of microprocessors grows
in proportion to sophistication
of internal logic. Left to right,
an 8008, 8080, and the

latest 16-bit micro, a 9900 IC.
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commercial systems, many significant
improvements in the family have be-
come available in the last year. Im-
proved versions of the original 8080 that
run at higher speeds are now available.
The fastest is the 8080A-1 which can
run at a clock speed of 3.125 MHz or
over 60% faster that the standard 8080.
Of course these higher speeds require
faster memory to be of any benefit but
many of the newer memory boards run
fast enough.

To most people however, the most
significant development is of course the
Z-80. This microprocessor chip was in-
troduced by Zilog, a spinoff company
from Intel, the originators of the 8080.
The Z-80 is fast; selected versions run at
4-MHz which is twice as fast as the
8080. Additionally, some instructions re-
quire fewer clock cycles to execute than
the 8080 equivalents. The main attrac-
tion of the Z-80 for hobbyists however
has been its extended instruction set.
Besides all of the 8080 instructions, the
Z-80 has many new ones. The most im-
pressive class is the block search and
move instructions. A single instruction,
after the proper parameters have been
loaded into registers, can perform a
function that normally requires an entire
subroutine. Besides the obvious savings
in memory space, the block instructions
execute much faster than the subroutine
would. Other improvements are indexed
addressing modes which simplify some
types of programming and a duplicate
set of registers which eliminates the
need to save registers during interrupt.

One of the newest developments from
Intel is designated the “MCS-85" family.
Central to this family of chips is the 8085
microprocessor. This chip essentially
combines the CPU, clock generator, and
system bus controller functions onto one
IC. In addition, 4 individually maskable
vectored interrupts are included right on
the CPU chip thus solving a bad prob-
lem with the original 8080. One of the
most significant improvements is re-
laxed bus timing specifications. At
equivalent throughput speeds, the 8085
allows memory access to stretch out as
long as 1025 ns whereas the 8080 al-
lows only 570 ns thus requiring a memo-
ry almost twice as fast. Even when the
8085 is sped up 50% to 3 MHz, the 575
ns allowed for memory access is longer
than an 8080 at normal speed thus al-
lowing a faster system without faster
memory. Even with all of these improve-
ments, the 8085 will execute all 8080
programs without changes.

Other 8-Bit Processors. Of course
POPULAR ELECTRONICS



the other microprocessor manufacturers
have not twiddled their thumbs over the
past year. Motorola has just announced
faster versions of its popular 6800. The
MCB68A00 runs 50% faster at 1.5 MHz
and the MC68BO00 runs fully twice as
fast at 2 MHz. Likewise, the 6502 micro-
processor from MOS Technology is
available in higher speed versions. The
A suffix part is twice as fast at 2 MHz,
the B suffix runs at 3 MHz, and the
“dash C" part smokes at 4 MHz. Re-
member when comparing clock speeds
that the above chips generally accom-
plish about as much in one ciock cycle
as an 8080-type chip does in three clock
cycles.

National Semiconductor's SC/MP mi-
croprocessor has also been improved. It
is now an n-channel MOS chip which
means easier interfacing and a single 5-
voit power supply. Additionally the
speed has been doubled to 4 MHz
(which is divided by 4 internally). Even
with these improvements, its price re-
mains the same.

The F-8 microprocessor originated by
Fairchild normally requires at least two
chips to make a complete CPU. How-
ever Mostek has recently announced a
single chip F-8 that combines memory,
an interval timer, and 1/0 ports all on the
same chip.

16-Bit Microprocessors. To many
people the uitimate hobby computer
simply must have a full 16-bit minicom-
puter style instruction set. Accordingly,
recent developments in 16-bit micro-
processors are of great interest. A sig-
nificant trend with the 16-bitters has
been to try to get it all on one chip even if
it means a larger IC package as shown
in the photo.

The PACE was the first single-chip
16-bit microprocessor to be introduced.
Although National Semiconductor has
not made any significant improvements
in the chip itself, the price has improved
considerably. From an initial figure of
nearly $200 (in 100 quantity), the price
has recently fallen to only $20.

Speaking of price reductions, the
CP1600 processor by General Instru-
ments has been recently repriced at $8!
The architecture is somewhat strange
but the price is hard to beat and it is a
16-bit device.

Another 16-bit processor which has
been rumored for awhile is now avail-
able. It is the 9900 from Texas Instru-
ments. This IC is unique in many re-
spects. Most striking is the 64-pin pack-
age which looks more like a small print-
ed circuit board with leads than a ceram-
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ic IC. The instruction set in many ways
resembles that of a DEC PDP-11, a very
popular minicomputer. An interesting
design innovation is that the “registers”
are not in the CPU but are in regular
read-write memory. Another feature is
the inclusion of real multiply and divide
instructions which take only about 20 mi-
croseconds to execute. The standard
9900 requires a 16-bit wide memory but
a “soon-to-be-introduced” version (the
9980) can work with an 8-bit data bus
and memory while retaining the same
extensive 16-bit instruction set. This
means that CPU boards using the 9980
might be compatible with the S-100 bus
structure. The 9980 will also be pack-
aged in a more conventional 40-lead
package.

Bipolar Bit Slices. While not really
microprocessor chips, the bipolar bit
slices are building blocks that can be
used to design custom computers and
instruction sets with much less effort and
far fewer parts than would be required
with standard logic. Since they are made
with high-speed Schottky transistors
rather than MOS transistors, the speed
of a system constructed with bipolar
slices is much greater. Major innova-
tions in this area are sharply lower
prices and the availability of 4-bit wide
units along with a host of support chips.
Of significance to the hobbyist is the fact
that a couple of hobbyist manufacturers
are readying CPU boards made with the
bit slices. These will be compatible with
the S-100 bus and immediately provide
the user with a vastly superior CPU
while still using the rest of the existing
system. Since the bit slices are micro-
programmed, it is possible that a stand-
ard feature would be an emulation mode
in which the instruction set of a popular
microprocessor such as the 8080 would
be recognized as well as the improved
instruction set offered with the new
CPU.

Bipolar "bit slices will probably also
show up in specialized floating-point
arithmetic units. The purpose of these is
to execute the arithmetic operations
needed by BASIC language systems
much faster than typical software rou-
tines do.

If the past is any indication, new mi-
croprocessor developments will contin-
ue to be made at an ever accelerating
pace.

Correction. In last month's column,
the price of the Heathkit H9 CRT termi-
nal was given as $350. It should have
been $530. o
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with
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Resolution

B&K-PRECISION MODEL 1801 $240

e For laboratory, production line
or maintenance applications

e Automatic ranging, 20 Hz to
40 MHz is guaranteed...readout
to 80 MHz is typical

e TTL circuitry updates the six-
digit display five times per
second

e Resolution to 1 Hz obtained by

suppressing digits above 1 MHz
when switching to 1 SEC mode

MHz display of
3.579548 MHz input {AUTO mode)

KHz display of overflow of
3.579548 MHz input (1SEC mode)

e Available for immediate delivery,
from local B&K-PRECISION
distributors

e 10-day free trial offer

o1 PRECISION

PRODUCTS OF DYNASCAN

6460 West Cortland Avenue
Chicago, lllinois 60635 « 312/889-9087
In Canada: Atlas Electronics, Toronto
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Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

Earn Your

DEGREE

by correspondence, while continuing your
present job. No commuting to class. Study
at your own pace. Learn from complete and
explicit lesson materials, with additional
assistance from our home-study instructors.
Advance as fast as you wish, but take all the
time you need to master each topic. Profit
from, and enjoy, the advantages of directed
but self-paced home study.

The Grantham electronics degree pro-
gram begins with basics, leads first to the
A.S.E.T. degree, and then to the B.S.E.E.
degree. Our free bulletin gives complete
details of the program itself, the degrees
awarded, the requirements for each degree,
and how to enroll. Write for Bulletin E-77.

Grantham College of Engineering
2000 Stoner Avenue
P. O. Box 25992
Los Angeles, CA 90025

Worldwide Career Training thru Home Study
CIRCLE NO. 29 ON FREE INFORMATION CARD

Build a high-qual-
ity, muliti-element
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" . with this and a
£ staple gun and save up to 50%
[~ over the cost of ready-built
speakers. No cabinetry. No soldering.
Just affordable quality with a few hours
work. Send for our free 48-page catalog-
manual if you think you could handle it.
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PUBLICATIONS

N AMAZING amount of excellent

printed material relating to interna-
tional radio is available, once you know
how to get it. Most of it you would never
find, no matter how long you looked,
even in the largest libraries. It's pro-
duced by enthusiastic individuals, with
expertise in their specialties, even
though they are nonprofessionals.
Here's a selection of such publications,
and how to get them.

Review of International Broadcasting
is a monthly magazine in which listeners
exchange views on programming. It fills
the vacuum left by most DX clubs, which
emphasize picking up stations, rather
than listening to their programming—
which, after all, is the reason stations
broadcast. Sample, 50¢ or 12 issues for
$6.00 from Glenn Hauser, WUOT, Uni-
versity of Tennessee, 245 C&E Bldg.,
Knoxville, TN 37916.

Down Under DX Survey, a quarterly,
mimeographed bulletin, concentrates on
Asian stations, with extensive band sur-
veys, special reports, etc. Only active
contributors may join the group, but any-
one may order individual issues, for 6
IRC's (International Reply Coupons)
from Down Under DX Circle, 7 Donald
Road, Burwood, Victoria, Australia
3125.

Far Eastern DX Review is a similar
bulletin compiled by four Japanese ex-
perts (in English), but is monthly and
Xeroxed. Sampies are 8 IRC's or $2. A
year by air is $20, or by surface mail,
$15, from Japanese Association of
DXers, Box 1766 Tokyo Central, Tokyo
100-91, Japan.

Russian Reporting Guide is a sepa-
rate JADX publication, available for 4
IRC's from the address above. Claims to
be “the most detailed guide for reporting
in Russian and for understanding do-
mestic services in the USSR.”

USSR High-Frequency Broadcast
Newsletter provides otherwise hard-to-
get schedules of Soviet transmissions
based on monitoring: including educat-
ed guesses on the transmitter sites actu-
ally used, contradicting official informa-

By Glenn Hauser

tion from the USSR itself. Sample for
SASE, or 12 issues of the approximately
monthly publication for only $3, from Ro-
ger lLegge, Box 232, MclLean, VA
22101.

World Broadcasting Information is a
weekly compilation of schedules, and
monitored developments in broadcast-
ing, by and for professionals, but avail-
able to individual subscribers. Costs
vary around $60 per year, but a free
sample is offered from: Organiser, News
& Publications, BBC Monitoring Service,
Caversham Park, Reading, England.

DX Information Service Catalog is
free from Radio Nederland, Box 222,
Hilversum, Holland. Lists free technical
courses, antenna booklets, etc.

Mail-a-Prop is a two-page fortnightly
summary of propagation condition pre-
dictions, compiled by George Jacobs,
primarily for amateurs, but also can be
applied by listeners to other bands.
Sample and rates from Mail-a-Prop, Box
86, Northport, NY 11768.

SPEEDX Utility Guide attempts to do
for nonbroadcast listening what the
World Radio-TV Handbook does for
broadcasting. This year's edition is
$6.95 from SPEEDX, Box E, Elsinore,
CA 92330.

Listen to the World on Shortwave—
Ask Me! Red and white vinyl bumper
stickers are also available from
SPEEDX, at 50¢ each.

Handler Enterprises, P.O. Drawer CC,
Northfield, Il 60093, offers a free catalog
of its reasonably priced station lists, pri-
marily of military and government utility
stations, difficult to obtain elsewhere.

GILFER Associates provides a num-
ber of books about aspects of DX listen-
ing, and a line of equipment. Ask for cat-
alog. GILFER, Box 239, Park Ridge, NJ
07656.

National Radio Club provides exten-
sive reprints of technical and nontechni-
cal articles dealing with mediumwave re-
ception and gear; for a list, send an
SASE to NRC Publications Center, Box
401, Gales Ferry, CT 06335.

Worldwide TV-FM DX Association
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does the same with articles on vhf/uhf
reception and equipment. Ask for a cata-
log from WTFDA Reprint Service, Box
202, Whiting, IN 46394.

ANARC Directory of DX Club Publica-
tions extends even further the list given
here. Send a #10 SASE with 24¢ post-
age to Association of North American
Radio Clubs, 557 N. Madison Ave., Pa-
sadena, CA 91101.

EDXC List of 600 DX Publications of
the World is available for 5 IRC’s from
European DX Council, Box 250325,
D-4630 Bochum, German Federal Re-
public.

International Broadcast Institute pub-
lishes case studies of broadcasting in
different countries, intended for schol-
ars, but may be of interest to the serious
DX listener. Ask for a list of publications
available, from IBl, Tavistock House
East, Tavistock Square, London, WC1iH
9LG, England.

Comings & Goings. South Africa's
Radio Five, the successor to Mozam-
bique’s LM Radio”, planned to come up
in August via two new 100-kW short-
wave transmitters, probably using 31 or
41m in the daytimes, and 75m at night.
Meanwhile, the international service,
Radio RSA is overhauling its four 250-
kW transmitters and replacing them with
three 500-kW senders.

Radio Voice of the Gospel, a Lutheran
station in Ethiopia, was nationalized in
March, and renamed Radio Voice of
Revolutionary Ethiopia. The latest
schedule we have shows the only fre-
quencies in use to be 6015 and 7180
kHz, opening at 1300 GMT in Somali,
when they should be audible in western
North America via long path, but not dur-
ing the English program at 1630.

Both Vatican Radio in ltaly for the
Catholics, and HCJB in Ecuador for the
Evangelical Protestants, are installing
500-kW transmitters and gigantic rotat-
able antennas to improve their outreach.

Australia is planning a new domestic
shortwave service for its Northern Terri-
tory, transmitted both from Darwin, and
from Adelaide, South Australia. Also,
$63 million (Australian) has been appro-
priated to modernize Radio Australia
overseas transmitters in Victoria, and
further expansion on the west coast is
also being considered including be-
tween Australia and overseas.

Radio Nacional Brasilia abruptly sus-
pended its international service in mid-
June, citing technical reasons. The rea-
sons were really political, however. The
Brazilian government couldn’t wait until
next year when RNB is slated to get five

POPULAR ELECTRONICS

Try this exciting
new hobby! suis

your own electronic concert
crgan. Its easy. No technical
knowledge required. Just
follow the clearly pictured
instructions of the famous
Wersi do-it-yourself system.
Choose from seven different
rmodels. Send $2.00
(-efundable) with coupon for
oolorful 104 page catalog.

OUWERSI

he All-American
t W“de"ﬁ F{gcelvep

DRAKE SPR-4

Short Wave Receiver

o Direct Frequency Dialing ¢ All Solid State
¢ Programmable Coverage  FET Circuitry

A general purpose receiver, the SPR-4 may
be programmed to suit any interest: SWL,
Amateur, Laboratory, Broadcast, Marine
Radio, etc. Freq. Coverage: 150-500 KHz
plus any(23)500 KHz ranges, .500 to 30 MHz.

FEATURES: » Linear dial with 1 KHz read-
out ¢ 4-pole crystal filter in first IF
* 4.pole LC filter in second IF » Three
bandwidths: 0.4 KHz, 2.4 KHz, and 4.8 KHz
for: CW, SSB, AM ¢ Superior cross-
modulation and overioad performance
* Power: 120 VAC, 220 VAC, or 12 VDC
« Crystals supplied for LW, BC and seven SW
bands ¢ Built-in speaker » Notch Filter.

ACCESSORIES: 100 KHz calibrator, noise | WersiElectronics. Inc. |
blanker, DC power cord, loop antenna, crys- I Dept. 42, Box 5318 |
tals for other ranges. | 1720 Hem pstead Road |

| Lancaster, PA 17601 I

I v
ndi:a’lsn‘:;;c:( EHM pAN.Y ] Enclosed is $2.00 for my copy of your 104 page catalog. I
.L. | |
540 Richard St.. Miamisburg, Ohio 45342, | Name 1
Phone: (513) 866-2421 « Telex: 288-017 | Add |
| City State Zip l
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c NO. ON FREE INFORMATIDN CARD

« Sporting Evens Are An Experience As Exciting
as Being There!
= Movies Are Seen The Way They Were Meant

To Be Seen!
* Pong And Olhrr Video Games Are More Fxciting
Than Fver!
« (Can Be Used With Video Tape
Playbhack Equipment!

THE NEW LIFESCREEN Il

WE HAVE RECEIVED THOUSANDS OF INQUIRIES!
YOU REQUESTED PLANS FOR A BIG SCREEN TV THAT WOULD:
utilize any portable TV as an image source — require 8 minimum of floor space
—be a beautiful piece of fumiture. S GRIELIAL
NOW — EXTRON IS HAPPY TO ANNOUNCE LIFESCREEN I

THE NEWLIFESCREEN I
The LIFESCREEN was dnwnod for I|Il Des-lt- Vouml' anthusiast who wishes to Q%‘

have the Big Screen TV ~ but refuses
1o pay thr $1500 to saooo that mest manufacturers charge for this luxury.

FACTS

The specisl LIFESCREEN, Lens and Frant Surface mirror supplied by Extron
are the sume type used by major Big Screen TV manufacturars {Sony, Muntz,
otc.}. THESE PROFESSIONAL COMPONINTS SHOULD NOT BE CONFUSED
WITH THE CHEAP PLASTIC MAGNIFYING IMITATIONS NOW FLOODING
THE MARKET BECAUSE OF THE POPULARITY OF BIG SCREEN TV.
The EXTRON TV Screen — the sams used by the major Big Screen TV manutac.
turers — is 16 TIMES BRIGHTER tharm a flat matte surface and 6 TIMES
BRIGHTER than most flat beadsd movia screens. Its parabolic shape rejects
extraneous light, concentrating a highly sfficient and dirsctionally selective
television image thet is sxceptionally sharp and colorful.

COMPLETE LIFESCREEN 1!
PACKAGE:

$299

COMPLETE LIFESCREEN I

5 FORMICA FINISH
suppLy PANTICLE! $

The INDEPENDENT projection system

that can be used with ANY SIZE screen

up to BO” Diagonal — one of the many

reasons for its tremendous success.

COMPONENT LIST

1 set of LIFESCREEN ! Plous

1 Sharp 13 Model 13421 Cotor TV or
Sony 15" Model KV 1541R Color TV.

I LIFESCREEN Lens

1 LIFESCREEN Front Surface Mirror,

e \ 1 BUND
IRES B em 1S :mu«
\v’: \I‘l(lll TO0IS 8 1 B CTRONI
L.\ mu‘ lmn

Tive SELF-CONTAINEO internal projection
TV that will utitize any transistor portable TV
{12" 10 18"} . . . requires only 2 x 4 feet of
flaor space — fits neatly against any wall . ..
and lends its beauty to the decor of any room.

COMPONENT LIST
1 set of LIFESCREEN Il Plans
1 Portable transistar Color TV (12" 10 19}
1 LIFESCREEN lLens

THE EVERYTHING GUARANTEE

EXTRON GUARANTEES EVERYTHING: THE PROFESSIONAL
QUALITY, ACCURACY OF DESCRIPTION, AVAILABILITY AND
PROMPT DELIVERY QF COMPONENTS OESCRIBED IN THIS AD.
If, after building your LIFESCREEN PROJECTION SYSTEM, you
2 LIFESCREEN From 3,,,;," Mirrors: one [|are not satisfied for any reason, return all :omponents to EXTRON,

810" and one 14%" x 20° 8831 Sunset B West Holly ia for instant] ARGER SCREENS can be ordersd
1 EXTRON LS 50 Screcn, 32"'x40"150" Diag. refund of the purchase nnea through EXTRON (67" os 80" Disg.}

O PLEASE RUSH ME ONE COMPLETE SET OF LIFESCREEN IPLANS . ... .. . @$9.00 EXTRON LIFESCREEN® PROJECTION SYSTEM
8831 Sunset Boulevard,

s x 10"
1 EXTRON LS 50 Screen 32°x40°150"
Disgonal.

{3 PLEASE RUSH ME ONE COMPLETE SET OF LIFESCREEN 11 PLANS .. ... . @ $9.00
West Hollywood, California 90069

PLEASE ALSO SEND ME THE ITEMS CHECKED BELOW:

O LIFESCREENLENS . ..o\t teiteeesanee it eeenacnnaens 150,00 Name,
O LIFESCREEN FRONT SURFACE MIRROR, 8" x 10" . @$20.00 Address

3 LIFESCREEN FRONT SURFACE MIRROR_. 14%" x 207 . . .9$30.00 City State. Zip
{3 EXTRON LS SOSCREEN 32" x 40"/50" Diagonal ... ................ 23$90.00
00 COMPLETE LIFESCREEN | PACKAGE . .. ... @4260,00 CORDNAME
0 COMPLETE LIFESCREEN Il PACKAGE @ 4299.00 CARD NUMBER EXPR. DATE
=
Al Prices F.0.B. factory — Col. residents odd 6% sales tax. TOTAL:$ INFO PAK - 50c
CIRCLE NO. 26 ON FREE INFORMATION CARD
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At last! A digital counter every
CB’er/Hobbyist can afford. Exclu-
sive transmitter-Keyed 'sniffer”
circuit activates counter only on
transmit, giving accurate readout of
channel frequency. Standard coax
connectors and mounting brackets
make mobile installation a snap. IC
Digital circuitry. Freq. range: 5 Hz-
27 MHz (all 40 CB channels) Ac-
curacy: =1 PPM =1 Digit. Read-
out: Five 0.5” LED Displays; 10
MHz crystal oscillator KHz/MHz
Timebase switch; Compact design:
2%"H x 6Ys"W 5%,"D. Assembled
$99.95

FREE '78 EICO CATALOG

Check reader service card or send 75¢
for first class mail. See your local EICO
Dealer or call (212) 272-1134, 9:00
a.m.-5:00 p.m. EST. Major credit cards

accepted

EICO—283 Malta St.,
CIRCLE NO. 20 ON FREE INFORMATION CARD

A

Brooklyn, N.Y. 11207
n

MONEY o TIME e FREIGHT

QUALITY STEREO EQUIPMENT

AT LOWEST PRICES.

YOUR REQUEST FOR QUOTA-
TION RETURNED SAME DAY,

FACTORY SEALED CARTONS—
CUARANTEED AND INSURED.

SAVE ON NAME BRANDS LIKE:

A.D.C. KLH
AR SHURE
DYNACO KOSS
SONY FISHER

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

illinois audio

Chicago, Illinois 60611
312-664-0020

Department 217S

12 East Delaware
CIRCLE NO. 32 ON FREE INFORMATION CARD
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new transmitters. It decided instead to
take RNB off the air so its one transmit-
ter could be used for domestic broad-
casts into Amazonia—where foreign
broadcasts have been dominating the
airwaves. No date of return was given,
and there was a note of sadness in an-
nouncer John Morris's voice. We'll cer-
tainly miss this friendly, soft-line station.

But another friendly Latin American
station made a comeback in June—
Radio Clarin, from the Dominican Re-
public. They've had power supply prob-
lems for their 50-kW transmitter on
11700 kHz. Rudy Espinal, host of the

first day back on the air, intimated that
the time would be changed, or there
would be an additional broadcast at a
more convenient hour for Europe.

BBC's Far Eastern Station is moving
from Malaysia across the Straits to Sin-
gapore. As the move is in phases, for a
time BBC will be broadcasting from both
countries, and not telling us which fre-
quency is from which.

WYFR is also moving, from Massa-
chusetts to Florida, near Lake Okeecho-
bee, where there's more room for ex-
pansion; they too will be broadcasting
from both locations until the move is

English program at 2330 GMT, on his complete. o
ENGLISH-LANGUAGE SHORTWAVE BROADCASTS FOR SEPT. & OCT.
by Richard E.Wood
TO EASTERN-NORTH AMERICA
TIME-EOT TIME-GMT STATION QUAL* FREQUENCIES, MHz
6:28 a.m.-8:00 p.m. ' 1028-2400 - **Montreal, Canada G 18.625, 11.72 (includes French, etc.)
{Northern Service)
7:00-7:25 a.m, 1100-1125 ' Tirana, Alhana F 9.50, 11985
7:00-9:00 a.m, 1100-1300 < Melbourne, Australia G /958
London, England G 5.99 (via Sackvitle),
6.195 (via Antiqua)
7:00-10:00 2.m. 11001400 ; **VOA, Washington, USA G 5.955,9.73
8:00-8:30 a.m. 1200-1230 | Jerusalem, Israel G 11.655, 15.23, 15.415, 17,795, 17.815
8:00-8:55 a.m. 1200-1255 Peking, China F 11.685
8:10-8:30 a.m. 1210-1230  **Santiago, Chite G 9.566, 11.81,15.15
8:15-8:30 a.m. 1215-1230  Athens, Greece P 15.345,17.83
HCJB, Quito, Ecuador G 11.745
8:30-9:00 a.m. 1230-1300  Stockholm, Sweden G 16.305
8:30-9:20 a.m. 1230-1320  Trans-World Radio, G 15,256 (Sat., to 1420 Sun.)
Bonaire, N.A,
8:30-11:30 a.m. 1230-1630 HCJB, Quito, Ecuador G 11.745, 15.115
9:00-9:25 a.m. 1300-1325 = Halsinki, Finland G 15.105
9:00-9:30 a.m. 1300-1330 | London, England G §.99 (via Sackvilte), 6.195 (via
Antigua), 11.776 {via Antiqua:
Sat., Sun. from 1200}
9:15-9:45 a.m, 1315-1345 - Berne, Switzerland G 15.14
10:00-10:15 a.m. 1400-1415 - **Maontreal, Canada G 15.29, 17.78
10:00-10:30 a.m. 1400-1430 = Stockholm, Sweden G 15.305
11:00 a.m.-12 noon . 1500-1600 ' London, England G 17.84 {via Ascension), 8.58 {via
Sackvilte Sat., Sun.}
11:15-11:30 a.m. 1515-1530 ¢ Athens, Greees F 11.73, 15.345, 17.83
12 noon-12:15 p.m. ' 1600-1615 | Londen, England G 9.58 {via Sackville)
17.84 (via Ascension)
12 noon-12:30 p.in, + 1600-1630  Oslo, Nerway F 15.175 (Sun.)
12:04-12:56 p.m. 16041656 { * *Paris, France G 11.705,11.89, 11.93, 11.965, 15.20,
15.30, 15.425,17.72, 17.795 {from
Sept. 24: 1704-1756)
12:15-1:09 p.m. 1615-1709 : London, England G 9.58 {via Sackviite; Sat., Sun.-1745)
12:42-12:50 p.m. 1642-1650 | Hilversum, Haltand G 15.19, 17.775, (alt. 17.825; Mon,-Fri.,
via Bonaire)
12:45-1:00 p,m. 1645-1700  * *Montreal, Canada G 15.325, 17.82
1:00-4:00 p.m. 1700-2000 | **Kuwait, Kuwait G 9.555, 12.085 {varies)
2:00-2:30 p.m. 1800-1830 . '=*Maontreal, Canada G 15.26, 17.82
**Kampala, Uganda F 15.325 (Tues., Thur., Sat., Sun.)
2:50-4:00 p.m. 1850-2000 **Abidjan, lvory Coast G 11.92 {Sun.)
3:00-3:30 p.m. 1900-1930 | **Montreal, Ganada G 15.26,17.82
**Tehran, lran F 9.022, {irom Oct.: 2000-2030)
3:00-6:00 p.m. 1900-2200 | **Jeddah, Saudi Arabia F 11.85%
3:30-4:00 p.m. 1930-2000 | **Montreal, Canada G 11.855, 15.325, 17.735
**Baghdad, Irag F 9.745
4:00-4:30 p.m. 2000-2030  Jerusalem, Israel G 7.4125,9.63,9.815
4:00-5:60 p.m. 2000-2100 = Accra, Ghana F 11.85 {irregular}
4:00-5:20 p.m. 2000-2120 | *~Hiiversum, Holland G 11.73 {via Talata)t
4:30-5:00 p.m, 2030-2100 | **Montreal, Canada G 11.855, 15,325, 17 .82
4:50-5:50 p.m. 2050-2150 ' **Havana, Cuba G 11.865, 17.75
5:00-5:50 p.m. 2100-2150 , *~Johannesbury, S. Africa F 5.98,7.27,9.585
5:15-6:00 p.m, 2115-2200 | London, England b G 958,11.78
POPULAR ELECTRONICS
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5:30-6:50 p.m.
6:00-6:15 p.m.
6:00-6:30 p.m.
6:00-6:45 p.m.

6:00:7:15 p.m.
6:00-8:00 p.m.
6:00-8:30 p.m.
6:30-7:00 p.m.

6:30-7:20 p.m.
6:30-8:30 p.m.
6:45-7:30 p.m.

6:50-7:10 p.m.
7:00-7:30 p.m.

7:00-7:50 p.m.
7:00-9:30 p.m.

7:30-7:55 p.m.
7:30-11:30

7:45.8:45 p.m.
8:00-8:25 p.m.
8:00-8:30 p.m.
8:00-8:55 p.m.

8:00-9:00 p.m.
8:00-10:45 p.m.
8:00 p.m.-1:06 a.m.

8:15-8:30 p.m.
8:15-8:45 p.m.
8:40 p.m.-1:00 a.m.
9:00-9:15 p.m.
9:00-9:20 p.m.
9:00-9:30 p.m.
9:00-9:45 p.m.
9:00-9:55 p.m.
9:00-11:00 p.m.
9:00-11:30 p.m,
9:00 p.m.-12 mot.
9:109:30 p.m.
9:30-9:50 p.m.

9:30-9:55 p.m.

9:30-10:25 p.m.
9:30-11:00 p.m.

9:45-10:15 p.m.
10:00-10:30 p.m.

10:00-10:55 p.m.
10:00-11:20 p.m.
10:00-11:30 p.m.
10:10-10:30 p.m.
10:15-10:30 p.m.
10:30-10:55 p.m.
10:30-11:00 p.m.
10:30-11:15 p.m.
11:00-11:30 p.m.

11:00-11:35 p.m.

11:00-11:55 p.m.

11:00 p.m.-12 mdt.

11:10-11:30 p.m.
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2130-2250
2200-2215
22002230
2200-2245

2200-2315
2200-2400
2200-0030
2230-2300

2230-2320
2230-0030
2245-2330

2250-2310
2300-2330

2300-2350
2300-0130

2330-23585
2330-0330

23450045
0000-0025
0000-0030
0000-0055

0000-0100
0000-0245

1 0000-0506

0015-0030
0015-0045
0040-0700
01000115
01000120
0100-0130
0100-0145
0100-0155
0100-0300
0100-0330
0100-0400
0110-0130
0130-0150

01300155

0130-0225
0130-0300

01450215
0200-0230

02000255
02000320
02000330
0210-0230
0215:0230
0230-0255
02300300
02300315
03000330

: 0300-0335

0300-0355

0300-0400

0310-0330

Hiiversum, Holland
**Belgrade, Yugoslavia
Oslo, Norway

London, England

**Cairo, Eqypt
Montreal, Canada
Ankara, Turkey
Jerusalem, Israel
Moscow, U.S.S.R.

Johannesburg, S. Africa
Ankara, Turkey
London, England

* *Santiago, Chile
Stockholm, Sweden
London, England

Vilnius, U.S.S.R.

**Buenos Aires, Argentina
Moscow, U.S.S.R.

Helsinki, Finland
London, England

Tokyo, Japan

Tirana, Albania

Oslo, Norway

Sofia, Bulgaria

Peking, China

**V0A, Washington, USA
**Luxembourg

* *Montreal, Canada
{Northern Service)
Athens, Greece
Brussels, Belgium
HCJB, Quito, Ecuador
Vatican, City

Rome, |taty

Montreal, Canada
Berlin, Ger. Oem. Rep.
Prague, Czechoslovakia
Melbourne, Austraiia
Havana, Cuba

Madrid, Spain
**Santiago, Chile
Cologne, Ger. Fed. Rep.

Tirana, Albania
Vienna, Austria
Bucharest, Rumania
Moscow, U.S.S.R.

Berne, Switzerland
Budapest, Hungary

Oslo, Norway
Montreal, Canada
Warsaw, Poland

Peking, China
Hilversum, Holland
Cairo, Egypt
**Santiago, Chile
Athens, Greece
Tirana, Albania
Stockholm, Sweden
Berlin, Ger. Oem. Rep.
Budapest, Hungary

Kiev. U.S.S.R.
Lisbon, Portugal
Warsaw, Poland

Peking, China

Buenos Aires, Argenting
Prague, Czechoslovakia
Moscow, U.S.S.R.

* *Santiago, Chile
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9.718, 11.73 exc. Sun.}t
6.10.7.24,9.62

11.85, 15.175 (Sun.)

6.179,9.51 (both via Sackville),
9.58 11.78

9.805

5.96 (Mon.—Fri.)

9515, 11.88

7.4125,9.435,9.63, 9.815, 11.695
5.94, 6.125, 7.10, 7.115, 7.205,
7.355, 7.44 .
5.98.9.585, 11.90

9515,11.88

5.975, 6.175, (via Sackville),
7.325,9.58

9565, 11.81,15.15

6.045, 6.12, 9.695

6.975, 6.175 (via Sackville},
7.325,9.58 (via Ascension}

7.15 7.215.7.245,1.29
7.32.7.40

11.71 (Mon.-Fri.)

5.94, 6.125,7.10, 7.115 (via
Bulgaria), 7.205, 7.355, 7.44
11.755

5.975, 6.12 (via Sackville),

6.175 (via Antigua}, 7.325,9.51 {via
Sackwille; from 0030, Greenville), 9.58
{from 0030, via Ascension)
11.705, 15.30

1.065,9.75

6.18 9.645 (Sun.)

9.70 (alternate 9.705, 7.115)
11.675, 11.945, 15.06

6.19 9.67, 11.83,11.895

6.09

6.195, 9.625 (includes Eskimo, etc.)

9.76, 11.73

9.725 (varies}

6.095, 9.56, 11.915

5.995, 6.015, 9.605, 11.70
6.01,9.575

9.535

9.73

593.7.345,9.64,9.63,9.74

16.32, 17.785

9.685, 11.726

6.065, 11.88 (exc. Sim.)

9.568, 11.81,15.15

6.01. 6.04 (via Antiqua), 6.075,
6.10 {via Malta), 9.565, 9.605,
11.685 (via Malta)

6.20,7.30

6.155,9.717

6.99,6.19,9.57,9.69, 11.775, 11.94
6.94, 6.07 (via Sotia), 6.125, 7.105,
7.115 (via Bulgaria), 7.205, 7.355, 7.44
5965, 6.135,9.725, 11.715

6.00. 7.215,9.585, 11.91

{Exc. Sun.)

6.18, 9.645 (Sun.}

9.605, 9.655

6.095, 6.135, 7.27,9.675,

11.815, 11.84,15.12

9.94, 12.015, 12.055, 15.06

6.165 {via Bonaire)t

7.12,9.475

9.566, 11.81, 15.15

9.76,11.73

6.20. 7.30

6.115, 9.695

9.73

6.00,7.215, 9.585, 11.91

{Tues., Fri.)

5.98,7.215,7.245, 7.39, 7.40, 9.78
6.025, 11.935

6.095, 6.135, 7.27, 9.675,

11.815, 15.12

7.12,9.78 (both via Tirana)

9.69 (Mon.-Fri.)

§.93 7.345,9.64.9.63,9.74

5.94, 6.07 {via Safia), 6.125

7.115 (via Bulgaria), 7.205, 7.355, 7.44
9.566, 11.81,15.15

AmericanRadioHistorv Com

Inzlodes
Functional
T'it Stand!

NEW EICO 270
3% DIGIT DMM KIT
ONLY*79%

Introductory Offer—-FREE AC ADAPTOR

The first and only lab accuracy po’-
teble DMM Kit featuring MOS/LSI

IC sconomy and reliability. Mea-
sures DC/AC Volts, Kilohms, DC/
AC milliamps in 21 ranges. Polarity
indicators and overload protection
are provided, and 0.5 inch LED dis-
plays give easiest-to-read digital
readout to 1999. The 270 features a
basic 0.5% DC accuracy, 10 Meg-
ohm input impedance, low voltage
drop in all current ranges and auto-
matically-flashing overrange indi-
cator. Assembled $109.95

FREE '78 EICO CATALOG

Check reader service card or send 75¢
for tirst class mail. See your local EICO
Dealer or call (212) 272-1134, 9:00
a.m.-5:00 p.m. EST. Major credit cards
accapted.

EICO—283 Malta St.,

Brooklyn, N.Y. 11207

small tools,
measuring

instruments,

and supplies

.. .DRILLS
.FILM LOADERS
PS. . .PAGES. . .GRAVERS
.GRINDERS. . .HAMMERS. "
INCLUNOMETERS. . .JACKS

KNIVES . .LATHES. . .LEATHER. "@
ETTES. . .LOUPES. . .MINIATURE §

| ‘& Ty
TOOLS.. METRIC TOOLS. . .MULTI- %
TESTERS. . .NEGATIVE FILES.

NIPPERS...OILERS...PIN VISES. ..
PLIERS. . .PROBES. . .RIFFLERS. ..

SCISSORS. . .SNARES. . .SOLDER 4,,\ L
ING SUPPLIES. . .TEST INSTRU- .;M-—- -
MENTS. . .TWEEZERS. . .VIEWERS (
VHSES. .lWRENCHES. & \.
ADH- o\ Wﬁ ABRASIVES..
N 2 jrasrs—l,
.:\ 4‘0,’ 6...s00ks |5 AN
1952 m LIMATORS s
. e -EPOXIES. r
EA, %\g\ CALIPERS.
L ot
M National Camera

2000 Wesf Unien Ave. Dept (iGA
Englewood,Colo, U.S.A. 80110
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THE FASA 8700
COMPUTER/ CONTROLLER

An exceptional price on an
applications oriented 6503 based
micr-nrocessor system

THE IDEAL, LOW COST SOLUTION TO IMPLEMENTING

THOSE WILD COMPUTER BASED CONTROL SYSTEMS

YOU'VE BEEN DREAMING OF!
PAIA software currently available or under
development includes: Music synthesizer
interface; Home applications package including:
multi-zone fire/burglar alarm, real time clock,
energy saving heat/air conditioning control,
computer generated'door-bell'; Model roalroad
controllerand more....................

8700 COMPUTER/CONTROLLER KIT ~ $149.95
(requires Sv. @1, 2A, ;12v, @150 ma, )
Shipped direct from PAIA (add $3. 00 postage)
Also available at FULL LINE computer stores
DETAILS IN OUR FREE CATALOG
A © 0T 9P o 1020 W. Wilshire Bivd. o

Oklahana Gity, OK 73116
0056 CIRCLE NO. 46 ON FREE INFORMATION CARD

Now! Write and run machine language programs at
home plus design circuits using a microprocessor!

microprocessor/
minicomputer

————— SEND TODAY —_———"
I NETRONICS R&D LTD., Dept. PE97 I
Phone (203) 354-9375

| 333 Litchfield Road, New Milford, CT 06776 |

l Yes! I want to run programs at home and have I

enclosed: [ $99.95 plus $3 p&h for ELF II kit.

| Featured in POPULAR ELECTRONICS. In-
cluding all components plus everything needed

l to write and run machine language programs |

I plus the new Pixie chip that lets you display I
video graphics on your TV screen. Designed for
engineers, students and hobbyists who need
training in computer programming and micro-

| processor circuit design. Features RCA 1802 |

| COSMAC COS/MOS 8-bit microprocessor ad- |
dressable to 64k bytes, 256 byte RAM, full hex

| keyboard, two hex-digit output display, crystal
clock for timing applications and double-sided

| plated-through pc circuit board. Requires 6.3 |
VAC transformer. Optional 5 card expansion

I bus (less connectors) for memory expansion,

I cassette 1/0, A to D and D to A converters, |
PROM and a host of other I/0’s. Manual in-

| cludes instructions for assembly, testing, pro-
gramming, video graphics and games plus how

| to receive ELF Users’ Club bulletins. l
0] $149.95 plus $3 for ELF I wired & tested. |
(Includes 6.3 VAC power supply and RCA 1802

| User’s Manual.) I

| ] $5.00 for RCA 1802 User’s Manual.
Connecticut residents please add sales tax.

| NAME___ S —

I ADDRESS__ S —

| CITY. STATE. ZIP - |
O Send me information on your other kits!

