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] We build guality. That's why Cobra CB radios are
engineered and built to operate at peak performance under all
conditions. But we don't stop there. Our concern for quality assures
you of performance that makes using your CB more enjoyable. And
our dealers and distributors are concerned about customer service.

All this—because, like you, we're serious about CB.
[

oObra

Products of Dynascan

1801 W. Belle Plaine Ave., Chicago, lllinois 60613 (312) 327-7270
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Ever since we introduced the 280 iast year,
sales have been breaking records.

The reasons are easy to understand. The 280
is a hattery-operated portable, fuil-feature dig-
ital multimeter at less than the price of a pre-

80 at99%

our fastest selling
multimeter ever?

cision analog meter. The 280 features a large
three-digit LED readout, automatic polarity in-
dication, automatic decimal point placement
and out-of-range indication. The 280 is fully
overioad protected for reliability and has an
industry-standard input impedance of 10
megohms for all voltage ranges.

It has High/Low power ohms ranges for accu-
rate in-circuit measurements, not available on
most analog meters. And digital accuracy (1%
typical for DCV; 2% for ACV and ohms, except
2.5% on highest ranges) and digital resolution
(1mV, 1A, 0.1 ohm)—not available on any
analog meter.

No compromises on range either—DC and AC
voltage ranges to 1000V, DC and AC current
ranges to 1000mA and ohms ranges to 10
megs.

Our fastest seller ever ? We're not surprised.

In stock at your distributor.

o1 PRECISION

PRODUCTS OF DYNASCAN

1801 W. Belle Plaine + Chicago, lllinois 60613 - (312) 327-7270
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Who builds the best value
in electronics today?...

I ou DO‘ When you build any of the over

400 superb Heathkit electronics products described in our new catalog.
You add the element so clearly lacking in many ready-made products...
careful craftsmanship. And you work with world-renowned Heathkit assembly
manuals —a step-by-check instruction method that leaves absolutely
nothing to chance. Your time and your
care go into each Heathkit product
you build, along with Heath Com-
pany’s outstanding design, engi-
neering and quality components.
And when you finish, you'll have
something that's uniquely yours;

a product that will give you far
more satistaction and pride

than any ready-made unit you

can buy.

Read all about it
in this big,
NEW Heathkit Catalog!

HEATH
Benton Harbor, Michigan 49022 ,

Please rush me my FREE Heathkit Catalog

Complete, accurate descriptions of over 400
kits...test instruments, marine and fishing

Name gear, auto tuneup and accessories, Amateur
) and SW radio, Radio Control devices, hi-fi-
Address. components, color TV, digital clocks and
weather instruments, more!
City. State Zip.
. oLso1 SEND FOR IT TODAY!

Heath Company, Dept. 10-15, Benton Harbor, Michigan 49022
2 CIRCLE ND. 6 ON FREE INFORMATION CARD POPULAR ELECTRONICS
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Editorial

NEW-PROJECT STUMBLING BLOCKS

There are a handful of exciting construction projects that we've wanted
to present to you for the past two years or so. Unfortunately, we
couldn’t—due to one stumbling block or another.

For example, we've had many electronic games in our hands for use with
conventional TV receivers. However, we *‘blinked’’ on this one because
Magnavox, which claims some fifty patents in this area, initiated a string of
infringement law suits (against some manufacturers). Finally overcoming this
problem, we faced a second one—Class | device requirements by the FCC.

According to the reg's, one cannot simply remove TV antenna ieads and
substitute a device to supply a modulated r-f carrier signal directly to the
receiver's antenna terminals. The premise here is that many people would not
bother to remove the antenna leads, possibly causing reception interference
on neighbors’ receivers. Furthermore, any old transfer switch may not have
sufficient isolation to prevent the minuscule radiation demanded by the FCC.

It was interesting to observe the efforts of one author trying to get type
approval of a Class | device for a TV game. Isolation of 60 dB must be
provided by the switch, he learned. (A typical toggle switch is lucky to have
—10 dB at 60 MHz, and a slide switch might reach —20 dB.) It turned out that
there’s only one switch that will provide the required —60 dB isolation. The
kicker here is that the switch company won’t do business for less than a
10,000-quantity purchase. He wound up designing his own! Next, he
learned that the device must be clean from 10 kHz to 1000 MHz. How can one
be sure that there isn't a tiny 16-microvolt glitch at 999 MHz? Easy. Buy a
$23,000 spectrum analyzer (or rent one).

The Class | device mentioned above has been submitted to the FCC for
type approval—along with the required $1500 filing fee. If it's accepted,
there's a $500 grant fee. If not, there goes $1500.

We don't question the need to protect the consumer from someone
transmitting a TV game signal up and down the block. However, the cost for
type approval of a device that might sell for about $20 is inordinately high,
greatly exceeding charges made by private test laboratories. Moreover,
there’s a long waiting list in Washington, D.C. for official approval.

Considering all this, we've decided not to wait any longer! So next month
we'll publish two electronic TV games—with or without r-f, depending on
what happens in the interim period. If type approval isn't received, readers
will have to go directly into the TV receiver's video stage to be on the legal
side of things.

Another project area that we've been holding back on concerns
interconnecting devices to telephones. The FCC has noted that the
Carterfone Decision placed the burden of proof of harm to telephone
installations by interconnect equipment upon the carriers, not the users. This
applies equally to devices which have direct electrical connection. Happily,
for hobbyists, the latest FCC pronouncement (Docket No. 19528) covers a
registration program for interconnect devices, spelling out technical
requirements. The certification program is simple (and free).

An FCC registration number is issued to the applicant, who must notify the
telephone company of plans, including the FCC registration number issued.
This would be for telephone company informational purposes, not approval.
So good-bye acoustic couplers! And to authors out there, let's see those
hard-wire telephone innovations that we formerly rejected.

POPULAR ELECTRONICS




mory refresh cycles. Each board

holds 4,096 words of this

proven reliable and trouble =~ ———#
free memory. Cost— p

only $125.00 for &,&
each full 4K [ ¥

memory. \L

PROCESSOR—

““Motorola’ M6800 processor
with Mikbug® ROM operating

system. Automatic reset and load-
ing, plus full compatability with

Motorola evaluation set software. Crystal
controlled oscillator provides the clock signal
for the processor and is divided down by the
MC14411 to provide the various Baud rate outputs

full expansion of memory and interfaces.

DOCUMENTATION—

Probably the most extensive and complete set of data available for any
microprocessor system is supplied with our 6800 computer. This includes
the Motorola programming manual, our own very complete assembly in-
structions, plus a notebook full of information that we have compiled on
the system hardware and programming. This includes diagnostic programs,

WHY SETTLE FOR LESS—
, THAN A COMPLETE 6800 SYSTEM

MEMORY — INTERFACE—

All static memory with selected 2102 IC’s al- Serial control interface connects to any RS-232, or
lows processor to run at its maximum 20 Ma. TTY control terminal. Connectors pro-
speed at all times. No refresh system is vided for expansion of up to eight interfaces.
needed and no time is lost in me- Unique programmable interface circuits

allow you to match the interface to al-

most any possible combination of
polarity and control signal ar-
rangements. Baud rate selec-

tion can be made on each
individual interface. All
this at a sensible cost
of only $35.00 for
either serial, or
parallel type

POWER
' SUPPLY—

Heavy duty 10.0 Amp power
supply capable of powering a
fully expanded system of memory

; and interface boards. Note 25 Amp
for the interface circuits. Full buffering on all data rectifier bridge and 91,000 mfd computer
and address busses insures ‘‘glitch’” free operation with grade filter capacitor.

Mikbug® is a registered trademark of
Matorola Inc.

Swlr 6800

Computer System

with serial interface and 2,048 words

Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284

sample programs and even a Tic Tac Toe listing. of memory. . ............ $395.00
- ——————————————————— -
} O Enclosed is $395 for my SwTPC Computer Kit [0 Send Data
Z?ﬂiﬁmn... /} O or BAC #
= O or MC Ex Date
|
]
| NAME
I
‘ ADDRESS
|
| Sy STATE Z1pP
|
|
]
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Crown
The Known
Value...

at an uninflated price!

An honest value isn’t hard to find, if you know
an honest supplier. CROWN’s reputation for
providing more recorder value for your dollar
is as old as our company. Nothing would ever
cause us to change that.

CROWN recorders offer you day-in, day-
out worry-free reliability, plus brilliant perfor-
mance. Both result from simple, rugged
design, with only a few moving parts. The
CROWN belt drive and massive flywheel
almost completely isolate the capstan drive
from any vibration or rumble.

CROWN electronic circuits are carefully
designed for maximum reliability, and elec-
tronic components are thoroughly tested
before assembly. Oversize meters and easy-
to-handle-controls make operation simple.
The result? A professional tape deck, used to
produce quality recordings in many a studio.

Each CROWN transport has undergone
100 hours of testing. Each CROWN recorder
has its own performance report, signed, not
stamped, by a CROWN inspector. And each
CROWN recorder is backed by a one-year full
warranty on parts and labor; and an additional
two-year limited warranty on parts only. We

put the CROWN name on these recorders:

proudly — we believe they've earned it.

Why not talk to your nearby CROWN
dealer about the long-term values of a
[CROWN recorder. And the uninflated price. It
uld be the year's best buy.

ite us for his name. CROWN, Box
art, IN 46514

WHEN LISTENING BECOMES AN ART
CIRCLE NO. 12 ON FREE INFORMATION CARD
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Letters

MORE CB JARGON

In “How to Use CB Radio '‘Buzz’ Words"
(CB Scene, January 1976), | found some
important words missing and some words
misused. Below | have listed some of these
missing words and definitions, as culled
from my own ‘‘ratchetjawing” and from
friends on the air:

Beaver—any female.

Seatcover—a female in a car.

Ratchetjaw—one who often talks on
radio.

Portable parking lot—a truck transport-
ing cars.

Beams-—any directional antennas.

Stick—any nondirectional antenna.

Turn the house around—rotating a beam
antenna to copy better.

Copy—hear a transmission.

Copy the mail—just listening to the radio
with very little talking.

88's—kisses and hugs (for a woman, a
sign of affection).

44’s—hugs to the little ones.

My goodness!—a pause with no mean-
ing.

Four wheeler—a car.

Eighteen wheeler—a truck.

Junk—a nonderogatory term for radio
equipment (i.e. “'We may run junk, but we
run superior junk!).

Pull the plug—shut off the radio.

Re Linear—one doesn’t say he uses a
linear, but he may imply it by indicating
he's wearing sneakers.

Candyman, Federal Candy Co., Candy
Paper—the first two refer to the Federal
Communications Commission (FCC), the
last to the tickets it issues.

Green stamps—dollars.

Grasser—low in signal strength.

—Allan S. Adelman, Philadelphia, Pa.

BROBDINGNAGIAN IC’S?

I was very interested in building "*A Wire-
less Audio System For Remote Speakers”
(January 1976). After looking at the etching
and drilling guides for the transmitter and
receiver, it appears that you goofed and
printed enlargements.—E£. Taffe, W2IGR,
Palisades Park, N.J.

Yes, the guides were mistakenly pub-
lished two times actual size. If you're mak-
ing your own boards and are not equipped
to photographically reduce the guides,
send a self-addressed, stamped envelope
to POPULAR ELECTRONICS and we'll
send you the proper-size guides.

AN ALTERNATE APPROACH

In the “Negistor’” article (December
1975), it was stated that oscillation was ob-
tained from an npn transistor with open
base under reverse-bias conditions. | have
obtained similar results from the same type
ofcircuitand also from forward-biased pnp
germanium transistors. One of my pnp cir-
cuits is shown below. To test for negative

WILTMETER

resistance, | adjust the setting of the poten-
tiometer so that the voltmeter's pointer
rises to a peak indication and then begins
to fall back toward the zero index. The os-
cillations | have observed with such a cir-
cuit have a sinusoidal waveform and a 0.5-
voit peak at about 7000 Hz.—/. Queen,
Brooklyn, N.Y.

OCTAL VERSUS HEXADECIMAL

| take exception to the statement in the
November 1975 Computer Bits column that
only “'pockets’ of programmers still use
octal notation. On the contrary, octal nota-
tion is currently in widespread use. In fact, |
wouldn’t hesitate to say that it is more
widely used than hexadecimal notation.
The reason is that there are more comput-
ers of all types (particularly micro’s and
mini's) designed for - eight-bit octal
documentation than there are 16-bit
hexadecimal machines.—Don R. Walters,
Ann Arbor, Mich.

CREDIT WHERE CREDIT IS DUE

"Programming the Altair 680" (De-
cember 1975) was erroneously bylined by
Paul Van Baalen and me. The credit for
writing this article rightly belongs to Wil-
liam H. Gates.—H. Edward Roberts, Al-
buquerque, N.M.

MISSING CIRCUIT

The diagram below should have ap-
pearedinthe February Letters columnwith
John Hanson's suggestion for a simple
current-limiting circuit for pass-transistor
regulators.

W +your

SV ZENER

A
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For the *400-class GB customer
Realistic has what's really new
and 4000 Iaces to find it.

!

Reading time 48 seconds:

Noteveryone has four C-notes to lay out for hobby or business equipment. But on
the other hand, the new Realistic Navaho TRC-57 actually costs no more than a
basic 35mm SLR camera. And for 399.95* you get an AM/SSB base/mobile
transceiver with everything you'd expect — plus a lot you wouldn’t. ¥ Digital
phase-locked synthesizer and crystal lattice filter for unusual selectivity.
+ Automatic modulation gain control for full power always, whetheryou talk loud
or soft. # ANL and blanker for chopping out noise. # LED-indicator
AM/USB/LSB mode lights. # Separate SWR and S/RF power meters thatturn red
on transmit. 4 Precise LED-readout clock switchable for 12 or 24-hour time. And
of course it's FCC Type Accepted and UL listed. The new Navaho. You get
something more by accepting nothing less!

“Retail price may vary at individual stores and dealers.

3 1
1 ] i
. -t ’ NEW 1976 -
' RADIO SHACK SOLD ONLY WHERE YOU SEE THIS SIGN:
: B CATALOG :
) 164 PAGES e OVER 2000 ITEMS : ®
1 Get your copy today at our 1
! nearest store or dealer, 686 :
H Or write: 1
: Radio Shack : A TANDY CORPORATION COMPANY
L P.O. Box 1052 :
! (Please Print) Fort Worth, Texas 76101 ' Just Say
! Name __ . _ Apt# H "Charge It
1 1 at participating stores
1 Street _ 1
:
|

E City State Zip DDD—D-E

L e T P P Y L L L Xy
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Almost half of the successful TV servicemen have
home study training and with them, it's NRI 2 to 1.
It's a fact! Among men actually making their living repairing
TV and audio equipment, more have taken training from NRI
than any other home study school. More than twice as many!

8 POPULAR ELECTRONICS
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A national survey*, performed
by an independent research
organization, showed that the
pros named NRI most often as
a recommended school and as
the first choice by far among
those who had taken home
study courses from any school.
Why? Perhaps NRI's 60-year
record with over a million
students . . . the solid training
and value built into every NRI
course . . . and the designed-for-
learning equipment originated
by NRI provide the answer. But
send for your free NRI catalog
and decide for yourself.

Two Famous Educators...
NRI and McGraw-Hill.
NRI is a part of McGraw-Hill,
world’s largest publishers of
educational material. Together,
they give you the kind of train-
ing that’s geared for success . . .
practical know-how aimed at
giving you a real shot at a better
job or a business of your own.
You learn at home at your con-
venience, with ‘‘bite-size”
lessons that ease learning and
speed comprehension. Kits
designed to give you practical
bench experience also become
first-class professional instru-
ments you'll use in your work.

MARCH 1976

25” Diagonal Color TV...
And 4-channel
Quadraphonic Stereo.
As a part of NRI's Master
Course in color TV/Audio serv-
icing, you build a 25" diagonal
solid state color TV with
console cabinet. As you
tuild it, you perform
stage-by-stage experi-
ments designed to give
_you actual bench exper-
iznce. And you get a
Quadraphonic system
with 4 speakers. NRI's
instru-

i ments are
a cut

| above the

a transistor-
ized volt ohm-
meter, triggered
sweep 5’ oscilloscope, CMOS
digital frequency counter and
digital integrated circuit color
TV pattern generator. They’re
top professional quality, designed
to give you years of reliable serv-
ice. You can pay hundreds of
dollars more for a similar course
and not get a nickel’s worth
extra in training and equipment.

NHI NRI SCHOOLS

I1

Widest Choice of
Courses and Careers.

NRI doesn’t stop with just one
course in TV/Audio servicing.
You can pick from five differ-
ent courses (including an
advanced color course for prac-
ticing technicians) so you can
fit your training to your needs
and your budget. Or, you can
go into Computer Technology,
learning on a real, digital com-
puter you build yourself. Com-
munications with your own 500
channel digitally-synthesized
VHF transceiver. Aircraft or
Marine Electronics. Mobile
radio, and more.

Free Catalog...
No Salesman Will Call.

Send the postage-paid card for
our free color catalog showing
details on all NRI electronics
courses. Lesson plans, equip-
ment, and career opportunities
are fully described. Check card
for information on G.I. benefits.
No obligation, no salesman will
call. Mail today and see for
yourself why the pros select
NRI two to one!

If card is missing, write,

*Summary of survey results upon request.

McGraw-Hill Continuing Education Center
¥ 3939 Wisconsin Avenue,
Woshlng’ron D.C. 20016
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The $750
alternative.

7
[
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SAE 2400 Professional Dual-Channel Power Amplifier

0200 Watts RMS, per channel,
both channels driven into 4 or
8 Ohms from 20Hz to 20KHz
at no more than 0.05% Total
Harmonic Distortion.

J0.05% IM into 4 or 8 Ohms

O(signal to noise) greater than 100dB

Oplug-in board modules

Oforced air cooling

Oonly 11" deep

Oweighs less than 42 lbs.

Osuperb construction using only the
finest materials and component
parts

Oavailable in black rack mount (as
shown) or our traditional satin
gold and black

You’d have to look a long time to

find a power amplifier that delivers

this much value.

Scientific Audio Electronics, Inc. PE-376
P.O. Box 60271, Terminal Annex g
Los Angeles, California 90060 :
Please send me the reasons (including available ¢
literature) why the SAE 2400 Professional Amplifier

is the “$750 Alternative.

NAME
ADDRESS
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New Products

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

—

FOUR-DRIVER SPEAKER SYSTEM

Bertagni Electroacoustic Systems, Inc.
now has a four-driver speaker system
which incorporates no-cone, no-piston
technology and nonenclosure styling, the
Model d120. with a sound-radiating area of
1700 sq in,, it is the largest of the Geo-
static™ line but measures only 3%" front-
to-back. Thinness is achieved by exciting a

00 (U EURaRYVEY

tension-flexed diaphragm; separate areas
of the diaphragm are activated by multiple
drivers to produce high, middle, and low
frequencies. Claimed frequency response
is 25 to 20,000 Hz +2 dB, HD is 1.2% mea-
sured with 90 dB, 80-Hz tone at 1 meter.
The d120 will handle up to 250-W rms, but
operates on power as low as 25-W rms.
$499.00.
CIRCLE NO. 84 ON FREE INFORMATION CARO

PACE CB TRANSCEIVER WITH WEATHER CHANNELS

Pace's new Model CB 145 mobile trans-
ceiver provides synthesized 23-channel
coverage, as well as receive capabilities on
the two NOAA vhf weather channels. Fea-
tures 4-W r-f output, delta tune, noise
blanker, anl, r-f gain control, S/r-f meter,
and switch-selected PA operation. Also has
indicator lights for transmit and receive, as
well as c¢B, wx-1, and wx-2 operating modes.
Comes with a dynamic PTT mike. $209.95

CIRCLE NO. 85 ON FREE INFORMATION CARD

AmericanRadioHistorv.Com.

ECONOTRACE CURVE TRACER

Lab Science's Model EC-101 Econotrace
displays semiconductor characteristic
curves on any scope having an external
horizontal input. The device has switches
for polarity selection, base current per step
in microamps, and also has two transistor
sockets on the front panel. The display is
sized using the scope's vertical gain con-
trol. Leakage, noise, saturation voltage,
linearity, breakdown, and beta can be
measured. The Econotrace operates from
a 9-volt battery which has a normal opera-
tional lifetime of one year. Current limiting
and low test voltages protect the device
under test. Measures 4" x 27" x 17" (10.2
X 7.3 x 4.8 cm), weighs 2 Ib (0.91 kg).

$39.50
CIRCLE NO. 86 ON FREE INFORMATION CARD

MOBILE TRANSCEIVER LOCK

Shur-Lok Manufacturing’s Model CB 700 is
designed to discourage the theft of your
mobile transceiver. The locking bracket is
made of heavy gauge metal stampings and
is electroplated flat black. The lock, ac-
cording to Shur-Lok, has tempered shack-
les, a pick-proof barrel, and two keys. It.can
be adjusted to fit up to the largest AM/SSB
mobile transceiver currently on the market.

$14.95
CIRCLE NO. 87 ON FREE INFORMATION CARD

REALISTIC MOBILE PA AMPLIFIER

Radio Shack announces its new Realistic
Model MPA-10 mobile PA amplifier. De-
signed to operate from 12-volt dc sources,
thesolid-state amplifier is rated at 10W rms
output into 8 ohms. Claimed frequency re-
sponse at full power is 200 to 10,000 Hz.
Has tone and volume controls and push-
button selection of Mic or aux inputs.
Measures 6%2" x 4¥" x 1%2" (16.5 x 10.5 x
3.8 cm) and comes with a dynamic mike,
hanger, and mounting hardware. $39.95
CIRCLE NO. 88 ON FREE INFORMATION CARO

REMOTE-READING RAIN GAUGE

An Electronic Digital Rain Gauge (No.
72,165) for gardening hobbyists, farmers,
homeowners, and weather buffs empties

i

POPULAR ELECTRONICS



Now, you can buy an Altair 8800 or
Altair 680 computer kit right off the
shelf. Most all Altair options, software
and manuals are also available. The
MITS Dealer List below is just the

beginning:

off the

ARROWHEAD COMPUTER CO.

(The Computer Store)
11656 W. Pico Blvd.
Los Angeles, CA 90064
(213)478-3168

BYTE'TRONICS
5604 Kingston Pike
Knoxville, TN 37919
(615)588-8971

THE COMPUTER SYSTEMCENTER

3330 Piedmont Road
Atlanta, GA 30305
(404) 231-1691

COMPUTER KITS
1044 University Ave.
Berkeley, CA 94710
(415) 845-5300

Y

COMPUTERS & STUFF
1092 S. State St.
Orem, UT 84057
(801)224-2066

GATEWAY ELECTRONICS
2839 W. 44th Ave.
Denver, CO 80211
(303)458-5444

GATEWAY ELECTRONICS
8123-25 Page Blvd.

St. Louis, MO 63130
(314)427-6116

NOTE: Altair is a registered trademark of MITS, Inc.

MARCH 1976

MARSH DATA SYSTEMS

5405-B Southern Comfort Blvd.

Tampa, FL 33614
(813)886-9890

MICROSYSTEMS
6605A Backlick Rd.
Springfield, VA 22150
(Washington DC area)
(703)569-1110

CTI DATA SYSTEMS
3450 East Spring St.
Long Beach, CA 90806
(213)426-7375

BYTE SHOP

1063 El Camino Real
Mountain View, CA 94043
(415)969-5464

CIRCLE NO. 31 ON FREE INFORMATION CARD
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helf

RIDGWAY EAST

Retail Computer Center

161 Bell St.

Chagrin Falls, OH 44022
(Cleveland) (216) 247-4845

THE COMPUTER STORE, INC.
PO Box 2621

Framingham Center, MA 01701
(617)877-6984
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itself; is said to accurately record rainfall
up to 100 feet away, by tenths of aninch, to
999.9%, Accumulated total inches of rainfall
forany period (hour, day, week, etc.) can be
recorded; the counter can be reset to start
a new count period. The hermetically
sealed outdoor collector includes 30 ft. of
waterproof wire. A 9-V transistor battery
powers the device. Edmund Scientific Co.

markets the unit at $44.95,
CIRCLE NO. B3 ON FREE INFORMATION CARO

OC REGULATED POWER SUPPLY KIiT

GC Electronics’ Calectro Division has a
ready-to-assemble dc regulated power-

supply kit, Cat. No. G2-100. It canbe used in
place of batteries in radios, tape recorders,
and other electronic devices using 2 to 25
V, up to a current drain of 500 mA. Voltage
output remains constant, even when out-
put load varies from zero to full load. The
kit comes with an illustrated, step-by-step
instruction booklet.
CIRCLE NO. 91 ON FREE INFORMATION CARO

3M/WOLLENSAK CASSETTE DECK

The new Model 4766 by 3M/Wollensak is a
stereo cassette deck with a direct-drive
transport. It also has a bias switch to match

THE i NEW

[ ] 3éWAY SYSTEM

IT'S PORTABLE . .. Power-
packed, anytime versatility for
off-the-road action — hunting,

iT'S MOBILE . . . Every Handic
portable slips easily into the
optional " PowerPack’.

iT'S ABASE . .. An hour ago,
you worked your Handic
portable as a mobile. It can
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fishing, skiing or on the job!
Your Handic personal CB
system starts out as a portable
—in2,3,40r6Chs.(1to5W.
input). Each operates on Nickel
Cadmium batteries, easily re-
chargeable with our unique
"PowerPack"” sleeve . .. the
secret behind Handic's 3-Way
System.

Automatically, this gives you a
portable CB with a functioning,
external power supply. And,
with the Models 43C & 65C, you
connect to your aulo, truck, van
or marine CB antenna. Now,
you've got an operating mobile
unit that stows easily to guard
against theft. That's notall . . .

easily becorne a base! And, that
holds for each unit! To operate,
keep portable in its
"PowerPack". This time, couple
to our optional 110V. AC
adapter. With the model 43C &
65C connect the radio to your
base antenna. Now, you've got a
quality base that goes the
distance!

There it is. Handic ingenuity. In a practical, money-saving, 3-way system that's port- !

able, mobile or base! Complete with crystal; and impact-resistant case featuriing Han-
dic's orange color — symbol of CB excellence. From approx. $60. Handic CB radios in-
clude: mobile/base transceivers; hand-held personal portable CB systems; scanners
with FM radio option; selective call; microphones; antennas; and a full line

of accessories.

; handic s+ ~

Send for FREE Catalog!

SWEDEN'S DEPENDABLE CB

14560 N.W. 60th Ave., Kennedy Bldg.. Miami Lakes. Fla. 33014 (305) 558- 1522
In Canada: Scotcomm Radio Inc.. Chomedey. Laval. Quebec

CIRCLE NO. 22 ON FREE INFORMATION CARO.
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the deck for use with’ ferric-oxide,
chromium-dioxide, or ferri-chrome tape.
Peak indicator lights monitor transients
while recording and VU meters monitor av-
erage signal levels. Dolby noise reduction
circuitry is built-in. $429.95.

CIRCLE NO. 32 ON FREE INFORMATION CARO

TENNELEC MEMORYSCAN MONITOR

Tennelec's Memoryscan Model MS-2 al-
lows the listener to monitor 16 channelsin
the vhf LO and HI bands, as well as the uhf
band. Frequencies assigned to these
channels may be changed at any time
withoutinstalling new crystals. To program
the scanner for any of the 4000 public ser-
vice channels listed in Tennelec's special
code book, the number sequence corres-
ponding to the desired frequency is
punched into the scanner. The Memory-
scan can receive on up to 16,000 frequen-
cies, has FET r-f stages, automatic or man-
ual scan control, channel lockout
switches, and squelch. $339.95. :
CIRCLE NO. 33 ON FREE {NFORMATION CARO

GUTTER-MOUNT CB ANTENNA

A low-profile 27-MHz CB antenna, de-
signed to be installed on any vehicle rain
gutter, is now available from Breaker Corp.
Known as the “Independence’ (Model 10-
245), it is 28 inches long; the top whip is

stainless steel and the base chrome-plated
brass. The whip includes a static arrester
and has a pre-tuned heavy-duty ABS-
encapsulated center load coil; an auto-
flex, stainless-steel spring relieves whip
shock. The antenna comes packaged with
Allen wrench for fine tuning, 10-ft coax
cable with PL-259 plug, and complete in-
structions. $22.95.
CIRCLE NO. 94 ON FREE INFORMATION CARO

TEKTRONIX SINGLE-TRACE OSCiLLOSCOPE

Tektronix's Model T921 oscilloscope is a
single-trace unitwith mono time base. Ver-
tical bandwidth is dc to 15 MHz, with 2

POPULAR ELECTRONICS




| MISA

The IMSA] 8080 can be configured with optional Mother Board to provide a full 22 slots. (shown)

Front panel plugs into
Mother Board, thus
eliminating the work of
soldering all the wircs
from the front panel
to the Mother Board.

Special P1O Board
configured with LEDs
to monitor each bit
of cach of the 4 ports.

N
Extender Board
available

Sturdy Card Cage

Heavy duty power supply (optional dual power supply shown.]

The IMSA! 8080 is designed using the full Intel family of large scale integration chips, thus providing high reliability and
greater flexability.

Front panel hosts a photographic legend to produce a clear, concise, easy-to-read
format that can be configured for either hexadecimal or octal. (It won't wear of f1}

8 additional program . ——

controlled LEDs. ’_MSAI 8080

Commercial grade
cabinet

Easy-to-use commercial
grade paddle switches--
very crisp and solid.

Front panel unplugs, so unit can be used in a turn key system.

COMING SOON: Free BASIC and extended BASIC for registered IMSAI 8080 owners, followed shortly by Fortran IV and PLM.
TERMS: Check or money order, Bankamericard, Master Charge, 25% deposit on COD orders. Qn all orders under $1,000, add 5%
for handling. On orders over $10,000 subtract 5%. California residents add 6% sales tax.

SEND FOR FREE CATALOG OF IMSAI MICROCOMPUTER PRODUCTS DEALER INQUIRIES INVITED
SPECIAL NOTICE TO ALTAIR 8800 OWNERS:

1f you would like to step-up to the superior quality of an IMSA| 8080, you will be pleased to know that your ALTAIR 8800
boards are “plug-in” usable—without modification—in the IMSAI 8080 cabinet. Furthermore, by acquiring IMSA1's unique Memory
Sharing Facility, your ALTAIR MPU board and IMSA! MPU board can co-exist in the same cabinet, operate in parallel with each
other, and share all memory in common. This is the technology that laid the foundation for IMSAI's powerful HYPERCUBE
Computer and Intelligent Disk systems (recently featured in Computerworld, Datamation and Electronics magazines.)

IMS ASSOCIATES, INC., 1922 REPUBLIC AVENUE, SAN LEANDRO, CA 94577
{415) 483-2093

CIRCLE MO. 23 ON FREE INFORMATION CARD
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PIONEER INTRODUCES
AN AMPLIFICATION SYSTEM
THAT WILL FORCE YOU
TO TAKE A HARD LOOK

AT YOUR SPEAKERS.
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Pioneer’s new Spec 1 and

Spec 2 are capable of producing

a level of high-quality sound most
speakers are simply incapable of
reproducing.

So, unless you're willing to
listen to Spec 1 and Spec 2 at
something less than their
full potential, don’t make the

amplifier with all the reserve power
of the Spec 2.

STATE-OF-THE-ART DESIGN
Spec 2 not only produces an
uncompromising amount of sound;
it does so in a totally
uncompromising manner.

For example, Spec 2 uses an

advanced tor01dal coil power

decisionto investin T
them if you're not pre-

transformer. It's a
more expensive

paredtoinvestina transformer than
new pair of speakers. most amplifiers use.
| But a more efficient
GSSEE%%IIEI::"- il transformer. And one
APPROVED WATTS L. that keeps magnetic
A CHANNEL flux leakage to an
Spec 2 was the absolute minimum.
first power amplifier Also unlike
designed to deal with many power
the new F.T.C. amplifiers, Spec 2
power regulations. It doesn’t use fans.
has a continuous Because fans can
power output of 250 =% cause noise. Instead,
watts per channel . Spec 2 has massive
minimum RMS. At 4 . heat sinks and
or 8ohms. From20 ¢ special Pioneer-
to 20,000 Hz. With E = developed protective
nomorethan 0.1%  |._. circuitry to keep the
harmonic distortion. i sfii  operating
Other power PNSECEEEETEE Sl temperature under
amplifiers that used ™ ™ o ZFTT T = control.

to claim a lot more power can’t do
that anymore.

Spec 2 even has wattage
meters that indicate music output

©U.S. PIONEER ELECTRONICS CORP., 1976.

compensate for any deficiencies
in program material or listening
area.

And, so you can make sure
you've made all theright
adjustments, Spec 1 has a“tone
off” switch that lets you compare
your setting with a completely
flat setting.

Spec 1 even has its own
microphone amplifier, with its own
volume control. So you can mix
into any program material
without touching the main volume
control.

THE BEAUTIFUL SOUND
OF NOTHING

One thing Spec 1 doesn’t do
is add anything to the sound it
reproduces. The phono section
has a completely inaudible signal-
ta-noise ratio of 70 dB (IHF, short-
circuited A network). All other
inputs are rated at 90 dB. Which
is even more inaudible. And it has
a total harmonic distortion of no
more than 0.03%. Which is five
times under what your ear is
capable of detecting.
DESIGNED FOR

E1A MOUNTING
Both Spec 1 and Spec 2 are
19”wide. So you can place them in
any standard EIA laboratory rack.

WHO NEEDS '[ T —

ALLTHIS POWER
AND WHY

When you listen to a Kt
live performance it can

have an average sound [ [}
level of 84 dB.Which most |11

PAEGUINCY et arONR 8.

'_:"{-f:‘llr-l I W51 AT “Iii.'.H‘

TOTM oo o TCRON L
. 1

high fidelity systems can
reproduce with half a watt of
power. But a sudden musical peak
of 110 dB takes four hundred
times as much power. Which
means you need 200 watts of
power to reproduce that peak.

If your amplifier doesn’t have that
much reserve power, you get
“clipping” Which doesn’t happen
during a live performance.

So, if you want your system
to be able to give you all the
power, all the sheer presence of
live performance, you need an

MARCH 1976

in RMS watts at 8 ohms. These
had to be specially designed, too.
Because conventional VU meters
couldn’t give an accurate enough
power reading.
SPEC 1: TWICE
THE CONTROL OF

MOST PREAMPLIFIERS
Most preamplifiers have two
tone controls. Some have three.
But Spec 1 has four. Each of
which is calibrated in 1.5dB
clickstops. All together, they give
you a total of 5,929 ways to

CIRCLE NO. 56 ON FREE INFORMATION CARD

AmekicanRadioblictan: Cam

Or you can stack them like
conventional home entertainment
components.

Which they definitely are not.

SPEC |
SPEC 2

W PIONEER®

U.S. Pioneer Electronics Co
75 Oxford Drive, Moonachie, New Jersey 07074
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mV/cm minimum sensitivity. Fastest sweep
rate is 20 ns/cm using the 10X sweep ex-
pander. Features an 8 x 10 cm CRT with 12
kV anode supply, beam finder, single knob
trigger control, a delay line for viewing the
leading edge of a waveform, automatic
selection of TV line or frame display, and
color-coded controls. A 10X probe is in-
cluded, and a scope stand, camera, and
rain jacket are available as options. Meas-
ures 19" x 10" x 7"(48.3 x 25.4 x 17.8 cm)
and weighs 15 Ib (6.8 kg). $695.00

CIRCLE NO. 95 ON FREE INFORMATION CARD

SOUND/IR/SOUND XMTR

Revox Corp. has released a number of

Beyer Dynamic components for sound-to-
infrared-to-sound transmissions. The sys-
tem consists of the IS76 infrared transmit-
ter with ten transmitter diodes in line, spe-
cially equipped with back reflectors; IE76
receiver, designed to be used with existing
headphones; DT444 infrared receiving
headphone; and charging unit for IE76
and DT444. The system can be used for TV,
radio, and hi-fi sound pickup where cable-
free listening is desired. Carrier frequency
is 95 kHz with FM modulation; max. devia-
tion is 30 kHz at 30 mV/100,000 ohms; fre-
quency range is 40-10,000 Hz. IS76 $92.50;
IE76 $76.00; DT444 $119.50; charging unit
$12.50.
CIRCLE NO. 95 DN FREE INFORMATION CARD

The EBKA FAMILIARIZOR
is a complete
microcomputer system.
No expensive terminal is
required. Everything is
built-in to a single PC
board, including a hexi-
decimal keyboard and dispiay.

Easy-to-understand Hard-
ware and Programming Manu-
als guide you every step of the
way. You will gain a practical
knowledge of microprocessing,
plus invaluable ‘hands-on" experi-
ence. All at microcost.

The heart of the EBKA FAMILIAR-
IZOR is a MOS TECHNOLOGY 6502
Microprocessor, an eight bit processor
that can address up to 65K bytes of
memory. On-board memory consists of
1K bytes of RAM for user programs and
two eight bit ports (one input and one

GET FAMILIARWITH

MICROCOMPUTERS
AT MICROCOST.

output). A 256 byte monitor program, supplied in one 1702A
erasable PROM, enables you to load, examine, run, debug and
modify your own programs. Each function can be implemented
at any address in memory. Breakpoints can be entered at any
location in your program to display internal
registers or branch to a separate routine.
You may also expand the capabilities of your

FAMILIARIZOR in easy, inexpensive stages. To store
your own programs in PROM, the PC board is designed to

18

accept three additional 1702A PROMS (768 bytes). A low cost
PROM programmer is aiso available. The system bus allows easy
expansion. Add-on memory, interface and special function cards
are available,

Whether you're a beginner or an experienced engineer, EBKA
offers you a microcost way to get familiar with microcomputers.
Order your EBKA FAMILIARIZOR today.

l--UHUEHFUHM-—------------------------l
1 Please send me: [ Enclosed is my check or money order
i [J Complete 6502 ) for $ i
| QRRALT N O Gy Benkamecars o |
1 iC Socket Kit.. $14.50 1 master Charge 1
1 E Zgwe‘: Eupplfy PRy $58 exp. date 1
eck here if you wish to receive
: literature on the complete EBKA line. Account No :
i Oklahoma residents, add sales tax. M.C. Bank No. i
Make payable and mail to: N
1 pay Signature !
1 ]
1
. INDUSTRIES INC.  Address "
6920 Melrose Lane  405/787-3671 ) :
I Okiahoma City, Oklahoma 73127 City, State, Zip. -
l----------------------------------l
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New Literature

LITTELFUSE INDICATOR LIGHT GUIDE

Littelfuse’s line of indicator lights (Littel-
lites) is highlighted in a six-page, four-
color product guide. It contains informa-
tion on cartridge lamps and lampholders,
subminiature and miniature lampholders,
and snap-mount Plastic Lites. Address: Lit-
teifuse, Inc., 800 E. Northwest Highway,
Des Plaines, IL 60016.

METRIC STANDARDS BIBLIOGRAPHY

Up-to-date information on the availability
of metric standards is provided in a new
edition of the "Bibliography of Metric
Standards’ of the American National
Standards Institute. Among the areas cov-
ered are machinery and hardware. More
than 1000 standards, recommendations,
and amendments are listed. Single copies
of ANSI's “Bibliography of Metric Stan-
dards,” Special Publication 11b, are avail-
able on request. Address: ANSI, Sales .
Dept., 1430 Broadway, New York NY 10018.

MICROPHONE SELECTION & APPLICATION GUIDE

Tipson how to select and use microphones
plus guidelines for on-stage miking are
compiled in a new brochure, “The Music-
Maker's Manual of MiSrophone Mastery”
from Shure Brothers Inc. In nontechnical
terms, the booklet describes how to mike
voices and instruments, with techniques
for handling troublesome sound pick-up
situations. Also featured are recom-
mended microphones for specific instru-
mental and vocal styles, positioning hints,
and descriptions of accessories that can be
heipful. Address: Shure Brothers Inc., 222
Hartrey Ave., Evanston, IL 60204.

1976 RADIO SHACK CATALOG

Radio Shack’'s 1976 Electronics Catalog
#263, contains 164 pages (100 in full color)
describing the company’s complete line of
products. Among the new items are a spe-
cial limited-edition bicentennial radio, a
23-channel CB two-way radio with a
telephone-type handset, a new line of
Radio Shack pocket calculators priced
from $16.95, a digital multimeter, a preci-
sion belt-drive manual turntable and a new
line of Realistic stereo tape cassette recor-
ders. Also included is a coupon for the
purchase of a $1.00 Radio Shack metric
slide-rule calculator for 25¢. Address:
Radio Shack, Dept. R-19, 2617 W. Seventh
Street, Fort Worth, TX 76107.

POPULAR ELECTRONICS




SBE Formula D
The state-of-the-art in fifty states

Stated simply, tha2 SBE Formula D transceiver is in a ciass by ifself.

It's the one full-feature CB radio with frequency synthesis and digitat Icg c. It covers ail 23 channels
with a single crystal. 2hase-lock-locp circuitry holds each channel right ~“om :arget.”” Audio comes
through clean and crisp. And there s plenty of power for the built-in PA system.

And that’s just the becinning.

Formula D is designed to give ycu superb sensitivity and signal-to-noise ratio to master weak
signal reception. Plus such exceptional features as audio tone control. lccat distance switch (to pre-
vent overload from strong signals), d=lta tune, automatic. noise limiter. back-lighted moniter meter.and
dynamic microphone with coil cord.

For the perfect endinc to the story, see and hear Formul;
it all comes out.

f. Youll love the way

DELTA TUNE

L H @

PA OFF LO

TYPE NO. SBE-26CB

" ®@VOLUME

® SQUELCH

7
(@

O TUNE

Better Communications through Creative Technolagy
®

For nformation write: SBE, Inc., 220 Airpot Blvd., Watsonville CA 95076

INTERNATIONAL OF FICES £.S Gould Marketaig Co .. Lid | 108 Mohlee de Liesse, Murtreal, Quebec, Canarlg =45, 159 @ Lmneae Sys'ems SA 5 Fue des Alpes - PO HRis 1004 131 Geneva | Switzegland’
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Stereo Scene

By Ralph Hodges

TONE CONTROLS, PLAIN AND FANCY

NCE again a number of high-

quality preamplifiers is being of-
fered without tone controis. The philo-
sophy of the manufacturers involved
is, this time, both practical and purist.
“You wouldn’t want the simplistic bass
and treble knobs we’d have to use
to keep the design and cost of the
product under control,” they suggest.
“Instead, buy our basic, unadorned
preamplifier that contains nothing
that will foul up the signal. Then, if you
still feel you want tone controls, add a
quality equalizer for the desired flexi-
bility.”” And, of course, as often as not
an appropriate equalizer is already on
the drawing board of the manufac-
turer.

Bass and Treble Controls. | can
find no fault with the above argument,
but as these products fall into my
hands from time to time, | realize that
sorely miss the old bass and treble
knobs. They helped to provide a frame
of reference in a worid where equali-
zation of recordings is going in every
direction at once. An investigative
twitch of the bass control has become
almost routine; sometimes there’s an
additional octave or so of usable low
frequencies hiding at the bottom of
the spectrum. More often, after a min-
ute or two of listening I'll want to trim
the high frequencies in some way, or
even run the treble controi up full to
get a better idea of the noise levels on
the recording or the distortion charac-
teristics of a particular phono car-
tridge. For these purposes, tone con-
trols are cheap and easy. Further-
more, sometimes they are capable of
bringing about a genuine sonic im-
provement in a recording. | am mind-
ful of the purist's admonition against
tampering with the sound of the origi-
nal, but the fact is that the vast major-
ity of commercial recordings come
pre-tampered. If you listen only to your
own recordings miked in a perfect rep-
lication of a Venetian cathedral you
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can afford to set pretty lofty standards.
However, those of us who buy regu-
larly from the major labels need all the
help we can get.

Some of the hostility that simple
tone controls arouse is understanda-
ble. The technicaily minded note that,
since most controls operate within
one of the preamplifier's feedback
paths, they affect the distortion of the
device. The enthusiast who worships
at the altar of high fidelity considers
them a blatant form of cheating. Often
the average listener has found them
useless in many situations and so has
ignored them. This lastis symptomatic
of a misunderstanding of what tone
controls are likely to be good for, and
what they are not.

Occasionally, tone controls are rec-
ommended for matching a speaker
system’s response to the acoustic
conditions of the listening room. |
have my doubts about this. If the
speakers have been placed with
reasonable care, a simple shelving of
the midrange and treble response to
match the bass output should be all
that is required. The controls on the
speakers should be abie to ac-
complish this, and do it better than
most tone controls. For more persis-
tent problems (including a poor
speaker to begin with), a tone con-
trol's action is usually too gross or too
unspecific to make a good correction.

I have always felt that a treble con-
trol should be able to ameliorate
high-frequency distortion probiems
that can develop from several sources,
but I've never been able to put this
theory to work. By the time I've turned
down the treble enough to have some
effect on the distortion, all traces of
musical high frequencies have disap-
peared. In short, if the music sounds
harsh because it is seriously distorted,
| wouldn’t look to tone controls for a
satisfactory remedy.

Bass boost is often useful and often
not. Many recordings lack bass be-
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cause the lows have been sharply
rolled off somewhere in production.
The typical bass control cannot begin -
to complement the steep attenuation
slope used. Even if the slope is not so
steep, the bass control is likely to
begin acting at too high a frequency,
generating an obnoxious midbass
hump in the response. Furthermore,
with disc recordings, the low-
frequency noise levels that are com-
mon will have you playing tag with
acoustic feedback as soon as you start
advancing the bass knob much
beyond its midpoint. Nevertheless, a
moderate amount of bass boost can
really bring certain recordings to life.
Bass cut, on the other hand, is rarely
wanted or tolerated except with pro-
gram material having a restricted fre-
quency response—an unaccom-
panied male voice, for example.

The opposite is true of the treble
control. Turned down, it may be capa-
ble of taming many of the over-bright
recordings (the British call them
“chromium plated”) that are always
cropping up. Turned up, the treble
control generally inundates you with
noise—a cure worse than the disease.

Matching the Music. In my experi-
ence, tone controls are most useful for
““correcting” sins of recording equali-
zation that have been committed by
similar circuits. How useful they are in
every circumstance is another ques-
tion. Shown in Fig. 1 is the spectral
balance typical of a commercial sym-
phonic recording during a loud orch-
estral passage. Steady percussion has
raised the upper midrange levels
somewhat, and the recording is on the
bright side, but the overall shape of
the curve is representative. Figure 2
shows the same kind of data for a typi-
cal pop recording.

(Continued on page 26.)
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Fig. 1. Dynamic spectrum of a
classical recording, measured
on a real-time analyzer.
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At TEAC, our funda-
mental mandate for any
new product is performar.ce
and reliability. First and finally.
Qualities that are measurable in terms
of mechanical stability ard inherent
design integrity.
These are essentials. Because our technological

resources established the cassette deck as a true high

fidelity component. So we demand that a new product

possess that measure of TEAC quality.

And that’s what distinguishes the A-170. Compare it with
other inexpensive cassette decks with Dolby, please. Just call
(800) 447-4700* for the name of your nearest TEAC retailer.
We think you’ll agree it’s a value you can rely on.

*In Illinois, call (800) 322-4400.

TEAC performance
and 'eliﬁbilitu eo0

how can you really afford anything less ?
TEAC.

The leader. Always has been. TEAC Corporation of America/7733 Telegraph Road, Montebello, Ca. 90640 ©TEAC 1975
Dolby is a trademark of Delby Laboratories, Inc.

A-170
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~ Isthere alittle of the
- ThomasEdison inyou!?

Asakid, were you one of the first
in your neighborhood to make a
walkie-talkie out of a couple of
tin cans and a length of string—
or give your folks early gray hair
with the experiments you tried
with your chemistry set?

Does it all sound kind of fa-
miliar? If so, then your inquiring
mind is much like that of another
fellow who, years ago, did some
pretty fascinating things in elec-
tricity and electronics. His name
was Tom Edison.

So if, indeed, there’s a little
of the Thomas Edison in you,
you're just the person who'd get
the most out of Bell & Howell
Schools’ self-instruction programs
in electronics.

How would you like to build
and experiment with a 25"-
diagonal color TV with advanced
digital features—or an FM/FM-
stereo tuner and 4-channel
amplifier? Or maybe delve into
areas like two-way radio or
modern industrial electronics?
Whatever, Bell & Howell Schools
offers programs you can follow at
home —without giving up your
job!

Tom Edison learned by doing
and experimenting rather than
just by reading —and you can,
too!

Like Edison, you'll be using the
“hands on” method to learn.
Because that’s just how our new
program works!

You begin by performing
your first experiments with
the Lab Starter Kit we send
you. Next, you build and use
a laboratory that includes a
design console, a digital
multimeter, and a solid-

“Electro-Lab®"’ is a registered trademark
of the Bell & Howell Company.

state, “triggered sweep” oscillo-
scope! This “Electro-Lab®”
electronics training system leads
you through the Fundamentals
of Electronics.

And once you've done that,
Bell & Howell Schools offers a
wide selection of programs, so
you can continue in the field or
fields that interest you most.
And just look at the range of
fascinating electronics specialties
available to you!

Now Bell & Howell Schools
gives you a choice of Com-
munications, Digital/Indus-
trial, and Audio or TV Home
Entertainment Electronics!
Let’s say you're interested in the
field of TV Home Entertainment
Electronics. You may choose it as
your first specialty, and learn it
in the most exciting way imagin-
able. You'll build a 25”-diagonal
color TV with your own two
hands! Actually probe into the
circuitry behind features such as
time and channel numbers that
flash right on the screen! How’s
that for training? And Home
Entertainment Electronics is just
one of the ways you can travel!
You may decide to specialize
in fields like Digital/Industrial,
and Communications Electronics,
too! Never before has a home-

If card has been used, write to:
An Electronics Home Study School
DeVRY INSTITUTE OF TECHNOLOGY

ONE OF THE

4141 Beimoni. Chicago. I1hnois 60641
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BELL & HOWELL SCHOOLS

learning program offered such
freedom and flexibility.

Only Bell & Howell Schools
offers you all this...and more!
We've told you about the satis-
faction, the convenience, and the
choices that are yours for the
asking. What we haven’t men-
tioned is that the programs you
follow at home actually provide
the same quality and content as
if you had taken them at any of
our eight resident schools! Proof?
Our dramatic new approach to
self-instruction allows you to
transfer to our resident school
technician program without any
loss of credits!

But, remember, learning elec-
tronics at home doesn’t mean
learning electronics entirely by
yourself. Our toll-free number is
yours to use when you need it.
So are the weekend “help
sessions” we hold in 50 major
cities at various times of the year.

Of course, no school can guar-
antee income opportunities. But
our programs could help when
you look for a job in electronics,
in moving ahead in the job you
may already have, or as a base
for more advanced programs.

So, if there’s still a little of the
Thomas Edison in you, why not
use it? You'll do a whole lot more
than make a walkie-talkie out of
two tin cans and a piece of string.
Mail the postpaid card for full
details...today!

Note: When taken for
vocational purposes, this
program is approved by
the state approval agency
for Veterans’ Benefits.

Simulated TV test pattern
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“Fig. 2. Dynamic spectrum of
a popular recording, measured
on the same analyzer as Fig. 1.

At first glance, the family of curves
usually available from simple tone
controls (Fig. 3) seems like it would fit
in well with the classical material if
smooth shaping of the final response
curve is the object. The pop selection
looks too chopped up to be predicta-
ble. However, having heard these two
recordings, the tone-control correc-
tion I'd choose for them would be: do
nothing to the treble of the pop selec-
tion (which was, after all, meant to
sound a little strange and electronic),
but add a moderate boost to the
deepest bass (which might be handled
by the sliding inflection point of the
bass control's characteristic). For the
classical record, I'd want to tame
down the upper ragister of the violins,
which is somewhat strident. Unfortu-
nately, | couldn’tdo this without apply-
ing a greater cut to the extreme high
frequencies and losing the attractive
sparkle of the percussion. In this case
the available tone-control characteris-
tics suit the pop selection better than
the classical.

Figure 4 shows the tone-control re-
sults for one prominent product on

which a great deal of designer con-
cern was lavished. The philosophy
was to concentrate most of the con-
trols’ effects at the frequency ex-
tremes. As you can see (particularly in
the treble), the greatest influence oc-
curs at 30 and 20,000 Hz. Sliding in-
flection points are used for both bass
and treble, so that moderate settings
leave the range from 100 to 3000 Hz
virtually untouched, while greater ad-
justments move farther and farther
into the midrange. During my experi-
ence with these controls, | found they
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the frequencies above 10,000 Hz are
not further reduced, so that much of
the sparkle remains. This sort of
characteristic will do wonders on, for
example, many of the old Bruno Wal-
ter recordings from Columbia and its
subsidiary labels. At the low frequen-
cies, you can obtain a reasonably
sharp bass cut (to reduce rumble and
similar noises), but it affects nothing
above 60 Hz. If fact, the bass control is
generally more satisfactory than the
unit's rumble filter for this purpose.
On the boost side, things are less

%
i

FREQUENCY (H2)

Fig. 4. Tone controls giving these characteristics
were designed for maximum effect at frequency extremes.

were at their best in providing boost.
Treble response could be tilted up-
wards slightly without a greatincrease
in noise between 5000 and 10,000 Hz.
But reduced treble was just not as
satisfactory, having a muting effect on
the extreme highs rather quickly.
Another manufacturer follows a dif-
ferent route. His controls really shine
when it comes to reducing bass and
treble. With a moderate reduction, the
treble control ignores the midrange
region, but really acts sharply from
2000 to 10,000 Hz to quash the stri-
dency of violins and other high-
pitched instruments. At the same time
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Fig. 8. Typical tone controls affect upper bass and

moderate highs as well as extremes.
26

happy. The treble control may readily
introduce stridency when all you want
isabitoftop-end “tizz,” while the bass
has excessive effect above 100 Hz.

More Knobs. While some manufac-
turers are eliminating tone controls,
others—especially those in Japan—
are giving us more and more. Along
with bass and treble knobs, a mid-
range control (usually centered at
about 1000 Hz in its action, and not of
a great deal of use in my view) is not
unusual. Many tone controls now have
switchable inflection or ‘“‘turnover”
frequencies. Perhaps the most useful

.innovation in terms of precise re-

sponse shaping is the dual tone-
control system, with bass and treble
controls for relatively broad-band ef-
fect as well as for the frequency ex-
tremes (in other words, a total of four
controls).

With more controls comes more
flexibility but also more complexity of
operation, until we get to the paragon,
the multi-band equalizer. New
equalizers have been appearing in
phenomenal numbers of late, and still
the surface of design possibilities has
barely been scratched. Most current
consumer products provide control
over fixed frequency bands spaced

(Continued on page 32.)
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What are your opportunities

in the electronics field?
Here are some eye opening

facts from ET1.

What about the
job market in
electronics ?

It’s good. In fact, it

2.
A seems to be one of
® the few fields that

stays relatively steady in bad
times. Today, for example,
estimates indicate that several
thousand jobs will be opening
up for electronics technicians
each year, for years to come.
One reason for this is the fact
that electronics are the basis
of almost all communications,
and this is a communications-
oriented nation.

What kind of jobs
are you talking
® about?
For example, there
A are jobs available in
® clectronic/industrial

automation, electronic equip-
28

ment repair and servicing, in
the broadcast and radio tele-
phone communications field, at
airports, and even in medicine
and in hospitals, where elec-
tronics is rapidly increasing
in importance. And there are
hundreds of other jobs open-
ing up as electronics continues
to make great strides, in new
ideas and developments.

It’s a growing field, and you
can grow with it through

Electronics Technical Institute.

Can such a
Q complicated subject
® as electronics be
successfully taught by the
home-study method ?

Of course it can. ETI
A has proven that

® beyond a shadow of
a doubt. Our graduates are
working in practically every
phase of electronics. This is

largely due to the kind of
instruction provided by ETI.

AmericanRadioHistorv.Com

For example, while learning
the Fundamentals of Elec-
tronics, the student advances
rapidly through the use of an
exclusive teaching system
called Autotext. And through-
out all courses the student is
thoroughly monitored and
carefully guided by a licensed
instructor, whose professional
and personal interest is to see
that he masters every bit of
information presented to him.
Of course, we must give a lot
of the credit to our students
themselves. They know that no
matter how good the instructor
may be, they have to make it
work. So most of them apply
themselves diligently, and they
find the more they learn, the
more they want to learn.

But I have a job,
and as much as I
® would like to get

into electronics, I can’t
afford to take time off. How
do I get around that ?

POPULAR ELECTRONICS
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You don’t have to

A take time off from

® your job. You study
at home, in your free time.
We do advise, however, that
you set aside a certain time for
your study schedule and stick
to it, even if it’s only a couple
of hours a day. The beauty of
the ETI way of learning is that
you work at your own pace,
making sure you’ve completed
your assignment thoroughly
and completely. We think
you’ll find, as you go along,
that learning the ETI way
can be fun.

How do my
assignments come
to me ?

They are sent to you
one at a time. You
work on each in the
comfort of your home, at a
pace that is comfortable and
convenient to you. If you feel
you need more time, you can
go back over the material until
you’ve mastered every point
of information. Then you take
a brief exam, which helps you
to fix the information even

greet more firmly in your mind. This
“Aute exam is mailed back to ETI,

= where your instructor reviews
e
Sisuggestions that will be particu-

t, and makes comments and

Jarly valuable when you take

ip your next assignment.
MARCH 1976

How long does all
this take?

If your instructor

2.
A. receives your exami-
nation in the morn-

ing, in most cases he will have
graded it, added his comments
and have it on the way back to
you that same afternoon.
Service like this helps speed
up your learning process—
keeps your interest high—and
puts you closer to your goal,
the coveted ETI diploma.
Q very big on books

® and study. I like to

work with my hands.

With your ETI

A course, you'll get

® plenty of work with
your hands. In fact, the ETI
system of teaching combines
hands-on work with study, so
that you actually learn by
doing. As you move along
developing your technical
knowledge, you will use, in
many phases, specially devel-
oped Project Kits. So you apply
your knowledge in logical,
hands-on sequences, from the
first step through completion

of basic units.
interesting and
Q ® inviting. But I
wouldn’t want to commit
myself before knowing
more.

But I was never

It all sounds very

O TV/Audio
Servicing
l Black & White
Color
Solid State
CATV

I Closed Circuit

Radio
Hi-Fi Stereo

Get all the facts. It’s
l Name

your future, and it’s

O Computers

O Communications
I Video Recorders

[ Check here for Veteran information.

We wouldn’t want

A you to. In fact, we

® insist that you check
it out first. All you do isfill
out the card or coupon and
mail it to us. We'll send you a
colorful new 48-page ETI
Career Book that will give you
the facts and the many oppor-
tunities ETI can open up for
you. If you like electronics,
you’ll enjoy reading this
book.

Do I obligate myself
in any way by
sendingforyourbook?

Absolutely not. The

2.
A ETI Career Book is
® free, and it involves

no responsibility on your part,
nor will a salesman call on you.
All we want to do is to be sure
you have all the facts about
ETI and what it can mean to
your future. And you can get
these facts and complete infor-
mation about ETI’s 18 differ- -
ent courses and programs in
electronics by filling out and
mailing the card or coupon to
us today. We'll send you ETT’s
Career Book by return mail.
We think it will be a real

eye- opener for you.

Mail the card or coupon
today.

Electronics

Technical Institute

Division of Technical Home Study Schools

------------
Electronics Technical Institute o Dept. 2. -
Little Falls, New Jersey 07424 RHED
l [ Send my free Career Book !

Tell me how I can get ahead in Electronics through ETIL.
I've checked the fields of special interest to me.

1

[ Business and
Engineering
Electronics

Fundamentals
Electronics Drafting
industrial Electronics
Advanced Electronics
Industrial

Instrumentation
Electronics Technology
Medical Electronics

Digital Electronics

Computer Technology

Computer
Programming

FCC License
Aircraft

Marine

Mobile Two-Way
Microwave

important. There’s

(please print)

no obligation of any
kind. Send for your I Address
exciting free Career City

Book today!

CIRCLE NO. 19 ON FREE INFORMATION CARD
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Fig. 5. Combining. filters used individually and in concert.
Note that the effect of all controls exceeds that of only one.

anywhere from two octaves to 1/3 oc-
tave apart, but Technics has dem-
onstrated a prototype with variable
band centers and bandwidths. You
just tune in on the frequency aberra-
tion you want to correct and zap it.

Equalizers are very good in their
way—incomparable, in fact, for the
purpose for which they are designed. |
do not personally find them that much
more useful for correcting most indi-
vidual recordings than simple tone
controls. Also, they are much more ar-
duous to use in that application, re-
quiring the finicky adjustment of at
least five slide pots for each channel.
Most of their appeal lies in the possi-
bility of fine-tuning the loudspeaker/
listening-room interaction and mak-
ing precise, permanent alterations of a
system’s frequency response. For this
sort of use, the simple five-band units
with two-octave spacings are rarely
versatile enough. The octave-band
devices begin to approach the neces-
sary resolution, but the 1/3-octave
equalizers are considered much bet-
ter in most cases.

The more elaborate equalizers (or
“filter sets,” as they are often aptly
called) come in a variety of types:
band pass, band rejection, active, pas-
sive, boost and cut, cut only, etc. Not
all of these are ideally suited to sound-
system equalization, but between
those that are there is an important
distinction to be made: the difference
between so-called *‘graphic equaliz-
ers” and the equalizers that use
““‘combining” filters.

The graphic equalizer is the most
common type in the consumer area. It
apparently got its name because the
response curve it introduces can be
read roughly from the control settings
on the front panel. If the controls are
slide pots, their positions form a
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frequency-response graph that can be
interpreted at a glance. The sets with
combining filters, of which the best
known to consumers is probably the
Altec Acousta-Voicette, may look
identical to the graphic devices, but
their control settings give only the
vaguest idea of what's going on in-
side. Combining filters are intended to
interact liberally with neighboring fil-
ters, with the result that a variety of
slopes, degrees of attenuation, and
center frequencies can be obtained by
the proper finagling of adjacent filters.
This means that even a very compli-
cated response curve can be “‘dialed
in” in great detail. However, the ad-
justment of the filters is a painstaking
process involving careful monitoring
with appropriate instruments. A
combining-filter set is likely to frus-
trate even the most expert attempts to
use it "by ear.” In contrast, the graphic
equalizer has fixed center frequen-
cies, and predetermined slopes, and is
generally limited to the extremes of
boost and cut for each band given in
the specifications. Figure 5 shows the
effects of combining filters used one
at a time and simultaneously. Note
that the combining filters together can
produce more drastic attenuation
than any one filter used individually,
and that there is a slight indication in
the ensemble curve of the slope varia-
tions combining filters can achieve.
Figure 6, an actual equalization curve
for a sound system, gives a much bet-
ter idea of how closely a combining
filter set can ‘“track” a desired
frequency-response curve. A standard
graphic equalizer could manage only
a very rough approximation.

