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The 40-channel Cobra 29XI.R. From
the sleek brushed chrome face to the matte
black housing, it's a beauty. But its beauty
is more than skin deep. Because inside, this
CB has the guts to pack a powerful punch.

The illuminated 3-in-1 meter tells you
exactly how much power you're pushing
out. And pulling in. It also measures the
system's efficiency with an SWR check. In
short, this Cobra's meter lets you keep an
eye on your ears.

The Digital Channel Selector shows you
the channel you're on in large LED
numerals that can be read clearly in any
light. There's also switchable noise
blanking to reject short-pulse noise other
systems can't block. The built-in power of
DynaMike Plus. Automatic noise limiting

and Delta Tuning for clearer reception.

And the added protection of Cobra's
nationwide network of Authorized Service
Centers with factory-trained technicians
to help you with installation, service and
advice.

The Cobra 29XLR. It has 40 channels.
And it has what it takes to improve
communications by punching through
loud and clear on every one of them.

That's the beauty of it. S)

Cobra

Punches through loud and clear.
Cobra Communications Products
DYNASCAN CORPORATION

6460 W. Cortland St., Chicago, llinois 60635

Wnite for color brochure
EXPORTERS: Empire ¢ Plamview, NY « CANADA: Atlas Electronics * Toronto
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It's a telephone answering computer. The
Ford 820 has the first large-scale integration
of solid-state componentry which marks a
major change in telephone answering systems
since the first mass consumer models appear-
ed five years ago. This means more features,
lower cost and greater dependability. Here are
some of its exciting features:

Forget about tapes There are no tapes to
buy. The Ford unit has a special polymer-
based magnetic tape that will record over
25,000 phone calls without replacement.
That's over five solid years of use. There are
no cassette tapes to buy, wear out or replace.

Forget about microphones When you want
to change or record your message, just press a
red button, record your message and let go.
The message {any length up to 30 seconds)
will record and be immediately ready to play-
back since the message tape does not have to
recycle. There are no separate microphones or
level controls since the built-in microphone
automatically adjusts to your voice.

Forget about touching it You can adjust
your unit to answer on either one or four
rings. When the unit is set on four rings and
you reach the phone before the 820 answers,
you will not activate the unit. But let us say
you’‘re outside or indisposed. No problem.
The Ford 820 will automatically answer after
four rings. This means that your unit can
always be “alive” in the four-ring position so
you never have to remember to set it when-
ever you leave your home or office.

Forget about going home Just bring your
optional remote control pager with you. If
you want your messages while you're on
vacation or away, call your number and the
coded pager will remotely signal your unit to
play back all your messages.

Forget about service If you've owned a
telephone answering device for more than a
year, there’s a good chance that it’s been in
for service at least once. The Ford unit,
however, is solid state and built with the same
heavy duty components Ford uses in its
commercial unit. It should dependably stand
up to years of heavy usage. (Ford Industries is
the world’s largest supplier of telephone

answering equipment for the Bell system.} If
service is ever required, there are over 200
authorized service centers plus a service-by-
mail center. There's also a toll-free "Help-
Line” number to call 24 hours a day for
advice or suggestions, and your unit has a
limited one year parts and labor warranty.

a3 L7 | 3 =
The entire printed circuit-board with its
integrated circuits is easily replaceable and
contains the “Brains” required to control the
audio amplifier and tape transport system.

Telephone
Answeri

Let a new remote control answering computer
free you from your next telephone call.

PLENTY MORE FEATURES

The Ford 820 has a monitor feature—you
can listen to the caller leave his message and
pick up the phone to intercept the call. If you
want to skip over a message on the tape, just
tap a button and it fast-advances to the start
of the next call. It has a selectable erase
feature that lets you erase a specific message
or the entire tape if you wish.

KNOW HOW MANY CALLS

With other answering machines, you never
know how many calls you receive until you
play them back. With the Ford 820 you have
a call counter—a device that displays the exact
number of calls you've received when you
arrive home. If you now own another answer-
ing machine, you can really appreciate this
convenient and exclusive feature.
FoiRa Y i

i

Hold the small pockets: remote-contro/
pager up to any telephone in the world and
you can playback all your messages.

The Ford unit is the first really versatile
answerer that works equally well at home or
in the office. It's perfect for the busy or
working housewife who spends little time at
home. And, if she’s home and just plain busy
when the phone rings, she can always call
back later without offending the caller.

The executive can now leave his office, call
from the field and get all his messages. An
inefficient operator at a telephone answering
service may offend your customers by putting
them on hold. The Ford 820, however, takes
your message quickly—without delay.

There are very few people who haven't left
a message on a telephone answering machine,
and callers really appreciate the convenience.

NO PHONE COMPANY TARIFFS

The Ford unit is equipped with an FCC-
approved interconnect device so your unit is
actually welcome on your phone line. The
820 comes with a four-pronged plug so you
just plug it into your phone jack. If you
don’t have a phone jack, just call your phone
company and tell them you are purchasing an
approved Ford unit and that you want a four-
pronged jack for your phone. They'll know
exactly what you want and charge you
around $12 for the installation, depending on
where you live. If you have a multi-line
phone, they can install a jack to tie into any
or all of the lines you wish. There are no
additional monthly charges.
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STANDING BEHIND A PRODUCT

JS&A lets you use the 820 in your home or
office for one full month. Use it to screen
your calls, take messages while you‘re gone or
as a back up system when you're busy. Use
the remote pager and retrieve calls while
you're out. See how easy it is to change the
message in seconds, and see how much it
uncomplicates your life. Use it under your
everyday conditions at home or at your office
and then decide after one month whether or
not you want to keep it. If you decide to
keep it, you'll own the best. If not, return
your unit for a full and prompt refund. There
is no risk. Even if you already own a phone
answerer, it would pay for you to see how
mwch better the 820 performs.

JS&A is America’s largest single source of
space-age products and a substantial company
—assurance that your purchase is protected.

The Ford 820 comes in two models:
the Remote Control unit for $259.95 called
the 820P and the same unit without the pager
but with all the other features for $179.95
called the 820S. Simply select the unit you
want and send your check for the correct
amount to the address shown below. Credit
card buyers may phone in their orders by
calling cur toll-free number below. (lllinois
residents add 5% sales tax.} There are no
postage and handling charges.

By return mail, you'll receive the Ford unit
complete with all connections and instruc-
tions (and pager with remote unit} plus your
one year limited parts and labor warranty.
The unit measures 3%"”"x 8%"x 12" and
weighs six pounds.

The Ford 820 compares to units that sell for
much more but do not have the simplicity
and the advanced electronics. Don‘t be con-
fused. The Ford 820 is the finest telephone
answerer you can buy at any price and is
years ahead of all other conventional systems.

JS&A gives you everything you could
possibly expect from a telephone answering
system: 1} A unit years ahead of every other
unit at a very reasonable price. 2}A service
network that covers the United States with
repair centers and free telephone assistance.
3iThe chance to buy a unit in complete
confidence, knowing that you may return it
without being penalized with a postage and
handling charge if it's not exactly what you
want. You can’t lose.

Computer technology has even touched the
telephone answerer. Now is the best time to
get the finest system available. Order your
Ford 820 without obligation, today.

Q) NATIONAL
0 SALES
e\ GROUP

Dept. PE  One JS&A Plaza
Northbrook, 111. 60062 (312) 564-9000
CALL TOLL-FREE.... 800 323-6400

In Ilinoiscall ........ (312) 498-6900
©JS&A Group, Inc., 1977
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THE NEW REVOLUTION
FROM DISCWASHER.

DiscTraker is a revolutionary pneumatic damping device that provides a critical
protective cushion so badly needed with state-of-the-art tonearms and cartridges.

o effectively reduces tonearm /cartridge resonance at low frequencies.

e drastically and listenably reduces record-warp resonance (woofer flutter). e s

e allows badly warped records to be played with fidelity and without E D'SCTra ker
record wear or stylus damage. h

e applicable to any tonearm.
e patented in all industrialized countries.

DiscTraker greatly enhances the performance of fine record playback systems:
another example of Discwasher's leadership and innovative technology.

Disclraker.

discwasher, inc.

1407 N. Providence Rd.
CIRCLE NO. 67 ON FREE INFORMATION CARD | Columbia, Missouri 65201
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Editorial

TV FOR RADIO AMATEURS

Amateur TV (ATV) experimenters are a hardy group. For decades now, a small
number of hams have been working with on-the-air television, enjoying high-qual-
ity video. With the lowering of TV camera prices, and the availability of relatively
inexpensive surplus equipment that can be modified for use in the 420-MHz ATV
band, more hams are taking a closer look at this interesting communication area.

As many readers know, there’s a wide difference between the bandwidth of a
single channe! of ATV and one of slow-scan TV. The narrow-band SSTV system
used in the 14-MHz and hf and vhf bands require about eight seconds to “paint” a
full, low-resolution picture on the face of a CRT. In contrast, ATV video has virtually
an instantaneous format with commercial TV standards. Unlike SSTV, however,
ATV has a fairly short communication range due to its restriction to uhf amateur
bands. Consequently, the virtue of commercial-TV picture quality is countered by
the absence of long-distance contacts. Therefore, it's interesting to note that a peti-
tion was filed with the FCC this year for establishing a new community educational
radio fixed service (CERFS), called “Communicasting,” that proposes the use of
frequencies in the 470-to-930-MHz band, preferably commercial TV channels from
70 through 83. It's conceivable that hams could assist legitimate agencies to trans-
mit if such a proposal is ever adopted. This would certainly spark the growth of
ATV, as well as build a pool of technically trained “communicasters.”

The petition outlines the use of repeaters to cover communities for educational
and public service purposes, emphasizing the cost effectiveness of such a service
in the vhf/uhf region as compared to the established “Educational Radio Service”
in the 2.5-t0-2.69-GHz band, where equipment costs are prohibitively high. The
proposal cites an example of two-way communication for educational purposes

that was carried out by a medical college.

The proposal—spearheaded by Ed Pillar (W2KPQ), an active ATV'er, and Dr.
Lee Cohen (WA2RPC), an educator—is certainly an interesting one. Since most of
the allotted uhf channels around the country are not used, the resource would not
be wasted. On the other hand, broadcasters and cable-TV operation would doubt-

lessly object.

There are local educational and public service audio/video communications that
will probably never be attempted by professional broadcasters, of course. | cite lo-
cal school board budget meetings, as an example. Could or should this type of
telecasting be effected on existing uhf channels? it would clearly be an efficacious
way to bring “communicasting” to local communities, although the logistics prob-
lems that would ensue could be most challenging. Or, alternatively, should another
frequency band, below the gigahertz one, be allotted for the aforementioned pur-

poses?

You can express your comments (an original and five copies) on the proposal
(petition No. RM-2846) by June 13 to the Federal Communications Commission,

Washington, DC 20554.

AmericanRadioHistorv. Com
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THE NEW HEATHKIT CATALOG

the world’s largest selection of
fun-to-build, money-saving

electronic kits!
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® Electronics Service Instruments
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® Amateur Radio @ Radio Control Modeling Equipment
® Digital Clocks & Weather Accessories ® Marine, Auto & Aircraft Accessories
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can build and service yourself. The famous Schlumberger Heath Company, Dept. 10-30
Heath assembly manuals guide you every step - Benton Harbor, Michigan 49022

of the way, and our quality design assures top
performance from every kit you build.

Send for your copy today!

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

SWAMPFELDER STRIKES AGAIN!

In the “April Hobby Scene,” you have ca-
sually dropped a scientific bombshellt Marcia
Swampfelder describes a device called the
“in situ” solar cell. This story, if true, is the
economic equivalent of “How to Turn Sand
Into Gold for a Few Dollars and a Day's
Work." In one fell swoop, it obsoletes 65 mil-
lion dollars worth of 1977 ERDA contracts for
solar cell research. However, it has a certain
hoax-like quality to it. I'm no chemist, but after
diagramming the molecule for the long-
named “reactive agent” described, | get
something that looks a ot like common motor
oil.—Clyde R. Smith, Fort Worth, TX.

Marcia Swampfelder’s masterful ideas ap-
pear only in April each year, brimming with
the spirit of April Fool's Day. The low-cost so-
lar cell described was simply one of the many
implausible items presented.

ALTAIR MONITORS

Regarding your article about computer
monitors (“Computer Bits,” April 1977): (1)
The 680b Monitor was not written by Micro-
Soft, as stated. it is a highly modified version,
developed by MITS, of Motorola's Minibug.
(2) The modifications required to run software
written for Mikbug with the 680b Monitor are

trivial, especially since a source listing of the
monitor is included with the Altair 680b com-
puter. Thus, there is no reason to run anyone
else's software on the 680b.—Mark Cham-
berlin, MITS, Albuguerque, NM.

DON'T SILENCE SOME RADIOS

The article “Build a Silencer” (March, p 57)
contains instructions that will cause malfunc-
tion and possible damage if applied to certain
GM-Delco radios. Our newest AM/stereo FM
radio and tape combination units use bridge
audio IC's that do not use chassis ground for
the speaker system, nor do they share a
common speaker retum. Each audio channel
is served by a separate IC, with two wires to
each ungrounded speaker. The modifications
proposed in the article would tie the IC mod-
ules together and cause extreme distortion,
high current drain, and might permanently
damage the bridge IC modules. The Silencer
should not'be used with the bridge audio cir-
cuits in our 1976 and 1977 stereo radio and
tape products.—David A. Cox, Delco Elec-
tronics, General Motors Corp., Kokomo, IN.

*“MORSE-A-LETTER" BOOSTER

I have nothing but praise for the “Morse-A-
Letter” project (January 1977). | built my pro-
ject from the very reasonably priced kit sup-
plied by Select Circuits. | must say that this
was the most enjoyable and well-presented
project I have come across. When | called Mr.
Sievert for some help on a problem | encoun-
tered (my own fault), | was impressed with his
attitude and interest. | wish more company
representatives had the same attitude toward
customer satisfaction. | highly recommend
the “Morse-A-Letter” and the Select Circuits
kit to anyone who wants a great project.—
Robert F. Miller, Wolcottville, IN

BUILDING A BETTER PAN/MIXER

In the Pan/Mix article (October 1976), it
was stated that the INPUT LEVEL potentiome-
ter presents a constant 10,000-ohm resistive
load on the output of the signal sources, This
is incorrect, since the input resistance de-
pends to a great extent on the settings of the
INPUT LEVEL and PANNING controls. The high-
est possible resistance is indeed 10,000
ohms, but only when the iINPUT LEVEL control
is at minimum; the lowest resistance of 3750

CHrANNEL T

ohms occurs when the controt is all the way
up. To overcome this problem, | have devised
a circuit (see schematic diagram) that can be
added to the project. By using two low-power
quad op-amps, such as the LM324, it is pos-
sible to have six input channels, keep the
supply current to a minimum, and maintain a
constant 10,000-ohm input resistance. Since
the input bias current is only 0.25 wA max-
imum, the op-amp does not present any load-
ing effect on the INPUT LEVEL potentiome-
ter.—Richard DeLombard, Toledo, OH

4!3 ¢ 5 6’

,
|
i
|
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OF “ELVES" AND COMPUTERS

The “Cosmac ‘EIf " microcomputer con-
struction article (August 1976) must be your
best project yet. | am in the process of up-
grading to 4k memory, and | am planning to
add a cassette tape interface. Also, keep
those Computer Bits columns and program-
ming articles coming.—Stanley W. Pozerski,
Jr., Lowell, MA.

Out of Tune

In “Westminster Clock” (November 1976),
the point labelled H in Fig. 3 should be con-
nected to pin 13 of /IC19 in Fig. 1 (not to pin 6
as shown). Also, if you are unable to find the
specified displays for DIS1 through DIS4, you
can substitute Radio Shack No. 276-065
fluorescent display tubes.

In “A/D Temperature Converter” (Decem-
ber 1976), there is an error in the etching and
driling guide shown in Fig. 2 in the area of
D1, R7, and R8. The corrected guide is
shown below.

In “Build a 10-Hz to 1-MHz Eput Meter”
(March 1977), the values of resistors AR5 and
A8 are specified incorrectly in the Parts List.
(They are correct on the schematic.) They
should be, respectively, 22,000 and 10,000
ohms.

in “LED Racing Game” (March 1977), the
foil traces for the V.. pads (pins 16) of /CS,
IC7, and IC8 are missing from the etching
and drilling guide in Fig. 6. Connect these
pads directly from the V.. bus to the pin-16
pads exactly as shown for the /C5 location.

POPULAR ELECTRONICS



FANTASTIG SOFTWARE

This LIBRARY is a complete do it yourself kit. Knowledge of programming not required. EASY to read and USE.
Almost FREE Less Than $1 / Program Complete

LI BR
= ‘@‘“h

'VOLUME I

L5l

EXpingening

VOLUME 1 ..82495
BOOKKEEPING
GAMES
PICTURES

VOLUME 11 ..82495

MATH & ENGINEERING
PLOTTING & STAT
BASIC STATEMENT DEF

VOLUME 11} ..$39.95
ADVANCED BUSINESS
8ILLING
INVENTORY
PAYROLL
VOLUME IV ..$9.95
GENERAL PURPOSE PU”‘!?‘Q
VOLUME V ..$995 rrocts

EXPERIMENTER

This library is the most comprehensive work of
its kind to date. There are other software books
on the market but they are dedicated to
computer games. The intention of this work is
to allow the average individual the capability to
easily perform useful and productive tasks with

B cEmpigh Gl OF Uig FECERL Copenes Available NOW ! I | at most computer stores
within this Library have been thoroughly tested

d 1) | . Included with rr rr
L i G e M The “HOW-TO-DO IT” Books for the “DO-IT" Person

each program is a description of the program, a

(st of potential users, instructions for exect  Written in compatible B ASIC immediately executable in

tion and possible limitations that may arise

when running it on various systems. Listed in - ALY computer with at least 4K, N O other peripherals

the limitation section is the amount of memory

that is required to store and execute the
me o needed.

Each program’s source code is listed in full

detail. These source code listings are not re- Add $1.50 per volume for postage and handling.
duced in size but are shown full size for

increased readability. Almost every program is Sc‘EmIFIc HESEARCH

self instructing and prompts the user with all

required running data. Immediately following o

the source code listing for most of the programs 1712- P FARMINGTON COURT '
is a sample executed run of the program. CROFTON MD 21114 ]smAM(chnn
The entire Library is 1100 pages long, chocked Phone Ordars call (800) 638-9194

full of program source code, instructions, con- P . .
versions, memory requirements, examples and Sk L : Information and Maryfand Residents Call (301)-721-1148

much more. ALL are written in compatible ) o - " . "
BASIC executable in 4K MITS, SPHE RE , IMS, Pers.onal ch.ecks . aI_Ion 4 _Week§ tor skipping. Pricing subjegt to chapge without
notice. If air mail shipping is desired add $3 per volume to price, Continental U.S.

SWTPC, PDP, etc. BASIC compilers available R
for 8080 and 6800 under $10 elsewhere. only. Foreign orders add $8 for each volume.
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New Products

Additional information on new products
covered in this section is auailafle 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.

TECHNICS OPEN-REEL DECK

The Technics Model RS-1500US “isolated
loop™ direct-drive tape deck is said to isolate
completely the tape loop from all outside in-
fluences such as take-up and back tensions
exerted by the reels. The loop is driven direct-
ly by a 3.6 rps dc motor (at tape speed of 15
ips) locked to a quartz-crystal servo circuit.

Wow and flutter is 0.018% W rms. The head
configuration includes a 4-track playback
head, 2-track erase, 2-track record, plus 2-
track playback. Other features include sepa-
rate three-way adjustments of recording bias
and equalization, average-reading VU me-
ters that also indicate playback levels, timer
for unattended recording, and edit dial (just
below the heads) that simplifies editing and
splicing. Maximum reel size is 10'% in., and
speeds are 15, 7Y%, and 3% ips. Measures
18'W X 17%4"H x 104"D (45.6 x 44.3 x
25.7 cm). $1500.
CIRCLE NO. 89 ON FREE INFORMATION CARD

E.F. JOHNSON AM/SSB CB TRANSCEIVER

E.F. Johnson's new 40-channel Viking 4740
mobile CB transceiver features both AM and
SSB operation, LED numeric channel dis-
play, and color-keyed indicator lights for
mode selection (AM, USB, LSB). The dispiay
also features a dimmer switch for subdued
nighttime use. Other features include an il-
luminated S/r-f meter, built in anl, switchable
noise blanker, and PA function. A crystal lat-

tice filter is said to provide a high degree of
adjacent-channel rejection. On transmit, a
speech compressor increases average mod-
ulation levels. The clarifier or “fine-tune” con-
trol is claimed to have exceptionally smooth
operation and a center-notch position for eas-
ier adjustment. $359.95.
CIRCLE NO. 91 ON FREE INFORMATION CARD

SUPEREX POWER MICROPHONE FOR CB
Superex's Model PV-1 CB power microphone
features an electret cartridge and a self-con-
tained FET preamplifier and power amplifier.

The single 1.5-volt penlight cell that powers
the amplifiers comes with the mike. A special
no-solder connector is supplied for attach-
ment of the mike to CB transceivers. Also
provided with the mike are a 6’ (1.8-m)
coiled cord and complete installation instruc-
tions. $34.95.
CIRCLE NO. 92 ON FREE INFORMATION CARD

MITSUBISHI POWER AMPLIFIERS

Mitsubishi is marketing two “dual-monaural”
(stereo) power amplifiers said to have better
than 80-dB channel separation. Models DA-
A10 and DA-A15 are rated at 100 and 150
watts/channel, respectively. They are de-
signed to be "docked” with the company’s
Model P10 dual-monaural preamplifier or
Model M10 power fevel meter. According to
Mitsubishi, the dual-monaural scheme effec-
tively eliminates crosstatk while improving
channel separation by as much as 30 dB or
more over conventional designs. Both am-
plifiers feature high-capacity separate power
supplies, wide dynamic response and range,
distortion-reducing circuitry, special heat
sinks, and circuits to protect against low-load
impedance and dc potentials. Model DA-A10,
$390; Model DA-A15, $590.
CIRCLE NO. 100 ON FREE INFORMATION CARD

AmericanRadioHistorv Com

HUSTLER CB BASE-STATION ANTENNA

New-Tronics’ Mode! HP-27 Hustler “Homing
Pigeon” CB base-station antennas are for
operation in places where outside antennas
are either impractical or prohibited. No instal-
lation is required. The antenna is supported
between the floor and ceiling of a room in the
same manner as a pole lamp. Performance is
said to be equal or superior to the best mobile
antennas. Two free-sliding sleeves quickly

and easily adjust the antenna to resonance

and optimum SWR. Once adjusted, the SWR

is said to be well below 2:1 over the entire 40-

channe! CB range. The antenna is supplied

with 17’ (5.2 m) of coaxial cable to which con-

nectors are attached at the factory. $42.95.
CIACLE NO. 93 ON FREE INFORMATION CARD

AEC FUNCTION GENERATOR

Available in both kit and wired forms, the AE
Corp Model 21 function generator offers a
1-Hz to 1-MHz range with 5% accuracy and
200 ppm/°C stability. Sine, square, and trian-
gle output waveforms are switch selectable.
The output is continuously variable from 0 to
20 volts p-p open-circuit (10 volts p-p into 100
ohms) and can be dc offset by as much as
+10 voits. There are also separate fixed 5-
volt TTL square-wave and 4-volt p-p triangle-
wave outputs. In addition, the generator fea-
tures external frequency control vco with a
range from dc to 1 MHz. External control also
permits the instrument to deliver FSK (fre-
quency-shift keyed), FM, and tone-burst
modulated signals at the output. $124.95
wired, $79.95 kit.
CIRCLE NO. 94 ON FREE INFORMATION CARD

BURWEN DYNAMIC NOISE FILTER

The new Burwen Model DNF 1201A dynamic
noise reduction system is said to provide up
to 30 dB of noise reduction at 10,000 Hz with
5 to 14 dB of overall hiss reduction. A band-
width controller circuit measures the high-fre-
quency content of the sum of the left and right
inputs from the source material and adjusts

POPULAR ELECTRONICS




want maximum
CB performance?

You'll know you're
exactly “on-channel” with

B&K-PRECISION's
NEW FREQUENCY

COUNTER!

For the serious CBer, the 1827 and accessory sicnal tap
provides digital readout of fransmit frequency, mot:ile or
base on all 40 channels. For best range and signal
clarity, your frangmitter should be operating exacily on
the assigned channels. The only way to accurately
check this is with a frequency counter,

The new B&K-PRECISION Model 1827 is a full-fe ature
battery portable frequency counter for only $120%
Not much larger than a pocket calculator, the 1827 offers
six-digit LED display and guaranteed operation to 30
MHz with 1 Hz resolution. Other features include a unique
battery saver that turns off the display after 15 seconds,
and autoranging or "1 second” operation. In ihe 1
second position, you'll get THz resolution for eight-digit
accuracy.

When used with the optional SA-10 signal tap, you'll
be able to use the 1827 to constantly monitor the out-

For the complete story, contact your H(
B&K-PRECISION dealer or write: y 5 PRfCISION

In Canada: Atlas Electronics, Onfario

&K-PRECISION Model 1827

$120*

put frequency of your CB or ham transceiver, up to 100
watts, without affecting performance. Other accessories
include: mobile and ac adapter/chargers, nickel
cadmium batteries, under-dash mounting bracket,
portable antenna and leatherette case.

With the 1827 you'll always be sure that youTe exactly
“on-channel” for maximum range. It's like having a
technician check your rig every time you transmit!

-Suggested retail price. less accessories

DYNASCAN
CORPORATION

6460 west Cortland Avenue, Chicago, lllinois 60635 - 312/889-9087

- International Sales: Empire Exporters, Inc., 270 Newtown Road, Plainview, LI, NY 14803
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the bandwidth in accordance with both level
and frequency. Dynamic filtering is achieved
as the bandwidth controller generates dc
control voltages to constantly regulate the
cutoff frequency of the filter. The low-pass fil-
ter's cutoff frequency varies between 500 and
30,000 Hz, in accordance with source re-
quirements. Attenuation rate is 9 dB/octave,
and claimed dynamic range is 96 dB. The
system operates without requiring encoded
signals and is designed to selectively reduce
noise without destroying fidelity or high-fre-
quency content.
CIRCLE NO. 95 ON FREE INFORMATION CARD

ELAC BELT-DRIVEN TURNTABLE

The Model PC 830 is Elac's first belt-driven
turntable. It features idler-wheel assist for
start-up and cycling, two pushbuttons for sim-
plified operation in either the single-play or
the multi-play modes, new low-mass tone-

arm, and illuminated stroboscope. The idler
wheel assist brings the massive 4.4-lb (2-kg)
platter up to speed quickly. The anti-skating
control is calibrated separately for conical, el-
liptical, and CD-4 styli. Operating speeds are
33Y3 and 45 rpm, both of which can be adjust-
ed by up to £3% with a vernier control. Wow
and flutter are DIN rated at 0.08%, rumble at
better than 44 dB unweighted (64 dB weight-
ed). Tracking error is rated at less than 1.4°.
Size is 174'W x 133D x 6%"H (43.5 x 35
x 17.5 cm). Supplied with automatic and
manual spindles, the turntable sells for
$189.95.
CIRCLE NO 96 ON FREE INFORMATION CARD

SPARKOMATIC DELUXE CB BASE STATION

The 40-channel Model CB-1500 AM CB base
station from Sparkomatic Corp. features a
PLL digital frequency synthesizer, seven-
segment LED channel display, and ac/dc op-
eration. The deluxe station includes continu-
ously variable fine tuning, tone control, r-f
gain control, noise blanker (NB) switch, auto-
matic noise limiter (anl) switch, and an SWR
indicator. Other features include: illuminated
modulation-percentage meter, S/r-f meter,
transmit/receive/antenna-warning indicator
lights, and a headphone jack, PA function
switch and external speaker jacks. The built-
in, 5-in. speaker faces front. The transceiver
is housed inside a solid teak wood cabinet.
CIRCLE NO. 97 ON FREE INFORMATION CARD
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VECTOR GRAPHIC MICROCOMPUTER

The Vector 1 microcomputer from Vector
Graphic Inc. comes in a custom cabinet that
contains an 18-slot, 100-point motherboard
with six connectors, power supply (8 volts at

18 A and =16 volts at 2 A), whisper fan, and
guides and supports for six cards. The 8080-
microprocessor-based CPU board has 8-lev-
el vectored priority interrupts, current-status
register, and dual-mode realtime clock. The
PROM/RAM board contains 1K of RAM and
has room for an additional 2K of 1702A type
ROM. Included is a 512-byte monitor for use
with Tarbell cassette and Altair™, IMSAI,
and Polymorphic 170 board and terminal or
video board, keyboard, and monitor. $849
factory assembled, $619 kit.
CIRCLE NO. 98 ON FREE INFORMATION CARD

CRAIG CAR STEREQ SPEAKER

Craig's Model R780 surface-mount speaker
system for cars, part of a line called Trans-
RibT™, features a light-mass cone, long-
thrust acoustic driver, and special support
and sound transmission "“ribs.” The ribs are
supported at the speaker's cone center by
the voicecoil and extend outward to distribute
all frequencies over the entire surface of the

cone in what Craig claims is precise phase
coherence. Additionally, the structural
strength afforded by the Trans-Rib elements
is said to turn the cone into a rigid true piston
for solid bass sounds. Handles up to 50
watts. $99.95.

CIRCLE NO. 87 ON FREE INFORMATION CARD

NLS 512-MHZ COUNTER PRESCALER

The Model SC-5 is a compact 512-MHz pre-
scaler designed specifically for the Non-Lin-
ear Systems Model FM-7 frequency counter.
However, it can be used with any other fre-
quency counter that has a 50-ohm input. Fre-
quency accuracy is stated as being one part
per million (1 ppm). Input sensitivity is rated
at 30 mV. Supplied with a coaxial input probe
that can be used to make direct tests in cir-

AmericanRadioHistorv Com

cuits or proximity tests from antennas in
many circuits, the instrument also comes with
an interconnect cable for the Model FM-7 fre-
quency counter. Size is 4D x 2.7W x 1.9"H
(10.2 x 6.9 x 4.8 cm). $127.00, including re-
chargeable battery and charger.

CIRCLE NO. 99 ON FREE INFORMATION CARD

ACE STEREO PREAMPLIFIERS

Two new deluxe stereo preamplifiers are cur-
rently being marketed by ACE Audio Co.
Designated the Models 3000 and 3100, the
preamps feature completely new circuitry that
uses both discrete operational amplifiers and
integrated circuits and shielded power sup-
plies with dual IC regulators. Both are de-
signed for very low distortion, said to be in the

region of 0.01%. The Model 3000 contains a
built-in power supply, while the Model 3100
has its power supply located in an external
box. The low-profile preamps also feature
aluminum knobs with solid walnut end caps,
pushbutton source selector switches, and
large knobs for the BALANCE and vOLUME
controls. Model 3000, in kit form, $156; wired,
$250. Model 3100, wired only, $325.
CIRCLE NO 88 ON FREE INFORMATION CARD

COMING UPIN
THE JULY

Popular Electronics'

VIDEO GRAPHICS PROJECTS:

e LATESTTVTYPEWRITER

e ANIMATION FROM “ELF”
MICROCOMPUTER

“ZAP” NEW LIFE INTO
DEAD NiCd BATTERIES

HOW TO MAINTAIN TAPE
RECORDERS IN PEAK
CONDITION

DECIPHERING UTILITY CODE
BROADCASTS WITHOUT
MORSE

TEST REPORTS:
Radio Shack STA-2000
Stereo FM/AM Receiver
Koss K-145 Stereo
Headphones
Cobra 29XLR 40-Channel AM
CB Mobile Transceiver
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IF YOURENOT DESIGNING
WITH A CSC PROTO-BOARD,LOOK
AT ALLYOU'RE MISSING.

Accessibility — All parts are

instantly ar 1 easily accessible, for
Utility — Models are available quick signe tracing, circuit
with or without built-in regulated modificaticas. etc. Variety— A wide variety of
power supphies (fixed or ; models are available with
adjustable) capacities ranging from 630 to
3060 solderless tie-points (6 to 32
14-pin DIP’s). to fit every technical
and budget requirement

Economy—Eliminate heat and
mechanical damage to expensive
parts. Save money by re-using
components

Versatility — Use with virtually all
types of parts. including resistors,
capacitors, transistors, DIP's,
TO-5's. LED's. transformers
relays, pots. etc. Most plug in
directly. \n seconds

Durability — All Proto-Board
models are carefully constructed
of premium materials, designed
and tested for long. trouble-free
service.

Expandability — Proto-Board
units can be instantly inter-
connected for greater capacity

Visibility — All parts

are instantly and easily
visible, for quick circust
analysis and diagramming

Whatever type of
electronic circuits you
work with, you can do
more in less time with
CSC's solderless Proto-
Board systems. As fast and
easy as pushing in or pulling out
alead, you can design, test and
modify circuits at will. Com-
ponents plug into rugged 5-point
terminals, and jumpers, where
needed, are lengths of #22 AWG
solid wire. In the same time you took
to read this ad, you could be well on
your way to assembling a new circuit.
For more information, pick up your phone
and call your dealer—or order direct.

Speed —Assemble,
test and modify circuits
as fast as you canpush
in or pull out a lead.
Save hours on every
project.

Adaptability —Use in design,
packaging, inspection, QC, etc
Works with most types of circuits
1IN many, many applications

Flexibility —Use independently,
or in conjunction with other
accessories, such as scopes,
counters, CSC Proto-Clip™
connectors. Design Mate™ test

CSC PRATO-BOARD SOLDERLESS BREADBOARDS

equipment, etc. One Proto-Board NO. OF
unit can serve a thousand MODEL  SOLDERLESS IC CAPACITY MANUFACTURER'S OTHER
applications. NUMBER TIE-PQINTS (14-PIN DIP'S) SUGG.LIST FEATURES
PB-6 630 6 $1595 Kit — 10-minute assembly
See your CSC dealer or call 203-624-3103 (East Coast) or PB-100 760 10 1995 Kit - with targer capacity
415-421-8872 (West Coast) 9 AM to 5 PM local time. Major credit PE-101 940 10 2995 TS g S
cards accepted. Add $2.50 for shipping and handling in the nigher caacity
U.S. and Canada on direct orders of $50.00 or less; $3.00 for orders
2 : el . City. at
over $50.00. On all foreign orders add 15% to cover shipping LU 12 399 tﬁ'c%e Capaciiylndensie
Radiandli: PB103 2250 24 5995 Even farger capactly only
CONTINENTAL SPECIALTIES CORPORATION AL
£ PB 104 3060 32 7995 Largest capacity lowest
price per tie-point
PB 203 2250 24 7500 Built-in 1%-regulated
SV, 1A low-ripple power
supply

EASY DQES IT o ”s 2000 : | ,
44 Kendall Street. Box 1942 PB-203A 225 L RianOiEIpUS Scodialchvaanp
New Haven, CT 06509 e 203-624-3103 TWX: 710-465-1227 g‘uiyag?g,;g:‘fa‘{ég‘em:'
West Coast office: Box 7809, San Francisco, CA ! P

S4TI9 » 415-421-8872 TWX 910.372.7992 . SIS
anada: Len Finkler Lid, Ontano € 1976 Continental Specialties Corp.
Mexico: Elpro, S.A., Mexico City 5-23-30-04 Prices and specifications subject to change without notice.
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IT TAKES AVERY
SPECIAL CASSETTE DECK
TO GET SO MUCH BEAUTIFUL
MUSIC OUT OF
SOMETHING THIS LITTLE.

The recording tape
ina cassette is g
onlyaneighthof &
aninchwide. =8
Crammed =
into that eighths
of aninchmay®
be as many as
é4 tracks mixed *8
downtotwo. A S
hundred musicians.” =
Countless overdubbmg

Not to mention the entire audlble

frequency range.

y cassette deck can reproduce
part of what's been put down on that
eighth of an inch.

But the Pioneer 9191 was designed
to reproduce all of it. Superlatively.
Without dropouts, unacceptable tape
hiss, or noticeable wow and flutter.

Take our tape transport system, for

example.

Since the tape in a cassette moves
atonly 1-7/8 inches per second, even
the most minuscule variation in tape
speed will make a major variation in
sound.

To guard against this, where most

. cassette decks give you one
. motor, the 9191 comes
& with two. The firstis

b usedonly for fast
¢ forward and rewind,
¢ so the second can
- be designed exclu-
F sively to maintain a
& constant speed for
= play and record.

v ‘All of our tape drive
mponents —the capstan, belt,

and ﬂywheel—are finished to incredible

tolerances. Which give the 9191 the
kind of wow and f.utter figures thatno
deck in our price range can match.

Of course, having a great tape
transport systemmeans nothing if you
don't have great electronics to back
it up.

We do.

The 9191 comes with an advanced
three stage direct coupled amplifier
that extends high frequency response
and minimizes distortion. The built-in
Dolby system can reduce tape hiss by
as much as 10 decibels in high
frequencies.

ir multiplex filter lets you record




FM broadcasts without picking up alot
of unwanted noise, or the mu_ tiplex
signal every FM stereo statior: sends
OLL. -

Even our ferrite solid tape nead
ofrers the bast combination of accuracy
and long life you can get in a cassette
head. |
- Wealso include a peak limiter tolet
ou cramas much onto a cassette as
passible without distortion. A memory
that lets you go back to a favorite spot
or- the tape automatically. Separate kias
and equalization switches for getting
the most ou: of different brands of tape.
And electronic solenoid controls for
gcing from play to rewind, or rom

rewind to fest forward, without hitting
the stop button. And without jamming

thetape.

0 slip a cassette into a Picneer

2191 at your local Pioneer dealer. ‘
You'll find it hard to believasuch a

lictle -ning could come out sounding

sobig.

CTF2121 Specifications

Frequemcy Response Stendard, LH tape: 25-16,000 Hz(35- 13,000 Hz +3dB).
C-C.tape: 20-17,000H:= (30-14,000 Hz +3dB)

Signelo-Noise Ratic: Tolty OFF: More than 52dB: Dolby 2)&: Mare than 62

3B (Dver 5,000F-z Zandard and LH tapes/When chromiem dioxidetape is
_sed, sgnal-to-nciseratiois “urther improved by 4.5dBcer Sknz).

HarmonicCistortion: ~o more than 1.7% (OdB)

Wau-and Hutter: Nornere than 207% (WRMS)

Mctor: Elacronically-controllec DC motor ibuilt-in generasop) » ; 148 zn/s
speed diive), DC zargue motor x |; (Fast forward and revind drive)

LS Pianesr ElectrcricsCorp., 75 Oxford Drive, Moonachie, New lersey 07374

VPIONEER

Hgh Fiddiny. mrponznts
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New Literature

SEMICONDUCTOR GUIDE SUPPLEMENT

GTE Sylvania offers a 16-page supplement
to its ECG Replacement Catalog. Replace-
ments for more than 3,000 devices used in
domestic and foreign equipment are de-

scribed, including both modules and mono-
lithic integrated circuits. All part numbers are
listed in alphanumeric order and cross-
referenced to equivalent Sylvania replace-
ments. Guide and supplement are available
from GTE Sylvania distributors.

CB ACCESSORIES CATALOG
Siltronix offers a 12-page catalog describing
its line of Citizens Band radio accessories.
Products include meters, antennas, antenna
accessories, speakers, desk mikes and mo-
bile mounting kits. Address: Siltronix, 330 Via
El Centro Ave., Oceanside, CA 92054.

RCA CMOS B SERIES GUIDE
RCA offers a 24-page guide to its B series of

Buy a cheap antenna,
and you may never be heard
from again.

When you’re miles from
help, you need a CB
antenna that reaches for
miles and miles. It could be
your only link to safety. So
saving a couple of dollars i
on a cut-rate brand could =
cost you. >
But the price of an
A/S antenna is worth the
extra you might pay - just
for the peace of mind.
Every single A/S antennais
hand-tuned and tested for
23- and 40-channels.
That’s the kind of care
and quality control that
makes A/S the choice of

M-510 “Big Momma® Heavy Duty Antenna

police departments,
truckers and safety people
everywhere. And that’swhy
A/S has been the leader in
antennas for 24 years.

So look for the red
and black A/S stripes.
You'll be heard when you
have to be heard. We'll bet
our A/S on it.

the antenna specialists co.
— — <8 12435 Euclid Avenue, Cleveland, Ohio 44106 - a member of The Allen Group, Inc.
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COS/MOS high-voltage integrated circuits,
Guide COS-278F. The booklet describes the
devices and provides standardized static
electrical characteristics information and
function classification, selection charts and
diagrams. Special information on standard
timing circuits is also included. Address: RCA
Solid State Division, Box 3200, Somerville,
NJ 08876.

JENSEN HARD-TO-FIND TOOLS

A 136-page catalog from Jensen Tools and
Alloys lists over 3,000 hard-to-find tools.
Categories covered include micro-tools, test
equipment, soldering equipment, screwdriv-
ers, cutters and power tools. A 32-page sec-
tion features tool kits and cases, and a “Jens-
en Tool Tips" supplement provides technical
data to aid in tool selection. Address: Jensen
Tools and Alloys, 4117 North 44th St., Phoe-
nix, AZ 85018.

TSC COMPUTER SOFTWARE CATALOG

Technical Systems Consultants’ catalog of
hobbyist computer software includes pro-
grams for games as well as practical applica-
tions. All are written in assembly language
and intended for use with the 6800, 8080 and
6502. Catalogs are 25 cents each. Address:
Technical Systems Consultants, Box 2574,
W. Lafayette, IN 47906.

ROYCE CB CATALOG

Royce Electronics offers a 40-page catalog
describing its line of 40-channel AM and SSB
CB transceivers, antennas and accessories.
Items featured include CB mobile and base
transceivers with solid-state modutar chassis
construction, and a new 40-channel in-dash
unit with an AM/FM stereo entertainment ra-
dio and LED channel readout. Price $2.00.
Address: Royce Electronics Corp., 1746
Levee Rd., North Kansas City, MO 64116.

AMATEUR RADIO CATALOG

Hamtronics, Inc. offers an expanded 24-page
version of its VHF and UHF Communications
Modules and Accessories Catalog. Products
featured include a vhi/FM receiver kit, test
probe kits, audio oscillators and a PA/
preamp unit for use with 2-meter rigs. A new
line of ac power supplies is described and a
section on antennas, cables and connectors
is included. Other products described include
vhf and uhf receiver and transmitter kits, a full
line of preamplifiers and various adaptors.
Send a self-addressed-stamped envelope to
Hamtronics, Inc., 182 Belmont Rd., Roches-
ter, NY 14612.

SANKEN AMPLIFIER APPLICATION NOTES

Application notes on the Sanken series
$1-1000G hybrid audio power amplifiers are
available from Energy Electronic Products.
The 4-page flyer provides power derating in-
formation, terminal assignments and recom-
mended connections for each amplifier in the
series, with a selection of graphs, schematics
and outline drawings. A table of technical
specifications is also included. Address: En-
ergy Electronic Products Corp., 6060
Manchester Ave., Los Angeles, CA 90045.

POPULAR ELECTRONICS
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Silent Alarm for Automobiles

Said to be the only silent alarm available to prevent mo-
tor-vehicle larceny and theft, the ‘‘Page Alert System’’
(Torrance, CA) transmits a coded radio signal from a
transmitter in the vehicle to a compact, personal pocket
pager in the event theft is attempted. The signal is re-
ported to beep its warning more than 1200 feet, both in-
doors and outdoors. The person carrying the pager can
then make a “‘crime in progress’’ call to the police.

100 Candles for Mike

The 100th anniversary of the in-

vention of the microphone was

marked in 1977. The inventor,

Emile Berliner, a 25-year-old

immigrant  from  Germany,

created the microphone in an

attempt to invent an improved

telephone. Introduced  on

March 4, 1877, the mike made

voice and music broadcasting,

and electrical recording a possi-

bility. The photo shows the

original microphone positioned

above the telephone transmitter

included in the Berliner Caveat

of April [4. The telephone

transmitter, forerunner of all

talking pieces used in telephones today, was later ac-
quired by the Bell System when a mouthpiece was add-
ed. (Photo from Qliver Berliner collection. }

Voice System Opens Doors

On the basis that no two voices are exactly alike, a new
system of ‘‘people recognition’” has been developed by
Air Force Systems Command’s Rome Air Development
Center (RADC). The computerized ‘*Voice Verification
System”’ will be used to control entry into “‘secure’” or
controlled-access areas. Voices are entered into the
computer’s memory by recording four preselected
phrases. Later, to get into a limited-access area, an ID
number is entered with a card or a keyboard, telling the
computer to go to a particular voice record. The com-
puter asks the person to repeat one of the four phrases.
If there is a match, the door opens; if not, the computer
asks for another phrase. In operational tests, the system
has been more than 99 percent accurate.

Low-Cost Solar Water-Heating Panels

Designed for the energy-conscious homebuilder, experi-
menter and hobbyist, a new low-cost solar water-heat-
ing panel from Edmund Scientific has a modular design
for easy installation. Weighing 11 pounds when empty,
13 when full, the panels, measuring 30" x 30" x §”, can
each provide up to 1000 BTU per hour. The panel fea-
tures a preformed, closed-cell urethane base, a plastic

cover with ultraviolel inhibitors, and a polyurethane so-
lar-energy absorber with integral channels for uniform
water flow. Each panel is $34.95.

9111 Dialer OK’d by FCC

The FCC has certified the Conrac 9111 dialer for con-
nection to phone company lines without a coupler. The
9111 dials telephone numbers for police, fire, medical, or
other emergencies, and delivers a voice message from a
prerecorded tape. A telephone RJ31K jack must be in-
stalled by the phone company. When requesting instal-
lation of the jack, the installer must give the phone com-
pany the FCC number (AE598C-62833-AL-R) and the
ringer equivalent—0.0B.

User Participation

According to RCA Consumer Electronics Division, the
$9 billion consumer electronics industry is slated to
move into new product applications that permit the user
to be an active participant rather than a passive observ-
er. A wider variety of interactive devices will result as
people change the way they buy and use the industry’s
products and services, according to a company spokes-
man. Television is expected to be greatly expanded to
provide more emphasis on home education and man-
agement as new devices become available for use with
the TV receiver. Also foreseen is a raft of new electronic
products, including an SOS system for fire, smoke, and
intrusion devices; widespread use of the picture tele-
phone; home TV systems with built-in video game capa-
bility and video record/playback; wristwatches that elec-
tronically read out the time, date, temperature, and biood
pressure; and a wrist radio using microelectronics and
satellite techniques which could be used for electronic
voting, census taking, civil defense, medical monitoring,
and instant communications with police and other secu-
rity agencies.

Japanese To Share FCC Testing

Japan laboratories will be doing a share of the testing of
new CB radios manufactured in that country. Under a
recent agreement with the Federal Communications
Comnussion, Japanese manufacturers will submit mod-
el test data and samples to the Ministry of International
Trade and Industry (MITI}, which will forward results
and samples to an independent Japan testing laboratory.
These results will then be sent to the FCC for the final
decision on type acceptance. The new program is not
mandatory; Japanese manufacturers with contracts with
U.S. distributors have the option of submitting models
to the FCC lab. It is hoped that the new program will
lighten the FCC workload, enabling it to focus on other
areas such as off-the-shelf testing of CB radios and
video games. Of the projected 10 million CB radios ex-
pected to be sold in the U S. this year, 90 percent will
have been manufactured in the Far East.

AmericanRadioHistorv Com
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NRI BRINGS “POWER-ON’
TRAINING TO YOUR HOME...
FOR QUICKER, EASIER
LEARNING AND

FASTER EARNING
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First and only school with designed-
for-learning Quadraphonic Audio Center
with four SP14 speaker systems. This
solid state SQ™ system is designed so

that you perform meaningful experiments
at every stage of assembly . . . for
thorough o
training In audio
technology.

“Trademark of CBS, Inc.

You get trouble-shooting experience from the chassis
up . . . with NRI's unique training equipment.

The *'firsts” described here are typical of NRI's over 63
years of leadership in electronics home training. When
you enroll as an NRI student, you get the technical
knowledge and the priceless confidence of ‘‘hands-on"’
experience sought by employers in communications, TV-
audio servicing, computers, and industrial and military
electronics. NRl training is designed for your education . . .
from the educator-acclaimed Achievement Kit sent the
day you enroll, to bite-size, well illustrated, easy-to-read
lessons programmed with designed-for-learning training
equipment.

NRI Firsts make learning at home fast and fascinating.
More than a million have come to NRI for home training.
Professional TV/Audio technicians who learned their
profession through home training rate NRI as first choice
by far, over any other school.

SEND FOR THE FREE FULL-COLOR CATALOG . . . for
full details on NR} home training. There is no obligation . . .
no salesman will call.

First with an electronics Discovery Lab™. This self-contained
advanced solid-state lab gives you fast, hands-on access to fully-
powered semiconductor circuitry. NRI is the only school with all
these modern solid state i

component experiments in:
bipolar and field effect
transistors, Zener diodes,
light-emitting diodes,
SCR's and
phototransistors

"McGraw Hill CEC

First and only school with
new Optical Transmission
System engineered to
allow you to analyze
digital and analog signal
transmission via light
beam. Systems you build
use LED and
phototransistor
technology, simulating
basic principles of laser
communications as used
in video disc home
entertainment systems.

AmericanRadiaHistaory Com
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First and only school with
a portable CMOS digital
frequency counter
engineered by NRI to give
you experience in the
newest types of digital
systems coming into
expanded use in
consumer electronics.

First anc only school with designed-for-learning
25" diagonal solid state Color TV complete with
cabinet. This solid state set was designed by
NRI’'s own engineers from the chassis up so that
students can perform over 25 in-set experiments
during construction, including valuable
“*Power-On'’ trouble-shooting.

First and only school with
an Antenna Applica- tions Lab
engineered to give you a thorough
understanding of practical communica-
tions antenna requirements. You assem-
ble and tesl several different types of
antennas and matching sections, meas-
uring gain and radiation patterns.

First and only school with aolid state
regulated power supply engineered by

First and only training with an actual
programmable digital computer to give
you the cnly home training in machine-
language programming . . . essential to
trouble shooting digital computers. Extra
Memaory Expansion Kit doubles memory
size for practice in advanced
programrming technigues.

JUNE 1977

NRI to give you experience with modern
power supply designs; to give you a
premium power supply for your NRI
Transceiver, or to use in trouble-
shooting mobile equipment.

AmericanRadioHistorv. Com

First and only school with designed-for-
learning, 400-channel, digitally-
synthesized VHF Transceiver to give you
the only fullv-up-to-date 2-meter
eguipment for complete training in
commercial amateur, and CB
communications. The design
incorporates circuitry and components
representative of the latest state of the
art. Gircuitry is on five plug-in circuit
cards to take full advantage of NRI
"Power-On"* training.

if card is missing, write to:

NRI Schools
McGraw Hill Continuing
Education Center

£
° 3939 Wisconsin Ave.
Hill' |

Washington, D.C. 20016
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Stereo Scene

EXPANSIVELY SPEAKING

N EXPANDER, like a compressor,

is an amplifier whose gain changes
with a change in input voltage. High volt-
age means high gain; low voltage, low
(even negative) gain; and medium volt-
age, something like unity gain. Com-
panders (compressors used in tandem
with complementary expanders) are the
bases for today's most popular noise-
reduction systems. But expanders used
by themselves also present appealing
possibilities, or so say several consumer
manufacturers. To wit: the signal coming
out of them has a greater dynamic range
than the signal that went in. Therefore, if
the everyday recordings you play, have
restricted dynamics for one reason or
another, an expander can enhance their
sound.

This is a possibility, but of the con-
sumer-type expanders I've heard at any
length, virtually all of them have not
been able to avoid being “caught out”
on some piece of program material or
other. Being “caught out” means sound-
ing somehow unnatural, calling attention
to the processing behind the scenes.

As a first example, there is the “zoom
lens” effect. This is prone to occur when
the instrumental backup on a recording
hits a sudden, mighty crash, calling
upon the exp~nder for a big boost in
gain. This boost cannot be limited to
only those instruments going “crash,”
however. Everything gets boosted, in-
cluding the lead vocalist(s), who may
thereupon seem to lurch forward into the
room at you—an unsettling experience
under the best of circumstances and a
positive panic if you happen to be listen-
ing to “Kiss."”

A related phenomenon is the “HOP-
pitty-HOP-pitty-HOP-pitty” that takes
place when some hearty, repetitive thud
from the rhythm section modulates all
the rest of the instruments in loudness
according to its own beat.

Another anomaly is “ambiance trun-
cation.” As you're no doubt aware, the
usual expander expands both upward
and downward, making loud sounds
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By Ralph Hodges

louder and soft sounds softer. To an ex-
pander, the decay of reverberation fol-
lowing a big orchestral moment looks
like a decrescendo, and its tendency is
to make that decrescendo more abrupt
and extreme, thereby abbreviating the
pleasant afterglow resulting from natural
reverberation.

A semi-satisfactory cure for this, and
for the “HOP-pitties,” consists of ex-
tending the decay time of the expander,
so that the device remains in a “boost”
condition (once it has been put there by
the program material) for an artificially
long time. This should not be overdone,
however. There are antiphonal mo-
ments in symphonic music when a huge
blast from the full orchestra is quickly
“answered” by, for example, the deli-
cate tinkle of a triangle—which won't be
so delicate if the expander stands ready
to slap a big boost on it. And there are
always a few records in which the first-
desk trumpet, having blown himself pur-
ple in the face for a stunning climax,
cannot manage to suppress a cough as
the last note dies away. A strategically
located blemish on the record surface
will have a similarly shattering effect
when the expander boosts it up out of all
normal proportions.

These problems, and others, are no
mystery to expander manufacturers,
who usually juggle attack and decay
characteristics for the best possible ef-
fect with the greatest number of record-
ings. Even so, the tasteful user often
finds he can get away with only mild de-
grees of expansion {low expansion coef-
ficients), and he may get to the point
where he finds it necessary to readjust
the device for every record. At least one
expander comes into operation only at
the extremes of loud and soft, which
seems to make adjustment less critical,
but which also results in a rather subtle
effect—or, indeed, no effect at aill—
much of the time.

A Multi-Band Expander. The com-
pander noise-reduction systems share a

AmericanRadiaHistary Com

few (but by no means all) of these un-
welcome side effects with straightfor-
ward expanders. One reasonably effec-
tive way around them has been to oper-
ate the compander in separate, inde-
pendently processed frequency bands,
a la the Dolby A-type system. In particu-
lar, this scheme is accepted as being an
effective remedy for so-called noise
“pumping” or “breathing.” Such “pump-
ing" takes place when an expander
boosts both a solo string bass on a re-
cording and the tape or disc noise—
inevitable if the expander works in only
one full-range frequency band. But if
there are separate, strategically chosen
frequency bands, the bass can be con-
fined to entirely separate low-frequency
circuits, and be processed without any
great effect on higher frequencies.

In straight expander applications, mul-
ti-band operation has other theoretical
advantages. The “zoom lens” effect
may be avoidable if the instruments
prompting the expansion boost lie out-
side the frequency band controlling the
vocalist. Low-frequency bands can be
designed with a long decay time,
high-frequency bands with a rapid one,
which might conceivably improve the
subjective handling of reverberation.

The dbx Model 3BX is a multi-band
expander—the first | know of to become
available to consumers for this applica-
tion. The configuration chosen is three
bands per channel. (It is a stereo de-
vice.) | have been giving a 3BX the
works now for several weeks, and al-
though prior experience has made me
less than a fan of this kind of signal
processing {(a view not necessarily
shared by others, admittedly), | think the
3BX shows that real progress is possi-
ble. The expected side effects and
anomalies seem to be avoided much
more consistently than I'd have believed
possible with this (after all) rather simple
elaboration of expansion techniques.
Even when they could be detected, they
never absolutely “rang faise.” Conse-
quently, for much recorded material, |
could use the full degree of expansion
available (1.5 to 1) without distress (al-
though for recordings already exhibiting
satisfactory dynamics this is probably
too much). Gratifyingly, the 3BX does
not “sound” like an expander to me. For
much of the time it does sound like a
very effective noise-reduction system as
(for quieter passages) the higher-fre-
quency bands drop to very low gain.

The unit’'s front panel has three rows
of LED's (ten per row) corresponding to
its three bands, plus a calibrated expan-
sion-coefficient control and another slide

POPULAR ELECTRONICS
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Americans have been using Motorol
2-way radios to find campsites for years

synthesizer provides
precise tuning (auto-
matically, of course).

A profes-
sional-quality 3%%-
inch top-fire speaker

ives the Motorola
B an audio quality
¥ that must be heard
; tobe fully
' appreciated.

And every
Motorola CB gives
you the added advan-

tage of a power mic
that doesn’t need
batteries. That doesn’t

: cost 50 bucks extra.
It’s a fact that the people who first The Motorola 40-Channel CB radio.

a7 b PR ALY o » .
S a P - - - ' - 2
2 WAL LN AR, $ D . . 5

put radio on wheels also made the first We believe it’s the most sensibly
radio on wheels on the moon. engineered CB radio on the market. We believe
But it’s not surprising. it will deliver years of service
Because Motorold makes more at a level of performance few could match.
radios for police, firemen, taxis, and lunar Put a Motorola _-
rovers than anybody. CBradio under your §
And now Motorola makes a dash and you’ll

40-Channel CBradio that sharesmuch more  believe, too.
than a name with our professional
2-way radios.

The clean, uncluttered lines of the
Motorola CB, for instance. : 2 3

Features that many manufacturers oy = = 4y
leave on the outside of their sets (or don’t : '
offer at all) are built into a Motorola CB.

Gain control, noise limiting,
audio compression, even a TV inter-
ference filter are built-in, fully
automatic circuits that actually make
communication better.

And operation easier.

A digital phase lock loop

CIRCLE NO. 35 ON FREE INFORMATION CARD M ' I CB -

From the voice of experience in 2-way radio. S

To find the dealer nearest you, write: Customer Relations Manager, Motorola Inc., Automotive Products Divisior, 1299 Zast Algonguin Rd., Schaumburg, Illinois 60196. |'. M
Motorola is a registered trademark of Motorola Inc. \ /
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Avoid CB radio theft
with magnetic mount
antenna. Just lift
off and lock in-

~ side vehicle.
Extra-

strong
I'nagnet

s

Has your CB ever let you down? Right when you
needed it the most?

It could be that “good deal” antenna. Or the
lightweight mike that came with the set. To get the
most out of your CB, switch to Turner at both ends.

Try a Turner amplified mike. You'il find out how
much talk power your set can really deliver. For full
range when you need it.

Make sure your antenna is dependable. Step up to
a Turner. Turner builds them tougher. There are 43
models for all kinds of base and mobile installations.

Ask anybody who has been around CB for awhile.
They know us. Wherever CB is sold, Turner.

The talk of the road

TURNER

MICROPHONES
ANTENNAS

716 Dakland Road N.E., Cedar Rapids, lowa 52402

CIRCLE NO. 56 ON FREE INFORMATION CARD

CONRA
CORPORATION
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The dbx 3BX, showing the three
rows of LED indicators.

pot to set overall operating level. This
last is adusted so the recording’s mean
levels light the LED’s near the center of
their respective rows. When this is done,
the mean levels will undergo no expan-
sion; higher levels will be expanded up-
ward (boosted) and lower levels down-
ward. The LED’s wink up and down to
show the degree as well as the direction
of the expansion.

The dbx manual does not specify the
bands of operation or the attack and de-
cay characteristics chosen for each (it
does suggest that they are appropriately
different, however). | tried to get some
sense of these time constants by watch-
ing the LED’s, but failed.

In my view, the 3BX had one persist-
ent fault (an effect that must be evaluat-
ed by each individual user): it functioned
as a sibilance enhancer on many vocal
recordings. Sibilance can be very in-
tense on both tape and disc recordings,
sometimes exceeding the level of any
other material at isolated moments.
Many phono cartridges have trouble
with it, and may mistrace or mistrack in
such a way as to accentuate it. On nu-
merous occasions, | saw the LED’s for
the 3BX's high-frequency band really
take off in the presence of loud “ssss”
sounds, while the rest of the display re-
mained comparatively sedate. Usually
this was accompanied by a really pierc-
ing “spit" of sibilance, although the ef-
fect was notably cleaner and hence
much less annoying on some recordings
(the generally good ones) than on oth-
ers. Discrete record noises (scratches,
etc.) were enhanced in the same way. |
wonder if the high-frequency band's op-
eration could be modified or disabled (by
a switch) to eliminate this minor annoy-
ance when desired without severely
compromising the processor's other
good characteristics.

Phase Coherency. A few weeks ago
the first “phase-coherent” speaker sys-
tem I've managed to lay hands on ap-
peared at the doorstep. A phase-coher-
ent loudspeaker reputedly has the ability
of regulating phase and arrival-time-at-
listener characteristics between drivers
to the point where complex waveforms
actually arrive at the listener's ear—or,
in this context, at a measuring micro-

POPULAR ELECTRONICS



phone—with a recognizable shape
when viewed on an oscilloscope. Usual-
ly this is accomplished by staggering the
drivers so they are at appropriate differ-
ent distances from the listener, and then
designing the crossover network to com-
plement this physical arrangement. Su-
perior clarity and resolution of musical
detail (as well as superior stereo imag-
ing) are attributed to these loudspeaker
designs, in one degree or another, by
their manufacturers. Naturally, | have
been curious to learn if these claims are
borne out.

As for this first arrival, the highly
praised B&W DMS6 from England, results
are inconclusive at present. The system
will reproduce a recognizable 1-kHz
square wave—something the compari-
son speaker system (a multi-directional
radiator with no attention paid to time/
phase relationships) cannot begin to do.
(Actually, though, the comparison
speaker did manage to put out some-
thing vaguely like a square wave when
the pickup microphone was located at
an improbable angle off axis. | discov-
ered this “magic” location purely by ac-
cident. But when | went back later to
confirm the phenomenon, | was unable
to find the right spot again.)

The DM6 does not produce a very

pretty square wave (sorry, | am not
equipped to take scope photos), and at
the measuring distance of approximate-
ly six feet a microphone shift of two
inches off axis laterally or vertically al-
ters it beyond recognition. But, evident-

N

Staggereddrray of DM6 is intended
to ensure simultaneous arrivals
at the ear from all three drivers.

ly, the feat can be accomplished. Of
course, for a listener six feet away, only
one ear at a time can enjoy the phase-
coherent square wave; the other will be
too far off the optimum axis.

More important is how it sounds. In di-
rect comparison with the totally non-
phased system (which is however re-
garded as an excellent speaker) other
listeners and | have heard no differ-
ences that we aren't inclined to attribute
to very easily measurable frequency-
response factors. We have used record-
ed material that involved both the most
complex and the simplest arrays of mi-
crophones and associated equipment,
including tapes we made. We also used
spoken voice miked live from an adjoin-
ing room. At times there was an impres-
sion of greater unspecific space or “air”
around the nonphased multi-directional
pair, but otherwise the stereo imaging
(in terms of localization and depth) was
excellent and virtually identical from
both systems. This came as a surprise;
all of us were expecting some capability
in the phase-coherent pair for added
sharpness of localization or more pre-
cise depth information. But so far, any
differences, qualitative or quantitative,
have eluded us. We'll see what further
developments bring.

SGORE 2 WAYS WITH MARK TEN B AND...

You can add real zip to engine
performance and eliminate the
need for 3 out of 4 tune-ups with a
Mark Ten B Capacitive Discharge
Electronic Ignition. Over a million
happy, satisfied users testify to the
fact that the Mark Ten B really
does:
¢ Eliminate 3 out of 4 tune-ups.
* Improve gasoline mileage—
up to 20%.
¢ Give dramatic increases in
acceleration and general
performance.
* Extend spark plug life 3 to
10 times.
¢ Give instant all weather starts.
Put spark under the hood and
score with real performance!

DELTA'S MOUNTAIN MAN
SADDLE BAG GAN AND
AGGESSORY CARRIER™

The only carrier with truly innovative
engineering, Delta's Mountain Man
Carrier installs without drilling a
single hole. A completely unique
concept, it forms the basic unit of the
first modular system ever devised to
carry a variety of accessories. Lcok at
these great features:

* Versatility: use alone with one or
two jerry cans, or use with other
Mountain Man accessories. (Sorry,
cans not included.)

DELTA PRODUCTS, INC.

One Delta Way, Dept, PE, Grand Junction,
Colorado 81501 (303) 242-9000

A

Please send Saddle Bag Carrler(s}) @ $39.95 FO.B.
[ Check enclosed. Charge my [ Master Charge

] BankAmericard
11 BRE I
] . Elpr'
il Oate L |

{Masler Charge only) Mo,

Credit "_I I
Cardﬂl |
Interbank
No.

Year

*Patent Pending

¢ Fits all externally mounted 14", 15"
and 16.5" tires.

* Easy installation; all you need is a
wrench.

* Made of rugged 11 gauge steel for
strength and durability.

Winner of PV4 Magazine's 1976

Product Of The Year Award, it will

score on your 4WD, van, pickup, or

mini, and it's a steal at only $39.95

F.O.B.

C' 1 have enclosed $2.00 for my complete
Mountain Man catalog (to be applied to-
ward my first purchase).

Please rush free brochure on Mark Ten

CDI Systems.
Name
Address
City State

Phone Zip.

JUNE 1977

CIRCLE NO. 14 ON FREE INFORMATION CARD
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Julian Hirsch
Audio Reports

HIRSCH/HOUCK LABORATORIES

F or many years, attempts have been made to iden-

tify the parameters that determine the sound of a
speaker system. Some parameters, such as frequency
response, appear to be obvious, but if given a little
thought, they are less clear than those for other com-
ponents in a sound system. Unlike a tuner or amplifi-
er, for example, a speaker system does not have defi-
nite input and output ports. The input is simple
enough—a pair of terminals that present a rather
complex impedance load to the signal source. Since
amplifiers are constant-voltage sources, the imped-
ance of a speaker system can be assigned a secondary
place in the hierarchy of the parameters that affect the
sound.

The “output” of a speaker system is even more
complex. There is no single ‘“‘output” from a speaker
system that uniquely determines its sound. This is
perhaps the major problem for anyone who wishes to
measure speaker system performance objectively and
meaningfully. Some people who test speaker systems
consider the acoustic pressure generated to be the
system’s output. This raises the question about how
this pressure is to be measured. In general, the pres-
sure measurement is an unpredictable function of the
distance and direction between the speaker system
and the measuring microphone. Furthermore, in any
room that does not absorb all the acoustic energy im-
pinging on its boundaries (this is any room except a
properly designed and constructed anechoic cham-
ber), some energy will reach the microphone by re-
flection. The reflected energy cancels or adds to the
direct-energy component and causes appreciable re-
sponse fluctuations as the frequency is changed.
These are independent of the response characteristics
of the speaker itself.

Anechoic measurements can produce impressive
curves that tell us little about how the speaker system
actually sounds. In the real world, we hear a compos-
ite of the direct-energy output from a speaker system
and a multitude of reflections from the room surfaces.
This sound is closely related to the total acoustical
output power delivered by the speaker system to the
volume of air that loads its cones. The power output
is an integration of the square of the sound pressure
level (SPL) over the spherical boundary, or fraction
thereof, into which the speaker system faces. It can be
measured in a cumbersome point-by-point manner
and processed by a computer. Fortunately, it is also
possible to measure the total output power of a speak-
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SPEAKER SYSTEM MEASUREMENTS—
IS PHASE RESPONSE IMPORTANT?

er system directly in a reverberant chamber. This is a
room with hard, nonparallel surfaces that absorb al-
most no sound energy.

The reverberant response of a speaker system is
close to being the analog of its perceived (subjective)
frequency response. It is not exact, but almost noth-
ing in the entire process of sound reproduction is ex-
act. Since a reverberant chamber is at least as large
and expensive as an anechoic chamber, it is a tool of a
well-equipped speaker design laboratory and is un-
likely to be included in the facilities of even an up-to-
date private laboratory. However, even a normally
furnished listening room has many of the properties
of a reverberant chamber.

If one remains beyond a certain distance from the
speaker system, the SPL varies little throughout a
large portion of the room. When this condition is
satisfied, one is said to be in the “‘reverberant field”’ of
the room. Apart from any theoretical compromises
involved in measuring speaker system response in
the reverberant field of a normal room, the room has
the virtue of being a realistic environment for speaker
system testing. It is in this environment that the
speaker system will be used and listened to, and it
makes sense to evaluate it under these conditions. In
our room, the measured response over most of the fre-
quency range from several hundred hertz to 15,000
Hz varies by only a couple of decibels with large
changes in the position of the microphone or speaker
with the two at least 10 ft (3 m) apart.

In either a reverberant or a quasi-reverberant mea-
surement, it usually is impractical to go below about
500 Hz because of standing waves in the room. (Ane-
choic chambers also have low-frequency limitations,
unless they are prohibitively large.) Thus, it is neces-
sary to measure the woofer’s response with a micro-
phone placed as close as possible to the cone. This
effectively removes the room from the measurement
environment. Splicing this curve to the one obtained
in the reverberant field, we obtain a composite curve
that, although not completely a property of the speak-
er, is nevertheless a good indicator of how it will per-
form in a real listening room. The larger trends in en-
ergy response versus frequency can be seen easily
and usually correlate well with listening tests.

There is much more to the process, but the preced-
ing is a simplified description of the “frequency re-
sponse’’ measurements made by Hirsch-Houck Labo-
ratories on speaker systems. The result is not the fre-
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If youw’re interested in learning how to fix air
conditioners, service cars or install heating
systems talk to some other school. But if
vou’re serious about electronics, come to
CIE —The Electronics Specialists.

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

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

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

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

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

Specialists aren’t for
everyone.

I'1l tell it to you straight. If you
think electronics would make a nice
hobby, check with other schools.

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

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

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

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

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

In fact, depending on the course
vou take, you'll do most of the basic
things professionals do every day —
things like servicing a beauty of a
Zenith color TV set .. . or studying a
variety of screen display patterns
with the help ofa color bar generator.
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Plus there’s a professional quality
oscilloscope you build and use to
“see’’ and “‘read” the characteristic
waveform patterns of electronic
equipment.

You work with experi-
enced specialists.

When you send us a completed

lesson, you can be sure it will be
reviewed and graded by a trained
electronics instructor, backed by a
team of technical specialists. If you
need specialized help, you get it fast
... in writing from the faculty spe-
cialists best qualified to handle
your question.
People who have known
us along time, think of us
as the “FCC License
School.”

We don’t mind. We have a fine

record of preparing people to take.. ..

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

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

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

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

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

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

Remember, if you are serious
about learning electronics. . . or
building upon your present skills,
your best bet is to go with the elec-
tronics specialists — CIE. Mail the
card or coupon today or write CIE
(and mention the name and date of
this magazine), 1776 East 17th
Street, Cleveland, Ohio 44114,

Patterns shown on TV and oscilloscope screens are simulated.

Cleveland Institute of Electronics, Inc.

1 ClI

Check box for G. 1. Bill information:

Mail today?
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1776 East 17th Street, Cleveland, Ohio 4414
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(] YES... John, I want to learn from the specialists in electronics — CIE.
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quency response; it could more accurately be de-
scribed as a frequency response, one of an infinite
number of possible responses.

Now that we have dealt with frequency response,
what about phase response? To preserve the shape of
a complex waveform, all frequency components must
be maintained in their correct amplitude and phase
relationships. Reversing the phase of one harmonic
in a square-wave signal, for example, can completely
change the shape of the “square” wave, even though
a spectrum analysis of the signal will reveal no
change. If preservation of the waveform is important
to accurate sound reproduction, a linear phase speak-
er system would appear to be a necessity. The phase
shift of the output of such a speaker system, relative
to the input signal, would increase in proportion to
frequency so that all signals within the audio range
would be propagated without any differential time
delay. A square-wave input signal would be recover-
able as an acoustic square wave, subject only to the
natural bandwidth limitations of a speaker system.

The need for, or the desirability of, a linear phase
characteristic has a certain logical appeal. It is diffi-
cult to imagine that phase shifts that can totally alter
the shape of a signal waveform cannot be heard. Nev-
ertheless, many experimenters over the years have
come to this conclusion. On the other hand, it is pos-
sible to prove—or disprove—just about anything by
establishing the appropriate experimental condi-
tions. Recently, there have been some indications
that extremely small phase shifts can be heard under
certain narrowly defined circumstances. We prefer to
remain neutral about this at this time, but it might be
instructive to relate a personal experience we had re-
cently when we visited the Osaka headquarters of
Matsushita Electric, manufacturers of the Technics
by Panasonic high-fidelity product line.

Technics has made a determined effort to remove
speaker system phase shifts from the high-fidelity re-
production equation. At the company’s speaker labo-
ratory, a linear phase speaker system, similar to the
Model SB-6000A, reviewed in this issue, was placed

NE—=®,

in a large anechoic chamber and driven by a square-
wave signal. The output of a microphone placed sev-
eral feet in front of the speaker system, was viewed
on an oscilloscope, where it could be seen to be an
excellent square wave. This was convincing evidence
that Technics had achieved a linear phase shift, or
negligible time delay distortion. During the demon-
stration, the tweeter was physically moved back and
forth as we listened inside the chamber to the square-
wave output signal. As expected, the waveform on
the oscilloscope underwent rather drastic changes,
but we could hear no significant differences in the
character of the sound. The key word is significant,
since any changes that took place were of the same
magnitude that resulted from a slight head move-
ment or a shift of a few inches in listening position.

Our tests of the Technics Model SB-6000A, using
the methods described and a number of others, re-
vealed that it is a very fine speaker system in every re-
spect. The obvious question is: does the phase linea-
rity of the speaker system account for its excellence,
at least in part? Or is it simply a good speaker system,
for reasons not directly related to its phase character-
istics? Well, we have tested and “lived with” a cou-
ple of other “linear phase” speaker systems that use
somewhat different design principles. In side-by-side
comparisons, the Model SB-6000A, in our judgment,
was far superior to the others. On the other hand, we
have conventionally designed speaker systems that
make no claim to phase linearity and are roughly
equivalent in accuracy to the Model SB-6000A in the
same comparison. They do not sound identical to the
Model SB-6000A (no two speaker systems sound
alike) but they are of comparable quality—without
phase linearity—though those A—B’d were costlier.

Maybe a good speaker system with phase linearity
is better than a good speaker system without it, but
returns in this controversy are not yet counted. As al-
ways, we recommend that the consumer be more con-
cerned with how well a product performs, rather than
with its special or unique design principles. After all,
we do not listen to principles.

=

TECHNICS MODEL $SB-6000A
LINEAR PHASE SPEAKER SYSTEM

Innovative design provides top performance and high efficiency.