Foti e Sl il o b i el -
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11:30-11:55 p.m. 0330-0355 ' Tirana, Albania G 6.20,7.30
Vienna, Austria P 6.155,9.77
11:30 p.m.-12:30 a.m., 0330-0430 = .ondon, England G 5.975, 6.175 (via Antigua)
11:30 p.m.-12:50 a.m.. 0330-0450 Havana, Cuba G 9.685,11.725, 11.76
12:00 mdt.-12:15 a.m. 0400-0415 | Budapest, Hungary F 6.00, 7.215,9.585, 11.91
{Tues., Fri.)
12:00 mdt.-12:25 a.m. 0400-0425 ; Bucharest, Rumania F 5.99, 6.155, 6.19, 9.57,9.69, 11.775. 1194
12:00 mdt.-12:30 a.m, 0400-0430 Oslo, Norway F 6.18, 9.645 {Sun.)
12:30-1:00 a.m. 0430-0500  London, England G 6.175 (via Antiqua)
Tirana, Albania G 7.30,9.48
12:50 -2:00 a.m. 0450-0600 Havana, Cuba G 11.725, 11.76
1:00-1:15 a.m. 0500-0515 Jerusalem, israel G 5.90,7.425,9.63. 9.82, 11.96, 12.045
1:00-1:30 a.m. 0500-0530  Lisbon, Portugal F 6.025, 11.935
1:00-2:30 a.m. 0500-0630 Lendon, Engtand G 6.175,9.51 (both via Antigua)
2:30-3:30 a.m. 06300730 London, England G 6.175 (via Antigua)
TO WESTERN NORTH AMERICA
TIME-PDT TIME-GMT STATION QUAL* FREQUENCIES, MHz
4:00-4:15 a.m. 1100-1115 | Tokyo, Japan P 5.99
4:00-5:25 a.m. 1100-1225 Trans-World Radio, G 11.815
Bonaire, N.A.
4:00-6:00 a.m. 1100-1300 London, England G 5.99 (via Sackville), 6.195 (via Antigua),
4:00-7:00 a.m. 1100-1400 **VDA, Washington, USA G 5.955,9.73
**4VEH, Cap-Haitien, G 9.77,11.835
Haiti
5:00-5:15 a.m. 1200-1215 Tokyo, Japan P 5.99
5:005:30 a.m. 1200-1230 = **Tashkent, U.S.S.R. F 9.60, 11.925
5:10-5:30 a.m. 1210-1230  **Santiago, Chile F 6.195, 9.566, 11.81
5:15.6:30 a.m. 1215-1230 HCJB, Quito, Ecuador G 11.745
5:15.5:45a.m. 1215-1245 " Copenhagen, Oenmark F 15.165 (Sat.}
5:30-6:20 a.m, 1230-1320 Trans-World Radio G 15.255 (Sat.;-1420 Sun.)
Bonaire, N.A.
5:30-9:30 a.m. 1230-1630 HCJB, Quito, Ecuador G 11,745, 15.115
6:00-6:15 a,m. 1300-1315  Tokyo, Japan p 599
6:00-6:30 a.m. 1300-1330 London, England G 5.99 {via Sackville), 6.195 {via Antigua),
11.775 (via Antigua; Sat., Sun. from 1200)
6:30-6:50 a.m. 1330-1350 | **Santiago, Chile F 6.195, 9.566, 11.81
6:30-8:00 a.m. 1330-1500 **Delhi, India F 11.81
7:00-7:30 a.m. 1400-1430 | Tokyo, Japan G 9.505
°*Tashkent, U.SS.A. G 9.60, 11925
7:00-8:20 a.m. 1400-1520  **Hilversum, Holland G 11.74 {via Talata)t
7:00-9:55 a.m. 1400-1655 = Manila, Philippines (VOP) E 9.58 {Closes 1555 Sun.)
8:00-8:15 a.m. 1600-1515 | Tokyo, Japan G 9.505
8:00-9:00 a.m. 1500-1600 * tLondon, England G 17.84 (via Ascension}
also 9.58 (via Sackville Sat.. Sun.}
9:00-9:15 a.m. 1600-1615 Takyo, Japan G 9.505
London, England G 9.58, 15.365 {via Sackville}, 17.84 {via Ascension}
9:049:56 a.m. 1604-1656 ° **Paris, France G 11,705, 11.89, 11.93, 11.965, 15.20, 15.30,
15.425, 17.72, 17.80, 17.82, 17.85, (after
Sept. 24; 1704-1756)
9:15-9:45 am. 1615-1645 Copenhagen, Denmark F 15.165 (Sat.)
9:15-10.09 a.m. 1615-1709  Londan, England G 9.58, 15.365
9:42-9:50 a.m. 1642-1650 Hilversum, Holland G 15.19, 17.775 {alt. 17.825; Mon.-Fri.,
via Bonaire)
10:00-10:15 a.m., 1700-1715 . Tokyo, Japan G 9.505
10:00 a.m.-1:00 p.m. 1700-2000 *~Kuwait, Kuwait G 9.559, 12.085 {varies}
10:09-10:45 a.m. 1709-1745 | London, England G 15.365; Sat., Sun. also 9.58
(both via Sackville)
11:00-11:15 a.m. 1800-1815 Tokyo, Japan 9.505
11:00-11:30 a.m. 1800-1830° * *Kampala, Uganda 15.325, (Tues., Thur., Sat., Sun.)

Oslo, Norway
1845-2000 . **Abidjan, ivory Coast
1900-1910  * *Papeete, Tahiti
1900-1915° Tokyo, Japan

11:45 a.m.-1:00 p.m.
12 noon-12:10 p.m.
12:00:12:15 p.m.

1:00-1:15 p.m. 20002015, Tokyo, Japan
1;00-2:20 p.m. 2000-2120 Hilversum, Holland
1:15-2:00 p.m. 2015-2100, **Kampala, Uganda
1:30-1:50 p.m. 2030-2050 ¢ **Santiago, Chile
2:00:2:15 p.m. 2100-2115 Tokyo, Japan
2:00-3:00 p.m. 2100-2200 **Brasilia, Brazit
12:15-3:00 p.m. 2115-2200 London, England
3:00-3:15 p.m. 2200-2215 Tokyo, Japan
3:00-4:30 p.m. 2200-2330° London, Engiand
3:00:5:00 p.m. 2200-2400, °*VDA, Washington, USA

Montreal, Canada
3:30-4:00 p.m, 2230-2300  Jerusalem, Israel
3:30-4:20 p.m. 2230-2320 . Johannesburg, S. Atrica
3:30-5:30 p.m. 2230-0030° Moscow, U.SS.R.
3:50-4:10 p.m, 2250-23101 =*Santiago, Chile
4:00-4:30 p.m. 2300-2330: Tokyo, Japan

Vilnius, U.S.S.8.
4:30-6:00 p.m. 2330-0100. FEBC, Manila,

Phillipines

AmericanRadioHistorv.Com
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11.85, 15.175 (Sun.)

11.92 {Sun.)

11.825, 15.17 (exc. Sun.)
15.105

15.105

11.73 (via Talata)¥

9.73 (Sun., Mon. Wed., Fri.)
9.566, 11.81, 15.15

15.108

11.78 (slternates 15.245)
9.58, 11.78

15,108

6.175,9.51 (both via Sackville)
17.82, 17.895,21.61

5.96 (Mon_-Fri.)

7.4125, 9.815, 11.655
5.98,9.585, 11.90

9.635, 12.05, 15.14, 15.18, 15.455, 17.72
9.566, 11,81, 15.15

15.106

9.61,11.69, 15.10

17.81
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4:30-8:30 p.m.

5:00.5:15 p.m.
5:00-6:00 p.m.
5:30-6:00 p.m.

5:40 p.m.-12 mdt.
6:00-6:15 p.m.
6:00-6:30 p.m.

6:00-7:00 p.m.
6:00-8:00 p.m.
6:00-9:00 p.m.
6:10-6:30 p.m.
6:30-7:00 p.m.
6:30-7:30 p.m.
7:00-8:00 p.m.

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

8:00-8:50 p.m.
8:00-8:55 p.m.

8:00-9:20 p.m.
8:10-8:30 p.m.
8:20-9:25 p.m.

8:22.8:28 p.m.

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

8:30-10:00 p.m.
9:00-9:15 p.m.
9:009:30 p.m.

9:00-9:55 p.m.
9:30-10:00 p.m.

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

10:00-10:30 p.m.
10:00-11.20 p.m.
10:00-11:30 p.m.
10:00 p.m.-12 mdt.

10:30-10:50 p.m.

$1:00-11:15 p.m.
11:00-11:30 p.m.
11:00 p.m.-12 mdt.
11:25 p.m.-1:55 a.m.
11:30 p.m.-12:30 a.m.
11:30 p.m.-12:50 a.m.
11:30 p.m.-1:00 a.m.
12:00-12:15 a.m.
12:00-3:30 a.m.

1:00-1:15 a.m.
1:00-3:00 a.m.
.1:00-7:00 a.m.

2:00-2:15 a.m.
2:30-2:50 a.m.
3:00-3:30 a.m.
3:00-3:50 a.m.

3:604;10 a.m.

2330-0330

0000-0015
0000-0100
0030-0100

0040-0700
0100-0115
01000130

0100-0200
0100-0300
0100-0400
0110-0130
0130-0200
01300230
0200-0300

0230-0300
0300-0315
0300-0330

0300-0350
0300-0355

0300-0420
0310-0330
0320-0425

03220328

0330-0415
0330-0430

0330-0500
0400-0415
0400-0430

0400-0455
0430-0500

0430-0730
0500-0515

10500-0530

' 0500-0620
0500-0630
0500-0700

0530-0550

0600-0615
0600-0630
0600-6700 |
0625-0855
0630-0730
0630-0750
0630-0800
0700.0715
0700-1030

0800-0815
0800-1000
0800-1400

0900-0915
0930-0950
1000-1030
1000-1050

1050-1110

London, England

Tokyo, Japan

**VOA, Washington, USA
Moscow, U.S.S.R.

Kiev, U.S.S.R.

HCJB, Quito, Ecuador
Tokyo, Japan

Moscow, U.S.S.R.

Taipei, Taiwan
Melbourne, Australia
Madrid, Spain
*+Santiago, Chile
Moscow, U.S.S.R.
Tokyo, Japan
Moscow, U.S.S.R,

Stockholm, Sweden
Tokyo, Japan

Kiev, U.S.S.R.
Montreal, Canada
Moscow, U.S.S.R.
Taipei, Taiwan
Peking, China

* *Johannesburg, S. Alrica
* *Santiago, Chile
**TiFC, San Jose, Costa
Rica

Erevan, U.SS.R.

Berlin, Ger. Dem. Rep.
Moscow, U.S.S.R.

London, England
Tokyo, Japan
Oslo, Norway
Budapest, Hungary

Montreal, Canada
Peking, China

Berne, Switzerland §

Vienna, Austria
Sofia, Bulgaria
Moscow, U.S.S.R.

Jequsalem, Israel
Tokyo, Japan

Lisbon, Portugal
Hilversum, Holland
London, England

* *Wellington, New
2ealand

Cologne. Ger. Fed. Rep.

Tokyo, Japan

Oslo, Norway

Buenos Aires, Argentina
**Kuala Lumpur, Malaysia
London, England

* “Hilversum, Holland
Havana, Cuba

Tokyo, Japan

* *Wellington, New
Zealand

Tokyo, Japan

Manila, Philippines {VOP)
* *Port Moresby,
Papua-New Guingea
Tokyo, Japan

* *Santago, Chile

Tokyo, Japan
Pyongyang, Dem. P.

Rep. Korea

* *Saptiago, Chite

oo Mo OO 00

OO oo o

mmm
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6.12 {via Sackville), 6.175 (via Antiqua},
9.51 (via Sackville; from 0030, via
Greenville), 9.58 {from 0030, via Ascension)
15.105

11.83 11.895, 15.40

9,635, 9.78, 12.05, 15.14, 15.18, 15.445
9.61, 11.69, 15.10

6.095. 9.56, 11.915

15.105

9.635.9.78, 12.05, 15.14,

15.455

16.425, 17.89

15.32, 17.795

6.065. 11.88 (exc. Sun.)

6.195, 9.566, 11.81, 15.15

9.635, 9.78, 11.86, 12.05, 15.14, 15.455
15.195, 15.42, 17.725, 17.825
9.635,9.735,9.78, 11.86, 12.05,

15.14. 15.455

6.115. 9.695

15.105

9.58.9.635.9.78, 11.86

5.96, 5.00, 9.605, 9.655

9.735, 12.05, 15.455

11.825, 15.345, 17.89

7.12 tvia Tirana) 9.46, 9.78 {vie Twana),
11.65, 12.055, 15.06, 17.53

5.98,1.27

6.195,9.566, 11.81, 15.15

6.055, 6.035, 9.645, (opens 0300 3at., Sun.)

9.54, 11.69, 11.75, 15.14

i {Sat./Tue./Wed./Fri.}

5.955, 6.08,9.73

6.03,5.07,6.15, 6.185,7.13, 7.175,
9.58,9.635,9.735,9.78

6.175 (via Antigua)

9.505

11.87 (Sun.) -

6.00,7.215, 9.585, 1191

(Tue. Fri.)

5.96, 9.655

11.65. 12.055, 15.06, 17.53
6.045,9.725

6.015

7.115, (alternate 9.70, 9.53)

6.03. 6.07, 6.15, 6.185, 7.13, 7.175,
7.29,9.58,9.635, 9.735

5.90, 7.4125,9.63,9.82, 11.96, 12.045
9.505

6.025, 11935

6.165, 9.715, (via Bonaire)t
6.175,9.51, (both via Antigua)
6.108, 9.54

5.96 {via Antiqua)
6.10 (via Malta), 6.185, 9.545,
9.625 {via Montserrat)
9.50&

9.645, 11.87 (Sun.)
9.69 (Mon,-Fri.}

9.75, 15.29

6.175 {via Antigus)
9.63 {via Bonaire)t
9.525

9.505

6.105

9.505
11.88
4.89

9.508

6.195, 9.568, 11.81
5.99

7.203

6.195. 9.566, 11.81,

*Reception quality, East Coast (West Coast) location: G-good, F-fair, P-poor
**Not intended for North America, but recevable satisfactorily
tAs of November, Radio Nederland, Hilversum, will reduce duration of

English broadcasts from current 100 minutes to 50 minutes. Some starting

times may change.

Days refer to local date in target area.

POPULAR ELECTRONICS

AmericanRadioHistorv Com

Use Quick-Wedge to fasten
leads, wire in panelights,
connect test equipment,
install components

They do all that ordinary
screwdrivers do, PLUS they
hold and start the screw

t_n_ =y —y

QUICK-WEDGE

Screw-holding screwdrivers

Unconditionally guaranteed.
BUY A SET TODAY

See your dealer or write to:

Kedman Company, P.O. Box 25667,

Salt Lake City, Utah 84125
CRCLE NO. 36 ON FREE INFORMATION CARD

17 sizes

©1977

=

e YELEC PRONIC'ORGAN (5%
You can build a better
organ than you can buy!

A magnificent Schober Electronic Organ

What a marvelous way to put your special
talents to work! With our Schober Electronic Organ
Kits and your skill, you can build yourself some
very special satisfaction, and a lifetime of great
music!

Schober Organs are literally far superior to
comparably-priced “ready-made” units. You could
actually pay twice as much and get no better organ
_..and miss the fun of assembling it yourself. A PC
board at a time, component by component, you'll
assemble your own “king of instruments.” And
when you're done, you'll wish there was more to
do. And there is! For then, Schober will help you
learn to play, even if you've never played a note
before!

Schober Organ Kits range from $650 to
$2850, and you can purchase in sections to spread
costs out...or have two-year time payments.

Just send the coupon for the fascinating
Schober color catalog (er enclose $1 for a record
that lets you hear as well as see Schober quality.)

- G G GE G5 G5 G5 G5 G5 G5 G5 G G5 G G OGS Gn Gh aR B

H -
] The .Moém Organ Corp., Dept. PE-72
43 West 61st Street, New York, N.Y. 10023
a O Please send me Schober Organ Catalog.
O Enclosed please find $1.00 for 12-inch L.P.
record of Schober Organ music.

§ NAME
} ADoRESS

CITY STATE ZIP
G5 EN GN Gn G5 G G5 G5 G5 G5 G5 G5 §5 S0 G0 &b 6 G
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PRICE WAR

LR

AMERICA's #1 VALUE LEADER

STERED CORPORATION OF AMERICA

AUDIO DISCOUNTING STARTED IN

NEW YORK & NOW WITH THE END OF
FAIR-TRADE WE ARE SURE THAT NO

ONE CAN BEAT OUR PRICES:

@ WE DISCOUNT OVER 60 MAJOR BRANDS
@ OVER 10 YEARS OF RELIABLE SERVICE
IN THE MAIL ORDER FIELD.

® LARGEST INVENTORY/LOWEST PRICES!
WE GET THE BEST DEALS FROM THE
MANUFACTURERS: YOU GET THE BEST
DEAL FROM US. DON'T DELAY!!!

WRITE US NOW FOR LOWEST PRICE QUOTE

WRITE SHOP BY PHONE!
ORCALL | (212) 253-8888
ror FREE N.Y. TIME

STEREO 9-5 MON. THRU SAT.
PRICE CATALOG Mastercharge/Bankamencard
STEREQ CORPORATION OF AMERICA
@ p-E 1629 Flatbush Ave.,
@, Brooklyn. New York 11210 .

CIRCLE NO. 67 ON FREE INFORMATION CARD

Operation Assist

you need information on outdated or rare
equipmeni—a schematc. paris list. etc.—another reader
might be able to assist Simply send a postcard 1o Opara-
tion Assist POPULAR ELECTRONICS. T Park Ave . New York.
NY 10016 For those who can help readers. please re-
spond directly to them They !l appreciate it (Only those
items regarding equipment not avartlable from normal
sources are published )-

#

United States Radio and TV Corp. “Neutrodyne” electric
receiver (chassis 41— circa 1920's). Schematic diagram and
parts list. John C. Whybrew, Box 387, Upland, IN 46989.

Heathkit Mode! 05 oscilloscope. Need service manual or any
repair information. Andy Foremiak, Box 224, North Tonawan-
da, NY 14120.

Zenith combination AM, FM100, FM45 and 78 record player
(chassis #8C21). Schematics and parts list or service manu-
al. Dennis Main, Rt. 6, Box 218, Muncie, IN 47302.

Paco Model S-50 push-pull oscilloscope. Schematics and/or
parts source. G. Denman, At. 3 Box 164, Grapeland, TX
75844,

Standard Model SR-500U AM/FM stereo receiver. Need
H-203 IC (Sanyo part number LD 3141). William F. Gerdes,
732 Bowen St., Oshkosh, Wi. 54901.

Waterman Model S-14-B oscilloscope. Manual or schematic.
Xam Mark 2TA solid-state stereo amplifier. Output transistor
number and/or schematic. John Schmitt, Jr., 16 Carison
Parkway, Cedar Grove, NJ 07009.

Weston Model 802 VU meter. Need source to match re-
placement in Dumont 137-P mixer. Rich Adams, 2303 Du-
\aire Rd., Greensboro, NC 27407.

Tektronix Type 315R oscilloscope. Schematic and/or oper-
ation manual. Tom Ramos, 2813 15th Ave. So., Minneapolis,
MN 55407,

Bradford Model 51847 multiband portable radio. Schematic
and/or service manual. Rex Faulkner, 2677 Estelle Ct.
Smyma, GA 30080.

Friden Model 130 calculator, Triumph Model 850 oscillo-
graph, Superior Instruments Model TV-50A “Genometer”
signal generator, Lear vhi-if receiver, LRA-6A If receiver and
RT-10E transmitter, and Omnirange Model 2214A convert-
er. Schematics, operation manuals and service information.
James Marple, 2801 SequoiaLn., Arlington, TX 76010.

Trio Model 9R-59D radio. Operation manual needed. Ed
Davis, 831 N. Superior Ave., Decatur, GA 30033.

Halticrafters Model S-22R (U.S. Navy version). Schematic
and any other available information. T. Thompson, 330 Sun-
set Bivd. S.W. #19, Renton, WA 98055.

Hammarlund Model CB-23 transceiver. Schematic and/or
service manual. E.R. Stutler, 934 Edison Ave., New Port Ri-
chey, FL 33552.

RCA Model WO-56A oscilloscope and Dumont Type 304A
oscilloscope. Schematic and/or service calibration data. Mr.
James A. Fitlingham, Rite. 1 Box 380-A. Pelzer, SC 29669.

Philco Model 39-7 radio/phono combination console. Any
available information. Don Sherr, 509 Hannes St., Siver
Spring, MD 20901.

Nipon Model 141-DA «Bysicom™ electronic calculator. Sche-
matic needed. Dale Williams, 134 Stage Rd., Newport News,
VA 23606.

Bogen Model CHB-100 PA amplifier. Schematic, parts list or
manual. Brian Burke, 5737 S. Maryland, Chicago, IL 60637.

Hammarlund Model HQ-100 receiver. Schematic, alignment
information or any available data. Jeff Kientz, 15 E. Forest,
Columbia, MO 65201.

Sencore "Caddy” bar generator. Owners manual needed.
Wilbur Hostetter, 12472 136th St., Largo. FL 33540.

Accurate Instrument Co. Model 157 tube tester. Operating
instructions needed. Ralph A. Ladnier, 4026C FCN, McGuire
AFB, NJ08641.

Grundig Mode! 8034-3435 (chassis #2) stereo record play-
er. Schematic diagram needed. M.AH. Siddigi, 2121 N.
Western Ave., Chicago, IL 60647

Precise Model 30 oscilloscope. Need operating instructions.
Anthony Vilale, 5222 9th Ave.. Brooklyn, NY 11220.

Treat yourself to a new direct reading

POCKET PORTABLE
ANALOG REPLACEMENT

3-digit, 1% DCV
Battery or AC

Only $134

A COMPLETE LINE OF DVMs

You can be sure more times in more circuits, under
more adverse conditions, with greater versatility,
and meter protection than any other
digital multimeters on the market today; and for
less money ,too. 10 Day Free Trial: Try any of
these famous DVMs for 10 days. If the DVMs in
use don’t prove exactly what we say, return them
to your Sencore FLPD Distributor.

SENCORE

accuracy,

LAB ACCURATE
POCKET PORTABLE

3% digit, .5% DCV
Battery or AC

Only $158

DVM today.

DVM32

BENCH & FIELD MASTER

3% digit, .5% DCV
Battery or AC

Only $198

CIRCLE NO. 64 ON FREE INFORMATION CARD

AmericanRadioHistory Com

DVM338

“PRIME” STANDARD AT
YOUR FINGERTIPS

3% digit, .1% DCV
Auto-Ranging
Only $348

TO FILL YOUR EVERY NEED OR WANT.

Want more information? We
would like to tell you all about
the Sencore DVMs by sending
you a 24-page Sencore News,
a six-page brochure, and the
name of your nearest Sen-
core Distributor today ...
simply write or circle
reader’s service number. )
3200 Sencore Drive, Sioux Falls, SD 5710
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Electronics Library

110 CMOS DIGITAL IC PROJECTS

by R.M. Marston
If the schematics and typeface look a little dif-
ferent, it's because this book was first pub-
lished in England. After a short introduction to
COSMOS, the 110 projects are divided into
six chapters of increasing complexity: 15 in-
verter, gate and logic circuits, 25 multivibra-
tors, 10 dc lamp control, 25 relay switching,
25 sound generator and alarm, and 15 count-
ing and dividing circuits. Nearly every circuit
uses the RCA CD4001 quad 2-input NOR
gate (same as Motorola MC14001); though
the CD4013 dual D-type flip-flop (Motorola
MC14013) is used a couple of times.
Published by Hayden Book Co., 50 Essex
St., Rochelle Park, NJ 07662. 114 pages.
$4.95 soft cover.

ARRL HAM RADIO OPERATING GUIDE
by the ARRL Headquarters Staff

This operating manual introduces the reader
to the many different operating practices and
interests within the hobby of amateur radio. It
contains ten chapters, entitled: Getting Start-
ed; Message Handling—Fun with a Purpose;
Contests—a Sure Way to Sharpen Skills;
The Basic Intrigue of DX; Logging + QSLing
Awards; Repeaters—All the ins and Outs;
The Flea-Power Challenge; Communicating
Visually; Vhf/uhf—Searching for New Hori-
zons; Oscar—the New Frontier. Included are
tips on operating frequencies, propagation
conditions on each band, power levels, and a
helpful appendix.
Published by the American Radio Relay
League, 225 Main Street, Newington, CT
06111. 128 pages (8%4” x 11"). $4.00 in the
USA and possessions, $4.50 elsewhere (soft
cover).

LIGHT-BEAM COMMUNICATIONS
by Forrest Mims, 1l

The use of light beams to convey information
is covered in this book. The history of the
science is traced from primitive signal fires to
sophisticated laser-beam communications
links. Modern systems are covered by analy-
sis of modulators, transmitters, detectors,
transmission lines (fibre optics and wave-
guides), carrier sources, receivers, and "an-
tennas.” Atmospheric absorption is also dis-
cussed. The final chapter highlights experi-
mental and operational systems developed
since 1960.

Published by Howard W. Sams & Co., 4300
W. 62nd St., Indianapolis, IN 46206. 160
pages. $4.95 soft cover.

POPULAR ELECTRONICS

Revolutionary!

Sound-shaping taping mike.

Never before — a single microphone that gives you the versatility cf
16 microphones! Four tiny frequency filter switches built into the new
Shure 516EQ E-Qualidyne Microphone let you tailor sound for studio
effects in virtually any recording situation: flick a switch to add sizzle
; I ERRG T = to vocals . . . flick another switch to
highlight the sound of a bass drum. You
can even compensate for the acoustic
. response of a room — right from the
| microphone! In all, the 516EQ creates
' 16 different response variations that
| can add a new, professional sound to
} every tape you make. Available singly
| or in pairs for stereo recording. Ask to
' hear a recorded demonstration at your
. participating Shure dealer.

SSHURE ]

Manufacturers of high fidelity components, microphones, sound systems and related circuitry.
CIRCLE NO. 69 ON FREE INFORMATION CARD

Shure Brothers Inc.
222 Hartrey Ave., Evanston, IL 50204
In Canada: A. C. Simmonds & Sons Limited
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REGULAR CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services, $2.25 per word. Minimum order $33.75.
EXPAND-AD CLASSIFIED RATE: $3.35 per word. Minimum order $50.25. Frequency discount; 5% for 6 months; 10% for 12 months paid in advance. READER

RATE: For individuals with a personal item to buy or sell, $1.35 per word. No minimum! DISPLAY CLASSIFIED: 1’

column, $520.00. 3"

by 1 column (2-1/4"" wide), $260.00. 2" by 1

by 1 column, $780.00. Advertiser to supply film positives. For frequency rates, please inquire.

GENERAL INFORMATION: Payment must accompany copy excepl 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 tc 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 POPULAR ELECTRONICS. One Park

10016. Attention: Hal Cymes

Avenue, New: York, New York

FOR SALE

FREE! Bargain Catalog—I.C.'s, LED's, readouts, fiber
optics, calculators parts & kits, semiconductors, parts.
Poly Paks, Box 942PE, Lynnfield, Mass. D1940.

GOVERNMENT and Industrial surplus receivers;
transmitters, snooperscopes, electronic parts, Picture
Catalog 25 cenis, Meshna, Nahant. Mass. 01908.

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

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

RADIO—T.V. Tubes—36 cents each. Send for tree catalog.
(ﬂnell, 4213 University, San Dlego, Calif. 92105. i

AMATEUR SCIENTISTS, Electronics Experimenters,
Science Fair Students...Construction plans—Complete,
including drawings, schematics, parts list. with prices and
sources. .. Robot Man — Psychedselic shows — Lasers —
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignition — Burglar Alarm —
Sound Meter. . .over 60 items. Send 50 cents coin (no
stamps) for compiete catalog. Technical Writers Group,
Box 5994, University Station, Raleigh, N.C. 27607.
METERS—Surplus, new, used, panei or portable. Send for
list. Hanchett, Box 5577, Riverside, CA 92507.
MECHANICAL, ELECTRONIC devices catalog 10 cents.
Greatest Values — Lowest Prices. Fertik's, 5249 "'D",
Philadelphia, Pa. 19120.

POLICE/Fire scanners, large stock scanner crys-
tals, antennas. Also CBs. Harvey Park Radio,
Box 19224, Denver, CO 80219.

TELETYPE EQUIPMENT for sale for beginners and exper-
ienced computer enthusiast. Teletype machines, parts,
supplies. Catalogue $1.00 to: ATLANTIC SALES, 3730
Nautilus Ave., Brooklyn, NY 11224, Tel: (212) 372-0349.
ELECTRONIC ignition: Capacitor-Discharge, pointless.,
Auburn  Sparkplugs. Wheel Stabllizers. Information 20
cents. Anderson Engineering, Epsom, N.H. 03234,
WHOLESALE C.B., Scanners, Antennas, Catalog 25 cents,
Crystals: Special cut, $4.95, Monitor $3.95, Send make,
model, frequency. G, Enterprises, Box 461P, Clearfield, UT
84015.

COMPUTER HOBBYISTS—classified advertising
newsletter. $3.75/year. Free Sample. ON_LINE,
24695 Santa Cruz Hwy., Los Gatos, CA 95030.

BUILD YOUR OWN SPEAKERS
AND SAVE UP TO 50%

Seno toi our hee. tackpacked 44-page catolog/
manual and learn how to assemble your own mult-
element sterea speokers from scrotch or om kits
Our catalog inctudes chapters on design. constiuc
fron. x-overs. enclosures. midronges. waafers
fweeters and harns Write us today.

SPEAKERLAB
Dept. PE-A, 5500 35th N E.
Seattle, Washington 98105

SOUND SYNTHESIZER KITS—Surt $12.95, Wind $12.95,
Wind Chimes $17.95, Electronic Songbird $6.95, Musical
Accessories, many more. Catalog free. PAIA Electronics,
Box J14359, Oklahoma City, OK 73114.

BUGGED??? New locator finds them tfast. Write, Clifton
11500-; N.W. 7th Avenue, Miami, Florid_a 33168.

YOU WILL SAVE BIG MONEY! Surplus, Clearouts,
Bankruptcy, Inventory, Deals. Catalog $1 (redeemabls).
ETCOA Electronics, Box 741, Montreal, H3C 2v2. U.S.
Inquiries.

HEAR POLICE/FIRE Dispatchers! Catalog shows
exclusive directories of “‘confidential" channels, scanners.
Send postage stamp. Communications, Box 56-PE,
Commack, N.Y. 11725.

UNSCRAMBLERS: Fits any scanner or monitor, easlly ad-
justs to all scrambled frequencies. Only 4' square $29.95,
tully guaranteed. Dealer inquiries welcomed. PDQ
Electronics, Box 841, North Little Rock, Arkansas 72115,

RECONDITIONED Test Equipment. $0.50 for catalog.
Walter's Test Equipment, 2697 Nickel, San Pablo, CA
94806.

CARBON FILM RESISTORS 1/4W. 1/2W - 1.7 cents each.
FREE sample / specifications. Other components. COM-
PONENTS CENTER, Box 134P, New York, N.Y. 10038.

RADAR DETECTOR KIT. Build a long range radar detector
with over one mile range. Kit comes with.complete docu-
mentation and drilled, etched and plated PC board. Only
$4.95. Thousands sold nationally. Satisfaction guaranteed.
Same day shipment. J.B. Saunders Company, 3050
Valmont, Boulder, Colorado 80301.

SHO002CH LHO002CH ~ 5.40
SH2001CH 5.55
LM300H .19
LM301AH 39
LM301AN-8 (Mini Dip) .29
LM302H 225
LM304H 79
LM305H 19
LM306H 1.10
LM307H 36
LM307N-8  (Mini Dip} .35
LM308H .89
LM308N .19
LM309H 79
LM309K  (T03) 145
LM3104 1.25
LM311H 79
LM312H 1.55
LM318H 1.25
LM323K 5.60
LM324N .9
LM339N 79
LM341H 99
LF355L 1.49
LF356L 1.49
LF357L 1.75
LM358P .65
LM376N-8  (Mini Dip) .99
LM393p 5
LM5355N-8  (Mini Dip) 34
LMS56N-14 75
LM702CH 69
LM706APC 175
LM709CN-8  (Mini Dip) .37
LM709CN-14 .28
LM709CH 40

LM710CH

LM711CH

LM715CH

LM720CN-14

LM723CH

LM723CN-14

LM725CH

LM726CH

LM727CH

LM733CN-14
LM734CN-14
LM739CN-14/LM381
LM740CH/NES36T
LM741CH

LM741CN-14
LM741CN-8  (Mini Dip)
LM747CN-14

LM747CH

LM748CN-8  (Mini Dip)
LM748CH

LM749CN-14
LM7S0CN-14

LM776CH

LM777CH

LM791KC
LM796CH/MC1496G
LMI3I2N-14 1.98
LM1436CH 1.79
LMI437N-14 45
LM1458H n
LMI458N-8  (Mini Dip) .48
LM14880 1.25
LM14890 1.25
LM1489AD 1.25
LM1495N-14 1.49
LM1496N-14 99

32
325
2.00
12.75
1.10

Our new comprehensive
1977 Fall Catalogue, list-
ing complete descriptions,
illustrations and special
monolithic pricing on
over 10,000 items, is now
available on request.
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CMOS
CD4052BE 1.15
CD4053BE .89
CD4055BE 1.29
CD4060BE .99
CD4066BE .
CD4068BE .
CD40698E .
CD4070BE .
CD40718BE .
CD4072BE .
CD4073BE .
CD407SBE .
CD4076BE .
CD4078BE .
CD4081BE .
CD4082BE .
CD408SBE .
CD4086BE .
CD4502BE 1.
CD4507BE .
CD45108BE 1.
CD4S11BE 1.
CD4512BE .69
CDASI4BE 2.50
CD4SISBE 2.50
CD4S16BE .84
CD4518BE .84
CD4519BE .79
CD4520BE .79
CD4522BE 1.98
CD4526BE 1.50
CD45278BE 1.50
CD4528BE 1.20
CD4531BE 1.25
CD4539BE 1.20
CD4555BE .75
CD45S6BE .75
CD4581BE 2.25
CD4582BE .95
CD4585BE 1.80

CD4000BE .
CD4001BE .
CD4002BE .
CD4006BE .
CD4007BE .
CD4008BE .
CD4009BE .
CD4010BE .
CD4011BE .
CD40128E .
CD4013BE .
CD4014BE .
CD4015BE .
CD4016BE .
CD4017BE .
CD4018BE .
CD4019BE .
CD4020BE .
CD402IBE .
CD4022BE .
CD4023BE
CD4024BE .
CD4025BE .
CD4026BE 1.
CD4027BE .
CD4028BE .
CD4029BE .
CD4030BE .
CD4033BE 1.60
CD4034BE 2.95
CD4035BE
CD4040BE .
CD4041BE .
CD4042BE .
CD4043BE .
€D4044BE .45
CD4046BE 2.45
CD4047BE 2.45
CD4049BE .34
CD40S0BE .34
CD4051BE .89

LM30184 1.10
LM3046N-14 .52
LM3086 .59
LM3089 1.98
LM3302N 65
LM340IN .65
LM3403N 1.20
LM3900N .54
LM4136N 1.20
RC413IN-8  (Mini Dip) .80
RC415SIN-8  (MIni Dip) 5.00
8700C) 9.65
8701CN 22.85
8702CN 29.50
8703C) 1110
8704C! 13.95
8705CN 29.50
8750C) 11.50
9400C) 5.95
SN72L044N 2.30
TLO80CP 1.49
TLO8ICP 69
TLog2CP 1.29
TLOB3CN 1.65
TLOBACN 1.69
TLO8SCL/HAZ90S 14.50
TL182CN/DG182 1.98
TL18SCN/DG18S 1.98
TL188CN/DG188 1.50
TLIS1CN/DG191 198
TL497CN 1.98
ULN2001AN 1.10
ULN2002AN 1.10
ULN2003AN 1.10
ULNZ004AN 1.10

74C14/40014PC

74C85/40085PC

80C97/40097PC

80C98/40098PC

74C160/40160PC
74C161/40161PC
74C162/40162PC
74C163/40163PC
74C174/40174PC
74C175/40175PC
74C192/40192PC
74C193/40193PC
74C194/40194PC
74C195/40195PC

SG3ISO1AT
$63524)
SG4S01T
RC4194TK
RC4195T
RC4195TK
J8HOSKC

7800 Series
10-220 / LM340T
78M00 Series
10-5
7800 Series A
10-3
78L00 AWC Series .2
10-92

7900 Series 1.2
10-220 / LM3201
79M00 Series
10-5
7900 Series 7
103/ LM320K
78MGT2C

7IMGT2C

78GU1 T0-220
796Ul T10-220
78GKC T0-3
79GKC 10-3

CMOS TEXAS INSTRUMENTS
1.C. SOCKETS
(Low Profile Solder Tail)
Unit
Description Price
8 Pin DIL  (C840802)
14 Pin DIL  (C841402)
16 Pin DIL  (C841602)
18 Pin DIL  (C841802)
20 Pin DIL  (€842002)
22 Pin DIL  (C842202)
24 Pin DIL  (C842402)
28 Pin DIL  (C842802)
40 Pin DIL  (C844002)
1.40
VOLTAGE REGULATORS
.60 &5V Dual Tracking Regulator
7.25 Switching Regulator Converter
1.80 +15V Dual Tracking Regulator
3.95 Variable Dual Tracking Regulator +35V +9.5V
2.35 Flxed +15V Dual Tracking Regulator T05
3.15 Fixed +15V Dual Tracking Regulator T066
6.35 5 Amp 5 Volt Positive Regulator T03
.99 Positive Voltage Regulators (Plastic) 1 amp
5, 6.8 12,15, 18, 24 Volts
Positive Voltage Regulator 1/2 Amp
5. 6. 8, 12, 15. 18, 24 Volts
Positive Voltage Regulator 1 Amp
S, 6. 8,12, 15, 18, 24 Volts
Pasitive Voitage Regulator 100 MA
2.6, 5, 6.2, 82, 12, 15 volts
Negative Voltage Regulator 1 Amp
5, 6.8, 12, 15, 18, 24 Volts
Negative Voltage Regulator 1/2 Amp
S. 6. 8,12, 15, 20, 24 Volts
Negative Voltage Regulator 1 Amp
5.6, 8, 12,15, 18, 24 Volts
Dual In Line Adjustable 4 Terminal
Positive Voltage Regulator
Dual In Line Adjustable 4 Terminal
Negative Voltage Regulator
1 Amp Adjustable Positive Voltage Regulator
1 Amp Adjustable Negative Voltage Regulator
1 Amp Adjustable Positive Voltage Regulator
1 Amp Adjustable Negative Voltage Regulator

1.39
/ LM340H

/ LM340K

1.35
/ LM3208

1.20
1.20
1.45
1.25

1.80
2.10

Active Electronic Sales Corp.
FRAMINGHAM, MASSACHUSETTS 01701

P.O. BOX 1035

Telephone Orders & Enquiries (617) 879-0077 New Cataloque available on request

NOW IN CANADA 56847 Ferrier st
2 Locations

CIRCLE NO. 3 ON FREE INFORMATION CARD

AmericanRadioHistorv. Com

44 Fasken Dr-Unit 25 MINIMUM ORDER $10.00 # ADD $1.00 TO COVER
Montreal, Quebec Rexdale, Ontarlo

Tol. (514) 735-6429 Tel. (416) 877-4287

POSTAGE & HANDLING % Canadian customers add 30%
for duty and handling. All federal and provincial taxes extra