Afinal note on elaborate equalizers:
they can be enormously useful in
“tuning” the overall loudspeaker/
listening-room response, as adver-
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tised, but they can only be predictably
useful under certain well-defined
conditions. In a room large enough to
support astable reverberant field (that
is, a sound field in which levels and
frequency response are almost per-
fectly uniform throughout), they can
equalize that reverberant field with
excellent results. Unfortunately, no
conceivable home listening room is
large enough to qualify.

Conversely, in a smallish room,
such as a recording-studio control
room, they can equalize the monitor-
ing loudspeakers for any desired re-
sponse at the ears of some fixed lis-
tener. Usually the listener is seated at
the mixing console, which is rather
close to the speakers; and usually the
speakers are quite directional, so that
most of their output is beamed right at
the head of the listener, with reflected
sound contributing very little to what
he hears. Should he move away from
his favored spot at the mixing desk,
chances are excellent that he will hear
a significantly different frequency bal-
ance, and the same would be true for
you at home with your equalized sys-
tem. Thisis notto say thatequalization
can’'t make great improvements in a
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Fig. 6. The interaction of
combining filters enables the
resulting curve to closely
resemble the desired curve.

home sound system. Often it can. But
it is in the home environment that it
encounters severe limitations.

Syn-Aud-Con. | am indebted to Don
Davis for giving me an appreciation of
the many nuances of sound equaliza-
tion. Recently, | attended Mr. Davis's
three-day Syn-Aud-Con (Synergistic
Audio Concepts) seminar. It is evident
that professional sound people are
developing some powerful tools in
their quest for optimum performance.
My hope is that we listeners at home
will be ableto use these developments
to our own benefit. ®
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Digital Watch/Calculator

Time Computer, Inc. has come out with a combination
Pulsar quartz timepiece (hours, minutes, seconds,
month. and date) and
microminiature IC cal-
culator. The calculator
is capable of providing
answers totaling up to
12 figures, displaying
the first six significant
digits. It has a complete
calculator keyboard that
enables the wearer to
add. subtract, divide, or
multiply. It also has a
built-in memory, tloat-
ing decimal point, and
percentage key. The
unit can be switched from calculator to timepiece at the
touch of a single key. The miniature calculator is oper-
ated by touching the keys with the retractable plastic tip
of a 12-kt gold-filled pocket pen packaged with the unit.
The unit is powered by four energy cells, which the
company estimates will provide power for as many as 25
calculations and 25 time checks a day forone year. Initial
production, limited to a hundred 18-kt gold models, car-
ried a price tag of $3,950. Future mcdels, in less elabo-
rate cases, are planned to sell for considerably less.

Teac To Use dbx NR

Teac has signed a license agreement which will pe-mit it
to incorporate dbx noise reduction in its machines in all
three tape formats. The system will be the same 2:1
double-ended compression/expansion system presently
being marketed by dbx as an outboard accessory and will
be compatible with dbx noise-reduction systems now in
use.

Back-Up Warning Device

A Japanese firm has developed a vehicular warning
device—R-Phone—which talks. Consisting of an 1C,
waterproof housing, and a plastic speaker, the unit is
about the size of an automobile horn. It is designed to be
mounted to the rear under-section of any vehicle {motor
home, camper, van, auto, truck) and hooked up to the
back-up light circuit. When the gearshift leveris putinto
“reverse,” an endless tape repeats the warning, ‘ Watch
out. this caris backing up.” The device is being imported
by Klir, Inc. of Santa Ana, California and will be offered
through chain-store outlets and auto accessory stores.

“Instant-On” TV

Beginning January 1, 1977, “instant-on” television re-
ceivers will be banned in New York State under a bill
Gov. Carey recently signed into law. Designed as an
energy-conservation measure, the law applies to units
manufactured on or after that date.

Fire Detection Systems
A recent market study by Frost & Sullivan predicts-that
annual sales of residential alarm devices will grow from
$68 million in 1974 to $302 million by 1985. Smoke
detectors will be the fastest growing product line, from
$12.6 million in 1974 to $107 million by 1985. Other
trends include the combinat:on of fire and burglar alarm
devices into a single system the advent of wireless sys-
tems and the growing use of solid-state components.
Government is stimulating this trend. More and more
states are requiring early-wzrning fire detection devices
in new homes. Federal safey standards will soon make
smoke detectors mandatory in all new mobile homes.
Also, homres underwritten by FHA-sponsored loans must
now be protected by smoke detectors.

In a related area, the Protectowire Company (Han-
over, Mass.) has developed a line-type detector that is
actuated by both radiant and convected heat. The sensor
consists of two energized wires encased in a heat-
sensitive material. The application of heat anywhere
along the line causes the material to yield, and the wires
make coatact. The resultant current change energizes
or releases one or more relays which in turn actuate
warning devices. Various sensitivities are available:
155°, 197°, and 280° F (65.2°, 87.5°, and 137.6° C).

Wireless TV Remote Control

A Canadian company, the Keeble Selectra Corp. Ltd.,
has devzloped a wireless remote control tuning system
which can tune up to 32 vhf channels (including special
«cable” channels). The channel control emits an ul-
trasonic signal (which Keeble claims won’t bother your
pet), ard is roughly the size and weight of a pocket
calculator. It can switch a television receiver on or off
and change channels from a distance ot 20 feet (6 m) and
from 45° angles. The receiver unit, called a translator,
which sits atop the television, directs the chosen signal
from its own tuner to the television’s antenna terminals.
The translator contains three elements: amixer, atuner,
and a pc board carrying digital logic and a voltage selec-
tor to route the signal to the television. The hand held
“chanrel control” transmitter is battery operated.

Computerized Speech Synthesis

Scientists at the Naval Fesearch Laboratory have de-
veloped a computer program that translates English text
into synthetic speech. Th= program applies a limited set
of letter-to-sound rules to individual words, and
“sounds” them out the way a child does. Thus, it does not
require a separate, dedicated computer system, separate
storage for a large data base, or computer time to break
up and attempt to understand sentences. In an average
sample of English text, the system pronounces correctly
about 95% of the words, and most errors are obvious
enough to be detected by the human operator. In the
current system, a commercial speech synthesizer is
used.

e
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*complete-right down to

strap and batteries.

*guaranteed. A correctly-

assembled watch is

guaranteed for a year. It
works as soon asyou put the
batteriesin. On a built watch
we guarantee anaccuracy
within a second a day-but
building it yourself you may be
able to adjust the trimmer to
achieve an accuracy withina

second a week.

Batteries

Take advantage of this no-risks,

money-back offer today!
The Sinclair Black Watch is fully

guaranteed. Return your Kit within
10 days and we'll refund your money

without question.

— | [ — |

SINCLAIR RADIONICS

375 Park Avenue
New York, N.Y. 10022
Tel. 212-688-6623
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LED display

Trimmer

Quartz crystal

The Black Watch kit

At $29.95, it's

*practical-easily built by
anyoneinan evening’s
straightforward assembly.

The Black Watch by Sinclair is unique.
Controlled by a quartz crystal
powered by two hearing aid batteries
. it's also styled in the cool prestige
Sinclair fashion: no knobs, no buttons,
no flash . . . just touch the front of the
case to show hours and minutes and
minutes and seconds in bright red
LEDs.
The Black Watch kit is unique, too.
It's rational-Sinclair have reduced the
separate components to just four.
It’s simple—-anybody who can use a

soldering iron can assemble a Black Watch
without difficulty. From opening the kit to
wearing the watch is a couple of hours' work.

Complete kit
$29.95!

The kit contains

1. printed circuit board

2. unique Sinclair-designed IC

3. encapsulated quartz crystal

4. trimmer

8. capacitor

6. LED display

7. 2-part case with window in
position

8. Dbatteries

9. battery-clip

10. black strap (black stainless-

steel bracelet optional extra-
see order form)

11. full instructions for building
and use.

All you provide is a fine soldering

iron and a pair of cutters.

2000-transistor silicon integrated circuit

Please send me

0O Enclosed is my check for

Name

Sinclair Black Watch kit(s) at $29.95 (Plus $2.50 per -I
unit, shipping and handling). Stainless steel band $4.00.

Address

City

State

Mail to: Sinclair Radionics Inc., 375 Park Ave., New York, N.Y. 10022

Zip Code_____

N.Y. Residents add sales tax.

CIRCLE NO. 51 ON FREE INFORMATION CARD
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AUDIO POWER METER

CONSTRUCTION

An LED-Readout
Audio Power
Meter

BY TIM HENRY

Measures amplifier output,
indicates speaker balance,
compares speaker efficiencies,
and doubles as aVU meter
with easy-to-read displays.
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OW MUCH power does your audio
amplifier really put out? How is
your stereo channel balance? Which
is the more efficient speaker in your
unmatched set? These are just a few,
among many, questions that are dif-
ficult to answer unless you have some
very specialized test equipment.

With the audio power meter de-
scribec here, however, you can getthe
answers to many questions aboutyour
audio system—at a reasonable cost.
The meter has an easy-to-read LED
display and can also be used as a VU
meter. The 11 LED's (light emitting
diodes) are arranged in a row and are
identified from 1/16 to 64 watts, with
each succeeding LED indicating a
doubling of audio output power. This
means that the lights come on in
sequence at 3-dB intervals. (A 3-dBin-
crease means a doubling of power.)
Since the human ear has a logarithmic
sensitivity, 3 dB is about the minimum
change that can be detected.

The meter is capable of operating
with 4-, 8-, or 16-ohm speakers simply
by changing the values of two resis-
tors. The 0-dB point, or reference, was
arbitrarily set at 1 watt.

System Operation. The meter (Fig.
1) is a form of analog-to-digital con-
verter in that it takes the instantane-
ous voltage across the speaker (an
analog signal) and converts it to digi-
tal indication to light the LED's. The
only difference between this system
and conventional A/D conversion is
that here there is a nonlinear
(logarithmic) relationship between the
input and output. The 11 levels are
used to create a 2048:1 change, rather
than a 11:1 range if the system were
linear.

The voltage measured across the
speaker terminals is converted to pow-
er by using the nonlinear equation P =
E2R, where E is the measured voltage
and R is the speaker resistance. Then
the 11 stages are designed to turn on
their respective LED’s at the desired
power level. Table 1 shows the related
values of voltage and power for the 11
steps used in this meter and for three
difference speaker resistances. Note
that, as the impedance doubles, the
voltage values shift up one line. This
means that a specific value of voltage,
say 2.00, corresponds to a power level
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PARTS LIST
BP1 to BP4—Five-way binding post (two Following resistors are ¥%4-W, 5% unless R16—10 ohms
red, two black) otherwise specified: R17 to R27—47 ohms
C1—100-uF, 25-V electrolytic capacitor R 1—600 ohms (see text) R29—160 ohms

C2—0.1—uF, 100-V ceramic capacitor R2,R28—1100 ohms

C3—I10-WF, 15-V electrolytic capacitor ~ R3—220 ohms
D1 to D4—Diode (1N400! or similar) R4—910 ohms
D5—Diode (1IN914 or similar) RS5—33 ohms
F1—1/16-A fuse and holder R6—620 ohms
IC1 to 1C3—Quad comparator (Motorola  R7—43 ohms
MC3302P) R8—470 ohms
IC4—5-volt  regulator (Motorola R9—330 ohms
MC7805CP) R10—240 ohms
LEDIto LEDI!—MLED650(orsimilar)  R11—110 ohms
QI to Qll—Transistor (2N3906 or RI12,R15—56 ohms
HEP715) R13—120 ohms
R14—82 ohms

Fig. 1. As signal input voltage doubles,

of 1 W across 4 ohms, %2 W across 8
ohms, and Ya W across 16 ohms. Thus
the same circuitry can be used for any
of the three impedances simply by
changing the values of the input resis-
tors (R30 and R32).

tors R37 and R33, in the common (—)
inputs, allow the circuit to be used
with amplifiers that do not have a
common ground for both channels.
They provide a low-impedance refer-
ence for the circuit but have no effect
on the bias of the amplifier.
Resistors R30 and R32 reflect a high
impedance to the program source be-
Cause their values are insignificant in
parallel with the few milliohms of out-
put impedance of most amplifiers.

About the Circuit. The input circuit
consists of resistors R30 through R33,
diode D5, and an RC filter consisting
of R28, R29, and C3. The filter has a
time constant of about 80 Hz. Resis-
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R30,R32—See schematic

R31,R33—100 ohms

S1—Spst switch

T1—6.3-V filament transformer (Stancor
P-6465 or similar)

Misc.-—Suitable cabinet, line cord,
grommets for LED’s, press-on type,
mounting hardware, etc.

Note—The following are available from
MITS, Inc., 6328 Linn, N.E., Albu-
querque, NM 87108: printed circuit
board only, $6.50; complete kit of parts
including pc board but not case, $38.

11 comparators turn on their associated LED’s.

These resistors take the algebraic av-
erage of the voltage across each of the
speakers, which causes the power
meter to indicate the average power
being delivered by the amplifier. This
could be extended to use on a four-
channel system by adding two more
resistors, with all four at 20,000 ohms
to maintain a 5:1 ratio.

Diode D5 prevents the negative half
of the audio signal from bringing the
comparator inputs below ground and

POPULAR ELECTRONICS



causing possible damage. The diode
also rectifies the signal so that the
meter can indicate a somewhat aver-
age power rather than peak power,
which the 80-Hz (low-pass) filter pro-
vides. The filter was selected to give
good LED response and still provide a
reasonably slow LED switching time
for the eye to follow.

The eleven differential comparators
in IC1 to IC3 deliver logic outputs
based on the states of their inputs. Ifa
noninverting (+) input is higher than
the associated inverting (—) input, the
comparator output is high, and vice
versa.

The inverting inputs of all com-
parators are connected together and
driven by the input signal. The nonin-
verting inputs are threshoid voltages
determined by the voltage divider
made up of R7 through R76. The di-
vider values are based on the desired
power-level increments. Since the in-
puts to the comparators should not be
higher or lower than the supply volt-
age, the input circuit forms a 5:1 ratio
and the corresponding thresholds are
similarly reduced. As the output of
each comparator switches from high
to low, its associated transistor is
turned on, causing the LED to glow.

Each LED requires about 20 to 40
mA, while the comparators can sink
only 2 mA. Thus the transistors must
be used, with series resistors (R77 to
R27) to limit the LED current. [f more
brightness is required, the series re-
sistors can be reduced to 22 ohms.

The power supply is a conventional
transformer-diode-filter combination
with a voltage regulator (/C4) to pro-
vide 5 volits. Capacitor C2 is used for
transient suppression.

Construction. The meter circuit can
be assembled on perforated board or
a pc board (Fig. 2) can be used. Note
that the 11 LED's are not mounted on
the board. They are connected to the
appropriate pads on the board by
lengths of insulated wire.

Before installing the comparators
(/IC1 to IC3), build and test the power
supply. (The transformer is not on the
board.) Install /C3, and the 1/16-watt
LED (LED17). Connect the positive
lead of one of the meter inputs (BP7 or
BP3) to the 5-volt dc line and tie the
other input leads to ground. When
power is supplied, LED117 should light.
If it does not, it may be connected
backwards. Remove power from the
circuit and install the other two IC's
and the remainder of the LED’s. The
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Fig. 2. Foil pattern (top) and component

layout for the audio power meter.

leads for the LED's should be long
enough for them to be mounted onthe
front of the chassis selected.

With one of the positive inputs to the
meter connected to the 5-volt supply,
the lowest four LED's should glow.
With both positive inputs connected
to 5 volts, the lowest six LED’s should

— Americaa@adiotliston: Com

light. This test indicates whether or
not the circuit is operating properly. If
desired, the threshold voltages can be
checked with Table li, which gives the
ideal values—though a 5% tolerance
is permitted.

The basic accuracy of the system is
directly related to the input divider
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TABLE |—VOLTAGES
FOR SELECTED POWER LEVELS

Power |Voltage |Voltage| Voltage
(across | (across (across
(watts) 4 ohms) | 8 ohms) | 16 ohms)
1/16 0.5 0.707 1.00
1/8 0.707 1.00 1.41
/4 1.00 1.41 2.00
112 1.41 2.00 2.83
1 2.00 2.83 4,00
2 2.83 4.00 5.66
4 4.00 5.66 8.00
8 5.66 8.00 11.3
16 8.00 11.3 16.0
32 11.3 16.0 22.6
64 16.0 22.6 32.0

ratio and the voltage levels of the re-
spective thresholds. With 5% resis-
tors, the system has an absolute accu-
racy of 5%. A potentiometer can be
used for A7 for calibration adjustment.
This allows correction for the input di-
vider adjustment of the power supply
threshold reference volitage, and set-
"ting any particular threshold to its

pot until the voltage at pin 7 of IC2 is
precisely 0.436 volt. All of the other
thresholds should then have an accu-
racy of 2.5% or better.

If 5% (or even 2.5%) accuracy does
not sound good enough, keep in mind
that this is a power meter which indi-
cates the continuously changing out-
put of an audio system. It is nat a
laboratory-grade instrument.

Using the Meter. Besides being
used to indicate the instantaneous
output of an amplifier, the meter can
also indicate channel balance, and re-
sponse of bass and treble controls. It
will also serve as a VU meter for re-
cording and for comparing speaker ef-
ficiencies.

Connect the input leads across the
amplifier outputs, noting the
polarities. If one set of leads is re-
versed, the LED's will indicate the dif-
ference in power being supplied to
each channel. This can be used as an
indicator of channel balance and/or
channel separation.

TABLE 1l—IDEAL THRESHOLD VOLTAGES

6

Pin Voltage

0.011
0.070
0.153
0.270
0.436
0.670
1.001
1.470
2.133
3.070
4.395

PV i AN V. i P |
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cut provided by the bass control. For
treble control testing, a single fre-
quency should be applied to the am-
plifier. This is because most of the
power is in the lower frequencies, and
the presence of higher frequencies in
the bass test is insignificant.

Relative efficiencies of speakers
can be checked by connecting the
meter across the amplifier output and
measuring the output power required

to deliver a certain ‘‘standard” listen-
ing level. @®

exact value. To calibrate the meter
with a potentiometer at R7, adjust the

In bass response testing, the meter
will indicate the amount of boost or

THE COMPLETE DVM

NEW LOW COST KITS!
" A. E. CORP.

P.O. Box 63
Newton, MA 02161
(617) 449-3142

$5995

FUNCTION GENERATOR—Simultaneous sine,
square and triangle wave outputs from 1 Hz
to 1 MHz 5% accuracy, stability 200 PPM
and sinewave distortion 2%. TTL compatible
square wave outpul with rise and fall times
100 nsec. Adjustable output 0 to 20 Vpp.
105-125 VAC 5 Watts.

FACTORY WIRED AND CALIBRATED $89.95

e —

R FﬁR FASTER MORE
; RELIABLE MEASUREMENTS

ANEWSTANDARD IS BORN HI and LO ohms and 2 50KV OC range
High acouracy you tan trust . . . with accessory Hv probe. T
xmﬁ“e measuring capabilities ., . A NEWSTANDARD IN SPEED
n efficient, easy to operate meter . . | AND EASE OF OPERATION
#:: At aﬂurdahle i Large pushbuttons and callouts — no
at's the DVM38 . Themmpiete meed to hunt and peck. La 4"
LR 3 perfnrmance an: L.E.D."s with direct raadélul d?:n.m

e V and mV indicatars. SINGLE STEP
ANEW ACCURACY STANDARD  AyT0-RANGING for maximum resalu-

The 3% digit, 1% accuracy is backed by tion and efficiency. 2KV DC protection
2 15 meg §1 input impedance, compared minimizes downtime.

to 10 meg 2 input of conventional
DVM's, which guarantees up to 50% THE AFFORDABLE STANDARD
There are few 1% DVM's less expensive—

greater accuracy with 1/3 less circuit

loading on every measurement for high there are none as complete in this price

acturacy you can trust, range, plus backed by a LIFETIME guar-
antee against factory workmanship errors.

ASTANDARD IN CAPABILITIES
The DVM38 is more accurate in MORE
circuits with  these versatile ranges:
100V to 2000V OC, 1KV AC; .01 Q

$4995

PULSE GENERATOR—Pulse width continously
adjustable from .1 sec to 100 nsec. (5 Hz to
5 MHz Frequency Range) with 20 nsec rise
and fall times, 0 to 4 5 voits outout (10 TTL

THE DVM38 . . . . ... ANEW
STANDARD IN DVM's FOR SPEED,
VERSATILITY AND ACCURALY.

10 20 meg 2 ; 0.uAt02A . . . Plus fanouts). Input power 105-125 VAC 60 Hz at
DVM3s s v PAGTORY WIRED AND CALIBRATED $79.95
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INiCd Batteries

ICKEL-CADMIUM batteries are

becoming ever more popular in
cordless consumer products and elec-
tronics building. Although initial cost
may seem to be high, nickel-cadmium
cells can be recharged so often that
their per-unit-of-use performance ac-
tually makes them less expensive than
almost any other type of battery in the
long run. Aside from rechargeability
and reasonable cost, these batteries
can often directly replace ordinary
disposable carbon-zinc cells.

Just as there are differences be-
tween bipolar and field-effect transis-
tors (although they are both transis-
tors), there are basic differences be-
tween nickel-cadmium cells and other
types. Indeed, there are different types
of nickel-cadmium batteries, too. Just
what are the differences? How do
nickel-cadmium batteries work? And
where are they best put to use? These
and other questions will be explored.

General Details. The energy that a
nickel-cadmium battery supplies is
stored in the chemical compounds
formed in the cell. The active material
in the cell is nickel hydroxide in the
positive plate and metallic cadmium in
the negative plate. During discharge,
the cadmium metal supplies electrons
to the external circuit and becomes
oxidized to cadmium hydroxide, while
the nickel hydroxide accepts elec-
trons from the circuit and goes to a
lower valence state. The reverse pro-
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cess occurs during the recharging.

Both processes take place in an
electrolyte of potassium hydroxide.
The cell has a long useful life because
the active plates remain as solids and
do not dissolve while undergoing
charging and discharging. During
overcharge, when both plates have all
their active metal storing as much
energy as they can, gaseous oxygen is
released at the positive and gaseous
hydrogen at the negative plates.

The manner in which the gases are

Discharge characteristics
for a typical AA cell.
They apply, in general,
to other NICd cells also.

VOLTS

AmearicanRadigbiston: Com,

BY ALEX BURR

How they work
and how to use them
correctly

handled distinguishes the two mejor
types of nickel-cadmium batteries
from each other. In vented cells, the
gas is simply released into the outside
air. However, not just gas is released;
so is some of the water from the cell.
Consequently, more water must be
added to the cell eventually, creating a
maintenance probiem.

The maintenance problem is elimi-
nated insealed cells, but at the price of
lower energy density and higher inter-
nal resistance. The cells must be cap-

AMPERE-HOURS




TABLE I-TYPICAL CHARACTERISTICS

Internal Max. Charge
Size | Capacity | Resistance Rate 1C Rate
(AH) (milliohms) (mA) (A)
AA 0.5 35 50 0.5
C 1.0 10 100 1
D 1.2 7 100 1.2
D* 4.0 5 350 4
*High power.

able of sustaining an overcharge be-
cause there is no convenient way of
determining when they are fully
charged (and also because people
who use rechargable cells tend to
forget to turn off the chargers).

In sealed cells, the gas problem is
solved by making the negative plate's
capacity higher than that of the posi-
tive plate. When the positive plate is
fully charged and releasing oxygen,
the negative plate has notyet come up
to full charge. The oxygen is permitted
to migrate over to the negative plate,
where it combines with that plate and
prevents it from further charging.
Thus, hydrogen gas is never released,
and the oxygen is completely used up.
This procedure can continue indefi-
nitely as long as it proceeds slowly
enough to allow the oxygentime to get
to the negative plate. Mostsealed cells
have an emergency high-pressure re-
lief valve to prevent a heavily over-
charged cell from bursting.

For the purposes of this article, our
discussion will be limited to the sealed
type of nickel-cadmium cell. It is this
type of cell that is in most use in elec-
tronics.

Sizes and Capacities. There are
several varieties of sealed cells. Some
are designed to operate over wider
temperature ranges than others, some
have larger capacities, and others
permit faster charging rates. However,
all nickel-cadmium cells of the sealed
variety are very similar in the general
details of their care and use.

The most popular sizes of nickel-
cadmium cells and some of their
characteristics are listed in Table |.
The information given here is very use-
ful, but it does require some clarifica-
tion. While the AH (ampere-hour) fig-
ures listed under “‘Capacity” might
imply that any product of current in
amperes and time in hours will yield
the correct AH figure for a given cell,
this is not strictly the case. A number
of variables (like temperature, end volt-
age, current, and duty cycle) have an
effect on the number used to repre-
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sent the capacity of a cell. Fortunately,
these effects are usually very small
and can be ignored.

A procedure often used for measur-
ing capacity is to select 0.5 V as the
potential at which the cell is declared
fully discharged and then select a cur-
rent that will discharge the cell in one
hour. This is termed the 1-hour rate
and that current is called the '1C rate,
which is the rate to which all other
rates are referred.

The AA cell in Table | has a 0.5-AH
capacity, which means that the termi-
nal potential will be 0.5 V aftera 1-hour
drain at the rate of 500 mA. The 1C rate
in this particular case is 500 mA. Ideal-
ly, this figure would mean that (for
example) you could get 1A from the
cell for a half hour before the potential
drops to 0.5V. But,as we shall see, this
is not quite correct.

If you selected 1 V as the cutoff po-
tential (the voitage at which the cell is
considered to be completely dis-
charged), you would expect to obtain
iess energy from the cell than if cutoff
was at 0.5 V. Furthermore, 1 Vappears
to be a more practical cutoff point
than 0.5 V. So, why not use 1 V? The
answer is that the voltage characteris-
tics of the cells are such that the 0.5-V
figure produces a more reliable
number than does a higher cutoff
voltage.

Information on how a higher dis-
charge rate and higher cutoff voltage
affect the capacity of a typical nickel-
cadmijumcell is given in Table ll. As an
example of how to use this tabie, con-
sider an AA cell that is to supply 5 A
until its terminal potential is reduced
to1V.From Tablel, the discharge rate
foran AA cellis 500 mA. Therefore, our
rate is 10C. Moving along the 10C row
in Table Il until we get to the 1.0-V
column, we find that, at a 10C dis-
charge rate to 1.0 V, 10% of the cell's
capacity is not available. We can ex-
pect to get only 0.45 AH (about 5 min-
utes of energy at this high rate) from
the cell under these conditions. Be-
cause Table Il is given in terms of mul-
tiples of the 1C rate, it can be used with

all sizes of sealed nickel-cadmium
cells. The table clearly shows that you
can use nickel-cadmium cells at a 10C
rate to an end potential of 1.0 V with
very little reduction in capacity.

Discharge Characteristics. One
of the welcome characteristics of
nickel-cadmium cells is their excellent
discharge characteristic. Their termi-
nal potential remains a fairly steady
1.2V until the cellis almost completely
discharged, after which it drops off
rapidly. The details of the discharge
characteristics for an AA cell are
shown in the diagram (previous page),
which displays the voltage versus AH
delivered at various discharge rates.
While the plots are for a typical AA cell,
they also give the main characteristics
of the discharge curves for any sealed
nickel-cadmium cell.

Note from the graph that the termi-
nal potential reduces to 0.5V when the
cell has delivered 0.5 AH at the 1C rate.
(Because the 1C rate is 500 mA for the
AA cell, this will take 1 hour). At the
0.1C rate, which is 50 mA for an AA
cell, you will obtain about 0.525 AH, or
somewhat more than 10 hours of use
because the cell will deliver more
power at that slower rate. Similar cal-
culations can be made from the curves
for the other cells listed in Table |. The
main feature illustrated by the curves
is that the terminal voltage of any cell
is about 1.2 volts for most of the time it
is supplying (a wide range of) current.

TABLE II—-INACCESSIBLE
CELL CAPACITYAS A
PERCENTAGE OF TOTAL
CAPACITY TO 0.5 VOLT

Discharge Rate | Cutoff Voltage (V)
05 10 1.1
0.1C 0 3 5
1C 0 3 5
2C 0 4 7
5C [} 5 9
10C 0 10  30-40

Charging Characteristics. Sealed
nickel-cadmium celis can be charged
under a wide variety of conditions, but
the chemical processes do place
some limitations on the charging pro-
cess. A little oxygen is generated at the
positive electrode during chargeand a
lot during overcharge. This oxygen
puts both an upper and a lower limit
on the charge rate.

Sealed cells are designed to get rid
of the oxygen generated during over-
charge as quickly as it is generated, as

POPULAR ELECTRONICS




)

long as the charge rate is kept below
0.1C, which means that current at the
rate of 0.1C or lower can be supplied
indefinitely to the cell. Higher current
rates—up to 20C in special appli-
cations—can be accommodated as
long as the positive plate of the sealed
cell is not overcharged. It is difficult
(but not impossible) to tell just when
overcharging sets in. (Fast-rate char-
gers are complicated and expensive to
build, which precludes them from this
“discussion.)

The amount of oxygen generated
before the celiis fully charged is small,
but it does compete with the desired
oxidation of the nickel hydroxide. It is
this reaction that defines the minimum
charge current that will effectively
charge acell. A charge rate lowerthan
0.01C results in more current being
used to generate oxygen than is used
to convert the active material. Hence,
currents smaller than 0.01C produce
little increase in the charge contained
in the cell.

Most chargers supply current at the
0.1C rate. This represents the rate that
will recharge the ordinary cell in the
least possible time without endanger-
ing the life of the battery if accidentally
left connected for a long time. It is
importantto note that, while currentat
the 1C rate will discharge the cell in 1
hour, more than 10 hours are required
to charge it at the 0.1C rate. The oxy-
gen generated and losses in the cell's
internal resistance are two reasons. In
general, at the 0.1C rate, one must put
in about 140% of the energy that the
cell can store before a completely dis-
charged cell can be considered fully
charged.

There are several other facts about
charging nickel-cadmium cells that
are useful to know. if you charge at a
1C rate, only about 120% of the cell’s
capacity can be supplied before over-
chargingcommences. If a0.05C rate is
used, the cell will be difficult to charge
above 75% of its capacity. Allowing
the temperature of the cell to reach
about 50° C will cause difficulties
when attempting to charge above 75%
of capacity, even with a charge rate of
0.1C. Fulicharge is assured at 25°C. At
very low temperatures, like 5° C, some
hydrogen is generated at the negative
plate of the cell during charging.
There is no rapid recombination reac-
tion to rid the cell of this gas, so it
tends to increase the pressure inside
the cell. if the celi must be recharged
at low temperatures, the only way to
overcome this problem is to derate the
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maximum permissible overcharge
rate to 0.02C at —20° C.

Failure Modes. Because nickel-
cadmium cells use active materials
that are highly insoluble in their al-
kaline electrolyte, failure modes are
few. Most sealed celis are guaranteed
for 500 to 1000 charge/discharge cy-
cles. This might appear to ke a limited
number, but when you consider 1000
cycles at a rate of two cycles per week,
these cells will last 10 years.

In the case of sealed cells, the qual-
ity of materials used in making them
has a marked effect on their useful life.
Although failures are rare, they do
occur (catastrophically) for two major
reasons: internal shorts and loss of
electrolyte.

Internal shorts develop when time
and temperature cause decomposi-
tion of the materials that separate the
positive and negative plates of the cell.
Shorts are generally a low-charge
phenomenon.

Loss of electrolyte reduces the
capacity of the cell and increases its
internal resistance. The electrolyte is
usually lost in some combination of
two ways. Even the best of hermetic
seals will allow some hydrogen and
oxygen to escape. In the case of
high-quality seals, 10 years or more
will elapse before an appreciable
amount of electrolyte is lost. If the cell
is abused by excessive overcharging
or reverse charging, excessive gas in
the cell will cause the safety valve to
vent the excess pressure into the at-
mosphere. Needless to say, the
hermetic seal is now broken and
evaporation of the electrolyte will be
much faster. Even if the safety vaive is
resealable (quite common), a signifi-
cant amount of vapor will escape with
the excessive pressure and eventually
cause the cell to dry out with con-
tinued venting.

There are also non-catastrophic
failures common to nickel-cadmium
cells. These, however, are reversible
so that the cell can be restored to full
capacity.

One reversible failure mode is due
to long and continued overcharging
(as when a standby power supply is
kept on fioat charge for a month or
more without discharging it). The ef-
fect is accentuated by high tempera-
tures. The second reversible failure
mode appears in cells used in a regu-
lar cycle. If a group of cells is regularly
called upon to deliver, say, 25% of
their full capacity and then recharged,
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they will eventually “‘memorize” that
only 25% of capacity will be required
of them and become incapable of
supplying the remaining 75% of
capacity. This phenomenon is most
likely to occur if a cell is rarely over-
charged, the rate of discharge is great,
and/or the temperature is high.

Non-catastrophic failures can be re-
versed by completely discharging the
cell at a low discharge rate and then
recharging itata0.1Cratefor 20 hours
at 25° C (80° F). One or two recondi-
tioning cycles like this are generally all
thatis needed to restore a cell toits full
capacity.

Storage Characteristics. Sealed
nickel-cadmium cells readily lend
themselves to prolonged storage,
whether in a partially or fully charged
state or completely discharged. If
stored in a charged state, the cell will
self-discharge, at a rate that depends
on cell design and storage conditions.
In general, a cell will lose about 1% of
its charge per day so that at the end of
about three months an initially fully
charged cell will be compietely dis-
charged. If stored at high tempera-
tures (50° C or higher), the cell will lose
up to 5% of its charge per day, with the
charge lasting less than a month.

The lack of achargein a cell when it
is put into storage has no effect on the
cell'slife. The cell can be put back into
service after one or two charge/
discharge cycles. Over a wide range of
temperatures (-50° C to 50° C),
nickel-cadmium celis can be stored
for years with no significant degrada-
tion in performance.

Closing Comment. Sealed nickel-
cadmium cells have a number of out-
standing characteristics that make
them good first choices for everyday
use. They are reusable, permitting up
to 1000 charge/discharge cycles.
Their terminal voitage during dis-
charge holds relatively constant. And
they require no special care.

There are, of course, some minor
disadvantages. High initial costis one,
although it is counterbalanced by the
fact that the cells are reusable.
Another is that the typical nickel-
cadmium cell, when compared with
the same-size carbon-zinc cell, has a
lower capacity and a lower terminal
voltage (1.2 V as opposed to 1.5 V for
the carbon-zinc cell). The balance,
however, is in the nickel-cadmium
cell's favor when it comes to long life,
convenience of use, and reliability. ®
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THEFT ALARM FOR HANDHELD CALCULATORS

ANDHELD calculators are a

prime target for thieves because
they can be quickly picked up and
tucked out of sight. Though you could
physically fastenthe calculatortoyour
desk, this defeats the purpose of its
portability. Here's another ap-
proach—an audible alarm that sounds
off when the calculator is unplugged
from its charger.

The Alarm Circuit. Simplicity is the
key feature of this alarm. lt is inserted
between the charger and the cal-
culator, as shown in Fig. 1, and draws
a nominal amount of power from the
charger. As long as a trickle charging
current (at least 100 pA) flows into the
calculator, silicon diode D7 conducts.
The forward voltage drop across it
keeps germanium transistor Q7

BY TOMMY N. TYLER

turned on. Transistor Q2, which can
be almost any pnp device, is cut off,
and the Sonalert alarm is silenced.

However, if the calculator is un-
plugged, Q7 turns off, Q2 turns on,
and the Sonalert starts to howl. Obuvi-
ously, if the charger is unplugged, the
alarm will not operate. So, it's impor-
tant either to hide the charger or sec-
ureitin some way so that the thief will
notdisconnectit. To preventthealarm
from becoming obvious (when it is si-
lenced!), it's a good idea to build the
alarm and the charger into one small
enclosure.

Two variations on the circuit are
shown in Figures 2 and 3. The relay
contacts can be used to trigger a re-
mote signalling device. Install diode
D2 to prevent destruction of Q2 by in-
ductive voltage spikes generated by

=
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Fig. 1. When trickle current through D1 stops, Sonalert is activated.

PARTS LIST

C1*—1-uF, 15-volt electrolytic capacitor

D1, D2*—1N400! rectifier

J1—Calculator-type power jack

K1*—6-9 volt, 500-ohm

relay (Radio

Shack 275-004 or equivalent)
P2—Charger-type power plug

Q!—General-purpose germanium pnp

transistor

Q2—General-purpose pnp transistor
R 1—1000-ohm, 15-W, 10% resistor
R2—2200-ohm or 10.000-ohm, 4-W, 10%

resistor (see text)
Sonalert-—Mallory SC628P

Spkr*—3.2-ohm dynamic speaker-.
1000-ohm/3.2-ohm audio

T1*—500- or
transformer

Misc. Perforated or pc board, hookup
suitable enclosure,

wire, solder.
machine hardware. etc.
*Optional. See text.
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keying the relay. Figure 3 shows a
small transistor oscillator which can
be used in place of the Sonalert. It can
be assembled from junk box parts.
{Note R2 is changed to 2200 ohms.)

Construction. Take care in wiring
jackJ? and plug P2, observing correct
polarities. Although D7 wiil prevent
damage to the calculator from reverse
current, the unit's batteries will never
charge! And, of course, be sure that P2
and J7 are the same types as those on
the charger and calculator. Either pc
orperforated board may be used.Both
parts placement and the selection of
semiconductors are not critical. Just
be sure that D7 is rated to handle the
charger’s maximum output (in the
event that P2 is accidentally shorted),

and Q7 is a germanium device. @®©
TO
EXTERNAL
ALARM
____________ _}
— |
+ |
|
]
|
|
]
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Fig. 2. For a remote alarm, use
a relay instead of Sonalert.
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Fig. 3. Audie oscillator can also be
used to provide an audible signal.
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The Hobbyists Modem

Under-$100 interface for digital data transmission/reception
over channels such as telephone or cassette tape.

TRANSMIT and/or receive dig-
ital data—as between two com-
puters, between terminal and com-
puter, etc.—over telephone lines and
other limited-bandwidth channels,
you need a modem (an acronym for
modulator/demodulator). Most such
channels cannot cope with the steep-
sided, flat-topped digital pulse with-
out distorting it, much less pass the
high baud rate (bits per second) used
in computers. The modem translates
the pulses into a usable form.
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Digital pulses going into a modem at
one end emerge as different fre-
quency audio tones that are fed into
the transmitting channel. At the other
end, another modem translates the
tones back to the appropriate digital
pulses.

Modems can operate in one direc-
tion only (half duplex) or in both direc-
tions (full duplex). The under-$100
Pennywhistle modem project pre-
sented here offers the user both
modes with the flip of a switch.
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Although some modems can oper-
ate at up to 9600 baud over telephone
lines, full-duplex operation usually re-
stricts the maximum speed to 300
baud, or 30 characters/second. Mo-
dems in this speed range generally
operate with frequency-shift keying
(FSK), using four frequencies in two
“bands.” The 1070-to-1270-Hz low
band is used for transmission from a
terminal to a central system, while the
2025-t0-2225-Hz high band is for
transmission in the opposite direc-
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+V

Fig. 1. The modem receiver uses noise-reducing active
filtering before its PLL detector and delivers both

20-mA and El1A-compatible outputs. Transmitter accepts
either EIA or 20-mA current to modulate two-frequency,
two-band oscillator. Also shown here are the power supply
and active hybrid for direct telephone-line connection.
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2z = |
5| 5 | A1,A2,A4,A5,A8_MC1458 (dual 741-
al wi o - ] .
[ ] el Fw type) operational amplifier 1C (Motoro-
3l & ! 5 B la)
SR : | B A3-—565V phase-locked loop IC
5 4 : = A6—4N26 optoisolator
320 5|8 [t A7—555 timer IC
&SR slEs < = C1—390-pF, 5% silver-mica capacitor
_Wm_ 2 HIZE < C2,C7,C10,C12,C21,C25—0.1-yF, 10%
pLA a °8 L+ II' 82 W\ polyester film capacitor
ERe S = BT C3,C4—0.0047-uF, 10% polyester film
=% u 5 3 capacitor
b z = 5 C5,C14,C15,C22—0.01-uF, 10% polyester
o o § z film capacitor
w w z 5 o
E wa k=5 b ] I S C6—.0.00I WF, 10% polyester film cap
N e : e z acitor
slac = = a C8—0.033-uF, 10% polyester film cap-
H b w +2 @ acitor
5 C9—620-pF, 5% silver-mica capacitor
1 g X C11—1800-pF, 5% silver-mica capacitor
i3 i | 3 C13--22-yF, 25-volt electrolytic capacitor
o ak C16,C19,C20—1-pF, 25-volt electrolytic
oz T T H
= [ = [ e ~ 3 capacitor
n L;,w,, = 422 = -w\_L_[ { C17,C18—470-yF, 25-volt electrolytic
“e 3 U & ez capacitor
& § 9 o C23,C24—270-pF, 5% silver-mica cap-
3 acitor

AmericanRadioHistorv.Com

DI to D4,D9,D10,D1S to D24 — IN4148
low-leakage diode
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DS to D8DIl to D14—IN4001 rectifier
diode

F1—3AG, Y%-ampere slow-blow fuse with
pigtails

LEDI1, LED2—Light-emitting diode (one
red, one amber)

J1,J3—Two-conductor,
miniature phone jack

J2—Two-conductor, open-circuit minia-
ture phone jack

P1—No. DB25S connector plug

Q1,Q2,Q4,Q5—2N2907 transistor

Q3,Q6,Q7—2N2222 transistor

Following resistors are Y4-watt, 5% toler-
ance, except as noted:

R1,R51,R80—6800 ohms

R2, R3, R9, R17, R18, R19, R45, R47,
RS54, RSS, RS9, R60, R61, R63—10,000
ohms

R4,R5—150,000 ohms

R6,R25,R26—330,000 ohms

R7—20.000 ohms

R8,R14—18,000 ohms

R11,R70—2200 ohms

R12,R13,R53—4700 ohms

R15,R16,R22,R57,R64 to R63—1000 ohms

R20,R21—5100 ohms

R23,R24,R33—15,000 ohms

R27,R40,R46,R48,R58—3300 ohms

R28,R41,R42—1000 ohms (%-watt)

R29,R30,R31—680 ohms (!4-watt)

R32—680 ohms

R34—68,000 ohms

R35,R72,R73—220,000 ohms

R36—4300 ohms

R37—1.5 megohms

R38--24,000 ohms

R39—180,000 ohms

R43—8200 ohms

R44,R56—100,000 ohms

R49,R50—82 ohms (Y2-watt)

R52—22,000 ohms

R62—620 ohms

R71-—470,000 ohms-

R74—47 ohms

R10,R77—5000-ohm trimmer potentiome-
ter (CTS No. 360S502B or similar)

R75—20,000-ohm trimmer potentiometer
(CTS No. 360S203B or similar)

R76,R78—100,000-ohm trimmer poten-
tiometer (CTS No. 360S104B or similar)

R79—1000-ohm trimmer potentiometer
(CTS No. 360S102B or similar)

$1,52,S3—PC-type dpdt toggle switch

T 1—24-volt center-tapped, 600-mA power
transformer

Z1,Z2—12-volt, l-watt zener diode
(1N 4742 or similar)

Misc.—Printed circuit or perforated board
and solder clips; sockets for IC's (op-
tional); 214”-diameter, 8-ohm
loudspeakers (2); suitable enclosure;
three-conductor line cord with plug; line
cord strain relief; metal spacers; hookup
wire; machine hardware; solder; etc.

Note: A complete kit of all Pennywhistle
modem parts, including cabinet, is av-
ailable for $97.50 from M&R Enter-
prises, P.O. Box 1011, Sunnyvale, CA
94088. Add $1.50 if ordering from Cana-
da. California residents, please add 6%
sales tax. Allow 15 days for delivery
after receipt of order. Send SASE to
above address for free copies (8" x 11
of schematic, etching and drilling guide,
and component layout guide.

closed-circuit
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tion. Modems that transmit on the low
and receive on the high band are
termed ‘‘originate-mode’ devices,
since they are usually used by a local
terminal to call into a remote central
computer.

In either band, digital data is trans-
lated from 1's and 0's (marks and
spaces) to high and low frequencies.
Don’t confuse this with high and low
band terminology. The receiving
modem translates the tones back to
1’s and 0's. Note that the high and low
frequencies used in FSK are only 200
Hz apart.

Most originate modems, including
the Pennywhistle, employ acoustic
coupling to the telephone line via the
telephone handset. (Some modems
are, however, designed to be directly
wired into the phone line.) Acoustic
couplers obviate the need for the user
to pay installation and rental charges
for the devices the telephone com-
pany requires for direct-line hookups.
The main disadvantage of the acoustic
coupleristhatitcan cause anincrease
in distortion problems that can in-
crease the error rate.

itis impartant that you bear in mind
that modems do not process the data
passed through them. They merely
accept a stream of serial bits at one
end and deliver the same bit informa-
tion at the other end. The translation
that takes place in between merely
makes it possible to have remote-
point communication. Also, modems
do not generally have UART's built
into them; they are designed to be
connected to outboard UART's, such
as those designed into computers.

Circuit Operation. A block diagram
ofthe modem is shown in Fig. 1, which
we will use to explain system opera-
tion. (The schematic diagram and
etching and drilling and component
placement guides are too large to fit
on these pages. They are available
FREE by sending a stamped, self-
addressed 8” x 11” envelope to the
source given in the Parts List.)

The audio input to the modemiis first
applied tc a threesstage filter consist-
ing of both parts of IC7 and half of IC2.
This prevents most noise and har-
monics from passing through the sys-
tem. The filtered signal is then passed
to the IC3 phase-locked loop, which
contains a variable-frequency oscil-
lator and comparator. The PLL always
attempts to lock the frequency of its
internal oscillator to the incoming
signal frequency. The correction vol-
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tage supplied by the comparator to the
oscillator provides a measure of how
far off the incoming signal frequency
is from a preset center frequency.

It is difficult for a PLL to discrimi-
nate between an input signal of the
proper frequency and one of its har-
monics or subharmonics. Since the
high-band frequencies are almost
twice those of the low band, this can
present a problem for some modems;,
which is the reason for preceding the
PLL with the three-stage active filterin
the Pennywhistle. Potentiometer R710
is used to set the PLL's center fre-
quency. The PLL itself delivers two
outputs: one is a fixed reference volt-
age from the internal voltage divider,
and the other is the actual output of
the stage.

One of the lesser problems as-
sociated with a loop is that voltages
drift with changes in temperature. The
Pennywhistle tackles this problem
with the floating reference circuit
made up of half of /C2 and Q7. This
circuit takes advantage of the fact that
in asynchronous data transmission,
the serial data signal returns to the
“mark’’ condition between every
character sent. The floating reference
circuit detects the mark and resets its
voltage accordingly. If the data goes to
and remains at a ‘‘'space’’ condition,
the circuit slowly readjusts itself and,
in about 2 seconds, will claim the new
level as a ‘mark.”" It readjusts much
faster in the opposite direction to cor-
rect such a mistaken impression quite
rapidly.

The floating reference is fed to /CS,
a Schmitt trigger, while the data is fed
to the other input. The output of IC5 is
an EIA data output which, in turn,
drives Q2 to deliver a 20-mA current
output.

The /C4 circuit is used to detect the
presence of an adequate signal level
for reliable loop operation. The output
of IC4 provides a positive ElA-type
“carrier present’ signal to turn on ex-
ternal terminals and hold the data
output to the terminal at a mark condi-
tion when insufficient carrier is pres-
ent. Indicators LED1 and LED2 are
driven by IC5. A positive output from
the IC turns on LED2, while a negative
output turns on LED7. When no car-
rier is present, the output of /C5 is
normally negative. With a carrier pres-
ent, itis positive. Hence, the LED's will
alternately light when data is being re-
ceived, providing a useful indication
of modem operation.

The carrier detect signal turns on
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transmitter oscillator /IC7 via R59. The
TRANSMIT switch (S7) has a section
that simulates a received carrier to
turn on the oscillator. Data is “'looped
back’ from the transmitter to the re-
ceiver when DUPLEX switch S2 isin the
HALF duplex position. This provides an
echo of data originated at the terminal
without requiring that the data travel
to the other end and return. Some
time-share services require half-
dupiex operation, which is one reason
for including this feature in the Pen-
nywhistle. Another is that it provides a
. self-test capability for the terminal and
modem.

Thetransmitteris builtaround /C7, a
555 timer chip. The output of IC7 is fed
to the output filter (half of /C8), which
smooths out the waveform to reduce
harmonics and provides enough
power to drive a small speaker or the
telephone line.

The frequency at which /IC7 oper-
ates is determined by Q5, Q6, and Q7,
which form a symmetrical current
source that keeps the ““‘on’” and “off”
periods of the oscillator equal, regard-
less of the operating frequency.
Potentiometers R77 and R75 set the
mark frequency, while R76 and R78
determine the space frequency.

The Q3-Q4 Schmitt trigger circuit
accepts data from either the EIA data
input (positive or negative levels) or
from optoisolator /C6, which can be
tied into a standard 20-mA teleprinter
current loop. Mark data has a negative
voltage level at the E|A input or a cur-
rent of 15 mA or more at the current-
loop input. Space data is a positive
voltage level at the EIA data inputorno
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Fig. 2. Direct line connection
between the modem and the
phone-company supplied DAA is
shown at (A). Use of the

active hybrid connection between

the modem and DAA is shown at (B).

current at the current-loop input. With
nothing connected to either input, the
modem ‘‘sees’’ a space.

TRANSMIT switch S7 is used to select
either the high- or the low-tone band.
Normally left in the Low position, for
tape recording or unit-to-unit trans-
mission, it is switched to HIGH.

Construction. The modem lends it-
self equally well to either printed-
circuit or perforated-board wiring.
Since the design of the system pro-
vides for maximum flexibility, both
current-loop and EIA circuits are pro-
vided. However, you can omit either of
these circuits, depending on the
needs of your system.

Capacitors C2, C7, C8, C10, C12,
and C22 must operate with a relatively
high degree of stability in the circuit.
So, it is important that you use only
Mylar, polystyrene, or other high-
stability capacitors where these are
called out.

Do not use wire-wound poten-
tiometers. They can be difficult to ad-
just with a high enough degree of ac-
curacy. Transistor types are not criti-
cal, but it is good policy to use only
complementary pnp and npn types for
Q5 and Q6. All transistors in the sys-
tem must be good-quality silicon
switching types.

Any 741-type operational amplifier
IC will operate in the modem’s circuit.
The only restriction here is that the op
amp you select must be able to oper-
ate with a short-circuited output indef-
initely with =18 volts dc applied to the
positive and negative pins of the IC.
Not all op amps can meet this re-
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quirement; check this out on the IC
specifications sheet before you buy.
Most quad op amps will not meet the
requirement. Type 3900 op amps will
not work in this circuit because of the
radical design changes required.
After wiring the circuit board as-
sembly, mount the two soft-rubber
acoustic "'muffs” on the cover of the
enclosure. Note that all parts, except
the muffs and J71,J2, and J3, mounton
the pc board. The case supplied with
the kit has a stepped area through
which the toggles of the switches
protrude and holes through which the
LED’s are visible. Connector P71 fits
alongtheedge oftheboard and is held
in place by soldering its pins to the foil
pads. The connector is then secured
to the metal base plate that forms the
bottom of the enclosure with machine
hardware through its tabs. Mount J7,
J2, and J3 in holes in the base plate
near P71 and wire them to the board.
Secure the powér cord with a strain
relief after soldering its conductors to
the appropriate points in the circuit.
If you buy your parts locally, you'll
have to fabricate your own acoustic
coupler from a pair of small
loudspeakers (see Parts List) and
some commonly available materials.
To do this, apply a thin bead of
silicone adhesive/sealing compound
around the entire front edge of one of
the speakers. Make sure the bead is no
more than %" (3.2-mm) thick and
doesn’t bleed onto the cone. Place
this speaker, front down, on a square
of wax paper atop a flat, level surface.
Gently press the speaker so that the
silicone cement bead spreads out.
Allow the speaker to remain like this
for at least 24 hours to permit the
silicone cement to cure. At the end of
this time, slowly and gently peel away
the wax paper. Trim the silicone ce-
ment flush with the outside perimeter
of the speaker and check that the sili-
cone provides a tight seal to the
microphone of a telephone handset.
From a piece of resilient
polyurethane foam, cut a “‘donut” to
fit over the rear of this loudspeaker.
Solder lengths of stranded hookup
wire to the speaker’s lugs. Route the
wires through the hole in the plastic
foam, and cement the latter to the rear
of the speaker with silicone adhesive.
Two 258" (6.7-cm) diameter tin cans

“can be used as "‘wells” in which to

mount the speakers to make good
contact with the telephone handset.
The cans should be mounted 53"
(14.6) apart, center to center, and

POPULAR ELECTRONICS



the world’s largest selection of
superb electronics products in

FREE"" easy-to-build kit form

Amateur Radio

SB-104 Digital Broadbanded,
SSB Transceiver — plus CW,
SWL, 2-meter, everything for
the Ham

Digital Electronics

Wind Speed and Direction
Indicator ID-1590—plus
Clocks, Temperature Moni-
itors, Car Tach and Timer,
Programmable Stopwatch.

|

Radio Control

Unique Frequency-
Plug-In Pack 17™
Systems — plus
Systems and Ac- /
cessories
for be-

ginners

or pro’s

Automotive

— ‘—-]
| |

i

000040 i U

CO-2500 Professional Igni-
tion Analyzer plus Timing
Lights, Tuneup Meters, Bat-
tery Chargers, Testers

Hi-Fi Components

The Revolutionary Modulus™
System — plus Stereo and 4-
channel’ Components for
every taste and budget

Home & e
Hobby Kits " 5/

Treasure Finder GD-
348 plus Ultrasonic

Cleaner, Intercoms,

Model Railroad
Control, Lamp .
Dimmer, Security /= -
Systems -

Name

Please rush me my FREE copy of the NEW Heathkit Catalog.

Color TV'’s

ey

The 25” Diag. Digital Readout
GR-2000 — plus advanced
design color TV's in 4 other
screen sizes

Tet Instruments

10-4550
Dual-Trace
'Scope

plus
- VOM's,
- VTVM's,
DMM'’s,
Counters, Generators, Chart
Recorders, Design Bread-
board and Experimenters,
Power Supplies

Address

City

State

Popular Electronics

AmericanRadioHistorv.Com

Zip
CL-590



G

c
¢ ),f/,, e

e = - ine d
%”/’//JZ;/’TY/”'//”' ke | | Ma"n
;’//4'” e TRONCG wTS —
LEC

OVER 4

—rr .E,C.);tﬁ?-_;,;x_,_@.{_
B
g FRES

-
‘l
/ 253

—

Heath Company, Dept. 10-152, Benton Harbor, Michigan 49022

e, IT’S FREE

STaur Send Card Today!

STAMP
HERE

Imagine... an auto ignition analyzer that

brings professional diagnosis within the
reach of 'most anyone... a stereo pream-
plifier with incredible specifications at
an equally incredible low price... a radio
control system with instant plug-in fre-
quency change...a model railroad throt-
tle power supply that adds amazing
realism to any line...a stereo/4-channel
tuner/preamp of almost limitless versa-
tility ... new 'scopes that do more for the
money...an important new Digital IC
Tester... just a few of the many new and
interesting products in the Heathkit line
... read all about them in this bright new
catalog!

S

Heath Company

Dept. No. 10-152
Benton Harbor, Michigan 49022

AmericanRadioHistorv.Com



should have 3/16” (5-mm) thick
polyurethane foam lining their sides.
Punch a hole in the bottom of each
can to allow wires to pass through for
connecting the speakers into the cir-
cuit. Fashion two circular wedges of
polyurethane foam to fit into the bot-
toms of the cans, where they will hold
the speakers the correct distance
away from and at the proper angle to
assure firm contact with the handset
when the handset is placed in the
cans. You may have to experiment a
bit to get the right wedge shapes.
Punch a hole through each wedge.
Route the speaker wires through the
holes in the wedges and the cans, and
silicone cement the wedges in place.
Then connect the wires from the
speaker with the silicone ‘gasket’ to
the output and the wires from the
other speaker to the input terminals of
the modem.

If you prefer, you can use an induc-
tive pickup at the receiving side of the
modem. To do so, you'll have to lower
the value of R79, (which determines
the gain of the last stage of the active
filter) to compensate for the lower
gain of the pickup. In this way, you
eliminate the possibility of external
noise pickup.

Test and Adjustment. Set
TRANSMIT switch S7 to Low and DuP-
LEXx switch S2 to FuLL. Temporarily
connect a jumper wire from pin 2 of
the 25-pin connector to a voltage
source of about —12 volts dc. This can
be found at the negative sie of C2.
Connect a frequency counter to test
point TP3 (at /C7) and temporarily
connect ajumperacross D76. Thiswill
turn on the transmitter. Now, adjust
R77 for afrequency of 1270 Hz, 5 Hz.
Remove the jumper from pin 2 of the
connector and power supply, and ad-
just R78 for a frequency of 1070 Hz, =5
Hz. :

Set the TRANSMIT switch to HIGH and
replace the jumper from pin 2 of the
connector to the negative voltage
supply. Adjust R75 for a frequency of
2225 Hz, =10 Hz. Remove the jumper
and adjust R76 for a frequency of 2025
Hz, 10 Hz.

The output of the modem must now
be set for —15dBm (0.14 V rms or 0.39
V p-p) on the telephone line when the
handset is in position in the modem'’s
acoustic coupler by adjusting R79.
Assuming you don’t have a standard
modem testinstrument to perform this
adjustment, carefully follow the pro-
cedure below.

e- CIRCLE ND. 5 ON FREE INFORMATION CARD

First, make no measurements of the
voltage on your phone line until you
have dialed and have a party on the
other end. Next, be very careful not to
short the telephone terminals, and use
an ungrounded meter to make all
measurements. If your meter doesn’t
have an OUTPUT jack, place a 0.1-pyF
capacitor in series with one of its test
probes.

Set the TRANSMIT and DUPLEX
switches to the Low and FuLL posi-
tions, respectively. Turn on the trans-
mitter by jumpering D76. Place the
telephone handset into the acoustic
coupler. (Make sure the handset is
correctly oriented.) Then connect the
meter to the telephone connector
block. (Do not attempt to use a ‘‘key-
set'’ telephone that has lighted
pushbuttons.) Adjust R79 for —15
dBm, 0.14 V rms, or 0.39 V p-p.

Connect a 1000-ohm resistor be-
tween the audio input terminal to the
active filter and ground. With a
100,000-ohm resistor connected in
series with the signal or “hot’ output,
connect a signal generator to the
audio input terminal and the
generator’'s ground lead to the mo-
dem’s common ground.

Monitoring the output with a fre-
quency counter, set the generator’s
frequency for 1170 Hz. Connect the
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Fig. 3. Ways to connect the modem
to tape recorder, an EIA terminal,
or a Model 33 TTY Teleprinter.
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counter between TP3 and ground and
a dc voltmeter between TP71 (floating
reference) and ground. Adjust R710
through its entire range, observing
where the monitored voltage swings
smoothly between positive and nega-
tive. This is the lock range of the PLL.
Adjust R70 so that the meter indicates
zero within the lock range. Perform
this adjustment several times to be
sure you haven’t adjusted outside the
lock range; false indications are pos-
sible there.

Direct-Line Hookup. To wire the
modem directly to the telephone line,
the telephone company requires that
you use a DAA (Direct Access Ar-
rangement) to isolate the two. The
lowest-cost system available, gener-
ally renting for $2 to $5 a month, is the
CDT (1001A) coupler. It has a switch
that cuts the telephone out and the
cougler in when turned on. The wiring
diagram for this setup is shown in Fig.
2A.

When the CDT is used, /C8 is wired
as an ‘‘active hybrid” circuit that can
subtract the output of the transmitter
from the input of the receiver, as
shown in Fig. 2B. Terminal E3 is con-
nected to the output of the modem,
which is also connected to one side of
the phone line. E4 goes to the input
terminal of the modem and the other
side of the phone line. Ideally, R62
should be the same resistance as the
line impedance, specified by the tele-
phone company as 600 ohms, when a
DAA is used. However, this resistor’s
value can be trimmed if ‘‘balancing
out’” adjustments are needed.

Tape Recorder Connections. The
phone jacks, J7,J2, and J3, permit the
use of the modem with a tape recorder
to record data from the terminal or
from the phone line, and to play the
data back to the terminal forthe phone
line, or both.

The jacks are wired into the modem
as shown in Fig. 3A. Jack J7 then con-
nects to the transmitting speaker and
serves as the interconnect for the mic-
rophone input to the tape recorder.
Jacks J2 and J3 connect between E1
and E2 and ground. (Make sure you
break the foil between E1 and E2 on
the circuit board if you use this mode:)
JackJ2 goes to E1, which is the output
of the first stage of the filter, and also
feeds the microphone input of the
tape recorder when J2 is used. JackJ3
breaks the connection between E1
and E2 and allows the tape recorder to
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feed a signal into the second stage of
the filter.

To record local terminal data, plug
the tape recorder’s microphone input
intoJ7 and set the TRANSMIT switch to
HIGH. Run the recorder and input data
from the terminal.

To record line data, plug the record-
er's microphone or auxiliary inputinto
J2. Run the recorder for the duration
of the desired output. Record a
5-second leader of no-data carrier on
the tape before the data.

To play data back to a local termi-
nal, plug the recorder’'s speaker out-
put into J3. Then play the tape. The
modem will track with any desired
speed variations from the tape. The
first point of failure for speed change
will occur when the timing of the sig-
nal into the terminal goes beyond the
limits of its serial receiver circuit.

To play data back to the line, con-
nect a switch between pins 2 and 3 of
the 25-pin connector on the modem
and pins 2 and 3 of the terminal as
shown in Fig. 3B. Using the terminal,
set up the proper conditionsin the sys-
tem to receive the data. Make sure that
you startthe tapein the no-datacarrier
leader area. Plug the recorder cable

into the tape recorder and throw the
switch to connect pins 2 and 3 of the
connector. Plug the other end of the
recorder cable into J3. Data will now
be feeding into the modem’s receiver,
looping back to the transmitter sec-
tion. Simultaneously, the data will ap-
pear on the terminal.

Current-Loop Hookup. Tele-
printers handle data on a current
loop, where 20 mA of current repre-
sents a 1 or “mark’ and no current
represents a 0 or "‘space.” The wiring
between the modem and a Model 33
Teletype (TTY) are shown in Fig. 3C. If
you have an older teleprinter that has

bare coils, use a reed relay between .

pins 23 and 7 (ground) on the modem.
Connect a diode between pin 23 and
ground, with the cathode going to pin
23. This diode will prevent inductive
“kickback’ voltages from damaging
current-source transistor Q2 inside
the modem.

Teleprinter keyboards consist of
switches that open and close accord-
ing to a set pattern to control an exter-
nally supplied current. Pin 11 of the
modem is a source of 18 mA of
maximum current. Connect pin 11 to

pin 12 and the teleprinter keyboard
from pin 13 to pin 7.