When  speaker new linear phase design is the Technics
phase response by Panasonic Model SB-6000A.

began to be men- The Model SB-6000A is a two-way
tioned in the tech-  system that contains a 12" (30-cm)
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& : nical press a few
years ago, it was principally to point out
how inferior available speaker system
designs were in this respect. Now we
are beginning to see speaker systems
designed to dramatically reduce un-
wanted phase shifts that can seriously
distort waveforms. A fine example of the
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woofer and a 1%4" (3.2-cm) dome tweet-
er. The crossover frequency is at 1800
Hz. The enclosure features a bass-
reflex design, with a ducted port near the
top of the cabinet. The relatively high-
efficiency, 6-ohm speaker system is rat-
ed to produce a 91-dB SPL at a 1-meter
distance with 1 watt of driving power.
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Tired of garbled voices and CB static?

Now, you can hear better with our KC-3035 KRIKET @ mobile
speaker. Better than you believed possible.

Because AFS offers the first acoustically designed vaoice
communications speaker. And, that means you get outstanding
intelligibility acrcss the entire voice range.

AFS — the only ccmpany with
the “WORKING WALL"” ®
speaker enclosure. Cross-laminated
tubular fiberboard deadens channel
noise, eliminates voica distortion
by controlling rebounding sound
waves. Brings the voice through — clean and clear.

Available at CB dzalers everywhere

Speakers are our only business. They have to be better!

World Wide Headquarters

' = Acoustic Fiber Sound Systems, Inc. 7999 Knue Road, Suite 116  Indianapolis, IN 46250 (317) 842-0620
a's Exclusive Canadian Distributor

‘ Muntz Canada Ltd. 1149 Pioneer Road Burlington Ontario, Canada {416} 639-5373

Al KRIKET® speakers are manufactured in the U.S.A. using American materials and craftsmen.

Copyright 1976, Acoustic Fiber Sound Systems, Inc.
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Composite corrected frequency response of Technics SB-6000A speaker.

Additionally, it is rated to handle up to
100 watts of program power without risk-
ing voice-coil burnout or mechanical
damage to the driver. (A graph that
accompanies the installation instruc-
tions illustrates the maximum permissi-
bie power as a function of frequency and
duty cycle.) The frequency response of
the system is stated as 39 to 22,000 Hz,
based on the output at the limit frequen-
cies being 10 dB below the average mid-
range level.

The speaker system measures
3314"H x 16%4"W x 133%"D (84.6 x 42.5
x 34 cm) and weighs about 55 Ib (25
kg). The national advertised value of the
system is $299.95.

General Description. Technics has
designed the speaker system so that the
woofer and tweeter are as close togeth-
er as possible. To accomplish this, the
woofer is mounted near the top of the
ported enclosure, 21" (53.3 cm) above
floor level, and the tweeter employs a
square magnet assembly. The tweeter
is mounted outside the main enclosure
that houses the woofer, directly above
the woofer and set back from the front of
the main enclosure. Also on top of the
enclosure are the speaker-hookup ter-
minals, a continuously variable tweeter
control, and a graph that shows the ef-
fect of the level control on the system's
frequency response. An easily remov-
able black fabric grille and top cover
hide the drivers from view.

All exterior surfaces of the speaker
system are finished in flat black, except
for two vertical metal rods at the front
corners of the main cabinet.

Tone-burst response at 1000 Hz.
32

The linear phase response was
achieved by combining a specially de-
signed crossover network with drivers
that have a linear phase reponse within
their individual operating frequency
ranges and by locating the tweeter be-
hind the woofer's front surface where
the path lengths of their respective out-
puts are identical.

Laboratory Measurements. Since
we did not have the facilities to check
the claimed linear phase response of the
speaker system, we followed our stand-
ard loudspeaker test procedure. The fre-
quency response, measured in a nor-
mally “live” room, was remarkably free
from the peaks and dips typically found
when measuring speaker systems un-
der these conditions. From 1000 Hz up-
ward, virtually no smoothing was re-
quired to derive our averaged response
curve from individual measurements of
the two speaker systems in their normal
stereo locations, with a single micro-
phone position near the rear of the
room.

The woofer response was measured
with a close microphone spacing to elim-
inate room effects, and was combined
with the response measured at the bass
reflex port to obtain the system re-
sponse below a few hundred henz.
Splicing this to our high-frequency
curve, we came up with an impressively
flat composite frequency response that
was within = 2 dB from 50 to 16,000 Hz
(the effective upper limit of our micio-
phone’s calibration). Over much of this
range, the response was at least as flat
as the resolution of our measurement
system, or within = 1 dB from 450 to
10,000 Hz. There was a slight rise in
output, of 2 to 3 dB, in the 200-to-400-Hz
octave and a bass resonance rise of
about the same amplitude at about 70
Hz. The bass output was 10 dB below
the average midrange level at 27 Hz.
(This would be strongly affected by room
dimensions and speaker placement in
any specific installation.)

These measurements were made
with the tweeter level control set to max-
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imum, which was the setting for a rec-
ommended “flat” response. When we
turned down the tweeter level control the
output was cut above 1700 Hz with no
effect whatever at lower frequencies.
This contrasts sharply with many speak-
er-balance adjustment schemes in
which system response is affected at
frequencies well removed from the nom-
inal crossover points. The bass distor-
tion was measured with close micro-
phone spacing at frequencies of 100 Hz
and below. Tests were made with con-
stant drive levels corresponding to 1
watt and 10 watts input and with the
drive adusted to maintain a 90-dB SPL
at a distance of 1 meter from the speak-
er. Again, the speaker system was
somewhat unusual in that the shape of
its distortion curve and its “break” point
at about 35 Hz did not change signifi-
cantly with power. Of course, the actual
distortion at each test frequency was
higher with 10 watts input than with 1
watt. The 90-dB SPL curve fell approxi-
mately midway between the two curves.
The actual distortion at 1 watt was less
than 1% down to 45 Hz and rose to 4%
at 30 Hz and 16% at 25 Hz. These can
be considered exceptionally low distor-
tion figures for any speaker system.

Top of system showing response
curves, terminals, and controls.

Although we could not check phase
linearity (for instance, by square-wave
measurements) in a “live” environment,
we found that the tone-burst response of
the system was considerably better than
average at all frequencies. In fact, it
changed little with frequency. The
1000-Hz burst response photo is typical
of what we observed. The system
impedance reached a minimum of 5
ohms between 1000 and 6000 Hz and a
maximum of 50 ohms at the 58-Hz bass
resonance. The speaker, as claimed,
was quite efficient, and delivered a 91.5
dB SPL at 1 meter when driven with 1
watt random noise in the octave cen-
tered at 1000 Hz.
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We've just made the impossible...
a professional 32 digit DMM Kit for less than $60.
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The Sabtronics Model 2000 is an impossible $59.95!
And that price still includes phenomenal accuracy, range
and professional features.

This all-new bench/portable multimeter, reading to
+1999, has a basic accuracy of .1% = 1 digit, and has
five functions giving 28 ranges, 100% overrange and
overload protection. So you know it's no toy!

Besides, what toys are as automatic as the 20007 With
automatic overrange load indication, automatic polarity,
even automatic zeroing!

Yet the 2000 is easy to assemble. We send you all the
parts you need, even the high-impact case. We also send
you clear, step-by-step assembly instructions.

So you end up with a professional quality 3%z digit
DMM for the unheard-of price of less than $60. From
Sabtronics, specialists in digital technology. And
manufacturers of the impossible.

Order yours today!
INTERNATIONAL INC. a
PO Box 546B3 Dallas Texas 75206 (214)3689-7310

GUARANTEE: i._______________________1
Our guarantee to you; examine the 2000 ] To: Sabtronics International, Inc. PE-6 =
DMM kit for 10 days. If you're not satisfied, I P.O. Box 64683, Dallas, TX 75206 |
return it unassembled for a full refund of I Please send me ____ Sabtronics Model 2000 DMM kit(s} at I
purchase price. | $59.95each N i subtotal ]
| Shipping and Handling, $3.50 per unit* —subtotal |
SPECIFICATIONS: = Texas Residents Add SalesTax TOTALenclosed =
Condensed Specifications ] I
DC volts in 5 ranges: 100uV to 1000V I Name I

AC volts in 5 ranges: 100uV to 1000V
DC current in 6 ranges: 100nA to 2A | Street Address |
AC current in 6 ranges: 100nA to 2A | Cit |
Resistance: 1Q to 20MQ in 6 ranges | Cy = |
9mm (.36") LED display | S Zip 1
Input Impedance: 10MQ I |
| *USA only. Canada, $4.50. All Other Countries, $9.00 (airmail) I
Power Requirements: 4 “C" cells (not included) L —————
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User Comment. It was obvious from
our measurements that the Technics
Model SB-6000A must rank as a fine
speaker system, excelling in just about
every characteristic for which we were
able to test. However, the proof of a sys-
tem's performance is in the listening,
and we performed the simulated “live-
versus-recorded” test with considerable
interest.

There were no surprises here. Side-
by-side with our “live” music source, a
loudspeaker reproducing wide-range
music program material, the Model
SB-6000A matched the “live” sound (re-
corded anechoically on the second track
of the 15-ips half-track tape carrying the
original program) with above-average
accuracy. The midrange and highs were
virtually perfect, with the latter being dis-
persed more effectively than by most
other dome-type radiators we have
heard. In the lower midrange, there was

a slight “warmth” which we attribute to
the 300-Hz rise in the response curve.

Playing other types of program mate-
rial, the system displayed the same
qualities, with the addition of a very po-
tent bass output. (The live-versus-
recorded test is limited to frequencies
above 200 Hz.) We located the speaker
system well away from the room cor-
ners, but within 6” (15.2 cm) of a wall,
with good sound balance.

We are in no position to judge how
much of the system's excellent sound
quality comes from its linear phase char-
acteristics and how much from its simply
being a very good speaker system. Of
course, this is not an important consider-
ation in the evaluation of a speaker sys-
tem. What is important is the evident fact
that this is one of the better sounding
speaker systems we have heard in a
long time.

The high efficiency of the Model

SB-6000A is another “plus,” since it can
deliver an impressive amount of clean,
undistorted sound when driven by a
modestly powered amplifier. In spite of
this, it was able to absorb most of the
power available from a 200-watt/chan-
nel amplifier without audible distress or
damage to the drivers.

Styling, of course, is a purely subjec-
tive matter. The appearance of the
Technics SB-6000A is not conventional,
and no doubt it would be aesthetically in-
compatible with some home decor. But
we found its external design to be both
attractive and functional. It would appear
that Technics has laid to rest the notion
that Japanese speaker systems do not
match the taste of the American audio-
phile. You just have to listen to the Mod-
el SB-6000A speaker system to shatter
this mistaken belief.

CIRCLE NO. 101 ON FREE INFORMATION CARD

LAFAYETTE MODEL LR-3030 AM/STEREO FM RECEIVER

Delivers 30 watts/channel at moderate price.

Lafayette Radio
Electronics’ Mod-
el LR-3030 AM/
stereo FM receiv-
er is representa-
tlve in appearance of the company's
redesigned 1977 line. It is rated to deliv-
er 30 watts/channel into 8-ohm loads at
1000 Hz with no more than 0.5% total
harmonic distortion (THD).

The receiver comes with a metal dust
cover and wood-finished side panels. It
measures 19 3/4"W x 14"D x 6%"H
(50.2 x 35.6 x 16.5 cm) and weighs 24
Ib (11 kg). Price is $299.95.

General Description. Instead of the
usual “blackout” dial window, the tuning
scales of this receiver are always visible
through a clear window. To the left of the
scales are two large illuminated meters
that indicate signal strength on AM and
FM and center-channel tuning on FM
only. Below the dial scales is a red LED
that comes on when a stereo FM broad-
cast is being received.
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Across the bottom of the front panel,
from left to right, are a headphone jack,
combined speaker selector and power
switch, tone controls (bass, midrange,
treble), and balance control. The three
tone controls are each detented at 11
positions, while the balance control is
detented at its center position. The
speaker selector switch can be used to
connect either, both, or neither of two
pairs of speaker systems to the outputs
of the power stages. (If the B pair of
speaker systems is located toward the
rear of the listening room, a 4 CHANNEL
position on the speaker selector switch
allows them to be driven with difference
channel material to simulate 4-channel
sound via the ambience-recovery princi-
ple.)

The large voLUME control knob can
be set to any one of 40 detented posi-
tions. The input selector, located at the
far right of the front panel, has positions
for PHONO, AUX, FM, and FM with an MPX
FILTER that partially blends the higher
frequencies to reduce noise on weak
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stereo FM signals. Six lever switches
control the loudness compensation,
stereo/mono mode selection, high-cut
filter in/out, FM muting, and tape moni-
toring (the last for two decks).

On the rear apron of the receiver are
insulated spring clips for speaker sys-
tem hookups and binding-post terminals
for 300- and 75-ohm FM antennas and
an AM wire antenna. There is also a piv-
oted AM ferrite-rod antenna. A switch is
provided for setting the sensitivity of the
phono inputs for high- and low-output
magnetic cartridges. Each speaker out-
put is separately fused, and there is a
single unswitched ac outlet.

The receiver employs 11 IC's. The
power output stages are hybrid IC mod-
ules, and the phono preamplifiers use
op-amps. The tuner section contains an
IC that functions as an FM i-f amplifier,
limiter, and detector, another IC for the
multiplex demodulator, and a third IC for
the AM tuner section. In essence, dis-
crete solid-state components are used
only for the FM front end, audio tone
control amplifier, and power supply reg-
ulator sections.

Laboratory Measurements. To
bring the receiver to operating tempera-
ture, we ran it for an hour at one-third
power and five minutes at full power. At
this point, the audio amplifier clipped just
short of 40 watts/channel at 1000 Hz
into 8-ohm loads. The power into 4- and
16-ohm loads was 48 and 26
watts/channel, respectively. The con-
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/ability:

it Comes Naturally With
The Altair™ 8800b

The Altair 8800b frome MITS: the second gen-
eration design of the m crocomputer that
stanted it all. The mainfram= that has the abil-
ities everyone is demanding from microcom-
puters today:

Expand-akility:
The Altair 8800b pcwer supply and one-
pece, 18-slot motherbocrd allow efficient
and easy expendabi ity far memory and {/O
options. All Altair PC kzoards are designed to
grve you maximum capability/lowest power
usage possible per board. This means that
for each slot us=d you get nore features and
require less power, thkan with any of the "off-
brand” Altair-bus-compatible boards.
Whether you buy an entire system up front or
choose to expand gradually, it's easy to get
the. contiguration you ne=d with the com-
plete family of Altair :)enphercl equipment,
including

choice o four different-memory boards and
many otters. !
Reli-abil ty:

The unicue design features of the Altais
8800b, which have set the standard or the
microcomputer industry, make it the mos
reliable unit of its kind. The Altair 100-pn bus
the now-standard design used by many imi-
tators, has been “standard’ all along at MITS
The unique Front Panel Inerface Bocrd or
the Altair 3800b isclates and filters frontpane
noise before it car be tfransmitted to the bus
The all-new CPU board Ltilizes the 30802
microprocessor, Intel 8224 clock gereratos
and 8246.bus drivers,

Flex-ability:
Meeting the diversified dermands of ar ever-

increasing microprocessot market reqjuires
flexibility: not just hardware flexibiliy but

software flexibilily as well. MITS software,
including the innovative Altair BASIC lan-
cuage, alows th2 full potential of the Altair
8800b computer to be realized.

length strings wit LEFTS, RIGHTS, cnd MID$
functions, a comcaienatior operator, and
VL AND STRS furctions to convert between
skings and numbers.

Extended AUAIR EASIC allows integar, single
and double precision variables, automatic
line aLmbering and renurrberirg, user-
defined stirg furcctions, PRINT USINS for for-
matted output and a powerful EDIT ¢om-
manc for editing program files during or after
entry. Bdenced skatements and commands
include IF. . . THEN . . . ELSE, LIST ard DELETE
program lines, SWAP variables and race On
and Off for debugging.

‘Disk ALTAIR 8ASIZ has all tre teatures of
Extended 3ASIC =ith the additional capa-
bility o maintair sequential and random
access disk files. Utilities are provided for
fermatt ng d sks and printing directories.

Ir all varsions of AJAIR BASIC you get the
ease and efiiciency of BASIC “or the solution
ol red world protlems.

Package Il. an assembly language develop-
rent svstem for the Altair 8800b, includes
systerm monitor, text editor, assembler and
d=bug.

flcppy disk, line L [ 3 ER
ptinter, audio ' —.j_;;,{;"\"*.c_!g A 1 Afford-ability:
cassefte record . # 'mé,i ....... '] Prices for the Altair 8800b start at
inverface, A/D O .!3?:-‘93. : - $840.00for a kit and $1100100 for an
converter, [ A g ahi d‘ S '_. assemtled unit (all documentation
PROM program+ - Hf F- __-_., u\uuv”“.nu)u i % R e . - included).

mzr, serial and | ‘ ; ; ol P 3__‘!. ERe & o For a compilete listirg of prices on
paraliel 1/O bOOde i ‘ > 5% ' ; R - e j;d" -----. 'i all Altai- products and a “ree bro-

5 . UL, LT e AT chure, contact:

NOTE: Altair is a tracemark of Mﬁ's. Inc.

it {f
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-y MITS, In=. !
] 2450 Aamo SE
'-] """" o l Albuguerque, N.M. 87106
=23 Y 505) 22£3-7821

8K ALTAIR BASIC has facilities for varioble.




Empire’s
Blueprint For
Better Listening

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

The advantages of
Empire are threefold.

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

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

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

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

Already your system sounds better.

Empire Scientific Corp.
Garden City, New York 11530
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Inside of receiver showing hybrid IC’s for output stages.

servatism of Lafayette’s ratings can be
appreciated from the fact that the
1000-Hz THD was less than 0.01% be-
tween 0.1 and 1 watt output and a
smooth increase to only 0.027% at 35
watts output. At the clipping point of 40
watts output, the THD measured only
0.1%.

The IM distortion measured between
0.023% and 0.073% from 0.1 to 35 watts
and 0.1% at 40 watts. At the rated 30
watt output, the distortion was about
0.02% from 20 to 20,000 Hz. It in-
creased to about 0.06% in the octave
between 10,000 and 20,000 Hz. At half
power, it was about the same, and at
one-tenth power, the only difference
was a slight increase in distortion at low
frequencies (to 0.05% at 20 Hz).

To produce a reference 10-watt out-
put, the Aux input required an 80-mV
signal. The S/N ratio was very good

here, measuring 82 dB. Through the
PHONO inputs, the sensitivity was 1.9 or
3.8 mV, depending on the setting of the
rear-panel sensitivity switch. The S/N
here was 72.5 dB. The phono overload
capability was excellent, especially for a
receiver in the Mode! LR-3030's price
range. Clipping occurred at 265 and 530
mV with the sensitivity switch set to its
alternate positions.

The bass tone control's turnover fre-
quency slid between 100 and 300 Hz as
the control was advanced. The treble re-
sponse curves were hinged at about
3000 Hz. The midrange control affected
a broad range of frequencies, from
approximately 300 to 4000 Hz and had a
maximum range of =6 dB.

The loudness compensation boosted
both low and high frequencies relative to
the midrange as the volume was re-
duced. The high-cut filter had a 6-dB/

AUDIO OUTPUT .

IHF USABLE SENSITIVITY
MONOQ:14dBf (2 v)
STEREQ: ISdB'(“ZDV)

DECIBELS(d8)

|
o
_Q

—60f

—70}- 50d8 QUIETING SENSITIVITY

uon;z< 4“-~-..._..__.,__ JEY SN S

0 d8 =1 VOLT
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LAFAYETTE LR~3030

FM TUNER |

NOISE + DISTORTION !

|
- — - -

-

—— |
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-80 { I

~90l
0 0 26 30 40
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Noise and sensitivity curves for FM section of Lafayette receiver.
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CONTINUOUS AND EQUIVALENT

SINE-WAVE POWER OUTPUT PER CHANNEL IN WATTS

Total harmonic distortion and 60/7000-Hz distortion.

octave slope, with the —3-dB response
point at 4000 Hz. its effect on the fre-
quency response was little different from
that of the treble tone control. The RIAA
phono equalization was very accurate,
varying less than =0.5 dB from 20 to
20,000 Hz. Apparently because of the
op amp configuration of the phono
preamplifiers, which completely isolates
the signal input circuits from the feed-
back equalization components, the pho-
no response was totally unaffected by
cartridge inductance.

The FM tuner section had an |HF sen-
sitivity of 14 dBf (2.8 wV) in mono and 18
dBf (4.2 uV) stereo. The 50-dB quieting
sensitivity was 19 dBf (5 wV) in mono,
with 0.42% distortion. in stereo, it was
37 dBf (38 V), with the same distortion
level. The ultimate quieting (S/N) was
72 dB in mono and 68 dB in stereo. FM
distortion was very low, measuring
0.15% in mono and 0.17% in stereo.
The stereo distortion with L — R modula-
tion was 0.85% at 100 Hz, 0.32% at
1000 Hz, and 0.14% at 6000 Hz.

Capture ratio was an excellent 1.25
dB at 65 dBf (1000 V) and 1.1 dB at 45
dBf (100 V). The AM rejection at these
levels was 59 dB and 62 dB, respective-
ly. Image rejection at 98 MHz was 55
dB. Alternate-channel selectivity was
64.5 dB, and adjacent-channel selectiv-
ity was 7 dB. The muting and stereo
switching thresholds were identical at 19
dBf (5 wV). Hum level was —67 dB.

The FM frequency response was al-
most perfectly flat, within 0.5 dB from
50 to 15,000 Hz. It was down only 1 dB
at 30 Hz when measured at the tape re-
cording outputs. In spite of the complete
absence of any rolloff at 15,000 Hz (the
usual result of the low-pass filter used to
cut out pilot carrier leakage), the 19-kHz
component in the audio output was an

JUNE 1977

insignificant —68 dB. Stereo channel
separation was unusually uniform as
well as very high, measuring from 38 to
42 dB over the full 30-to-15,000-Hz
range. The AM frequency response was
quite restricted, being down 6 dB at 50
and 3000 Hz.

User Comment. In most cases, our
measurements revealed that the receiv-
er met or surpassed its ratings, usually
by a comfortable margin. One of the few
exceptions was the FM sensitivity, rated
at 11.2 dBf, or 2 wV. The difference be-
tween our measurement and the rated
value is insignificant, partially explain-
able by differences in test equipment

FREQUENCY IN Hz (CYCLES PER SECOND)

Harmonic distortion at three power levels.

as important, it has the smooth operat-
ing “feel” that we associate with
advanced (and usually expensive) com-
ponents. Every control works smoothly
and with a positive action. The FM mut-
ing system is one of the best we have
used. (There were no noises whatsoev-
er when tuning; we merely heard the
programs coming on and going off
smoothly.) The FM dial calibration was
very accurate, with the linear dial cali-
brations spaced at 1-MHz intervalis.

We did not use the 4 CHANNEL operat-
ing mode, but past experience with this
type of ambience-recovery system indi-
cates that it is the least expensive meth-
od of enhancing stereo sound quality.

+I10

(=]

(=]

Frequency response and
crosstalk averaged for
both channels in stereo FM.

q PEClBEILS(aB)
5 8 3

[}
g
[=]

and measurement conditions. In our
view, the many other respects in which
the receiver excelled more than made
up for this trivial discrepancy.

Obviously, this receiver has all the
qualities necessary for true high-fidelity
performance. In addition, and every bit

AmereanRadioHistory Com

[ TTTIIT T 1

FREQUENCY RESPONSE

LAFAYETTE LR-3030

o

T
STERE
AVERAGE BOTH CHANNELS

CROSSTALK

[INWERET

200 500 IK 2K 5K 10K 20x
FREQUENCY IN Hz

20 50 100

Tape recording enthusiasts will appreci-
ate that the monitoring switches can be
set to dub from deck A to deck B, though
not in the opposite direction.
In all, the LR-3030 is unequivocally a
fine receiver for the money.
CIRCLE NO. 102 ON FREE INFORMATION CARD
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CT-64 TERMINAL SYSTEM

* 64 OR 32 CHARACTERS PER LINE * SCROLLING OR PAGE MODE OPERATION

* UPPER AND tower case LETTERS

* CONTROL CHARACTER DECODING—32 COMBINATION

* FULL 8 BIT MEMORY * PRINTS CONTROL CHARACTERS

* 128 CHARACTER ASCII SET

* USABLE WITH ANY 8 BIT ASCli COMPUTER

* 110/220 Volt 50-60 Hz POWER SUPPLY * REVERSED BACKGROUND — [l IRTe REIN(E

COMPLETE WITH —

Now you can buy it. The terminal that has all the fea-
tures that people have been asking us to include. The
CT-64 has all the functions that you could want in a
terminal and they may be operated by either switches,
or through a software program.

All cursor movements, home-up and erase, erase to end
of line, erase to end of frame, read on, read off, cursor
on, cursor off, screen reversal, scroll, no scroll, solid
cursor, blinking cursor, page selection and a beeper to

Chassis and cover, cursor control, 110-1200 Baud serial interface and keyboard. Optional
monitor show in photo available.

You may also switch from upper case only teletype style
operation to upper-lower case typewriter style operation.
You can reverse the field on individual words to high-
light them, or you can reverse the whole screen.

CT-64 is complete with keyboard, power supply serial
interface and case. A matching 9 inch monitor with
coordinated covers is also available to make a complete
system.

warn you of end of page; all are provided for your use in CT-64 Terminal Kit $325.00
the CT-64. MM-1 Monitor {assembled) $175.00
You are right, it's just what | have been asking for,
3 Enclose is $325.00 for the CT-64
[ Send the MM-1 monitor too. [ Send Data
QorBAC #
Oor MC Ex Date
= |
219 W, Rhapsody ADDRESS
San Antonio, Texas 78216 cITY STATE ZIP
Southwest Technical Products Corp.
219 W. Rhapsody, San Antonio, Texas 78216
CIRCLE NO. 53 ON FREE INFORMATION CARD POPULAR ELECTRONICS
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Popular Electronics
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TEST YOURESP

CALCULATORS
FOR FUN
AND GAMES

ITH THE growing popularity of

hand-held programmable calcula-
tors, hundreds of users are program-
ming them to do things other than just
straight mathematics. Among the more
popular pastimes is to play games. Here
is a collection of six reader-generated
calculator programs that should keep
your calculator busy for some time. Four
of these are games: “Dive Bomber" has
you aboard a ship trying to shoot down a
dive bomber before it blows you up;
“Football” has you playing the game
with six basic plays and random-number

\\‘

control of offense and defense effective- 1
“‘%ﬂl“" ness; in “Blackjack,” you gamble SPACE FLIGHT
.|| against one or more opponents; and
/ . _ “Space Flight” has you piloting a space-
2 craft between and around two planets BLACKJACK

and gives you the option of fanding if you
wish. The last two programs are “scien-
tific” in nature: In “Biorhythm Forecast,”
you forecast the physical, emotional,
and intellectual behavior of yourself or
2 i anyone else for any given day or period;
and in “Test Your ESP,” you have the
calculator “flipping a coin” and you
make guesses based on your ESP.

All the programs presented here are
written in RPN specifically for the Hew-
lett-Packard HP-25 programmable cal-

(9/6’. s & June 1O culator. However, if you have another
é’b(‘ 52‘% Stay home make or type of programmable calcula-
Don%o g tor with the necessary functions, you
- i can rewrite the programs to suit your

- own particular needs.

BIORHYTHM FORECAST

JUNE 1977
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® In this game; the goal is to shoot
down a dive bomber with antiaircraft fire
before it can bomb your ship. The initial
range of the plane is known to be 1000
m but its speed can only be guessed to
be between 100 and 200 m/s, thanks to
the random number generation of the
program. To zero in on the plane range,
estimates are made for firing once a
second as the plane approaches and
range errors are fed back. However,
range error is known only to within £10
m, which is close enough to hit the dive
bomber with flak but not close enough to
destroy it. This means essentially a di-
rect hit (=3 m from the plane’s center).
For the first range estimate, the aver-
age speed of 150 m/s is assumed to de-
fine a range of 850 m as shown in Fig. 1.
When this range is run through the pro-
gram, the calculator display will show
the range error within =10 m. This error
defines the approximate true range of
the plane after the first second and also
defines an approximate speed. Using
this new data, the approximate range at
the end of the next second is found for
the new range setting. Repeating this

procedure, hits on the airplane will soon
be made as indicated by a zero in the
display. If a direct hit is made,
0.000000000 will be displayed.

Should the range close to zero, the
plane's bomb will either hit the ship or,
as 15% will, miss and hit the water. This
probability is also controlled by a ran-
dom number generator with a bias to-
ward misses by higher speed planes. If
the bombs hit the ship, the display indi-
cates ERROR, and a miss is indicated
byai.

Shown in Fig. 1 are each of the three
possible conclusions that are reached
through using the illustrated range find-
ing technique for the first game run after
storing the random number seed num-
bers shown. Since this seed number is
stored only once per programming, the
following games are controlled by the
random selection of variables. The pro-
gramming sequence is shown in Fig. 2
and the program-run sequence in Fig. 3.

Greater success can be achieved
through more clever interpretation of er-
ror data variations and by slight variation
in range once successive hits are at-

40

Seed -number o/ 03 .1
Initial range R0 1000 1000 1000
Est. AR in 1s _150 _150 _15C
Range setting 850 850 850
Range error 10 __o* _40
True Range R1 840 850 810
Est. oR in 1s,(R4-Ry) _160 _150 _190
Range setting 680 700 620
Range error _10 =10 o*
True Range R, 670 10 30
Est. aR in 1s,(R,_4~R;) _170 _140 _200
Range setting 500

Range error

* 7Plane hit

(1) Plane destroyed
(2) Ship sunk

(3) Ship missed

00...0(1) Error(z)

Fig. 1. Possible conclusions

for three random seed numbers.

Registers
R0 Random number

R1 Empty

R2 True range
R3 Empty

R4 Empty

Rg - (Speed)
R6 Range error

R7 Range setting

Fig. 2. Dive
bomber
program.

AmericanRadioHistorv Com

Display
Line
00
01
02
03
04
05
06
07
08
09
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

Key
Entry

STO 7
f FIX O
EEX
3
STO 2
g
RCL O

BATTLE THE
DIVE BOMBER

Comments

Initial range

Speed scale

Range error

Destroyed?

Result

Hit ship
Missed ship

POPULAR ELECTRONICS



STEP INSTRUCTIONS INPUT
DATA/UNITS
1 Key in program
2 Store random number O<nx1
seed
3 Initialize
4 Key range estimate, R
computer range error
5 Repeat step 4 until

conclusive result
[ To start a new game,

KEY ENTRY

f FRGM

OUTPUT
DATA/UTITS

Range errcr

Resul-~

tained. Alternately, the odds can be var-
ied to initially get the feel of the game or
10 increase the challenge. The easiest to
vary are the destruct radius on line 29
and the fraction of bombs that hit on
lines 44 through 46. The speed scale of
lines 15 and 16 and the initial range of
lines 3 and 4 can also be varied but only
50 that these entries take two steps
each in the program.

go to step 3. —Jerald Graeme
Fig. 3. Dive bomber program-run sequence.
Display Key Display Key
Line Entry Comments Line Intry Comments

® Game rules define a field from a ze- 00 31 370 £1
ro-yard line to a 100-yard line, with one 01 RCL 4 32 L
player's goal at each end. For a touch- 02 ™ e ° Kick
down, the ball must be moved to a posi- 03 . E S0+ 5 characteristics
tion less than zero or greater than 100 w3 S % 2
as monitored by the calculator display. 03 FRAC 1st random ;s ggi 22
The team in possession is defined by a 06 RCL 3 33 —
stored ID number. Six basic plays are 07 X 39 xzy
possible: kickoff, run, pass, punt, con- 08 2 40 GTO 43 feer] ARG
version, and field goal. By skillfully mix- 03 - 41 4 Poor defense
ing these plays, the best strategy can be 10 STO 5 42 STO X 5
found for a given set of stored play- i FRAC 43 RCL 5
effectiveness characteristics. g2 ABS 2nd randon 44 INT

To begin the game, numbers are 13 SR 4 45 Pause Gain or loss
stored to set the average effectiveness aa x2y = B
of the defense, the probability of an in- 15 % - 0 a7 X
complete pass, and a yardage gain mul- 16 610 37 Run 48 STO + 0
tiplier. Typical numbers are in the in- 17 x<0 49 ReL o Yardline
structions in Fig. 1. Control is also possi- 18 GTO 32 Kick Registers
ble over the average characteristics of 19 2 R, Yardline
kicks and kickoffs with the steps noted in 20 x =y B e
the program. Actual gain or loss on the 21 GTo 28 Kickofs ! provability
play will be determined by a random 22 STO X 5  Pass R Pass
number multiplier and by a second ran- 23 L 4 2 incomplete
dom number that is compared against 24 RCL 2 probability
the defense and pass probabilities. For 2’ LSy Ry Gain factor
the kickoff, the ball is placed on the 20 or ¢ R = o Randon
80 yard line by storing that number in the 27 GT0 44 Pass 4 number
zero register; and the team in posses- LEcCnpLets R. Gain or loss
sion is defined by storing an ID number z‘; ! o R5 Player 1.0

H H : 1 ickofr e

1 or a —1 in the 6 register (see Fig. 2). 50 S0+ 5 Characterdstics 6 (¢1or -1)

Results of the kickoff will be displayed
by an operating pause showing the gain

JUNE 1977
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Fig. 1. Program for football game.
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INPUT

STEP INSTRUCTIONS DATA/UNITS KEY ENTRY or loss on the play, then a stop at the re-
1 Key in program sulting ball possession.
2 Set display £ FIX 0 The receiving team's ID number is
3 Store defense 0.8 STO 1 stored and plays are called by keying
probadility the code numbers of the instructions.
S N e e This continues until a touchdown is
5 Store gain faztor 14 st 3 made or possess.ion is lost through fail-
6 Store random number  O<n<1 ST0 4 ure to‘ make the first-and-ten, by puqt or
secd = by a field-goal attempt. Successful field
: Sroce rean D A(2) A STO 6 goals and conversion kicks are indicated
Place ball if B B STO O i oy
e Pt t?y aballlanding 15 yards |p$|de the gogl
9 Key playlcode,comgute c(3) ¢ R/S llne..tProgrssThtowlard a first-and-ten is
gain or loss on play monitored by the player.
10 Repeat 9 until ball 0 S i
chonges hanie or muat Fig. 2. Football . .Thanks to rando.m number influence,
be placed, then program-run it is strategy that wins this game of foot-
repeat Step 7 or 8. instructions. ball. Depending on player preferences,
n 2 the program can be set up for a better
canESHGORNMRInG A Play — 23 E,lai = g passing game, better running game,
(¢} 1 Kickoff or follow- icko
100 -1 ing kickoff or Pass 1 tougher defense, etc.
beyond goal 80 Run o —Jerald Graeme
Conversion 10 or 90 Punt, conversion -1
or field goal
Display Key Display Key
Line Entry Line Entry
00 25 RY
® The decision-making capability of the g; gz 1 25 f FIX 0
HP-25 lends itself to solving complex al- o or0 2; o6 LR
gorithms that heretofore required a com- T PAUSE
04 R/S 29 f FIX 2 Registers
puter to solve. The calculator has sever- .
- . . 05 gx =0 30 EEX Ry Working
al conditional branching instructions that e aT0 01 - : player’s
allqw the sequence of the program exe- o7 ST0 O . . LAl
cution to be altered based on Fhe out- 08 RCL 3 33 STO 5 R, Score of
come of a test on the contents in the X 09 ASE 34 RCL O Player 1
and Y registers. If the answer to the test 1€ - 35 2 R, Score of
is YES, the program continues sequen- 11 5 36 fx=y Player 2
tially downward; if NO, the program 12 ry* 37 GT0 42 Ry Ug
branches, bypassing the next and con- 13 g FRAC 33 RCL 5 R, 13
tinuing on to the following step. This is 14 5T0 3 39 STO + 1 A Pt G
what is done when playing “Blackjack” 15 RCL 4 40 RCL 1 5 ~ast tar
(Of“21"). 16 X 41 GTO 45 Rg 10
To play Blackjack, each player U o 42 RgL 2 , R, 12
“draws” two or more cards, the point 18 ! 3 STO +
. . 19 fxzy 44 RCL 2
values of which are stored in memory.
. 20 GTO 48 45 RCL 0
Numbered cards are worth their face 21 ~ a3 R
values; the Qack, Queen, and King are o RCL 7 47 & @ . '
worth 10 points each; and the Acg is 23 Fx=y 48 RCL 6 Fig. 1. Blackjack
scored as 1 or 11 at the player's option. 24 GTO 48 49 GTO 26 game program.
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Fig. 2. Flow chart

INITIALIZE

ENTER
PLAYER
NUMBER

NO

GENERATE
RANDOM NUMBER

CONVERT
10 POINTS

for the
blackjack game.
IN
STEP INSTRUCTIONS DATA/
1 Key in program
2 Initialize
Store U, (o= Uy = 1) Uy
Store constant 13
Store constant 10
Store constant 12
3 Key in player's # 1 or
4 Perform Step 3
until game is over
5 To end the game 0

6 For new game, go to
Step 3.

FLASH CARD

PUT
UNITS

2

POINT VALUE

I

SUM AND STORE
PLAYER'S TOTAL
POINTS

I

DISPLAY PLAYER'S
NUMBER AND —

POINT TOTAL

KEY ENTRY

sTO
STO
STO
STO

f PRGM R/S
R/S

-~ N

R/S

Fig. 3. Instructions for running blackjack program.

OUTPUT
DATA/UNITS

0.00

Flashes card
value. Displays
player # and
his total

The winner of the game is the player
who scores closest to, but does not ex-
ceed, 21 points. The game program and
its flow chart are shown in Fig. 1 and Fig.
2, respectively.

The Program. To form an endless
“deck” of 14 cards, a pseudorandom
number generator is programmed from
the equation U; = fractional part of (w +
Ui - 1)5. The starting value, Uy, of the se-
quence is chosen such that 0L Uy£1.
This forms a sequence of random num-
bers. When U, is' multiplied by 13, a card
value from 0 through 12 is obtained. The
point value of the card is the integer part
of 13 multiplied by U;. This random gen-
erator occupies steps 08 through 17 in
Fig. 1.

Since no numbered card has a point
value of 0, 1, or 12, the Jack, Queen,
and King are assigned these numbers.
The program uses conditional branching
to test for their presence and converts
them to a value of 10 points as needed.
This is illustrated in program steps 19
and 23. If the answer to step 19 or step
23 is YES, execution continues down-
ward and the program jumps to a sub-
routine at step 48. If the answer is NO,
the program skips the following step and
continues. The remainder of the 49-step
program sets the display to flash the
generated “card™ and display the play-
er's number and point total. .

Instructions for running the program
are given in Fig. 3. If an Ace is generat-
ed (11 points), the player can keep track
of it mentally and elect to use it as 1
point by subtracting 0.1 from his score
register. If at any time the player forgets
his total score, he can find it in register
R1 or Ra. The last card can be found in
register Rs. '

—Dale G. Platteter
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SPACE
FLIGHT

AmericanRadioHistorv Com

@ This program performs the calcula-
tions required to describe how an object
(spacecraft) would move about in rela-
tion to two bodies (planets) of chosen
sizes. No fancy display is needed; all
you need are a programmable calcula-
tor, graph paper, and a pencil. The cal-
culator tells you where the spacecraft is
at any given time. You can “fly” the
spacecraft yourself by inserting com-
mands to accelerate or decelerate along
the way. You can even land the space-
craft on one of the planets. And if you
should crash it, the calculator tells you
how hard you hit the planet.

Program Instructions. Choose a
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Fig. 1. Starting positions: x = - 2, STO 0; y = 0, STO 1. Starting
velocities: x = 0, STO 2; y = .45, STO 3. Planet 1 radius .5, STO 4.
Planet 2 radius .5, STO 5. Planet 2 = 4 divisions (step 24).
Burns:1=—-.3;2=-.3;3 = — .4. Final velocity: .43 (ouch!).

starting point on the graph paper (see
Fig. 1), which is the location of planet 1
and the point of origin of the horizontal
(X) and vertical (Y) axes of the two-
dimensional space in which you will be
flying. When you move to the right, X in-
creases in the positive direction and
when you move upward, Y increases in
the positive direction. For example, a
point two divisions to the right and one
division up would be labelled X2, Y1.
When you move to the left or downward,
the numbers do the same but are pre-
fixed by minus signs.

Program the calculator as shown in
Fig. 2. Key a 1 into step 12 and a 4 into
step 24. Switch to the run mode, fix the

Display Key

Line Entry Comnents
00 Set flag O
01 © Get distance to
02 RCL 1 body 1
03 RCL ©
04 P> Convert to radial
05 RCL 4 distance. Get
06 Xy body radius.
o7 GTO 46 If distance« radius
08 x2y show crash velocity.
03 x2
10 1/x ¢ = 1/R?
11 X ¢ = 1/R% X Mass
12 ()
13 = Scale factor
14 R+ x,y format
15 STO - 2 Increment velocity
16 R+ by acceleration
17 STO - 3
18 R+ Test flag, body
19 x #£0 1 or 2?
20 GTO 29 Go to P + (V + A)
21 1 Set flag 1
22 RCL 1 Get distance to
23 RCL O body 2 by incre-
24 (n) menting along x
25 - axis by (N).
26 Ps Convert to radial
27 RCL 5 distance. Get
Fig. 2. Space flight program.
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display at two places, and return to ad-
dress 00. The calculator is now ready to
accept starting data.

We will use the data illustrated in Fig.
1 to demonstrate how a program works.
Note that the two planets are of equal
size. (Different-size planets can be used
simply by specifying different radii for
each.) Here, the radii are 0.5, which are
keyed into registers 4 and 5. Planet 2 is
located to the right of planet 1 by 4 divi-
sions, although the two can be separat-
ed by any number between 1 and 9. It
helps to draw appropriate-size circles on
the graph paper at the selected planet
locations. This helps you visualize how
close you are getting to a landing.

23 GTO 06 body 2 radius.
29 RCL 3 Return to V + A
30 STO + 1
31 RCL 2
32 STD + O P+ (V + A)
33 P> Get direction
34 X2y of travel for use
35 STO & in input routine
36 RCL 1 Get Px, Py
37 RCL O
38 R/S Display, take input
39 RCL 6
40 x2y
41 R~ Add input ¢o
42 STO + 2 previous velocity.
43 x2y
44 STO + 3
45 GTO O1 Return to gravity
46 RCL 3 routine.
47 RCL 2 If ‘crash, get
48 P~ last velocity,
49 FIX 9 display in 9 digit.
R3 Velocity
Registers Yy
Ry Position R4 Radius
X Body 1
R, Position R5 Radius
y Bedy 2

R, Velocity Rg Direction
X

of travel

AmericanRadioHistorv Com

Starting position and velocity of the
spacecraft are inserted into registers 0
through 3. Placing an arrow to indicate
the direction of travel at this point also
helps in the visualization. These initial
inputs simply start off the flight. Hereaf-
ter, there is a lot of moving about as time
passes, owing to the gravities of the
planets and the fact that you can com-
mand a change in speed at any time.

To start the flight, press R/S. What
happens now is what would happen in
space: Both planets attempt to attract
the spacecraft, whose inertia tries to car-
ry it forward, and the forces bring the
craft to the position indicated when the
program stops. The X coordinate is dis-
played first. To obtain the Y coordinate,
press X«Y. Make a dot at this point on
the graph. Before starting again, press
0. This is necessary because the cal-
culator is awaiting instructions from you
on speed changes and will interpret the
displayed number as such when it be-
gins to step through the program again.

If everything goes okay, the space-
craft will fly a figure-8 around the planets
forever. However, should you wish to
land, insert a decelerating “burn” in-
stead of 0 (—0.3 should do) and start
again. The spacecraft will now begin to
dip toward the nearest planet. If you are
not careful, the craft will hit the surface
hard. As you approach the surface of the
planet, you must make your burns larger
and larger. However, if you make them
too large, you will begin to take off again,
usually in an unexpected direction. Re-
member that the sign of the burn indi-
cates an increase (+) or decrease (—) in
speed along the direction of travel. So, if
you observe that you have moved back
from your last position and wish to keep
receding from the planet's surface, you
must key in + burns from then on. Lots
of practice here helps.

If you should successfully -touch
down, the calculator indicates this by
switching to a nine-digit display of the
last velocity. Numbers greater than
about 0.25 cannot really be called
“touchdown.”

To initiate a new flight, simply switch
back to a two-digit display format, insert
new position and velocity information,
and press R/S. The planet positions and
radii are not affected by running the pro-
gram again. If you choose to use differ-
ent-size planets or change the distance
between the planets or both, you need
only change step 24 and the contents of
R4 and R5. Incidentally, flying with dif-
ferent-size planets is a real challenge,
especially the landing phase.

—Paul Lutus
POPULAR ELECTRONICS



Display
Line

00
01
02
03
04
05
06
07
o8
09
10
11
12
13
14
15
15
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Fig. 1. Biorhythm program.
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ENT #
INT
STO + 3
RCL S

X
STO + 3
RCL O
x £ 0
GTO 39
RCL 3
STO 4
STO - 3
RCL 2
STO 1
STO 0
GT0 04
RCL 3
RCL 4
STO O
R/S
RCL O
x2y
FR.AC
GTO 43

.05

BIORHYTHM FORECAST

@ Rhythmic changes in human behav-
ior follow predictable cycles. A person’s
physical, emotional, and intellectual be-
havior is said to change with the cycles
that have been determined to be 23, 28,
and 33 days in length, respectively.
Knowing this, a general statistical fore-
cast of individual behavior can be made.
This is what the calculator program de-
scribed here does; it can tell you where
you are in each of the three cycles for a
chosen day.

As each of the cycles passes from
one extreme to the other, you might ex-
perience days during which ycur abilities
decline and be more likely to be involved
in accidents. (Enough credibility is at-
tached to this theory to make many com-
panies forecast by computer biorhythms
for their employees to warn them of their
“critical days.”)

The biorhythm cycles are said to be-
gin at birth and, like built-in “clocks,” fol-
low us through life. The only information
needed for running the Biorhythm Fore-
cast program is your birthdate and the
day to be forecast. The program first de-
termines and displays the number of
days between the two dates and then
your position in each of the three cycles.
The program itself is shown in Fig. 1. A
circular graph, or Biorhythm Wheel (Fig.

TIME

—

2 .25 3
1S .35

45

MEDIAN LINE 5
3 .

.95

.55

.85 .65

.8 S
75

\/

TIME

Fig. 2. Typical biorhythm wheel.
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2), can then be used to visualize the re-
sults and to spot upcoming critical days
during which one or more of the cycles
pass through the median line at the cen-
ter. A day is said to be “super-critical” if
two or three of the cycles rest in the me-
dian area at the same time.

Program Instructions. Load the
program into your calculator as shown in
Fig. 1. Then return the calculator to ad-
dress 00. Insert the two constants used
by the program by keying in 36525,
STO, 5 and 30.55, STO, 6. Now, insert
your birthdate in register 1 with the for-
mat month-month.day-day year-year.
(For example, April 3, 1947 would be in-
serted as 4.0347, STO, 1.) Then insert
the forecast date, using the same for-
mat, in register 2.

Be sure to return the calculator to ad-
dress 00 and set the program to the run
mode by operating the R/S key. When
the program stops, the display will show
the number of days between the two
dates. Now key in 23 and operate the
R/S key. The display will now have a
number between 0 and 1 init, which can
be marked on the Biorhythm Wheel.
(The use of the letters P, E, and | will
help in marking the positions on the
Wheel.)

For the emotional cycle, enter 28, R/S
and for the intellectual cycle, 33, R/S.
Mark these on the Wheel in the same
manner.

When you are finished filling in your
Biortythm Wheel with the information
generated by the calculator, numbers in
the shaded area of the Wheel indicate a
critical day. It is possible to foresee such
days from a single forecast, such as a
case where two cycles are in near-syn-
chrony and moving toward the median
(clockwise) in a group. You then key in
two new dates, advancing the forecast a
day, to clarify the situation.

When starting with new dates, always
remember that the dates must be en-
terec first, the program returned to ad-
dress 00, and the R/S key operated. As
written, the program works for dates in

45



the 1900’s. If you wish to use dates ina
different century, the procedure to use is
as follows. First, insert a new constant
(3652500) in register 5. Now, the new
date format is MM.DDYYYY (note the

four digits required for the year). Hence,
June 8, 1846 would be entered as
6.081846. This format makes it possible
to look into the biorhythms of historical
figures whose dates straddle turns-of-

century. For example, who can resist the
temptation to determine whether the
Battle of Waterloo was fought on one of
Napoleon's critical days?

—~Paul Lutus

® Have you ever had a strong hunch
about something that later occurred ex-
actly as you expected it to? Are you con-
sidered “lucky” by your friends? If so,
maybe you have ESP (extrasensory
perception). This program will help you
to determine if you do.

The program electronically “flips a
coin” and then compares your guesses
with the results. It tells whether or not
your guesses were correct and records
the score for future use. After you have
made a number of guesses and think
you are doing pretty good, you can use
the program to calculate the quality of
your ESP.

Program Instructions. Key the pro-
gram into your calculator according to
the steps detailed in Fig. 1. Then clear
all registers and insert a number be-
tween 0.1 and 10 into register 0. (This is
the “seed” number that initiates the
coin-toss routine.) Reset to address 00,
fix a nine-digit display format, and key in
your first guess, pressing either O or 1,
and press R/S. The program will run
and finally stop with either your guess
filling the display or “Error” if you
guessed wrong. You can go on guess-
ing like this as many times as you wish;
the calculator automatically keeps
score. When you want to find out how
well you are doing, you can recall regis-
ters 1 (how many tries) and 2 (how many
correct guesses), and you can use the
built-in probability calculator to evaluate
your performance. .
Registers

RO Seed N

R1 Runs

R2 Right

guesses

Fig. 1. Program above and right.
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TEST YOUR ESP

Display Key

Line Entry Comments

Ou

01 ™

02 RCL O

03 .

04 5

05 ¥*

06 FRAC

o7 STO

ng 1

03 0

1) X Gen2rate random
1 INT number

12 2

13 -

14 FRAC

15 2

16 X J

/

17 X -y Compare with guess
18 GTO 25

19 1

20 STO + 1

21 2

22 cos ™' Wrong guess-"Error"
23 cos

24 GTO 01

25 1

26 STO + 1

27 STO + 2

28 R

29 o

30 5}

31 = Rignt gness-display
32 GTO 00

33 2

34 RCL 2

35 RCL 1

36 2

37 E

38 -

39 x<0 Calculate

40 GTO 43 probability
41 yx

42 GTO 00

43 CHS

44 yx

45 cHs
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Most of us would think a score of 75
out of a possible 100 is great perfor-
mance, but a scientist would ask what
the probability is that your score could
have come about by chance. To find out
the probability factor, key into register 1
the number 100, into register 2 75, GTO
33, R/S. The answer is 33,000,000,
which means that the probability that the
result- came about by chance is 1 in
33,000,000!

At any time during a session, you can
find the probability of your efforts in the
same manner, simply by pressing GTO
33 and R/S. You can then resume test-
ing, since the program always returns to
the point at which a guess can be made
without disturbing the collected score. If
a minus sign appears in the display of
the probability rating, you are getting
more incorrect guesses than correct
ones. This sometimes happens in ESP
research. ltis called “negative” ESP.

If you are serious about testing your
ESP, sit down with the resolve to make a
certain number of guesses. Many ESP
research programs get into trouble be-
cause subjects turn in “good” runs and
throw away “bad” ones. Over a period of
time, this makes the ESP ability appear
to be better than it really is. So, you
should always make the same number
of guesses without stopping short of or
exceeding the planned number. If you
think you have ESP ability, keep a rec-
ord of your runs. You can then total all
the figures, insert them in registers 1
and 2, and calculate an overall probabil-
ity for the series.

Always use a different “seed” number
in register 0, since a given number will
always result in the same sequence of
1’s and 0's, which might be memorized.

—Paul Lutus

POPULAR ELECTRONICS



PERFORMANCE
CAPABILITIES

R-f power output and modulation capabilities

UMORS have been circulating to

the effect that the new 40-channel
CB transmitters are not as “powerful” as
those in former 23-channel transceivers.
Deficiencies such as lower r-f output,
low modulation, etc., are principally cit-
ed. To set the record straight, these
statements are unfounded. As a matter
of fact, even the FCC has seen fit to put
these rumors to rest by issuing Public
Notice No. 77385 titled “CB 40 Channel
Power Limits Unchanged.”

To make sure of the situation for our-
selves, we tested three typical 40-chan-
nel AM transceivers and compared our
results to those obtained with older 23-
channel rigs. Two of the transceivers
were mobile types, while the third was a
base station. Ali three were FCC type-
accepted.

What the FCC Rules Say. The
FCC's technical regulations still hold for
both 40- and 23-channel CB transceiv-
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of expanded-band transceivers are examined.

BY BILL SCHERER*

ers. Specifically, the r-f carrier output
must be limited to 4 watts on AM, with
modulation held to within 100% on both
the negative and the positive peaks. Sin-
gle-sideband output must be held to 12
watts maximum peak-envelope-power
(PEP), and a means must be provided
for preventing the modulation from ex-
ceeding this or the rated power of the
transmitter.

In the past, FCC type acceptance was
often predicated on the manufacturer's
say-so. The manufacturer simply pre-

*Bill Scherer has been writing technical com-
munication articles for more than 30 years.
For nine years, he was Technical Director
for CQ magazine, where he was responsible
for the technical reports on amateur equip-
ment. Since 1970, Bill has been the reviewer
for all the CB transceiver reports that have
appeared in POPUL.AR ELECTRONICS.
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sented his data to the FCC and received
type acceptance as a matter of course.
The eventual result was that many AM
transceivers never really met the regula-
tion-specified parameters, although they
reached the market with FCC approval.
While these transmitters usually were
within the 4-watt output power limit, se-
vere overmodulation, particularly on the
negative peaks, was often possible,
especially when using “power” micro-
phones. This caused clipping carrier
breakup, which, along with frequently
used compression, produced a some-
what nigher average modulating power.
The foregoing was obtained at the price
of high distortion and severe adjacent-
channel splatter,

Strict adherence to the modulation ca-
pabilities is now being enforced with the
new 40-channel transceivers. Now,
transceivers must undergo type-accept-
ance tests at the FCC labs or the equiv-
alent labs in Japan. Any adverse perfor-
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CARRIER

100% MOOULATION

NEAR 100% MODULATION

POSITIVE AND NEGATIVE PEAK CLIPPING 100% MODULATION ON POSITIVE PEAK
OVERMOODULATION ON NEGATIVE PEAK

Fig. 1. AM r-f envelope
displays onan
oscilloscope with various
degrees of modulation.

mance is no longer acceptable. This
may have given rise to the false notion
that the apparent average overmodulat-
ed power of older CB transceivers made
them better than the new transceivers.

What We Observed. All three of the

system at the microphone amplifier to
hold the modulation on both peaks to
just 100%. Even so, the excellent char-
acteristics of the amc system allowed a
very high average modulating power to
be maintained within the required modu-
lation limits, with very low distortion.

100% MODULATION,UNPROCESSED VOICE
(A}

OVERMOODULATION ON
NEGATIVE PEAK

Fig. 2. R-f enbelope display for complex wave (voice).
Note higher average level for processed speech.

100% MODULATION,PROCESSED VOICE
(8}

40-channel AM transceivers we select-
ed at random for our tests delivered 4
watts of r-f carrier output power. Trans-
ceiver A (mobile) employed a bootstrap
automatic-modulation-control (amc)

Transceiver B (base station) em-
ployed a low-level audio-frequency clip-
per and a low-pass filter (to minimize
distortion products) that produced re-
sults similar to those obtained with

Transceiver A, but with occasional
peaks to 100%. Again, a high average
modulating level was obtained.

Transceiver C (another mobile rig)
employed still another type of amc sys-
tem that also yielded high average mod-
ulation with an occasional insignificant
degree of overmodulation on the nega-
tive peak.

Ali three of our test transceivers pro-
duced a high degree of clean, average
modulated output power. The output in
all three cases was as great as, if not
greater than, that of most of the older
23-channel transceivers. Furthermore,
no matter how loud we spoke into the
microphone, we observed the same re-
sults, and the adjacent-channel splatter
held to within 60 dB down (at greater
than +5000 Hz from the carrier frequen-
cy). Compare this figure with the 40-
to-55-dB splatter figures obtained with
many 23-channel transceivers of
only last year and you will understand
how much improved the new 40-channel
tranceiver designs really are.

It should be noted that, for a given de-
gree of relative average modulation, the
aural difference between a 90% and a

Fig. 3. Scope connections
with r-f input connected
directly to vertical

plates (A) and temporary
modification to scope not

TRANSMITTER A ‘I jnt

OUMMY
LOAD

=

RF IN

ol
100-5000F . IM

I¥i
| — e

TO VERTICAL
DEFLECTION
CIRCUITS

— OlpF IM
equipped for r-f inputs (B), s
INTERNAL
HORIZ SWEEP
(A) (B8)
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CARRIER 50% 100% OVERMODULATION
MODULATION MODULATION
(A
ﬁ POWER
TRANSMITTER AMPLIFIER

o

HOR

I ii@@

—

I ZT—-{

FROM
MODULATOR

> AUDIO ‘ ‘
R

(B)

AUDIO FROM MODULATOR OUTPUT

Fig. 4. Trapezoid displays (A) are
obtained by feeding r-f to vertical
plates and a sample of modulator’s
output to horizontal input (B).
Hookups te transceiver are at (C).
This is a more accurate method of
indicating overmodulation, though
r-f envelope displays are better

for noting high average modulation.

m RF OUT
TO SCOPE'S

VERTICAL INPUT

TO HORIZ AMP
OF SCOPE

+12v

(C)

100% modulated signal is minimal and
insignificant. It amounts to less than 0.5
dB. Therefore, if your transceiver does
not always quite reach a 100% modula-
tion level, there is no need to be particu-
larly concerned.

If you want more power (and range),
you can always communicate via SSB,
which is a considerably more efficient
medium than AM. For a given expended
power, SSB gives an effective signal-
level increase of up to 9 dB over AM.
This translates into an eight-fold relative
power improvement, which is equivalent
to raising the 4-watt output power of an
AM transmitter to 32 watts. Additionally,
by engaging the USB or LSB mode, a
40-channel transceiver yields up to 80
possible SSB communication channels,
thereby saving spectrum space and thus
alleviating user crowding.

Viewing Modulation Waveforms.
Now let us see how various modulating
conditions are displayed on the CRT of
an oscilloscope. Typical r-f envelope
patterns for a carrier modulated with a
steady-amplitude, single-frequency test

tone are shown in Fig. 1. The waveforms
in Fig. 2 illustrate the display for a voice-
modulated carrier without (A) and with
(B) speech processing. These wave-
forms can be displayed by feeding the
transmitter’s output (using a dummy
load in place of the antenna) directly to
the vertical deflection plates of an oscil-
loscope (see Fig. 3A).

If your oscilloscope does not have
provisions for direct r-f input, you can
make the appropriate connections tem-
porarily with isolating resistors (to pre-
vent r-f energy from backing up into the
other circuits in your scope) as shown in
Fig. 3B.

The waveforms shown in Fig. 4Aillus-
trate a trapezoid display that is obtained
by feeding the r-f directly to the scope’s
vertical-deflection plates and applying a
sample of the modulator’'s output signal
to the scope’s ac-coupled horizontal in-
put. (See Fig. 4B for details.) The hook-
ups to the transceiver are illustrated in
Fig. 4C. Note that the modulator signal
is picked off the test point on the +12-
volt power bus side of the choke (rfc) in
the power amplifier’s collector circuit. (If

(A)

Fig. 5. R-f envelope displays of SSB signal: (A) shows good linearity
and low distortion; (B) shows effects of excessive drive or overmodulation.
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the power-amplifier stage is emitter
modulated, a similar test point in the
emitter circuit is used for the modulator
signal pickoff.) A test point is usually
provided at the appropriate locations in
the circuit.

The waveforms shown in Fig. 5 illus-
trate the r-f envelope displays of an SSB
signal obtained with the scope setup
shown in Fig. 3A. Two nonharmonically
related test tones (such as 800 and
1800 Hz) are applied to the microphone
input. Their levels are equalized to bring
the displayed “valleys” together at the
horizontal axis for this test.

In Cenclusion. As you can see from
the tests of three randomly selected new
40-channel AM CB transceivers (from
different manufacturers), there are no
real grounds for the rumors pertaining to
inferior performance. This does not
mean that every 40-channel CB trans-
ceiver exhibits top performance. There
were, in truth, some models that per-
formed poorly in the early FCC test pro-
gram due to the zeal of some manufac-
turers to obtain quick FCC type accept-
ance. These models were generally
warmed-over  23-channel  designs
which, in order to meet new FCC radia-
tion and spurious response require-
ments, were less powerful than they
should have been. (Lower than max-
imum power or modulation capabilities
are not FCC test criteria.) But, by and
large, the new transceivers are capable
of superior performance when com-
pared with the older 23-channel trans-
ceivers we have been using. <
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BY ANDY RUSSELL

BUILD THE

LED YARGEY GAME

Test your “‘eye’’ and reaction time by trying to shoot a moving target.

HE LED Target Game consists of
22 LED’s numbered sequentially
along a random track with a circuit to
control them so that one LED at a time
turns on in sequence to give the appear-
ance of a single glowing LED moving
along the track. The person who is the
first player can select the speed at which
the glowing LED moves. He can also ini-
tiate the trip and cause more than one
glowing LED to appear on the track to
complicate the game. These moving,
glowing LED's become targets.
The person who is the second player
can select three positions (via three ro-
tary switches) at which he will attempt to

50

hit the targets. Thus, when the LED at a
selected position glows, he operates a
pushbutton associated with that position
and, hopefully, “shoots” the LED. As
each coincidence is made, a conven-
tional decade counter using a 7-seg-
ment readout accumulates the hit score.
Several rules for playing the game are
suggested in this article, but they can be
modified as wished by the players.

How It Works. Timer ICS (Fig.1),is a
variable-rate clock genzarator whose fre-
quency can be set between 0.8 and 6 Hz
via front-panel potentiometer R41. The
timer pulses are applied to the clock in-

AmericanRadioHistorv.Com

puts of three serial-in, parallel-out 8-bit
shift registers IC2, IC3, and ICA4.

The three shift registers are connect-
ed in series so that when a 1" is insert-
ed into the serial input of IC2, it will be
propagated down the three shift regis-
ters at the clock frequency. The “1* is in-
serted into /C2 by operation of one-shot
IC1by S1, the TARGET iN switch.

As each output of each shift register
goes high, it applies current to an as-
sociated LED via a current-limiting resis-
tor. Thus, as the “1” propagates down
the line, each of the 22 LED’s will be il
luminated in turn, at a rate determined
by the selected clock speed.

POPULAR ELECTRONICS
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One of the eight outputs of IC2canbe  switch outputs is passed to a two-input
selected by rotary switch S6, one of the NAND gate with the other gate input
eight outputs of /C3 can be selected by  coming from an associated one-shot.
S7, and one of the six outputs from IC4  Since each NAND gate will have a zero
can be selected by S8. output when both inputs are high at the

As shown in Fig. 2, each of these same time, it takes a coincidence be-
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PARTS LIST

Ct, C2, C3—I10-pF electrolytic capacitor

C4—1-pF tantalum capacitor

C5—100-p.F electrolytic capacitor

C6—0.01-pF capacitor

DIS 1—Common-anode 7-segment display

IC1—74123 dual one-shot

IC2, IC3, 1C4—74164 serial-in parallel-out 8-
bit shift register

ICS5—>555 timer

IC6, IC7, IC8—74121 one shot

IC9—7410 triple 3-input NAND gate

IC1G0—7400 quad 2-input NAND gate

IC11—7490 decade counter

1C12—7446 BCD-to-7-segment decoder driv-
er

LED1 throagh LED22 -Conventional red
LED

R1 through R22—270-ohm, Y4-W, 5% resis-
tor

R23 through R27—1000-ohm, Y4-W, 5% re-
sistor

R28 through R34—220-ohm, Y4-W, 5% resis-
tor

R35. R36, R37, R39—39,000-ohm, Y4-W,
5% resistor

R38—100,600-ohm, 14-W, 5% resistor

R40-—500,000-ohm trimmer potentiometer

R41—1-megohm potentiometer

S1 through S4—Normally open pushbutton
switch

S$5—Spst switch (or half of a dpst switch)

S6, S7, SB—Single-pole 8-position rotary
switch

Misc.—Suitable cabinet and plastic top
(approximately 12" by 9", knobs (4), bat-
tery holder (4 D cells), hookup wire, dry-
transfer lettering, etc.

Fig. 1. Timer IC5 clocks a “1”
generated by IC1 down the
three series-connected shift
registers, whose outputs drive
LED’s. Three switches allow
selection of any LED

im either shift register.

tween the switch-selected input and the
associate one-shot firing when it's push-

button switch is operated.

The three coincidence NAND gate
outputs are fed to a single 3-input NAND
(IC9) whose output is used to drive dec-



A
FIG |

Fig. 2. Each selected LED line is coincidentally NAND gated, with each
coincidence added on a decade counter, seven-segment LED readout.

ade counter IC11. This counter is con-
nected to a conventional BCD-to-7-seg-
ment decoder IC12 that in turn drives a
7-segment common-anode LED display
(DIS1).

When playing the game, each switch
(56, S7, and S8) is set to a particular
LED output line before the TARGET IN
switch (S1) is operated. When the LED's
start their sequential action, switches
52, S3 and S4 must be depressed just
when the selected LED comes on. If a
coincidence is made, then a count will
be entered in the decade counter and
displayed on the readout. Holding S2
through S4 down constantly will not
work since their associated one-shots
will work only once for each switch
depression.

Construction. The electronic circuit,
other than the various switches, LED's,
and DIS1, can be assembled on a piece
of perforated board using sockets for all
IC's. Make suitable connector pins so
that the LED's and DIS1 can be con-
nected to their respective current-limit-
ing resistors.

In the prototype, the main “playing
field” was made from a 12" by 9” piece
of plastic, that was fitted into some form
of supporting framework. The top of the
playing field was marked with a random
track (see photo) with each of the 22
LED's mounted within tight-fitting holes
placed along the random track. LED1
should be at the beginning of the track,
and LED22 at the end. Using press-on

52

type, mark the track with dotted (or
dashed) lines and clearly identify each
LED from 1 to 22 in the sequence.

The 7-segment display should also be
mounted on the upper surface of the
plastic top, along with TARGET IN (S1),
and pushbutton switches “A” (§2), “B"
(83), and “C" (S4). The three rotary
switches (S6, S7 and S8) should be
mounted on the side wall of the support
structure with each directly under its as-
sociated pushbutton switch. Speed con-
trol R41, and the power on-off switch are
mounted on the side closest to the TAR-
GET IN switch.

The power supply can be a simple 5-
volt regulated system using a 6.3-volt
transformer, diode rectifier and filter
driving any 5-volt regulator IC. If desired,
the system can be powered by four D-
cells mounted in a plastic holder, using a
0.47-ohm series resistor to drop the volt-
age to 5 volts.

Testing the Game. Turn on the pow-
er and note that some of the LED’s may
be lit, with the lit sequence travelling
along the 22-LED chain until it reaches
LED22. Place RUN/RESET SWITCH (S5)
to the RESET position and note that DIS 1
indicates a zero. Set S5 to RUN. Position
the three rotary switches (S6 through
S$8) to some selection of LED'S. Switch
56 selects from LED positions 1 through
8, S7 from 9 through 16, and S8 from 17
through 22.

With sPEED control R41 set for a slow
speed (maximum resistance), operate
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the TARGET IN pushbutton. Starting with
LED1, each LED will ifluminate in turn
down the series. When the LED at the
switch selected position glows, operate
the associated pushbutton switch. If a
coincidence is made, the readout will in-
dicate a hit. Speed control R41 can be
set from fast to slow, and can be
trimmed as desired by R40.

Playing the Game. Two players are
suggested, one to set the speed and ini-
tiate the LED travel, and the other to set
the rotary switches and operate the
three pushbuttons.

Once the first player initiates the LED
travel, it is up to the other player to set
his switches and hit his pushbuttons to
cause a coincidence. Of course, the first
player can initiate more than one LED at
a time, but in the interests of sanity, he
should not have more than three LED'’s
going at one time. They should be
spaced some selected numbers apart.
The first player can also set the travel
speed, or vary it while the game is in
progress.

The second player pre-selects his
numbers before any targets are sent
through, and the first player should not
see which positions have been selected.

The game is played in four quarters of
10 targets each with each “hit” called
out on the readout. At the end of each
quarter, the two players change places
and play again. The winner is the player
that has the highest cumulative score
out of 40 targets. o

POPULAR ELECTRONICS



SPECIAL FOCUS:

TEST INSTRUMENTS

ESTING digital integrated circuits
has posed a problem to experiment-
ers ever since the devices were made
available at the hobbyist level. After all,
many hobbyists were not about to spend

BUILD A DIGITAL

Ig TEST ER Inexpensive project

tests DTL and TTL IC’s.

BY R. M. STITT

general-purpose digital IC instrument.
The tester presented here, however,
can be constructed for just a few dollars
and provide quick and accurate checks
of 14- and 16-pin DTL and TTL IC's.

The operating principle is simple. Log-
ic states of the questionable IC are com-
pared to one of the same type that's
known to be good. A testing program is
set up via patch cords and the IC’s are

which time the unit automatically runs
through the program. Even the most
complicated test program will be per-
formed about 40 times per second.

A good/bad LED indicates the overall
status of the device. Furthermore, 16
LED’s (one for each pin) isolate faults to
specific pins so that bad sections or
functions can be detected. These fault
LED’s are also useful for debugging test

thousands of dollars for a commercial,  plugged into their respective sockets, at programs.
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Fig. 2. Partial schematic of tester. See Fig. 1.
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About the Circuit. The tester puts
both IC’s through their paces in parallel,
covering all possible input combinations.
The logic state at each input and output

PARTS LIST

C1—0.0022-uF disc ceramic capacitor

C2—22-uF, 10-V tantalum capacitor

C3 through C7—0.1-pF disc ceramic capaci-
tor

C8—3000-pF, 25-V electrolytic capacitor

C9—10-pF, 10-V tantalum capacitor

D1 through D34-—1N914 switching diode

D35, D36—1N4001 rectifier diode

IC1 through IC4—SN7486 quad 2-input ex-
clusive-OR gate

ICS5, IC6—SN7493 4-bit binary counter

IC7—SN7405 open collector hex inverter (do
not substitute)

IC8—SN74122 retriggerable monostable mul-
tivibrator

IC9 through IC11—SN7404 hex inverter

IC12—LM309K 5-volt regulator

LEDI1 through LED 17—Light emitting diode
(TIL-32 or similar)

Q1, Q2—2N3904 npn silicon transistor

The following are 5% tolerance, Y4-watt car-
bon composition resistors:
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pin is continuously monitored and com-
pared to the reference IC. If there is a
discrepancy with any iriput combination,
the 1IC under test is defective and a fault

R1 through R16, R21—180 ohms

R17, R18, R20—47,000 ohms

R19, R23—2700 ohms

R22—4700 ohms

R24—15,000 ohms

SO1-—~Zero-insertion-force  16-pin DIP IC
socket (Textool No. 216-330M or equiva-
lent)

S02—48-pin edge connector (Amphenol No.
2-583660-3 or equivalent)

S03—16-pin DIP IC socket

T1—20-volt center-tapped, l-ampere trans-
former (Burstein-Applebee No. 18A 1626-1
or equivalent)

Misc.—Suitable enclosure (Harry Davies No.
260K with No. 261 cover, or equivalent),
printed circuit boards, No. 4 X 4"
standoffs, suitable programming receptacles
and patch cords, heat sink, thermal silicone
compound, machine hardware, hook-up
wire, solder, etc.

Note: See Fig. 4 for information on ordering
pc boards.

AmericanRadioHistorv Com

B' GND +5V

will be indicated by the IC tester.

The schematic diagram of the IC test-
er is shown in Figs. 1 and 2. The basic
element for the electronic comparison is
the exclusive-OR gate. Four two-input,
exclusive-OR gates are contained in
each SN7486 package (/C1 through
IC4), for a total of 16 gates. One input of
each gate is hardwired to the test IC
socket (SO7) for individual pin monitor-
ing. The other gate input is hardwired
through programming-board edge con-
nector SO2 to the corresponding pin on
the programming board’s reference IC

Ici2

o
LM309K oy

035
3
{CASE)

D36

+ +
oSS | S comon
Fig. 3. Schematic fora
suitable power supply.
POPULAR ELECTRONICS



Fig. 4. Etching
and drilling guide
(right) and
component layout
(above) for main

pc board. Note:
etched and drilled

pc boards for

this and Fig. 5

are available from
Select Circuits,

1411 Lonsdale Rd,
Columbus, OH 43227
for $18.95 a pair.

socket (SO3). Each exclusive-OR gate
thus yields a logic-one output signal
whenever its two input signals have dif-
ferent logic states. In other words, a log-
ic one appears at the output of each
gate when a discrepancy of perfor-
mance between the test and reference
IC’s is detected.

JUNE 1977

Two fault indicator circuits are em-
ployed. ALED (LED1 through LED16) at
the output of each exclusive-OR gate
glows when an error at the correspond-
ing test IC pin is detected. Additionally, a
master fault indicator (LED17) glows
when one or more exclusive-OR gate
output is high. Diodes D1, D3, D5. . . .

AmericanRadioHistory Com

D31 are connected to R17 and to the ex-
clusive-OR outputs to form one large
OR gate. A pulse stretcher is included in
the master fault indicator circuit to insure
that LED17 will glow at full brilliance no
matter what the duty cycle of the fault
signal is. This is very important because
it's possible for a fault signal to have a
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GROUND

1 2.3 45 6 718
(1) (2) (3} (4) (5) (6) (7)

Fig. 5. Etching
and drilling
guides for both
sides of the
programming pc
board. See

Fig. 4 for
ordering
information.

duty cycle as low as 0.4%. it would be
difficult, if it were even possible, to de-
tect light output from a LED driven by
such a signal. The circuit also includes a
low-pass filter (R17, R18 and C1) at the
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9 10 1112 13 14 15 16
(8) (9) (10) (A1) (12) (13) (14)

master fault input to reject noise spikes
which might otherwise generate a de-
ceptive fault indication.