POPULAR ELECTRONICS



7400 21
21
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N
N
7
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S
1000MF35

25A673
25A679
25A682
25A699
25A699A
25A705
25A815
25A816

25822

256854

25856

25877

258128
258152
1| 288173
288175
2568178
258186
258187
258235
258303
258324

258135

7442 108
7448 115
7450 26
7451 27
7453 27
7454 41
7460 22
7472 39
7473 45
7474 45
7475 80
7482 175
7483 115
7485 112
7486 45
7489 249
7490 69
7491 120
7492 82
7493 82
7494 91
7495 91
7496 91
74100 125
74107 49

74121
74122
74123
74125
74126
74132
74141
74150
74151
74153
74154
74155
74157
74161
74164
74165
74166
74174
74175
74180
74181
74191
74195
74197
74298

74L SERIES TTL

3 74LS04 45 74LS113

55
49

98

3 74LS10 39 74LS138 t 89
3 74L520 39 74LS8174 250

RADIAL LEADS 20
RADIAL LEADS 15
RADIAL LEADS .20

0 AXIAL LEADS

AXIAL LEADS

60 25C206
75 28C240
75 28C291
195 25C292
80 25C320

o

130 25C482
145 25Ca91

95 28C773

60
.65

74L42 150 74L851 39 74LS386 550
74L86 69 74LS74 65 7458153 225

195

74LS00 39 74LS1t2 65 745387
T4HOO TTL
74H00 33 74H11 33 74H53
74HO1 33 74H20 33 74HSS
74H04 33 74M21 33 74H73
74H05 35  74H30 33  74H74
74H10 33 74H40 33 74H76
ELECTROLYTIC
CAPACITORS
2.2MF50 AXIALLEADS 15
3.3MF10 AXIAL LEADS 15
3.3MF10 NOPOLARITY .15
10MF25 AXIAL LEADS 15
1OMFS0  AXIALLEADS .15
10MF150 AXIAL LEADS .20
25MF35 AXIALLEADS 15
30MF25 AXIAL LEADS .15
47MF25 RADIAL LEADS 15

5426 125 54100
5473 150 54L504

4001AE
4002AE
4007AE

4009AE
4010AE

4012AE
4013AE
4015AE
4016AE
401BAE
4019AE
4020AE 1

4021AE 150

29
29
29
58
58
4011AE 29
29
52
125
65
110
65

75

5400 100 5475
5404 125 5486 1
5410 100 5493 2
1
1

4022AE 120
4023AE 29
4024AE 150
4025AE 35
4026AE 149
4028AE 160
4029AE 290
4030AE 65
4037AE
4040AE
4044AE
4047AE
4049AE
4050AE

MC725P
MC740L
MC790P
MCB832P
MC1004L
MC1008L
MC1010L
MC1011L

MC1036L 1250
MC1037L 1250
MC1352P 105
MC1406CP 395
MC1468L 290
MC1469R 250
MC1510G 800
MC1514L 450
MC1550G 150
MC1558 437
MC1595L 625
MC1596G 331
MC1723CG 125

B8C184L
CA3001

CA30S8
CK707P
C5134J
C5135J
C5136
IC3(GE)
LM301AN

60
75
80
110
160
160
215
245
135
190
45
115
120
125
1.50
35

LM309K 1
LM351AN
LM741CP
LM1458M
MFC9020 1
MREFSA 1
MSC9967P1

PA771131
PLIYASS1
RC143708
SC9962P
SC9966P 1
SN15830N

CARBON RESISTORS

m5

QUANTITY

PRICING 5-25 30-95 100-495
%w5% d 05 04

%Bw5% 08 07 06
STANDARD RESISTANCE VALUES
OHMS

10 270 820 47K 27K
22 300 910 51K 33K
47 330 1.0K 6.8k 47K
51 470 1.5 75K 100K
100 510 22K 8.2K 330K
150 560 27K 10K 1O0M
220 680 33K 15K

240 750 39K 22K

1.00 28C774
1.10 28C77§
.65 28C776
300 25C777
75 28C778
.75 28C781
.75 25C783
.70 25C784
.70 25C785
.70 2S8C789
.70 28C793
.70 25C796
.80 25C797

3.00 25C1167
1.90 25C1170 4.0
85 25C11728 4.25 25072

175 28C173
275 28C1175
3.00 25C1209
4.00 25C1213

95
65
.55
75

4.00 2SC1226A 125

3.00 25C1237
1.00 25C1239
.70 28C1243
1.00 28C1293
1.00 2SC1306
2.50 28C1307
3.15 25C1308
0 25C1317
0 2SC1318
5 25C1325
5 28C1327
.00 25C1338
.75 28C1346
.75 25C1347
.75 25C1364
1.60 28C1377
.70 2SC1383
.85 25C1384
.55 28C1409
.70 25C1410
.65 25C1447
.65 25C1448
1.50 28C1449
.65 25C1475
3.15 25C1507
2.75 2SC1509
1.50 2SC1569
4.90 25C1674
.80 25C1675
.80 25C1678
1.50 28C1679
1.50 28C1756
1.50 2SC1760
1.50 28C1816
4.75 25C1908
2.50 25C1909
.75 28C1957
1,65 25C1973
3.50 25C1974
3.75 28C1975
3.75 28C2028
1.20 25C2029
1.15 258C2074

450
4.00
1.50

.85
475
$.75
4.75

60

.70
4.95

ONLDOUOMNNN LN
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JAPANESE TRANSISTORS * CB, AUDIO, INDUSTRIAL

25D77

25081

25088

250118
250130
250141
28D151
280170
25D180
25D201
25D218

96 SN15844N
70 SN15946
.40 SN158097N
65 SN72560P
15 SN727410N
05 SN72741C
50 SN72748P
55 UA703C
.00 UA709C

45 USF?733393
45 995879

45 996079

35 998979

70 936-50

25 93130C

50 93L280C

Power Pac

Transistor/
Diode Pac
1C Pac

Resistor Pac
Mos Fet Pac

SCR Pac

.4

2.40
6.50

12.50
9.00
110
1.20
275

MC1741CG 98 AN136 290 HA1312 405 STKOS6 1135 TA7201P 640
MC1804P 98 AN203 375 HA1322 520 STK4at5 1150 TA7203P 700
MC1806P 98 AN208 475 HA1339 5.20 TA7045M 350 TA7204P  6.50
MC1810P 98 AN210 310 LA1201 4.25 TA7054P 3.05 TA7205P  6.50
MC2053L 45 AN211 330 LA1364 4.70 TA7055P 5.50 TA78005M 2.50
MC3004L 132 AN214 490 LA1366 6.00 TA7060P 1.85 TA78005P 195
MC3006P 144 AN217 330 LA1367 590 TA7061P 225 TA78012M 2.50,
MC3007P 132 AN229 635 LA3301 4.85 TA7149P 400 TA7B012P 195
MC3021L 215 AN234 575 LA4030 485 TA7063P 225 TA78015M 250
MC3021P 215 AN239 650 LA4031P 350 TA7074P 4.90 TA78015P 195
MC3060L 265 AN241 320 LA40S51P 4.65 TA7075P 490 TC9100P 1200
MC3062L 300 AN245 650 TBABIOS 350 TA7076P 4.55 UPC16C 250
MC4024P 220 AN274 395 LD30B0 4.00 TA7089P 290 UPC20C  5.00
MC14501CP 31 AN2778 340 LO3120 310 TA7102 515 UPC4IC  3.95
MC14502CP 118 AN288 480 LD3141 240 TA7106P 325 UPC48C  3.95
MC14507CP 82 AN328 405 M5112 540 TA7120P 220 UPC554C 390
MC14510CP 240 AN343 390 MS115PR 480 TA7120P-C 2 20 UPC563H2  8.00
MC14511CP 276 BA511 350 MBA155 285 TA7122AP 230 UPCS566H 225
MC14512CP 192 BAS21 395 SG613 540 TA7124P 185 UPC575C 410
MC14519CG 94 HAT158 630 STKO11 1050 TA7146P 4 10 UPC1C01H2 5 15
MC14528CP 174 HA1159 660 STKO15 6.50 TA7150P 455 UPC1020H 550
MC4044P 4 80 HA1202 310 STK025 1250 TA7153P 690 UPC1025 550
HA1306W 520 STK032 1420 TA7200P 625
POSITIVE
VOLTAGE
REGULATORS IC’s ON THE MOVE
LM340K-5 195 BBD BUCKET BRIGADE DEVICE
LM340K-6 195  MM3001 1950  MN3002 1170  MM3003 945
LM340K-8 195  HALL IC DN834 125  ONB37 150
LM340K-12 195 DN835 1.35  DNB38(NEW)
LM340K-15 195  SN76001 1.75 SN76002 195
LM340K-18 195  PLLO2A MIDLAND PHASE LOCK LOOP 1200
LM340K-24 195
LM340T0-5 175 MICROPROCESSOR CHIPS
LM340T0-6 175
LM340T0-8 175  1404A 325 2102 2.50 MM5013 3.25
LM340T0-12 175  C1702A 1995 C2708  95.00 8008 19.95
LM340T0-15 175 5401 695 C4702A 1995 8080A 2095
LM340T0-18 175 pMKa200 P-11  4096x1 B Dymanic Ram 2.95
LM34070-24 175  C5101-3 1024 Bit (256x4) Static C-Mos Ram 4.50
NEGATIVE MC14514 4 Bt Latch 4 10 16 Line Decoder 4.25
REGULATORS CALL OR WRITE FOR FURTHER INFORMATION.
AVAILABLE SPEC'S AVAILABLE

MOTOROLA CIRCUITS

JAPANESE CIRCUITS

100 Asst. (includes Case T05.

T039. T018. D07, 0041)

100 Asst (includes 14 & 16 Pin)
50 Asst. (Assorted values)

10 Asst. (many top #'s Case T072)
100 Asst. (similar to-C103 Series) Case to 92.  $4.00
VR.10-100V. T400MA 1GT:200MA

YOU TEST "EM SAVE BIG MONEY
100 Asst. (incluces Case T03. T066
T0220. 70202)

2 & 1 Watt
GREATER

ZENER DIODES

10% .30 each U
THAN 33V CALL FOR

PTO 3

PRICING

3v.

ONNNLDPONONONNNNANG
CRSHOOS PPN NPRNOND

g 2N2160 MU4892 .50 Nylon Screws. Nuts & Rivets {Complete Kit, 50 pc's) 1.99 10 100
:.22 2N2646 .45 MU4893 .50 Trans H/W Mica, Bushings & Screws For  For
25 2N2647 55 MU4B9s 50 Caso T03, T066 & T0220 (Specify Type, 10 Sets)  1.00 INAGOT .60 5.00
+5%  2NagS1 75 2NB027 55 MK20 T03 Gomplete Mounkng Ki 5/99 IN4D02 70 6.00
00 5N4852 75 2NG028 70 MK25 T086 Complete Mounting Kit ‘99 IN4OO3 80 7.00
375 5N4870 S0 DSE37 .35 IC Socket 8 Pin T05 Pkg. of 2 1.00ea. INGOO4 .90 8.00
325 2N4g71 50 MU0 35 IC Socket 10 Pin TOS Pkg of 2 1.22ea. IN40OS 1.00 9.00
475 MU4g9! 50 MU0 40 IC Socket 14 Pin OIL Pkg of 1 i IN4006 1.10 10.00
s IC Socket 18 Pin DIL Pkg of 1 IN40O7 120 11.00
1
1% NEW-TONE ELECTRONICS
bk ~ PO BOX 1738A
2L BLOOMFIELD, N.J. 07003
275 PHONE: (201) 748-6171, 6172, 6173
300
3,00 Thank you, for your Interest and response 1o New-Tonel
:‘,-gg N.J. residents sdd 5% emes tax, minimum order $5.00. Phone Orders Welcome

ALL PARTS GUARANTEED

OPULAR JEDEC SEMICONDUCTORS :

1N34
1N6O

25 2N918

1N270 40 2N956
1N9 14 10 2N960

2N173 1.75 2N967

2N714 .90 2N1613
2N7118 110 2N17WY
2N718 .25 2N1907
2N718A .30 2N2060
2N720A S0 2N2102

.60 2N2218 2§
25 2N221BA .

.30 2N2219 2§
90 2N2219A 30
95 2N2221% .25
95 2N2221A .30

1.25 2N2325 00
75 2N2326
75 2N2328

1.50 2N2329

a .30
.30 2N2904 .25
.30 2N2904A .30
4.10 2N2905 .25
1.85 2N290SA .30
40 2N2906 25

All orders add $1.00 Postags $1.50 Canada

2N2906A

2N2907

2N2907 A

2N2913
2N2914

PACE/PATHCOM PART #'S

4.00 1P20-0123 2.75
.65 1P20-0131 2.50
175 1P20-0141 300
2.00 1P20-0142 3 00
2.50 I1P20-0139 .43
2.00 1P20-0154 6.00
3
3

130079

1300821
13-0122
83-0005
83-0007

1P20-0093

2N2816A 3.65 2N3772

2N3019

2N3843
2N3645

Deslers Write or Phone for Discount Prices

.00 1P20-0185 2.50
.00 1P20-0161 4.00
40 1P20-0177 2.75
.85 1P20-0176 2.85
.BS IP20-0191 .72

.30 2N3646 .14 2N4a220A
.25 2N3730 2.50 2N4234
.30 2N3731  3.75 2N4400
.75 2N3740 1.00 2N4401
1.20 2N377% 175 2N4402
1.90 2N4403
.50 2N3773  3.00 2N4409
.30 2N3819 40 2N4410
.70 2N3823 .70 2N4416
.75 2N3856 20 2NS061
1.00 2N3866 85 2N5064
3.40 2N3903 16 2N5130
d 2N3904 16 2N5133
6.50 2N3905 16 2N5138
.20 2N3906 16 2N5198
17 2N3925 375 2N5294
A7 2N3954 50 2N5296
.18 2N39S4A 375 2NSI06
.19 2N3955 .45 2NS354
.20 2N3957  1.25 2N5369
1.85 2N40386 .75 2N5400
1.50 2N4037 .80 2N5401
.20 2N4093 .85 2N5457
20 2N4124 18 2N5458
.20 2N4126 .16 CI03Y
20 2N .20 C10681
20 2N4142 .20
.20 2N4143 .20

PARTIAL LISTING — WRITE FOR FREE CATALOG

0
1.25 SILICON
332 UNIJUNCTIONS I HARDWARE = IC SOCKETS RECTIFIERS
.85

SEPTEMBE

R 1977
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ANYONE CAN SOLDER WITH—
DO-IT-YOURSELFERS!

Let Kester solder aid you in your home repairs
or hobbies. A radio, TV, model train, jewelry,
plumbing, etc. Save money — repair it yourself.
Send self-addressed stamped envelope to Kester
for a FREE Copy of ''Soldering Simplified"".

KESTER SOLDER / “Cnicess i c0ee

Chicago, IIl. 60639
BUILD AND SAVE. TELEPHONES, TELEVISION, DETEC-
TIVE, BROADCAST Electronlcs. We sell construction
plans with an Engineering Service. Speakerphones, An-
swering Machines, Carphones, Phonevlsion, Dialers, Color
TV Converters, VTR, Games, $25 TV Camera, Electron
Microscope, Special Effects Generator, Time Base Correc-
tor, Chroma Key. Engineering Courses in Telephone, Inte-
grated Circults, Detective Electronics. PLUS MUCH
MORE. NEW Super Hobby Catalog PLUS year's subscrip-
tion to Electronic News Letter, $1.00. Don Britton Enter-
prises, 6200 Wilshire Bivd., Los Angeles, Callf, 90048.
NAME BRAND Digital/Analog Test Equipment. Discount
prices. Free catalog. Salen Electronics, Box 82, Skokle, Ii-
linols 60076.

USED TEST EQUIPMENT — Tektronix, HP, GR. Write: PTI,
Box 8699, White Bear Lake, MN 55110. Phone: (612) 429-
2975,

DIGITAL TACHOMETER 4-6-8 cylinder two diglt display.
Complete $59.95. Cosmos Electronics, P.O. Box 33278,
Seattle, WA 98133. -
AMAZINGLY Low component prices! Ask for free flyer.
Write: EEP, 11 Revere Place, Tappan, NY 10983.

SURPLUS COMPONENT-S, Communication and test equip-
ment. lllustrated catalog 25 cents. E. French, P.O. Box 249,
Aurora, lllinois 60505.

TELEPHONES UNLIMITED, Equipment, Supplies,
All types, Regular, Keyed, Modular. Catalog 50
cents. Box 1147E, San Diego, California 92112.

POWERFUL, ADJUSTABLE, REGULATED, THREE QUT-
PUT POWER SUPPLY and 900 easily removable parts in
complete CARTRIVISION television recorder electronic
assembly with documentation. Perfect for
MICROPROCESSOR, IC, transistor, television, CB radio
applications. $24.95 total. Free brochure. Bank Americard,
Master Charge. MADISON ELECTRONICS, INCORPO-
RATED, 369, D55, Madison, Alabama 35758. SATISFAC-
TION GUARANTEED.

Tv GAMES

RF Modulstor Model 102) Arembled $8.95

»

Pluy the flest 37K Static thurv¥

Board Uses 2114 4K RAMS

$ 579.95
879.00

1099 95

{Note. 1upply contingent on 2114

avarlabifity. Allow 30 days.}

SPECIALS
e e

AY 38500.1/TMS 1955 ONLY §16.95 MOT MEK6800 02 AY51013A 550 1482 13.9%
AY 38500 iEurone Version) ONLY $24 95 KIM 1 6502 Kit AY51015A 995 1472 1298
AMI

TV KITNO. 1 PCB, Chip Instr. $29.95 mmi‘;ﬁ?ﬁ'ﬁgo - MM5320 TV Synch Gen 785
The last word in BK Ram Boards. TV KITNO. 2 Parts less chassis  $39.95 lasis Computerbook MM5368 Prescaier 395
Special Price of only $219.95 Special G Reject Complete Game $14 95 ga. NSC Scamp Kit MMS5376 Cale Chip 2.95
Features: Reparrable-sold for $89.95} NSC Keybaard Kit €T5001 Calc Chip 295
Lowpower 21L02, 450ns, O1js Switen MM57100 NSC TV Game Chip .~ $16.95 IMSAI BOBDA w/22 C€T7001 Clack Chip 5.95
Selectable addressing down to 256 MM53104 Clock Deiver 375 PIC -8 Prionty MM5314 Clock Chip 495
Byte blocks, No want states. fully buf- LM 1883 Modulator 2.00 10 Kit MMS316 Clock Chip a.95
fered, battery back-up. Cromemco 2.2 MMS5375 Clock Chip 495

MOTOROLA EXORCISER &

9650 8 Port Duplex Awn Sertal 10 395,
All assemblad & testad nor Kity
PLUS MOTORGLA TV MONITORS = PRIME

9601 16 Sio1 Mother Ba.
9602 16 Stot Card Cage
9610 Prato Boad

$175.00
724
3600

9615 4K EPROM Moduts 1170241 350 00

* Com
CHAR GEN/ENCODERS/UARTS

6.95 52350 USRT 10.9¢%
550 16718 Astros 29.9%

COMPUTER KITS

Byte Saver

Bytesaver w/PROM
Dazzter

0e7a

15:9 Joystick

8K EPROM/RAM Kit
2PU Kt

RO32513 Lower Case
R032513 Uppmcase
AY52376 Keyboard Encoder
AY53600 Keyboard Encoder
MMB571 Char gen

MMG574 Char gen

MME575 Char gen

SPECIALTY CHIPS

$-100 COMPATIBLE PRODUCTS

Logor 1 8K Ham Bosrd  tnmo Price 521395 34702 Band Rate Gen $15.95
001C #x Ram Baard 198 00 1
8 Slor Morhrr Board JEapandabiel S 199% 4e0372/%lopay Controlisr S5.00

upD371 Mag Tape Controller
App Nates for 372 Floppy

Uniwersal Proto Bowd m/Ansttuctan  § 395 WD1771 Floppy Controller  69.95.
32€ Stane Aem Bourd Kir 1093 95 AY5 3550 4% DVM Chip 24.95
PoTeR e 8038CC Wave Gen 350

MK5007 Caunter 6.95

AY5 3507 DVM Chip 12.95
WD 1941 Dual Baud Gen 9.95
All Shipmems FCM or UPS  Orders ICM72081P1 16.95
under $100.00 +dd 5% handling and ICM70451P1 1895

postage.  Orders over $100.00 add 2.5%
handling & postage. Mastercharge/Bank-
americard/COO accepted w/25% deposrt
Calitornia Rendents add 6% tax. Foresgn
Orders add 8% handling. ANl parts prime
factory 1ested guaranteed.  Same day
shipiment. Add 25 cents for Oata.

MC 14411 Baud

»*

Retail prieing may vary from
Mait Order pricing.

*

750

SR
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P.0.BOX 17329

Irvine, California 92713
New Phone (714) 558-8813
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* M%%%MPUTER MEK D1 & MEK D2 COMPATIBLE MODULES
R T MEKES00D2 - 6800 KIT ONLY $235.00 9626K BK Staric RAM Kh 175:

a

Hodel MI000 100 12" dusol
615K 4K EPAOM Kit Module 27500  pogel M2000 190 8- dese’ 3305 0s
o ety $19995
9620 16 Port Parallel 1 I8 414 610.00 for thimpen
*K: MARKET PLACE : F 9626 6K Start HAM Module 1350.00 " p—
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. BUILD

‘; | AN
. ELECTRONIC
ORGAN

That hasa PIPE ORGAN SOUND

With DEVTRONIX easy to build assemblies.
Own the ultimate in organ design & sound
at 1/3 the cost of commercial organs.
BROCHURE AND DEMO RECORD $1.00
Dept. C
5872 Amapola Dr.
San Jose, CA 95129

iR
S
ORGANS, INC.

CB RADIOS, monitors, crystals, CD ignitions. Southland,
Box 3591-B, Baytown, Texas 77520.

MODULAR SYNTHESIZERS
THAT REALLY PERFORM

Write to:
ARIES MUSIC INC.
P.O. BOX 3065
SALEM, MA 019870

PROFESSIONAL UNSCRAMBLERS — several models that
fit any scanner. Free information. Capri Electronics, 8753T
Windom, St. Louis, MO 63114
UNSCRAMBLE CODED MESSAGES from Police, Fire and
Medical Channels. Same day service. Satisfaction guaran-
teed. Don Nobles Electronics, Inc., Rt. 7. Box 2658, Hot
Springs, érkansas 71901. (501) 623-6027.
ANYTHING ELECTRONIC — we've got it. Catalog $1.00.
Razoo, Box 1224, Cupertino. Calif.

lv

I\

‘l ICR( v
Wi ON
World

RELE ROPH

s smallest; solid state, self-contain-
ed. Picks up and transmits most sounds
without wires up to 300 ft. through FM Ra-
dio. Use as mike, ampf., alarm & alert sys., n
hot line, baby sitter, etc. Money back guar.
B/A, MIC cds, COD ok. $18.95 pius $1.00 Ml
post. & hdlg. Calit. res. add tax. Mall orders §j
Qty. Disc. Avail. AMC SALES, INC.

SIZE
2" x %" x V2" Dept. 23, Box 928 . Downey, Calif. 90241
S D T e e

NEGATIVE ION Generator. $275.00. Compiete kit $165.00.
Construction plans $10.00. Golden Enterprises, Box
1282PE, Glendale, Arizona 85311, a
UNBELIEVABLE Goldmine of Electronic Schematics. Over
200, Useful, Novel, and Amazing Projects. Only $9.99!
Money Back Guarantee. Send for Free project list. Space-
tech, Box 182, Gillette, N.J. 07933.

WEATHER MAP RECORDERS: Copy Satellite
Photographs, National-Local Weather Maps.
Learn How! $1.00. Atlantic Sales, 3730 Nautilus
Ave., Brooklyn, N.Y. 11224. Tel: (212) 372-0349.

FREE CATALOG of Electronics parts, kits, semi’s, spsc-
tacular savings. Diamondback, Box 194P, Spring Valley,
Il 61362. -
120 VOLTS 3000 WATTS from your vehicles alternator.
Simple plans $3.00. Sterlek, Box 15532, Long Beach, Calif.
90815. o
NEED TECHNICAL INFORMATION??? New directory lists
101 sources of FREE publications/fhandbooks relating to
Microcomputers, Communications, General Electronics
Write Technical Publications, 1405B Richland,
Metairie, LA 70001. o
VIDEO TAPE RECORDERS: Norelco LDL 1000/52 Records
and Plays on 1/2 Inch tape. Guaranteed Excellent: $260.00,
UPS Postage Paid. Gordon K. Kapes, 1127 Ridgewood
Drive, Highland Park, lllinois 60035.

TELEPHONES, Wide Selection.

Phone cords,
plugs, jacks, etc., including modular. Free cata-
log. Flemco Sales, 20272 37th Ave., N.E., Seat-
tle, WA 98155. - B
AUDIO EXPERIMENTERS, Serious Music Syn-
thesizer Stuff: literature, kits, components, cir-
cuits and more. Send SASE for FREE INFO. CFR
Associates, POB F, Newton, NH 03858.

UNSCRAMBLER SUPER SALE: Our famous Code-Breaker
works with all scanners and tunes all scramble frequencies
only $29.95. COD’'s (501) 273-5340. Mail orders to:
KRYSTAL KITS, BOX 445, BENTONVILLE, AR 72712.

POPULAR ELECTRONICS




Money back guarantee. NO COD'S. Texas

. . 5B ntainin
residents add 5% sales tax. Add 5% of order etc. 5 Boards conta 9

for postage and handling. Orders under $15.00 100 — 200 IC’s B oD By
add 75 cents. Foreign orders add 10% for ONLY $4.25 10 Amp 50V
postage. ' 25 Amp 50V

- ] Memorex computer boards BRIDGE RESISTORS
Ra(llo H“t with IC’s, diodes, transistor, RECTIFIERS °"°’f:\°;?:&°°°

“330 ohie 272K ohm

1.10 470 ohm 27K ohm

**680 ohm 33K vhm
1.25 1K ohm 39K ohm
1.39 1.2K ohm 43K ohm

22K ohm 47K ohm

VARIABLE POWER SUPPLY KIT NO. 1

For your convenience, call your BankAmericard MK 5005 ROCOCOCTCOCOCUSOCOGNIGUE : e [
or Master Charge orders in on our Toll Free Watts * e — ohm
Line: 1-800-527-2304. Texas residents call col- 4digit counter/latch 5 UNSCRAMBLER KIT . Z;i u:m :052: «,:m
lect: 1-214-271-8423. decoder; 7 segment | & for all Scanners : (0K ot 220K ok
. »* . ohm
AR > 0. Box 38323P M Az AU (g OUtLEsel) : 8
THE INTEASANE CARD . . - . “1/8W onty
4 Dallas, Texas 75238 . $ 8.00 EACH 2 e Full instructions included s rvbed
P IA : Y Easy to insta“ : Al ves::lu;'s are P C Lead but are
naot pull offs
PLASMA DISPLAY KIT SPECIAL * e3% x 3% x 1% 2 | 100 mn order o ech vaue
Kit Includes: 12 digit display .4'° Charac- DEVICES : Only $1995 *1 no mix 100/.99
- ter Power supply for display 82523 2.19 :i#****i&&***'i#**I****-l-l:
above Complete specs for 2513 10.00
hookup. 2102-1 '99 REGULATORS READOUTS
Line cord Not Included. ONLY §$ 3.95 1101A 75 | 7805 7818
1103A 1.10 | 7806 7824 Best
8T13 1.50 7808 7905 leu'e!
8T97 1.25 7812 7912
M . o
oG el 150 | P8 s Be | FND704vCC. 59
: our Lhoice : FND800 .8”C.C. 1.69

T| 6 digit array C.C.
3/1.00
MAN 8 .3“CA Yellow
.89
LT767 .7” C.C. 4 digit
<tick $3.95

* i i V to 20V
WATERGATE SPEC Continously variable from 5 :
e *Excellent regulation up to 500 mil.
Telephone Relay automatically starts and *4400 Mf_d of filtering
stops tape recorder. No batteries required. :Dnlled fiberglass PC Board
Kit complete with drilled P.C. Board. 'Of\e_hour assembly
Parts and Case ONLY $10.95 Kit includes all components

*Case included

ONLY $10.95

VARIABLE POWER SUPPLY KIT N0: 2
Same as above but with 1 amp output, also with case.
ONLY $13.95

CLOCK KIT Kit includes
¢ LT701 clock module
e Power Supply

Ni-Cad Batteries
4 Brand New Size “AA”
Ni-Cads ONLY $4.50

e*Punched Case

SR8 (et @R ol TRANSISTORS - PC BOARDS
y BATTERY CLIPS
| . . DIODES 4 digt PCB lor FNDBO0O or 807 250
| Complete Standard 9V battery clip with 6 cit PCB for FNDBOO or 807 350
5 except for line cord 4.1/2* tinned leads. 25/$1.00 | . 4 thqu PCB lor DLTO? 150
v LT701E 12 h lock MySoas’ 3188 | 6 awupcaiorD
our cloc . digit lor DL707 200
ONLY $ 14.95 LT701G 24 hour clock | *** TTL A2 2N33E2 gﬂligg 4 dignt PCB tor £ND503 10 510 200
* * .§N§33‘; 1251'08 6 digit PCB 1ar FRD503 o1 510 300
SOCKETS CMOS 7400 17 7473 21 | 3N33%% 99 | 4wt Pcs 1o DLIAT 250
14 pin 22 ;28; i; ;2'7“474 42 BaPPRE e 3/1-08 | & dwt PCB for DL747 300
16 pin .25 SA LE 7403 17 7475 55 INd007  o1ay SIS | 4 denPCB torDLIZI 0r 728 200
éﬁ p:rr: (ww only) gg 74H04 %g ;2;8 22 %’}%2} XS‘J.?B;.’."."MSS 6 digit PCB for DL 727 or 728 3.00
58 gin 4 ‘35 e = ;2324 17 7483 76 | ENs30 20 | 4 digt PCB lor FND359 or 70 175
40 pin 50 ¢Dag02 .16 7406 25 7485 ;89 | 'N7e 2
88:88; ig ;283 %; ;:gg 274? *House numbered NOTE: All PC Boards are multiplexed
LS ggﬁg%? ‘:‘2 7410 ‘17 7491 ‘71 and P.C. Lead for adding additional digits.
il A0 @ oaw —
74L500 .26 74L5145 1.00 ¢D4013 29 4] d 4 .
7aC302 26 74L3151 .70 cpaoia 75 7420 17 7493 190 LINEARS 60 Hz Lie){(e)K —
74L503 .26 74LS153 .70 CD4015 .75 7421 17 7495 71 M301 0
Jabeos 39 741 %2 €bagl> 20 7423 35 7496 85 | W, » | Crystal Time Base Kit _ ;
i 3O ) gl 8 0 B M ST % | bk s MOS elock circuit 10 0p
740810 .26 7415160 .85 cgﬁgég 213;2 7427 17 74123 61 tM3N 8 CUELIL clock circuit to op-
740511 .35 74LS161 .85 CD4021 .90 7430 25 74125 .44 1M377 185 erate from a DC power source. ldeal
;ﬁtgig 58 7aLsies .83 28::3%% 90 ;:g; gg 7:121 g; ':gggo""‘”" ;f; for car, camper, van, boat, etc
d . 74145 . L 2 ' : a ' :
74LS15 .22 74LS168 .85 €D4025 .19 7438 35 74151 71 LM710 2 .
;:tggg '%5 ;:tgigg Zgg 204027 ‘39 7430 17 74133 81 sl o 60Hz output with an accuracy of
7acsz2 33 7atsiza 1o R A 7242 60 74152 97 | s 20 D05% (typ.) Low power consump-
7aUs27 135 74L5179 1.00 CDao3s 230 7442 65 74163  1.05 | iwmras 2 | tion 2.5 ma (typ.). Small size will
Z:téé‘z’ gg ;:tgig? -gg CD4035 .99 7446 74164 1.05 NE553 195 fit most any enclosure. Single MOS
74537 .33 74Us192 95 G200 00 74L47 175 74174 91 | nisss 40 IC osciltator/divider chip 5-15 volt
74538 38 74Ls5193 .95 s 7447 174175 1.40 | \pee6 a5 orrel p voits
74530 .34 7405194 .95 CDa0a3 6o 7448 81 74180 76 | neses = DC operation.
74L542 80 74LS5195 .95 CD4a04a .59 7450 20 74181 2.25 NESE6 o ONLY $ 5.05
74LS51 26 74L519% .85 CD4046 .90 7451 1774191 1.20 |\ 0 10 )
s R iy 4 CD4047 59 7453 17 74192 1.20 3
74LS8s 26 74L5251 .85 CDa049 35 7454 17 74193 95 | 1458 49 2 for $10.00
AL OE gatdes el eS| 7030 38 shaios 108 | rowew
jalsze 49 74uszos 83 Teh B 7472 21 74195 65 | soam £
aL ; . .
7aLso0 85 7dLS26e 126 e N NOW! For the Dallas
;ﬁtggg ]](())(()) 72t§290 _72 cD4060 1.00 ook inieointoininoioioo ootk ook ook ek oo oY Area Residents
7aL3109 49 74LS293 .75 Hr ORDER BY PHONE. Charge your :
7aL3112 (49 745295 95 Chagsl e " Come Visit Our Retail Store
7405113 40 74L5298 .95 ¢Dao76 99 order to BankAmericard or . A :
7405114 .40 74L5365 .55 7acoa 29 3717 Lincoln Court, Garland, Texas
7aU3125 55 74L5366 .55 74€107 29 Master Charge. :
7403126 .65 74L5367 .55 cp41le .39 Tues. — Fri. 10 AM to 6 PM
aisiaz o0 Jarsies .33  Ehayr 48 USE OUR TOLL FREE WATTS ) )
Af B ARG ik w8 g 10N o3P
7als139 85 ’ CDas20 85 e 1-800-527-2304 F: | CLOSED MONDAY
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SPECIAL FIVE * STAR EDITION

* Check the Stars for Special Values *

Still the Biggest, Brightest, “Bestest”
.5" LED, 6 DIGIT AC/DC ALARM
CLOCK KIT & ELAPSED TIMER
$19.95 Complete

* PC Board Drilled & Silk Screened (Includes Xtal Time Base Circuitry)

® 5375 Nat. Clock Chip & Fairchild Displays

® Includes EVERY part required for clock and all options except Cabinet
and Crystal Time Base components. If desired, see below.

* Brightness Control ® 24 Hr. Alarm w/snooze

 Freeze feat. on every mode ® 0-60 Min. Elapsed Timer

* Field Tested over 1 Yr ® 12 Hr., 60 Hz oper.

Most Important — Complete Instructions, schematics Pictorials, layouts

— everything for trouble free assembly

Wood Clock Cabinet (A) — $4.00

OPTIONS — XTAL Time Base Components - $2.95 when purchased w/clock

WOODEN CLOCK
CABINETS

Includes: Fiiter & Back

Walnut Grain or
Black Leatherette (A only)
$5.00 ea.

Dimensions (Inside}

A — 1-13/16"H, 5%"W, 4%"D
B — 1%°H, 4%"W, 4%"D
Extra Filters —-Red, Smoke
Blue, Amber, & Green — $.60

AC/DC - ALARM Clock Kit - 12/24 Hr.
$750 quantities 3650 qugngt

of 1-5
® Displays Hrs. & Min. - Switch to Min. & Secs. on Command.
* AM/PM Indication * Field Tested for 6 months
The kit will include a 5316 National Clock Chip, 4 Flourescent Display
tudes, all electronic components, switches, controls & complete instruc-
tions, specs, etc. for clock and all optional Features. Other parts required
or if desired are as foilows:

ies of
up

® PC Board, Drilled — $3.00

® Xformer (for AC oper.) — $1.00

® Speaker Alarm Kit — $2.00

* Plexiglas Case (Kit) — $2.00 w/purchase of clock

MM5314CL0CK Ll $3.50 Pl TRAFZ?:COZE(?:AEARSZ 50 * MA1003 MOBIL CLOCK MODULE *
E ug type- cL 2 :
MM5316 350 PC MnL-12VAC 250MA. . 150 (National) 7 SEG LED DISPLAYS
MMS5387 (Hi Cur 5316). .. 395 Bkt Mnt-SVAC 6 Amp. ... 4.95 $21.95
MM5375 395 .33" Type 707/MAN-1 14 Pin Dip
c17001 1.9 . . ) Common Annode or Cathode
cT7010 6.95 DIODES Florescent Display gives Color Choice $.59 ea. 10 for $5.00
IC SOCKETS IN4001-INA0O7 Mix 50 for 4.00 (Red, Biue, Green or Yellow)
anaram S - IN914 or IN4148 20 for 1.00 when used w/corresp_ondmg Qolor Fiiter
B4 T s P 3 {:80 25 Amp 1000 Volts . 5 for 1.00 Includes — Module, Switches, Filter & Specs
40 Pin 2 for 1.00
60 HZ. CRYSTAL ¥ 6 Digit LED Stop-Watch Kit ¥
¥ ADJUSTABLE AC VARIABLE % TIME BASE KIT SlitTime ©  ©$29.95 complete | Taylor Time
VOLTAGE CONTROLLER $4.95 .
\° $4 95 ea p Sse, FEATURES: Reads minutes. seconds, & »lUOths of seconds
Lo o - 00’ /'Ié/e Use with Digital Clocks 6 bright easily readable digits
SQ\\ 64,/. for 12VDC or Portable 0 ti Needs only § volt Xistor battery
110 Volt _ 10 Amps f/ or or Portable Operation KIT INCLUDES:
KIT INCLUDES: @ HAND HELD CASE PESIGTEAD F((]:i:I AB”O\%OS
ivi i * Latest Technolo tersil Mos Chip
USES — Motor Controller, Dimmers, Any Variable AC Voltage Application & %9gr7d9'553ﬂilg22(l¥ﬂer&cmp - 32768 M“l"CWgs{a'" N Variable Trimmer Cap
' ' Al Other Parts s Jmisi s('sit)’ed.&g b Db ispl
A o ars Igits) Uoudie VIgI Isptays
Complete Instructions P.C.DBOARD Iorgabove and all componentsp
v Regula & .
o nzl:::fe gNLg:f:vr:To 2o G THE BIG ONE %0 Dual Range DIGITAL Voltmeter Kit
7805. $1.00 7905 sizs | o .8" LED Alarm Clock Kit "%, $39.95 Complete
;g?g i‘é({}) e - N € 1 0to+.2VoltsDC — 0to +2 Volts DC
b . o g S
7824 100 LM309K . = =il
s S’mp/e, w . | 31795 ® Features latest Technology DVM chip set
LED’S construction . . Complete] « Non Critical Comp.
Jumbo Red LED's . ... 10 for 1.00 100 for 9.00 i s ¢ High Noise Rejection
25 Pk. LED's Asstd. Sizes & Colors .. ... 2.50 o : 5] ® Accuracy to within .001
Bi-Polar LED Red/Green ... 1.00 Contains — P.C. Boards; 4-large .50 Fairchild Readouts;
T Brid Display Drivers, Op-Amps; Inverter; all electronic comp;
;:ggggtx‘ ms’:::'s g;} 88 éA Am%gg{)’ an?ts . 35%88 Includes: Features: Switches, Pots; Complete Instructions and Specs; & DVM
] B m VO . o . .
5N3306 &'SS PRP B/100 25 A’gp 200 volt 375,00 Power Supply, Speaker, * Hrs. & Min. Switch Chip _Set.
2N3055 (NPNTO-3). . .75 Prescalers ocke! ) to Min. & Sec. on Command Requirements: Power Supply w/+5V, +15V and -15V.
2N4904 (PNPTO3). .. 85 iﬁggg lg-gg P?a?rgm?d cg.?%‘ifphlg' aga‘:ﬂes . }S uﬁh'szf.o?z'e“a'm OPTIONS — Set/Precision Resistors for Increasing Voltage
' xistors, resistors, capacitors,  AM/PM Indicators Range up to 200 Volts — $2.95
Complete Instructions”  Steep Output
NOTE — Complete Specs, Schem. etc., for Multi-Meter
OPTION — Wood Clock Cabinet (B) — $4.00 w/purchase of clock

The SUPER COMPACT

$13.95 Complete M

Includes: All Parts, PC Board
Power Supply & Case
Colors: Black, Sitver, or Gold
Size: 4.75" x 1.8 x 1.4"

Material: Extruded Alum Hrs.:

OPTION — Temperature Ind. Front Panel — §3.00 Terms

Features:
4-large .4" LED Displays
12/24 hour Format

under

BankAmericard-Master Charge

inimum $10.00 on Charge
Call Your Order In For
Immediate Shipment
201—755-0590

Effective after Sept. 11th

Mon. thru Friday - 9:00 A.M. to 6:00 P.M.