EIA Interface. The EIA standard
relevant to the modem is RS232C. Any
terminal wired according to this
specification will mate with the Pen-
nywhistle modem.

ElA signals in the RS232C standard
are always more than 3 volts in
amplitude and always less than 25
volts open circuit (15 volts when con-
nected). They are positive or negative,
depending on the data. Negative is a
data 1 (mark), positive adata0(space).
Control lines are active with a positive
signal. ElA signals are not required to
drive a load of less than 3000 ohms,
but they must be protected from
ground and each other.

Final Remark. To communicate
between two Pennywhistle modems,
the TRANSMIT switch must be set to
Low for receiving, HIGH for trans-
mitting. Keep the buPLEX switch in the
FULL position, and your receiver will
come back with what you're transmit-
ting. Bearin mind that communication
can be in only one direction when
using this scheme. @®

3 GOOD REASONS
FOR BUYING AN
EMPIRE CARTRIDGE

1- YOUR RECORDS WILL -
LAST LONGER. Unlike ordi-
nary magnetic cartridges,
Empire’s variable reluctance
cartridges have a diamond
stylus that floats free of its
magnets. This imposes much
less weight on the record
surface and insures much
longer record life.

2- YOUR RECORDS
WILL SOUND BETTER.
Empire sound is spectacular.
50

Distortionat standard groove
velocity does not exceed
.05%. Instruments don't
waver; channel separation

is razor sharp.

CIRCLE NO. 20 ON FREE INFORMATION CARD

AmericanRadioHistorv. Com

3- MORE CARTRIDGE
FOR YOUR MONEY. We use
4poles,4coilsandthree mag-
nets in our cartridge (more
than any other brand). Each
cartridge must pass rigid
tests before shipment.

For more good reasons
to buy an Empire cartridge
write for your free catalogue:
EMPIRE SCIENTIFIC
CORP, Dept. Z, Garden
City, N.Y. 11530.
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F YOU’RE anxious to hear distant

stations on the AM Broadcast
Band—say, to catch blacked-out
home-town sports events—then the
Broadcast Band Loop is just what you
need! When coupled to a good AM
transistor radio with a built-in ferrite
bar antenna, it will bring in iots of sta-
tions you couid never copy before—be
" they TA's (transatlantics), rare “lo-
cals,” or clear-channel stations from
distant cities. It is easy to build and
use, fairly small, and inexpensive—
total parts cost is about $15 to $20!

About the Loop. The use of a loop
antenna is not new, but its advantages
are timeless. It has good directivity,
and can be easily rotated. Further, the
loop works only with the magnetic

A BCB LOOP ANTENNA FOR

DX’ING

combination can be tuned to reso-
nance. Its nominal directional pattern
(Fig. 1)is afigure eight, with maximum
response in the plane of the loop.
Turning the antenna broadside to a
station will cause an appreciable drop
in signal strength.

Selectivity is another loop charac-
teristic. The antenna favors signals at
the resonant frequency at the expense
of those nearby. Its response gets
progressively narrower as its Q in-
creases (which varies directly with the
C/L ratio). For our purposes, we'll
want as high a Q as possible.

We have adapted the loop to better
serve our purpose by eliminating the
direct connection between the Loop
and the receiver. Experience indicates
that unwanted signal pickup occurs

out bothering others around you, and
vice versa.

To accomplish this, audio will be
coupled from the earphone jack on
the receiver to jack J3 by a short patch
cord. Make use of the new crop of
high-sensitivity, lightweight (Mylar
transducer) stereo headphones,
which require only a few milliwatts of
drive.

It's also wise to use battery power
ratherthan an ac battery eliminator, as
hum probliems can arise. Of course, if
you don’t want to use phones or al-
ready have a mono miniature/stereo
phone jack adapter, the audio circuit
can be ignored.

Physical Construction. The Loop’s
frame will be assembied first, using

BY NORMAN FALLON

portion of the radio wave (which con-
tains both electric and magnetic
fields), so it is inherently quieter than
higher-gain long-wire outdoor anten-
nas. The loop contains no fragile
semiconductors and requires no
power supply, unlike the “amplified
loops” that some MW DX’ers are now
using.

A simple loop antenna is shown in
Fig. 1. It's an electrically short loop
consisting of turns of wire with a total
length much less than a wavelength.
Medium waves are fairly long, e.g. 500
m (1640 ft) at 600 kHz! Obviously this
loop or an outdoor longwire are the
only real options.

The loop is really an inductor. When
shunted by variable capacitor C, the

£OGE oF ( OOP

TOP VIEW

VUL,

70
[- 478

Fig. 1. Loop acts as an
LC parallel circuit.
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when a transmission line is used to
couple signals to the receiver's an-
tennainputjack (if there is one). In this
design (Fig. 2), signals are coupled in-
ductively, simply by positioning the
built-in ferrite bar close to the loop
base. This offers the advantage of
being able to adjust the degree of
coupling between the coils to suit var-
iations in signal strength. Operating
the loop and ferrite bar in tandem will
yield a cardiod directional pattern due
to interaction between the coils.
Further flexibility is afforded by a
switch which shorts out one turn of
the Loop when closed. This is often
desirable when working the high end
of the MW band, since a decreased L
requires more C for resonance. The
result is a higher Q, and slightly less
gain. In most cases, though, the effect
on signal strength will not be
noticed—but the sharpened tuning
will be greatly appreciated. it's easy to
see thatthe L7 and the ferrite barin the
receiver act as an r-f transformer. The
“‘audio circuit” has been included as
an operator convenience. To best
work DX, headphones should be used.
They are more sensitive than loud-
speakers, so it will be easier to hear
weak signals. The acoustic isolation
from background noise will also come
in handy—you’ll be able to listen with-

doweling, two pieces of hardwood,
aluminum tubing and aluminum
U-channel. Refer to Fig. 3.

First, take two pieces of Ye-inch
(1.3-cm) ID seamiess aluminum tub-
ing, 34" (86.4 cm) long, and flatten the
center 1%2” (3.8 cm) in a vise as shown
in step 1. (Steps are shown in Fig. 3.)
Drill a 7/32-inch (5.6-mm) hole in each
tube at the center point. Then drill two
5/3-inch (4-mm) holes 6" (15.2 cm)
from the center point on each length
of tubing. Next, drill two Ye-inch (3.2-
mm) holes 16.5” and 15" (41.9 and 38.1
cm) from the center point on each
length of tubing.

Center-drill ¥2-inch (1.3 cm) holes Vs
inch (6.4 mm) deep on each of three
2%-inch (6.7-cm) lengths of 3-inch

-RECEIVER
CASE
—-
TV 2 1]
m 32 " FERRITE
rei ] 8AR
L“/ ! omr Q WS avTeam
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74
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Fig. 2. Schematic shows how loop and
radio antenna form r-f transformer.
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(1.9-cm) doweling. File six grooves 3"
(9.5 mm) apart on the dowels, spacing
the outer ones 3" (9.5 mm) from each
end. Take a 12%a-inch (31.1-cm) length
of Y2-inch (1.3-cm) doweling and drill
two Y-inch (3.2-mm) holes 1%" (3.2
cm) and 2%" (7cm) from one end.
Repeat four times. Then, glue the
dowels together to form three
T-shaped wire supports as shown in
Step 2. Save the remaining dowel for
later use.

Form across by overlapping the two
lengths of tubing. Line up the center
holes and secure with a %4-20 X 1 inch
bolt, flatwashers, and wing nut. Slide
the Tee’'s into ends B, C, and D of the
cross until the holes line up. Secure
the Tee's in the tubing with Ya-inch
self-tapping sheet metal screws (Step
3). Form four support braces from
9-inch (23.9-cm) lengths of 12" x %"
(1.3 cm x 1.3 cm) aluminum
U-channel. Drill two 'Yes-inch (4.4-
mm) holes ¥4” (6.4 mm) from each end.
Then fasten the braces to the cross by
lining up holes and using 6-32 x 1inch
machine screws, flatwashers, and
nuts. Two lengths of channel should
be on opposite sides of the tubing at
each juncture.

Now prepare the fourth Tee by
center drilling a ¥2-inch (1.3-cm) hole
Ya” (6.4 mm) deep on one long side of a
4" x 1Ya" x 3" (10.2cm x 3.2cm X 1.9
cm) block of hardwood (Step 4). Drill a
3/16-inch (4.8-mm) hole 7" (2.2 cm)
from one end of the block for the
center conductor pin of J2, an SO-239
coaxial connector. Then drill a
3/1e-inch (4.8-mm) hole %/¢” (1.4 cm)

8 Ervawe
%' SELF-

STEP 3

away on each side of the center con-
ductor hole for two securing screws.
File seven grooves 3" (9.5 mm) apart,
spacing the HOT END groove 5/1¢” (7.9
mm) from the edge of the block. Drill a
Ys-inch (3.2-mm) hole in the center of
both the HOT and GROUND END
grooves. Thendrill a3/16-inch (4.8-mm)
hole 38" (9.5 mm) to the right of the HOT
and GROUND END holes on the top (un-
grooved) side of the biock. Mount sol-
der lugs above each hole, using No. 6
x ¥2" wood screws.

Referring to Step 5, prepare an
S0-239 coaxial jack, cutting two cor-
ners with a hacksaw to fit the
hardwood biock. Solder one end of a
6-inch (15.3-cm) length of hookup
wire to the center conductor pin of J2,
and thread it through the center con-
ductor hole. Then secure J2 to the
wood block using No. 6 x %" wood
screws, looping one end of a 4-inch
(10.2-cm) length of hookup wire under
the head of the screw nearest the
GROUND END groove. Thread the other
end through the hole in this groove
and attach to the nearest solder lug
(above J2). Trim excess. Attach the
free end of the center conductor wire
to the other solder lug, trimming ex-
cess.

Glue the hardwood block to the re-
maining 12%-inch (31.1-cm) dowel to
form the fourth Tee. Insert the Tee into
the remaining corner of the cross (A),
lining up the holes. Secure with
Va-inch self-tapping sheet metal
screws. Then drill a 3/46-inch (4.8-mm)
hole 78" (2.2 cm) above the bottom of
the vertical tubing (above corner A).

FLATTEN; SECURE
WiTH BotT
WASHER ¢
WING N
\ s WUT

T™MOPIG
~~— SCREWS

///
V4

Va >
\_/ r’/-
BIQ
STEP 2
/-7/!2'014_ 5
J ~ OVELRLL WIOTH = 51147 \\\
u;r 4 To @RACkET
“" € WG MT oW
STEP 1 CONTROL PANEL

Fig. 3. Above are directions for constructing the frame for the loop.
Aluminum tubing, U-channel, and wood dowels are used.
Steps 1 to 5 are referred to in the text.
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Make the hole slightly more than %"
(9.5 mm) deep.

Take one end of a 74-foot (22.6-m)
length of 18- or 16-gauge (solid or
stranded, bare or insulated—enamel
or plastic—almost anything will do!)
copper wire, thread it through the HoT
END hole and solder it to the HOT END
solder lug (trimming excess). Then
tightly wind the wire around the cross,
using the Tee grooves as guides to
make six turns in all. Thread the free
end through the GROUND END hole and
solder to the lug, trimming excess.
Remove the insulation (if any) from the
wire near corner A on the fifth turn.
Solder one end of a 4-inch (10.2-cm)
length of hookup wire to this point.
Leave the other end free for the mo-
ment.

Control Panel Construction. We'll
now assemble the Loop’s Control
Panel. It should be fashioned from a
4.75" (12.1-cm) square piece of
Yhe-inch (1.6-mm) aluminum plate.
Physical layout is flexible, but use Fig.
4 as a guideline. Form a support
bracket from aluminum stock, or use a
commercial aluminum angie about
2¥2" X 12" x 1%2" (6.4 cm x 3.8 cm X
3.8 cm). Install the bracket centered
along one side of the aluminum panei.
Then drill mounting holes for an
S0-239 coaxial jack—this should be
setback 1" X 1" (2.5cm x 2.5 cm) from
the corner nearest the notched side of
the bracket—and for the main tuning
capacitor, switch S7, binding post
BP1, and the RCA phono and head-
phone jacks (if desired).
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A note about capacitor C1—any
surplus, multi-gang variable capacitor
may be used. Total maximum capaci-
tance should be about 1200 pF. As of
press time, Fair Radio Sales, Box
1105, Lima, OH 45802, has several
suitable models, with an approximate
cost of $3.00. If you have trouble find-
ing a capacitor on the surplus market,
buy three 365-pF AM tuning
capacitors and gang their shafts to-
gether. After installing all compo-
nents, wire the Control Panel in ac-
cordance with the schematic (Fig. 2)
using 18-gauge solid hookup wire. Try
to keep all leads as short as possible.

The Control Panel should be
mounted in a cutout on a rotatable
platform—a lazy susan arrangement.
The platform should be big enough to
accommodate your AM receiver also,
since it must be rotated in step with
the Loop.

Once the Panel is mounted, drill a
7/32-inch (5.6-mm) hole in the support
bracket 3" (9.5 mm) down and 1" (2.54
cm) over from the un-notched top
corner. Then drill 7/32-inch (5.6-mm)
holes along the centerline 3" (9.5 mm)
from each end of an 11%" X 1" x 3"
(286 cm x 25 cm x 9.5 mm)
hardwood strip. Attach one end of the
strip to the support bracket using a
10-20 x 1" hex head bolt,ahexnutasa
spacer between the strip and bracket,

FRAME BILL OF MATERIALS

2—42 inch lengths of %" ID thin-wall
aluminum tubing

4—14-inch lengths of %" wood doweling

3—2%%-inch lengths of 34" wood doweling

4—12-inch lengths of %" x %" aluminum
U-channel

1—Block of hardwood 4" x 114" x 34"

1—Strip of hardwood 11%4" x 1" x 34"

1—10-32 x 15" bolt and washer

1—3%-inch spacer to fit above.

1—14-20 x 1" bolt, washers, and wing nut

4—6-32 x 1” machine screws, flatwashers,
and nuts

4—No. 6 X ¥2" wood screws

814" self-tapping sheet metal screws

PARTS LIST

BP1—5-way binding post

C1—1200-pF (total) multi-gang variable
capacitor

J1,J2—UNf coaxial jack, SO-239

J3—RCA phono jack

J4—Open-circuit stereo headphone jack

L1—6 turns of 16- or 18-gauge copper wire
wound on loop frame

PL1—Double male uhf coaxial adapter
(Amphenol 83-877, Lafayette 42 69064 or
equivalent)

S1—SPST switch

Misc.—4.75"" square 1/16-inch aluminum
plate, tuning knob, machine hardware,
hookup wire, solder, etc.
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Fig. 4. Control panel layout.

Proper orientation of receiver

rod antenna is shoun.

and wing nut. Keep the wing nut rela-
tively loose. Now secure the other end
of the strip to the Loop frame using a
10-32 x 1%2" bolt, washer,and a34" (1.9
cm) spacer. Use the 3/e-inch (4.8-mm)
hole previously drilled above the bot-
tom of the vertical tubing.

Attach the Loop frame to the Con-
trol Panel using PL7, a double male
uhf coaxial adapter (Amphenol 83-
877), between jacks J1 and J2. Then
connect the free end of the hookup
wire from the loop to binding post
BP1. Tighten the hardware holding
the hardwood strip. Leave S7 open,
and position your AM receiver below
the Loop, orienting its rod antenna as
shown in Fig. 4. The two coils should
be about 1" to 3" (2.5 cm to 7.6 cm)
apart.

Using the Loop. Tune the receiver
down to the low end (540 kHz) of the
AM Broadcast Band. Turn C7's tuning
knob so that the plates are fully
meshed. Then, carefully tune in an au-
dible signal using the receiver's tun-
ing capacitor. Slowly unmesh C7's
plates (reduce capacitance) until the
signal peaks strongly. You have now
tuned the Loop to resonance at this
frequency.

It's possible that loading effects by
the Loop may ‘‘pull” the receiver off its
dial calibration. If this occurs, just
continue to adjust both C7 and the
receiver’'s tuning capacitor for
maximum intelligibility. You’ll proba-
bly find that the two controls interlock,
but with a little practice you'll be
quickly zeroing in on the station
you're after. Try rotating the loop to
get an even stronger signal. Best re-
sults will be obtained when the plane
of the loop extends in the direction of
the desired signal. You can also use
this directivity to null out an interfer-
ing station on the same frequency—

AmaricoanDodinHistorns. Cosa.

turn the loop broadside to the offend-
ing signal.

With S7 open, the Loop can be
tuned just about to 1600 kHz. It also
has maximum gain in this position.
But there are times when a bit more
selectivity is desirable over gain—for
example, when two fairly strong sta-
tions are a few kHz apart. This is par-
ticularly true when trying to work the
“splits"—foreign stations operating
on odd frequencies not multiples of 10
kHz. In situations like this, close S7.
This shorts out the bottom turn of the
loop, giving a higher Q. It also gives
you abitmore “‘room” on C7 at the top
end of the band.

Other Suggestions. The “pulling”
action mentioned earlier can cause
youtoget “‘lost” in terms of frequency.
To prevent this, prepare alist of strong
signals in your area, noting them by
call letter and frequency. You can then
use them as frequency markers to
chart your way across the band. It's
also a good idea to get a complete list
of North American AM stations—
especially if you want to DX the band.
Several are available, listing stations
by call letters, power output, frequen-
cy, and geographical location.

Another system variable is the
amount of coupling between the Loop
and the rod antenna. This should be
varied to suit signal strength, but can-
not accurately be predicted without
experience with your particular re-
ceiver. While it should vary between 1
and 3 inches, experiment for best re-
sults.

To make tuning easier, a vernier (0
to 100) tuning knob can be used with
C1. Once you have properly tuned a
station in, record its frequency, direc-
tion toward which the Loop is turned,
position of S7, and the amount of
capacitance needed. Keep all this in-
formation for future reference. @®
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"~ HOWTO
MINIMIZE

SCOPE /PROBE
COMBINATION
ERRORS

|

Hewlett-Packard 1125A active probe.

Choosing the right probe for a particular application
can reduce measurement errors 50% or more.

OST of us tend to assume that

an oscilloscope display is a
“perfect’ representation of what is
occurring in a given circuit. Actually,
when you apply a signal to the input of
a scope, you can lose a large percen-
tage of what is really there if the signal
source is not carefully matched to the
scope's input impedance. Since the
main reason for paying big money for
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BY THOMAS R. SEAR

awideband scope is that you need the
bandwidth, itis important that nothing
be allowed to compromise its
performance—least of all something
as “'simple” as a probe connected to
the input.

If you select the wrong type cf probe
for a given measurement, the signal
that reaches the scope may not have
some of the characteristics that are of

AmericanRadioHistorv Com

interest to you. Unless certain precau-
tions are observed, especially at high
frequencies, getting the signal to the
input of the scope may become the
most critical part of any measurement
you are making.

There are times when a plain piece
of wire will suffice for coupling a sig-
nal to a scope. Also, the passive types
of attenuator probes that are sold with

POPULAR ELECTRONICS
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The Tektronix P6045 probe, with FET isolation stage, provides
signal attenuation of 1:1, 10:1, or 100:1 with 1.5-ns rise time. -

most new scopes do a fine job most of
the time. However, the broad band-
widths of modern scopes and the
sophisticated uses to which they are
put make it absolutely necessary to
match scope to probe if you want ac-
curate and meaningful measure-
ments. Failure to match probe and
scope can result in measurement er-
rors of 50% or more.

Impedance Effects. The scope ver-
tical input to which you connect the
probe will have either a high impe-
dance or an impedance of 50 ohms
(Fig. 1A). In either case, the impe-
dance is a resistance in parallel with a
capacitance (values approximately
those in the diagram). Any probe can
also be represented by a parallel RC
circuit (Fig. 1B).

SCOPE VERTICAL INPUTS

TO
VERT
AMP

i1,

INPUT" :' OpF
_4;_
b HI=Z INPUT

[+

INPUT

(A)

pRIOpF
1
PROBE [ ....... 1 LSCOPE
TIP

To estimate the effects that a given
scope/probe combination will have on
the signal, the combination can be
simplified schematically as shown in
Fig. 1C. Note that the values here are
those that would be "'seen” from the
probe tip. Thatis, the series resistance
of Ry and Ry is typically about 10
megohms (R,y); and the series equiva-
lent of Cp and Cs is about 6.7pF.

As Ry decreases, more current is
drawn from the circuit being tested.
When Ry approaches the impedance
of the signal source, significant errors
result because of resistive loading.
The amount of error in per cent is
100Z/(Z;+2Z1y), where Z,y is the paral-
lel combination of Ry and the impe-
dance of Cjy.

Small amounts of loading decrease
the signal amplitude only slightly.

L=
q_‘l‘_

L. 50-0HM INPUT

Fig. 1. Typical scope inputs:
(A) for high- and low-impedance
scopes; (B) with a passive
divider probe; (C) equivalent

TO

Rp(9 MEG) T | YERT  circuit of combination in (B).
PROBE | 3
Rg3
| : Cs
I M2 |20pr
—t
(B}
2 | SCOPE/PROBE
G EGUIVALENT
UE N
10M3 6.7pF ..
I_ Fig. 2. A pulse source connected
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to the scopelprobe combination
in (A) results in equivalent
at (B) for rise-time analysis.

AmericanRadioHistorvCom—o

Heavy loading, however, may draw so
much current from the signal source
that the circuit will saturate, become
nonlinear, or stop operating com-
pletely.

So the first rule for selecting
scope/probe combinations Is:

Rule 1: To insure that resistive

loading errors are less than 1%,

select a scope/probe combination

with Ry at least 100 times greater
than the source impedance.

The probe capacitor can be trouble-
some in two ways. First, if not properly
adjusted to provide frequency com-
pensation, slight errors will be intro-
duced into your measurements. Sec-
ond, consider the effects of the com-
bined capacitance (C\y) as a function
of frequency. At 1000 Hz, Cy (Fig. 1C)
has an impedance of about 23.8
megohms, with no effect on signal
measurement. But at 2375 Hz, its im-
pedance will equal R,y and have a def-
inite effect on the signal. Down at 1
MHz, the impedance is only about
24,000 ohms and may load the circuit
heavily.

The results of shunt capacitance
variations can be amplitude attenua-
tion and abnormal circuit operation.
Furthermore, it can cause phase shift,
excessive source loading, pulse per-
turbations, and errors in rise time and
propagation-delay measurements.

The effects of shunt capacitance
can become a factor almost before
you know it. At 100 MHz, impedance of
shunt capacitance can be less than 80
ohms for some scope/probe
combinations—practically a short cir-
cuitin some cases. So, the second rule
for probe selection is:

Rule 2: To minimize errors re-

lated to frequency, select a

scope/probe combination with a

shunt capacitance value that is as

small as possible.

Rise-Time Error. We have consi-

dered the effects of resistance and

PULSE ,
SOURCE | SCOPE/PROBE

AWM -
sl 1. L
2500 . : Rp3 .
] 3 < l ~
lzspF \ IOM2  9,5pF
- A -
i S
(A)

PULSE SOURCE
A

ND
SCOPE/PROBE
CONNECTED

RT:=2. 2(220(34 .5 x 10-12)
=I9a (8)
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capacitance. Now what is their com-
bined effect? Figure 2A shows a typi-
cal pulse source, with an internal im-
pedance of 250 ohms and shunt
capacitance of 25 picofarads. Assum-
ing a pulse signal with a rise time of
zero, the source output rise time
would be approximately 2.2RsCg, or
13.8 nanoseconds. The equivalent cir-
cuit for the scope/probe and source
combination is shown in Fig. 2B.
Since Rpis so much larger than Rg, the
former can beignored. The rise time of
the signal reaching the scope input
will now be about 19 nanoseconds.
The loading effect of the probe is the
percentage change in rise time or
about 37.7%. This is directly related to
the difference in capacitance (9.5/25
or 38%) caused by the addition of the
probe. So to determine how much
error in rise time you are going to in-
troduce by adding a probe, determine
the ratio of the capacitances involved.

Hewlett-Packard’s 10001A passive
probe is rugged and easy to use.

Phase-Shift Error. In making mea-
surements, source impedance is the
key parameter. Accuracy requires that
the source impedances of the two
points being measured be on the same
order of magnitude. For example, re-
ferring to Fig. 3, consider the effects of
various probes on phase measure-
ments between the input and output of
the amplifier. The source impedance
of the input is 50 ohms; while, for the
output, it is 2000 ohms.

if 10-megohm, 10-picofarad scope/
probe combinations are connected to
the input and output of the amplifier,
the source impedances will not be
changed and a phase measurement
error of about 49 degrees will result.
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However, if 1000-ohm, 1-picofarad
scope/probe combinations are con-
nected to the input and output, the
source impedances will become 47.5
and 667 ohms, and the phase mea-
surement error will be only about 2
degrees. Thus, by loading the input
and output circuits of the amplifier,
the phase error has been almost
eliminated; but the resistive loading
error is on the order of 67%.

When phase and amplitude are both
of interest, it is necessary to perform
two tests—one for phase (using low-
impedance probes) and another for
amplitude (using high-impedance
probes). So the third rule is:

Rule 3: To minimize phase errors,

use low-impedance scope/probe

combinations.

Types of Probes. In general, there
are three basic types of probes availa-
ble commercially. The types and their
characteristics are as follows:
o High-Resistance Passive.
Minimum resistive loading.
Subject to capacitive loading at fre-
quencies above 200 kHz.
High input impedance from dc to
about 200 kHz.
High dynamic range (500-600 V).
Least expensive type.

¢ Miniature Passive Divider.

Load source more than high-
resistance types, but load remains
constant to about 100 MHz so loading
is easy to predict.

Minimum capactive loading.

Most useful when resistive loading is
not a consideration.

Fastest rise time.

Widest range of voltage division (to
100:1 with changeable divider tips).

Maximum signal voltage less than
high-resistance types.

Best for measuring fast rise time,
phase relationships, and high frequen-
cies if resistive loading is not impox-
tant.

o Active Probes.

Very little resistive loading.

Minimum capacitive loading.

Limited dynamic range (50 V
maximum signat).

Highest input resistance of aif types.

Lowest input capacitance of all
types.

Excellent for high-frequency, low-
level signals.

Best general-purpose probe within
its limited dynamic range.

Slightly greater pulse perturbations
than passive-type probes.

Large physical size.

Most expensive type.

Requires some form of external
power.

Tektronix active probe has switch
to actuate trace-identity function
on scope—good for dc to 250 MHz.

Of course the active probe is the *'in
thing” these days—primarily because
it has the least possible effect on the
test circuit. It is generally used with
scopes having 50-ohm inputs; but it
can’t really be considered a general-
purpose probe since it is expensive
and is liable to damage from misuse.

There is a fourth type of probe that
doesn't fit any of the other categories.
Called a ‘‘current’ probe, it is ideal for
measurements involving very high
source impedances, where other
probes would put too much load on

ZIN=50n

AMPLIFIER Zg=2K

— INPUT
= PROBE

QUTPUT
PROBE

Fig. 3. Scopelprobe combination
can affect phase-error measurments.

the circuit. The current probe clips
around the wire (or component) carry-
ing a signal so that itdoes not actually
contact the circuit. There is a small
amount of insertion impedance (about
0.1 ohm) reflected into the circuit
being tested, but this merely means
that the source impedance must be at
least 5 ohms to minimize errors in
amplitude measurement. @
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DEPENDABLE
PERFORMANCE

» He is fast on his feet. A great run.
. B - ) He scores...A dependable per-

I, - G L formance based on ability. And

then a great feeling: Victory

You always score with

PACE CB. PACE CB

radios offer you de-

pendable performance.

When you’re encoun-

tering an emergency on

a lonely road. When you

wonder about road or

traffic conditions up

ahead.

Or, when you’re looking

for a camp ground. And

we’re able to serve you

coast to coast with our War-
ranty/Service Stations.

You'll feel great...being able
to say: “l own a PACE CB.”

When you've got a Pace,
\  you've got the world by the ears.

( ( p ) ) PACE CB 166 -23 channel Mobile CB with digital synthesizer - Phase Lock Loop - Excellent

Selectivity - S/RF meter for monitoring incoming signal strength ard relative power output

- Transmit and receive mode indicator lights - Squelch control for quiet standby - PA function
with front panet control - Noise Blanker Control for suppressing pulsing noise - Automatic
Noise Limiter control for suppressing basic external noise - External speaker and PA jacks

- Dynamic plug-in mic.
The PACE CB 166 operates on 12 V DC, (+) or (=) ground.

Ll i AR i3 OIBITAL
I U R : SYNTHESIZER

((P)) PATHCOM INC. PACE TWO-WAY RADIO PRODUCTS var02
24049 S. Frampton Ave., Harbor City, CA. 90710 ——

Available in Canada from Superior Electronics Inc.
Export (all other parts of the world): 2200 Shames Dr., Westbury, N.Y. 11590.
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CONSTRUCTION

BY SAMUEL LYLE

CURVE TRACER Checks
Semiconductor Quality

from Breakdown Voltage to Beta

SIMPLE go/no-go tester will tell

you if atransistorwill operate, but
it will not tell you the quality of opera-
tion. For this, you need a curve tracer,
which is usually an adapter designed
to be used with an oscilloscope. The
Experimenter’s Assistant tracer/tester
described here can test virtually any
type of discrete semiconductor de-
vice, classify it according to type (npn
or pnp) and material (silicon or ger-
manium), and check reverse and for-
ward breakdown voltages and leak-
age. It can also provide arough indica-
tion of a transistor’s beta.

In addition to semiconductor de-
vices, the tester can also check
capacitors and inductors. With a little
imagination, it can also be used for
in-circuit testing. To make testing
conditions as safe as possible, the
maximum test current is limited to
slightly less than 4 mA.

Circuit Operation. The tester pro-
vides a simple means of depicting the
voltage/current behavior characteris-
tic of the component under test,
graphically displaying the characteris-
tic on an oscilloscope screen. The
basic circuit shown in Fig. 1 consists
oftransformer 77, resistors R7 and R2,
switch S§7, and component attach-
ment jacks J7 and J2. Note the three
connections that must be made from
the tester to the oscilloscope’s hori-
zontal and vertical inputs and ground.
The remainder of the circuitis used for
actual semiconductor testing and is
connected to the basic circuit by
plugging P17 into J7 and P2 into J2.
With S7 open, the 12.6 volts rms at
T1's secondary provides the sweep for
the scope. Because the input impe-
dance of the scope is virtually infinite,
relative to the value of R7, the full
transformer swing of =17.82 volts
peak-to-peak is applied to the horizon-
tal input of the scope. Since no effec-
tive current flows through R7, no sig-
nal appears at the scope's vertical in-
put. The result is a horizontal trace on
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the CRT, with the right and left ends of
the trace representing +17.82 and
—17.82 volts, respectively.

If test leads are connected to J7 and
J2 and their test tips are shorted to-
gether, the full secondary voltage of
T1 will appear across R7, while no
voltage is applied to the scope’s hori-

) Th 4 h .
TV,
§ 10 m@sm °

5@@@

RS
R4

R3

R2

\_fh i J
AY-~4

A typical layout
for the curve tracer.

zontal input. This results in a vertical
trace on the CRT, with the top of the
trace representing a current of 3.8 mA
(17.82 volts/4800 ohms = 3.8 mA).
Removing the short between the
test leads and depressing S7 places
R1 and R2 in the circuit. Now, the
scope will display a 45° trace, assum-
ing the horizontal and vertical input
channel gains of the scope are prop-
erly set. Resistor R2 and switch S7 are
used for balancing the channel gains.
Once the channel gains have been set
to display a 45° trace, any component
whose resistance is greater than 4700
ohms will produce a more nearly hori-
zontal trace, while component resist-
ances of less than 4700 ohms will pro-
duce a more nearly vertical trace. The
actual slope of the trace is directly re-
lated to R7/Rxsr, Where R1 = 4700
ohms and Ry.sr istheresistance of the

AmericanRadioHistorv.Com

component connected across the
J1/J2 test probes.

Construction. You can assemble the
testerin any enclosure of aconvenient
size using a point-to-point wiring
technique. Use a terminal strip to
mount the five resistors. The best
place to mount SO7, S§7, 82, J7, andJ2
is on the cover of the enclosure.
~Connect one end of a 12" (30.5-cm)
length of fiexible test lead to the C lug
on SO1, tie a knot in it to serve as a
strain relief, pass the free end through
a rubber-grommet-lined hole in the
top of the case, and terminate the
cable with a banana or tip jack (to
mate with J7). Repeat this procedure
with a cable connected to the E lug on
S0O1. These two cables, when plugged
into J7 and J2, allow transistors plug-
ged into SO7 to be tested. For in-
circuit tests of transistors and diodes
and out-of-circuit tests of transistors
that do not fit into SO7, separate test
cables must be plugged intoJ7 and J2.
Prepare these with appropriate plugs
at one end and standard test probes at
the other end.

MountJ3, J4, and J5 on the rear wall
of the case. Prepare three 36” (about
1-meter) test cables with plugs (P3, P4,
and P5) to match these jacks on one
end and plugs to match the input con-
nectors on your scope at the other
end. These last jacks and cables are
for interconnecting the tester with a
scope. Alternatively, you can connect
the cables directly to the appropriate
points in the tester circuit and have
them exit the case through grommet-
lined holes and eliminateJ3, J4, J5, P3,
P4, and P5.

After wiring the circuit and assem-
bling the case, label the jacks, plugs,
switches, and test socket.

Using the Tester. If an ‘‘ideal”
diodeis connected betweenJ? and J2,
it will act as a short circuit for one-half
of the ac cycle when forward biased.
During the other half-cycle, it will be
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5 WAYS TO STOP
WASTING TIME IN
ELECTRONICS.

Stop wasting your time soldering. Save
hours of soldering, desoldering, re-
soldering with QT sockets and bus

B strips. Connect and disconnect
resistors, capacitors, transistors, IC's etc.,
literally as fast as you can push in
—or pull out—a lead. Make
instant interconnections
with short lengths of wire.
And interlock sockets
and bus strips for
infinite expand-
ability on bench,
chassis, plug-in cards,
etc. At $2.00-12.50; you'll
wonder how you've done
without them!

Stop wasting
your time design-
ing circuits. Design
B Mate™ 1 will help, by
providing you with QT hookup versa-
tility (see above), a continuously-variable
5-15V, 600mA 1%-regulated supply, and a
voltmeter to monitor supply or circuit. Plug
itin, turnitonand
start designing more
by soldering less. At
A $49.957 you can
il afford to.

‘ Stop wasting
your time testing.
_ OnDIPIC's,
B finding the lead

you want—and making sure you don't short
others—can be as delicate as
surgery. Until you discover
our handy Proto-Clip™
...the instant, short-
proof way to test IC's
up to 24 pins.
Available without cable or
with cable, they're the most
economical and foolproof IC
test aids on the market.

Stop wasting your time bread-

boarding. Small budgets or big

requirements are no obstacle to
M owning and enjoying today’s most

© 1975 Continental Specialties Corp.
MARCH 1976
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popular solderless breadboarding system
...our Proto-Board€® line. For just $15.95}
you can have our PB-6 Proto-Board kit.
Takes about 10 minutes to assemble,
and gives you 630
solderless QT

(I§]

fng

{

terminals. On the other ¢ A E-l 1y
end of the spectrum -
is our giant PB-104, "“‘36, R
with 3,060 =§ _.,‘
solderless = ﬁ*’*ﬁ‘”‘“’

terminals
for $79.957F -
or only 2.6¢ apiece! You can
choose from a variety of models,
with or without regulated power
supplies.

-

Stop wasting your

time testing.

You can own the test gear you
M need at economical
prices. Our Design Mate 2, for instance,
gives you a 3-waveform function
generator—
sine, square and triangle—from
1 Hz to 100 kHz...for just
$64.95*
Design Mate 3
R/C bridge pro-
vides 5%-

accurate ") @ '
measurements

of unknown resistors '
2nd capacitors from 10 ohms

to 10 meg and 10 pF to 1 uF, with

built-in LED null indication. Price is a “micro”
$54.95*% And as you're reading this, we're
busy adding new low-priced, high-

quality Design Mates.

Stop wasting your time reading. Send for
the complete CSC catalog and dis-
tributor list...and start making more of
your time in electronics.

*Manufacturer's recommended retail.

CONTINENTAL SPECIALTIES CORPORATION

44 Kendall Street, Box 1942
New Haven, CT 06509  203-624-3103 TWX: 710-465-1227
West Coast office: Box 7809, San Francisco, CA
94119 ©415-421-8872 TWX: 910-372-7992
Canada: Len Finkler Ltd., Ontario
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Fig. 1. Basic circuit
ends at J1 and J2. The

TO SCOPE VERT.
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100K 472 M
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circuit to the right is
used to test transistors.

"J-’J MOPTIONAL (SEE TEXT)

‘PSt
TO SCOPE HORIZ.

PARTS LIST

J1 to J5—Banana or tip jack (J3, J4, J5
optional—see text)

P1 to P5—Banana or tip plug to match
jacks (P3, P4, PS-optional—see text)

R1,R2—4700-ohm, Y%-watt, 1% resistor

R3—100,000-ohm, Y%-watt, 1% resistor

R4—470,000-ohm, Y%-watt, 1% resistor

R5—1-megohm, Y%-watt, 1% resistor

reverse biased and will seem to be an
open circuit. Hence, the trace ob-
served on the scope’'s CRT wiii form a
rightangle with one leg horizontal and
the other vertical. The intersection of
the two legs will be centered on the
screen.

Few thingsin nature are perfect, the
diode is no exception. A silicon diode
requires about 0.6 voit forward bias
before it begins to conduct, ger-
manium about 0.2 volt. lllustrated in
Fig. 2A are the differences in forward
conduction voltage as “offsets’ in ex-
panded horizontal traces. Hence, the
tester can identify a diode under test
as either silicon or germanium.

If you connect a 5-volt zener diode
between the test probes connected to
J1 and J2, the resultant waveform will
appear as shown in Fig. 2B. Note that

-the zener’'s impedance and break-
down voltage can be obtained from an
expanded horizontal trace. The zener
impedance is equai to the change in
voltage divided by the change in cur-
rent within the linear breakdown re-
gion of the trace. Snap-recovery and
tunnel diodes also produce their own
characteristic traces.

In testing transistors, it is useful to
visualize them as variabie resistors
whose emitter-to-coliector resist-
ances are controlled by a minute base
current. Within a transistor’s operat-
ing range, the collector current wiil
approximately double if base current
is doubled. The ‘resistance’ of the
transistor, as "‘seen’’ by its associated
circuit components, will decrease by a
factor of approximately two.

To use the tester as a transistor
checker, the SO71 portion of the circuit
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TO SCOPE GND

S1—Normally-open pushbutton switch

S2—4-position, nonshorting rotary switch

SO 1—Transistor socket (chassis mount)

T1—12.6-volt filament transformer

Misc.—Line cord with plug; flexible test-
lead cable; control knob; test probes (2);
jacks for scope input (3); case (such as
Radio Shack No. 270B098—6'4" x 333"
X 2"); lettering kit; machine hardware;
rubber grommets; hookup wire; solder;
etc.

trace wili be displayed as shownin Fig.
2D.

For most transistors, B can be de-
termined by rotating S2 until the trace
is close to 45°. For the component val-
ues shown in Fig.1, and a trace slope
of 45° the B is approximately 21 in
position 2 of S2, approximately 100 in
position 3, and approximately 213 in
position 4.

Other Uses. If you connect a good
capacitor across the test leads con-
nected toJ7 and J2, an elliptical trace
will be displayed. This trace will resuit
because of the phase shift at 60 Hz
between the vertical and horizontal
inputs of the scope due to the RC net-
work. A trace shape approaching a
circle is obtained when the capacitive
value under test is approximately 0.5
MF. Inductors will produce similar

Lo Loooe

]
|
|
!
I
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________ Fig. 2. Typical
scope traces: (A)
identification of
silicon or
germanium junction,

| zener
}=—BREAKDOWN
| VOLTAGE

i
|
(B) (B) zener diode

| BASE TO
| EMITTER
| REVERSE

VOLTAGE
| BREAKDOWN
1

SLOPE DUE TO !
LEAKAGE
CURRENT 1
WITH BASE |
OPEN | FORWARD

| VOLTAGE

| BREAKDOWN

- — — ——

curve; (C)
transistor with
leakage, forward
breakdown voltage,
reverse breakdoun,
(D) transistor
with a gain of 100.

(<)

in Fig. 1 must be plugged into J7 and
J2 or the separate test leads must be
plugged into the jacks. Assuming the
former, if a transistor is plugged into
SO1 and S2 is set to position 1, the
trace observed shouid be a continu-
ous horizontai line. (With no base cur-
rent, the transistor should have an in-
finite emitter-to-coliector resistance.)
The trace will be off the horizontal only
if there is leakage current within the
transistor or the transistor's break-
down voltage is exceeded. These
traces are depicted in Fig. 2C.

To perform a beta (B) measurement
of a transistor, start with no transistor
plugged into SO71. Depress S7 and ad-
just the scope’s controls for a 45°
slope to the trace. insert the transistor
in the test socket, observing the
proper iead basing, and setS2 to posi-
tion 3. If the transistor’s B is 100, a 45°

AmericanRadioHistorv.Com

traces, and the tester can also be used
to match inductances of home-made
toroidal transformer coils.

Since the current through the
probes is limited to less than 4 mA, the
tester can be used to check most in-
circuit components. Connect the test
leads across an in-circuit semicon-
ductor, and the resultant trace shape
and slope will be determined by the
various resistances and reactances
associated with the semiconductor.
Although the waveform displayed can
be greatly distorted, you ¢an check
junction operation by looking for the
telitale junction discontinuity that is
typical at the zero axis. Not only can
you check semiconductor junctions,
you can also check the qualities of
other componants such as resistors,
capacitors, and inductors that are
common to the transistor stage. @
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WORLD NEWS e
s breaking fast

Get that news direct from the source of
the action ... and listen to a world of music
direct from the concert hall...with a

SSR-1
RECEIVER

is great for
short wave
listening. ..

* 500 kHz to 30 MHz continuous—no extra crystals to buy e Direct
reading dial with excellent calibration—dial your station, and there it
is! ¢ Product detector for SSB/CW e Built-in AC supply for 110/220
Volts, 50/60 Hz, and provision for internal battery pack for portable
operation ® Excellent Sensitivity ¢ Telescoping whip antenna included
e For reduced current drain on DC, dials do not light up unless red

e Synthesized
e Solid State
e General

pushbutton on panel is depressed. Coverage
The performance, versatility, size and low cost of the SSR-1 make it ® $350.00
ideal for use as a stand-by amateur or novice-amateur receiver, short |

wave receiver, CB monitor receiver, or general purpose lab receiver. %?i%’;«';.a’;-‘fi-;,".:;:-é%sz-‘-“' SRR

Now at your Dealer. Write for brochure on this and other Drake radio communications products.
g 540 Richard St., Miamisburg, Ohio 45342
R. L. DRAKE COMPANY &) o Phone: (513 866:2021 « Telex: 288017

oo See us at Dayton Hamvention <%?
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How Multiplexed

LED Displays
Simplify Circuits

BY PATRICK J. DELANEY I}

CONVENTIONAL digital readout
system for LED's consists of a
counter to generate a BCD (binary
coded decimal) output and drive a
seven-segment decoder for each of

+Vv 1

the seven segments. For several de-
cades of readout, requiring a
counter/decoder combination for
each digit, the cost and circuit com-
plexity can be very high.

Fig. 1. Basic principle
of mechanical multiplexing
is a time-sharing scheme.

The use of digital multiplexing
greatly reduces the number of parts
and the size of adigital counter. It also
means that inexpensive AND gates
can be substituted for seven-segment
decoder IC's; low-cost surplus multi-
decade readout blocks can be used;
and there is lower currentdrain on the
power supply. The amount of wiring
required can also be reduced.

How Multiplexing Works. Display
multiplexing is based on a time-
sharing technique which is shown in a
simplified form in Fig. | If switches S4
and S5 are driven from a common
shaft, they carry ““on’ and “off” infor-
mation fromS7,S2 and S3 to lamps/7,
12, and /3 sequentially, so that the
lamps respond to the position of each
associated switch. That is,/7 responds
only to S7,/2 responds only to $2, and
/3 responds only to S3.

If S4 and S5 were made to switch
very rapidly, it would appear to the eye
that the lamps were either constantly
on or constantly off depending on the
position of the controlling switches.
(When LED’s are used, thermal lag in
lamp filaments, which would have
some import in incandescent lamps,
can be disregarded.)

The actions of the mechanical
switches can be duplicated with digi-

Fig. 2. Electronic multiplex can be used to experiment
with multi-digit LED readouts—as many as nine digits.
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A
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fl g b P 2 SEGMENT DRIVE
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d — T ) ey 17 T o
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o) 'bilic 'dis el g
I Ica
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IC! Ic2 2—-{>‘ '
< ] ] ] | l L1 ] R E
D A B c D A B c D A B c o}
3 7490 7490 7490
CLEAR =
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tal electronic circuits as shown in Fig.
2. The components in this circuit can
be bought from almost any “blister
package' rack. The three 7490 decade
counters represent the output stages
of a digital instrument. Although only
three decades are shown, the circuit
can be easily expanded to six decades
simply by adding AND gates and
diodes or to nine decades by duplicat-
ing /C3.

In Fig. 2, /C1 and IC2 act as the rot-
ary switches of Fig.l. They are driven
by /C1, which gets a clock pulse to
determine the multiplex rate. Each
output of /C2 turns on a single digit of
the multi-digit readout by shunting a
cathode to ground through IC3.
Simultaneously, the output signal
from /C2 turns on its set of AND gates
to transfer the associated decade
counter’s BCD output to the common
BCD-to-seven-segment decoder /C4.

In the digital readout block, all the
similar segments are connected in
parallel so that (for exampie) if seg-
ment A is driven, all A segments are
driven. However, the digit driving cir-
cuit has activated only one digit so
only the A segment of that digit will
glow. The clock pulses then cause /C2
to switch to its next output so that the
second digit is activated. If the clock
rate to /C1 is high enough (above 200
Hz), each digit is strobed rapidly so
that the display appears to be motion-
less. When the states of the 7490 IC's
change, the readouts change accord-
ingly. l

As arule, the output of a TTL gate is
intended to drive the input of another
gate. If the outputs are tied together, it
is possible that, when one gate has a
high output, one of the others may
have a low output. The latter will then
try to "sink"'the output currents. This
causes one gate to overheat and pos-
sibly malfunction.The diodes on the
outputs of the AND gates in Fig. 2 pre-
vent this problem by isolating the out- |
puts. Resistors R7 through R4 provide |
a return path to ground to insure that
the inputs of /C4 are low if no positive
input is present.

The clock signal for IC7 can be ob-
tained from any source of pulses
whose frequency is greater than 200
Hz. If more than three decades are re-
quired, select an output from /C2 that
is one digit higher than the number of
digits to be displayed. Then invert this
signal and apply it to the clear input of
IC1. Expand the circuit by coupling
the diodes to the BCD inputs of /C4.
Each /C3 can handle six digits. @ |
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More than
projects, charts, and scores of facts
and data for hours of fun---plus,
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directory, postage, and handling to:
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The better the trainin
the better you'

COMPU-TRAINER VOM

IN-CIRCUIT TRANSISTOR TESTER

ELECTRO-LAB

As an NTS student you’'ll acquire the know-how that
comes with first-hand training on NTS professional
equipment, Equipment you’ll build and keep. Our
courses include equipment like the NTS/Heath
Digital GR-2000 Solid State color TV with first-ever
features like silent varactor diode tuning; digital
channel selection, (with optional digital clock), and
big 315 sq. in. ultra-rectangular screen.

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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NTS/HEATH {\
GR2000
Digital
Solid-State
Color TV
315 sq. in.
Picture

(Simulated TV Reception)

TROUBLESHOOTER _r‘ - I_

=

k

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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and the equipment
be equipped.
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tion privileges spelled out. Make your own com- erNAm:HmLscﬁms- . - 06?2(?036‘

parisons, your own decision. Mail card today, or R000 South Figueroa St., Los Angeles, Calif. 90037

clip coupon if card is missing. l Please send FREE Calor Catalog and Sample Lesson.
NO OBLIGATION. NO SALESMAN WILL CALL.

[0 Color TV Servicing [0 Electronics Technology

] B & W TV and Radio Servicing [J) Computer Electronics

[ Electronic Communications [J Basic Electronics

[J FCC License Course [ Audio Electronics Servicing
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i

NO OBLIGATION. NO SALESMAN WILL CALL

APPROVED FOR VETERAN TRAINING
Get facts on new 2-year extension

NATIONAL G SCHOOLS

TECHNICAL-TRADE TRAINING SINCE 1905
Resident and Home-Study Schools
4000 So. Figueroa St., Los Angeles, Calif. 90037
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Ty __ _ STATE____

Piease fill in Zip Code for fastservice
[ Check if interested in G.1. Bill information.

[J Theck if interested ONLY in classroom training in Los Angeles. ‘
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screwdriver controls located in the
rear of the deck. The two Mic jacks are
located below their level controls, and
a stereo jack for 8-ohm headphonesis
below the power switch.

The deck’s remaining functions are
controlled by seven pushbutton
switches located below the gain con-
trols. Two switch in and out the Dolby
FM -decoding system for listening to
broadcasts with the benefits of noise
reduction and correct frequency bal-
ance. Screwdriver controls on the
deck’s rear are provided for calibrat-
ing the Dolby circuits to a standard
leve! tone transmitted by the FM sta-
tion by setting the meter pointers to
the Dolby (+2-dB) marks on the
scales. A slide switch onthe rear of the
deck can be used to insert a compen-
sating network to convert the normal
75-ps tuner deemphasis to the 25-ps
used in Dolby transmissions. (If your

Product
“lest Reports

ABOUT THIS MONTH’S HI-FI REPORTS

One of the more versatile models in the new Marantz line of cassette deeks
is the front-loading 5220, which can also be used to decode Dolby FM broad-
casts. It is equipped with bias and equalization selectors for all three basic
tape formulations (ferric-oxide, chromium-dioxide, and ferrichrome).

The Onkyo Model TX-220 AM [stereo FM receiver, though relatively low-
priced, compares favorably in performance with others costing more—and
has most of the same features. It is rated for lower power than some more
deluxe units, but there are many compact speakers that it can drive to
room-filling levels without strain.

—Julian D. Hirsch

MARANTZ MODEL 5220 STEREO CASSETTE DECK
Front-load tape deck combines fine performance with luxury features.

The Marantz
Model 5220 is
a front-loading
cassette deck
whose styling
matches that of other audio compo-
nents in the company's line. More than
half of the satin-gold front panel is de-
voted to a blackout area that corre-
sponds to the dial portion ordinarily
found on tuners and receivers. When
the power is on, two level meters, (il-
luminated in blue and red), become

visible behind the blackout window.
The cassette compartment oc-

cupies the left portion of the panel and
is internally lighted to permit visibility
of the cassette while playing or record-
ing. The compartment is covered by a
tinted plastic window that swings
open for inserting or removing the
tape and closes by operating a lever
near the cassette well.

Thedeck measures 163%"W x 1212"D
x 5%"H (41.6 x 31.8 x 13.7 ¢m) and
weighs 19%2 pounds (8.9 kg). Price is
$349.95. '
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General Description. The deck's
control section includes an index
counter for the tape, accompanied by
pushbuttons to reset the counter and
engage a MEMORY feature. When the
latter is engaged, the tape automati-
cally stops when the counter reaches
000 in the rewind mode. This is con-
venient when you want to return to a
previously selected point on the tape.

Six levers provide control of the
tape transport. They are labelled
EJECT, REC, REW, FF, STOP, and PAUSE.
Except for REC, any control can be op-
erated at any time without first stop-
ping the tape. Atthe end of the tape, or
if the cassette jams or breaks, the
mechanism shuts off and disengages
automatically in any operating mode.

Slide-type controls provide a means
for separately adjusting the recording
levels for each channel from the mi-
crophone and tine sources. (The two
can be mixed.)-A single slide poten-
tiometer serves as the master level
control. The playback level is normally
fixed, but it can be adjusted via

mericanRadioHistary Cam

tuner has its own 25-ps deemphasis
network, this switch should be left in
the 75-ps position.)

Another pushbutton turns on and
off the Dolby circuits themselves for
FM decoding or for recording and
playing tapes. Separate pushbuttons
for NORMAL (low-noise ferric-oxide
tapes), CrO,, and FeCr tape formula-
tions simultaneously select the cor-
rect bias and equalization required for
each type of tape. The final pushbut-
ton engages a recording LIMITER that
goes into operation at levels above 0
dB to prevent tape saturation and dis-
tortion from unexpected high input
levels. A red peak light, located be-
tween the meters, flashes when in-
staneous recording levels exceed
“safe” limits. A REC light glows red
when the deck is in the recording
mode.

The tape transport employs a
servo-controlled dc motor for driving
the capstans and tape hubs. Plug-in
circuit-board assemblies are used in
the deck for easy serviceability, and
extra shielding and bias traps keep the
100-kHz bias oscillator signal out of
the line outputs when recording. The
deck’s circuits, including the Dolby
noise reduction section, are built with
discrete componentsto reduce distor-
tion at high signal levels. Ferrite tape
heads provide long life and wide fre-
quency response.

Laboratory Measurements. The
playback frequency response was
measured with both 120- and 70-ps
test tapes for the NORMAL and CrO,/
FeCr tape selector settings. The
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120-us response was flat to within =1
dB from 31.5 to 10,000 Hz. The 70-us
response rose slightly in the several
thousand hertz rangeé but was within
+2 dB from 40 to 10,000 Hz.

The record/playback frequency re-
sponse was checked with the three
tapes for which the deck had been
specifically adjusted. Sony Low Noise
(LN) was used as a NORMAL tape, Sony
CRO for chromium-dioxide tape and
Sony FeCr for the ferrichrome. Re-
sponse checks were also made with
other standard tapes to verify com-
patibility: Maxell UD and Scotch Clas-
sic. (Most CrO, tapes have very similar
magnetic properties.)

The Sony LN tape vyielded a fre-
quency response within 2 dB from
45 to 13,500 Hz. The CrO, tape, as ex-
pected, produced a slightly extended
response: +3dB from 22 to 14,500 Hz.
The best response was obtained with
the ferrichrome tape: +3dB from 23 to
16,500 Hz. The recorder was evidently
slightly under-biased for Maxell UD
tape, since the response had a gentle
upward slope above 1000 Hz. How-
ever, it was still quite usable with the
NORMAL tape setting. The Scotch
Classic ferrichrome has different
properties from the Sony ferrichrome,
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and its output was emphasized below
1000 Hz compared to the high-
frequency level. It was still within =4
dB from 20 to 14,000 Hz.

All response measurements were
made at a —20-dB level. At 0 dB, high-
frequency response suffers due to
tape saturation, with the high-
frequency performance improving
markedly as we progressed from LN to
FeCr tape.

A line input of 58 mV or a micro-
phone input of 0.16 mV was needed
for a 0-dB recording level at 1000 Hz.
The microphone input overloaded ata
very high 95 mV. The playback output
depended on the tape used, varying
from a low of 0.65 volt with Sony LN to
a high of 0.81 volt with CrO,. The me-
ters had ballistic characteristics close
to those of professional VU meters,
indicating about 95% of steady-state
levels on a 0.3-second tone burst. A
Dolby level tape played back with
meter indications within 0.5 dB of the
Dolby markings.

The NORMAL tapes had the lowest
distortion and greatest recording
headroom at 1000 Hz. Both Sony and
Maxell tapes were quite close in their
performance, with the Sony LN having
1.8% distortion at 0 dB and reaching
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the 3% reference distortion level at +6
dB. Corresponding figures for Maxell
UD were 1.6% and +7 dB. The CrO,
tape saturated at a much lower level,
with 39 distortion occurring at +1dB.
The two ferrichrome tapes reached
3% distortion at +2 dB. Since the PEAK
light flashed at +7 dB, it can be used
as an overload indicator only with
ferric-oxide tapes. Other tapes would
be driven into saturation long before
the lamp would flash. ‘

The signal-to-noise (S/N) ratio was
measured with the three tapes relative
to the recording level that gave 3%
playback distortion. Measurements
were made unweighted (wide-band),
with IEC “A’" weighting to reduce the
effect of less audible low and high fre-
quencies, and again with the Dolby
system switched in. The three S/N fig-
ures for Sony LN tape were 50.8, 56.0,
and 62.5 dB. With Sony CRO tape, they
were 50.5, 56.0, and 61.5 dB, and with
Sony FeCr tape, they were 50.0, 55.0,
and 60.5 dB. The Scotch Classic
ranked close to the Sony FeCr and the
Maxell UD was similar to the Sony LN
in their distortion and noise charac-
teristics.

Through the microphone inputs at
maximum gain, the noise increased by
only 4.5dB, which is considerably less
than the noise added by most cassette
recorder microphone amplifiers. The
combined unweighted rms wow and
flutter was 0.11% in playback only and
0.13% in a combined record/playback
measurement. The tape transport re-
quired 93 seconds to wind a C-60 cas-
sette in the fast speeds. The recording
limiter had a very fast attack and a
slow decay. Although it had no effect
on signal levels below 0 dB, it virtually
eliminated all possibility of overload
distortion. (Even a 50-volt input signal,
at maximum gain, was held to safe
levels.) The headphone output was
too low to be really useful with high-
impedance (200 ohms) phones, which
are much more common these days
than the 8-ohm phones for which the
recorder was designed. The Dolby cir-
cuits tracked well, affecting the overall
record/playback response by less than
2 dB at any frequency, at recording
levels of —20 and —30 dB. N
User Comment. Our tests con-
firmed the specifications for the tape
deck. The Model 5220 is extremely
versatile in its ability to use different
tape formulations, mix signal sources,
and properly decode FM Dolby trans-
missions with any type of tuner.
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We liked the front-loading feature.
The cassette ¢an be seen clearly in the
compartment if it is close to eye-level.
Below eye-level, however, there may
be some fumbling encountered in
seating the cassette in its support.
When the EJECT lever is operated, the
door swings up and the cassette slides
down to the front of the compartment
for easy removal.

Although the meters are accurate
and have good ballistic response,
their illumination is rather dim. The
low-level blue light used for the ‘‘safe’”
portion of the scale provides almost
no contrast with the meter pointer. On
the other hand, once the level has
been set, there is little need to refer to
the meter, especially if the limiter is

used. When the limiter is switched out,
the flashing peak light is visible any-
where in the room.

From our distortion and S/N mea-
surements, we conclude that a good
low-noise ferric-oxide tape, such as
the Sony LN, gives the most satisfac-
tory overall results with this recorder.
The distortion and noise for LN were
marginally better than for CrO, and
FeCrtapes, butits frequency response
was not quite as wide. These differ-
ences are not significant. What we
consider important is the extra 4 to 6
dB of recording ‘“headroom’ of the
ferric-oxide tape. This allows the re-
cording gain to be set for maximum
program levels of 0 to —3 dB, with an
occasional flash of the PEAk light indi-

cating when a +7-dB level has been
reached. With the other tapes, the av-
erage maximum recording level
should be reduced to between -5 and
~8 dB, at which time, the PEAk light
conveys no useful information since
the tape distortion could be excessive
before the light would flash.

Used independently of the trans-
port, the built-in FM Dolby decoder
worked very well. Once the level cali-
brations have been made with the aid
of broadcast test tones, they should
not require re-adjustment unless a dif-
ferent tuner is used.

Allinall, the laboratory and listening
results reveal that the Model 5220 rep-
resents good value for the money.
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ONKYO MODEL TX-220 AM/STEREO FM RECEIVER
Moderately priced unit for budget audio systems.

Although it is rel-
atively low pow-
ered, the Onkyo
Model TX-220 of-
fers several de-
sign and operating features not com-
monly found in AM/stereo FM receiv-
ers in its price range. Selling for only
slightly more than the lowest priced
stereo receivers on the market, the
Model TX-220 has integrated circuit
(IC) output amplifiers that deliver a
conservative 12 watts of power per
channel into 8-ohm loads over a fre-
quency range of 50 to 20,000 Hz at less
than 1% total harmonic distortion
(THD). The outputs can be switched to
either or both of two pairs of speaker
systems. If the second pair of speakers
is placed in the back of the room, a
MATRIX 4CH position on the speaker
selector switch allows the receiver to
drive them with an L-R difference
signal to simulate 4-channel programs
from a stereo source.

The receiver measures 16%"W x
13%"D x 5%"H (42.2 x 35 x 14.3 cm)
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and weighs 19 pounds (8.6 kg).
$219.95.

General Description. The receiver
has a bronze satin-finished front panel
and gold-colored knobs. Behind a
“black-out’ window are AM and FM
tuning scales, the latter linearly cali-
brated at 0.25-MHz intervals; a dial
pointer that lights up in red; and a
single meter for center channel tuning
on FM and relative signal strength on
AM,

Except for the large TuNiNG knob to
the right of the dial area, the receiver's
operating controls form a single row
across the lower portion of the front
panel. To the right of the SPEAKERS
switch and headphone jack are the
BASS and TREBLE tone controls and the
concentric vOLUME and BALANCE con-
trols. (The BALANCE control is a ring
around the voLuUME knob.)

Four pushbutton switches are for
the LOUDNESS compensation, mono/
stereo MODE, and TAPE MONITOR func-
tions. The last is for two tape decks.
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Programs can be dubbed from TaPE 1
to TAPE 2 while you are monitoring the
playback from recorder number two.

Used in conjunction with the mic
jack on the front panel, a MIC MIXER
control allows the output of a dynamic
microphone to be mixed with the
selected program so that both appear
at the speaker outputs. When the mic
MIXER knob is pulled out, the signal
also appears at the tape recording
outputs.

The last front-panel control is the
program, or source, selector. It has
positions for AM, FM AUTO, PHONO, and
AUX inputs.

On the rear apron of the receiver are
located binding post output terminals
for four speaker systems, all input and
remaining output jacks, and AM and
FM antenna terminals. A nonadjusta-
ble ferrite rod AM antenna is mounted
inside the receiver’s cabinet.

The receiver comes with a wainut-
grained vinyl-clad metal cabinet.

Laboratory Measurements. The
receiver’'s audio amplifiers clipped at
13.3 watts/channel with both channels
driven into 8-ohm loads and a 1000-Hz
test signal. The 4-ohm output was 16.4
watts/channel, while the 16-ohm out-
put was 8.4 watts/channel. The re-
ceiver easily met its 12-watt/channel
FTC output rating. Harmonic distor-
tion measured between 0.1 and 0.2%
from 70 to 8500 Hz and less than 0.5%
from 40 to 20,000 Hz. At lower levels,
the distortion was slightly less,
measuring typically less than 0.1% at
most frequencies and output power
levels.