The diode OR gate drives pulse
stretcher IC8 (an SN74122 monostable

AmericanRadioHistorv Com

multivibrator) and its associated compo-
nents (C2, D34, and R20) through input
conditioners D33 and Q7. Because a
continuous fauit indication at the pulse
stretcher input would trigger the one

POPULAR ELECTRONICS



A Output,
8 Sockets

Pin Numbers

Pin Numbers

T~~~ 14 Pin Uni

RN A3 AR
. -

=
)
c
a
0

;: swoanll)(UXl‘)

PODO

O
00

00

-
5 w
L
£
80
0
- v
<{ ©

(2]

.

)

-~ X

- w5 wn Q
D-‘—a-‘— (o]
a9 =90 wv
=X 5 X ~
> v 0 0 X
080 o= |
Vo n&
VoL >

Ground, 8 Sockets

Reference Units

Sockets

Pin One, 14 or 16 Pin Unit

Test Unit Sockets
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shot for but one test cycle, the input
must be periodically reset. This is
accomplished by transistor Q2, which is
driven by the last stage of a binary code
generator.

To provide all possible test input com-
binations, an eight-stage binary code
generator (IC5 and IC6, SN7493 4-bit
counters) is incorporated. It is driven by
a free-running square-wave generator
consisting of C3, R22, and IC7, an
SN7405 hex inverter. The square-wave
generator provides a clock signal at
about 5000 Hz. The clock output and the
outputs from the first seven stages of the
binary code generator are available at
edge connector SO2. Thus there are
eight independent test input signals
present on the programming board. The
eighth stage of the binary code genera-
tor is used to reset the master fault in-
dicator, as mentioned earlier.

The programming board interfaces
with the main tester board via 48-pin
edge connector SO2. This allows pre-
wired program cards to be kept on hand
and simply plugged into the tester for
quick checks of common IC’s. Each bit
of the binary code is independently buff-
ered by sections of /IC9 through IC11
(SN7404 hex inverters) to drive both the
reference and test IC inputs. Separate
buffering for all inputs of each IC en-
sures that such logic-overriding faults as
input short circuits wilt be detectable.

The tester is powered by a simple 5-
volt, 1-ampere regulated supply (Fig. 3).
Ac from T1 is converted to pulsating dc
by a full-wave rectifier (D35 and D36)
and filtered by C8. Unregulated dc is
then applied to IC12, an LM309K 5-volt
regulator, which is essentially blow-out
prooi. Current limiting is built in to the IC,
as is thermal shutdown. Output bypass
capacitor C9 provides increased stability
and improved transient response.

Hawever, other power supply configu-
rations can be used. For example, T1
could be a 12.6-volt, 2-ampere trans-
former driving a bridge rectifier. The out-
put of the bridge would then be fittered
and regulated as in Fig. 3.

Construction. Assembly of the tester
is not critical. However, the use of pc
boards will simplify the task. Etching and
drilfing guides for the main and program-
ming boards are shown in Figs. 4, 5, and
6. The main pc board contains most
tester components mounted in a con-
ventional manner. it in turn is mounted
on four Ya-inch (6.4-mm) No. 4 standoffs
behind the front panel of a molded plas-
tic box. Holes are cut in the front panel
for the test socket, the sixteen indicator
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DEVICE TYPE: CIRCUIT TYPES SN5490, SN7490
' DECADE COUNTERS

Pin Number 1 2 3
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(4) ) (6) {7)

Test Unit
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NC | V#
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Ne Ve
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NOTES: All inputs could have been tied in parallel to A & A' for example, but it

is not necessary to do so.

Fig. 7. Sample programming sheets for testing
decade counters (above) and hex inverters (below).

LED's, the master fault indicator and the
edge connector.

Before mounting any components on
the main board, use it as a template to
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locate holes and cutouts on the front
panel. It can be clamped to the front
panel and used as a drilling guide for the
four standoff mounting holes. The loca-
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tions of the master fault indicator, the
test socket, and edge connector can be
specified by marking the corners of each
cutout. Components which do not pro-
trude through the front panel must be
mounted flush to the main pc board so
that they will not interfere with the fit of
the board to the front panel. If LED’s with
base diameters larger than 0.200" (5.08
mm) are used for the sixteen fault in-
dicators, their bases must be filed so
that a proper fit is obtained. The author
recommends the use of a 16-pin zero-
insertion-force (Textool No. 216-330M
or equivalent) IC socket for the test IC
location. A conventional DIP socket can
be substituted, of course, but is much
less convenient to use for many IC’s.

The programming board is double-
sided. Because most builders will not be
able to produce plated-through holes, IC
and socket pins, as well as program-
ming receptacles must be soldered
(where applicable) to both sides of the
board. The programming receptacles
and jumpers (patch cords) are a matter
of preference. The solder pads on the pc
board are large enough to accept eyelet
sockets for the 0.040” (0.916-mm) pin
terminated type of patch cords. The
most economical programming patch
cord is simply a length of No. 22 or 24
solid insulated hookup wire. The wire
should be cut to the desired length and
about 14" (1.27 cm) of insulation stripped
from each end. If diagonal cutters are
used to trim wire length, position the cut-
ters so that their hollow side faces the
body of the jumper when the wire is
clipped. Then a point will be formed on
the wire, making it easier to insert the
jumper into a programming receptacle.

A solid wire jumper is best accom-
modated by a 0.020" (0.458-mm) recep-
tacle. No. 24 wire is approximately
0.020" (0.458 mm) in diameter and fits
such a receptacle exactly. No. 22 wire is
about 0.005" (0.127 mm) larger in diam-
eter and thus makes a more secure fit in
some 0.020” (0.458-mm) receptacles.
Probably the most inexpensive 0.020"
(0.458-mm) receptacle available is the
Molex Soldercon, which is sold in quan-
tity by many dealers in the Electronics
Marketplace in this magazine. :

You might want to solder wire jumpers
to appropriate points without using any
receptacles at all. This can be done if
you desire a permanent testing board for
a specific IC type. You could even make
one “deluxe” programming board with
patch cords and receptacles for testing
any TTL IC, and at the same time fabri-
cate a number of prewired boards set up
for frequently tested IC types.

POPULAR ELECTRONICS



Power supply construction is not criti-
cal. Point-to-point wiring is adequate.
Connections from the IC tester to the
power supply should be made directly at
the voltage regulator's terminals. If the
project is mounted in a plastic, rather
than aluminum, enclosure, a heat sink
must be provided for IC12. In any event,
heat sink compound such as Dow Corn-
ing No. 340 silicone heat-sink com-
pound should be used when mounting
the IC on aheat dissipating surface.

Worst-case maximum power dissipa-
tion for the regulator will be approxi-
mately (in watts) the unregulated supply
voltage minus five volts, because max-
imum current is about one ampere. The
maximum dissipation of the regulator
must be kept in mind when selecting the
power supply transformer and heat sink.
The rectified voltage across the filter ca-
pacitor will be about 1.4 times the rms
voltage from the center tap to one end of
the secondary in a full-wave circuit. If a
bridge rectifier is used, the dc voltage
across the filter capacitor will be about
1.4 times the rms voltage across the en-
tire secondary winding (no center tap is
needed). In any event, the unregulated
dc applied to the input of /C12 shouid
never drop below 8 volts at full load.
Otherwise the output will not be regulat-
ed. Also, the input to the regulator must
not exceed 35 volts or the integrated cir-
cuit will be damaged.

Programming. All that's required to
program the tester is patching input sig-
nals to the reference and test IC's. Each
individual input of the test IC should be
connected to a different binary code bit
(A through H). In multiple section IC's,
correspbnding inputs can be wired in
parallel. For example, when program-
ming a test of a quad two-input NAND IC
(SN7400), one input of each gate can be
connected to the A output of the binary
code generator and the other input of
each gate to the B output. Thus there
would be four gates with their inputs
wired in parallel to the A and B bits.

When specific binary code generator
outputs (A through H) are patched to the
test IC inputs, the corresponding sepa-
rately buffered outputs A’ through H'
must be patched to the corresponding
reference IC inputs. Programming is
completed by patching +5 volts and
grounds to the appropriate pins of both
IC's.

The foil on the component side of the
programming board is etched to provide
clear labelling. Binary code generator
outputs are boxed in and identified by the
letters A through H. Separately buffered
outputs are shown bussed together on
the component side. This bussing is
done for appearance’s sake only and
the programming receptacles need not
be soldered on this side of the board.
Actual bussing is done on the other side.

Note, however, that the right-most re-
ceptacles in areas A, B and D must be
soldered on both sides of the pc board.

The choice of which binary code out-
puts are used to drive either the refer-
ence IC or test IC inputs is unimportant
so long as only one set (A through H or
A’ through H') is used with one of the two
IC’s. The +5 volt supply is identified by a
“+" and is shown bussed on the compo-
nent side of the board. Similarly, the
ground is so labelled and bussed. Again,
this bussing on the component side of
the board is for appearance only and the
receptacles need not be soldered on the
component side. But the right-most re-
ceptacles must be soldered on both
sides of the board for proper connection
to the power supply.

Receptacles tied to the test and refer-
ence IC sockets parallel each other
along the edge of the board just above
the edge connector contacts. They are
labelled with pin numbers for 14- (in pa-
renthesis) and 16-pin DIP's.

Two programming examples are
shown in Fig. 7. It is desirable to make
up similar programming sheets for each
IC you test. Then you can use them as
check-oft sheets to verify proper pro-
gramming and as a permanent record of
the test program. Similar tests can then
be performed at a future date by quickly
referring to the appropriate program-

ming sheet. (o

VERYONE who gets into electron-
ics, either vocationally or as a hob-
by. hopes to own an oscilloscope. This
isn't surprising, considering that the
scope is one of the most versatile test in-
struments ever to become available. Not
only can an oscilloscope display a “pic-
ture” of the actual signal in a circuit un-
der test, it can also measure the signal’s
amplitude, frequency, and time period.
The oscilloscope represents a sizable
investment, but it is worth every penny
you invest if you buy what you need and
use it wisely. Here are some basic
scope guidelines you should know be-
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GUIDE TO

OSCI LLOSCOPES How to weigh

the functions and performance that you need
for your application in choosing this instrument.

BY CLAYTON HALLMARK

fore buying the instrument, including op-
erating principles and specifications.

Curves and Measurements. The
oscilloscope’s usefulness in measuring
time and voltage is illustrated in Fig. 1.
Horizontal distances on the screen rep-
resent time by a fixed amount per grati-
cule square, while vertical distances
represent voltage, also by a fixed
amount per square.

A TIME/DIv (typical) control on the
scope can be used to set the width of the
displayed image. The calibration mark-
ings on this control permit the elapsed

time between any two points on the dis-
play to be determined by mutliplying the
horizontal spacing in divisions by the
numerical value of the TIME/DIV control
setting. For example, the horizontal divi-
sion between points A and B in Fig. 1 is
five divisions. If the TIME/DIV setting is
100 ps/division, the elapsed time be-
tween Aand Bis 100 ps X 5 = 500 ps.
The voLTs/piv (typical) control on the
scope is used to set the height of the dis-
play. The vertical distance tells the mag-
nitude of the voltage of the displayed
wavefcrm in much the same manner as
the horizontal distance tells the time be-
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Fig. 1. Displayed waveform is
plot of voltage versus time.

tween any two points. The voltage (verti-
cal) difference between points A and B
in Fig. 1, therefore, is four divisions.
Now, if the voLTs/pDIv control is set to
0.5 volts/division, the voltage difference
is 0.5 x 4 = 2 volts.

Basic Scope. A simplified diagram of
an oscilloscope is shown in Fig. 2. Elec-
tron beam deflection is accomplished by
controlling the charges on two sets of
deflection plates within the CRT. One
pair is for vertical deflection, and the oth-

- another sweep. During this retrace inter-

val, special circuits within the scope
“blank” the electron beam so that it is
not visible on the CRT screen.

During the relatively slow left-to-right
progression of the electron beam on the
CRT screen, whatever signal is applied
to the vertical input is amplified and
causes the CRT electron beam to be de-
flected up and down in step with the in-
put signal. If the input signal is a steady
dc voltage, the display is a straight line
as shown in Fig. 3A. If one cycle of a
sine wave, whose time interval is exactly
the same as the sweep time interval, is
used as the vertical input to the scope,
the resultant CRT display will be a single
sine wave (Fig. 3B). And, if the input
sine wave time interval is only half of the
sweep time, then two cycles of the input

waveform will be seen on the CRT,

screen as shown in Fig. 3C.

Older, and inexpensive present-day
scopes, have a SWEEP FREQUENCY con-
trol that permits the horizontal frequency
to be adjusted to an exact submultiple of

DEFLECTION PLATES
VERTICAL(2)
HORIZONTAL(2)

- RETRACE
SWEEP
BLANK
SNEEE DURING
CONTROLS RETRACE
e %o
: SWEEP HORIZ
3 GEN Amp
=
3 PHOSPHOR-COATED
(\) SCREEN
INPUT \ VERT
4 ATTEN Aup AMP

Fig. 2. Simplified diagram of how an oscilloscope
works. Two sets of plates deflect the electron beam.

er pair, mounted at right angles to the
vertical plates, is for horizontal deflec-
tion of the beam.

The horizontal sweep generator sup-
plies a sawtooth waveform that is volt-
age amplified and applied to the two ho-
rizontal deflection plates. The amplified
sawtooth waveform then forces the CRT
electron beam to move at a uniform rate
across the CRT phosphor-coated
screen. The action of the electron beam
impinging on the phosphor causes a dot
of light to appear on the CRT, thus the
horizontal sweep produces a line of light
across the screen, which moves in a left-
to-right direction.

When the sweep sawtooth reaches
the “retrace” portion, it causes the elec-
tron beam to “snap” back to its origin
(the left side) and await the start of

the vertical frequency. If this is not done,
and if the starts of successive sweep
ramps occur at different points on the in-
put signal (positive peak, negative peak,
start of positive alternation, etc.), the
jumbled pattern shown in Fig. 4 results.
In these “recurrent-sweep” scopes, the
sweep signal voltage is generated by a
sawtooth oscillator that is usually syn-
chronized to the input signal by feeding
it a sample of the input signal from the
vertical circuits.

More modern and expensive oscillo-
scopes employ ‘“triggered-sweep” in-
stead of recurrent-sweep design (Fig.
5). The sweep generator is inactive until
a trigger signal, derived from the input
signal, starts it operating. When the in-
put signal reaches the selected polarity
and amplitude, the trigger circuit delivers
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a pulse to the sweep generator, which
then produces one cycle of sweep. The
sweep generator then “rests” until the
input is again at the selected polarity
and amplitude. If the input is a continu-
ous sine wave, a continuous sawtooth is
generated, as in a recurrent-sweep
scope, but in sync with the input signal
so that the display *“stands still”. If there
is no input signal, no sweep occurs.
Triggered-sweep scopes can be set so
that they do not produce a trace in the
absence of a vertical signal. Also, if the
input consists of random pulses, the
sweeps occur only when there are
pulses.

Because triggered-sweep scopes use
an extremely linear (with time) ramp,
they provide an accurate way of mea-
suring the time between events on a
waveform. These scopes are thus said
to use a “time base” instead of a hori-
zontal oscillator. The time base’s cofitrol
is calibrated in time/division instead of
frequency. In addition, the triggered-
sweep scope provides a means for mea-
suring small portions of pulse trains, ran-
dom events, single events, and signals
of rapidly changing frequency.

Recurrent-sweep scopes are far from
extinct and certainly have their place to-
day, especially where instrument cost

SWEEP \/\/

SIGNAL

—
DISPLAY @

H
v
(A)

1
T\

SWEEP

SIGNAL,
DISPLAY

SVAVY,

(c)

SIGNAL ,
DISPLAY

Fig. 8. Display depends on
horizontal input and sweep.
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Fig. 4. Out-of-sync scope produces
this meaningless pattern.

must be kept at a minimum. Aside from
lower cost, the recurrent-sweep scope
may be easier to use than the triggered-
sweep scope. Some scopes even offer
both types of sweep at the flip of a
switch. (Providing both types of sweep
are handy for establishing the baseline
in the absence of an input signal.)

Two Scopes in One. Sometimes we
are interested in measuring the time be-
tween events on two different signal
paths. This can be done with a time-
base (triggered-sweep) oscilloscope if
there is a way of simultaneously display-
ing the two wave-forms. Many modem
triggered-sweep  scopes, therefore,
have dual-trace capability to fill this
need. With such a scope, the input and
output waveforms (for example) of a cir-
cuit can be viewed at the same time and
compared for time (phase) differences,
distortion, and other differences.

VERT
INPUT —=| AMP

"SAMPLE"
OF INPUT
/SIGNAL 1

L1
[sweer HORIZ

GEN Amp

TRIG

SELECTED
TRIGGER

POINT :
INPUT \/
SWEEP_/
le— SWEEP —] RETRACE
CRT
DISPLAY

Fig. 5. Triggered-sweep scope
and waveforms involved.
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A dual-trace scope has twc indepen-
dentinput channels that are fully control-
lable independently of each other, and
whose electrical characteristics are
carefully matched. The two signals are
fed to the vertical-deflection plates via
an electronic switch (Fig. 6).

The vertical amplifier circuit can be
switched between the two channels in
either of two ways. With the scope in its
alternate mode, as in Fig. 6, switching
occurs during sweep retrace; sweep one
displays signal A, sweep two signal B,
sweep three signal A, etc. The persist-
ence of the CRT screen phosphor
leaves an afterglow when a given trace
is not being drawn causing the wave-
form to linger on the screen during alter-
nate sweeps. Consequently, both wave-
forms appear to be displayed simultane-
ously. However, if the sweep rate is set
sufficiently slow, as for viewing low-fre-
quency signals, one waveform may be-

*gin to fade while the other is being

Fig. 7. Display with electronic
switch in chop-mode operation.

tical {(channel-A) and horizontal (chan-
nel-B) input signals. A plot of the Chan-
nel-A signal versus the channel-B signal
results. One signal is plotted on the X
(horizontal) axis, while the other is plot-
ted on the Y (vertical) axis. Both signals
are treated in the same manner by the
amplifiers, and both can be measured in
volts per centimeter (V/cm) by using the
calibration controls.

A phase-relationship (or Lissajous)
pattern appears on the screen when the
scope is used in the XY, or ‘“vector-

INPUT AMP
’ [: JerTices
TRONIC VERT FLECTION
El'Ecswrrcn ANP PLATES

]

SQUARE f| CHOP
WAVE §—@

ALTERNATE

SWEEP HORIZ

traced on the CRT screen, and the dis-
play will flicker. This calls for the “chop”
mode of operation.

In the chop modea relatively high-
speed square-wave oscillator alternates
the electronic switch rapidly during
sweeps. This produces a display such
as that shown in Fig. 7. In practice, the
traces are made up of so many seg-
ments that the integrating mechanism of
the eye makes each appear as a con-
tinuous waveform.

Front-panel switches on dual-trace
oscilloscopes permit selection of either
the alternate or chop modes as desired.
In a few scopes, the mode automatically
changes from chop to alternate when a
sweep speed of 1 ms/cm or slower is
selected. This prevents flickering and
speeds setup time when using the
scope.

Some dual-trace scopes have a
switch for exchanging the horizontal am-
plifier for one of the vertical amplifiers. In
this XY mode of operation, the matched
vertical amplifiers are used for both ver-
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Fig. 6. In dual-trace scope,
two signals are fed to
vertical-deflection plates,
via an electronic switch.

HORIZONTAL
HOR{Z DEFLECTION
AMP PLATES

scope,” mode. One of the simplest loops
to be obtained in this mode is shown in
Fig. 8. The slant of the loop reveals the
phase relationship of the signals. This
mode can also produce a more complex
loop, which looks like a “daisy” (Fig. 9),
for chacking the chroma circuits in a col-
or-TV receiver. (A special CRT graticule
is used with the daisy pattern to provide
accurate color-TV receiver vectorscope

Fig. 8. Lissajous figures
are used for phase measurements.

61

i
i



Fig. 9. Vectorscope pattern
is useful in checking color TV.

operation.) Such a scope configuration
can also “draw” the load line of a power
supply or transistor.

Looking at Specifications. As with
all electronic gear, and particularly elec-
tronic test equipment, it is important that
you understand the various technical
specifications used for oscilloscopes.
Let us, therefore, list the various tech
specs of a scope and explain what each
means.

= PEAK— - - —-

= 0.5 (pEAK)

5 ;

g 0.1 (PEAK)ﬁ—
RISE TIME—
TivET| T

Fig. 10. Diagram shows how
rigetime of a wave is defined.

Frequency Response. The 3-dB-
down frequency response, or band-
width, of the vertical channel is the most
important factor in the price and applica-
bility of a given oscilloscope. The usable
response of a scope just for radio work
might not have to be greater than the au-
dio range, but a TV repairman might
need a scope that can display signals
from 30 Hz to beyond 4 MHz. For more
exhaustive and demanding tests,

Fig. 11. Excessive overshoot
caused by scope’s poor response.
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scopes with responses out to 10, 15, 50,
or even 100 MHz might be required.
Needless to say, you should select a
scope according to the type of work you
expect to be performing. You would not,
for example, select a scope with a
100,000-Hz (100-kHz) range to do ser-
vicing on color-TV receivers. Converse-
ly, a 100-MHz scope’s range would be
wasted if all you plan to work on is audio
circuits.

Risetime. Those of us who do a lot of
work on digital circuits are particularly in-
terested in the risetime of a scope. As il-
lustrated in Fig. 10, the risetime of a
pulse is the time it takes for the leading
edge of a square wave to rise from 10%
to 90% of its peak value. If, for example,
it is necessary to measure within 3% a
waveform risetime known to be in the
0.04-us range, an oscilloscope with a
risetime of not more than 0.01 ps would
be required.

When comparing oscilloscopes, it is
sometimes necessary to convert a spec-
ification from one form to another to de-
termine how each scope measures up. If
the bandwidth (BW) is known and you
wish to know the risetime (t;), or vice
versa, just divide the known quantity into
0.35. The general formula is BW x t; =
0.35. Bear in mind, however, that this
formula works only if the response of the
scope rolls off smoothly, until it is close
to 12 dB down at twice the —3-dB fre-
quency. If the scope does not follow this
Gaussian curve, excessive overshoot
{more than 2% or 3%) occurs as shown
in Fig. 11. If the scope does have a
Gaussian response, it may be usable at
frequencies up to twice the rated limit.

Deflection Factor. This is a measure
of the oscilloscope’s sensitivity or ability
to display low-level signals. It indicates
the signal amplitude required to cause
the trace beam to be deflected one grati-
cule division. The deflection factor is
commonly given in millivolts peak-to-
peak per division (mV p-p/div.). For
some scopes, 10 mV/cm is common.
Again, in comparing scopes, their speci-
fications must be converted to a com-
mon term. If the voltage is given in rms,
multiply by 2.828 to obtain peak-to-
peak; if the division is 1", divide by 2.54
to obtain the centimeter equivalent.

Most modern scopes have adequate
sensitivity. However, remember that, in
comparing scopes, the lower the deflec-
tion factor, the easier it is to display low-
level signals.

Accuracy. This is really calibration ac-
curacy. it is comparable in meaning and
percentage to the accuracy of an analog
meter. Accuracy is generally in the
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range of 3% to 5%. The accuracy of the
vertical calibration tells how closely the
input voltage level can be measured,
while the horizontal accuracy refers to
the time (and frequency) measure-
ments.

OSCILLOSCOPE
MANUFACTURERS

B&K Precision, Dynascan Corp.
6460 W. Cortland Ave.
Chicago, IL 60635

Ballantine Laboratories, inc.
Box 97 .
Boonton, NJ 07005 S

Dumont Oscilloscope Laboratories, inc.
40 Fairfield PI.
W. Caldwell, NJ 07006

Eico Electronic Instrument Co., Inc.
282 Malta St.
Brooklyn, NY 11207

Heath Company
Benton Harbor, M1 49022

Hewlett-Packard Co.
1501 Page Mili Rd.
Palo Alto, CA 94304

Hickok Electrical Instruments
10514 Dupont Ave.
Cleveland, OH 44108

Leader Instrument Corp.
151 Dupont St.
Plainview, NY 11803

Lectrotech Inc.
5810 N. Western Ave.
Chicago, IL 60659

Philips Test and Measuring Inst. inc.
400 Crossways Park Dr. .
Woodbury, NY 11797

Sencore inc.
3200 Sencore Dr.
Sioux Falls, SD 57107

Systems Electronics, Inc.
9727 Inglewood Ave.
Inglewood, CA 90301

Telequipment Div. of Tektronix
Box 500
Beaverton, OR 97005

ViZ Manufacturing Co.
335 E. Price St.
Philadelphia, PA 19144

Vu-Data Corp.

7170 Convoy Ct.
San Diego, CA 92111
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Impedance. The input impedance of
an oscilloscope is usually a 1-megohm
resistance shunted by a 30-pF capaci-
tance. (Most laboratory-grade scopes
have 50-ohm inputimpedances.) The in-
put impedance with a probe is typically 1
megohm shunted by 20 pF for a low-
capacitance probe. To prevent circuit
loading, a low-capacitance probe is de-
sirable. Some scopes have switch-
selectable input impedance: 1 megohm
for general use with a probe and 50
ohms for pulse and CW measurements
in low-impedance circuits.

Most oscilloscopes can tolerate up to
500 volts peak-to-peak at their inputs
without suffering damage. However, if
you plan to be working with higher volt-
ages, we strongly suggest that you in-
vest in a 5-kV or higher probe. The max-
imum voltage that can be measured by
an oscilloscope depends on the instru-
ment’s voltage rating, availability of a
high-voltage probe, and the scope's
maximum deflection factor.

Sweep Rate. The number of cycles in
a display is equal to the signal frequency
divided by the sweep rate. If you link up
a wideband vertical amplifier and a low-
performance sweep generator, the
waveform displayed will be highly dis-
torted.

For best results, you want no more
than about six cycles of signal dis-
played. Hence, for TV work, you need a
sweep speed of at least 500 kHz, which
would yield about seven cycles of the
3.58-MHz color oscillator signal. A
sweep of only 100 kHz would put no less
than 35 cycles on the CRT screen.

To determine how many cycles of a
given frequency a triggered-sweep
scope will display at its fastest sweep
rate, the time/division specification must
be converted to frequency using the for-
mula f = 1/(t/div x W), where t/div is
the lowest sweep setting and W is the
width of the screen. A sweep rate of 0.2
ps/cm on a screen 10 cm wide corre-
sponds to a 500-kHz sweep rate. For
many scopes, the maximum sweep rate,
rather than the bandwidth of the vertical
amplifier, will determine the maximum
high-frequency operating point.

Sweep Magnifier. This handy feature
allows the display to be expanded, or
magnified, vertically by operating a
switch. Typical expansion factors are
X2, x5, and x10. Either or both ends of
the trace then go off the screen, and the
portion of the trace that is desired to be
examined can be positioned on-screen.
In effect, the sweep magnifier increases
the maximum sweep rate of the scope. If
a scope has a top sweep rate of 0.1 us/
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cm, with x5 magnification, the top rate
becomes 0.02 us/cm.

The sweep magnifier allows display of
part of a pulse train that occurs much lat-
er than the triggering signal. It also al-
lows complex signals to be spread out
for close examination.

Fig. 12. Scope display having
TVV and TVH modes of operation.

TVV and TVH Modes. Some time
bases in oscilloscopes have two preset
positions for TV vertical and TV horizon-
tal waveforms. The positions, usually ia-
belled Tvv and TvH, correspond to the
television vertical and horizontal sync
rates of 60 Hz and 15.75 kHz (some-
times 7.875 kHz). With this feature,
viewing the composite video signal (Fig.
12) is greatly simplified.

Alternate vs. Direct Coupling. In
essence, a dc scope has a vertical am-
plifier system that will respond all the
way down to the dc level, and thus dis-
play the input waveform exactly as
“seen” by the scope input. In this mode,
the scope can also be used as an accu-
rate dc voltmeter.

An ac scope is simply one in which
there is a blocking capacitor in the input
circuit (and possibly elsewhere in the
vertical amplifier system) so that the am-
plifier will not respond down to the dc
level. Although a scope is used most of-
ten on ac signals, sometimes these sig-
nals are found “riding” on a dc level, as
at the plates of vacuum-tube amplifiers,
where the ac signal of interest can be as
much as 250 volts dc above ground. Ob-
viously, if this composite signalis fed to
a dc scope, the trace will disappear oft
the screen, and it may be very difficult to
bring into view. Therefore, an ac scope
is handy when you have to examine sig-
nals that ride on some relatively high dc
level.

Since an ac scope will not respond to
dc signals, the reactance of the capaci-
tor limits the lower-frequency response
and that is why ac response is usually
specified as from 1 or 2 Hz up. Ac cou-
pling also means that steady-state dc

signals, such as those forming the tops .
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and bottoms of square waves will have a
“droop” that is not present on the origi-
nal signal. It also means that ac scopes
cannot be used as dc voltmeters. To get
the most of both approaches, purchase
a scope having both ac and dc coupling.

Probes. An oscilloscope is effective
only when it can be interfaced with a cir-
cuit that requires waveform analysis,
and this is where probes come in.

There are several types of probes,
each designed for a specific purpose.
They range from simple coaxial-cable
types with test prods at the ends,
through input impedance multipliers, to
r-f probes that can be used to examine
signals operating at many hundreds of
megahertz.

The simplest probes are lengths of
coaxial cable with one end terminated in
a suitable scope input connector and the
other end fitted with alligator or plastic
encased test prods. The grounded braid
of the cable reduces any noise pickup.

Input impedance multipliers are usual-
ly specified with a ratio—10:1, for exam-
ple—which means that you can look at
signals whose voltage levels may be
greater than the maximum voltage sen-
sitivity of the scope. It also means that
the scope input impedance is raised by
a similar factor. This can be important
when making measurements in very
high-input-impedance circuits (such as
CMOS) to avoid loading problems.

The use of an r-f-demodulator probe
does not extend the scope bandwidth to
the probe limits (which may be 250
MHz). Such a probe can be used to de-
modulate a signal from an r-f carrier up
to the probe limits. Using such a probe,
the modulation of a CB, ham, or busi-
ness radio can be easily examined for
modulation characteristics, as long as
the madulation frequency does not ex-
ceed the demodulation limits of the
probe or the response of the scope.

Summing Up. An oscilloscope may be
the most sophisticated instrument you
ever buy. Choosing a particular one
from the many makes and models on
the market is not easy. The best advice
to follow is to decide “how much” scope
you need and how much money you are
willing to invest. Then compare specifi-
cations. Give serious consideration to
your needs. Vectorscope capability and
TVV and TVH features would mean
more to a TV service technician than an
electronics hobbyist, for example. For
serious experimenting, do consider du-
al-trace capability, triggered sweep, and
sweep magnification. o
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WNING a frequency counter is no
longer a luxury. For electronics ex-
perimenting and for servicing today's
equipment, one needs this piece of test
gear to count clock rates, adjust oscilla-
tors, and so on. Here's a handy, low-
cost, portable counter that can serve ad-
mirably for these purposes.

It will count from less than 100 Hz to
more than 40 MHz and display the input
signal’'s frequency on a six-digit, multi-
plexed LED display. The counter uses
CMOS and low-power Schottky IC's, bi-
polar transistors and a FET, allowing op-
eration from alkaline and rechargeable
Ni-Cd batteries.

About the Circuit. The frequency
counter is illustrated schematically in
Figs. 1 and 2. Input signals are coupled
by C1 to transistors Q7 and Q2, which
comprise a unity-gain buffer with a high
input impedance. Diodes D1 and D2,
together with R3, protect the buffer from
excessive input signal levels. A 10,000-
series ECL triple line receiver, IC1, am-
plifies the voltage developed across RS.
The third stage of this IC is used as a

+5V

o - .

A 40-MHz

LED display and 10-Hz to

BY BILL GREEN

Schmitt trigger to square up the signal
waveform. The output of IC1 is applied
to Q3. A TTL-compatible version of the
input signal is available at the collector
of this transistor. Hot-carrier diode D3 is
placed across the collector/base junc-
tion of Q3 to prevent saturation, thus
keeping the transistor's switching speed
high.

Depending on the position of S2, (see
Fig. 2), the output signal from Q3 is ap-
plied to either IC2 or IC5. When the
switch is in the 4-MHz position, the sig-
nal is routed to /C5, an inverting buffer.
When S2 is placed in the 40-MHz posi-
tion, IC2, a divide-by-10 prescaler, is in-
serted. The output of IC2 is then buff-
ered by IC5. Switch S2 performs two
other functions. The second switch pole
passes current to the appropriate deci-
mal point on display DIS1. The third poie
selects one of two pull-up resistors (R22
or R23) for the open-collector output of
IC5. These resistors, along with C14,
provide additional signal conditioning
before the waveform is applied to CMOS
counter IC4. This LSI chip contains all
the circuitry necessary for counting,

Q3
2N3906

FREQUENCY COUNTER

Portable counter features six-digit

100-Hz resolution.

latch, decode and drive functions, and
interfaces directly with the display.

Integrated circuit /IC3 is the master
clock. It consists of a crystal-controlled
oscillator running at 6.5536 MHz and
several dividing counters. Among its
outputs are a 1600-Hz multiplex control
signal and reset and gating pulses for
IC4. Supply voltages of +5 and +10
volts are required. In the author’s proto-
type, they are derived from series
strings of four AA Ni-Cd and three AAA
alkaline cells. Jack J1 is used with an
external charger, and Ry is chosen to
limit charging current to & safe value.
Power supply bypassing is performed by
C3,C4,C5and C13.

Construction. Suitable etching and
drilling and parts placement guides are
shown in Fig. 3. Begin by installing the
six jumpers on the pc board. Then install
IC sockets or Molex Soldercons, fol-
lowed by the resistors. Mount all fixed
capacitors on the component side of the
board, except for C6 and C13. These
capacitors and trimmer C12 are installed
on their sides on the foil side of the

Fig. 1. Schematic
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PARTS LIST

B1 through B4&—AA Ni-Cd cell

BS through B7—AAA alkaline cell

C1,C3,C8,C10—0.1-uF, 600-V disc ceramic
capacitor

C2—68-pF disc ceramic or silver mica capaci-
tor

C4—0.01 uF disc ceramic capacitor

C5,C7—10-pF, 16-volt tantalum capacitor

C6—33-uF, 16-volt tantalum capacitor

C9—220-pF disc ceramic or silver mica ca-
pacitor

C11—22-pF disc ceramic or silver mica ca-
pacitor

C12—S5-t0-50-pF trimmer capacitor

C13—100-pF, 16-V electrolytic capacitor

C14—12-pF disc ceramic or silver mica capa-
citor

D1,D2—MBD501 diode

D3—MBD101 diode

DIS1—Multiplexed LED display (see note)

IC1—MC10116 ECL triple line driver IC

IC2—74LS196 Schottky decade counter IC

IC3—ICM7207 LSI CMOS oscillator/divider
IC (Intersil)

IC4—ICM7208 LSI CMOS counter IC

IC5—74LS05 Schottky inverting buffer IC

J1—Suitable jack for battery charger

Q1—MMT3823 n-channel FET (Motorola)

Q2—MMT2857 npn silicon transistor (Moto-
rola)

Q3—2N3906 pnp silicon transistor

The following resistors are Y4-watt, 10% toler-
ance.

R1—1 megohm

R2,R13,R15—330 ohms

R3—33,000 ohms

R4,R19,R20-—-1000 ohms

R5,R9 through R12—470 ohms

R6,R23—2200 ohms

R7,R21—100 ohms

R8—2700 ohms

R14,R22—220 ohms

R16—47 ohms

R17—150 ohms

R18—47,000 ohms

S1—Dpst switch

S$2—3pdt switch

XTAL—6.5536-MHz quartz crystal

Misc.—Suitable enclosure, batteries and
charger, battery holder, magnifying lens,
solder, hook-up wire, IC sockets or Molex
Soldercons, shielded cable, suitable probes,
machine hardware, epoxy cement, electrical
tape, elc.

Note—The following are available from Alpha
Electronics (Texas), Box 64726, Dallas, TX
75206: Kit of parts and case (No. DFC-40)
less input cable and probes, batteries and
battery holder: $50.00 plus $3.00 postage
and handling. Parts also available separate-
ly: 6.5536-MHz crystal, $7.50 postpaid;
etched and drilled printed circuit board (No.
280776) $8.50 postpaid; DIS1 display (No.
AE-9), $6.00 postpaid; Bag of semiconduc-
tors including D1 through D3, IC3, IC4, Q1
and Q2, $35.00 postpaid.

board. Observe polarities on all alumi-
num and tantalum electrolytic capaci-
tors. The remaining fixed capacitor,
C14, is mounted on the lugs of S&
Quartz crystal XTAL is installed on the
foil side by bending its leads 90° and in-
serting them into the holes on the board.
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Be sure the body of the crystal clzars the
foil under it before soldering.

Mount diodes D1, D2, D3 and'transis-
tor Q3 on the board, paying close atten-
tion to basing. The MMT transistors (Q1
and Q2) are soldered to the foil side of
the board. Note that these transistors
are color coded. Install Q1 so that its yel-
low dot i on the foil side and Q2 so that
its orange dot is on the component side
of the board.

The display assembly must be pre-
pared before installation. Orient the as-
sembly so that the numbers etched on
the component side are toward you. Cut
the cathode leads (the third from the left
or middle lead on the bottom of the dis-
plays) of digits 1, 2 and 9 at the displays
and unsolder them from the board. Cut
the DP (decimal point) lead (fifth from
the left at the bottom of the displays) at
the board—not the displays—of digits 3
and 4 only. Clear the solder from the
holes where the cathode leads of digits
1 and 2 went through the board. Run a
short length of insulated wire from the
hole where digit 1’s cathode lead was
connected to the decimal point lead of
digit 3. Then repeat this procedure for
the DP lead of digit 4 and the cathode
hole for digit 2.

From now on, refer to digit 8 as denot-
ed by the etched numeral as digit 1, digit
7 as digit 2 . . . and digit 3 as digit 6.
Solder a straight pin into each display
board hole except the fourth from the left
and right-most holes. The pin heads
should be flush with the component side
of the display pc board. Place the dis-
play board over the main board and in-
sert the pins into the holes in the main pc
board. Space the boards 5/16" (8 mm)
apart and solder the pins to the main

AmericanRadioHistorv Com

board. Clip the excess pin lengths from
the foil side of the main board. Bend the
display assembly so that it is at a 15° an-
gle to the main board. When the counter
is installed in its case, the display will be
aligned for centered and properly mag-
nified digits.

Bend the lugs of ST and S2 90° and
connect them to the pc board with short
tengths of insutated hook-up wire. With
81 in the OFF position, wire four AA Ni-
Cd cells in series between ground and
81B. Also connect a battery holder for
three AAA alkaline cells between S1A
and S1B. Wire a suitable charger jack to
ground and to S1B via resistor RAy. Se-
lzct the value of Ry to prevent (if neces-
sary) your battery charger from over-
charging the batteries. Connect the
charger to J1 and allow the batteries to
charge.

Install the IC's, following the standard
precautions for handling MOS devices.
Apply power by closing S1. Digits 1 and
2 (at the least) should light. Apply a 200-
mV signal at 4 MHz or less across the
counter input. With S2 in the 4-MHz po-

. sition, check for a stable and accurate

reading. Repeat this procedure with $2
set to 40 MHz and a 200-mV signal at 40
MHz or less.

Cut a display magnifier to size and in-
stall it in the counter’s enclosure with
epoxy cement. Mount S71 and S2. Install
the pc board so that the display is prop-
erly centered and aligned. Then drill
holes for J1 and the input cable. Insulate
the batteries and the battery holder with
electrical tape to prevent accidental
shorts. Select suitable cable or wires for
the input lead. Coax such as RG-58/U
can be used, but its impedance is low
and will tend to load down high-imped-

65

E



+52A D3 9+
: 3 RI8 R!O
RI? RIS ° RIS
RiS
[
2 P 1c3
; —
L8 ©
21—
G~—ta>— @
3t
D~ J J
4
DISt{ ;|
6y By
A

OP 64—

ICa

Fs _—
DP5<——3'5

-SSP

S

+

ance circuits. Two separate shielded
leads will work well and exhibit less of a
loading effect. Solder the input lead(s) to
the foil side of the pc board and run it
(them) out through the hole in the enclo-
sure: Mount J7 and place the alkaline
celis in their holder.

Calibration. If a frequency counter or
frequency standard is available, calibra-
tion can be performed merely by con-
necting a signal source of known fre-
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quency to the counter input and adjust-
ing C12 for an accurate reading. If no
standard or counter is available, a signal
generator can be zero-beat against
WWV and used as a reference. The
counter’s accuracy can approach or ex-
ceed 0.00001%, depending on calibra-
tion accuracy.

Using the Counter. The sensitivity of

this counter is nominally 200 mV from
100 Hz to 40 MHz. Operation beyond
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board (left) and component
layout (above).

these limits is possible if greater input
levels are applied. Keep in mind that the
input stage is protected to 50 volts. If the
counter is to be used with an r-f transmit-
ter, a short length of heavy, insulated
wire may be used as an antenna to mea-
sure the output frequency. A ground is
not required in this mode of operation.
Frequencies will be displayed with
10-Hz resolution in the 4-megahertz
range, and 100 Hz in the 40-megahertz
range. o
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How to modify surplus-type meters to obtain high accuracy.

Buying an ammeter with built-in
shunts to measure currents from
milliamperes to hundreds of amperes
can be an expensive proposition. It is
much less costly to obtain a basic 1-mA
movement and add the shunts you need
to create the necessary ranges. This
can be done by using the table supplied
here. It tells you what shunt values are
required for a given milliammeter move-
ment with a 1-mA full-scale swing.

About Accuracy. Depending on the
movement you choose and how much
you pay for it, basic accuracy will be be-
tween 1% and 5% full-scale. The ac-
curacy figure is loosely based on both
repeatability and scale precision. Bear in
mind that the accuracy of large panel
meters is generally no better than 1%
full-scale. What these movements offer
for the high prices they command are
ruggedness, long life, temperature com-
pensation, magnetic shielding, and high
breakdown voltage, all of which may be
important in some applications. Where
the application is not critical, you can
choose a small $3.50 to $6.00 panel me-
ter and get more than adequate results.

When you look at accuracy figures for
basic meter movements, be sure you
understand the meaning of the figures.
Since a current-measuring meter is
placed in series with the source and
load, it should have the lowest possible
resistance for maximum sensitivity. The
meter's resistance is a part of the circuit
and affects the overall flow of current.

Let us assume that you have two me-
ters, one with a 50-ohm resistance and
the other with a 100-ohm resistance. If
you were to insert the 100-ohm meter
into a circuit with 100 ohms resistance in
which the actual current flow is 1 mA,
the meter would indicate 0.5 mA. Sub-
stituting the 50-ohm mieter would yield a
0.67-mA reading. The readings obtained
are the actual currents flowing in the cir-
cuit while the meters are in the circuit
and they are within 1% of the actual cur-
rent. (Of course, if you remove the me-
ters, the current in the circuit would
again become 1 mA.) The discrepancies
are the result of the fact that the meters
add their own resistance to the circuit
and reduce the overall current fiow.
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If the meters had zero resistance (im-
possible to achieve in practice), they
would not affect the flow of current. In
this case, both meters would indicate 1
mA. It is obvious then that, in the world
of real measurements, you must take
into account the effect the meter has on
the circuit that is being tested.

Custom Tailoring. Since the voltage
it takes to swing the milliammeter's
pointer to full-scale is the product of full-
scale current times coil resistance, it is
easy to design circuits and make refer-
ence charts for choosing shunt and ser-
ies-shunt combinations. It is amazing
how small a voltage is required for a full-
scale pointer swing on a typical 1-mA
movement. For example, a 50-ohm,
1-mA movement requires 1 mA x 50
ohms, or 50 mV (0.050 V) full-scale.

The problem is that many low-cost
meter movements are provided with no
specifications other than the scale mark-
ings. You cannot measure the coil re-
sistance with an ohmmeter because the
test voltage is much too high and can
damage the movement or burn out the
meter's coil. The best way to check mil-
liammeter movements is with a simple

= B
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Fig. 1. Here is a simple meter
calibration circuit you can
use to check meter movements.

meter calibration circuit like that shown
in Fig. 1. For this, you will need a good
standard multimeter capable of indicat-
ing current to 1 mA full-scale. (Even a $6
basic movement will do if its coil re-
sistance is specified.)

The meter calibrator shown in Fig. 1
uses a 50-ohm movement. This move-
ment indicates half of the voltage
dropped across tested movement M1.
The total reading from M2 is read as O to
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0.1 volt or as 0 to 100 ohms. Potentiom-
eter R2 is adjusted for a full-scale read-
ing on M1.

Once you know coil resistance Ry
and full-scale voltage Ej,, as indicated
on M2, you can calculate the shunts
needed to increase the basic move-
ment's range. The formula for this is Rg
= Em/(lp — Im) where Rg is the shunt
resistance in ohms and lp and ly, are the
design and movement's full-scale cur-
rents in amperes. However, to avoid
having to perform the mathematics, you
can refer instead to the table, which
gives the values of the shunt resistors
needed for various 1-mA meter move-
ments for a variety of full-scale ranges.
The resistances in the table are rounded
off to three places in most cases. Itisn't
necessary to be too accurate in shunt-
resistor selection because of the limita-
tions resulting from the built-in errors of
the basic meter movement itself.

About the best possible accuracy you
will be able to obtain, no matter how pre-
cise the values of the shunt resistors,
will be 1% of the full-scale reading. The

resistors you use will not normally be

better than 1% to 5%, and the meter
movement itself cannot be interpreted to
better than 1% accuracy even if it is the
best available.

The 1-mA movement will probably be
calibrated in 10 major divisions, with five
minor divisions between each. This
works out to 0.1-mA major and 0.02-mA
minor steps when only the basic mea-
suring range of the movement is consid-
ered. When multiplied by the shunt fac-
tor for a 50-mA full-scale reading, the
major steps are each 5 mA and the mi-
nor steps are each 1 mA. However, with-
out an antiparallax mirror backing on the
movement and other refinements, one
minor division is about the limit of what
you can interpret on any reading.

Thus, a 1-mA error is possible in the
reading and 0.5 mA in the meter’s basic
accuracy. In terms of a shunt, assuming
a 50-chm movement, this is like using a
1-ohm resistor instead of the required
1.02 ohms. In fact, the difference of 0.5
mA caused by the movement itself
would be the same as an error of from
1.0098884 to 1.0309278 ohms instead
of the exact 1.0204081 ohms required.
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SHUNTS NEEDED FOR VARIOUS MOVEMENT RESISTANCES

AND FULL-SCALE CURRENT
Shunt (ohms)
Movement 12.5 25 i 50 | 75 | 100
(ohms) |
Current | | |
(mA) | | |
5 3.13 625 | 125 | 1875 | 250
10 1.39 i 2.78 | 556 8.33 I it
25 | 052 104 | 208 3.13 4.17
50 0.26 051 | 1.02 1.53 2.04
75 ’ 0.17 0.34 0.68 1.01 1.35
100 | 0.13 0.25 0.51 0.76 1.01
150 0.08 017 | 034 050 | 0.67
200 0.06 013 | 025 0.38 0.50
500 0.025 005 | 0.0 0.15 0.20
1000 0.0125 | 0.025 0.05 0075 | 0.10
10.000 o.oo125| 00025 |  0.005 0.0075l 0.01

This simply points out the limit of accura-
cy to be expected with any moving-coil
type of meter. Needless to say, the
home-built metering circuit can be as ac-
curate as the best commercial analog
meters.

To avoid having to wind special resis-
tors, you can use combinations of stan-
dard resistor values to make the re-
quired shunts because the precision re-
quired for good results will not be exces-
sive. The formula for determining the

......
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Fig. 2. Various configurations
for using shunts with meters.
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value of the parallel resistor needed for
a given shunt value and given one resis-
tor of known value is Ry = RgRk/(Rx —
Rs), where Ry is the resistance to be
found, Rg is the desired shunt re-
sistance, and Ry is the value of the
known resistor. To obtain a good many
values with odd decimal endings, a frac-
tional value resistor can be used in se-
ries with a standard larger value resistor.
Of course, the accuracy will suffer when
the possible errors of the resistor values
are added to the circuit. However, if you
use 1% and 5% tolerance resistors and
the scale multiplication is large, the
amount of overall error will be in the
same range as the limits of the meter
movement itself and will not have much
effect on the accuracy of the reading.

The power that is generated in the
shunt must be handled without exces-
sive heating of the shunt or the values of
the shunt resistors wilt change. By using
resistors with 50% greater heat dissipa-
tion (power rating) than is actually re-
quired, you will not exceed safe limits.
Even with a 10-ampere shunt, the cur-
rent is not large enough to generate
much heat in a 0.01-ohm load. The pow-
er generated will be 1 watt, so a 2-watt
resistor will be more than adequate.
Smaller currents develop correspond-
ingly lower power in the shunts. The for-
mula for calculating the power rating of
the shunt resistors is P = 1.5Epy (Ip
—0.001), where P is the power in watts,
Epn is full-scale meter voltage in volts,
and 0.001 is the value of the 1-mA meter
movement’s full-scale current.

To measure higher currents without
having to resort to very small values of
resistors and resistor combinations for
the shunts, a dropping resistor can be
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placed in series with the meter move-
ment. (Various configurations of shunt
circuits are shown in Fig. 2. The Fig. 2D
circuit illustrates the resistor placed in
series with the meter movement.) If you
know the value required for shunt resis-
tor Rg, the formula for determining the
value of dropping resistor Rp is Rp =
[Rs(lp — 0.001) — Ep]/0.001, where
Rp is in ohms, Ip is in amperes, and
0.001 is the full-range current of the me-
ter movement. To find Rg when the total
drop is specified, use the formula Rg =
ERs / (lp — 0.001). Then Rp = (ERg —
En) 7/0.001. '

The Fig. 2D circuit can be used when
a certain voltage drop is required in a
metering circuit and it is different from
the drop that would result from using a
standard shunt circuit. It is also handy
for avoiding small values of resistance,
but the pitfall is excessive power loss
through the shunt when measuring high
currents.

The power in the shunt is calculated
by subtracting 1 mA from the design cur-
rent (Ip) and multiplying this times the
voltage drop across the shunt, which is
the same as the total circuit drop. Almost
any value of resistance can be used for
the shunt, but the power rating will go up
in direct proportion to the resistance for
any given current measurement. The
biggest advantage will be in the avoid-
ance of odd-value shunt resistors that
cannot readily be obtained by connect-
ing resistors in parallel or series-parallel
configurations.

Multirange general-purpose meters
can be made by using a combination of
simple shunt and series-shunt networks
and a multi-position switch. The lower
ranges, where shunts are obtainable in
close-to-standard values, can have the
shunts switched directly across the me-
ter movement.

Summing Up. The design of current-
measuring circuits in which a standard
1-mA meter movement is used is appli-
cable to even the most limited budget
and available test equipment. It provides
accurate current monitoring in up to four
decade ranges at a typical cost of less
than $15. A single-value monitor circuit
can be installed in a project for less than
$9, and it will provide an accuracy of be-
tween 1% and 5% full-scale, depending
on the care taken during the design
stages. The problem of finding and
stocking a variety of current meters is
solved by keeping one or two milliam-
meter movements handy and making up
a few standard shunt circuits to use with
them as described here. o
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The Digital Group adds character).

The Digital Group’s computer
systems have a lot of character
already. Just one quick look at
any of our products in their
unique custom cabinets con-
firms that. But we believe it
never hurts to add a bit more.

So, the Digital Group has added
character in a big way to give an
added dimension to the opera-
tion of our video-based com-
puter systems. We are pleased
to announce our new TV readout with a 64-character line.
It will give your system a great deal more capability. Give
it more character, if you will.

Here are the specifics on the Digital Group TV Readout
and Audio Cassette Interface:

1024 Character TV Readout
¢ 64 characters horizontal by 16 lines
¢ 7x9 character matrix (effectively 7x12 due to char-
acter shifting) -

¢ 1K on-board RAM for buffer storage—requires
no main memory—completely independent

¢ 128 character ASCII
Upper case alpha
Lower) case alpha with base line extenders (g,
JP.Y
Numbers and extended math symbols
Greek alphabet
¢ Software driven cursor—forward and backward

e Compatible with most microprocessors; Interfaces
with 1 8-bit parallel output port

¢ Timebase may be driven with an external timebase
(may be synchronized to TV camera, TV set, etc.)

e Readout timebase available at connector (can be
used for graphic driver, etc.)

e White characters on black, and/or black on white;
software selectable

¢ Plugs into standard dual 22-pin TVC connector on
Digital Group Systems

Improved Audio Cassette Interface:
¢ Reliable FSK recording technique
¢ Uses standard unmodified audio cassette recorder
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* Write cassette system
uses a digitally synthe-
sized frequency shift
system, derived from TV
system’s master crystal
oscillator

* Read cassette system
easily aligned using the
write system as an align-
ment aid.

e Runs at 1100 baud
(100 characters/second)—loads
16K in 3 minutes

512 TVC to 1024 TVC Upgrade Kit:

As always, when the Digital Group extends the capabilities
of our systems, it doesn’t mean obsolescence for any
products. We are offering an upgrade kit for present Digital
Grou §lystem owners who wish to go to tﬁe longer line
length. This kit uses most of the IC’s from our TVC-F read-
out. No unsoldering is required; all new sockets, capac-
itors, resistors, PC ioard and other necessary parts are
supplied.

Prices:

TVC-64—Full 64-character TV Readout & Audio Cassette
Interface:

Kit — $140 Assembled — $205

TVC-64UPG—Upgrade kit from TVC-F:
Kit — $65

If you already own a Digital Group system, our 64-charac-
ter line will definitely enhance its operation. If you're just
looking, you might want to keep in mind that the Digital
Group has a lot of characters.

Write or call now for details on our new 64-character TV
readout and all our other exciting products.

(thedighelgrowp

box 6528 denver, colorado 80206 (303) 777-7133
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Computers
Detect and
Correct

Transmission
FITOrS

Parity checking and redundancy are two of
the devices used in error detection.

LMOST everyone has had some
xperience in dealing with a com-
puter mixup. One classic story goes like
this: a computer, doing one of the earli-
est payroll jobs, put a 1 where a zero
should have been, and the next week
the janitor picked up his paycheck for
exactly $1,000,147.38!!
Systems engineers and serious mi-
croprocessor hobbyists are aware of the
problems that random noise can cause

DECIMAL  BINARY BCD
0 0000 0000
1 0001 0001
2 0010 0010
3 0011 0011
4 0100 0100
5 0101 0101
6 0110 0110
7 0111 0111
8 1000 1000
9 1001 1001

10 1010 XX
1 1011 XX
12 1100 XX
13 1101 XX
14 1110 XX

15 1111 XX

on data lines. Noise can cause the
“three” that was sent to show up as a
“seven.”

Because “error” can be treated as a
random event, having equal likelihood of
occurring in any given datum, it be-
comes possible to apply techniques of
information theory, probability, and sta-
tistics toward designing systems that are
resistantto this type of error.

A simplifying assumption that will be

EXCESS-3 GRAY CODE DECIMAL
0011 0000 0
0100 0001 1
0101 0011 2
0110 0010 3
0111 0110 4
1000 0111 5
1001 0101 6
1010 0100 7
1011 1100 8
1100 1101 9

XX 1111 10
pod 1110 11
XX 1010 12
XX 1011 13
XX 1001 14
XX 1000 15

Fig. 1. Five different 4-bit codes for the decimals 0 through 15.
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useful is that, in a data word consisting
of n bits, only one bit will be in error.
The treatment of multiple-error-detect-
ing systems uses methods similar to
those discussed, but the treatment be-
comes extremely mathematical and
complicated and is beyond the scope of
an introductory article.

Redundancy. An error can be detect-
ed by redundancy, which is the inclusion
of extra information with each data
transmission. This extra information
helps the receiver to decide if the data it
has received has been altered in trans-
mission.

Obviously, the simplest error detect-
ing system, conceptually, would be the
transmission of each data unit twice.
Thus, if the first transmission does not
match the second transmission, the re-
ceiver can signal that an error has oc-
curred and to please repeat the data.

“This this has has some some obvi-
ous obvious disadvantages disadvan-
tages,, and and the the search search
goes goes on on for for better better
methods methods..”

Restating the problem, the decimal

POPULAR ELECTRONICS



DECIMAL  BINARY  PARITY
0 0000 1
1 0001 0
2 0010 0
3 0011 1
4 0100 0
5 0101 1
6 0110 1
7 0111 0
8 1000 0
9 1001 1
10 1010 1
11 1011 0
12 1100 1
13 1101 0
14 1110 0
15 1111 1

Fig. 2. Binary codes
and odd-parity digits
for decimal numbers
0 through 15.
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numbers O through 15 have exactly 16
representations in binary, as shown in
Fig. 1. Since all possible combinations
of 0 and 1 in four positions are used,
there is no way to detect datum error be-
cause all combinations are equally like-
ly; there is no room for redundancy.

Binary-Coded Decimal. Suppose
only the decimal digits, O through 9, are
to be transmitted. From these 10 digits
any positive decimal integer can be con-
structed. The 10 binary representations
for these digits are known as binary-cod-
ed decimal, or BCD.

in BCD the codes for the numbers 10
through 15 decimal are not used and, if
they show up at a receiver, they can be
detected as “illegal” by checking the re-
ceived datum with a “legal word” list. By
selecting BCD over straight binary, a de-
signer makes it possible to detect one
type of error.

Excess-Three Code. By making a
simple change to the code, more infor-
mation—redundancy—can be built right
in. The excess-three (X-3) code is ob-
tained by adding binary 0011 to the BCD
codes for the decimal digits O through 9.
Figure 1 shows that X-3 does not allow
the codes 0000 or 1111. Thus, every le-
gal X-3 word contains at least one 0 and
1, providing another bit of information—
that the data channel is active and trans-
mitting.

Another property that makes it inter-
esting for error-checking is that X-3 is a
self-complementary code. That is, if
each 0 of a legal X-3 word is changed to
a1, and each 1 to 0, the process gener-
ates the 9's complement of the word.
This feature makes error-checking in
X-3 easier and statistically more reliable
than BCD codes. In a BCD error-check-
ing algorithm, for example, a minimum
of six comparisons and table look-ups
must be made before an error can possi-
bly be detected.

BCD is a weighted positional code; in
which the position of each bit in the data
word determines its value. X-3 is not a
weighted positional code. By counting
1's and 0’s in each position of the X-3
representation of the digits 0 through 9,
it can be seen that for a given X-3 word,
each position has a 50% probability of
being either 0 or 1. This eliminates any
statistical bias in the code itself.

In an X-3 error-checking algorithm,
with judicious use of the “complement”
function (a very fast and very easy oper-
ation in most microprocessors), the al-
gorithm can detect a bad code in six
comparisons but only two memory look-
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ups. In some cases, the error checking
can be done 100% faster by use of the
X-3 code for data transmission.

As a further bonus, the X-3 code
makes keeping track of carries and bor-
rows in addition and subtraction of cod-
ed decimal digits significantly simpler
than in the straight BCD code.

Gray Code. Turning to a completely
different four-bit code, the Gray code
finds an application in many analog-to-
digital data-transmission systems. The
Gray code’'s most significant feature is
that, going from one number to another
with a difference of only one, only a sin-
gle bit changes in the Gray code. In a
system where the analog signal is ex-
pected to change slowly with respect to
the sample frequency (say, for example,
temperature inside a house is being
monitored and encoded), a change in
more than one digit position would auto-
matically signal an error to the receiver.

Some information—more redundan-
cy—about the data itself is reflected in
the code itself. The odd decimal digits
(1, 3, 5 etc.) have Gray-code equiva-
lents that contain an odd number of O's
and 1's. This extra information is de-
signed night into the code system itself,
taking advantage of its most likely ap-
plication.

So far, discussion has been restricted
to four-bit codes. This has been done
keeping in mind the 8-bit data bus struc-
tures of microprocessors such as the
8008, 8080, or 6502. With more compli-
cated ccdes, however, it is possible to
add an extra bit to the data word to con-
tain extra information about the data.

Parity. One of the more widely used
complicated coding systems is called
parity checking. Parity checking simply
counts the number of 0’s or 1's in a data
word and assigns a value to an extra pa-
rity bit, depending on the result (Fig. 2).
Thus a seven-bit code such as ASCIi
(American Standard Code for Informa-
tion Interchange) might be transmitted in
an eight-bit format, with one parity bit.

The odd parity system adds a 1to a
data word so that it always has an odd
number of 1's in it. Even parity adds a 1
to cause an even number of 1's. Odd pa-
rity has a slight advantage, similar to ex-
cess-three, because every code word
has at least one 1 or 0 in it, providing a
verification of data-channe! operation.

Note that with the parity system, if two
errors occur in the same data word, pari-
ty check will not detect the error! But it
will detect a three-bit error, or an error in
any odd number of different bits.

"




BIT POSITION 01 02 03 04 05 06 o7
DESIGNATION C1 02 D3 03 D2 D1 Do
VALUE 0 1 1 0 0 1 1
‘ DECIMAL 11 =
N
1011 BINARY
C, = mod 2 sum (D +D,+D;)
1 (140+1) = 092773 |
C, = mod 2 sum (D~+D,+D.)
. (14141) = 1971737
Cz = mod 2 sum (DA+D,+D,)
3 a (14140) = 0212
Fig. 3A. How Hamming-code check digits are generated.

01 02 03

C1 C, D3 03

RECEIVED VALUE O 1 1 0 0 1 1

o,

= mod 2 sum (C1 +DO+D2+D3) = (0+140+1) = 0
= mod 2 sum (02 +DO+D1+D3) = (1+14141) = 0 (03',02',01') = (0,0,0)
= mod 2 sum (C3 +DO+D1+D2) = (0+1+1+0) = O NO ERROR

Fig. 3B. Check digits show that word was transmitted correctly.

07

= mod 2 sum (C1+DO+D2+D3) = (0+1+0+1) = 0
= mod 2 sum (Cp+Dy+D +Dg) = (1414041) = 1 C5",Cy',Cy" = (1,1,0)
= mod 2 sum (C3+DO+D1+D2) = (0+140+0) = 1 ERROR IN BIT 6

Fig. 3C. The check digits show the error is in bit 6.

01 02 07

C1 C, D

RECEIVED VALUE O 0 1 0 0 1 1

12

= mod 2 sum (C1+DO+D2+D3) = (0+1+0+1) = 0
= mod 2 sum (Cp+Dy+Dy+Dg) = (O+1+1+1) = 1 (€5',C5",C4") = (0,1,0)
= mod 2 sum (C3+DO+D1+D2) = (0+1+140) = O ERROR IN BIT 2

Fig. 3D. The check digits show anerror in bit 2, proof
that even the error-protect digits are safe from erronr.

AmericanRadioHistorv Com

Multiple Errors. So far, the code
structures and error-checking systems
have provided enough redundancy to
provide for some manner of single-error
checking. But all fail pretty badly at de-
tecting more than one error per datum.

Is single-error detection enough? Sta-
tistics (and the binomial theorem) say
that for an error rate of onein 1000 trans-
mitted bits, the odds of having two er-
roneous bits in a 5-bit word are one in
100,000. So, the single-error approxima-
tion seems a realistic, although simplis-
tic, choice.

The amount of redundancy in an error-
correcting code must be much higher
than in a mere error-detecting code.
Mathematicians, using such esoteric
items as group theory, vector spaces
and cyclic codes, have come up with a
whole flock of codes that contain infor-
mation about themselves, but most of
them are best applicable when large bit-
strings are processed.

Hamming Code. One of the simplest
error-correcting codes is called the
Hamming code, after its developer. The
Hamming system for a four-bit datum,
for example, generates three check bits,
and the data must be transmitted in a
particular manner (that is, the check and
data bits interspersed in a particular
manner) in order for the decoding and
verification to correctly occur.

Suppose the decimal number 11 is to
be transmitted. The binary representa-
tion is arranged in the indicated posi-
tions of the data word, in Fig. 3A and the
check digits are generated by following
the rules shown. The modulo 2 sum is
the remainder (0 or 1) after adding a
string of binary digits and disregarding
any carry operations. The check digits
go into the positions shown.

The resulting seven-bit word is now
transmitted. The error-checking and re-
sults for a word transmitted with no error
is shown in Fig. 3B.

Figure 3C shows the seven-bit word
received with an error in data digit D1 in
bit position 6. Note that, when the verifi-
cation digits (C4', C,', C,') are arranged
as a three-bit binary number, they point
right to the erroneous bit—the number
110 in binary is 6 decimal.

Figure 3D shows the seven-bit word
received with an error in check digit C,.
The verification digits now form the bi-
nary number 010, bit position 2, where
the error is!

Again, note that if two errors occur, it
is impossible to completely reconstruct
the data word with this given scheme.
Muttiple-error-correction codes do exist,
however. <
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How to achieve special effects such as echo, reverb,

CCORDING to several audio deal-

ers surveyed recently, one of the
hottest items in all of high-fidelity com-
ponentry is the 4-channel, open-reel
tape deck. Of course, sales of these
multi-track machines don't even come
close to those of better stereo cassette
decks, but when you consider the fact
that reasonably good 4-channel decks
sell for around $600.00 and up, as op-
posed to Dolby-equipped cassette ma-
chines that can be had for as little as
$200.00 or sometimes less, consumer
interest in the open-reel format seems
unusual.

Add to this the fact that very few re-
cording companies offer even a meager
selection of pre-recorded 4-channel pro-
gramming on open-reel tapes and the
sudden interest in these expensive ma-
chines becomes even more puzzling.
Surely, owners of 4-channel, open-reel
decks are not spending that kind of
money simply to transcribe their newly
acquired CD-4 or matrix 4-channel rec-
ords onto tape, although of course that
is one application for these quadraphon-
ic recorders.

A clue to the most popular usage of
these machines was uncovered by fur-
ther questioning of dealers and by
thumbing through some of the recent
product offerings from manufacturers
who normally concentrate on such con-
ventional products as tuners, amplifiers,
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and balancing for stereo level and position.

BY LEONARD FELDMAN

and receivers. They are now offering
such “odd-ball” products as mixers and
portable mixing consoles for consumer
use. These include Shure, Teac, Sony,
and others. Some of their mixers have
six or more input channels and up to four
output-channel facilities.

In addition, we found that microphone
sales are better than ever at the con-
sumer level, and we don't mean single
microphone purchases to replace the
original-equipment models supplied with
cassette decks. We're talking about
good dynamic and condenser micro-
phones that sell from $50.00 and up.
These are finding their way into home hi-
fi systems in increasing numbers, as are
separate Dolby noise-reduction sys-
tems, compress-expand systems, and
others. From all this sales activity, we
concluded that the big 4-channel decks
aren’'t necessarily being used to record
or play 4-channel programming at all!
They are forming the basis of thousands
of “home recording studios,” often capa-
ble of turning out master tapes that rival
some of the products made by profes-
sional studios.

“Sel-Sync” Makes the Differ-
ence. At least five makes of multi-track
tape decks sold to consumers have an
important built-in feature that enables
users to employ some of the same tech-
niques used in recording popular music.

— AmariceanRadiallictan: Com

While just about any stereo or 4-channel
deck is equipped with three tape heads
(erase, record, and playback), the physi-
cal position of these heads in relation to
tape travel is normally that shown in Fig.
1. The tape passes across the erase
head first, where any previously record-
ed material is erased. Desired new pro-
gram information is then recorded onto
the tape as it passes in front of the re-
cord head and, a fraction of a second
later, the newly recorded program can
be “monitored” by the playback head
and the playback preamplifier associat-
ed with that head.

This is a fine arrangement for making
ordinary stereo or even 4-channel re-
cordings, since it enables the operator to
hear his recorded results (either via
phones or through his speaker system)
just a short time after the recording oc-
curs. If he hears distortion, over-record-
ing, or under-recording, he can correct
control settings almost instantly. The de-
lay is determined by the distance be-
tween the record and playback heads (in
inches) divided by the tape speed (in
inches-per-second). The faster the tape
speed, the shorter the delay.

Suppose, however, that you wanted
to record one tape track at a time, add-
ing other tracks later. You might want to
record the singing of a “one man quar-
tet"—in which you or a talented friend
provide all four harmonizing vocal parts

13
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Pioneer’s Model RT-2044
four-channel tape deck
has “Synchromonitor”

mechanism for
sound-on-sound and
sound-with-sound.
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by making four separate single-track re-
cordings which you would later mix
together. With the head arrangement
shown in Fig. 1, there is no way in which
you could record the second, third, and
fourth tracks in perfect synchronism with
the first recorded track. Even listening
with phones (so that the previously re-
corded track would not be picked up by
your “live” mike), your newly added vo-
cal part would be applied to track 2 just a
little too late and, if you listened to a
playback of track 2 and tried to add the
track-3 program, it would be farther be-
hind and so on.

This is where the principle of “Sel-
Sync” comes in. It's an abbreviation for
selective synchronization. Sel-Sync is
the tradename used by Ampex, the well-
known maker of professional tape
equipment. It arises from the need to
hear previously recorded tracks while si-
muitaneously recording another signal
in synchronization with them on the
same piece of tape. It is the principle of
Sel-Sync which is involved in many of
the modern recording procedures in stu-
dios around the country.

Contrary to popular belief, most con-
temporary recordings are not recordings
of “live” musical events at all. Using as
many as 16, 24, or even more tape
tracks, recording engineers assign sin-
gle instruments or voices to one or more
of these tracks. Very often, individual
tracks may be recorded at different
times—even in different studios. A mas-
ter recording will contain all of the in-
dividually recorded tracks and these are
then “mixed down” by the recording en-
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gineer, often with the aid of the producer
and the artists themselves. It is during
this mix-down process that individual
tracks may be equalized (“sweetened”
is the term used in the trade), augment-
ed by echo or reverberation effects, re-
balanced in terms of relative levels and
positioned in the stereo or quadraphonic
sound field. Sophisticated as these sec-
ondary steps may be, none of them
would be possible were it not for Sel-
Sync, which permitted the synchroniza-
tion of all tracks in the first place.

How Sel-Sync Works: Although a
record tape head is designed for op-
timum performance during its record
function, there is really nothing to pre-
vent one or more coils of the multi-frack

head from being connected to playback
electronics and used as a playback
head. If the record head were designed
to do its best job in the recording func-
tion, chances are it would not exhibit the
greatest frequency response or signal-
to-noise characteristics when used as a
playback head. However, if the sole pur-
pose of its transition to a playback head
is to enable recording artists to synchro-
nize their efforts with previously record-
ed tracks, fidelity of reproduction heard
through the monitoring phones is not
that important.

The principle of Sel-Sync is shown in
Fig. 2. A single track (say, track 1) is re-
corded by the first program source. Re-
corders equipped with Sel-Sync will
have a switch (usually a two-position
slide switch) associated with each re-
cording track. In the diagram, the switch
is set to its normal or “record” position,
thereby connecting the track-1 record
coil and gap to the record electronics.
After the tape is rewound, the track-1
Sel-Sync switch is moved to its alternate
position, connecting the track-1 coil to
the playback preamplifier. All other re-
cord tracks remain connected to their re-
spective record electronics, so that any
one of them can now be recorded while
listening to the results recorded onto
track 1.

This procedure can be repeated until
all four tracks have been individually re-
corded. Any one of the successively re-
corded programs can be used as the
“monitoring” channel, except, of course,
the track currently being used for the
new track then being “laid down.” If de-
sired, two previously recorded tracks
may be monitored simultaneously while
the third is being added, so that the per-
former can hear both earlier recorded

The Otari MX-5050-QXH has “Sel/Rep” for recording two
discrete but time-synchronized tracks.

AmericanRadioHistorv Com
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18 recorded while
listening to track 1’s
playback head, there is
time lag between

the programs.

l———— TIME LAG ———|

tracks while adding his third track, and
so forth. If there is acoustic isolation be-
tween the playback systems and the
performing artist, monitoring can be
done by the “home recording engineer”
over speakers while the performer uses
phones for the same purpose.

The possibilities are almost endless
and, if you use your hi-fi component sys-
tem for playback (assuming it's a 4-
channel system for a quadraphonic mix
attempt or a stereo system of a 2-chan-
nel mix-down) the tape output jacks of
the receiver or amplifier can now be fed
to a second deck (open-reel or cassette)
onto which your properly mixed-down
version of the recording can be record-
ed. ltis at this point that mixers become
most useful, since each of the four “raw”
tracks can now be treated as a signal
source into the mixer, which, depending
on its flexibility and control features, be-
comes your home-recording console.
Even without this addition, you'll find that
4-channel decks equipped with Sel-
Sync also have individual level controls
for each channel or track which enable
you to balance relative levels before the
final “master” mix-down or dubbing is
made.

At least five manufacturers we know
of have 4-channel open-reel decks

available that include the selective syn-
chronization feature. Teac offers the
feature, which it calls “Simul-Sync,” on
its Models 3340S and 2340R machines.
The chief difference between the two is
that the lower priced 2340R unit accepts
7" reels and operates at 3% and 7V4-ips
speeds, while the costlier version ac-
cepts 10" reels and operates at 72 and

Model 1140, both with electronic echo,
sound-on-sound, and sound-with-sound
recording. Otari's MX-5050-QXH calls
its version “SEL/REP,” while Pioneer
calls it “Synchomonitor.” All of these
machines have individual mike and line
mixing controls for each channel, afford-
ing a great measure of flexibility even if a
separate muiti-channel mixer is not part
of your home-recording set-up.

We visited a home-recording set-up
which included a Teac 3340 and an
Akai. With two decks, this enthusiast is
able to do Sel-Sync recording of his
masters and then transcribe the results,
properly mixed and re-blended, to the
second deck. The photos show close-
ups of the Simul-Sync switches on the
Teac machine and the equivalent push-
button switches (one for each track) on
the Akai unit.

Noise Reduction: A pair of Dolby
noise-reduction units is used with these
4-channel decks. Why add Dolby to

SWITCH SWITCH
NoRMﬂ["szL-svnc" NORM"SEL-SYNC"
rl 1 I° | ! Ix
s I T A Bt m VA LI
1 | 3 Ir TRACK ] | 3 Ir
L | 4 [ 4 2 rl 4 I’

RECORD PLAYBACK
Fig. 2. How “Sel-Sync” works.  HEAD e HEADPHONES

See text for explanation.