Tues. & Thursday - 7:00 P.M. to 10:00 P.M.

& Conditions: Orders must incl. Ck. -

No COD's - Add $1.00 handling for orders

$25.00 - Outside Cont. USA add Total

Postage - 10% Air Mail - N.J. resid. add 5% Tax

6 DIGIT LED MOBILE
Clock Kit & Elapsed Timer

/\

4" Oigits 12 or 24 Hr. g — .

Quartz Crystal Controlied -

12 Volt OC or AC operation <= o Nl
—

$27.95 Complete
{less 9V battery)
* Size 4" x 1% x 4%"
® Display Blanking Capablity * Rugged High Impact ABS
® Battery Back-Up Capability * Recessed Front Switches

© Protection from noise
& High Impulses

HOBB-Y-TRONIX, INC.
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OPTION — AC Adaptor §2.50
-

‘“mu‘“

351 Rahway Road, Edison, N.J. 08817 wes=®®
Phone: 201—755-0590 — Phone effective 9/12/77

POPULAR ELECTRONICS



Watch for our supermarket bargains each month!

design

(2%

® 115 VAC fan-|

program

ieally

cabinet

® Shietded
preamp

enbles.

ns.

2102-1 PRICES
New from top U.S.A. mak-
ers. Tested for 500 naec.
rpecd.[Cat. No. 9E 3548

DIP

Reg. $1.69

Switches Your Cholce

.0

We've sold ‘em as high
£2.98 each.
them when
fits
socket. Wt.

Cat. No. Switches
9£3668 2

9£3669
9E3021
SE3670
SE3671

$1

SPST,

0
[s]
] a
O s
Q s
[u] Z

BARREL KIT §203.

Includes four'100K pots
For TV & computer games,
and quadrophonic
fng?! 132 x 1Y x 17, With
1” handle,
Cat. No. 9

3
. S=Track
TAPE
TRANSPORT

Excellent
i your
tape system! Automatic or
manual irack selection with

cooled motor Player shuts off automat-
i when i
@ Slides easily oved. Rullt-in low-distor.
Into modular tion preamp and wow free
motor. With input & output
Req
power supply, Wi
t Size 9 x 6 x 31z
Wt. 4 lbz.Cat. No. SE3010

POLY PAKS ‘“RAMS’,

ror $9.95

balanc-

Wt. 6 ozs,
808

uprigl

replacement or
own quality

indicator llghts.

tape is re-

external
W instrue-
31,7,

FEATURING THE

POLY

ELECTRON]
|_DIScounT

BARGAINS OF THE MONTH!!!!

PAKS®
“SUPERMAR

SEP. 77 POP ELECTRONICS sp

IS THE
WORLD'
LARGEST

KET

ECIALS

RCA

® 100

burnout.
0-16-16

0-15-150-1000; DC current

0-150m
|Sens;

IAC-DC.
not
ave x 1
Cat. No.

"

ht
| Choose

ANY

“POCKET” VOM

included,

Mo/

High quality

0 ohms per volt

A. Features
cision, movements
protected  against
Measures DC volts
0-1000; AC volts

R TR

T TV ULd
TT T D

resistance X1000.
v $000 ohms/velt
Uses penlite _cell,
Yy x
ozs.

D:
w

Ya”. Wt 5

9E3921

SPECTROL “SKINNY-TRIMS"’

@) 3/8Sq. POTENTIOMETERS
F(?R1l19 S

9E3863 25 T

acters, 0.57”

dard  9-pin

[ MM5316 Clock Chip —1$2.95
Cat. No. 'SE1759

type 63
SE3864 25 Turn {lat,

SPECIAL THIS AD
G-E “BLUE"”
FLUORESCENT

READOUTS

right blue 7-seg

o)
AN

ment char-
high! 1.5V

characters.
athode. Fits stan-
tube socket.
by MMG316.
¥t. 3 ozs. Cat. No. SR368

$2200

KIT
T REG. $26.88
riven directly

® Crys

9E 3852 Brig

urn wpright,

000000000N00a000

Cat. No. @ Easy to assemble and Installl

O

\

6-DIGIT CAR
CLOCK KIT

For auto, plane, boat. vans,
etc. Top quality & accuracy
at the lowest pri Dis-
plays hours, minutes &
|secands in 12 hour format.

Complete *
VDC, Wt. 14 ozs.
tal controlied time base!

ht RED 0.35” LED digits!}

80" 15% oFF
25% OFF

BUY
Cat. No. 9E1981
& Type No
O sN74141 .
O sN74145

type €4 5 0 $N74148
square. Serewdriver [ o%3866 Single turn fot, . [ISN74150
. 209 tolerance, Yz pe . (] sN74181
t. Cermet construction. CODE: () SN7400 $0.14|() sN7470 .28 | (] SN74183
PC leads. Order by Cal. No. _*Available In all types [ SN7401 .14 | sN7471 .69 | J SN74184
and Value. #*Avallable In Cat. No. 9E£38853 only. () SN7403 .14 |1 SN7472 .26 | () SN74155
Bsmaga 17 Bsnnn .31 Bsnnua
) o N po— SN7405 .18 SN7474 .31 SN74157
“POCKET" 1 frecision resistors. In- ] SN7406 (19|00 sN7a75 ‘as |[] sN7a1s8
put impedance 20.000 24| 0 enrate 33 |G envateo
ohms/volt AC. Measures DC 14 |0 sn7ars .75 | O snraten
voltafl0 20 350,280 800, 19 [ sN7480 .33 |0 sN74163
2500:; AC volts 0-10-50. 39 [(JsN7482 .59 | [] SN74163
100-500-1000: DC currest 61|00 sN7483  .es | O snrates
-250ma: Ohms i :
ma 8 .23 | [ SN748s .88 |[] SN74166
0. Measures' dh 24/ (JsN7a86 .29 |[] SN74173
. '“h L .14 | () SN7488 2.95 | SN74174
S 3 Thumbwheel .26 |(J sN7489 1.78 |0 5N7417S
® Mirrored 3" scale! ohms  adjust. l’ﬂl'r:-tkn*,z'- 26| () sN7a90 .69 | SN74177
3 ® 20.000 ohms per vott! 147 test probes. Lues 4 1a|Osn7as1  ea |0 SN7a179
' all, .24 s 80
® Overload protection! '\ |4 5.0 Cat. No. SE3580 ;‘ 8::;:g§ 4s 85?&7“81

ea.

0

1-07.

G

r—————————— ¥
BARREL KIT 4200

>

2t
,/ 7, 255"
ol >

)
@ARREL KIT Y188

Every kit carrles moncy back guarantee.

EXCLUSINGw./

'TEST 'EM YOUR /
SELF 'N SAVE ‘/

.24

~

BARREL KIT §230
HALF INCH
READOUTS |
15 for $1.98 2
From factory to you. In-
cludes Fairchild FND-500
series. Hohby, Wt. 4 ozs.
e, 9E3629

i
\

BUy l}

O SN74182
0 sN74184

Wi ” 8 [J SN74190
.49 B 0O SN74191
. 61| SN741004 . O SN74192
Ideal for CB's, Ham rigs, ‘61| SN74107 .29 | [J sN74193
' tape decks & more! Modern s i O sN7413a
cabinet, 5 x 4z x 214~ 3 . [ sn74a19s
POWER With on/off switch, LED i . 0 sN7a197
lamp, built-in_elrcuit break- 75 o [) sN741a8
[ SUPPLY [EETAgPTIzCariae ‘1a|0SN74123 ‘a5 | () sN7a109
5 Ibs. Cat. No, 9E3452 (14 8 SN74125 39 | () sN74200
.1a{0 sN74126 .39 NT4
27"~ @ 12VDC @ 3 Amps output ‘1a|0 snza132 a3 |0 Snrases
® Regulated. continuous duty 0O sNrass .14 SN74140 1.00 |[] sN74288

BARREL KIT #221j)
iC SOCKETS &

8 for | h
$1.98 ..

Mir unlondsl Four 14-pin,
four 18-pin. Solder tail,
lo-profile. No, 9E 3621

L TTIBARREL KIT #201 — [ Ba BARREL KIT 4184 BARREL KIT #182
CALCULATOR FT T sV INDICATORS 6 DIGIT READO 1:// 00 PARTS ‘ = T FIREL Ky _|%-WATT METAL FILM JUMBO RED LEDS
KevBoARDS  LLTPHY w/teads MODULES /. Y/ .98 o | "0 CHoose 1S /7 150 for 1S for $1.98 /]
10 for $1.98L11Y[15 for $1.98 5 for $1.987///7 [nciudes restrtorss om] — Nl ™H o3 /\ {005 material, user can-
It's truel 20-key, 4 func- |Test lamp manufacturer|Barrels and barrels and nolinme on PC boards. Dumped| = 2 $1.98 cellation  from factory
tion keyboards at ridicu- |dumps inventory! Worth|time to test. Calculator andlint« barrels hy factories, = \ Kir ~ dumps, 3V 10 mils, For
lous give-away. Wt, 12 ozs. |69¢ en. Like grain-o-wheat. |[driver,chips beneath epoxyl106 <~ material. Wt. 12 oz=, > Fre 1009 wmetal film resis-| 100°s of projects, red lens.
Cat. No. 19E3524 Cat. No. 9E 3526 hobby |jon back. Wt. 8 0za19E 3515/Cat, No. 9E3401 -~ - e \ tors. Long leads, 9SE3413} Cat. No.»9E3369

BARREL KIT #163

MINI TRIM POTS CLOCK CHIPS - 'BARREL KIT #127 UPRIGHT ELECTROS |MOLEX . _|_MICRO MINI LEDS
e i 100 % -
30 for 1o EGULATORS W< 20 for 3 ﬁ AXIAL ELECTROS l40 for SOCKETS ‘0037"000:'40 for
$1.98 7110 for $1.98; $1.98 1orv) 1 40 for $1.98 200 for c.uno $1.98 Hohby
. > LM-309K T0-3 parreled,\We gathered an axsortment| G198 -9 g $1.98 staiaa Al the Tiny leds, axial, up-
Asst, values 100 to 1 mex {hot by the pound. but wholaf clnck chip, alarm, ealen- P il gf1m! to 300ml in mixture 5, right of Monsanto, Litronix,
What a buy. Single turn. {wants to check “em? Yourldar, beepers. who knows,|voltages ;;.“;}’“C‘“”;zg‘; of voltages. 100 % marked| Calculator maker dump! We| variety of colors. Yield
14 W. Wt, 6 oz. -9E3345 |gain. Wt 20 ozs. 9E3330{:Il"mixed. Cas. No. 9K 3308 g 'n good. 9E3226 Zut a zillion of ‘em. 50% or better. SE31382

BARREL KIT 7180 ~
HOBBY VOLTAGE

BARREL KITV ;154 -~

ARREL KIT 7126 BARREL KIT f115

BARREL KIT f112

BARREL KIT #109
TERMINAL STRIPS

BARREL KIT #104
SLIDE VOLUME

BARREL KIT #101
RESISTOR SPECIAL

BARREL KIT #99 BARREL KIT §93
PHOTO ELECTRIC HALF WATTERS
(2
8

BARREL KIT #87

NBARREL KIT £86
NAT. IC BONANZARRS®HOBBY LEDS

100 for $1.98 & |conTroLs 200 for . =ay(eHls o o 00 for $1.98 100 for $1.98 W¥'16¢or 51.98

Wide asst. of terminal strin | 10 fOr )| $1.98 = L0 Tor S1. Resistor factory tried tomixed in barrels. Linears,| WOW! Top U.S.A. mnkerl\
connectors,. fram 1 contact o 117177 Asst. GE types, CDS types.|ioul us by mixing 100 % |7400's. ROMS, DTL'S, res-| dumps discretes in barrels,

up. Strip  manufacturers | $1.98 Includes: Vs, Y4, V3. 1. 2-|Mixed by factory. Big job|color-coded  reslstors in|isters. clock and calculator| Hobby nnd untested, Use.!!
barrel dump is your gain. | oo N op 3057 walters, earbon. 8 oz {for us to separate. 100 % |barrel. But value is there.|chips and more. Wt. 12 ozs.| able yield 50% or better!

Wt 1 1b.Cat.No 9E 3136 /2 el 100 % good. SE3054 good. Cat.No. SE1052 4 0z.9E3046 Untestec_ {Cat. No. 9E2860 Wt. 4 ozs. Cat. No.9E2859

BARREL KIT #83

hobby, cos-
metic rejects May include
5, 6, . 16, 18 or 24
volts, TO-220 power tah.
Wt, 4 ozs, Cat. 9E£263S

"BARREL KIT #76
1-WATT ZENERS

100 for $1.9

Factory sume as 400-mw's,
Never-to-see-again offer. 6,
, 10. 12, 16V. under
glass. Double plug.
Cat.No’, 9E 2741 Untested

A

BARREL KIT #71
CAPACITOR SPECIAI

100 pcs.
$1.98

micas, moldeds, piastics,
cegumics, discs, etc, Nifty
}00 % good Cat.No 9£27 38|

BARREL KIT /68 B

T
no

Suppliers throw ‘em in the|
barrel. It's a 1i'l gold mine.
All marked. Cat.No. SE2735

Cat.No.

ARREL KIT fés BARREL KIT y61

2 WATTERS MIXED READOUTS! ?OLVSTVRENE CAPS
100 for .. |10 for $1.98 f§100 for
$1.98 Lt | Tt ot W

Finest caps made, As a gam-
ble we bhought 10 barrels
from factory, mixed values;
all guod_Cat.No. 9& 2729

s, MAN-3's, 11 barrels &
time to separateliobby

9E 2733 Untesred.

BARREL KIT £58
SLIDE SWITCHES

30 for $1.98'%

All shapes, sizes, spst. apat,
momentaries, etc. Tremen-
dous shop pak for 100°s of
switching projects.

Cat.No. 9€ 2726100 % good

BARREL KIT 454

6&8 DIGIT READOUTS
10 for |-
$1.9
Bargain of a lifetime. We
got a barrel of 'em, but no

time to test, Untested and
hobby, Multiplexed. blisdor

type. Wt 8 ozs.Cat/9E2722

BARREL KIT {40

HOBBY PNP POWER
TRANSISTORS

15 for $1.98

Popular germanium and sili-|
con TO-8's, factory

off-|Factory fallouts
spec’ and fallouts. 100 % |spec”
hobhy. no opens, no shortal|hobby. no opens, no shorts.
Wt. 16 02s.cat, No.9£2618] Wi. 1 1b.Cat. No, 9E2617

BARREL KIT #39,
HOBBY NPN POWER

RANSISTORS
15 for $1.98
and *off]
TO-3 powera. 100 %

SARKEL KIT 135 __, | B
"NEON LAMPS

30 for

$1.98 1007 good.

Famous NE-2's. AH prime,

M
th,

METALLIC

100 for $1.98

ARREL XIT 731 BARREL KIT 530
PREFORMED

RESISTORS

200 for $1.98

We got barrels of 1y amd

ESISTORS

ade mostly by Corning,
e fnest resistor made.

BARREL KIT 26

PLASTIC TRANSISTORS

100 for
$1.98

Untested and hobby transis-
tors, TO-92 (TO-18),
2N numbers, asst. manufac-
turers. Wt. 8 ozs. 9E2604

BARREL KIT #25
METAL CANITRANS)
100 for $1.98
Factory unloads barrels ofl
prime, hobby and untested
[T TO-1, an 18

transistors. Marked and un-
marked. Wt. 20 023.9E 2603

BARREL KIT 20
'LONG LEAD DISCS

100 for_ﬁ

$1.98
‘auction xale Prime,
marked unly. Long leads

Cat.No(PE2598 100 % goo|

Cat.Ng, 9E 1897100 % good

12, 2 watts.No'9EZA 28

BARREL KIT }27
PREFORMED DISCS

150 for — zo
$1.98 =/ |
Hi-Fi mir's shelf invemor).‘

No.19E 2423 tintested

BARREL KIT 47
VOLUME
CONTROL

30 for 3
$1 -98 100% good

Singles, variety of
values, styles, big ones —
small ones. Cat.No.I9€ 2421

SEPTEMBER 1977

BARREL KIT #
1N4148/914

le>

SWITCHING DIODES

Cat.No. 9E2418 Untested, §

BARREL KIT §2
LINEAR OP AMPS,

3"’5 75 for
tested' $1.981
May include 709°'s, 741°’s,

703's, 560 series. 655 In-
cludes 9E2416 hobby

BARREL KIT #1
SN7400 DIP IL’

7S for $1.98

(Marked 14 and 16 pin dips,
may inelude gates, flip-
flops, registers, counters,)
'wha knows? Untested, hob
by. Wt. 14 ozs.Cat. 9E2415

CIRCLE NO.

49 DN FREE INFORMATION

AmericanRadioHistorv.Com

CARD

T:‘s;ms: Avsd nosu:;ze Ra'fgl met2 350 o SALE r

Phone : Wakefield, Mass. 7} 245-3829

Retall: 16-18 Del Carmine St.. Wakefield, 01 Send for FREE
Fall-Winter CATALOG

POLY PAKS

P.O. BOX 942E LYNNFIELD, MA. 01

8

! ; gy
B factary e plen Mosa e wtiert B L1Go i TEe 1 Tl B N SRS B 26 it
Vintage Cat.No SEZ613|values Gat No  SE76qs | No- IE2608100% good| Mixed values tool 92603
BARREL KIY 19 LR powenTas 1t /| earmeswiv e
DIPPED MYLAR a Aaukla TRANSISTORS 7| SBBMINIATURE G

2 1 IF TRANSFORMERS
60 for$1.98 200 for 40 for 75 for $1.98
Finest capneitors made ) “qg’ g g $1.98 Ofg-ba
shiny finish. Imngine facto: . NEN. plastic T0220 type| Amazink, includes 485kes,
ry dumping ‘em in barrels.! Marked and unmarked V.| asaorted 2N numbers. antenna, who knows?

19€£2422100 Foi good

C.0.D.’'s MAY
BE PHONED

|
|
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MINIMUM ORDER — $6.00




SPEAKER SYSTEM KIT

TV GAMES

0314333\1 SSBHdXB NVYDJIHIWY - IDHVYHI HILSYW - QUVYIIBINYNNYD - vLL5 165 (219

4
r4
) [ ] 9 4 =
oria’'s Lowes . : :
. oy
- 2
rlces = 1. HOCKEY & SOCCER game, 2 sk
l | levels, LED scoring, joystick controls.
o4 New and guarenteed. Sh. Wt. 8 Lbs.
* SPECIAL PRICES * 1 ¥ 7HU70284. . .$22.50 . . 5 for $100.00
X 2. TV Tennis, new & guarenteed. 5 Lbs.
cMoS o}
MEMORIES 74109 a0 7451748 208 4001 16 ™ 7HU70285. . . $13.88. . . 3 for $38.88
Rams e = 745175 205 1002 16 1 w 3. TV Tennis, kit form, ASIS. 5 Lbs.
745200 295 W2 e 715181 295 4006 %0 2 . 72U70250. . . $8.88. . . 4 for $28.88
2102 125 % s i) & 745197 220 4007 1 1 < .
2102-1 150 % ;::;: ‘:z : 745287 1.50 4008 70 | B&F does it agan! New speakers and COLOR TV CHASSIS
Proms = 4011 16 % I z| enclosures, includes 8" wooters, 4
74151 50 HIGH SPEED < TS-951 & TS5-953
3 195 % * -
S282S129 | 195, 4152 20 7400 20 e ok I & d‘;“‘* I“’::‘e'e's‘ enclosure's ‘2:‘1?"B|)‘ We have found some 2,000 damaged TV
Otners ;‘:“zi -:g 74101 20 bors 80 s gr :\od' crosszvg' networks, nsula- | oy acdis, of the same types that we have
TMSI3409 B2 00 3 75 L3N8 20 1016 3s tion, hardware and instructions. A com- | oo caljing these last few months, ex
MM 5013 150 7418 7aM10 20 Z| plete kit with b |
NS 5260 1.50 74181 60 Aants 70 B =" == with QU CEEEEEAAE a1 e cept that these have cracked PC boards
NS 8619 2,00 - 7aH1 20 4020 % <] B&F prices . . . this system sells for $198 3
MH 0026H 325 74163 75 TaHao w0 = pt I 0] if bought Ayt N bent frames, etc. The parts alone are
e e 7aM51 20 — e £ aﬂo:dug I;ea . oag,"b :’w {9“ c;" worth 5 times as much as our low prices.
— iy . S TaMs2 .20 1025 20 * l o| sh. w q:; ILtZ 5°7u;‘u'702;g" ggg 6""' - | All units are sold “"AS I1S”, all sales are
7400 12 % 74175 75 % LT A0 1027 40 ) - Wt D As : 95/pair | (521 13" & 157 include tuners.
7402 14 77 70 T % <020 o 1 Sl Save $100t. . .. . 10kits for $599.00 | g wi 12 Lbe esch.
7403 14 % réteg "B fox > 1 g| CABINETS Only  Sh.wr. 3°5ng-/ | 13" Chassis . . ,70270059. . . $22.50
] ek Tt e Logipowed o s x) 70870197 . . .. ... :$25.00/pair | 15 Chassis . . .70270060. . . $22.50
il 2o 74192 70 % ases 2043 75 ] 2l POWER 17" Chassis . . .7D270061. . . $14.88
7416 25 74193 o 741502 e 70 w P ~] 19" Chassis . . .7DZ70062. . . $14.88
7420 12 % ;::9: :: 730508 4049 .35 4 l of SUPPLY # - 7 ”
7a27 25 o . JATST0 050 35 % - T SPEAKER P o~
1437 20 74198 1.25 4iis2 4066 65 I o ;.
7420 20 % - D 7aL873 4068 35 Z 1 C.B. POWER SUPPLY KIT CABINETS
7440 g2 % 12 70 74LST5 4071 16 l ﬁ A compiete kit which puts out 10 to 24
) e 74L8151 5% o e 3| VOC at 2 amps regulated 115 VAC in. | Super Bass Tones!
7447 65 % ::::0?"“ - :’I:t:::: ;’:‘: 4516 85 1 g‘ Can be wired for constant 13.8VDC. i [ Air suspension encrosures
7450 14 . o £ ol e as28 75 I = deal & compact for C.B. Kit jnc|ude§ PC deslgned for direct dis
451 i 74837 a0 7aLS163 1.50 LINEARS || board all components and instructions persion of the hi-freq.
;:;2 ;: 74838 0 7405164 1.50 DMBB20i30 175 1 o st add your case Super bench supply! | 4o 8 wide dispersion
7475 0 ;lsus 200 ;:t::;; :.:g* :szzzz z:: o Sh.Wt. 6 Lbs -6C60498 . . $14.88 | of yhe woofer. By adding
;’::‘,’ ':: * 7:::;3 ﬁ?ﬁ 7aLs193 150 NESSEA % i :(J 20 o128 O R e RIS T the proper speakers you can obtain a
7486 20 745139 1.50 7aL8221 125 ¥ 1456V 75 ] +| A simple. zadjustable regulated power | freq. resp. of 30 to 20,000 Hz. Size:17"
7490 as 745140 50 74LS251 1.50 1458V 52 | supply.  Kit includes all components | x10% x9% deep. Requires an 8" woofer
;AQJ :; * ;::::; ;: ;Ats;:; Ls: :Z:: :;: l : vector board and complete schematics. | and a 4" tweeter. Sold with grill cloth &
435 ¥ Ls *2 i All you add is the case. Powerful! instructions to build your own systems.
w
74107 29 748172 4.50 74LS258 1.25 % 5400 2.00 I x| Sh Wt 15 Lbs . . 6MI60301. . $14.88 [ Sh. Wt. 25 Lbs . . Order No. 70B70200
Order Mimum $10 00 Adg $1 00 smupuig and handing charge per vriter Caiforma resiaents add 64 °s sajes k'3 01030V AC/DCPS. KIT $25.00/pair . . or . . $80.00 for 4 palrs
tax Al orders smpped First Ciass wihin 24 hours l g This high amp adjustable supply is an | Phone Orders
Order the famous lasis § volume Pragrammed Learning Course ‘Microcompuier Design s a Snap ™ for | O easy kit to build It includes a 0 to 40 Welcome! Send Orders To:
$99.50 and recelve 4 speclal $10.00 credit on any group of IC's x| volt autotranstormer (VariacR), 24v 54 | (817} = |;g £ EnTE RPRISES
O] xf 1t oth b . . “p
Satistaction 100° guaranteed C.0.0. Orders Phone [day of night) 408 3541448 I e :uf’;':i';;?; chaf'ef(’[,";f::e;“ |Us:r Just Say - Dept.’
| a 287 Gt 4 Charge itt | 119 FOSTER STREET
Po BOX 2542 A Z| 2ny use requiring high current Qty. Ltd. = -
| I wl Sh.We 9 Lbs .. .6C60462. . $14.50| 't Cililos | PEABODY, MA. 01960
Sunnyvale, CA 94087 A POSTAGE: Men wild s {617) 5315774
;“—um;g"—hm-una-usﬁ":memdmdm—“ - G N N N N e B R M J BLF*BAF*BAF*B&F*B&4F*B&F* ,y GLF*BLF*BAF*BAF*B&F*B&F
CIRCLE NO. 24 ON FREE INFORMATION CARD CIRCLE NO. 9 ON FREE INFORMATION CAROD

FM WIRELESS
MIKE KIT
FM.1 8295

Transmit up 10 300" 10 any
FM radio. Sensitive mie
wput fequires dynamic
crystal of ceramic mike Runs on 310 9 volis

TONE DECODER KIT

A complete tone decoder on 8 singte PC

ard. Features. 400 10 5000 Mz sdustable
frequency range, voliage requialion, 567
Uselul for foucn.ione decoding, 100 busy
deteciion, .
ofner uses Use 7 for 12 bul\on icmone ge.
coding Auns on S0 I
Complete Kit. TD-1.

LED
BLINKY KIT

A groal attention ge'- ’
ter which alternately

Nashes 2 jumbo LEDs

Use for name badges,

bultons or warning v
Iype panel fights.

Complete Kit, BL-1

SUPER-SNOQP AMPLIFIER
“sensitive ampiifior which will pick
1 3in clop s1 15 eetl Greal o1 monignng
S 00 or 33 3 general purpose tes!
amplilion, Full 2 walts of ot rons.on 610
12volt. usas dny type ol ke, Reculres 855
ohm

Cumnlne Kit. BN-9. .54.95

MUSIC LIGHTS KIT
See musc come elvet 3 ditforont hgnts
tucher wilh music or voke One hght for
ws. one for the mid.range and one for the
highs. Each channel indiidyally sdjustable
031 for parties.

57.95

SIREN KIT

warg and Gownward wail chat.

actorietic of ohes Siran 200me 2udio oul

put rwns on 3.9 volis, uses 845 ohm
speaker

. M-3

CODE OSCILLA Kl
Powartul 1 walt qudio oscilator of appro t
uses. Greal lor warming
SR e T o L]
code oscillator
Complete Kit, CPO-1. ..

_.$2.95

$2.50

POWER SUPPLY KIT
Completa nple reguiated powst supply pre;
vidns variable £35 voits at 200ma and + 5
volis at § am; 1004 regulation. good
itering 8nc s sze 1ot less ‘ranstormers

t 1 amp and 1810 0V

Complete xn PS-3LT. -$6.98

DECADE COUNTER PARTS KIT
Ingiudes 74504 30 MIiz counier 7475 laich

7 LED anver, LED readoul. cument houi
e oSt et s nsiuctions on
NOw 10 Bu(d an easy 10w cosI lreq counter
Kit of Parts, DCU-1 easo

128

Frequency
Counter

$79.95

You've requested it, and now it's here! The CT-50 Fre-
quency Counter Kit has more features than counters selling

rrr 50 frequency counter
d{653704as]

wut Qb

KIT §
T

U

for twice the price. Measuring frequency is now as easy as

pushing a button, the CT-50 will automatically place the
decimal point in all modes, giving you quick,
ings. Want to use the CT-50 mobile? No problem, it runs

equally as well on 12 VDC as it does on 1
super accuracy? The CT-50 uses the popular

reiiable read-  gensitivity: less than 25MV

10 VAC. Want
TV color burst

| ade

ILIZES NEW MOS-LSI CIRCUITRY
SPECIFICATIONS

Frequency range: 5Hz to 60MHz, typically 65MHz
Gate time: 1 second, 1/10 second, with automatic decimal

SiAW0ITI3IM SHIQHO INOHd

freq. of 3.579545 MHz for time base. Tap off a color TV with
our adapter and get ultra accuracy — .001 ppm! The CT-50
offers professional quality at the unheard of price of $79.95.
Order yours today!

CT-50, 60MHz Counter Kit ...................... $79.95
CT-50WT, 60 MHz counter, wired and tested . ... .. $159.95
CT-600, 600 MHz prescaler option for CT-50, add .. $29.95

point positioning on both direct and prescale
Display: 8digit red LED .4" height
Accuracy: 10 ppm, .001 ppm with TV time base!
Input: BNC, 1 meg ohm direct, 50 ohm with prescale option
Power: 110 VAC 5 watts or 12VDC @ 1 Amp
Size: Approx. 6" x 4" x 2", high quality aluminum case
Color burst adapter for .001 ppm accuracy available in 6
weeks. CB-1, Kit $14.95

VIDEO TERMINAL
KIT $149.95

A compact 5 x 10-inch PC card that requires only an ASCIl key-
board and a TV set 1o become a complete interactive terminal for
fon to your P! ous Inlerface. lts

many teatures ar@ singte S-voll supply, crystal controlted sync and
baud rates {up to 9600 baud), 2 pages of 32 characters by 16 lines,
read 10 and from memory, computer and keyboard-operated cursor
and page control, parity error display and control, power-on inl-
tialization, full 64-character ASCII display. block-type see-thru cur-
sor. control , forward spaces, line
feeds, rev. line feeds. home. relurns cursov Also clears page,

Want a clock that looks good enough for your living room?
Forget the competitor's kludges and try one of ours! Features; jum-

sembly time. Colors: siiver, gold. black. olue and bronze {specity).

SIX DIGIT

CAR
12/24 HR | cLock
Y. CLOCK KIT | KIT $27.95 \SrilmeB

* High Accuracy (t minute/month)
* 6 jumbo 4" LED readouts
* Easy, no-pojarity hookup

Automaticaty adiss
dapiay drgniness

4 i i i
bo 4" digits, Polaroid lens filter, extruded aliminum case available ® Disglay blanks with ignition W,,.,,“. fn',';
in 5 colors, quahty PC boards and super instructions. All parts are « Case. mounting bracket included evel, e DS
included, no extras 1o buy. Fully guaranteed. One to two hour as. * Super Instructions Car Clock

Comptete Kit, DC.11 $27.95

clears to end of line. selecls page 1 or 2. reads lrom or to memory.
The card requires 5 volls at approx. 900 ma and outputs standard £ Ciock Kit, DC-5 422.95
75 ohm composite video Alarm Clock. DC-8, 12 br. only $24.95 Ll N EAR REGS TRANS' STORS
THI216 Kit $140.95 | DC-5 with 10 min. ID timer s25.95 | 555 50 309K .99 NPN 2N3904 type 10/$1.00
TH3216, Assembled and Tested s239.95 ] Mobile Version, DC-7 42595 || 556 75 340K-12 .99  PNP 2N3908 type 10/$1.00
VD-1. Video to RF Modulator Kit s 6.95 | Assembled and tested clocks available, add | 566 1.49 7805 .99 NPN Power Tab 40W  3/$1.00
LT \atoris 25 4 $10.00 10 kit price 567 149 7812 .99 PNP Power Tab 40W  3/81.00
600 mHz 324 1.49 7815 .99 FET MPF-102 type 3/52.00
1458 .49 7BMG 150 UJT 2N2646 type 3/32.00
: 10/$2.00
4! MIRIOEouse roske0 380 149 723 49 2N3055 NPN Power 75
Prescaler
Fully assembled and tested. ?::;’,:,",,‘,Iao,:;vi,:::,:: [ ] [] l
Extend the range of your counter to 10 times higher in lrequency. . od. Orders unds- $10 O
Works with any counter. High sensitivity input with built-In on-chip Phone add 75c. €COO add
pre-amp. orders $1.00. NY adt 7% et o 3 4
PS-1B,—10 $59.95 walcome sales tax.
CIRCLE NO. 53 ON FREE INFORMATION CARD
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S.D. SALES CO. P.0.BOX 28810 -D DALLAS, TEXAS 75228

As always this kit includes all parts, all sockets, and
be shipped on a strict first come first served basis. D

Z-80 Chip & Manual $49.95

From the same peopls who brought you the $89.95 4K RAM KIT. We were not the first to i
quality for the lowest price!
The advance features of t
differant is the extra care we took in the hardware design. The CPU card
proparly. Dynamic memory refresh and NMI are brought ou_t for your use.

i/Altai

an |

he Z-80 such as an expanded sst of 158 instructions, 8080A software compatibility, and operatio
will always stop on an M1 state. We also generate
Balieve it or not, not all of our competitars have gon

for ease of Y.
ealers inquiries welcome on this item. Kit includes Zilog Manual

of our

past
| and all parts. K

* Imsai - Altair “A” Compatible Kits »
Z-80 CPU KIT COMPLETE - $149. kit

Z-80 Manual - $7.50 Separately

Z-80 Card, but we do feel that ours has the best design and

n from a single 5VDC supply, are all wall known. What makes our card
TRUE SYNC on card, to insurs that the rest of your system functions
e to the extra trouble cf doing this.
with our 4K kit wu su!
it shipped with 2 MH

crystals.

1 that you order sarly. All orders will

95

through PC Board.

THE wHoLe 4K LOW POWER RAM BOARD KiT

WORKS

$89.

Imsai and Altair 8080 plug in compatible. Uses low power static 21L02—-1 500 ns. RAM'S. Fully buffered, dras-

tically reduced power consumption, on board regulated, all sockets and parts included. Premium quality plated
For 250 ns RAM’s add $10.00

NEW! DESIGN CONSOLETTE KIT - $89.95

S.D). Sates announces the inexpensive way
for cight 16 pin IC's and provides 50 x 8 common buss matrix. Has regul
Also includes a pulse generator variable Irom 10hz to 50mhz and .01 sec. to 100 n
includes all parts. sockets: front panel measures 7%47x8% ", and hardware. case not available.

to beat the wire wrap jungle. Our latest kit gives you 124 solderless quick connect terminals, enough
ated +5VDC and +/— 15VDC. alt at 1 AMP. Voltage regulation at 100%.
ana seconds. Generator output is +5V. In kit form only and

Music to

CAR/BOAT KIT g

$34.95

qowr Eans!

!

MAN.

MUSICAL HORN

Musical Horn Kit for car, boat, or home. Plays any tune from Mozart to Led Zeppelin,
Change tunes in seconds; complate solid state electronics. Standard or custom tunes
available at $6.95 each (you supply us with the sheet music — wa supply electronics
for your favorite tune.) One song supplied with ariginal order. Standard tunes avail-
able: DIXIE — EYES OF TEXAS — ON WISCONSIN — YANKEE DOODLE DANDY
_ NOTRE DAME FIGHT SONG — PINK PANTHER — AGGIE WAR SONG - AN-
CHORS AWAY — NEVER ON SUNDAY — BRIOGE OVER RIVER QUI — CANDY

HOME KIT

$26.90

Home kit includes speaker which oper-
ates from your door bell. When door bell
is pushed your favorite tune is played.
Car/boat kit DOES NOT include speak-
er. Uses standard 8ohm PM speaker.
Allow 4 weeks delivery on both kits.

Limited

Quantiyy!

$9.95 «it

We made a fantastic kit even better.
50250 super clock chip, single 1.C. segment driver, SCR digit drivers. Great
necessary parts {except case). For P.C. board add $3.00; AC XFMR add $1.5!

the hassle — avoid the 5314!

6 DIGIT ALARM CLOCK KIT

in 1C tech .

d to take

af the latest

Iy simplified constructian. Mol

F : Litronix Dual % displays, Mostek
re reliable and easier to build. Kit includes all
0. Do not confuse with Non-Alarm kits sold by our competition! Eliminate
NEW! WITH JUMBO LED READOUTS!

1000 MFD
Filter Carg

right
ue for hobbyists.

4/%$1.00

leads. Most popular val-

SLIDE SWITCH
Assortment
QOur best saller. Includes
miniature and standard
sizes, single and muiti-
position units. All new,

12/$1.00

Just received a good
mixed lot of National
T0-92 plastic transis
tors. PNP & NPN, even
a few FET's. 40-50%
yivld. Untested Asst.

500/%3.

DISC CAP
ASSORTMENT
P.C. Leads. At least
10 different values.
includes .001, .01, .05
plus  other standard

values,

60/$1.00

AMD-1702A
Huge Factory FPurchase

FACTORY PRIME UNITS! BRAND NEW!
1.5 Micro-Seconds Access Time.

10/$40. $4.95 ea.

POWER Pi;2|.OI.EAD
RESISTOR
Rf:'g;:a“ ASSORTMENTP 1N4148/1N914
¥W 5% & 10% PC
25W Ieads. A good _mi: ot 100/$ 2 -
BY vatues! Special! 1N4002 - 1A
CLAROSTAT 100 PV
* Specwﬂ *
3.579545 11,000 MFD
MHZ Time 50WVvDC
Base Crystal Computer Grade Cap
$1.25 $3.00 each
39 MFD
28 PIN SOCKETS 16 V Mailory
3 for $1.00 Electrolytic
15 for $1.00

STRETCH your
the wait light off

500ns 8/%$12.95
250ns 8/%$15.95

FACTORY PRIME!
21L02-1

Not only are our RAM'S faster than a speeding bullet but they
are now very low powar, We ara pleased to offer prime new
21L02-1 Low Power and Super Fast RAM’s. Allows you to
ruwcr supply farther and at the same time keep

CHARGE ORDER
CONTINENTAL UNITED STATES
TOLL FREE WATTS LINE:

IN ON OUR

—

>

>

Texas Residents Call Collect:

214/271-0022

Money “Back
Guarantee!

oM !
Ve ER IC's from XEROX MOS 6 DIGIT
O \LEMSO ARDY
[4¥ 1eD 1402 A Shift Regulator — 50¢c
Tt 1402 A Shift Reg UP/DOWN COUNTER
FU 7400 — 9¢ 7430 — 9¢ 7493 -26¢ 49 PIN DIP. Everything you sver wanted in a counter chip. Features: Direct LED sagment drive,
7402 9 7440 9 412 single power supply (12 VDC TYPE), six decades up/down. preloadable counter, separate pre-
7404 - 9§ 7437 _IOE ;4: 2; _ggg load:blc cgr'c‘poasu register with compa’u out-put, BCD and seven segment oulpuls: internal scan
- - - oscillator, compatible, lsading zero blanking. TMHZ. count input frequency.
neﬂjl 7406 —11c 7438 —10c 74151 — 9¢
G 7407 —1lc 7451 — 9¢ 74155 =22
’ 7410 — 9¢ 7474 —16¢ 74193 —35¢ 7
“/4 . 7416 —13c 7475 —24c 8233 — 35¢ &W@/ 2 9
7420 — 9¢ 7486 —16¢ Intel — 1302 — 45c¢ L4 . O
CALL IN YOUR BANK- f
Ve _ _ _ TERMS: NO COD’S. TEXAS RESIDENTS
AMERICARD OR  MASTER 1 BUU 527 3480 S ADD 5% SALES TAX. ADD 5%

OF ORDER FOR POSTAGE &
HANDLING. ORDERS UNDER
$10.00 ADD
ORDERS — U.S. FUNDS ONLY!