The 1000-Hz THD, at iess than 1-watt
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output, measured below the noise
level. it was about 0.08% from 3 to 10
watts, and reached 0.6% at 14 watts
output. The IM distortion was between
0.1% and 0.2% between 0.1 and 9
watts output, reaching 0.33% at 12
watts. It also rose at very low power
levels, achieving 1% at a few milliwatts
output.

The input sensitivity for 10 watts
output was 145 mV through the Aux
inputs, 2.1 mV through the PHONO in-
puts, and 4.5 mV through the mic in-
put. The respective noise levels were
-77.5, -76.1, and -62.5 dB. The
PHONO input overioaded at 50 mV, an
adequate figure for most cartridges.
Microphone overload occurred at a
very safe 180 mV.

The characteristics of the TREBLE
control were hinged at 1000 Hz, and
the BAss control had a sliding turn-
over frequency that permitted effec-
tive compensation at very low fre-
quencies with negligible effect on the
response at higher frequencies. The
LOUDNESS compensation boosted the
fow and high frequencies at low
VOLUME control settings.

The RIAA phono equalization was
accurate to within = 1 dB from 50 to
15,000 Hz, with a slight low-frequency
roll-off to —3 dB at 20 Hz. There was
only a minor interaction with cartridge
inductance, which increased the out-
put by 1 to 2 dB at frequencies be-
tween approximately 8000 and 20,000
Hz.

The FM tuner section had a usable
sensitivity in mono of 12.8 dBf, equiva-
lentto 2.4 pV. This is much betterthan
the rated 3.0-pV sensitivity specified
by Onkyo. In stereo, the sensitivity was
determined essentially by the auto-
matic switching threshold of 23 dBf
(7.8 uV). the 50-dB quieting sensitivity
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in mono was 17.5 dBf (4.1 uV) with
1.25% THD. In stereo, it was a rather
high 48 dBf (77.7 pV) with 0.56% THD.
The distortion was very low for a re-
ceiver in this price range, measuring
0.16% in mono and 0.32% in stereo.
(The rated values are 0.4% and 0.8%.)

The FM frequency response was =4
dB from 30 to 15,000 Hz. There was a
high-frequency emphasis and a re-
duced bass response. The channel
separation was good at an almost
constant 30 to 33 dB from 85 to 8500
Hz. It was better than 25 dB over the
full audio range. The FM capture ratio
at a 45-dBf (100 pV) input was 1.8 dB,
which was slightly better than the
rated 2 dB. The AM rejection was a

56
INPUT dBf

very good 66 dB. image rejection mea-
sured 52.4 dB, bettering the 50-dB rat-
ing.

Alternate-channel selectivity, which
was almost perfectly symmetrical
about the signal frequency, was 53.5
dB, slightly short of the 60-dB rating.
The automatic stereo/mono transition
oceurred smoothly over an input
range of 17 to 25 dBf (4 to 10 V). The
19-kHz pilot carrier leakage was 51 dB
down.

The FM tuner was notequipped with
interstation noise muting. The AM fre-
quency response was down 6 dB at 70
and 1700 Hz.

User Comment. When used with
moderately efficient speaker systems,
the Model TX-220 proved to be a very
smooth handling and generally fine-
sounding receiver. However, it cannot
be expected to drive low-efficiency
speakers to satisfactory volume levels.
The slightly accentuated high-end re-
sponse in the FM mode added a touch
of brightness and was no doubt par-
tially responsible for the 56.5-dB
stereo S/N measurement we obtained,
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since it tended to exaggerate the tun-
er's background hiss.

The calibration of the FM dial was
very accurate, limited only by the
width of the pointer (about 100 kHz
wide). We missed having an intersta-
tion noise muting circuit, but recog-
nize that the design of such a modestly
priced receiver must make some
trade-offs. Fortunately in this case, the
basic high-fidelity performance
characteristics were not sacrificed. In
addition, the full control facilities pro-

vided for two tape decks and a micro-
phone input that can be used for re-
cording as well as driving the outputs
are not often found in this price range.
Judging from the *‘feel” of the tuning,
the FM tuner had a small amount of
non-defeatable afc, of which no men-
tionwas made in accompanying litera-
ture.

We didn’t evaluate the MATRIX 4CH
mode, which operates in a manner
similar to other ambience-recovery
schemés we have tested in the past.

This feature is the least expensive way
to enjoy some of the benefits of quad-
raphonic reproduction by simulating
the rear channels from the out-of-
phase information contained in many
stereo programs. It costs nothing but
the simple addition of an extra pair of
speaker systems.

The Model TX-220 could certainly
serve as the basis for a satisfactory
music system for those with limited
funds availabie.
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MIDLAND MODEL 13-882B MOBILE AM CB TRANSCEIVER
Boasts high voice intelligibility and antenna-mismatch indicator lamp.

HE MIDLAND Model 13-882B mo-

bile CB tranceiver is designed for
AM operation on all 23 channels. lts
special featureisalamp thatwarns the
operatorin the event of a mismatch or
defective antenna system that might
result in damage to the r-f output
transistor or cause instability.

Full 23-channel coverage is ob-
tained through the use of a frequency
synthesizer. Among the other features
to be found in this transceiver are:
S/r-f meter, adjustable squelch,
switchable noise limiter, Delta tune,
external speaker jacks, built-in
bottom-facing speaker, nominal
12.6-volt dc (negative- or positive-
ground) operation, supply line filter,
and dynamic microphone.

The transceiver measures 7%"D x
6%"W x 2¥a"H (20 x 16.2 x 5.7 cm) and
weighs 3.8 Ib (1.7 kg). It comes com-
plete with mobile mounting hardware.
$179.95.

The Receiver. Conventional double
conversion is employed in the re-
ceiver. The stage complement in-
cludes a diode-protected grounded-
base r-f amplifier, bipolar transistor
first mixer, diode second mixer,
ceramic filter, two i-f amplifiers, diode
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detector and agc, anl, and a three-
stage a-f amplifier section that termi-
nates in a push-pull output amplifier.

The measured receiver sensitivity
was 0.5 pV for 10 dB (S+N)/N at 30%
modulation with a 1000-Hz test signal.
Adjacent-channel rejection was nom-
inally 50 dB. The overall audio re-
sponse was 550to0 3800 Hz at 6dB, and
the maximum audio power available
for both receiving and PA operation at
the start of clipping with a 1000-Hz test
tone was 3 watts at 5% distortion into
8 ohms and 3% distortion into 16
ohms.

Rounding out our receiver mea-
surements, the agc was quite flat,
holding the audio output to within 6
dB with an 80-dB r-f input signal
change at 1 to 10,000 pV. A 50-pV sig-
nal level produced an S9 meterindica-
tion. The squelch threshold range
was 0.25 to 500-uV. Unwanted- or
spurious-signal response was 45 dB
down, and measured —50 dB at sev-
eral points within £3 MHz of the 11-
meter band. Image and i-f signal rejec-
tion were 80 and 60 dB, respectively.

Frequency Control. The frequency
synthesizer is of conventional design,
employing 10 crystals that are com-

bined in specific pairs to produce a
local oscillator signal of around 38
MHz at the first mixer that, in conjunc-
tion with the CB signal, results in an
11.275-MHz first i-f. A second i-f of 455
kHz is generated by heterodyning the
first i-f signal against an 11.730-MHz
crystal-controlled signal.

On transmit, the on-channel carrier
is generated by heterodyning the
synthesizer's output with an 11.275-
MHz crystal-controlled signal at a
transmitter mixer, using the difference
frequencies. Triple-tuned bandpass
filtering circuits at both the
synthesizer- and transmitter-mixer
outputs minimize spurious-signal re-
sponses.

The Transmitter. The usual tineup
of predriver, driver, and power
amplifier with a multi-section 50-ohm
output-matching network make up the
transmitter. An adjustable TVI trap is
included in the design. Collector
modulation of the driver and power
amplifier stages by the audio section
includes automatic modulation con-
trol (amc), which is obtained in the
usual manner with negative feedback.
The functions of each stage are con-
trolled by electronic switching.

Using a 13.8-volt dc source, we
measured a 3.75-watt r-f carrier output
power. A sine-wave modulation en-
velope was attainable at 100% mod-
ulation with 8% distortion using a
1000-Hz test tone. Raising the micro-
phone input level by 10 dB over that
required to initially produce 100%
modulation held the distortion to 10%
with no evidence of over-modulation.

Under the above conditions, and
using a 2500-Hz test tone, the
adjacent-channel splatter was 50 and
35 dB down, respectively. With voice
signals, the “‘attack’ time was a little
slow before the amc took hold, ena-
bling the peaks on the initial rise to
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slightly square off. Nevertheless,
splatter was held to —55 dB or better.

The audio response was 600 to 7000
Hz at 6 dB. The frequency tolerance of
the transmitter on any channel was
within 225 Hz at 80° F.

The ANT. WARNING lamp is driven by
an SWR-sensing circuit. When SWRis
greater than about 2.5:1, which may
be due to an open or shorted trans-
mission line or to antenna mismatch,
a reflected voltage derived from
the sensing unit turns the lamp on.

User Comment.The edgewise meter
movement used in the transceiver is
fairly large and easy to view, due to a
high level of illumination. It is quite
lively in its action, with indications
starting at about a 1-uV signal level.

As may be noted from the audio re-
sponse measurements for both the re-
ceiver and transmitter, the low-
frequency rolloff commences at a
somewhat higher frequency than usu-
al. This resuits in a very crisp signal,
with the voice energy accentuated
where it is needed for high intelligi-
bility.

The DELTA TUNE control has three
detented positions. It shifts the re-
ceiver frequency in one fixed amount
of about 1000 Hz to either side of
center.

The anl's performance was very
good. It attenuated impulse noise by
roughly 50 dB and its effectiveness
was most pronounced when receiving
weak signals.
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HEATHKIT MODEL GB-1201 DIGITAL STOPWATCH
Handheld clock provides seven types of timing functions.

HE NEW handheld digital stop-
watch from Heath offers unusual
timing versatility. It has the multifunc-
tions, range, and accuracy needed for
any split-second timing application
one can think of—rallies, photo work,
track events, efficiency studies, etc.
The Heathkit Model GB-1201 pro-
vides seven timing functions, two of
which are programmable. It is housed
in a hand-contoured black plastic
case and comes with detachable sun
shield, neck lanyard, felt-lined
Naugahyde® carrying case, buiit-in
rechargeable nickel-cadmium battery
pack, and battery charger/elim-
inator—all for $99.95 in kit form.
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The digital stopwatch measures ap-
proximately 53" x 2" x 2" (13.5 x 5.1 x
5.1 cm) without sun shield in place. It
weighs about 8 oz (0.23 kg).

General Description. The stop-
watch is built around an eight-digit,
seven-segment LED display consist-
ing of 0.15" (3.8-mm) high numerals.
Tens and units of hours and tens and
units of minutes are displayed in the
upper row, while the iower row indi-
cates tens and units of seconds and
tenths and hundredths of seconds
from left to right. (Heath also includes
a modification that converts the dis-
play to read in hours, minutes, and
tenths and hundredths of minutes for
special applications.)

As configured, the display has a tim-
ing range of 99 hours, 59 minutes and
59.99 seconds. With the modification,
the timing range is 99 hours, 59.99
minutes, in which case the display
employs only six of the eight digits.

There are two miniature slide
switches. One is for turning on and off
the POWER. The other switch, labelled
DISPLAY, allows the user to select a
constantly on display or to disable the
display (without interrupting the time
counting cycle) to conserve battery
power when timing long-period
events. Two more switches round out
the front-panel complement. One of
these is the rotary function switch
labelled clockwise from 1 to 7. The
other is a momentary-action push-
button switch marked RESET/ (LOAD).
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346 Ways

To Save On
Instruments,
Burglar Alarms,
Automotive &
Hobby
Electronics!

The more you know about
electronics, the more you'll
appreciate EICO. We have a wide
range of products for you to
choose from, each designed to
provide you with the most
pleasure and quality performance
for your money. The fact that
more than 3 million EICO products
are in use attests to their quality
and performance.

“Build-it-Yourself” and save
up to 50% with our famous
electronic kits.

For latest EICO Catalog on Test
Instruments, Automotive and Hobby
Electronics, Eicocraft Project kits,
Burglar-Fire Alarm Systems and name
of nearest EICO Distributor, check reader
service card or send 50¢ for fast first
class mail service.

EIC0—283 Malta Street,
Brooklyn, N.Y. 11207

Leadership in creative electronics
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Advanced Electronics

The best way to qualify for top positions

and top pay in electronics is obviously
with college-level training. The person
with such training usually steps more
quickly into an engineering level posi-

tion and is paid considerably more than
the average technician who has been on
the job several years.

, A regular college engineering pro-
gram, however, means several years of
full-time resident training—and it often
means waiting several years before you

can even start your career. This, of
course, is difficult if you must work full
time to support yourself and your fam-

1. Convenient Training

CREI brings the college to you.
Through the convenience of home study,
you receive exactly the same level of
training you will find in any college or
university offering programs in elec-
tronic engineering technology. With

ily.

If your career in electronics is limited
without college-level training, take a
look at the advantages a CREI home
study program can offer you.

. CREI, however, you can “go to college”
whenever you have spare time at home
or on the job.

- 2. Specialized Programs
With CREI, you enjoy the advantage of

specialized training. That is, your pro-
gram will include only those courses

® directly applicable to your career in

. clectronics. We omit such courses as
English, social studies and other sub-

jects, which are usually required in

resident schools. Therefore, with CREI,
you move ahead faster to the more in-

. teresting and useful part of your train-
ing.

e 3. Practical Engineering
. CREI programs give you a practical
engineering knowledge of electronics.
That is, each part of your training is
planned for your “use on the job.” By
H 1 - HY using your training, you reinforce the
CREI brlngs co"ege Ievel tralnlng learning process. And by demonstrating
. . . your increased knowledge to your em-
tO yOU W|th e|ght educatlonal ployer, you may qualify for faster ca-

reer advancement.

advantages, including special 4. Engineering Degrees
arrangements for engineering degrees .y omen, o, % number of specia

degrees at recognized colleges and uni-
versitics. You can earn college credit
while you are taking your CREI pro-
gram or apply later, whatever is best for
your career plans.
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Career Training at Home

'

5. Unique Laboratory

Only CREI offers you the unique Elec-
tronic Design Laboratory Program. This
complete college laboratory makes learn-
ing advanced electronics easier and it
gives you extensive practical experience
in many areas of engineering, including
design of electronic circuits. No other
school offers this unique program. It is a
better “Lab” than we have found in
many colleges. And the professional
equipment included in the program be-
comes yours to keep and use throughout
your professional career.

6. Wide Program Choice

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 specialize
in such areas as computer electronics,
communications engineering, micro-
wave, CATV, television (broadcast)
engineering and many other areas of
modern electronics.

7. Prepared by Experts

Experts in industry and technical orga-
nizations of government develop CREI
programs. Each part of your training is
developed by a recognized expert in that
area of electronics. That means you get
the most up-to-date and practical in-
struction for your career.

8. Industry Recognition

That CREI training is recognized by in-
dustry and government is evident from
the fact CREI provides training to ad-
vanced technical personnel in over
1,700 technical organizations. Many sub-
sidize the training of their employees
with CREIL If there is any question
about the advantages of CREI training
for you, ask your employer or any engi-
neer to evaluate the outline of a CREI
program for you.

Other Advantages

Of course, there are many other ad-
vantages to CREI training. For ex-
ample, throughout your training, CREI’s
staff gives you personal instruction for
each step of your program. And in
many industrial areas, both in the U. S.
and abroad, CREI Field Service Repre-
sentatives provide a number of impor-
tant personal services for your training
and your career.

MARCH 1976

FREE Book

There isn't room here to give you all of
the facts about career opportunities in
advanced electronics and how CREI
prepares you for them. So we invite
you to send for our free catalog (if you
are qualified). This fully illustrated, 80
page catalog describes in detail the pro-
grams, equipment and services of CREL

Qualifications

You may be eligible to take a CREI
college-level program in electronics if
you are a high school graduate (or the
true equivalent) and have previous
training or experience in electronics.
Program arrangements are available de-
pending upon whether you have exten-
sive or minimum experience in elec-

tronics. )
¥ -

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

programs in electronics

Mail card or write describing qualifications to

CAPITOL
RADIO
ENGINEERING
INSTITUTE

Gl Bill

CREIl programs
are approved
for training of
veterans and
servicemen under

the G.1. Bill.
McGraw-Hill Continuing Education Center
3339 Wisconsin Avenue Northwest
Washington, D.C. 20016 », "F
c. L]
Accredited Member National Home Study Council Hill'
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The timing functions available take
some explaining to understand how
they differ from each other. Let us take
a function-by-function look at them.

In function 1, the stopwatch is used
as a start/stop elapsed time indicator.
It can be used to time any one or more
events, displaying the time it takes for
each successive event to complete
while counting the total elapsed time
of all events separately. Only the par-
ticular event being timed is normally
displayed. Then you press a button to
display the total elapsed, excluding
any times out or delays between
events. This mode is excellent for tim-
ing periods in basketball games.

In function 2, the stopwatch be-
comes asequential timer. This lets you
time each part of a given continuous
event, such as separate lap timesin an
auto race or the times between hand-
offsin relay footraces. Meanwhile, the
stopwatch times the period of the
overall event.

Function 3is for total activity timing.
This function is similar to the first, dis-
playing the elapsed time for a series of
events, minus times out between
events. Where it differs is that, with the
press of a button, you can also display
total elapsed time, including the times
out.

In function 4, the stopwatch oper-
ates in a split mode. The display gives
the cumulative time to each “‘split”
point in an event while timing the
overall event separately.

Setting the function switch to posi-
tion 5 sets the stopwatch up as a stop/
start activity timer. In this mode, the
stopwatch gives separate times for
each event as well as the total time of
all events.

Functions 6 and 7 are unique. They
let you count up to or down from a
preprogrammeéd time, respectively,
over a 9 hour, 59 minute, 59.99 second
range. To operate in these modes, the

display must be set to the reference
time by first operating the RESET
switch to display all zeros. Then the
function switch is set to each of posi-
tions 1 through 5 and simultaneously
with the pressing of the s/s (start/stop)
and F/s (final stop) switches located on
the left and right of the case. Once the
reference time is established on the
display, you switch back to function 6
to operate the RESET/(LOAD) switch to
program the internal counter.

After loading the program, you
either stay in function 6 to count up
from zero to the reference time or
switch to function 7 to count down
from the reference time to zero by
pressing the s/s switch. When the
stopwatch completes the counting
cycle, all counting stops. If asignalling
device is plugged into the alarm jack
at the top of the case, an alarm will
sound at the termination of the count.
(The kit's assembly manual provides
full details for connecting various
types of alarm devices.)

There are two more jacks on the top
of the case. One is for plugging in the
battery charger/eliminator, and the
other is for operating the start/stop
function remotely (either manually or
by automatic trip devices). The start/
stop jack is wired in parallel with the
s/s switch.

Two PMOS LSI chips are used in-
side the stopwatch for all counting
operations. A quartz crystal provides
an accurate, stable time-base refer-
ence.

About the Kit. The stopwatch ranks
as a one-evening kit project for the
experienced kit builder. Even a new-
comer can assemble and start using
the stopwatch in little more than seven
or eight hours. This is possible be-
cause all of the complex circuits are
contained in the two counter IC's.
There are very few discrete compo-

nents to be wired to the two screened,
double-sided printed-circuit boards.

The LED displays come in lensed
DIP cases, and they and the IC’s plug
into sockets. This eliminates the pos-
sibility of heat damage during solder-
ing and makes it easy to troubleshoot
and replace defective components
should the need arise.

There are no critical steps to per-
form during assembly. However, be-
cause the LSI chips are MOS devices,
safe-handling precautions must be
exercised (see assembly manual).

User Comment. Heath claims an
accuracy of +0.006% when the stop-
watch is adjusted without instruments
and better than +0.003% with instru-
ments. We tried both ways and ob-
tained better than *+0.003% in both
cases. Justasimportant, the long- and
short-term stabilities were excellent.
We used a 15-minute short-term test
and observed no significant drift. At
the end of a 25-hour (long-term) test,
operating the stopwatch on the bat-
tery charger/eliminator, we observed a
difference of 4.31 seconds when com-
pared againsta WWYV calibrated timer.

These results were obtained with
the stopwatch aligned without in-
struments. After aligning with instru-
ments and repeating the 25-hour test,
there was a discrepancy of less than 1
second between the stopwatch and
reference timer, which in all likelihood
was due to reaction time lag when
both were started and stopped.

This is a very easy stopwatch to use
and operate. With the s/s and F/s but-
tons located on either side of the dis-
play, it is not limited to either right- or
left-handed operation. Also, the grasp
is comfortable. A nice final touchisthe
sun shield, especially useful when
reading the LED display under high
ambient lighting conditions.
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TRI-STAR “TIGER SST” CD IGNITION SYSTEM
Capacitive-discharge kit system for autos.

ANY different circuits have been

designed to increase the per-
formance of automotive engines by
upgrading the ignition system. One of
these is the capacitive-discharge sys-
tem (CDI) which boosts the voltage
applied to the primary of the ignition
coil. The Tri-Star**Tiger SST""issuch a
CD! circuit. It is triggered by the exist-
ing breaker points and is fully compat-
ible with stock as well as ‘“‘breaker-
less’ ignition systems.
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The Tiger SST is available tactory-
wired for $42.95 and in Simpli-Kit form
for $31.95.

General Description. The ignition
system utilizes a two-transistor multi-
vibrator whose operating frequency is
set at about 8000 Hz. This frequencyis
high enough to prevent the syn-
chronization probiems that ptagued
earlier CDI system designs.

The multivibrator converts the 12-
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volt vehicle electrical system potential
to a square-wave ac signal. A trans-
former then steps up this signal and
passes it to a full-wave rectifier-diode
bridge to convert it to pulsating dc.
Following the bridge is a 2.2-uF stor-
age capacitor that begins to charge up
from the bridge's output signal.

A signal from the vehicle's breaker
points triggers an SCR in the CDI sys-
tem. This permits the storage
capacitor to discharge its stored 400
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volts through the car’'s ignition coil. A
special RC network in the CDI system
prevents the SCR from triggering dur-
ing contact bounce.

With 400 volts applied to the ignition
coil's primary, the output potential
across the coil's secondary can reach
45,000 volts at idle and 30,000 volts
during cranking and at high engine
speeds. The duration of the spark is
about 310 us, and about 0.15 joule of
energy is contained in each pulse.
This assures a very hot, short-duration
spark that provides reliable ignition
and long life for the vehicle’'s points,
capacitor (condenser), and spark
plugs.

The system has a built-in switch that
allows the user to select CDI or stan-
dard ignition.

About the Kit. it took us about an
hour to assemble the kit version of the
Tiger SST. This time included prelimi-
nary voltage checks.

The multivibrator transistors arrived
already riveted to a metal plate that
serves as their heat sink. This plate
assembly must be force-fitted into a
channel at the top of the system’s

setup allows the transistors to operate
very cool. All other components, ex-
cept the sTD/CDI switch, mount on one
printed circuit board. The switch
comes already riveted to one of the
end plates of the case. Exiting through-
the same end plate is a four-conductor
ribbon cable.

Installing the system into an au-
tomobile required only a few minutes
of work. First, we had to drill four
holes, which permitted us to mount
the compact5”’D x 4V2"W » 4V2"H {12.7
x 11.4 »x 11.4-cm) unit on the engine
side of a wheel well with self-tapping
sheet metal screws. We then made the
five necessary connections to make
the system functional. The case of the
unit was connected to chassis ground.

After this, we wired conductors from
the CD ignition system to a +12-volt
pointinour car's electrical system, the
vehicle's points, and to the positive
(+) and negative (—) terminals on the
car's ignition coil.

Performance Results. The differ-
ence between the standard and
capacitive-discharge systems was
quickly evident. (We installed the sys-
tem in a 1974 car that has a full com-

plement of anti-smog devices that rob
power and make operation balky.)

With the CDI system installed and
switched on, qur car’s engine turned
over immediately and warmed up
quickly. Putting the transmission in
gear, the engine seemed to call upon
power reserves we never knew it had.
And the engine began to run more
smoothly than it had previously.

Having lived with the Tiger SST CD
ignition system for over ayear, we can
make some long-range observations.
We noted some increase in fuel
economy, but we must caution that
this will not necessarily occur with all
cars or all drivers.

The car has now been driven with
the CDI system switched in for more
than 20,000 miles. Points and plugs
are still in excellent condition, and the
ignition coil and condenser have been
given a clean bill of health. Moreover,
the car's engine “‘catches” inless than
a second of cranking, even after over-
night exposure to wet weather and
winter temperatures. Also, the engine
never balks under load, even in high
gear and on hills with moderately
steep grades.
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case. The heat-sinking action with this

G’Ou don’t have to buy a new car to get an electronic ignition)

Most of you know the evaluation of automotive electrical sys
tems . an evaluation characterized only occasionallv by
efficiency and performance. | know that, and that's why | use
the Delta Mark Ten B CDI on all my cars, new and old. And
believe me, you don't have to have a new car to appreciate
the best electronic ignition available today. Study these fea-
tures anc you'll know what | mean.

1. Mark Ten and Mark Ten B Capacitive Discharge Ignition
Systems are manufactured by Delta Products, Inc., a company
with a conscience, and with a proven record of reliability both
in product and in customer relations.

2. The Mark Ten CDI's really do save money by eliminating
the need for 2 out of 3 tune-ups. Figure it out for yourself. The
first tune-up or two saved pays for the unit, the rest is money
in your pocket. No bunk!

3. Because the Mark Ten CDI's keep
your car in better tune, you actually
can save on expensive gasoline.

4. With a Mark Ten, spark plugs stay
clean and last longer . . . fouling is
virtually eliminated. >

No matter what kind of car you drive, it too can use a Delta
quality lift.

r | want to know more about Mark Ten B CDI's. Send me complete -]
l no-nonsense Information on how they can improve the performance l
| of mycar |
l Name____ - — — — {
| Address. — — S |
I City. . __State. Zip__ |
| |
| |
| DELTA PRODUCTS, INC. |
| P.0. Box 1147, Dept. PE, Grand Junction, Colo. 81501 |
|_ 303-242-3000 J
Mark Ten B, Standard Mark Ten,

assembled $64.95 ppd assembled $49.95 ppd
Mark Ten B, kit $49.95 ppd Deltakit® $34.95 ppd
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OPTING FOR OP AMPS

ONSIDERED as a class, operational amplifiers are

perhaps the most versatile of all integrated circuits.
Depending on terminal interconnections, feedback,
load, and similar factors, they can perform many different
tasks. Op amps typically appear as differential amplifiers,
voltage comparators, phono and microphone preamps,
clippers, control amplifiers, voltage followers, pulse-width
modulators, phase inverters, function generators, in-
strumentation amplifiers, multivibrators, pulse generators,
summing amplifiers, integrators and differentiators, active
filters, voltage or current regulators, peak detectors, buf-
fers, sample-and-hold circuits, logarithmic converters,
anti-log generators, and VCO's. And that's not a complete
list!

These devices were among the first linear IC's to be
produced commercially in large quantities. Although in-
troduced back in the mid-sixties, many of the ‘first genera-
tion” types are still available and have, to a degree, become
industry standards. Semiconductor manufacturers often
describe their newer devices by comparing them with such
familiar old-timers as the 741. Teledyne Semiconductor’s
latest quad op amp, the 836, for example, is offered as an
inexpensive, wide-band replacement for four 741's with
similar general specifications, but more than twice the
operating speed (i.e., slew rate).

When first introduced, op amp IC's were quite expen-
sive, often costing more than similar circuits duplicated
using discrete devices. Today, however, manufacturer’s
surplus types are available for less than a dollar, with even
greater savings possible through the use of multiple units,
such as quad devices (see ‘“‘Applications for Quad Op
Amps.” “Experimenter's Corner,” PoPULAR ELECTRONICS
December, 1975). Despite the relatively low cost of many
popular general-purpose op amps, one can still invest a

handful of cash in these units. If you want a vefy low-noise,
30k

Fig. 1. Op amp
applications. (A)
gain-controlled
amplifier; (B)
notch filter.

A

_INPUT 2N5163

By Lou Garner

high-gain, extremely stable precision device with low drift
and a broad temperature range (such as National
Semiconductor’'s LH0044A), you could pay as much as
thirty to forty dollars, or more, for a single op amp!

Interestingly, there are a number of applications in test
and control instrumentation as well as in medical elec-
tronic equipment where the use of such expensive devices
can be justified. Typically, precision op amps are used in
strain-gauge bridges, thermocouple amplifiers, and ultra-
stable reference amplifiers.

There are a number of excellent sources for op amp
application data, including magazine articles and standard
reference texts. Among the top sources are the technical
specification bulletins and application notes issued by the
various semiconductor manufacturers. For example, the
five op amp applications illustrated in Figs. 1 and 2, can be
found among a total of twenty-seven in the 12-page data
bulletin for the 844/846 Series, published by Teledyne
Semiconductor (1300 Terra Bella Ave., Mountain View, CA
94043). Among the other applications offered in the bulle-
tin are clipping, instrumentation, and summing amplifiers;
Wien bridge oscillators; an anti-log generator; integrators
and differentiators; a bandpass filter; and several current
sources.

Available in 8-lead TO-type metal cans, plastic miniDIP’s,
and standard 14-lead ceramic DIP's, the 844/846 devices
are general-purpose op amps fabricated on a single
monotithic silicon substrate using planar epitaxial
technology. Suitable for use as plug-in replacements for
such popular types as the 741, 107, and 101, the devices
offer aguaranteed slew rate of 1.0 V/us (min.),aninput bias
current of 30 nA max., maximum input offset current of 5
nA, and offset voltage of 2 mV. The 844 is internally com-
pensated, but the 846 is not, permitting the user to tailor
the circuit's frequency response to meet application re-
quirements. Both devices offer typical large-signal voltage
gains of 300 V/mV and can supply output voltage swings of
better than +12 volts with a +=15-volt dc source. Internal
power dissipation ratings range from 500 mW with metal
can packaging to 670 mW for the ceramic DIP version.

Typical Circuits. With potential applications in audio
systems, electronic music, test equipment, and radio
transmitters and receivers, the gain-controlled amplifier
illustrated in Fig. IA employs a 2N5163 n-channel FET in
conjunction with an 844/846 op amp. (Note: for both cir-
cuits of Fig. 1, a 30-pF compensation capacitor is required
if the type 846 is used). Pin connections are identified for
the TO-type can and miniDIP packages, with the bipolar
12-volt supply connections made to pins 4 (=) and 7 (+).
The circuit’s gain control characteristics are determined
by the size of the feedback resistor, which can range in
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value from 10 to 47 kilohms. With a value of 10 kilohms,
overall gain will vary from approximately 5 to 38 dB as the

FET's gate voltage is shifted from —0.5 to 5.0 volts. With "””’ber one

47 kilohms, the range is from 20 to 52 dB using a similar

control voltage.

The notch filter circuit given in Fig. 1B employs the c a” ennas y
844/846 op amp as a gyrator. It can be used in audio test e
circuits, electronic music instruments, and similar applica- ,
tions. The filter's center frequency is determined by CT7, \ a country m,le.

ranging from about 20 Hz with a 1.0-uF capacitor to 2 kHz

with 0.0001 uF.

An astable multivibrator and low frequency square-wave One reason why Antenna Specialists’
generator employing the 844 are shown in Figs. 2A and 2B, CB antennas are the world’'s most
respectively. The two circuits are designed for operation \ popular is that it doesn't take a
on bipolar 15-volt dc supplies. In addition to the op amp, mechanic and three engineers to
the square-wave generator utilizes a pair of zener diodes AL install ‘em.

Our madel M-176 Quick Grip)* for
instance. Solderless connections.
No holkes to drill. Clamps to your
trunk lid in seconds, yet it's a clean
permanent instaliation with cable
completely concealed.

(D7 and D2) to provide a clamped output signal. In both
designs, the operating frequency is determined by C7.
Finally, a sine-wave oscillator using a pair of 846 op
amps is illustrated in Fig. 2C. With a specified distortion
level of less than 0.4%,this circuit could be used as an
audio-signal generator, as a tone source for electronic
music, or any similar application. The oscillator’s output
frequency is determined by R3 and the values of feedback
capacitors C71 and C2. If 0.47-uF capacitors are used, the
minimum and maximum frequencies are 18 and 80 Hz,
respectively. With 0.1-uF capacitors, the coverage is 80 to
380 Hz, while 0.022-uF components will provide a 38- to

And if ypudon’t have a trunk, there
are other A/S models equally
simple to install for every vehicle

known to man.

... all with the same highest
quality components and work-
Ry manship that insure maximum
160k{1 =

range and long life.

Fig. 2. An op amp
used as an astable
mutivihrator (A);
square-wave generator
(B); and sine-wave
generator (C).

+15v ~16V
¢

the antenna
specialists co.

m

—0Q QUTPUY

2 a member of The Allen Group Inc.
- 34 12335 Euclid Ave | Cleveland. ©Ohio 44106
' Exodon. 2200 Shames Drive, Westbury, L1:. N Y 11590
_l_ Canatla: A C. Simmonds & Sons, Ltd.

- s =Chosan for oscillation st 100Hz.
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Fig. 3. An opto-coupler controls triac gate current.

1700-Hz range. Increasing the operating frequency is eas-
ily accomplished by further reducing capacitance.

Reader’s Circuit. Add a dash of imagination and
chances are you can think of a hatful of projects for the
light-controlled switch shown in Fig. 3. Contributed by
reader Ted Reiter (1442 Brook Dr., Titusville, FL 32780), the
circuit utilizes a number of different solid-state devices—
ligh-dependent resistors (LDR's), a 555 IC timer, an op-
tocoupler and a power triac. When activated by external
lightsources such as a flashlight or the sun, the circuit can
be used for remote control applications as an intruder
alarm or an automatic light or appliance switch (hot coffee
with the rising sun, perhaps?).

The 555 serves as a bistable switch controlled by a pair of
lightdependent resistors, LDART and LDR2. When the ICis
in its high state, output terminal 3 is connected to the dc
source, but in the low state, pin 3 is grounded. The
battery-powered control circuit is effectively isolated from
the ac line by OC1.

In operation, light striking one of the LDR's will switch
the 555 from a high to a low state, or vice versa. If high
initially, light striking LDR? causes a positive input pulse
which switches the IC, activating OC7 which in turn
supplies a gate signal to the triac, switching this device on
and applying ac power to the external load. If the IC is low,
light striking LDR2 will switch the device to high, de-
activating OC7, thus removing the triac’s gate signal and
switching off the load.

In describing his circuit, Ted did not specify the type
numbers of the LDR's or triac installed in his original mod-
el, indicating that a variety of devices can be used. Obvi-
ously different applications require varying sensitivity,
while load requirements wiil vary with the nature of the
switched device. Depending on the nature and intensity of
the light source, either CdS or CdSe photocells could be
used as sensing elements, but identical types should be
used for both LDR7 and LDR2. Ted suggests that a stan-
dard 100-V, 8-A triac is more than adequate for most appli-
cations, but it should be heat-sinked if used near its
maximum ratings. Resistors A7 and R2, are used to bal-
ance the LDR characteristics but if the LDR's are closely
matched, the resistors will not be needed. At the user's
option, eithera 6- or 12-volt dc source can be used with the
control circuit.

Neither lead dress nor layout is critical and the circuit
can_be assembied on pc or perf board or even on a smaii
chassis. Some care is required in placing and mechani-
cally mounting the LDR’s, of course, so that both are not
activated simultaneously by the light source. Small tubes,
opaque shieids, masks, or lenses can be used, depending
on the specific application.

Device/Product News. Responding to the increasing
82

use of microprocessors and memory IC’s, the Vector Elec-
tronic Co., Inc. (12460 Gladstone Ave., Sylmar, CA 91342)
has developed a new DIP plugboard designed specifically
to accommodate those devices. The board accepts two
supply voltages, is copper clad on both sides for shielding
and to supply primary power (positive on one side, nega-
tive on the other), with interwoven zig-zag lines (also on
both sides) to facilitate power distribution. Designated as
the Model 4350, the board will hold 63 14- or 16-pin DIP's or
five 24-pin microprocessors and 45 DIP's. The 4350 is
priced at $14.95 each in unit quantities and is available
from both local and mail order outlets.

A lever-actuated solid-state switch of interest to ex-
perimenters and hobbyists is now available from Optron,
Inc. (1201 Tappen Circle, Carrollton, TX 75006). Identified
as the type OPS 100 Optical Limit Switch, the device does
not use mechanical switch contacts. Instead, the lever arm
operates a shutter which interrupts a light beam between a
GaAs infrared LED and an npn phototransistor, the latter
generating an output signal (See Fig. 4). It can be used as
either a normally open or normally closed spst switch,
depending on a simple mechanical adjustment. A dc
source is required for the LED.

The Fairchild Camera and Instrument Corp. (464 Ellis St.,
Mountain View, CA 94042) has announced a 2048-bit static
n-channel RAM ideally suited for use with microproces-
sors. The new product, type 3539, is organized as 256 x 8
bits, and is available in two versions with maximum access
times of 850 and 500 ns. Two separate chip-select inputs
allow direct expansion to 512 bytes of memory. The device
has a power dissipation rating of less than 500 mW, re-
quires a single 5-voit power supply. It comes in a standard
22-pin DIP. The 3539 also features TTL-compatible inputs
and outputs.

Fig. 4. Optron’s OPS 100 optical limit switch
provides bounceless electronic switching.

Fairchild's East Coast Imaging Systems Division (300
Robbins Lane, Syosset, NY 11791) has developed a third-
generation charge-coupled-device (CCD) television cam-
era offering considerably improved resolution over earlier
modeils. The Model MV-201 has 244-line resolution and a
bandwidth of 1.86 MHz. itis sensitive to as little as 0.000125
footcandle of illumination at the CCD elements. The cam-
era weighs only 12 ounces and is 2" H x 2.5" W x 3.75" L.
interfacing directly with conventional TV monitors, the
MV-201 requires only 4 watts at 12 volts.

If you're interested in the design and assembly of elec-
tronic musical instruments, you'll find it worthwhile to in-
vestigate the standard IC’s offered by American Microsys-
tems, inc. (3800 Homestead Road, Santa Clara, CA 95051).
Among the interesting devices available are the $2555 and
$52556 top-octave synthesizers, the $2566 rhythm
generator ROM, the S8890 rhythm generator, the S2567
resettable rhythm counter, the $2470 six-stage frequency
divider, the S50240 series of top-octave synthesizers, and
the $2193 seven-stage frequency divider. Unit prices range
from $4.50 for the frequency dividers and $2567 resettabie
rhythm counter to $22.50 for the S8890. ®
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Test Equipment
Scene

USING YOUR OSCILLOSCOPE

UCH of my mail has to do with

questions about oscilloscopes
and their use. Here are some common
problems and, hopefully, their solu-
tions.

Rise Time. How do you determine
the rise time of a scope to find out how
well it will work in making measure-
ments in digital circuits?

First, you have to find the upper fre-
quency at which the scope is 3 dB
down. This can be done either by
checking the manufacturer's specifi-
cations in the user’s manual or by ap-
plying a signal and, after determining
a graticule level at some intermediate
frequency, raising the input frequency
until the display is about 30% smaller.
This will be the approximate 3-dB
point.

Assume that the scope has a
bandpass of about 5 MHz at 3 dB
down. Since the period is the recip-
rocal of the frequency (T=1/f), the
period comes out to 0.2 microsecond
at 5 MHz, and a third of this at the 3-dB
down point or 0.06 microsecond. This
means that the scope willdisplay arise
time of 0.06 microsecond. So you can
see why most people want a scope
that will go to about 10 MHz.

Ringing and Overshoot. Some
people apply square waves to an oscil-
loscope to try to establish the rise
time. However, they notice *‘spikes or
wobbles’ along the upper and lower
portion of the waveform. This effect is
called ‘“‘overshoot” or ‘“‘ringing.” In
many cases, overshoot is followed by
ringing, but not always. Other times,
overshoot occurs only at one edge.
However, no matter how you slice it,
overshoot and ringing produce signal
distortion.

The amount of overshoot can be de-
termined by making a calculation
based on the type of trace shown on
your scope. With a square-wave input
at some known value (as measured on
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By Leslie Solomon

the scope), determine the overshoot
Jevel. Divide the amount of overshoot
by the main signal level and muitiply
by 100 to find the per cent of over-
shoot. The scope with the smallest
overshoot is the best.

Amplifier square-wave response
may often show overshoot coupled
with ringing, overshoot with tilt, and
overshoot with both ringing and tilt. In
many cases, overshoot is the price
paid for trying to improve the rise time,
while ringing is usually caused by in-
ductance in the signal path (such as
occurs with peaking coils in broad-
band amplifiers). In many low-cost
scopes and many TV receivers, the
high-frequency response of an
amplifier is extended by inductors.

Linearity. What if the vertical and
horizontal amplifiers in your oscillo-
scope don't “work’’ together the way
they should? This is particularly im-
portant when checking phase rela-
tionships with Lissajous figures.

To find out, connect the scope
ground to an audio signal-generator
ground. Then connect the hot lead of
the signal generator to both the verti-
cal and horizontal inputs (use external
horizontal input on the scope). Adjust

" the scope's vertical and horizontal

gains for a balanced diagonal line
around the graticule zero crossing. If
this line is straight, the scope
amplifiers are linear and can be used
for phase measurements. If, however,
the line has a bend in it, the scope
amplifiers are nonlinear, and this fact
can aifect‘phase measurements.

Light Emitting Diodes. Changing
the subject slightly, we have also been
asked whether it is possible to use a
LED as a voltage dropper in a piece of
test equipment instead of a conven-
tional diode.

The idea, of course, is to obtain the
voltage-dropping function and, at the
same time, have apower-on pilot light.
This can be done, but there is a small
catch. What is the drop across the
LED?

To find out, assemble a series circuit
of a5-voitdc powersupply, a couple of
100-ohm resistors for current limiting
and a holder for inserting an LED.
Measure the voltage across the LED
when it is glowing. (You may have to
vary the series resistor to get the
amount of glow you want.) Try this on
several different LED’s from different
manufacturers and of different colors.
You will note that the voltage drop can
be as high as 3 volts. ®
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Have you ever

aske

Right now, you’re reading a technical magazine with
articles that require a certain amount of electronics
know-how. And that says a couple of things about you.

First, you’re involved in Electronics . . . on the job, or
as a hobby. .

Second, you obviously realize the importance of staying
up-to-date on the latest technical applications and devel-
opments. Reading a technical magazine helps, but it takes
more than that to get you where you want to be...if
you’re serious about Electronics.

How can you afford
. . . hot to continue, with your electronics training?

You know the answer to that as well as we do.

To achieve continuing success, you have to keep build-
ing more knowledge into the Electronics background and
experience you already have. You have to sharpen the
tech skills you’ve already got and add new ones.

And one of the most logical ways for you to get what
you need is to seriously consider an in-depth electronics
training program that could help you achieve your am-
bitions in Electronics.

How can you afford
... the time and trouble of going back to school?

An excellent and convenient way for you to develop and
expand your electronics knowledge is to ‘“‘let the schoo!
come to you.”

CIE’s independent education plan does just that.
Because we can effectively train you with an “education
by mail” electronics training program that makes sense.
And it makes sense for these reasons:

84

ourse]f,
j‘C an malge it :
in Electronics?

CIE may be the answer
if you have a technical

aptitude and a serious
desire to get ahead.

You can master career Electronics without missing one
day of work. Without sacrificing one paycheck! Because
you study in your free time ... setting the study pace
that best fits your schedule. You decide when and where
you want to study. So you can go right on enjoying your
leisure time because there are no rigid classroom schedules
to be met. You're in control!

How can you afford
... the expense of the additional education you need?

A lot depends on which CIE course best fits your educa-
tional goals and background. We have a variety of
electronics courses at beginner, intermediate, and ad-
vanced college-level. And there’s a convenient payment
plan available for every course. But, one way to evaluate
your investment in CIE is this . . . you can graduate from
CIE for about the cost of one year’s tuition at some
colleges or universities.

How can you afford
... to learn Career Electronics from anyone other than
an electronics specialist?

If you are serious about your career in Electronics, you
owe it to yourself to investigate the home study school
that devotes its entire curriculum and instructional efforts
to Electronics. That’s CIE — Cleveland Institute of
Electronics.

We have specialized exclusively in Electronics education-
by-mail for more than 40 years. Just Electronics. Nothing
else. And, the courses we offer today are the result of
these years of teaching experience and proven methods
of training. .. all based on the expert guidance of our
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specialized Electronics Instruction Staff. Our lessons
reflect this specialized experience. No frills. No unneces-
sary fancy stuff. Instruction is thorough ... designed to
meet the demands of electronics employers.

Each CIE course is built on the principle that the best
way for you to learn and rerain what you’ve learned is to
explain; then to check your understanding; then to
reinforce your comprehension with practical applications.
In some courses, you will perform experiments and tests
with your CIE Experimental Electronics Laboratory using
authentic electronic components and gear. And, if you
select a course that includes Color TV technology, you
will not only build and keep a big screen Color TV which
features digital circuitry . ..you’ll also learn how to
troubleshoot your TV.

The course you select will be a complete educational
program, designed by experts to give you the best in
Electronics independent home-study education. It will
not be a “‘snap” course. No easy exams. It will make you
work . . . and think. So that when you’ve earned your
CIE Diploma, you’ll really know your stuff.

In education just like in the “‘real world” of Electronics,
your success depends on you and the effort you make.
That’s a real plus in CIE independent home-study . ..
you build a strong foundation of self-discipline. And
thar pays off!

How can you afford . . . to stop now?

There is a lot more to CIE than this advertisement can
tell you. And because you’re looking for the best, we
think it’s well worth your while to find out what CIE is
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all about. Detailed Courses of Study outlines. In-depth
training programs in Electronics Technology, Broad-
casting, Industrial, Color TV, Engineering, and 1st Class
FCC License preparation. Special CIE Student Services.

All this information is available to you, FREE, when
you mail the card or coupon to us. For your convenience,
we'll try to have a school representative contact you to
review the benefits of CIE training and assist in course
selection. And as soon as we hear from you, we’ll mail a
complete package of information, including our school
catalog, G. I. Bill details, special FCC License informa-
tion. All the facts you need to start your Electronics
career program with CIE.

Send TODAY for CIE’S FREE information.

Cleveland Institute of Electronics, Inc. |
1776 East 17th Street, Cleveland, Ohic 44114 I
I Accredited Member National Home Study Council I
Yes, | want your FREE school catalog and career information |
package today. |
| am especially interested in: |
[ Electronics Technology |
O FCC License Preparation [J Electronics Engineering |
[ Color TV Maintenance [J Other I
[J Mobile Communications I
|
|
I
|
|
|
|
|
A

PE-94
O Industrial Electronics

Print Name

Address Apt.

City

State Zip Age
Check box for G.). Bill information, [] Veteran [JOn Active Duty
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Computer Bits

By Robert M. Marsh

COMPUTER USERS TAPE SYSTEM

HE LACK of standardization is the

bane of many industries. For
example, three basic four-channel
audio systems (SQ, QS, and CD-4), in-
stead of a universal system, have im-
peded progress in that field. The same
holds true for computer hobbyists,
where a host of methods for exchang-
ing programs or data have been intro-
duced, including the HIT system pub-
lished in POPULAR ELECTRONICS, Sep-
tember 1975.

Rather than stifle this user-created
“program explosion,” a group of
hebby computer manufacturers and
other interested parties (POPULAR
ELECTRONICS, among them), met in
Kansas City, MO, last November to
explore standardization in general
and hopefully to agree on a single
method of recording data. There was
general agreement that cassette tape
represented the best route to go for a
hobbyist computer-data exchange
system. These tapes are low-cost and
widely available, and cassette
machines are owned by most people.

The use of inexpensive cassette re-
corders was not viewed as a serious
limitation as long as the record/
playback exchange method adopted
allowed for certain inherent machine
deficiencies. The two most common
considerations with low-cost cassette
machines are: (1) the automatic level
control incorporated in some
machines, and (2) variations in aver-
age speed, nominally 1% inches/
second. Bothdrawbacks could be eas-
ily overcome, it was decided.

Another important consideration in
using low-cost cassette tapes is that
some tapes would likely cause drop-
outs (momentary toss of signal) due to
a lack of uniform distribution of oxide
particles. At this time, the user would
have to ‘‘certify’”’ the best tape brand
and model for him to use. There are
also ‘‘data cassettes” certified by tape
manufacturers. Prices are not too
much higher than those for consumer
premium tapes.
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Cassette Data Recording Meth-
ods. Various methods have been
used by computer enthusiasts and
manufacturers to record data on
audio cassette recorders. These fall
into five categories: (1) simple tone
burst, (2) pulse-width modulation
such as used in the POPULAR ELEC-
TRONICS HIT program, (3) frequency
shift keying (FSK) as used in radio-
teletypewriter or phone-line commu-
nications modems, (4) doubie-fre-
quency pulse recording as used in
most floppy disc systems, and (5)

. phase encoding as used in ANSI stan-

dard magnetic tape transports of all
major computer manufacturers.
Most of these methods record data
serially; that is, one bit after another.
Serial recording requires a conversion
from parallel to serial form (and vice
versa) when used with a computer.
Fortunately, most computers and ter-
minals already have a standardized
serial communications channel that
transmits in a form called “non-return
to zero'' (NRZ), shown in Fig. 1A.
Tone-burst (orcw) recording may be
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the simplest way of recording data,
where data ‘1" is the presence of a
tone and data “0"” the absence of a
tone, as shown in Fig. 1B. Because
this system is basically an
amplitude-modulation scheme, and
very susceptible to noise, reliability
suffers above 150 bits per second.
Pulse-width modulation may be re-
cordedinits pureform (Fig. 1C)orasa
burst of tone with varying duration, as
used in the HIT system (Fig. 1D). Both
methods are self-synchronizing and
are highly independent of speed and
amplitude variations. However, in the
original HIT proposal, data was re-
corded synchronously so that each
data word had to follow the previous
word immediately, thus making HIT
impractical for use with stand-alone
asynchronous terminals such as TV
typewriters and teleprinters. In addi-
tion, “pure” pulse-width modulation
is patented as a data recording
method, which might be seen as a
drawback by manufacturers.
Ordinary frequency shift keying
(FSK), shown in Fig. 1E, is by far the
most common method used to trans-
mit data over phone lines and radio
links. It would be a useful feature of a
cassette recorder interface if it could
transmit data over phone lines as if it
were a FSK Bell-103 compatible mod-
em. However, while FSK is fairly in-
sensitive to AM noise and level
changes, it is susceptiblie to loss of
data when overall frequency changes
exceeding +5% of the nominal value
occur. The 5% frequency, or speed
tolerance is not sufficient for reliable
data storage on many cassette re-
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corders. In addition, FSK is more ex-
pensive to implement than many other
methods.

Double-frequency recording (DFR),
shown in Fig. 1F, is often used on disc
memories at high data rates. When
used on a cassette, however, it re-
quires a relatively high bandwidth for
a given data rate. This method is in-
sensitive to speed variation since each
bit is self-clocked, but it is only mod-
erately free from problems created by
noise and amplitude changes. DFR is,
therefore, not as reliable as other
methods at data rates higher than 500
bits/second, making future expansion
and improvement difficult.

Phase encoding has many variants
and has been in use in many different
types of magnetic tape data systems
for many years. The most common
forms are Bi Phase-L, usually calied
“phase encoding,” and Bi Phase-M,
often called “Manchester” code. Both
methods are self-clocking and, at first

glance, resemble simplified FSK. In
fact, phase modulation does create a
form of frequency modulation. All
phase-encoded methods are inde-
pendent of frequency changes over a
wide range, and can be made highly
resistantto AM noises and level shifts.

Bi Phase-L is shown in Fig. 1G. You
can see that there is a transition in the
middle of each bit cell and that the
polarity of the transition determines
whether the bit is a logic 1 or 0. Bi
Phase-M, or Manchester, shown in
Fig. 1H, has a transition at the begin-
ning of each bit cell. Logical 1's have
another transition in the middle of the
cell, whereas logical 0's do not.

Manchester code is extremely easy
to generate, decode, and synchronize,
and is the basis for the CUTS (Compu-
ter Users Tape System) recording
method proposed as an outgrowth of
the meeting in Kansas City.

The CUTS method employs a varia-
tion of the Manchester code in which a

COMPARISON CHART

Level, [Frequency,| Self
Noise Speed [clock- Future
Tolerance | Tolerance | ing Cost* Upgrading** Remarks
CW Poor Poor No Very No Susceptible to noise.
(Fig. 1B) Low Reliability suffers
over 150 baud.
PWM Good Very Yes Low To 1500 Patented. Requires
(Fig. 1C) Good Baud higher bandwith than
Bi-phase for same
baud rate.
HITS Good Very Yes Low To 600 Requires higher
(Fig. 1D) Good Baud bandwidth
than CUTS for same
baud rate (see
PE, Sept. 1975).
FSK*** Very Poor- No |[Moderate | To 450 baud| Can be transmitted
(Fig. 1E) Good Fair (with Bell | over phone lines
103 tones) | to any modem.
DFR Moderate Good Yes | Low to To 800 See "Computer
(Fig. 1F) Moderate Baud Hobbyist"
Vol. 1, No. 5, 6, 1975.
Bi- Very Very Yes | Low to To 1500 Proposed ANSI
Phase-L Good Good Moderate Baud standard. Subject to
(Fig. 1G) phase inversion.
Bi- Very Very Yes | Low to To 1500 Widely used.
Phase-M Good Good Moderate Baud Easily decoded.
(Fig. 1H)
CUTS Very Very Yes Low To 1200 | Very easily decoded.
(Fig. 1J) Good Good Baud Can be transmitted by
phone to other CUTS
units.

*Cost is estimated for devices which do not require a CPU for reading and writing. Cost may
be quite low if CPU decodes mostly by software.

**Future upgrading implies minimal hardware modification at low cost.

***Especially Bell-103 compatible.
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THE BOOK

Now
available for

$25

Vo B
Thousands of copies of our innovative book on
microprocessors, published in 1974, were pur-
cthased by engineers and designers around the
world . . . for $75 each. Now Microcomputer
Design—revised, expanded, and reprinted in paper-
back—is available for $25! Over 400 pages on
quality white text paper, including:

e 8080 circuits, theory of operation

o Vectored interrupts, for all 8-bit CPUs

o Efficient bus structure design

o Interfacing to timers, A/D converters, key-

boards, digits, and other 1/0
e Plus much more!

SPECIAL—The MIKE 2 Manual is a complete guide
to our 8008-based micro, with schematics, theory,
and software listings for the MONITOR 8 operating
system. Over 150 pages long, the Manual normally
costs $25. Now, Microcomputer Design, plus this
Manual, only $30! Applies to prepald orders re-
ceived before April 1, 1976.

The MIKE 3 typifies the modular micros from
Martin Research: an optimal small system, yet
fully expandable. The AT813 includes the 471 CPU
board with 8080A; memory board with Monitor
PROM, 512 bytes RAM; keyboard and six LED dig-
its . .. only $395. More memory? AT405-4 RAM
board, with 4K of 450 ns high-speed RAM, now
only $195. All first-quality parts; all units assem-
bled, tested, and guaranteed.

T T

martin research
3336 Commercial Ave.
Northbrook, IL 60062
(312) 498-5060

Bank Americard, Master Charge accepted.

U.S. prices; foreign delivery extra.

Now: available through Semiconductor Specialists!

CIRCLE NO. 32 DN FREE INFORMATION CARD

oo i
1 aieain i n Al e



l READ

| M1GH-PASS PEAK 2ERO/ONE
RECORDER | LATER ] perecron DISCRMINATOR
wWEITE o
Raap w UART
o Rewek. RCVR.
HLEARD clock WRITE P A
GENEROTOE o eon e
2o PACE 1o meemmaL
SySTEM CURRENT LooP) [* OR PV
Fig. 2. One way of sefting up the cLocks DA TRL T8E [
Computer Users Tape System (CUTS). w
re VART
(0CK
o [ TRANS,
70 oW-mss SNCHEDWOUS | T 0ATa
RECORDER FLrer CATE our

logical 1 consists of eight cycles of
2400 Hz, and a logical 0 is four cycles
of 1200 Hz. A 4800-Hz clock is derived
from the recorded data itself as the
tapes are read, and is used to clock a
UART (Universal Asychronous Re-
ceiver Transmitter) which performs
the serial/parallel and parallel/serial
conversions necessary to interface
with the computer's data bus. It is not
necessary to use a UART. Also, in
some simple applications, a less ex-
pensive circuit can be used.

The standard data rate is 300 bits/
second, and can be expanded to 600
or even 1200 bits/second with slightly
higher error rates. Each bit is self-
synchronizing because every bit time
frame starts with a positive transition
and contains an even number of tone
cycles. Each data character is resyn-
chronized by a logic 0 start bit that
precedes the databits. Therefore, data
can be transferred asynchronously
from any computer, terminal or
modem with a serial data channel,as
long as the serial channel is set up for
300 bits/second, eight data bits, and
two ‘‘stop’’ bits.

Recording Method. The following
specifications were adopted with the
goal of optimizing versatility, reliabili-
ty, low cost, and future expandability.

Mode: asynchronous by character.

Character Format: 11 bits; one start
bit (a 0); least significant data bit first
(if less than 8 bits are used as with
Baudot 5-level code, then all bits not
specified by the code will be set to 1).
The interval between characters, if
any, will be 1's.

Modulation Method: 1’s will be 8 cy-
cles of 2400 Hz; 0's will be four cycles
of 1200 Hz tones. Sine-wave signals
are preferred, although not always
necessary.

Leader: Five seconds of continuous
2400 Hz (all 1's) will precede any block
of valid data. At least 30 seconds of
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continuous 2400 Hz should be re-
corded at the beginning of each cas-
sette. When multiple blocks are re-
corded, there will be a 5-second gap
between them.

Motor Control: The interface should
provide for switching the tape record-
er motor so that the computer can
start and stop the machine under
program control.

Basic Circuit. One suggested ap-
proach to mechanizing the CUTS sys-
tem is shown in Fig. 2. In the write
mode, data is accepted from a termi-
nal ElA/current loop interface and
converted from serial to parallel by the
UART receiver. The parallel data is
transferred to the UART transmitter
when a complete data character is re-
ceived. The UART transmitter then
converts the signal to serial form to
gate either a 2400-Hz tone for 1's or a
1200-Hz tone for O's. The tones are
then passed through an output filter
which rounds off the waveform and
reduces the output level to about 0.5-
volt peak-to-peak. This signal is then
passed to the tape recorder auxiliary
(or microphone) input for recording
on the cassette.

In the read mode, the output from
the recorder earphone jack is filtered
to remove any low-frequency noise,
and the waveform is squared up and
synchronized with the system clock by
the zero/one discriminator. The clock
signal for the UART receiver is derived
from the recorded information itself
by the read clock generator. Parallel
data from the UART receiver is trans-
ferred to the UART transmitter when a
complete character is received. The
reconverted serial data is then
coupled to the terminal or CPU via the
appropriate EIA or current loop.

Data transmitted from the computer
or terminal could be sent directly to
the synchronizing gate during write
operations, but successive serial/

AmericanRadioHistorv Com

parallel and parallel/serial conver-
sions guarantee an accurate 300 bits/
second data rate. This type of conver-
sion and reconversion effectively
eliminates the possibility of cumula-
tive speed errors when duplicating
tapes, and makes for a cleaner and
more precise signal whether reading
or writing.

Based on observations made at the

.meeting, most manufacturers agreed

to shelve their personal systems for
the good of the industry, although
some might still offer their systems,
with CUTS made available as an alter-
native.

More Hobbyist Clubs. Here are addi-
tional computer hobbyist clubs re-
ported to us.

California

Bay Area Microprocessor Users
Group, 4565 Black Ave., Pleasanton,
CA 94566.

29 Palms Area, Sgt. Wesley B. Isrigg,
74055 Casita Dr., 29 Palms, CA 92277
(address change).

Colorado

Denver Amateur Computer Society,
P.O. Box 6338, Denver, CO 80206.
Georgia

Atlanta Area Microcomputer Hobbyist
Club, Jim Dunion, Pres., 421 Ridge-
crest Rd., Atlanta, GA 30307.

Hlinois

Computer Hobbyist Exchange, P.O.
Box 36, Vernon Hills, IL 60061

New Jersey

Amateur Computer Group of New Jer-
sey, Union County Technical Institute,
1776 Raritan Road, Scotch Plains, NJ
07076

New York

Long Island Computer Club, ¢/o Popu-
lar Electronics, One Park Ave.New
York, NY 10016

Texas

El Paso Computer Group, Jack O.
Coats, Jr., 213 Argonaut, Apt. 27, El
Paso, TX 79912. @
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DX
Listening

By Glenn Hauser

SHORTWAVE NEWS FROM ALL OVER

X LISTENERS in western North

America have long felt frustrated
by their inability to hear one of the
nearest radio countries—Turks &
Caicos lIslands (in the Bahamas
chain). VSI Radio’s afternoon show on
4,788 MHz—in a band requiring dark-
ness between transmitter and
receiver—usually ends not later than
0030. (All times are GMT.) But now,
Marlin Field in Michigan reports a
morning program around 1130, when
propagation is possible to the farthest
shores of the Pacific. Whether 750
watts will cut through the QRM is
another matter.

Radio Swan de Honduras started
out on 6.185 MHz, but Jack Jones who
discovered them, reports a switch to
6.000 MHz—obviously to strengthen
their tenuous ties to the original Radio
Swan, which used that channel. Radio
Swan may be just the vanguard of
growing SW activity in that country.
Visiting Honduras, Scott Reeves
learned that a leading Honduran pres-
idential candidate was planning to
add 6.145 MHz to his Radio Ceiba out-
let early this year, and put his other
stations on SW too. Jones reports
another Honduran on 4.870 MHz.

Colombia-watcher Adam Gaffin of
Brooklyn, N.Y., says the Colombian
government is cracking down on what
was once one of the most free-
wheeling broadcasting scenes in
Latin America. If the 60-meter band
becomes a bit tamer, it may be be-
cause Colombian stations have been
forbidden to criticize government or
church officials.

Mexico, Colombia and Venezuela
have all staked out channels on the
19-meter band, but only Venezuela
has shown signs of a truly interna-
tional approach, with an occasional
Arabic program at 1300-1400, and En-
glish at 2200-2300 on Radio Nacional,
15.400 MHz. Colombia relays its offi-
cialdomestic program on 15.336 MHz;
and Radio Mexico's English pro-
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gramming on 15.384 MHz has been
limited to appeals for reception re-
ports. John Fischer, Jr., of New York
theorizes they do this from time to
time to prove to their funding agency
that they have an audience abroad.
Meanwhile, reception reports pile up,
unanswered, as a contact of John
Tuchscherer’s found when he visited
the station.