(A) (8)

15-ips tape speeds. In Akai’'s GX-630SS
4-channel deck, the feature is called
“Quadra-Sync.” This machine operates
at two speeds and accepts large-size
tape reels. Dokorder's synchronizing
function is called “Multi-Sync,” and is
found on their 334-7'4-ips, 7"-reel Model
7140 and their 7%-15-ips, 10%"-reel

such fine decks, each of which can easi-
ly produce a signal-to-noise ratio of 60
dB or more when used with quality tape?
Simply because if you're going to do any
dubbing (successive copying of tape-to-
tape), each dubbing process will add a
few dB of noise to the finished product,
S0 you want to start out with every last

("
]

MANMAL  WMA-YNG  WONMAL UL ETRE

L

TEAC BEErGHEI|

hunael

IMUL-SYNC
iy

Closeup of “Simul-Sync” track switches on Teac 3340.
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Akai “Quadra-Sync” track-selector buttons.
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dB of signal-to-noise you can get. In this
particular “home studio,” the Dolby units
are hooked up to the Teac deck, which
serves as the master recorder. Dolby
decoding is used during playback as the
raw tracks are re-recorded onto the Akai
machine, thereby affording more “head-
room” to the finished mixed-down mas-
ter tape.

Often the owner of this set-up has to
transcribe his master tapes onto a cas-
sette. To achieve best signal-to-noise
ratio here, he uses a dbx Series 122 2-
channel noise-reduction system. Work-
ing on a different principle from Dolby,
this unit compresses the recorded mate-
rial by 2 to 1 during recording and then,
when the proper buttons are pushed, re-
expands the program during playback
by the same factor. The combined ac-
tion increases the dynamic range by a
wide margin while reducing noise and is
especially useful with cassettes where
over-recording or tape saturation is
much more of a problem than with open-
reel units.

Other Applications. You can simu-
late four-channel sound when recording
two-channel (some old stereo tapes,
perhaps) by returning the monitor output
to the record head. In effect, you use the
time delay between the playback and
record heads to obtain an echo effect.

A tape technique that's mind-boggling
is sound that circles the room. This can
be accomplished with a “pan pot” to
gradually move the sound from one
channel to another. (Two Teac AX-10
stereo echo units make it easy to
achieve such results, by the way. They
enable a user to vary the degree of echo
and incorporate impedance-matching
networks.)

Having four independent channels at

Sony Model MX-510,
a 5-input, 2-output
mixer unit.

hand, all in perfect synchronization, of-
fers new recording opportunities. From
the standpoint of quality, it beats sound-
on-sound since the former is a second-
generation recording (recorded on the
originally recorded track) with attendant
fidelity losses, while a Sel-Sync deck
can provide first-generation tapes. So
now it's easy to make four independent
recordings (actually you can make sev-
en first-generation recordings by using
mix-down techniques). What can you do
with at least four tracks? For starters,
one track can be used for voice, a sec-
ond for background music, a third for
‘special effects, a fourth for voice-over or
another voice, perhaps singing or what-
ever else you choose. You're only limit-
ed by your imagination.

Isn’t a Studio Cheaper? The equip-
ment described here—which does not
include any microphones or even the
cassette machine used—adds up to
nearly $4000.00. The question naturally
arises whether a serious recordist (or
musical group, or singer, or instrumen-
talist) wouldn't be better off renting time
at a professional recording studio. Well,

Dokorder’s 7140
2/4 channel

deck with
“Multi-Sync.”
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perhaps he would, but these days, stu-
dio time sells for upwards of $100.00 an
hour if you're talking about a top stu-
dio—and the hours have a way of ticking
by as you wait for studio set-up, do sev-
eral unsuccessful takes, wait for an ac-
ceptable mix-down, and the like. With so
many aspiring groups around, it's not
surprising that they opt for a home set-
up not unlike the one described, for then
they can afford to do as many “takes” as
are necessary for a good “auditioning
tape.”

More than one successful recording
group has used this approach to “break-
ing in” to the entertainment field, and
stories of these successes have led oth-
er aspirants to make the investment in
this kind of equipment. By way of com-
parison, even the relatively moderately
priced mixing console manufactured by
Tascam (the professional division of
Teac), and considered to be the logical
“bridge” between consumer equipment
and truly professional studio console
equipment, costs nearly $2000.00 in its
most elementary form. It can run several
thousands more when equipped to max-
imum capacity, features, and number of
input and output channels—and that's
without considering even one tape deck
or transport which would have to be
used with the board.

Surprisingly, not everyone who owns
the kind of equipment we have been dis-
cussing aspires toward producing a
“golden record.” Many are just sea-
soned audio enthusiasts who want the
kind of recording flexibility and profes-
sionalism afforded by this kind of gear.
Perhaps all they will record are “off-the-
line” tapings of their favorite FM pro-
grams or dubbings from their favorite
discs. But with imagination and good
equipment, they can bring to bear an in-
volvement and creativity that makes it all
worthwhile and changes high fidelity
from a passive hobby into a very active
and exciting pastime. <
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REDICTIONS point to a low level of

sunspot activity in 1977. For SWL'’s
and other users of the higher frequency
shortwave bands, such news isn't very
welcome. But if you enjoy searching for
DX on the standard broadcast band, the
lower level of solar activity means excit-
ing opportunities for longhaul reception
that is impossible in years of high sun-
spot activity.

Many SWL's got their start by DX'ing
on the standard broadcast band (BCB)
and then moved on to other bands. But if
you are interested in tough DX—stations
that are rarely heard and require skill
and patience to tune in—the broadcast
band can give you a challenge unsur-
passed by any other range of frequen-
cies.

You don't need a roomful of gear or a
huge bankroll to hear some exciting DX.
It's true that some BCB DX’ers have de-
veloped specialized loop antennas and
such techniques as differential sideband
detection to aid DX reception, while oth-
ers have done outstanding research into
radio-wave propagation on the BCB. But
several DX’ers in the Eastern United
States have reported reception from Eu-
rope and Latin America on portable re-
ceivers costing less than $30. An excel-
lent BCB DX listening setup can be pur-
chased very inexpensively on the used-
equipment market.

More important than your equipment
is whether you have the attributes re-
quired of a successful DX’er. You need
patience to wait for the DX openings,
skill to exploit the openings, and a little
bit of luck as well.

What you can hear depends greatly
upon your location. Listeners on the
East Coast have opportunities to hear
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European, African, Middle Eastern,
some Asian, and a few Pacific area sta-
tions. Listeners on the West Coast have
chances for Asia, Australia, New Zea-
land, the Pacific Islands, and Alaska.
Both coasts can hear Latin America and
the Caribbean, although most agree that
East Coast listeners have the edge over
the West Coast in hearing the latter. Lis-
teners in the Midwest have shots at ev-
erything from Australia and Asia to
Africa and the Middle East, although re-
ception from the various areas is often
quite difficult. Several listeners on the
East Coast have heard over 100 coun-
tries (the champ, Gordon Nelson of

Baverischer Rundfunk

QSL from Bayerischer Rundfunk,
1586 kHz, is very colorful.

AmericanRadioHistorv Com

Modest equipment and
patience can be very

rewarding on the BCB—

especially with low sunspot activity.

BY HARRY L. HELMS

Massachusetts, has heard over 130
countries) while expert West Coast lis-
teners have country totals in the sixties.
It must be emphasized that, under
proper conditions, all areas of the United
States have a chance at any area from
the west coast of Africa to Australia and
east Asia. For example, 50-kW Australi-
an BCB stations have made it to the
Northeastern United States, while the
10-kW transmitter of Sierra Leone, lo-
cated on the east coast of Africa, has
been heard in California. Even Radio
Peking's 1525-kHz station has been
heard by several listeners on the East
Coast. And now is a prime time to hear
such DX, while the sunspot count is low.

Propagation. Years of low solar activ-
ity are conducive to long-haul BCB DX.
The low sunspot numbers that wreck the
higher shortwave frequencies reduce
signal absorption on BCB frequencies.
Thus, more signal reaches the listener
and less gets gobbled up by the iono-
sphere.

Most BCB DX'ers confine their listen-
ing to the autumn and winter months,
typically from early September to early
April. Summer months are characterized
by high noise levels and low signal lev-
els that are due to increased ionospheric
absorption produced by the longer days.
Some advanced listeners have discov-
ered that summer is a prime listening
time for certain African stations that are
covered up by European stations in win-
ter. We will not concern ourselves with
such advanced and difficult DX here.

For the past few years, October has
yielded some of the best DX heard dur-
ing the entire DX season. The months of
December and January, favored by

POPULAR ELECTRONICS



those who look for domestic DX on the
BCB, often produce mediocre DX condi-
tions for foreign DX. The reasons behind
this so-called “Midwinter Anomaly” have
been researched by the National Radio
Club. The NRC has a series of reprints
available on this and other propagation
topics.

Standard time and frequency station
WWV can provide BCB DX’ers with val-
uable clues as to probable reception
conditions for BCB DX. This is because
it transmits the “A index,” a measure-
ment of the influx of electrically charged
particles into the upper atmosphere. A-
index values of 20 or more are usually
sufficient to disrupt long-haul DX along
high-latitude paths, such as East Coast
to Europe or West Coast to Japan.
When A-index values go over 40, se-
verely disturbed conditions result that
blank out many North American stations
and allow Latin American stations to the
south to dominate many channels. Such
conditions are often termed “auroral” by
BCB DX'ers because auroral displays
often accompany such conditions in the
winter.

The A-index values are transmitted by
WWV at 18 minutes after the hour. Many
BCB DX'ers make it a habit to tune in
daily to these announcements during
the DX season and keep a record of the
daily values. When two or more con-
secutive days of low values (10 or less)
are noted, odds are good that long-haul
DX will be possible. When values are
high, conditions for reception of Latin
American stations will usually be excel-
lent. There are exceptions to these
rules, however, and the seasoned DX’er
knows there is no real substitute for lis-
tening for those elusive openings.

Time to Listen. Domestic BCB sta-
tions, even those that run 24-hour oper-
ations, usually sign off on Monday morn-
ings after midnight for maintenance and
tests. Thus, interference from American
and Canadian broadcasters tends to be
at a minimum on a Monday morning,
starting at midnight Eastern local time.
Unfortunately, a good opening to Eu-
rope or South America doesn't always
fall on a Monday morning. So, those
chasing foreign BCB DX often have to
buck some heavy interference. Never-
theless, most BCB DX'ers try to listen
avery Monday morning, even during
summer, since many stations in Latin
America otherwise covered by domestic
stations can be heard.

If you are tuning for stations in Latin
America or the Caribbean, you can tune
any time from shortly after your local
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CSB2 Radio Clube Portugues, 1034 kHz,
in Portugal, sends out this QSL.

HONOLULU HAWAII

USA

......... KW 24 HRS

B A .
W - i “TwmT CONFIRMS YOUR RECEPTION ON D‘b\’s'

[
iy - ALAN L. ROYCROFT
a3 8 /2040 w

HST

Radio KORL, 650 kHz, Honolulu, Hawaii,
confirms reception with date and hour.

if
LA

ciond! de EI Salvador

By

adio Ta

655 Kcs. Onda Larga. 4
5980 Kcs. BANDA de 49 mtsif .
9555 Kcs. BANDA de 3iimisi

YSS Radio Nacional de El Salvador, San
Salvador, sent this QSL for 655-kHz reception.

FRECUENCIAS: y
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This scenic QSL was received from

Radio Bermuda, broadcasting on 1235 kHz.

sunset until just prior to your local sun-
rise. (Note, however, that many Carib-
bean stations sign off before 0500
GMT.) Eastern listeners tuning for Eu-
rope or Africa can try before 0000 GMT
because that is when most Europeans
sign off. (Although there are some all-
night operations.) A prime tuning time
for these "Trans-Atlantic” stations is
from 0500 to 0600 GMT, when many of
these stations can be heard signing on.
Reception of these stations lasts until
approximately 0700 GMT, when sunrise
in Europe and Africa ends chances for
reception.

Tuning for Oceania and Asia tends to
be a late-night affair for many DX’ers.
Hawaii and other Pacific-area stations
typically become audible from 0700
GMT onward during the autumn/winter

Westdeutscher
Rundfunk, 1586 kHz,
uses this more
technical design.

DX season. Australia, Japan, China,
and similar Asian targets often fade in
around 0900 GMT and remain possible
until roughly 1300 GMT.

Keep in mind that the bulk of the sig-
nal path of a BCB station’s signal must
be in darkness for long-distance recep-
tion to occur. Thus, reception of Europe-
an stations on the West Coast just prior
to the 0000 GMT sign-off time for Eu-
rope just is not possible—nor can an
East Coast listener hear Asian stations
at 1200 GMT.

Selecting Targets. As a general
rule, the listener just starting to chase
foreign BCB DX should try his hand at
logging Latin America. Year-round,
more openings occur for Latin America
than any other area. The signal levels

are better than other foreign DX, and
less sophisticated equipment is required
than for Trans-Atlantic or Trans-Pacific
reception. Finally, most DX'ers find it
easier to try to identify a Spanish-speak-
ing station rather than one in Japanese
or Polynesian.

Many stations from Latin America are
evening regulars in the United States.
Listeners in the East can often hear
Cuba on 590, 600, 630, 640, and 690
kHz with Spanish programming. Listen-
ers in the Central and Western states of-
ten hear Mexican stations, such as
XEWA (540 kHz) and XEW (900 kHz)
with Spanish-language programming.
Some Mexican stations, however, pro-
gram in English and run high power.
West Coast listeners may already be
quite familiar with XETRA-690 and
XEPRS-1090, while Midwestem listen-
ers may regularly tune in XEG-1050 and
XERF-1570. These stations, although
located in Mexico, program for an Amer-
ican listening audience.

Stations in Central America are the
most commonly heard Latin sources af-
ter Mexico and Cuba. Colombia and
Venezuela are the most commonly
heard countries from South America.
Many stations in the latter two nations
operate all-night on Monday mornings
and are widely heard with the lessened
domestic interference.

In the United States and Canada, all
BCB stations operate on an even 10-
kHz channel plan, starting with 540, 550,
560 and so on, up to 1600 kHz. Such
spacing is rigidly adhered to in the U.S.
and Canada. Many stations in Latin
America and the Caribbean operate be-
tween the evenly spaced domesiic
channels and are known as “split-chan-
nel" stations. Some of these splits are
easily heard during the evening, such as
Belize-834, Haiti-1035, and St

Westdeutscher Rundfunk - Mittelwellensender Langenberg/Rhlg

80

AmericanRadioHistorv.Com

POPULAR ELECTRONICS



Kitts-1265. Eastern listeners frequently
report Surinam-725 and Cayman
Is.-1555 during the evening. A receiver
with good selectivity helps in receiving
“splits,” although the potent signals of
the more common splits make reception
not too difficult even on simple receiv-
ers.

As mentioned earlier, when the WWV
A-index exceeds 40, check for excep-
tional conditions to Latin America. From
his location in the Southeast, this author
finds that with such high A-index read-
ings, many Northern clear-channel sta-
tions are completely wiped out, leaving
many Latin American outlets dominant,
just as if one were listening somewhere
in Latin America!

Trans-Atlantic Stations. Unlike the
10-kHz channel spacing in North Ameri-
ca, broadcasters in Europe and North
Africa operate on channels spaced 9-
kHz apart, with the BCB extending from
529 to 1602 kHz. This means that many
European and African stations operate
on split channels. Power levels of the
European and African stations are much
higher than the average domestic sta-
tion in North America. For example, the
maximum power permitted an American
or Canadian BCB station is only 50 kW,
whereas powers of several hundreds of
kilowatts are quite common in Europe.

.

QSL received from Swiss
station on 1562 kHz.
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Houses of Parliament and the Thames dominate
the QSL from England’s BBC on 1295 kHz.

Such power, coupled with split frequen-
cies, means that quite a few stations can
cross the Atlantic with ease. The one
drawback for the BCB DX'er is the rather
weak modulation used by Trans-Atlantic
stations. This means that the carriers
from such stations will often be quite
strong, but readable audio will be dif-
ficult to obtain.

Listeners located in the East generally
agree that signals above 1500 kHz are
heard much more often than signals
lower in frequency. A good “beacon” for
Trans-Atlantic reception is West Germa-
ny's Westdeutscher Rundfunk outlet on
1586 kHz. This station uses a walloping
800 kW and operates all night. it's heard
at the author's southeastern location
even when no other European BCB sta-
tions are being heard. If WDR isn't being
heard, no other Trans-Atlantic station is
likely to be heard. You can try for WDR
after your local sunset until approxi-
mately 0700 GMT. Programming is gen-
erally pop music and German an-
nouncements.

Listeners located in the central and
western parts of the United States often
find reception of European and African
stations best in the middle and lower
ranges of the BCB. A good beacon for
the lower frequencies is the 845-kHz
outlet of Rome, which is an all-night op-
eration like WDR. Look for news bulletins
in various languages on the hour and
half-hour with uninterrupted music be-
tween newscasts. This, too, should be
possible from your local sunset until
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0700 GMT. Quite often this station is
louder on the East Coast than any do-
mestic station on 840 and 850 kHz.

Signals from the Middle East follow
the same signal path as European and
African stations and listening techniques
are similar. An exciting new catch for
many BCB DX'ers has been Turkey's
new outlet on 1016 kHz. This 1200-kW
monster has enabled many listeners to
hear a new country on the BCB. Check
our list for other good possibilities from
Trans-Atlantic reception.

Trans-Pacific Reception. West
Coast listeners have the edge here, of
course, although some signals manage
to make it to the East. Transmitter pow-
ers here are, on the average, quite a bit
lower than for the European stations
and, therefore, provide a severe test for
the Eastern listener. Modulation levels
are good, though, and usually some au-
dio will make it whenever the carrier can
be detected. Channel spacing is a
hodge-podge, with some stations using
10 kHz, 9 kHz, or their own unique sys-
tem of spacing.

Alaska, believe it or not, is considered
to be Trans-Pacific due to the way the
signal is propagated. This state is al-
most impossible to receive now from the
East Coast, but listeners in the Midwest
and West have several targets to shoot
for, with KYAK-650, KFAR-660 and
KFQD-750 being most likely. The auror-
al shield absorbs a tremendous portion
of the radio energy of Alaskan stations,
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USEFUL ADDRESSES

National Radio Club, membership
center, Box 118, Poquonock, CN
06064. Established in 1933, pub-
lishes DX News 30 times a year,
weekly during the autumn/winter
DX season. Sampie DX News and
membership information can be ob-
tained for 50¢. Publishes an exten-
sive set of technical manuals and
reprints from DX News, with a list
available by sending self-addressed
stamp envelope. Also publishes a
detailed log of domestic stations
and antenna patterns.

International Radio Clubs of Amer-
ica, Box 21462, Seattle, WA
98111. Established 1964, publishes
DX Monitor 34 times a year, weekly
during the DX season. Sample bul-
letin and membership details can be
obtained for 50¢. Publishes the
IRCA Foreign Logs, which are com-
pilations of stations reported as
heard by IRCA members to the for-
eign DX column in DX Monitor.

Medium Wave Circle, 7 The Avenue,
York, YO3 6AS, England. Publishes
Medium Wave News, detailing DX
reception in the British Isles and Eu-
rope. Send three International Re-
ply Coupons for information.

HAWAIIAN HOPEFULS

kHz

650—KORL, Honolulu, Monday morn-
ings after 0700 GMT with WSM off,
may be WRM from HJJX in Bogota,
Colombia along East Coast. Rock-
and-roll format.

690—KKUA, Honolulu, Monday morn-
ings from 0700 GMT until tocal
dawn, very difficult in East, QRM
from XETRA in West, rock and roll
format.

830—KIKI, Honolulu, after 0700 GMT
until local dawn but WCCO makes
reception in East very difficult, rock
and roll format.

1040—KHVH, Honolulu, Sunday morn-
ings after WHO sign off at 0600
GMT until local sunrise, pop and
middie-of-the-road format.

1350—KIVM, Lihue, Monday mornings
from 0700 GMT to local sunrise,
crowded channel but has been
heard in New Jersey in recent
years, rock and roll format.

TRANS-ATLANTIC ATTRACTIONS
kHz
665—Portugal, Lisbon, an all-night op-
eration possible from local sunset
until approximately 0700 GMT. Pop
instrumentals and vocals usually
featured.
737—Spain, Barcelona, Radio Nacional
de Espana, another all-night opera-
tion with varied programming.
764—Senegal, Dakar is often the easi-
est African at 0600 GMT sign-on
with chants.
845—Italy, Rome, "“Nocturne from ltaly”
features news bulletins on hour and

half-hour and pop music, usually |
best station on the lower BCB fre- |

quencies.

854—Spain, Murcia, another all-night:
operation; be careful not to confuse

with Peru.

1016—West Germany, Sudwestfunk,
Mainz, all evening with German
pops and announcements.

1016—Turkey, Istanbul, sign on 0200
GMT, Turkish music and female an-
nouncer until fade out around 0600
GMT. Signal often mixes with that of
the West German

1205—France, Bordeaux, after 0500
GMT with ethnic language program-
ming, French after 0600 GMT.

1214—England, BBC, common wave
channel with domestic service,
pops and rock, usually 0600-0700
GMT.

1394—Albania, Radio Tirana, Tirana,
foreign service, various languages,
often well after 0530 GMT.

1403—Guinea, Conakry, from local sun-
set to 0700 in French and African
languages.

1466—Monaco, Trans World Radio,
Monte Carlo, sign-on 0445 GMT
with religious programming.

1475—Austria, Vienna home service af-
ter 0500 GMT in German, pop mu-
sic.

1538—West Germany, Deutschland-
funk, Mainflingen, after 0500 GMT
in German, pop and light music.

1554—France, TeleDiffusion de France,
Nice, after 0500 GMT with French
talk and music. Usually second best
high-frequency bet.

1562—Switzerland, SBC home service,
Samen, sign-on 0500 GMT with
German tatk and music.

1586—Germany, Westdeutscher Rund-
funk, GMT Langenberg, from local
sunset to approximately 0700 GMT,
German music and talk, by far the
easiest Trans-Atlantic station for
most DX’ers.
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LATIN AMERICAN AND CARIBBEAN
POSSIBILITIES
kHz
540—Mexico, San Luis Potosi, XEWA,
Spanish programming evenings.
550—Cuba, Pinar del Rio, Radio Re-
belde, Spanish programs evenings,
carries “La Voz de Cuba” program
all night.
595—Dominica, Radio Dominica, Ro-
seau, English until 0230 GMT sign-
off with U.S. pops and standards,
difficult from the West Coast.
600—Cuba, Holguin, Radio Rebelde,
same time and programs as Cu-
ba-550.
640—Cuba, Havana, Radio Liberacion,
Spanish programming evenings
and carries “La Voz de Cuba” all
night.
655—El Salvador, San Salvador, YSS,
Radio Nacional de El Salvador,
Spanish programs with much class-
ical music until 0445 GMT sign-off.
675—Costa Rica, Radio Sonora, San
Jose, with usual Latin American
programming, evenings and nights
until past 0500 GMT.
725—Surinam, Stichting Radio Omroep
Surinam, Paramaribo, evenings in
English, Dutch, Hindi and other lan-
guages until 0330 GMT sign-off.
800—Netherlands Antilles, Trans
World Radio, Bonaire, religious pro-
grams in various languages in early
evenings.
825—Costa Rica, Radio Titania, San
Jose, all night with lively Latin
American programming.
834—Belize, Radio Belize, Belize City.
Former British Honduras, now inde-
pendent nation, mostly English until
0500 GMT sign-off, perhaps easiest
split channel.
900—Mexico, Mexico City, XEW, same
times and programming as
XEWA-540.
1035—Haiti, 4VEH, Cap Haitien, reli-
gious programming, mostly English,
until 0030 GMT sign-off. Second
best split behind Belize-834.
1055—Colombia, La Voz del Centro, Es-
pinal, all night with lively Spanish.
programming and commercials.
1200—Venezuela, Radio Tiempo, Cara-
cas, YVOZ, Spanish programming
with many identifications, time
checks, and commercials, Monday
mornings after WOAI sign-off at
0600 GMT.
1265—8t. Kitts, Radio Paradise, St.
Kitts, with English religious pro-
gramming evenings until 0300 GMT
sign-off.
1555—~Cayman Is., Radio Cayman, En-
glish program evenings until 0330
GMT.
1570—-Mexico, XERF, Ciudad Acuna,
English programming evenings.




TRANS-PACIFIC POSSIBILITIES

kHz

655-—North Korea, Pyongyang, Ko-
rean home service programs from
approximately 1000-1300 GMT,
perhaps easiest Trans-Pacific sta-
tion; has been heard on East Coast.

750—Japan, Sapporo, JOIB, Japanese
programming but sometimes has
English lessons, 0930 GMT until
KXL sign-on.

770—Japan, Akita, JOUB, Japanese
programming but often has English
lessons like Sapporo-750, 0930 to

ten presents severe problems.

830—Japan, Osaka, JOBB, same pro-
gramming as 750 and 770 kHz with
some English lessons, 1000 to
approximately 1300 GMT, WCCO
main source of interference.

835—China, Nanchang, Chinese do-
mestic service with many shrill
voices, and much martial music
from 1000 to 1400 GMT.

844—Gilbert Islands, Tarawa, English
and various Polynesian languages
from 0700 to sign off around 1000
GMT. Was heard in New York City
area in autumn 1975.

877—North Korea, Wonsan, Korean
home service, same programming
and times as 655 kHz, frequency of-
ten drifts.

1040—China, Shanghai, Chinese and
Japanese programming, Sunday
mornings with WHO off 1000-1300
GMT.

1525—China, Urumchi, Russian foreign
service 2300-0000 GMT. Has been
widely heard on East Coast but
rarely on West Coast, due to dark-
ness path from Urumchi to the East
Coast over the North Pole.

1550—Australia, Queensland, 4QD,
cultural programs of classical mu-
sic, discussions, and news from
0900-1100 GMT. Main interference
is from domestic stations, has been
heard on East Coast.

approximately 1300 GMT, KOB of-

ATTEMPTABLE ALASKANS
kHz
560—KYAK, Anchorage, Monday morn-
ings after 0700 GMT with WSM off,
country and western music format.
660-—KFAR, Fairbanks, Monday morn-
ings with WNBC off until 0900 GMT
sign-off, rock and roli format.
750-—-KFQ@D, Anchorage, Monday morn-
ings with WSB and KXL off until
1000 GMT sign-off, pop and middle-
of-the-road music format.
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thus making this state a noteworthy DX
catch evenin the Pacific Northwest.

Hawaii is somewhat easier than Alas-
ka to receive. The most commonly
heard station is KORL-650, usually not-
ed on Monday mornings after the sign-
off of WSM in Nashville. Reception is
best after 0700 GMT. The station uses a
rock-music format. It is more difficult to
receive in the East now that Emisoras
Monserrate in Colombia operates all
night on 650 kHz. Other Hawaiian pos-
sipilities are KKUA-690, KIKI-830, and
KIVM-1350. Try for these after 0700
GMT. All have been heard on the East
Coast, although interference from all-
night stations often makes reception
quite difficult.

Another catch reported on the East
Coast is Tarawa (844 kHz), located in
the Gilbert Islands southwest of Hawaii.
Their 10-kW signal is most often heard
after 0800 GMT, with native music and
language for quite exotic listening.

Mainland China and Japan are the
easiest Asian stations to receive from
the West Coast, although reception is
extremely rare farther east. Japanese
stations most easily heard include those
on 750, 770, and 830 kHz. China has
easily heard powerhouses on 835 and
1040 kHz. North Korea is often heard on
655, 725, and 877 kHz, but the last fre-
quency drifts a few kilohertz.

Australian stations operate on the 10-
kHz spacing used by stateside stations.
This provides problems for DX'ers be-
cause by the time many Australian sta-
tions start to fade in, many domestic sta-
tions are beginning to sign on. The most
widely heard Australian station is 4QD,
Emerald. Try for it on 1550 kHz after
0830 GMT. It was heard in Florida as re-
cently as 1970 but is extremely difficult
farther northeast. Listeners in the Mid-
west and along the West Coast should
have more luck.

Listeners trying for Trans-Pacific sta-
tions should remember that signals trav-
eling such long distances are subject to
rather deep fades, even though they
may be quite loud on peaks. Thus,
spend a few minutes on the frequency of
the station you wish to hear before tun-
ing away.

Receivers and Antennas. Many
BCB DX’ers use equipment that's sever-
al years old. One reason is that many
manufacturers of receivers today don't
make quality receivers that cover the
BCB. Secondly, many receivers are de-
signed for SSB reception, but BCB DX is
concerned with the reception of AM sig-
nals.
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Selectivity is a prime requirement of a
BCB DX receiver. Older models that
have a Q-multiplier, crystal filter, or me-
chanical filters are highly popular with
BCB DX'ers. Receivers are often highly
modified according to plans available
from the two BCB DX clubs. Favorite re-
ceivers are often those used when ama-
teurs used a great deal of AM phone.
Examples of popular receivers available
on the used equipment market are the
Hammarlund Models HQ150 and
HQ180. The Drake Model SPR-4 is a
currert receiver that has gained popu-
larity among BCB DX'ers. Military sur-
plus receivers, such as the Models
SP600, R388 and R390, are also highly
prized by BCB DX'ers.

The old reliable long-wire antenna is
still used by many BCB DX'ers, but ev-
ery serious listener now uses a loop an-
tenna of some sort. A loop is a bidirec-
tional antenna that responds best to sig-
nals along its plane and rejects stations
atright angles to that plane. Thus, a loop
offers a way to minimize interference.
Thanks to preamplifiers, a loop can offer
substantial gain over a long-wire anten-
na. Oider loop models were of air-core
design, often 3’ (0.91 M) or longer per
side. Modern ferrite-core loops are quite
compact and offer high performance.

A variation of the long-wire is the Bev-
erage, which should appeal to listeners
who live in rural areas with a great deal
of space. A Beverage is a straight wire
measuring more than 1000’ (304.8 M) in
length, affording great gain and directivi-
ty. Plans for these are available from the
two BCB DX clubs.

Verifications. Program detail for a
BCB 1eport should be greater than for a
shortwave report. Commercials are the
best material, along with announcers’
names, slogans, jingles, program
names, with song titles often being of lit-
tle value (although they can seldom
hurt). Do not use SINPO or other report-
ing codes; use only plain language. Use
the native language and time of the sta-
tion you heard, and always include re-
turn postage except when reporting to
government-operated stations such as
the BBC or an East European station.

Now is the Time. BCB DX opportuni-
ties must be taken advantage of when
present—and the current low sunspot
count provides an opportunity that won't
be present again for some time. In addi-
tion, increasing numbers of all-night sta-
tions and the chance of greater power
for American BCB outlets may severely
curtail BCB DX in the future. o
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TROUBLESHOOTER

COMPU-TRAINER

ELECTRO-LAB

As an NTS student you'll acquire the know-how
that comes with first-hand training on NTS profes-
sional equipment. Equipment you’ll build and keep.
Ourcoursesinclude equipment like the NTS/Heath
GR-2001 computerized color TV (25" diagonal)
with varactor diode tuning and digital read-out
channel selection; (optional programming capa-
bility and digital clock avail.).

Also pictured above are other units — 5" solid state
oscilloscope, vector monitor scope, solid-state ster-
eo AM-FM receiver with twin speakers, digital multi-
meter, and more. It's the kind of better equipment
that gets you better equipped for the electronics
industry.

’ ALL NEW

NTS/Heath
GR-2001
DIGITAL
SOLID-STATE ',
COLORTV |
315 sq. in.
PICTURE

(Simulated TV Reception)

SOLID-STAT=
OSCILLOSCO?E

rwee
Lk

Addd:oA388540

This electronic gear is not only designed for train-
ing; it's field-type — like you'll meet on the job, or
when ycu'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. Ycu
receive all home-study information by mail only.
All Kits, lessons, and experiments are described in
full color. Most liberal refund policy and cancella-

POPULAR ELECTRONICS
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the equlpment
be equipped

| HIGH FIDELITY
. SPEAKERS

AM/FM/MULTIPLEX
RECEIVER

COLOR BAR/DOT
GENERATOR

FET-VOM

S ®e e, AN/FM/SW PORTABLE
_:-*-_';" | SOLID-STATE RECEIVER

Y
VECT™OR MONITOR
SCOPE

Solid- SQat:a

‘ SIGNAL
GENERATOR

: - -

5" OSCILLOSCOPE DIGITAL SOLID-STATE 2-METER FM H
ID-STATE
MULTIMETER TRANSCEIVER & POWER SUPPLY ,,%%LK‘E’TSJAD.O

tion privileges spelled out. Make your own com- erNArECHmL s;-;oo:‘l R R D:Q(?Om

Cllp coupon if card is missing. Please send FREE Color Catalog and Sample Lesson.
NO OBLIGATION. NO SALESMAN WiLL CALL.

[T} Color TV Servicing [} Electronics Technology
[] B & W TV and Radio Servicing [ Computer Electronics

NO OBLIGATION. NO SALESMAN WILL CALL
[} Electronic Communications Basic Electronics

]
APPROVED FOR VETERAN TRAINING [J FCC License Course (!
Get facts on new 2-year extension

parlsons, YOUI' own deC|sion4 Mall card tOday’ or I 4000 South Figueroa St., Los Angeles, Calif. 90037

NAME AGE
T
NATIONAL Cere SCHOOLS  § =
ik & ity STATE
TECHNICAL-TRADE TRAINING SINCE 1905 Please fill in Zip Code for tast service _

Resident and Home-Study Schools [ Check if interested in G.1. Bill information

4000 So. Figueroa St, Los Angeles, Calif. 90037 [J Check if interested CNLY in classroom training in Los Angeles.
N N N e s Il TEE TN

r
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T SOLID-STATE STEREO

Audio Electronics Servicing
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BUILD A

STATFE-OF-THLI -A RT

BATTERY

CHA RGFE MONITOR

Prevents early failure of Ni-Cd batteries

by determining proper time to recharge.

HE PRIMARY cause of early cell
failure in nickel-cadmium batteries
is internal shorting that results from al-
lowing the battery to become too deeply
discharged in service. Therefore, any
electronic device that uses Ni-Cd cells
should contain a low-battery indicator
that trips and warns you to recharge
long before the battery's “critical” volt-
age is reached. Though there are a
number of different types of charge
monitors you can incorporate into your
battery-powered equipment, the lamb-
da-diode monitor described here is more
advanced than other monitors in use.
Most low-battery indicators use a tran-
sistor to switch on the drive current for a
LED or meter movement. The disadvan-
tage here is that the monitor circuit
places a constant drain on the battery,
even when the LED is extinguished. in

BY W. J. PRUDHOMME

low-power applications, this drain can
drastically reduce the available operat-
ing time of the battery. The ideal solution
is to use a circuit that draws no current
from the battery as long as the supply
voltage is greater than the critical poten-
tial of the battery. This is what the lamb-
da-diode monitor does. In addition, the
trip potential is adjustable over an 8-
to-20-volt range, and costis low.

Technical Details. The output po-
tential of most batteries varies in relation
to the state of charge. This relation is dif-
ferent for each type of battery. Lead-acid
batteries, for example, exhibit an almost
linear dropoff in output voltage as the
cells become discharged. The same is
generally true for dry cells. For Ni-Cd
batteries, however, the dropoff is not
quite linear.

TO
.2 LOAD
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|
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(SEE TEXT)
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Fig. 1. Battery charger uses a lambda diode made of 2 FET’s.
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A fully charged Ni-Cd cell has an out-
put potential of typically 1.25 volts. The
cell maintains an almost constant output
potential until it is almost completely dis-
charged, at which point, the potential
drops rapidly to about 1.0 to 1.1 volts, or
1.05 volts average. A precise voitage
monitor set to trip at this “critical” volt-
age level (or at a multiple of this potenti-
al if more than one cell is in series) can
be very useful in determining the charge
level of the battery.

An eight-cell Ni-Cd battery pack, for
example, would have a fully charged
output potential of 10.0 volts. When
nearly completely discharged, the bat-
tery would have an output of 8.4 volts. If
the lambda-diode monitor circuit shown
in Fig. 1 were set to trip at 8.4 volts, we
have a useful state-of-charge monitor
for a Ni-Cd battery system.

PARTS LIST

LED1—Any discrete light-emitting diode

QI1—P-channel junction ficld-effect transistor
(2N4360 or similar)

Q2—N-channel junction field-effect transistor
(2N3819 or similar)

Q3—Silicon switching transistor (2N2222A or
similar)

R1—10,000-ohm, 1/5-watt miniature pc po-
tentiometer

R2—Current-limiting resistor (see text for de-
tails on how to calculate value: typically
about 150 ohms, ¥2-watt)

Misc.—Printed circuit board or perforated
board and solder clips: relay (substitutes for
LED1: see text): hookup wire; solder: etc.

POPULAR ELECTRONICS




The two-terminal, negative-resistance
lambda diode shown inside the dashed
box in Fig. 1 consists of one each n- and
p-channel FET’s. (There is no “lambda”
diode available commercially.) Note that
in this configuration there are only two
terminals, which can be labelled
“anode” (A) and “cathode” (K).

If the lambda diode is biased into cut-
off, transistor Q3 is also cut off and
LED1 is off. As battery voltage drops, a
pointis reached where the lambda diode
abruptly conducts. This biases Q3 into
conduction and turns on LED1 to indi-
cate a low-battery condition. (The oper-
ating characteristic of the lambda diode
is shownin Fig. 2.)

Tpeak

NEGATIVE
RESISTANCE
REGION

CURRENT

FORWARD BREAKDOWN

The potential at which the lambda di-
ode conducts can be adjusted by poten-
tiometer R1. Resistor R2is a current lim-
iter for LED1. lts value is determined by
Ohm’s Law (R2 = E/I, where R2 is in
ohms, E is the potential of the battery at
the point LED1 turns on, and | is the op-
erating current of the LED used.

Construction Details. The lambda-
diode battery-charge monitor is small
enough to be built into the equipment in
which a Ni-Cd battery pack is used for
power. Alternatively, it can be assem-
bled as an external low-battery indicator
accessory and housed in a small utility
box. In either case, printed-circuit (Fig.

Fig. 2. Operating
characteristics

of the tambda-diode
portion of circuit.
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Fig. 2. Etching and drilling
guide (right) with component
layout (left) can be used or

a perforated board will do.

3) or perforated board construction can
be used.

The choice of JFET's for making up
the lambda diode is not critical. Almost
any combination of n- and p-channel de-
vices will work as well as those specified
in the Parts List.

You may want to consider substituting
a small relay for LED1 to disconnect the
battery pack from the load when the po-
tential falls low enough to trigger the
system. This setup will automatically
protect the battery pack from polarity
reversal during discharge. <

How To Choose

HE purpose of using a heat sink for a

power semiconductor device is to re-
move heat developed in the device so that
tne collector junction temperature remains
below the maximum permitted—otherwise,
the device may be damaged. To determine
the proper heat sink for a given application it
is necessary to find the maximum permissible
thermal resistance from the collector junction
to ambient air. The heat sink is then selected
so that this maximum resistance is not ex-
ceeded. Here is a simple procedure to follow.

Design Information. The maximum pow-
er dissipated by a device is determined from:
Pp = (Ty — Ta)/ 634, where Pg is the max-
imum power dissipated by the device in
watts, T, is the maximum permissible junc-
tion temperature in °C, T, is the maximum
ambient temperature in °C, and 8;, is the
thermal resistance from junction to ambient in
°CIW.

Most power transistors have a maximum
junction temperature specified of 200°C. De-
signing for a lower temperature, say 20% to
40% less, will increase device reliability and
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life expectancy. The thermal resistance from
junction to ambient is the sum of the individu-
al thermal resistances: junction to case, 8;¢;
case to heat sink, f¢cyy; and heat sink to ambi-
ent, 8 HA-

The thermal resistance from junction to
case depends on the style of the case. Some
common values are:

Case 0sc

TO-3 1.5
TO-5 30.0
TO-66 40
TO-220 4.0

The thermal resistance from case to heat
sink varies with the method of mounting. Fac-
tors involved include whether or not silicone
grease is used, whether an electrical isolating
washer is used, and the degree of mounting
pressure used to hold the device to the heat
sink. Here are some typical values:

Type of OcH
washer no grease grease
none 0.2 0.1
beryllium oxide 0.4 0.2
anodized aluminum 0.5 0.3
mica 0.8 0.4

AmericanRadioHistorv. Com

a Heat Sink

Procedure: Use the following steps: 1. De-
termine, by approximation, the maximum
power dissipated by the device by multiplying
the collector-emitter voltage times the collec-
tor current. For example, assume we have a
series pass transistor in a voltage regulator
whose output is 5 V at 2 A. The supply is 10
V, and the transistor is a 2N3055. Then the
power dissipatedis (10 — 5) x 2 = 10 watts.

2. Find T, and 8¢ from the device specifi-
cation sheet. For the 2N3055, T is 200°C,
but we will decrease this to 150°C. From the
table above, for a TO-3 case, 6,¢is 1.5.

3. Specify maximum ambient temperature.
Assume 50°C.

4. Calculate maximum permissible 63, =
(Ty — Ta)Pp = (150 — 50)/10 = 10 °C/W.

5. Determine fca = 044 — 04 =10~ 1.5

8.5°C/W.

6. Determine 85 from type of mounting.
With a mica washing and using grease, 85

0CA _'OCH = 85 = 04 = 81 oC/W.

7. Select a heat sink having & equal to or
less than this value. In our example, we could
use a Thermalloy 6002 which has a 6 of
7.0°C/W. o
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$422.50°

Microprocessor. {
Complete.

Are we bugs?

The MMD-1 is your ticket to
the world of microprocessors. It's
a complete microcomputer sys-
tem. And just as important, it
comes with the industry's most
advanced instructional software —
700 pages by Rony/Larsen/Titus,
authors of the famous BUGBOOK®
series.

Without any prior knowledge
of electronics you can be up and
operating in a matter of hours.
Teaching yourself everything from
fundamental logic to sophisticated
interfacing.

And you'll be learning on the
most complete hardware pack-
age of its kind. Direct Keyboard
Entry of Data . . . Built-in Power
Supply ...Direct Access to Output
Ports . . . Monitoring of Address
and DataBusses...Unique Bread-
boarding Facilities for Interfaces...
and ... more.

The MMD-1 is clearly the best
buy in the industry. And it's avail-
able now at your nearest computer
store. Stop in. Or write us for the
store nearest you and a full 8
page illustrated brochure.

*Suggested resale price.

EL)

E&L INSTRUMENTS, INC.

" 61 First Street, Derby, Conn. 06418
(203) 735-8774 Telex No. 96 3536
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Experimenter’s
Corner

THE PHOTORESISTOR

OST experimenters turn to junc-

tion semiconductors like photo-
transistors and photodiodes when it’s
necessary to design a circuit which re-
sponds to light. Junctionless semicon-
ductor photoresistors composed of cad-
mium sulfide and cadmium selenide,
however, also have lots of applications.
This month, we'll look at several.

First, let's review some of the charac-
teristics of junctionless photocells. Fig-
ure 1 shows the spectral response of
typical photocells made from cadmium
sulfide (CdS) and cadmium selenide
(CdSe). The former has a peak sensitiv-
ity in the green part of the spectrum (515
nm), surprisingly close to the peak re-
sponse of the human eye (555 nm).
Cadmium selenide peaks at 735 nm, in
the red part of the spectrum.

Both CdS and CdSe photocells are
exceptionally sensitive to light. They re-
spond by changing their resistance by a
ratio of as much as 10,000 to 1! This
means a cell which has a resistance of a
megohm in the dark may have a re-
sistance of only a hundred ohms in
bright light.

The two biggest drawbacks of photo-
cells are slow response time and sus-
ceptability to fatigue. Phototransistors
respond to a light pulse within mi-
croseconds and photodiodes within na-
noseconds, but junctionless photoresis-
tors require milliseconds or even sec-
onds to respond to a light pulse. This, of
course, means a CdS or CdSe photocell
will ignore a brief flash of light a few mi-
croseconds long. Any phototransistor
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Fig. 1. Spectral response of
CdS and CdSe photoresistors.
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will easily detect such a flash.

By fatigue (also known as the light
memory or light history effect) we mean
that the response of a particular pho-
toresistor is governed to some extent by
previous exposure to various light lev-
els. This can be irritating, particularly if
you're used to the more stable perfor-
mance of phototransistors and photodi-
odes. When a photocell is used in a light
meter, fatigue effects can be minimized
by maintaining a reasonably constant
light on the cell between measurements.

Now that we've covered some pho-
toresistor basics, here are some practi-
cal applications you'll want to try.

Simple Light Meter. One of the most
common applications for photoresistors
is as sensing elements in light meters for
photography. Figure 2 shows a simple
light meter made from a CdS photoresis-
tor, a 1-mA meter, and a low-voltage
battery. Use any general-purpose CdS
photocell with a high dark-to-light re-
sistance ratio. You can connect the
parts together with clip leads and have
the circuit operating in a minute or two.
But be sure the room lights are either off
or very dim first. Otherwise the meter
needle will swing over to its maximum
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Fig. 2. Basic light meter.
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Fig. 3. Advanced light meter.
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Fig. 4. A/D converter.

position and possibly be damaged.

Atter you connect the parts together,
slowly point a flashlight beam toward the
sensitive surface of the cell while watch-
ing the meter. As the meter needle re-
sponds to the changing light level, you'll
gain a better appreciation of the sensitiv-
ity of the cell.

Incidentally, you can use a digital mul-
timeter instead of a conventional meter if
you prefer. This will eliminate the prob-
lem of accidentally slamming the meter
movement and will also make reading
the meter in the dark much easier. The
digital readout, however, doesn’t indi-
cate changes as clearly as the moving
needle of a conventional meter.

Advanced Light Meter. Figure 3
shows how to add an op amp to the sim-
ple light meter described above. The op

amp gives the circuit exceptional sensi-
tivity and permits easy calibration by
simply changing the value of feedback
resistor R3.

The circuit is so sensitive that it should
be adjusted in the dark. Use a digital
multimeter in place of the 1-mA meter or
illuminate the meter scale with a “flash-
light” made from a red LED in series
with a 100-ohm resistor and a few 1.5-
volt cells. Place the meter a foct or more
away from the photocell to minimize the
effect of light from the LED. Then turn off
the lights and adjust R3 for a meter
reading of zero. For an impressive dem-
onstration of the circuit's sensitivity,
strike a match while watching the meter.

Analog/Digital Converter. Analog/
digital (A/D) converters transform anal-
og signals such as voltage levels into
patterns of pulses which can be used in
a digital circuit. Figure 4 shows an ultra-
simple A/D converter which transforms
a variable light level into a stream of
pulses. The circuit uses a 555 timer con-
nected as a light-sensitive astable mul-
tivibrator. When the photoresistor is in
darkness, the pulse rate is about 1 Hz;
when it is placed near a 60-watt lamp,
the pulse rate jumps above 22 kHz.
Incidentally, this circuit also makes a
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Fig. 5. Light-activated relay.

handy audio light meter. Just connect a
small 8-ohm speaker in series with a
220-ohm resistor between pins 3 and 8
of the 555 IC. Then darken the room
lights and play a flashlight beam across
the photocell’s sensitive face and listen
to the variable audio tone produced.

Light-Activated Relay. Finally, Fig-
ure 5 shows a simple but effective light-
activated relay which uses only half a
dozen components. As light falling on
the photoresistor increases in intensity,
Q1 turns on and energizes the relay. D1
prevents any high-voltage kick created
when the relay coil turns on and off from
damaging Q7. | used a 2N2222 for Q1,
but any general-purpose npn switching
transistor will work. Resistor R1 serves
as a voltage divider which sets the cir-
cuit’s trigger point. O

IN WIRE-WRAPPING HAS THE LINE.......

OK MACHINE & TOOL CORPORATION
3455.Conner St., Bronx, N.Y. 10475 (212) 994-6600 / Telex 125091
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TRANSFORMERLESS POWER SUPPLIES

Q. Do you have a circuit for a 12-
to-14-volt, 3-ampere transformerless
power supply? | want to use it to pow-
er an automotive AM/FM stereo radio
indoors. | have tried several trans-
former types, but they are too noisy
through the radio.—John Sumpolec,
Jr., Las Vegas, NV.

A. The use of “transformerless” power
supplies is very dangerous. if the line
cord is inserted so that the “hot” side of
the ac line is connected to the power
supply “ground,” accidental electrocu-
tion could result. if one portion of your
body is grounded, and you touch the
power supply ground (directly or, say, by
touching the “grounded” chassis of the
radio), you will be placing yourself di-
rectly across the ac line! Please do not
use transformerless, line-powered cir-
cuits. | can think of no reason why trans-
formerles supplies should be any “quiet-
er” than transformer supplies. Perhaps
the noise you mentioned was ac hum. If
that is the case, the supply had insuffi-
cient filtering. Try beefing up the capaci-
tance of the ripple filter by several hun-
dred or a thousand microfarads or so.
That should smooth out the rectified dc
and “‘quiet” the supply.

FINDING SUBSTITUTES

Q. In reading construction articles, |
frequently come across parts de-
scriptions including the phrase, “or
equivalent.” But I'm too inex-
perienced to decide when a compo-
nent is equivalent to the printed type
number. Are there any substitution
sources ?—John Whelan, Miami, FL.

A. There are a host of cross-reference
works available at most electronics parts
supply houses. Here are some exam-
ples: Motorola’s HEP Cross-reference
Guide and Catalog, and its Supplement
No. 1, Sylvania’'s ECG Replacement
Guide and Catalog; the RCA SK Series
Replacement Guide; Radio Shack’s
Archer Semiconductor Reference Hand-
book; Howard W. Sams Co.’s Semicon-
ductor Replacement Guide and its Tran-
sistor Substitution Handbook No. 14,
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and Tab Books' Tower's International
Transistor Selector.

Also useful are the Radio Shack
Quick-Fill Catalog, and a distributor’s
catalog such as those by Allied Electron-
ics and Newark Electronics.

GUITAR PREAMP

Q. Do you have a circuit for a guitar
preamp with active tone controls that
would fit inside a guitar body? Also, |
need plans for such devices as fuzz
tone, phasors, wah-wah, and sustain.
—Dennis Colarelli, Arvada, CO.

A. A phasor/flanger appeared in the
June 1976 issue of PoPULAR ELEC-
TRONICS. For the other circuits, | would
recommend “Electronic Projects for Mu-
sicians” by Craig Anderton. It's a 134-
page (8%2" x 11") soft-cover book,
$6.95, and is published by Guitar Player
Productions, Box 615, Saratoga, CA
95070.

USING AUTOPATCHES

Q. / have a question in reference to
the article “Tie Into Ham Repeaters
With This Low-Cost Autopatch” in the
November 1976 issue. How can you
check into a local repeater? Is this
keyed out over a CB channel? Where
can we get more information about
autopatches and repeaters? —James
Starr, Fort Wayne, IN.

A. Repeaters and autopatches are not
permitted on the Citizens Band Radio
Service. The closest ham band that is
open to repeater operation is the 10-
Meter band. But this is a relatively recent
development and | haven't heard any re-
peaters in the New York area. Most ham
repeaters are located on the 2-Meter
band (146-148 MHz), and some are on
the 1Y%4-Meter (220-225 MHz) and 3-
Meter (420-450 MHz) bands, using the
FM mode. If you're interested in leaming
about repeaters, consuit “FM and Re-
peaters for the Radio Amateur” pub-
lished by the American Radio Relay
League, 225 Main Street, Newington,
CT 06111. You might also check around
Fort Wayne. | know that there's a re-
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peater out there (on 146.16/76 MHz, |
think), so there’'s probably a repeater
club that maintains it. Club members
can tell you all you want to know.

SCR NOISE PROBLEMS

Q. !/ bought an inexpensive color or-
gan about a year ago. It worked well
until | put 150-watt floodlights on it.
Now | have intolerable interference. Is
there any circuit to attenuate the
noise? —Michael Ethier, St. Paul, MN.

A. The color organ uses SCR’s to turn
on the lamps. When the SCR turns on, it
does so abruptly, generating the fast-ris-
ing waveform shown in the figure. This
waveform is repetitive and is rich in har-
monic energy. The larger the overall am-
plitude becomes (as when you switched
to higher-powered bulbs), the more har-
monic energy is present. You don’t men-
tion whether the interference is coming
through your audio system or through a
radio receiver. it might be both—the har-
monics in the SCR switching waveform
extend into the r-f region.

50-100pH
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i 1000VAC
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LOAD

TRIGGER
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o° 180°

\WAVEFORM OF
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You can prevent the radiation of har-
monics by installing an LC network
across the ac line, and, if necessary,
shielding the color organ enclosure. The
LC filter will prevent the transient from
propagating out along the power wiring,
and the shielding will prevent radiation
by element leads and wiring within the
organ. A commercial “brute force” line
filter can be used, or a wound coil and
capacitor can be installed inside the or-
gan. A 1000-V ac, 0.1-pF disc ceramic
capacitor and about 70 turns of insuiat-
ed wire on a ferrite core are suitable.
One mail-order source of ferrite rods is
Amidon Associates, 12033 Otsego St.,
No. Hollywood, CA 91607. lts 30-61-4
(4" x 0.5" dia. or 10.2 x 1.3 cm) and
30-61-7 (7.5" x 0.5" dia. or 19.1 x 1.3
cm) rods, priced at $2.50 and $1.50 re-
spectively, are well suited for use in
“hash” filters.

Have a problem or question on circuitry, compo-
nents, parts availability, etc? Send it to the Hobby
Scene Editor, POPULAR ELECTRONICS, One Park
Ave., New York, N.Y. 10016. Though all letters can't
be answered individually, those with wide interest
will be published.
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If you've been thinking Realistic is great only in
the middlewsight division, the STA-2000 is ccing
to take you by surprise. We designed and man-
ufactured i~ in our own factory to deliver quaiity
beyond resroach, and judging from crtical
acclaim, we succeeded. The fine stylirg and
precision controls are obvious. But the heart of
this receiver is in its circuitry ... the exira-low-

“noise figures rivaling those of many
a separate (preamp)...If any part
approaches over-achiever siatus,
it is the power amplifier . . . The
controls are unusually

flexible”

High Fidelity Magazine,
March 1977

noise phono stcge ... “he sensitive dual-gate
MOSFET turer mith PLL. Come by your nearby
Radio Shacx for a free copy of the reviews. And
hear for yours=lf what all the excitement’s about.
You'll be amazed at just how far $499.95* can
go. The Reqistic 2000. 75 watts per channel,
min. RMS at & ohms from 20-20,000 Hz, with no
more than 0.25% total harmonic distortion.

“separat on at mid-frequencies was
an incred bly high 54 dB. .. usable
(FM ster=20) sensitivity point was
reached with a signal of only 5.0 uV
. excellent basic

circuit design”

Audio Magazine,
March 1977
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SOLD ONLY WHERE YOU SEE THIS SIGN:

Radie fhaek

A TANDY COMPANY ¢ FORF WORTH, TX 76107.¢ 5000 LOCATIONS N 8 COUNTRIES

These two credit cards
honored at most Radio Shacks,
* Price may vary at Iindividual

stores and dealers.
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Product
Test Reports

KRIS MODEL XL-50 40-CHANNEL CB MOBILE TRANSCEIVER

Features exceptional noise-blanker and agc operation.

HE NEW Kris Model XL-50 AM mo-

bile, finished in black with chrome
trim and white labelling, employs phase-
locked-loop (PLL) frequency synthesis,
the “standard” scheme in 40-channel
rigs. Channels are indicated by large
LED displays that make identification
much easier to read than from a selector
dial.

Among the special features to be
found in the Mode!l XL-50 transceiver,
which is Kris' top-of-the-line mobile, are:
three easy-to-read illuminated meters (s
UNITS, POWER, and MODULATION level);
separate dimmer controls for the numer-
ic display and meters; RF GAIN and TONE
control; intercom (INT) provision; jack for
external S-rmeter accessory; and a large
illuminated RECEIVE/TRANSMIT indicator.
Other features include: VOLUME,
SQUELCH, and DELTA TUNE controls;
noise-blanker (NB), PA, and INT/EXT
speaker switches; external speaker
jacks; detachable dynamic microphone;
electronic voltage regulators; and nega-
tive- or positive-ground power source
operation.

The transceiver measures 9.5"W X
8.9'D x 3"H (24.1 x 22.5 x 7.6 cm).
Provided with microphone and mobile
mounting hardware, its priced at
$259.95.

Details and Performance. The
double-conversion receiver section pro-
duces i-f's at 10,695 and 455 kHz. Ex-
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cept for an IC in the PLL system and
another IC in the audio section, bipolar
transistors are used throughout the re-
ceiver. As is usual, the r-f stage is diode
protected and has single tuned input
and output circuits. A double-tuned

" bandpass circuit couples the two mixers

together to aid in the suppression of un-
wanted signals.

The performance of the front-end sec-
tion of the receiver yielded a sensitivity
of 0.5 uV for 10 dB (S+N)/N at 30%
modulation with a 1000-Hz test signal.
Image rejection measured 60 dB, i-f sig-
nal rejection was 70 dB, and other spuri-
ous signal rejection was between 45 and
60 dB. The latter was mostly due to
overload “crossover birdies” in the area
of the CB range.

Two ceramic filters are employed in
the receiver, one at the input and the
other at the output of the first 455-kHz i-f
amplifier. This provides excellent selec-
tivity. We measured a minimum of 60 dB
rejection in adjacent-channel, desensiti-
zation, and cross-modulation tests. The
overall 6-dB frequency response, includ-
ing that of the audio system, was nomi-
nally 225 to 2450 Hz with the TONE con-
trol set to its midpoint. At the minimum
and maximum settings, the response
was 225 to 2000 Hz and 325 to 2800 Hz,
respectively.

The audio section consists of a tran-
sistor squelch gate and an IC that con-
tains the output amplifier that also dou-
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bles as the transmitter modulator. Max-
imum sine-wave output at the onset of
clipping with a 1000-Hz test tone and an
8-ohm load was 3 watts at 1.4% THD
(4% at 400 Hz) on receive and PA.

Amplified squelch and agc are em-
ployed. Squelch threshold range was
0.2 to 1000 V. The agc was exception-
ally flat, even at low signal levels. It held
the audio output to within 1 dB with an r-f
input change of 0.5 to 5 nV (20 dB), to
1.5dB at 1to 10 pV (20 dB), and to 3 dB
at 1 to 10,000 wV (80 dB). The S meter
indicated S9 with a nominal 50-pV sig-
nal. Meter readings dropped quite rapid-
ly at lower r-f levels, requiring about 8
wV to produce any indication whatever.

The noise blanker employs three
pulse amplifiers. It interrupts the output
of the second mixer during each noise
pulse. (It is switched in and out in con-
junction with an audio noise limiter.) The
overall combination provides outstand-
ing impulse-noise attenuation, making it
possible to “read” a 0.25-pV signal un-
hindered by noise pulses 100 dB above
1 wV/megahertz bandwidth.

The PLL system utilizes a second
conversion crystal oscillator (10,240
kHz) from which the standard reference
is also obtained by means of the PLL di-
vider. The voltage-controlled oscillator
(vco) functions as the first-conversion
oscillator and operates in the range of
37 MHz. Its comparison signal is derived
by a “down” mixer in conjunction with a
35.47-MHz crystal oscillator to create a
nominal 2-MHz signal in the PLL divider.
The divider is in an IC that apparently
also contains the control voltage circuit-
ry for the vco.

On transmit, the vco’s output is com-
bined with a 10,695-kHz crystal-con-
trolled signal at the transmitter mixer.
The mixer is followed by a bandpass fil-
ter, predriver, driver, and power-amplifi-
er stages. The output is matched to 50-
ohm lines with the usual double-section
network where harmonic attenuation is
augmented by a TVI filter. Antenna
switching is accomplished with a relay.

Powering the transceiver from a 13.8-
volt dc source, the carrier output mea-
sured 4 watts into a 50-ohm dummy
load.

An  automatic-modulation  control
(amc) system is derived from the second
microphone preamplifier (there are two
mike preamps) and consists of three
cascaded compression amplifiers that
control the collector-to-emitter  re-
sistance of a transistor that is shunted
across the input to the first mike preamp,
thus serving as an automatic volume
control. It performed excellently.

POPULAR ELECTRONICS



With a 1000-Hz test tone and mike in-
put levels 16 to 26 dB greater than that
required for 50% modulation, positive-
peak modulation went to just 100% and
90% to 95% on the negative peaks. The
maximum 1000-Hz THD was 2.6%
(6.25% at 400 Hz and 75% modulation).
With dynamic operation and maximum
voice levels, producing high average
modulation, the negative-peak modula-
tion occasionally exceeded 100% for an
insignificant duration and to an insignifi-
cant degree. Adjacent-channel splatter,
at more than 5000 Hz from the carrier,
was at least 60 dB down. The same was
true in our tests with 1000- and
2500-Hz test tones.

The overall response of the transmit-
ter, referred to 1000 Hz, was —6, +1,
—6, and —10 dB at 300, 750, 1800, and
2500 Hz, respectively. The transmitter
frequency tolerance was within 2 Hz of
+50 Hz on any channel.

User Comment. The Kris XL-50, the
first of a series of 40-channel rigs report-
ed upon here, easily met the new FCC

requirements. Furthermore, its r-f power
output and modulation capability were
as high as the FCC permits, which is the
same maximum as in the 23-channel
days.

Particularly impressive was the
XL-50's noise-blanker operation in the
face of high impulse noise. In a mobile
situation, this will be translated into
reading more weak signals than with
many other types of NB circuits. Also
high on the performance list is the ex-
ceptional agc operation, which main-
tains a constant audio output level (to
the ear) in spite of gross signal-level
changes. When one adds fine selectiv-
ity, improved adjacent-channel splatter,
et al, we have an excellent example of
how newly designed 40-channe! trans-
ceivers are capable of providing superi-
or performance to the older 23-channel
rigs.

As Kris's premium mobile rig, there
are convenience extras that are most
welcome (and, of course, added to the
selling price). The meters are easy to
read under all conditions, while the mod-

ulation meter gives curious CB’ers an
opportunity to approximate the amount
of modulation (calibrated at the 50% and
100% points) they’re putting out. This
contrasts well to the more common in-
dicator lamp that's really nothing but a
peak modulation indicator. Also, the se-
lector dial includes the channel numbers
so that, in the unlikely event the LED nu-
meric indicators should fail, the operator
will still know which channel he’s clicked
into.

To conserve space, most of the rotary
controls are concentric pairs to provide
dual functions. Though we can appreci-
ate the need for this on a trade-off basis,
we don't particularly care for the idea.
Other fillips include a speaker mounting
location on the left side of the rig’s enclo-
sure that enhances voice intelligibility,
the letters “PA” displayed on the numer-
ic indicators when PA mode is activated
and a RECEWVE indicator that glows
green and a TRANSMIT indicator that
glows red when the appropriate func-
tions are used.

CIRCLE NO. 103 ON FREE INFORMATION CARD

YAESU MODEL FRG-7 COMMUNICATION RECEIVER

Moderately priced, 0.5 -to-30-MHz receiver uses Wadley Loop design.

NE CAN count the number of mod-

erately priced general-coverage
communication receivers on the fingers
of one hand. So a rather new entry, such
as the Yaesu Model FRG-7, is most wel-
come. lts 0.5-t0-30-MHz tuning range
covers standard AM broadcast, medi-
umwave, shortwave, amateur radio, and
CB bands.

Called the "Frog 7" by SWLl'ers, it's a
triple-conversion receiver that uses a
Wadley Loop design to inexpensively
cancel drift from the variable oscillator.
The all solid-state unit operates on ac
line power and on 12-V batteries.

Rated sensitivity is 0.7 pV on SSB
and CW and 2 pV on AM for 10dB (S +
N) /N. Selectivity is rated at =3 kHz at
—6 dB and =7 kHz at —50 dB. After
warmup, receiver drift is claimed to be
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less than 50 Hz in any 30-minute period.
The maximum audio output power is
specified at 2 watts into 4 ohms. Be-
tween 1.6 and 30 MHz, antenna imped-
ance is stated at 50 ohms, while the
broadcast band antenna input is a high
impedance between 0.5 and 1.6 MHz.

The receiver has a carrying handie on
the right side of its cabinet. It measures
13%"W x 1114"D x 6"H (24 x 28.5 x
15.3 cm) and weighs 15.4 Ib (7 kg) with-
out batteries. Price is $299.

General Description. The main tun-
ing dial covers a 1000-kHz range with
calibration marks located at 10-kHz in-
tervals. The band is selected by a small-
er MHz knob and dial, the latter with in-
dex marks and numbers at integral
megahertz intervais over the full range

Radighictarny Cam

of the receiver. Near the MHz knob is a
small red Lock indicator that extin-
guishes only when the MHz tuning is
properly set. In operation, the readings
of the MHz and main tuning dials are
summed to obtain the frequency to
which the receiver is tuned. Above the
main tuning dial is a small signal-
strength meter, and to the right of the
control is a button that moves the dial in-
dex for calibration purposes.

The r-f ampilifier is tuned by a sepa-
rate PRESELECTOR control and dial that
covers the full range of the receiver in
four bands. The bands are selected by a
BAND switch. The MODE switch has posi-
tions for uss/cw, LsB, AM, and AM/ANL
(the last with built-in noise limiter). The
ATT attenuator switch has a NOR center
position for unattenuated signal recep-
tion and ox and LocaL positions. The
TONE switch, also a three-position affair,
has NARROW, NOR, and LOW positions.
In the NARROW position, the nominal fre-
quency response is 400 to 2500 Hz,
while in the Low position, it is 250 to
1500 Hz.

Near the POWER switch is a separate
LIGHT switch that turns on and off the
dial and meter lights to conserve power
when operating the receiver from batter-
ies. In addition to its built-in ac power
supply, the receiver has storage space
for eight D cells that can be used for
poriable operation. Alternatively, the re-
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ceiver can be powered from an external
12-volt dc source, such as a car battery.
Any or all of the power sources can be
connected to the receiver simultaneous-
ly. Receiver operation is automatically
transferred to the various supplies with
the ac power line taking priority, then the
external dc source, and finally the inter-
nal battery system.

In addition to a PHONES jack on the
front panel, there is a RECORD jack that
carries the audio at a fixed level that is
unaffected by the TONE switch or voL-
UME control. Plugging into the PHONES
jack silences the built-in speaker.

On the receiver's rear apron are
spring-loaded clips for AM and short-
wave wire antennas, ground, and mut-
ing. Grounding the last silences the re-
ceiver when transmitting. There is also a
uhf coaxial connector for a shortwave
antenna; it parallels the other SW con-
nector. A socket is provided for connect-
ing an external 12-volt dc power source.

Closeup of front-
panel tuning
controls including
band selector,
preselect setting,
and MHz knob and
dial. Main tuning
dial covers
1000-kHz range.
LOCK indicator
goes out when MHz
tuning is

properly set.

There is also a phone jack for an exter-
nal 4-ohm speaker. (Using an external
speaker via this jack silences the receiv-
er's speaker.)

Circuit Description. From the anten-
na terminals and input attenuator, the in-
coming signal goes to one gate of a du-
al-gate MOSFET r-f amplifier (see block
diagram). The signal then passes
through a 35-MHz low-pass filter to the
balanced first mixer, where it is hetero-
dyned against a signal from the first con-
version oscillator. This oscillator covers
the range from 55.5 to 84.5 MHz, under
control of the MHz dial. The output of the
mixer is at the firsti-f (54.5 to 55.5 MHz),
where it is amplified by another dual-
gate MOSFET. In the second mixer, an
unbalanced circuit with a single FET, the
signal is converted to a second i-f in the
range of 2 to 3 MHz.

A novel feature is the manner in which
the receiver’s first- and second-conver-

0.5-30 54.5-55.5 2-3 455
‘MHz MHz MHzr kHz
Ist Ist 2nd 3red CERAMIC 3rd
ATT 7 MIX IF MIX ’—'." | MIX H FILTER H IF
55.5-84.5 MHz| I8t 5 VFO
TUNING| 0sC P BUFFER
| 52.5
MHz MHz
xTaL| . |HaRM.| _|PRE-] _|BPF/ MAIN TUNING
0sC [ GEN Mix [~ amp VFO 15 455-3.455 MHz
LAMP L [ OC | et RF & TF < AGC || AGC
[orRIVER]™ | aMP : STAGES AMP DET.
s-msrsaé
LOCK l
AM
L DET
= BFo SSB/CW

Block diagram shows how three
mixers operate. First- and
second-conversion oscillator
signals are derived from the
same oscillator to cancel drift.

96

BFO 1 PRODUCT

BUFFER DET

ANL

AUDIO TONE
AMP CONTROL

PHONES RECORD

Dodiollictor, Com

sion oscillator signals are derived from
the same oscillator, so that any drift in
the two conversions is cancelled. In the
block diagram, it can be seen that the
first oscillator output is mixed with a
“comb” of signals derived from a 1-MHz
crystal oscillator and a harmonic gener-
ator at 1-MHz intervals. The output of
the “premixer” where this combination
takes place is passed through a 52.5-
MHz filter that uses four double-tuned
transformers. Only that frequency is
allowed to reach the second mixer,
where it converts the 54.5-t0-55.5-MHz
first i-f to 2 to 3 MHz. As the first oscilla-
tor is tuned from 55.5 to 84.5 MHz, a
52.5-MHz signal passes through the fil-
ter to the second mixer at 1-MHz inter-
vals. (The Lock light extinguishes each
time a 52.5-MHz signal appears to signi-
fy the system is functioning properly.)

Following the second mixer, the signal
is further amplified by a dual gate MOS-
FET and converted to 455 kHz in a third
FET mixer. The local oscillator for this
conversion has a 2.455-t0-3.455-MHz
range and is highly stable and under the
control of the main tuning dial. After
passing through a 455-kHz ceramic filter
and two stages of amplification, the sig-
nal is converted to audio in one of the
two detectors. For SSB and CW, a four-
diode balanced modulator is used as a
product detector. The frequency of the
bfo, which is used for this final conver-
sion, is shifted by the MODE switch for
USB or LSB reception. For AM recep-
tion, a simple half-wave diode detector
is used. An IC audio amplifier drives the
speaker or headphones. The automatic
noise limiter (anl), which functions only
on AM, is a diode-shunt type. A separate
agc rectifier measures the signal level at
the output of the 455-kHz i-f amplifier,
and the resulting dc voltage is amplified
and used to control the gain of the MOS-
FET r-f and i-f amplifiers and the deflec-
tion of the signal meter.

Laboratory Measurements. The
sensitivity of the receiver was measured
at 2, 7, 14, and 28 MHz. It was excep-
tionally uniform over the entire frequen-
cy range, measuring between 0.9 and
1.1 pV for a 10-dB (S+N)/N ratio on
SSB or CW, and from 2 to 3 uV on AM
(using a carrier modulated 30% at 400
Hz). Selectivity was measured indirectly,
by sweeping the frequency of the audio
signal modulating our signal generator
and plotting the receiver's audio output
on a synchronized chart recorder. Al-
though this includes the effect of any au-
dio response shaping, it also shows
quite clearly how the ceramic i-f filter
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cuts off the higher modulation sideband
frequencies.

With the TONE switch at its normal set-
ting, the response measured at the
PHONES output was within =2 dB from
20 to 1000 Hz (down 6 dB at about 1500
Hz). There was an abrupt drop in output
above 3500 Hz, where the filter skirts
begin to have an effect. With the NAR-
ROW switch setting, the response
peaked broadly in the 500-to-1000-Hz
range and was down 6 dB at 125 and
1900 Hz. In the Low position, the re-
sponse was fairly similar to NORMAL up
to about 400 Hz; but it fell off rapidly to
—6 dB at 900 Hz and —12 dB at 1500
Hz. At the RECORD output, the NORMAL
response was flatter and presumably re-
flected the i-f response more accurately.
It was down 6 dB at 2700 Hz and
dropped much more rapidly above 3200
Hz. It shouid be noted that these mea-
surements were made in the AM mode.
In SSB, the effective audio bandwidth
would be considerably greater, since the
single sideband would be able to occupy
most of the filter bandwidth, shared be-
tween the two sidebands in AM recep-
tion.

The antenna attenuator reduced sig-
nal levels by 10 dB in the px position
and by 20 dB in the LOCAL position. The
S meter gave readings that bore little re-
lation to the relative strengths of the sig-
nais. At 2 MHz, a 0.5-pV input gave a
meter reading of S3, 0.8 uV gave S6,
and only 1.1 wV, the level that also gave
a 10-dB (S+N)/N reading, drove the
meter to S9. The same generosity was
evident at higher levels, with 1.7 pV
yielding S9 + 10dB, 9 uV equali to S9 +
20 dB, and 75 wV (which on most ama-
teur receivers would be slightly more
than S9) pushed the meter to an impres-
sive S9 + 30 dB. Much of the time, the
normal background atmospheric noise
drove the meter to an S9 reading in the
absence of a signal.

A triple conversion receiver is inher-
ently subject to spurious responses, un-
less extraordinary precautions are taken
in shielding and fiitering. (Compensating
for this is the fact that, due to its high first
i-f, the FRG-7 is relatively immune to im-
age responses.) The synthesizer tech-
nique used in the receiver gives a defi-
nite signal at every megahertz interval,
corresponsing to 0 and 1000 on the
main tuning dial. Fortunately, the signais
are relatively weak and did not interfere
with reception of WWYV, for example. We
also found a large number of weak “bird-
ies” spaced about 140 kHz apart, princi-
pally in the 26-to-30-MHz range. Al-
though audible with no antenna con-
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Photo of the Yaesu
receiver with the
battery holder
removed from case.

nected, they were too weak to interfere
with normal reception. However, at low-
er frequencies we found several rather
strong spurious signals, principally at
2730, 3240, and 22,370 kHz, with ampli-
tudes registering from 10 to 3C dB over
S9 on the receiver's meter.

We checked the degree to which the
receiver was desensitized by strong sig-
nals out of its immediate passband.
When the interfering signal was 50 kHz
from the station being received, a
1000-wV level produced an audible re-
duction in signal strength. At 100-kHz
spacing, the required strength was 5000
wV. A 10,000-uV signal desentized the
receiver at any spacing from 150 to
1000 kHz. (We did not check this with a
signal in an adjacent band.)

The dial calibration, when set against
WWV at either end of the main tuning
dial range, was accurate at the other
end as well. Between these limits there
was a slight calibration nonlinearity, evi-
denced by a 10-kHz error on CHU at
7335 kHz. Since the receiver lacks an
internal crystal marker oscillator, there is

Rear view
of preselector
and MHz dials.

AmericanRadioHistorv.Com

little that can be done about this, al-
though it should not bother most short-
wave listeners. Any frequency drift that
might have occurred during operation
was insignificant, and the receiver was
fully usable from a cold start. The audio
output was about 1.5 watts into 8 ohms
and 1.7 watts into 4 ohms. If more distor-
tion could have been tolerated, the rated
2-watt output could easily have been
realized.