75c. FOREIGN

Orders over $15. - Choose $1. FREE MERCHANDISE!
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1

BIL GODBOUT ELECTRONICS
2355, OAKLAND AIRPORT, CA 94614

GRS

TERMS: Prices good through cnd of magazinc cover date.
Cal res add tax. RaokAmericard? /VISA® fMastercharge®
orders (815 min) call (415) 562-0636, 24 hrs. Allow up
to 5% ~hipping (more for power supplics); excess re-
fundec. COl orders OK with street address.

12A at SO% duty cycle.
.05V regnlation, curreat
limiting, crowhar over-
voltage protection. Lasy
to butld, vompact kif.
f.xcelient for poweriag

E
\
\

ham, CR, and autemotive
cquipment  from  the W \
Yinc. Please anclule

\

sufficient postage; case
§ hardwarc not incinded.

ADD 24K OF MEMORY T0
YOUR COMPUTER — $430

Now you can buy 3 of onr popular 8K FCONORAM 1™ boards
for $450. Features? All static design (climinates
dynamic timing hassles); tri-state outputs; configured
s two scparatce, independent 3K hlocks with individual
protect for cach hlock; zero wait states (4 Mlz I-80s:
use 1 wait state, implemented on board): provides vec-
tor interrupt if write attempred in protected block.
Fully buffercd. Fully socheted. True low power.

#SPC-24  Three 8K ECONORAM 1 Rats.......onenn $450.00
#CK-008 RK 1.CONORAM 11 (kit form) $163.84
Samc but asscmbled, tested, 1 yr warr..$188.50
4K ECONORAM 11 (kit form} $100.00
Same but assembicd, tested, 1 yr warr..$120.00

V2727222220202 24 Lledl

1CK-010
§CK-007
#CK-009

FOR MORE DETAILS, COMPONENTS + MUCH MORE...

SEND FOR OUR FLY

77272284 LLL

Lf

CIRCLE NO. 28 ON

124 8, SUPPLY $3995

””IIIIIIIIIIIIIIIIIIIIII"’::'fi.””

AT
. MOTHERBOARDS \
pasEl | 10sL0T $90 N
] 18 SLOT S128
) R(_nh hits inc!udc cdge connectors. W \
- Nith e T ener was wromine. N
it
Wt YRTERDESIGN 01\
| P;‘%LIE\E EEI’IEHFITR‘
— 588 >
et il [ Sl
#SPC-22 Prime able. 10% |q o o o O
80BOA...$12.95 -90% duty —n . o
s e AT |, 820, ¢ @8
777 7L

FREE INFORMATION CARD

-1

sExperimenters Delight
©100's of Uses *Some Marred & Soiled

XM-646

14%

117 VAC Powered 19.991

Detector

eProtect Your Fa-
mily From Fire and
Killer Gases

For
faster
service

USE
ZIP
CODE

e e e

| © NICKEL CADMIUM |

BA-341

Ea.

ﬁ.'m._%' «“AA” Pen-Lite Celils |
L

I *1.2 Volt

r,&\ s1 ~ |
|

- Reg. Mow

Rechargeable
eFor Radios
and Calculators Etc. |
AM Pushiution Auto Radio-New, AU-580 1099 999 I
Sonar 30-50 iz (3-Ch.) phes AM std. Broadcast Pecket
Receiver, RA-5T7 0 289

PROMS PROGRAMMED — New low prices — 13
cents stamp brings information. Or send §1
check for program cards, specs, PROM postage
credit. RBH Enterprises, Box 12344, Wichita, XS
67271.

COMBO ORGAN 61 Note C to C includes Synthesizer —
Piano Section — 1° 2' 4' 8' 16' Percussion Rotary Sustains
__ Case Vinyl and Stand. Special $325.00. Eim Systems,
205 East 17th Street, New York, New York 10003.
SNOOPERSCOPE, see in total darkness with
infrared viewing device. Detailed construction
plans, $3.50. Argyre, Box 1570, Laporte, TX
77571,

PC BOARDS trom your art. Send SASE for info. Assembly
stems, Box 221, Wadsworth, OH 44281.

CLASSIFIED ADVERTISING ORDER FORM

8080 OCTAL REFERENCE CARD. Program your 8080 CPU
in easy Octal. Complete reference card with op codes, S-
100 pin-outs, ASCHi. $1.25 postpaid. ThinkerToys. 1201-
10th St., Berkeley, CA 94710.

FREE CATALOG. Solar Cells, Nicads. Kits, Calculators,
Digital Watch Modules, Ultrasonics, Strobes, LEDS.
Transistors, IC's, Unique Components. Chaneys, Box
27038, Denver, CO 80227.

SEEKING JAPANESE TRANSISTORS FOR CB REPAIR?
Request list. Fuji-Svea Enterprises. Dept. P, Box 40325,
Cincinnati, OH 45240.

PRINTED CIRCUIT BOARDS from artwork, magazine lay-
outs. Fast service. OMEGA ENTERPRISES, Box 48239,
Niles, 1il. 60648.

MICROCOMPUTER SYSTEMS. Troubleshooting Tech-
niques-Digital Gate Decode Chart, both $5.00. Micra Info
Assoc.. Box 849, Castroville, Calil. 95012, Calif. residents
add 6% tax

Please refer to heading on first page 9! this section

130

for te data terms, is-
counts, closing dates, etc. WORD COUNT: 15 '
l WORD MINIMUM, Include name and address i
: i == 3 ___Words :

——2 S = $2.256 (Commercial Rate)
B $1.35 (Reader Rate) |
T 7 -— o $3.35 (Expand-Ad Rate) ]
. S ————— —— - O Paymeniof§ l
10 1" 1?2 enclosed for ingertions.
] . — —— = Oamex O BAC ==
[ i oM O Oiners D!
[ ] 6 17 T CHARGE: for — . insertions = |
You will be billed monthly

] 19 2 N Account # — .
[ - E==—r R
22 23 24 Expiration Date l

. —— = e i Master Charge Interbank # (4 digits above name)
. 25 26 27 l
| B R e e T SIGNATURE MUST BE PROVIDED BELOW. [ ]
§ PrINT NAME ||
8 aooress |
: ey __ STATE______ 2R '
SIGNATURE PE-977 '
‘ -----------‘

AmericanRadioHistorv Com

Sonar 150-174 Mitz. (3-Ch.) phus AM std. Breadcast Pocke
Receiver, RA422 3900 2.9

Electronic Camera Shutter Assembly, K637 . ... .. 149
Singer 12 Digit WOS Cakculator Chip with Data Sheet,

T I R 18 18
UHF Yaracter Tuner, Gataincl., KMGT6 . . .. . . .. 19 14

flectronic "Choo-Choo”” Module for Model Raiircad,
ASHS .. 19
Siphon Pumg-6 1. Squeeze Type, XN-6T5
6 YOC ta 12 VOC Converter, AU-297 .........
4 Chanael Coaverter for Car Stereo, HF-216. . . . . .
Tiing Motor 1 Rev. Every 4 Hous 120 VAC., M0-407 189
Telechron Digital Clock Movement, 14 Numerals, "
VAC., 60 Hz. Removed from Equip., SW-853 5.9
29" 60 Ohm Speaker, SP-435 1.9
AM-FM-MPX Receiver Chassis, Sofd State 11-12 YAC inpe.
Tape Out lacks, RA-5T4 999
Universal AC Adapter, 117 VAC input, 6-1.5 and 8 VO
Output @ 300 Ma., BA-159

“FREE CATALOG

.|
3
100
.00
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260 S. FORGE ST.
DEPT. 13 AKRON, OHIO 44327

NAME

ADDRESS

CITY STATE

Z\P . OsendOlsonCat.
ENCLOSE POSTAGE AND SALES TAX

QTY. STK. # Description Péice Total
a.
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MIND-ABSORBING
PROJECTS FOR
EXPERIMENTERS
AND HOBBYISTS

B/BELECTRONIC
EXPERIMENTER'S

HANDB

€I K

ELECTRONIC
EXPERIMENTER’S HANDBOOK

Published each year by the editors of Popular
Electronics, here's the one publication that helps
you get it together . . . with a score of build-it-
yourself projects.

The all-new 1978 edition goes
on sale nationally October, 1977

It will again be packed with features and articles
and complete lab-tested instructions that are sure
to guarantee successful days and months of mind
absorbing projects for fun and practicality.

RESERVE
YOUR COPY NOW
AT THE
PRE-PUBLICATION
PRICE OF
ONLY $1.50

This offer is being made to readers of Popular
Electronics only. Regular price is $1.95; mail order
$2.50. Save money and enjoy the convenience of
having the 1978 ELECTRONIC EXPERIMENTER'S
HANDBOOK mailed to you from first-off-the-press
copies when published. Complete the Reservation
Form and return it promptly with your remittance.

PRE-PUBLICATION
RESERVATION FORM

Electronics Experimenter’s Handbook
Consumer Service Division
§95 Broadway, N.Y., N.Y. 10912 PE-977

Enclosed is $1.50° (outside U.S.A. $2) for my copy
of the 1978 ELECTRONIC EXPERIMENTER'S HAND-
BOOK to be mailed to me in October, 1977 when
published.

Print Name
Address_
City=leug,
State—a_ o 1 . Zip

*Residents of CA, CO, FL, IL, MI, MO, NY STATE,
DC and TX add applicable sales tax.

SEPTEMBER 1977

CARTRIVISION OWNERS! Sony Color TunerModulator
plugs Into Cartrivision. Record off channels not viewed.
Record without TV on. Play into any TV without interfacing.
$250.00. {Specify channel 3/4). DH.V,, Inc.. Box 12, Lang-
horne, Pennsylvama 19047.

ALL SOLID STATE DIGITAL OSCILLOSCOPE dlgllal
memory dual trace, 1mV Dc-5MHZ, batt. operated, 2X2.5"
display pocketsize, complete PLANS, PICTURES, parts list
& sources $15. Pictures-info $1. SEECOM, Box 1274,
Tuslln CA 92680

ALL TOP QUALITY BRANDS RANDS COMPONENTS. No
down payment. 36 hour delivery anywhere in U.S.
No-Lemon Guarantee. Altec, Bose, Cerwin-Vega,
DBX, Infinity, Lux, Micro-Acoustics, OHM, Phase-
Linear, others. International Hi-Fi Distributors,
Moravia Center Industrial Park, Balto., Maryland
21206. Phone: (301) 488-9600.

FREQUENCY LISTS: Shortwave and VHF-UHF. Milltary,
Aviation. Satellite, Pollce. more. Sample $2.00. Catalog 50
cents. HANDLER, Box 253. Deerfield, Illinols 60015.

HARDCOPY: Attachment converts most electric typewrit.
ers to microcomputer printout. Free Brochure. Stout Micro-
computer. Box 1573. Fremont, CA 94538.

BOOKS AND MAGAZINES

ELECTRONICS DICTIONARY — 688 page industry slan-
dard reference filled with 18,000 up-to-date technical defi-
nitlons and diagrams. Outstanding $6.95 retail value for
$4.50 wholesale price (postage included). ANRI, P.O. Box
3727, Torrance. CA 90510. -
TECHNICAL MANUALS — Ameco. Arrl, Cowan, Gilfer,
Rider, RCA Radio Callbook, Sams, Tab, T.I. Postage 35
cents bk, ppd. Five. Madison Electronics. 1508 McKinney.
Houston, Texas 77002

FREE book prophe| Ell]ah commg be!ore Chnsl wWonderful

bible evidence. Megiddo Mission, Dept. 64, 481 Thurston
Rd., Rochester, N.Y. 14619.

| BURGLAR ALARMS

WHY WORRY about leaving car lights on? EASILY
INSTALLED ALARM alerts, with pulsing tone.
$12.95. CFL Enterprises, P.0. Box 415, Export,
PA 15632.

NEW SUPER SENSITIVE HOME/AUTO
BURGLAR ALARM SYSTEM

Patented Electronic Perimeter Devices
Easily Installed by Almost Anycne.

On guard against burglars by means of loud alarm
triggered by break-in attempts. Almost uncanny the
way it senses danger from unauthorized intruders
Requires NO switches. door cords. shunt locks, for
traps or delays. So nearly wireless one smalt Control
with sensors can protect up to 50 GLASS doors, win-
dows, walls, Etc. using one single 28 gauge wire. |
Great opportunity for persons seeking professional
protection at low cost. Send $1.00 for Full details

KING RESEARCH LABS, INC.
312/344-7877

801 South 11th Avenue. Maywood, IL 60153

| PROTECTION! Build your own Ere/gu_rglar alarm. Com-
| plete plans. Send $5.50 to: Triangle, Box 9244, Wichita, KS
67277.

| —
Burglar . Smoke
Fire Alarm Catalog

¢ Billions of dollars lost annually due
to lack of protective warning alarms.

FREE CATALOG Shows you how to

protect your home, business
and person. Wholesale
prices. Do-it-yourself. Free
engineering service.

Burdex Security Co.

Box 82802 Pe-097 Lincoln, Ne. 68501

AmericanRadioHistorv.Com
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VOICE ACTIVATED SOLID STATE SWITCH
Lor when aghvated and L it

vy b ' e

oman

Special

APE
muml Qmmm\

w Dumont 5CP1 Scope Tube
= Usp in Many Otder Test Beneh Osctiuscopes
. Mor) One: Now It Your Oscdloscoe Used

>=a:

N-189 544 00 Value

CALCULATOH KEYBOARD

*Touchk tone wp- coni; Kl Clnﬂﬂ -
cxcat i« Fene ke 1
Iothes e 75108 0 T e .
= gpestpom - st pot
€-206 a1 8"
[ 3 DIGITAL

CLOCK MOVEMENT

o Fom 580 Numeras 3 18

o Made By Shacn; Sesy Mad
slileioel_

» 120V AC

sde 43 lw IRAdE S
® Shoreny W

a7

GENERAL CONTROL
BSE'ITABLE COUNTER

e 120-Vohi, 80-Hz
e Model # CE40AS402
e Minimum Make Twme 050 Second.
Break Time 050 Second
e Enclosed in Tamperproot Case
® Shipping Wt 1 Lb 1“
N-98

}h.80

Z” PANEL METER 50-0-50
UA DC MICROAMMETER

¢ Wide View Panel Meters
e 2-3/8"x1-13/16" Face
e Mounts In 14" Hole

20 1 99

o  4-RANGE DIGITAL
READOUT INTERVAL
TIMER KIT

® 4 time functions 199 Sec. 1.99 Sec, 1.8.9
Mo, 1-99 Min o " High Nixie Tube Readouts ®
For daskroom use In both processing & enlarping
processas * AS a hmer lor sport & contest events
{stop swilch) * Provides timed 120V AC oufiel
and S.P. NO contact 1o tngger buzzer alarm or visual
signais. * Full Winng instructions Included — Na
Cabinet Or Case Avallabls For Timer,

SPECIAL 1 9 ] 99'

DYNAMIC DIGITAL TRANSISTOR CHECKF.R
Tosta ranaisiors in circuit o out of crcut The Dynams Tranwsror Checker
lot you maich Wansistors in working Cicults to mirove Me operston It will
test Go 81 No Go at currents trom 50ma. ang wil mow current gdn
electncal coor' w short crcuits Tosts low, medium and
both PNP and NPN lypes Complete with franaistor socket loal clos nd o
uwsvuzo:cw.vmnw Skze of case 6% x 3%~ x 2" d
E-144. 99
LY
.
¥) operabng & smail caiculelor, Of powerng miscesansous iaboralory
expenments Uses siandard 137V 60C AC power. Qulpul binding posts

r Supply wil deliver four ranges of DC vokages 4 5V, BV,
Ccopts waw Or banana pugs With 4% Ft cord and pug Sae of case. 5" x2-5/8" x 1. 5/8”

» S g
i

J

3

\\W“o“

E-207

100.00
VALUE * Aﬁz‘.;vmlomm%

Thes DC powi

BV ano 12V. it will supply a Iully fitered outout of Gne of hess votages
at 150 milkampere capacily Can be usad lor any DC power supoly within
e voltage range and capacity. such as operating a small battery cadio:

15.88 Value
§99
TRANSISTORIZED SIGNAL ACER

! Special!!
n-s Iransistonzed sgnal lracav can te usad by lechnicians and 3arvice men
10 aucibly teace signals of R¥ and IF ana audwo Crcuils from the antenna to the
speake' stage by stage An xeal 100! for sarvicing audio equipment, ampkliors.
funers. recenvers, turntables, efc Has 2” speaker and test leads Uses N558
9V tranustor battery. Size of case. 57 x 2:5/87 x 1-5/87. Leads snd Indtruc-

tlons Included.
Was 17.88

F-171 777

22 RANGE BENCH STYLE MULTI-TESTER
WITH DECIBEL SCALE
o Tout-Band Suspensin Meter @
Extra Wide Two Cobn Mirrored
Scale Assures Accurate Readings
SPECIFICATIONS.
. 30,000 Ohm Vol DC 10,000 Ohm Vit AC, DC
Volt:05 25 5 15 50 250 500 1,000 2,500 AC Vokt 15 50
150 500 1.000.DC Curvent: 50us Sme 50mas 150ma 500ma
$ Amp Obam: RX1 RX100 RX10K Decibet. 2017 +62dh Size

49" x 8°Wx 3.0 Was 39.88

F-496 26ss

SEND FOR FREE CATALOG

with hundreds of electromc |tems

Degt. PE1. 4900 Elslon. Chicaan. IL 60630 o Tei:312.283.4800
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CRYSTALS

(R &

I\/IICROPROCESSOR COMPONENTS

U] Tlmebqnd

?

This D-2 VDC .05 per cent digital voltmeter features the Motorola 3% digit
OVA chip set It has a 4" LED display and operales from a single + 5V
power supply. The unit 1s provided complete with an injection molded black
plasiic Case complete with Bezel. An optional power supply is avalable
which its into the Same case as the 0-2V DVM allowing 117 VAC opesation

Logic
Analyzer Kit

Analyzes any type of dightal system
Checks data rates m excess of 8 million

words per Second

Trouble shoot TTL. MOS. OTL. RTL

Schottky and MOS families

Oisplays 16 logic states up to 8 digits wide

See ones and zeros displayed on your

CRT. octal or hexadecimal format

Tests circuits under actual aperating

conditions

Easy lo assemble — comes with step-by-step construction
manual which inciudes 80 pages on logic analyzer operation

— THESE FREDUENCIES ONLY - CPU 8228  System Controller - Bus Driver $10.95 *Tomemata o F
Part # Freguency Case/Slyle Price 8212 8 Bit Input/Output 495 MC6800L 8 Bit MPU 35.00
cvia 100 MK HCBU 8595 8214 Priority Interrupt Control ~ 15.95  MCGB20L  Perlph. Interface Adapter 15,00 Digital A| d I'm Cl OCkS
CY2A  2.000MHz HC3U 8595 8216  Bi-Directional Bus Driver  6.95 MCGB10AP1 128 x 8 Static RAM 6.00 e
[C¥26i — 2010MH HC33/ 5195 8224  Clock Generator/Driver 10.95 MC6830L8 1024 x 8 Bit ROM 1800 | — e _=
CY3A 4.000 MHz HC18.Y $4.95 CDP1802 - with user manual 39.95 280 cPu 49.95 A . 100% Sona Stae :
CY7a 5.000 MHz HC18 U $4.95 cPUs fAM'S o Large Rec Led Dispiay
CY124 10.000 MHz HC18Y 5495 080 Suoer 2008 o sragf ¥ e o '
CY14A 14.31818 MH; HC18U 5495 80808 Suger 5008 1995 %614 S 5958 § M PN 1
CY19A 18.000 MHz HC1BY 5695 2650 88T MPU 250 e\ ek
Cv22A 20000 MHz HC18/Y 5495 s 210715260 . 9 h Csonnaycase g O caan
CY308 32 000 MHz HC18/Y $4 95 i ezRor $39 5 D 9 Sl cosu0n - eoony Case o e Bt Woodgraln Case
XR- 2206KB Kit $29.95 Special  XR-2206KA Kll 519.95 9 He, 30 it 10 2 st 6% $16.95 + One year tactory §19.95
' nam, 2,49 . .
Gsn[mmus XR- 5554:9 S m fas2s 102- & i . d
o, EXAR 2y sl B AT .| Timeband" _LAMP CLOCK
-2206CP 4.49 XR-556CP 185 2 a1 51 2
XB-2207CP 38 MISCELLANEOUS XR-2556CP 320 522 3.' [ o - i by RGO 0 Zmreliy
KR-2ZHICP 670 XR-2240CP 25 | 2532 Specai 5 95 L] Dyoame b1 00  Doze button
STEAED DECODERS XR-£136 9 PHASE LOCKED LOOPS w1 L2 & 6 PROMS o L o Alarm-on indicator
RAJIOCP 320 XR-1468 38 xR0 20 [ ase0 962 3 ' s i i ’
AR-1INOEP 320 aR-1ie 580 XR-215 660 “ ' 1:95 * 8" high Red LED Display
XR-1800P 320 XR-1489 480 XR-567CP 195 UART'S »8 0 o AM/PM Indicator
XR-2567 299 XA-2208 520 XR-567CT 70 Bav59013 30K Baw $595 £ ) 0 « High intensity lamp
il o Lamp shuts off when coliapsed
CONNECTORS T ] - w—— - - - Model C-500 (vory)  $29.95
PRINTED CIRCUIT EDGE-CARD 52:2(302‘) g:a; gi: jower case ‘g ;2 256 QOpen CoMecto" Bipolar 295
156 Spacing-Tin-Double Read-Out 2 LT ——poa e DIGITAL AUTO INSTRUMENT
Bifurcated Contacts — Fits .054 to .070 P.C. Cards FoMB17 $ 5.00 SPECIAL REQUESTED ITEMS SEVEN DIFFERENT INSTRUMENTS!
16532 E::g (go:gel Eye:e() 2;32 AY-3-6500-1 SIgg o B 0 8197 2.00 MEETS OR EXCEEDS ORIGINAL AUTOMOTIVE SPECS
[ I MC3061P 04508 25115 % 695 p
22/44 PINS (Soler Evele) 595 | M new 14 e 63 3 e % S e B SV,
] 4 4 MC14583 350 €04520 270 MKs02aC 1750 MCIDLT 9.95 Each model must be bougt separatet
50/100 PINS (Wire Wrap) $6.95 MC 12567 1950 MCMBSTT 1750 1Ce0 19.95  LONGARIN 25 00.se SPE;DOMETER
i CD4059 995  MOMB574 1750 D50026CH 375 AY-5.910 1750
50/100A (.100 Spacing) ~ PINS (Wire Wrap) $6.95 | (00050 S oaEs rzisolriste oo oS L AcHoMerer 4595 MPH
25 PIN-D SUBMINATURE MC13409 1095 MCI4AY 1895 iCM7208 2200 1CM7209 7.50 4.6 o 8 Cyciinders
MC1a010 1495 1CM7045 2495 1CM7207 7% HD0165 .95
DB25P PLUG $3.25 LA o e 5 Sspa e
DB25S SOCKET $4.95 PARATRON'CS acow 170342 005006 oh lTete
: WEEKS DELIVERY F £ 6 200-350° F
32 DIGIT DVM KIT Featured on February’s Front Cover of Popular Electronics 3pgfgﬁ|£y 3

MODEL LowTFoel[igareatcs 7 3 Vors Fiom 1115 VDG
-l OOA BRIGHT YELLOW ORANGE
37 1ED DISPLAY!
> i1 nciudes case, brackel and all componenls — compiele
$ 189.00/Kit Nothing etse lo buy! 12 Vot NEG GRD
DIMENSIONS 4%2 x4 x 2 KIT: $49.95
S 5""‘% ABPIICELONS Bre: | pac 51000 or raqure spee vansacer ASSEMBLED!: §59.95

BATTERY MONITOR

address. instruchion. and data llow
Examine contents ol ROMS
Tracing operation of cantrol logic
Checking counter ard shift
register operation

Moniloring 1/0 sequences
Veritying proper system operations
during tesing

TIRGGER EXPANCEA — Model 10
Ads 16 addwional Bits — Connects diect
10 Model 1D0A (Optioral baseplale permuts
mounting to t00A for Ntegrated und)
{Basepiate — $12.00) Model 10 — $229.00
e e

A. 0-2V DVM with Case $49.95
B. 5V Power Supply $14.95
Etching Kits
32 X A-1 P.C. Eich Matenals kn $29.95 ea.
enough for 5 circwt boards
27 X A-1- Eicned Circun Kl § 9.95 ea.
Plugboards ~ Comoiete ki — only 300 water
3662 65 X 45 X 116 Epory giase $ 6.95 ea.
P-Pattein-34 P.C. Tabs-spaced 156"
22/44 Mating connector for plugboard $ 2.95 ea.
22 pin doubie readout
8800V - Unwersal Microcomputer/Processor — $19.95 ea.
plugboard — Epuxy Glass — complete
@ Vm with heatsink and mounting hardware
5313 X 10 X 1/16 coppe: ciad
K 1/16 VECTOR BOARD
0.1 Huole Spating £-Partern Prce
Part No L w 2up
PHEN 61P32 06200 1P 350 650 15
169P43 02xn AP 450 00 6 3
EPOXY 64P4: 062 150 65 20 ) 86
B3P 062 50 8025 2n
163P 43 062 50 1700 508 a8
169P8. 062 850 1
EPO)Y GLASS  169P:3 0621 150 100 68 612
COPPER CLAD

SLIT-N-WRAP WIRE WRAP TOOL

BUGBOOK -

Continuing Educatio
BUGBOOK ! & Il -Basic co

EXPERIMENTS — over 1

experiments
BUGBOOK lla - Introduces UART — recomrmeended
for RTTY enthusiast
BUGBOOK IIl - Explores 8080 chip — introtuces
Mark 80 Microcomputer
§55 TIMER APPLICATIONS SOURCEBOOK WITH

CMOS-M-0ESIGNERS PRIMER ANO HANDBOOK
a complete CMOS instruction manual

DIGITAL STOPWATCH

o 8ngnit 6 Owgut LED Oispray
? - 3

o Tumes 1o 59 minutes 59°59 seconds
o Crystal Controlie¢ Time Base
» Three Stopwatches n Qne

Tames Singie Event — Spht & Taylor
o SzedS 1215 2 907 (4% ounces|

+ Uses 3 Penite Cells

Kit — §39.95
Assembled — $49.95
Heavy Duty Carry Case $5.95

Stop Watch Chip Onty (7205) $19.95

¥

ncepts of TTL Logic — over 90
§17.00/set

n Series

$5.00/book
§15.00/book

00 design techniques $6.95/book

QUARTZ DIGITAL AUTO CLOCK
OR ELAPSED TIMER!

Etapsed Timer: Hrs, Mins and Secs
12 or 24 Hr Capacity

Simple Reset - Start Pushbutton
Conlrol

Compiete Wt includes mounling bracket
case and all components. nothing else 1o
buy Features MMSI1 dctup Latge 4 LED'

Accuraty better than = mun et mo. nternal
battery backup 12 volt non-polar operation

DIMENSIONS &' 22 &
12 o 24 HOUR MODE

Kit: $29.95
Assembled: $39.95

$6.00

CASE ONLY (includes hardware. mounting bracket and bezel) $6.50

nhiody Uo-y Ottel

[

SPECIAL - §42.95

ail b books iworth §49 95) [

JE700 crock

« Slits and opens i

bare wire
o No pre-gutting or pre-stripping.
« Comes complete with two - 100 ft spools #28 AWG wire
Madel P180 $24.50

HEXADECIMAL ENCODER 19-KEY PAD
: ;BC%EF

* Retuin Key

» Optional Key (Period)
Key

MAX-100 Frequency Counter

CONTINENTAL SPECIALTIES

PROTO BOARD 6 Other CS$ Proto Boards PRQTO CLIPS
$15.95 PB100 - 4.5 x 6 $19.95 14 PIN $4.50
(6 long X 4" wide) PB101 - 5.8" x 4.5 2995 | 16 PIN 4.75
- o~ PB102 - 7" x 4§ 39.95 | 24 PIN 8.50
PB103 - 9" x 6 59.95
PB104 - 9.5 x 8 7995 | I?ECSIGN MATES
PB203 - 9.75x 6% x 2%  75.00 |OM1 - Circut Designer

PB203A - 9.75 x 6% x 2%

(includes power supply

The JE700 45 a low cosi digita) clock but
15 2 very hugh quality unt The umit fea-
fures @ simulated wainut case with or:
mensions o8 6 12> x 1 It utiizes a
MANT? high birghiness readout. and the
MM5313 clock chip

115 VAC $1795

12 01 24 How

54.95

.00
i DM2 - Function Generator

Logic Monitor

$84.95

DIGITAL CLOCK KIT — 3% INCH DIGITS
4 DIGIT KIT $49.95 4 0IGIT ASSEMBLED $59.95
6 DIGIT KIT $69.95 6 DIGIT ASSEMBLED $79.95

This clock features big 3%z high digrts for viewing In offices. auditoriums,
etc. Each digit & formed by 31 bright 0.2 LED's. The clock operates from
117 VAC, has erther 12 or 24 hr. operation. The 6 digit verssion is 27" x
%" x 1% and the 4 digit s 18" x %™ x 1% Kits come complete with
all components. case and transtormer.

Specity 12 or 24 Hour When Ordering

JEBO3 rroBE -

The Logwe Prode 15 2 unit which 1 tor the most part
ndespensible 1 tiouble Shootng loge 1amikes
TIL OFL RTL CMOS 1 denves the power it
needs 10 operate diectly olf ot the cucun une:

~
-/

e

PERMACEL® P- 29 PI.US Electrical Tape - All Weather

nde % 66 1t o Black vinyl
10-up Rolls $6.95/10 roll package
SR

1-9 Rolls §.79 each

20 MHz-300MHz — 8 digit — 6 LED A d /a5 OM3 - RC Bridge
$10.95 each  Brvewe sepemuer 15,1977 st3ags 10 07 L TiLol CMOS Devices 50.95
Ul type  #heles  prce
T keypoae etues 63 nen- QT PROTO STRIPS o sc 1%
63 KEY KEYBOARD coded SPST keys unatiached fo QT-598  dusstnp  2.50
any g of P.C.H. A very soig " 01595 SRR ar47s 470 10.00
. o - molded plastc 13 x 4 base o BB ¢ Q1476 busstup 225
pAp S LK el 3, Suits most apohcations 159 R or-3ss 350 8.50
b Q1358 bussio  2.00
Mmooy e e 524 95 orars g 07125 01185 160" 375
° Ql-12s 120 37
.1 a78 .| LIPS R 325
HDO165 16 LINE TO FOUR BIT PARALLEL KEYBOARD EXCODER $7.95 . -l or.78 0 300
Too Ls g < ar-7s Expenmentor 380 § 995
4 amncm o e vens Q1 358 - Experimentor 60 §10.95
ETHe  — Dmaual Cuter - 4°lsegy-fsh cun L § Mini 0 U.S. Funds Onl: Spec Sheets - 25 Send 35¢ S tor 1977A Catal
— i i . - 5.00 Minimum Order — U.S. Funds Dnly pec Sheets - 25¢ — Sen ¢ Slamp lor atalog
?_‘S‘DMS 5\;:?;"5:?;;; !":16“:‘#;06’199“98 ; ?g :: Calltornla Residents — Add 6% Sales Tax Dealer Intormation Available
558 — Wire Stripper - #10 to #20 gauge 2.50 ea _
cs-8 Cutter-Crimper Tool - 8% long 8.50 ea ames
Nippling Tool — Cuts. Trims or Notches Metal
i Ponch Ssen [ELECTRONICS |
Nibbling Too! Replacement Punch 3.75ea. ELECTRONICS

ANl Adverlised Prices Good Thru Sej

1021-A HOWARD AVE., SAN CARLOS. CA. 94070
PHONE OROERS WELCOME — (415} 592-8097

test 0rawing 3 scant 10 A ma. Il uses 2 MANI
1eadout 10 indicate any of Ine tokowing stales by
1hese symbols iH1 1iLOWH 0 )PULSE} P The
Probe can cetect mgn equency Pulses 1o 35 MH2

It can't be used at MOS tevels or Crcuit daniage $g'95 Per Kit

Wit resut printed cirCuit board

plember

T?L SV 1A Supply
This 15 2 standard TIL power Supply using the well known
LM309K reguiatos IC to provide a solid 1 AMP of currentat
voits. We Iry to make thigs easy for you by D