Brazil has big plans forinternational
broadcasting. Eight 250-kW transmit-
ters are being built in strategic loca-
tions, and Brazilian commercial sta-
tions expect to have to turn over some
of their frequencies to Radio
Nacional—Brasilia. So far, RNB has
only one on the airat 11.780 MHz (with
15.245 and 9.605 MHz as alternates)
with an English hour at 2100. Among
the feature programs are: Mon. Sci-
ence on the March; Tue., Travelling
Through Brazil; Wed., The Versatile
Guitar; Thurs., Strange & Curious As-
pects of Brazil; Fri., People & Events;
Saturday Special; Sun., Retrospective
—per aschedule sent to David Snyder
in Brooklyn.

New Zealand also is contemplating
going big time with 250 kW instead of
7.5 kW—but, even so, Radio New Zea-
land is surprisingly well heard on their
beam toward Hawaii and Alaska at
0500-0745 on 9.540 and 11.780 MHz.
Check for the Mailbag program, Fri-
days at 0615. Times change to an hour
later in March.

Belgium has announced plans to
cease broadcasting to the western
hemisphere after the first week in
March. Although the 20-minute Eng-
lish program was just a token suc-
cessor to their 1958's World’'s Fair
Radio, and was hard to receive in the
interior, Jackie Marshall's friendly
voice will be missed. But we've already
gained a new English broadcast to
North America, from the Voice of
Greece—also tough to hear, but try for
15 minutes at 1215, 1515, 0015 or 0215
on 9.520 MHz.

RaskoHistory Com.

Those who prefer English-language
programs must sometimes make do
with language lessons from stations
not otherwise broadcasting in
English—such as Algeria, which has
“Brush Up Your English” Wednesdays
around 1420 GMT on 17.825, 11.910
and 9.510 MHz—all frequencies likely
to vary greatly. For Spanish from Al-
giers, tune to the clandestine "'Voz de
la Resistencia Chilena” program at
2300-2400 on 7.1431 MHz.

North Korean clandestine “Voice of
the Revolutionary Party for Reunifica-
tion'’ ambitiously has begun English
broadcasts at 0530-0600 and 2300-
2330 on 4.5515 MHz, as monitored by
Kouji Yamada in Tokyo, but not likely
to be heard here. Realizing that 1230-
1250 is an ideal hour to reach North
America, VRPR has a Thursday prog-
ram for ‘“‘our compatriots in the US",
also on 4.115 MHz—in Korean.

Tirana's tirades make it a station
most Americans avoid with a passion.
But Kim Andrew Elliott of Minneapolis
has found a way to enjoy listening to
Radio Tirana! He recommends the
musical portions of the incomprehen-
sible Albanian-language program at
0030-0100 on 6.200, 7.300 or 9.790
MHz—especially Tosk music, raspy a
cappella chanting, not to be confused
with more conventionally Balkan Geg
music.

DX-Program aficionados find
Soviet-bloc versions rather dull. Un-
licensed SWL'ing and DX'ing is sus-
pect, so DX programs from the USSR,
Bulgaria and Romania take the
amateur angle—which is licensed and
permitted. But Radio Budapest exer-
cises more freedom, reading lists of
DX loggings, including even evangeli-
cal stations. Though admitting its
main aim is political, Radio Kiev en-
courages listener feedback on pro-
grams, and hopes to expand to daily
English broadcasts, says Mike Barrac-
lough of England who paid them a vis-
it. Try for the Kiev DX program on the
second Monday of each month (fol-
lowing Tuesday GMT). Radio Tash-
kent, Uzbek SSR, is reported to have
begun a ham-type DX program on the
second Sunday of the month at
1215—currently on 6.025, 9.540, 9.600
and 11.925 MHz.

Another DX program you're likely to
miss if you aren’'t careful is from
Deutsche Welle. Strangely, their one
English segment is broadcast during
its German transmissions, in consecu-
tive translation. Check the second
Saturday of the month at 2350 on
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6.145 MHz and many others, repeated
at 0350 on 6.085 and 9.605 MHz,
among others.

0dds and Ends. If you're just getting
started in SWL'ing, most of your ques-
tions are answered in the new book, DX
According To NASWA. You can order it
postpaid for $3.00 (in North America)
from North American Shortwave Assoc.,
Box 13, Liberty, IN 47353.

Updating some items in the 1976
Communications Handbook: Now
there's evidence the Spanish numbers
spout from Cuba, rather than the USA.
Several DX'ers report hearing the
ciphers mixed with Radio Habana au-
dio, which points to a common trans-
mitter site—unless ionospheric cross
modulation is involved. And the *'4Y"
Ocean Weather Stations have been
closed down. @®

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

TO EASTERN NORTH AMERICA

TIME-EST TIME-GMT STATION QUAL® FREQUENCIES, MHz
6:00-6:30 a.m. 1100-1130 Tirana, Albania F 9.48,11.985
6:00-7:00 a.m. 1100-1200 ' London, England G 15.07
6:00-9:00 a.m. 1100-1400 **VOA, ' G 5.955,9.73
Washington, U.S.A.
6:15-7:15a.m. 1115-1215 Montreal, Carada G 5.97
6:15-7:45 a.m. 1115-1245 Melbourne, Australia G 9.58
7:00-7:30a.m. 1200-1230  Jerusalem, §srael F 15.10,17.815
7:00.7:55 a.m. 1200-1255 Peking, China F 11.685
7:00-8:15 a.m. 1200-1315 | London, England G 15.07
7:15-7:30 a.m. 1215-1230  Athens, Greeca P 9.52
HCJB, Quito, G 11.745
Ecuador
7:30-8:00 a.m. 1230-1300 Stockholm, Sweden G 15.305
7:30-11:30 a.m. 1230-1630  HCJB, Quito, G 11.745, 15.115
Ecuador
8:15.8:45 a.m. 1315-1345  Berne, Switzerfand G 15.14
9:00-9:30 a.m. 1400-1430  Stockhalm, Sweden G 15.305
Helsinki, Finland G 15.185
10:00-11:15a.m 1500-1615 London, England G 17.84 {via Ascension)
3:00-3:55 p.m. 2000-2055  Jerusalem, |srael G 5.90, 7.395,9.815
4:15-5:45 p.m. 2115.2245 | London, England G 9.58 {via Ascension), 11.78, 15.26
{via Ascension}
4:30-5:50 p.m. 2130-2250 Hilversum, Holland G 9.715, 11.73 {Sun.: Dutch)
5:30-6:00 p.m. 2230-2300 Vilnius, U.S.S.R. G 5.94,7.31,7.355,7.44 (Sat./Sun.}
5:30-6:20 p.m. 2230-2320  Johannesburg, S. Africa G 5.98,9.585, 11.90, 11.97
5:45-11:30 p.m. 2245-0430 London, England G 5.975, 7.325, 9.58 (via Ascension}
5:55-6:15 p.m. 2255-2315  Brussels, Belgivm G 9.73 (subject to cancellation)
6:00-6:30 p.m. 2300-2330 Stockholm, Sweden F 6.035, 9.605, 11.705
6:00-7:30 p.m. 2300-0030  Moscow, U.S.SR. G 5.94,7.105,7.115,7.15, 7.205,
7.355,7.40,7.44,12.05, 15.14,
15.18,16.455,17.72
6:45-7:45 p.m. 2345-0045 Tokyo, Japan F 15.27,15.30
7:00:7:25 p.m. 0000-0025 Tirana, Albania G 7.065,9.78
7:00-7:30 p.m. 0000-0030 |0Oslo, Norway P 6.18 (Sun.)
7:00-7:55 p.m. 0000-0055 |Peking, China F 11.945, 15.06, 15.52, 17.673
Sotia, Bulgaria F 9.70
7:00-9:00 p.m. 0000-0200 **VOA, G 6.13,9.65, 11.71, 15.205
Washington, U.S.A.
7:15.7:30 p.m. 0015-0030 ‘Athens, Greece P 9.52
7:30-8:00 p.m. 0030-0100 Kiev, U.S.S.R. G 6.02,7.15, 7.26,9.78, 12.05,
15.14,15.18, 15.455
{Mon./Thu,/Sat.)
Vilnius, U.S.S.R. G 5.94, 7.355, 9.53, 9.685 (Sat./Sun.)
HCJB, Quito, Ecuador G 6.095, 9.56
7:40-8:00 p.m. 0040-0100 Brussels, Belgium G 6.08 (subject to cancellation)
8:00-8:15 p.m. 01000115 Vatican City G 5.995, 6.165, 9.605
8:00-8:20 p.m. 0100-0120 Raome, Italy G :6.01,9.575
8:00-8:45 p.m. 0100-0145 iBerlin, Ger. Dem. Rep. P 9.73
Madrid, Spain F 6.065,11.925
8:00-8:55 p.m. 0100-0155 Peking, China G 7.12,9.78 {via Tirana), 11.685, 11.945,
i 15.06, 1552
Prague, Czechoslovakia G 5.93, 7.345,9.54, 11.99
8:00-9:00 p.m. 0100-0200 Montreal, Canada G 6.085
8:00-9:00 p.m. 0100-0200 Moscow, US.S.R. G 5.94, 6,07 (via Sofia), 7.105, 7.15,

7.205, 7.355, 7.44, 8.505, 9.53,
19.78, 11.86, 12.05, 15.14, 15.455
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8:00-10:30 p.m.
8:00- p.m.-12 mdt.

8:30-8:50 p.m.

8:30-8.55 p.m.

8:30-9:25 p.m.
8:45-9:15 p.m.
9:00-9:30p.m.

9:00-9:45 p.m.
9:00-9:55 p.m.
9:00-10:00 p.m.

9:00-10.20 p.m.
9:00-10:30 p.m.
9:00-11:00 p.m.

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

10:00-10:45 p.m.
10:006-10:55 p.m.
10:00-11:00 p.m.

10:30-10:55 p.m.

10:30-11:30 p.m.
10:30-11:50 p.m.
11:00-11:15 p.m.

11.00-11:25 p.m.
11:00-11:30 p.m.
11:00-12 mdt.

11:50 p.m.-1:00 a.m.
12 mdt. 12:15a.m.
12 mdt.-2:00 a.m.

TO WESTERN NORTH AMERICA

TIME-PST

4:00-5:30 a.m.
4:15-4:30 a.m.

4:30-8:30 a.m.

5:00-5:15 a.m.
5:00-8:00a.m,

5:57-8:54 a.m.
6:00-6:30 a.m.
7:00-7:30 a.m.
7:00-8:15a.m.
8:00-8:15a.m.
8:00-8:30a.m.
8:42-8:51a.m.

9:00-9:15 a.m.
9:00-10:30a.m.
10:00-10:15 a.m.
10:00-10:30 a.m.
11:00-11:15a.m.
12 noon-12:15p.m.
12 noon-12:55 p.m.
1:00-1:15 p.m.
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0100-0330
0100-0500

0130-0150

0130-0155

0130-0225
0145-0215
0290-0230

0200-0245
0200-0255
0200-0300

0200-0320
0200-0330
0200-0400

0230-0300
0300-0330

0300-0345
0300-0355
0300-0400

0330-0355

0330-0430
0330-0450
0400-0415

0400-0425 °

0400-0430
0400-0500

0450-0600
0500-0515
0500-0700

TIME-GMT

1200-1330
1215-1230

1230-1630

1300-1315
1300-1600

1357-1654
1400-1430
1500-1530
1500-1615
1600-1615
1600-1630
1642-1651

1700-1715
1700-1830
1800-1815
1800-1830
1900-1915
2000-2015
2000-2055
2100-2115

Havana, Cuba
HCJB, Quito, Ecuador

Cologne, Ger. Fed. Rep.

Tirana, Albania
Vienna, Austria
Bucharest, Rumania
Berne, Switzerland
Budapest, Hungary
Lisbon, Portugal
0Oslo, Norway
Madrid, Spain
Peking, China
Moscow, U.S.S.R.

Hilversum, Holland
Cairo, Egypt
Warsaw, Poland

Beirut, Lebanon
Budapest, Hungary
Kiev, U.S.S.R.

Madrid, Spain

Peking, China

Buenos Aires,
Argentina

Prague, Czechoslovakia
Moscow, U.S.S.R.

Tirana, Albania
Vienna, Austria
Londan, England
Havana, Cuba
Budapest, Hungary

Bucharest, Rumania
Oslo, Norway
Moscow, US.S.R.

Havana, Cuba
Jerusalem, Israel
HCJB, Quito,
Ecuador

STATION

London, England
HCJB, Quito,
Ecuador
HCJB, Quito,
Ecuador
Tokyo, Japan
“*VOA,
Washington, U.S.A.
Manila, Philippines
Tokyo, Japan
Tokyo, Japan
London, England
Tokyo, Japan
Oslo, Norway
Hilversum, Holland

Tokyo, Japan
London, England
Tokyo, Japan
Oslo, Norway
Tokyo, Japan
Tokyao, Japan
Jerusalem, Israel
Tokyo, Japan

OMMUYUMNMOOM TO®
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11.725,11.93

6.095, 9.56, 11.91

{includes some Eskimo)

6.01, 6.04, 6.10 {via Malta},
9.565, 9.69, 9.745, 11.865

{via Malta)

6.20,7.30

6.185,9.77

5.99,9.57,9.68, 11.775, 11.94
5.965, 6.135, 9.725, 11.715
G.00,7.22,9.833,11.91 (Ex. Sun.)
6.025, 11.935

6.18 (Sun.)

6.065, 11.925

11.965, 12.055, 15.06

5.94, 6.07 (via Sofia), 7.105
7115,7.205, 7.26, 7.355, 7.44,
9.61,9.78,11.86, 12.05, 15.14
6.165 (via Bonaire)

9.475

6.095, 6.135, 7.27, 9.675,
11.815 {mixed Polish/English)
9.545 (subject to change)
6.00,7.22,9.833, 11.91

5.98, 6.02, 7.245, 7.26, 7.49,
9.78, 11.86 (Mon./Thu./Sat.}
6.065, 11.925

7.12,9.78 {via Tirana)

9.69 (Mon.-Fri.}

5.93,7.345,9.54,11.99

£.94, 6.07 (via Sofia), 7.118,
7.205, 7.355, 7.44

6.20,7.30

6.155,9.77

§.975,9.58 (via Ascension}
11.725,11.76, 11.93
£€.00,7.22,9.833, 11.91
(Tue./Fri.)
£.99,9.57,9.68,11.775, 11.94
6.18,9.61 (Sun.)

5.94,7.115, 7.15, 7.205, 7.355,
7.40,7.44

11.725,11.76

5.90, 5.950, 7.395, 9.009

6.095, 9.56

FREQUENCIES, MHz

5.99 (via Sackville) (opens 1300 Sun.)
11.745

11.745,15.115

5.99
6.11,9.76,11.715

9.58 {closes 1554 Sun.)
5.99

5.99

17.84 (via Ascension)
9.505

11.895 (Sun.)

11.82, 15.19 (via Bonaire;
mixed English/Dutch)
9.505

15.365 (via Sackvilie)
9.505

11.895 {Sun.)

9.505

9.505

9.815, 11.645

9.505

AmericanRadioHistorv.Com

“Whylchose
Western Auto
over other
well-known
national
franchises.”

JEWEL SHIPMAN, owner,
Western Auto Associate Store
Mountain View, Arkansas

“To begin, Western Auto has no
contract or franchise fee; they
don’t charge sales royalties. I
make the full gross. They want
to profit from my success.”

A franchise pioneer, Western
Auto is time-tested and has a
proven plan for growth and suc-
cess. More than 4,000 owners lo-
cated in the United States.

Western Auto has a “total” pro-
gram that includes training, ad-
vertising, display, bookkeeping,
time payment and may be able
to help you with your financing,
if you qualify. Mail the coupon
below for your first step towards
owning your own business. Or
Call TOLL FREE day or night
7 days per weeck

1-800-821-7700 ex:. s1s

Missouri Residents Call
1-800-892-7655, Ext. 818
—for action today.

ONAL

U= SN m e eSS e B ,
&
Mail to: R. T. Renfro, V.P.,
Western Auto
2107 Grand Avenue, ER Pre®
Karsas City, Mo. 64108 Socratt
I’d like to know more about owning my own

Western Auto store. Please send free
infarmation.

wten
Do
LN N N N N N N N ] ‘

Name
Address
City
Phone.

State, Zip.
Dept PE-376

=T

OVER 4,000 ASSOCIATE STORES IN 40 YEARS.
CIRCLE NO. 62 ON FREE INFORMATION CARO

F------

| S
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WHAT'S HAPPENING

TONIGHT?
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i $T7995 now $132.50 ]
] The BEARCAT [V. The ultimate scanning i
l monitor. Hear any eight channeis of action,

| excitement and information from the na- |
] tion's four public service frequency bands! ]
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]

Bearcat Vs
@ $132.50 ea.

Please send me

Please send me Crystal Certificates

@ $3.25 ea.
(Minimum order $10.00.)
(COD's require 20% deposit)
Send check or money order to:
BETA ELECTRONICS
P.O. BOX 5869
PITTSBURGH, PA 15209

Name S
Address. _— —

City _ __ State Zipm

C N N N B N N N N N N N N J
CIRCLE NO. 9 ON FREE INFORMATION CARD

W ogase ¥
A

LN
1 satdd i

pevi ®
el sebt
LRy

FrOM: RGA

THIRD GENERATION MUSIC SYNTHESIZER KITS
from PAIA feature state-of-the-art design still at
incredibly low prices.

Have you seen “POLYPHONY"?. . o
The PAIA User's Group magazine. Information for
muslcians, from musicians. Wrlte today for your
free sample Issue.

24 HR. DEMO LINE (405) 843-7396

FREE CATALOG

PRARA ELECTRONICS, INC.
DEPT. 3-P
1020 W. WILSHIRE BLVD.

OKLAHOMA CITY, OK 73116
94 CIRCLE ND. 39 ON FREE' INFORMATION .CARD

1:15-3:00 p.m. 2115-2300 ' London, England G 15.26 (via Ascension)
2:00-2:15 p.m. 2200-2215 | Tokyo, Japan G 15.105
3:00-3:30 p.m. 2300-2330  Tokyo, Japan G 15.105
3:004:30 p.m. 2300-0030 London, England G 6.175, 9.51 {via Sackuville},
9.58, 15.26 (via Ascension)
Moscow, U.S.S.R. G 12.05, 15.21,17.72,12.775,17.90
4:004:15p.m. 0000-0015 | Tokyo, Japan G 15.105
4:00-6:00 p.m. 0000-0200 ' **VOA, G 11.76,15.21, 17.79
Washington, U.S.A.
4:30-7:30 p.m. 0030-0330 London, England G 6.175 {via Sackville},
9.51 {via Greenville},
9.58, 15.26 (via Ascension)
5:00-5:15 p.m. 0100-0115 Tokyo, Japan G 15.105
5:00-5:30 p.m. 0100-0130  Moscow, U.S.S.R. G 12.05,15.21,17.72,17.775,11.90
{via Soviet Far East)
5:00-5:55 p.m. 0100-0155  Peking, China G 11.945, 11.965, 12.055, 15.06, 15.52
5:00-7:00 p.m. 0100-0300 . Melbourne, Australia G 15.32, 17.795
5:00-9:00 p.m. 0100-0500 HCJB, Quito, Ecuador G 6.095, 9.56, 11.91
{includes Eskimo)
5:30-6:00 p.m. 0130-0200 Moscow, U.S.S.R. G 12.05,15.21,17.72,17.90
{via Soviet Far East)
5:30-6:30 p.m. 0130-0230  Tokyo, Japan G 15.195, 15.235, 17.725, 17.825
6:00-6:15 p.m. 0200-0215 Tokyao, Japan G 15.105
6:00-6:55 p.m. 0200-0255 Peking, China G 11.455, 11.965, 12.055, 15.06, 17.855
6:00-7:00 p.m. 0200-0300 ' Moscow, U.S.S.R. G 12.05,15.21, 15.245, 17.72,17.90
(via Soviet Far East)
6:00-8:50 p.m. 0200-0350 ! Taipei, Taiwan F 11.86,15.125, 17.72
6:15-6:30 p.m. 0215-0230 ' Athens, Greece P 9.52
6:30-7:00 p.m. 0230-0300 Stockholm, Sweden P 9.695, 11.705
7:00-7:15p.m. 0300-0315 . Tokyo, Japan G 15.105
7:00-7:30 p.m. 0300-0330 ' Seout, Korea P 15.335
Kiev, U.S.S.R. G 12.05, 15.21, 15.245,17.72
{Sat./Mon./Thu.}
{via Soviet Far East}
7:00-7:45 p.m. 0300-0345 Madrid, Spain P 6.065, 11.925
7:00-7:55 p.m. 0300-0355 ' Peking, China G 7.12,9.78 {via Tirana),
11.445, 12.055, 15.06,
15.385, 17.735, 17.855
7:30-8:15 p.m. 0330-0415 Berlin, Ger. Dem. P 5.955, 6.08.9.73
Rep.
7:30-8:30 p.m. 0330-0430 ' London, England G 6.175 {via Sackville},
9.58 (via Ascension)
7:30-9:30 p.m. 0330-0530 ' Moscow, U.S.S.R. G 7.17,7.18,7.26,9.54, 9.58,
9.735, 11.69, 15.14
(via Soviet Far East)
8:00-8:15 p.m. 0400-0415 Tokyo, Japan G 15.105
'8:00-8:30 p.m. | 0400-0430 Sofia, Bulgaria P 9.70
Budapest, Hungary F 6.00, 7.22,9.833, 11.91
{Tue., Fri)
8:00-9:00 p.m. 0400-0500 - Montreal, Canada 6 6.135, 9.655
8:30-9:00 p.m. 0430-0500 Lisbon, Portugal P 6.025, 11.935
Berne, Switzerfand F 6.045,9.725
Vienna, Austria P 6.015
9:009:15 p.m. 0500-0515 Tokyo, Japan G 9.505
Jerusalem, Israel F 7.412
9:00-10:00 p.m. 0500-0600 Montreal, Canada G 6.135, 9.655
9:00-10:20 p.m. 0500-0620 Hilversum, Holland G 6.165, 9.715 {via Bonaire)
9:00-11:00 p.m. 0500-0700 HCJ8, Quito, Ecuador G 6.095, 9.56
9:30-9:50 p.m. 0530-0550 Cologne, Ger. Fed. Rep. F 6.10 {via Malta}, 6.185, 9.545
9:30:11:30 p.m. 0530-0730 ' Moscow, U.S.S.R. G 7.15,7.17,7.26, 9.54, 9.58,
9.61,9.735, 9.78 {via
Soviet Far East)
10:00-10:15 p.m. 0600-0615 Tokyo, Japan G 9.505
10:00-10:30 p.m. 0600-0630 Oslo, Norway P 9.645, 11.87 (Sun.)
10:00-11:00 p.m. 0600-0700 Buenos Aires, Argentina G 9.69 {Mon.-Fri.}
10:30 p.m_-12 mdt. « 0630-0800 Havana, Cuba G 9.525
11:00-11:15 p.m. 0700-0715 Tokyo, Japan G 9.505
12 mdt.-12:15a.m.  0800-0815 Tokyo, Japan G 9.505
1:00-1:15 a.m. 0300-0915 | Tokyo, Japan G 9.505
2:00-2:15 a.m. 1000-1015  Tokyo, Japan G 5.99
2:00-2:50 a.m. 1000-1050 Pyongyang, D.P.R. G 9.415,9.535
Korea
3:00-3:15a.m. 1100-1115 ; Tokyo, Japan G 5.99

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

**Not intended for North America, but receivable satisfactorily

Fregquencies are accurate as of press time, but subject to change.

POPULAR ELECTRONICS
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CB Scene

By Ray Newhall

IS YOUR STATION READY FOR AN EMERGENCY?

UCH has been written about the
public safety potential of the
many CB radio stations spread across
the country. Equally publicized is how
CB’ers have responded to past large-
and small-scale disasters. But a well-
executed assist does not "just hap-
pen.” It is planned in advance and is
practiced over and over until both
equipment and operators are ready to
handle the emergency whenitoccurs.
Hundreds of CB clubs have or-
ganized emergency communications
systems, and many of the more suc-
cessful organizations have expanded
to nationwide scope. REACT, ALERT,
and REST Marine are typical of these
emergency networks. However, in
spite of these admirabie efforts, many
CB’ers are still not equipped to handle
emergency communications. Are
you?

What’'s an Emergency? The FCC
defines an emergency that deserves
channel priority as one which, “in-
volves . . . the immediate safety of life

. or the immediate protection of
property.” Only when a situation
meets these requirements can the
band be cleared for priority traffic or
the international distress signals
(MAYDAY for voice transmissions) be
used. Then operating restrictions can
be abandoned if necessary to initiate
and direct rescue operations. How-
ever, misuse of priority or distress
procedures can result in very heavy
fines, imprisonment, or both—not to
mention widespread confusion!

Less grave situations do not qualify
for priority or distress traffic, but they
may be conducted on the emergency
channel 9, or any of the other 21 “*free”
class D channels. Channel 11 shouid
be avoided, if possible, asitis set aside
for contact (*'call and switch’) trans-
missions only. But in any event, as
soon as contact is made on either
channeil 9 or 11, you shouid move to
another one to keep these calling
channels open.

MARCH 1976

Being Prepared. Public safety
communications facilities should
have reliable equipment, local maps
and alist of needed phone numbers, a
telephone, and most of all trained and
dedicated operators.

Every CB'er is aware of equipment
requirements—a good transceiver
and a high-performance antenna. The
rig should be checked regularly to
make sure it's in top shape and to be
certain that ali channels are on fre-
quency. Preventive maintenance
schedules should be followed. To
make a transceiver truly useful for
emergency, it should be provided with
a power source independent of the
commercial power lines. For mobile
units, which are powered by the car
battery or alternator, there's no prob-
lem. But base stations are a different
story. Obviously, if a real disaster oc-
curs which knocks out the power
lines, you won't be able to do much
with a dead base transceiver.

Many transceivers, especially those
of the “base/mobile” variety, will ac-
cept12volts dc as well as 117 volts ac.
With such equipment, fully-charged
automotive storage batteries will pro-
vide the back-up power you might
need. But the batteries must be
charged. A trickle charger perma-
nently attached to the power line will
keep the battery topped up.

A relay can be used for automatic,
instantaneous switching when the ac

line fails as shown in the diagram. For
extended operations, more than one
battery might be required. If needed,
the additional batteries can be simply
placed in parallel with the primary bat-
tery. But be sure to observe standard
safety procedures for handling and
charging lead-acid storage batteries.
For ac-only base transceivers, a
battery/ac inverter combination or an
emergency generator will be needed.

Although not required, auxiliary
equipment will be useful. This in-
cludes a vhf/FM scanner with local
Public Service channels and (if you
live near the shore) vhf/[FM marine
channels 2, 16, and 22. A tape recorder
and a phone patch might also prove
handy, but | hardly ever use my patch
unless the band is unusually quiet.
This equipment should also have a
back-up power source.

Other items that should be included
are:

e Penciis, notepads and a logbook.

e Land-line phone within easy
reach.

o City street listing and maps of your
monitoring area. :

e Telephone numbers for all local
public safety agencies.

Training Yourself. As | mentioned
earlier, all this equipment is of little
value unless the operator is properly
trained and can use it efficiently. in
emergency communications, effec-
tiveness is essential. The guidelines
for emergency traffic handling can be
summed up in the “Four C's.”
Be Calm. No matter what the
emergency, a calm, professional
attitude will heip cool the situation
and instill confidence. Remember
that the person reporting the
emergency is likely to be excited,
and might even be abusive orirra-
tionatl in his anxiety.
Be Courteous. Persons seeking
assistance sometimes expect the

\

TRICKLE st
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Cirenit to use with a
trickle battery charger.
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INTRODUCING

VIDEO DISPLAY MODULE

® ultra high-speed intelligent
display

® generates 16, 64 character
lines of alpha-numeric data

® displays upper and lower case
characters

o full 128 ascii characters
® single printed circuit eard
® standard video output

The VDM-1 is an ultra high-speed
intelligent display on a.single printed
circuit card. The new card generates
16, 64 character lines of Alpha-
numeric data in upper and lower case
characters from a 1K Byte memory.

The VDM-1 configuration allows you
to build a powerful terminal, with
a standard video output into your
Altair Processor.

Price: $160.00

SPECIAL
FREE OFFER!

Scientific Notation Software
Package with Formatted Output

With the purchase of (1) VDM-1 and
(1) 4KRA Memory:
Just $299.00
(Offer expires 2-1-76)

The floating point math package
features 12 decimal digits with ex-
ponents from +127 to —127; handles
assigned and unassigned numbers.
With it is a 5 function calculator
package; + — X~ & square root. It
includes 3 storage and 3 operating
memories and will handle chain and
column calculations.

For more details on these and other
8800 plug-in compatible modules,
write to:

service of a professional operator.
Try to act the part. No matter what
the provocation, you must be
courteous. .
Be Concise. When you receive an
emergency message, jot down all
the essential data needed to iden-
tify the nature of the incident, its
exact location, the number and
identity of persons or vehicles in-
volved, and the nature and extent
of injuries, if any. Make your
transmissions as brief and clear as
possible.
Be Correct. Before you relay a
message, try to get confirmation
from a second source, if possible.
Note the call signs of reporting sta-
tions, vehicle registration num-
bers, etc.—any information which
will identify the victim(s) and the
caller. Be particularly careful to
confirm the exact location of the
incident. Excited informants are
often confused about their exact
whereabouts. Keep in mind that
your information can do more
harm than good when you direct
emergency teams to the wrong lo-
cation!

It's not easy to follow these four
commandments in the heat and ex-
citement of an emergency, but that's
precisely the time when they are most
necessary to get the message
through. Play it cool. Keep all emotion
out of your voice. Remember—this
takes self discipline and practice.

Whom to Notify. Generally, when
you receive an emergency call at your
base location you will be asked to
relay a message to police or marine
safety agencies. But you must know
the jurisdictions of each organization
so you can alert the proper one. For
example, don’t deliver a message to
your /ocal police concerning an acci-
dent on an interstate highway pa-
trolled by state authorities. However, if
you need an ambulance, a call to your
local police (or to the 911 emergency
service if available) may be your best
bet.

If you monitor marine activity, you
should know what marine safety
groups are active in the area. Do the
local police maintain a marine patrol,
or is there an active Coast Guard Aux-
iliary Flotilla in your area? If you call
the Coast Guard directly, chances are
that they will refer your call to one of
these other agencies. Precious time
will be lost in the process. The best
way to find out whom you should call

AmericanRadioHistorv.Com

for each situation is to visit these
groups at their own bases of opera-
tions and see for yourself how they
operate. Normally, they will appreciate
your interest and efforts to iearn. You
will also find out which, if any, of the
organizations operate CB equipment
of their own and how they can be con-
tacted directly on the Citizens Band.
(Most are far too busy to maintain a
continuous CB watch, but might
monitor one individual channel.) This
knowledge is of particular value when
you are reporting an emergency from
your mobile unit.

The best way to handle emergency
communications on the local level is
to organize a CB monitor-and-assist
team. Even if you're not presently as-
sociated with the local REACT, it's
good practice to know the other
emergency operators in your area.
Perhaps your local CB club has an or-
ganized net. If not, try and form one
yourself. Through an organized ap-
proach, you can quickly establish a
working relationship with public
safety agencies and such groups as
the Red Cross. Also, a local
emergency net can hold drills and
simulated emergencies to sharpen
operating skills.

Channel Usage. Remember that
channel 9 is to be used only for
emergency traffic. Don't conduct
simulated message relays over it, or
use it for the administrative purposes
of your local emergency team. Now
that many truckers have moved their
highway communications to channel
19, channel 9is much less susceptible
to heavy *‘bleed-over.” But you might
hear an emergency message about a
highway accident first on channel 19
via the truckers. Marine messages
might first be heard on channel 13,
which is used by shipboard CB’ers.
If you are monitoring channel 9 and
scofflaws are using it for nonemer-
gency purposes, don’'t argue with
them. The experienced operator a-
voids a confrontation of this sort be-
cause he knows that a response usu-
ally just compounds the problem. The
FCC is stepping up its efforts to indict
illegal operators, and will appreciate
your efforts to provide them with posi-
tive identification. Sometimes, signals
from Latin America will “'skip’ in on
channel 9. These operators are not
governed by U.S. regulations, and
their transmissions are all quite legal.
It's just one of the annoyances that
CB’ers must tolerate. ®

POPULAR ELECTRONICS



Hobby

By John McVeigh
DIMMER RFI

Q. | replaced several of my wall
switches with triac dimmers, but now
experience severe interference to
AM broadcasts.
capacitor, which reduced but did not
eliminate the noise. How can | lick
this problem?

—William Conover, Clinton, TN
A. The fast switching action of
thyristors produces voltage and cur-
rent waveforms with abrupt on and
off transitions, which contain loads of
harmonics extending into the hf re-
gion. A lowpass filter will take care of
the harmonics without defeating the

INCANDESCENT METAL BOX
BULE T =T e it e B
! |
| |
i 100uH |
nz < pF DIMMER :
VAC CIRCUIT |
]
EARTH | I
GROUND | 1 |
! 100pH !
b =t P . J

purpose of the dimmer. Construct
two low-pass filters (one for each side
of the line) from 100-uH coils and
0.1-uF, 200-V ceramic capacitors.
Mount the filters and the dimmer in-
side a metal box, and bond the box to
a good earth ground. That should
clear up your AM reception.

DIGITAL IC DATA

Q. /lamlooking for a handbook on the
7400 series of digital integrated cir-
cuits. Is there any volume outthatcan
serve as a basic reference guide?

—Galen Tackett, Newark, CA.

A. The 7400 Series Pinout Handbook
will probably help you. it includes pin
connections, functional specs, truth
tables, and a cross-reference. It's
available for $2.95 plus $0.30 post-
age from IMS Associates, 1298 & 14th
St., San Leandro, CA 94577.

EUROPEAN/US AC CONVERTER

Q. | am serving with the Canadian
Armed Forces in Europe and have
purchased several appliances which
! want to take home with me. Is there
a simple way to convert the 50-Hz,
220-V ac power to 60-Hz, 110-V ser-
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I tried a 0.1-pF _

vice we have in North America?
—Keith L. Webber, Lahr, Germany

A. A simple 2:1 transformer will take
care of the voltage problem, and it
works both ways. If you want to con-
vert 110 V to 220 V, take a transformer
like the Thorardson Type 23V74, at-
tach a power plug to the secondary
and areceptacle to the primary. When
110 V is applied to the ‘‘secondary,”
220 V will appear across the “pii-
mary.” To step down 220 V to 110 V,
reverse this procedure. It is not an
easy jnob, however, toconvertthe 50 Hz
to 60 Hz line frequency or vice versa.

You would have to rectify the ac to dc,
and then use a dcjac transistor con-
verter running at the desired line fre-
quency. A sample circuit was shownin
PE, 5/69, page 65. We've had many
inquiries about these dc/ac circuits,
but they all share several disadvan-
tages. They tend to be inefficient, re-
quire bulky, expensive transformers,
or ones you have to roll for yourself.
Most of them have limited power
capacities, and their outputs are
square-wave ac. This makes them un-
suitable for use with induction motors,
refrigerators, air conditioners, efc.

Introducing
the Phase Linear

System 200

A complete home stereo system buiit
amund a Phase Linear amplifier is now
within the reach of every serious lis-
tener. The development of the new
Paase _inear 200 power amplifier
makes it possible. In combination with
thke advanced 2000 preamblifier, the
200 prcvides the nucleus of a fine,
medium-powered stereo system with
lower distortion, wider dynamic range,
faster transient response and greater
flexibility than a comparable receiver-
based system — at a surprisingly
reasonaole cost. With a pair of quality
bookshelf speakers and a good turnta-
ble, a Phase Linear 200 system can be
assembled by your dealer “or around
$-,000 — a fraction of the innestment of
many veteran audiophiles with sophis-
ticated systems amplified by Phase
Linear. You might as well start near
tre top.

The n2w Phase Linear 200 power
amplifier is a handcrafted, reliable
ampli‘ier with outstanding sonic per-
formance in the traditicn of the famous
7008 and 400 models. Power output is
105watts per channel, minimum R.M.S.
at 8 ohms from 20 Hz te 20 kHz, with no
mone than .25% total harmonic distor-
tion Light emitting diode displays give
instantaneous display of power for
each channel. Hum ar«d noise: 100 dB
belew rated power.

The Phase Linear 2000 preamplifier is
one of the quietest preamps ever made.
Signal to noise ratio of 74 dB below
10 m¥ and total harmonic distortion
of D.-%. Variable amdience injection
circug recovers music lost with
most preamps.

Yhase Linear

The Powerful Difference

Manufactured in the U.S.A. Distributed in Ganada by H. Roy Graw LTD.
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are available in either all black or
attractive maroon back with black
sides. The gold-embossed back adds
to its elegance and makes each case
a welcome addition to your book
shelf or cabinet.

Magazine cases are available for any
of your favorite magazines. They're
only $5.95 each, 3 for $15.50 in any
combination of titles ordered. Prices
include all postage and handling
charges. Qutside U.S.A. add $1 per
case ordered.

CHARGE YOUR ORDER TO YOUR AM‘[RICAN g

EXPRESS, BANKAMERICARD, MAST

R
CHARGE OR DINERS CLUB ACCOUNT @@

Ziff-Davis Service Division, Dept. JJ, PE-376
595 Broadway, New York, N.Y. 10012

Please send the Magazine Cases indicated below
QUANTITY

POPULAR %

ELECTRONICS B
CHECK ONE: [ All Black

1It's the new Idok in magazine cases! [J ENCLOSED IS §.

The ideal way to save your valuable

copies, keep them well-protected

and make it easy for you to refer to

any issue at any time. Both decora-

tive and attractive to enhance the

decor of any room—each case is

designed to hold a full year's copies,

Sturdily constructed to guard your > <

magazines against soiling and tear- i

ing, these durable cases are covered
in a rich-textured leatherette. They

[CJ Maroon Back, Elack Sides
] CHARGE: [] American Express [[] BankAmericard
[] Master Charge ] Diners Club

Account #. _— Exp. Dite
Master Charge Interbank =

(4 numbers over your name,
Signature.
Print Name. _
Address

City State Zip.

Residents of Calif., Col., Fla., IIl., Mich., Mo.,
N.Y. State, D.C. and Tex. add applicable sales tax.
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Revolutionary New Wiring “Pencil” Makes

Interconnections
in 1/3 the Timel ;

® Create Finished Wired Circuits
in Hours, Not Days

® For Breadboarding, Prototypes and
Production

® Interconnects Circuit Elements in
Digital and Analog Circuits

Easy for anyone — just hook up your
components usin% the insulated “solder
thru” wire (your choice of blue, red, green
or clear). Wire feeds off a replaceable
spool thru the P173 tool body and out of a
steel tip so fine it easily routes wire
around even the smallest |.C. lead. A
touch of the iron, with solder, completes
the joint.

Available accessory Items.Include P179WS Wire Spacers

for neat routing, tenth-tenth Micro-Vectorbords®, circuit

Padbords and frames, Ilke the 3677-6 and 51X-1. Order a

P173 Now! Supplled with two 200" spools of AWG solder
thru wire (1red, 1 green), complete instructions. 5950

At your Vector distributor
Mail orders, add $2 shipping and handling charge.
California residents add 6% sales tax.

W P DIVISION @

ELECTRONIC COMPANY, INC.
12460 Gladstone Ave. « Sylmar, CA 91342 » (213) 365-9661
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Operation Assist

If 7" you need information on outdated or rare
equipment—a schematic, parts list, etc.—another reader
might be.able to asslst. Simply send a postcard to Opera-
tion Assist. PoPuLAR ELECTRONICS. T Park Ave.. New York,
NY 10016. For those who can help readers, please re-
spond directly to them. They'll appreciate it. (Only those
items regarding equipment no! available trom normal
sources are published.)

Freed-Eisemann FM-AM radio chassis Model CH155,
Schematic. Sylvania part #241-0002 horlzontal scanning
output choke. Need part. Charles L. Pierce, Hwy. 180,
Suches, GA 30572.

RCA Institutes Multimeter. Schematic of ac section.
6.667 ohm/V ac shown on meter face. Tom Stanton, Box
224, 902 Bayshore Dr., Terra Ceia, FL 33591.

Lavoie Labs. WWV Receiver LA80OD. Automatic Electric
Intercommunication Type 1-A-T, Drg. No. GH78025-1.
Operation and maintenance manuals. Julian A. Harris, Jr.,
1900 N. Barcelona St., Pensacola, FL 32501.

Military AN/UPM-1 Radar Test Set, Instruction manual.
John Landa, S. Tallulah Fls., Clarkeville, GA 30523.

LeSabre 10-transistor AM-FM portable radio. Service
manual with schematic. Dana G. Frisbee, 490 Common-
wealth Ave., Boston, MA 02215,

Hallicrafters Model S-40 receiver. Schematic and/or ser-
vice information. Mike Turner, Box 85, Fletcher, NC
28732.

Collins R105/ARR-15 (51H3) Radio Receiver. Air Force
manual AN 16-30-ARR15. Felix M. Marshall, 9339 E. Mag-
dalena St., Tucson, AZ 85710.

Avia FMR-150 Radio. Schematic and/or service manual.
Richard Kindred, 902 Rainbow Dr., Blackwell, OK 74631.

Navy surplus receiver. Need transtformer N17-T-73701-
5366, UTC G-5551A, RCA 8889252-1, TF 1A 03 YY. Rey-
naldo Rodriguez, 8412 Georgian Dr., Austin, TX 78753.

Varo Receiver Model R-663A/TRC-42. Any information,
Bernard Gnat, 1565 Hollywood N.E., Warren, OH 44483,

Precision Apparatus, Series EV-20 VTVM and Multi-
Range Test Set. Schematic. Jesse G. Williams, 1833 Way-
cross Dr., Winston-Salem, NC 27106.

Magnecord Tape Recorder, Model PT6-A. Schematics of
motor and amplifier sections. Robert Faris, Rt. 25, Brook-
field, CT 06804.

Channel 11 minl-TV transmitter schematic needed. R.
Greenwade, 211 Cherry Lane, Monmouth, OR 97361.

Monarch SA60Stereo Amplifier. Schematic. John Mutch-
ler Jr., Rte. 3, Box 304, Grand Rapids, MN 55744,

ITT 4-trace Oscilloscope Model KP-404, Serial No. 7027,
Schematic and/or service manual. Sam Lay, 6771 Bonnie
Dr., Huntington Beach, CA 92647.

Hammarlund HQ-129X Receiver. Schematic and/or ser-
vice manual. James Smythe, 5158 W. 135th St., Haw-
thorne, CA 90250.

Surplus Transponder ANJAPX-6A with Radio Receiver/
Transmitter RT 279/APX-6A. Schematic. J.P. Vanags,
505-1111 Beach Ave., Vancouver, B.C. Canada.

Gibson Guitar Amplitier Model Minuteman GA-20RVT.
Schematic and instruction manual. Carl McCormick,
1502 Debra, Bossier City, LA 71010.

Skyline Radiophone Model 1A30. Schematic andjor own-
er's manual. Fred Caughlin, 11094 71st Ave. N.E., Brooks,
OR 97305

Vivitar Model ICR-007 FM-AM Radio. Schematic. Rico
Liu, 110-19 65th Ave., Forest Hills, NY 11375.

Electro-Voice EVR-2A Stereo Receiver, Serial # 134,257.
Schematic and/or operating manual, Henry L. Black, 2411
E. Gage Ave., Huntington Park, CA 90255.

Gorler Varactor FM Tuner No. 4-1969 312-0512. Schemat-
ic. Paul G. Kazmierski, 9146 Forrer, Detroit, Ml 48228,

United Cinephone U.S. Army Signal Corps Test Oscillo-
scope TS-100/AP, Order #368-DAV-45-RA. Operator's
manual, service information. Chester A. Browning. 219
Hanover St., Providence, Rl 02507.
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Electronics Library

INTERNATIONAL DICTIONARIES OF SCIENCE
AND TECHNOLOGY: SOUND
edited by R.W. Stevens

Scientists and technologists of eight Euro-
pean nations and the USA have collabo-
rated to produce this muitilingual diction-
ary which provides coverage of the ways
in which sound is important in modern
technology. Included are physical con-
cepts relating to mechanical vibrations as
well as thorough treatment of such topics
as architectural acoustics, audio circuits,
disc, magnetic and optical recording,
sound editing and broadcasting, tele-
phony, ultrasonics, underwater and musi-
cal acoustics. There are also transliterations
of entries into English, French, German,
Italian, Portuguese, Spanish and Russian.
Published by Halsted Press, Div. of John
Wiley & Sons, Inc., 605 Third Avenue, New
York, NY 10016. 853 pages. $37.50 hard
cover.

RCA SOLID-STATE DEVICES MANUAL

A manual on the theory and applications of
solid-state devices, including discrete
types and monolithic IC's, has been pub-
lished by RCA. The Solid-State Devices
Manual (SC-16), successor to the RCA
Transistor, Thyristor, and Diode Manual,
covers silicon diodes, bipolar transistors
(low-, medium- and high-frequency types),
MOSFET's, thyristors, and monolithic IC's
(bipolar and COS/MOS types) for linearand
digital applications. It provides information
on. basic operation, technology, ratings
and characteristics, circuit applications,
packages, and handling and mounting
considerations, as well as an up-to-date
listing of commercial types available from
RCA. Many projects, including schematics,
parts lists, and descriptions are included.
Published by RCA Solid State Division, Box
3200, Somerville, NJ 08876. 752 pages.
$5.00 soft cover.

DM-1A DIGITAL INTEGRATED CIRCUITS
MANUAL (THIRD EDITION)

This updated digital IC reference manual
contains listings by type numbers (old and
new), and by figure (pinout) numbers (old
and new). Included are most IC's the hob-
byist is likely to encounter in the TTL, DTL,
ECL, MOS and C/MOS families. Covered
are simple combinational gates, flip-flops,
shiftregisters, RAM's and arithmetic chips.
Published by Electronetics, Box 127,
Hopedale, MA 01747. 48 pages (8Y2" x 11%).
$6.95 soft cover.
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TYPE OF ORDER

OCASH: Acheck or money order is enclosed.
0OP.0.: {Attach coupon). F.0.B. factory; Net 3.
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WITH FREE DIST. STRIP
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923269 | <g50
WITH FREE DIST. STRIP -
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SIGNATURAL

SHIPPING/HANDLING  Merchandise Total

TINT NAME .00..... $1.00
g 100310250 .. :.50 Sales Tax {OH & CA)

10.01 to0 25.00.
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By Forrest M. Mims

PERCUSSION INSTRUMENT SYNTHESIZER

HANKS to John Simonton, and

Don Lancaster, this magazine has
featured articles on virtually every as-
pect of electronic music over the past
several years.

Recently the electronic music bug
bit me. Having tinkered with several of
the basic circuits, I'm convinced that
voicing circuits are by far the most
challenging—and the most fun. Of
course, they can be very difficult to
implement, but the successful elec-
tronic synthesis of the unique'‘voice"
-or timbre of a particular musical in-
strument is quite rewarding.

Percussion instruments are among
the simplest to simulate, so let's jump
into electronic music by putting a per-

cussion synthesizer together. Since
percussion instruments include the
bell, gong, cymbals, triangie,
xylophone, tambourine, and drum, a
successful percussion synthesizer
has lots of uses!

The first step of a successful design
is to study the waveforms produced by
the instrument to be synthesized. If
you're new to electronic music, be
prepared for a surprise! "Ordinary”
musical instruments produce some
very extraordinary waveforms. To
make matters even worse, the
amplitude (signal strength) of the
waveform during the first 100 mil-
liseconds or so is usually irregular and
often unique. For example, the cello

Announcing!! The world’s most advanced,
low cost, computer system available today!!

The MICRO-SPHERE 200

SPECIAL FEATURES:

o Completely Assembled and Tested (Ready to use; not a kit.)
o 4k RAM (EXPANDABLE TO 8k)
o CASSETTE LOADER
o Sphere Cassette Operating System (SCOS)
supports file handling and Advanced Program
Development, System, an aid for developing your

programs.

¢ 16 Line by 21 Character Alpha Numeric Character
Generator (128 by 128 B & W Dot Matrix Graphic System
o Monte Carlo Games Package

o Operators Manual

o Attractive Mar-Resistant Plastic Case

P e

TN

-

-

N
W/

NEW! $860

SPHERE

CORPORATION

791 South 600 West Dept. 130 (807) 292-8466

Bountiful, Utah 84010
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has a gradual, slow amplitude rise
time, but the tuba has afastrisetimein
the form of a high-amplitude spike fol-
lowed by the remainder of the sound
“envelope.” See Don Lancaster’s arti-
cle “lmitating Musical Instruments
with Synthesized Sound” (POPULAR
ELECTRONICS, August 1975, p. 37) for
more information on the sound en-
velopes of these and other nonper-
cussion instruments.

Fortunately, percussion instru-
ments produce a fairly orderly sound
envelope. Figure 1 is a somewhat
simplified version of the waveform

AMPLITUDE

ATTACK

Fig. 1. In percussive waveform,
rise is fast and decay slow.

produced by a typical percussion in-
strument. The waveform consists of a
strong, fast rise-time ‘‘attack” fol-
lowed by a gradual '‘decay.” In the
case of a bell, the attack is the initial
high-amplitude sound produced
when the bell is struck by its clapper.
The decay is the ringing sound rep-
resentative of the bell's natural reso-
nant frequency.

Now that we've defined the fre-
quency and amplitude relationships of
the sounds we wish to simulate, we
can start designing a circuit. Fortu-
nately, our task is easy because *‘ring-
ing,"” the effect we want to simulate, is
acommon and even pesky problem in
many electronic circuits!

An active notch filter happens to
make an excellent ringing circuit
since it has a natural resonance fre-
quency and can be adjusted to a criti-
cal point where oscillation can be ex-
ternally stimulated and internally
damped. As you may know, an active
filter uses transistors or, better, one or
more op amps to simulate a conven-
tional filter. The active filter is superior
to a passive filter since it has internal
gain which replaces the losses of pas-
sive filters and since it can be made
with avery high inputimpedance (very
desirable) and a low output imped-
ance (also very good).

POPULAR ELECTRONICS
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QUICK
CHARGE

Recharges in 1/3rd the time
of any other cordless iron.

Complete line of accessories available:

== j ==ro
No. 7566 J|' No. 7577
Micro Soldering Tip | Chisel Tip
—>=rp ———
No. 7535 No. 7574
Regular Tip Concave Tip
o> ——=J®
No. 7546 No. 7569
Heavy Duty Tip V" Tip
(] D— I o3
No. 7596 . - No. 7573
Knife Tip -l Tinning Tip
No. 7545 'Lr No. 7572
Fine Tip LT Blunt Tip
No. 7556  —=rI={ 1=

Tuner Extension Tip

WAHL CLIPPER CORPORATION
ORIGINATORS OF PRACTICAL CORDLESS SOLDERING
Sterling, lllinois 61081 (815) 625-6525

“Manufacturing Excellence Since 1919"
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===ABOUT YOUR==
SUBSCRIPTION

Your subscription to PoruLar
ELecTrRONICS is maintained on one of
the world’'s most modern, effvment
computer systems, and if you re like
99% of our subscribers, you'l never
have any reason to complain about
your subscription service.

We have found that when com-
plaints do arise, the majority of them
occur because people have written
their names or addresses differently
at different times. For example, if
your subscription were listed under
“William Jones, Cedar Lane, Mid-
dletown, Arizona,” and you were to
renew it as “’Bill Jones, Cedar Lane,
Middletown, Arizona,”’ our computer
would think that two separate sub-
scriptions were involved, and it
would start sending you two copies
of PopuLar ELecTRONICS each month,
Other examples of combinations of
names that would confuse the com-
puter would include: John Henry
Smith and Henry Smith; and Mrs.
Joseph Jones and Mary Jones. Minor
differences in addresses can also
lead to difficulties. For example, to
the computer, 100 Second St. is not
the same as 100 2nd St.

So, please, when you write us
about your subscription, be sure to
enclose the mailing label from the
cover of the magazine—or else copy
your name and address exactly as
they appear on the mailing label.
This will greatly reduce any chance
of error, and we will be able to ser-
vice your request much more
quickly.
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BRIDGED-
T FILTER

F

O
INPUT

OP AMP L—o

QUTPUT

Fig. 2. Notch filter with maximum
impedance at center frequency.

Figure 2 is the block diagram of a
typical active notch filter which uses a
single op amp, and Fig. 3 shows a
working circuit. The filtering action
takes place in the twin-T network
formed by R7, R2, and their associated
components. The twin-T notch filter is
an old standby and is often used to
block 60-Hz line noise in amplifiers
and other circuits. The op amp pro-
vides restorative gain and interfacing
to external circuits. You can operate
the circuit as it is by connecting a
miniature speaker to the output
through a matching transformer (a
unit with a 1000-ohm primary and an
8-ohm secondary), but you will have
best results by connecting the circuit
to an external audio amplifier.

The circuit works like this. The
potentiometer is adjusted so that the
filter just begins to oscillate and is
then backed off until oscillation
ceases. After this adjustment is made,
a tiny input signal at pin 2 of the op
amp will stimulate an oscillating at-
tack followed by a gradual decay as
the oscillation is dampened. How do
you apply an input signal? Simple—
just touch the touch plate (which can
be a scrap of bare hookup wire) with a
finger. The LM308, a precision op amp,
has a typical input resistance of 40
megohms and readily accepts the
small noise voltage from your body.

The frequency pattern of the circuit
isvery similarto Fig. 1, and the result is
a very effective and realistic percus-
sion simulator. You will probably have
to make several adjustments of the pot
for best results. If the circuit continues
to oscillate without decaying, back off
on the pot.

When R71 and R2 are about 100,000
ohmseach, the circuit produces avery
realistic bell sound when pin 2 is
briefly touched. You can change the
resonance frequency to simulate
many other percussion instruments by

AmericanRadioHistory Com

VIDEO
PING PONG
KITS

Tennis/Handball
with on-screen scoring

o Complete kit supplied, or any
combination of plans, parts, PC
board, etc.

* Anyone can build easily from con-
cise instructions

e Attaches to TV antenna — no TV
alterations required

IT'S THE HOTTEST
ELECTRONIC GAME IN TOWN.

Send 50¢ for Info Pack—
Refunded with Purchase.

INTERFAB
27963 Cabot Road
Laguna Niguel, California 92677 A o
.......................
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LISTEN!

We're one of
the country’s
largest Mail
Order Houses
of Stereo
Equipment

Our volume buying power enables
us to pass the savings on to you.

Listen to us You can't go

wrong.

{JAUDIO CATALOG
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° °
o Fill out this coupon and mail to address e
: below for our latest Free Catalogs. :
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® Name ]
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° City O
° z °
& State © o
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STEREO_-
DISCOUNTERS

7A AYLESBURY ROAD O TIMONIUM, MD. 21083
[301] 252-6880
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ALTAIR 8800

VIDEO
TERMINAL

vmo Immm Plugs into the Allair of IMSAI 8800 bus and connecls to
rd TV monitor (or modified receiver). 8-bit input connects to akmost
anyk rd. Characters are displayed as 16 lines of 64 or 32 characters
each, in a 7x9 dot matrix. (64 character line requires a high resolution
monitor or extensively modified receiver.) The character set includes 128
r and lower case ASCII characters and 64 graphics characters for
pmt'l a 48x128 (or 84) grid. Characters are stored in the onboard mem-
may be accessed dlreclly by the computer. The output is standard
5 Hna ElA RS170 video.
$160 Kit $230 Assem, and tested (Add $25 lor 64 character option) deliv-
ery 30 days
Analog Interface. This board is a complete Interface for a CRT graphics
dlaglay or an X-V plotier, and provides 8 channels of software-controlied
A/D conversion. There are 1 or 2 channels of analog F,ul with 10-bits
'mul;:m (0 10v or 5v out), 6-bits ol lalched digital output, and 8
anal
1 channei (D~‘0v) S|35 Kit $175 Assem. and tested
2 channels (0-10v): $185 Kit $235 Assem. and tested
(Bipolar option (:5v) add $8 for 1 ch., $12 for 2) delivery 30 days

Micro Cnmgum A one board compuler system oonulning‘an 8080 pro-
cessor, 512 bytes RAM, space for 1-3K bytes and a serial

170 port (optional). Compauble with IMSAI and Altalr memory and periph-
erals. Supports multiprocessing. (Avail. 18t 0. 1976)
Microcomputer System. A system based nn uur microcomputer and video

boards. inciudes motherboard, cabinet, gply and an operating
system and monitor on PROM. (Avail. 1s1 0 197

All prices and Sfecillmlnns sub]ecl to change withou! notice. Prices are
USA only - Calif, re

es. add 6% sales tax.

POLYMORPHIC SYSTEMS
P.0. Box 2207, Goleta, California 93018
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A /l/la/or Advance. ..

*EFFICIENT ENGINE PERFORMANCE
*REDUCED MAINTENANCE EXPENSE
*1 YEAR GUARANTEE OF PRODUCTS

For those who need maximum firing potential ,

Labtronics offers the Multiple Restrike Ignition.

The system produces a high energy repetitive
spark on each power stroke which insures the
greatest statistical chance for proper ignition.
Dependable system triggering from breaker-
points, magnetic pick-ups or the extremely
accurate '13Al-xx' infrared friggering unit.
Order your system and enjoy the economy and
peak performance of an efficient engine.

LABTRONICS, INCORPORATED

3635 HILLBIDE DRIVE @ YRSILANTI, MICHIGAN 48197

 MULTIPLE RESTRIKE &
1] Modelvy Prmnmbln owﬂan e ER.95
{1 Modal VI-B Fixed Borst DBuration $59.95
[] Model VI-C  Complete Optical System . 95

_HIGH ENERGY SYSTEM (Single Strike) v

ﬁ Mgda:x{ _ Points T!iggu%?glw- : 329§
" Model Cm\p!m em o

© TRIGGERING UNITS OP 5 §”'@ W o

e 13A1-xx Opﬂml Tehteoae. Unlt 32495
(161298 Magretic Amplifier  § 4.95
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LM308
(TopP)

Fig. 3. Damped percussive wavefornt
appears at filter output when
touch plate is “struck.”

changing R7 and R2. Of course you
will have to readjust the pot to obtain
the best voice for each instrument. Try

these values for various effects:

Instrument R1 and R2
Triangle 33K
Small bell 47K
Medium bell 150K
Large bell 470K
Drum M

A narrow tuning range will help you
adjust the circuit for optimum voicing,
so you will want to use as small a value
for the pot as possible. If 100,000 isn’t

enough, use values of 'up to 1M.

Incidentally, you can use various op
amps in this circuit, but they may not
respond to a touch input signal. If this
occurs, just connect a resistance of a
few thousand ohms between the posi-
tive power-supply lead and pin 2 of the
op amp through a momentary contact
spst (normally open) pushbutton
switch. Press the switch to ring the
bell, strike the drum, or whatever. For
a ding-dong effect, insert a small
(about 0.001-pF) capacitor in place of
the resistor. Pressing the switch gives
asharp 'ding’’ and releasing it gives a
resonant “‘dong.” This hookup makes

a great doorbell circuit!

Finally, if this introductory project
turns you on to electronic music, try
building a complete percussion
synthesizer from several filters ad-
justed to simulate various instru-
ments. You can even build a realistic
xylophone by building up a separate
filter for each note. @®

To AUDIO
AMPLIFIiER

[SAVE! )

MONEY o TIME o FREIGHT

QUALITY STEREO EQUIPMENT
AT LOWEST PRICES.

YOUR REQUEST FOR QUOTA-
TION RETURNED SAME DAY,
FACTORY SEALED CARTONS—
GUARANTEED AND INSURED.

SAVE ON NAME BRANDS LIKE:

A.D.C. KLH

A.R. SHURE

DYNACO KOSS

SONY FISHER
PIONEER

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

illinols audio

Department 217S
12 East Delaware
Chicago, Illinois 60611
312-664-0020

CIRCLE NO. 25 ON FREE INFORMATION CARD

12 REASONS YOUR CAR
NEEDS TIGER CDI

Instant starting in any weather - Eliminates
tune-ups - Increases gas mileage - Increases
horsepower 15% - Improves acceleration
and performance - Spark plugs last up to
70,000 miles - Reduces engine maintenance
expense - Amplifies spark plug voitage
to 45,000 volts - Maintains spark plug
voltage t0.10,000 RPM - Reduces exhaust
emissions - Dual ignition switch - An
Unconditional LIFETIME GUARANTEE
Installs in 10 minutes on any car with
12 volt negative ground - No rewiring - Most
f)owerful efficient and reliable Solid State
nition made.

g»:’l"(ISFACTION GUARANTEED or money
C

TIGER 500 assembled ... ... $53.95
TIGER SST assembled ...... $42.95
Post Paid in U.S.A.

Send check or money order with order to:

- Star Corporation

P.0. Box 1727 Cc
Grand Junction, Colorado 81501

DEALER INQUIRIES INVITED
CIRCLE NO. 55 ON FREE INFORMATION CARO

POPULAR ELECTRONICS



Poly Pak’s

EXCLUSlVE BARREL’

THE BIGGEST INFLATION-FIGHTING VALUE EVER!
TEST '’EM YOURSELF 'N SAVE!

Every kit carries money back guarantee.

100’S OF BARRELS PURCHASED!
BUY ’EM FROM THE “BARREL’’ AND SAVE!

GllLE

For the first time anywhere, Poly Pak

merchandisers introduce a new way
in buying the economical way. Raw

|

//

RE-TESTERS DO!

\ Your choice
of any kit

stock from the ‘‘barrel’.
the ‘“good ole days’? They’re back
again. The same way merchandisers
throughout the United States buy
from various factories . . . their over-
runs in harrels. Poly Pak has done
the same. Therefore you are getting
the same type of material as the

98
J\

Remember

BARREL KIT 71
SN7400 DIP IC'S

75 for $1.98
Marked 14 and/or with 16
pin dips, may include gates,
registers, flip flops, count-
ers. Who knows! GUA( AN-
TEED SATISFACTION!

Cat. No. 2415 ‘Unu.-sled‘

o

cludes

75 f

BARREL KIT 22
LINEAR OP AMPS,
DIP

or

iehied $1.98
May include 709°s,
703's, 680 =series.
marked

marked. Cat. No. 2416

741,
558 In-
and  un-

BARREL KIT 3
1N4148/914 le®

SWITCHING DIODES

R
100 for $1.98

You never saw this before.
Imagine famous switching
diodes at these prices!

Cat. No. 2418 Untested.

BARREL KIT j4
44000'" RECTIFIERS

100 for $1.98

These are the famous nucro
nim.ture rectifiers of the

N4000 serles. May in-
clude 26. 50. 100.° 200.
400, 600. 800 and 1000
volters. Cat.2417 Untested.

e

BARREL KIT #5
SCRS, TRIACS,
QUADRACS

40 for $1.98/

All the famous plastic pow-
er tab type. Raw factory
stack! All the 10 amp types.
Cat. No. 2419 Untested.