User Comment. For the SWL, this re-
ceiver offers an appealing combination
of sensitivity, selectivity, accurate dial
calibration, and modest price. It is easy
to tune, and the quality of the sound was
good.

The amateur operator will not be so
well served. The ceramic i-f filter is too
broad for today’s crowded bands, either
for CW or SSB reception. Moreover, if
the receiver is located too close to a
powerful transmitter, such as another
amateur or a broadcast station, trouble
might be experienced from desensitiza-
tion. The 20-dB LOcCAL attenuator wili

97




help cope with this problem. Our test re-
ceiver's main tuning was free of back-
lash in the lower third of its range, but
had a “rubbery” action toward the upper
part of the scale that made tuning of
SSB signals difficult. Unlike most com-
munication receivers designed specifi-
cally for the amateur market, the FRG-7
does not give “single signal” reception
of CW signals. Signals are audible at
approximately the same level on both
sides of zerobeat, which effectively dou-
bles the QRM level in reception. The agc
is not defeatable and has a time con-

stant that we feel is too short for comfort-
able SSB reception, where it produced a
disconcerting “pumping” of the back-
ground noise level.

Useful extras for the SWL such as a
noise blanker, notch control, switchable
agc, crystal calibrator, etc. are absent.
But they are not expected in this price
range. Also, the “S” meter on our sam-
ple was useless as an indicator of in-
coming signal strength—every receiv-
able signal registered better than S9,
which is a handicap when seeking ac-
knowledgement (QSL) cards.

Despite these criticisms, we found
much to admire in the FRG-7. It is hand-
some, ruggedly built, on the whole very
smooth-handling, and is rock-stable
(even against pounding on the cabinet).
SWLU'’s who have attempted to use some
of the lower-priced general-coverage
superheterodyne receivers, plagued by
drift, images, and useless calibrations,
will be in for a pleasant surprise when
they try this receiver. Considering what it
offers, the Yaesu FRG-7 is a good value
at its price.

CIRCLE NO. 104 ON FREE INFORMATION CARD

VECTOR “SLIT-N-WRAP” WIRING TOOL

Exposes wire during wrapping process to allow shorter post lengths.

i BRE T,

HE POPULARITY of Wire Wrapping

is growing by leaps and bounds, not
only for original circuit prototyping but for
final project wiring as well. The Wire
Wrap technique is simple, fast, and reli-
able. Since it requires no soldering to
assure electrically and mechanically
sound joints, it readily lends itself to
easy circuit modification. A number of
Wire Wrapping tools have come on the
experimenter/hobbyist market in recent
months, one of which is the Vector
“Slit-N-Wrap” tool.

Most Wire Wrapping tools require the
wire to be cut to length and the insula-
tion to be stripped away from both ends
before wraps are made. What makes
the Slit-N-Wrap tool different is that it
eliminates these time-consuming re-
quirements, thanks to a built-in slitting
edge that exposes bare wire to the wrap
posts during the wrapping operation.
This slitting edge also makes it possible
to make “daisy-chain” connections to a
number of posts with a continuous, un-
broken length of wire in wiring-pencil
fashion. Hence, post length can be re-

s

Vector ¥ 180 SLAT-N-WhAL

duced to conserve space with the Slit-N-
Wrap technique.

The Slit-N-Wrap tool is available in
two models. The manual Model P180
tool that sells for $24.50 comes with in-
structions, No. P183 forming tool, and
two 100’ (30.5-m) spools of 28-gauge
wire. The cordless, battery-powered
Model P160-4T comes with the Model
P180 tool installed, two spools of wire,
No. P183 forming tool, trickie charger,
and instructions and sells for $60.00.
Replacement spools, each containing
100’ of wire (with green, blue, red, or
clear insulation), are available for three
spools for $2.75.

General Details. The Model P180
Slit-N-Wrap tool resembles a slender
steel ballpoint pen with a small spool of
wire at the top. The wire feeds from the
spool, down through the hollow steel
body of the tool, and exits through a hole
in the tool’s tip. The built-in slitting edge
is located near the exit hole.

As the wire is wrapped around a wrap
post, the slitting edge cuts through the

insulation so that bare wire contacts the
post. The remainder of the insulation on
the wire remains intact. No slitting oc-
curs when the wire free-feeds through
the hole, only when a wrapping opera-
tion is being performed.

The wire used with the tool is 28
gauge and has a thin but very tough in-
sulation. Aside from being used for Wire
Wrapping, it can also be tack soldered to
copper traces on printed circuit boards
or crimped around solder posts and lugs
and soldered directly through the insula-
tion. There is no need to strip away insu-
lation to form a soldered joint; the insula-
tion vaporizes when soldering heat is
applied to it. The No. P183 forming tool
and chisel knife that comes with the
Slit-N-Wrap tool is used as a routing aid
and for cutting wires close to the wrap
pins and pc board traces.

User Comment. For our tests, we
used the manual version of the Slit-N-
Wrap tool. (The manual and battery-
powered versions of the tool are identi-
cal except that the latter eliminates most
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of the operator effort involved in wrap-
ping.)

The first test to which we put the tool
was in modifying our computer, which
gave us an opportunity to test both the
wrap and unwrap functions of the tool.
We found the Slit-N-Wrap tool to be as
easy to use as any other Wire Wrapping
tool we have used in the past when it
came to simple two-post runs. The tool
excelled on daisy-chain runs and re-
duced what would ordinarily have been
hours of cut, strip, and wrap to slightly
more than a half hour of work. All our
wrap connections were “perfect.” What
is equally important is that all our un-
wraps were accomplished without dif-
ficulty and left us with wire ends that
could be wrapped like new.

Next, we decided to see if we could
verify Vector's claim that the typical
post-to-wire contact resistance was
approximately 3 milliohms (0.003 ohm).
To do this, we made up three daisy
chains, each consisting of 10 wraps in
series. Then, after nulling out the re-
sistance of the test leads on our high-
accuracy, laboratory-grade digital mul-
timeter, we measured the total re-
sistance of each daisy chain. Our read-
ings of 0.0301, 0.0307, and 0.0308 ohm,
when divided by 10 to obtain the aver-
age single-contact resistance, tallied
very closely with Vector's claim.

In our tests for tack soldering the wire
to pc traces and solder lugs directly
through its insulation we noted that
27Vv>-watt heating elements tended to
char the insulation instead of vaporizing
it. However, when we switched to the
37%-watt heating element we normally
use in our soldering iron, the insulation
almost instantly vaporized and allowed
us to make excellent soldered connec-
tions.

For a final test, we selected ten of the
wraps we had made for our resistance
test setup and unwrapped and closely
inspected the slitted wire under a magni-
fying glass. In all cases, the slits were
neat and clean. The insulation had part-
ed neatly during the wrapping operation,
as evidenced by the clean and well-
defined “bites” in the wire from the
posts.

Our experience with the Vector Slit-N-
Wrap wiring system has made us a firm
believer in this new tool. We would not
hesitate to recommend the tool to any-
one, amateur experimenter or profes-
sional technician or engineer, who does
a lot of project building, prototyping, and
circuit modification. It will pay for itself in
time saved and frustration avoided.
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Get all the newest and latest information on the new Mcintosh Sol-
id State equipment in the Mcintosh catalog. In addition you will
receive an FM station directory that covers all of North America.
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FM/FM STEREO - AM TUNER AND PREAMPLIFIER

Mcintosh Laboratory, Inc. I
| East Side Station P.0. Box 96 |
Binghamton, N.Y. 13904
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TODAY!

If you are in a hurry for your catalog please send the coupon to Mcintosh.
For non rush service send the Reader Service Card to the magazine.
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BUILD THE LIFESCREEN,
BIG SCREEN COLOR TELEVISION

THE CREATION OF BIG SCREEN TELEVISION
A NEW DIMENSION IN TELEVISION VIEWING
* Sparting Lvents Are An Experience As Exciting
As Being Ihere!
* Mowes Are Seen The Way They Were Meant To
Be Seen!
* Pong And Other Video Games Are More L xciting
Than L ver!
* Can Be Used With Video lape Playback 1 quip-
ment!

FITS WITH ANY DECOR - YOU CAN
CHOOSE ANY TYPE WOOD OR FORMICA
THAT MATCHES YOUR FURNITURE

NO ELECTRONIC SKILLS REQUIRED -

The LIFESCREEN® TV was designed for the Do-l1-Yourself enthusiast
who wiskes to have the enjoyment and excitement of a professional
Big Screen TV but refuses to pay the $1500 to $4000 and higher prices

1. The special LIFESCREEN® lens and front that most major manufacturers chasge for this luxury.

surface mirror supplied by Extron are the
same type used by major big screen tele.
vision manufacturers (Sony, Muntz, etc.l. -
THESE PROFESSIONAL COMPONENTS
SHOULD NOT BE CONFUSED WITH THE
CHEAP PLASTIC MAGNIFYING IMI-
TATIONS NOW FLOODING THE MAR-
KET BECAUSE OF THE POPULARITY
OF BIG SCREEN TELEVISION.

HOW TO ORDER COMPONENTS

The LIFESCREEN® Lens and Front Surface
mirror can be ordered from Extron.

The Kodak Ektalite Screen can be purchased from
a local Kodak retailer for about $100.

The Sharp 13" Model 13421 Color TV can be pur-
chased from a local Sharp retailer for about $300.

Extron can supply you with the screen or the
television for the prices quoted above.

[Ty —

~

. Kodak Ektalitz screen (recommended be-
cause it is 16 TIMES BRIGHTER than a
flat matte surface and 6 TIMES BRIGHTER
than most flat beaded movie screens) is the
same used by major big screen television
manufacturers. The Ektalite screen is made
of a special treated sheeting lami d 1
a spherically curved ‘‘shell’’ frame. The
Ektalite screen dramatically out-performs
all other type. of screens by reflecting all
its incident lignt back to the viewer instead
of absorbing ®. Its parabolic shape rejects
extraneous lijht, thereby concentrating = =
a highly efficient and directionally selective
television imace that is exceptionally sharp
and colorful.

I you now own a portable color TV that has a bright,
color pure picture, IT MAY BE ACCEPTABLE with
minor alterations. DETAILS WITH PLANS.

START BY ORDERING YOUR PLANS TODAY!

-~

HOW THE LIFESCREEN
PROJECTION SYSTEM WORKS

Dor’t be discowraged hecause this 15 @ Ait' Tins system when hutls according 1
mstrucnons 1s evers it as good as the projection TV s om the market today

(& Extron LIFESCREEN" Projection System 8831 Sunset Bivd.

o . - W. Hollywood, Calif 90069
D:::::Q:;:lo:l one complete sat of LIFESCREEN. Calif. residents add 6%

| |

| |

! |

3. Can be used with or without remote control ! Sales Tax J
television becanse the control panel is faced i Please also send mne the items checked below: |
toward you like any conventional televison. 1 O LIFESCREEN= Lens @$150.00 TotaL s_ |

4. This system will reproduce whatever signals ! [0 LIFESCREEN® FrontSurtace Mirror @ $20.00 O Enclosed |

5 J L .

it receives. We therefore do not recommend ! ANprices F. 0. B. Factory {3 Charge to my credit card )

it in poor reception areas. The distortion b Name Card Name |
would be enlarged. | Address e Card Numbar |
Extron LIFESCREEN* Projection System | Cay — ————ExpiumenDate
8831 Sunset Bivd. | swe Zip @ [
W. Hollywood, Calif 90069 T T,
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CB Scene

By Ray Newhall, KWI6010

CB-RELATED TVI-AND WHAT TO DO ABOUTIT

HE NEW FCC Rules make it the

CB’ers responsibility to eliminate all
television interference which results
from transceiver emissions outside the
authorized frequencies (26.965 to
27.405 MHz). These Ruies apply and
are enforceable, even though the CB'er
can prove that his rig conforms with the
technical specifications set forth in the
Rules at the time of manufacture.

All transmitters and receivers radiate
some harmonic and other spurious
emissions. How, then, can the CB'er
meet this requirement and still continue
to operate?

Causes of TVLI. In only about 20% of
reported TVI cases has the cause of the
problem been in the CB rig or the oper-
ating habits of the CB'er. In these cases,
nearly always the CB'er is operating his
rig illegally—say, by overmodulating—or
has inserted devices in his antenna lead
which generate harmonic energies not
present at the output of the CB rig itself.
In any case, the CB'er should work with
the complaining TV viewer to determine
what remedies are needed and where
they must be applied.

Once it has positively been estab-
lished that the TVI occurs when a partic-
ular CB transmitter is in use, it must be
determined which TV channels are
affected when the CB push-to-talk
switch is pressed. TVI caused by a CB
signal will normally cause the picture to
fade, or cause cross hatching or parallel

lines across the screen. (In no case can
TVI which affects the TV audio be at-
tributed to the CB transceiver.)

If the TVI appears on channel 2, or on
both channels 2 and 5, but no others,
there is a strong possibility that the CB
station (the transmitter and its antenna
system) is at fault. If the TVI appears on
other channels as well, the television re-
ceiver is most likely the culprit. These
rules will apply almost without excep-
tion. However, in an apartment or con-
dominium where there is a common TV
antenna system in use, the master distri-
bution ampilifier (if overloaded by the CB
signal) can generate harmonics of the
CB output. Seemingly, the CB transceiv-
er is at fault. As a double-check, remove
an affected TV receiver from the master
system and connect it to an indoor an-
tenna. If the TV! still appears only on
channels 2 and 5, look to the CB rig for
the cause.

Harmonics. TV channel 2 is located at
about 54 MHz, which is just double the
frequency of the 27-MHz CB. Almost ev-
ery r-f generator (such as a CB tran-
sceiver) will produce signals at multiples
of the primary oscillation frequency. But
FCC Regulations impose strict limita-
tions on the strength of harmonics ra-
diated by the transceiver either through
its cabinet or into the antenna line. If
these harmonics pass beyond the reach
of the rig's filters, there is nothing that
can be done to suppress them at the TV

receiver. Those are the very frequencies
that the receiver is designed to accept,
and an attempt to reduce their strength
at the receiver would merely result in a
loss of the desired TV signal. Converse-
ly, if the receiver cannot reject funda-
mental CB signals at 27 MHz, then there
is nothing that can be done by the CB'er
to eliminate the TVI. Unfortunately,
some TV manufacturers do not include
sufficient filtering to reduce the receiv-
er's vulnerability to strong radio signals
removed from the TV channel frequen-
cies. In the past, legislation has been
proposed in Congress to require TV
manufacturers to include such filtering
but the bills expire before any action is
taken. In response to the growing RFI
problem and the apparent need for mini-
mum  electromagnetic = compatibility
standards for home-entertainment de-
vices, similar bills are expected to be in-
troduced in this session of Congress.

Remedies at the Receiver. In most
cases, the TV receiver's susceptibility to
overload by CB signals can be compen-
sated for without extensive modifica-
tions. There are commercially available
high-pass filters which can be attached
at the antenna terminals at the rear of
the TV. They prevent the CB signal from
reaching the TV tuner. In severe cases,
the filter might have to be mounted in-
side the receiver cabinet at the tuner's
antenna input.

Many TV manufacturers will provide
such filters free of charge to their cus-
tomers who experience TVI. Alternative-
ly, they might provide information on
how TV!I may be eliminated.

Remedies at the Rig. In the case of
harmonic interference, if the CB’er is us-
ing a type-accepted rig that has not
been modified in any way, chances are
that the problem lies between the trans-
mitter antenna terminals and the anten-
na itself. If the CB’er is using an illegal
“linear,” there is a good chance that he

REACT “Help” Flag

go, IL 60601.

A special flag for motorists in distress is being distribut-
ed by local REACT CB teams. The REACT *‘‘Help”
Flag is made of highly visible orange reflective vinyl,
with the word “‘Help’’ and the REACT emblem printed
in black. All CB’ers who see these flags on a disabled
vehicle are asked to call their local REACT teams on
Channel 9. The flag identifies a motorist in distress who
wants assistance through CB radio. To obtain a flag,
contact your local REACT team, who are distributing
them as a combined community service and local fund-
raising project, or send a donation of $5.00 or more to
REACT International, Inc., 111 E. Wacker Dr., Chica-

-
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is causing severe TVI to at least 95% of |
the TV receivers within Y4 mile of his sta-
tion. But linears are not the only cause of
TVL. Any device introduced into the an-
tenna feedline between the transceiver
and the antenna has the potential of in-
troducing harmonic radiation not present
at the transceiver. Some linear amplifi-
ers can increase harmonics by as much
as 9 dB even when turned off. Coaxial
switches and SWR meters can also in-
troduce harmonics which might cause
TVI. Any poor or corroded connections

The Affordable Programmable

Never Before A Fully Programmable Calculator
Available To The Scientific Community At Such A Low Cost!

== _.cérﬁmnd‘ore - by Mail Order CALL TOLL FREE

12345578 11 {11 $5995 800-621-8318

24 HOURS —7 DAYS

in the transmission line or at the antenna s,s,gmmé%&fs
itself can cause TVI. ' . 120/GITREDL.ED. DISPLAY  + PERCENTAGE CALCULATION —
The CB'er with a TVI problem should AL S

first go to work on his antenna system, iﬁﬂiﬁieih"ﬂms 72 +  AND CHANGE SIGN KEY
checking the SWR with a reflectometer. | Keystroke program sterage MR M M

* TRIG FUNCTIONS — Calculates STORE, 9M

If the antenna system is at fault, it should lbee] doguest MgHE | & DEEHEBSMACTEE ROBUAL

exhibit an SWR of 3:1 or more. Make + HYPERBOLIC FUNCTIONS SECONDS CONVERSION
; [« Ln, log, e, 10° + RADIAN/DEGREE CONVERSION
sure that the antenna lead shield + POWERS Y:, Roots* Y + POLAR/RECTANGULAR
grounded at both ends and that all con- + FUNCTIONS OF X—1/x, . X CONVERSION
« LINEAR REGRESSION: TREND ~ * & METRIC CONVERSIONS

nections are clean and solid. Check the
dc resistance to see that it is very low (4
ohms or less). Be certain that the coaxial
cable is high-quality RG-58/U or
RG-8/U, and that its outer vinyl jacket
has not deteriorated. Examine the an-
tenna for corrosion. If necessary, clean
and weatherproof all connections and
hardware.

If the antenna and feedline check out
OK, and the TVI is still present, the
CB’er should suspect the rig itself. Take
it to a qualified, licensed technician for a
thorough examination. Installation of a
low-pass filter at the transceiver output
can suppress any internally generated
harmonics.

Two of the top enforcement priorities
of the FCC are to locate and confiscate
overpowered, illegal transmitters, and to
reduce CB-caused TVI. They know that
wherever there is a concentration of TVI
complaints, they can probably fulfill both
priorities at once. You can be reason-
ably certain that, sooner, or later, there
will be an undercover RDF vehicle on
the block.

For a free information kit on TVI, send
a stamped, self-addressed envelope to
Box 21, Hartford, CT 06103.

ANALYSIS: SLOPE AND SPHERICAL/CARTESIAN
INTERCEPT CONVERSIONS
« STATISTICAL: £ +, £ —,
averages, standard deviation,
variance, permutations,
combinations

The Commodore PR (Personal
Resource) 100 - Allows You To
Personally Program According To
Your Own Problem-Solving Needs!

WHY A PROGRAMMABLE? NO LANGUAGE TO LEARN

The Commodore PR-100 Programmable Calculator Truly this pragrammable calculator is a powerful per-
introduces a new, innovative dimension in highly sophis- sonal scientific and mathematical computing resource.
ticated mathematical and scientific problem-solving. It And you don’t need to know programming to make it
decentralizes and personalizes the decision-making work for you. There is no special language to learn. The
power of the computer, bringing to you what was entry system is so easy and flexible to use that you can
never before available in a programmabnle calculator apply it quickly to your own personal problem-solving
with such features, yet at an amazingly affordable price. techniques and style.

Method of Entry: The Commodore PR-100 is designed Special Funciions of the PR-100: To aliow you greater
for “Think and Touch™ operation utilizing an algebraic flexibility in programming, there are 3 special functions:
mode of entry. You can enter equations which have up 1. HALT—The program will halt and aliow the user to
to 4 levels of parenthesis. Add to these features the 10 read or enter data. 2. GOTO— Allows branching from
memory registors, and you can work the most com- one section of a program to another. 3. SKIP —Allows
plicated mathematical, scientific, engineering, business, conditional flow of a program on an intermediate result;
statistical and combinational functions. Furthermore, that is—the program goes one way if an answer is
you can also perform unit conversions: metric to English negative and another way is positive.
and English to metric. Loading, Ediling and Moditying Programs: You can
Keyboard: The keyboard consists ot 40 keys and 2 single step through a program to check it out, backstep
switches. 35 keys are for number and function entry. through a program, easily read entered steps and
10 of these keys are dual function (shifted keys). modify a single step of a program.
SPECIALIZED FUNCTIONS: Now personal programming is here. A step-function
Most of the important functions found on large scale increase in capability over sophisticated slide-rule cal-
computer systems are finally now available to you on culators. Capability you won't fully discover until you
the uitimate hand-held programmable calculator: own a PR-100 yourself. Fill out the coupon below or
iterative and recursive problem solving techniques; loop-  call our toll free number for your two week trial.
ing; conditional and unconditional branching. The Commodure PR-100 is powered by rechargeable
ADVANTAGES OF THIS NiCad batteries and is furnished with an AC adapter/
PROGRAMMABLE: charger, leatherette carrying case and full instruction
Considr for a moment the advantages of the Gommodore  DOOKIe!. One year manufacturer's warranty.
PR-100. In terms of increased productivity you can now Dimensions: 3%" x6%" x 1%" _ Weight: 4 0z.
achieve the capability of: optignizing mathematical and [ . N EIED EIID SEED GEED I S8
scientific models; making trend and risk analyses; pro- B ¢omnute with It w0 Weeks — No Obligati
jecting and forecasting more accurately; performing Plgasg send : Forgnn?modoresPR lgoocbalcgulatl&'('s) at the I
statistical reductions; automating time-consuming [l introductory price of oniy $59.95 (plus $3.95 shipping and insur-
‘number-crunching.” ance) each. If not completely satisfied, | can return it within two
The PR-100 is aIISO ?j prfe;protgramr%ed calculator gelknssz;: plr/c::emvvr:::::dlnke to take advantage of your guantity I
that can achieve a multitude of functions: Basic + — x
and = functions; clear entry or the entire calculation; g brek %';ﬁgggc‘gogsgﬁfy‘g'ﬁsoﬁiﬁilﬁ"g‘;;g%;s""o;"Z“{ﬂj‘ff I

More About TVI Filters. The PU-
RAC Task Group on Local Interference
is currently conducting laboratory tests
on all types of TVI filters. Preliminary
tests have shown some to be very effec-

Hyperbolic functions include: sinh, cosh, arc cosh and ' OR MORE! You can save $30.00!
arc tan; Trigonometric functions include: sin x, €0s X, ¥ [ Check or M.0. Enclosed {lll. residents add 5% sales tax)
tan x, arc sin x, arc ¢os x, and arc tan x. Calculates in [0 Please chaige my credit card checked below:
O American Express  [] BankAmericard [ Carte Blanche

radians, degrees or gradians. Enter x 0° to 360° (0 to  Omers thus ) Master Chavge

2m) or multiples of 360° (2 =). Natural Log (Ln x). I

Common Log (leg x), Exponentlal (ex), Antilog (10x A

Credit Card #

tive in controlling TVI, while others are Alg(ebralc Functions |n(clude; X, X2, 1/x. Powefrs 0 Master Charge Bank # _ _ __ __ Exp.Date
: : pi). Change Sign (+/ x<—>y exchange funci |on
nearly useless. This group is currently Parenthesis ( ) enter equations that contain up to 4 levels | "™
compiling a list of commercially avail- of parenthesis without using temporary or intermediate :"”ess =
. R . . storage. ity tate I
able filters which meet its approval crite- Memory Functions: The PR-100 has 10 separate mem- B Signature rizs/72

ory registors. For each memory there are 7 operations

that can be performed: memory storage and clear,l S i

recall, addition, subtraction, multiplication. division and As Contemporoq Marketing, Inc.

performs the desired functions on each memory 790 Maple Lane, Bensenville. lii. 60106 J
VARSSSRRY (1l Toil Free: 800-621-8318 (1. call: 312-535-045!
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ria. All filter manufacturers are invited to
submit samples of their products for
testing by the FCC-sponsored group. ¢
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. Advanced Electronics

There is no doubt television repair can

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

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

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

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

d research and development, the space
program, and others.

Just as television is only one part of

the consumer field, these other fields of

electronics are made up of many career

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

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

As you may realize, career oppor-

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

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

the work and in higher pay. Further-
more, there is a growing demand for
personnel in these areas.

Unlike most other home study schools,
CREI programs are devoted exclusively
to preparing you for careers in advanced
electronics. All of CREI programs are

1l level. And CREI gi both
CREI prepares you at hOme theon md practical exporionce in o

vanced electronics.
for broader and more advanced Unique DesignLab
opportunities in electronics — .5 e of GO waifing s s
. which trains you to actually design cir-
plus offers you SpGCIaI arrangements cuits. It also helps you understand the

theories of advanced electronics and

: H ives you extensive practical experience

for eng Ineeri ng deg rees ign Suc% areas as testspand measu?ements,
breadboarding, prototype construction,

circuit operation and behavior, charac-

teristics of electronic components and

how to apply integrated circuits.
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areer Training at Home v

Only CREI offers this unique Lab
Program. It is a complete college lab
and, we believe, better than you will find
in most colleges. The ““Lab” is one of o '
the factors that makes CREI training Send for thls FREE BOOk
interesting and effective. And the pro- ;

fessional equipment in this program be- describing your Opportunities

comes yours to keep and use throughout 3
your professional career after you com- d CREI ll l l
plete the training. an CO ege- eve
® L ]
Engineering Degree programs in electronics
CREI offers you special arrangements
for earning credit for engineering de- !
grees at certain colleges and universities
as part of your home study training pro-
gram. An important advantage in these
arrangements is that you can continue
your full time job while “‘going to college™
with CREI. This also means you can
apply your CREI training in your work
and get practical experience to qualify
for career advancement.

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

FREE Book

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

study programs. Mail card or write describing qualifications to Gl Bill
CREI programs

Qualifications

You may be eligible to take a CREI col- CAPITOL are approved
Iege-levpl program in electronics if you RADIO {)‘;:er;;(g'llgfd of
are a high school graduate (or the true ENGINEERING servicemen wnder

equivalent) and have previous training INSTITUTE the G.1. Bill

or experience in electronics. Program
McGraw-Hill Continuing Education Center

arrangements are available depending
upon whether you have extensive or

minimum experience in electronics. 3939 Wisconsin Avenue Northwest
Washington, D.C. 20016 w, "IT'
el
Accredited Member National Home Study Council Hil'
JUNE 1977 105

AmedcanRadiecHistery Com




AVANTI®
CB ANTENNAS
CAN GIVE YOU
50 TIMES
MORE OUTPUT
AND
RECEPTION.

The famous Moonraker®  Six by
AVANTI is designed to be the ultimate
in CB. antennas. The Moonrakers
17 db gain gives you power multiplication
of 50 times. On both vertical and
horizontal polarities.

For all your antenna needs...AVANTI
has a full range of hi-performance
base antennas plus high performance
“Racer” mobile antennas for better CB,
VHF, and marine uses.

_AVANTI also makes T.V. interference
filters, switchboxes, mounting hardware,
and many other accessories.

Write today for a free color catalog in
Spanish or English.

aNanti

Avanti Research & Development, Inc.

Established 1964
J40 Stewart Ave., Addison, IL 60101 USA

creators of the g~
famous 4

©Copynght 1977
Al nghts reserved
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@9 mac’s service sHop

Basic and New
Soldering Techniques

ARNEY was working on a small pc

board, his brow wrinkled in concen-
tration. He was vainly trying to unsolder
a transistor from the board without burn-
ing another component or creating sol-
der bridges. '

“Here,” Mac said, handing him a slen-
der gray-cased object with a red slide
switch on the top and a short metallic
rod protruding from the end. “Try this.”

“What's this?" Barney asked suspi-
ciously. "It looks like it might suck eggs.”

"It's Weller's Model WC100 cordless
soldering iron, one of a breed of portable
irons introduced by a few manufactur-
ers. It weighs 534 ounces and is only 674
in. long without the interchangeable tip.
Four tips are available; a regular, a fine
point (which is in there now), a long
reach, and a miniature which has an ex-
tra fine point. The tips, less than 1/5" in
diameter, are made of nickel-plated cop-
per. Each is ceramic-cemented to a
stainless-steel tube that is Tefion-
insulated inside and serves as a con-
centric path for current to the tip. These
sturdy stainless-steel shanks also give
the tips a degree of rigidity to inhibit
bending during soldering.

“The WC100 comes with a wall-sock-
et charger to keep its NiCd batteries
charged. The cord from the charger
plugs into a jack on the rear of the iron.
Weller says that completely discharged
batteries can be recharged in 14 hours,
after which 50 to 100 pc board connec-
tions can be made before another re-
charging. For bench work, the charger

Mac’s sketch of condensation
soldering system shows

how boiling liquid is heated
to form saturated vapor.
When the vapor condenses
above, the latent heat of
vaporization melts solder.
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can be connected continuously without
over-charging or shortening battery life.”

While Mac was talking, Barney had
easily unsoldered the transistor. The tiny
tip and the built-in worklight just below
the tip shank made it easy to put the
heat precisely where it was needed.

“Hey, this little rascal has plenty of
oomph!” Barney exclaimed.

“That's right. It starts meiting solder in
six seconds and attains a tip tempera-
ture of 700°F (370°C) which is almost
twice the temperature needed to melt
60/40 solder.”

“Do you think it will replace our con-
ventional irons and solder guns?”

“No, but it will supplement them. Just
as we have a wide array of screwdrivers
for different jobs, we also need several
different soldering tools to work on to-
day’s electronic equipment. The impor-
tant feature of the battery-operated iron
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is its portability. It's not tied to a wall
socket so it can be used in a car, on top
of a TV tower, or anywhere that ac line
current is not available. Of course, it has
limitations. It's specifically designed for
pc boards, jewelry, or small-diameter
wires. It is not capable of performing
heavy-duty continuous soldering. A tip
only a little larger than a match head
doesn't store up much heat! Getting
maximum efficiency out of this little iron
calls for a sharpening up of our soldering
techniques.”

“How's that?"

“When we have a large surplus
amount of heat available, as we do with

a heavy-duty iron or a gun, we can get ]

by with sloppy soldering procedures—
insufficient cleaning of the joint, failure to
keep the iron properly tinned, melting
the solder on the iron instead of the
heated joint, etc. By using far more heat
than necessary, we are able to make a
fair joint by brute force. This won't hap-
pen with the small battery-operated
irons. When using them, we must make
the most of every watt.”

The Right Way to Solder. “For ex-
ample, with the small irons, we use only
high-quality 60/40 solder that has a flow
temperature very close to the ideal
361°F (183°C) of the eutectic 63/37 tin-
lead alloy. As the alloy moves away from
this eutectic point, more and more heat
is needed to transform the solid solder
into a free-flowing liquid. Also, with small
irons, we use 19- or 21-gauge small-
diameter solder to insure that most of
the heat from the tip goes to the joint in-
stead of being heat-sinked into the roll of
solder. Further, we will make sure every
joint is really clean before soldering. If at
all possible, we'll arrange things so the
iron can be applied below the joint. In
this way, convection currents will carry
the heat up and over the joint. Finally,
we'll observe the “Golden Rule"” of sol-
der: Apply the flat face of the adequately
heated soldering iron directly against the
assembly and simultaneously apply the
solder at the exact point of iron contact.”

“What's wrong with melting the solder
on thetip and transferring it to the joint?"

“To appreciate the error in this com-
mon procedure, you must understand
the functions of the solder flux. The
flux—usually an activated rosin—cleans
off the solder-repelling oxide that forms
on all metal surfaces, but it can only do
S0 in its corrosive hot liquid state. When
cool, rosin is chemically inert and has an
electrical resistance in excess of 3300
trillion ohms per cubic inch. The flux's
other function is to lower the surface ten-
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If your cartridge is

more than three years old,
don’t replace your

stylus! :

Don’t cet us vrcng There is nothing worse
than ply.nc #«our r2cords with a wom styls.
And nc bztte- way to restore your old wnit to its
origina giory than 1 rew diamond.

But fraakiv, here hav2 been significar: stiides
made r2c2n-l¢ in tre phano cartridge fizld.
And the r2w <atridges of today stand nead
and shou ders anove even the finest of a few
short y2ars ago.

Here’s the dhaice: Cet fresh—but outdated—
performanze ity aneplacement stylus, or 2njoy
all th2 b2netils o° modem cartridge res=arczh -
and developnert for us: a few dollars more.
You'll f mc thzt ycu can update your system

for far less tha1 you might imagine. I1's drobably
the most cramat'c eingle improvement you can
make.

For ins-ar =g, 2udic-Technica offers Universal'™™
cartridges eqa poed with a genuine Sh basa
stylus ard o un giely effective Dual Magnet™

system teginaing &t jus: $75.00 list. O1you can
replace veur present carlridge with a freshinew
Audio-Tezhn ca carfridgs with highly-zolished
elliptical - p for as Ettle s $45.00 list.

AT15Sa
§ 2500

AT13Ea
$65.00

AT12€a
$:50)

AT1tE
$45.40

Are thes=new models worth the difference?
Abso'u:el,. Yau'll b2 emezed at what you hear
from todas’s eereration of phono castidges.
imprcved “recLency response. Lower distastion.
Better separation. Less record wear. Traly
bette- saLac. ; .

A new Audia-Tecnnica cartridge.
Your bast value ir hi-fi

io-technica.
N = '_?_REC'S'.Q"_{ a INTEGRITY

i = .

AUDIG-TECHNICA U.S,, INC., Dept.67P, 33 Shiawassee Avenue, Fairlawn, Ohio 44313

Available in Canada from Superior Electronics, Inc.
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CONNECTORS:

RESISTORS:
SEMI-CONDUCTORS:
SOCKETS:
SOLDERING EQUIPMENT:

SWITCHES:
TESTERS:
TOQLS:

8
J

FREE
CATALOG

[kt ELECTRONIC
COMPONENTS,

TEST EQUIPT,
T00LS,
HARDWARE,
PC AIDS Etc.

BUY DIRECT WITH CONFIDENCE

AUDIO: Speakers, earphones, microphones, headphones.
CAPACITORS:

Ceramic, electrolytic, mylar, non-polar,
tantalum, high-voltage, mica, trimmer, variable
Plugs, jacks, binding posts, hardware,
alligalor clips, battery snaps, terminals, lugs

LAMPS: Incandescent, argon, neon, flash, tamp holders.
MISCELLANEOUS:

Batteries, holders, chassis, fuses,

line coras, knobs, antennas, chemicals, kits

PRINTED CIRCUIT AIDS: Design templates, tapes and

symbols, breadboarding kits, PC fabrication kits,
Composition film, power, slide, pots
Transistor, diode, thyrister, 1C
AC, 1C, transistor, tube, lamp, fuseholder
Irons, holders, guns, solder
flux, cordlessirons, tip cleaning devices
Slide, rotary, toggle, knife, push-button,
Precision, multimeters, cordless VTVMs

Screwdrivers, nutdrivers, wrenches, pliers,
snips, drill bits, punches, micrometers, cutters

tips,

TRANSFORMERS: Filament, IF, power, audio, isolation,

trigger, variable, AC adapters, line matching

MOUSER ELECTRONICS
11511 WOODSIDE AVE., LAKESIOE,CA. 92040
Phone (714) 449-2220 TWX 910-331-1175
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where the
ACTION’S
at

Miltions of 2-way CB radios are in

use—millions of new ones are being sold an-
nually to new CBers and for replacing old
units—what a market for repair service. it's the
biggest thing in electronics since color TV.
There’'s only one thing wrong with CB
growth—the lack of technicians capable of
servicing CB radios. That's why many TV
shops are expanding into CB and why new CB
shops are opening up all over the country.
Going CB servicing rates run from $12 to $24
per hour.

To get into CB radio servicing, fuli-time or

part-time, you need test equipment, an FCC
operator license and to learn how. To learn
how, you can buy the CB RADIO REPAIR
COURSE for cash, on a monthly payment plan,
or charge the cost to your BankAmericard or
Master Charge account.

To make it easy to study, this 70-lesson

course employs the PROGRAMMED teaching
technique and sticks to the target—CB radio.
Study at your own pace as you receive the
sel(-examining lessons. We can’t guarantee
that you will be
depends on you.

come a CB expert since that

To get the tacts about this course,

write a letter or card or mail the coupon below
today. No salesman will cail.

CB RADIO REPAIR
COURSE, INC.

531 N. Ann Arbor
Oklahoma City, OK 73127

Please send information about your Course to:

Dept. PE-067

Name

Address

City State Zip
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sion of the liquid solder and make it flow
over and through the joint. Properly
fluxed solder will actually flow against
gravity to penetrate a small crevice by
capillary attraction.

“Keep in mind that making a solder
connection is not just a matter of sticking
two pieces of metal together with a kind
of conducting glue. There is actually a
complex chemical action taking place.
After the melted flux has cleaned off the
corrosion on the metal surfaces, the sol-
der wets and penetrates these clean
areas and actually dissolves very thin
layers of the juxtaposed metals so that
they form an alloy with the solder. They
thus unite with each other as an alloy
that is partially solder and partially the
joined metals. Ideally, this alloyed layer
is only 0.004 in. (0.1 mm) thick. Any sol-
der added after this alloy has formed is
both superfluous and wasteful.

“Now, let's get back to what's wrong
with carrying the molten solder to the
joint on the tip of the iron. The rosin core
of the solder is very volatile. You can
see it evaporating into blue smoke when
you touch a hot iron to a piece of solder.
When this happens, the flux has dis-
sipated itself on the tip long before you
reach the joint, so you have solder with
no flux. The solder may surround the ox-
idized surfaces of the wires, but it cannot
wet and penetrate them by itself. The re-
sult is a mechanically poor, high-resist-
ance joint.”

"OK, I'll follow the Golden Rule no
matter what soldering instrument | use,”
Barney promised. “Manufacturers of
electronic equipment must certainly go
by the book. Considering how many of
their solder joints we look at, it's amaz-
ing how few poor connections we find.”

Commercial Techniques. “True.
They've found that following sound sol-
dering principles pays off. Of course,
their mass-soldering methods are much
different from those we use, especially
with pc boards. We've talked about dip-
soldering and wave-soldering before;
but recently | read in Western Electric's
The Engineer about some new and very
intriguing methods of mass-soldering.
“One of these is solder fusing with
forced convection liquid heating. One
problem associated with pc boards is
solder slivers, They result from the un-
dercutting of electrode-deposited solder
used as an etch resist during copper re-
moval. Unless removed, they can short
circuit pad layers in multilayer circuits.
The slivers can be eliminated by raising
the board temperature to about 410°F
(210°C) and holding it there for about 30
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seconds. One way to do this is with radi-
ant heat, but heating a multicircuit board
uniformly without exposing heat-sensi-
tive components to excessive heat is dif-
ficult. Heat shields can be used, but they
are expensive. Forced convection heat-
ing with hot air is also used, but it re-
quires longer exposure to heat and may
also require baffles to protect low-mass
areas from excessive temperatures. Im-
mersing the board in a heated fluid, such
as glycerol, avoids most problems en-
countered with the other two methods
and provides excellent temperature con-
trol, but glycerol requires very careful
handling.

"A new method, called condensation
soldering, is now being used not only to
eliminate solder slivers but also to per-
form ‘reflow soldering.’ In this proce-
dure, rosin-coated solder preforms
shaped like little doughnuts are placed
over the tops of pins to be soldered to
the plated-through holes in the pc board.
When the temperature is raised suffi-
ciently, the solder melts and flows along
the pin through the plated hole and
forms a solder fillet. If the temperature
can be precisely controlied, the distance
the solder travels along the pin can be
easily adjusted—a factor to be consid-
ered when the protruding end of the pin
will be connected in an automated Wire-
Wrapping process. For a good connec-
tion of this type, which is common in
telephone work, there must be no solder
under the wrapped wire—which rules
out wave or dip soldering.

“Condensation soldering is accom-
plished very easily. In simple terms, a
tall, open-topped vessel contains a lig-
uid, say fluorinated poloxypropylene,
which is brought to its boiling point of
436°F (224°C) with immersion heaters.
When a relatively cool object such as a
pc board with solder preforms is placed
in the saturated vapor, which rises to the
top, the vapor condenses uniformly on
the object, releasing the latent heat of
vaporization. A very high heat transfer
rate is associated with this phase
change, so the heating process is quite
rapid. In fact, 20,000 solder connections
have been made simultaneously in 60
seconds with this contamination-free
process.”

“Wow,"” Barney said. “All | needed
was a littie help unsoldering that transis-
tor, and | got an introduction to a new
type of soldering iron, a refresher course
in good soldering techniques, a lecture
on the functions of solder flux and the
real nature of a solder joint, and finally a
description of some methods of mass
soldering. That will do me for today.” ©
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Computer Bits

By Leslie Solomon

SOME NEW HARDWARE AND SOFTWARE

HE MARKETPLACE is so loaded
with enticing material (hardware
and software) for the computer hobby-
ist—with more being introduced all the
time—it's getting so he hardly knows
where to start. The “well-known" hobby
computer manufacturers are doing their
best to introduce new products on a reg-
ular basis; and many new firms are start-
ing to spring up. Once the hobbyist gets
things under way, however, there is
enough equipment available for him to
build up a really powerful personal com-
puting system.
This month, let's take a look at some
of the more recently introduced items
that are available.

Printers. This seems to be an area of
great interest to most hobbyists, as rea-
sonably priced hard-copy devices are
scarce. The Digital Group (Box 6528,
Denver, CO 80206; Tel: 303-861-1686)
has a kit for $495 for an interface card
and a printer that produces 120 charac-
ters per second, 96 characters per line,
12 characters per inch horizontally by 6
lines per inch. This printer can make up
to four copies simultaneously. The char-
acter set and pitch are variable under
software control and allow for double-
width characters, different-width charac-
ters in the same line, etc. The printer
uses a 5x7 matrix and the ribbon has
built-in re-inkers for an expected life of
10-million characters. The paper is
standard 84" roll, fanfold, or cut page,
and the system interfaces via an 8-bit
parallel port.

Video Displays. If you have an Altair-
bus system, take a look at the VB1
Video Board from Cybercom (Solid
State Music, 2102A Walsh Ave., Santa
Clara, CA 95050; Tel: 408-246-2707).
This $189.95 kit ($269.95 assembled/
tested) video board features cursor,
video reverse and graphics under soft-
ware control, a selection of either 32 or
64 characters per line, 16 lines, upper
and lower case with Greek alphabet and
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interchangeable fonts, matrix graphics,
and parallel and composite video out-
puts. It can be addressed as 1k memory
block.

Interactive Systems (Box 335, Jami-
son, PA 18929) is offering a pair of dis-
play units. The CDU-3216 (kit $155, as-
sembled $189) is a 32-character-per-
line, 16-line device with a 2-page capa-
bility; and the CDU-6416 (kit $195, as-
sembled $220) is a 64-character-per-
line, 16-line device with a 1-page capa-
bility. Both units have full cursor control
and are contained on a single 915" x
9%4" pc board and require a single +5-
volt supply. Input data is 7-bit parallel
and will load at an 80k-bit rate. The car-
riage return-line feed control characters
are decoded and there are six spare
codes that can be user defined.

From up Canada way, Matrox Elec-
tronic Systems (Box 56, Ahuntsic Stn.,
Montreal, Canada H3L 3N5; Tel:
514-481-6838) is now making available
its MTX-1632SL ($225), a RAM-like
video display device that produces 32
characters per line on a 16-line format,
and “looks™ like a conventional 512x8-
bit RAM. The 128-character set features
a 7x9 matrix with upper and lower case.
Since each character on screen corre-
sponds to a memory location, the full
power of the computer is available for
data display manipulation. The device
requires no external refresh and has a
550-nanosecond access time, TTL com-
patibility, character blinking, and uses a
single +5-volt supply. A unique feature
of this video system is that it accepts ex-
ternal H and V sync that allows the dis-
play to be locked to any external sync
source for video titling, and other uses.
The system output is conventional video.

Mass Storage. Micro Designs Inc.
(1175 Colusa Ave., Berkeley, CA 94707;
Tel: 415-526-7794) has introduced a
pair of new digital cassette mass stor-
age systems with up to 1-megabyte(!)
memory. Each of these systems fea-
tures complete file management soft-
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ware that allows the user to manipulate
both symbolic and binary files with high-
level commands. The Model 100 ($550)
uses a single cassette drive and stores
V5-megabyte of data. The disc-like for-
mat allows access to any 128-byte rec-
ord, the data transfer rate is 1000 bytes
per second, and the tape can be
searched at rates faster than 120"/
second. The Model 200 ($825), featur-
ing dual transports, puts one-megabyte
on line.

Both units come assembled and
ready for installation in an Altair bus. To
bring up the operating system, the user
loads a cassette, and transfers contro! to
a ROM on the interface board. All further
operations are automatic. Status lights
keep tabs on relevant tape conditions,
and hardware error detection is provided
as well.

Z-80 Stuff. Technical Design Labs,
Inc. (Research Park, Bldg H, 1101 State
Rd., Princeton, NJ 08540: Tel:
609-921-0321) announces a Z-80 CPU
card ($269) that is compatible with the
Altair bus, and is designed to replace the
current 8080 or B0O80A CPU's. There are
two on-board clocks—one crystal con-
trolled and the other variable from dc to
well beyond the limits of the Z-80. The
use of the Z-80 dynamic refresh capabil-
ity is made by bringing this signal out to
the bus, making possible simple and
inexpensive dynamic memory designs.

The pc boards are made from FR4
epoxy, with full solder mask and silk
screen, all IC’s are socketed, and each
package contains full documentation in-
cuding the Zilog Z80 manual, as well as
the 1k Monitor and source code.

Also available from this same firm is
their line of ZAPPLE software for the
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Imteractive Systems’ CDU-3216
is one of two new display units.
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Z-80. Five software packages are cur-
rently available at $150 each, with com-
plete user's manuals. Monitor docu-
mentation includes the source code so
that the hardware independence feature
of Zapple software may be fully realized.

The Zapple Monitor occupies 2K of
RAM and offers 27 instructions which in-
cludes full program debug capability,
1/0 handling, and modular organization
to allow expansion with user-provided
routines. The Zapple Text Editor occu-
pies 3k of RAM and is both line and
character oriented, which allows max-
imum user freedom in text manipulation
as well as speed improvement over sim-
ilar 8080 editors. The Zapple Re-locat-
ing Macro Assembler occupies 8k of
RAM and features the ability to generate
fully relocatable object code, allows infi-
nite nesting of Macros, and many other
features. A linking loader extension will
soon be available. Zapple Basic occu-
pies 8k of RAM and features all “nor-
mal” commands, including complete
text editing facility, a List Variables
statement that allows internal variables
to be observed and/or modified during
execution, a trace command that dis-
plays line numbers while they are being
executed, and a renumber command to

This ZPU card
from Technical
Design Labs. Inc.,
is compatible with
the Altair bus.

allow line number change according to
any starting and interval parameters.
Zapple Script is a word processor that
occupies 3k of RAM or ROM and allows
complete word processing capability in-
cluding automatic paging, justification,
concatenation, spacing, titling, and sub-
titling, and other formatting functions.

Some New Software. Binary Sys-
tems Inc. (634 S. Central Expressway,
Richardson, TX 75080; Tel: 214-231-
1096) has introduced a new interpreter
program for 8080 machines. Called BA-
SIC ETC,, the new interpreter was co-
developed by John Arnold and Dick
Whipple, authors of Tiny BASIC.

BASIC ETC. uses the lower 8K of
memory plus at least 1K of RAM for
scratchpad. Because this new language
was designed for games and business
applications, the less frequently used
scientific functions of Dartmouth BASIC
are not available. 1t does have full string
capability (up to 255 characters per
string), N-dimensional arrays, variable
precision arithmetic, handles assembly
language routines, direct memory and
I/O addressing, 27 error codes, charac-
ter and line erasure editing, permits sub-
routine nesting, 31 commands and
statements, 8 functions plus user de-
fined functions, null control from 0 to 25
seconds, and formatted outputs.

Great Jumpers are here!

. State of the art
. flat cable connector assemblies . . .
at affordable prices.

Great Jumpers come to you fully pre-assembled

and fully pre-tested. Cable strain reliefs are integral to
the molded-on connectors. And we've designed in
complete line-by-line probeability with probe access
ports behind each contact.

Our connectors are industry standard; two parallel
rows of contacts, spaced every .1”.

Great Jumpers come in five popular cable widths:
20, 26, 34, 40 and 50 lines wide, and in lengths ranging
from 6” to 36”.

Available now at the distributor near you who car-
ries the A P Products Faster and Easier Line.

Our distributor list is growing daily. For the name
of the distributor nearest you call Toll-Free
800-321- 9668.

Send for our complete AP catalog, the Faster and
Easier Book.

Faster and easier is what we're all about. }

AP PRODUCTS INCORPORATED
Box 110 ® 72 Corwin Drive Painesville, OH 44077 (216) 354-2101 TWX: 810-425-2250
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BASIC ETC is supplied on either KC
audio tapes or paper tape for $25,
including a 32-page detailed users man-
ual. The manual alone sells for $6.

Tychon, Inc. (Box 242, Blacksburg,
VA 24060; Tel: 703-951-9030) has de-
veloped some more interesting software
for 8080-type machines. These include
an Editor/Assembler tape ($25, listing
$40), D-Bug tape ($10, listing $40), or a
documentation package ($5) which in-
cludes all the operating instructions for
the editor, assembler, and D-Bug.
These programs require 4k of RAM, and
are available in 1702A or 2708 ROM.
Each software package includes com-
plete documentation on its use and in-
formation about changes for different
1/0 formats.

The Editor and Assembier are used to
prepare programs from mnemonic and
symbolic statements. The D-Bug pack-
&ge aliows changes to be made in a pro-
gram through a terminal or TTY. D-Bug
also has single-step, breakpoint, paper
tape read/punch routines, plus 13 useful
subroutines.

If you do your own thing, Tychon also
makes available its 8080 Octal Code
Card ($2.95) which is a slide-rule type of
aid for programming and debugging
8080 software. It contains all the 8080
mnemonics and corresponding octal
codes. All instructions are color-coded
to indicate which flags are affected dur-
ing execution. The card is 6.5 by 3
inches, and the rear side contains the
ASCII code chart for all 128 characters,
plus the 8080 status word and register
pair codes.

Pro-Log Corp. (2411 Garden Rd,
Monterey, CA 93940; Tel: 408-372-
4593) is making available “The Design-

Digital Group’s full-size
tmpact matrix printer.
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ers Guide to Programmed Logic—
Featuring the 8080 Microprocessor” for
$7.50. This 148-page book covers the
applications of programmed logic and
features specific uses of 8080-type
processors. Itis profusely illustrated with
drawings and tables, and contains nu-
merous sample programs and experi-
ments that demonstrate programming
and program/hardware integration.

Intel Corp. (3065 Bowers Ave., Santa
Clara, CA 95051) now has an expanded
user’s library named Insite™ (Intel Soft-
ware Index and Technology Exchange).
The library contains over 200 programs
for 8080 and 8008 and over 100 pro-
grams for 4040 and 4004 systems. The
new Program Library Manual contains
all programs with listings up to three
pages long. Programs longer than three
pages are described in authors' ab-
stracts. Update packages will be pub-
lished every other month, Paper tapes
containing source code for each pro-
gram are available for a handling fee of
$15. As a bonus, new members receive
five free source tapes of their own
choice.

One-year membership is free to per-
sons contributing acceptable programs,
and the fee for others is $100 annually.
Members receive the program library
manual and update packages during the
term of their membership. Key among
the new library programs are two BASIC
compilers for the 8080A. One executes
on a paper tape system, while the other
requires a disc system. Both are avail-
able for a $15 reproduction price.

If you are looking for a new source of
computer hobbyist books, try the Com-
puter Hobbyist Book Ciub (5405 B
Southern Comfort Bivd., Tampa, FL
33614; Tel: 813-886-9890). They have a
free flier upon request.

Micro-Navigation. A unique use for
a microprocessor was brought to our at-
tention recently. Developed by R.W.
Burhans (161 Grosvenor St., Athens,
OH 45701; Tel: 614-594-7184 or
614-593-8207) and called the Mini-L,
the system was designed for experimen-
tal study of the Loran-C, 100-kHz navi-
gation system. The circuit generates 10-
microsecond interrupt requests that are
locked to the extremely accurate Lo-
ran-C signals, making it easy for micro-
processor users to devise their own
time-measurement software. A 26-page
experimenters’ manual and two pc
board (no components supplied) are in-
cluded in the kit. A limited number of kits
are available. Contact R.W. Burhans for
further data. o
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"77 SEMICONDUCTOR

CATALOG from
MOTOROLA

HOBBYISTS — EXPERIMENTERS — PROFESSIONALS

Includes:

« SELECTOR GUIDES —Choose the
best device for the job

* RA1INGS AND CHARACTERISTICS
— Details to help you select the proper
device

* 850 SEMICONDUCTOR DEVICES —
Information on the most popular
semiconductors

Over 80 fact-filed pages of popular
solid-state components for hobbyists,
experimenters and professionals.

Complete the coupon today for your
own personal copy of this compre-
hensive catalog from Motorola — pro-
ducer of one of the broadest lines of
semiconductor products in the elec-
tronics industry.

Motarola HEP Semiconductors are
available at HEP distributors through-
out the country. See the distributor list
in the catalog for the one nearest you.

{Please print clearly...this will be your mailing iabel)

NAME

ADDRESS

o

STATE 7P
MOTOROLA

Semiconductor Products Inc.

HEP/MRO OPERATIONS
\ 705 West 22nd Street —Tempe, AZ. 85282)
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cordless
soldering
iron for
heavy-use
applications.

Complete
recharge in an
hour;

partlal recharge
foruse in a

few minutes.

Up to 125 electronic joints or more
per charge. Low voltage, battery
powered, ground free isolated tip
design. Ask your electronics dealer.

g2
SIS

WAHL CLIPPER CORPORATION
Qriginators of Practical Cordless Soldering
Sterling, Illinois 61081 » (B815) 625-6525
“Manufacturing Excellence Since 1919"
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16 snap-in tips
to fit any job
plus a PC Drill.

% SAVE GAS! SAVE on TUNE-UPS!

MODERNIZE and Bring Your Car "UP-TO-DATE"

with the MOST EFFICIENT Ignition ever invented!

o ﬁﬁLLISON

'*' The “XR-700" is a COMPLETELY NEW Ignition System that
replaces the inefficient Breaker-Points and Condensor with a highly
RELIABLE, Invisible ““Infra-red” Light-Beam which CONTROLS
the Latest design Solid-State POWER MODULE. This new
“Patented” Invention produces the HIGHEST ENERGY, Longest
Duration Spark of ANY Ignition System manufactured TODAY!

'* CUSTDMERS REPORT: “THE XR-700 MORE THAN PAYS

FORITSELF ..and KEEPS ON SAVING MONEY with.,.

Y INCREASED “GAS-MILEAGE" up to 30%!

Y ELIMINATING COSTLY “TUNE-UPS!”

Y IMPROVED ENGINE PERFORMANCE!

Y QUICKER STARTING IN ANY WEATHER!

Y FASTER ACCELERATION...SMOOTHER RUNNING!
Y PLUGS LAST UP TO 4.TIMES and LONGER!"

'*- THE XR-700 has NO moving parts to wear out...never needs
adjustment! Engineered to O UTLAST Your Car..So RELIABLE
So PERFECTED...that we give you a LIFETIME WARRANTY
“F REE Repair or Replacement” for as long as you OWN the Unit
even if you change Cars, we will supply the necessary Parts FREE

3 FITS ALL ENGINES...Domestic o Foreign...4, 6 or B.Cylinder
# EASY INSTALLATIDN...Completely Factory ASSEMBLED!

Thousands sold at $59.95

#* NOW...ONLY.. $3g (Cal. Res. add Ton

THAT'S EVERYTHING.. INCLUDING POSTAGE & INSURANCE

3} SAVE! ORDERFACTDRY DIRECT!
Send Check or M/0, State Car Make, Year and No. of Cylinders.

# MASTERCHARGE or BANKAMERICARO Cardholders
Order by TOLL FREE PHDNE (800} 4236525 Ext.3

. CALLor WRITE for FREE BROCHURE

i
¢@an;
4 @LLISON auromonve co.

1267— PO, East EDNA PL., COVINA, CAL. 91722

3¢ America's Oldest and Largest Manufacturer
of Opto-Electronic Ignition Systems. ©
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Tips &Techniques

DETERMINING METER RESISTANCE

Most of us, at one time or another, have had
to determine the internal resistance of a me-
ter. This circuit shows one method of getting
an accurate measurement. Resistor RAp

Ry =R2-2RI E

represents the internal resistance (unknown),
and R is a 5000-ohm potentiometer (almost
any one will do). The 1.5-volt battery should
be a fresh flashlight cell. After breadboarding
the circuit, adjust R for full scale deftection of
the meter. Then remove R and measure its
resistance. Record the value as R1. Next, put
R back in the circuit, but this time adjust it for
one-half scale deflection. Then remove R and
measure its resistance, and record it as R2.
Finally use the equation Ry = R2 — 2R1to
determine the unknown resistance.—Ralph
C. Born, Jr.

MULTI-TURN AIR-CORE COILS

Specific values of inductance are often re-
quired by speaker crossover networks. The
following formula gives the inductance of a
closely wound, multi-layer, air-core coil with a
rectangular winding cross-section. Accuracy
is within 1 or 2%.
L=[(@2m)2/(b+1.5t+r)]F1F2x 10-9H

where r is the mean radius of the inductor in

PROFESSIONAL

DISCOUNTS

=

HEWLETT |'ﬁﬁ PACKARD
We are lranchised H-P dealer
All accessornies at discount

HP-27 $140.00
HP-21 $64.00 HP-80 236.00
HP-22 100.00 HP-67 395.00
HP-25 116.00 HP-97 664.95
HP-25C  160.00 HP-91 295.00

Texas Instruments
electronic calculator

T1:30 $20.00 SR-51-11 $52.00
1600 21.95 SR-56 79.95
1650 24.95 SR-52 184.95
2550-1 28.50 PC-100 154.95
SR-40 31.00 T1-5050M 88.00
Bus. Anst 31.00 5040-PD 108.00
100 44,95 Money Mgr 20.00
PC-100/SR-52 All Libvanes Available

Combo Sales $322.00 Ask for T) Digstal Watches'

Also SCM. Qlivett. National Semiconductor. Casio. Canon
Corvus. APF. Sharp. Craig. Sanyo. Record-A-Call. and more
All at great prices'

N Pr0g/ammable Video Game $149 95
{2000 games possibie)

Also Fanchild Watches'

WE WILL BEAYT OR MEET ANY COMPETITORS' PRICE IF HE HAS
MERCHANDISE ON HAND All umits shipped i orgial faclory cartons
with In Calil

call 213) 370-0795 or CALL(BOO) 421-0367 other than CA} Above
prices are for cash only Credit card pces may diller BankAmericard &
Master Charge accepted on most sales. Send money osder Pers ck
(2 whks 10 clear). \1 CAadd 6% sales tax Add $3 50 min shippig chaiges
WE SHIP AIR on request Subject to avaiiability Send mail ordess 1o DEPT

Yerterises

16611 Hawthorne Blvd., Lawndale. Ca 90260

\(213) 370-5795 (800) 421-0367 j
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cm, b is the axial length of the inductor in cm,
t is the radial thickness of the winding in cm,
and n is the total number of turns. F; and F,
are correction factors which depend on the
shape of the inductor. Thus,

F, = (10b + 13t + 2r)/(10b + 10.7t + 1.4r)
Fg = 0.510g44 [100 + (14r + 7t)/(2b + 3t))
The equations can re rearranged to solve for
any variable, of course.—Bill Shellorne

TWO-WAY SECOND I-F SPOTTER

This circuit was built to check 2-way mobile
radios having 290- or 455-kHz intermediate
frequencies. Two crystals, one at 455 kHz
and the other at 290 kHz, determine the fre-
quency of osciltation. The switch is set to se-

lect the appropriate crystal. The output level
of the oscillator is adjusted by the setting of
the 5000-ohm potentiometer. The output lev-
el is sufficient for use in adjusting the rig's
second i-f. A third crystal can be included for
a marker or other fixed frequency output.—
Bob Goff

® ‘ ® — M- -a.5v

l 11.8K
=290 :I:gs —ix
)'470»(; (3_3("”
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Operation Assist

i you need information on outdated c¢r rare
equipment— d schematic parts st etc —another reader
might be abie 10 assist Simply send 4 postcard to Opera-
tion Assist POPULAR ELECTRONICS 1 Park Ave New York
NY 10016 For tnose who can help readers please re-
sponct ditectiy to them They I appreciate it 1Oniy tnose
items regarding equipment not avarabie from normal
sources dare pubiished

Bogen Model TR 54B and R 135BT pockel pagers. Need
schematic and service manual. Michael Sarembski, 53 Rut-
ledge Rd., Scarsdale, NY 10583.

Superior Instrument Model TV-60 VOM. Hallicrafters Mod-
el S-107 shortwave receiver. Need operators manuals and
schematics. Mike Kocak, 2369 Maryland Ave. #2, Cincin-
nati, OH 45204.

Akai Model M-7 stereo tape recorder. Service and operaling
manuals needed. M. J. Olah, 1100 Merriman Rd., Akron, OR
44303.

Wedgefield Model CS-506 cassette recorder. Schematic
needed. H. M. Smith, 9852 Dandelion Ave., Fountain Valley,
CA 92708.

Milovac Model TR-525 AM radio. Need schematic for anten-
na and RF stage. Norman R. Damborg, 221 So. 184 St,,
Seattle, WA 98148.

Stewart Warner Model R 181-A. Schemalic and alignment
instructions needed. Gary Bodnar, 36 Wildwood AVe., East
Lansdowne, PA 19050.

Internationai Crystal Model MO11 mobile transceiver.
Schematic and/or service manual. William E. Qlson, Box
245, Cedar Hill, MO 63016.

Frigistor, 32 couple module. Need source of. R. Kelsey, P.
0. Box 12, Pinconning, M1 48650.

Dayton Fan and Motor Co. Model 5046 5-tube radio. Sche-
-malic needed. Cedric Walker, 520 Green St., Durham, NC
27701

Marcony Model 89 battery operated radio. Schematic need-
ed. Mr. Alain Coulombe, Box 852, Grand Centre, Alberta
Canada TOA 1TO.

Clegg Model 66 6-meter transceiver. Manual and schematic.
Daniel Bodnarchuk, 138 W. Union Ave., B. Brook, NJ 08805.

RCA Model BC-342-D U.S. Army receiver. Schematic and
service manual Edward F. Maher, 489 Grand Blvd., Brent-
wood, NY 11717,

Hallicrafters Model SX42. Need source of tuning gear train,
tuning knobs, shafts and main esculcheon. J. McClelland,
7110 Vernon, St. Louis, MO 63130.

Circosonic Model PG-8 ultrasonic cleaner. Need schemalic
or service manual. Bob Mooney, 72300 Vamer Rd., 1000
Falms, CA 92276.

Ampro Model 758 open-reel tape deck. Toyo Model
CHR-655 remote control unit. Need operation manuals or
any available information, C. Leigh, Sprinkle Rd., #2, Box
25, Jackson, NJ 08627.

Hallicrafters Model R-649/UR Coast Guard radio receiver.
Schematic and/or instruction manual. S. G. Blair, 1201 Pale-
kaiko St., Pearl City, H1 96782.

Sylvania Model 145 audio oscillator. Schematic and service
information needed. Brian R. Oppegaard, 127 Orchard
Trace #8, Charlotte, NC 28213.

Magnatone Model 30 B music amplifier. Schematic needed.
Charles E. Hopper, 9002 E. 68th St., Raytown, MO 64133,

Knight Model 83Y809-601014 604 Safari-1 CB transceiver.
Schematic or service manual needed. Robert P. Hanes, 848
Mitchell St., Erie, PA 16509.

RCA Type 69-C MI-7512 distortion and noise meter. Opera-
tions manual needed. Danny Biando, P. O. Box 8653, San
Jose, CA95155.

Supreme Instruments Model 565 VTVM. Schematic, parts
list and/or service manual needed. Daniel R. Lee, Rt. 1, Box
145A, Subiaco, AR 72865.

U.S. Navy Model PP-374/VRC-56 power supply. Need any
available information. Mr. David O. Hansen, Broadmoor Park
#B-38, 55 West Washington Ave., Yakima, WA 98908.

Precision Apparatus Model E200C signal generator and
Mode! E400 sweep generator. Need operation and service

JUNE 1977

Yes you can

build a dynakit.

Even ‘churchmice’ want the finest high
fidelity, but when funds are scarce you take
things into your own hands. We did and
built Dynakits. It was surprisingly easy, the
simple step-by-step instructions in their
illustrated manual didn’t let us go astray.
A few evenings of my time and the church
had a music system of the finest quality —
and a saving of over $600. My only
question—when ‘work’ is so much tun,

is it sinful?

Write for free 24 page catalog of Dynakits
and Dynaco components and loudspeakers.

@2’ Dept. G-3, Box 88
AMERICA

Blackwood, NJ 08012
AmericanRadioHistorv. Com
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CITIZENS BAND
HANDBOOK

The all-new 1977 edition, by the editors
of POPULAR ELECTRONICS, has all
the authoritative information you need
on CB two-way radios to make an in-
telhigent buying decision

It features a

COMPLETE
BUYING GUIDE

for the new 40-channel CB two-way
radios. antennas and accessories—
fully described with technical speci-
fications, features. latest prices and
photos Other articles include the latest
FCC Rules and Regulations changes
in down-to-earth language e How 1o in-
stall a CB mobile system—and save
money e How to operate and commu-
nicate with your first CB rig @ Will sun-
spots affect CB range e CB language
translation chart @ How emergency CB
associations can save your life @ Manu-
facturers' specifications—''‘decoded” so
that you will be able to read a *‘spec
sheet” with ease e and much more In-
formation packed into one volume, all
written by the experts

1977 CITIZENS BAND
HANDBOOK GOES ON SALE
NATIONALLY JULY, 1977

RESERVE YOUR COPY NOW
AT THE SPECIAL
PRE-PUBLICATION PRICE
OF ONLY $1.50

This ofter s avallable to readers of
POPULAR ELECTRONICS only. Regular
price is S1 95; mail order $2 50. Save money
and enjoy lhe convenience of having the
1977 CITIZENS BAND HANDBOOK mailed
10 vou from first-ofi-the-press copies when
published. Complete the Reservation Form
and return it promptly with your remittance

PRE-PUBLICATION
RESERVATION FORM

PE-677

CITIZENS BAND HANDBOOK,
Consumer Service Division
595 Broadway, New York. N Y. 10012

Enclosed is $150 (outside US A S200)
for the 1977 CITIZENS BAND HANDBOOK
to be mailed to me in July, 1977 when
published

Residents of CA. CO. FL. IL, M1, MO, NY
STATE. DC and TX add applicable safes tax

Print Name . . .
Address__ S—— -

cty— .

State ; -
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manuals. Ken Lamarsh, 100 River Dr. S., Port Lambton, On-
tario, Canada NOP 2B0.

Hammarlund Model HQ-180 receiver. Service manual and
schematic needed. Joseph L. Markiewicz, 38417 Charwood
Dr., Sterling, MI 48077.

Western Electric Model BC-453-B U.S. Army radio receiv-
er. Need schematic and manual. Paul White, 1225 N. Hol-
lydale Or., Fullerton, CA 92631.

Friden SPS flexowriter and Mode! 795084 communications
terminal. Need schematics and service manuals. Phil
Hughes, P. O. Box 2847, Olympia, WA 98507.

Symphonic Model TPS-30 mini TV. Need source of 3-inch
picture tube. Richard Grepke, RR#5, Ft. Wayne, IN 46818.

Lear Model LR-6A VHF receiver and Model RT-10E VHF
transmitter. Service information needed. Kenneth R. Dun-
can, 930 Merrill Ave, S. W., Grand Rapids, M1 49503.

Hammarlund Model SP-600 receiver. Need schematic,
service manual, alignment instruction and parts list. Jun Vil-
lanueva, 1332 26th Ave., San Francisco, CA 94122.

Stromberg-Carlson Type CCT-45106 radio receiver. Need
tuning knob, schematic, dynamotor and service manual.
Steve Swift, 7807-218 S.W., Apt. #54, Edmonds, WA
98020.

Symphonic Model TPS-30 TV receiver. Need source of pic-
ture tube, Ronald Benjamin, 198 N. Eimhurst Rd., Prospect
Heights, IL 60070.

Tektronix Model 531 oscilloscope. Instruction manual need-
ed. John Uscinowski, Physics Dept., Rensselaer Polytechnic
institute, Troy, NY 12181.

Raytheon Type CK 5676 tube. Need source of supply. G.
Wintress, P. O. Box 373, Mt. Freedom, NJ 07970.

Lafayette 99C9037 amplifier module, 39C6034 transtorm-
er. Source or equivalent with diagrams. Gane Wong, 6103
Beatrice St., Vancouver, B.C., Canada VSP 3R3.

Dumont 304AR scope. Schemalic, operator manual. Will
buy or copy. Patrick Franz, Box 695, Bayview, ID 83803.

Philco 7170 am/fm generator. Philco 7008 visual align-
ment generator (for TV & FM). Dumont 303-A & 324 CRT's.
A ate Instr 157 tube tester. Schematic,
manual, or any information; also latest tube chart for 157.
Robert Briggs, 124 E. Tioga St., Philadelphia. PA 19134,

Supreme Instruments 546 oscilloscope, serial number
2497. Company address or source of parts. Jack Martin, 576
Greenbriar, Fairfield, TX 75804.

Lafayette PB-50 low-band vhf tuneable public service
monitor. Schematic or owner's manual. Fred F. Helmstetter,
Omicron Radio Repair, 14 Lincoln Ave., Chatham. NJ
07928.

Beckman 7270R time-interval meter. Schematic. S. Gold-
har, 1014 B. St., Hayward, Calif. 94541,

AC Cossor 1049 MK2 scope. AC Cossor 1434 pream-
plifier. Serris 22A signal generator. Aico 625 tube tester.
Service manual, operating manual, schematic. Claude
Houde, 7427 Boyer St., Montreal, P.Q., Canada H2R 2R9.

WRL Electronics Globe Chief 90-A. Schematic, owner’s
manual, service info. R. Begnoche, 11175 Roberts, Stock-
bridge, M1 49285.

Wells-Gardner RBL-3 low-frequency Navy receiver. Com-
plete technical manual with schematics. Ron Hammock, 966
- 21st Ave, Seattle, WA 98122,

McMurdo Silver Vomax 900 VTVM. Service manual.
Robert C. Pease, 340 4th Ave., Stanley, W154768.

Heathkit AR-3 shortwave receiver. Schematics and any
other info. Stan Moore, Jr., Box 26, Thermopolis, WY 82443.

Wanlass Model MP power supply. Schematic, service info.
Paul Barker, 4422A Myrtlewood Dr., Huntsville, AL 35805.

Akai VC-150 color camera, VT-150 color recorder,
VTS-150 recording system. Complete info. K. Samad. Box
50072, Washington, DC 20004.

Dumont 324 scope. Manual, schematic. Deryl B. Shields,
16533 - 37th N.E., Sealtle, WA 98155.

Superior Instruments TV-50 genometer, §704 VOM.
Manuals and schematics. Charles T. Allen, 6746 Parkinson
Dr., Miami Lakes, FL 33014,

Sony TC-134SD cassette deck. Source of parts: screws,

plastic cassette cover, set of keys. Roberto Vicentello, Qui-
micos 114-25, Monterrey NL, Mexico.

AmericanRadioHistorv Com

Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

Earn Your

DEGREE

by correspondence, while continuing your
present job. No commuting to class. Study
at your own pace. Learn from complete and
explicit lesson materials, with additional
assistance from our home-study instructors.
Advance as fast as you wish, but take all the
time you need to master each topic. Profit
from, and enjoy, the advantages of directed
but self-paced home study.

The Grantham electronics degree pro-
gram begins with basics, leads first to the
A.S.E.T. degree, and then to the B.S.E.E.
degree. Our free bulletin gives complete
details of the program itself, the degrees
awarded, the requirements for each degree,
and how to enroll. Write for Bulletin E-77.

Grantham College of Engineering
2000 Stoner Avenue
P. O. Box 25992
Los Angeles, CA 90025

Worldwide Career Training thru Home Study
CIRCLE NO. 26 ON FREE INFORMATION CARD

PRUGAATIIABLE

DAulT SET

DRUM Se

® PROGRAM ANY TIME SIGNATURE e
® PROGRAM ANY RHYTHM PATTERN e
® SAVE 2 SCORES SIMULTANEOQOUSLY e
SEPARATE BRIDGE PATTERN FOR
EACH SCOREe @ @ oEL.ECTRONIC
"TOUCH BUTTON" CONTROLS
e o o 256 BYTE MEMORY o o o

MORETHAN JUST ANOTHER
ELECTRONIC RHYTHM UNIT
A WHOLE NEW INSTRUMENT

PROGRAMMABLE DRUM SET KIT

#3750 ceeeneee...$79 95
(plus $3. 00 postage & insurancc)
o FREE
CATALOG

ELECTRONICS, DEPT 6-P
1020 W. WILSHIRE BLVD.

_ OKLAHOMA CITY, OK 73116_
CIRCLE NO. 41 ON FREE INFORMATION CARD

POPULAR ELECTRONICS



Precise 300 scope. Schematic and parts info on 7EP4 CRT
and power transformer. M. Shen, 5 Old Mill Dr., Poughkeep-
sie, NY 12603.

Motorola 14P4-1. Schematic, parts list. Dean E. Cesa,
3924 Radcliffe Dr., Northbrook, IL 60062.

Heathkit AJ-30 tuner. FM muitiplex adapter. Jerry W. Bo-
lin, 16576 Sarah St., Mojave, CA 93501.