oviding
everything you need i ane package, ncluding the bardware
iy §9.95 Per Kit
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~ o ———
7400N TTL Timeband’ s, sasomns WIRE WRAP CENTER '\
Ladies
2
SNT4S9A 25 9 — Watches — ‘ Leo HOBBY-WRAP TOOL-BW-630
SNT480N n SNT4154N 1.00 ¥ i "
SN747ON 45 SN74ISSN 99 _ Men’s & Ladies o Battery Operated (Size [}
SNT4T2N 39 SN74156N .99 . Sfﬂld State | \ e Weighs ONLY 11 Ounces
::;:;2;‘ 3; ::;::ggx ‘292 « Displays hour. minute, ¥ o Wraps 30 AWG Wire onto
SNIATSN 56 SNaIGIN 98 second. month & day $34.95 Standard DIP Sockets (.025 inch)
SNTATEN 2 SNTA163N % T249 White w/bracelet $19.95 Free set of replacement 10625 white wistrap  $29.95 - d s
SN7479N  5.00 SN74IBAN 110 7248 Yellow wibracater $22.95 C “ p TC624 Yallow wistrap  $34.95 | [l ‘Dattees not mc uded Complete with but-in bit and Sieeve
SNIMBON 50 SNTAIGSN 110 Lo batteries Lo
SNTAB2N 98 SNT4I66N 125 —  « Choose LED or LCD styles s ol | WIRE-WRAP KIT — WK-2-W
SN7483N 0 SNISIBIN 550 i
BN W oy 20 ep0nelyeanitacianywairanty WRAP o STRIP » UNWRAP ‘
SN7486N 39 SNTA172N 895 « Tool lor 30 AWG Wire
SN7488N ;gg SNPAITIN 150 Roll of 50 Ft. White or Blue 30 AWG Wue
SN7489N SNTOTIN 125 i ’
SNMGON 45 SNPATSN 99 il m& e M0 pes each 17,2737 & 47 lengths —
SN49IN 75 SN74176K 90 -stripped wire
SNT492N a9 SNTATIN 90 jre-stripped wir
SN7493N 19 SNTAIBON 99 511 85
SN74san 19 SNTSIBIN - 249 B 11237 white wibraceien $22.95 1CA37 White wbracelel $29.95 Ly~ .
o 78 SNZ4G2N 95 | 1735 Yellow wibcatelet $25.95) TCA35 Yellow wibracelat $34.95 L e ens
g:;:m ‘g ?z;:;:;x ;;3 LED LCo Bliowiwsicio 3 WIRE WRAP TOOL WSU-30
. WRAP o STRIP ¢ UNWRAP-55.95
7 A
S,'j;j““,’% ‘;’3 g:,:::?: ‘:g T TRDULD VIOE EXTERIAINAENT SYSTEM = WIRE WRAP WIRE 30 AWG
SNZOI2IN 39 SN74188N 395 o Freeze Action « Speed Option -
STl el el b « Automatic fime and scorekeeping 251 min. $1.25 5011, $1.85 100H.52.95 1000ft $15.00
SNTAI2N 50 SNTAIN 89 4‘&” « Battery-free AC operation SPECIFY COLOR — White - YeRow - Red - Green - Blue - Black
SN74126N 60 SN74193N 83 F ! « Dual controls with 8-way action
2:;:1‘32: H;s SN74194N 125 \ \ $1 59 - 95 « Built-in Pro Hockey and Tennis games WIRE DISPENSER - WD-30
5,,,4,3':" ) ,55 gz;:"gz'; ,;g « Easy hook-up on any B/W or Color TV o 50 ft. roll 30 AWG KYNAR wire wrap wire $3.45 ea.
« Cuts wire to desired length
SNZ4142N 4,00 SN74197N 75 « Factory warrarty { 0 .
SNT414IN 450 SNTAI9BN 175 — T o Strips 1" of insulation  Specify — Blue-Yellow-White-Red
oo 1% g 1 fChamel F— additonal carridges — $17.95 3. (o5~ Salit'o's e HEAT SINKS |
g 5.
SNT41ATN 235 SN74279N 90 0811 — Tic-Tac-Toe/Shooting Gallery 0819 — Drag strip {1 or 2 players)| ) # ———
SNT4M4EN 200 SNTASIN 179 Quadra-doodie Doodle/ 0815 — Spacewar (2 players) 0820 — Maze (2 players) G 3 =
g';;:;g“’: 0 % SNT4284N 6 gg 0812 — Desert Fox/Shooting Gallery 0818 — Magic Numbers {computer logic) 0822 — Basebail (2 playrs) M 205-CB  Beryllium Copper w/Black finish for TO-5  § .25
SNPAISIN 89 i’,i;‘}i’é?i‘. 5'75 291-.36H Aluminum for T0-220 Transistors & Regulators$ .25
MANY OTHERS AVAILABLE ON REQUEST 125 dia q];—- ’:— . 0 gn  § 680-.75A Black Anodized Aluminum for TO-3 $1.60
20% Discount for 100 Combined 7400's :ccggg gf:w ‘gg: o Green el EUE Black Anodized Aluminum — predrilled
‘ 1 ? : mounting holes for T0-3 $1.75
wow  x CMOS  mow  » f088 Sre 1) DISCRETE LEDS e W l?)l SWITCHES sesT stide Action
83232 52 ESZZ?,‘; 1 ‘.,2 ;:38{.‘ 2: 200 dia 185" dla 200" dra. 085" dia. ! P - )
CD4006 250 04040 245 74C30N 65 X2 R 108 XC526 Aed 551 XCS56 Rey 1051 MVS0 - Red - 6451 #206-4 ( 8 pindip) 4 swichunt $1.75ea.
4007 2 CD4042 1.90 74042N 215 XC22  Green st XC526  Green a5 XC586  Green :g: T #206-7 (14 pin dip) 7 switch unit $1.95 ea.
1009 59 Coagas 150 747N 50 X2z Yelow 1oXCE6 Yelow S ‘- - o (I8 i | #206-8 (16 pin dip) B switch unit $2.25 ea.
CD4010 59 €0a046 2.51 74074 15 xc22 Orange 451 AC526 Orange 481 XC556 range 481 e g
coson 2 CD4047 275 74C90N 300 sst22 AT 481 XC526  Clexr a5t X556 Clear 9 ! TV GAME CHIP SET s 1 4 95
01012 2 04049 ] 495N 2.00 : == .
w3 G o o 2 D DISPLAY LEDS w L Includes AY-3-8500-1 chip and 2,010 mhz crystal —
4016 ] .
€D4017 135 €04053 295 740154 4.00 TYPE POLARITY Hr TYPE POLARITY W if purchased separatety would cost $18.95
oo v cows 1 oo o Wl PR IR o Rl il s R ZENERS — DIODES — RECTIFIERS
am . 700 00 295 MAN 3710 Common Anade — -
Cpa022 125 €D4069 45 74C161 312 w: 3 " 125 31 00 oL Common Anoge-red w N YR VOLTS W TYPE PRICE
CD4023 2 C04071 45 7:3‘63 gg: MAN 4 ominon Catnoo 87 195 0L704 Common Catnode 00 3 INM6 33 a00mm  § 1 o N4005 500 wv1 AMP 101 gg
Co4024 1.50 €04081 A5 740164 MAN 7 0c 175 bLzo7 C wrro0e 30 INTS1A 51 4 4/1.90 N4DOG 80O PIV 1 AMP  10/1
CD4025 25 CD451% 250 740173 260 IAN 7G  Common Anode gree: 00 195 MAN €750 Common Anade-Red 00 98 INTS2 5.6 400m 4/1.00 IN4DO7 1000 PIV 1 AMP  10:1.00
D026 ”3 :‘uca's‘?“ ; : ;:ggz ;;: MAN 7Y Common Anade yeiow 00198 L4 Common Anoge 600 130 ':gg g: 4% ot ﬁ e ;2 = ‘g{; g
MAN 52 Co n 00 99 DL 74. C 600 225 3 MO0
165 74C00N 39 MCi04s 450 MANBA o 00 9 L 75 Common Cxhote 500 249 NG 82 200m 8190 IN41SE 35 Wm o 1200
290 740020 55 MC14016 56 MEN 74 Common Cal 300 150 oL 338 Common Catoce e 50 1NSESB 15 100m a4 og ‘N:;Oi 756 25m 201 22
80 LMI35IN 1.65 MAN 82 Common Anaur 0w 300 9 FNOT: Cathog: 250 i) IN232 5.6 500m INA734 5. w
LM30TH % LINEAR w17 MAN BS  Comman Cathoce-yeliow 0 9 FNDSO3  Commor 500 100 N3 62 s00m £ m:;ss glzi e ;:
LM301CN 3 TBMG 1.75 LM1458C 65 MAN 3620 © 200 FNDS50 Common At00e 500 100 :zégz ;g m ;g ::4% BB 4
LMAO2H 75 LMIZON 115 LMIASEN 95 2
— it — .8 Di ; H : i IN$SB 25 40m 6/1.00 1N4742 12 w 28
WM304H 100 IMIIN 325 t::m :-gg FCS 8000A — 3% Digit — 8" Display HP 5082-7300 Series — Multi-Digit o omlandwgEE e
LM305H 95 LM3TIN 4.00 g N£W' 25 Pin Version with colon & am/pm inaicator g
by S Muston, S a9 8 ez 22 o Connects almast one § o vy Hy o Cpmmon Cathode e Dip Package il - e ﬁ;'v ;:m: ,‘?g
LM308H 1.00 LMIBOCN  1.05 LM3065N 69 Tor one wih 3817, 38174 - TN4001 S0P 1AMP 12140 INYIBA 10C PV
LM30BCN  1.00 (M38IN 1.79 LM3900N 55 « 3105 volts @5 mlils per segment INGDO2 100 PIV T AMP 12180 IN11B5 150 Piv 35 AMP 1.50
(M309% 110 LM3BN 179 (M3BOSN &0 01D 13817 avalinle AL 7 cegment Monolithlc e Red Display INAO3 200 PIV 1 AMP 121100 IN1IB6 200 PV 35 AMP  1.80
LM309K % HESOTK 8.00 LM3909 125 | $5.00 exch) INDOZ 400 PIV 1 AMP 121180 INTIBB 00 PIV 35 AMP 300
LMIICN 115 NESIOA 6.00  LMSSSEN 185 'RD"-' VIEW  FSCB000 ;m‘:“‘“‘ Lo et 2 Digh s .79
except colon.
LRS00 NESIH 300 MOsssey 100 SPECIAL s mn. 2 8 ¢ 3 vigit 89 SCR AND FW BRIDGE RECTIFIERS
LMITIN 90 NES36T 6.00 L7525 % $4.95 EA. which are 16 mA 4 Digit .99 €350 154 @ 400V $1.95
Qustec | fsal = INEPHILES S O0REPMISSHE 2 o MAXIMUM FORWARD o Forward vohtae aror 5 Digit 119 M 354 @ 200v o 195
Orgmcs 130 wessy B wae a8 CUBRENT — 25 mA L3 ts Sl X M8 1.6A @ 200V SCR 0
LM320K-5.2 135 NE5508 5.00 75451CN 9 |c SOLOERTMIL — LOW PROFILE {TIN) SOCKETS MCA 980-1 12A @ 50V FW BRIDGE REC 195
(M320K12 135 NES618 5.00 T5452CN 39 25 1.24 48 0100 MUA 980-3 12A @ 200V FW BRIDGE REC 185
LMI20K-15 135 NES62B 5.00 754530N 39 Bpm 517 6 |. 24 pin 1 ¥ S -
LM320T-5  1.75  NESGSH 1.5 75454CN 3 15 pin 20 19 1" m 28 pn “ m 43 WA 55100 TRANSISTORS ezt 13100
LM3207-5.2 1.75 NESESN 175 75491CN 79 16 pin 2 2 — 36 pn 0 59 58 MRS A0S 5100 %7 A0 W00 45100
LM320T-8 175 NESS6CN 1.25 75492CN 89 18 pin el 28 ? 40pin 63 62 6! ;Ni’;?‘ {6:: NI 25100 M0 19100
LM320T-12 1.75 NES67H 1.95 75494CN 8 2 pn 7 3% S SOLDERTAIL STANDARO (TIN) 7!%774 ;;,w PHISES 48100 07 381 00
(M320T-15  1.75 NESBTV 1.50 RCA LINEAR 18 pin 27 . 28 pin L] % 8 W9 5100 . 2M3T04 27:;3 g: :
LM3201-18 1.7 LM703CN 45 CA3013 2.15 16 pin n 5 6 pn 139 2 15 MNTEMA 183100 ‘J‘ N0s6 451 00
LM3207-24 175 LMP09H 29 CA3023 2.56 18 pn 35 0 pin 159 148 130 W81 45100 W87 43100
LM323K-5  9.95 (M709N 29 g{&ggg i;g 24 gin 19 2 ey ;2: gg NS08 48100
ooy V7 M % caoe 1 SOLOERTAIL STANDARD (GOLD) L ] purtr S
LM340K-5 1.95 LM723H 55 CA3059 325 8 pin %30 27 4 24 $ 83 57 7"’3” s 89 gus:;;: zg: :
LMMOK6 195 LMT23H 8 CA0G0 328 o 3 2 20 00 0 = Madss  Sto 510
, 2
LM340KB 195 LM7338 1.00 CAI080 85 'ﬂ o 4 B 2 - p g 7 va % ;dnjga s;:: ‘NSDSI $$100
IM340K-12 195 LMAON 100 CA3081 2.00 18 pro $ 0 o ssm Gumarsen 251
LM340K-15  1.95 LM741CH 35 CA3082 2.00 WIRE WRAP SOCKETS (GOLD) LEVEL #23 s200
diact 12 gma 3 osm im loew w4 3 L T R
LM340K 2 g 4 13 pin 39 k' kY 28 o |
LM340T-5 175 LMZ47H 79 CA3089 275 I ;“ a3 2 3 - 36 pin 159 145 130 CAPACITOR TR CORNER
(M30T-6 175 LM7a7N ] CA33) 1020 V8 pin 1 68 40 pin 175 158 0 DISC CAPACITORS
Lm30r-8 - 1.79 t:;“s” 2 Cnw e 19 1045 5000 19 1049 50100
iM340T12 175 48R 3 ! t 05 0 00f 05 04 035
Serid 1% w0 oo 1n 50 PCS. RESISTOR ASSORTMENTS $1.25 PER AsST. LA T
tng:g;; 1 ;g t:::gg;: : :g g‘&og 1.7 100HM 12 DHM 15 0HM 18 OHM 22 OHM 470t 05 04 K<) D1:F 05 04 05
2 7 % ASST. 1 Sea.  270MM  J3DHM 39 OHM 47 OHM 56 OHM 174 WATT 5% 50 PCS ™0 pt 05 .04 .03 022F 06 05 04
LM3SON 100 LMI30TN 85 RC4194 5. o % foi i Qi Mo 5
LM3I51CN 65 LM1310N 2.95 RC4195 325 68 OHM 82 DHM 100 OHM 120 OHM 150 OHM a9t 05 04 035 uF 12 09 075
730500 % ALSOO T TSN ASST. 2 Sea. 180 OMM 220 DHM 270 OKM 330 OHM 330 OWM 174 WATT 5% 50 PCS 100 YOLT MYLAR FILM CAPACITORS
741502 7 T L 74LS151 155 W4 470 OHM 560 OHI 680 DHM 820 OHMt ® (7] #0)mi 2 0 o7 022mt 13 n 08
741501 29 129 W ASST. 3 Sea 12K 150 18K 22 2 7K 14 WATT 5% 50 pcs XD 022 B 4pb My S ;; I‘;
Lo ) }it?ié 49 2 ;2 o 33 1w Oad S6x 6 6x L 231.’."" :2 :?) o; ’2’" B\ 72
;:ti%; g 740583 175 25 MLLIASST. 4 Sea. 82K 10k 12 15K 18 14 watt s 50 pes €3 +20% OIPPED TANTALUMS {SOLI0) CAPACITORS
e 3oonp 3 H B s 2 4 2 @ 2l i3y gk
TS 8 ; 3 ASST. 5 96K 1 [ 174 WATT 5% SO PCS 2 '
T ] R TS meo8 2o oimo b oLog
741520 2 B 3
4526 733 74593 125 285 ASST. 6 Sea. 390K 170m 560K 680K 820% 174 WATT 5% 50PCS. asv 28 .2 a7 sazgzsv ag :;15 g
2157 ) 741595 195 85 M n L oM o i 88/35V 8 .23 17 10026V A
731528 74159 18 ) 85 . 10035V 28 23 A7 1525V 53 50 .40
211530 4 s 2 ASST A sla) 27N ol kM ”1‘ . ey "‘é“7" Z“g g"acs MINATURE ALUMINUM ELECTROLYTIC CAPACITORS
xial Lea
T 5 fitetts 2 o ASST. BR Includes Resister Assortments (350 ) s - o el o
771 1 % ;ltguaz 1 :; ?; $5.00 Minimum Order — U.S. Funds Only Spec Sheets - 25¢ — Send 35¢ Stamp for 19774 Calalog ;g;gvv ‘Ig :; :; ) ;/7‘/g€v :g :; I‘(‘J
41555 4151 - o i )
e g by ' a9 ALSET0 ofs Caliigrnia Residents — Add 6% Sales Tax Oealer Information Available ‘;/;gf" :g :; 1“2) "gm :2 :: :"
CLOCK CHIPS Welv 16 92 aTney a5 13 10
MM5309 6 Dign, BCD Dutputs, Reset PIN 599 22725V 7 15 12 L7 15 13 0
MMS5311 6 Digd, BCD Outputs. 12 or 24 Hour 495 250y 24 2 a8 susv 96 14t
MM5312 4 Digit. BCD Outputs. 1 PPS Output 4.95 e 19 33 15 1006V 14 12
MMS314 6 Digi. 12 or 24 Hour, 50 or 60 Hz 495 sy 2 2 19 10/25v 15 1
MM5316 < Digi. Alarm. 1 PPS Output 6.95 100725y 24 20 18 1050V ® 4
MM5318  Video Ciock Chip, For Use With (MM5841 - $995)  9.95 E L E C T R 0 l C S 10050V 35 30 28 ATSOV 2% 2
CT7001 6 Dhgrt. Calengar. Alarm, 12 o 24 Hout 5.95 22025V a2 2% 25 10016V 19 15
DATA HANDBOOKS 050V 45 41 38 100725V 24 20
7400 Pin-wut & Descriprion of 5400/7400 ICS $2.95 1021-A HOWARD AVE.. SAN CARLOS. CA. 94070 Woov W 2 27 WS 35 0
CMOS Pin out & Description of 4000 Sories 1ICS $2.95 PHONE ORDERS WELCOME — (415) 592-8097 WOOABY 55 S0 45 220016V 2 7
Linear Pin out & Functional Descilption 2.95 Al Advartised Prices Good Thry Seplember DO0NEV 70 62 55 47025V n o

SEPTEMBER 1977

ALL THREE HANDBOOKS $6.95
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Allow 30-60 days for
\ delivery.

PLANNING TO

Let us know 8 weeks in advance so that you
won't miss a single issue of POPULAR
ELECTRONICS.

Attach old label where indicated and print
new address in space provided. Also include
your mailing label whenever you write con-

cerning your subscription. It helps us serve N
you promptly.
Write to: P.O. Box 2774, Boulder, CO 80322 A
giving the following information:
[J Change address only [J Extend my subscription [o]

ENTER NEW SUBSCRIPTION
[ 1year $12.00 [ Payment enclosed
(1 extra BONUS issue)

AFFIX OLD LABEL

MoVE? -

State ——————Zip
Additional postage on foreign orders: add $3 3 year for Canada, $5

f youhave no |abel handy, print OLD ad

Name

Address

dress here. [

N
cny/ |

zip— |

—1)

)
A
(

Stale-—’_;'__‘—;:’:——-—-—
- NEW ADDRESS HERE 0210
ame
please print
ddress Apt.____
ity

134

a year for all other countries outside the U.S. and its possessions.
O Bill me later Cash only on foreign orders, payable in U.S. currency.
T Al al N
INTERNATIONAL ELECTRONICS UNLIMITED
% F
10% OFF WITH $25 ORDER MEMORIES LED DISPLAYS
15% OFF WITH $100 ORDER 1101 $.69 -
‘ : UNEAR DLIOA $1.49
]
(:IS(!)“DIS(OUNTS APPLY TO TOTAL 1103 69 301 mpip .19 NSN 74R 99
DER — SPECIALS INCILDFD 1702A 5.95 m 49
LED DISPLAYS S22 g9 |7 ros s FND3SH 5
5 ° 380-8 mDIP 1,
ouroa moca o siese | 745200 3.25 4| DISCRETE LEDs
RED CA .30" RHD 1.49
DL 307 RED CA .50" RHD 1.49 82523 2.75 MvioB 6/81.00
FND 389 RED CC 175" RMD 89 MVS50 16/$1.00
oL 702 RED CC 2" LMD 1.39 93410 1.39 ’
i mcume e LoD
50" RH 1.49 410 Triple 3 input NAND RE]
MANS CREEN CA 27" LHD 1.9 708 G2 gt NAND Botfer o<y B RL 209  12/$1.00
MANS YELLOW CA 7" tHD  1.39 7442 BCD 10 decimal decoder -39
MANB2 YELLOW CA 3" (HD  4.gg 7453 Exp. AND-OR-INVERT gate K7l
Manss RED CA 4 LD 219 s o '"V'(‘:zm o $16.95
SO ewe 299 | 143 One shot " ]
LINEAR CIRCUITS 74153 Dual four-input multiplexer 69 1x 8K EROM
00§71 m e m 62
s E Yo a5y o, o
2 5) 180 0 9 107 MMS 389 Divider mDIP $2.35
304 s wo-8 12 0 KT Crystal 3.58 MHZ color TV £1.50
”75 B B s g R
)l:. :: 2 ‘)? 88 Bl CAR@ON FILM RESISTORS +5%
ok s bW el ALL STANDARD VALUES
Moo wr o e iwme e % OR ¥ WATT
S I 1 T ' Qry PRICE PRICE
b . y X ] .
o A Y s 2| 4 Digit Clock Kit teachl  (Mimimum 10
2 R MMSI2 and 4 NST1 27" dinplays 1224 0 el
o WO i vm rene I hours, 5040 Mz. One P.C. board sccom. P !
324 152 o |'” 75451 s modates clock, displays, and all necessary 0-10 3.10 ea
ne 158 55 |:95 482 s tramsistors, resislors, capacitors, diodes. 2 10-100 $.10 ea $.05 ¢a
::: ::: o = ;:,Sll x5 el 3R, L G 100-1000 $.04 ea
m M % 1 se CKx4-2 $10.93 METAL FILM RESISTORS
Transtormer ALL STANDARD VALUES
SPRCIAL DRVICKS 117 YAC ~ 12V 300 ms will mouni $4.95 2 1% % WATT
370 AF-IF Strp Detector DIP 9 QY emict  PRiICE PRICE
6 AM Rudio Receiver subsmemorr 75 | UART EACH  MINIMUM 1o MINIMUM 100
1310 FM Stereo Demodulator DIP .50 PIR VALUE  PER VALUS
1% Balamees wnptor 087 o 2] Av51013A $6.95 o o em
o res :‘m'::‘:‘;u"(:m oo CENTRAL PROCESSING UNIT 0. 100 g 515
b 100 - 1000 .10 5.09
E S i T 3| 8008 $16.95 | L
3046 Transistor Array DIP-14 73 8080A $16.95 TANTALUM CAPACITORS
™ Solld dipped +20%
7400 3 a5 7 415 g9 MM 5330 Amid - 35v  § 5 womid ey
oy poMm o wse x| 4y DIGITOVM LoGic $6.95| jmd B omd v S
7407 .15 ;454 :; r418% 97 1 mid sy 25 1Smid ey 40
7403 .15 460 - 4156 97 LH 0070 22 mid  20v 225 1Smid  20v 45
704 6 et B jag e LImid WV 30 nmid ey
7005 A% res -:: 78 179 | BCD BUFFERED REF. $6.95 13mid  3sv 2 1; :l: 10v ::
7406 2% e - 74160 123 47mid  16v 0 Gmd ey g
7607 ®» ren -;: e MM 5616 S1.25| csmid o 0 Semid v ::
7408 . an B 4162 1,39 B 6Emid sev 40 150 mid 15V d
oS D 2 :: 2416) 109 QUAD BI-LATERAL SWITCH o
1410 16 747% o 74164 R, .
Tan 25 7476 .30 74185 99 @t ° B3 RESISTOR KIT
7any 41 T4 8 a6 nas 114 WATT 04255
7414 45 Tams K] 74070 200 172 WATT 04505 s ea.
;::'7‘ ;: 77“:: ,';: ;::;: :;; 2200 resistors 44 values
7420 e 4% 43 rary ey supplied m a 15 drawer SHIPPING CHG } 3
;‘“ Bl ;"' :: 74176 .89 60 compartment storage $2.00 .
s @ om e % | b abeowar  AESSTOR AssoRTwenT R onm
7426 :K 749 kN 7481 245 mount Ready 10 use 50 RESISTORS PER VALUE QuaLity RELABNITY
rem BN e a7 18 7 & 3
7030 20 T4% 7% i 1% 13 68 szz 3;): )g: ;253:(( :e'::
O B 7000w 7aws 22 6.8 100 1.0k 6.8K K 130K 2.2M
T a5 105 M rawr sgs 10 150 1SK 10K 68K 470K 3IM
7438 .25 re107 .37 1% 138 15 20 2.2K 15K 100K 680K 47M
7480 A5 N jan s n 270 27K 22K
7441 »H oy 74192 .95 X
7402 59 ran 65 74193 .85 36 3% 3-3K 27K
T44) 13 74125 54 014 128
7 .;) N s Ta9s 74 FREECATALOG AVAILABLEON REQUEST
r445 7 74102 .89 74918 28 . . . .
Te4e ..: 744 104 ey 13 Satistaction guaranteed. Shipment will be made postage prepaid within 3 days Vram
7447 79 74145 1,04 [ZICT R RS receipt of order. Pavment may be made with peronal check, charge card finclude
7448 79 e 97 74999 169 number and esp. date), or money order. Phone Orders — BofA and M/Ccard or C.O.D
2450 TS 79 240 Sas
Add $1.00 to cover shipping and handling if order is less than $10.00.
IC SOCKETS o] U0 PPINK &
Solder Tsil - iow profile California residents add sales tax. Include shipping expense for orders shipped out of
8 pin s . 4 pin 42 U.S. and Canada approx, 10°. of order.
14 pin d 28 pin .59
Kpin 3 wpin w | INTERNATIONAL ELECTRONICS UNLIMITED
18 pin » VILLAGE SQUARE, P.O. BOX 449
Date sheets on request. Add 30¢ each -‘% CARMEL VALLEY, CA_ 93924 USA
if item is_priced below $1.00 each. e PHONE (408) 659-3171
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PLANS AND KITS

AMAZING ELECTRONIC
PRODUCTS s~

LASERS SUPER POWERED, RIFLE, PISTOL. POCKET = SEE IN DARK . PYRD-
TECHNICAL, DE-BUGGING - UNCRAMBLERS - GIANT TESUA - STUNWAND - TV
ENERGY PROOUCING, SCIENTIFIC DETECTION. ELECTRIFYING,
EMICAL, ULTRASONIC, CB. AERG, AUTO ANO MECH DEVICES. HUNDREDS
0 NEW PLUS INFO UNLTD PARTS SERVICE

INFORMATION unfimited

Box 626 Lord Jetfery PZ o Amherst. N.H. 03031

CATALOG $)

FREE KIT Catalog contains Test and Experimen-
ter's Equipment. Dage Scientific Instruments,
Box 1054P, Livermore, CA 94550.

TIGER SST
SIMPLI-KIT

) THE DO-IT-YOURSELFER
N(M!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, As-
sembly requires |ess than 3 hours,

® Increases MPG 15% ® Eliminates 4 of 5 tune-ups
®Increases horsepower 15% ® Instant starting, any

®Plugs and Points last weather
50,000 miles ®Dual system switch

Fits only 12 volt neg. ground . . . Only $21.95 postpaid

=== 77i-Star Corporation
P.0. Box 1727 Grand Junction, Colorado 81501

POCKET COLOR/BAR GENERATOR kit,
$49.95. Plans, $4.95. Workshop,
New York 11714,
SCA-ADAPTER kit for FM radio. See Poptronics October
1974. For experienced builders. $13.50 postpaid. Commu-
nications Poly Services. Box 3251C, Westford, Mass.
01886.

SMOKE/GAS ALARM Kit, with plug-in transformer, $19.95.
Romar Systems, 85-76th Street, Brooklyn, New York 11209,
THE “KING OF KITS", Artisan Organ Kits feature all new
modular construction, with logic-controlled stops and
RAM Preset Memory System. Write for brochure to: AOK
Manufacturing, Inc., P.O. Box 445, Kenmore, WA 98028,

FREQUENCY COUNTER: 30/300 MHz, miniportable
2"x4"x4-1/2", 7 digit, .0001% accuracy, internal bat-
teriesfexternal 8-15 vdc. Construction plans, $5.00 —
Complete kit, $119.95 — Wired and tested, $149.95. Wilson
Products, Box 5516-Al, Walnut Creek. CA 94596.

16 patterns,
Box 393PE, Bethpage.

HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount
prices for Shure, Pickering, Stanton, Empire, Grado and
ADC. Send for free catalog. LYLE CARTRIDGES, Dept. P,
Box 69, Kensington Station, Brooklyn, New York 11218,

TUBES

RADIO & T.v. Tubes—36 cents each. Send for free
Catalog. Cornell, 4213 University, San Diego, Calif. 92105,

TUBES receiving, factory boxed, low prices, free price list,
Transleteronic, Inc.. 1365 36th Street, Brooklyn, N.Y.
11218A, Telephone: 212-633-2800.

TUBES: “Oldies", Latest. Supplies, components, sche-
matics. Catalog Free (stamp appreciated). Steinmetz, 7519-
PE Maplewood, Hammond, Ind. 46324,

HYPNOTISM

SLEEP learning. Hypnotic method. 92% eftactive. Details
free. ASR Foundation, Box 23429EG, Fort Lauderdaie,
Florida 33307.

FREE Hypnotism. Self-Hypnosis. Sleep Learning Catalog!
Drawer H400, Ruidoso, New Mexico 88345,

AMAZING self-hypnosis record releases fantastic mental
power. Instant results! Free trial. Write: Forum (AA9), 333
North Michigan, Chicago 60601.

POPULAR ELECTRONICS




P Y Y X T XX XS S OO X
DIGI-KEY CORPORATION

DATA BOOKS
TTLIC's 595 p.
Eeor IC's 957 p
CMOS 74C 25 p
Memory IC's 592p . . .
Interface IC's 464 p
Volt. Regs. 128 p.
tineor Appl. 1432 p.
Linear Appl. 2 246 p.
o Auvdio 196 p
MOS/L51 IC*s 713 p
CMOS 4000 278 p . .
Anolog Manual 637 p

WIRE WRAPPING WIRE lll BUI.l

Red or Black 30 go. Kymar
500" $8.50 1000° $15.00

8 Pin Solder .
14 Pin Solder .20
16 Pin Solder .
18 Pin Solder .
24 Pin Solder .38
28 Pin Solder .
40 Pin Solder .83
B Pin W-w
14 Pin W-W

16 Pin W.W

18 Pin W-W

24 Pin W-W

78 P|n W w

93
10.00/10
8 0

100° $2.00

VOLUME DISCOUNT &

() ILJ
&~
Quality Elecironic Compaonents The MAT002 and MAIGIO series clock moduies by National Semiconductor ore fully ossembled ond rested
. clocks using n $ digh LED display ond on MOS inteqrared circuit on the some board. Smply connect
switches and sur sl transfarmer and you have a fully furchoong clock.
aY" The MA1003 Chock module is o fully assembled ond tesmd 12 hour clock using o high brillonce green
Leng,h flourescem disploy ond crystal twme base making it pe-fact lor cor, boot or other portable use. It
operates dire tty Trom 12 volts OC 50 no mamformer is needed Our price inchides three push butron
swiiches for -mftiny; the time
MICROPROCESSORS | oiamons e
ICR Digie G Hoel MATOOZA W2 il *10.50  MAI0I08 SCSZ™  *13.00
MAT002A SETias 0™ *13.95  MAID10A SET (5ol *16.45
Best Values Yet! MAI00ZC LEEE T A10150 matDloe S $13.00
8080A 8-BIT CPU, 2USEC CYCLE . ............ 2 MAIW?C’SET .(: W 313,95 MAN010C sn .,,.‘,‘:"""' $16.45
38212 8BITI/OPORT ......... MA1003 2oL $24.95
8216  BI-DIRECTIONAL BUS DRIVER . . . e T I
« Two§ way bi
8224 CLOCK GENERATOR. .. ............ 2 TE06 say binding pu: T
8228  SYSTEM CONTROLLER ... .............. « Kitform — lowest cost - the Entire E
728 SOLDERLESS PLUG-IN TIE POINTS
8251 COMMUNICATIONS INTERFACE R AP Line :
8255 PERIPHERAL INTERFACE. .. ... .. !
1702A 2K EPROM (256x8). . . !
2708 8K EPROM (1Kx8) [ ) :
2102-1 1K RAM 500 NS »
e
26k, MICROPROCHSOR 1.25 M2 CLOGK 40 DIL. - $24.95 w0k . ... $5,95 :
- .. . K
{ 2650 M d WSU-30M Modified wrop. . $6.95 i
STRIPS — WRAPS — UNWRAPS :
== i
ONE EACH 8080A, 8212, 8224 and 8228 PLUS TOTALLY ASSEMBLED o
SIXTEEN 2102-1's — ALL FOR CRT AT LOWER 4
$49 95 THAN KIT PRICE 1
ki
e CRT TERMINAL »
*895% :
5
4 MANUAL ONLY :
84 »
X : *
A B b
K - ]
R . K
: s .
; i Bishop Graphics 5" :
jg: :g; 1X Scate PC :
o 47 | 7he DigiKoy Catatog tea- Design Template \
B I 3| e mony mere auolly 0y e
J shop Graphics praducts. [ TR
2 R 7 4 No. 3365 *12.50
EC I I
. 811598 LED DIGITS and LAMPS
: IND.’!57 375" Single Dign. (C( ::g;
! INTEGRATED CIRCUITS :
A &
d TTL, CMOS, LINEAR : :
d 2 4 4 NSNS84 5 Dual Digns, CA $2.60
A ! 79 .68 3 NSN783 7" Duaf Digts, CC $3.00
', {l 2.19 .88 NSNTBA 7 Bml Dighs, CA. S oo,:‘.gg
21 g 2.9 3 h NSLSOSY -t Lame nao/‘g sraoomon
n l d 3.50 9 . NSL5086 T-1 54 Lamp 1 80/ X 3
kil . 350 95 x
25 3 123 75 .
Y a7 35 ! 3 z .
] | : ! A .
- [l - o i MPSI6A0 . 16 15510  PNSIZI.._ 36 15810 *24.95 @ :
. 2 l k 88 55| MPS91B.. .16 155110  MPS364l.. .36 1.5510  PNSI3d.. .16 15510 S :
EEAR- A , R Rl i AR -
25 . 88 MPS2222A 16 1.5510  MPS3646. . 16 1. 18 1
i 7414 & ¥ V49 e At ol R Tl | ELECTROLYTIC CAPACITORS |:
g 3 =3 149 40 MPS2712. . 16 155/10  2N3906....16 15510  2NS219. .. .16 1.5510 2
0 3 ; "% W5 MPS207A 16 1510 q1za |06 13510 DIOSSI 68 910 |y umun msn I
: : ] : MPS3392. 16 15510  2NAI26 ... 16 1.55/1 % 9.20 WTsov . 08 6510 1) y
g Ig ;2:;% a Toe & onh »La”é’&"si'\‘, 100| MPSI93 .16 15510 N4AQT ... %6 1SS0 MI9SS... .99 92010 | 1/S0v @ 6510 1 100/50V. ... 21 L1710 29 2.30/10)d
! 3| s W 437 67 4034 350 | MC1aseY MPS3394 .16 15510 2Na403 ... .16 1.SSN0  MPRID2. .. 36 33510 | 22/50v ... .08 6510 .12 20/10v. .. .13 10810 18 1.42/10]W
" 25 | 112 40 | 7438 &7 4035 104 | MC3302P 15| MPS3395.. .16 15510 2N4410. .16 15510  2NSAS7 ... 48 450710 | 33/50v... .68 6510 .12 220716v. 22115 116710 20 155710 M
B a3z g0 | w3 w0 4080 114 NESIST 3241 Mps3se3. . 16 1.55/10 2NS0B7 ... .16 15510  MPSAI3 .28 260/10 | 47/35v... .08 6510 12 20025V, .0 17110 29 23500
: 74141 .88 o # 041 .79 NESAOL  2.04 | jap<ases 96 1.55/10  2NSOB9....16 15510  MJ29S5. .. .99 92010 | 47/50v... 08 .48N0 )2 200735V .. 25 2.03/10 .3s 27910 18
2 74145 70 9095 67 1042 .79 NESSSV 481 MpS3638 .. 16 155/10 PNSI29....16 155010  TPI120 ... .99 9.20/10 | 10/16V 08 6510 N1 220/50v. .. 29 23510 32310
E IR I R L A TR ) 08 6510 12 330/8V. .14 11210 1 Tano
: ] PE R (N o 9 7000 BON0V. 13 Lleng 21 1 eano
: : 0 75N0 TGV, .2 16610 N 2451
: ; '3 SEND FOR OUR FREE CATALOG €8 8110 ZOZV.. .23 186N0 38 3070 0
5 . 9 on ]IV, .. 33 266/10 43 34310
: o o) WE STOCK A WIDE VARIETY OF e v s %m0 4 +amo
i ) 3 PARTS NOT IN THIS AD PLUS §§:?‘Z¥ ™ i BRI 20 1.6110
. U i MANY SPECIALLY PRICED BARGAINS! B, .0
: 2 ‘
o 2 - 4
{
: 9
- ekt 5% CARBON FILM RESISTORS %
-3
¥ .
-H Ya & Y2 WATT SIZE drissy. a
» 3 pes/value 3¢ vo. 100 pesivotve 1.7 © oo, toonoy. N
. 1900 pesivatue 1.2° oa. 100725V, 03
i 7475 40 100135V, .7

An Assortment of Metglized

MOLEX IC
SOCKET PINS
5/C8.20/M 38.20/5M 275,00/ 50M

STRANDED HOOK UP WIRE

20 go PVC. . 2.50/100" 10.00/500°
22 go PVC. . 2.80/100" 11.25/500
24 go PVC. . 2.10/100°  B.50/500

10/100"  8.50/500

- ASS
50110
70110
\ 35/10 1150/

-0

022 uf
047 uf
Tuf. ..
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INDO2 68110 S'B0/C $51/M
HANDLING HANDLING CHARGE VOLUME ronenes Comros | 103 g610 Ssorc sz
. ’ - i 95/ Y
HARGES iy T mey 0o on. DISCOU N'l 20 Cops e vanes | 1N00S 2o Tosc seam
bined for volume discount. First—total 1N&OO7 99110 8.1 7770
.00-$ 4.99. .. Add $2.00 all discountable items and apply the S 0.00-$ 24.99 .. o, $26.00 TNA4E40/10 3%45 g?V;M
.00-$24.99. . . Add $0.75 volsme discount. Then add to this su:‘- S 25.00-$ 99.99 . Less Io’ : -
100-549.99. . . Add $0.50 fotel the nondiscountoble items. Add § 100,00-$499.99 . Less 15% A
ling charge. This is your total
50.00-899.99. . . Add $0.25 Lo """ g nd e S 500.00:5999.99 . Less 20% R-DIOD SPSV.....15 12000 10001C
.00 & Up ... No Charge surance to oddresses in the U.5S.A. and $7000.00 & Up . . . Less 250 NN O B X L BRLL 1
Conada, 1N52278 36v 15§11/
Ordors Accepted by Phone or Mall e e S &
BilSIICHS  MastorCharge o Bank Amerlcard + COD o Chock + Money Ordor 182308 470 138V | 730 v Saew gmiC 2
Falls, Minn. 56701 218) 681-6 A onses v asse [ 286 172 5crew /€ TiSim
FiOnibox(677. ThehRiveribel Mol 21 - INS2328 5.6v 15 S11/C | 440 1/4 Screw SS/C 3.60/M
IS8 800 18 S1C | 440 172 Serew OC £OSM
INS2348 620 15 SIV/C | 6:32 1/4 Screw _65/C
INS238V 6.6v 15 S11/E | 632 172 Screw 75/C 43$/M
- INS236B 7.5v 15 $11/C | 832 378 Screw . 90/C
Wt sy | ER ¥R JE hm
IN§238B B.7v 13 $11/C | 256 Hex Nt SS/C 3.60/M
ORATION INS239B 91w 18 $11/C | 440 Mex Nut  .55/C 3.75/M
CORP INS2408 10v 15 S11/C | 632 Hex Ny  60/C 4.00/M
INSaU18 11 1 SN/ [ 232 Hex ot OIC 1M
IN5242B 12v 15 117 0. 2 Lockwasher
Quality Electronic Components RAZ L | LIk 4 T
1NS2448 14 7 0. ockwosher 45/ /)
P.0. Box &77 Thief River Folls, MN 56701 (218) 681-6674 INe34s8 IS: REES Ny sluk:usher o Toom
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MOVIE FILMS

MOVIES FROM: COLUMBIA PICTURES/WARNER
BROS. the greatest films in Super 8, sound or
silent, ““Lawrence of Arabia”", *‘Summer of 42",
all your favorites. Send for your free catalog to
Columbia Pictures 8mm Films, Dept. PE, 711
Fifth Avenue, New York, New York 10022.

BUSINESS OPPORTUNITIES

I MADE $40,000.00 Year by Mailorder! Helped others make
money! Free Proof. Torrey, Box 318-NN, Ypsilanti,
Michigan 48197,

FREE CATALOGS. Repair air conditioning, refrigeration.
Tools, supplies, full instructions. Doolin, 2016 Canton,
Dallas, Texas 75201.

MAILORDER MILLIONAIRE helps beginners make $500
weekly, Free report reveals secret plan! Executive (1K9),
333 North Michigan, Chicago 60601.

GET RICH with Secret Law that smashes debts and brings
you $500 to $5 Million cash. Free report! Credit 4K9, 333
North Michigan, Chicago 60601.

HIGHLY

PROFITABLE o N E'M AN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings
facts about this unusual opportunity. Write today!
Barta- DV, Box 248, Walnut Creek, CA 94597.

HOW TO MAKE $2,000 WEEKLY at home using other peo-
ple’s money. Guaranteed. Free Details. Richlieu, Box
25357, Dept. F8, Houston 77005.

NEW LUXURY Car Without Cost. Free Details! Codex-ZZ,
Box 6073, Toledo, Ohio 43614,

MECHANICALLY Inclined individuals desiring ownership
of Small Electronics Manufacturing Business — without in-
vestment. Write: Marks, 92-K9 Brighton 11th, Brookiyn,
-New York 11235.

UNIVERSAL SIZE

HANDLES MOST REQUIREMENTS

DEALERS INQUIRIES INVITED
ATTENTION CLOCK BUILDERS

Adapters for mounting clock modules
and clock displays directly to the JMJ-
BEZEL. Assures perfect alignment and
simplifies mounting (Please Order by

Number). 3.69 ea )

ADAPTER #1 (Fits the following)

National Liton Texas inst. Bowmar
MA 1001 LT 601 TIL 364 Opti-Stick
MA 1002 LT 442 thru

NSB5917 LT 446 TIL 372

NSB5921 LT 447

NSB5922

ADAPTER #2 (Fits the foltowing)

National Liton

MA 1010 LT 701

MA 1012

MA 1013

ADAPTER-3 (Universal Mount) For mounting
any PC Board to the JMJ-BEZEL (Requires
two mounting holes in PC Board).

The J.M.J. DIGITAL DISPLAY BEZEL
FOR APPEARANCE AND PERFORMANCE!

Now you can add a truly professional appearance to your digital projects
and improve their performance as well .
improve the readability of the display and
panel. And that’s important, for obviously, the display is the most looked-at
feature on any piece of digital equipment.

- . With the JMJ BEZEL. It will vastly
put a finishing touch on any front

34,95 eacx

(Please order by color)

PATENTED CHROMAFILTER® SCREEN
* Eliminates glare and reflections

* Improves contrast and readability

* Scratch resistant—eastly cleaned

* Out-performs circular polarized types
* Available in four colors

DIE CAST METAL FRAME

* Nonreflective black finish
Durable—heat resistant

Integral 6-32 mounting studs

No exposed hardware

Mounts in panels up to 3/16“ thick
Includes all hardware and a special
template for easy installation.

® Panelgraphic Corp., W. Caldwell, N.J.

— JMJ. BEZELS at $4.95 EA.
(COLOR: )

- ADAPTERS at $.69 EA.
(NUMBER :

POSTAGE & HANDLING

5% NJ. SALES TAX

AMOUNT ENCLOSED

TERMS:  Minimum Order $4 35
Add $1 00 for Poslage & Handling
N J Restdents Aad 5¢. Sales Tax
SendCheckorM O —~ NoCOD s
136

J.M.J. TECHNICAL PRODUCTS, INC.

BOX 26, KENDALL PARK, N.J. 08824

CIRCLE NO. 34 ON FREE INFORMATION CARD

'
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$500 PER DAY POSSIBLE. New C.B. related business.
Send 25 cents. P.A. Schubert Company, P.O. Box 187,
Howell, Mich. 48843,

BORROW $25,000 interest-free!! . . . keep indefinitely. Any-
one! Free Report. Executive-PE9, Box 368, Buford, Georgia
30518.