BARREL KIT #7
VOLUME CONTROL
BONANZAI ‘t,\

40 for

$1.98 ¥
Sirgles, duals, varlety of
vulues, styles, big ones —

small ones. Cat. No. 2421

BARREL KIT 28
SUBMINIATURE
IF TRANSFORMERS

100 %
60 for $1.98 scod.

Amnzing, Includes 455kes,
osc, antenna, who knows?
From Invulstor radio man-
ufacturers,No. 2422

BARREL KIT 710

BARREL KIT 711

BARREL KIT 712

/b}

L BARREL KIT /13
RESISTOR NETWORKS

BARREL KIT 714
PRECISION RESISTORS

BARREL KIT 715
MOSFET TRANSISTORS

BARREL KIT #186
DISC CAPACITORS

ROMS-REGISTERS POWER TAB POWER TAB 100 % good
TRANSISTORS TRANSISTORS -+ /
552 f;sr 40 for 40 for 40 for 200 for " 2 2$001 EIgr g )
Untested $1.98 $1.98 $1.98 $1.98 60 for $1.98 A
i g gLeges Al 4 leaders TO-18 case.| Marked and unmarked. Rel
.z..grk'e'ﬁ. ‘?nlgrlr:ﬂdcl‘;lc.i;:‘; ﬂfﬁmﬁ"“w Toiix?s i P:“:ncphszl)‘lc n}jron2bf\(']s 2P By Corning Giass, in 14- \lnrkzed xmtd unmacgked .| incicdes UHF  translstors| cise type asst. values.
numbers, eto No. 2424 CatoNo: 2425 " Untested. | Cat. No. 2426 Untested. | Pin din paks. Cat. No. 2427 2. 2 watts.No. 2428 tm! Cat.2429  Uatested. | Cat. No. 2430 100 % good.
BARREL KIT #17 BARREL KIT 718 BARREL KIT #19 BARREL KIT #20 BARREL KIT #23 BARREL KIT #24 \BARREL KIT #25
LINEAR & 7400 DIPS | ZENER-RECTIFIER MIX| DIPPED MYLARS LONG LEAD DISCS “RTL” IC'S _ | HiGH voLTAGE MET:LICAS
Untested _— o f 100 f 75 /' | RECTIFIERS TRANSISTORS
0 1.98 | S0 for o = foe f 100 for
100 for 100 for $1.98 | g, og $1.98 1.98 e 4
$1.98 Subminiature, DO7's, in- . : . $1. $1.98 $1.98 U e
= ¥ |cludes asst’ zeners’ and | pinest  eapacitors made, | Factory dlatributor _stock | 100 % good. Untested. | Includes TO-5, TO-1,
Marked and unmarked, in- |rectifiers. It's mixed at the | chiny finlsh. Imagine facto- | **auction  sale rime, | All in TO-5 coses, brand | Up to 12,000 volts. 4 mils, | 18, ete., assorted 2N num
}ernnlln"kmbm uf sawlacy fillictalys e CnOt e | dumping ‘em in barrels, | marked only. Leng leads | new. May include 908, 911. e A B " | bers. unmurked ete. i
ory stock. Neo. 2431 rate. Untested. Cat- 2432 | ¢,y No. 2597 100 % good. | Cat. No. 2598 100 % good. | 912. 913, etc. Cat. 2601 | Cat. No. 2602 Cat. No. 26073
BARREL KIT 226 BARREL KIT j28 BARREL KIT f29 BARREL KIT 730 BARREL KIT {31 BARREL KIT #32 BARREL KIT #34 &3
PLASTIC CERAMIC CAPACITORS| VITAMIN Q CAPS PREFORMED METALLIC m TRANSIS“TORS  TUBE SOCKETS ¢ gh.
TRANSISTORS 200 for 100 for ___ RESISTORS RESISTORS WITHTAHOLEANIT) 100 for
100 for $1.98 $1.98 e 50 for $1.98 | 100 for $1.98 SO for $1.98 VT $1.98 ,‘
$1.98 . Not only do the barrels| Every type of oil-impreg- | We gol barsels of Y4 and| Made mostly by Corning, Cat. No. 2610  Untested. c‘?ﬁ" s ‘“bt‘“ “g“““]’-
contain t fac-| nated caps, some worth $ Vs " watters for pe use. | the finest resistor made. | Can't name factory but we | SUlt i Gemmndio, Bajres
Type T0-92 (TO-18), all o moed. Erie Centrn- | Dut the “ole barrel” sale | You'll get even amount. | Mostly ¥z watters. 1% 10 | bought barrels of 25 watt- [ g€ PEFFRE 0 B0 E
manufacturers. variety of | 1ab, molded types too!| gives you the bargam-of- {100: ¥, 100 1" watters. | 8% tol. & a barrel of [ em with mig. hole in mid- 9, ‘NE" g:m;“‘;' e
2N £'s. Cat. No. 2604 Cat. No. 2606 100 % good.| a-lifetime. Cat, No. 2607 | Cat. No. 2608 100 % good, | values 100 % good.No.2609| dle. PNP'S and NPN'S. Cat. No. 2612 100 % good,

BARREL KIT #35

BARREL KIT §36
GERMANIUM DIODES

BARREL KIT 37
1 AMP “BULLETT"

BARREL KIT #38
2 AMP RECTIFIERS

BARREL KIT 39
2N3055 HOBBY

BARREL KIT %40
PRP HIGH-POWER

BARREL KIT j42
100 ITT *"GLASS 4000

NEON LAMPS
RECTIFIERS TRANSISTORS TRANSISTORS RECTIFIERS
40 for 200 for 75 for for T
1.98 100 for 15 for $1.98 == Untestea,
$1.98 % gooa. | PL> 8 $1.98 < $1.98 &% ;
100% gaod |, 0TS popuinr | D149 =~ Untested. | $L.98 150% good. Just_in! IN400O silicon
Famous NE-2's. All prime, | jiem. Never grows old. But | Famous style, asstd. volt. | "CYLINDER™ type, silicon. | From factory 10 you, these Papular  germanlum TO-3 | rectifiers in epoxy, now in
bat actors made  milltons | er Never Brows o O | e iiven. ‘axia) ihcludes | Mallory, includes all volt: [ fallouts of the  famous | Si=E units Bow avaiiable |} glass —encased ut  barrel
B barrciad o Your ade | AN e Y, e R | AR O Valtages “to | ages up to 1KV. Axial [ SN3055. We have 10 bar. | i€ “#ood ole barrel’ prices. fprices 50 1o 1000V too!
vantage. Cat. 2613 factories. UntestedCat. 2614| 1KV. Untested Cat. No. 2615 |deuds. Cat. No. 2616 rels. Cat. No. 2617 Cat. No. 2618 100 % good. | Cat. No. 2620

BARREL NIT 246
G.E. 3.5 WATT

BARREL KIT {49
QUADS! QUADS!

BARREL KIT #380
SIGNAL SILICON

BARREL KIT #351
'HOBBY OPTO

)

BARREL KIT 252 GE

DISCS!

BARREL KIT 453
JUMBO RESISTOR PAK

BARREL KIT #54
9 DIGIT READOUTS

Uitested. Cat. No. 2723

Cat. No..2725 -100 % _good.

Cat. No. 2726 100 % good.

100 % good.Cat. No. 2727

too.: Cat. No. 2728

2!l good. Cat. No. 2729

AMPLIFIERS LERS A
25 for 50 for DIODES 388 | 30 for $1.98 100-pc.$1.98 | 10 for qumedf®
1.98 $1.98 200 for $1.98 |30 for BL.98 | 500 for $1.98 | . 27 $1.98 |
$1. LM 39 Includes many. many types | both the sehsor or tranamit- | NO- 2630  100% good. | Assortm metal films, preci- Untested.
llobby type, factory fall- |Untested.4 mirror op amps of switching, signal’ allicon| ter may be good, or both. | The bargain of a lifetimel | 5fonxs. carbons metal oxide Bargain of a lifetime! All
we purchased them in | in onc package. Why (he | t¥pes, all ~ axial leads. | WE DON'T KROW! We dont First time ever offered by | powers, from Y watt to we got was 1 barrel — the
e ose  are un- |factory barrelled these we | Some muy be zeners know the types. 1500V iso- | Poly Paks for the economy- | watis. Color coded & blisdor digit'* types. Multi-
knowns. No. 2624 Untested. | dont  know. Cat. No.2627{ Cat. No. 2628 Untested. | lation. No. 2629 Untested. minded bargain huntera. | 100 % good. Worth $10. plexed. Cat. No. 2722
BARREL KIT 455 BARREL KIT 57 BARREL KIT #58 BARREL KIT £59 BARREL KIT 760 BARREL KIT j61 BARREL KIT 164
3 DIGIT READOUTS HI-POWER RECTIFIERS | SLIDE SWITCHES _ POWER TRANSISTORS | DTL'S IC'S POLYSTYRENE CAPS 6-DIGIT ARRAYS
- 100% go0d [556535
158 Bh SN |ESs FA S G 100 for
o P !
$1.98 'W $1-98 $1.98 ry $1. $1.98 Untested. $1.98 > 20 for $1.98
) - All shapes, sizes, spst. dpdt. | 15 watt Bendix B-5000 | This is prime barrel mate; o
National cleaned fts ware- | 50-Amp studs: e. _12 24, | momentaries, efe. Tremen- | pelict transistors, npn, all{rlal. Who wants Finest caps made. As a gam- | Here's a bargain! This is a
use . . . now we have |48V. 100% material. Fac- |dous shop pak for 100's of | good, purchased from a| 930, 936, 946's. Your gain | ble we bought 10 barrels | National “‘dump . infla.
barrels of NSN-33 tvpe |tory rectifier ““line** rejects. | switchizg projects. pretester, have millions of | is our loss. They're marked | from factary, mixed values: | tion Is s[oppgd here!

Cat. No. 2732 Untested.

BARREL KIT §65
MIXED READOUTS,

30 for
$1.98

Factory returns such

numbers as MAN-4's, MAN-
s ll barrels &

ate.

Cat. No, 21:3 Unu-nl.ed

Are

want to
millions. Cat. No. 2734 oy ¥

find

BARREL KIT j67
2-WATT AMPLIFIERS

50 for
$1.98

Buy fram the barrel 'n savel
LM-3B0 types in dip n.lks
they good?

Un

Ye don't
out We got

BARREL KIT f68
2 WATTERS IJCAPACITOR SPECIA
100 for "7 (100 pcs.

$1.98 |7 $1.98

- 100 % good. .

Nobody seems to want 'em! [Emptied stockrooms inta
So many suppliers don't [barrels of mylars, poly’s,
count, but throw ‘em In the |[micas, muldeds, plastics,
basrei, 1¢'s a 11l gold mine. |ceramics, dises, etc. Nifty

All marked. Cat. No. 27;5',‘”

"BARREL KIT #71

100 % good. Cat. 2738

BARREL KIT #72

TERMINALS,

RECEPTACLES y
100 % good

150 for $1.98

Maker of these dumped in-

to barrels. You ge 4,

2,
6 sirips & recenlacles What
a buy! Cat. No. 2739

BARREL KIT #7
TRANSISTOR
ELECTROS

50 for $1.98 )‘N

It “bugs'’ us why the fac-
torles dump ‘em in barrels.
We don't wish te separnte
wide asst voltages & values
up to 300 mf. No. 2747

BARREL KIT 475
400MW ZENERS

100 for

$1.98
Factory mu of biz! Amazing
offer: 0, 12 to 15V,

You test. Hermetlonlly sealed
gluss pak. Double plug.
Cat. No. 2740 Untested.

BARREL KIT #76

BARREL KIT #77

L9

'BARREL KIT ﬁ1n

BARREL KIT §79

ke

BARREL KIT #81

TWIN PAK #1

1-WATT ZENERS {BROWN'' BODY *'RED'* BODY 233’?:?}%’}_ SUBMINI RESISTORS ] LED READOUTS
100 for TRANSISTORS TRANSISTORS 25 for 3 100 for 20 for
$1.98  Unested. 40 for $1.9871] | 40 for $1.98 r $1.98 $1.98
Factory same as 400-mw's. | G-E D-10 serles: has h ! $1.9 Untested. ~100% good. § 10 Man-3's.
Never-la-see-again offer, vollage, Darlingtons, hi-|D-42 series. You test—go [Brown body, Ppower lab | PC, upright l)pe color ¢od- § 10 Man-7's.
8, 10, 12, 18V. under | current. npin's. Factory line | into your own biz! High | Darlingtons nre mixed, raw |ed, Vs watt. Asst values. | Tat. No. 2826
glass, Double plug. discontinued. Power tabs. | current. hi-V. NPN, factory stock. Why pay | Came to us in a barrei. E——— O
€Cat. No. 2741 Cat. No. 2742 Untested. | Cat. No. 2743 Untested. more? Cat. No. 2744 Cat. No. 2746 TW PAK $10
BARREL KIT 82 BARREL KIT £83 BARREL KIT 784 BARREL KIT /86 BARREL KIT #87 EOWERRESISTORS
8000 SERIES ICS 15 for $1.9¢( - 25 for HOBBY LEDS NATIONAL IC BONANZA 70 for __guiD-
S0 for LM.340T i.98 -5 40 for 100 for $1.98 —yrup—
$1.98 VOLTAGE Untestes =B untentedMAN-3 1.98 $1.98 40 Oxide 2-watters.
THE CLAW", 5V 15 mils. . 30 Oxide 7-watters,
5 REGULATORS " $1. Untested. | Factory dumps into barrels N

By Natlonal. From factory
t0 you. Assortment of pop-
ular series fagtory fallouts,
overruns, Untested. gommee
Cat. No. 2634

Oowi
N Cow

Factory rejected them
length of leads, May include
]

, 12,16,

tab, No.

o1

18.24 volts.
2

635

LED hobby or experimenta!
for understanding the
working of "'mini’ or calcu-
ilator readouts. A segment
may be missing. No. 2679

use,

Wow! A Litronics dump of
all kinds of mixed discrete
LEDS, shapes, colors. good,
poor, ete. Cat. 2859

Types 8000, 7400 serles,

Cat. No. 2835

TWIN PAK ;4
ZENERS

100 for $1.98
60 400-MW,

50 1-watt

6, 8, 10, 12 to 15V.
Cat. No. 2829

| TWIN PAK %9

6 & 9-DIGIT, ;

READOUTS s

10 6-digit15 tf)r ”
5 9-dizit. $1.98"

Hobby types, from ecalcula-

tor mnkers' gloseouts,

| Cat. No. 28343

DTLs, ROMs, registers, clock
& cale. chips. lineurs, ete.
Cat. No. 2860 Untested.

BARREL #91
SILVER MICAS

100 for $1.98

For the first time sllve

micas so low in pricel
Axial, red case, variety of
rmysicnl sizes alues,

tor prices. Wt.

MARCH 1976

w712 for $1.98

DL-33B bubble magnifiers.

~AJ[BARREL KIT §04
“BUBBLE' READOUTS|

Segs missing. Truthfully so

Big savings lrom I;‘llulribu- many of ‘em we don’t care,

Untested. 3 oz.

BARREL KIT %99
PHOTO ELECTRIC/
CELLS

10 for $1.98

Asst. GE types, CDS types.
Mixed by factory. Big job
for us to separate. 100%
good.

CIRCLE

BARREL KIT ji01
RESISTOR SPECIAL

200 for
$1.98

Includes: Vg, l/.
watters, carbo

BARREL KIT #104
SLIDE VOLUME
CONTROLS

10 for $1.98

Used in_ hi-fi, volume con-
trol  maker unlonds. Asst.
values, what a buy. Worth
Sl eca. We've got barrels
[ of 100 % material.

100 % good.

NO. 43 ON FREE

AmericanRadioHistornv-Com

Terms: Add postage

Phone : Wakefield, Mass. (617) 245-3829
Retail: 16-18 Del Carmine St., Wakefield,
C.0.D’sMAY BE PHONED

POLY

O 20c CATALOG on

P.0O. Box 942E-3, Lynnfieid, Mass. 01940

INFORMATION  CARD
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Order
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ELECTRONICS MARKET PLACE

e — e ————————————— — e ———————
NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services, $2.00 per word (including name and
address). Minimum order $30.00. Payment must accompany copy except when ads are placed by accredited advertising agencies. 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, $1.20 per word (including name and address.)
No minimum! Payment must accompany copy. DISPLAY CLASSIFIED: 1" by 1 column (2-1/4"" wide), $230.00. 2" by 1 column, $460.00. 3" by 1 column, $690.00.
Advertiser to supply film positives. For frequency rates, please inquire.
GENERAL INFORMATION: First word in all ads set in caps at no extra charge. All copy subject to publisher's approval, All advertisers using Post Office Boxes
in their addresses MUST supply publisher with permanent address and telephone number before ad can be run. Advertisements will not be published which
advertise or promote the use of devices for the surreptitious interception of communications. Ads are not acknowledged. They will appear in first issue to go to
press after closing date. Closing Date: 1st of the 2nd month preceding cover date (for example, March issue closes January 1st. Send order and remittance to
POPULAR ELECTRONICS, One Park Avenue, New York, New York 10016, Attention: Hal Cymes.

FOR SALE

FREE! Bargain Catalog—I|.C.'s, LED's, readouts, fiber
optics, calculators parts & kits, semiconductors, parts.
Poly Paks. Box 942PE, Lynnfield, Mass. 01940.

SOUND SYNTHESIZER KITS—Surf $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 fast. Write, Clifton,
11500-L N.W. 7th Avenue, Miami, Florida 33168.

GOVERNMENT Surplus Receivers. Transmitters,
Snooperscopes, Radios. Parts, Picture Catalog 25 cents.
Meshna, Nahant, Mass. 01908.

LOWEST Prices Electronic Parts. Confidential Catalog
Free. KNAPP, 3174 8th Ave. S.W., Largo, Fla. 33540.
ELECTRONIC PARTS, semiconductors, kits. FREE FLYER.
Large catalog $1.00 deposit. BIGELOW ELECTRONICS,
Bluffton, Ohio 45817.

RADIO—T.V. Tubes—36 cents each. Send for free catalog.
Cornell, 4213 University, San Diego, Calif. 92105.
AMATEUR SCIENTISTS, Electronics Experimenters,
Science Fair Students Construction plans—Complete,
including drawings, schematics. parts list with prices and
sources Robot Man — Psychedelic shows — Lasers —
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignition — Burglar Alarm —
Sound Meter over 60 items. Send 50 cents coin (no
stamps) for complete catalog. Technical Writers Group,
Box 5994, University Station, Raleigh, N.C. 27607.
METERS—Surplus, new used, panel or portable. Send for
list. Hanchett, Box 5577, Riverside, CA 92507.
MECHANICAL, ELECTRONIC devices catalog 10 cents,
Greatest Values — Lowest Prices. Fertik's, 5249 D",
Philadelphia, Pa. 19120.

° DISCOUNT PRICES
B&K, SENCORE, LEADER, RCA
EICO, FLUKE, HICKOK, SIMPSON

Test Equipment
ICC/Servicemaster, RCA and Raytheon Tubes
Complete line of electronic supphes

Free Catalog

FORDHAM RADIO SUPPLY CO., INC.
558 Morris Ave.. Bronx. N.Y. 10451 (212) 585-0330

YOU WILL SAVE BIG MONEY! Surplus, Clearouts,
Bankruptcy. Inventory, Deals. Catalog $1 (redeemable).
ETCOA Electronics, Box 741, Montreal, H3C 2V2. U.S.
Inquiries.

TELEPHONE “BUGGED"? Countermeasures Brochure
$1.00, Negeye, Drawer 547, Pennsboro, W. VA 26415,

ALPHA/THETA BRAINWAVE biofeedback instruments.
Analog instruments from $125; digital processing systems
from $225. BioScan, Box 14168-E, Houston, Texas 77021.
SURPRISE! Build inexpensively, the most Unusual Test
Instruments, Futuristic Gadgets using Numerical
Readouts! Catalogue Free! GBS, Box 100A, Green Bank,
West Virginia 24944. .
LEARN DESIGN TECHNIQUES. Electronics Design
Newsletter. Digital, linear construction projects, design
theory and procedures. Annual subscription $6.00, sample
copy $1.00. Valley West, Box 2119-8, Sunnyvals, California
94087.
TELEPHONES UNLIMITED, equipment, supplies. Catalog
50 cents. Box 1654E, Costa Mesa, Calif. 92626.

P-1

U}a,% Citizens Band

DEALER-DISTRIBUTORS

Send this ad with Letierhead to:

ELECTRONICS CO.

2962 W. WELDON - PHOENIX, ARIZ. 85017

HEAR POLICE/FIRE Dispatchers! Catalog shows
exclusive directories of "confidential” channels, receivers.
Send 10 cent stamp. Communications, Box 56-PE,
Commack, N.Y, 11725,

CD IGNITIONS, VHF/UHF monitors. crystals, CB radios,
Southland, Box 3591-8, Baytown, Texas 77520.

It’s about time...

A SOLAR POWERED DIGITAL WATCH

ONLY

$1992:

GIANT FREE
CATALOG!

NEW. 172Pages.
Over 4,500 Un-
usual Bargains
for Hobbyists.
Schools, Industry

g EDMUND

SCIENTIFIC CO.
300 EDSCORP BUILDING
Barrington, N. J. 08007 |

America’s Greatest I
Science - Optics - Hobby Mart

ka1 L0y

JUST CHECK
COUPON! |

Interbank No.
Card No.
Expiration Date

City

COMPLETE AND MAIL COUPON NOW

EDMUND SCIENTIFIC CO. 300 Edscorp Bldg., Barrington, N. J. 08007
]
Raas
] SEND Free Hmmmn (D
172 PAGE CATALOG AvC
O Charge my BankAmericard
{1 Charge my Master Charge

30-DAY MONEY-BACK GUAR-
ANTEE. You must be satlis-
fied or return any purchase
n 30 days for full refund.

Fantastic new time computer.
Accurate to within 5 seconds

a month. Guaranteed minimum

3 years without battery replacement!

Amazing new solar powered quartz watch makes almost all standard
digital watches seem obsolete. Handsome, sleek "*20th Century Sun.
dial” features bright L.E.D. display for easy 3-second reading of
hour, minute, second at the press of its recessed button. Press it
again for the self-correcting (except leap year) calendar to show the
month and date. 9 sificon solar cefls charge 2 sub-mini batteries
(guaranteed for minimum 3-year life) to power the quartz control
oscillator. No moving parts in mechanism. Unmatched dependability
and performance. Works with incandescent light also. Once it's fully
cr)arged. will actually run for a full year at 25 actuations a day —
without any light whatsoever. So just follow your normal routine. As
if you could — ever again — with such an extraordinary timepiece.
Order today with your BankAmericard, Master Charge or check.
Return it in 30 days if you aren't delighted. Gold-plated *‘smart"”
watch says it's time for solar energy.

Stock No. 1675AVC . Only $199.95 Ppd.

Send me:

_ SOLAR POWERED WATCH(ES)
@ $199.95 Each.(No.1675AVC S

Service and handling charge ___ $1.00

Enrlosed is
check. [(Jm 0. 1n amouni of §

UNSCRAMBLERS: Fits any scanner or monitor, easily ad-
justs to all scrambled frequencies. Only 4" square $29.95,
fully guaranteed. Dealer inquiries welcomed. PDQ
Electronics, Box 841, North Little Rock, Arkansas 72115.
SURPRISE! SURPRISE! Digital Piano Tuning Device tunes
musical instruments Accurately! Perfectly! Inexpensively!
Construction-Instruction-Plans Complete $12,95 Airmailed
Postpaid! Moonlighting quickly repays $40 electronics in-
vestment! GBS, Box 100P, Green Bank, West Virginia
24944,

PYROTECHNICAL chemicals, casings, fuse, tools,
literature, supplies. Catalog-$1.00, with samples — $2.00.
Westech, Logan, Utah 84321,

RECONDITIONED Test Equipment. $0.50 for catalog.
Walter's Test Equipment, 2697 Nickel, San Pablo, CA
94806.

FREE giant bargain electronic catalog listing thousands of
components, tubes, transistors, IC's, kits, test equipment.
EDLIE'S, 2700-PA Hempstead Tpke., Levittown, N.Y, 11756.

SAVE ELECTRIC POWER!

Save up to 80% electrical power with this unique,

inexpensive, portable, permanent and legal method

applicable for shops, homes, factories, businesses,

tarms, sites. 100% Refund Guaranteed if not scien-

tifically sound or if it employs gimmicks.
Information $1.00

CONSUMERTRONICS CO.
P.0. Box 1399 Alamogordo, N.M. 88310

FOR A New Electronic Experience, leam to control your
brainwaves. Aquarius Electronics, Box 96ZE, Albion, CA
95410.

POLICE, Fire monitors, scanners, crystals discount priced.
New crystal-less scanners, 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.

BUILD THAT ELECTRONIC ORGAN YOU ALWAYS
WANTED AT A PRICE YOU CAN AFFORD. Third edition of
"Organ Builder's Guide,” pictured product kit line, cir-
cuits, block diagrams, design rationale using IC divider
and independent generators with diode keying. $3.00 post-
paid. Also, free brochure on keyboards. DEVTRONIX
ORGAN PRODUCTS, Dept. C, 5872 Amapola Dr., San

Signature Jose, CA 95129.

Name. JAPANESE TRANSISTORS, all transistors original factory
am Please print made, Free catalog. West Pacific Electronics. P.O. Box

Address 25837, W. Los Angeles, CA 90025,

State Zip

L e e e e

L_——
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COMPUTER, PERIPHERAL, TECHNICAL Reports; Project
Supplies; Kits. Catalog 751A. 50 cents. E/S Lab, Box 738,
College Park. Maryland 20740.

POPULAR ELECTRONICS




; 5 LINEAR IC's
CONTINENTAL SPECIALTIES - H=TO-5 N=DIP MMMINI DIP uo:cgn [::;’ocs-'rog MlCROPROCESSORS
LM10SH  3.90 311H 1.2 L
% LM108H 4.90 LM311D .90 LM710CN 90 19 10 up 1702 17.00
PROTO BOARDS g LM114H  3.00 LM311M 175 LM711CH .90 P8101 $.50
i i i LM300H 1.20 LM312N 175 LM711CN .90 P1101A 2.20 2.10 P8101-2 6.00
Build & test circults as tast as you think! P1101A1 350 3.30 P8102 4.00
b LM300N  1.20 LM318H  1.50 LM715CH 3.50 g - g
PB100 10 IC cap breadboard kit, 4.5 x 6.0 x 1.35 $19.95 LM301AH .60 LM318M  2.40 LM715CD 4.60 P2102-1 3.90 3.00 P8102-2 4.00
PB101 10 14.DIP cap, 5-way post, 940 solderless $29.95 LM301AM .80 LM324N  1.90 LM723CH .80 91L02 3.80 3.20 PB111 5.60
tle points, 5.8 x 4.5 LM301AN 1.10 LM33IN  1.25 LM723CN .65 91L021 3.90 3.20 P8111-2 6.00
PB102 12 14-0IP cap., like PB107 with 1,240 tie $39.95 LM30IM .95 LM336K  2.40 Lm725CH 1.50 | B080A 39.99 9102PC 4.00
points, 7.0 x 4. LM302N  1.30 LM339N  2.20 LM725CD 5.00
PB103 24 14-01P cap., 4 5-way posts. 2,250 tie $59.95 LM302H  1.40 LM320-5K 2.90 LM733CH 1.40
points, 6.0 x 9.0” LM304H  1.20 LM320.5T 2.50 LM733CD 3.50 ﬁ?r"’":.UFTAEcFé BIPOLAR MOS-LSI
PB104 32 14- DIP cap.. 3060 soiderless tie points, $79.95 LM305H .85 LM320-12K 2.90 LM733CN 1.30 E MEMORY
8.0x9.76" LM305AH 1.05 LM320-12T 2,50 LM741CH .40 | DMB820N 2.40 (3101 6.50 1402AN 3.80
LM305N  1.00 LM340-5K 2.60 LM741CD 1.25 | DMBB20AN  6.90 phig a.90 1403AH 4.00
" PROTOCLIP LM30BN .95 LM340-6K 2.60 Lm741CM .39 | DM8B3ION 249 C3i01a 730 1403AN 3.80
F e LM307H .60 LM340-8K 2.60 LM747CH .75 | DMBB31IN 520 Fli00a 580 1404AH 4.50
% LOGIC MONITOR o weating, Bring!C LM307M 180 LM340-12K 2,60 LM747CN .90 { OM8832N 6.00 [Greoicpe  7.3q 1404AN 290
R Simuttanoously displays loads up from PC board LM308H 85 LM340-15K 2.60 LM748CM 55 |°'NBT268 40 o C01CPE 580 1405A 4.00
static and dynamic 100 surface for fast trouble- | LM308AH 5.00 L(M340-18K 2.60 CM777CH 2.15 | 9600PC 130 (S CE600 T30 1406 8.40
- fc_states of DTL, TTL, shooting, LM308D 225 LM340-24K 2.60 LM777CM 2.10 | 9601PC 120 o 580 1407 8.40
- F HTL or CMOS DIP ICs. pCi4  14-pin  $4.50 LM308M  1.00 LMS55CM .70 LM3046CN .95 | 9602PC 198 S iesaoN =80 1506 3.00
VS Pocket sizo. $84.95. pG16 16pin 476 LM309H  1.75 LMS56CM 1.30 LM3054CN1.50- | 9614PC 2.30 gaioape &80 1507 3.00
LM309K 150 LMSE7CM 1.70 SG4501T 2.40 | 9615PC 2,40 =Y 1802 33.00
LM310H  1.50 LM709CH .75 sG4501N 2.40 | 9616PC 5.00 £2101 5.00
SOCKETS & BUS STRIPS LM310M 1,80 LM709CN .75 LMS000K 750 | 9617PC 3.50 1024-81T P2101-1 5.50
211! Plug-in, wire, test, modify or expand without patch C-MOS 9620PC 4.00 N-Channel RAM P2101-2 4.90
={l| eords or solder. Snap together to form bresdboard . 9621PC 4.00 2109 00 P2111 5.80
1] | [Reyrees :()"(‘)OAE 12?110“9 :g‘;ne 1.3510%% ZQ\;OAE 1-200“599 &g Pe2102 2 fgs| a2} 151 800
¢ |l PN/Description L. Hole-to-Hole Term'ls Price el d {3 75107BN 2,60 ¢2102-1 500 P2111-2 5.90
1|l aT59s Socker 6. 198 $12.50 4001AE .24 .22 402BAE .95 .88 4071AE .25 .23 | 359088N 2.30 21021 3»93 P2112 5.00
2l cTs98 Bus 6.2" 20 250 4002AE .24 .22 A4029AE 1.251.22 4072AE .34 31 | 75100 2320 eaoas 208 P2112.2 890
QT47S Socket 5.0~ sa 10.00 4004AE.4.00 3.99 4030AE .44 .40 4073AE .38 .35 | J53q0n 9150, sianceh $89 P2401 990
OT47B Bus 5.0" 16 225 400BAE 1.30 1.20  4033AE 2.00 1.94 4075AE .38 35 { J2i45n 225 pI1ooA 200 P2405 270
QT35S Sockot 3.8" 70 8/50 4007AE .24 23 4035AE 1.251.14 4076AE 1.24 1.22 | 75138 295 p3102a.2 559 2505K 330
QT358 Bus 3.8 12 2.00 4008AE 1.79 1,65 A4040AE 1.58 1.50 4077AE .70 .69 | 78150n SRR N o0 2812K 200
QT 18S Socket 21~ 36 475 4009AE 59 .51 A4041AE 182 1.75 ao78AE 38 .35 | 300000 %0 Beamtn o 2521V 250
QT12S Socket 15" 24 375 4010AE 50 .49 = 4042AE .78 .75 a081AE 25 .23 | 75208N 2,70 3601.21 1140 2525V 350
QT8s Sacket 1 16 3.26 4011AE 24 23 4043AE .85 .80 a082aE .34 31 | J05-00 Sico sooan Yeo 2533V 790
QT7S Sockot 10" 14 3.00 4012AE 24 .22 A4044AE .80 .75  4095AE 2.001.99 { ,5550y 125 260218 35 2803rc 400
4013AE .45 .40 A4047AE 2.752.70 4098AE 1.301.29 { .. 0y 1.00 2602.28 a.00 2804PC 4.00
4014AE 1.451.34  4048AE 1.43 1.42 4099AE 2.90 2.89 i ‘a0 2807PC 2.70
75452N 1.00 MK4102P 11.40
7400N TTL 4018AE.1.24 1.23  4049AE 58 .53 4507AE .60 .55 | joigay 100 78621CFE &0 2808PC 2,00
7400N $.12  7442N 58  7497N 500  74164n 1.10 4016AE 50 .49 40S0AE 58 .53 4508AE 3-20 2.19 7520 SERIES 75862.2GPE 6.00 TMS31144 9.40
7401N .15  7443N .77 74100N 1.00  747165N 1.10 4017AE 1.151.07  4051AE 1.49 1.48 4510A€ 1.451.44 SENSE AMPS TMS4033JL 900 TMS3I20C  7.00
7402N .14 7444N .77 74104N1.20  74166N 1.28 4018AE 1.24 1.23  4052AE 1.49 1.48 4514AE5.004.99 | 2.00 TMS4033nL 420 TMS3120NC  6.00
740N 15 7445N .77  74105N .50  74170N 2.05 4019AE .50 .49  4053AE 1.49 1.48 4515AE 5.(7)g '1‘-93 78211 200 TMS4034JL 900 TMS3133NC  7.50
740aN .16  7446N 83  74107N .33  74173N 1.34 4020AE 1.45 1.34  4055AE 1.95 1.94 4516AE 1.751.7 2822N 226 TMS403aNL 420 3341ADC 8.00
740N 19 7447N .72 74109N .74 74174N 1.25 4021AE 1.38 1.26  4056AE 1.99 1.98 asIEAEN28 20 (I 7529k Y78 TMS4035,L 900 3341APC 7.00
7406N .29 7448N .80  74110N .72 74175N .94 4022AE 1.05 .99  4063AE 2.50 2.49 4520AE o 98 | oeoan 200 TMS4035NL 420 3347DC 5.80
7407N 29 7450N .14 74111N1.20  74176N .90 4023AE 24 22  4066AE 1.101.09 as2uREN;89 138 1 Js2sn 250 3347PC 4.60
7408N .18  7451N .14 74116N2.00  74177N .90 4024AE .88 .80 4068AE .50 .49 4585AE -43 ("e9 TWO-PHASE MM 4102 a.95
7409N 20 7453N .14 74121N .36  74178N .90 4025AE 24 .22 4069AE .44 .43 A O ~gg MOS CLACK 7562 4.95
7410N .16 7454N .14 74122N .38  74179N 2.50 4911AE - R DRIVER MM404H 12.00 7552.1 5.40
741N 24 7459N .20 74123N .70 74180N .80 | MHoO26CN 5,50 MMAOSH 23.00 7552.2 5.50
7412N .33 7460N .14 74125N 47  74181N 2.39 PREMIU UA TY CODED MMA0EH 6.50 MM4055D  12.00
7413N .44 7470N .26  74126N .53  74182N .70 READ/MWRITE MM:g7H ©-50 MM4056H 9.70
7414N .95  7472N .26 74128N B4 74184N 1.84 RAM MMASTIH 11.40 MM4057D  13.00
7416N .30 7473N .37  74132N1.10  74385N 2.20 coMPONENTs P1103 5.90 MMas4F 18.00 MMB025N  20.00
7417N .33 7474N .32 74136N .95  74188N 4.75 , N X A . : MMS00H 2.00 MM5026N  20.00
7418N. 25 7475N .50 74141N1.20  74190N 1.20 We've been buying and selling top quality 2524V Recirculating  MMSO06H 3.20 MMS5027N  20.00
7420N° 13 7476N .32 74145N .91 7419I1N 1.20 components for nearly ten years. Our 512 Bit Dymamic  MMSO7H 3.20 MMS0S5N 5.50
742N .33 7480N .48 74147N2.40  74192N .96 pans. Shift Register MM550H 5.90 MMB5056N 5.50
7422N 50 748IN 1.30 74148N2.00 74193N .95 annual volume exceeds $3 million. We 124 2.40 nmgg;: g.gg MMggggN 5.50
7423N 37 7482N 98  74150N1.00  74194N 1.10 i 26 up 2,30 MM .60 MM N 5.50
7425N 23 7483 .70 7415I1N 80  74195N .74 ha"dlf only original parts, from thel
7426N 23  74B4N 3.00 74152N1.40 74196N .99 world’s leading manufacturers and our q
o e B el T T s
. . B ! B 3 I LT W Wi
7430N 20 7489N 2.20 74155N .97 74199N 1.60 and most quality-conscious companies. P‘Sh?l;oziﬂ 2!;1 l.')1l‘|;*0 PII:(ELZEAZSOI;OO Er B 1O
7432N .24  7490N .48 74156N .95  74200N 5.60 Now you can take advantage of our )
7433N 36 7491N .78 741687N .74 74221N 1.50 component buying skills and power 8 .21 .19 .17 14 A5 .41 .37 3PIN .56EA
74378 20 7492N .49 74158N1.60  74251N 1.75 2 ving S 14 25 22 .20 16 .54 .49 .44 A4PIN .65EA
7438N 29  7493N 49 74160N1.24  74278BN 2.45 and select from a broad range of 16 .28 .25 .23 6PIN .90 EA
7439N 38 7494N .72 74161N 99  74279N 94 advanced circuits 24 .67 .61 .55 SOLDER-GOLD 8PIN 1.70EA
7440N 16 7495N .80  74162N1.25  74293N 1.00 i 28 .88 .80 .72 10PIN 1.40 EA
7441N 87 7496N .70  74163N .99  74298N 1.98 36 1.09 98 .89 14 g; .31 .2&:
40 1.24 112 .92 16 . 34 .3
HIGHISREEDATIIL WAVEFORM GENERATOR KIT
74HOON .33 74H20N .33 74H52N .36 74H73N .80 LED
74HOIN .25 74H2IN .33 74H53N .36 74H74N B8O Here’s a highly varsatile lab in s
74HO04N .33 74H22N .33 74HS4AN .36 74H76N .75 strument at a fraction of the 125" dia 160" dla 200" dia
74HOSN .33 74H30ON .33 74HSSN .36 74H102N .75 EXAR  cost of conventidnal unit. Kit : 4 ‘ Lo k y
74ROBN .40 74H4ON .36 74H6ON .36 74R103N .90 XR205K includes 2 XR205 IC's, data & [ 1 =
74H10N .33 74HSON .36 74H7IN .75 74H106N .95 $25.00  applications, PC board (etched - —
74H11N .33 74HSIN .36 74H72N .75 and drilled, ready for assambly}
and detalted Instructions. 209 RED s.2sf 216 RED s.25 220 RED $.25
LOW POWER TTL 209 YELLOW .35] 216 YELLOW .30f 220 YELLOW .30
74L00N 24 74L10N 24 74L5IN .34 74L9ON 1.62 P R FIERS 209 GREEN __ .35) 216 GREEN _ 30§ 220 GREEN 30
74002N .24 74L20N 33 74L73N .43 74L93N 151 1-AMP RECTIFIE LOW PROFILE 200" dia
74L03N .39 74La2N 1.33 74074n .90 74L95N 1.62 INTERSIL 8038 10 100 1000 ‘_‘%_
74L04N .33 PRECISION WAVEFORM 1N4001 1.00 7.00 60.00
74LS GENERATOR & VCO 1N4002 1,10 8.00 70.00 200" dia.
74LS00 .39 74LS27 .45 74L5109 .92 74L5163 2.25 For simuitaneous sine, square | 1N4003 1.20 9.00 80.00 | 526 RED s.25| 5053 RED %35 MV50 RED $.30
740501 .56 74US30 .39 74LS112 .65 7415170 6.80 and triangular wavaforms <001 | 184004 1.30 10.00 90.00 | 226 veLLow .30} 5063 YELLOW .40
740502 .39 74US32 .45 74LS113 .92 74LS174 2.20 Hz to 1MHz. 1N400S 1.40 11.00 100.00 | 7226 GREEN  .30f 5053 GREEN  .40| 216 = MV5024
74LS03 .39 74LS38 .53 74LS114 .92 74LS1752.40 Part No. 1.9 10up | 1N4006 1.50 12.00 110.00 | 226 ORANCE 30 5053 ORANGE .40} 5053 = MV5053
74LS04 .45 74LS51 .39 74LS138 1.89 74LS181 6.00 g0IBCCPD 5390  $3.70 | 1N4007 1.60 13.00 120.00
740508 .39 74LS54 .65 74LS139 2.00 74L5194 2.25
7401809 .57 74LS55 .39 74LS151 1.56 74LS19542.25 DISPLAYS
74LS10 .30 74LS73 .65 74LS153 1.89 74LS196 2.76 VOLTAGE
74US11 .42 74LS74 .65 74LS157 1.55 74LS251 2.06 HXE;;‘S:,%‘Q’SR '#gst?s"{rons oPCoA XCITON
74LS15 .57 74LS76 .65 74LS158 1.68 74LS253 2.42 BU204 3A 1300V $4.14 | SLAY  RED 2.26 XAN72  RED 2.00
74LS20 .39 74LS78 .92 74L51603.06 74LS257 1.89 SI-1010G 10w $6.40 | BU205 3A 1500V 495 | SLA11 GREEN  3.50 XANS2  GREEN  2.00
74L521 56 74LS95 2.30 74LS161 3.06 74LS258 2.06 31.10206 20w 090 | BU206 3A 1700V 594 LITRONIX
74LS22 .60 74LS107 .65 74LS1622.25 74LS260 .55 $1-1030G 30w 18.70 | 8U207 6A 1300v 585 | pigo  RED 6.00 DLaa RED 6.00
SCHOTTKY TTL $1-1050€ 505 24.90 | 8U208 G6A 1500V 6.93 | prg1  RED 6.00 DL402  RED 4.00
51-1050G S0W 2490 | 8U209 6A 1700v 864 | plip  RED 500 bL701 RED 240
74500 .44 74532 80 745113 1.80 745174 3.30 V X
DL10A REO 4.00 oL704 RED 2.25
745017 .76 74840 .66 745114 1.20 745175 2.90 SEien Bes ATo0 G707 2o i
74502 60 74550 .76 745133 .80 745181 6.00 g b
74503 .75 74551 B0 745138 220 745189 4.40 RICOBAC . FOWERISUERLIES DL57  RED 1820 Plodg  GEOD o p B0
74504 65 74560 B0 745139 220 745194 3.30 oLel  BED 2,00 ] up
74505 .76 74564 80 745140 .80 745195 3.30 ADTECH R332 =}
74508 80 74565 8O 745151220 745251 2 20 T Outpnt - FILM RESISTORS
74509 .76 74574 .90 745153 3.40 745253 2.40 P
74510 55 74576 1.15 745157 2.40 745257 2.40 Modet No. [Vde |Amps| 14 | 5up | oo aLues VAT 5% $1.69 per 100
74511 65 74578 1.16 745158 2.00 745258 2.40 APss3 | 5 [30 ] - o 5
10 ohm to 10 megohms ‘Only in multiples of 100 per value
74515 .76 74585 6.10° 745160 3.90 745260 1.20 THE SMALLEST  APs12.1.6| 12 f 16
74520 65 74586 250 745161 470 745280 5.70 AC/OC POWER APS151.8 | 16 | 1.5 |$29.95|s28.60
74521 .76 745112 1.00 745172 6.00 745289 4.00 SUPPLY EVER! APS24.1 24 |10 EP 9125
7453060 Only  1.70"x1.00" APS28:08 | 28 | 0.8 : 9.DIGIT DISPLAY
9300 SERIES x 0.85", output pre — 1 i 1LF . $7.90 | ELECTRONIC
9300PC $1.00 9318PC 2.30 9366PC 1.75 93L18 350 | sot 5% O modei: APSSS | 3 S &z /8" Character Ht. ARRAYS
9301PC  1.20 9329PC 1.20 93L00 1.50 93L21 1.50 5 140 APS15.3 15 3 |sa8.45|s46.08 — s © Compact, Thin PC E£A1500AJ
9304PC  1.50 9322PC 1.30 93L0% 1.60 93L22 180 8 115 APS24.2.2 | 24 | 2.2 : ' Pkg., Wide Viewing 1-24 $21.00
9306PC  6.90 9324PC  2.00 93L08 3.20 93L24 2.80 10 100 Nerica 1 3 - Angle 25 16.80
9308PC  2.50 9328PC  2.50 93L09 1.80 93L28 3.70 12 90 300 1400
9309PC  1.60 9334PC 295 93L10 2.80 93L34 4.00 15 70 === —t— .
9310PC  1.50 9338PC  3.30 93L11 420 93L38  4.20 18 50 APS5:10 5 | 10 OPTOISOLATORS e
9311PC  2.30 9340PC  5.00 93L12 1.80 93L40 6.50 20 35 APS12:7 | 12 7 MONSANTQ LITRONIX 15241 =199
9312PC  1.20 9341PC 4.10 93L14 1.70 93L41 6.50 22 25 APS15.6 15 6 |$72.25368.65 It 130 IL74  1.35 ol | iy
9314PC  1.30 9342PC 1.15 93L16 3.20 93L60 3.00 24 15 APS24.5 | 24 s MCT2 1.35 I1L12 140 ILD74 175 10 2
9316PC  1.50 9360PC 1.75 93L18 350 93L66 2.70 $39.80 oach APS28-4 | 28 4 16 1.80 1LQ74 3.40
—
AUDIO AMPS Pricosetfective through March 31, 1976, STANDARD M|CROSYSJEMS
TYRE = W Q paice Minimum order: $10.00, Add $1.00 to cover postage and handling. California residents add 6% sales tax. com2502 511:;920 s:o::
SEND CHECK OR MONEY ORDER TO: COM2502P 8.0 6.85
LM352 616 115 8 1.60 . COM2017 13.20  10.60
TAAG11812 615 1.156 8 1.60 COM2017F  8.00 6.85
TAAG21A12 627 1.40 8 2.00 COM2502H 25.00  20.00
TAAG41811 618 220 4 3.00 COM2017H 2500  20.00
TBABOO 530 470 8 220 (] COM2601 30,00  24.00
TBAB10AS 420 250 4 3.00 . COM5016  12.00 9,60
T8AB20 316 075 4 170 Mail order: P.O. Box 2208P, Culver City, CA 90230. Phone order: (213) 641.4064 KR2376-ST  20.00 17.50
TCAB30 520 200 4 220 . Visit our Electronic Shop: 11080 Jefferson Bivd,, Culver City, CA KR3600ST 20.00 17.50
TCA940 624 650 8 4.40 (Studlo Village Shopping Centor] NMX5010  12.00 9.60
Prices may vary at Over.the-counter locations. CcAL1022 60.00  52.00
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TV TERMINAL 1l $134.95

Complete with plated boards, TTL,
res, caps and 1K memory

Add 1.50 shipping, handling, insurance
NEW

BAUDOT to ASCII converter board  $29.95
ASCIll to BAUDOT converter board $34.95
Converts codes in parallel form. Includes

encoded PROMs, TTL, res, caps, PC board.
Special Altair mode! will be available,

Add $I shipping, handling, insurance
Write for info on new boards for Altair.

R-M TERMINAL includes solid state

keyboard, custom converted to ASCIl, power
supply and case $134.95

Shipping additional, UPS or
Shipping weight 60 pounds.

Post.

Parcel

Send slamped self addressed envelope
for prompt responsa

1618 James Street
Syracuse, New York 13203
(315) 422-4467
CIRCLE NO. 34 ON FREE INFORMATION CARD

Py mote!

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 mail-
ing label whenever you write concerning your sub-
scription. It helps us serve you promptly.
Write to: P.0. Box 2774, Boulder, CO 80302 giv-
ing the following information:

Change address only.

[ Extend subscription. (] Enter new subscription.

1 year $6.98
] Payment enclosed (1 extra BONUS issue)
{7 Bill me later
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Add'l postage per year: Add $1 for Canada; $2 for all

other countries outside the U.S.
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CB RADIO, Scanners, Antennas, The best for less. Free
List, Capitol Sound, Box 3523, Des Moines, lowa 50322,

YOU WANT TO BUILD IT: WE WANT TO HELP. WE SELL
CONSTRUCTION PLANS with an Engineering Service.
TELEPHONE: Answering Machines, Speakerphones, Car-
phones, Phonevision, Touch Button Diafers. TELEVISION:
VTR, 1" Color TV Set, PONG, $25.00 Camera, COLOR
PROJECTION TV. HOBBYIST: Electron Microscope. $75
software programmable computer. BROADCAST: Special
Effects Generator, Chroma Key. Audio Board, DA's.
COURSES: Telephone Engineering $52.00. Detective
Electronics $28.50. IC Engineering $65.00, PLUS MUCH
MORE, NEW Super Hobby Catalog PLUS year's sub-
scription to Electronic News Letter AIR MAILED $1.00. Don
Britton Enterprises, 6200 Wilshire Blvd., Los Angeles.
Calif. 90048.

FREE CATALOG. Ultrasonic Devices, LEDs. Transistors.
IC’s, Keyboards, Digital Thermometers, Unique Compon-
ents, Chaney's, Box 15431, Lakewood, Colo. 802i5.
SEMICONDUCTOR AND PARTS Catalogue from the semi-
conductor specialists. J & J Electronics, Box 1437,
Winnipeg, Manitoba, Canada. U.S. Inquiries.
ELECTRONIC ignition: Pointless, Transistor, Capacitor.
Vapor inductors, Auburn Sparkplugs. Information 10 cents.
Anderson Engineering, Epsom. N.H. 03234,

TV PING PONG game. Plays through your set's anienna
terminals: Plans $3.25. ARS SYSTEMS. Box 1922, Sunny-
vale, CA 94088.

6 MHZ CRYSTALS including schematic and info to gen-
erate 60 hz-12VAC to make your digital clock run on
batteries. $10.50 pp in US. Eastern Sales. Box 510, Raleigh,
N.C. 27602.

FREE CATALOG. Kits and components. ELS Electronics,
Box 581, Westbury, N.Y. 11590.

CB RADIO

o 4l

CB RADIO
Oldest and largest CB Radio
Magazine in the U.S.
CB NEWS
SCANNERS
CB PRODUCTS
FCC REGULATIONS
SEND $8 .50 for one year subscription

(12 issues) and receive a free 24 book of
official FCC Part 95 CB regulations.

Covers:

14 Vandeventer Ave.,

IMSAlcALTAIRmes

IMSAI 8080 COMPUTER

IALL BOARDS COMPLETELY “PLUG COMPATIBLE"” WITH
ALTAIR 8800}

FRONT PANEL CONTROL BOARD,
LIGHTS AND SWITCHES, POWER LY, EXPANDER BOARD AND
CASE . . $499 KIT. .. $931 ASSEMBLED
SEE FULL PAGE AD IN THIS ISSUE FOR DETAILS
INTERCHANGEABLE MPU-A, MEMORY & 1/0 BOARDS
FULL IMSAI B0BG/ALTAIR 8800 COMPATIBILITY, NO HARDWARE OR
SOFTWARE MODIFICATIONS REQUIRED JUST PLUG INTINIE

BASIC COMPUTER INCLUDES: MP!

PART # OESCRIPTION KIT ASSEMBLED
MPU-A mM'U!DARD .. 818100 . ... .$350.00

RAM 4-4 4K RAM ON 4K BOARD | 5 .slasm - .- - $290.00
RAM 4-1 1K RAM ON 4K BOARD . ;ﬁ 00

;RgM 42 2K EPROM ON JK BOARD B S;TS m

PIC8 coua vsct INT |. R.T.CLK. . . $118.00
PARALLEL 1/0 BOARDS: B aIr PORTSII

1 BYTE IN. | BYTE OUT.PLUS STROBES. INTERRUPT,

PROVISION FOR LED'S ON EACH ou‘r'ur BIT, AND EX-

PANDABLE TO 4 BYTES IN. 4 BYTES

PIO 41

"40 ASSEMBLED
SAME AS FID ‘-I IUT O,IVTES N, ‘ UVTES ouT,

$299 ASSEMBLED
SERIAL |/° BOA“DS NANDLE !OTN SYNCH AND ASYNCH
COMM, {RS.232 PLUS CONTROL LINES PLUS TTL PLUS TTYI
810 2.8 ONE 1/0 CHANNEL. . . $119KIT $235 ASSEMBLED
§10 22 TWO 1/0 CHANNELS. . $149 XIT . $299ASSEMBLEOD

NE .UNIVERSAL CASSETTE
RECORDER INTERFACE

JUMPER SELECT BETWEEN PE HITS SYSTEM AND NEW

PIO 4-4

"THE INTEL DATA BOOK

CONTAINS COM'LETE SP!CIFICATIDNS AND OATA SHEETS O
INTEL BOBOA Al D INTEL MEMORY AND 'ERI
mEIALﬁ'NIPS ALSO INCLUDESPRELIMINARV S’ECS ON 'COM;NG"

"™“THE TTL DATA BOOK

CONTAINS COMPLETE ELECTRICAL S'ECIFICATIDNS FDR ALL 7400
SERIES TTL. THIS IS THE TTL “Bi8! $10.00

THE PINOUT HANDBOOK

COVERS ENTIRE 5400/7400 SERIES O.L.P. |.C. S PIN CONNEC‘HDNS
FUNCTIONAL SPECS° CAOSS REFERENCE

1922 REPUBLIC AVE.
SSOCIATES, INC. $ax (EaNDRS CALIE, s4s77

TERMS: CHECK O M.O,, BANKAMERICARD, MASTENCHARGE.

25% DEPOSIT ON € 0.0,

(415) 483.2093

ADD $% rosnce AND

PRICES SUIJGCT TO
HANOLIN CHANG!

€ WITHOUT
NOTICE

CALIF, RESIDENTS:
ADD 6.5% SALES TAX

89/ Radlo Port washington, NY 11050

DESCRAMBLERS: Several Professional Models thal work
with all Scanners. Tone Encoders/Decoders, Scanmate,
AAPP, Radar Detectors, Big Ears, Alarms, Books. Kits.
parts. Catalog 25 cents: KRYSTAL KITS, Box 445, Benton-
ville, Ark. 72712,

4% 8080 COMPUTER, 3 1/0 Ports $395 assembled. Kils from
$35. Details $2.00 (refundable). VACOMP, Box 4733.
Arlington, Virginia 22204.

CARBON FILM RESISTORS. Brand new as low as 1.7
cents. Discounts of 20%. Prompt delivery. FREE
samples/specifications. COMPONENTS CENTER. Box
134P, N.Y., N.Y. 10038.

COMPUTER. 8 bit serial. complete, $225. Scope display
generator, 128 characters, parallel input, $85. Brochure 10
cents. RAECO, Box 14, Readville, Mass. 02137.
KEYBOARDS, for synthesizers, organs. Three octave, two
buss. $65. Brinkwood Electronics, Box 26, Sandy Spring.
MD 20860.

“HOLD-A-CALL.” Hold button for single line phones
(rotary or touch tone). Single line, $29.95. double line
$39.95, with music on hold” $10.00 additional. Money
back guarantee, catalog 25 cents. PCS,92 Marcus Avenue,
New Hyde Park, N.Y. 11040.

“BASIC TELEPHONE WIRING." Unique report gives com-
plete details. $3.50 postpaid. Queens Village Telephone
Supply. Box 29002-Q, Queens Village, NY 11429.
COMPUTER HOBBYISTS! Learn how to program. Com-
plete se'f-taught programming course. Details $1.00, Crea-
tive Computer, Box 52, Palo Alto. CA 94302.
COMPUTER HOBBYISTS! Bargain hunt and sell via ON-
LINE. 18 issues/year — $3.75. Free sample issue from: ON-
LINE, 24695 Santa Cruz Hwy., Los Gatos, CA 95030.

— 0 AanoricanRadioHistory Com

GOV’'T SURPLUS

Electronic "Super-Buys”

* Nationally Known-World Famous SURPLUS CENTER offers finest,
Surplus el ic units and ot a froction of
their original acquisition cost.

STANDARD DIAL TELEPHONE

* (ITEM #7135 ) - - $1d. commerciol 1elephone
Same os used throughout U.S.A. Like new
condition. Polished black. Use os extension
Ongm-l Cost $24.50 Phone or connect several phones together for

locol intercom system. Full instructions
$7.39 furnished. Wt. 9 Ibs

STEP-BY-STEP TELEPHONE SWITCH

* ( ITEM #738 ) - - Amazing selector switch makes
great expertmentol item. When used with 2-wire
telephone diol it will select ony number from 0 to
100. Moke privote phone or intercom system, tuen on
remote lights, motors, erc. Complete with contoct
bonk. 13 x 6™ x 5. (16 Ibs. ) $7.81

6((:\; « { ITEM #700 ) - - Telephone Dial
NAY  For use with #7238 switch $1.38

SPECIAL SALF

Correspondence

Course In e

ELECTRICAL $11.79 pateaso v usa
ENGINEERING $12.79 PREPAIO OUTSIDE Usa
* (ITEM #9-181 } - - Technicol troining ot low cost! Lincoln

Engineering School suspended its Correspondence Courses hecouse of
rising costs. Limited number of Electricol Engineering courses { without
exomination groding service ) ovoiloble. Course consists of 15 lesson
books with ossocioted exams and stondard onswers. Home Experimentol
Lab Bench book included FREE!

BUILD ELECTRIC CARTS WITH =
UNIQUE MOTORIZED DRIVE WHEEL:: bl

11 50
* ( ITEM #5-936 ) - - Permonent

mognet field motor drives wheel

- through gear box for high torque

Operotes on 6 or 12-volt storoge

Z battery. Reversible. 65 to 125

D 8PM. Swivels for steering. 4%

l / diom. rubber tire wheel

=

Instructions $9.98 i

ALL ITEMS F.0.B. LINCOLN, NEBR.
Write For Catalogs Order Direct From Ad.

€l SURPLUS CENTER

PE-036 LINCOLN, NE. 68501

POPULAR ELECTRONICS




SIX DIGIT LED
ALARM CLOCK KIT

Thousands of hobbyists have bought and built our
original clock kit and were completely satisfied. But we
have received many requests for an alarm clock kit with
the same value and quality that you have come to
expect from S.D. So, here it is!

THE KIT INCLUDES:

1—National MM5375 Alarm Clock Chip

6 —Hewlett-Packard .30in. common cathode readouts
15 —NPN & PNP Driver Transistors

1 —Etched and drilled P.C. board

1 —Step-Down Transformer

2 —Push Button Switches for time set

2 — Slide Switches for Alarm Set and Enable

1 —Filter Caps
$19.95

6 —iIN4002 Rectifiers
1 —IN914 Diode
( Complete Kit. PPD.)

3 — .01 Disc Caps

28 —Resistors
1 — Speaker for Alarm
1 —LED Lamp for Pm indicator.

Please take note that we use only first run parts in our
kits and include ALL the necessary parts. Not like
some of our competitors who use retested readouts
and chips or who may not even include switches in
their kits.

VERNIER DIAL
From a close out of metal detector manufacturer. "2
Turn, 8 to 1 ratio. Internal stops easily removed to make

unit multi-turn.
LIMITED QUANTITY - $.99 EACH

DO YOU NEED A LARGE COMMON ANODE
READOUT AT A FANTASTIC PRICE ?
S. D. presents the MAN-64 by Monsanto - .40
inch character. All LED construction - not re-
flective bar type, fits 14 pin DIP. Brand new

and factory prime. Left D.P.
$1.50 ea. 6 for $7.50

DRIVER
1000 MFD FILTER CAPS TRANSISTORS
Rated 35 WVDC. Upright style with P.C. leads. 2N3904 - NPN
Most popular value for hobbyists. Compare at up 2N3906 - PNP
t0'$1.19 each from franchise type electronic parts 8 for $1
stores.S.D. Special 4 for $1

12 DIGIT READOUTS — $1.75
Mfg. by National Electronics. BIg .40 in. char. size. Gas discharge type, for
use in desk top calculators, frequency counters, clocks, etc. #NDP 1253-12.
Orginally cost a calculator- mfg. $16.77 ea. in quantity.S.D. Price $1.75 ea.

HIGH V. TRANSFORMER for above readout. Primary 117V, two secondaries:
24 VAC 500 MA 175 VAC 100 MA. $1.25 ea.
SUPER DEAL: Two 12 Digit Readouts w/transformer — $5.00

FET'S BY TEXAS INSTRUMENTS — SPECIAL 5 for $1
#TIS-75 but with an internal house number. TO-92 plastic case. N. Channel,
Junction type FET.

INTEL 1702A 2K ERASEABLE PROM’S $6.95
We tell it like it is. We could have said these were
factory new, but here is the straight scoop. We bought
a load of new computer gear that contained a quantity
of 1702A’s in sockets. We carefully removed the parts,
verified their quality, and are offering them on one heck
of a deal. First come, first served. Satisfaction
guaranteed.

FAIRCHILD BIG LED READOUTS
Abig .50 inch easy to read character. Now availabje in either common anode
or common cathode. Take your pick. Super low current drain, only 5 MA per
segment typical.

YOUR
FND - 510  Common Anode CHOICE
FND - 503  Common Cathode $2ea.

PROFESSIONAL QUALITY STEREO HEADPHONES

Here is the kind of super deal that S. D. is famous for.
Treat your ears to a super sound at a super price. Soft
padded ear cushions, lightweight, fully adjustable
headband, long coiled cord, wide response. $6 Post
Paid - NEW IN ORIGINAL FACTORY BOXES

H.P.1S BACK!

No Rejects or Retests here — You Want
Quality? You have it with this popular 0.3"
L.E.D. by Hewlett Packard. Fits Standard |.C.
Socket. Right hand DP.

5082-7740 — Common Cathode ....... $1.25
5082-7730 — Common Anode . ........ $1.25
6 for $6.00

5VDC 1 AMP POWER SUPPLY KIT

SALE ON CUT LEAD SEMICONDUCTORS

Leads were cut for PCB insertion. Still very useable.
IN4148 Diode - 40/81 2N3904 (House #Transistor) -

Well Regulated and Short Circuit Protected!

25/%1
INSTRUMENT KNOBS
Black with brushed aluminum insert. Medium size, very

DC supply kit for TTL. Includes transformer,
rectifiers, filter caps, voltage regulation IC, and

LM324 - QUAD 741 OP
AMP - 99c

schematic. Only $3.95 (Kit) Add 50c postage.

NES555 - Timers - 49¢

Signetics, TRI-State Hex Buffer. MOS |

709CH - OP AMPS -
4 For $1

and TTL interface to TRI-State Logic.
Special: $1 87978

936 DTL BY ITT
Prime, house numbered. Hex Inverter
10 For $1

GE SCR C106B1
4 AMP 200PIV. Sensi-
tive Gate. 53¢

attractive style. SPECIAL 5 FOR $1

SIGNETICS 1K P-ROM

82S129. 256 X 4. Bipolar, much faster
than MOS devices. 50 NS. Tri-state
outputs. TTL compatible. Field program-
able, and features on chip address
decoding. Perfect for microprogramming
applications. 16 pin DIP. With specs.
$2.95 ea.