Clevite TO-01A transfilter. Scurce. David A, Darling, Stadi-
um Dr. Tr. Ct. #8A, Moscow, ID 83843,

Dyna Quik 675 mutual transconductance tester. Need card
41, or copy of numbers punched out on card 41. Anton S.
Melka, RFD Rt. 1, Box 55, Butte, MT 59701,

Sonora Model C radio. info and schematics. A.C. Crimmel,
11210 Rannoch La., Louisville, KY 40243,

Fisher Research Skipper marine-band transceiver. Sche-
matic and any other info. Paul Prescott, Allen Rd., Brook-
field, CT 06804.

Tele-Instrument 2113 TV signal generator. Schematic,
manual, any info. Charles King, 6 Willow Ct., Cromwell, CT
06416,

General Electric 250 portable radio, uses 2-V plug-in wet
storage battery. Source for battery, schematic, plastic dial,
service manual, or set to cannibalize. Ole G. Morby, 15
Sturges Commons, Westport, CT 06880.

Aiwa TP-728 casselte recorder. Schematic. Paul Montor,
1040 N. Martin Rd., Janesville, W1 53545,

Links 1905-2G vhf transceiver. Schematic. Clinton E.
Hartsfield, R.B. Electronics, 3009 Alta Mira Dr., Richmond,
CA 94806.

Johnson Viking 5NZ converter. Instruction manual, sche-
matic. Arthur Gillman, 14 Pine St., Princeton, NJ 08540.

Longines Symphonette AM/FM/cassette recorder. In-
struction manual, schematic. Roy O. Kroeger, 104 N. Mich-
igan. Roswell, NM 88201.

Autovox OC-401 shortwave mobile converter. Source.
G.E. Ferguson, 3905 Clayton Rd., Apt. 14, Concord, CA
94521.

Rondine B-12H turntable. Schematic and any other info.
Anthony A. Gihrdanella, Box 31, Star Rte., Chatham, NY
12037.

DeVry IC/QEB-10 sound movie projector. IC/QPB-ID man-
ual and parts. Fabian Bourge, Box 626, Vinton, LA 70668.

Philco 41-245 receiver. Schemalic, source of XXL tubes,
info on last date of manufacture. R. Culbertson, 601 Corn-
planter Ave.. Qil City, PA 96301.

Kent 6620 musical-instrument amplifier. Schematic and
any other info. David Baughman, 155 East Main St., Newark,
OH 43053.

Elmac Trans-Citer AF-67 amateur transmitter. Harvey
Wells Bandmaster R9-A receiver. Schematics, manuais.
Paul Prescott, Allen Rd., Brookfield, CT 06804.

Beckman 797 decimal counting unit for Beckman 8379AR
frequency counter and timer. Source. Danny Baindo, Box
8653, San Jose, CA 95155,

ICS meter, kit TK28653MS. Assembly manual. A.D. Lane,
Box 1203, Framingham, MA 01701.

Advent 300 receiver. Schemalic. R.K. Brush, 1965 E. 3375
South, Salt Lake City, UT 84106.

Knight-Kit KG-389 fuzz box. Schematic, parts list, layout.
Joseph Viau, 84 Friendly Rd., Cranston, R102910.

General Electric 260 radio. Schematic, source of 1LC6,
1LNS, 1LN4, 3Q5(GT/G) tubes. Roberto Leal, Kelley's Tr.
Ct. #5 Lols Alexandria, LA 71301.

Globe 65-220 Globemaster CB radio. Power transformer.
Motorola FM TRU-5V taxi radio. Components Q-8528, PA
8548; schematics, source, plugs, etc. Tom Ash, Route 7,
Box 105, Mortantown, OH 26505.

Waterman S-14-B Pocketscope. Schematic, manual.
George Kabroth, 218 N. Arch St., Mechanicsburg, PA
17055.

Hammarlund HQ-129-X shortwave receiver. Hookup dia-
grams for antenna and any other info. Paul Ziemba, 3616
Greenbriar, Midland, MI 48640.

Paco V-70. Schematic, calibration instructions (with layout
of adjustment controls.) Will buy or copy. Howard Adams,
209 W. Shadywood Dr., Midwest City, OK 73110.

Loewe Optacord 403 tape recorder, serial number 09014,
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™
sendi 8K ECONORAM Il $163 84 .
Following up the success of our 4K ECONORAMt® is m
‘Or our new 8K model. Uses proven, reliable static =
ICs, splits into two independent 4X blocks for ]

\

’ur flezibility. High quality; on board regulation; ]
LL GODBOUT ELECTRONICS low power Schottky support; low current; 450 ns. ]

BOX 2%‘55. OAKLAND ARPORT, CA 94614 ‘ree It's a fine 8K board at an equally fine price.
8 . Allow up to S% ER RD $80-=
for shipping; excess refunded. We require street A

address for COD. BankAmericard® /Mastercharge® ‘I,e Includes 10 edge connectors for peripherals ang B
2S-ln-xn :1;1-4;5-562 0636, 24h. CA pes! Idﬂ e active, regulated terminations to keep your data
=Buy 3/$12.50 AND SAVE. Not clean and unambiguous. With high quality board. m
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m° half inch type: these dig- Start your system with this and start out right!
B its ore BIGI AN/PH indica- / -—_=
Eooon EDGE CONNECTORS £
in a clear red plastic en- 4 -
| B e = For Altair and IMSAI motherboards =
le. vooe . =
.Lhj izo 673 60 (i €3 #5-100-140ST  Gold plated soldertail edge con- n
w $ 1 nector with 0.140" spacing for Altair mother- =
e $6 cach, s/527.50 B
@ @ @@ @@ @y #S-I00ST Soldertail edge connector, .250" row n
[ ] spacmg for IMSAI motherboards....$5 each, 5/$22 n
[ ] F -100WN  Same as above except gold plated, 3 u
n — FNDSO3 FN0510 level wire wrap posts.. ....35 each, 5/8$22
= I I commcn cathode common anod ‘ g =
B = 95¢ea. 10/$8.50 ® S =
f-l0y - 10/$4.40¢
= actual - ’ l " n
m siz RCA plug at one end; =
u ' tinned wires at other
m 10/$4 100/$35 end.  Fourteen FeeT M
[ ]

3 actual min. length. Great @
F D359 n 4 size value for audio!
I ENONNESENENNNESNNENNANE RSN ENEEEEEEANSNANAEENEER
CIRCLE NO 25 ON FREE INFORMATION CARD

For USE on
faster ZIP all
service CODE mail

MOTOROLA MICROCOMPUTER KIT

IT'S HERE—
Personal
Computer
Power !!!

e Uses Popular 6800 Microprocessor.

e Learn Computer Technology and Programming at Low-Low cost. Then expand into
advanced Personal Computer System with our low cost *ADD ONS"”’,

¢ Includes complete Support Documentation to teach you step by step MPU Theory and
Programming.

e Built-in Cassette Interface for program load and record.

¢ On-Board Clock, 128 x 8 RAM. plus space for additional RAM.

e Coming soon — Video Display, Keyboard, Card Rack, Memory Modules, plus applica-
tion programs on Cassettes for your Educator 11 Microcomputer.

Get started in the facinating CIRCUIT SPECIALISTS CO.

world of Micro Computers

for only $169.95. BOX 3047
To order — Send check or money order to: SCOTTSDALE, AZ. 85257
CIRCLE NO 60 ON FREE INFORMATION CARD 115

AmericanRadieHistorv.Com



Operation manual and/or schematic, parts list. Siefan Pawl-
ikowski, Apt. 8, 2 Grace St., Wawa, Ontano, Canada POS
1KO.

Hickok 18 signal generator. Schematic, service and opera-
tion manuals, and any other info. D. Engen, 2804 Spencer-
ville Rd., Burtonsuville, MD 20730.

Hallicrafter SRO receiver. Calibrated dial scale
(083-000982), trim plate panel (007-000793). John Allanson,
515 Pleasant St., New Glasgow, Nova Scotia, Canada B2H
3A1.

Concord 994 tape recorder. Schematic. Marion B. Harrel-
son, 6400 Liberty Rd., Baltimore, MD 21207.

Hallicrafter SX-43 receiver. Wiring diagram. Speaker
impedance info. Kenneth A. Sheets, 38 Mayfield Hts., Beav-
er Falls, PA 15010.

Dumont 304A scope. Operating and maintenance manu-
als. Edward Medovich, 14B Old Hickory Dr., Apt 2A, Albany
NY 12204.

Superior 77 VTVOM. Source of 9006 tubes, or substitute.
George Snell, Lakeside Rd., Waterport, NY 14571.

Eldico SSB-100MIL (MARS) exciter/transmitter. Instruction
manual and/or schematics. Harold Screven, 90 Jamie St.,
Islip Terr., NY 11752,

Jackson TVG-2 TV signal generator, serial 4158. Opera-
tion manual, schematic. J.D. Nasmith, 311 Bunting Rd., Unit
#9, St. Catharines, Ontario, Canada L2M 3Y4.

Hallicrafter SX-28 Super Skyrider receiver. Need wire-
wound, metal-cased resistor for voltage divider. Fred Berrier,
1126 Phillips Ave., Knox, TN 37920.

U.S. Govt. R-392/URR receiver, 500 kHz to 32 MHz. Volt-
age requirements, operator manual, source of power supply
and speakers. Cande Palermo, 83 William St., Yonkers, NY
10701.

Columbian Aqua-Probe CB303 depth finder. Schematic,
parts list. Buy or pay for copy. Kermit D. Lloid, Rte. 1, Box
1360 Natchitoches, LA 71457,

Heathkit GW-10 CB transceiver, circa 1961. Tube-location

diagram. John D. Harmon, 22107 Blackburn, St. Clair
Shores, M1 48080.

Beckman 7270R interval counter. Schematic. S. Goldhor,
1014 B. St., Hayward, CA 94541.

Unisonic 817L desk calculator. Schematic, parts lisk. Jo-
seph F. Schussler, 20 Dorett Dr., Wappingers Falls, NY
12590.

Motorola CP-30FN tape recorder. Schematic. Michael
Persic, 18021 Karen Dr., Encino, CA91316.

American Concertone 505 reel-to-reel tape recorder.
Schematic, parts list, or any info. Duncan Crawford, 160 E.
Holmes Hall, E. Lansing, M1 48824.

Grundig-Majestic 7000, circa 1957. Schematic. A. Chan-
dter, 2707 38th St. W., Bradenton, FL 33505.

Sears 570 AM/FM-stereo receiver. Schematic, operating
manual., Ned Black, RFD #1, S. Windham, ME 04082.

HFE T4214A oscillograph, made in England. Schematics,
any other info. Barry Fuerst, 218 Floumoy St., Oak Park, IL
60304.

Eico 753 transceiver. Schematic, operation and assembly
manual, parts list. Leland D. Walton, 1189 E| Sendero, Salt
Lake City, UT 84117,

Hammarlund SP600/X21, serial 20414. Schematic and/
or service manual. Pollak Gabriel, POB 9029, Beer-Sheva,
Israel.

Philco 37-630 AM/SW receiver, cabinet code 122-type T,
circa 1936-37. Need glass dial-cover and ring. Also need
Philco High Efficiency Aerial supplied with receiver. F. Keith
Haywood, Box 537, Angier, NC 27501.

Stromberg-Carlson 863 receiver. Schematic and any
other info. Randy Baker, 2 Beckioot Dr., Dartmouth, Nova
Scotia, Canada B2Y 4C8.

Majestic 62A table radio. General Electric GE-93 ra-
dio. Schematics. R. Smith, 3188 Rumsey., Ann Arbor, Mi
48105.

Stephens Tru-Sonic multi-cellular midrange horn speaker

system. Replacement P-M driver needed. Frank J. Burris,
35640 Ave. F, Ycaipa, CA 92399.

Viking 85 tape deck. Operating and service manuals. Will-
iam Lee, 4 Mallard Dr., Center Moriches, NY 11934,

Milovac CT711 TV, serial FO0318. Need service info. Clin-
ton Chamberlin, 10 Old North Rd., Walden Park, Mountain-
top, PA 18707.

U.S. Govt. APX-6/RT-279 transponder. Schematic, serv-
ice and operating manuals, also data on conversion to 1215
MHz needed. Nick Raeside, Wildwood Cres., RR #3, B.C.,
Canada VOS 1EO.

Hammarlund HQ-170A amateur receiver. Any and all in-
formation, also antenna coils for any band. Will buy
HQ-170A for cannibalization. Wayne Stratton, 11426 Stew-
art Lane, Silver Spring, MD 20904.

Leitch 21-56 Meter-Matic VTVM. Schematic or tube layout
needed. Noor S. Khalsa, 242 Oxford St., Hartford, CT 06105.

U.S. Govt./Landers, Frary & CLark AN/URM-105 mul-
timeter; S/N 2749; Order No. 4930-PP-61. Schemalic, oper-
ations manual. Ray Miller, Box 181, Antioch, CA 94509.

General Electric A-87 radio. Schematics and/or service
manuals. Mel Peterson, 778 Richland RD., Yuba City. CA
95991,

Wire recorder, wanted to borrow or rent for transcribing
old recordings. C.R. Opela, 203 Asbury, Evanston, IL 60202.

Jackson TVG-2 signal generator. Schematic and calibra-
tion data. B&K 500 tube tester. Most recent charts, calibra-
tion data, schematic. Mike Miller, 20 Hemlock Ave., Sonoma,
CA 95476.

Hammarlund HQ-170 receiver. Schematic, service and
operation manuals. Douglas Coverdale, RR #3, Box 77A,
Nobbsville, IN 46060.

U.S. Army Signal Corps TS175C/U frequency meter.
Need operating manual. J. Allen Call, 1876 E. 2990 S., Salt
Lake City. UT 84106.

Premier reverb. Schematic, tube types. Steve Andrusy-
shyn, RD #3, Diemer's Hill, Pottsville, PA 17901.

Treat yourself to a new direct reading DVM today.

POCKET PORTABLE
ANALOG REPLACEMENT

3-digit, 1% DCV
Battery or AC

Only $134

LAB ACCURATE
POCKET PORTABLE

3% digit, .5% DCV
Battery or AC

Only $158

DVM32

BENCH & FIELD MASTER

31 digit, .5% DCV
Battery or AC

Only $198

DVM38

“PRIME” STANDARD AT
YOUR FINGERTIPS

3% digit, 1% DCV
Auto-Ranging
Only $348

A COMPLETE LINE OF DVMs TO FILL YOUR EVERY NEED OR WANT.

116

You can be sure more times in more circuits, under
more adverse conditions, with greater versatility,
accuracy, and meter protection than any other
digital multimeters on the market today; and for
less money ,too. 10 Day Free Trial: Try any of
these famous DVMs for 10 days. If the DVMs in
use don’t prove exactly what we say, return them
to your Sencore FLPD Distributor.

SENCORE

CIRCLE NO 51 ON FREE INFORMATION CARD

Want more information? We
would like to tell you all about
the Sencore DVMs by sending
you a 24-page Sencore News,
a six-page brochure, and the
name of your nearest Sen-
core Distributor today . ..
simply write or circle
reader’s service number.

3200 Sencore Drive, Sioux Falls, SID 57107

POPULAR ELECTRONICS
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Electronics Library

THE POCKET CALCULATOR GAME BOOK

by Edwin Schiossberg & John Brockman
Presented in this book are fifty games and
ouzzles specifically designed to be played on
a four-function pocket calculator. The games,
which can be played by one or more persons,
are based on popular card and board games,
some requiring the use of cards or dice. The
rules for each game are clearly explained,
and strategy and sample plays are described.
Published by William Morrow & Company,
inc., 105 Madison Ave., New York, NY
10016. 158 pages. $3.95 soft cover, $6.95
hard cover.

BUILD YOUR OWN HIGH-QUALITY, LOW-COST
TEST EQUIPMENT

by M.J. Salvati
Full details on building 25 test devices are
provided here, including specifications, theo-
ry of operation,construction notes, parts lists,

YOU CAN TAKE 20% OFF ANY ORDER OVER $25.00 FROM THIS ADVERTISEM

For
faster
service

USE
LIP
CODE

all

mail

MODERN
STANDARD g
TELEPHONES £ 4

Complete factory rebullt modern tele-
phones, ready for use. Easy 3 wire hook
up, ringers have been r2moved. includes
hand set, cord and induction coil. Two
styles of dial phones available: wal or
desk, both in basic biack. Special PE
reader price: only $10.00! Sh. Wt. 8 Lbs
Desk Dial Phone. . 6V1.60440 . $10.00
Wall Dial Phone . . 6VIL60442 . $10.00

1 or 2 players - 1 10 10 ball speed - dual
paddle size - sound. These are question-
able games returned to mfr for one rea-
son or another. He is too busy to repair
and needs mfg room. His loss. your gain.
Complete with schematic. Contains 20

74LS series chips power supply & other
stuff. Designed by MIT. Sh Wi. 4 Lbs.
7ZU70161 $10.00ea. . $3888 for 4

TOUCH-TONE
GENERATOR
CHIP

i
New, 2 of 8 encoder chip ME8900, {sim

ilar to the MC14410). Sold with data

sheet and article on use off MC14410

chip Sold at a price yau can afford!

Sh. Wt. 8 oz 7VLION60 . $6.95
or 10 for $60.00

COLOR TV CHASSIS
TS-951 & T7S-953

We have found some 2,000 damaged TV
chassis, of the same types that we have
been selling these last few months, ex
cept that these have cracked PC boards,
bent frames, etc. The parts alone are
worth § times as much as our low prices.
All units are sold “AS 1S”, all sales are
final. 13" & 15" include tuners.

Sh. Wt. 12 Lbs. each.

iiINYS dITIMS NYI T INTFWIDYNTIN-MIN 5,578 ONIHNG -

13" Chassis . . .7DZ70059. . . $22.50
15" Chassls .7DZ70060. . . $22.50
17° Chassis .7DZ70061. . . $14.88
19'* Chassis .7DZ70062. . . $14.88

POWER i}
SUPPLY /( Saﬁu,
KITS

1 C.B. POWER SUPPLY KIT

A complete kit which puts out 10 tc 24
VDC at 2 amps regulated. 115 VAC in.
Can be wired for constant 13.8VDC. i
deal & compact for C.B Kit includes PC
board all components and instructions
just add your case Super bench supgly!
Sh. Wt 6 Lbs 6C60498 . $14.88
2 S A. 10 to 24 VDC Reg. P.S. KIT
A simple adjustable regulated power
supply. Kit includes all components
vector board and complete schematics.
All you add is the case. Powerful!

Sh _wt. 15 Lbs . . 6MI160301. . $14.88
3 01030V AC/PDCPS KIT
This high amp adjustable supply is an

SOLID STATE SEMI'S
2 Amp 400 PIV Bridge $0.85
2.5 Amp 1.000 PIV diode $1.00/4

S Amp 400 P1V diode . . . $1.00/2
2N3055 TGO-3 Power . . $1.00
7805, 1 Amp T0.220. . $1.00
7812, 1 Amp TO.220. $1.00
LmM340.5 TO-3. $1.00
Laser Diodes 6-95 Waﬂs . . 56.80
I.R. LASCR's, TA®@ 30 PIV. . 8150

$4.50
$1.00
$1.00

Intel 8038 Function Generator

1 Amp 3500 PIV diode. .
Moto Soc 16 Darl. Opto Coupler .
Key Switch $1.00
Battery Charger Klt 15V, 15A . $1450
Battery Charger Kit: 15V, 26A . $19.50

easy kit to build It includes a 0 to 40
volt autotransformer {Viariac®) 24V §A
xformer and alt other components. Use-
tul as a battery charger bench supply or
any use requiring high current Qty. Ltd.
Sh. Wt. 9 Lbs .6C60462. . $14.50

POSTAGE : Mense addl s ,,,,4.

B&F ENTERPRISES
119 FOSTER STREET DI
617.531.5774 5 =
&F

PEABODY, MASS. 01960
Charges

Welcome

*PHONE ORDERS WELCOME: (617) 531-5774/532.2323 t11tt CHARGES WELCOME! t111+ THE CLEAN-SWEEP-SALE IS ON

*iiD0TIVAVYD ITVYSdIIMS-NYITD 3384 HNO HOd ONIS

t1120% OFF ANY ORDER OVE ROM THIS ADVERTISEMENTH Tt
CIRCLE NO. 64 ON FREE INFORMATION CARD

approximate costs, adjustments, calibration,

HOBBY-WRAP
Model BW-630

Battery
wire
wrapping

| tool

WIRE WRAPPING TOOL

For AWG 30, .025" (0,63mm) sq. post,
“MODIFIED” wrap, positive indexing,
anti-overwrapping device

(3attenes

ONlY e ,
COMPLETE WITH BIT &
AND SLEEVE

OK MACHINE & TOOL CORPORATION

3455 Conner St Bronx. N.Y 10275 / (212) 994-6600 / Te ex 125091

CRCLE MO. 62 ON FREE INFORMATION CARO 117
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Xcelite
GOMpAC
[:llll\lﬂl'lllllﬂ

20006@®

do double duty on dozens
of popular screws and nuts

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

in stock at leading electronic
distributors . . . nationwide

Weller-Xcelite
Electronics Division
The Cooper Group

COOPER | P. 0. BOX 728,
INOUSTRIES | APEX, NORTH CAROLINA 27502
CIRCLE NO. 59 ON FREE INFORMATION CARO

and use, along with schematics and photos.
Five types of test equipment are covered;
general-purpose measuring devices (diode
curve tracer, IC tester, r-f probe), signal
sources (pulse generator, experimenter’s
power supply), signal processing devices
(preamp, filter, attenuator), and special-pur-
pose devices (super breadboard, electronic
load). Construction costs for these and the 15
other projects run between $3 and $60, and
half of them cost less than $15.

Published by Hayden Book Co., 50 Essex
St., Rochelle Park, NY 07662. 128 pages.
$5.45 soft cover.

HOW TO TROUBLESHOOT AND REPAIR
YOUR STEREQ SYSTEM

by Hershal Gardner
After introductory chapters on semiconductor
principles and basic test procedures, the
book shows how to troubleshoot specific
areas of a stereo system, such as audio-out-
put stages, stereo-multiplex circuitry, FM tun-
ers, tape decks and recorders, and speaker
systems. In each of these latter chapters, the
circuits are presented and explained in detail,
along with information on how to troubleshoot
common problems such as reduced output
from one stereo channel, distorted quadra-
phonic decoder output, poor high-frequency
response from a tape deck, etc. Use of an os-
cilloscope and other equipment is described.
Published by Reston Publishing Co., P.O.
Box 547, Reston VA 22090. 239 pages.
$14.95 hard cover.

MICROELECTRONICS

by Clayton L. Hallmark
Starting with elementary principles of semi-
conductors, this book soon works its way up
to the various types of junctions, how transis-
tors and integrated circuits are manufactured,
and then into tools and techniques for repair
of microelectronic circuits. Back again to bas-
ics, on digital circuits and binary arithmetic,
getting into gates, flip-flops and multivibra-
tors. Then on to complex logic functions such
as adders, counters and comparators, and
linear IC's such as op amps. The last three
chapters go into specific digital IC types
(mainly the 54/74 family), linear IC types
(various op amps), and fifteen {C projects and
experiments.
Published by Tab Books, Blue Ridge Summit,
PA 17214. 266 pages. $5.95 soft cover,
$8.95 hard cover.

HOME TV-FM ANTENNAS
by P. Lawrence and H. Elroy

The design and installation of a home anten-
na system are described in this work. Some
of the topics discussed are: types of anten-
nas, antenna selection, towers, lead-in, rota-
tors, amplifiers and accessories, system de-
sign, installation, and TV and FM receivers.
Installation procedures are illustrated.
Published by Howard W. Sams & Co., 4300
W. 62nd St., Indianapolis, IN 46206. 208
pages. $5.95, soft cover.

AmericanRadioHistorv.Com

MON[Y o TIME FRHGHT
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

ofj® TN ¢ EN ] (L
illinoir audio
Department 217S
12 East Delaware
Chicago, Illinois 60611
312-664-0020

CIRCLE NO. 29 ON FREE INFORMATION CARO

Cramped for
Antenna

The answer to your problem is here!!!

The McKAY DYMEK DA 100.

The DA 100 is a compact, wide dynamic
range, broadband, untuned, omni-direc-
tional receiving antenna covering the
frequency range of 50 kHz to 30 MHz.
The exterior module, a small weather-proof
box with a 56 inch (142 cm) whip delivers
the signal to the power supply unit through
a supplied 50’ coaxial cable.
The power supply locates near your
general coverage receiver and attaches
with a supplied patch cord.
The DA 100 antenna is small, but will equal
ar outperform a 100’ long wire antenna,
and is priced within reach of everyone!
Order factory direct. Call toll free today!
Money-back guarantee. Rent/own plan
available. Complete specs and details on
request.
Mationwide 800/854-7769 [==m=m
California 800/472-1783  mammm J
McKay Dymek Company
{ 675N. Park Ave., P.O. Box 2100

Pomona, Calif. 91766
CIRCLE NO. 54 ON FREE INFORMATION CARD

POPULAR ELECTRONICS



ELECTRONICS MARKET PLACE

REGULAR CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services. $2.25 per word. Minimum order $33.75.
EXPAND-AD CLASSIFIED RATE: $3.35 per word. Minimum order $50.25. Frequency discount: 5% for 6 months: 10% for 12 months paid in advance. READER
RATE: For individuals with a personai item to buy or sell. $1.35 per word. No minimum! DISFLAY CLASSIFIED: 1 by 1 column (2-1/4"" wide), $260.00. 2" by 1
column. $520.00. 3" by 1 column. $780.00 Advertiser to supply film positives. For freGuency rates, please Inquire

GENERAL INFORMATION: Payment must accompany copy except when ads are placed by accredited advertising agencies. First word in all ads set in caps.
All copy subject to publisher’s approval. All advertisers using Post Office Boxes in their addresses MUST supply publisher with permanent address and
telephone number before ad can be run. Advertisements will not be published which advertise or promote the use ot devices for the surreptitious interception
of communications. Ads are not acknowledged. They will appear in first issue to go ic press after closing date. Clcsing Date: 1s! of the 2nd month preceding
cover date (for example. March issue cioses January 1st. Send order and remittance to POPULAR ELECTRONICS One Park Avenue. New York. New York

10016. Attention: Hal Cymes

FOR SALE

FREE! Bargai-n_Calalo_g—lz:.'s. LED's. readouts. fiber
nplics. calculators parts & kits, semiconductors, parts
Poly Paks, Box 942PE. Lynnfield, Mass. 01940.
SOVERNMENT and Industrial surplus receivers.
lransmitters, snooperscopes. electronic parlts, Picture
Catalog 25 cents. Meshna. Nahant, Mass. 01908.
LOWEST Prices Eleclronic Parts. Confidential Catalog
Free. KNAPP, 3174 8th Ave. S.W.. Largo. Fla. 33540.
ELECTRONIC PARTS. semiconductors, kits. FREE FLYER.
Large catalog $1.00 deposil. BIGELOW ELECTRONICS.
Bluftton. Ohio 45817. -

RADIO—T.V. Tubes—36 cents each. Send for free catalog
Cornell, 4213 Universit_y, San Diego, Calit_. 92105.
AMATEUR SCIENTISTS, Electronics Experimenters,
Science Fair Students...Construction plans—Complete.
including drawings, schematics, parts list with prices and
sources. ..Robot Man — Psychedellc shows — Lasers —
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignition Burglar Alarm
Sound Meter.. .over 60 items. Send 50 cen!s 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. Riversi_de, CA 92507.
MECHANICAL, ELECTRONIC devices catalog 10 cents
Grealest Values Lowest Prices. Fertik's. 5249 D",
Philadelphia, Pa. 19120.

POLICE/Fire scanners, large stock scanner crys-
tats, antennas. Also CBs. Harvey Park Radio,
Box 19224, Denver, CO 80219.

T_ELETYPE EQUIPMENT for sale for beginners and exper-
lenced computer enthusiast. Teletype machines. parts.

supplies. Catalogue $1.00 to: ATLANTIC SALES, 3730
Nautilus Ave.. Brooklyn. NY 11224. Tel: (212) 372-0349.

ELECTRONIC ignition: Capacitor-Discharge. pointless
Auburn  Sparkplugs. Wheel Stabllizers. Information 20
cents. Anderson Engineering. Epsom. N.H. 03234

WHOLESALE C B.. Scanners. Anlennas. Catalog 25 cents
Crystals: Special cut. $4.95. Monitor $3.95. Send make,
model. frequency. G. Enterprises, Box 461P. Clearfield. UT
84015.

COMPUTER HOBBYISTS—classified advertising

newsletter. $3.75/year. Free Sample. ON_LINE,
24695 Santa Cruz Hwy., Los Gatos, CA 95030.

ORGAN KITS
KEYBOARDS

THE ULTIMATE IN DESIGN
AND SOUND

Demo Record & Brochure $1.00

Wurlitzer reproductions

DEVTROHNIX ORGAN PRODUCTS, Dept. C
T 5872 Amapola Dr.e San Jose, CA 95129

SOUND SYNTHESIZER KITS—Surt $12.95, Wind $12.95.
Wind Chimes $17.95, Electronic Songbird $6.95. Musical
Accessones, many more. Catalog free. PAIA Electronlics.
Box J14359, Oklahoma City. OK 73114,

BUGGED??? New locator finds them fast. Write. Clifton
11500-L N.W. 7th Avenue. Mlami, Florida 33168.

YOU WILL SAVE BIG MONEY! Surplus. Clearouts,
Bankruptcy, Inventory. Deals. Catalog $1 (redeemable).
ETCOA Electronics. Box 741, Montreal. H3C 2V2. U.S.
Inquiries - B

HEAR POLICE/FIRE Dispatchers! Catalog shows
exclusive directorles of “confidential” ¢channels. scanners.
Send postage stamp. Communications. Box 56-PE,
Commack. N.Y. 11725. - - -
UNSCRAMBLERS: Fits any scanner or monitor. easily ad-
justs to all scrambled frequencies. Only 4" square $29.95,
fully gusranteed. Dealer inquiries welcomed. PDQ
Electronics, Box 841, North Little Rock, Arkansas 72115.
RECONDITIONED Test Equipment. $0.50 for catalog.
Walter's Test Equipment, 2697 Nlckel. San Pablo, CA
94806. o o

CB RADNOS. monitors. crystals, CD ignitions. Southland,
Box 359:-B, Bayloyvn. Texas 775_20 -
SURPRISES GALORE! Projects, ham radio. music synthe-
sizers, etc. IC's, pots, hardware, crystals, keyboards, re-
sistors, etc. Send 13 cents stamp for catalogue. UTEP, Box
262318, Salt Lake City, Utah 84125,

NAME _E%RAND ngitaI/AnaIt;g_ Test Equi;;menl.asc:)unl
prices. Free cataiog. Salen Elecironics, Box 82. Skokie, II-
linois 60076.

\Tuml: FOoB , Mass.
o8 ot e
Minimum

'S $20.00

Inciude Pos!
Order $5.00,
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2GR O et $2950 PRINTED CIRCUIT BOARD TANTULUM CAPACITORS Full Wave Bridges
2513 CHARACTER GEN S 995 NGLE SIDED EPGXY 22UF 35V §/3100 6 8UF 35V $100 PRV  2a  6A 254
251BAEX 32 BIT SR < 350 unetches 47UF 35V 5/$100 22UF 35V $ 40 200 75 125 200
21021 1024 BT RAM $ 1.39 68UF 35V 55100 30UF 6V S 40 200 95 750 300
6280 4K DYNAMIC RAM $ 6.95 IUF 35V © $1.00 By s 4 600 } 20 175 400
52024 UV PROM 3 G 2.20UF 20V5/5100 47UF 20V S .35 . ;
MM5203 UV PROM S 695 2N 3820 P FET S 45 33UF 365V 4/5100 100UF 35V § 35 SANKEN AUDIO POWER AMPS
iy e | R s |§ ineicoeng i g f o odcwmi s
204-4K PROM $10.95 2N2646 S .45 M/00) ALARM CLOCK CHiP e h
e SYoies ER 00 TRIGGER DIODES 4 310 = = c CI 511050 G 50 WATTS . . $27.95
MINIATURE MULTI.TURN TRIM PO 2N 6028 PR uJT S .65 NATIONAL MOS DEVICES CCD VIO LINEAR 256 X1 BITSELF
100, 500, 2K 5K lljl;K 25K, 50K, 100K, 200TKS 8 PIN DIP SOCKETS $ 24 #1M1402 175 MMB057- 2.25 SCANNING CHARGE D COUPLED
1 Meg. $.75 each . ... ... ... .3/52.00 I ';'I’:‘ g::’, gggﬁg: : ;g MM1403- 1.7 MM5068 2 15 DEVICE . 565.00
B — -
MULTTTURN TRTM POTS Sumilar to Baurns 18 PIN DIP SOCKETS $ 30 L a0d v e ROC0y2T5 CCD 201 100 x 100 CHARGE
- 5013 2.50 MMS061 - 2.50 COUPLED OE VICE $99 00
3010 style 3/16"x5/8"x1-1/4"". 50, 100, 24 PINDIP SOCKETS s 40 MMS016. 2.50 MMB556- 4.7
%HL?»'%:%“.’B_S.SL"O e . .3/84.00 28 PIN DIP SOCKETS $ 50 MM5017- 2 70 MMS556 4 75 Seoxt 25¢ fur our cataloy featuring
LIGHT ACTIVATE s - 40 PIN DIP SOCKETS S .60 MMB5085-- 2.25 MM5210- 1.95 Transistors orxl Rectifiers
;TRANSISTOR SRECIA T ¢ VERIPAX PC BOARD MMB056  2.25 MMB260 1.75 145 Hampsire St.. Cambridge. Mass
s board ss a 116 sinyle sided papes epoxy
2N3585 NPN Si TO 66 s 95 board, 4% x6%" DRILLED antt ETCHED TTL IC SERIES 74LS SERIES LINEAR CIRCUITS
2N3772 NPN S T0-3 S 160 which will hold up 10 21 single 14 pin IC's 7400- 15  7445. 70  74161- 70 74LS00 25 LM 101 .15
2N45GA PNP GE 75 o1 8. 16. 01 LSI DIP IC's with busses for 2401- 18 7446 70 74153 €6 741802 25 LM 301/748 - 31
2N4908 PNP §) TO-3 $ 1.00 ' supply connecto 54,00 7402. 15 7447. 70 74184 1.10 7aL804 - 29 LM 307 30
2N6056 NPN Si TO-3 Dartington 5 1.70 MV 5691 YELLOW.GREEN 7403~ 7448, 70 74156 70 741508 2 LM 308 95
2N5086 PNP Si TO.92 4’5 1.00 BIPOLAR LED $1.25 7404~ 20  7450- 20 74157 70 74LS10 - 25 LM 311 95
2Na8938 PNP TO-66 S 60 FP 100 PiOTO TRANS s .50 7405 .20 7472- 33 14161 85 741811 25 LM 319 .95
2N404 PNP GE TOS /S 1.00 RED, YELLOW OR GREEN 7806 25 7473 35 741863 80 741520 25 LM 324 1.05
2N3919 NPN S TO-3 RF $ 1.50 LARGE LED's 7407 2 7474. 3 74164 95 741821 25 LM 339 110
MPSA 13 NPN S/ 10.92 3/$ 1.00 1L:5 (MCT-2) 5.75 7408- 26  7475- 49  74165- 1.05 740822 ~ .26 M3 .
2N3767 NPN S) TO 66 s .0 MOLEX PINS 100/$1.00 7400 20 7476- 35  74173-1.40 74L827 - .29 Lm 37 -50
2N2222 NPN Si TO-18 5/5 1.00 1000/$8.00 7410 15 74B0- 35 74174 95 74L530 2 LM 380 5
2N2055 NPN S TO-3 s 80 10 WATT ZENERS 3.9, 4.7,56. 8.2, 7411~ 20 7483~ T0 74175 92 741832 37 R o
2N3904 NPN 5 T092 5/S 1.00 12,15.18.22,100.,150 or 200V . 2a. § .60 7a12- 20 7485~ 88 1176 75 74L537 - .37 ] 125
2N3906 PNP S TO-92 5/ 1.00 1 WATT ZENERS 4.7, 5.6, 7413- 45 7486 30 74177~ 79 741538 - .37 LM 537 §-5°
2N5296 NPN §1 T0-220 s 50 18 01 22V 218 .25 7412. 70 7489 185 74130 70 74L574 49 Lmiss3 2
2N6109 PNP Si TO-220 s 55 MCB860 MODEM CHIP $9.95 7416 25 7490~ 45  24181- 210 74L590 — .95 LM 586 44
2N3638 PNP 5 TO-5 5/5 1.00 7417- 25  7491- 70 74130- 1.20 74L5132 - 1.10 LW 556 &
2N651 7 NPN TO 92 S 35 1.00 Siiicon Power Rectitiers 7420. 20 7492- 50 74191 120 74L5138 - 1.40 269 ; %o
CIMOS (DIODE CLAMPED) PRV A 3a 128 50a 125A 7425 28 7493 45 74192 85 DA = B 52 :
23 7426- 25 749 70 74193~ 85 74LS155 ~ 1.40 565 U0
74C02 .22 4015 95 4029 110 100 06 .14 30 80 70 7427, 30 7495 70 74194- .85 74LS157 - 1.20 703 .90
74C10- .22 4016 .40 4030 22 200 07 20 35 5 425 7430 20 7496 70 74195 78 7405160 1.75 709 .28
74C193150  4017-105 4033 150 400 09 25 60 1.40 650 7432 . 25 74107 32 74196 88 74L5162 - 1.75 710 pe
4001- 22 4018-1.00 4035 110 600 11 30 0 O 850 7837. 3 - 38 jave. 1 ae 74LS163 - 1.75 m 35
4002- 22 4019 25 4042 /8 2 2 7408175 — 1,38 41 Cor v 31
35 2.30  10.50 7438~ 25 74123 65 74279 90 L -
omlind o U dosEe 20 45 110 275 1250 7430 16 74125 40 324 175 7415193 - 1.80 17;170 2‘;3
2 R - 7 1 2
4009 a2 a073 22 4pag. 4o SILICON SOLAR CELLS T B R B me e TevzsE e 1456 5
4010- 42 4024 75  4050- 40 ¥ s e 4 7408368 - 75 1458 60
4011~ 22 4026 22 4055 1.50 2/ diameter MINIATURE DIP SWi-CHES .
4012- 22 4026 1.25 4066 80 .4V at 500 ma. $4.00/,2V at 200 mjls $2.00 064 itehe
4013 40 4027 40 4071 22 R TATOR Iy )
T— S 309K 340K-6,12.15 CT5.2068 Ewght SPST n a6
RIS z 723 or 24V, pin DIP package s195
MCA 81_OPTICAL LIMIT SWITCH S1 60 LM 376 . 34075, 6.8, 12 =
320K-5 or 15V §1.40 165,18 or 24VS$1.10 B— ' ;
LED READOUTS 3207.6.12,16 78 MGS 5135 Toried ance 5753 )
$ .55 MAN-7-3"C.A  § .95 or 24V $1.25 79 MGS $1.35 - i -5
$1.05 NS 33-3dig. array S .75 RS232 ALCO MINIATURE TOGGLE SWITCHES
$1.05 DL 747 C.A. $1.95 male §3.25 MTA 106 5°0T $1
$1.25 CONNECTORS female 33.95 MTA 206 DPOT $1.70

SOLID STATE SALES

P.0. BOX 74A
SOMERVILLE, MASS. 02143 TEL. (617) 547-4005
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WE SHIP OVER 95%
OF OUR ORDERS THE
DAY WE RECEIVE THEM
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SHOP YOUR NEARBY RADIO SHACK

FOR QUALITY PARTS AT LOW PRICES!

Top quality devices, fully functional and carefully inspected. Guaran-
teed to meet all specifications, both electrically and mechanically. All
are made by well known American manufacturers, and all have to

pass manufacturer's quality control procedures. These are not re-
jects, not fallouts, not seconds. In fact, there are none better on the
market! Count on Radio Shack for the finest quality parts.

TTL
Digital
ICs

First Quality Devices Made by
National Semiconductor and Motorola

Type Cat_No Aeg.
7400 276-1801 S 49 29¢
7402 276-1811 § .49 29¢
7404 276-1802 §'.59 29¢
7406 276-1821 S .69 39¢
7408 276-1822 $ .49 29¢
7410 276-1807 S 49 29¢
7413 276-1815 $1.19 69¢
7420 276-1809 $ 49 29¢
7427 276-1823 $ 69 38¢
7432 276-1824 $ 69 39¢
7441 276-1804 $1.59 89¢
7447 276-1805 $1.99 89¢
7448 276-1816 $1.99 89¢
7451 276-1825 $ 49 29¢
7473 276-1803 § 79 39¢
7474 276-1818 § .79 39¢
7475 276-1806 $1.19 89¢
7476 276-1813 $ 79 49¢
7485 276-1826 $1.59 98¢
7486 276-1827 $ 69 48¢
7490 276-1808 $1.19 69¢
7492 276-1819 $1.19 69¢
74123 276-1817 $1.69 89¢
74145 276-1828 §1.49 119
74150 276-1829 $1.79 1.39
74154 276-1834 $1.79 119
74192 276-1831 $1.69 99¢
74193 276-1820 $1.69 99¢
74194 276-1832 $169 118
_ 74196 276-1833 5169 119
74C and 4000 Series CMOS ICs
74C00 276-2301 $ 69 39¢
74C02 276-2302 $ .69 38¢
74C04 276-2303 $ 69 39¢
74C08 276-2305 $ 69 39¢
74C74 276-2310 $1.29 59¢
74C76 276-2312 $1.59 69¢
74C80 276-2315 $2.29 99¢
74C192 276-2321 §2.49 29
74C193 276-2322 $2.49 1.29
4001 276-2401 $ 69 39¢
4011 276-2411 $ 69 39¢
4013 276-2413 $1.29 89¢
4017 276-2417 $2.49 149
4020 276-2420 $249 1.49
4027 276-2427 $1.29 89¢
4049 276-2449 $ .99 69¢
4050 276-2450 5, 499 69¢
4511 276-2447 $2.69 169
4518 276-2490 $2 49 149

SALE

for Intel 8080A

Direct Plug-In Replacement

8080A Microcomputer Chip

B g
Dot -
A CPU with a 16-bit address bus capable of addressing up to 65k bytes of : ?y{? [{ ??' |

memory and up to 256 1/0 ports. “TRI-State’ data bus gives it DMA and multipro-
cessing capability, and all buses are TTL compatible. Handles up to 244 instruc-
tions of variable length, with 6 general purpose reglsters plus an accumu'ator.
40-pin DIP. 100% Prime. 276-2510

g

0

F {

—3

EDs/OptoeIectromcs

%

A

tem  Cat No E_,_ __SA£
L Red LEO 276-041 2/99< 2/69¢
L Cir LED 276-047 2/69¢
M Red LED  276-026 2/99c 2/6%¢
M Clr LEO 276-040 2199 2/6%¢
S Red LED 276-042  2/9%¢  2/69¢
Infrared Det.  276-140  $1.19
_Intrared Em.  276-141  $1.19
Solar Cell 276-115  $1.49
Photacelt 276-116  § 99
FPT100 276130 S 79

........................... 17.95
Digital Displays 1 =]
275 056 I L [
276-1201
T S
\ ATTCTO T R et
276-053 276-059 276-055 276-060
“Digis_S _ Size Onve ¢ Cat No PReg  SALE ?J-qn-s Size Drive  Cat No  Reg  SALE
1 03  Anod 276.053 299 199 3 0120 Cath 276055  §1.49 9%
10T Cah 276062 299 199 5 010 Cath 276059  $199 149
1 0.3 Anod  276-1210 4/§8.97 4/6.95 9 0.150" Cath 276-060 52 99 1.99
1 03 Cath 276-1211  4/$8.97 4/6.95 4 05 Anod.  276-1201 9.95 7.95
1 05 Anod 276-056 399 299 4 05  Cah. 2761202 ss 95 7.5
i 0F  Cath. 276066  S393 299 — —

Linear ICs

First Quality Devices by
National Semiconductor
and Motorola

__ Type Cal. No.  Reg SALE
301AH 276-017 S 69 29¢
324N 2761711 1.99 1.49
339N 276-1712 $1.99 1.49
386CN 276-1731 $1.99 99¢
555CN 276-1723 §1.49 89¢
556CN 276-1728 $2.99 129
566CN 276-1724 §2.99 1.29
S67CN 276-1721 $299 1,99
723CN 276-1740 S 99 59¢
723H 276-009 $ 99 59¢
741CN 276-007 S 69 35¢
741H 276-010 S 69 35¢
3900N 276-1713 $1.99 59¢
3909N 276-1705 $1.29 99¢
3911N 276-1706 $219 1.99
4250CN 276-1732 $1.99 1.18
4558CN 276-038 S 99 69¢
13741H 276-1733 $2 59 1.49
75491 276-1701 $1.49 69¢
75492 276-1702 $1.49 69¢

® IC Troubleshooting Test Clip. Test up 10 16 plns
with probes or clips. 276-1951

@ Experimenter Socket. 2x47 rows of 5 conneclen
tie points. 276-172 8.9

® Bus Strip. 2x40 connected e points \.|IDS lu
socket above. 276-173

@ 22-Pin Edge-Card Board Connecior. 44
terminals 276-1551 2.
@ Standard Edge-Card Board. 22-pin 1295 mount-

ing holes. 276-152 .99
@ 2-Voliage Source Edge-Card Board. 1368
mounting holes. 276-154 2.99
@) 3-Voltage Source Edge-Card Board. 1368
mounting holes. 276-153 2.99
[®) Solderiess |C Experimenter Xit. For 8. 14 or
16-pin ICs 277-101 2.99
El ExpenmamersPc Board. Mount 21C’s. 8 M or
in 276-151 .49
@ lastic Face P|ales 2x6x W
Brown Tint. 270-2 99¢

Aed Tint. 270- 299 99¢
anograpmc PC Board Processing Kit. Complete
ganve process 8 pieces.
1560. Reg $12.95 Sale 9.95

Selected Diodes

Type Cat. No. Reg. SALE

276-1101 Vs
1N4001 276-1101 2/$.39 2/29¢
1N4003 276-1102 2/8.59 2/39¢ A\
1N4004 276-1103 2/S.69 2/49¢ /}
1N4005 276-1104  2/$.79 2/5%¢

IN4735 276-561  2/8.89 2/69¢ /
1N4739 276-562  2/$.89 2/69¢ 7
1N4742 276-563  2/$.89 2/69¢ #
1N4744 276-564 2/ 89 2/69¢

IN5401 276-1141  2/3.69 2/59¢
IN5402 276-1142  2/3.89 2/69¢
1N5403 276-1143  2/5.99 2/79¢

1N3404 2761144 2/51.18 2/83¢ // 276-1122
IN914/4148

276-1122_ 10/99¢
SCRs and Triacs
Rating  Cat. No. Reg. SALE
50V, 6A 276-1089 $ .99 69%¢
SCR 100V, 6A 276-1090 $1.29 79¢
200V. 6A 276-1067 $1.39 89¢
400V, 6A 276-1020 $1.49 99¢

50V, 6A 276-1003 § .99 69¢
100V, 6A 276-1002 $1.29 79¢
200V, 6A 276-1001 $1.39 89¢

iac 400V, BA 276-1000 $1.49 99¢

Device

Transformers

Heavy-duty filament transformers with
primaries designed 10 operate Irom 120 VAC
at 60 Hz. Long. color-coded leads. All U.S
made

25.2 Volts (Center Terminal), 2 Amps
2%x2'ex2" 273-1512

12 Volts, 5 Amps. 4x2x2";

273-1513 8.95
18 Volts {Center Terminal). 4 Amps. Ideal
for 5V {using CT), or 12V solid-state r:gu
lators 4x2x2%" 273-1514 8.95

“!Fﬂ!l"‘i
h!-"ﬂﬁﬁi‘

ASCIl Encoded Computer Keyboard

Style May Vary from Photo

Reg.
49Pkg

Operates on the scan principle utilizing TTL
logic. With repeat key, negative/positive going
data valid strobe, latch outputs, shift and shift-
lock capability. True/false ASCII outputs, 6 extra
control keys. With all necessary parts, including
TTL components. Does not include test jigs, op-
tional features or case and hardware. See store
sales persons for parts list.

277-117. Complete Pkg.

Sale 49.95

Reference Books

]
e

3.50
. 3.50

Digital ICs. 62-1370
Linear 1Cs. 62-1372 5
Linear Applications. 62-1373 2.75

Semiconductors. 276-4001 . 1.99
Voltage Regulators. 62-13712.25

Low-Profile
DIP Sockets

. Sale 2/59¢
. Sale 2/99¢

8-Pin. 276-1995. Reg. 2 for $.69.
14-Pin. 276-1999. Reg. 2 for $1.19. .

16-Pin. 276-1998. Reg. 2 for $1.19 .. . Sale 2/99¢
28-Pin. 276-1997. Reg. $1.19 Each Sale 99¢
40-Pin. 276-1996. Reg. $1.39 Each Sale 1.19
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POLY PAK S lS THE “BARREL KIT KING" OF THE WORLD!

A , Poly Pak’s
%.. EXCLUSIVE

7 B [K[lg@

money-back guarantee!  Test ‘em yourself ‘n save! Includes 100% material too! i< we. 6 ozs.

WIT 4237 ﬁi """ BARREL KIT 229 ARREL KIT y225 = /9{BARREL KIT #1221 MIXED READOUTS FBARFEL KIT #217 BARREL KIT gzu./ ]
LED D'SPL"HMNEW MULTI-DIGIT @ 150UND TRIGGERS IC SOCKETS 15 for wit 25 for LAMPS| LO.PROFILE TO-S /)54
moLEX piNs JUL08NEED ;‘6";“'?51 o8 '3 for <# 8 for $1.98 1219 E $1.98 50 for $1.98

200 for $1,98 ;.5 [OF s, 6's, $1.98 $1.98 Barrels of untested 177, | Distributor unlonds barrels |oorily coed’ Boman A0V Te

“"Hand cinp’* ae Mfr unlosds! Four 14-pin, [.3", .67, T-sega. Like FND-| of asatd bulbs, pop’l'r volt-
tnl mike amplifier, four 18-pin. Solder tail, |367, 500, 603, MAN-3's.| ages ta 24V..-Screw & bay- 1
SCR. Cst- No. 6EJ82S g lo-profile. No. 6E3821 Wut a buyl No. GE3619 | onet. Wt & oxn No.6E3581 . 12 o2. No. sc:lssx )

B 4

00 for v s BARREL KIT 7201 [J'| BARREL K iuo%" //BARREL KIT #1198

6V INDICATORS TRANSISTORS &
T $1.98 1202 _’J w/leads |
BLIT'PLUGS, SOCKETS 15 for $1.98 |

Dintributor untoads  In- [Tof 1000 nanufacturer

Yo »eoae] B
i For dlupmasn, keybonrds |Gl readouts, aoria with
Wt. 4 oza. 6EISy4 [Untested. No. 6£3628
BARREL KIT #210 A/[BARREL KIT 720
GLOWIN' PANEL MINI BLOCK

o/, r”// CAPACITORS KEYBOARDS

1 50for $1.98 10 for $1.98 L

4" x panels that- glow Unhellc\nhlel Worth 3ou. [It's lrue! 20-key, 4 func-| t

blue-xreen with 110VAC.|High  precision submini [tion keyhourds at ridicu- ’“;"*' "Cl-‘ E'Ca“{‘-, '\;"l‘:- dumps  Inventory! Worth $1 98““;. enlcuiator  |Motorola dumps 1,000,000
caps for all applicatiogs. |lous give-away. Wi 12 ozs |1.7 bin. nlf klnde. We. - | 89¢ ea. Like grain-o-wheas. Thips b,,,,.u. epoxy [T0-220 in barrels. . NPNs

Wt. 3 ozs. C 6E 3528 |Cat. No.  6E 3524 Cat No.  6E Cat. No. 6E}52 6E 3515 & PNPs.Cat: No. 6E3533

BARREL KIT #1194 BARREL KIT-£192 BARREL KIT #1891 HARREL KIT 718 @ BARREL KIT f188 BARREL KIT #184 BARREL KIT f182 ”

10-AMP INLINE NYLON GEARS (= |CARBOFILM 400 Parts‘ KEYBOARD CHIPS Ls-WATT METAL FILM |JUMBO RED LEDS
o for § } |RESISTORS $1.98 ot

CALCULATOR

17

BRIDGE 10 for 150 for 15 for $1.98 /]
RECTIFIERS 1.98 Tncludes winesLo A 100 % materlul, user can-
20 for $1.987 ‘;L:§;:_‘,',";gf‘m',";:"‘;.;? BOOR for B1-O8 e $1.987 $1.98 o

s ] dumps, 3V 10 mils.
ba, lmt:dnn les. 100 % . | <M. MMBT40%. keshourd| ,9p, metnl film reais- [100°s of projects, red lenx,
"'"n'a Y szos a0t encoder chips. No.6E3413 ] 1gra. Long leads. 6E3413 |Cat. No. RE3369

Asetd  voltage. We c8n'ti,cal gear train hobbyists.|watters. Asnt values. Un.
test ‘em, N 6EJ478 |Wi 10 ofa. No. 6E3427 [marked. Cat No. 6E3445

BARREL MIT f181 BARREL KIT 163 BARREL KIT 1161 BARREL KiT £160 BARREL KIT 2159 BARREL KIT /158 BARREL KIT 2154~
MICRO ZENERS MINI TRIM POTS POP’ PLASTIC )V' REGULATORS "°°‘;‘-“" SWITCHES ";‘6";"'“ MAN3 s 02‘-80"‘ CHIPS,
100 for $1.98 |30 for 1o FRANSISTORS 190 for 2| 25 for or or
o 7 mate 25 for gaiai =
L oy, 1008 il $1.98 $1.98 $1.98 %) $1.98 =WV 151,98

2N3004's with some $1.98 T

leads. No shortd, no opens,| Asst, values 100 to 1 meg| 2N3908's of 100% mnate.| N> 6E3330 Cem S I 777g| sex readout, with built-on

[ fwitches.  TV-mak w.| magnifier. Fact - ot elock chip, 5 alen.
DO-7 & micra_epoxy units] What n buy. Singie turn. | rial. T0-92, Preformed. |LM309KC TO-3 V.R.s bare | TRUSIIS, 0 imetere, ooy e e, 1002 e iar, ;pmr»:;g 1\?1.:“1(:.11::'::

We gathered an assoriment

Cat. No. 6E3168 ¥ W, Wt. 6 oz. 6E3348[Cet. No. 6E3343 1 or [reled. Bot by the pound. |, .' ¢cov No. 6E3180 rial. Cat. No. 6E3325 2 ox |nll"mixell. Cat No.. 6E.3308
BARREL KIT 149 BARREL KIT £145 BARREL KIT f144 (]| BARREL KIT'7138 'BARREL XiT 135 BARRKEL KIT 128
ROCKER swn#cuzs MINI RCA PHONO PLUGS (44 PANEL SWITCHES MICRO MINI LAMPS [ MINI DIP ICS EQF:LE'E-L"E';T’;gg
TRANSFORMER 40 for $1.98 30 -for..‘l; Q 20 for } 1001or $1.98 /% 0 for
12 for 15 for 1,000.000 RCA phono pues | P1.98 14 N $1.98 Large nigr dumped 100°s o1 )|
1.98 for this one. You hi-fi-ers|Did you hear of OAK? An. lbs into harrets. Includes $1 98
¢ $1.98 s§" b 1:;‘:“‘:) hm’r- know wut they are os lllhr'r eaqnt rm“k” Karrailea lmc;u:::hnuf:? ;l:; (‘4.'x 7;1; LM-380-8, 703, 667, et cap el g
Aty o e o :
{ No. 6E 23302 o Y e e azba | | 100% materinl. oE 32 iric, Mdea ete " o€ 1268 .':'\’uc, 40 mils. GEI285D voltages. Cat. No. 6E 3227
BARREL KIT f126 BARREL KIT #115 BARREL KIT 7112 BARREL KIT z109 BARREL KIT 104 BARREL KIT %101 BARREL KIT /99
UPRIGHT ELECTROS |MOLEX [ MICRO MINI LEDS TERMINAL STRIPS SLIDE VOLUME RESISTOR SPECIAL Puoro ELECTRIC

100 %
40 for — |sexers oo ¢’°°°°°14 for_.w,— 100 for $1.98 ¥ controLs : 200 for ., =2\ 1o ‘for $1.98 /
8 200 for RN Wide asst. of terminal sirin | 1@ for = $1.98 ‘u“ o $
$1.98 e X All the \iny leds, axial, up-|connectors.. from 1 contct /"J - GE types, €DS tynge;
. right of Monsanto, Litrovix {up.  Strip  manufacturers | $1,98

1mf to 300mf in mixture Includes: Vy, V4,

of voltages. 100 % muarked| Calculator maker dump! We | variety of colors. Yield|barrel dump is your gain. watters, earbon sepa 100
'ngood. 6ED .Kut & zillion of ‘em. 60% or better. 6EI13R|Wt. 1 Ib.Cat.No 6E 3136 | Cat-Ho. 6E3057 100 % gond. GE305a sood, CatNo. GE 3052
BARREL KIT JQJIBARREL KIT i92 BARREL KIT ;88 BARREL KIT £87 BARREL KIT ;86 BARREL XIT r813
HALF WATTERS 3 AMP zpoxv‘” BARREL £01 _ LITRONICS LED - NATIONAL IC BONANZAHOBBY LEDS V 15 for $1.98
200 for $1.98 |RECTIFIERS #Tutesteq | SILVER MICAS READOUTS 100 for 40 for ;\'—‘ Al SdaT, o
Resistor fnetory tried 10| 200 for $1.98 * (100 for $1.98 |10 for $1.98\3# $1.98 $1.98 {niested |VOLT REG
tool us hy mixing 100G |Cosmetic rejects, electri- [ Axial, red eame, variety of | 717~ 2 - v tri-] Types X000, 3 T47's, 727 singles, trl. |Factory cejected “them 1
color-coded resistors in{eally fne business' You |phymical sizes & values. |itles. rte ! 0.6 flon | DTLx, ples. etc. .33 to 0.6. Bot |'en&th of leads, Muy include
barrel, But value is there.|check ‘em, it's not for us. |Cat.No. 6E3018 f actory. all aed:| & cale. chins, hinears from Inctory. nll mixed; {&. 6,8, 12, 15, 18, 24
4 0z. 6E3046 Untested Asst. voltages. 6E3204 have fun!Ne.  6E2861 Cat.No. 6E 2860Untested have fun!6E 285 Power tab _Ca
fFAREL KPT 581 BARREL KIT /76 BARREL KIT 173 BARREL KIT f71 ARREL KIT 168 BARREL KIT #65 BARREL KIT ;61
SUBMINI RESISTORS | 1.WATT ZENERS \ TRANSISTODI CAPACITOR SPECIALBN 2 WATTERS a MIXED READOUTS POLYSTYRENE CAPS
200 fa 100 for $1.98 Y ziccrro: I 1100 ps. 100 for 10 for $1.98 E

Factory same as 400-mw’s, 3 100 % | Pactory !

N o e ala ST or$ $1.98 $1.98 x00d. | numbers an MAN-47. MAN. | Finest caps made: na a gam

P, upright type. color cod. . h
ed. Vo W Aast values.|8. 10, 12, 15V. under[We don't wish to separate [micas,

plastics, | Suppliers throw ‘em in the| 7's. MAN-3"s. 11 burrels & |{bie we bought 10 barrel

Came 10 us in a barrel. gings, Double plug, wide asst voltages & values |ceramles, ete. Nifty fbarrel It's a li'l gold mine. | no time to separate. from factory, mixed values.
Cat.No 6E 2746 100 %good f Cat.No46E 2141 Unteated. up to 300 mf. Cat. 6E2747 100 % good Cat.No GE27IBIAN marked. Cat.No. 6E2735| Cat.Na. 6E 27:3Unlasled 2!l good. €.
| |BARREL XIT sS38 BARREL KIT 56 TBARREL KIT (54 BARREL KIT 40 BARREL KIT 739
SLIDE SWITCHES .Ei’-‘powgas. POWERS! W8 DIGIT READOUTS PNP HIGH-POWER 2N30S5 HOBBY
TRANSISTOR TRANSISTORS
30 for $1.987" (100 for. 10 f By S ror =R
All shapes, sizes. spac. apat. | @4 Q) 0 for

momentaries. e, Tremen. | P > Cat GE 2724 Bar;znn ol lifetime! Ail
doas shop pak for 1007 of | Lnfke disributor cleaned) 2500 5, | A "_ 4l $1.98

switching projects, ouse. Barrels  of powerl hiiidor digit” types. Multi- | Popular germanium TO-3 |Fallouts ol  the
OF THE YEAR! Cat.No 6E 2726100 % good | resistors 3 to 7 watts. plexed.  Gat. No. GE2723 | 8% .6E 2618100 % good | 2N3055.  6E 2617100 %
; ., | BARREL'KIT 731 BARREL KIT 730
der by Cat. No. 6E1981 BARREL K17 537 BARREL KIT 136 BARREL KIT 735
 Tron Noww Soi” 2 For = 1 aMp <BULLETT" M GermANIUM DIODES | NEON LAMPS METALLIC PREFORMED _ gyl
[ $N7400N 30.16 30.17 RECTIFIERS Untested — W TEB— unteared | 30 for 'lliaaffoas $1.98 RESISTORS
. or 5
DiNjaein e C)SN74100N . d 100 for $1.98 200 for $1.98 | $1.98 100% good. | yiade ‘mostly by Corning \:".oq fhor:
5N7403N .16 SN74106N . d Famous_style, asstd. velt. e Famowa NE-2's. Al prime. | the fineat resistor made. | s & wattors 1 "
> H [J SN74107N . d ages, silicon, ‘axial ncludes Cat.No. 6E 2614 Tur Tactory made milions | Mostly Bs wariere 0 | V20 retters Hor pe use
D§:74gsn 18 1 SN74112N . B ail types of voltages to rnmuu; _maker, xl-:nulu and hurrel'ed ‘em, Your ad- | 8% tol & & barrel of | 00 Y8 ioa wallees
O SN7406N .20 O SN74113N . - JKV.Cat.No. 6E 261% PGLub 1w U (G TR b vantage CatNo 6E2613| wulues, Cst No. 6E 2609
HSnTaoan 18 BARREL KIT 727 KIT £26'PLASTIC BARREL KIT 425 ' BAREEL KIT i20
CJSN7410N .16 PREFORMED DISCS TRANSISTORS METAL CAN LONG LEAD DISCS
O SN7411N .25 150 for 100 for TRANSISTORS 100 for
SNT413N .45 100 for $1.98
s";:;;: 3@ Hi-Fy mfr's shelf inventory $1.98 vacostca. Includes TO.5, TO.1, Ta- $1'98A Fhingay
Baa 13 b bt i e o er iy | [ R ot e I T
1s. Preformed, for use, AN T ers. unnmr e - h " N
Havazn 27 Mixed vaines 1oo! 6£2608 |2N ¥'s. Cat.No .6E 2604 | Cat-No I6E 2603 Uniested. | CAt-NoBE2598100 % goot |Cat.Nos6E2597 100 % geod

7430N 16 B

SECIZE BARREL Ky 137 BARREL KITIAZS! BARREL KIT y14 Powin Tag POmMS RECISTERS

0 SN7a38N 26 LINEAR & 74 IPS MOSFET

[0 SN7440N .16 1 for TRANSISTCRS /), PRECISION mESISTORS TRAN;'STORS‘

D SN7aaiN .84 00 200 for 40 for

3 — Q-

Diwii e 8 umes |,,60 for $1.98 |°g3 .98 $1.98 HF | Tl D
SN744€N .7 inclides  UlIE transiators | Marked and unmarked Y . pluatic type; §i2is, (O RAEAnTnRLl el e sy
NTaaTN 79 ternal numbers of raw fac- [ inel J n Yoo | Hvsortd BN numbers. A g LA et

B sn7asan 76 ory stock. Cat.No 6E 2431 Cat.No.6E2479 Va, 2 wat.NoGET®28 | N2Uni3eds imessed. aumhees. . 1o Cat.NoJSE 2424,

D St -1 BARREL KIT 27 BARREL KIT 45 BARREL KIT 74 2

h ’ BARREL KiT £ 3

DiSNTaoan 16 SoRTL Kyt VOLUME A8 [scrs, TRIACS, @ 14000 RECTIFIERS | in4i48/014 5

B Nason | as IF TRANSFORMERS %‘8‘;’;0; "—"%" W' [QuUADRACS 1010 for —@m— |[swiTcHinG ggbgs
£ : f / 38 Untested. | 100 for 8

D sN74728 34 75 for $1.98 kX 40 for 7 . ntested. ) .

- - N Do .\L 3 - ! 7 a !

QoaTam 3% OINraiseh 172 L7 | famaiin, tnctuden “sookcs, (SBOB | 100 sood | §1.98, o rucrory [ it s N1 ah 7 20h, |t W mriees

(] SN7a7SN .49 D SN74190N 1.15 1.1€ ] foxe. ante who knows |NibEles. duala. wariety of | seki All the 10 amp types. | 100, 600. 800 P Cat.No. 62318 Untested

[ sN7476N .31 % ::;::g;: .08 1.0 Jycanns |6£2422 100 % good small ooes. Cat.No.I6E 2621 (C#t-No.16E 2319 Untested. | volters, 6€£2417 il

N7478N 79 1 — =
NTaBIN 6 G sNTaloan 83 52§ |BARREL KIT 42 BARREL KIT 21 Terms: Add postage Rated: net 30 SALEY ] [

DisN7asaN, 198 D N7a1sen 88 oo | [LINEAR OP AMPS. SN7400 DIP IC'S. Phone : Wakefield, Mass. (617) 245-3829 7 Send for FREE

Lrsh7as0N O sn7a1sen 1.a9 150 f|DIPS 75 for 75 for $1.98 Retail: 16-18 Del Carmine St.. Wakefield,

Bg‘«?]:g;: Z; ] SN74199N 1.;9 ;-:g F'\ <« $1.98 Mark dox'; d/- ith 16 P Y I , SUMMER__*‘:ATALOG'

SN73200N 3.95 B ente arke and/or wi

g s:;:g:: :: 8 S§N74251N 1.09 1.10 May lnclud: 709°s, 741, |pin dips. may include gates, 0 L A K S

8 :N7095N 78 [] SN74284N 5.95 5.96 708's, 660 series, 566 in-(registers, flip flops, count. C MAY

B inrasen 72 £ 5N74205N 5.5 596 Jlcludes 652415 ¢rs. 16E2415 Unteni P.0.BOX942E LYNNFIELD, MA. 01940 | ;£ PHONED

©Poly Paks Inc wakefield, Mass,, U.S.A. 1977 MINIMUM ORDER — $6.00
CIRCLE NO. 42 ON FREE INFORMATION CARD
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@ Timeband

s o1 FaREr Came s ang insismen

Dlg[tal Alarm Clocks

- Dole Eullnn

« 100°. Sold Stale
‘ « Laige Hed Led Display
3 '8 ngt
\ « AM PM Inaicatc

« Seconos disoldy 2t toucr
1 duttor 8211
Powe: taiute ndicalon Woodgrain Case
One year tactory warranty $19.95

€500 - Ivory Case
C-5008 - Ebony Case o
$16.95 2

im3‘/z DIGIT DVM KIT

This 0-2 VDC .05 per cent digitat voltmeter features the Motorola 3% mgu
OVM chip set. It has a 4 LED display and operales from a single -
power supply. The unil 1s provided complete with an injection motded hlack
plastic case compiete with Bezel An oplional powe: supply 15 availabte
whichtits into the same case as the 0- 2V DVM allowing 117 VAC operation

A. 0-2V DVM with Case $49.95
B. 5V Power Supply $14.95

A

. e

.

. e

VECTOR WIRING PENCIL

Teatherwengt
100! w! sed | e W) we wire ted olf 3 sefl-cantamned 1e w
bobt nl e v e
Vectorh anechon: ven Ihe wiapped witk ang compa ads pads
term e made fete wih

1ec e

SPECIA} §7.95

.

.

e ———
/" - . CRYSTALS > MICROPROCESSOR COMPONENTS
P;" "* = T;::::ﬁ:s:uuENCIESES?EL‘VSW“ ﬁ'_"k_}_* 8080A CPU $19.95 8228  System Conisoller - Bus Drver $10.95
CYIA 1000 MH2 HC33 U 8212 8 Bit Input/Quiput 495 MC6800L 8 Bit MPU 35.00
Cvaa 2 000 MH2 HCB3 U 55 95 8214 Prority Interrupt Control 15.95 M(C6820L  Periph. Interface Adapter 15.00
Cvas 4000 MMz HE1B Y 54,95 8216 Bi-Dwectional Bus Drives 6.95 MC6810AP1 128 x 8 Statlc RAM 6.00
CY?a 5.000 MHz HC1B'U $4.95 8224  Clock Generator/Driver 10.95 &LOGBSOU 1024 x 8 8it ROM 18.00
CY124 10.000 MHz HC18U §4.05 COP1802 - with user manual 39.95 Z CPU 49.95
CY14A 14 31818 MHz HC18U 5405 T a
CVI9A 18.000 MHz HC1BU §4.95 %0 e - B 500
Cva2h 20 000 MHz HCIBU §4.95 2080 Sola00s o7 s = g 56
Cv308 32 000 MHz HC18 U §4.95 10 3 1
SRS 2107 5280 . 595
XR-2206KB Kit $27.00 Special XR-2206KA Kit $17.00 | 00 022 Ovar $395 2 Bous s 53
€. 32 i1 1 6.
WAVEFORM TIMERS y e 00 8501 56 « 695
ssnmuons EX A R AR 555CP r an 3 " 895
xR.20 XR-320P 55 5 00 899 61 an 3:9
"R m\w us XA-556CP 8 Dual 256 395 o2 024+ I, 225
R-2207CP 385 MISCELLANEOUS AR 2556CP n 20 0 290 E )
XR-2211CP $6.70 R 2240CP 2 Qua B0 BIT 95 9242 256 1 -
STEREQ DECOOERS W41 9 PHASE LOCKED LOOPS 3 1024 State #5.95 (M52t K1 1 DOynathic_ )
XA-1310CP $320  XR.1468 385 v 695
XA 1310EP 320 xR-1488 580 2 660 §aisen Q 395 1A 5995
XR-1800P 320 xR-1989 480 XR-567CP % 03¢
XR 256, 200 aR.2208 520 AR-SGICT 0 UART'S 2523 2
¥ 5101 0K Baug $595 I-a‘-‘-
CONNECTORS RUM'S L 2o ":m ‘"5
o $9% 63011 1038 T Staie Bipaiar )
PRINTED CIRCUIT EDGE-CARD G 1095 6330-1 2% oA Cotacen B0 295
156 Spacing-Tin-Double Read-Qut 756 To-State Bipotar 295
8ifurcated Contacts — Fits .054 10 070 P.C. Cards
15/30 PINS (Solder Eyelet) $1.95 | svamse  swe SPECIAL REQUESTED ITEMS
18/36 PINS (Scider Eyelet) $2.49 | wMc3oew 350 CD4508 6.75 825115 2500 3341 695
MCIDI6P (P4316) 750 CDeS1S 65 5841 995 936 395
22/44 PINS {Soider Eyelet) $2.95 (1458 s 350  €D4se0 270 MKS0240 750 MCIAEBLT 995
MC14562 150 MOMeSTY 1750 1C%0 1995 LOVMGADII 25 00sm
50110014100 Spacing) RINS|{Soldet Eyelel) B8 04059 995  MCMB574 1750 DSO0026CH 375 AY-S910 1750
25 PIN-D SUBMINATURE 01070 95 MCMBSTS VS0 TL308 1650 95H90 1395
DB25P PLUG $3.25 ALLOW 17O 3
DB25S SOCKET $4.95 PARATRONICS WEEKS DELIVERY

Featured on February's Front Cover of Popular Electronics

Logic

nalyzer Kit

Analyzes any type of digitat
Checks data rates in excess
words per second

Trouble shoot TTL. CMOS.
Schottky and MOS families

Displays 16 logic states up to 8 digits wide
See ones and zeros displayed on your

CRT, oclal or hexadecima |

Tests circuits under actual operating

conditions

Easy to assemble -— comes

which includes 80 pages on logic analyzer operation.

DIGITAL AUTO INSTRUMENT
SEVEN DIFFERENT INSTRUMENTS!
MEETS OR EXCEEDS ORIGINAL AUTOMOTIVE SPECS.

Piease specdy which one of the seven modals you want
when ordenng - tnese do ot ail come in one unit
Each model must be bought separalely.

SPEEDOMETER®
TACHOMETER 4
TACHOME 0-99 MPH
4.6 o1 8 Cyciinders 5 OIL PRESSURE
= 0-80 PSI
5 WATER TEMP -
100-250° F §OIL TEMP
FUEL LEVEL LS D0

3 Percentage

Low Foa} indieator BATTERY MONITOR

71 volts From 11-15 VOC

BRIGHT YELLOW ORANGE
3" LED DiSPLAY!
Kit includes case. bracket and all componels — complete
Noihing else 1o buy! 12 Volt NEG GRD.
DIMENSIONS 4% x4 22 KIT: $49.95
* Add $10 00 for required speed transducer ASSEMBLED: $59.95

MODEL
100A
$189.00/Kit

« Some applications are
Troubleshooting microprocessor
address, instruction, and data flow
Examine contents of ROMS

\
system
of 8 million

DTL. RTL.

DIGITAL STOPWATCH

« Bngnt 6 Oign LED Display
o Times 10 59 minutes 59 59 seconds
o Crysial Controlled Time Base
» Three Stopwatches m One
Times Single Event — Spiit & Taylor

o Suzed 5 k215 x 307 (4% ounces)
o Uses 3 Penlite Cells

$39.95

Kit —
Assembled — $49.95

Heavy Duty Carry Case $5.95

s

-

Stop Watch Chip Only (7205)

$19.95

Tracing operation of control logic
Checking counter and shift
register operation

Monitoring 1/0 sequences
Verilying proper system operations

lormat

ELECTRONIC ‘PENDULUM’ CLOCK

o Swing Pendulum

o 7" Hours and Minutes Display
e 12 or 24 Hour Mode

« Time Set Push Buttons
« Alarm Feature
Kit-unfinished

$59.95

REPLACEMENT WIRE — BOBBINS FOR WIRING PENCIL

BUGBOOK

Continuing Education Series

during testing
with step-by-step construction manual
'
!l;‘

(case unassembled)
Assembled -stained
(case assembled)

$69.95

QUARTZ DIGITAL AUTO CLOCK

These joysticks leature four *
potentiometers. that vary re-
sistance proportional 10 the
angle ol the stick. Sturdy metal
construction with plastics
companents only al the mova-
bie joint Perlect tor electronic
games and instrumentation.