INVENTIONS WANTED

INVENTORS: Manufacturers Need New Products. Free
"Recommended Procedure,” by a creative fee-based
invention service company. Washington Inventors Service,
422-T Washington Building, Washington, D. C. 20005,

RECOG
REW.
FOR “INVENTI

l IT you have an idea for a new product, or a way I
to make an old product better, contact us, “the
idea people " We'll develop your idea, introduce it to l

CREDIT
IT FIRST" MAY BE YOURS!

industry. negotiate for cash sale or royalty licensing.
Write now without cost or obligation for free
information. Fees are charged only for contracted
services. So send for your FREE “Inventor's Kit." it
I has important Marketing Information, a special I
“‘Invention Record Form' and a Directory of 1001
B Corporations Seeking New Products. I

T

Rt RAYMOND LEE ORGANIZATION

the' ] 230 Park Avenue North.New York .NY 10017

idea q At no cost or obligation. please rush I

M) my FREE “Inventor's Kit No. A-112

I Name = '
Address ==
Gty State_____Zp_____
Phone No. Area Code

FREE PAMPHLET: "Tips on Marketing Your Invention",
from an experienced fee-based invention service company,
Write: United States Inventors Service Company, Dept. T,
1435 G Street NW, Washington DC 20005.

BA's 1978

§

1

1

i ANNUAL CATALOG!
: 260 PAGE
- RADIO, TV &
ELECTRONIC
CATALOG

Your buying
guide for
Everything
in Electro-
nics... Stereo,
Hi-Fi, TVs,
Radios, Tape
Recorders,
CB, Kits,
Tools, Books
and Elec-
tronic parts.

BURSTEIN-APPLEBEE

Dept. PE- 9 3199 MERCIER
KANSAS CITY, MO. 64111
NAME
ADDRESS
iy
1 STATE zip
Dl DL L LTy T T Yy iy |
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INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home al
makes including transistor. Experimental kit—trouble-
shooting. Accredited NHSC, Free Booklet. NILES BRYANT
SCHOOL, 3631 Stockton, Dept. A, Sacramento, Calif.
95820.

SCORE high on F.C.C. Exams...Over 300 questions and
answers. Covers 3rd, 2nd, 1st and even Radar. Third and
Second Test, $14.50; First Class Test, $15.00. All tests,
$26.50. R.E.l., Inc., Box 806, Sarasota, Fla. 33577.

UNIVERSITY DEGREES BY MAIL! Bachelors,
Masters, Ph.D's. Free revealing details.
Counseling, Box 317-PE9, Tustin, California
92680

SELF-STUDY CB RADIO REPAIR COURSE. THERE'S
MONEY TO BE MADE REPAIRING CB RADIOS. This easy-
to-learn course can prepare you for a career in electronics
enabling you to earn as much as $16.00 an hour in your
spare time. For more information write: CB RADIO REPAIR
COURSE, Dept. PE09, 531 N. Ann Arbor, Oklacity, Okla.
73127.

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details.
strange catalog free! Autosuggestion, Box 24-ZD, Olympia,
Washington 98507.

GRANTHAM'S FCC LICENSE STUDY GUIDE — 377 pages,
1465 questions with answers/discusslons — covering third,
second, first radlotelephone examinations. $13.45 post-
paid. GSE, P.O. Box 25992, Los Angeles, California 90025.
INTENSIVE 5 week course for Broadcast Engineers. FCC
First Class license. Student rooms at the school. Radio
Engineering Inc., 61 N. Pineapple Ave ., Sarasota, FL 33577
and 2402 Tidewater Trail, Fredericksburg. VA 22401.
HIGHLY EFFECTIVE Degree Program in Electronics En-
gineering. Advance rapidly! Our 31st Year. Free literature.
Cook’s Institute, Box 20345, Jackson, Miss. 39209.

1977 TESTS-ANSWERS for FCC First Class
License. Plus *Self-Study Ability Test."” Proven!
$9.95. Moneyback Guarantee. “FREE" BRO-
CHURE. Command, Box 26348-P, San Francisco
94126,

GET your Commercial FCC License. New Exams by author
of successful published workbooks ot FCC Practice Tests.
500 Questions Second Class, $11.95; 200 First Class, $7.95;
100 Radar, $4.95; Postpaid. Save, all three $19.95. Com-
plete mathematical solutions. Free counselling service.
Victor Veley, P.O. Box 14, La Verne, Calif. 91750.

RADIO BROADCASTING: Become a DJ-engineer, start
your own station, receive free tapes-records. Learn details
free. “Broadcasting”, Box 5516-Al, Walnut Creek. CA
94596.

TAPE AND RECORDERS

RENT 4-Track open resel ta_pes_—tree brochur;VSlereo-
Parti, P.O. Box 7, Fulton, CA 95401.

8-TRACK and CASSETTE BELTS — money back
guarantee. Long wearing. Free Catalog — $3 minimum
order. PRB Corp., Box 176, Whitewater, Wisconsin 53190.

GOVERNMENT SURPLUS

mNUALS IorEovl Surplus radios. lesl_sels. scopes. Li—si
50 cents {coin). Books, 7218 Roanne Drive, Washington.
D.C. 20021.

GOVERNMENT SURPLUS. Buy in your Area. How. where.
Send $2.00. Surplus, 30177-PE Headquarters Building,
Washington, D.C. 20014.

JEEPS, TRUCKS, Typically from $52.40 ... Automobiles,
Boats, Motorcycles, Airplanes, Oscilloscopes, Tools,
Clothing, Sports, Camping, Photographic, Electronics
Equipment ... 200,000 Bid Bargains Nationwide Direct
from Government ... Low as 2 cents on Dollar! Surplus
Catalog and Sales Directory $1.00 (refundable). National
Surplus Center, 240 Eastcass-PEL, Joliet, Illincis 60432.

PERSONALS

MAKE FRIENDS WORLDWIDE through international
correspondence. lllustrated brochure free. Hermes-Verlag,
Box 110660/Z, D-1000 Berlin 11, Germany.

MUSICAL INSTRUMENTS

UP TO 60% DISCOUNT. Name brand instruments catalog.
Freeport Music, 114 G. Mahan St., W. Babylon, N.Y. 11704.
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I NEW LS| TECHNOLOGY

HOME ENTERTAINMENT FILMS

REAL ESTATE

B/G.. FREE...FALL CATALOG! Over 2,500 top values
coast to coast! UNITED FARM AGENCY, 612-EP, West
47th, Kansas City, MO 64112,

EVERYBODY LOVES MOVIES! Order these Alfred Hitch-
cock thriller specials. “Frenzy' or ‘Psycho’ 200" Super 8
silent $7.95 ea — Super 8-mag sound, $16.95 ea ppd (you
save $2.00). Or 400" S-8 color-sound “Frenzy™ or "The
Birds" only $45.95 ea ppd. Or “Psycho™ S-8 B&W sound
$35.95 ppd (you save $5.00 per print incl. postage).
Comedy gala Abbott & Costello “In Society” and A&C
meet the “'Key Stone Kops''. Universal Super 8 B&W-sound
$35.95 ea ppd. Also Marx Brothers in "'‘Monkey Business™
Limited Offer. Reserve Right to limit quantity. Send for
Columbla catalog, $0.85; Universal 8 catalog, $0.75;
Sportlite forms, $0.35. SPORTLITE, Elect-9, 20 N. Wacker

Dr., Chicago, IL 60606.
— TREASURE FINDERS

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUN-
ITIES. Report on jobs now ooen. Detalls FREE. Avlation
Employment Information Service, Box 240E, Northport,
Naw York 11768.

RUBBER STAMPS

SERIOUS COIN SHOOTERS — Semtech's solid-state
METL-SENSOR pin-points ALL metal objects, yet defines
the target before you dig. FOR FREE literature write
Semtech Corporation, 652 Mitchell Rd.. Newbury Park,
Calif. 91320.

RUBBER STAMPS, BUSINESS CARDS. Many new prod-
ucts. Catalog. Jackson's, Dept. K, Brownsville Rd.. Mt
Vernon, Ill. 62864.

FREQUENCY COUNTER

TAKE ADVANTAGE OF THIS NEW STATE-OF-THE-ART COUNTER FEATURING THE
MANY BENEFITS OF CUSTOM LSI CIRCUITRY. THIS NEW TECHNOLOGY APPROACH
TOINSTRUMENTATION YIELDS ENHANCED PERFORMANCE, SMALLER PHYSICAL
SIZE, DRASTICALLY REDUCED POWER CONSUMPTION [PORTABLE BATTERY
OPERATION 1S NOW PRACTICAL), DEPENDABILITY, EASY ASSEMBLY AND
REVOLUTIONARY LOWER PRICING!

FEATURES AND SPECIFICATIONS:

DISPLAY: 8 RED _ED DIG TS .4" CHARACTER HEIGHT
GATE TIMES: 1 SCCOND AND 1/10 SECOND
[AUTOG DEC. P7. PLACEMENT]

{ZE:
SIZE RESOLUTION: 1 +Z AT 1 SECOND, 10 HZ AT 1/10 SECOND.

1% LBS. 3" High FREOUENCY RANGE: 10 HZ TO 60 MHZ. |65 MHZ TYPICAL].
COLOR: 6" Wide SENSITIVITY: 10 MV RMS TO 50 MHZ, 20 MV RMS TO 60 MHZ TYP.
, INPUT IMPEDANCE : 1 MEGOHM AND 20 PF
BLACK 52" Deep [DIODE PROTECTED INPUT FOR OVER VOLTAGE PROTECTION.|

ACCURACY: + 1 PPM[+ _0001% ] AFTER CALIBRATION TYPICAL.
STABILITY: WITHIN 1 PPM PER HOUR AFTER WARM UP [.001% XTAL]|
IC PACKAGE COUNT: 8 [ALL SOCKETED]
INTERNAL POWER SUPPLY: 5.2 V DC AT 800 MA. REGULATED.
O“DES %'“”‘ONE Sl Bl |NPUT POWER REQUIRED: 8-12 VDC OR 115 VAC AT 50/60 HZ.
C RDERS WELCOME POWER CONSUMPTION: 4 WATTS
JINPUT CONNECTOR: BNC TYPE
KITHFC-50C -« -vo-- 60 MHZ COUNTER WITH CABINET & P.s... ... $119.95
KIT#PSL-350 .. .. ... .- . 350 MHZ PRESCALER [NOT SHOWN] ... ........... 23.95
KITH#PSL-650 .. - - ... .- .- 650 MHZ PRESCALER [NOT SHOWN] .. ........... 29.95
MODEL#FC-50WT. ... .. 66 MHZ COUNTER WIRED, TESTED & CAL. . ... ... 165.95
MODEL #FC-50/600 WT. . 60c MHZ COUNTER WIRED, TESTED & CAL. ... . ... 199.95

KIT #FC-50C 1S COMPLETE WITH PREDRILLED CHASSIS ALL HARDWARE AND STEP-BY-STEP
INSTRUCTIONS. WIRED & TESTED UNITS ARE CALIBRATED AND GUARANTEED. PRESCALERS
WILL FIT INSIDE COUNTER CABINET.

TERMS: FOR SHIPPING, HANDLING & INSURANCE
TO US & CANADA ADD 5% ALL OTHERS 10%.
FLORIDA RES. ADD 4% SALES TAX. COD
CHARGE $1.00.

BANKAMERICARD

OPTOELECTRONICS, INC.

BOX 219 @ HOLLYWOOD. FLA. 33022 e (305) 921-2056

CIRCLE NO.

45 ON FREE

INFORMATION  CARD
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EZHOOK ANCRONA

E-Z Hooks have been designed and field tested through the industry 10 save

time and money in electronic p and servicing. The -

spring-loaded hook attaches firmly, vet so gently it will aot damage compon- ur ua Ity S est!
ent — frees hands whlile tesiing. Ourably constructed and fully insulated 10 a

single cantact point assuring true readings. Meets exacting laboratary and

space age computer technology requirements. AVAILABLE IN 10 RETMA by
COLORS:  Red. biack, blue, green, oragne, yellow. white. violet. brown d
or gray QUITE PORTABLE

VERY AFFORDABLE

AND UNBELIEVABLY
VERSATILE |BUILD A WORKING DPM IN 1/2

MICRO HOOK * “ E

Jumper with XM
XM Micra  Hook (1.7

* long ;
<1 gram) for dlfficult IC Testing, Micralkiooks

Permits hookups (0 dalicate wires Order No. Length Price HOUR WITH THESE COMPLETE
where weight and teverage may 204XM.12° 127 s1.70
damage component. . ..... $.80 ea. 204XM.24- 24 1.70

Specify cotor. ORDER P/N XM Specity color

B the PET | evaLuaTiON KITS.
Test these new parts for yourself with
W COmpUter Intersil’s low-cost protatyping kits, com-
N may very well plete with A/D canverter and LCD display
A . (far the 7106) or LED display (far the
be a lifetime 7107). Kits provide all materials. including
PC board, for a functioning panel meter.

XM-8 MICRO HOOK SET (inciudas 1 ea red, black, biue, green,
orange. vellow, white, brown, vialet and gray Micra Hook). At this low
price you can afford more than one sat,

COMPLETE SET (10) MICRO HOOKS $7.95

PET

MODEL 2001 p investment
MINI HOOK 'l = ET ICL7106EV (LCD) $29.95
— o BRI,
i ‘.., Jumper with X- 100 SPECIFICATIONS MODEL 2001 ICL7T107EV (LED)  $24.95
ini . * OIMENSIONS. WD 181/2 2 16:1/2 x 14
S o comsion, ronth | Mim Hooks wEiGHT $595.00
ture size and Fingar-ozo Hypo Action Order No. Length Price L 0P T erp 1032 OPT. 8K RAM CAPACITORS
& use Sox
::r I(al_l Im'e bast t:s:me::nec;:ms‘. zzg: ;3\:;/ ;: s:.:g AOM tresident operating “.ufn::ldx - 8K 50V CERAMIC DISC $1.00 Per Package
S DD D (Ao : ’ 8K BASIC imterpreter 5pf 9/pkg  300pf 7/pke .0047mfd 9/pk
Jeads, vet small enough ta get into Specity color. . g ONLY 1 pf  9/pkg o pkg .0047mid 9/pkg
tight praces .. S $750a Restvicsecsne o I O $795.00 J5pt 9fpkg  330pf  7/pkg .005mfd 9/pkg
Specity ORDER P/N X100W Pr———— 1K Machine tangusoe monitor 2501 9/pkg  390p! 7/pkg  Otmfd 9/pkg
colo. o VIDEO DISPLAY UNIT 3;9: 9;9:9 470pt  7/pkg .015mfd B/pkg
— " — 9 bAw Migh resolution CRT e 1000 cher chiplay. 40 col by 26 unes » 8x8 dot matrix for nt 8/pkg  560p1 -7/pka  02mid 8/pkg
JumBrer XN 00Mini Hook Jumper with X-100W Mini eharacters and continuous graphict » Autd serailing lrom botiom ol sereen o Winking cunorwn | 6891 B/DKG  §80pf  T/pkg .022mid B/pkg
to Stacking Banana Plug Hook  Order No. Length fult mation contror ¢ Raverse el on all charaglers ® 66 siandard ASCH char . 64 g aphie char }gg": 559:9 .001mfd 9/pkg 03mfd 8/pkg
s 201XM 32" KEYBOARD Pt B/okg  0015mid 9/pkg .039mid 7/pkg
Order No. Length  Price 9172 wide x 3" deen. 73 keys ® All 64 ASCIl choracters avariable without shift o Caleutator siyie | 220P1 8/0K8  0022mid O/pkg .047mid 7/pkg
200w, 3z Soecit s1 /35 numeric key 0ad e All 64 graphic and revarse field characters accessile from seyboard witn sl | 270PF 7/PKg " 003mtd 9/pkg  .Imfd  6/pkg
oecify color. Screen Control: Clear and erase  Edving  Character insertion and delelion
ChssEr T TOR s PLESSEY POLYESTER MINI BOX
. Fast redundant recording scheme amsuring reliabie data recovery e Modified drive lor higher MF Vv S MF V $ MF V 8

reliabitity of recording and recard retention e High noise smmumiy, error detection and 88:, :ggg ':2 ;8}§ 5’88 :2 :Z :gg 3?

correction o Uses siandard audio catselte 1aoes @ Tape tiles named.

0015 1000 .14 018 400 .15 .22 100 .23
EXTRA LONG MINI HOOK OPERATING SYSTEM 0018 1000 14 .022 400 16 27 100 26
XL-1 Min! Hook (5.0 long) combines all the proven features of the X 100W Suoports muluple languages o Machine languaga  sccessibility e File management n aperaing | 0022 1000 14 027 400 15 33 100 .30
with an extra long body. It will make safe. short-free test connactians in system o Cursor control, reverse fleld and graphics under vmple BASIC contral e Casseuie fie | .0027 1000 14 .033 250 15 39 100 33
card recks and trhough desp wiring nest up to 4" . . ORDER P/N XL-1 management from BASIC ¢ True random number generstion ov preudo random sequence. 0033 1000 .14 .039 250 .15 .47 100 .36
i 0039 630 .14 047 250 .15 56 100 .44
F.M Specity color. $1.25 aur/onaLY 0047 630 .14 056 250 15 68 100 .47
N IPUYIOUTRUY, 0056 630 .14 .068 250 .15 82 100 .54
Al other 10 supported ihrougn 1EEE 488 instsument Inieriace which avows lor multipre rtelfs 0068 630 .14 082 250 .17 1.0 100 60
gent peripherals o All 1O automatically managed by operating syszem soltware & Single charac 0082 630 .14 1 100 .17
JUMPER, XL-1 MINI HOOK TO STACKING BANANA PLUG ter 110 with GET commond ¢ Easy screen hneedu capability » Flexible 1O siructure aliows K 630 14 12 100 .18
tor BASIC eapansion with intelligent peripherals
Order No.  Length BASIC INTERPRETER MATSUOQO DlPPED TANTALUM
201XL-1 32 Expanded 8K BASIC ¢ Upwarg expansion from current popular BASIC language ¢ Strings, wnteg MF Vv % MF MF v $
Specify color, Price @15 and mull dim arravs ¢ High precision 110 significant digitsl ¢ Owect memory access through 1 35 33 2.2 20 33 100 35 90
u T s19s PEEK and POKE commands. 15 35 33 2.2 35 40 150 20 45
22 35 33 33 35 42 150 35 1.32
33 35 23 47 35 45 220 18 .45
N 364 4 N40Q36 N4921 61 NS J06 34 2N5824 5
NEW from FLUKE - MODEL 8020A 2N TRANSISTORS 2n3ese .12 znsote 50 2naszy 60 2nsios 34 gussza 25 47 35 33 68 16 .40 330 20 1.32
N5S0BA .80 2N2904A 36 2N3702 18 2N4058 5 2N4923 7 N53 52 2N5826 0 68 35 33 68 35 45 470 20 1.53
THE DMM FOR THE PROFESSIONAL N§97 26 2N2905 .34 2NJ704 18 2N4060 0 2N4983 ) N5321 60 2N5B27 0 10 35 .33 100 16 42 68.0 16 1.62
NG9 80 2N2905A 36 2N3705 18 2N406) 5 2N49Ba 1 N33z 70 2Ns82 4] 18 35 40100 285 a5
® 200 Hr Battery LHe N 7 Of 35 2N2906 0 2N3706 25 4093 .10 NA9BT N5323 70 2N5828A 0
i N71 49 2N2906A 1 2N3707 18 2N4323 Q N4988 1. N5354 34 2N6000 50 o
® 26 Ranges for 7 Functions N 20 9SS 4 IN3708 20 anars o gnises 1 23335 3m anecol 52 1% MICA 500V
4 B
:2900 Caount Resotution NaaA gl 2N %A N37te 39 N4 4 2NA993 1. N -'{gg gg NE01d 66 51 PF .29 220 PF 41 1500 PF 60
AL R Gl NS 28 3n2925 R L S A Nsdge 39 INe21® 88 | 62PF 20 240PF 46  2000PF 90
oAcuI:o"l‘evru and  Auto- a0 28, o 928 Nizss 38 INeiada 9 an5o8; NEjSS 2 NeoZ 75 PF 29 300PF 50 2200 :F .34
[ N1613 32 2N3053 ' 82 PF 29 390 PF 4700 PF 1.80
N3?3 36 Na228 40 2N5089 N5373 28 2N6035 1 .50
@ MOV-pratected to 6000V N Rl 2Ndosal N33 159 IN43ae A9 2Na%E3 N5375 28 IN603 100 PF 30 470PF 50 5100 PF 1.80
against hidden transients N2102 .40 aNa33% o N3741 150 2Na237 120 2NS131 N2383 .58 IN607 120 PF 32 F 10000 PF 3.60
i N3771 2.40 2N4238 1.30 2N5133 N5397 230 2N609 ¢ 620 PF 52 H
and overload protection m g '-g m g;A 28 IN3I2 25 N4228 22 3NB13a NEJ 30 3NB10 1 150 PF 35 820 PF 53
10300 V AC NIZI8A 26 2ndded 72 2NITIG 390 Iwadde i dnsin NEi%s a0 anei9? ! 180 PF 41 1000 PF 60
® Diode Test Function N2219 26 2N3414 20 B
N3813 40 2N4256 20 2N5190 NS4 30 2N612
® Conductance  Function e R e R g ANl NS 0 meist 3 ALUMINUM ELECTROLVYIS(RADIAL LEAD)
checks leakage resistance NZ221e 23 2n34ag N 1 ::g;g 2039 RS NB15 30 3Ng15 B8 | MV oS “;“; Lo "; A Y Es
10 10,000 meg ohms N33 gA Er N ggg 1 N3866 1 10 2N4400 5 2N5219 = 25 2N 12 & 3% KBS O By 109! 50 15 6 e
®Size: HWL (7.1x3.4x1.8 N2368 30 2N3563 N3aIIA 29/ 2Nad0l 50 2N22a0 INate | as aNedl p: 25 14 10 35 22 331 60 .30 220 10 23 470 18 40
™ N2369 24 IN3564 N3903 2 02 0 202 3 20 ING4BA 6O 3N632 35 15 10 S0 .26 47 10 17 220 18 25 470 25 4%
ONLY N2369A 26 2NJ565 N3904 22 2N4403 40 EEE ~ 70 2N622 150 16 22 10 .15 47 16 18 220 25 0% 170 35 6O
{18.0x8.6x4.5 N2a78 80 onises NJ0s 20 2N440s 30 2ND2Z: 24 N2 20 Iness 51013 22 18 16 47 25 24 220 15 40 470 50 .80
cm) $169.00 N3605 30 sm3zed NISS 235 aN4dze a9 Inozaz N5y 55 2N622 86 12 2228 21 4735 25 220 50 .50 1000 28 65
xiityn 1303 MiG %N, Xy T M o B g REN O BREE S fipaBiisimuiimng
8 N3638A N3329 160 ZNcoes 199 232353 99 Zwam a0 550 .74 33 10 16 100 16 20 330 25 40 2200 25 1.30
N 2 9 NJ64. N3962 .3
N2713 2 3n3e4 N3370 120 2N4918 60 IN5296 70 2N5AY 45 1610 14 33 16 17 100 25 76 330 35 .45 2200 35 $.60
N2902 35 3N38a5 N3037 60 2N4919 50 2NB298 70 2N582 58 2200 50 250
N Ft RESI RS (5%
NEW from CSC "’saaosJA“\'\lESE TRA?S:?;;?RS 1.30 ZENER DIODES RESISTOR KITS i e -SSYO e
25C536 2/1.2 9 % WATT v PRICE 1WATT PRICE 0, Only in Multiples of
/120 § 28C1974 3. IN52238 2.7 .22 INAT28A 3.3 .44 5% CARBON FILM 100 pcs per value {ohms)
b 2s5C828 2/1.50 | 25€1975 3.10 " i
MAX.100 b IN52248 2.8 .22 ING729A 3.6 aa RESISTORS %W. ..$1.69 per 100
- FREQ COUNTER 2sc829 2/1.50 | 25C2034 3401 \Nsazse 30 22 iNa730A 39 44 %W .. $1.78 par 100
@20 Hr 10 100mHz | 25€929 2/1.40 | 25072 100 \ns226B 3.3 22 IN473IA 43 a4 o
28C930 2/1.30 | 25D313 110 IN52278 3.6 .22 ING732A 4.7 44 10 100 1.0K 10K 100K 1.0M
25€933 1.00 | 250325 1.25 IN52288 1.9 .22 INA733A 5.1 a4 11 110 11K 11K 110K 1.1M
LEO Display 25C1226A 1.25 | 3SK49 2.75 IN52298 4.3 .22 IN3734A 56  aa 12 120 12K 12K 120K 1.2M
25C1359 90 IN52308 4.7 22 INa735A 6.2 .44 13 130 1.3K 13K 130K 1.3M
IN52318B 5.1 .22  INA736A 68 a4 15 150 1.5k 15K 150K 1.5N
- r\o:’gi:.(:o:n:h::;:::‘v':: PLESSEV SAMPLER 300 METALIZED IN52328 5.6 .22  INA737A 75 44 16 160 1.6k 16K 160K 1.6x
aducavionat or nawmee vhe . ., CAPACITORS 18 Werasolenll 2 pnazsanrie? 2 18 180 1.8K 18K 180K 1.8M
Frequency Characteristics Range: 20 H2 1o 100 MH2 lguaranteed): DIFFERENT STD. IN52358 6.8 22  INA780A 1D | 208 290 F2,0K £ 20K 200K, "2L0M
8 . .44
110 MH2 typical. Gatetine: 1 sec. prowiding | M2sesalution through. VALUES  $26.00 INS2368 7.5 22 naralA 11 ey C?yg&igg‘g";*‘ 22 2§g gg: 22K gig: 2oy
out Ireq. range. Accuracy: ¢ 1 count * Time Base error. IN52378 8.2 22 IN4242A4 12 a4 27 ;70 27K 27K 270K 2.7M
Input Characteristics mpedance: | M2 shunted by §6 pf. Connect SAMS BOOKS IN52389 8.7 22 IN4743A 13 a4 1/4 WATT KIT 30 300 3.0k 30K 300K 3.0M
or: ghone jack. Coupling: AC Sine Wave  Sensitivity: 30 mVRMS; (ns2a98 1 91122l INATSAAT s a2 42 Different Values 33 330 3.3k 33K 330K 3.3M
10 H2-50 MHz; 100 mVRMS, 50 MH2 1o 80 MH2; 300 mVRMS, 80 TTL COOKBOOK S 2e 0] :? ;? INA7454 16 .44 (6852 to 4.7 MSY 36 360 3.6k 36K 360K 1.6M
MKz and above. Maximum Input 200 V Peak, 20 MHz-500H2:100v | No.21035 20 | Rl 0 5 DEn B e 2D Each Value 39 390 39K 39K 390K 3.9M
Peak, 500 H7-1 KHz. 75 V Peak. 1 KHz-10 MH2: 50V Prak, 10 MHz | 1€ OP AMP COOKBOOK IN52438 13 22 inaraBA 22 4a 43 430 4.3k 43K 430K 4.3M
and above No,20969 $12.95 INS244B 12 22 INaTaSA 24 a4 1/2WATT KIT 47 470 47K 47K 470K 4.IM
Internal Time Base Characteristics Frequency: 3.579545MHz crystal [ TV TYPEWRITER COOKBOOK INS2458 15 22 ING750A 27 a4 42 Ditferent Values 51 510 51K 51K 510K 5.1M
asciliator. Setability: » 3ppm @25°C.  Trimmer Adjusiment: * 4 | No.21313 $9.95 IN52468 16 22 INAIS1A 30 a4 (68Q 10 4.7 MO 56 560 5.6K 56K 560K 5.6M
ppm. Temperature Stability: Better than 0.2 ppm/°C, 010 50°C. | €-MOS COOKBOOK IN5247B 17 .22 IN4752A 33 a4 20 Each Val 62 620 6.2k 62K 620Kk 6.2M
Maximum Aging Rate: 10 ppm/year No.21398 $9.95 IN524BB 18 .22 INA753A 36 .44 ecr e 68 680 6.8BK 68K 680K 6.8M
MAax.100 $134.95 TRAANSISTOR SUBSTITUTION IN52498B 19 .22 IN&ISGA 15 a4 1/4W — $24.90 PER KIT ;’g ;’gg ;’;: ;gz ;gg': ;;m
HANDBOOK. 151h Ed. IN52508 20 .22  IN4755A 43 a4 1/2W — $26.90 PER K1 3 ’
OTHER CSC PRODUCTS No.21169 54.50 :::g:;: g: ;: :::;gg: :: :: 2 90 T 91 910 9.9K 91K S10K 9.IM
SOCKETS AND BUS STRIPS PROTO BUARDS TRANSISTOR SPEC. MANUAL, Tth Ed. .
Plugin, wire, test, modify or expand  AND EXPE RMENTERS No.21208 $5.95 IN52538 25 .22 INATSBA 56  .da o RESIi“I'ORSASSORhYI\'n?y;I"S' . .
WO Datch corot or older Snap Buid and test circuits IN5254B 27 22 INA?S9A 62 .44 ach assortmeni contains 5 pes each o iterent vaiues.
together 16 loem braadhoard needed 5 1051 a5 you think SEMICONDUCTOR REPLACE. GUIDE IN52558 28 .22 INATGDA 68 .44 Vaiues included ara shown in {O|
i 8.8 $15 95 No.21092 $3.95 IN52568 30 .22  INATG1A 75 a4 %W.5% (50 pes total). . .$1.75 / YW 5% |so pcs lotail.. 51.85
FN/Descaiprion Term's  Price r8100 19 98 BUILDING AND INSTALLING IN52578 33 .22 Am.'lf 10, 12 15 18, 22, 27 10, a7 355 one
OT595 Socker 198 $12.50 seton 2995 ELECTRONIC INTRUSION ALARMS IN52588 36 .22 DIODES A 1 oo ?,20 V) m“i\“ o 12:01 :}o‘gz"? S
312",: e B e ra03 e No208289 $4:50 ::gg:gg 3? ;: ING14  10/1.00 Asst4: 33K 39K, 4.7K. 5 6K 68K, B.2K, 10K, 12K, 15K, 18K
aT478 Bus 6 228 a10s 995 UNDERSTANDING 1C OP-AMPS Ins2618 47 22 | INAOO2 10/1.00 Asst5: 22K, 27K 33K, 39K, 47K, 56K. 68K. 82K, 100K. 120K
QT35S socket 70 8.50 E::g 995 No.20855 $3.95 IN52628 51 .22 As$1.6: 150K, 180K, 220K, 270K . 330K, 390K 470K 560K 680K .
aT358 Bus 2 2.00 G 1995 HOW TO USE IC LOGIC € LEMENTS, Ins2638 56 22 | 'N4003 10/1.00 820K
3;::: e 3 X paOLD 2nd Ed. iN52648 60 .22 | IN4OO4 10/1.00 Asst.7: 1M.1.2M1.5M,1.8M 2.2M.2.7M.3.3M.3.9M 4. 7TM 5 6M
OT8S Socner s hEE Sjeiiaees dso Na.21081 54.50 ws26s8 62 22 | IN4QOOS 10/1.10 AW Assorimani No.? doesn‘t Include 5 6M]
OT75 Sockes ta 3.00 PC24 ,4_:_,, 680 UNDERSTANDING CMOS 1C's IN52668 68 22 . Asst BR:(AIl seven assortments abovel
PG40 d0pn 1378 No.21129 $4.95 ns2678 75 22 | INAOO6 10/1.20 %W 5% 350 ocs to1a1:$10.95 %W 5% 350 ocs to1al:$11.56
IN4QQ7 10/1.20
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HYBRID MICROPROCESSOR
AUDIO CRYSTALS
R POWER "FREQUENCY HOLDER PART PRICE
(MH2) NUMBER
AMPLIFIERS 1.00 HC33 cY1A $8.55
® Mul lingar ph; for ard indus- 2.00 HC33 cy2a 6.75
teial applicacations. 3.2768 HC33 cvie 4.80
® Less than 0.5% harmonic distortion at full power lavel. 2.00 HCI8 cY3A 24.80
® 1/2 dB response from 20 to 100.000 Hz. 18 cvac 4.80
® Single or spht (dual) power supply. 4.434 e -8 .
® Rugged, and hgh h 5.00 HC18 CY7A 4.80 MOTOROLA’S EDUCATOR 11
N 9 9
@ Buili-in cnrrent limiting for S1-1050G and efficrent heat 5.068 HC18 CSE 89 MICROCOMPUTER HEP KIT
radiating construction. 5.7143 HC18 CcB85C 4.80 * Mo1orola ME8B0O Technalogy
*T 8 build - 1"
TYPICAL CONNECTIONS 6.00 [EE 6B Ak oy - (0 (oD = GErl &
S1-1050G WITH SPLIT SUPPLY 10.00 HC18 Cy12a 4.35 « Completely self contmned with all parts, cabinel
SANKEN Series SI-1000G amplifiers | EFT |'."" 1431818 HC18 CY14A 435 and nstructional manust
are _sel!-conlamed power hybrid am- . 15.00 HC18 CY15A 238 Get started v the fascinating
plifiers designed for Hi-F), stereo, 8 . world of Micro Computers  $169,95
musical instruments, public address 18.00 HC18 CY19A 4.35 tor only
systems and other audio applications.
The amphtiers have quasi-comple. 20.00 HC18 CY22A 7.20 EDUCATOR I
mentary class B output. The circuit 23.684 HC18 cya2is 435 POWER SUPPLY KIT
employs flipchip transistors with
high reliability and passwated chip 2250 [EE  G2A 4B e T
power transistors with excellent sec- 32.00 HC18 CY308 435 = LY Educator 11 Microcomputer
ondary breskdown strength. Built-in = Kt
current minng 15 provided for SI- MICROPROCESSOR & SUPPORT CIRCUITS oo B0 o O GO
1050G and all devices can be oper- #8080A 17.50 AMB238PC  B20 MHDO26CN 500 cabinet and construction
ated from a single or split power CBOB0A 1950 C8251 1430 MRO026CH 550 manual $29.95
supplv. C1702A 13 40 €B8255 1360 P2™1 N
2708 3 50 $2405 990 P2TDY 0
$1-1010G {10W output} . . . $ 6.90 3 > '::n :. 10 2512« 430 P2102 ! :?lo
S1-1020G (20W output) ... $13.95 « oA h PB214 B.95 2624V 400 P2102 1 345
= X . PB216 90 2525V 240 P21 320
$1-1050G (50W output] . .. $§26.80 T v aoemt AMB224PC  6.20 2533V 490 P21 3z B
. . v o :
Data Sheet with Application Notes — $0.50 ™ i s 8B o 53 Ehae 550 E
7453N .22 74145N 120 74221N 130 741S90N B4 74LS258N 110 74H76 42 745140 62  74C8IN 14 00 40164 &aq
J400N 7,200 22 74147N 180 74247N 2.10 74US92N 86 74LS260N 44 7aHIOl 42 745151 180 74C0N 136 | ‘o1t 130
SERIES 40y 25 74148N 1.70 74251N 180 74LS9IN 86 74LS261N 190 74H102 42 745153 220 74co3nN 136 | 210N 5¢ ,
7400N 16 7480N 22 74150N 1.50 74278N 340 74US95N 100 74LS266N 72 74H103 42 745154 210 74C95N 180 e ;5'4
J40IN 20 7470N 48 7a151N 1.10 74279N 130 74LSO6N 1.24 74LS273N 266 74H106 4B 745157 180 24Ci07N 190 tatac 1 ¥
7402N 26 7472N 44 74152N no 74203N 90 74LS107N 46 74LS28IN 760 74H108 A48 745158 1.80  74C151N 3.82 120 i .|
403N 26 7473N 42 74153N 110 74208N 140 74LS109N 46 74L5283N 200 745160 360  74C154N S 70 q
7404N .22 7474N 42 71154N |.|o 74365N 74L§"§n g 74LS290N 176 748 ;:g'?; gg 74C157N 342 o2 -
7405N 23 7475N 60 74155N 11 74L°'S 74L81 74LS293N 176 1 74C160N 204
7406N .36 7476N €0 74156N no 74LS114N 92 74L5299N 614 745174 200 74C181N 204 Be NEC ﬂlr::(:\LECB?IIAPS$ER
J407N 36 7480N B0 74157N 110 74LSOON 36 74LS123N 110 74U5365N .70 73500 46 745176 200 jacisan 204 ac TK-80 OCO|
7408N 28 781N 160 74158N 130 74LSOIN 44 741LS125N 60 741 5367N 70 73501 76 745178 236 34C163IN 204 156 FCR LEARNING 8080A
7400N 28 7482N 140 74160N 120 TAL30ZN 32 AusIIoN 144 7aLs374N 321 74502 44 as 19 236 7aCrean 180 s $395.00 MICROCOMPUTER SYSTEM
7410N .24 7483N .82 7416IN 170 74LS375N 82 74503 .44 : 74C165N 1.80 ' Si i
241IN 27 7484N 120 74162N 1.80 7ALSOAN 36 74LS138N 99 74 5378N 160 74504 50 743182 236 74Ci73IN 166 ¢ Single board mic/ocomputer systam.
7412N 38 7485N 120 74163N 140 74LS05N 33 74LSI3ON 99 741 S38IN 456 74505 .50 745189 320 740174N 166 @ On board displays and keyboard.
7413N 48 7486N 44 74164N 140 J4LSOBN 36 74LS)145N 1.64 741 S386N 72 74508 aq 745194 200 74C175N 166 ® Powerful monitor program in factory
JA1AN 116 7489N 220 74165N 160 74LSOIN 44 74US148N 345 7asigon 215 7as09 .76 143195 200 7acioN 204 coded ROM.
JA16N A2 7490N 56 74166N 150 7ALSION 32 74LSISIN BB 74y S570N 395 74510 44 145196 266 7aci03N 374 ® Easy system oparation.
7417N 42 7491 80 74167N 390 J4LSIIN 32 74LS153N 88 74811 a4 795197 268 jaconiN 204 ® CMOS RAM battery back abilit
7420N 22 7492N 58 74170N 200 74LSISN 44 74LS155N 1.50 74H 20516 44 745251 180 j4co01N 100 15 Y up capability.
742N 28 7493N 62 74173N 160 14LS20N 32 74LS157N 88 74520 .44 745253 192 74C002N 1.00 ® Provisions for sudio cassatte tape for
7422N 68 7494N B8 7417an g0 J4LS2IN 44 7415168N 99 34H01 32 ms2y 76 145257 V92 34c903N 100 external storage.
7423N 34 749N 90 74175N 120 J4LS22N 44 74LSI6ON 125 741404 32 73822 a4 795258 180 74Co0aN 100 ® System expandability.
74268 40 7496N 80 74176N 110 74LS26N 33 74LSI6IN 125 7aH05 32 74530 o0 745260 50 3aco06N 100 @ Battery operation capability.
24268 28 74978 400 7a177N 110 T4LS2IN .44 74LS162N 125 74H08 34 74332 50 745280 4.00  3aCo07N 1.00 T e gt 0 O
727N 36 74100N 120 74178N 130 J4LS2BN 33 74LS163N 125 74H10 32 74s37 56 745289 2360 jaconan 220 v
7428N 50 74108N 50 74179 170 J4LSION .32 74LS164N 1 %0 7am1y 32 72580 44 74C00  74C92N 570 WL, .
7430N 26 74105N 90 74180N 110 JALS3ZN 36 74LSI170N 320 j7aH20 32 78550 .76 74C925N 12 00 ¢ Informative documentations.
7432N 32 74078 42 751;1N 310 J9LSIIN 56 7aLs17aN 80 742 32 73S61 .76 74COON 38  74C926N 12.00
74338 44 74109N 56 74182N 1,00 4LSIIN 50 74L$175N B0 7aW22 32 74560 76 74C02N 3B B0CISN 1.6
437N 36 74110N 80 7418aN 270 J4LSIBN 5B 74LS18IN 4.92 74130 32 74564 44 74C0AN 38 BOCOIN 100
7438N 35 74111N 80 74185N 290 14LS4ON 44 74LS190N 150 74140 32 74865 .76 74C08N 38
7439N 36 74116N 190 74188N 290 73LS42N 92 741S191N 160 74HS0 32 74574 70 74CON 38
7430N 26 74118N 190 74190N 140 TALSSIN 44 7415192N 120 75H51 32 74576 116 74C14N 220 !:a e
7441N 90 74121N 48 7419IN 120 T4LSSAN 44 7415193N 12) 74M52 32 78578 1.16 74C30N 38 C - Mos K - 200 S
7442N 66 74122N 48 74192N 110 74LSS5N 44 741S194N 132 74Hs3 32 74$85 2.50 74C32N 38
7443N 74 74123N 80 74193N 11D 74LS7IN 46 74LSI95N 99 jams4 32 73586 68 74CAIN 208 | J00a¢ " SIGNETICS 8080A
244aN 100 74125N 54 74194N 110 74LS74N 46 741 S196N 276 74HSs 32 745112 68 74C4BN 332 | gqoa¢ 2 EMULATOR KIT
745N 100 74126N 54 75195N 160 74LS7SN .20 741 5197N 284 74HG60 32 745113 80 74C73N 100 | aoosac 13a
7446N 100 74128N 58 74196N 140 7ALS76N 56 7415221N 176 74H61 32 725114 208 74C74N 86 | aosar 120 o (00 Gordtien G0
2447N 98 74132N 140 74197N 130 74LS78N 92 7415241N 300 74H62 32 745133 44 74C76N 100 | 4oo7ae 24 ‘- provides an ::,.;o;o.. nseo
7448N 98 74136N 90 74198N 160 74LSAIN 136 74LS251N 110 74m72 54 745134 80 74CBIN 274 | Poear 28 s Mo 1| 1 oot ety meruden
7450N 22 74141N 160 74199N 1.40 74LSBSN 140 74LS253N 110 74473 42 748138 176 74C8SN 274 | gy0.¢ 50 SIGNETICS 3000 PC wowrd, an componanis
7451N 22 74143N 4.80 74200N 750 74LS86N 46 74LS257N 95 74+74 102 745139 180 74C86N .98 :-;.E ;: DESIGNERS KIT and manust
174 a
LINEAR IC’§ LM302N  1.90 LMJ0SCH .75 o13ac 3z T et oo En S
N EW ANCRONA DISCOUNT POLICY LM304% 150 LM7I0CH .90 40V16AE 144 4es NIOOZ Contim Proveding
INEVV (oraLe 7400 semes 1TLICS rano AL o ol Uhsoost S (40 LM71GEN .90 wrmae e ™ 52';-.7 oo Anesa oy
LMI01F 5.65 LM30SAH 2.30 LM7154 9.00 s
SUpLORE RpINRE e reount | Lm0k 4.90 LM30SN 150 LM71SCH 2,90 o5 O
BUY 100 MIXED (10 PER TVPEL  15% OiScounT | LMI05F 9.00 LM306H 680 LMI75CO 640 e
BUY 1000 MIXED (24 PER TYPEI 20N OISCOUNT LM106H 900 LM30714 .95 LM723CH  1.20 gg :"‘ ‘g‘-; ‘gg I?; Vea tntrosuciory Menus
LMI07H 3.95 LM307N 90¢ LM723C0 140 "
LINEA, LMIDBH 490 LMIDBH 1.0 LM723CN 95 d0Pn 159 1as 130 | FETEITNO S10000 :
MNG040 FET INPUT OP AMP | LM109k 8.00 LM308AH  6.30 LM7284 900 | LOW PROFlLE, SCLDER, -
CMOS PLL - LF 355k 160 | LM11a 340 LM:osms- 150 LM728CH  4.80 STANDA(;((?L,SOLOER. F8 ASSEMBLED KIT | AN2900 EVALUATION
LF 355N 110 LMI118H 1450 LM309H 190 m725CD 4.50 .. .
s snglecmo gnae tockes | ¢ 38EA 1 2389 | tmzo1n & A 190 tmrssen 130 | sem 1 24 25‘4: so‘uAv oo D m || SEReiens AND LEARNING KIT
e ey ymineuzer i c6 | L F 356H 110 | LM201AM  3.00 LM310H 330 LM732c0  1.90 | 14 pin BooaE M haen 38 32 2 | DN LG Fe cRU, | ST e compenene,
s s over com | LF356AH 2250 | LM201AN  3.90 LM310D 380 Lm733CN 180 | 16w 2t 20 19 18P 38 3% 32 ) sMi PSU lwih Fardug) s
municatians squipmaent LF357H 160 LM202H 7.00 LM310 420 LMV 1.32 18 Pun 28 27 26 22 ’:n 70 63 57 and 1K byls RAM, This spphcation of the arche
LF357N 110 | LM20SH 6.80 LMIVINIS) 1.30 {M741CH ga | 20Pn 34 33 32 Jarn 70 63 S7 |t s supolies wih 8 Terurs anc opecetion of
$7.90 LF357AH 2550 | LM206H  12.50 LM311K 1.40 (M741CO  1.00 | 22Pw 36 35 34 55p, 319 100 20 wature snd & Program | ino am 2001 and AM 2009
LM20714 350 LM312m 350 Lm74sCnig) 80| 24Pw 37 36 A8 56pn 125 140 126 | munaManus ° o
MD4301CMOS ALARMCIRCUIT IC $2.50| LM208H 600 LM316H 520 Lmzascn 50 | 3207 50 43 42 aopn 175 w59 s $185 $289.00
SANKEN HYBRID POWER OP-AMP — uyp| LM209K 500 LM31BH 350 LM747CH 260 | 40P 62 61 60 WIREWRAP GOLD The KIM 1
to 50 w. (AC rms) power output — Built in | bM209K 5.40 LM3ISN{8] 3.10 LM743CO  2.90 {Lover No. 3} Microcomputer System
T LM210H 570 LM3IGN 360 LM743CN 140 STANDARC “OLDER ) G v
current limiting — 1/2 dB response from OC| |'yoyqpy 3.45 LM324N 140 LM747D 4.90 T . 10Pin 45 a1 37 The KIM Family
to 100,000 Hz —~ Terminal for external| Lm218H 9.50 LMIION 3.40 LM748H 130 g, 26 23 2 ":"‘ 29 38 17 K 1 $24500  Mwurocomouter
feedback S1-1050 GS $33.80| LM300H 1.50 LM38ON 1 50 LM746CH 90 | Jaem 37 25 24 :3 P 72 2§ :; ::Si 2333 o% Srane 32’22’: ::::::
WIRE WRAP TOOL WSU-30 $5.95| Lm300n 1.50 inslam 233 tx;::gz(al :3 16 30 27 25 24P 105 95 15 KIMa 119 00
LM301AH .90 L SSCNI8) .9 18 Pun 3% 32 10 28 P 140 125 110 Kim S
Strips, wraps and unwraps 30 9a. wire 0N o iaN 90 LMSS6CN 1,20 LM1458CH 150 | 22P:m 70 65 60 36 b 159 145 130 KIVMAOM 1 -ggg Eouor Assembier
standard wirewrapping pins. 50° roll wire, LM302H 3.40 LM709CN .7% NES3IET 3.30| 2aPnm a9 as 42 40Pin 175 155 130 KIMROM 2 $000 KIMATH
specify color red, blue, white or KIM D .
yeliow $1.98| AUDIO POWER AMPLIFIERS | opeyn| T0-220 VOLTAGE INTERSIL 8038 ocumentalion g g o5+ KIM 1 User Manual
WIRE WRAP KIT WK-2 $11.95 5.5 WATT AN315 REGULATOR FROM PRECISION WAVEFORM OO ST
Incluges WSU-30 tool. 50 1 roll of 30 AWG | Designed for mobile radios, | FAIRCHILD | Jaoec v rwiac 15y | CENERATOR AND veo 908 o
wire and 50 h roll of 30 AWG“wnre and 50| tape players, eic. Easy to use, LM741PC 7806C 6V 7818C ‘Igv wo‘:".“'nm;:::;:‘l‘" v:::«; ::: OO
pcs ea of 17, 2, 3" and 4“ lengths of | High Gan — 53 dB ICiosed 7808C 8V 7824C 24V | 14,y «<.001 Hz to 1 M2, 995  KIM Assembier Manuat
prestripped wire. Specify color red, blue | Circun). $3.000ea, | 3for $1.00 [ sg12¢ r2v ’ ‘ 995 KM Text Eanar
white or yellow. 2 tor $1.20 PARYT NO. 8038CCPD $3.90 “lncluded with indivioual KIM T purch t no charge
MAIL ORDER ADDRESS — P.O. Box 2208P, Culver City, CA 90230. Send check or