%

SUBMINIATURE TRIMMER CAPS
Ultra stable. Range 3.5 to 18 PF 3 for $1

FILTER CAPS
Dual secticn, 2000 MFD and 1500 MFD
at 30 WVDC Twist Lock. 79c ea. 3 For $2

MV-50 TYPE LED’s
by LITRONIX
10 for $1

Factory Prime!

NATIONAL VOLTAGE REGULATOR
Like 7805. 5VDC - 1 AMP output. Has
T0-220 plastic power tab - 99¢

3 DIGIT LED ARRAY — 75¢

by LITRONIX
DL33MMB. 3 MAN-3 Size Readouts In one
package. These are factory prime, not
retested rejects as sold by others.
compare this price! 75¢ 3 for $2.

IN4148 COMPUTER DIODES
Same as IN914. Factory prime. 20 for $1

FULL WAVE BRIDGE
By G. 1. 1.5 AMP 800PIV - 75¢

1AMP 1000 PIV SILICON RECTIFIERS
IN4007. Factory prime devices. 10 for
$1.00

2N706A 400MHZ. TRANSISTORS
Sillcon NPN. 1 WATT. TO-18 Case. 5
For $1

MOTOROLA NEGATIVE
VOLTAGE REG
MC1463R - Like our 1469R, except for
negafive voltage. Reg. catalog $5. Our
price $1.95.

741C OP AMPS
Prime, factory tested and marked. Full
spec on all parameters. Not re-tested
functional only, units as sold by others.
741 CH -TO-5 8 Lead Metal Can . . .3/3%1
741CV - B Lead MiniDip . . .. . ... 4I$1

LARGE SIZE LED LAMPS
Similar to MV5024, Prime factory tested
units. We include plastic mounting clips
which are very hard to come by.

Speciai 5 for $1

SLIDE SWITCH ASSORTMENT
Our best seller. Includes miniature and standard
sizes, single and multi-position units. All new,
first quality, name brand switches. Try one pack-
age and you'll reorder more. Special — 12 for $1
{Assortment)

MOTOROLA VOLTAGE REG
MC1469R. TO-66 9 Lead package. For 3
TO 30V Outputs. Provides 600 MA direct
output or more by using an external
power transistor. Reg. catalog $4 ea.
WIth specs. $1.95 ea.

We do not sell junk. Money back guarantee
on every item. WE PAY POSTAGE. No
C.0.D. Texas Res. add 5% tax. Postage
rates went up 30%! Please add 5% of your
total order to help cover shipping. (Exclud-
ing Power Supply Kit)

S. D. SALES CO.

P.O. BOX 28810
DALLAS, TEXAS 75228

MARCH 1976
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AMAZING cordless electric lawnmower. FREE information.
No waiting plans $10.00. Amonics, P.O. Box 1045, Norman,
Oklahoma 73069.

SURPLUS Univac Computer Equipment: Uniservos, key
punches, card sorters, H. S. printers, card readers, card
punches, cables, tapes, power supplied, boards, manuals
& electronic parts at unbelievable prices. Midwest Elec-
tronics, Dept. 24, Pimento, IN 47866. (812} 495-6555.

SURPLUS receivers, transmitters, components, test equip-

ment. Catalog free. Ed French, P.O. Box 249, Aurora,
linois 60507. -
ELECTRONICS parts, low prices, free flyer: DARTEK

ELECTRONICS, Box 2460, Dartmouth. Nova Scotia.
Canada. U.S. Inquiries.

—
—~ LEGAL ASPECTS OF =
= INTERCOMMECTION —

1009 KARDBOUND
The complete reference book 10 your LEGAL RIGHTS as

a telephione subseriber. Study  customer-provided  equip-

ment, wiring, court hearings taritfy and many more!

Al "\!m FIVE Of OUR TELEPHONE-TYPE m\stnlcrlu'& TLANS
PLLS THE ‘LEGAL ASFECTS' BOOK: 3499

[ 19730 VENTURA BLVD.,
WOODLANDHILLS,CA91364USA

TV GAMES — Low cost one or two player Pong/Handtall
game with sound: Plans $5.00. For the discriminating, a
Super Pong game with variable ball speeds and anglas,
plus sound, plus color: Plans $8.50. PC Boards and kits
also available. ARS SYSTEMS, Box 1922B, Sunnyvale, CA
94088.

HOBBYISTS, CRAFTSMEN, Stainless nuts, bolts, screws.
Catalog $.25. Caltronic Laboratory, 461 So. Cochran, Los
Angeles, CA 90036.

AUDIO POWER AMPLIFIER ASSEMBLIES. 100W — $50,
50W — $35. Power supplies available. Details 25 cents.
Progressive Sound Engineering. 357 Richfleld No. 16, San
Jose. Calit. 95129

PRECISION. adjustable, solid state power supply. =15VDC
at 1-1/2 amps, regulated simultaneously with 10vDC at 3
amps unregulated, plus over 900 parts worth $400.00. 120
transistors. Semiconductor characteristics. circuit daa-
grams Included. New Cartrivision VTR electronic units.
$19.95 plus $1.50 shipping. 50 cents for brochure. Madison
Electronics Company. Inc., Box 369. D55. Madisan
Alabama 35758.

CASSETTE Interface for Altair 8800 users. Up to 540
Bytes/Sec on ordinary audio cassette recorder. Kit: $100.
Assembled: $150, Manual: $4. Tarbell, 144 Miraleste Drive
No. 106, Miraleste. Callf. 90732.

SEMI-CONDUCTORS, Transistors, Rectifiers, Diodes, RF
devices. IC’'s, FET's, Zeners. Free Flyer, send stamp. Prime
Units. Aldelco. Box 341, Lynbrook, New York 11563.
TV-GAMES, construction plans: Pong series — 5 game set
$5.00. big 12 game set $12.00. Jaws-2 and Space Race —
both games for $8.00. Pinball 1&2 — both for $8.00. Full de-
scription and specs — $1.00. ADVANCED ELECTRONICS.
P.0O. Box 1128, Cupertino, Calif. 95014.

WHOLESALE C.B.. Scanners, Antennas, Crystals: Special
cut, $4.95. Monitor $3.95. Send make, model. frequency.
Catalog 25 cents. G. Enterprises, Box 461P, Clearfield, UT
84015.

END THE PINOUT HASSEL
For Engineers, FC Orattsmen, Servicemen and Hobbyists
Avoid eye strain of small llustrations m handbooks Get both
10p and bottom views for easy finding. Sils upeighi on bench
or an PC Board., or ties flat. Playing casd size. Ring binders.
Tap view 1 biack, bollom view i red 100 pinouts each at
5S¢ per illusiration,
A Set 1 TTL 7400 t0 7488
Set 2 TTL 7489 to 74195
Send chech or money osder for S5 per set to:

IC PIN-FINDER
100 Pinouts

COMPUTRONICS
ENGINEERING
no A . 7225 Holtywood Bivd... Hollywood, CA 90046
©r Satistaction Guaranteed Money retuned within 10 days.

i Postage ncluded in price Caht, resigents a0d 6% sates tax

THE AUDIO AMATEUR—A quarterly publication for the
serlous audio constructor. Free prospectus. The Audio
Amateur, Box T76Z, Peterborough. N.H. 03458.

QUALITY ELECTRONIC COMPONENTS
— SAME DAY SERVICE —

NEW DISCOUNT SCHEDULE
SAVES YOU EVEN MORE!

8080A $39.95 2102 $2.65

MICROPROCESSOR 1024 Bit Random Access Memory

500 ns Typical, 1000 ns M
0-70°C 480 ns Clock Period " Zﬂ:; e

INTEGRATED CIRCUITS — TTL, CMOS, LINEAR & MOS

AP SUPER STRIP Il—Universal Breadboarding

Element with 840 Solderless
Plug-In Tle-Polnts

$17.00

TV TECHNICIANS. SERVICEMEN, HOBBYISTS—Vista
Model 740 Digital Crosshatch Generator. Compact crystal
divider for lowest—priced ultra-stable 5x7 crosshatch or 56
dot patterns. AC powered. $31.95 complete kit: $41.95 as-
sembled. Postpaid in USA, Canada. Information available
free. Photolume Corporation. Dept. PE-36, 118 East 28th
Street, New York, New York 10016.

SANTA CLARA. CALIFORNIA. Open door distributor. All
types semlconductors. (408) 296-0667. Hardcore Electron,
ics, 3233 Stevens Creek, Santa Clara. CA 95050.

DONT LET VOLTAGE TRANSIENTS ZAP YOUR HI-Ft.

SILICON TRANSISTORS
MPssia, MPSo0, MPS20724, MPS2369A. MPST712. MPS200TA. MPS3392. MPS3393,

I1.C. SOCKETS
8 Pin Solder Tob .17

RESISTOR ASSORTMENTS

MP53394, MPS3395, MPS3563, MPS3565. MPS3638, A MPS3640. MPS3641, | 14 Pin Solder Tob .20 Alsehdll ISR el roml272 )22 gl (€ Thed) S 1210W
MPSM MPS364 S MPSM 2N3904 2N3906, 2&4124 2N4126, 2N4401, 2N4403 16 Pin Solder Tab 2 5 ee. ol 10% % W. Yel. from 10 10 3.6 mag {350 pcr) $12.00
IN4A10, ‘PN4SSS, INSOB7, INS089. PNSI29, PNSI33, PNSI34, PNSI37, PNIZE | 18 Pin Solder Tab 29
BNSI, NS0, PRSIGE 16, 1 910, $13.60/100 of fame st . 2 pin Solder Tob 8
n Sol 45
MPFI02 .36 $20.00/C 2N5457 .48 541.00/C MPSAT3 .28 $24.00/C 2N3055 .99 $85.00/C | 40 Pin Solder Tob 63 SILICON DIODES
?AP';?"“\Q;\_'W:D -gg IN4148 40110 3,50/C IN40004 70110 5.95/C
ELECTROLYTIC CAPACITORS lernwvewrs % |1y Gilo Sdac Indest N 1ovc
— Rodial Lead — — Axial Lead — — Axiol Lead — gg S::W:::W:gg :g‘g TN4O03 .68/10 5.80/C 1N4007 .99/10 8.60/C
lof/50v .08 6510 B0V 1 90010 47uf/2Sy 17 1. in Wire-Wrop  1.23
Jiddy = an im0 1 on )Owlov 7 ,£§}8 40 Pin Wire-Wrop 1.0 VOLUME DISCOUNT SCHEDULE
. Juf/50v .08 .65/) . 3uf/35v . 9571 20 . Merchandis
47025 08 .65/1 3.3uf/50v 12 1.00/1 0uf/50v 29 §3ﬂ° HARDWARE Terel Discoms Toral Discoum
4.7uf/50v .08 .70/1 uf/25v 11 901 !'Omllbv 20 15510 | 265 14 s %9/C M $ 0005 9.99.. .. NET § 100.00-3499.99 LESS 15%
10uf/25v 08 65/10 4735y 12 .95/ Quif2Sy 2 235110 | 336 14 torem w’c;m’M § 10005 24.99.UES §%  § 500.00-5999.99 LESS 20% |
10uf/50v 00 7310  10ufey 11 %N otney 3 23510 | E20 1 rew /CT.05M | | 5 25,005 990155 10%  S1000.00 8 up. . LESS 28%
25y 09 7010 10uf/2Sv 12 100710 330uP/25v .32 255010 Ve crew  3S/C3B0/M | | T thon Add the Standord Chorge Bolow
2450y 12 10010  10u/S0v 4 L1510 a70utev 32 2ssng | HIQ Y Screw  60/C 4.00/M
1W000(/6.3v 00 7500  22ffiey 12 1.00/10 47 il & 632 % Screw  65/C 4.40/M || STANDARD SHIPPING/HANDLING
Tooul/the 1 BN0 Bt 03 100 100aiier 3 Tiong | 6321 Saew 7€ 45/ CHARGE
100uf/28v 13 11010 3ofgv 12 10000 1000uf/25v NG | B3 38 screw  0/C SB/M
Bu/Be 14 10910 D00uiney &3 4oung | 258 Hex Nur S5/C 3.60/M W your merchandise total atter discount Is betmyen:
autiey 4 11500 T &40 Hext Nut - S5/C 375/M (| ¢ 0005 199 . odd 5200 3 50.00-$99.%9 . odd 0.25
gg; u:: H‘d; /g :- m $ $.0052.99 . odd 0.75  $100.00% up . . No Charge
DISC CAPS 9 $ 25.00-549.9 . odd 0.5
Ya WATT ZENER DIODES No. 2 Lockwasher 55/‘5 S.75/M Imludes shipping & insurance 1o USA & Canoda
No. 4 Lockwasher .45/C 3.00/M
;;‘8:1;;&: o B INSZ288 33,15 S11/C INSZAB 7.5v 15 311/ | No. § Lockwosher 48/C 3,001 ————
20011300+ 04 10 N52278 36v 15 $11/C 1N5237B 8.2v 15 $11/C | No. 8 Lockwosher 45/C 3.00/M €OD ORDERS ACCEPTED FOR SAME DAY
a&{/mv o4 370 INSMB 3 W REES ]/c 1N52388 8.7v 15 S11/C SHIPMENT — CALL 218-881-6674
200605000 00 710 | INRR A3 12 TINIE INSRAOR Jov 13 M1/ | e o e
NA v der: . . 9 "
Goplry SN0 | WNSZNB 51V A3 SI/E ING24IB 11V DB RNNIE | Crcorws. 01y Quality Components Sold!
Dlutessoy 03 2410 | INEE 20 12 SV/E 1NBRE 13w 113 1
v v
@aes B | HEHEN BEE k| DIGIKEY CORPORATION
v v .
N\ vy e e P.O.Box 677  Thief River Falls, MN 56701
110 CIRCLE NO. 15 ON FREE [NFORMATION CARD
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;ﬁ : ;:;3 :g( ;: ;‘; :gg %; :g :g;g E Solld state equipment protector plugs into outlet protects
107 195 4 L pidl : IC TEST CLIPS any transistorized equipment. $6.95. Kopp Electronics,
i 2 | ' 5 1650 Willla 1. ftato. N.Y. . F
EEE-E AN EAE BAF B e R ot S Bt h K5 Boshre

25 § 3 44| oa .05 — . 2
7407 7485 .8 74184 2 ol ;3 | #4514 .80| We carry AP’s Patch Cords, Terminal swering Device. Automatic Dialer, 'Black Box', Confer-
Z;?g i ;:‘e if‘q ;:‘ é é:‘ :4:333 :33 :2}2 0| _Strips, Distribution Strips and ACE's tool ence E?rldge, Call Diverter. Central Dial Exchar;ge. Call
g 2490 a4 . 4 96 | 4518 4 i i i
a g ;: % % 015 96 | 4320 N BISHOP GRAPHICS rrinted circult Drafting Limiter. Call Transferer, Hold Button, Line Relay. Mu|l|(rg-
;ﬂg K ;:g - EnIL, 3}? ].32 :% 14 Alds are now avallable from Digl-Key quency Encoder Network (pushbutton tone box), Melodic
7414 | 7490 7 74103 4018 105 | 4585 Ringing Generator (for bell ringing signal). Recorder-
;:}l; 25 |1 I ul 4 : an B gk ROCKWELL _f‘;‘:‘;;";ulo Actuator. Remote Control. Speakerphone System. Stand-
2420 . 72100 1. 419% 4021 1114 | LM340T-5 CALCULATORS A 580.95 ard Telephone Schematics. Telelink Burglar Alarm, Toll-
7471 14 7107 mar don 9 | wauore 1. \ \ Charge Indicator. Unwanted Call Screener. Voice Scram
743 . 7400 74198 1. 4023 123 | LMMOTS 12| We stock a complote with Case 9 Wbl 2 YOICS1SChaMy
;:gz 4 ;441 ; _24 ;z "]? }39 :ggg .% mg:gﬂg Bl line from $16.88 through ond Battery, bler. ELECTRONIC: Bio-Feedback Conditioner, Horticul-
7827 . 74023 61 74279 .58 4026 168 | LM340TIB 1. $99.93. 9 ture Stimulator (makes plants grow 300 per-cent faster).
;:g " ;: (5, -g ;jtz :g; % _-38 m-" = ST HOBBYIST: Photographic Pinhole Camera, Dodecahedron
7432 .25 74132 170 74367 6 4029 104 | NES36T 324  Leeds on standard .10° Speaker Enclosure (Twelve-Sided Cabinet), PRICE $3.00
g I B e G e I e each. ALL OF THE CONSTRUCTION PLANS LISTED
;ﬁg ¥ ;.} :g :_g ;SS:»? .gi :gg ?Alsg Ng&é 3 ABOVE ONLY $24.95. "The Legal Aspects of Interconnec-
744) 74150 1.16 75452 8] 4040 114 | NES6IB 3 tion” book. (over 200 pages) $29.95. ALL OF THE
rrcaicecl (1l Rl T T [wm) MERCHANDISE LISTED IN THIS AD ONLY $49,95. PLUS +
7444 63 74158 1.3 7549 8 4043 70 | NES&V 1. One Year Subscription to Telephone Electronics Line
Te. aon ||[ 25 crow(p IA%E ietIN | otk LiEd W pnbery e )] (TEL) $6.00. TELETRONICS COMPANY OF AMERICA. P.O.
;::é :;0 ;: 6(7) '(;8 % d ‘-_lg :g;g -:g ::;}?a «S S\SMPOS/ 36¢ DRAWER 3450. HOLLYWOOD. CALIFORNIA 90028 USA.
;:% . ;: 312 .gg gggs -:9 gg} }:gz "ﬁ;g?g -ﬁ DUAL IN-LINE BRIDGE 1 amP ELECTRONIC components. lowest prices. Send for free
7454 . 74163 88 809 .67 4053 72 | uA747CA .70 A E e 3 o catalog. C. Stoute, 8241 Cure Clermont, Montreal H1K 1X8,
40 et | B9 G | 0 18 | el e An integrated bridge rectifier in a U.S. Inquiries.
e | e |G M| &y B 4%, 2% miniature dual in-line package 47 PLANS: Build minicomputer for $99. Including 1024 word
memory and digital readouts! Parts readily available from
LED DlSPLAYS CMos DATABOOK s 1 .50 many sources. Plans, diagrams, drawings. instructions $5
Int ti i
Your Cholce of RED, GREEN or YELLOW Specifications and pin-outs for 80 difforent 4000 series parts, ga")ir'mé?:sg' Supertronics. 29790 Tolay Creek, Sonoma,
0.3" High. . .. $1.90 ec. [ 0.6 High. . . . $3.50 ea. REED REL ALTAIR 8800. Games — Startrek. Blackjack. Football
AYS : . q
T m_' TR x| 15 Amp SPST N.O Ya WATT 5% CARBON Centerfold Pictures. Real world interface kits — speed,
et ,::5, Glf:"w 2_‘_ ;:::; 3::::" E: Contocts FILM RESISTORS Zo;ur;ds,1(e:mperalt1|re. Bus;ness ar\d ?pgineering programs.
d XANS2 YELLO A Al sy ol S170 S125/C ¢ each in multiples of 5 per valus n for samples catalog. Scientific Research. P.O. Box
BRIGHTNESS Xan74  RED €.C. | XAN674  RED CCl 60v Coil 5120 8§125/C $1.70/100 of same valve. 10 chm 1 1.0 meg 83. Marcy. N.Y. 13403.
XANS4  GREEN €.C. | XAN6Ss  GREEN cC| 12vCol S1.70 $125/C . :
XANSA YHIOW  c.C | XxANea4  viow  cc | v Coll §1.70 $125/C UFE—a computer animation game program for 8080/6800

users (specify with order). Speclal price $10. Other swell
programs. Infm — 50 cents. KODIAC CODE CO.. 1378
Sedgewick, Oakville_. Ontario, C_anada. U_.S. Inquiries.

ELECTRONICS BARGAINS! New and surplus. Catalog 25
cents, refundable with order. ATLANTIS, Box 12654P.
Tucson, Arizona 85711

You con obtain clectionte parts ghiolurely and unc natly FREE ,without
buying anything ,selling anything ,and without any ebligation whatsoever! Nt
surplua parts, but it quality naw ports of your own choating like QP AMPS,D-A

Convertars, Nemories, LED's, Digital DevicesMOS, TTL,ECL), erc. These ports are

mode by wirtually ery manslocturer like HNTEL, TEX. INSTRUMENTS, NATIONAL

MOTOROLA, FAIRCHILD, ond mony moea., I mysell have obtelned hundreds and
hundeacs of dallors of thase parts obsolutely FREEY I'm o degreed design angineer
with 19 years of experience in the electonics Industry . Over thote years | have
learned where 16 obtcin these: increditle FREE parrs 1 | have reesived obsolutely
FREE an amozing voriety and quonthy of parts ranging In price up ta two hundred
dollors each, 1ve been cnked 1 many fimes how | have designes my projects uting
FREE parts, that | finally decided to wrile G brochure 10 thar the electronics public
can do o1 | hove dane and banefit from my kngwledge and cxperignge. PIl mote
you the foflowing offer: if you can't obtain @ minimm of fifry dollers worth of new
ports of your own ¢ hooting within 30 days afeer receipt of my brochure Il retum
your money, no questions osked 1 Foir enough? You con lecein my brochure for
just One Dollar | There will be no furthar charges, Send One Dollar ond otk for
“FREE PAATS BROCHURE® o 1P, NELSON INTERNATIONAL

#.0. BOX 4438-Y, THOUSAND OAKS,CALIFORNIA, 91359

POPULAR ELECTRONICS



$1 595

(with PC Board) readouts.
CLOCK KIT TRANSFORMER $2.00

4 DIGIT ALARM CLOCK KIT

Features the only LED direct drive
clock chip on the market. Kit includes
all parts (except X fmr) for a 4 Digit
alarm clock kit. Uses .25 Inch LED

3 DIGIT
LED READOUT ARRAY

Like Litronix DL-33 3 MAN-3 style
readouts in one package. Factory new
units Designed for calculators. Special
$1.39 (3 Digits).

FACTORY NEW LED’S

Jumbo Red-Like MV5024-8/%1
Jumbo Green-Like MV5222-5/$1
Jumbo Yellow-5/3$1

Mini Red-Like MV50-10/$1

NEW
PRODUCTS Percent.

(

feet to meters,
powers,

tive cover.

Bargain Bonanza

FORD SOLID STATE MODULES
Mfg. by Contralab for Ford car radios.
Each module contains 2 transistors

LITRONIX DL707
READOUTS

.30 IN CHAR. Common Anode.
SPECIAL - $1.19

plus other components. These modules
were used as audio pre amps. We
Includespecs. ............... 4for $1

TANTALUM CAPS

MONSANTO COLORED
READOUTS
.27 IN. Character. Common Anode.

MANS ~ GREEN - $1.29
MANS - YELLOW - $1.29

By Srague. 4.7 MFD 10 VDC. Axial
Leads. Perfect for timers. ....10for$1

GE POWER DARLINGTON
NPN, Plastic Power Tab Case, VCEO-30
HFE-30,000 TYP. Brand new units, but
leads are slightly trimmed for P.C.B.

DOUBLE DIGIT
JUMBO READOUTS
New Litronix 727. Dual. Perfect for

giant clocks, etc.
$3.95 each (2 DIGITS)

HDA0CT 5w 1w s SPECIAL. ... 4for$1

IN4148 DIODES
Brand New Units. Same as IN914. Full
lieads: . wia: sceblsasbondie 2 b 24 for $1

JUMBO LED READOUT

Twice the size of regular readouts. .65
inches. Llke Litronix DL747. Outper-
forms and easier to read than SLA-3,
only 20 MA per segment. Our best
readout for digital clocks.

$2.95 ea. (6 FOR $15) Common Anode.

TTL SUPER SPECIAL

74121 — ONESHOT ........ .dfor $1
FILTER CAPS

1000 MFD 16 VDC upright style. 4 for $1

IN40004 RECTIFIERS

1 AMP 400PIV SPECIAL 15 for $1

METRIC MASTER: Adds, subtracts,
Addressable memory and recall,
calculation on ali five functions. Plus metric conversion: pounds to

‘ kilograms, gallons or quarts to liters, miles to kilometers, yards or
inches to centimeters, ounces to grams or cubic

centimeters, Fahrenheit to Centigrade, cubic and square as well as
reciprocals, fractions and complex quotients. AC and
rechargeable nicad batteries. UL approved charger. Molded protec-

constant

multiplies, divides,

takes
and chain

Metric Master THIS IS NOT AKIT!. .. .. 49.95
]
rca PHoTO DETECTOR  SPECIAL
POWER AMP — IC $1.99
RCA CA3062 for photoelectric applica-
tions. Useful for intrusion alarms, oy
counters, position sensors, etc. with (3]
complete spec sheets. Reg. $4.84. ?’5

SPECIAL - $1.99
8“ “The COMPUTER
ON THE CHIP”

Computer on achip. 8 Bit Parallel CPU.
Can address 16k x 8 bits of memory.
With specs. Factory tested units $24.95
2101-1K RAM's for above - $4.95 or 8
for $30.

NATIONAL MM5314
4-6 Diglt Clock Chip, 24 pin DIP.
Lowest Price in USA. $3.95

DVM or Frequency Counter
Build your own with the MOS-4. Con-
tains a complete 4 digit counter,
including 4 decade counters, latches,
multiplexing circuits, dlsplaydecoders,
etc. Complete with specs 28 pin DIP.
SPECIAL $12.50

6 DIGIT LED READOUTS

Brand new arrays by T. I. Common
cathode, properly multiplexed. Six
digits plus a negative sign. Perfect for
calculators, mini-clocks, stop watches,
etc. SUPER SPECIAL $1.29 ea 3 for $3.

FM TRANSFORMERS
We bought a load coils and transform-
ers that were used in Ford AM-FM car
radios. Includes 19KHZ, 38KHZ, OSC.
Coils, etc. All New. Perfect for experi-
menters or repairmen. 10PC Asst. .99¢c

CALCULATOR CHIP Bonanza
Chip #1 — 8 digit, constant, six func-
tion (+, —, x, =, %) Features: Direct
LED segment drive, low power con-
sumption, internal keyboard encoding,
and floating decimal point.

ONLY . ...

7805 STYLE REGULATORS
TO-220 Plastic Case 5VDC Regulator.
Brand New by National . .......... 99¢

Plastic version of 2N3055. NPN Silicon. 90 Watts 15 Amps.
SPECIAL — 69c¢.

COLOR ORGAN CONTROL MODULE
Completely self-contained. Has SCR
circultry, AC line cord, etc. From a
close out by a mfg. of color organs.
New, unused. ................. $1.49

MOTOROLA MJE3055

Various types. Most are marked. Qur best selling assort-

TTL IC ASSORTMENT

COMPUTER BOARD BONANZA
We bought over 4 tons of assorted
boards. Contains TTL, diodes, transis-
tors, etc. 5 board assmt. with 150 to

RTA 3043FM IC

AN

IF Amp, Limlter, FM Detector, Audio

Pre AMP e 9= - g« prmseem = syp 98¢ nmn
8038 Function Generator

Voltage Controlled OSC. with sine,  aAaAA

square wave, and triangular

CUIPULS. &- 4 misssnosmibd B .$4.95

4 : P 1] (Gl M i SR s e $3.95. )
gggtsggtsested but includes many usable devices. 200 PCS LINEAR IC SPECIALS
TRANSFORMER SPECIAL #1 LIBUINETFT = ol A== 43¢
| Miniature size. Primary 115V AG Secondary 13V AC No | 10.3 Gase 3 ANP 5 VOG 565A PhaseLocked Loop ... . 99e
Load. 8V AC with 400 MA Load. Perfect for clocks or Voltage Regulator. Brand g%\éae;odelr skl $15.g§
calculators or small power supply. 99 i egulator . .............
] g PRIy 9%¢ RiewibyationallSTind 741GV OP.AMP - oo 25¢
12VDC REED RELAY Sub-Mini. LM 324 4x741 OP. Amp ......... $1.19
Coil js 500 OHM. SPST-No. .. ... $1.49 w T
-MOS -
MOTOROLA SCR o U.V. ERASEABLE PROMS
2N4443 8 Amp 400PN, Plastic Power | CD4000. ... .. 24 CD4015...1.19 CD4026...1.49 CD4N44......59 ; ; i
o TP P e g9c | GDa001 P4 CDa018 .59 D407 .59 CDaoaz ....59 | New FPameunits by National
CD4002 24 CD4017...1.29 CD4028.....99 €DA4049......59 $14.95
CD4006 ....1.49 CD4018...1.49 CD4029...1.39 CD4050 59 MM5204 4K $19.95
CD4007 . . ... 24 CD4019.....59 CD4030..... 49 CD40B6. ... .. 99
Chioos: "33 CDi0R. 14 b a8 ecos 3%
Bano 2 . . 4
, CD4o11 24 GDa022. 119 GD4035 1139 74C0a . . .29 LED DRIVERIC'S
PRIME TTL DIP IC’S CD4012. ... .. 24 CD4023 24 CD4040...1.59 74C107 1.29 -
< 75491 Quad segment dr. - 29¢
7400-16c 7448-89c  74151-75¢ CD4013. .. ... 59 (CD4024..... 99 CD4041 .89 75492 Hex digit dr. - 39¢
7402-16¢  7453-160  74153-89¢ CD4014 ... .1.49 CD4024. CD4042. ... .79
7404-16c  7473-37c  74154-95¢
7406-24c  7474-37c  74157-99¢
7808-16c  7475-65c  74161-99¢ GE TRANSISTOR &
7410-16c  7476-39c  74163-1.19 ASSORTMENT
7413-49c  7483-85c  74164-1.89
7420-16¢c  7490-69c  74165-1.49 [ One of the best mixed transistor lots
7427-24c  7492-75¢c  74174-1.29 we have seen. TO-98 Plastic cased.
7430-16c  7493-75c 74175-1.39 P. O. Box 38544, Dallas, Texas 75238 Includes Darlingtons, SCR's, PNP,
7437-39c  7495-75c  74181-2.75 NPN, etc. Untested sampie test shows
7438-35c  7496-75-c  74192-1.25 TERMS: Check or money order. No COD. very high yeild. Satisfaction assured.
7440-16c  74121-38c 74193-1.25 5 50 for 99¢
7442-69c  74123-75c 74195-79¢ Tefephone (214) 278-3561 SPECIAL: 6 BAGS FOR $5
7447-89c  74150-70c 74197-79¢ Texas Residents Add 5%
e T o
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POCKET CALCULATOR

5 lunctlon plus constanl — addres-

sable memory with individual recall

— 8 digit display plus overflow -

battery saver — uses standard or

rechargeable batteries — all neces-

sary parts in ready to assemble lorm
instructions included.

Kil with AC adaptor inciuded

Sel of Alkaline batteries |[disposable)

UNIVERSAL BREADBOARD
Silver plated copper circuit board
3-3/16" ¥ 5-1/16". 2 rows ol 27
holes lor DIP IC's + space for
transistors, revistors & capacitors.
Versalile and simple for bread-
boarding IC circuitry $1.30 o

S0 nes. 1.00

ALARAM CLOCK KIT

4 Large Digits + AM-PM. Com-

plete kit includes TMS 3834 chip
green flourescent panel with

5" digits — PC board — alarm

speaker — all necessary compo-

nents — case — schematic and

instructions.

Shipped UPS or Parcel Post.

UV ERASABLE PROM

1702A — 2048 bit static PROM 256x8
elect programmable & erasable TTL/DTL
$14.95

comp.

. ng;.

$31.95

NEW ITEMS

TTL

74132 $ .89
744101 58
74H102 .58
74H103 63
74H106 63
744108 63

SCHOTTKY
74500 s .38
74502 a5
74503 38
74504 a5
74508 52
74510 38 73583
0 s 741595
oot i 7415107
74532 52 gorille

74574 38 23133
7418197

741500
741502
74L504
741508
741510
741520
741532
741540
741542
741874
741590

499,

7492

7493

7494

7495

7496

74100
74108
74107
7411
74122
74123
74128
74126
7411
74145
74150
74151
74153
74154
741585
74156
71187
74156
74160
74161
71162
71163
74164
74165
74166
70170
74173
74174
70178
71176
7077
74180
71181
74182
74184
74185
74187
74190
74191
74192
74193
7419
74195
7419
74197
74198
My
74200

TTL
7400
7401
7402
7403
7404
7405
7406
7407
7408
7309
7410
7n
7413
7416
7
7420
7422
7423
7425
7426
7427
7430
7432
7437
7438
7430
74
7442
7443
7444
7445
7446
7447
7448
7450
7451
7453
7454
7360
7464
7465
7470
7472
7473
7474
7475
7476
7483
7485
7486
7489
7490

Dala included with ordet on erquest,
Add 3,38 ea W fem b pircd below $1.08
#4 Add $.50 ra. il item s not ordered

LOW POWER
SCHOTTKY
$ .

$14.93
$ 2.30

|

MARCH SPECIALS

8038 FUNCTION GENERATOR
Vollage conlrolled  owillator  sine;
square. Irisngular oulput 16.pin DIP wilh
data

7001 CLOCK CMIP
46 digit, 12:24 hr. alarm, timer & date
circurts with data $8.95

MV3020 LED

Jumbo red dome 15

73491 SEGMENT DRIVER

MOS to 1ED quad segment driver — 50
masink capability per driver — hrgh gain
darlington circuils 1 pin DI 19

DVM CHIP 44 DIGIT
MM 5330 — P channel device provioes
alt logic for 4V digit voli meter. 16 pin

$3.95

2 PRICE SALE

FACTORY MARKED —
GUARANTEED FUNCTIONAL

7425
7430
7441
7442
7446
7447
7448

$.13
.10
.49
.38
46
44
.52

0P with dala

MM5738

2102
2102-1
2102-2
5203
5262

12.95

$14.93

7400
7402
7403
7404
7406
7408
7410

3.95

295
325
3.25

2.95

¢ DIGIT LED CLOCK KIT

INCLUDES:
MM314 clock circuit

6 FND70 LED displays (.250" red 7

segment)

All necessary transistors, resistors &

capacitors

1 double sided PC board accommodates
LED’s & clock circuitry
Schematic & instructions

Does not include

12V-300 ma

transformer, switches & case $12,95
.

MISC. DEVICES
2513
generator
2602
N-~channel

DTL/TTL compatible

256 bit RAM

Jumbo green
125" red LED
Red LED

Red LED

64 x 8 x 5 character

$11.00

1024-bit static RAM,

3.95
2.19
22
15
s
a8

5% OFF ON ORDERS OVER $50.00
10% QFF ON ORDERS OVER $100.00

15% OFF ON OROERS OVER $250.00

LINEAR CIRCUITS

300
301
307
308
309K
30
3n
319
ki
320K
324
339
340K

Pos V Reg (super 723)
Hi perl op amp

Op AMP [super 741)
Micro Pwr Op Amp
SV 1A regulator

V Follower Op Amp
Hi perl V Compp

Hi 5peed Dual Comp

Neg Reg 5.2, 12 TO-3
Quad Op Amp

Quad Comparalor

Pos. V reg. (5V, 6V, BY,
12V, 15V, 18Y, 24V)
Pos. V reg. {5V, 6V, 8V,
12V, 15V, 18V, 24V)
AGC/Squelch AMPL
AF-IF Strip deleclor
Pos. V. Reg

2w Audio Amp

6w Audio Amp

Lo Noise Dual preamp
Prec V Reg

Timer

Dual 555 Timer

Phase Locked Loop
Phase Locked Loop
Phase Locked Loop
Function Gen

Tone Decoder
Operational AMPL

Hi Speed Voll Comp
V Reg

Dual Hi.Peri Op Amp
Comp Op Amp

Dual 741 Op Amp
Freq Adj 741

Neg Reg 5, 12, 15, TO-3

$.07
.07
.08
.09
a7
09
.08

$.17
.28
.39
29
.39
.39
20

7473
7475
7483
7490
7495
74%6
74107

79111
74123
74151
74153
74180
74193

7420
7437
7440
7445
7450
7453
7454

08
a7
08
-4
.08
.08

7460
7474
7493
7496
74195

TANATLUM CAPACITORS

SoLID-
I mid

33 mid
1mid

2.2 mid
2.2 mid
4.7 mid

DIPPED +20%

35V .25 ea. 6.8 mid
ISV .25ea. 6.8 mid
5V 25ea. 10 mid
2V 25ea. 15 mid
35V .30 ea. 33 mid
16V .30 ea. 47 mid

6V
50V ..
25V
1ov
v
6V

LINEARS

546

7

5556/
MC1456

7525
MC1310

CA3046

AM radio receiver
subst. DIP

Diff. video AMPL
T0-5

Int. compensated

Op Amp mDtP

Dual core mem. sense
AMPL DIP

FM stereo demodulator
DIP

Transistor array

14 pin DIP

MEMORIES

10

103
102

5203

5260

T10-5 §.71
mDIP .29
mDIF .26
mDiP 89
10-3 135
mDIP

mDtP

DiP

Dip
ow

T0-3

10-220
DIP
DIP
mDIP
DiP
moIP
Dip
DIP

5261
5262
7489
8223
74200

MMS5316

FM Mulpx Sterec Demod DIP
FM Mulpx Stereo Demod DIP

Dual Comp Op Amp
Stereo mulliplexer
Quad Amplifier

'V gonlr. osc

9 DIG Led Cath Drvr
Dual Line Driver

Dual Perepheral Driver
Dual Pesipheral Driver

1351) Dual Periph. Driver
Quad Seq Driver for LED

Hex Digit Driver

mDIP
DIP
114
[»]14
Dip
Dip
mDIP
mDIP
mDIP
(1114
DIP

Satisfaction guaranteed. Shipment will be made via first ¢lass mail within 3 days from receipt of
order. Add $.50 to cover shipping and handling for orders under $25.00. Minimum order §5.00.

California residents add sales tax.

INTERNATIONAL ELECTRONICS UNLIMITED
P.O. BOX 1708/ MONTEREY, CA. 93940 USA

L]

112

PHONE (408) 659-3171

CIRCLE NO. 27 ON FREE

INFORMATION CARD

256 bit RAM MOS

1024 bit RAM MOS
1024 bit slalic RAM
2048 bil UV eras PROM
1024 bit RAM

1024 bit RAM

2048 bil RAM

64 bit ROM TTL
Programmable ROM
256 bit RAM Trisstale

CALCULATOR &
CLOCK CHIPS

12 DIG 4 unct fix dec

Same as 5001 exc biry pwr
12 DIG 4 funct w/mem

8 DIG 4 {unct chain & dec
18 pin 6 DIG 4 funcl

8 DIG 5 funct K & mem

9 DIG 4 funct (btry sur)

28 pin BCD 6 dig mux

24 pin 1 pps BCD 4 dig mux
28 pin 1 pps BCD 6 dig mux
24 pin 6 dig mux

40 pin alarm 4 dig

Red TO 18

Axial leads

Jumbo Vis. Red (Red Dome)
Jumbo Vis. Red (Clear Dome)
Infra red diff. dome

Red 7 seg. .270"

Red alpha num 32"

Red 7 seq. .190"

Green 7 seg. .270"

6" high solid seq.

Red 7 seq. 270"

Yellow 7 seq. .270"

4" high solid seq.

6" high spaced seq.
Oplo-iso transislor

CMOSs

4000A § .26

4001A
40024
A006A
4007A
4003A
40094
4010A
4011A
40124
4013A
$019A

25
25
1.35
26
179

AmericanRadioHistorv.Com

$.21
42
39
44
45
.60

MARKED — NO FACTORY LOGO
GUARANTEED FUNCTIONAL

.08
a7
.30
39
4

$3.45

PLANS AND KITS

FREE -CATALOGUE KITS, COMPONENTS. Audio equip-
ment, Sinclair Kits, radio parts. Gladstone Electronics,
1736 Avenue RD., Toronto, Canada., M5M 3Y7. US.
Inquiries,
ELECTRONIC ROULETTE: "Wheel of Fortune’ shown in
October's Popular Electronics. Complete kits, $24.95 with
same day shipments from Hosfelt Electronics. 224 Opal
Blvd., Steubenville, Ohio 43952,

AMAZING ELECTRONIC
. PRODUCTS s~

LASERS SUPER POWEREQ, RIFLE, PISTOL, POCKET - SEE IN DARK . PYRD.
TECHNICAL. DE-BUGGING - UNCRAMBLERS - GIANT TESLA - STUNWAND - TV

ERS -
OISRUPTER - ENERGY PRODUCING. SCIENTIFIC DETECTION, ELECTRIFYING.
CHEMICAL, .ULTRASDNIC, CB. AERQ, AUTO AND MECH DEVICES. HUNDREOS

MORE - ALL NEW PLUS'INFO UNLTD PARTS SERVICE

INFORMATION unfimited

CATALDG $1 Box 626 Lord Jeftery PZ. @ Ambersi. N H. 0303)

FREE lherm:couple course, expe;imenler's circuit, and
detailed plans for building electronlc thermometer with
control. Send SASE. Dage Scientific Instruments, Box
1054, Livermore, CA 94550, - . -
NOISE suppressor/signal expander in kit form| Add to your
stereo system for dynamic range expansion up to 10dB.
$89.95 postpaid, includes cabinet, PCB and all parts.
Refund if not delighted. BECO. Box 473. Belton, Missouri
64012.

AUDIO PROCESSING/MUSIC SYNTHESIS parts. plans.
kits, data. Free information, CFR Associates, POB F.
Newton, N.H. 03858.

DOPPLER ULTRASONIC STETHOSCOPE (PE August '75)
complete kit now available. $99.50 without batteries. Prod-
ucts & Processes. Box 380066, Miami. Flondd 33138.
EXPERIMENTER'S kit of 20 ICs $1.00 most 7400's.
Chriskim Co., P.O. Box 1782-CPE. Tampa, Fla. 33601
TESLA COIL — 40" SPARKS! Plans $7.50. 1nformation 75
cents. Huntington Electronics. Box 2009-P, Huntington,
Conn. 06484.

CONVERT TV TO

6 FT. WIDE SCREEN!
Easy Do-1t-Yourself Kit

Project a giant 5xb’ picture onto wall or screen.
B&W/Color. Kit contains detailed plans, Inst, and
Precision Lens System. Only $15.95 ppd.,
or write for Free illustrated details.
The Macrocoma Co., Dept. DC
Washington Crossing, PA 18977

HIGH-GAIN antennas for CB, all-channel TV. amateur,
transmitting-receiving. Exceptional broadband DX gain
from inexpensive wire. Simple experimentation. Attic or
outdoor installations. Send $2.00 for layout, instructions,
descriptions. ONSTAGE PRODUCTS. P.O. Box 6. Fishkill,
N.Y. 12524

PRINTED circuits directly from magazine articles in three
hours. Datak ER-4 kit, only $26.95. California and New
Jersey residents include sales tax. Complete details from
Datak, P.O. Box 38, Guttenberg. N.J. 07093,

TAPE AND RECORDERS

RENT 4-Track open reel tapes—all major labels—3,000
different — free brochure. Stereo-Parti. 55 St. James Drive.
Santa Rosa, Ca. 95401.

1930-1962 Radio Programs. Reels, $1.00 Hour! Cassettes.
$1.00 Show! = Mammoth Catalog. $1.25. AM Treasures,
Box 192PE, Babylon. N.Y. 11702.

RECORDS—TAPES! Discounts to 73%; all labels; no pur-
chase obligations; newsletter: discount dividend certi-
ficates: 100% guarantees. Free details. Discount Music
Club, 650 Main St.. Dept 5-36, New Rochelle, New York,
N.Y. 10801.

CLASSICAL CASSETTES! FREE CATALOG. Better qualhyi
50% less cost than records! CCC. Box 506PE, Saddle
River, N.J. 07458.

EXTRA LONG PLAY "SANYQO" CASSETTE RECORDER.
Records over 8 hours on standard cassette. Exceilent
voice flidelity. electret mike, digital counter, only $93.95 pp.
Money back guarantee. catalpg 25 cents. Phone Control
Systems, 92 Marcus Avenue, New Hyde Park, N.Y. 11040.

REPAIRS AND SERVICES

CUSTOM electronic music equipment design. modifica-
tion, construction, repair. PC artwork, fabrication. Kit as-
sembly. Personal service. Low, negotlable rates. Circults,
services description: 25 cents plus SASE. Carl Fravel, 119
Brainerd Road No. 15, Allston, Mass. 02134, (617) 731-4844.

POPULAR ELECTRONICS



BURGLAR ALARMS

BURGLAR ALARM dialing unit automatically calls police.
$29.95. Free literature. S&S Systems, 5619-C St. John,
Kansas City, MO 64123.

PRESSURE sensitive miniature cable for burglar alarm
systems. Place under carpet in any contour for intrusion
detection or secret switching. $4.95 for twenty feet. Cable
Switch Corp., Box 72-PE, West Long Branch. NJ 07764.
BURGLAR-FIRE alarm supplies and information. Free
catalog. Protecto Alarm Sales, Box 357-G. Birch Run,
Michigan 48415,

CALCULATORS

TEXAS INSTRUMENTS CALCULATORS DISCOUNT HOT
LINE Toll Free (800) 638-8906. Phone us long distance free
for the low discount price on the Texas Instruments Calcu-
lator of your choice: SR-50A, SR-51A. SR-16ll. TI-25001!,
TI-1500, T1-255011, TI1-5050. All of the great new Texas
Instruments models. Capital Calculator Company, 701 East
Gude Drive, Rockville, Maryland 20850. The discount super
market for top brand name calculators. Mail and phone
orders accepted. BankAmericard and Master Charge
accepted.

HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount
prices for Shure, Pickering. Stanton, Empire, Grado and
ADC. Send for free catalog. LYLE CARTRIDGES. Depl. P,
Box 69. Kensington Station, Brooklyn, New York 11218,

SAVE 50%. Build your own speaker systems featuring
Norelco, Eminence and CTS. Famous brands from world's
largest speaker factories at lowest wholesale prices. Write
for free catalog of speakers and electronic accessofries.
McGee Radio & Electronic Corp., 1901 McGee Street,
Kansas City, Missouri 64108.

DO-IT-YOURSELF

TELEPHONES. All Types. Equipment. Supplies, Keyed,
Regular, Decorator. Catalog. 50 cents. Box 1654J. Costa
Mesa, California 92626.

For
faster
service

USE
LIP
CODE

/135 KV HIGH VOLTAGE POWER SUPPLY \

This high voltage power supply is rated at 13.6 KV DC, @ 0.31 ma.
Completely sealed. Ideal for CRT’s, high voltage experiments, bug
zappers, etc. Shipping weight 6 Ibs.

STOCK NO. P5356 $13.95 each, 2/26.00

HONEYWELL HUMIDITY CONTROLLER

Made by HONEYWELL for automatic
) control of humidifiers or de-humidifiers.
Control range 10% RH to 60% RH, sensing by
means of a nylon ribbon. Snap action switch with
Ideal for home lab, or greenhouse. 3% x 2% x 1%.
11b. $4.95 each, 3/14.00

240v AC contacts.
STOCK NO. P6263

MOLDED PLASTIC
CALCULATOR HOUSING

% From a maker of desktop calculators.
Molded in off white plastic, ideal for a
display or other small project. Overall
size 113" x 12 x 4" high. The front open-
ing is trapezoidal, 10%” mde x 2% high. With
cooling fins. 2 Ibs. STOCK NO. P5354 $4.75 ea, 2/9.00

1458, dual 741 type op-amp. 8 pin mini-DIP. Very versatile.
STOCK NO. P3112 $1.25 each, 6/5.00

650 WATT POWER TRANSFORMER

This versatile transformer has dual primaries, for 115v or 230v
operation, or for isolation use. Each is also tapped for low or high
line. Secondaries are 24v center tapped at 8 amps, 24v at 10 amps,
and 24v at 10 amps! Possible.combinations include 24v at 20 A
and 48v center tapped at 10 amps. Shipping weight 13 Ibs.
STOCK NO. P9898 $14.95 each, 2/28.00

Send for new 88 page Catalog 15, bigger than ever, MASTERCHARGE
& BANKAMERICARD now accepted. Minimum cash order
$6, minimum charge order $15. Phone orders accepted.
tnclude sufficient pastage, excess refunded.

] ~ DELTA ELECTRONICS CO.

o --p (st

80X 1, LYNN, MASSACHUSETTS 01903
Phone (617) 388-470% J
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2N178 .90 2N1142 2.25 2N2222A .30 2N3053 .30 2N3819 .32 2N4410 .25
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2N711B .60 2N1711 .30 2N2904A .30 2N3638 .20 2N4126 .20 2N5400 .40
2N718 25 2N1907 4.10 2N2905 .25 2N3642 .20 2N4141 .20 2N5401 .50
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L aN2218A 30 2N2907 25 2N3730 1.50 ZNa23a” 93 C106B1 .50
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SILICON UNIJUNCTIONS INTEGRATED CIRC. RECTIFIERS
£ g 2 %) uge 4
: . 53| Yoscor. ame. 25 | a0 % ._
: 2N6027 .55 2N4871 .50| 741C OP. AMP. 25 .N4805 ."758 2%
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‘80 2N4894 .50 74100J .35 IN4OO6 1.10 10.00
2SD380 5.70 MUL0  .40] 74HSSN -35 | (N40O7 1.20 11.00
530350 75
25D437 5.50 New-Tone Electronics
C106B1 .50 P.O. Box 1738 A

Bloomfield, N.J. 07003
Phone: (201) 762-9020

ebiasy

1300V 5.40 2sCl1728 1100V 4.25

N.J. residents add 5% sales tax. Minimum order $5.00. All orders

1100V 4.95 add $1.00 postage. Dealers write or phone for discount b
1100V 4.95 P g phon unt prices.
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LMBOK-15 1,95 LMPATN 79 CA3080 85
(M340K-2¢ 1,85 4 A3 150K 180K 220¢ 270K 330K CAPACITOR CORNER
LM748H a £A3083 180
LM340T-8* 175 LM748N 39 CA0B6 59 ASST. & 5ea, 390K 470 560K 680K 820K 174 WATT 5% = 50 PCS. 50 VOLT CERAMIC DISC CAPACITORS
T8 175 MI303N %0 cajBs 325 WM oM s 1eM 22 ot i B T R B e Suo
T P :!g A ASST. 7 Fea 27M 3 3 4TM 56M 174 WATT 5% - 50PCS. 2o 05 0 03 00TaF 05 04 03
RESG2B® 5.0 LM1307R CA3600 175 ALL OTHER RESISTORS FROM 2.2 OMMS  5.6M AVAILABLE IN MULTIPLES UF > e |:1w gg -z -g g;;‘r gf,, -g‘s 903‘5
525 PCS. .05 ea. 3095 PCS; .04 ea. 100495 PCS. .03 ea. 500-095. 027 ea. 2000 05 o1 03 oanF 08 05 04
K |TS EXA R | CS 14 PCS. POTENTIOMETER ASSORTMENTS aTopl 05 e:m an;nnZV ﬂ ‘FTF 12 09 075
ASST. A 2 ea’ 10 0HM-20 OHM-50 OHM-100 OHM-200 OHM-250 OHM-500 OHM 001 mf A2 10 07 . LM CAPACC‘"nRs 1 08
1R-2206KA e - SPECIAL $17.95 ASST. B2ea 1K, 2K 2.5K, 10K, 20K, 25K, 50K w0z o0 o som &
Includes monolithic function generator IC. board, and assembly instruction - B m ” 10 07 tmf 27 23 A7
iy ASST. €2 ea; 50K, 100K, 200K, 250K, 500K. M, 2M $9.95 Per Asst. omt 2 © 07 pm  ®m 2
+ 20% DIPPED TANTALUMS {SDLID) CAPACITORS
%R-2206KB SPECIAL $27.95 Each assortment contains 14 pcs of 10 lm pots. Al pots are available | single unit quantities. $.99 ea. Voo e A 2
Same a5 XR 2206KA above and inciudes external components tor PC board. ASST8  dea  SNAB 7401 7902 7403 740 SSUTTL 3555 ASsT ;g 35: 28 23 17 2228v 27 .22
BRIE SNZAIO 7430 7938 7440 7472 T R T
TIMERS STEREO DECODERS INTEGRATED ASSTO 26 SNTA47 7430 7491 74100 74121 MSLTTL $90sasST | 473V 28 23 17 682V 3 Al %
XR-855CP 569 XR-1310P s.20 f cloar SN74145 74175 74180 74191 74193 8835V 28 2 IZoodom w3 2
XR-320P 155 XR-1310EP 220 ASST10 2ea  CD40O1 4002 4011 4012 4013 cMoS § 7.95 ASST 1o3v .2 -23 15 25V .63 50 40
XR566CP 185 xRs00p 30 || ASSORTMENTS Co:n6 4017 019 4023 4030 MINATUR ALURRUM ELECTABL YRS CAPABIORS
XR-2556CP 3.20 ASST11 2es  LM30OTT  30WN 3027 07T 309K LINEAR $10.95 ASST e Ragialilesd
XR-2240CP WAVEFORM GENERATORS 47 50v 15 12 10 47 25v .15 13 10
R-2240C! 125 e 8.40 LM3UT 5657 5677 7411 741N 1.0 50V 1% " " 47 50V 16 N n
PHASE LOCKED LOOPS XR-2206CP .49 Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds. 33;‘5’5 :g N :g 39 hy - 1§ o
XR-210 520 XR-2207CP 385 California Residents — Add 6% Sales Tax 1BV 15 13 10 1050 16 19 11
XR-215 5.60 MISCELLANEDUS Write f E — wsv .96 14 12 ATV 5 13 10
XR-567CP 195 XR-2211CP 6.70 rite for FREE 1976 Catalog Data Sheets .25¢ each 2w 98 12 ATV s 13 0
XR-2567CP 2.99 XR-2261 37 22 50v 24 2 18 4.7 50v .16 14 1
47 25v 19 A7 15 10 16V 14 1?2 09
v B2 9 2V 15 13 10
DATA HANDBOOKS 100 25 2 20 18 10 50v .16 14 ?
/ ! > 10050v 35 30 28 475w 24 2) "
7400 Pin-out & Description of 5400/7400 ICS ~ $2.95 220 25V 2 28 25 100 16V .19 15 R
CMOS Pin-out & Description of 4000 Series ICS ~ $2.95 220 50v 48 4 38 10028V 24 20 18
1 P.0. BOX 822, BELMONT, CA. 94002 4025 3 20 27 10057 35 30 %
LINEAR Pin-out & Functional Description $2.95 1000 16V 55 50 5 20V 2 b1 13
ALL THREE HANDBOOKS $5.95 PH ON E OR DERS ‘41 5) 592_8097 2200 16V 70 .62 55 470 25V 31 28 26 |

AmericanRadioHistorv.Com
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32.000 MHz HC1B/U 84
AVAILABLE IN THESE FREQUENCIES ONLY

(i@ cRsTALS (&

MICROPROCESSOR COMPONENTS

JE SERIES KITS

-
i

v

CLOCK CASES
Nicety styled cases complete with red
bezel lor use im such applications as
desk clacks, car clocks, 2larm clocks,

DIRECT REPLACEMENT

FOR INTEL C8080

FOR INTEL C8080A

DIRECT REPLACEMENT

e JESO1

AT Puma oo fe CENTRAL PROCESSOR UNITS )| O —
cY2a 2.000 MHz HC33U $4.95 £ach processor feature 2us instruction cycles and are brand digital voltmeter, in a kil form. Jt features several
C¥3A 4000 MH? NC1B $4.95 T | new from the manztacturer The TMSBO80 ts and 2nd gener- AM D optrons not available in any commercial digitai vol-
CY7A 5,'000 MMz HC1B/U y'g5 N ation processor:; aud the AMO0BOABOBDA 1s a 2% genera- 1meter, Its low cost 1§ perhaps the most important
CY124 10.000 MH, HCY i tian, processor feature. which is achieved by affeningitina ki torm
% pue pEo 9e 8080 GHR, e
CY2zA 20.000 M HC 4 5
brzzA 2 C :u § gg $29 .95 $3g g5 by the hobbyist who has Lo be concerned with cosL.

The unit also features on card requiators, altowing t
10 be operated off a single plus and minus fitteen
vall, unregulated power Tupply. The unit has a
small size of three inches width, three and three
quarters of an inch length, and one and a quarter
wnch height

DIGITAL WATCH READOUT

FOR USE WiTH WATCHES.
OVMS, COUNTERS, ETC

$1.95

HP-5082-7300

9

30 mA-50 mA
50 Vat @ 30 mA-50

SPECIAL

Secondaries 8-10 Vac @

mA

£+ zellent Tor miniature power suppiies
& gas discharge displays

$.79

1/16 VECTOR BOARD

JOLT INCLUDES SOFTWAFE, HARDWARE AND ASSEM
BLY MANUALS. AVAILABLE FOR IMMEDIATE SHIPMENT.

mstrument Cases cPU's RAM'S i i ircui
DIMENSIONS. W-4". L-4%": H2' 8008 8 B CPU 51895 101 256X 1 STATIC 52,25 $3995 Per Kit p”nted circuit board
8080 Super 8008 $29.95 10 1024X1 DYNAMIC 295
< 80804 Super 8008A §36.95 20t 256x1 STATIC 695 J —
SR'S 2102 102401 STATIC 2.49 E8 03 -
SEMICONDUCTOR SUPER SPECIALS 250¢ 1024 DYNAMIC 56,00 207 4096X1 DYNAMIC  19.95 PROBE 3 \
w2222 g o 2518 HEX 32 817 B0 an 256x4 STAnC U | The Logrc Probe 15 a unit which is fo thie most part T 4
W335 Srclaslid2iacosn 251 HEX o B (i | | el NS 295 ¥ waespessibie i troudle snooting logic familes. oy
will solder lugs on leads 2504 512 DYNAMIC 295 7489 16%4 STATIC 249 TTL VL RTL. CMOS. it deres the powet 1 i &—;. &
44308 Fasl 1N4148 S1 Switch 20r81.00 2525 1024 DYNAMIC 6.00 8101 2564 STATIC 7.9¢ needs t» opetate drectly off of the creul unger g SO
MCT2E Si PN Photg Trans./Opto Isolalor 2.9 2527 DUAL 256 BIT 395 8111 256%4 STATIC 795 1e5t, dtowng 2 scant 10 mA max It uses a MAN3
MV5025 4 MCD. 20 mA LED with Mounting i} 2529 DUAL 512 81T £, 8599 16X STATIC 34 R oadout 1o mdrcate any of the foilowing states by
MV53T? Low Piotie Yellow LED 381.00 2532 QUAD B0 BIT 295 9102 1024%1 STATIC 275 ] these symbals {H) - 1(LOW) - 0 (PULSE) - P. The .
XC526R RED 185" dia. LED 75$1.00 2533 1024 STATIC 795 74200 256X1 STATIC 695 | Probe cn detect migh requency pulses 1o 45 MH. $g a5 Per Kit
:7‘3:;670 r;;{: - cg :23;;0 zzosgg;' SEATIC 178 1 can't be used al MOS levels or gircun damage ) "
DL728 e 2 NAMIC 285 R il resua printed circuit board
The OL728 Is 2 dual 0.5 common cathade fed AY-5.1013 20K BAUD .95 17028 2048 FAMOS 15.95
display. It 1s ideal for use with clock ehips. as ROM'S 5203 2048 FAMOS 14.95
segments are already multiplexed $2.95 2513 CHAR, GEN 11.00 8223 32x8 BPOLAR 3.0
7488 RANDOM BITS 250 745287 1024 STATIC 795 J E7 0 0 CLO CK e Jer00us. ow costaigal ciock, bt
8 a very mgh quality umt. The unit fea-
tures a simuiated wainut case with di-
CALCULATOR CHIPS AND DRIVERS J 0 LT 1 59 . 95 mensions of 6w 2% “x 1”1 utizes 3
MM5725 8 DIGIT 4 FUNCTION $198 MANT2 high brightness eadout, and the
DM7549) SEGMENT DRIVER 7 ACCESSORIES MMS314 clock chip $19.95
MMS736 6 DIGIT 4 FUNCTION 195 ¥ l
0M75492 ORIVER FOR 5736 8 \ 12 0r 24 Mour
MMS738 8 DIGIT 5 FUNCTION 295
OMB364 DRIVER TYPE ) 2.00 115 VAC—
DM8865 DRIVER TYPE 2 1.00 $19.95 per kit
CLOCK CHIPS $29.95 assembled
MM5311 6 0IGIT W/BC0 $4.95
MM5312 4 DIGIT WBCD 495
MM5313 6 DIGIT W/BCD 495
MMS314 6 DIGIT CLOCK 395
MMS316 ALARM CLOCK 495 JOYSTICK
17001 CALICLOCK CHIP 5.95

These joysticks leasute four 100K
potentiometers, thal vary resis-
tance proportional to the angle of
the stick. Sturdy metal construction
will, plastics companents only at
the movable joim Pertect for elec-
Ironic games and instrumentation.

10 card — or, CPU and 8 1/Q cards, Manuak. included.
AVAILABLE FOR IMMEDIATE SHIPMENT. $39.95 it. $145
assembled.