Snec-al *5K Pots $4.95
*100K Pots $7.95

- Qr-358

W36-3-A-Pkg 3 250 ft 36 AWG GREEN §7°40 BUGBOOK I & |1 - Basic concepts of TTL Logic — over 90 |
W36-3-8-Pkg 3 256 1t 36 AWG REOD $2.40 experiments $17.00/set OB ELAPSED TIMER!
W36:3-C-Phg 3 250 36 AWG CLEAR §2.40 Elapsed Timer: Hrs; Mins and Secs
W36-3-N-Pkg 2 250 i 36 AWG BLIE $2.40 BUGBOOK lla - Introduces UART — recommended 12 or 24 Hr Capacity
for ATTY enthusiast $5.00/bo0k  § Simple Resel - Start Pushbuftan
AOODERX 1/16 VECTOR BOARD BUGBOOK Il - Explores 8080 chip — introduces el
01 Mote Spacing  P-Patten Prce Mark 80 Microcomputer  $15.00/book [ SoPyce 1 weudes mounin breckel
o o . Lo 555 TIMER APPLICATIONS SOURCEBOOK WITH By Mg e g €180
= ‘,’"‘L°§§::,', :: ‘b; 5 EXPERIMENTS — over 100 design techniques $6.95/b00k R tarery backup 12 vort non-potar operation T
EvOny 64P11 062 50 65 20 1 ? Kit: §29.
CMOS-M-DESIGNERS PRIMER AND HANDBDOK OIMENSIONS 42 &
; P 06, 0 0 256 i .
“ Yoore: 062 %0 00 50: . a complete CMOS struction manual $6.00 120124 NOURMOE Assembled: $39.95
59‘;4 e 2 Ly ¢ : o PETTE TR CASE ONLY (includes nardware. maunting bracket and bezel) $6.50
YPPER CLAD = S —— hoduciory O b o il 9
: | SPECIAL - $42.95 | . JE700 CLOCK
B&  HEAT SINKS ﬂz oo el
« a very I t The uni lea-
ots ) y CONTINENTAL SPECIALTIES L e O T
- Uery n oper Heal Sek wi ach Fish tor 3] B o & W util
i — S oo § 25 PROTO BOARD 6 Other CS Proto Boards PROTO CLIPS e R
680-.75A m $1.60 $15.95 PB100 - 4.5 x 6 $ 19.95 | 14 PN $4.50 or ity MMS314 doox o
' - (67 long X 4 wide) PB101 - 5.8" x 4.5 29.95 | 16 PIN 475 $1 7 95
HEXADECIMAL ENCODER 19-KEY PAD ig‘gg ;.‘ % ;;5 gggg 24 PIM 8.50 115 VAC .
1 103 -9 x I
: P o ASCDEF PB104 - 9.5 x 8 79,05 | DESIGN MATES
= PB203 - 9.75 x 6% x 2%  75.00 [PM1 - Circuit Designer
Oty FRAAA - BT x B 2% 120.00 54.95
- x 6% x :
3Oy e P s s 1 pvz - ncton Generaor | DIGITAL CLOCK KIT — 3% INCH DIGITS
¢ .95 4 DIGIT KIT $49.95 4 DIGIT ASSEMBLED $59.95
Logie Mot e % [OM3 - RC Bridge 6 DIGIT KIT $69.95 6 DIGIT ASSEMBLED $79.95
- — 59.95
81 U : 95 eaCh 50 - This clock features big 3% high digs tor viewing in offices. auditoriums,
ype | (aholesi pugs etc, Each digh s formed by 31 bright 0.2 LEQ's. The clock operates from
63 KEY KEYBOARD 0: QT PROTO STRIPS g;i;gg :3? e ';:; 117 VAC, hgs either 12 or 24 hr. operation. The 6 dight version is 27" x
3 o eys U 4 i BRI - aA7s 470 U 1000 3% x1%" and the 4digitis 18" x 3% x 1% Kits come complete with
b M - o " 738 ] 01478 bussip 225 all components, case and transtormer.
oSt ANDHEANONS. e SRt MR 01 0T-35§ 3‘5‘:7 e 850 Speclty 12 or 24 Hour When Ordering
$19.95 TR o s o ha JEBD
: R 01125 120 ars ——
y - ..Jmf-tw_-:lfm::w 01a7B - M 1% 8 3 PROBE o ~
HDO165 15 LINE TO FOUR BIT PARALLEL KEYBOARD ENCODER $7.95 e - 8s s o 3.00 e Uoie Piots s T o 11 e sy o5 D,
o i e “XONment i Indespensdle n trouble Shooting logic famies
JOYSTICK nmmllmn ‘L‘, E:gz:::::::: ggg g‘g gﬂ TIL DN AT CMOS It derves the cowes 1 o (e IR

neecs 10 operate diectly off 0! the Cucut under

$5.00 Minimum Order — U.S. Funds Only
Calltornia Residents — Add §% Sales Tax

Spec Sheets - 25¢ — Send 35¢ Stamp for 1977A Catalag
Dealer Discounl Available — Request Pricing

fest Grawing a scant 10 mA ma. 1t uses 2 MAN3

readout 10 ndicate any of the followng states By
these symbots (H} - 1 1LOWI- 01PULSEL P Tne

Prope can detect righ frequency pulses 10 35 MHZ

e ———
ames
ELECTRONICS

1021-A HOWARD AVE.. SAN CARLOS. CA. 94070
PHONE ORDERS WELCOME — (415) 592-8097
Ali"Advertised Prices Good Thru June

$9.95 Per Kit
I cant be ysed at MOS tevels o caCul damage

il resut printed circuit board

T2L 5V 1A Supply
This 1s a standard TTL power supply using the well known
LM309K reguiator iC 10 provsde a saka | AMP of cutrentat §

vois We Ity fo make things easy lor you by providing
everyIhing you need » 0ne package incluging the hardware

= $9.95 Per Kit

AmericanRadioHistorv.Com

POPULAR ELECTRONICS
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d r
7400N TTLm Timeband s, swoms WIRE WRAP CENTER ‘
(& Watches — HOBBY-WRAP TOOL-BW-630
o [ o @ o Bartery Operated (Size C)
S N TIN5AN 100 .
2:732;: ;? ::'“‘g: xg 2: SASSN 2l : Men's & Ladies = o ‘Weighs ONLY 11 Ounces
o el R e « Solid State u o Weaps 30 AWG Wire onte
oo 2 Wi i SSN ,j‘zé'\‘ 2 | Standard DIP Sockets (.025 inch)
2';.182',1 . :: ::: iﬁ s: ra‘usw 9 = o Disolays hour. minute. TCI41 White wstrap  $28 95 Compiele with buill-i bit and sleeve
Su;’:om 2 SN7476K 32 SNI416IN 3 1201 Black Braceler  $19.95 second. month & day § TC410 Yetow watrap  $34 95 | $34 95
SN7408N 2 SNTATON 500 o L0 o s s oatte L | . .
SNTI0IN b3 SN7180N 50 K74165N il - « Snzp-out battery — T el el
= N 1 SNT4BIN B SN74166N » e | _ R
I O - replacement l WIHE-WRAPT F:(ILT : m‘ AzP w
2:’:‘.5: 1: SNT486K 3 SNZSITIN B 9s o Frea set of replacement WRAP .Avsv(;w| .
SN 10 B S S L L batteries e o Tool for 30 e
e > i J: :7“:1;: 'Sz N « Roll of 50 Ft White 01 Blue 30 AWG W"e
g N7 90N 3 SNT4 s
S n Swem o B w { « Choose LED or LCD o 500cs each 1 2 3 & 1 lengihs
R T Ty = styles prestipped wire
foes ?
2:;%: e SNTAQN SNTOIBIN 239 T237 White w bracelet 529 95 « One year factory 1301 Wheldsionl | SIS $11.95
SNT425N 2 SNT:95K 79 SN7:182N 32 1236 Yetiow w bracelet §34.95 o 1310 Yeliow w stiap 539 95
SNT496N 8 SNZHBIN 1 60 wasr ——— —
By 7 wan ax o gm on B : d =~ WIRE WRAP TODL WSU-30 |
SNTA20N » SNZ4I00N 100 N7418 . TR UNWEAP 50
O e GlE— at— .. .- |- B g
SNTIIN 3 ; 5 " 5 ( & -
NTAIN » snsan 3 SNZ419N 119 :(” ' 3 WIRE WRAP WIRE .
H I I L R o2 ' DISCRETE LEDS . 251 mn. 125 SON$1.95 100N S295 000K SIS0
A & g sy N e - - Red - Green - Blue - Blacl
g“"’""" o Sijatanis 1% 200 dia 185t 200 dla 085 @ SPECFY COLOR — White - Yellow - Red - Gree
SN7LN 89 21 g gn;;ls-\r: lsz q 0 \C52 €556 ¥ 0 (cs 8)
SN LN 50 i 11368 N C2 o - ACo56  ree PER TOOL |
g TGN 115 SN7H196N 125 A2 . 556 Yeiow @ CUTTER CRIM
R §=m:zw 300 SNIgN TS x s 2 ": :w,, b 5 L:" Noseilien gt
SNiS35N : SN7:4143K o AT I s B 181 W 60.00 — SPECIAL * . sé.es'soi Action Cu"l:\g
SN7:I6N 1] SNTA13AN i ° — 5 . i
SNILTN 69 SNTAMSN 115 SNZS200N e SPECIAL - — XC556 Red 100/58 00 1000/8 = n: « 6 Boit Cutters (4-40. 5-40, 6-32. 8-32
SN743BN 9 SNTSHIIN 235 SN7L279K S W 10-24
P im o smw DI PLAYALERS « G St 7m Ao 2220
5 SN74151N 9 SNZ3265N 600 wPE POLARITY WY TYPE POLARITY L 12-X0 elect )
SNTII53N 89 SNTS3ETN 75 " W 2 aa o Up-Front” Wire Cutting
MANY OTHERS AVAILABLE ON REQUEST wan anog + Sessors Action Stupping (No 22-2010 No 10)
20°% Discount for 100 Combined 7400°s 5 & + Crmp Stations — nsuiated (2w-20 6
M.
-0 $ . 1210 elect.)
02000 s an : w .
¢ CMOS o { May " 0 Actual Size - 8'x lenglh $8 50
0 co y &
n p 0K 65 Ay
0 1
€0:0 1 Man N
1] - an ! Permacel Electrical Tape
3 # " ° o L (wOEIXE6M (long) = Allweather o Notimport
2 NN .
i-Dini i ckage
: 0ARDS | "P 5082-7300 Mulli-Digit Series $1.25 per roll — 59,95 per 10 roll packag
‘ : prER Gt 6 o % Hi o Common Cathode  Oip Package 7ENERS — DIODES — RECTIFIERS
D L0 5 §6.95 k3. | o 3105 volts @5 mils per segment TYPE  VOLTS W PRICE TYPE  VOLTS W PRICE
D Mo 1 R o 7 segment Monolithic « Red Display N6 33 100mm 2300 INIG0S 600 PNV T AMP 10100
: 2 - % IR I
5 " i 007 )
& OELUXE BOARD & $9.95 ea. x&g 3 Digit 'gg & s e 200 0
5 e ONLr SN0 €A " e 4 Oigit NISe 100m L0 Ni1ae 10m ]
1 R Y “ 5 Digil 1.19 el pc & I e :
vl X
€ —— — 9656 m 4100 ; =
0103 ¢ = IC SOLDERTAIL — LOW PROFILE (TIN) SOCKETS : : ] ‘: ; 2: i
M : ! 5 B OINTH 68w ]
:mcm 3 u . 't{-._x 6 w: o ﬁ B - 3
MIOICN 35 £ " 75 om 00 N2 w :
LM302H D 5 2 [ [N m N ;: . g
LM304H ’ T On 0 INDIB3 3D AMF o
iosH % 3 Ve o SOLOERTAIL STANDARD (TIN) . b LS INTIBE 100 PY 35 AP b
LNIOTCN gg 33 69 m i oy 1 awp NTTBS 150 PA i m” d
LM30BCN 100 ;: :z :: 5 A .‘mm- 00PN VAMP 12100 INYTISS 00 Py 35 3P 300
LM3094 10 N 9
NESOTK 60D LM309 125
e I Nooe oo Lwassew e SOLOERTAIL STANDARD (GOLD) SCR AND FW BRIOGE RECTIFIERS
LM3TIH 9 NESIIH 300 M58 %0 = 036 153 @ 100V 4
L3N % NESIGT 600 CLLErEr] 1 4 N Lcen c38M 354 @ 200v
GIIBCN s AR 60 s 15 N3 1 68 @ 200V o 50
LM319N 130 NESS0N 79 50368. < 41 Ve T Fw BRIDGE REC 195
IM320h 5 135 NEsss SO 758 0 WIRE WRAF SOCKETS (GOLO) L a o R
LM320n52 135  NES6OB s nsich 39 i 4 el
\ 135 NE61B 5 7 ,
Dios 1% Wm0 75453CK » e - 1 po 9 e TRANSISTORS %
LMIZOT.S 175 NESGSk 125 CHSACN 29 2 LT O s
wiwil ol oMb x dm o ATURE TOGGLE SWITCH : A :
LM320T8 173 L . . < 3 :
B2 075 NS 1% TweOH Plastic Push Button Switch |  MIN e B
LRZ0T; 1S RRLTS RCeay b oo - 18 AWG Solld Wire - 5 Long I s :
L R I ‘ + 50 (wide} X .60 (high) % -27 Tead /  UMT-221 DFDT onofion 5195 : :
Bomcs 9% tMroow 25 cAons 2 [ -BAMP@ 14 Voll - 1AMP @ 10 voll % IMT-223 OPOT on‘none on $1.75 :
e B o i Mo s b e iz soor onanon | St 5
e : 5 1188 59 49 IMT-123 SPDT  oninone‘on St ¢ e
- M723H 85 CA3059 325 188-2  Normatty Open - »:
‘:g‘lﬂo:: :32 s o gﬁg:g J:g -' 1883 Nowmaly Closes 59 49 vam a0 -
LM33ON8 195 LMT3N e o :
; MT39N 0 cAst 200 0IP SWIT ) §
t:ig::g 19 wonoe 3 ouow 73 CLIPLITE  8/81.49 < SPST Shde Action N2 108100
M340n.18 LM721EN 35 CA3083 160 LED MOUNTING SYSTEM " $175 ea
tw""”" g o 2 Ea0s i 5 th XC556 LEDS 06 v $1.95 ea CAPACITOR 50 VOLT CERAMIC CORNER
M3OTS 178 LM7aTH 13009 ; ;5 e $2.25 ea DISC CAPACITORS
ERD R D EE O - 1o o T 19 108 3000
L30T 178 v o0 7 05
d 5 LM748N 39 €a3123 5 A ST & 0 00.F o - 035
woond 15wk % % 1% [ 50 PCS. RESISTOR ASSORTMENTS 81 75 PER AS SRR
LM340T-18 175 LMI30aN 9 cx:uo ke HA LER I " lware s res 100 5 b ¥ 0 022 % 05 o
e pm Ol U B ASST. 1 se U BTV BT MiA 5% OH v oln Bom O
M350N 00 (M0 ‘ oS
tMleCN < Sl R A - ASST. 2 Sea J\::v \:m ‘3 w 174 WATT 5%, 50 PCS e 100 VOLT MYLAR HLM cAPAcnons -
o i . . . 10 022
= 74[.500 T TL = MM 560 NGB0 Ownt Y s T oG o 2 w0 o o-v‘m 2 17 :;79
a $ ASST. 3 Ses ) ~ g 004~ “, o7 m &2 )
o 0t 7 22mt
ASST. 4 ses 2 iy E 14 WATT 58, §0 PCS i -zgw. mPPJto TANTALUMS 4s;1§um t:,umlt:nm;ss N
: ) g 3
A 8 . 5! 28 2] 17 2225 3 ;77 22;
nLsIn .39 5 T3 WATT §% 50 PC: 2245 2 2 3 : 25V 3
59 ASST.S = ' HEY B B O deEn & o ;g
Y i a ASST.6  ses FYSETUN 114 WATT 50, 50PCS A S S LE U TR
RER : 3 " gar 0.3V " 3 25V 63 50 0
9 o P ' oy S WATT e, 50PCS ! mnz.nuus‘numnum ELECTROLYTIC CAPACITORS
AT S . $10.95 ea. Anal Lead Radiat Lead
205108 ASST. 8R Includes Res»stnrAssor1men151 -7(350PCS.) LLTR L om "N
$5.00 Minimum Order — U.S. Funds Only Spec Sheets - 25¢ ; srnd 35“: sl‘,i??’r‘l’":l;? alog o o b o a6 ’,GV :: "i 10
California Residents — Add 6% Sales Tax Dealer Discount Available — fAeq 13 36 " 7 10 25v ‘ g
- 02% 15 13 10 105 16 1
5 TERAROS . EEE R
¢ 225 15 4
MMS309 6 D@t BCD Outputs R I3 2 v 6
MMS31T 6 D1 BCD Outocts 'h‘.' 49 M 0160 i v
MMS312 D Outputs 1 PPS : & 10 25V : ‘). 0
L T RN LR
MATE 06 309t AR'm S Ovpul 9 Bl 4 ‘
MM5319 v-c»g Cocn O For Use Wit :‘M:&-‘ $9.95 4 !_' E L E C o N lc S % & 2); :g :g: 9% :g
€100t 6 D1 Caends  Alarm 23 Mo =4 ) 2 !
QRTAHANDBOOKS = " " gV 1021-A HOWARD AVE.. SAN CARLOS. CA. 94070 FEV 7 w5 o A
7400 - + Destrmilon of R PHONE ORDERS WELCOME — (415) 592-8097 e S T S S O3 SR I <
2 2.95 All Advertised Prices Good Thru June 00
ALL THREE HANDBOOKS $6.95
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BUILD YOURONNSPRAKERS _  Hin M sus mmolis iumson e NEW COLOOM,Z PORTASLE COUNTER

. . E . ® C-¥s w t L
plans with an Engineering Service. Speakerphones. An- « Smpl1-Tdeal or fiedd use {
N . i @ Portable battary opurated
Send 161 our ree, lact packed 80 page cataiogmanual ang swering Machines, Carphones, Phonevislon, Dialers. Color « @ith §ited batieries \ cnerper

teain how 10 assembie your own myltrelement sierec

TV Converters, VTR, Games, $25 TV Camera, Electron Verify communicetlons rrequencys L. Al

N ® internal crystal T.P, .. {14 " "y LA
::ealcn fom scralch ot rm wi's Dur catalog eciudes Microscope, Special Effects Generator, Time Base Correc- * inpuia averjond provection ONLY ¥ 3 -
aplefs oo design, consiruction, tovers. encloswies e ; °y © 1 ¥z rasolution nn tow renge 5299 N\
midianges, woolers, tweelers and horns Winte us foday tor, Chroma Key. Engineering Courses in Teiephone. Inte- . l’n-s. :n:u!—:on)ltlvni 0 mv n ,,,M
e i i . o 50 onm_tnput-ser - e .
R grated Circuits, Detective Electronics. PLUS MUCH B ter i AL
Jept th . . 00 HEQT= ge A Y - - .
R e D) MORE. NEW Super Hobby Catalog PLUS year's subscrip- 0 CoOLID SR Koty TR S0 88 Cinad LBl
tion to Electronic News Letler, $1.00. Don Britton Enter- @3 (R0, BOU 1356 00K PoATH Fia. 12901

prises, 6200 Wilshire Blvd., Los Angeles, Calif. 90048. POWERFU[ _AD-JUSTABLE REGULATED. THREE OUT-

AUD_IO EXPERIMENTERS, .Senous Music SY_"' SURPLUS COMPONENTS, Communication and test equip-  PUT POWER SUPPLY and 900 easlly removable parts in
thesizer Stuff: literature, kits, components, cir-  ment. lllustrated catalog 25 cents. E. French, P.O. Box 249.  complete CARTRIVISION television recorder electronic

. Aurora, lllinois 60505. assembly wilh documentation Perfect for
cuits and more. Send SASE for FREE INFO. CFR e T MICROPROCESSOR. IC, transistor. television, CB radio
Associates, POB F, Newton, NH 03858. H VK applications. $21.45. Free brochure. MADISON ELEC-

- —— N ROPHON TRONICS. INCORPORATED, 369, D55, Madison, Alabama
TELEPHONES UNLIMITED, Equipment, Supplies, World's smallest Solid state, . 35758. SATISFACTION GUARANTEED.

=~ ed. Picks up and transmits most sounds u n TN P -
,]‘wilhout wires up to 300 Tt. through #M Ra- Il CB RADIOS—Police Scanners, Wholesale only!! Send let-

All types, Regular, Keyed, Modular. Catalog 50
cents. Box 1147E, San Diego, California 92112.

FREE CATALOG. Solar Cells. Ni Cads, Kits. Calculators,

dio. Use as mike, ampt., alarm & alert sys., g terhead for lowes! prices anywhere. Four Wheeler, 10PE,
hot line. baby sitter, etc. Money back guar. ] New Scotland. Albany. N.Y. 12208.

B/A, M/C ¢ds, COD ok. $18.95 plus $1.C0 - ——

- z i i CARBON FILM RESIST! o

Digital Watch Modules. Ultrasonics, Slrobes, LEDS, Trans- - polst. & hdlg ‘Cam‘.\re_s. cacitax: zAa.l orders FREE sam It! / 8| esclsﬂcO?S 1/4(V)V‘.h1/2W o ce{ﬂsggi:.

Istors, IC's, Unique Components. Chaney's, Box 27038 SIZE . only. Qty. Disc. Avail. AMC SALES, INC. P P! ations. er components. -
3 o o Y 'S, . 24 x v x v Dept. 23, Box 928 - Downey, Calif. 90241 PONENTS CENTER, Box 134P, New York, N.Y. 10038

Denver. Colorado 80227. - S D e O B e e e o o : : AL C.

P.0. Box 4430C Santa Clara, CA 95054 | "EATHER MAP RECORDERS (FACSIMILE) re-

(408) 988-1640 moved from commercial service. Copy latest Na-
tional and Local Weather information also Satel-
lite Photographs. Learn how! Send $1.00. Com-
plete details. Atlantic Sales, 3730 Nautilus Ave-

e

Same day shipment. First line parts only. Factory
tested. Guaranteed money back. Quality IC's and
other components at factory prices.

INTEGRATED CIRCUITS

7808 0 cosrs 4 s ol nue, Brooklyn, N.Y. 11224. Tel: 212) 372-0349.
400TTL 741500 TTL LM323K-5 6 ;:tﬂ,ss '92 23:‘;" '1 ELECTRON|CS L —! - 7( —

N Fo IR B 107 R oo 4 BUILD YOUR own cushion couch send $3.95 to: Custom
< 4 M4 LML TED  7sasicy 33 CpNe ' Craft, 3819 Burke Ave. N, Seattle, WA 98103 for complete
404N LSRN 4 IMINTS B0 kN 3 CDsw 5 CAYSTALS
ADGH A2 kst B N 37 co4ss €35 28 8 THI 450 85536 M 4.50 plans and assembly Instructlons.

S o E La0TIs 180 T 37 Cosn0 200 210 2 MM 450 1843 MM 450

4108 POTE LR 0ot 220 Mhisese ! D ] Ik A 20000 Wik, 360 FREQUENCY ALLOCATION CHART 2Khz-200Ghz. Send
a1 3 LM3:0K H.E0  75434CN 89 (04518 2 MM3262 NB25) kY WM 425 24576 MM 750 i

41K usea 4 LMK 16D 7ges 150 (D510 245 MMS32 s b Les  fammr 330 b Mk 750 $2.00. Collins Chart Co., Box 1067. Coronado. CA 92118
s SN ) LMIAK1Z 180 A ocOMVERTER  CDIS20 290 MM H NE2S129 a5 M 390 30688 MM 450

M5 A oER g NG BEOE R B B 4F peoasimm iz

AN 20 TAUSIBN Hr i ol S T T M 2.0 iz RE

o ALSTAN el t:’s:g;s 170 81506 139 CDa3s 575 iocks SPECIAL PRODUCTS 35795 MHz 150 18432 Mz 450

435N ALSTON 5 (Mor.12 170 LDIO 1375 |CDIsEE 225 Mms309 3 LM1812N Uttrasonic RA1B4MH: 450 2
7420H ALSO0N 100 M35 g MO0 VioF 740 (DAY S M3yt 3. Transcover 7 50 OISPLAY LEDS 4 HOUR
204N 8 74ISN 110 (M34OT18 10 CMOS Gl 3 stz ‘ LMISOON LED sy At @ me

149N 85  74L595M 188 M340T-24 1.0 M331 .4 Iscllator

46N 1O MLSIOTH s 425 Coaeer o MME314 3 Switchos MANGS40 Dual  CC 500 3 DELIVERY

2474 $0 MISTN 2 M@ 24 76610 heh: 50 U pisthonan 130 a2 @ap0

78 74CS1 X i

N 37 sty i DS % o R s S e : g 113 oL & Thousands of speclals In stock, Regulars too.
47N N i 5369 Encod i :
U S B S S 0 Bt PR o7 & %02 FREE CATALOG. Phone orders: (612) 633-
247N 4LSISSH 1 Mss1 1050 3 Dight Universal ¢ ¢ o

B 125 TS 1io (hare H- iR e 3 5 Coanter s;l;u (I $hose G 1318, 8:00 A.M.-10:00 AM. CST.

4BIN ALS162H MNSITSAN 3 ates 518 Von

48N Ao L0s w160 Chats B 118 wmsrsaen 4 gt 125E Hosio é %01 FBCO -2928-14th St. N.W.

489N 2 ALSITAN 1 L3z 1 14 1 16. display 10
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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

Not a Cheap Clock Kit $17.45
Includes everything except case. 2-PC
boards. 6-.50" LED Displays. 5314 clock
chip, transformer, all components and
full Instructions. Same clock kit with .80
displays.

Frequency Counter Kit
Coverfénﬁdio, uitrasonic and low amateur
band 10 Hzto 2.5 MHz typ. Dual channel B from AC line frequency to crystal time
high sensitivity =25 millvolts. Crystal base.%utstandin qac::uryar.y. KA includss,
controlled clock. Can be prescaled for PC board MM5%59 crystal, resistors
higher frequency. 6-.50" digits. Full in- W capacitors and timmer. ’

structions. Less power supply.  $40.00
VOLUME SPECIALS | 100
90 50

MM5262 2K AAM

MM536% Diviger 2.10 140
23020 500 NS 1K RAM 180 130
PD411-3 150 NS 4K RAM 8.00 375
Momentary Pushbutton Switch 50 29

60 Hz Crystal Time Base
Kit $4.75 Converts digital clocks

Digital Temperature Meter Kit
Indoor and outdoor. Automatically
switches back and forth. Beautiful. 50"
LED readouts. Nothing like it available.
Needs no additional parts for compiete.
full operation. Will measure —100° to

30 MHz Frequency Counter Kit
Crystal time base. Covers audio, amateur
and CB band. 6.5" digits, prescalable with
PC board and full instructions. $55.00

+200°F, air or liquid. Very accurate. Fully wired and tested. $75.00 N g - of PopuLar ELECTRONICS each month.
: # 5 ; Portable Clock Timer Kit $19.95 i i
Complete instructions. $39.95 [ Add $10.00 for beautiful plexiglass case. [l ',0MA21€ LIOEK TImer B Ul Other examples of combinations of

from 9V batiery. Complete with case and instructions.
Excellenl for arplane, darkroom. car. elc

Stopwatch/Timer Kit $55.00
4 Digit, 7 function programmable stop-
watch/timer. Twa PC boards, components
and case. Crystal controlled, this kit is
excellent for rally and events as well as
navigational. photegraphy and for appli-
ance control.

Auto Clock Kit $15.95
OC clock with 4-.50" displays. Uses Na-
tional MA 1012 module with alarm option.
Crystal time base PC boards and full in-
structions. Add $3.95 for a beautiful
dark gray case ready to install. This is
the best value avallable anywhere!

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.

8080A Microcomputer Kit
8080A CPU, Crystal Clock, |/0 Buffers,
RAM and PROM. D/A—A/D converter.
PROM Programmer. Memary expandabie.
Complete documentation Incl. assembly
instruct., programming etc.  $195.00

1977 IC Update Master
Manual Brand new. Complete inte-
grated circuit data selector from all manu-
facturers. 1264 page master ref. guide to
the latest |C's including micraprocessors
and consumer circuits. 17,000 cross
references for easier sourcing of hard to
get parts. $30.00 with free update service
thru 1977. Domestic postage add $2.00.
Foreign $6.00.

TERMS: $5.00 min. order U.S. Fands. Calif residents add 6% tax.

FREE: Send for your copy of our 1977
BankAmerlcard and Master Charge accepted.
Shipping charges will be added. QUEST CATALOG. Include 13¢ stamp.

Stopwatch Kit $26.95
Full six digit battery operated. 2-5 volts.
3.2768 MHz crystal accuracy. Times to
59 minutes, 59 seconds, 99 1/100 hrs.
Times standard, slit and taylor. 7205 chip,
all components minus case. Full instruct.

COSMAC ‘ELF’
RCA CMOS Microcomputer-
CDP1802 CO $29.50 Users Manual $7.50

Complete kit of parts to build the “ELF"
including COP1802 and users manual as
listed in” August ‘76 Pop. Elect. minus
paower supply and board. $92.00
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S.D. SALES COQO. rosox2ss10-Q

CALLAS, TEXAS 75228

KIT

Alarm Option

$16.95

AC XFMR —

JUMBO LED CAR CLOCK

A. Bowmar Jumbo —.5 inch LED array. C\—OC\(‘(
B. MOSTEK — 50250 — Super Clock Chip. SF\ED NNO
i . pIVSY g CA
C. On board precision crystal time base. 00{) S ON\ER G
D. 12 or 24 Hr. Real Time Format. 50, G\)ST P\ON :
—$150 E. Perfect for cars, boats, vans, etc.
$1.50 F. P.C. Board and all parts (less case) included.

THE HOTTEST SELLING KIT WE EVER PRODUCED!

You requested it! Our first D.C. operated clock kit. Professionally
engineered from scratch. Not a makeshift kluge as sold by others.
Features:

AMD — 8080A
Z-80 CPU
825129 1K PROM

THIS MONTH'S SPECIALS

$14.95
49.95
2.50

S.D. SALES EXCLUSIVE!

60 HZ CRYSTAL TIME BASE

1702A 2K EPROM
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 STATIC RAM Time is of the essence!
new computer gear that contained And so is power. Not only are our
a quantity of 1702 A's in sockets. We RAM’s taster than a speeding bullet
carefully removed the parts, verified but they are now very low power,
their quality, and are offering them We are pleased to offer prime new
on one heck of a deal. First come, 21L02—1 low power and super fast
first served. Satisfaction guaranteed! RAM's. Allows you to STRETCH

U.V. Eraseable. NEW PRICE! $2.95 ea.

(2.3 US access time)

S

your power supply farther and at the

UP YOUR COMPUTER!
21L02-1 1K LOW POWER 500 NS

ame time keep the wait tight off.

$5.95 ea. 2’$«\0_00 8 for $12.95
KIT FEATURES: o S.D. SALES EXCLUSIVE
A. 60HZ output with accuracy comparable to a digi- $12.95 mos 6 DIGIT UP—DOWN COUNTER $12.95
tal watch. ;0 :’IN D{)P, E\{eixgging you e\éez wanteclj in a counter chip.
. A . P eatures: Direc segment drive, single power suppl 12
B. Directly interfaces with all MOS CI.OCk chips. VDC TYPE.), six decades up/down, pgre-lgadable gguyn{er,
C. Super low power consumption (1.5 MA typ.) separate pre-loadable compare register with compare out-
D. Uses latest MOS 17 stage divider IC. tc:ut. gﬁgsand sevt;:_nblseglmeé\_t outc:uts,I Int?rnal ::anz oscilla-
E. Eliminates forever the problem of AC line glitches. tor, compatible, leading zero blanking. 1IMHZ. count
f 1
F. Perfect for cars, boats, campers, or even for port- input frequency. Very limited quantity! WITH DATA SHEET
able clocks at ham field days. 7400—19c  7411—29c 7451—%9c 7490—65C  74153-75¢C
G. Small size; can be wused in existing enclosures. ;gl.sgo—agc ;413:50c ;:’;‘g:;gc ;:lgsgg—s—QSc ;:{2;2?050
Kit includes Crystal, Driver I1C, PC board, plus all necessary 748"50;3&9‘: 7:;8_?82 7474_352 749%—692 74161—952
parts and specs. At last count — over 20,000 sold! 740a—19c  7430—19c 74LS743-59c 7495—75¢ 74164-1.10
74L04—29c 7432—34c 7475—69c 7496—89c¢ 74165-1.10
74504—44c 7437—39c 7476—35¢ 74121-38¢ 74174—95¢
1000 MFD Slide Switch Y 74L504-49c 7438—39c 7480--49c 74123-65c¢ 74181-2.50
Eil c Assortment £ 7406—29c¢ 7440—19c 7483—95c¢ 74132-1.70 74191-1.25
ilter Caps i 7408—19c  7447—85c 7485—95c 745138-1.95 74192-1.25
Sgtr?gh?s W\s/teg I(:ourI gest seller, 4‘}}_07119:: 7448—85c 74??—45c 74141-75¢  74193-1.00
ncludes mini- N RAT | —
m“ht PC Ieac'is. ature and stan- RESISTOR G EDICIRCONIS 74195—69¢
os poputar dard sizes; sin- ASSORTMENT Di
value for hobby- gle and multi- | %W 5% & 10% Assgftr?\aee\t
ists. Compare at position  units. | PC leads. A good P.C. LEAD PC  leads. At
;‘r‘(’)n§° sf}"aln?:h?ae' Al new, f1i_r5t mix of values. HEAVY DUTY least 10 different
Is name brand, Try i lues. Incl
type electronic one package and 200/$2. 1N4110408/512N09014 25FZI'I\AVAIave Bg'od ?V tloaoul’s 'o{"c u.dgf
parts stores. 5.D. you'll reorder 1N4002-1A. $1.25 plus other stan-
Special a/31. more!  Special | | 100 PIV 40/31. ’ dard values.
12/$1.00 60/$1.00

$9-95 KIT

P.C. Board — 3.00
AC XFMR — 1.50
Do not confuse with Non-Alarm
kits sold by our competition!
Eliminate the hassle —
avoid the 5314!

SIX DIGIT ALARM CLOCK KIT

We made a fantastic kit even better. Redesi
latest advances in |.C. clock technology.

displays, Mostek 50250 super clock chip, single |.C. segment driver, SCR
digit drivers. Greatly simplified construction. Mare reliable and easier to
build. Kit includes all necessary parts (except case). P.C.B. or XFMR
NEW! WITH JUMBO LED READOUTS!

optional.

%ned to take advantage of the
eatures: Litronix Dual %"

Motorola SCR
2N4443. 8 AMP 400 PIV,
P.C. Leads 3/81.

FAIRCHILD - TBA 641
4W. Audio power Amp. Just
out! In special heat sink
DIP. One super audio IC.

$1.50 with data

FND-359 -Led Readout
.4 IN. Common Cathode.
High effeciency. Has FND-
70 PIN OUT. 79¢

$15.95

COMPUTER POWER SUPPLY
A very fortunate purchase. One of the best industrial quality REG-
ULATED supplies we have seen. High performance, small size.
Input is 120 VAC 60 HZ. Has the following regulated outputs:
—5VDC@800MA; -15VDC @ 1.25 AMP; —25VDC @ 180 MA.
Sold at a fraction of original cost. Do yourself a favor and order
NOW. We expect a quick sellout.

AMD — 1702A
Factory Prime Units. Brand New.

1.5 micro-seconds access time.
$4.95 each. HUGE FACTORY DIRECT PURCHASE!

OUR CATALOG
is chocked full of rare parts
bargains, deals, RAM or CPU
kits, plus much more. Yours
FREE!

PRICES SHOWN SUBJECT
TO CHANGE WITHOUT
NOTICE.

Call

your Bankamericard or

Special Thanks to:
Dennis, Fred, Abe, Bill, Sam,

Terms: Money back guarantee.
No COD. Texas residents add
5% sales tax. Add 5% of order
for postage & handling. Or-

ders under $10. add 75c.
Foreign orders: US funds
only!

Master Charge order in on our
continental  United States
toll free Watts:

1-800-527-3460

Texas Residents Call Collect:

214/271-0022

Hal, Tom, Alex, John, Ely,
and Larry
S.D. SALES CO.
P.0.BOX 28810
Dallas, Texas 75228

ORDERS OVER $15.00 — CHOOSE $1.00 FREE MERCHANDISE
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BUILD YOUR OWN TV CAMERA/
= Ildeal for home & husiness ———
EGONWIcAIiuANSWEN TO HOME MON-

RSERIES, ENTRANCES,

INDUSTRIAL
UR TV PLUS

PHONE o WRITE for catalog. Dial 402-387-3771
1301 sroapwar ATV Research paxora city, NE. 6873

MICROCOMPUTER HARDCOPY conversion for your type-
writer. Only $299. Free Brochure. Stout Microcomputer.
Box 1573, Fremont, CA 94538.

CRYSTALS — American manufacturer has the
following crystals available: Special Cut CB
High Freq. CB, PLL, Standard CB, Ham-2MHZ
up, Two Meter and Monitor. Many units available
from stock. We welcome small dealers. Write or
phone Custom Crystals, Inc. 7616 Burlington,
Omaha, NE 68127. (402) 592-5320. Send 50
cents for catalog.

RADAR DETECTOR KIT. Build a long range radar detector
with over one mile range. Kit comes with complete docu-
mentatlon and drilled, etched and plated PC board Only
$4.95. Thousands sold nationally. Satisfaction guaranteed.
Same day shipment. J.B. Saunders Company, 3050
Valmont, Boulder. Colorado 80301.

DEAD BATTERY? Lights or CB left on. Alarm alerts driver
with pulsing tone. Easy installation. $12.95 postpaid. CFL
Enterprises, Box 415, Export, PA 15632.

PRINTED CIRCUITS. Our chemistry and instructions
WON'T LET you fail. Pint negative type photo resist with
separate aerosol sprayer coats to 2400 square inches
$15.25. Developer $5.60 quart. Four 4 ounce packe:is dry
etchant make pint each $5.56. Ultraviolet lamp $16,
Shipping prepaid. CIRCOLEX. Box 198, Marcy, N.Y. 13403,
SCANNER-SBE OPTISCAN — Programmable. Mint Condi-
tion. $238. Will Ship. (201) 486-3849.

SUPER SUMMER SAVINGS: All new free catalog chocked
full of digital IC's, transislors, kits. LED's, translormers
etc. — ICLB038 — $4.50. 555 39 cents. DIAMOND-
BACK. Box 194P, Spring Valley. IL 61362.
PROFESSIONAL UNSCRAMBLERS — several models that
fit any scanner. Free information. Capri Electronics. 3753T
Windom. St. Louis. MO 63114,

CRYSTALS

»

EXEPEEF

$-100 COMPATIBLE PRODUCTS

At17022 6 EPROM
S4490sch 10579 95
Dhewc wo

MOTOROLA ~

*

FUNCT)

» 4K CHAR GEN/ENCODERS YW

M MISCELLANEOUS X

TV GAMES

»*» ¥ nams K X SOCKETS g

o

SPECIALITY CHIPS X PLESSEY

x

X NEW CTS DIPSWITCHES J
4 OIVIOERS
* T e

ame

5
SPECIALS W

»

X, CONNECTORS 'Y

DATA BOOKS

* *

SHIFT REGISTERS

ION GEN KIT

4K OISPLAYS/LEDS

*

P. 0. BOX

17329

Irvine, California 92713
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% Walt §%. Carbon Film 10 of each valve %
Brand New O.E.M. Quality Resistorn .,
10 12 15 18 22 27 33 39 47 56 68 82
100 120 150 180 220 270 330 390 470 560 680 820
1K 1.2K 1.5K 1.BK 2.2K 2.7K 3.3K 3.9K &4.7K 5.6K 6.8K 8.2K
J0K 12K 15K 18K 22K 27K 33K 39K 47K S6K 68K 82K
100K 120K (50K IBOK 220K 270K 530K 390K & 70K 560K 680K 820K IM
 f - ONIX CO.

P.0.Box 1087
Hammond, Indiana 46320

o

SEND CHECK

OR MONEY ORDER
INDIANA RES. 4DD 100 FOR
ADD &% SHIPFING 8 HANDLING

SEEKING JAPANESE TRANSISTORS for CB Repair? Re.
quest list. Fuji-Svea Enterprise, Dept. P, Box 40325, Cincin-
nati, OH 45240,

C2708, 8K EPROM $35.00; C1702A, 2K EPROM $7.50; 2102,
1K, 500ns 8/$10.00; 21L02, 1K, LOW POWER 8/314.95;
MMS5330, 4-1/2 DIGIT DVM CHIiP $9.75. S5th ANNIVER-
SARY!: TVTIII KIT: Basic plus 3 options and power supply:
$160.00. ELECTRONIC DISCOUNT SALES. 138 N. 81st
Street, Mesa, Arlzona §5207.

SOLDER-SINGLE HANDED Feeder lits many irons. Send
ad for free brochure or $9.95 Guaranteed. Gizzie, Box 141,
Berwyn, IL 60402.

CB ANTENNA CONSTRUCTION MANUAL - Assemble
Beams — Quads — Ground Planes — from common hard-
ware — save 80% — detailed instructions with pictorials -
easy assembly, excellent performance. Complete $3.00.
Tennatarm, 1117 Dewitt Terrace, Linden. N.J. 07036,

WIRE—Hookup. wire-wrap, ribbon cable, connectors, etc.
Stamp brings catalog. Ram Electronics, Box 336-P, Brook-
haven, N.Y, 11719,

CRYSTALS-CB. Synthesized, Monitor, Ham, Special Fre-
quencies. For prices write CENTURY MARKETING GRP.,
P.O. Box 1131, Belton, MO 64012. Phone: (816) 331-3040.
DEALER DISCOUNTS AVAILABLE.

100 WATTS from Hybrid 1.C. into 4 ohms, 2%,
$21.00. Hybrid Power Company, 52 Huntsbridge
Road, Yonkers, New York 10704.

BREATHE Better Air With Negative lon G;eralor Kit
$165.00. Assembled $275.00. Golden Enterprises. Box
1282PE, Glendale. Arizona 85311. =
MYLAR CAPS, .1 mtd 50V. 100 for $5. Piease include ship-
ping. Charlie. 709 North Main St.. South Boston, VA 24592,
PRINTED CIRCUIT Board Artwork Designing (4:1, 2:1)
from working schematic. Write for pricing schedule. Delta
Circuits Design, 452 Forrest Lane. Troy, Ohio 45373.
DISCOUNT PRICES: Scanners. CB Radios. Antennas.
Harcdware. Wire. Lubricating Oil. List 25 cents. Eastwood
Products. Oriskany, N.Y. 13424

HP-67 $396. HP-97 $659. New-Full Warranty. Carl's Calcu-
lators, 16269 E. Mozart Avenue. Los Gatos, CA 95030.

UNSCRAMBLE CODED MESSAGES from Police,
Fire and Medical Channels. Same day service.
Satisfaction guaranteed. Don Nobles Electronics
Inc., Rt. 7, Box 265B, Hot Springs, Arkansas
71901, (501) 623-6027.

GRAB-BAG! Fantastlc variety useful components
capacitors, resistors, transistors. IC's. more: $10/10
pounds postpaid. Satistaction guaranteed! Computron,
Box 18160-C. Cleveland. OH 44118,

300 MHz B&K COUNTER, and prescaler. Price break.
through! $191 postpald. Portable. Factory built. Details.
catalog free. Spacetron-G. 948 Prospect. Elmhurst, IL
60126

IMPROVE TV antennra performance. Information. Send
$5.00. P.O.B. 451, Layton, Utah 84041

DIGITAL multimeter. frequency. time and capacitance
counters assembled and inexpensive. Brochure 25
cents. Farell’ Research Corporation, PO Box 386, Eliza-
beth, PA 15037.

DIGITAL TACHOMETER 4-6.8 Cylinder two digit display
Comptlete $59.95. Cosmos Electronics, P.O. 33278, Seattle,
WA 98133

DO-IT-YOURSELF

MODULAR TELEPHONES now avallable. Sets and com-
ponents, compatible with Western Electric concept. Cata-
log 50 cents. Box 1147W, San Diego. Calitornia 92112,

TREASURE FINDERS

TREASURE may lie beneath your feet! Discover gold.
silver, colns, rings, artifacts and more with world-famous,
deeper-detecting White's metal detectors. From $59.95.
Dealers world-wide. Free literature! White's Electronics,
Dept. PD7-C, 1011 Pleasant Valley Rd.. Sweet Home, OR
97386. _ R

ADD SOME IMPROVEMENTS 1o your Metal Detector. $1.00
plus SASE. Retro-1, Box 143, Hatboro, Pennsylvania 19040.

POPULAR ELECTRONICS



. DISCOUNTS WHEN COMPARING PRICES
PRICE BREAKTHROUGH ON 74LS’

$rastens e KiEBRR S

DIGI-KEY CORPORATION

Quality Electronic Components

DON'T FORGET OUR

PRICED PER PAIR OF 2 DIGITS
NSN37% 0.3" CC .
NSN374 0.3 CA .
NSNS84 0.5 CC .
NSNS84 0.5 CA .
NSN784 0.7 CC .
NSN784 0.7 CA .

$2.20/Pair
$2.20/Pair
$2.80/Pair
$2.60/Poir
$3.00/Pair
$3.00/Pair

T A Y I T TN

2B 741830 28 JAS90 57 TAlSis7 75 745248 79
e R B e S T 7 ALL LEADS BROUGHT OUT FOR EASE OF APPLICATION |
28 741537 33 741893 57 7415160 107 7415253 B4 |
2 7453 33 748107 39 7418161 102 748257 75 | -
20 741580 28 7415109 39 7aiS162 102 7418258 75 3 Digit
29 74542 67 7415112 39 245163 102 745286 39 0.
29 74547 79 75113 9 748062 102 7418283 79
29 74568 77 745114 39 7418168 1.14 745290 65
28 74051 28 748125 39 725169 L14  J4IS293 .65
28 741854 28 7415126 49 7415170 173 7415365 67
28 751855 28 7132 B1 7418173 132 453k 67
47 741573 39 745136 39 7415178 106 J4S367 67
102 74574 .39 415138 .73 7415175 84 7415368 .67
2 74875 33 748139 73 7415190 118 745386 39
2o 3 TASS g5 7ASGL V1S TeGen0 23 AND SLEEVE
7 8 .
kN
2 WIRE WRAPP NG WIRE IN BULK
¢ e T : Red or Black 31 go. Xynar
IRTEGRATED CIRCUITS — TTL, CMOS, LINEAR & MO L Ay o =
400 2 | 476 32 | 74181 235 02 23 | 452 114 A
7401 7 7480 70 | 24182 19 4013 0 | 45p 168 SWICCN DIODES . Y ey
N 7402 7 7482 70 | 74184 209 4012 96 | a5 88 | 1n2001 64/10 5.50/C sdam - ot Size V- . | size V.0
M 7403 .21 7483 70 | 74185 209 4015 96 | 4585 1.23 | 1Na002 66/1€ 5.60/C 1M 7 Digits At . pigits A
M 7604 7 7485 B | 74188 350 4008 40 | 71021 1.99 | INaDO3 68/1C 5:80/C 552/M 0. 0.5
N 7:0s 2 7485 28 | 74189 350 4017 105 | 8080A 24,95 | INdDO4 7011 5.95/C $54/M
R7iw 2 | T Caa | Jaor 1a | ans ;| Gmwen v [neee  %n oo sm C NE OAT!
7407 4 K -2 40 LM211IN 3 -0/ E 4 W — FOR CAR OR B!
7408 70 70 | 7092 88 4020 174 | LM%k 1,80 | IN40O7 %9/10 8.60/€ v RV R CLOCK
N 7409 .2y 7492 A4 74193 88 4021 1.14 LM3244 1.28 [IN4148 4014 3.50/C $29/M A1 003 CA c The MA100) bright green flovrescent
;4}? g ;433 44 ;ng; 88 40% gg LM340T.5 I,2§ 12 Hour Only disploy offers o brilliun: thot ‘:annov
4 494 70 4195 88 40! LM340TS 12 " be ochieved by LED disploys, o feature
PRI R A R R T IR Double Digit Discounts e O A
Hr03' | 74% 70 | 74197 B8 | 4025 23 | IM3aOT12 125 s You Even Morel pyste) Same dtose
N7oe 5 | gae 'R | am il EE'e | erd |5 i
418 . | E | . B ——
N7 = 09 B! | 745 e 4028 89 | LM3AOT.24 1.25 Ya WATT ZENER DIODES Assembled and Tested ey
7420 a3 | 7ame s 4029114 | LMIOON 2 e BaE g e
Ko = 4122 44 74365 87 030 73 | uagooon g9 [INGZ268 3.3 13 811°C ANIZAB 7.5 13 811 /G
W23 B 74123 6) 74386 67 4033 151 MC1456v 1,00 | 1NS2278 3.6v.. 5'} ¢ ‘N5?37“-7V ISSIIIC
Mo 3 74125 40 4367 67 4034 3.50 MC1a58Y . Al YO
Mrioe | 70 a0 | 7838 &7 4035 114 | MC302P 1 AL AR
B 747 1 74132 70 8093 .40 4040 1114 NES36T 3. 1N Nezs0Rl0Y
N 748 B 74141 88 8094 20 4041 79 NESSOL  2.04 e
N 7430 @ 74145 70 €095 .67 4042 79 NESSSV B (e S A
W72 75 | 7447 183 | B0% &7 | 4043 70 | NEssea 83| JNEZSIDOOV.13RINC TNAAB Mdv
W73 D 7448 130 | 8097 &7 a4e 70 | Neseop 383 |JNSZBOZv1SNC MSZUB Mv a3 C
W27 5 | 74150108 Y s re | Nl 363 SZovielsY M i
7685 | 7008 70 . 4049 4 NES628 383
RN A R BAE W on oiuan
10 S 415 103 3 4051 126 | NESGEV 128
RN LR B R
445 A 4 70 K) 4 W26 ATOCV 44
e | s 70 s 4| a0 Vs UA710CA « SIGNETICS ANALOG
741 R | 7460 88 . T ATNCA |
Wrus m | 760 8 | 7592 % | aon 1 | wmaa | MANUAL...$5.95
BEEd M g8 | 7w oy | Az | a0
W 745 @ 74163 . wAN a4
N 7s3 4 74064 96 | 82525 219 | 4075 B | uararca 70 PLESSEY SAMPLER
B 7454 2 74165 1.15 Agg(l) g :%; g vA748CY 42 An Assoriment of Metohred Polyester Capachiors
N 750 3 7066 126 | a i ! uATBOSCY 12
70 @ | 74170 264 | 4002 23 | 4502 79 | uA7806CU 1.25| 300 Cops 18 Values $26.00
70 D 3 4 125
‘PHES 7 5 Al 12
ek : uAzBISCy 123 ] Nslsosa T-1% 18 S15/C
M 7478 @ .80 uA7BIBCU 1.2 ‘ - ol -
N 7475 2 uATE24CU  1.25 | NSLSOSs T1% a8 S15/C § g.37 Digits At inchides'3 P.g01801ien Semies

ABOUT OUR CLOCKS

Tee MAIOO? and MATOTO serfes clock modules by National Semeconduc-
twe ore fully assembled and tested clocks using o ! digit LED disploy
asd an MOS wntegroted clreult on the same hoard Sumply connect
switches and our special translommer and you huve o fully functioning
chock

The MAI003 clock module Ts a fully assembled and tesred 12 hour
©bck usng o high brthonce grean fiourescent dispioy ond crystal
eme base making i1 perfect for cor. boot or nther portoble use. (1
awrates directly fram 12 vahts DC 3o ne trons’ormer 15 needed Our
price wncludes three push buttan switches for semving the rime.

MATOO2A 5 16D 12 Hour AM-PM Ciock oduie. . $10.50
MATO02A SET module wirh Transtormer & swirches $13.95
MAT002C 5 (10 24 Hour Clock Moduia. $10.50
MAT002C SET mocule with Tramstormer & switches $13.95
MAT003 12 vor Cor Clock with Switches $24.95
MAT0T0A 54 (5D 12 Hour AMPM Cnck Moduie . $13.00
MATOTOA SET module with Tramsformer & swiches $16.45
MAT010C 54 LED 2¢ Hour Clock Module $13.00

MAINOA

g MAI0C 24 Hour.

E SPECIAL TRANSFORMER & SWITCHES.

JUNE 4977

MAT010C SET aocuie with Tromstormer & Switches $16.45
MAI002A 12 Hour AM-PM $10.50
MA1002C 24 Hour . $10.50 Nic n .
b 0 0
SPECIAL TRANSFORMER & SWITCHES $3.45 0 = <
DATA BOOKS
TILIC's 595 p $4.00
Linear 1C's 957 p $5.00
CMOS 74C 25 p $3.00
Memory IC's 592 p $3.00
Interface IC's 464 p $4.00
Volt. Regs. 128 p. $3.00
Linear Appl, 1 432 p $4.00
Linear Appl. 2 246 p $3.00
Audio 196 p $3.00
MOS/LSY IC's 713 p $4.00
CMOS 4000 278 p 5325
Anolog Monuot 637 p $5.95
SLIDE SWITCHES

SPST. 5 1.2010 10.00/C
$POT 19 77010 13.00/C
OPDT..... 23 2.00/10 19.00/C

STRANDED HOOK UP WIRE

20 go PVC. . 2.50:100" 10.00/500
22 go PVC. . 2.80100° 13.25/500"
24 go PVC. . 2.10100°  8.50/500°
26 ga PVC. . 2.10/100°  8.50/500°

50 VOLT DISCS

.40/10  3.50/C
.40N¢  3.50/C
40110 3.50/C
.40/10 3.50/%
SEND FOR OUR FREE CATALOG FUEy
2ot ANEN WE STOCK A WIDE VARIETY OF 3
PARTS NOT IN THIS AD PLUS 5.
1

MANY SPECIALLY PRICED 3ARGAINSE

CIACLE NO. 16 ON FREE INFORMATION CARD
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D 0
47 50v.. 08  65/10 | 22/50v...312 1.00/10 330/25V. .23 1.86/10
S0V A 4510 100/6.3v. .09 75010 470/10R .. 21 1.71/10
2.2/50v.. .08 .65/10 100/10v. . 10 .77/10 470/16v. . 23 1.8110
3.3'50v.. .08 6510 100/16V . .11 .B5/10 470/25V. . 29 2.3510
4.735v...08 6510 100/25v. .13 1.10/10 1000/10V . 24 1.96/10
4.7/50V.. 08  68/) 100/50V. .21 1.0 1000/16V . 29 2.35/10
10/16V .. .08 65/10 220/10v. .13 1.08/10 1000/25v . 42 3.33/10
10/25v .. .08 .65/10 220/16V .. .15 11610 2200/10V . 42 3.33/10
10/50V ...10 7510 20/25V.. 21 1.7V/10 2200/16V . 54 4.30/10
16V .. .08 6710 220/50v. .29 23510 2200/25V . 58 4.67/10
22/25V .. | 70010 330/30V. .15 1.16/10 3300/16v .89 7.14/10
330/18v. . 21 1.66/10
0
A7/10V 1 /10 3325v.. 14 1as50 330/16V. . 29 2.35/10
130V ... 11 90010 33/50v.. .19 1.52/10 330/25v. .32 25410
3.3/35v..12 9510 47/16V. . 14 1.15/10 470/16v. .32 2.55/10
.3/50V . .12 1.00/10 47/25v. . .17 130110 470/25v. .37 3.00/10
47/25V .11 %0710 a750v.. .21 10710 1000/10V . 33 2.65/10
4.7/35v .. 12 95710 100/10V. .14 1.13/10 1000/16V . 39 3.15/10
4.7/50V . .12 1.00110 100/16V. .17 1.30/10 1000/25V . 56 4.504)
10/25V.. .12 1.00/10 100/25V. . 20 1.55/10 2200/10V . 50 3.96/10
10/50V. .. 14 1.1510 100/50V. .29 2.30710 2200/16V . 62 4,950
22/16v.. .12 1.00/10 220/10vV. .18 1.42)10 2200/25V . 79 636110
2225V. . .13 1.0510 20/16V. .20 1.55/10 3300/16V . 95 7.63/10
22/50V. .17 1.3210 220725V .. 29 2.351¢ 4700/16V1.09  08.70/10
3316V 12 000 50V. .40 3.23/10 10000710V 115 9.1910
330/10V. 14116010
00O o
" 8 Pin Solder .17 1.60'10
14 Pin Solder .20 1,901
16 Pin Solder .22 2.10/1
2 18 Pin Solder .29 2.75/1
ps 30 g 24 Pin Solder .38 3.60/1
28 Pin Solder .45 4.25/1
40 Pin Soider 63  6.00/10
Ve & Y2 WATT 5% ?4":} “‘/NV;J .g: ;islgf}
in WW 1
CARBON FILM RESISTORS | jsomww 2 531
S¢ sach i mohiples of 5 par volue }g :g: aa :gg g:{gﬂ
$1.70/100 & 512.00/1000 of same volue 28 Pin w-w 112 10,00/
1 ohm thry 1.0 megohm 40 Pin W-w 92 87571
256 174 Screw  99/C  7.20/M Mocchundise  Olicoomt  Maerchandisa  Discowm
2-56 1/2 Screw  .99/C  7.65/M 300082499  NET $100 00-5499.99 Less 15%
440 1/4 Screw 85/C 3.60/M $500 00-5999.99 Less 20%
t;g }3 §crew :(;;E :.%.x $2599.5999  Less 10% $100000 & Up Less 25%
crew | .40/
032172 e 7oL s Then Add the Standard Chorge Below
8-37 3/8 Screw .90/C  5.85/M STANDARD SNIPPING/NANDLING CNARGE
s saen W ToM 0 e e
440 Hex Nut  S5/C 3.75/m 50003 1.9 . odd 3200 § 50.00-999.99  odd $0.25
632 Hex Nut  80/C 200/m [ 35005269  ag3075  $100.00 & up .. No Chorge
3-32 Hex Nut  .60/C 4.15/Mm $25.00-549.9%0 . aid $0.50
No. 2 Lockwasher 85/C 5.75/M Tncludes shipping end inswrance 1o USA & Casede
No. 4 Lockwosher 45/C  3.00/M
No. 6 Lockwosher .45/C  3.00/M
No. 8 Lockwasher 45/C  3.00/M COD ORDERS ACCEPTED FOR SAME DAY
SNIPMENT — CALL 218-681-6674

Send for troa cotalog

o mail rooder's o . S
gt Wy Quality Compor

tenis Nold!” G

DON'T FORGET TO APPLY DISCOUNT SCHEDULE

DIGI-KEY CORPORATION

Box 677, Thief River Falls, MN 56701

218-681-6674
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S GNITATAN  5-0lG0T LED CLOCK CRLEMOAR KIT
PRIME - HIGH SPEED RAM ORTE- TITIE- SIOUEE ALERI & ORE... 7 7001

Ns FOR THE BUILDER THAT WANTS THE BEST. FEATURING 120R 24 HOUR TIME —
- Ao“/ 29-30-31 DAY CALENDAR. ALARM. SNOOZE AND AUX. TIMER CIRCUITS
Will alternate time {8 seconds) and date {2 seconds) or may be wired for time or date display only,

LOW POWER - FACTORY FRESH with other functions on demand. Has built-in oscillator for battery back-up. A loud 24 hour alarm
with a repeatable 10 minute snooze alarm, alarm set & ti set indicators. Includes 110
1-24 $1.95ea  100-199 $1.60ea : Tl s, WLl iy

2599  1.75ea  200-499 1.45ea
o}

OVER 500 PCS. 1.39 ea. KIT-70018 WITH6&- 5 DIGITS ... .$39.95 Em DISPLAY
KIT - 7001C WITH 4 - 6" DIGITS & i

PRINTED CIRCUIT BOARDS for CT-7001 Kits 2-.3"DIGITS FOR SECONDS $42.95 —r—
sold separately with assembly info. PC Boards are KIT-7001X WITH6- .6 DIGITS $45.95 |2egd|qu5

drilled Fiberglass. solder plated and screened s el
with component layout. KITS ARE COMPLETE (LESS CABINET) 7001 X DISPLAY
Specity for7001 8, Cor X -5 7.95 ALL 7001 KITS FIT CABINET | AND ACCEPT QUARTZ CRYSTAL TIME BA

S ONSIT LED CLOCK KIT # 85y MaSILE Le CLUCK
12 R,OPERATlON BIG .4"‘D|G|TS -50/60 HZ OP.ER:T|OQ|:|.V \’2_!7-A e\ .’." “""IEITE !
.|NsT':zuLcuT?c§Ss 1 ‘11 e b MODEL 12 VOLT AC or

+QUALITY COMPONENTS i
#5007 60 Hz OPERATION ﬁg‘ $102% o #2001 DC POWERED

12 0r 24 HR OPERATION

: B . i IND RED FILTER LENS WITH CHROME Rl
6jLEDReaao01sl PND303 Redlcompicatbodtel wl 4Q95 ary.12 © SETTIME FROM PRONT HAIOOEN SWITOUES = 1L/2R I TIME FORMAT
13 Transistors 9 A o STYLISH CHARCOAL GRAY CASE OF MOLDED HIGH TEMP. PLASTIC
3 Tra o TN ea OR MORE
3 Switches - o BRIDGE POWER INPUT CIRCUITRY — TWO WIRE NO POLARITY HOOX-UP
ggf:;:s"m “Kit #850-4 will furnish a complete of clock components as listed. o OPTIONAL CONNECTION TO BLANK DISPLAY |Use When Key Off in Car, Etc.)
9 Resistors The only additional items required are a 7-12 VAC transformer, a circult o TOP QUALITY PC BOARDS & COMPONENTS . EXCELLENT INSTRUCTIONS
24-Molexoins board and a cabinet. if desired.” + MOUNTING BRACKEY INCLUDED
PRINTED CIRCUIT BOARD FOR KIT #850-4, SCREEN PRINTED A 8§ o o v gosod 60 HZ,
DRILLED AND SOLDER PLATED FIBERGLASS ... .. ... 82,95 W (Lews 9v. Bartery) EA MORE $27& #ACH AU XTALTIME Bagy
MINI-BRITE RED LED'S (FOR COLON IN CLOCK DISPLAY) ... Pkg.of5-51.00 ASSEMBLED UNITS  WIRED & TESTED 8 308 Willenabre .
MOLDED PLUG TRANSFORMER 115/10 VAC (WITH CORD) . L. 8250 ORDER #2001 WT |LESS 9v. BATTEAY| EA mntsm. Digital Clock Kits
NOTE: Entire Clock may be assembled on one PC Board or Board mav be cut to remote display [mam€o £0a] 17/3] O f (O SPEGIMO OTestmwist) :'C'Ock-Calenda,
"Srooperate
k Kit TELEPHONE FORMATY fr
CABINETS S Croat Proigise Stend JUMBO DIGIT CLOCK ™ “(evsonns 155 -me ol
By A complete Kit Uless Cabinet) 8Y Chomencs Power
Great for Clocks orany LED § ,6gig 4" digits featuring: six 5 digits. MM53141C # EF-21360 (2.5 MAReq S-15v
Digltal  project. Clear-Red § 412 or 24 hr. time time, 50/60 HZ. Plug . (L Tye)
Chassis serves as Bezelto § ¢3setswilches J Transformer, Line Cord, Switches - = Iy Sy 3wire hookup
Increase contrasl ot digital ¥ ePlugtransformer ;s(r)d’ag;a“n; {Ideal Fit in Cabinet I} CCuracy  + 2PPM
ABINET | displays eall parts included v A t . $198s 2/‘38 #TB-1 (Agjustabte
3"H,6% "W,5%"D Black, White or | riexigiasis WIIH_PC.Boad .. ! Complete kit 1495
Pre-cut & drilled JUMBO DIGIT
CABINET Il Clear Cover . CONVERSION KT °9-95ea. Wir & Cal g9 e
2%"H.5"W .4"D $6.50 itNg50-4CP ! Convesn dsmal" di?(it LE'Ddclogk 10 25 Anr .95
0 ea : " oz S e 5" display:. Kitincludes
L L Size: 6"H.41 W3 D pe® D'’ Mullivles PC Board & easy BRID
REDOR GREY PLEXIGLAS FOR DIGITAL BEZELS .2350 2/.45 A ot 290;31 I{SEF Ttr $1.95 ea
it or common Cathode
3"x6"'x1/8" ea » o Kit # JD-\CA for common Anode 3/$5.00
s . TRANSISTORS
NEW LSI TECHNOLOGY Fairchild Super Digit | SCHOTTKY TTL  PRESCALE _ OP AMPS
24500 5 35 12900C  $1595 IN2222 A 1018 3/1.00 3/31.00
FND-359 74501 40 95H90 9.9 nang 98 2N%E w0 ros
oy aig jem sl wor
3 LED VOLTAGE
> RED Com. Cath. 74509 55 2N4125 T0-92 578100 741 DIP
8 LARGE .4” RED LED DIGITS s | i o) ewarons fube B RHE]
. replacement for 7as20  so ] WM209HTOS 5 95 J2NES3 1992 3% 1 vos
q I .70. LM309K TO3
Kit #FC-50 o 8 IC's & XTAL TIME BASE 95¢ “"{‘,‘J‘,'sg"5°6° i IV CL LRI B
A truly "State of the Arn” counter using quality ’ : 74850 45 77%“{ 1 ae) :;5; — D:(zquomv 1215100 DISC;.ETE
components throughout. 100/379.00 ;:gg{‘) gg e voa v ::&?; |‘AAi%$:\\; :3:1% JULMESO:ED
: TA 74564 7815 TAB 1.25 L
KIT INCLUDES: DETAILED INSTRUCTIONS, XTAL, SETOF6 FND-359 7:2" gg oy e 2 BRecTirien 254 10001y 415100
TOP QUALITY FIBERGLASS DOUBLE SIDED PC f SilSun o) oo e BRI ik P sisionaL 208100
BOARD, IC'S WITH SOCKETS AND ALL PARTS LESS PC BOARD $6.95 74578 150 M 7123 oip 72 INa148  SIL SIGNAL 20/51 000 [\Con o4 00
POWER SUPPLY AND CABINET . 74586 95 @ 723 YOS5 ? OYAC 8V 45100800 £OR $9.50
$ 95 NYLON IR ;:g:?; gg EROM 555 nMERUNEAR $1.00
SOMHZ COUNTERKIT #FC-50 o Y‘EOWRAWP xgol:egf 75113 140 [ 1702 € Prom ::gﬁs 556 DUAL TIMER 95 § PC TRIM
§ 748114 %5 EOMEMEL 565 PLL % POTS
5 VOLT REGULATED 1 AMP 4TTIEWRAP 100/$1.75 748133 75 ” 566 FUNCTION GEN 175
AN E R SURRL YK ] JES=02 39495 o 7207?\“(134'7‘::5'1?:995 6JRIIOHEIDECODER 175/ [ g::;
350 MHZ PRESCALER KIT #PSL-350 23.95 PEUG T T e INTeReis 495 | TRANSISTOR SOCKET J7™ ©
650 MHZ PRESCALERKIT #PSL-650 $29.95 TRANSFORMERS 245151 195 @mciessamor s 995§ TO-5/18 GOLD PINS SPECTROL
CABINET [& MTG HARDWARE) #CABHI  $19.95 12VACat150MA s 250 745153 1.95 § MC14410 MOT 41250 55100 10K |9os7‘um4
[CABINET WILL HOUSE #FC-50, #PS-02, AND A IERRGIEENIN IBET GHENEN S 7.SEG ws300
PRESCALER] ZVACRa RIEZSIVAREH0 245157 180 IC SOCKETS
rsisa 20 f Pvs ST LE" CcMOS
745174 2.50 ea
BURGLAR i VARIABLE REGULATED [ 755 2o § 0s 22 2 20 '
-
f 745181 295 6 28 25 298 COMMON CATHODE 4000 $-20
ALARM KIT ’ I ) BRI | NOCSEAYETR bl
45251 2.75 i
ANEASY TOASSEMBLE AND EASY TO INSTALL PDWER SUPPLY KIT DIGITAL 28 60 E;S 0 :ND 359 RED ;‘ AHDP :‘gg 4011 20
ALARM PROVIOING MANY FEATURES NOT « VARIABLE FROM 4 10 14V CLOCK IC's 40 7% 0 65 §FND 503 RED ' AHOP 4013 40
NORMALLY FOUND KEYLESS ALAAM HAS SHORT CIRCUIT PROOF XTAL DL 750 RED S- LHDP $295 a5
PROVISION FOR POS & GROUNDING . MM6312 s 4.95 XAN 654 GREEN 6 NOP 5195 i 4015 .
SWITCHES OR SENSORS WILL PULSE NORN = 723 IC REGULATOR MMS314 395 S.242880MHZ: $4.95 BxaNn 664 Rep 6 NOP 5195l 4016 .40
TE OR DRI I - 7
BELAY AT 142 RATE OR DAIVE SIRCN KIT 2N3055 PASS TRANSISTOR MM5375A8 395l 3.579545 MHZ §195 COMMON ANODE 4023 .20
FOR EXIT. ENTRY & ALARM PERIOD. UNIT o CURRENT LIMITING AT 1 Amp § CT.7001 795 4025 .20
WMOUNTS UNDER DASW - REMOTE switck (| T #AL R-1 KIT IS COMPLETE INCLUDING CT.7002 1395 MOLEX DL 747 RED 6 LHDP $195 4027 40
CAN BE MOUNTED WHERE DESIAED. CMOS DRILLED & SOLDER PLATED MM 5369 250 N XAN-72 RED 3" LHDP $125
RELIABILITY RESISTS FALSE ALARMS & 5 PINS MAN.72 RED 3 LHOP $125 4028 .85
PROVIOES FOR ULTRA DEPENDABLE ALARM FIBERGLASS PC BOARD AND LED DRIVERS o : 4030 .35
e St B e T, WALRAWT | panrs s Tnans Pl RN GRS RE P
PLETE KIT WITH ALL .
T AT O e sE . WIRED & FORMER) KIT#PS-01 $8.95 ;::; 0 gg 9 % XAN-3620RANGE 3 LHDP 150 4044 .60
3v:¥$m~s OR AVAILABLE WIRED AND TESTED TRANSFORMER 24V CT will 75491 5 Reel of 1000 XAN 662 RED 6 NDP $19508 4046 1.75
& provide 300MA at 12Vand 75492 65 - XAN 692 RED 6 NDP  s1958 4049 .40
$19.95 § 1 Ampaisv. $3.50 3368 250 ori$i. 25 4050 .40

OPTOELECTRONICS, INC. | e

7 Bamuhuimcand | Orders Under $15 Add $1.00 Handhing
BOX 219 e HOLLPPFLA 32 (305) 921 2056 R | Fia. Res. Please Add 4% Sales Tax.