money order, COD, Master Charge and BankAmericard welcomed. Minimum Order:
$10.00. Add $1.00 to cover postage and handling. California resider:ts add 6% sales tax.
TELEPHONE ORDERS: Call (213) 641-4064.

ANCRONA STORES DO NOT ACCEPT MAIL OR TELEPHONE ORDERS

CALIFORNIA CALIFORNIA ARIZONA OREGON GEORGIA TEXAS CANADA, B.C.
ANCRONA ANCRONA ANCRONA ANCRONA ANCRONA ANCRONA ANCRONA
250 page 11080 Jefferson Bivd. | 1300 E. Edinger Ave. | 4518 €. Broadway | 1125 N.E. 82nd Ave. |3330 Piedmont Rd., NE 2649 Richmond Vancouver
lNFORMATlON Culver City, CA 90230 | Santa Ana, CA 92705 | Tucson, AZ 85711 Portland, OR 97220 Atlanta, GA 30305 Houston, TX 77098
Al (213) 390-3595 (714) 547-8424 (602) 881-2348 (503) 254-5541 {404} 261-7100 (713) 529-3489
SEFTEMBER 1977 CIRCLE NO. 7 ON FREE INFORMATION CARD 139

AmericanRadioHistorv Com




ACOUSTIC COUPLER T T . Ly
= e I At 24 KY N ARwink wrar wire g CF6V5 6voll SA.H.
~ 1007 W0 S § Solid Silver Iated 30 AWG Biue, Rud spill—proof, recharge-
! Jd H H Yellow. Black. Green. or White. able Lattery.
T | H " 1 L0 Spoot $2.50 MODEL 534 $12.50/ea.
AP — 1 LY § 300°§ SFECTROL fo- 10/$99.95
upler was manufactured by Novation. Inc.. Tarzana, Ca. 1 ETCH MATERIAL pLee Fio| preaditn pot NEW-1 YEAR WARRANTY
for wee in Texas Instnnnents model 725 Electrouic Tenwinal. - 1 26 ARG Red or Black 10k ohm £3% :
It is compatihle with Bell 103 and 113 data sels or the equiva. 1 ACE Makes 1t Easy With Etch Powder. § 500 Spoud Lin, £.25%(.750" _TRIAC
lent. Thr canpler operates asynclironously (0 a maximum speed § Etch ‘em To Your Own Specificatlons. | 1000° Spox 875Dy $2.50 | GE- SCSIB ISA 200V
of 300 hatd in the full or half duples mode. All signal outpnis? PLEASE SPECIFY COLOR 10 for $10.95 | i press fit case. Ideal
are compatible witl TTL. Transiit freq. is 1270z for mark ! - [ for color organs.
and 1070hz. for space. Receive freq. is 2225hz. for mark and : (with i . [} B 10V 200ma P.C. HEAT SIN 10 for $7.50 $1.00 ea.
2025hz. for space. Unil requices 212 volts amd *5 volis for ! e Rections] : cmount | 1/47h Thermalloy p/n
operation. Complele wilh schemalic and all pertinent inforua- H PRINTED CIRCUIT BOARDS 3 13/8"w x | 1/87] 60308B. ldeal for COMPUTER GRADE CAPS
tian fully recomdilioned, catibrated and guarantved. H p, o thick. PRI: 117V flat power devices. 320 COMPULYTIC
b G-10  1/16” Unetched Copper Clad 10731 4.95 17w x | 1/8" high R
10 TT1. 10 RS232 converter kit 8450 b oz 2sided or 2 0z, 1-sided ! 100/$99.50 £.25 ea. 10/$1.98 SS0ORPIDO0YINC 1073250
\ulex P.C. hoard and schemalic) 0 ' : 36D COMPULYTIC
J ¥
i SIZE2 1 10 100 s 5000MFD60VDC 10/$9.00
PITTMAN 12 VDC MOTOR $1.95 each 3"x6 50 250 1995 | i P@B 24V RELAY
The Pittman funs on #s low as 2 voms, § 5"x7” 75  4.00 2995 | KHSID11 4PDT 3 amp. herm. sealed o 6310
rated 12 volts 250 ma. 2.8 Inch oz : 67x6" 75  4.00 29.95 : tulled from new equipment  $.98/ea.
torque at 5000RPM. 1 1/8"DIA X 2 4"x12"  1.00  5.00 39.95
10) tog Si5:00 long with 0.118" shatt. New. Guaranteed. goontact ACE for quotes on custom sizes \-\OOKUP \N\“E_‘“; RISMUTH ALLOY 1392 turns 50mh  65ma
B s e 3V . cotors i 10 for $2.95
i ! ot 233 st 10U AELTS IN BOILING WATER| ©
STANDARDSERI) DYNAMIC RAMS 10K LINEAR, BOT RS wenviBenl8rd So:. ingoi £3.95 b, £9.95
An assortment of precision TMS3030/L 1% shaft 1" tlia. hase §1 7' 10iag 0r01*®" ¢4 g0 "FJN T A T
companenls for calibration 10 for $4.95 a"“ow‘ \EA . !
of test eguipment. $.75/ea. - o
it inclu espalm asorted 1% | 4096-81T low power 400MW. o WE:2l]) /AWC NEON BULS 60HZ." CRYSTAL TIME BASE
capacitors, (10} assorted 0.01% | removed from sockets tested E HEWLETT PACKARD [100/34.95 1000V SISS .o 2 pow SPECIAL OFFER ON MiN{
resistors, and (1) temperature and guaranteed. $9.95/cs. 7730 .37char. RED glz l? ;:'I: ‘s("lllnl.s KIT INCLUDES MM5369 and
compensaled zener ref‘e’r‘enu‘ with 22 pin socket and data. cammon anode $1.50 MOLEX 1.C. PINS 100/3.98 AC U 3579.545KHZ. CRYSTAL with
dinde. ONLY $6.95 8 FOR $64.95 4 for $5.95 1000/86.98 10 FOR ONLY $205 SCHEMATIC. $3.95
; SUVE 111Gl POWER RECTIFIER ARNOLD CORE ROCRER S®ITCIH
Ihu::l‘:crlnlinrbuz’lul{ll}oN)\Ill)ﬁkt i % 135 MU per 1000 turns. g ¢ Amp 125 VAC. 5 Amp 125 VDC.
Seconds. "C.olu;urezalu‘il o8 for ‘ Varo 11407 6000V = 1"10.x1 7/80D.x3/4 THK . 1.5 Amp 250 VAC. @ Pol - 3 Pos
0.lozx. elsewhere. lelpzr‘ﬂ)le with N S0ma $2.50fca p/m A-759135.2  $1.50 ea. '3"'“ l s'"]"“k lGmad cemver dff. or
= 7 s 5 - 106 for $98.60 position lock.
Eastman 910. loz. Botlle $4.95 or $.49 ea. 10/$2.50 1000/$) 50.00
THIS DEAL ! ROTARY SWITCHES J*MPLITTLE VINVL FEET®'%s, PERMA-FLEX TAPE $2.95 ea WIRE DISPENSER
4 Rated 250 ma © 28 VDC. self-sticking  square or %" wide x 66° long. All weather, )1 ) X
‘ml e Single pole, 10 position, non: ound, feel 8000V (.085 thick) ~Black. [ o Gel Fed
b shorting. Model 87 by Spectrol. - ?ﬁi--ﬁPECIAL $1.00 per roli, $7.95 per 10 roll ?"c“‘wam‘(\f"!’ p
P.C. TR 2% 5 5 5 1 APPROV 2 uts the wire tdf
+0°] 134 8772 Sevewariver adiuse g SHEET OF 50 $1.00 PR oochoge UL OVED \h'mgth.
STACKED-FOIL CAPS 87-9 Knob Adjust 3 i 3 "Strips 17 of in-
'S5 S oalycarbanl wiith 75 10 for $5.99 ZENER DIODE SLIDE SWITE PHOTO-FLASH CAP y g
o ) i) - INT52 5.6¥ 300m¥ 100 for 3 2
Holds volume 1o half thai| HEAT SHRINK TUBING ASST. $5.95 1000 for $49.95 Q1 SPST 44@125vAC S HES /7" Refitlable spool
ot ival i 25/6" LENGTHS VARIOUS SIZES 1-1/8" mt ctrs. S x —
"w:‘"_:;"L‘"c';'!"'e‘;"j:m:;;'“ b CDL oS e | ) HARDWARE /7 4 teads 1"dia}  $1.98 ea. b el UL NI
low self-induction. P.C. mi — ﬁkgbﬂ’éi” ELECTR&“Q'(‘): 100 for $3.50 10 for $15.00 = o1
100 for $1.50 TEFLON TUNING ASSORTMENT d “WELL MIXED TEFLON TUBING e 8 ol
1000 for $12.50 25/6” LENGTHS VARIOUS SIZES E ASSORTMENT . .
10.000 for $99.00 O R S Jifios URITE FOR FREE CATALOC INCLUDES TTL, MEMORY, AND SPECIAL]| F.‘..‘.’,:.T:.I.fr.h',‘:'..g:p::.;m‘ k
FUNCTION IC’s. ALMOST ALL MARKED. - i
"ELECTRONIC TERMS:  include check or money order. |OUR TEST SHOW VERY HIGH YIELD, |chemical ineriness. Wil
N not eraek or beeome
NO C.0.D. Texas residents add 5% sales - LS P Renaine AR e
PARTS tax.  Canada and Mexico add $2.50. " * . <
Overseas countries add $6.00 for surface 100_FOR $198 tiadgliutspntice_operaltfog
G400, MITCHELLDALE B8 o) 593:590.5114 ratest - We pay) | pesests. Gp | io. 10 saurds & N S ]'emP TatEs 1000 ol $4.95
HOUSTON, TEXAS 77092 ' - - 1000 roll $24.95
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UNIVERSAL 4K x 8 MEMORY PRINTED CIRCUIT BOARD TRANSISTOR SPECIALS Full Wave Bridges
BOARD KIT 412°x6 1 2" SINGLE SIDED EPOXY 2N3585 NPN'S) TO 66 s 95
$74.50 BOARD 1 Tk - 2N3772 NPN 5/ TO-3 S 160
. 60 ea 5/S 2N1546 PNP GE TO-3 .s .75
32.2102-1 fully buffered, 16 address lines, on 2N4908 PNP i TO S 2 0C
board decoding for any 4 of 64 pages. standard 7WATTLD-65 LASER DIODE IR $895 2N6056 NPN S0 TO 3 Duitington 5 1.70 600 20 1.75 400
44 pln buss. ETIE ST INS0B5 PN S, TO 92 irshloo SANKEN AUDIO POWER AMPS
EXPANDABLE F8 CPU BOARD KIT 2N 5457 N FET s IN404 PP GE 0.5 515 100 B e e il
$99.00 ER 900 TRIGGER DIODES 4/ S100 AL MG WAL g 0428 S1 1050 G 50 WATTS
featuring Fairbug PSU.1K -of stauc ram, RS 232 2N'6028 PROG. UJT S 65 MPSA 13 NPN S, T0.92 3/s 1.00
interface. documentation, 64 BYTE register TINIATURE MULTITURN TRV POT 2N3767 NPN S, TO 66 s 70
e ARl : s 2n2222 NPN $1 TO-18 /S 1.00 22UF 35V 6S100  6BUF 35V 35100
CD4046 - $2.20 100, 500, 1K.2K.5K,10K,25K,50K, 100K, 2N3055 NPN 51 TO 3 s .70
200K 500K | Meg. §75 each 3/$2.00 2N3904 NPN §: TO92 515 1.00 A o A A SR
4K BASIC FOR FAIRBUG F8 R T TR T M PO e S 10 B 2N3906 PNP 51 10 92 5/ 1.00 Crianit oiltol | STucioay SRlle
on paper tape $25.00 3010 style 3/16°x5/8 " x1 174~ 50 100. 2N5296 NPN S TO-220 S 50 J2UF 20V5S100 47UF 20V S .35
1K, 10K, 50K ohms  $1 50 es 3/84.00 2N6109 PNP S, TO-220 S 55 JUF 35V 451 F
€/MOS (DIODE CLAMPED) —— 2363 Pve S 108 55 100 VI R IR AR
N NPN TO-92 S, s -
74C10- .22 4012- .22 4023- 22 4042- .78 Trus board 13 4 1116” single sided paper epoxy ZHESI2-NPNTO.92S 34 M 7001 ALARM CLOCK CHIP $5.75
74C193-1.50 4013- 40 4024- .75 4046-2.25 board, 4'57x6 . DRILLED and ETCHED TTL IC SERIES
4001- 22 4015- 95 4075~ .22 4049- .40 wiich will hold up to 21 simgle 14 pin 1C- 74LS LINEAR
0 single 14 pi s 7400- 14 7445- .15 74150- .90
4002- 22 4016 ‘gg 4027- .40 4050- .40 or 8, 16. or LSI DIP I1Cs with busses for Ja01. 14 7a46- 65 74151 60 SERIES CIRCUITS
008 Sl 20 ROl 4028- .88 4055-1.50 Jower suppty connecios _. . $400 7402 14 7447. .65 1215 80 74LS00 - .23 74LS125- .65 LM 101 - .75
4007- 22 4018-1.00 4029--1.10 4066- .80 5 A 74 23 740s126 Y ?
MV 5691 YELLOW-GREEN 7403 14 7448- 65 74154 9§ L1502 2 (%3} .65 301/748 .31
4309~ 42 4019- .25 4030— .22 4071- .27 BIPOLAR LED Woo 18 e B e 740803 - .23 74US132- B0 LM 307 - 30
4010- .42 4020-1.05 4033-1.50 4076-1.05 e g 4 7304 LK 186 .70 Wos(soa - 28 7as138- (72 Lm308 _ 95
i1 3 o e swseio FenEioon cArenoraveen © 0 | jes- 2 ol amm e Rodife e NNED oo - S
b o 7 5 740508 - .23 74LS145- 1,15 LM 318 1.35
’Lsumg ;)EDs . 6.‘21.33 7407 fg 7474 - 33 74163 .80 ;usos - .ga ;usnsn 98 LM 319 _ 95
'SU- i 7 - 7408- - 7475- .45 74164- .95 aL$10 3 74LS153- 93 LM 32a - 1.05
WSU-30-Hand wuevaaD wo'l used to MOLEX PINS 106/51.00 7409- 17 7476 .30 74165- .95 74LS11 - .23 7418155 - 1.40 LM 339 - 110
wrap, unwrap & Strip #30 wire $5.95 10007$8.00 7410 14 7480~ .35 74173- 1.20 74LS13 - .50 74LS156 - 95 LM 377 _ 2.50
10 WATT ZENERS 3.9, 4.7, 6.6, 8.2, 7411 .20 7483~ 62 4174. .95 JacSye D33 7Tacereec vo3 tmass V29
12.15.18.22.100.150 or 200V . ea. $ .60 7412~ .20 7485~ 87 74175 . .82 740527 - .23 74LS161 - 1.02 LM 382 - 1 22
gg;bﬂgrgﬁ DIP SOCKETS 230 WIRE 1 WATT ZENERS 4.7, 5.6.10, 12, 15 7413~ .39 7486- .30 4176 75 740522 - .23 74LS162- 1.02 LMS37 - 250
PRIl BTN - 27 24 PIN - .40 LY 18 or 22V ea. S .25 7414 863 7489 1.85 74177~ .75 740827 .27 74L5163 - 1.02 LM553 - 2,50
IS (4PIN - 26 28 PIN — 50 Bl MC6860 MODEM CHIP $9.95 7416 .25 7a90- .42 74180 .65 74L530 (23 74LS168 — 1.10 LM 555 44
10751.50 BRI KU TALEG] STRAND 7417~ .25 7491 58 74181- 1,90 74L532 .33 74L5169 - 1.10 LM 556 85
il 100'/$1.40 Silicon Power Rectifiers 2420~ .14 7497- .43 74190- 1.00 74US37 - .37 74LS173- 1.39
1007513.50 [RERSIIEEED d
25 7493 .45 ” 74LS38 - .37 74LS174- 1.05 560 2.00
2108 8K EPROM 7325 22 7494 .70 - 180 74LS40 - .27 74LS175- 1.22 565 1.10
! 7426 74192 83 7aL881 23 7aL5190 - 1.50 666 1,50
2522STATIC SHIF T REG 7427~ .25 7495- 65 74193 83 74LSS5a — .23 74LS191 - 1.50 557 1.50
2513 CHARACTER GEN 7430 14 7496 .65 74194- 85 74L574 49 74L5192- 1.75 703
2518 HEX 32 BIT SR 7432 2%  74107- .28 74195- 52 741890 .95 74LS193 - 1.75 709 25
210211024 BT RAM 7437- .21 14121 33 74257 1.25 741842 BB 74LS195 - 1,26 710 3
5280 AK DYNAMIC RAM 7438 2 74123~ .65 742719 .87 24LS873 - .40 74LS196 99 M .as
1101A-256 BIT RAM 7440 14 7412 40 32a. 175 ;ALS;A - .:g ;:tg;g; - .gg ;:; Corv .31
PR 4 4LS76 1. .65
',‘",“3;3,03\‘,’!“03“" ;::'7 3 7412620 FOLGG S 74LS90 - .B9 7415258 - 1.38 LM 1310- 2.50
§204-4K PROM 75492 65 74LS92 - .85 74LS266 - .38 1456 \95
74L593 .85 74LS365 - .66 1458 .60
ATt AT e % g
LIGHT ACTIVATED SCR's MINIATURE DIP SWiTCmES 74LS112 ~- .4 aL o - .95
TO 18, 200V 1A CT5-206.4 Fou SPST twitehec) 74LS113 — .43 74LS368 — .66 3900 .49
— e 340K-5,12,15 ane minidip package . o 41,75 74US114 - .43 74US390 - 2.20 B038CC - 3.90
OPTICAL LIVIT SWITCH 51 50 LM 376 s 60 aa0r 524%/'{;'17'5 = T e o aup wackase " 105 R R
MCA 81 CAL H d -6.6.812 QR | al6ondipoackage. .. . .. S1
LED READOUTS ggg?: 2 :gv i 78 ;Asé.‘s o uvss:_;g 58V SPST Nniature reed, relay.. narmally PRV 1A _10A 25A | I.5A 6A 35A
R3d b v <
FNDJ59C.C. a~ S 50 WP 7740.3" C.C. $1.25 or 24V .. S 85 13 MG 5)i35) Jauanuen. 330.0nm co resistance S 76.3/52.00 100 40 70 130| 40 50 120
FND 70C.C. .4~ § 55 MAN.7-.3" C.A S . RS232 ALCO MINIATURE TOGGLE SWITCHES 1.10
FND 503 C.C. .5 § 85 NS 33-3dig. array DBi25F male $2.95 MTA 106 SPDT $1.20 10 _1.60
FND 510 C.A. 5 § 85 DI 747 C A .6 CONNECTORS DB 25S female $3.50 tTA 206 DPDT $1.70

FOB Clmbﬂdqa,r;‘:ru. Send 25¢ far our catalog featuring SOLI D STATE A LES WE SHIP OVER 95%

Termy
Send Check or Mone - Transistors and Rectifiers P.O. BOX 74A OF OUR ORDERS THE

include Pos , MInimum

Order $5.00, CUD'S $20.00 145 Hampshire St., Cambrldge, Mass. DAY WE RECEIVE THEM

SOMERVILLE, MASS. 02143 TEL. (617) 547-4005
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PO ular Elect ron iCS S TELEPHOME MANUAL, basic operatlon and installation of
singleline instruments. $2.00. Box 178263, San Diego, CA
p | MAGNETS
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MAGNETS. All types. Speclals-20 disc. or 10 bar, or 2 stick WANTED

| or 8 assorted magnets. $1.00. Magnets, Box 192-H Ran-

dallstown. Maryland 21133.

GOLD, Silver, Platinur;rMercury wanted. Highest prices
paid by refinery. Ores assayed. Free circular. Mercury

DO-IT-YOURSELF Terminal, Norwood, MA 02062.

MODULAR TELEPHONES now available. Sets and com- MISCELLANEOUS
ponents, compatible with Western Electric concept. Cata-

log 50 cents. Box 1147W, San Diego. California 92112. DELICIOUS! Chicken Vegetable Soup recipe $1.50 and
TAPE-SLIDE SYNCHRONIZER, lap-dissolve. multipro-  SASE. RMSSR ZD, P.O. Box 34052, Phoenix, Arizona
jector audiovisual plans $8.50. Free Catalog. Millers, 1896  g5067.

Maywood SouthlEficlid [OR 44121, FREE! Consumer Service Division Catalog. Includes a
BUILD Electronic devices in your home. Get started in Y°“’ wide variety of products associated with the special inter-
spare time. Big Profits — Experience not necessary. Write ests of readers of Ziff-Davis magazines — PSYCHOLOGY
for tree literature telling how. Electronic Develop Lab, TODAY, POPULAR PHOTOGRAPHY, STEREQ REVIEW,
Dept. D. Box 1535, Pinella Park, FL 33565. POPULAR ELECTRONICS, BOATING, FLYING, CAR &
MAKE PROFESSIONAL QUALITY PC boards with silk- DRIVER, CYCLE, SKIING. Send for YOUR free catalog to-
screen techniques. Complete information, $4.95 postpaid. day. Consumer Service Div.: 595 Broadway, Dept. CL,N.Y.,
TerraTronic Research, Box 513SP, Quincy, Ill. 62301. NY 10012.

P.0. Box 4430C Santa Clara, CA 95054
(408) 988-1640

Same day shipment. First line parts only. Factory
tested. Guaranteed money back Quality IC's and
other components at factory prices.
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Home Alarm Kit $18.75

Deslgned for use with electronic Siren
module, AC power. battery backup, entry/
exit delay. Instant alarm for night use.
NO/NC circuits. Test and arm indicators.
2 amp switching capability. All parts with
complete instructlons minus power sup-
ply. Electronic siren module kit. $2.75

Digital Thermometer $65.00
General purpose or medical 32°-230°F.
Disposable probe cover =.2° accuracy.
Completely assembled w/compact case.

Not a Cheap Clock Kit $17.45
Includes everything except case. 2-PC
boards. 6-.50" LED Displays. 5314 clock
chip. transformer, all components and
full instructions. Same clock kit with .80”
displays. $2

2.5 MHz Frequency Counter Kit
As low as 10 Hz .6-.50" digits with PC
board and tull instructions. $40.00

30 MHz Frequency Counter Kit
Same basic CMOS counter as above plus
level controls and dual FET inputs. Pre-
scalable to 200 MHz with PC board and
full instructions $35.00
fuliy wired and tested. $75.00

Variable Power Supply Kit

~ - 0-12 VDC @%A bench supply. Less

Digital Te ture Meter Kit Fuaction Module Card Kit than .1% line, load regulation. Remote
g mperature Meler Ki Converts any frequency counter into 3% B sense capability. Constant voltage/cir-

Indoor and outdoor. Automatically W diglt DVM, digital thermometer. pulse M clit limit. Can be modified for other V/i

switches back and forth. Beautiful. 50 & square %enerator!romw Hzto 100kHz. [ hoec Complete with board and trans-

LED readouts. Nothing like it available. Complete kit minus power supply. $25.00 ges. p

Needs no additional parts lor complete. formers. $19.95

full_operation. Will measure —100° to Same supply at 1 amp $22.50

+200°F, air or liquld. Very accurate.

Complefe instructions. $39.95

Clock Calendar Kit $29.95
CT7015 direct drive chip displays date
and time on .6” LEDS with AM-PM indl-
cator. Alarm/doze feature includes buz-
zer. Complete with all parts, power supply
and instructions, less case.

1977 IC Update Master

Manual Complete Integrated circuit
data selector from al manufacturers.
1,234 page master reference guide to
the latest IC's including microprocessors
and consumer circuits. 17,000 cross
references for easler sourcing of hard to
get parts. Special pricing: $24.95, with
free update service thru 1977. Domestic
postage $2.00. Forelgn $6.00.

TERMS: $5.00 min. order U.S. Funds. (Calif residents add 6% tax.

FREE: Send for your copy of our 1977
BankAmericard and Master Charge accepted.
Shipping charges will be added. QUEST CATALOG. Include 13¢ stamp.

Stopwatch Kit $26.95

Fult six digit battery operated. 2-5 volts.
3.2768 MHz crystal accuracy. Times to
59 minutes, 59 seconds, 99 1/100 sec.
Times standard, split and Taylor. 7205
chip, all components minus case. Full
insiructions. White or black plexiglass
case. $5.00

Cosmac ‘ELF’ Kit Rca CMOS Ex-
pandable Microcomputer. New PC board
with monitor on PROM included. No hard
wiring required. All on board including
power supply. Complete kit of parts with
new assembly manual. $109.00
Inciudes audio amplifier & speaker. Allin
stock, immediate delivery.

Board only $14.95
Special case with front panel ~ $15.00

Volt/ohm Probe
Bat. oper. AC/DC to 125 V. 2 pos. voit.
and 2 neg. volt. plus continulty. Stainless
steel, pocket size. comp. assem. $34.95

Auto Clock Kit $15.95
DC clock with 4-.50" displays. Uses Na-
tional MA1012 module with alarm option.
Crystal time base PC boards and tull in-
structions. Add $3.95 for a beautlful
dark gray case ready to install. This is
the best value available anywhere!

60 Hz Crystal Time Base

Kit $4.75 Converts digital clocks
from AC line frequency to Crystal time
base. Qutstanding accuracy. Kit includes:
PC board. MM5369, crystal. resistors.
cagacitors and trimmer.
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NEW
WIDE FIELD TELESCOPE

Astroscan lets you enjoy clear, bright, wide-
angle views of stars, moon, comets, etc. Com-
pletely portable, this unique 4%, /4 New-
tonian reflector houses top quality optics. De-
signed for ease of handling and use, Astro-
scan weighs only 10 Ibs. and stands 17” high.
What an instrument!

No. 2001 ...

$149.95

SEE MuUsIC
IN PULSATING COLOR

3- Channel Color Organ
lets you modulate 3 inde-
pend. strings of colored
lamps w/ intensity of
your music. “Audio light
show™ flashes, responds
to rhythym, pitch!

No. 42,309
(ASSEMBLED)

No. 42,336 (UN-
ASSEMBLED) . .

$18.50

$1 5.95 Ppd.

MYSTICAL
MUSICAL
MACHINE

Automatic 256-note
pseude-random
tone pattern. Ad-
just beat, vol., pitch.
Phatocelis vary tone of
continuous ""music.” Output jack for patching,
or tape hookup. 9V batt. incl.

. 72,203 .. ..
o $59.95,,

EDMUND SCIENTIFI

PROFESSIONAL
TIMING ACCURACY

...0nly $49.95

Hand-held electronic digital
stopwatch counts up, down,

and sounds alarm. Full range

(9 hr. 50 min. 59 sec.); bright
LED display; matrix keyboard;
start/stop reset buttons. Batteries.
Size: 2% x4Vax 11"

No. 1692 Ppd. $59.95

Free Catalog
TUNE IN oy

AM STATIONS UP TO
3000 MILES AwWAY

Ultrasensitive super antenna pre-
amplifies signal. Pick up ball games
around the country, your home town,
more. Directional indoor ant.; freq.
and sensitivity controls; 110v AC; 60
cyc. Size: 3% x 94 x 117, Wt. 6% Ib.

N0.72,263
° $171.50 ™

KNOW YOUR ALPHA FROM THETA!

For greater relaxation & concentra-

tion, monitor your Alpha/Theta

brainwaves with audio or visual

signals on Biosone Il. Features

i of $200-up units. Incl. 3 -
pd.

feedback modes! 4-Ib.
No. 1668
(901/2)(5%)(4%") $149_9
No. 71,809
$59.95

0. 71,
(FOR BEGINNERS)

SAVE 50% — DELUXE AM/FM WALL RADIO

Great surplus buy saves you 50% on brand new
AM/FM Deluxe Wall Radio w/ handsome silver/
black control panel. Mount anywhere den, kitchen,
bedroom, office, workshop. Self-cont. Philco-Ford
radio chassis (14% x 313{, x 3%2") w/11 transis-
tors, vol. control, AM/FM hi-sensitivity tuner, AFC
2%" dia. speaker, 7%2" 110V AC cord. Orig. cost
$30 ea. in 3000 quant. for nat'l. motel chain. Re-
tail value over $40! Buy several now.

No. 72,275 (READY
$22-50 Pid,

TO PLAYY) .

MEASURE WIND SPEED
ANYWHERE
Hoid handy {16 0z."} low cost
Anemometer into the wind,
quickly read wind speed on its big
dial —from 5 to 70 mph. Acc. to
+ 3% of full scale (2.1 mph); no
batts., adjustments, recalibration
req.!
No. 42,428

"
o $21.98 s,

SENSITIVE
TR METAL DETECTOR
_—

Fully transistorized transmitter/receiver (TR)
detector with sensitivity rivaling models twice
the price. Built of rugged aluminum with a
waterproof search coil. Detects a penny at 5”
Wt. 2 Ib. 6 oz. Ppd.

No. 80,262 . ... -
- s

-y

FREE CATALOG

“EDMUND SCIENTIFIC CO.

Dept. AV17, Edscorp Bldg.
Barringtan, N.J. 08007

(] Please send me the following items | have
indicated below:

EDMUND SCIENTIFIC CO.

I

I

I

I

I

I Dept. AV18, Edscorp Bldg. Stock No. aty. Price |
| Barrington, New Jersey 08007 | me

IANT 164 Page Catal = |

I 322&5 with over 430%30 L I [—_— Crarke My () Amer. Exp. - (3 BAC 1 MC |

| unusual bargains. | bm“wﬁm :;:":"k#- ; Exp.A[::;# - |

I Name ' R Handling $1.00 I

IAddress I 1 Name I

I City I ! Address I

State Zip I City State Zip I
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The source

of perfection in

PICKERING
XSV / 3000

stereo sound...
Pickering’s new

XSV/3000

ot

The reviewers applaud 'as nevér before!

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

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

CBS Technology Center. High Fidelity. February 1977

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

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

This has been made possible by technological advances
in two areas. First, it has an unusually tiny, samarium
cobalt (rare earth) magnet of remarkably high power that

permits extremely low mass, and also offers high output.
Second, this cartridge features the new Stereohedron™
stylus tip, a Pickering first! This extraordinary shape has a
far larger bearing radius, which provides increased con-
tact area in the record groove. This assures gentler treat-
ment of the record groove, longer record life, and also,
far longer stylus life.

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

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

For turther information write 10
@ PICKERING

Pickering & Co., Inc. Dept. PE,
“for those who can [bear] the difference”

101 Sunnyside Bivd., Plainview,
New York 11803

PICKERING & CO., INC., CORYRIGHT 1977
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When you've got a Pace (B radio,

you've got the world by the ears.

There are millions out there with their ears on there clearer and with less distortion, and the
waiting to talk to you Pace to Pace. other guy's voice coming back just as clear
And with a Pace CB two-way radic you've got To learn more, drop into a Pace place near you.
every bit of power the law allows. And features The dealer will tell you just how economical

to cut through interference and “Heeders' and easy-to-install a Pace is. He'll help you
from other channels. choose the one that's just right for you, too.

What's more, it's assembled Ask him for the world by the ears. He'll know
with computerized circuitry Y which CB you're talking about.
a CB can be. af

It all adds up to your pqce

{E .‘E _ i PACE CB/PACE TWO-WAY RADIO PRODUCTS
voice getting out e ‘3&5 = 3 // BY PATHCOM INC.. HARBOR CITY, CA 90710
iy ™

%

S0 it's as trouble-free as ,&4

o “ 2 i,
d it's 100% solid state, 74y, Paccaaos
and it's solid state ///}///é///
L]
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