JOLT Accessory Bag — Contams enough hardware 10 con
nect one JOLT zard to another. Such necessary flems as flal
cabie, connectors, cord spaces, hardware, etc. AVAILABLE
FOR IMMEDIATE SHIPMENT. §39.95

user memory of 170 control panets. TV interfaces,
heyboards, LEDS. or other interface logic AVAILABLE FOR
IMMEQIATE SHIPMENT, $22.95

JOLT « 5V Booster Option. — Fils onto JOLT Power Supply
card. Supports CPU, 16k bytes of RAM — or. CPU and 8k
bytes RAM and B /0 cards — or, CPU and 4k byles RAM
antt 16 0 cards Manuals inciuded. AVAILABLE FOR iM-
MEDIATE SHIPMENT, $24.95

HP 5082-7300 $159 95 In lt torm $749 assembled )
-3" Dot Matrix type numeric readouts The JOLT system gonsisis of a set of maduiar mic- alone constiutes a viable computer sysfem complete with s 9.95
wrth decoder/driver/tatch built on the rocomputer boards which can be used singly or tied 10 central processor, 10, interupts, fimer, read-wnite mem- [ ea
cmsn Only ﬁa ins {8CD in, OP Lateh, gether 10 produce any desired microcomputer ystem con- ory, and a complete software debug monAor in read-only-
v, ground) fiquration The muntmum system is one CPU tvard. which memory.
HP 5082 7300 $5.95
-
WP 5032 7304 JOLT SYSTEM DESCRIPTION JOLTH/O Carc {Peripheral Intertace Adapter) — 2 PIALS ELECTRONIC ROULETTE
JOLT RAM Card — Fully static 4,095 bytes of RAM wilh 1 chips. 32 40 lines, four interrupl hines, on-board decading Co mplete k it
twsonot 730 4.85 Micosecond access time and on-board decodng. Hard- and standard TIL drve_Fally programmable. Manuals in- with all
3 =3 PC.M ware and assembly manuals includec. AVAILABLE FOR cluged AVAILABLE FOR (MMEDIATE SHIPMENT. 595 50
1% x1%” XFMERS .C. Mount IMISEDIATE SHIPMENT. $199.95 kit . S2€5 assem Kil . $140 assembled components
T N e o diee JOLT Universal Card — Samesize (4% x77), same lon caseland
t were designed for clo € ap- 5 2 fact ther JOLT cards. Completely blank, delied 13
JOLT Power S — Operates at +5. +12 and -10 actor as athe: pletely
phcations. 110 Vac primary @ 60 Hz o Yo7 T, ax e of AN and JOLT accept 14, 16. 24 or 4D pin sockets. Used for additional transformer

$29.95 Per Kit
115 VAC

Dimensions: 6% x 6% " x 1%

64 REY BOARD

ELECTRONIC CRAPS

J 0.17 Hole Spacing  P-Pattern Pnoe There high quality keyboards, which were originally made
Part No Length Wigen ~ 1.19 20-49 by a farge computer manufacturer. Each keyboars 5
FRENOLE [eaPai 000 | s sz T e nas 6 keys. wich are £r0ught out on unencoded pins Complete kit
169P44 02XXXP 450 | 1700380 |32 They utihize magnetic reed lype switches and are new i .Vlth a||
EPOXY | 64Pad 062 450 | 650(207 [186 Epeaance 5 components
GLASS [ 84P44 062 450 | as0(256 [231
160P44 062 w50 | 1700504 | 53 HDO165 Keyboard Encoder ROM $7.95 case and
16984 062 850 | 1700(923 [826
EPOXY GLASS | 169P44 062C1 450 [ 1700 (680 |612 WIRE WRAP WIRE PITRE E transformer.
AWG COLOR 25 FT. MIN 50 FT. 100 FT. 1000 FT
30 AWG WHITE 52,10 s2.75 5350 $21.00
0 AWG YELLOW 210 275 350 24.00
30 AWG RED 210 275 350 24.00 $19.95
30 AWG GREEN 210 2.75 350 21.00 .
30 AWG '3 210 275 3.50 24.00 Per Kit
30 AWG 8LACK 2.0 2.75 350 24.00
RIBBON CABLE Dimensions: 6% & 3% 1 1%
WR=g Covductars tawn 10-24n/0 2599wt 1004
Vector Winng Penci P173 consists of 2 hang held leatherwesght undes one: ﬁ;g 23 ,ig 52 ;:1' CO N T l N E N TA L $15.95
ounce) 100) which is use to guide and wrap nsulated wire, fed off a "
self-contained replaceable botibin, onto component ieads of terminals fostal. E 30 79 69 65 62 S P E C | A L T l E S
led on pre-punched P Patlern Vectorbord®. Connections belween the ]l 40 99 8 85 &4 PROTC BOARD 6
wrapped wire and componentleads, pats or terminals are made dy soldering i 9 e U . The PB-6 lets the user lest and buikd
Complete with 250 FT of red wire $9.50 ea. - excuts without scidenng or pateh
6' 2 CONDUCTOR POWER E’ e
REPLACEMENT WIRE — BOBBINS FOR WIRING PENCIL components are made with com-
CORDS 125V @ 5A 3/18 o 422 RWG gk op . TS
W36-3-A-Pkg. 3 {Green) $2.40 quality breadboarding at inludes
W36.3.8-Pkg. 3 {Red) $2.40 S=———— THREE CONDUCTDR POWER SUPPLY CORDS . . [ 630 component fie paints at ass
W36-3-CPkg. 3 {Clear) $2.40 NUMBER LENGTH AWG RATING COLOR PRICE than 2.5¢ each. i maasures 6 long
-3.D- 17236 6 18(41X34) 12500 BLACK Special .79 ea by & wide. Designed specially to
W35;5:DiRKe. 3 {Blue) §2:40) 10A-125 Breadvoard Microprocessor Cir-
nnr 6 18(41X35 253 1250W GREY 125 cutts 51898
9V BATTERY CLIP : 108 128v
STANDARD CLIP 17238 8 18141x34| 265 1250W BLACK Special .39 «a PROTO BOARO 100
FOR USE WITH 9V 104 129V A low cost, blg 10 IC capacity
TRANSISTOR BATTERIES 1723 ] 18{41X34) 253 1250W GREY 130 Braadboard kit with ail tha quakity of
WITH 4= LEADS 108-125v QT sackets and the best of the Peoto
17000 18(41X349) 253 1250W BLACK 59 Board series . . complete down to
10A- 125V the fast nul, bolt and screw. In-

cludes 2 0T-355 Sockats: 1 0T-358
o a o Bus St 2 5-way binding posts: 4
Satisfaction Guaranteed. $5.00 Min. Order, U.S. Funds. ::nw::n Sci'wysA:\u\ls‘gbulls_ma

Catifornia Residents — Add 6% Sales Tax aasy assambly instructions.
Write for FREE 1976 Catalog — Data Sheets .25¢ each $10.8s

04AMES

P.O. BOX 822, BELMONT, CA. 94002
PHONE ORDERS — (415) 592-8097

INFORMATION  CARD

TERMINAL STRIPS
THREE TERMINAL

STRIPS, WITH CENTER
TERMINAL USED FOR MOUNTING

\OJ 15/81.00

Bring IC leads trom pc board Jor fasl signal tracing
and teoudleshooting Inject signals. Wire unused
circuits Into boards. Scopa probas and tasl ieads
lotk onto Dynagrip inset (ses circla) for hands-off
testing. Plastic coastruction eliminates springs. §
pivols. Non-corrosive nickel/silver contacts for
simyitaneous low fesistance connactions.

PC-14, 14-pin Proto Clip. $4.60 ee.
PC-18, 16-pin Prolo Clip, $4.78 »
PC-24, 24-pin Prato Clips. $8.80

AMP TERMINAL PINS
TERMINAL PINS FOR
MOUNTING COMPONENTS
ALSO PERFECT FOR USE
WITH BOARD CONNECTORS
\ AND SUBASSEMBLIES

Loz

$1.007100 PCS.

CIRCLE ®0. 28 ON FREE

MARCH 1976

AmericanRadioHistorv.Com.



URE FINDERS

FREE FACT-FILLED CATALOG! World's largest selection!
Metal detectors starting at $79.50. Two year guarantee!
Three factories, U.S.-Canada. 1,200 dealers - Service
Centers nationwide. Finest instruments at any price!
Budget Terms, Deaier inquiries invited. Write: White's
Electronics, Inc. Dept. PD6Q, 1011 Pleasant Valley Road.
Sweet Home, Oregon 97386.

TREASURE FINDER locates buried gold, silver, coins,
treasures. 6 powerful models. Instant financing available.
Write or call for free catalog. Phone (713) 682-2728 day or
night. Dealer inquiries invited. Rel¢o, Dept. AA20, Box
10839, Houston, Texas 77018.

REAL ESTATE

280-PAGE CATALOG
to coast! UNITED FARM AGENCY, 612-EP West 47th, Kan-
sas City. MO 64112,

Free! Over 2,600 top values coast -

RECORDS

INVENTIONS WANTED

OLDIES. 45rpm. Free Catalog. Corny's Record Shop, Box
166TD, Mason, Ohio 45040.

FREE RECORD COLLECTION Reviewers wanted. Anycne
qualifies. We ship you new records to review. You pay
postage. Records are free. Applicants accepted “first
come” basis. Write: Research PE, 6162 Washington Circle.
Milwaukee, Wisconsin 53213.

PRINTING

PRINTING Type, Cuts, Ornaments. Your monogram cut
and list $1.00. Moneyback Guarantee. Superior, Box 487,
Lee's Summit, MO 64063.

RUBBER STAMPS

RUBBER ADDRESS STAMPS. Free Catalog. 45 type styles.
Jackson's. Dept. K, Brownsville Rd., Mt. Vernon, I1l. 62864.

THERE'S

A NEW PLACE

1O BUY
COMPONENTS

INDICATOR LITES

Tinylite Indicator lites

Five colors available —red. white, yellow, green
and blue. Three voltages available-- 7VDC,
14VDC. 28VDC. Lamp replaceable from front of
panel. Indicator lite includes lamp. Mounts in
7/16" dia. hole — Mounting hardware included.

Solder terminals 1-9 10-24  25-49
5126-022(7VDC). . . $1.25 $1.18  $1.06
5127-022(14VDC). . . 1.30 1.22 1.10
5128-022(28VDC). .. 1.60 1.48 133
specify lens colcr

FANS

Reduces heal. single largest cause of component
failure. Compact, 4-11/16" square by 1-1/2"
thick. All metal frame. Ball bearing or sleeve
bearing Same parts as used by major computer
manufacturers. Fan is designed and manufactured
in accordance with UL specifications. 115 Volt AC

Current  Air Del.

P/N (Amps) (cuftmin) Price
WS2107FL

sleeve bearing. . 24 115 $15.00
BS2107FL

ball bearing. . . 20 115 25.00
1)*WS2107FL-9

sleeve bearing. .. 10 50 17.25
Accessories
65-175 Finger Guard

Fits all BS and WS models. . .. ... i.20

69-174-1 36" Plug and Cord Set —

Fits all BS & WS models.. .. ..1.20
1) Extra Quiet version of WS2107FL —designed
for HiFi equipment or any place minimal acoustical
disturbance is required.

AND YOU SHOULD SEE
WHAT ELSE WE HANE!

Spec sheets available on all fans and indicator
lites at 25¢ ea. No charge for spec sheet with
$25.00 arder.

CMOS

4000 .24 4018 1.44 4035 1.36 4072 .26
4001 24 4019 .58 4040 1.60 4073 .26
4002 .24 4020 1.56 4041 .90 4075 .26
4006 1.50 4021 1.42 4042 .82 4081 .26
4007 24 4022 118 4043 .67 4082 26
4008 117 4023 .24 4044 67 4502 1.26
4009 .64 4024 .96 4046 2.35 4511 1.60
4010 .64 4025 24 4049 .52 4518 1.28
4011 .24 4026 167 4050 .52 4520 1.28
4012 24 4027 .64 4051 .44 4527 2.00
4013 50 4028 1.04 4052 1.44 4528 .90
4014 1.58 4029 1.36 4053 1.44

4015 1.17 4030 .50 4060 1.67

4016 .50 4033 1.67 4066 .90

4017 1.26 4034 3.34 4071 .26

RESISTORS

Carbon Film Resistors

Y4aW 5% 120 resistance values — 102 thru 910K

%W 5% 145 resistance values — 102 thru 10meg()

1W 5% 145 resistance values - 10{2thru 10 me%_()l

2W 5% 145 resistance values — 10Q2thru 10meg
1-25 26-100 101-500 501-1000

“WW %W .05 .04 .03 .0275

w.... .14 12 11 .10
w ... 2 .20 .19 18
Shipping charges

$00t084.99. ... ... ... ... ... Add $2.00

500t02499...... ... ... ... Add .75
2500t049.99. ................ Add 49
50.0010 99.99. ... .. e Add 25
$100andup. ... ........ ..... No charge

Minnesota residents add 4% tax

Many other madels available — send for our
free catalog.

North Star Electronics Corporation/P.O. Box 1190/Minnetonka, Minnesota 55343
116 CIRCLE NO. 37 ON FREE INFORMATION CARD

Daskiobick

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.

VENIDTS

....Manufacturers Need
New Products

If you have an idea for a new product, or a way to
make an old product better, contact us, “the idea
people.” We'll develop your idea, introduce it to
industry, negotiate for cash sale or licensing.

Send for our FREE “Invention Kit." [t has a
special “Invention Record Form,” an important

tection & Marketing,” and a Directory of 500
Corporations Seeking New Products. You'll learn

how ideas become a reality! l

l brochure, “Your Invention — Its Development, Pro-
| |

RAYMOND LEE ORGANIZATION
the QI3 230 Park Avenue North,New York,NY 10017

sus

I'd like to find out how to take action on my
idea. Send Free "Invention Kit No. A.112 "

Please Print

l Name
Address
City State Zip
A Fee-Based Invention Service Company

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, D. C. 20005.

PERSONALS

MAKE FRIENDS WORLDWIDE through international
correspondence. |llustrated brochure free. Hermes, Berlin
11, Box 110660/Z0, Germany.

Ph.0'S, MASTER'S, BACHELOR'S — official nonresident
College Degrees easily acquired through mailorder Uni-
versities. Complete Revealing Directory — $2. Counseling
Connection, 5495 Claremont, No. BSG, Oakland, CA
94618.

NEW LUXURY CAR without cost! Free details. CODEX-DD,
Box 6073, Toledo, Ohio 43614.

TUBES

RADIO & T.V. Tubes—36 cents each. Send for free
Catalog. Cornell, 4213 University, San Diego, Calif. 92105.
TUBES receiving. factory boxed, low prices, free price list.
Transleteronic, Inc., 1365 39th Street. Brooklyn, N.Y.
11218A, Telephone: 212-633-2800.

TUBES "Oldies”, latest. Lists free. Steinmetz, 7519
Maplewood, Hammond, Indiana 46324.

TUBES Send 10 cents for large conclusive list. Low Prices.
T-J Specialties, Box 43, Bradley Beach, New Jersey 07720.

ELECTRICAL SUPPLIES & EQUIPMENT

PLATING Equipment, Portable Platers, Supplies and
“Know-How." Build your own tanks for nickel, chrome,
etc. Easy-to-install PVC liners. Rectifier components—all
sizes. Schematics, parts lists, formulas, operating
instructions for all plating. Guaranteed to save you 25%-
75%. Some good used units for sale. Write for details.
Platers Service Company, 1511-PE Esperanza, Los
Angeles, Calif. 90023.

MAGNETS

PERMANENT MAGNET MOTION. Foucault Drives. Virtual
Perpetual Motion. Details $3.00. MAGNETRIKS, 6064 N.
Paulina, Chicago. IL 60660.

MAGNETS. All types. Specials-20 disc, or 10 bar, or 2 stick,
or 8 assorted magnets, $1.00. Magnets, Box 192-H,
Randallstown, Maryland 21133,

WANTED

QUICKSILVER, Platinum, Silver, Gold, Ores Analyzed.
Free Circular. Mercury Terminal, Norwood, Mass. 02062.

POPULAR ELECTRONICS




ARIES brought you the first calculator kit,and the
first digital clock kit . . . and now brings you three
of the most innovative clectronic kits ever made.
The System 300 Electronic Music Synthesizer kit is
the most advanced in the world today, regardless of
price. The AR-781 is a space-age beauty for any
decor. And the wholly solid state AR-830 does
the work of 2 $400.00 tape memory unit.

.
{

WARNING ... if you're interested in a music syn-
thesizer, don’t make a move until you see our cat-
alog first. It's more like a handbook than a caualog,
with hundredsof in-depth photographs and descrip-
tions to explain electronic music principles, and to
show equipment to do the job. ARIES now offers
a complete complement of modules, keyboards, and
cases, matched to the most rigorous professional
standards. Starter systems priced as low as $395.00.

A clear, ruby-red cylinder
shows off all six digits of
this modern calendar clock.
Easy-to-read numbers show
the hours, minutes, and sec-
onds, as well as the month
and day every ten seconds.
Red LED 7-segment numerals are 0.33” high, ina
sturdy cylinder 2-1/2"" in diameter and 4-3/4” long,
with finished hardwood ends. Time and calendar
are controlled by 60 Hz line frequency, witha 12-
month movement. Separate time and calendar adj-
ustments. Includes all the components, PC boards,
housing, and instructions. Shipping weight 2 Ibs,
AR-781 Clock Kit .. $34.50

Add finger-touch operation
to your old-fashioned dial
telephone with an ARIES
AR-830 Automatic Digital
Telephone Dialer. This has
the same layout and con-
venience as Ma Bell, plus other features she.doesn’t
offer yet. For instance . .. AR-830 always remem-
bers the last number you dialed, in case the line was
busy and you want to try again later. Not only
that, but the Dialer’s memory can store as many as
ten of your favorite numbers for one-touch dialing.
AR-830 uses standard dialing and muting contacts;
consultlocal tariffs before connecting. Sh. wt. 2 Ibs.
AR-830 Dialer Kit ..ocoooviiiiiiniienns e $69.50

ARIES INC.

119 Foster Street
Peabody, Mass., 01960
(617) 532-0450

CIRCLE NO. 66 ON FREE

INFORMATION  CARD
GOVERNMENT SURPLUS

GOVERNMENT Surplus. How and Where to Buy in Your
Area. Send $2.00. Surplus 30177-PE Headquarters Bldg.,
Washington, D.C. 20014.

MANUALS for Govt Surplus radios, test sets, scopes. List
50 cents {coin). Books, 7218 Roanne Drive, Washington,
DC 20021.

SURPLUS ELECTRONIC EQUIPMENT govemmem and
manufacturers’ Grab Box Assortment—diverse. useful new
and used parts, assemblies, etc. Carton packed: 50 Ibs.
$6.00; 100 Ibs. $10.00. F.0.B. Lima. Send for BIG Free Cata-
log! Fair Radio, Box 1105-E. Lima, Ohio 45802.

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 first order).
National Surplus Center, 240 Eastcass-PEL, Joliet. IL
60432.
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VIDEO CAMERA KIT

A UNIQUE CAMERA KIT

FEATURING A..

.100 X 100 BIT

SELF SCANNING CHARGED
COUPLED DEVICE

INCLUDES THE FOLLOWING
UNIQUE FEATURES
FOUND {M FAR MORE
EXPENSIVE CAMERAS

IF
(]

AVAILABLE

LOW VOLTAGE SUPPLY [OR
BATTERIES) ¢ 3 AND = 15 VOLTS

SENSITIVE TO INFRA RED AS
WELL AS VISIBLE LIGHT

MAY BE USED FOR IR
SURVEILLANCE WITH AN IR
LIGHT SOURCE

EXCELLENT FOR STANDARD
SURVEILLANCE WORK BECAUSE
OF ITS LIGHT WEIGHT AND
SMALL SIZE

ALL COUMPONENTS MOUNTED
ON TWO PARALLEL 3" X 5~
SINGLE SIDED BOARDS TOTAL
WEIGHT UNDER 2 1BS

MAY BE WIRED BY PERSON
WITH SOME TECHNICAL
EXPERENCE IN 4.8 HRS

MAY 8E USED
WITH AMATEUR
RADIO FOR VIDEO

USED FOR CHARAC-
TER RECOGNITION
FOR COMPUTERS
WITH EKTERNAL
CIRCUITS

MAY BE USED iN
A VACUUM, UN-
DER WATER, HIGH
ALTITUDE, AND
IN MAGNETIC
ENVIRONMENT
BECAUSE THERE
IS NO HIGH
VOLTAGE OR
MAGNETIC
DEFLECTION

WE SUPPLY ALL

F8 MICROPROCESSOR KIT
WE'VE GOT THE.F8 MICROPROCESSOR KIT, ONE

OF THE MOST ADVANCED MCU SYSTEMS ON THE
MARKET TODAY FOR ONLY $1 79 00

Thes three Chp MICIOPrOCessor sysiem has the
Ioﬂoqug aavantages
1} Driven by a +5 4na + 12 voit power supply
2) Two 1O ports on the CPU chip, and ROM
making 32 bidrectional ines
3) 64 bytes ol last RAM scralchpad built inlo the
CPU chip
4) A buill i Clock generator and power-on resel built
nto the CPU chip
5) A programmable internal imer built wto the ROM chip
6) 60% of the instructions are 1 byte
7) TTL IO compatibiity
8) consumes less than 300mw ol pawet per chip
9) Alocal nterrupt with automatic. adress vector
10) expandable o 64K byles {2102+2's) ot memory
Tna F8 Kit has anough parts and nstruclions 10 gemon-
sirute microprocessor programs up to 1K byte, and to
debug those programa
We supply
1. 3850 CPU
1. 3851 A FAIR-BUG programmed storage
unil, prowides the programmer with all
115 1 O subroutine . and allows the pro-
grammer 1o display or aller memory,
and register contents via a teletype
terminal
1- 3853 Siaic memory nterface
8- 2102-2
Pius CMOS gates and butters. PC card.
nstruction manuals. programming
guide, and hme shaning Quide

HHIT 0ADA S - S GDKTHOL 143ES

SEMICCNOUCTORS

BOARDS:, DATA SHEETS.
DIAGRAMS, RESISTORS
AND CAPACITORS d

SUPER UNBELIEVABLE

onr 1228590

SORRY. WE: DO NOT SUPPLY
THE CASE. BATTERIES

(O SUPPLY} THE LENSE
INOT SUPPLIED) DEPENDS
UPON THE USE

ADO $2 00 POSTAGE AND MANDUING PLUS $6 00 FOA ALL IC SOCKETS

-
-

FOPOR"S
T
L
PROGAMY COUNTER
ADORE S5 8TACK & PONTER.
L

MEMORY NTERF ACE {0

INTEL 8080 CPU $37 50
8008 8 BIT MICRO PROCESSING CHIP
(with Data Book) 00
2102:2 1024 BT RAM
5202A UV PROM
MM5203 UV PROM
1702A UV PROM
5204-4K PROM_ ..$24.95
MINATURE TRIM POTS 100, 500
5K. 10K, 25K, 50K, 100K. 200K

$.75 es. 31$2.00
MULTLTURN TRIM POTS Similar 10 Boums
3010 style %,,* x %" x 1% °: 50, 100,
10.000 ohms

LAREK T —
LIGHT ACTIVATED SCR's
TO-18 200V 1A

PRINTED CIRCUIT B ARD

S 2.95
$12.50
$12.50
$12.50

VECTOR BOARD v SPACING

2N 5457 NFET

2N 4893 UIT

TIS 43 WIT

ER 900 TRIGGER DIODES

2N 6028 PROG UJT

VERIPAX PC BOARD

This board 1s @ % * single sided pa-
per epoxy board. 4%” x 6% "
DRILLED ard ETCHED which will
hold up to 21 single 14 pin IC's or
8. 16. or LSI DIP IC's with busses
lor power supply connector. $5.25

MV 5691 YELLOW-GREEN

BIPOLAR LED
MT-2 PHOTO TRANS
RED. YELLOW. GREEN OR
AMBER LARGE LED's

14 PIN DIP SOCKETS

16 PIN DIP SOCKETS

MOLEX PINS

$1.25
$ .80

.38
100/$1.00
1ooolu.oo
8 PINMINIDIP SOCKETS
10 PINTO-5 TEFLON PC SOCKETS. s eo
10 WATT ZENERS 3.9 4.7,
12, 18 OR 22V 0a.$ .75

1WA1’TZENERSA7 5.6, 10, 12

"~ 12A 50A 125A
_80

REGUL&TED MODULAR
POWER SUPPLIES
+ ~ 15VDC AT 100ma
115VAC INPUT
SVDC AT 1A, 115VAC INPUT
12V 5A

iN 4148_[|N 1 4)
1103. 1024 bit RAM
NEC 6003 2043 bit RAM $6.00
1101 256 bil RAM $1.40
7489 RAM $2.30
7 POLE 1 THROW TO-5 MINATURE

ROTARY SWITCH

5-30V LOW CURRENT

_15I51.00
2.75

Terms: FOB Cambridge, Mass,
Send Check o1 Money Order
Inchude Postaye, Mimmum
Orcter $5.00, 200'S $20.00.

CIRCLE NO. 52 ON FREt

TRANSISTOR SPECIALS
2N3585 NPN S1 TO-66
2N3772NPNSITO-3
2N4901 PNP $1 TO-3
2N1546 PNP GE TO-3
2N5086 PNP SI TO-92
2N4898 PNP TO-66.
2N404 PNP GE TO-5
2N3919 NPN S1 TO-3 RF
MPSA13 NPN $1 TO-92
2N3767 NPN Si TO-66
2N2222 NPN SITO-18
2N3055NPN S TO-3
2N3904 NPN Si T0-92
2N3906 PNP Si TQ-92
2N5296 NPN S TO-22D
2N6109 PNP S TO-220
2N3866 NPN S TO-5
2N3638 NPN S TO-5
2N6517 NPN TO-92 Si
CAPACITORS
5/81.
581

.S
L3811
5/%1

.

at .4
35V at .68 ut TANT
25V 33 ul TANT
35V al 6.8 ut TANT
20V at 150 uf TANT
&V 30 ul TANT
200v 4.7 ul ELECT g
CT7001 ALARM CLOCK CHIP . $5.75
FPA 711-7 LEVEL Diode Amray Optical
Tape Readers___ ... ..85.85
MM1402—3.20 MM5057 —4.00
MM1403—3.20 MM5058—4 85
MM1404—2.50 MM5060—4 .95
MM5013—7.75 MMS5061—4.30
MM5016—3 50 MM55585—8.25
MM5017—4 75 MM5556--8.25
MMS055—4 .00 MM5210—1.95
MM5058—4.00 MM5260—2.95

TTL IC SERIES
#4L00— .26
7400— 14
7401— 15
7402— 15
7403— .15
7404— 18
7405— 18
7406— .35
7407— .33
7408—
7409—
7410—
7av1—
7412—
7413—
7414—1
7416—
7417—
7420—
7425—
7426—
7427—
7430—
7432—
7437—
7438—
7440—
7441—
7442— .
7445—
7446—
7447— .
7448—
7472— .
7473— |
7474—

7476—

74154—1
74155—1
74157—
741531—
74164—1
74165—1
74173—1
74175—
74177—
74181—2.
74192—1
741931
74194—1
74195—
74196—
75324—1
754911
7475— .49
ALCO MINATURE TOGGLE swn‘cnes
MTA 106 SPDT $1.
MTA 206 DPOT

81, 7o

SOLID STATE SALES

P.0.BOX 74A

SOMERVILLE, MASS. 02143 TEL. {617)547 4005

INFORMATION CARD

AmericanRadioHistorv.Com

C/MOS (DIODE CLAMPED)
74C02— .26 4012— 24 4026—1
74C10— 304013— 45 4027—

74C157—1.754015—1 24 4028—
24 4017—1.15 4030— .
24 4018—1.24 4035—1.
35 4019— .50 4042—
24 4022—1.24 4046—2.75
.50 4023— .24 4047—-3.50
50 4024— .95 4050— .49
4011— .24 4025— 24 4055—1.95

FND503- 5" C.C $1.75
HP 7740-3°C.C $1.40
MAN-4..25" C.A $1.20
MAN-7-3"C.A
DL747-6"C.A

g ara

Full Wave Bridges
PRV
200
400
600 _1.3% 1.75
CD 110 LINEAR 256 XI BIT SELF
SCANNING CHARGED COUPLED
DEVISE _$125.00

SANKEN AUDIO POWER AMPS

Si11010 G 10 WATTS
511020 G 20 WATTS
S$11050 G 50 WATTS

LINEAR CIRCUITS
LM 309K SV 1A REGULATOR
723 — 40 + 40V REGULATOR
301:/748-Hi Per. Op. Amp
3207 5,12, 15 OR 24V
NEGATIVE REG.
T41A01 741C OP AMP
709c OPER. AMP
307 OP AMP
CA 3047 HIPERF. QP AMP
CA 3089 FM IF SYSTEM
3407-5,8.12, 15,18, 24V POS
REG T0-220
101 OPER AMP HI PERFORM
LM 308 Oper Amp , Low Power
747 — DUAL 741
556 — DUAL TIMER
537 — PRECISION OP AMP
540-70W POWER DRIVER
LM 3900 — QUAD OP AMP
LM 324 —QUAD 741
560 — PHASE LOCK LOOP
561 — PHASE LOCK LOOP
565 — PHASE LOCK LOOP
566 FUNCTION GEN
567 — TONE DECODER
LM 1310N FM STEREQ DEMOD
8038 IC VOLTAGE CONT OSC
LM370 — AGC SQUELCH AMP
555 — 2 ys — 2 HR. TIMER
553 QUAD TIMER
FCD 810 OPTOQ-ISOLATOR
1458 DUAL OP AMP
LM 380 — 2W AUDIO AMP
LM 377 — 2W Stereo Audio Amp
LM 381 — STEREO PREAMP
LM 382 — DUAL AUDIO PREAMP
LM 311 — HIPER. COMPARATOR
LM 319 — Dual Hi Speed Comp.
LM 339 — QUAD COMPARATOR . ..
TRIACS SCR'S
1A 10A 25A 15A 6A 35A
100 40 70130 40 .50 1.20
200 70110175 60 70 160
400 110 160 260 100 120 220
600 170 2 30 360 1.50 300
Send 20¢ for our catalog fealuring
Transistors and Rectitiers
145 Hampshrre St , Cambnidge. Mass

$13 95
$24.95

WE SHIP OVER 95
OF OUR ORDERS THE
DAY WE RECEIVE THEM
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500-1t. Hookup Wire Kit

3-8V DC Mini Hobby Motor. Kit/S.
3-6V OC Midi Hobby Motor. Kit/d
3-6V DC Asst'd. Hobby Motor. Kita
1 Amp. 200 PiV. Diode. Kit/50.
IN4148 Switch Diode. Kit/10

1/4 - 1/2 - 1 Watt Resistors 1 Ib. Kit. ..
PNP Audio Transistors Kit/10.
NPN Audio Transistors. Kit/10
C-60 Cassettes. Kiv3

8 Tr. 40-Min. Biank. Each

8 Tr. 80-Min. Blank. Each

IN4001 1A. 50 PIV Diode. Kit/S.
IN40O2 1A.

IN40O3 1

IN4D04 1A. 400 PIV Diode. Kit/s
SCR Assortment. Untested. Kiv25 . .
7A. Pwt, Trans. NPN-like SK3054. Each
1A. 50 PIV Epoxy Diodes. Kit/50

$ Volt 1 Amp Regulator. Each

6.2 Voit Zener Diode. HEP 103

6S00KV Color TV Rectifier

Colorburst Ouartz Crystals 3

10 Ass'td. Diodes IN34-IN48-IN60-IN64 Etc

SILICON POWER RECTIFIERS

LM 703 CN Linear OP Amp

LM 709 H Linear OP Amp

LM 709 N Linear OP Amp

LM 710 N Linear OP Amp

LM 711 N Linear OP Amp

LM 723 N Linear OP Amp

LM 723 H Linear OPAmp ..........

:h{‘\'i;‘onumfrlclyléi‘ 17 DnDCI' th(-:d%7. .
igit Liqu rystal Display, i

Fllrchqlld 914 Type IC. Kiv/2. T&-?S?

Fairchild 717 Type IC, TR-294

200 Bit Shift Register. Kit/5. TR-295

Fairchild 909 Type IC. RE-131

6-12 Amp Stud Rectifiers, Pkg. of 3. TR443

Low Voltage Electrolytics, Pkg. of 50. CD-407

DG8R Numeric Indicator Tube. XM-338

DUAL IN-LINE icS

These IC's 2r®

u.s. L)
M;:r.arll't‘n against :.‘?/flb.
29 gWlth dlagu;n. svy‘%g. = 1.?"“‘,“
- oot Deiver. Wi
= >'oban "!.Mp“::;ye aisplays,
Type 7400 mg:“ o cor{\‘r;\gn ; Ms“.
o N:‘:‘;e-clnm n- ;\;_:” e Dullﬁ‘;pl
'p.‘:d. I 29¢ ot | Slave Filp-! “‘;
i -436. e
TR0, qued 0Pl Tiou 744 Ol eloo.
Tvp'N})‘: Gate. Low-noise T EORNe .
5 1 |
;‘l’;pl\ion detay. 121 oo TH-HI..' o L:g;:d
e ] ki “R‘v’v\’p.slares pinary ¢
Type 7?,; 1ow power dis- T -
Low noise. .

sipation 7490 Decode coded
12

Type
3-input 1 m-
nipte, ow out- S::.'-‘v‘\.\ counter with 8¥
diode: S5 cat divide 7%
29c  TR-439.

=/—= LED'S 2V
10 mA

Gallium phos-
phide. Large red,
high quality LED.
Wt v Ib
ata‘°gs‘ pL-233,

ORDER TODAY! Send to
Olson Electronics, 260 S.
Forge St., Akron, Ohlo
44327. Allow for postage.
C.0.D. 20% Deposit. Ohio
Residents Add 4% Sales Tax.

Olson. electronics

B oept1H 260 S. Forge St., Akron, Ohio 44327 H

- NAME

B Aooress =
n cIry .
[ | STATE zip .
’.---I-I-II--I--'
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INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home all
makes including transistor. Experimental kit—trouble-
shooting. Accredited NHSC. Free Booklet. NILES BRYANT
SCHOOL. 3631 Stockton, Dept. A. Sacramento, Calif.
95820.

LEARN WHILE ASLEEP, Hypnotize! Strange catalog free.
Auto-suggestion, Box 24-ZD. Olympia, Washington 98501.
DEGREE IN ELECTRONICS through correspondence. Free
catalog. Grantham, 2000 Stoner Avenue, Los Angeles,
California 90025.

INTENSIVE 5 week course for Broadcast Engineers. F.C.C.
First Class license. Radio Engineering Incorporated, 61 N,
Pineapple Ave., Sarasota, Florida 33577 and 2402 Tide-
water Trail, Fredericksburg, VA 22401.

PASS FCC EXAMS| Memorize, study — " Tast
Arwwers” tor FCC 1n and 2nd clam Radio-
Telaphone Iicensss. Newly revised multiple
chowce questions snd s cover all sreas
tasted in FCC axems plus “Saif-Study Ability
Tost.”” $9.96 postpaid Moneybeck Guerantea.

COMMAND PRODUCTIONS P.O. BOX 26348-P

MDD (NCIRELRINE BTISIOY SAN FRANCISCO, CALIF. 94126

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.O’s. Free revealing details. Counseling, Box 1162-PE3,
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. PE036, 531 N. Ann Arbor, Oklahoma City,
Okla. 73127.

NO FCC LICENSE? Tried every way but the right way? It's
time for Genn Tech. Home Study. Free Catalog. 5540 Holly-
wood Blvd., Los Angeles, Calif. 90028.

FCC LICENSE STUDY GUIDE—new, 377 pages, includes
1465 FCC-type questions. with answers and discussions,
covering third, second, and first class radiotelephone
exams. $8.95 postpaid. GSE, 2000 Stoner Avenue, Los
Angeles, Calif. 90025.

BROADCAST STATION — Start your own at home, school,
church, business. Free details. Broadcast Development,
Box 5516-AB, Walinut Creek, CA 94596.

LEARN Basic Digital Troubleshooting by correspondence.
Information Free. Educational Technologies, Box 224,
Reynoldsburg, Ohio 43068.

AMATEUR Radio. Complete no-textbook correspondence
code and theory license courses. Ron Reed Electronics In-
stitute, 12217 Santa Monica Bivd., Los Angeles, Calif.
90025.

LEARN to BUILD AND TEST ELECTRONIC CIRCUITS FOR
FUN AND PROFIT. Complete Details Free. Chapel Com-
pany, Box 482, Erie, Pennsylvania 16512.

PASS FCC EXAMINATIONS! 532 questions-answers cover
First, Second. Third. Proven method. $7.00, Guaranteed.
Exams, Box 5516-AB, Wainut Creek, Calif. 94596.

BOOKS AND MAGAZINES

@ ACE OF THE *\

MONTH SPECIALS

Thess keyboards were manufactured for use on Texas
Instrument's line of Silent 700 series data terminals. They are
fully encoded with TTL large scale integrated oircuits (T.1.
TMS-5000 in 28 pin socket). Additionsl IC's provide a par-
rallel 7 bit, without parity, code plus 8 strobe signal indicat-
ing “valid" data and six other independent outputs for those
specisl keys which are not encoded. The keys are reed t pe
with a format similar to typewriter. Internal circuitry pro-
vides for two key roliover and de-bouncs, Output is on stan-
dard 10 pin doubie readout connector for data and power in-
put. And 8 pin double readout connector for six special
switch functions.

KB8-6 - Clare/Pendar 7206271 New - tested  $39.95
T.i. Part number 959327-1  Used - tested  $29.95
A 56 key ASCii encoded Alphanumeric keyboard
with 5ix extra switch closures to ground marked HERE
IS, PAPER AOV., BREAK, REPEAT, TAPE= TAPEe

KB-7 - Clare/Pendar 7207311 New - tested  $49.95
T.. Part number 959326.1 Used - tested  $39,95
This is a 64 key full ASCii encoded keyboard.

All keyboards supplied with wiring dia ams, code
tables, and other useful do‘:\mm‘nnioﬂ.g srams.

MOLEX L.C. PINS

= W00/51 1000/ 6.95

Kynar 30 AWG Blue
1000 FT,SPOOL  9.95

74S201N

13 ns 256 Bit RAM
Three-State Qutput
Plug In Replacement
SN74200 and SN745200
$3.95 ea. 10 for $25.00

TMS5000Asc

keyboard encoder
with data g17.05

ACOUSTIC COUPLER

This coupler was manufactur-
ed by Novation, Inc. Tarzana, Cah
forma for use in Texas Instrument’s
model 725 Electronic Data Terminal,
1t 1s compatible with Be# 103 and
113 data sets or equivalent. The
coupler operates asynchronousiy to a
maximum speed of 450 baui in the
full-or-half-duplex mode coupled to
a standard telephone handset. Trans-
mit freq. is 1270hz for mark and
1070nz for space. Receive frequency
is 2226hz for mark and 2025hz for
space. Unit required + 12 VOLTS
and + § VOLTS for operation. Com-
plete with schematic & all pertinent
information, fully reconditioned, cai-
ibrated. and guaranteed -$59.95.

2N5449 50v 800 ma
6/$1.00 100 for 12,80

BISMUTH ALLOY.

Melts in boiling water
4 oz. ingot $3.95
1 b, ingot $9.95

Fun to play with

DUAL POWER SUPPLY 1N914B
; 100 for
iry $7.90

‘laaa LM301AH
100 for
& 3em $39.985

The power supply consists of two independent
adjustable regulator circuits and a common power
transformer., The VOLTAGE ADJUST trimpot has
range from 10 volts to 16 volts. The short circuunl
current is limited to 250 ma. Wired & Tested $24 95

TERMS We pay postage, unless otherwise specitied
Include check or money order, no COQ Texas residents add

5% sales tax. TWX 910-881 2411

ELECTRONIC
PARTS

3303 Mangum Road
Houston, Texas 77018

2

FREE book prophet Efijah coming belore Christ. Wonderful
bible evidence. Megiddo Mission, Dept. 64, 481 Thurston
Rd., Rochester, N.Y. 14619.

POPULAR ELECTRONICS INDEXES. Detailed and com-
plete subject indexes available to magazine years 1974,
1973, and 1972, Hundreds of subject references to help you
quickly find that special project, articie or product test.
1972, 1973 and 1974 editions $1.50 each. All three editions
only $4.00. INDEX, Box 2228, Falls Church, Va. 22042.
FREE CATALOG. Aviation and Space Books. Aero Pub-
lishers, 329PE West Aviation, Fallbrook, California 92028.
THE AUDIO AMATEUR—A quarterly publication for the
serious audio constructor. Free prospectus. The Audio
Amateur, Box 176P, Peterborough, N H. 03458.

MUSICAL INSTRUMENTS

UP TO 60% DISCOUNT. Name brand instruments catalog.
Freeport Music, 455N Route 110, Melville, N.Y. 11746.
WHOLESALE! Professional Guitars, PA Systems, Altec
Speakers, 240W RMS Amplitiers. Free Catalog, Carvin,
Escondido. Calif. 92028.

30% TO 50% DISCOUNT! Guitars, Amps, Drums, Free
Catalog! Warehouse PE-4, Box 11449, Ft. Worth, TX 76109.

AmericanRadioHistorv.Com

CIRCLE NO. 3 ON FREE INFORMATION CARO

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUN-
ITIES. Report on jobs now open. Details FREE. Aviation
Employment Information Service, Box 240E, Northport,
New York 11768.

CALIFORNIA companies hiring Engineers and Techni-
cians. Current openings bulletin $3. Dynamics, Box 1867-
K, Covina, Calif. 91722.

HYPNOTISM

SLEEP learning. Hypnotic method. 92% effective. Details
free. ASR Foundation, Box 23428EG, Fort Lauderdale,
Florida 33307.

FREE Hypnotism. Self-Hypnosis. Sleep Learning Catalog!
Drawer H400, Ruidoso, New Mexico 88345.

AMAZING self-hypnosis record releases fantastic mental
power. ingtant results! Free trial. Write: Forum (AA3), 333
North Michigan, Chicago 60601.

POPULAR ELECTRONICS
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PRO SPORTS ACTION FILMS

IT'S OUR 21ST BIRTHDAY BUT YOU SAVE DOLLARS
and buy year-long liim entertainment! MARCH SPECIALS
(Good until April 1, 1976); 1975 Indy “'500", 200" Super 8
Color film, regularly $19.95 — now $17.75 each PPD. You
save 75 cents on postage. NFL Football Follies, 200" Super
8 Eastman Color, $17.75 each PPD — you save $2.00 +
postage. Saving Strokes with Sam Snead — 200° B&W
Standard or Super 8. $4.95 each PPD. Ten 35mm Color
Slides to Better Galf (Larry Hinson) — including a regula-
tion ball — packed in plastic case, $2.95 each PPD, no limit
— a $4.95 value. Or make your own selection from our
Columbia, Castle or Sportlite order forms — 50 cents.
SPORTLITE. Elect-3. Box 24-500, Speedway. Indiana
46224.

BUSINESS OPPORTUNITIES

| 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 (1K3),
333 North Michigan, Chicago 60601.
PIANO TUNING LEARNED QUICKLY AT HOME! Musical
knowledge unnecessary. Free Information. Empire
School, Box 450327, Miami 33145.
$200.00 DAILY In Your Mailbox! Your opportunity to do
what mail-order experts do. Free details. Associates, Box
136-J, Holland, Michigan 49423.
FREE BOOK ''2042 unique proven enterpsises.” Work
home! Hayling-8. Carlsbad. CA 92008.

P.2

wa/% Citizens Band

DEALER-DISTRIBUTORS

Send this ad with Letterhead to

ELECTRONICS CO.

2962 W. WELDON - PHOENIX, ARIZ. 85017

GET RICH with Secret Law that smashes debts and brings
you $500 to $5 Million cash. Free report! Credit 4K3, 333
North Michigan, Chicago 60601.

HIGHLY

PROFITABLE ONE-MAN
ELECTRONIC FACTORY

investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings
facts about this unusual opportunity. Write today!
Barta-DC, Box 248, Walnut Creek, CA 84597.

FM RADIO STATION. Start your own. Fantastic income.
Frequencies still available. Complete information. $3.00.
Concept, Box 106, Lawrence, N.Y. 11559.

ASIA DIRECTORY — WORLD PRODUCTS INFORMA-
TION. Both just $1.00. World Trade Inquiries. Box 6224,
Spokane, Washington 99207.

$178 WEEKLY, Work one hour daily. Completely Guar-
anteed. Free. FAS, Box 13703-R. San Antonio., Texas
78213,

HOW TO MAKE $2,000 WEEKLY at home using other peo-
ple’s money. Guaranteed. Free details. Richlieu Reports,
Box 25277-F, Houston, Texas 7700S.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog yeasts, equipment.
Semplex, Box 12276P, Minneapolis, Minn. 55412.

DISCOUNTERS of Stained Glass Supplies. Send $1.00 for
catalog. Nervo Distributors, 650 University Ave., Berkeley,

CA 94710.
§ CONSUMER SERVICE

FHEE s DIVISION CATALOG

Includes a wide variety of products associated with
the special interests of readers of Ziff-Davis maga-
zines—Psychology Today, Popular Photography, Stereo
Review, Popular Electronics, Boating, Flying, Car and
Driver, Cycle, Skiing.
Send for your free catalog today.
Consumer Service Div., 595 Broadway, N.Y. N.Y. 10012

—— AmericanRadioHistarn.Com o _ _

DATA SHEETS
WITH EVERY ITEM,
IC or FET's WITH
$5 & $10 ORDERS.*
« MONEY-BACK GUARANTEE
« 24-HOUR SHIPMENT
« ALL TESTED AND GUARANTEED
TRANSISTORS (NPN)

2N918 TYPE RF Amp & Oscillator to 1 GHz 3/$1.00
2N3563 TYPE RF Amp & Osc to t GHz {pl. 2N918) 5/$1.00
2N3565 TYPE Gen. Purpose Gain (T70-92/106) 5/$1.00
2N3641 TYPE RF & GP Amp & Sw to 500 mA & 30 MHz §/$1.00
2N3866 TYPE RF Power Amp 1.5 W @ 450 MH:z $1.50
2N3903 TYPE GP Amp & Sw to 100 mA and 30 MHz §/81.00
2N3904 TYPE GP Amp & Sw to 100 mA hFE 100 §/$1.00
2N3919 TYPE RF Power Amp 10-25 W @ 3-30 MHz $3.00
2N4274 T YPE Ultra-High Speed Switch 12 ns §/$1.00
2NS108 TYPE RF Power Amp 2 W@ 450, 1W @ 1 GHz §2.50
MPS6515 TYPE High-Gain Amplifier hFE 250 3/$1.00
Assort, NPN GP TYPES, e.g. 2N3694, 2N3903, etc. {15) $2.00
2N 3638 TYPE (PNP) GP Amp & Sw to 300 mA §/$1.00
2N 3906 TYPE (PNP) GP Amp & Sw to 30 MHz §/$1.00
2N4249 TYPE (PNP) Low-Noise Amp 14A to 50mA 4/$1.00
FET's:
N-CHANNEL (LOW-NOISE)
2N4091 TYPE RF Amp & Switch (T0-18/106) 3/$1.00
2N4416 TYPE RF Amplifier to 450 MHz (T0-72) 2/$1.00
2NS163 TYPE Gen. Purpose Amp & Sw {T0-106) 3/81.00
2N5486 TYPE RF Amp to 450 MHz (plastic 2N4416) 2/81.00
E100 TYPE Low-Cost Audio Amplifier 4/$1.00
{TE4868 TYPE Uitra-Low Noise Audio Amp 2/81.00
TiS74 TYPE High-Speed Switch 40(2 3/81.00
Assort. RF & GP FET's, e.9. 2N5163, MPF102, etc. (8) $2.00
P-CHANNEL:
2N4360 TYPE Gen. Purpose Amp & Sw (T0-106) 3/$1.00
E175 TYPE High-Speed Switch 12552 IT0-106) 3/81.00
SPECIALS:
2N2222 NPN TRANSISTOR GP Amp & Switch 6/81.00
2N2907 PHP TRANSISTOR GP Amp & Switch 6/$1.00
2N23553 RF Power Amp S W @ 150 MHz, 7W @ 50 MHz $2.00
E101 N-CRANNEL FET Low Current, Low Vp Amp/Sw 3/81.00
MPF 102 N-CHANNEL FET RF Amp-200 MHz 3/81.00
556 OUAL 555 TIMER 1 usec to 1 hour (DIP) $1.00
723 VOLT. REGULATOR 3-30 V @ 1-200 mA (0IP/T0.5) 2/$1.00
741 Op Aep, Freq. Comp., LM 741, 4A741, etc. (MINI-OIP) 4/$1.00
2740 FET Op Amp, Like NES36 and A 740 (T0-5) $2.40
HAT805 VOLTAGE REGULATOR 5V @1 A (T0-220) $1.25
8038 WAVEFORM GENERATOR " 1AWave w/ckts $4.50
1N4001 RECTIFIER 50 VPIV, 1A 15/$1.00
1N4154 O10DE 30 V/10mA-1N914 except 30 V 25/$1.00
BR1BRIDGE RECTIFIER 50 V PIV, 500 mA (DiIP) 3/$1.00
MM5314 DIGITAL CLOCK CHiP-With Specs/Schematics $4.95
LINEAR IC's:
308 Micro-Power 0p Amp (T0-5/MINI-0IP} $1.00
309K Voltage Regulator S V@1 A (T0-3) $1.25
324 Quad 781 Op Amp, Compensated (OIP) $1.50
340T Volt. Reg.-1 Amp-Specify 5, 6, 12,15 or 24 V-w/ckts SIS
380 2-5 Wart Audio Amplifier 34 dB (OIP) $1.29
§55 Timer 1 us to 1 hr. NESS5, LMSSS, stc. (MINI-OIP) $ .65
709 Populsr Op Amp {DIP/TOD-5) $.29
739 Oual Law-Noise Audio Preamp/Op Amp (OIP) $1.00
1458 Oual 741 Op Amp (MINI-0iP) $ .65
741 Freq. Comp. 0p Amp (0IP/TO-5) 3/51.00
DIODES:
ZENERS-Specify Voltage 3.3,39,4.3,5.1,68,8.2 400mW 4/51.00
9.1, 10, 12, 15, 16, 18, 20, 22, 24, 27,0r 33V (+10%) 1 Watt 3/51.00
1N914 or 1N4148 TYPE General Purpose 100V/10mA 15/$1.00
1N3893 TYPE RECTIFIER Stud Mount 400 V/12 A 2/$1.00
05 VARACTOR 5-50 W Dutput @ 30-250 MHz, 7-70 pF $5,00
F7 VARACTOR 1-3 W Output @ 100-500 MHz, 5-30 pF $1.00

*MAIL NOW! FREE DATA SHEETS supplied with every item from this ad.
FREE ON REQUEST-741 Op Amp with every order of $5 or more—749 Dual
Op Amp os two E100 FET's with every order of $10 or more, postmarked
prior to 4/30/76. One free item per order.

ORDER TODAY —All items subject to prior sale and prices subject to change
without notice. All items are new surplus parts— 100% functionally tested.
WRITE FOR FREE CATALOG #7510 offering over 350 semicanduciors car-
reed in stock . Send 13¢ stamp.

TERMS: Send check or money order (U.S, funds} with order. We pay tst Class
postage to LS., Canada and Mexico. $1.00 handling charge on orders under
$10.Calil rasidents add 6% sales tax. Foregn orders add postage. COD orders—
add $1.00 service charge.

ADVA ...

BOX 4181 BL, WOODSIDE, CA 94062
Tel. {415) 851-0455
CIRCLE NO. 60 ON FREE INFORMATION CARD

Retail Display Plan

All magazine retailers in the
United States and Canada in-
terested in earning an allow-
ance for the display and sale of
publications of the Ziff-Davis
Publishing Company are invited
to write for details. Sales Man-
ager, Select Magazines, 229
Park Avenue South, New York,
New York 10003.
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LIVE IN THE WORLD
OF TOMORROW...TODAY!

And our FREE 164 PAGE CATALOG is packed with
exciting and unusual values in electronic, hobby
and science items — plus 4,500 finds for fun, study
or profit . . . for every member of the family.

A BETTER LIFE
STARTS HERE

WORLD’S SMALLEST
ELECTRONIC CALCULATOR!

Small but mighty! 8-digit, 4-function electronic
calculator does everything big ones do—even has
automatic % key . . . for only $19.95. Take it any-
where. Fits in your pocket—24 size of cigarette
pack. 3% oz. dynamo features floating decimal,
constant key, lead zero depression, more! In-

Stock No. 1945AV

New antenna assist turns a tiny transistor into a
tiger, has pulled in stations up to 1000° miles 2
away! Just set beside radio (no wires, clips. -
grounding) and fine-tune Select-A-Tenna's dial
to same frequency ‘'gangbusters’!

50-150-300 POWER
MICROSCOPE

AmazingValue—3 Achromatic Objective Lenses
onRevolving Turret! Color-corrected. cemented
achromatic lensesinobjectives give far superior
results to single lenses usually found in this
microscope price range. Results are worth

MOUNTED 500 POWER OBJECTIVE:
Threaded achromatic lenses, 3mm F.L.
Stock No. 30,197AV

SEE MUSIC IN
PULSATING COLOR

New 3-Channel Color Organ adds to music listen-
ing pleasure, lets you modulate 3 independent
strings of colored lamps with intensity of your
music to create an audio “light show." They flash,
vary in brightness related to music's rhythm,
pitch, volume—pulsating lighting performance to
music! Fully assembled & priced half that of
others, the Edmund Sound To Light Control is a
territic value. Plug in, turn on!

MAIL COUPON FOR
GIANT FREE

CATALOG!

164 PAGES « MORE THAN
450 UNUSUAL
BARGAINS

' Coumpletely new 1976 edition. New items, cotegories, illustrotlons. Dozens
of electrical and electromagnelic parts, accessorles Enormous selection of
Astronomicol Telescopes. Unique lighting and ecological items. Micro-
scopes, Binoculors, Mognifiers, Mognets, Lenses, Prisms. Hard-to-get-

I surplus bargains. Ingenious scientitic tools. 1000°s of components.

" EDMUND SCIENTIFIC CO.

300 Edscorp Building, Barrington, N. ). 08007
' Please rush Free Giant Catalog “AV"

o Mame,

© Addréss

City State Zip
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Great for clearing weak 'signals in radio depressed areas,
crowded frequency stations. Solid state—uses no electricity. batts.. tubes.

the difference! Fine rack and pinion focusing. Imported!
StockiNG: 70 008AV up.i im b s dman démidsciaboio st o o swhadesrd bk

No. 42,309AV. . .(ASSEMBLED) ..............0oveeiieeieenniaannnn.
No. 42,336AV.. .(UNASSEMBLED) ............coiuiiiriniieiennn...

¥
s

JPLEASE SEND GIANT
FREE CATALOG “AV"”

[] Charge my BankAmericard
[ Charge my Master Charge * {4 Handling Chg.: $1.00, Orders Under $5.00, 50¢, Orders Over $5.00

_—
E]:E[j BAXKANENCARD | enclose [Jcheck []money order for TOTAL $

Interbank No.

My Card No. Is

. b
R P A_.j‘;

off-coast islands,

cludes plug-in rechargeable Ni-Cad battery pack. 2 x 3¥2 x9/¢" with plenty of room
for most fingers. Another Edmund first with advanced technology.

$19.95 Ppd.
00 0200000000000 0000O0C0O0QOO

SUPER POWER FOR 7
ANY RADIO

B Dol 2 5 oo e oo e S oo L $15.95 Ppd.
ULTRA SELECT-A-TENNA

No. 72,147AV ("OVER 1000 ML) ......... ... $22.95 Ppd.
00 00000000 OO0OO®OEOSOEOSOEOSEOGEONOOS S

$45.00 Ppd.

$9.75 Ppd.
OO0 0000000 00000000000 O &

$17.95 Ppd.
$13.95 Ppd.

7 WHEN YOU COME TO PHILAOELPHIA BE SURE T0 SEE \NQ
L. ¥ FREE BICENTENNIAL LIGHT SHOW Wi

EDMUND FACTORY STORE

PLUG IN 200,000
CANDLEPOWER!

Powerful 12v emergency light projects big
straight beamvisible for 2 miles. Plugsintocar's
cigarette lighter; only 3% Ibs, Great for
matorists, outdoorsmen, emergency crews,
security men, campers. Super bright 200,000
candlepower G.E. aircraft landling light in a
rugged weatherproof steel hqusing with baked enamel finish, steel lens grate,
polished chrome-plated reflector, on/off switch. 15 ft. extension cord; 6Va dia. x
11v8". Keep it handy!

Stock(NG. 171230931 AV} itwte s b for S sy s mn S (10 S Ko g $22.95 Ppd.
O 00000000000 OEOGCOGEONOSEOEOSOSOSNO

CAN'T SLEEP, RELAX?
" TRY THIS!

@y Electronic sound conditioner simulates 4
kinds of soothing sounds of ocean surf and
rain. “White sound” helps mask unwanted
noise, adds restful, intriguing background
sound. Program the solid-state unit to
your own need: 2 surf, 2 rain; or “white sound”, proven by medical tests to have
analgesic effects. Great for meditation, restlessness, sleeplessness psychology.

(A)-No. 71,997AV. .. (TV2 x T x 3% 110VAC ................... $89.95 Ppd.
(B)-AS ABOVE, BUT 'WHITE SOUND" ONLY
No. 71,980AV.. .. (6"Rd. x 3%2"Hi)...........oooviiiii.... $28.00 Ppd.

00000000000 00000000000
KNOW YOUR ALPHA FROM THETA!

For greater relaxation, concentration, listen to
your Alpha-Theta brainwaves. Ultra-sensitive
electrode headband slips on/off in seconds-
eliminates need for messy creams, etc. Atch'd
toamFlifier, filters brainwaves, signals beep for
ea. Alpha or Theta wave passed. Monitoring

-
»

] button stimulates Alpha sound; audio & visual
(L.E.D.) feedback. Reliable, easy-to-use unit comparable to costlier models. Com-
pletely safe. Comprehensive instruction booklet.

No. 1635AV (8 0 3 04", 24 0Z.) .. ...vurvunenneeaaiiinineinan.s $149.50 Ppd.
DELUXE *ON" TIME MONITOR—Measures and records %

No. 1652AV...... (1150, [10)5.67%) s so it mdp - st st $299.50 Ppd.
No. 71809AV LOW COST “STARTER" UNIT .......c.ooveeeeeannnnns $55.00 Ppd.
DO-IT-YOURSELF KIT............ No. 61,089AV .........cocovvvnnns $34.95 Ppd.

"'. LOW COST 7X
- INFRA-RED VIEWER

a For infra-red crime detection surveillance, se-

curity system alignment, I.R. detection, laser

checking, nite wildlife study, any work req. |.R.

detection & conv. tovisible spectrum. Self cont.

scope w/everything inci |.R. light source.

6v or 12v power, 6032 |.R. converter tube, f/4.5 objective lens, adjust. triplet
eyepiece. Focuses from 10' to infinity.

NO 116 SGAVATT X 118)Y15¢3"Yauig ves-o/mionh & Gortbe sadm 467 mE el im0 B W 98 4 8 $285.00 Ppd.
WITHOUT LIGHT SOURCE
DLl O8IAY . . . eirainiie b0 4 itadiidi s bwridbrd lwe bl i b - $225.00 Ppd.

00 00000000000 OCGCOOGOEOSOOEOSCOO

SOLAR CELL
CONCENTRATOR PANEL

World's first! Takes up to 10 suns . .. without
burning out (normal ones can't use over 3)! Spe-
cially designed panel (four 2x2cm super cells)
delivers .125 amps @ 1.5V w/1 sun; over 1 amp @
1.5V w/ten! Requires concentration system (build
Crab Eye or mount on std. telescope drive.) Water-cooled, so it's also a hot water
generator. Detailed instructions incl.

No: B103AV. . . . (BX2XH4") wysan ssaasrs rramams avpeyrnmry soam s $175.00 Ppd.
LARGE CONCENTRATION PANEL{19x2x%")
No: 7:2, 11954V . . . ((S0'CELUS] USW) s amsatessisssiieereswn iy s $575.00 Ppd.

COMPLETE & MAIL WITH CHECK OR M.O.
EDMUND SCIENTIFIC CO. 300 Edscorp Building, Barrington, N.J. 08007

How Many Stock No. Description Price Each Total

I I I I e —

Card Expiration Date__

30-DAY MONEY-BACK GUARANTEE. Name

You must be satisfied or return

any purchase in 30 days for fulil Af!dress -

*$15.00 minimum__ City State Zip
o ——

S —— A R e L[ RRER

refund.
CIRCLE NO.

POPULAR ELECTRONICS

18 ON FREE INFORMATION CARO

AmericanRadioHistorv. Com
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It’s the least expensive way
o make the greatest improvement
in the sound of your system

Here it is. The easy and inexpensive way to upgrade

the sound of your entire hi fi system. Simply add a Pickering
cartridge, Know why a good cartridge will make such a
difference in sound? Because the cartridge and stylus have first
contact with the music on your record. it's your cartridge that
picks up the highest highs and the lowest lows in your record
grooves. Not by plodding along, round and round, but by
performing an incredibly quick dance between the two small
groove walls. Too quickly for your eye to see, but not for your
ear to hear. No matter how much you sink into the rest of your
equipment, a poor quality cartridge can murder the sound

— bend the record grooves out of shape and blur the music.

But not Pickering cartridges. They have a feathery

touch we cali frocgAbility ™). A touch that lightly covers the

whole range of musical tones on your record — giving you the type

of sound you want to hear.

Upgrade your entire hi fi system the easy way, the inexpensive way.

Just pick a Pickering cartridge, and you'll hear the difference.

For turther intormation write to

Pickering & Co., Inc. Dept. PE, (_m ]

101 Sunnyside Bivd., Plainview, ]

New York 11803 —— m
! - o

@ PICKERING

“for those who can [hear! the difference”

CIRCLE NO. 42 ON FREE INFORMATION CARD

AmeticanRadioHistonsCor



For several years, independent surveys of
component owners—audio experts, hifi editors,
record reviewers, readers of the music/equipment
magazines —have shown t1at more of them own Duals
than cny other turntable. This is quite a testimonial to
Dual's quality performance, reliakility and fully
automratic convenience.

We believe the new 1249 will add even more
serious music lovers to the roster of Dual owners, as
it provides every feature, innovation and refinement
long associated with Dual~urntables plus some new
ones. And all in a newly designed chassis that

. compl2ments the superb d=sign and meticulous
engineering of the 1249.

' The low-mass tubular tonearm pivots in a true
four-paint gyroscopic gimkxal suspended within o rigid
frame:. All tonearm settings are easily made to the
exacting requirements of the finest cartridges. The
tonearm is vernier-adjustaole for orecise balance;
tracking pressure ts calibrated in -enths of a gram;
anti-skating is separately calibrated fer conical,
elliptical and CD-4 styli.

Tracking is flawless af pressures as low as a
quarter of a gram. In single-play, the tonearm parallels
the rezord to provide perfect vertical tracking.
in multi-play, the Mode Sel=ctor lifts the entire
tonearm to parallel the center of the stack.

All operations are completely flexible and
convenient —and they are “oolproof. The tonearm can
be set on the record manually or by using the viscous-
damped cue-control or by simply pressing the
automatic switch. You also have the options of single-
play, continuous-repeat, or multip e-play.

: The dynamically-balanced cast platter and

B tlywheel are driven by an &-pole synchronous motor

y via a precision-ground belt. Pitch is variable over a 6%
range and can be conveniently set to exact speed by
means of an illuminated st-obe, read directly off the
rim of the platter.

Of course, if you already own a current Dual, you
won't really need a new turntable for several years.
However, we would understand if you now feel you
B must Fave nothing less than the new 1249. Less than
$280, ess base.

Still, we should advise you of two other models in
our full-size, belt-drive series. The 601, single-play,
fully astomatic, less than $250. (CS601, with base and
cover, less than $270.) The 510, single-play, semi-
automuatic, less than $200.

Tonearm of Dual 1249 pivots in four-point
gyroscopic gimbal, suspended within a rigid frame.
Each gimbal is hand-assembled, and special gauges
assure that each will conform tc Dual'’s stringent
specifications.

W’Dducts,]QO So. Columbus Ave., Mt. Varnon, N.Y. 10553

Exclusive U.S. D:stnbunoh Agency for Dual
“-*FREE SNFORMATION CARE