WE PAY ALL SHIPPING INCONTINENTAL USA — OTHERS ADD5% [10% FOR AIRMAIL]|
SEE OUR BOOTHS AT THE ATLANTA HAMFESTIVAL - JUME 18-19, 1977
CIRCLE NO. 40 ON FREE INFORMATION CARD
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25A52 60 25C206
2SA316 75 25C240
25A473 75 25C291
2SA483 195 25C292
2SA489 80 25C320
25A490 70 2SC352
2SA505 70 2SC353
25A564 S0 2SCa7y
25A628 65 25C372
25A643 85 25C394
25A647 275 25C458
2SA673 85 25C460
25A679 375 2SC478
25A682 85 25C481
2SA699 130 25C482
2SA699A 145 25C491
2SA705 S5 28C495
25A815 85 25C497
25A816 85 25Cs02

25C515
25822 65 25C517
25854 70 2SC535
25856 70 25C536
25877 70 28CS37
25B128 225 25C563
25B152 450 25C607
25B173 S5 28C614
28B175 55 28C615
25B178 100 25C616
258186 60 25C617
25B187 60 25C620
2SB235 700 25C627
2SB303 65 25C642
258324 100 25C643
2SB337 210 25C644
2SB367 160 25C681
258370 65 25C684
25B405 85 25C687
25B407 165 25C696
25B415 .85 25C699
25B461 125 25C710
25B463 165 25C711
2SB471 175 25C712
25B474 150 25C713
258476 125 2SC731
25B481 210 25C732
25B492 125 25C733
25B495 95 25C735
258507 90 25C739
25B511 70 25C715
25B531  3.00 25C756
25B556 350 25C762
25B135 95 25C773

ELECTROLYTIC

7400 TTL
7400 21 7442 108 74121 55
7401 21 7448 115 74122 49
7402 20 7450 26 74123 105
7404 21 7451 27 74125 80
7405 24 7453 27 74126 81
7406 45 7454 41 74132 300
7407 45 7460 22 74141 115
7408 25 7472 39 74150 110
7409 25 7473 45 74151 125
7410 20 7474 45 74153 135
7411 30 7475 80 74154 125
7413 8% 7482 175 74155 121
7416 43 7483 115 74157 130
7417 43 7485 112 74161 145
7420 2! 7486 45 74164 165
7422 150 7489 249 74165 165
7425 43 7490 69 74166 170
7427 37 7491 120 74174 1 95
7428 33 7492 82 74175 195
7430 26 7493 82 74180 105
7432 N 7494 91 74181 355
7437 47 7495 91 74191 150
7438 40 7496 91 74195 100
7440 21 74100 125 74197 100
7441 110 74107 49 74298 130
74L SERIES TTL
74100 33 74LS04 45 74LS113 98
74110 33 74LS10 39 74LS138 189
74L30 33 741520 39 7418174 250
74L42 150 74LS51 39 74LS386 550
74L86 69 74LS74 65 745153 225
74LS00 39 74LS112 65 745387 195

T4HOO TTL

74H00 33 74H11 33 74H53 39
74HO1 33 74H20 33 74H55 39
74H04 33 74H21 33 74H73 59
74HOS 35 74H30 33 74H74 59
74H10 33 74H40 33 74HT6 60

5475 150
5404 5486 190
5410 5493 200
5426 54100 180
541504 100

C Mos

4001AE
4002 AE
4007AE
4009AE
4010AE
4011AE
4012AE
4013AE
4015AE
4016AE
4018AE
4019AF
4020AE
4021AE

29
29

BC184L 60
CA3001 75
CA3005 80
CA3006 110
CA3018 160
CA3018A 160
CA3026 215
CA3035 245
CA3039 135
CA3058 190
CK707P 45
C51340 115
C51350 120
CS136 125
IC3(GE) 150
LM301AN 35

4022AE
4023AE
4024AE
4025AE
4026AE
402BAE
4029AE
4030AE
4037AE
4040AE
4044AE
4047AF
4049AE
4050AE

LM309K 1
LM351AN
LM741CP
LM1458M

PA771131
PL994551
RC143708
SC9962P
SC9966P 1
SN15830N

CARBON RESISTORS

100 25C774 175 2S5C1173 95
110 25C775 275 2SC1175 65
65 25C776 300 2SC1209 55
300 25C777 400 2SC1213 75
75 2SC778 400 2S5C1226A 125
75 2SC781 300 25C1237 450
75 2SC783 100 25C1239 400
70 28C784 70 2SC1243 150
70 28C785 100 25C1293 85
70 25C789 100 25C1306 475
70 2SC793 250 2S5C1307 575
70 2SC796 315 25C1308 475
80 25C797 250 25C13¥7 60
185 25C798 310 28C13v8 70
175 2SC799 425 2S5C1325 495
250 25C802 375 25C1327 70
110 25C803 400 25C1338 175
160 25C815 75 28C1346 80
150 25C828 75 2SC1347 80
80 2SC829 75 2SC1364 150
425 25C830 160 28C1377 550
75 2SC838 70 2SC1383 75
65 25C839 85 25C1384 85
70 2SC922 S5 2SC1409 125
250 25C929 70 25C1410 125
125 25C930 65 25C1447 125
380 25C938 65 25C1448 1.25
390 25C943 150 2SC1449 130
4.15 2SC945 65 25C1475 150
4.25 25C959 315 2SC1507 125
.80 25C960 275 2SC1509 125
1.75 25C984 1.50 2SC1569 125
350 25C996 4.90 2SC1674 175
375 25C1010 .80 2SC1675 175
70 28C1012 80 25C1678 5.50
2.50 25C1013 1.50 2SC1679 4.75
210 25C10%4 1.50 2SC1756 1.25
2.50 25C1017 1.50 2S5C1760 2.15
3.00 25C1018 1.50 2SC1816 4.50
4.75 25C1030 4.75 25C1908 .70
70 25C105t 2.50 25C1909 4.75
70 2SC1060 .75 2SC1957 1.50
.70 25C1061 1.65 2SC1973 1.50
.70 25C1069 3.50 2SC1974 4.90
3.00 25C1079 3.75 2SC1975 4.90
70 2SC1080 375 25C2028 1.10
70 2SC1096 1.20 25C2029 4.75
70 2SC1098 1.15 25C2074 3.00
.70 25C1115 275
.70 25C1166 .70 2SD45 2.00
3.00 2SC1167 4.25 2SD65 75
1.90 2SC1170 4.00 25068 .80
.85 25C1172B 4.25 25072 1.00

CAPACITORS Minimum 5§ Pcs Per Valup
22MF50 AXIALLEADS 15 QUANTITY
33MF10 AXIAL LEADS 15 PRICING 5-25 30-95 100-495
33MF10 NOPOLARITY 1§ ew5% 06 05 04
10MF25  AXIAL LEADS 15 ' awS% 08 07 06
10MF50  AXIALLEADS 15 STANDARD RESISTANCE VALUES
10MF150 AXIAL LEADS 20 OHMS
25MF35  AXIAL LEADS 15 10 270 820 47K 27K
30MF25 AXIALLEADS 15 22 300 910 51K 33K
47MF25  RADIAL LEADS 15 47 330 10K 68K 47K
47MFS50 RADIAL LEADS 20 51 470 15K 75K 100K
100MF16 RADIAL LEADS 15 100 510 22K 82K 330K
100MF25 RADIAL LEADS 20 150 560 27K 10K 10M
500MF50 AXIALLEADS 60 220 680 33K 15K
1000MF35 AXIAL LEADS 65 240 750 39K 22K

2sD77

25081

25088

250118
250130
250141
250151
250170
250180
250201
250218
250235
250300
250313
280315
250316
280317
250318
250325
250341
250350
2580352
250380
250389
250390

2SF8

HEPS3001
JSP7001
MRF 8004
MPS8000
MPS8001
MPSU02
MPSU31
SK3047
SK3048
SK3049
SK3054
2SK19
25K30
25K33

ALL PARTS GUARANTEED

MOTOROLA CIRCUITS

MCT25P
MC740L
MC790P
MC832P
MC1004L
MC1008L
MC1010L
MC1011L
MC1036L
MC1037L
MC1352P
MC1406CP
MC 14681
MC1469R
MC1510G
MC1514L
MC1550G
MC1558
MC1595L
MC1596G
MC1723CG

95 SN15844N
SN15946
SN158097N
SN72560P
SN727410N
SN72741C
SN72748P
UA703C
UA709C
USF7733393
995879
996079

70
25

50 93L280C

MC1741CG
MC1804F
MC1806P
MC1810P
MC2053L
MC3004L
MC3006P
MC3007P
MC3021L
MC3021P
MC3060L
MC3062L
MC4024P
MC14501CP
MC14502CP
MC14507CP
MC14510CP
MC14511CP
MC14512CP
MC14519CG
1 MC14528CP
MC4044P

125

S5
55
60
450
85
45
49
95
40
240

POSITIVE
VOLTAGE

REGULATORS

LM340K.5
LM340K-B
LM340K-8
LM340K- 12
LM340K-'5
LM340K- '8
LM340K-24
LM34070 5
LM34070 6
LM340T70 8
LM340T0 12 1
LM340T0 15 1
LM34070 18 1
LM34070 24 1

HEGATIVE
REGULATORS
AVAILABLE

HOBBY SPECIALS

AN136 290 HA1312 405 STKOS6 1135 TA7201P 640
AN203 375 -AI322 520 STK415 1150 TA7203P 700
AN208 475 HA1339 520 TA7045M 350 TA7204P 650
AN210 310 .A1201 425 TA7054P 305 TA7205P 6 50
AN211 330 _A1364 470 TA7055P 550 TA78005M 250
AN214 490 _A1366 600 TA7060P 185 TA78005F 195
AN217 330 LAY367 590 TA7061P 225 TA78012M 250
AN229 635 LA3301 485 TA7149P 400 TA78012P 195
AN234 575 LA4030 485 TA7063P 225 TA78015M 250
AN239 650 _A4031P 35S0 TA7074P 490 TA78015P 195
AN241 320 _A4051P 465 TA7075P 490 TCS100P 1200
AN245 650 THARI0% 150 TA7076P 455 UPC16C 250
AN274 395 LD30BU 400 TA70R9P 290 UPC20C 500
AN277B 340 LD3120 310 TA7102 515 UPC41C 395
AN288 480 .D3141 240 TA7106F 325 UPC48C 395
AN3J28 405 M52 540 TA7120P 220 UPCS54C 390
AN343 390 M5115PR 480 TA7120P.C 2 20 UPC563H2 800
BAS11 350 M5155 285 TA7122AP 230 UPCS66H 225
BA521 395 5G613 540 TA7124P 185 UPCS75C 410
HAT158 630 STKO!1 1050 TA7146P 410 UPCI00TH2 515
HA115@ 660 3TKO1S 650 TA7150P 455 UPC1020H 550
HA1202 310 5TK025 1250 TA7153P 690 UPC1025 550
HA1306W 520 5TK032 1420 TA7200P 625

IC's ON THE MOVE

8B0 BUCKET BRIGADE DEVICE

MM3C01 19 50 MN3002 1170 MM3003 9 45
HALL IC DNB834 125 DN837 150

ONB® 135 DNB38(NEW)
SN76001 175 SN76002 195

PLLO2A MIDLAND PHASE LOCK LOOP 1200

MICROPROCESSOR CHIPS

14044 32n 2102 250 MM5013 325
C1702A  199% C2708 9500 8008 1995
2101 6 9. C4702A 1995 8080A 2995
MK4230 F-11  4096x1 Bn Dymanic Ram 995
€510%-3 1024 Bn (256x4) Static C-Mos Ram 450
MC14514 4 Bt Laich 4 to 16 Line Decoder 425

CALL GR WRITE FOR FURTHER INFORMATION.
SPEC'S AVAILABLE

PACE/PATHCOM PART ¥'S

YOU TEST "EM SAVE BIG MONEY 130079 400 1P20-0123 275
Power Pac 100 Ass1 (includes Case T03 T066 $2 99 1300821 65 1P20-0131 250
70220. 70202) 13-0122 175 1P20-0141 300
Trangistor/ 100 Asst (includes Case T0S $199 83-0005 200 IP20-0142 300
Ciode Pac T039. 7018 D07 0041) 83-0007 250 1P20-0139 43
1 C Pac 100 Asst (includes 14 & 16 Pin) $350 83-0008 200 1P20-0154 6 00
Rasistor Pac 50 Asst (Assoried vatues) $150 83-0015 300 1P20.0155 250
Mos Fet Pac 10 Asst (many top #s Case TO72} $0 99 1P20-0005 3.00 1P20-0161 4 00
SCR Pac 100 Asst (sim.ar to C103 Series) Case to 92 $4 00 1P20-0016 40 IP20-0177 275
VR 10-100V. 1 400MA 1GT 200MA 1P20-0034 85 1P20-0176 285
|P20-%37 85 1P20-019Y 72
ZENER DIODES 1P20-0045 2 00
V2 & 1 Watt 10% .30 each UP TO 33V. 1P20-0073 275
GREATER THAN 33V CALL FOR PRICING 1P20-0093 2 50

JAPANESE TRANSISTORS * CB, AUDIO, INDUSTRIAL

SRS E AR W - -
S PONONONNRNNBND
CODVLLOLLBLLOWD

75

2N2160
2N2646
2N2647
2N4851
2N4852
2N4870
2N48TY
MU4891

R JEDEC SEMICONDUCTORS

1N34
1N6O
1N270
1N914

2N173
2N174
2N178
2N327A
2N334
2N336
2N338A
2N3988
2N404
2N443
2N456

.85 MU4892 50 Nylon Screws, Nuts & Rivets (Complete Kii, 50 pc's) 1.99 10 100
.45 MU4893 .50 Trans H/W Mica, Bushings & Screws For  For
.55 MU4894 50 Case T03. T086 & T0220 {Specity Type, 10 Sets) 1.00 IN4OOY .60 5.00
.75 2N6027 55 MK20 T03 Compiete Mourting Kil 5/.99 IN40O2 .70 6.00
.75 2N6028 .70 MK25 T066 Complete Mounting Kit 5/.99 IN4OO3 80 7.00
.50 DSE37 .35 IC Sockel 8 Pin T05 Pkg of 2 1.00ea. IN4OC4 90 8.00
50 MU10 .35 IC Socket 10 Pin T05 Pkg of 2 1.22ea. IN4005 1.00 9.00
.50 MU20 .40 IC Socket 14 Pin DIL Pkg. of 1 .25ea. IN4006 1.10 10.00

IC Socket 16 Pin DIL Pkg. of 1 .27ea. IN40Q7 1.20 11.00

P

25 2M918 60 2N2218 25 2N2906A 30 2N3646 14 2N4220A 45
25 2N930 25 2N2218A 30 2N2907 25 2N3730 250 2N4234 95
40 2N956 30 2N2219 25 2N2907A 30 2N3731 375 2N4400 16
10 2N960 90 2N2219A 30 2N2913 75 2N3740 100 2N4401 16
2N962 95 2N2221 25 2N2914 120 2N3771 175 2N4402 16
175 2M967 95 2N2221A 30 2N2916A 3.65 2N3772 190 2N4403 20
350 2N1136 175 2N2222 25 2N3019 S0 2N3773  3.00 2N4409 16
90 2MN1142 225 2N2222A 30 2N3053 30 2N3819 40 2N4410 16
115 2N1300 100 2N2223 100 2N3054 70 2N3823 70 2N4416 75
1.20 2N1301 Y10 2N2270 40 2N3055 .75 2N3856 .20 2N5061 .30
80 2M1302 125 2N2323 100 2N3227 1.00 2N3866 85 2N5064 50
1.05 2N1303 70 2N2324 135 2N3247 3.40 2N3903 16 2N5130 20
1.50 2M1304 125 2N2325 200 2N3250 .50 2N3904 16 2N5133 15
75 2N1305 75 2N2326 2.85 2N3375 6.50 2N3905 16 2N5138 15
250 2N1306 135 2N2327 3.80 2N3393 20 2N3906 16 2NS198  3.75
130 2N1307 75 2N2328 425 2N3394 17 2N3925  3.75 2N5294 50
3.00 2N1308 150 2N2329 475 2N3414 17 2N3954  3.50 2N5296 .50
45 2N1309 90 2N2388 25 2N3415 18 2N3954A 3.75 2N5306 .20
75 2N1552 3.25 2N2369 25 2N3416 19 2N3955 245 2N5354 .20
1.25 2N1554 1.25 2N2484 32 2N3417 .20 2N3957 125 2NS5369 .20
600 2N1557 115 2N2712 18 2N3442 1.85 2N4036 .75 2N5400 .40
.25 2N1560 280 2N2834 40 2N3553 1.50 2N4037 .60 2N5401 .50
75 2N1605 35 2N2903 3.30 2N3563 20 2N4093 85 2N5457 .35
90 2N1613 .30 2N2994 25 2N3565 .20 2N4124 .16 2N5458 .30
110 2N1711 .30 2N2904A 30 2N3838 .20 2N4126 .16 Clo3Y .25
.25 2N1907 410 2N2905 25 2N3642 20 2N4141 .20 C106BY .50

.30 2N2060 1.85 2N2905A 30 2N3643 .20 2N4142 .20

50 2N2102 .40 2N2906 .25 2N3645 .20 2N4143 20

SILICON
HARDWARE * IC SOCKETS RECTIFIERS

NEW-TONE ELECTRONICS

PO BOX 1738A

BLOOMFIELD, N.J. 07003

PHONE: (201) 748-8171, 8172, 8173

Thank you, for your Interest and response to New-Tone!

NJ. residents add 5% saies tax, minimum order $5.00.
All orders add $1.00 Postage $1.50 Canada

PARTIAL LISTING — WRITE FOR FREE CATALOG

Phone Orders Welcome
Dealers Write or Phone for Discount Prices

JUNE 1977

CIRCLE NO 37 ON FREE
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VOICE ACTIVATED SOLID STATE SWITCH
. [XERIEY LN
e v omn ta s

| Special

ikl 1610 =) s «88

_SCPl l)SClLLOSC()I’I TUBE
iyl SCP1 e ape Tt

st Qurer
e } * User 1n Many Okt Taa? Bench Oscibo s
$44.00 Value

. Smrl One Now 1 Your O Mo ope Uses
5%
T ® PKG/10 172 VOLT HOBBY MOTORS
¢ ':’ o Hgh Torue Type Small tn Soe

. @ idde o For HOBDY= NT L et ate, 1o
-

X-11 99 Package of 10

298473 MATSUSHITA POWER TRANSISTOR
Used In Many Steren Recewers » Sub Far (HEP642 GBO16) IECG

l 1 ISK 30521 1 29
E-237 10/12.00

PKG/Z NI’N I’OWER SILICON TRANS]STORS
n B0 Max Operaion Voll-15 Mas Power 2

15
% é E-161 25 §/1.00

"20K-OHM/VOLT POR] l'ABLE MUl TIMETER
1601 Mullimeler Mact For Bell &
Voweh Schoots
o Ideal For Tramng lnstdules Schooks Elc

4@

ges

DC Volts — § 25 50 250 500 2 5K

AC vohs — 10 50 100 500 1000

DG Currenl tAmps| — 50u 2 5M 250M

Qhms — D 5 Mg

o Two Cokx Mirored Scale  Assines
Aveuale Readings

* Usesone AA cellinolincluded)

m . ' I Specind Purchine  F-134

LED SOLID STATE LAMP
« Low Power Consumpion For IC Compattubly Anrt Coot Operation
n .18 vou 2 Volls Forward Vonage 10.0 LA Reverse Craront

e Size Red Transparent Or Ditused | Two Models)
o Very e Light Source 2 0 mcd Lumnous fatensity

E-1S6 Pxq 4 Red Transpwrent

E-157 Prg 4 RedDithmea

PLANS AND KITS

AMAZING ELECTRONIC
. PRODUCTS .~

LASERS SUPER POWERED, RIFLE. PISTOL, POCKET - SEE IN DARK - PYRO:
TECHNICAL, DE-BUGGING

MECH DEVICES, HUNOREDS

£
ZALL NEW PLUS INFO UNLTO PARTS SERVICE

INFORMATION unfimited

Box 626 Lord JeHery P2 o Amherst, N H. 03031

CATALDG $1

FREE KIT Catalog contains Test and Experimen-
ter's Equipment. Dage Scientific Instruments,
Box 1054P, Livermore, CA 94550.

TIGER SST
SIMPLI-KIT

J THE DO-IT-YOURSELFER
'a high quality CD Electronic

Ignition System in kit form,
Contains all components and solder to
build complete Solid-State Electronic
CD lIgnition System for your car. As.
sembly requires less than 3 hours,
® {ncreases MPG 15% ® Eliminates 4 of 5 tune-ups
® Increases horsepower 15% © Instant starting, any
®Plugs and Points last weather
50,000 miles ® Dual system switch
Fits only 12 volt neg ground .. Only $21.95 postpad

TH-Star COrporation e

Your Choice
- a ag:
PHOTOFI AQH CONDENSER
T abeer ""@ A e
e syt Shoping Wt Lb 229
L-242 2/4.00

SPERRY S§P-353 3-DIGIT
NUMERIC DISPLAY

A a1 panel drsplay dreagned lor nterlacing wittr MOS LS1

Chvac ers
1 88
£-28 3/5.00

—_— CHROMALOX HEAT ELEMENT
| s o 1500 Watt — 120V
(@ eSze A-10 B-1358 C—3

o lgeatlor Hoatew; Bring Elc
N-889 = 69

GENERAL TIME DC HOUR METER
ol ‘Operates O 4 th 50 vors OC
[} o Permanently Seakut Agans! Morsture and Dust
gy * Accuate Within 1 Al Temperatures From —20 10 « 165 Dagrees £

F-149. 939

” PKG/4 SPRING LOADED HEAT SINKS
* Two 1 7 A oy small heat snks On w R angle one SIght
- W2 tong heat Sinks one wIhet An o on Sraght

cu 99 o

LONG

Shopng W' b

Shoom w1

Snpng o0

Shppng Wi i

e MAGNETIC BASE 23"

T HEAT SIN
Nt * Sirong Mayne
- EOETIVIES D E-85 w 69
JERROLD 82-CHANNEL TV
UNIVERSAL ELECTRONIC TV
REMOTE CONTROL
Remate Conlrol Ot Any TV Sel
” UNIVERSAL

You cr use on wy TV When vou buy 1 new TV you
/ 0N | Pave: 11Ty another remote ntol 1l SOmeone gets
\ Sk MOV The femote COMrOl s M Sk 100M Saves Mom

« 101 ot sleps.
+ 12 VHF Chsnnels » 70 UHF Channels o On-Oit
« Fine Tuning o Clean Up C8 Interference

New!' TRC-82 1 0995

Features ol Ihe Jarrold 82-Channel Unwerss! TV Remole Conlirol

Stn TV S8 0N aml 0 e INsLant pusSh Batten  united funge e Fioe fynes TV e §p
[HALCORY G On @ FLMINAICS GUAcT i kte JROSIS & W (ks Wil IV 1 Dlack &
Wil b e Aeptu es Oetechvs e
Simphlies channel seleciion for The etderly
Re1ax! NoA o s Catt 50t yout TV 110 he cOMbumt -1 you tay ik 248y (o

SEND FOR FREE CATALOG

with hundreds of electronic items
Manumum erder 53 00 — allow 25¢ pev paund shppang and SOC Randng charge B iesidenis add 5°. sales
tax Prces god Iy July 1 1977 or whvie 3iocks 5| Mohce Some lems may be ol hmded quaniibes and

subyect 1o pror sake

Oept. PE1. 4900 Eiston. Chicago. IL 60630 « Tel 312-283-4800

W R
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P.0O. Box 1727 Grand Junction, Colorado 81501

DIGITAL Circuits: Timers, Clocks, combination lock.
meters, lesters. New and advanced. Stamp for catalog.
GeeBee, Box 1661, Downey, Calit. 90240.

OUWERSI KITS

Organs, Pianos, Strings
Rhythms, PA Systems
104-page catalog $2

WERSI electronics, Inc,
Dept.A2, Box 5318,
Lancaster, PA 17601

POCKET COLOR/BAR GENERATOR kit, 16 patterns,
$49.95. Plans, $4.95. Workshop, Box 393PB, Bethpage,
New York 11714,

FIVE OCTAVE Touch Sensitive Electronic PIANO Kit.
Components $245 airmail U.S.A., Canada. Clef Products,
31 Mountfield Road, Bramhall, Cheshire, England.

THE “KING OF KITS". Artisan Organ Kits feature all new
modular construclion, with logic-controlled stops and
RAM Preset Memory System. Write for brochure to: A O K
Manutacturing, Inc., P.O. Box 445, Kenmore, WA 98028.

HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount
prices for Shure, Pickering, Stanton, Empire, Grado and
ADC. Send for free catalog. LYLE CARTRIDGES, Dept. P,
Box 69, Kensington Station, Brooklyn, New York 11218,

’-------—- Sen@ner
ELECTRONIC \

PARTS AND
) ACCESSORIES |

l 0
-

AU-580

AUTO RADIO

Pushbutton AM 1099

'VOICE ACTIVATED SWITCH

’ Activates devices sucn as
chghls. tape recorders elc '
Comes with 5" leads 3 xl
" Operates on 45 VDC
Shpg wt v21b

' XM 556

[ Reg.  Sale

i 60 Min. Cassette, Pkg. nn,n-m... 149 8
N.REDLED. PhgofS.PL23 .... 18 5

b d0win 8 Track Tape, TAS07 ... BN

D Elect. Cap. Kit, 50Asst, CD407 ....500 170

§ Black Light Buto, XM-291 . . . ... . . 1w A

§ CBConverter for Car, CB417 ..... 1499 9%
‘ Resistors ¥>-1 watt, Pkg. 100, RR- Il77 1.9 .19
[ Volume Controls, 12 Asstd. YC-274 . .. 1.00 A
Ermpire 939 Mag. Phono Cart. PC-IBI .99 6%
3-6Y OC Hobby Motors, 5 Asstd. M0-333  2.00 5
Solder Terminal Strips, 40 Asstd. XM-501 1.30 .50
Double Face Foam Tape %"x52", TA-903  1.00 8
Y RPM Timing Motor, 117VAC, M0-277 . . 49 3
8 RPM Revers. Motor 117 VAC, M0-393 . 2.50 Y
Ceramic Disc Cap., 100 Asstd. CC-210 . 1.29 80
Knob Kit, 25 Pcs. Asstd., KN-030 . ... 1.00 09
8-Track Tape Deck Chassis, RA-383 . 1700 1299
18eg. LED. Display Com. K., XM-414 . 200  1.00
Stepping Relay, 6-12 VDC,

10 Pos_, SW-843 |
25BA74 T0°66 Output Trans., TR-141 3 119

®

260 S. FORGE ST.
DEPT.IY AKRON, OHIO 44327

NAME

W anp wn WR D VR g, @ TR W, wp Gl W wn OB U WD quy g O S0 Ay

ADDRESS CITY STATE

- SendOlson Catalogl
ENCLOSE POSTAGE AND SALES TAX '
st wm W MG T & gy ¥

CIRCLE NO. 39 ON FREE INFORMATION CARO

- ED S, ¢ TR g e T IR W e @5 @5 e gt WD W, S wm e S e VIR W G, wd. W

-
(=
o

TUBES

RADIO & T.V. Tubes—36 cents each. Send for free
Catalog. Cornell, 4213 University, San Diego, Calif. 92105.

SAVE 50% build your own speaker system write: McGee
Radio Electronics, 1901 McGee Street, Kansas City, Mis-
souri 64108.

TUBES receiving. tactory boxed, low prices, free price list,
Transleteronic, Inc., 1365 39th Street, Brooklyn, N.Y.
11218A, Telephone: 212-633-2800.

SOUND {(nSTRIBUTORS INC. Guaranteed lowest prices on
raw speakers, woofers, midranges, tweeters, musical in-
strument speakers and OEM automotive stereo speakers.
Special of the month CTS 15 inch musical instrument
speaker model 15E28L $29.95 ea., only 100 to sell. Utah
SK138 8 inch Co-Ax with L/C, high compliance $14.95 ea.
Allow 10% on each order for freight and handling in USA.
Payment by money order, certified check, BAC or MC.
Send account number. Write for specific quotes for other
units to: Sound Distributors, Inc., 5353 Maytfield Road,
Lyndhurst, Ohio 44124.

SPEAKER PLANS. Build $500 speaker set — Unique
Labyrinth reflex enclosure for under $100. Complete plans,
Hi-Efficiency for low power amplifiers. $7.95, check or
money order. Videographics, 6 Kinsey Place, Denville. N.J.
07834. Allow 4-6 weeks,

AmericanRadioHistorv Com

TUBES: "Oldies”, Latest. Supplies, components, sche-
matics. Catalog Free (stamp appreciated). Steinmetz, 7519-
PE Maplewood, Hammond, Ind. 46324.

TAPE AND RECORDERS

RENT 4.Track open reel tapes—iree brochure. Stereo-
Parti, P.O. Box 7, Fulton, CA 95401.

WE WILL BEAT any price sheet in America. Featuring
TDK, MAXELL, and others. Tape World International, 220
Spring St., Butler, PA 16001.

8-TRACK and CASSETTE BELTS — money back
guarantee. Long wearing. Free Calalog — $3 minimum
order. PRB Corp., Box 176, Whitewater, Wisconsin 53190.

POPULAR ELECTRONICS




R di H t Memorex computer boards BRIDGE RESISTORS
a O ) | with IC’s, diodes, transistor, LhelS0.000:000
Money back guarantee. NO COD'S. Texas A=f RECTIFIERS g stock
A etc. 5 Boards containing 3300hm 22K ohm
residents add 5% sales tax. Add 5% of order , 6 A 80V 110 4700hm 27K ahm
for postage and handling. Orders under $15.00 100 — 200 IC’s - = ’ *+680 obm 33K uhin
add 75 cents. Foreign orders add 10% for ONLY $4.25 10 Amp 50V 1.25 1K ohm 39K ohm
postage. : 25 Amp &0V 1.39 12K ohm 43K ahm
For your convenience, call your BankAmericard 22 ohm 47K obin
or Master Charge orders in on our Toll Free Watts MK 5005 e ::E :::: ?;;xn:;:n
Ilglcnte112£1!(‘:025‘;37ai:;g4 Texas residents call col- | 4 digit counter/latch for all Scanners 68K ohm 150K ohm
. . = . decoder; 7 Segment ;ZE u:nn 220K ohm
e . . ohm
P.0O.Box 64783P it output only. 24 pin ® Tunes easily
ter cha . .
GRS 0oiiss, Texas 75205 BANKAMERICARD | dip with specs. e Full instructions included e
i wnbrns foss $ B8.00 EACH TTH2Wonly
® Easy to install Anres-sln;ls.upl’c Lext but wrie
PLASMA DISPLAY KIT PECIA E " " & P ey
8§SZ3CI L DEVI(; 189 o3%" x 3% x 1% 100 min order for each value
Kit Includes: 12 digit display .4" Charac- 2513 10.00 0IRR OD/SS
ter Power supply for display MK4102-1 .99 ONLY $14.95
by C let f
f\oz‘llilp ompiete spees fer PROJECT CASES I Stoli4 READOUTS
Line cord Not Included. ONLY $ 3.95 Sensllned Lo, 7805 7818
$1.50 $2.00 $2.75 7806 7824 Best
n212°  D2” D212 7808 7905 el
w4347 Wa/8T  WIT VO.W’ .
H1 78 R31/2" H4" 781 2 791 2
All cases have a sloped lront, white 7815 7915 v
O . FND70 .4"C.C. -59
Your Choice $.85 | FND800 8°C.C. 1.69
! ! VARIABLE POWER SUPPLY KIT NO. 1 T1 6 digit array C.C.
WATERGATE SPECIAL ‘Contmously vanafble from 5V to ?OV 3/1.00
Excellent regulation up to 300 mil. MAN 8 .3"CA Yellow
Telephone Relay automatically starts and :4490 Mff‘ of filtering .89
stops tape recorder. No batteries required. '8"”? fuberglas;'PC e LT767 .7” C.C. 4 digit
Kit complete with drilled P.C. Board. o WKL LR stick $3.95
Kit includes all components
Parts and Case ONLY $9.95 . .
o et Ni-Cad Batteries
CLOCK KIT ONLY $9.00 )
Kit includes ® LT701 clock module VARIABLE POWER SUPPLY KIT NO. 2 4 Brand New Size "AA"
® Power Supply Same as above but with 1 amp output, also with case. Ni-Cads ONLY $4.50
e Punched case ONLY $12.00
* 12 or 24 hour operation BATTERY CLIPS TRANSISTORS PC BOARDS
Complete except for line cord s L DIODES 4 chuwt PCB tor FNDBOO or 807 250
LT701E 12 hour clock 4(7;\2(1ard 9delcilttzrv2€;|/;“|/vgg mj;;:(::“ s : m; 6 clunt PCB tn | NDSOO i 807 350
-1/2" tinned leads. . s ol od 4 chn PCB tor OL707 150
LT701G 24 hour clock S EVRER o] 6 e pea 1o oLTO? 200
ONLY "495 ."N?‘\D‘v :1 ‘.00 4 dvant PCB 1or £ ND503 or 510 2.00
HARDWARE TTL Nael Lot o0 | 6 PCB tor FNDSO3 o 510 300
400 INGGUO 671 00 4 thyn PCB tor DL747 250
;401 :; ;:;3 §; OO0 G [ 3/1 00 6 chan PC8 tor DL747 3.00
New, includes 2-56, 4-40, 6-32 and 8-32 ;:gg .1; 7475 55 :mggj :0;: -gg 4 chgn PCB lor DL727 o1 728 200
screws and nuts. A very usable selection. 74H04 .;5 ;3;3 132 IN21as (IN113)20/1 0 | 6 chign PCB for DL727 or 728 3.00
o e M4 07 ms e | el Y Boane | aaweosorNessen 17
1 pound $2.60 ;:gg :; ;:gg :;? *House numbse{]e&ao NOTE: All PC Boards are multiplexed
7410 for adding additional digits.
L S CMOS SALE e ;; ;:g; ;: and P.C. Lead or adding additional digits,
741500 .25 | 4020 85 4046 9 | 7420 1 o LINEARS 60 Hz Crystal Time Base Kit
74L802 25| CD4000 .16 CD4040 1.00 | 242! 17 7495 71 L0 »
741504 30| Cpa001 16 CD4041 69 | sam 3 S | tEY = — Kit
741.508 25 | cD4002 :16 CD4042 :59 7426 :55 52}3? fg? 'xi',",'" 32 enables a MOS clock circuit to op-
74LS10. 25| cD4007 .16 CD4043 60 | 427 17 74123 61 130/ % | erate from a DC power source. Ideal
74LS11 32| 04009 | : 7430 25 74125 44 1NI380 (8 ot 75 P )
74LS20 31 A5 CD4044 59 | 7432 30 781417 N L3900 - for car, camper, van, boat, etc.
CD4010 45 CD4047 .59 7437 35 74145 97 (M710 b ;
74LSs21 33 CD4011 16 ©D4049 35 7438 35 74151 .71 NV e B0Hz output with an accuracy of
741522 33 g g 7440 17 74153 81 .
jals2? 30| CD4012 16 CD4050 35 | 7442 80 74154 97 | wws || Ll (572 MY [POTER EEEtl
740530 :3‘ cD4013 29 CD4051 90 7443 60 74161 91 tx;::‘ g: [!On 25 ma {typ.). Small size will
741832 33 | CD4014 .75 CD4053 .90 ;::g -gg ;::gi :-gg NES53 9% fit most any enclosure. Single MOS
RS 20| CD4015 .75 CpD4056 1.00 e & L Vs NE G55 35 IC oscillator/divider chip 5-15 volts
240538 35| CD4016 29 CD4058 .90 7:48 81 74175 1.40 xi:: ‘:2 DC operation.
7aLs74 49| CD4017 80 CD4060 1.00 | 1437 % L NE 566 » ONLY $5.95
741590 85| CD4018 80 CD4066 .69 7453 KL 74191 1,20 NES6/ 10
7aLs132 90 | CD4019 39 CDA4069 .30 | 7454 17 74192 1.20 Gere 2 for $10.00
7418138 89| CD4021 .90 CD4071 .16 | a9 39 AR S 15491 2
74L5139 89| CD4022 90 CD4076 .99 75497 » RADIO HUT GUARANTEE
74L8155 90 | CD4024 .70 74C04 .29 tof :
;:tgg; :.gg CD4025 .19 74C107 .29 ORDER BY PHONE. Charge your If you are not satistied with any of
74LS163 139 8828%; :;g ggi;&g ig order to Bank Americard or our products NO MATTER WHAT
74LS175 109 | CD4029 99 CD4512 .50 Master Charge. U2 [0, 670 @3 o0 0]
7415193 1.09 | ¢D4030 16 CD4516 .85 S ATT money back guarantee if the prod-
;:tgggg 1.(7)8 CD4034 230 CD4518 .85 USE OUR TOLL FREE W S uct or products are returned within
7aUs3ee 70 | CD4035 99 CD4520 .85 1-800-527-2304 14 days after you receive them.
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INSTRUCTION

LEARN ELECTRO?\IIC ORGAN SERVICING at home all
makes including transistor. Experimental kit—trouble-

shootlng. Accredited NHSC. Free Booklet. NILES BRYANT
SCHOOL. 3631 Stockton. Dept. A, Sacramento., Calif.
95820.

F ncic

* MANUA
PASS FCC EXAMS! Memorize, study Test
Answers” for FCC 1st and 2nd class Radio-Tele
phone licenses. Mewly revised muttiple-chofce
Euesﬂpns and diagrams cover all areas tested In

CC exams pius *"SeH-Study Ability Test.” $9.95
pastpald. Moneyback Guarantee

COMMAND PRODUCTIONS P.O. BOX 26348-P

RADIO [RCINLEAING BIVISION SAN FRANCISCO, CALIF. 94126

GRANTHAM'S FCC LICENSE STUDY GUIDE — 377 pages.
1465 questions with answers/discussions — covering third.
second, first radiotelephone examinations. $13.45 post-
paid. GSE. P.O. Box 25992, Los Angeles. California 90025.

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. PE067. 531 N. Ann Arbor. Oklahoma City.
Okla. 73127.

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details,
strange catalog free! Autosuggestion, Box 24-Z2D, Olympia,
Washington 98507.

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. Alt tests,
$26.50. R.E.l., Inc.. Box 806, Sarasota, Fla. 33577.
LEARN BASIC Dighal Troubleshooting by corres-
pondence. Course includes text and demonstration mod-
ules. Educational Technologies. Box 224, Reynoldsburg.
Ohio 43068.

CB'ERS—Be a "Ham —We'll teach you! Life Membership
$4.00. American Radio Council. Box 1171-K, Garland.
Texas 75040.

HIGHLY EFFECTIVE Degree Program In Electronics En-
gineering. Advance rapidly! Our 31st Year. Free literature.
Cook’s Institute, Box 20345. Jackson. Miss. 39209.

70% OFF LIST!
D2 1.67  BARS

BARGAIN
BONANZA

HIGHEST QUALITY

TUBES

BUY BRAND NEW MANUFACTURER'’S
BOXED TUBES (Raytheon, Dumont, IEC
Mullard, etc.) AT 70% OFF LIST!

HERE IS A BIGGER & BETTER LIST THAN
WE EVER OFFERED BEFORE...AND
70% OFF LIST!

ALL TUBES BRAND NEW
MANU. BOXED
70% OFF

MINIMUM ORDER $10.00
‘MONEY BACK GUARANTEE

Terms: Minimum order $10.00. include postage.
Either full payment with order or 30% deposit,
balance C.0.D. F.0.B. Levittown, K.Y,

70% OFF LIST!
1.55
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VALUE PACKED CATALOG

EDLIE ELECTRONICS, INC.

CIRCLE NO

12x4

2700-OP HEMPSTEAD TPKE., LEVITTOWN, N. Y. 11758
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UNIVERSITY DEGREES BY MAIL! Bachelors,
Masters, Ph.D's. Free revealing details.
Counseling, Box 317-PE6, Tustin, California
92680.

INTENSIVE 5 week course for Broadcast Engineers. FCC
First Class license. Student rooms at the school. Radio
Engineering Inc., 61 N. Pineapple Ave.. Sarasota. FL 33577
and 2402 Tidewater Trail, Fredericksburg, VA 22401.

LEARN ELECTRONICS. FCC license. Free home study cat-
alog. Genn Tech., 5540 Hollywood Blvd., Lcs Angeles, CA
90028. Or. Ra-Tel Electronics. P.O. Box 167, P Toronto.
Ont.. Canada. U.S. Inquiries

BROADCAST STATION? Operate your own FM, Cable.
Carrier-Current from home. school. church or as money
making business. Free details. 'Broadcasting”. Box 5516.
AF, Walnut Creek, CA 94596.

BURGLAR/FIRE ALARM EXPERTS NEEDED for cars,
homes, industry. Learn high profit systems Installation at
home spare time. Simple, quick. complete. Free informa-
tion by mail. No salesmen. Security Syslems Management
School (homestudy). Dept. 7373-067. Little Falls, N.J.
07424.

_| GET YOUR COMMERCIAL FCC License. New exams by

author of successtutl published workbooks of FCC Practice
Tests. 500 Questions Second Class, $11.95; 200 First
Class, $7.95. 100 Radar. $4.95; postpaid. Save. all three
$19.95. Complete mathematicat solutions. Free counselling
service. Victor Veley, P.O. Box 14, La Verne, Callf. 91750.
GO FIRST CLASS! Complete FCC examination questions
diagrams — answers, plus “topical study”" guide. $8.95.
EGW Publications, Box 5516-AF, Walnut Creek. CA 94596.
LATEST FCC QUESTIONS. answers. “"explanations’ com-
piled from technical schools. colleges, avionics compan-
ies across the country. $11.00. S. Mager. Box 26151, Los
Angeles. Calilornia 90026
MORSE CODE LESSONS FOR BEGINNERS. 90 minute
cassette $4.95. Code practice set with key $21.95. Both.
only $24.95. Twin Phase. Box 661. Fremont. Callfornia
94537

BURGLAR ALARMS

DIALING UNIT automatically calls police. $29.95. Fre-e
security equipment catalog. S&S Systems. 5619-C St.
John. Kansas City. MO 64123. (816) 483-4612.

BULLET ELECTRONICS ]

©0 BOX 13aazP
(214)823-3240 DALLAB TX 75219

OLTRASONTE SENDER-RECEIVER 1T 1

A special buy on a mgh quality ultrasomc transducer allows us to offer |
this kit at a super price but hurry, quantities are hmited! You can
bwlid ntruston alarms, motion detectors, remote controls, echo ranging I

or liquid level measurement equipment. We supply the hasic transmitter
and receiver electronics including a drilied and plaled PC hoard. The units
work at 23KH2 with a sange of 20 ft. and can be positioned opposite
each other or slde-by-side and bounced off a solid surface. The output
will sink up to 300ma to drive a relay. alarm circuit, etc,

ORDER US-01

| AUTOMATIC TIME-OUT CIRCUIT for ultra-

sonic or mechanical switch alarms. Provides a
‘ five second entry delay. Sounds alarm for one
minute, then re-arms itself. Requires 6-15V0C.

$3.95

“MK-03 AIRCRAFT CLOCK/TIMER KIT

24 hour real time and up to 24 hrs. elapsed time
are available independently on the same set of 6
.4" LED readouts. Clock has presettable alarm.

Timer has reset, hold and count functions. Size
YL X 24"H X 1 3/8"W. Allows mounting in stand-
ard instrument case. Because of the many options
and mounting variations the kit is sold less case

$19.95

& gswitches. The unit has nolse and over voltage

protection. For 9 to 1LVDC.

$26.95 QUALTTY PC BOARD & COMPONENTS.
’_ MINI GRANDFATHER CLOCK KIT

Would you give over one hundred dollars for a
completely ELECTRONTC GRANDFATHER CLOCK KIT?7?
Vell, what if it had large %" LED readouts...
and LED SWINGING PENDULUM a TTCK-TOCK SOUND &
a super SYNTHESTZED OSCTLLATOR with frequency
volume and gustain adjust and it CHIMED THE

HOURS (like 3 times for 3 o'clock)? What if

we gave you all the components, xfmr, spkr, &
a set of quality plated boards; and told you

it was 6.5" X 4.5" ? Still not good enough???
Then how about for $39.95? Now that's a DFAL.

BUILD A COMPLETE CDI IGRITION KIT AT A FRACTION

OF THE COST OF OTHER UNITS. A special buy allows us to
sell the complete kit at this low price! Up to 40,000 volts from

your present ignitton without changing the coil. Simple
connectfons.
INCLUOES: Special torold transformer

Drilled and Plated board
Complete instructions 9 9
All resistors and caps a

All semiconductors
{Does not include heatsink or case.) For 12V negative ground

TERMS: NO COL's * Send check or M.0. * Add 5% postage

Tx. res. add 5% tax * Foreign add 10% (20% airmail) *
lOrdsrs under $10. add 60¢ handling * Repair service a-

| vailable * Accepting phone orders on Master Chg & BAC.
CIRCLE NO. 10 ON FREE INFORMATION CARD
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WIRE WRAP TOOL WSU-30 $5.95

Strips, Wraps and Unwraps 30 ga. wire on standard wire
on standard wire wrapping pins

AM1702A-6
ORIGINAL AMD
1.5 MSEC GUARANTEED
1PIECE - 8 5.90
8 PIECES — $38.00

HYBRID
AUDIO
POWER

AMPLIFIERS

® Multi-purpose tinear amplifiers for comercial and indus-
e trial gnplicacations.
RTEDG SfﬂA\T/gIéTFARGDEM ® Less tan 0.5% harmonic distortion at full power level.
\ @ ® 1/2 d8 response from 20 to 100,000 Hz.
FAIRCHILD ® Single or split {dual) power supply.
7805C S volt ® Rugged, compact and lightweight packages.
~ % 7806C Blroly ® Built-in current limiting for $1-1050G and efficient heat
;g?gg 12 vg:: radiating construction.
v
STRIP 7815C Vo e TYPICAL CONNECTIONS
SO ROLLI0AWS W'RE SPEC"" SOLOAT “UE 7818C 18 volt S$1-1050G WITH SPLIT SUPPLY
YELLOW. WHITE, RED $1.95 €A 78240 24 vol
ot SANKEN Secies SI-1000G amplitiers  LEFT -
CORDLESS WIRE-WRAP KIT 2for $1.20 a!l'_e"seihzt;:_rgai:gd 'l:’ow:‘r r;:vbrliieaw il L
i plitiers ign r Hi-Fi. stereo o
HOBBY-WRAP TOOL WRAP @ STRIP ® UNWRAP 1% MICA 500V musical instruments, public address My ‘; =
® Tool for 30 AWG Wire g systems and other audio applications. _I_
—~BW-630 ® Roll of 50 1. 30 AWG CAPACITOFS The ampliflers have quasi-comple-
fre 51 PF 29 390 PF .50 menllary c|'7'a§s B output. 'The cuc}n': RIGHT
® 50 pcs, each 17, 27, 3" & 62 PF .29 470 PF 50 f\f": O‘yf_ab‘;_r:-ch-pd lrar;svs(o‘:d v\.’:( g
® Battery Operated (Size C) a” lengths — pre-stripped| 75PF 29 620 PF 52 10 (UL CLT) g Gl N BT
) weionIoNULAbOunce] wire WK-2 82PF 29 B202F 53 | OO0 O engin, Builin v O
® Wraps 30 AWG Wire onto -~ T 100PF 30 1000 PF G0 | 2ndeTy freskdonn srenan. B e 1]
Standard DIP Sockets (0.025 inch) $11.95 120 PF 32 1500 °F 60 | {oucat WEIUNS B proviand, o e
. Comolew with built-in bit {Specity color 150 PF 36 2000 ?F .80 ated from a sincle or split power e
and sle biue, red, white 180 PF 41 2200 ?F 94 e - - Ll ,.
(banerles et $34.95 © oryellow) 220 PF 41 4700 °F 1.80 poly. .
8130 REPLACEMENT BIT 240 PF 46 5100 °F 1.80 $1-1010G {10W output) ... $ €90 '
$2.95 PLESSEY SL1600 300 PF 50 10000 PF 3.60 $1-1020G {20W olitput} .. . $13.95 e j
— APPLICATIONS MANUAL S1-1050G (SOW output) . .. $26.80 o] )
” o f
1" (26mm) GaAsP LED Lontains 14 pages circult data. SngJGT;NéCVng: Data Sheet with Application Notes — $0.50 > i
i hnical dat
NUMERIC DISPLAY :L:‘%ng;gns‘;';is‘e;ag::aC‘:""m"’, 1050 116V 5A Ratng $.95 CLIPLITE 10 for $1.50 5E5C ¢ Ny r
munications Integrated Clreuits. New LED Mounting System ROM * AMD
EP1000 I-I $1.95 EL‘EE‘#’:&”&“{'.C vini-oie kG 3 for $1.00 2900 SERIES
(Common Anode) I, PLESSEY CAPACITORS MN040 C-MDS PLL - a single-chip BIPOLAR
1 Piece -5543.9(;)0 POLYESTER phase-locked loop intended for use] MICROPROCESSOR
3 Pieces — $13. [ - as a frequency synthesizer in C8
5 Pieces — 19,00 (CAPACITOR) sl MINIBOX " S ® CLIPLITE mounts from the | frarmceiers o ather communica. CIRCUITS
001 1000 .14 | 038 250 .15 00“2& \ front of the Panel in 3 .250 | tions equipment. $7.90 1-9  10—up
0012 1000 .14 [ 047 250 1§ 500] 4 hote on 3/8” centers. Panel AM2901DC $42.00 $31.50
.0015 1000 .14 | .056 250 .15 _ Fz& thickness from 1/16" 10 1/8" FLUKE MODEL 8030A : 3'
MATSUO 0018 1000 14 | 068 250 .15 3 ® CLIPLITE equalizes and in- AM2902PC  3.82 18
DIPPED 0022 1000 .14 | 082 250 .17 ereates the|brightnsislof com DIGITAL MULTIMETER AM2905PC 1010  8.10
.83:2,:7, :ggg :: :2 :gg :; monly used wide beam LEDS. 3-112 digit, sf«-lunc_lion n'mlnmelen AM2906PC  11.20 8.95
TANTALUM raoaolNG rolis (| b ® CLIPLITE is to be used with | Meaurement functions include acfAM2907PC  8.10  7.00
CAPACITORS 0047 630 12| 18 100 21 (RAOIAL LEAD) 900" dia. LEDS \‘rolts (trule rms]. dc volts, ac currenc: :Mg??ig g.gg Z;g
MF V $ MF Vv § R MI 22 10 MFOD 10V 15\, 25\/ 35\/ S0V | @ Specify colors red. green, true rms ,dccunenl._resuslance, an M d .
1 35 33168 16 a0 {9088 B30 141 27 100 26 112 16 amber, or wellove when arder. | diode test. Each function, except the [AM2913PC 410 3.15
16 35 33| 6.8 35 .45 ] o7 630 14| 3 100 33 ‘5 -‘3 :g :; ;g -;g Ing. diode test, is supplemented by 5] AM2914DC 60.00 45.00
22 35 32109 35 4oz 630 1a| a7 100 3s BB S =& selectable ramges for a total of 26|AM2918PC 540 432
47 35 .33|100 35 90 g:;’ :gg :g 'gg :gg :f‘, 33 16 .17 22 .24 .30 AUDIO POWER AMPLIFIERS ranges lone range for diode test).| AM2919PC 4.50 3.8
68 35 .33|150 20 45 f- 4 47 .17 .18 .24 .25 .32 5.5WATT AN315 $250.00 AM29704PC  15.75 12.60
10 35 33150 35 1.32 922 Q0 .15} .82 100 .54 100 18 20 .26 .30 .35 _ '
165 35 40|220 16 a5 §027 400 15 (1.0 100 .60 220 23 26 .35 .40 .50 JDesigned for mobile radios, FLUKE MODEL 80T-150C AM29705PC 15.75 12.60
22 20 .33[330 20 132 §O33 250 35 330 30 .33 .40 .45 55 |tape players, erc. Easy to . Probe Converts a dc | AM29720PC 500  4.20
2 45 5 80 d ! emperature Probe Co 4
22 35 .40(47.0 20 153 470 .35 .40 60 . use, High Gain -~ 53 dB voltmeter inta a thermometer with a | AM29721PC  5.00 -20
33 35 .42|68.0 16 1.62 § CARBON FILM RESISTORS{5%) | 1000 S 80 1.20 ki iced Cireuit) L0, = AM29750DC  4.50  3.60
47 35 .45 Only in Multiples of 2200 1135 160 290 $3.90 ea rance of -6506 1o +150°C. .$125.00) \\uo o ol o0 6o
100 pcs per value {ohms} RS i |
o ares e | RS TLESSEY SAWLER g [ B Tor o g 5
P r Amplifier IC's %W. ..$1.79 per 100 300 METALIZED CAFPACITORS [ 00 2881974 200 5 ‘ ; :
OV PP 18 DIFFERENT STO. VALUES ~ 526. 2581978 300) 250820 A 122 |Am208030C 765 595
TBAB0OO 5 wartt $1.95 10 100 1.0K 10K 100K 1.0M 2552034 340! 25C1359 AM29811DC 485  3.90
TBA810S 7 watt 2.10 11 110 11K 11K 110K 1.1M —
TBABIOAS Twatt 2,10 § 12 120 12K 12K 120K 12M RESISTOR KITS 2N TRANSISTORS
reseme 2w, 132 |4 U8 1 1K U 15| 5% CARBON FILM RESISTORS e o ow gem uogem B
2 wa . 16 160 1.6k 16K 160K 1.6M ? 26 2N3569 1 K 1
TCA940 10 watt 330 | 18 180 18K 18K 180K 1.8M VA WATT KIT |y ow "ROF'LE SOLODER, g B° N 22 INaE 12 N 36
TDA2002 8 watt 4.20 20 200 2.0K 20K 200K 2.0M 42 D)fferent Values 49 2N363. B N43a8 2.1 N5370 28
TDA2010 12W Hi-Fi 525 | 22 220 2.2K 22K 220K 2.2M (6882 10 4.7 M) 1 24 25 49 50 UP a 0 2364 20 2nadss 130 2NS373 .28
i-Fi 24 240 2.4K 24K 240K 2.4M 20 Each Value 8PIn .16 .15 .14 HEAl 40 A 2 RRoON 230 2N 28]
TDA2020 20W Hi-Fi 6.00 | 55 555 377k 27K 270K 2.7M <aPin 19 18 17 32 IN3eas 33 Wiy 35 3Na3sy L2d
Our Ancrona Information Book 30 300 3.0K 30K 300K 3.0M 1/2 WATT KIT 26 Pin 21 20 19 28 283702 N440) 2 N5a1 ‘30
101 contains 92 pgs of data & | 33 330 33K 33K 330K 3.3M 42 Different Vales 118 Pin 28 .27 .26 E XN i ¥ s N
application notes on using gg ggg g-g: gg: ggg: g-gg (6852 10 4.7 M)  f20Pin 38 33 32 4 2N706 25 Zndazs "gz NBa2 39
SGS-ATES Audio Amps. Get 2 1 h Val 22 Pin .36 35 34 1 0f
our copy naw. Only - $4.95 | 43 430 43¢ 43X oK a3 Hofsenvae - faem 37 36 3s 2 pm e e o
. N 2B Pin 44 .43 .42 NI 20 NAgI8 & N545 25
51 510 5.1K 51K 510K 5.1M 36 Pin .59 .58 57 A N3T1 20 2N4919 & N545 60,
INTERSIL 8038 o e oK 20w oooK M| 1/aw - s2a30PERKIT  COMPLETEwiTH JdOPin 62 &1 .60 A 30 IN373n 20 3NadE: G0 INEnE g2
PRECISION WAVEFORM i i 1/2w - $25.90 PER KIT STORAGE BIN STANDARD SOLOER, 20 2N3725 52 2N4923 70 INSag, 70
68 680 68K 68K 680K 6.8M 221a .25 2N3731 36 N49BI 1 N577 60|
GENERATOR & VCO 75 750 7.5K 75K 750K 7.5M 22" .22 2N3740 .2 N4G8S 1.5 N577 55
= 8 Pin 25 .23 22 222A 4 N3741 1.5 N49R7 7 N581 49|
82 820 8.2K 82K 820K B.2M SAM'S BOOKS g 4
P/N 8038CCPD $3.90 § 97 910 91K 91K 910K 9.1M A bl 278 nash 5 33 3N3772 23 2ndsms 10 aneels 49
TTLC k/Ne.21035/336 pgs . $8.95 A E 2NZ369A N3773 390 2N4991 75 2N581 45
RESISTOR ASSORTMENTS IC OP-AMP Cookbook/20969/592 pgs . . S12.95 |18 Fin 35 32 390 8 N3a19 90 3N4903 39 anaed 4
Each assortment contains 5 pcs each of 10 different values, Second Class Radiotelephone License Handbook, 24 Pin 49 .45 ‘a2 N 382! 70 2N5086 NG582! 26
Vaiues included are shown in (Dhms) 5th €d./21111/448 po. 5750 |28 Pin 99 90 83 2:001 2Na8R 22 2n3087 N5826 o
4W5% 150 pes tatal). . $1.75 | KW5% (50 ocs otan. . 5185 [ Transisior Substrtution Handbook, 16th Ea. 36Pin 133 1.26 1.5 93 3N3gee 138 3n3%e0 Nea3a 34
ﬁm';: 10, 12, 15, |08 22, N :(5]9 334:) 338 ohm [ 21333/384 pgs 3495 fa0Pin 158 1.45 1.30 20 | gzggg A gé Ng:l:ﬁ 1 zssogaA g
sst.2: 68, 82, 100, 120, 150, 180, 20 ‘27 ohm ]
Asst3: 470,560, 680,820 ohm, 1K, 1.2K, 1.5K, 1.8K. 2.2K.2.7K | Sraaarvaas mme Resio Engineers, .6"' S ieaolool | (ST ANOARDISOEDER NI =asaltae |anasosl8 sz lansl 5 N
Asstd: 3.3K, 3.9K, 4.7K. 5.6K_6.8K.8.2K. 10K, 12K, 15K, 18K | galic Eroetrictte/E loctronics ‘Series, Vol. 1: Basle 8 Pin _30 27 24 BN0SA 38 2N3906 22 2317 Ne1e o8
Asst5: 22K, 27K, 33K, 39K, 47K, 56K, 68K. B2K. 100K, 120K | Principals and Applications/20167/320 pas . $5.50 |14 Pin 35 32 29 ENIbosa 31 su39s7 240 3na1d NESS ]
Ass1.6: 150K, 180K, 220K, 270K, 330K. 390K 470K ,560K .680K. | Transistor Specifications Manual 8th Ed. 16 Pin .38 35 32 2N 2; 2N3958 160 2N519 NEO28 0
820K 21335/224 pgs $6.95 |18Pin 52 47 .43 28 3N33%2 |32 INEN T
Asst 1M,1.2M,1.5M.18M.2.2M.2.7M,3.3M.39M 4. TM5.6M. | First Class Radio Teleghone License Handbook. 22Pin .70 63 .57 IN3DI2 60 2N521 N6037 92
(%W Assortment No.7 doesn’t include 5.6M} ath €d./21144/416 pgs. $7.50 {2420 .70 53 .57 90 3Nao3e .50 2Np33 Noong 120
Asst.BR:(Al seven assoriments above) Semiconductor Replacement Guide/ R L 36 7Nd038 25 2N522 NE10T  1.06
%W.5%.350 pcs total:$10.95 %W 5% .350 pcs total:$11.56 | 21092/256 pes $3.95 ) 9 PI: 176 159 145 199 ;z:ggt‘) ;g zgg; :J‘ :g.,l 1 g
Bullding & | fling E c Intrusto Alarms iy ' 630 2N . N5232 132 2N6122 8
BREADBOARD JUMPER WIRE KIT | 20929/136 pgs $4. WIREWRAP GOLD A 728 3N4133 30 2N3333A 35 3NGIZ3 88
Each kit contains 350 wires cut 10 14 | Understanding IC Operational Amplitiees e (LaX;I Noa?) - B INatzaN20) MR iea2l &
different lengths from 0.1" to 6.0". | 20855/128 3.95 n - ‘20 NB206 7 H
Each wire is stripped and leads are | o0 7o Us::’é Logic Elements, 2nd Ed. s 14PIn .39 .38 .37 3% 3Nd 33 2ns29 78 3Ned} &
bent 90° for easy insertion. Wire | 57001,160 pos saso |16Pin 43 a2 a4y 122 2anata ls s 34 INeZ ]
&7 @eemsmmme~ length is classified by color coding, | G C0IREPSS e P lieen 75 68 62 186 2N3229° 192 3NE308 53 aness d
- o All wire is_solid tinned 22 gauge with | Jhderstanding BRI CICIrCE TS 24Pin 1.05 95 85 i 2N4228 a0 2N532 60 2N622 1
LE PVC insulation. The wires coma | 21129/144 pas $4.95 |78 pin 140 1.25 1.10 3N4235 180 2n8322 170 2Ne22 2
W& . B g  Docked in a convenient plastic box. | TV Typewriter Cookbook/21313/256 pgs.  $9.95 |36 Pin 159 145 1.30 $NaZm 130 dnaaay  gf e
Fyeyes BKU . sssmpscred. 48 CMOS Cookbook/21398/414 pgs. $9.95 §40Pin 1.75 185 1.40 2n42a8 23 2N5355 38

ANCRONA

MAIL ORDER ADDRESS — P.O. Box
COD, Master Charge and BankAmericard welcomed. Minimum Order:
$10.00. Add $1.00 to cover postage and handling. California residents add 6% sales tax.
TELEPHONE ORDERS: Call (213) 641-4064.

ANCRONA STORES DO NOT ACCEPT MAIL OR TELEPHONE ORDERS

money order,

2208P, Culver City, CA 90230. Send check or

AmericanRadioHistorv. Com

- CALIFORNIA CALIFORNIA ARIZONA OREGON GEORGIA TEXAS CANADA, B.C.
No. 101 ANCRONA ANCRONA ANCRONA ANCRONA ANCRONA ANCRONA ANCRONA
250 page 11080 Jefferson Bivd. | 1300 E. Edinger Ave. | 4518 E. Broadway § 1125 N.E. 82nd Ave. §3330 Piedmont Rd., NE 2649 Richmond Vancouver
INFORMATION Culver City, CA 90230 | Santa Ana, CA 92705 § Tucson, AZ 85711} Portland, OR 97220 Atlanta, GA 30305 Houston, TX 77098
3‘38'255975 (213) 390-3595 (714) 547-8424 (602) 881-2348 (503) 254-5541 (404) 2€Y-7100 (713) 529-3489
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" PLANNING TO

MOVE?

Let us know 8 weeks in advance so that you
won't miss a single issue of POPULAR
ELECTRONICS.
Attach old label where indicated and print
new address in space provided. Also include
your mailing label whenever you write con-
cerning your subscription. It helps us serve
you promptly.

Write to: P.O. Box 2772, Boulder, CO 80323,

giving the following information:

[ Change address only [J Extend my subscription

ENTER NEW SUBSCRIPTION
01 year $9.98 [0 Payment enclosed
Allow 30-60 days for (1 extra BONUS issue)

K delivery. O Bill me 1ater

I

. ddresshere. ‘
handy. print 0LB 3
I! youhave no l2be 1

Name please print A

/(*\
) Address

AFFIX OLD LABEL

e e e

NEW ADDRESS HERE 0207
Name
please print
Address
City
State Zip

Addimonal postage é)&l year For Canada add S3 For
countries outside US and Canada add $5- cash m US
currency only j

INTERNATIONAL ELK (‘TRONIC% UNLIMITED

INVENTIONS WANTED

INVENTORS: Manufacturers Need New Products. Free
“Recommended Procedure,” by a creative fee-based
invention service company. Washington Inventors Service.
422-T Washington Building, Washington, D. C. 20005.

RECOGNITION...FINANCIAL
REWARD...OR CREDIT
FOR “INVENTING IT FIRST” MAY BE YOURS!

If you have an idea for a new product, or a way
to make anold product better, contact us, “the
idea people " We'll develop your idea, introduce it to
industry. negotiate for cash sale or royalty icensing.

Write now without cost or obhgation for free
information. Fees are charged only for contracted
services. So send tor your FREE “Inventor's Kit.” It
has mmportant Marketing Information, a special
“Invention Record Form” and a Directory of 1001

Corporations Seeking New Products. I

O, [ T
00/" OGNS GRER CALCULATOR KIT | | [5555 RAYMOND LEE ORGANIZATION
15% OFF WITH $100 ORDER LITRONIX 1602 MEMORY 3";‘:‘"' H 230 Park Avenue North.New York.NY 10017
THESE DISCOUNTS APPLY TO TOTAL *  FULL ACCUMULATING MEMORY — icea H At no cost or obligation. please rush
OF ORDER — SPECIALS INCLUDED gy S Hens et o my FREE “Inventor's Kit No. A.112 "
PERFORMS ALL PERCENT FUNCTIONS INCLUDING ADHD ONY,
TTL DISCOUNTS. MARKL PS AND YIHLDA.
7400 LE B2 1] [+ 74153 5 *  ARITHMETIC LOGIC — Name
a0 aa m ¢ BRI RO 13 s o o I
7407 15 7454 :; 1 97 ;:m;("‘f DICIAL FOINI POMTIONING 10R Pt & Address
7403 15 740 7415 .97 : e
7404 o 7463 B s o, CALC. KIT ONLY $9.95 T T T R City State 2p
7405 L] 7465 -:: 74888 179 :&2‘:32;.:‘:.;&::;“.;:‘.:‘;"“' 10 CONINLE
. )
;::.' : ;:l‘; " ;: ::’ ‘:‘: ADAPTER '60”; $3.95 AUTOMATIC TIMEOUT TO SAVE vllnm‘u:u Phone No Area Code
7404 [ ] 7473 35 a2 L
745 (T L :: 2403 LM 51 8 32_95 UART $6 95
7410 1 2475 + 7anhd ]
s B ren L L 25)( il L AY51013A . GOVERNMENT SURPLUS
7413 43 7 8 74166 LIS -
Siee 0 M o =ie] e REGISTER CENTRAL PROCESSING UNIT
T 5 % Lo 1 8008 $19.95 MANUALS for Govt Surplus radios, lest sets. scopes. List
7420 749 4 s 9 1 50 cents (coin). Books. 7218 Roanne Drive, Washington.
ran ‘1: 749t 75 73w @9 32'95 8080A S1 9.95 D.C. 20021.
7an r 72 4 s | HEX 40-BIT STATIC SHIFT 1702A
;:;: f ;::: .:u ;:‘nm _t‘n REGIS TER 2048 bit static PROM $6.95 GOVERNMENT SURPLUS. Buy in your Area. How. V_thre.
o ; et 7: m:; 1-7: Send $2.00. Surplus, 30177-PE Headquariers Building.
7430 ® Te% e s e CALCULATOR IMAN I M g“ala:; l:mgev rlnDlP $2.35 Washington. D.C. 20014,
wi » e w owms an | DISPLAY onpceoney el SIS T TY 221 | JEePs. TRUCKS. Typically from $52.40. .. Automobiles.
7438 % 74107 7 74190 118 ﬂmi Boats. Motorcycies, Airplanes, Oscilioscopes, Tools.
;::4: ;: ;::;; _: ;::;; -:: Tl 99 « 2 1 0 2 $1.29 Clothing, Sports. Camping, Photographic, Electronics
7042 ‘W 0 #s T a8 KEYBOARD 5300 Equipment ... 200,000 Bid Bargains Nationwide Direct
& 3 1024X1 STATIC RAM 16 PIN
7443 7 ;:-;s T 74194 LIS 20 XEYS alsBL from Government ... Low as 2 cents on Dollar! Surplus
b o 73 U s a1 74 2 SUDE SW [a} LINEAR CIRCUITS Catalog and Sales Directory $1.00 (refundable). National
7445 002y .25 i = y
e EE S G o 3e3, BB 99 ¢ . m ra LR Surplus Center, 240 Eastcass-PEL, Joliet. lllinois 60432.
7447 79 7045 LM T4198 LT3 07 53 w0 Lw ,‘)“,‘ 107
7448 1 70w rame ey [ EALCULATOR cHips w04 80 s s 74 2
7450 Vst 79 Camo sas e e desimal WS g 43 g MUSICAL INSTRUMENTS
X nu:x’:’i;n_plmp:;movv. e o Boowmos e
TV GAM E CHIP | — 20 pin 200 | 100k ,':: 31 295 wass 62
AY-3-8500-1 . 4 lunction, lloating decimal ne o7 W0 9% 100 24k -
i - Z 18 pin vor | = 550 79 30 e UP TO 60% DISCOUNT. Name brand instruments catalog.
ISix games with scoring MMS73% 6 digit, 4 lunction, SV batiery R < S o B Freeport Music. 114 G. Mahan St., W. Babyion, N.Y. 11704,
d d 24 9 operation — 18 pin 195 1200 o) 5564 1y 7528 R
land sound . .... 95 Jumsrns digit, § function plus memory and 120k o 560 309 z ;;'
= tant lloating decimal, 9V b, - 2 A1 .25
Mark | Clock Kit aperstion — 2 e | a0 ws w1 PERSONALS
A sia digit clock kit with one double sided MMS719 9 digit, 4 bunction, 9V battery i LSI o se6 195 7SSt L35
P.C. board sccommodates MMSIH clock = operation — 22 pin 395 8 yiox :: ;;7, 1.;5 ;::; ::
chip and 6 FNDIS9 375" displays. 12-24 ’ 2 ‘
bour. 50-60 Hz. Contains all necemary EDGE e | e e s e MAKE FRIENDS WORLDWIDE through internationai
components, ) switches and complete CONNECTOR T 4 Lb— ] 5 correspondence. lllustrated brochure free. Hermes-Verlag,
avsembly  instsuctions  with  schematics,
, ol chone ™ ¢ cuos Box 110660/Z. D-1000 Berlin 11, Germany
Connections for remote displays. ELCO MOOULAR UNIT 6/99 ¢ 0004 ooam o . o o o
Mark $13.95 6 PIN 3 POSITION [ Jooora 25 s0a 172 s0esa .44 WARTS. Vergo® Cream is painless, safe. easy. gentie. Buy
WIRE WRAP. GOLD PLATE 40014 25 AONA LI 4069A M4 Vergo™ at better pharmacies.
OPTO [SOLATORS WO0BA LIS W02A M WTIA 26
MCD2 Opto isolator diode 100 007A .26 HOIIA .25 w7A DS
sO1__opo oz ymig oo | OVM CHIP 4% DIGIT —  fows s wie o wmn EMPLOYMENT OPPORTUNITIES
SPECIAL DEVICES MM5330 . 25 0754 9
372 AF-IF St Delector DIP 293 P channel device provides ail ""?'; foravy 0N S i S s ::
546 AM Radio Receiver Subsystem DIP .75 digil volt meter. 16 pin DIP wit ;l; o5 Jous 25 40104 M asisA 1se
3o FM Stereo Demodulator DIP 299 0134 A4S A0ISA LT 4528A 156 ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUN.
R e e D o AL MK g9 485A 210 ITIES. Report on jobs now open. Details FREE. Aviation
Uenizes tha G B pir 1.1 A o Emplo Inf ion Service. N
biaes 14 c.i: BieiToue 5353 :mr o :::,7,: ‘.:: 3;:: 59 mployment Information rvice. Box 240E, Northport,
2513 Character Generator 64x81S DIP-24 10.20) - il INewWAYorkRINz6E:
3046 Transistor Array DIP-14 .73 iC SOCKETS OVERSEAS JOBS — FANTASTIC PAY! All Occupations.
4 Digit Clock Kit :::‘-r Tail - low vr‘;:ll- “ Computerized Reports — $2.00. TRANSWORLD, Interna-
d 4 NS71 27" di 1224 iC BREADBOARD n s 17 pmn - : -
;::4::-;: LT o-‘: i b::l;v:"om' o s 310 pin 1€ with :‘ ot n e 59 tional Airport, Box 90802-N, Los Angeles, Calif. 90009.
modates clock, displays, and all necessary m-:;mhm 116" phenolic with sives 6 pin n 40 pien 9
teansistors, tesistors, Capacitors, diodes, 2 plited copper chrcuits. 25/167 1 6 /16" $1.80 ea. |18 pin S, ] RE ESTATE
switches. complete instructions and sche- AL ES
matics lor sssembly. FREECATALOG AVAILABLE ON REQUEST
cKa-2 d -
$10.95 Satislaction guaranteed. Shipmen) will be made postage prepaid within 3 days {rom BIG...FREE,..SUMMER CATALOG! Over 2,500 lop val-
LED DISPLAYS DL33B .45 receipt of order. Payment may be made with personal check, charge card {include . . .
DL33- .35 number and exp. date), or mon, der. Phe d ues coast to coast! UNITED FARM AGENCY, 612-EP, West
MAN 5 2.25 p. dale), or money order. Phone Orders — BofA and M/C card or C.O.D a7th, Kansas City, MO 64112,
::: ; ;.;: :IES(:RETE LEBD S Add $1.00 to cover shipping and handling it order is less than $10.00.
s .2 Calilorni idents add sales tax. Include shippi i
MAN 66 225 MV10B ‘25 U.S.:'m;‘c':’:..:.":p:,,o.“|;?-,_:| :';:' e shipping expense for orders shipped oul of RUBBER STAMPS
MAN72 1.25 MV50 12 N :
MAN 3620 1.50 NSL100 .12 INTERNATIONAL ELECTRONICS UNLIMITED
FHD359 nes Y5020 S VILLAGE SQUARE, P.O. BOX 449 RUBBER STAMPS, BUSINESS CARDS. Many new prod-
END 307 ‘o5 RED .15 ey CARMEL VALLEY, CA 93924 USA ucts. Catalog. Jackson's, Dept. K, Brownsville Rd., Mt.
DL10A 2.19 CLEAR .15 L PHONE (408) 659-3171 Vernon, lil. 62864.
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HOME ENTERTAINMENT FILMS

PRO SPORTS ACTION FILMS — Super 8 and 16mm Color
Sound — Complele selection Columbia, Universal and
Sportlite films. SPECIAL OF THE MONTH: Super W.
Series, '75 Red Sox/Cinci Reds 7 game playoft 400" Color
Mag/Sound, $43.95 ea PPD. 200’ Super 8 Silent Color,
$18.95; B&W $7.95 ea delivered. 16mm Color Sound re-
lease — quotation on request. Send for Columbia catalog.
$1.00; Universal, $0.50; Sportlite forms $0.35. SPORTLITE,
Elect-6, Box 24-500. Speedway. Indiana 46224.

BUSINESS OPPORTUNITIES

| MADE $40,000.00 Year by Maitorder! Helped others make
meney! 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 (1K6),
333 North Michigan. Chicago 60601.

GET RtCH with Secret Law that smashes debts and brings
you $500 to $5 Million cash. Free report! Credit 4K6, 333
North Michigan, Chicago 60601.

prormane  ONE-MAN
ELECTRONIC FACTORY

investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings
facts about this unusuat opportunity. Write today!
Barta- DS, Box 248, Wainut Creek, CA 94597.

FREE SECRET BOCK 2042 UNIQUE, Proven Enlerprises’
Fabulous “Little Knowns™". Work home! Haylings-B. Caris-
bad. Calif. 92008.

HOW TO MAKE $2,000 WEEKLY at home using other peo-
ple's money. Guaranteed. Free Details. Richlieu. Box
25357, Dept. F6. Houston 77005.

NEW LUXURY Car Without Cosl. Free Details- Codex-ZZ,
Box 6073. Toledo. Ohio 43614.

LIFETIME OPPORTUNITY for mechanically/etecironically
inclined individuals. Operate Successful Manufacturing
Business. Mark. 92-K Brighton 11th, Brooklyn. New York
11235.

MAKE BIG MONEY in spare time seliing: Tubes. Antennas.
Speakers. Test Equipment, Lite Bulbs. Hi-Fi_ elc. No invest-
ment. Free informatGon: Allied Sales. Pimento. IN 47866.
{812) 495-6555.

ACOUSTIC COUPLER )

This covpler was manufactured by Novation, Inc,,
Tarzana, California for use in Texas Instrument's
model 725 Electronic Data Terminal. It is com-
patible with Bell 103 and 113 data sets or the
equivalent, The coupler operates asynchronously
to a maximum speed of 300 baud in the full-or-half
duplex mode. All signal outputs are compatihle
with TTL. Transmit freq. is 1278hz for mark and
1070hz tor space. Receive frequency is 2225hz
for mark and 2025hz for space. Unit required

+ 12 VOLTS and + 5 VOLTS for operation. Com-
plete with schematic and all pertinent information,
fully reconditioned, calibrated, and guaranteed.

'|' M S- 50 0 0 TMS 5000 NL 4.MODE DYNAMIC

ASCII KEYBOARD  0-KEY KEYBUARD ENCODER

ENCODER CHIP ; :s::::_c-;ms]zqs
(ZAB010C) v e Orcloter WITH DATA

*  Companible with Resd and Mechanscal Swtchey
*  TTLCompenbis Inguts and Ovtouts

PITMAN KYNAR

12 vDC Solid Silver Plated Wire

MOTOR Wrap Wire 30 AWG Blue

*1.95 EA. Yellow-Black-White-Red
10 $OR 15.00 1000 Spool $9.95

PITTMAN 17 VDC MOTOR runs| 26 AWG Red-Black

o as low as 2 volts rated 12 volts| 1000 Spool $12.50

250" ma, 2.8 mch of torque al S000
RPM. Size 1 /8" DIA X 2" long HEAT SHR!NK TUBE

with 0.118 wxch shaft. New. Guar. MS As
anteed Vanous sues & :olo!s ‘!
BISMUTH ALLOY /=
MELTS IN BDILING WATER 7 M IN I K IT
4 0z ingot $3.95 | pound $9.95| / 60HZ CRYSTAL
TIME BASE
SLIDE SWITCH ASST Special Offer on Time Base
j ¥ Standard and Mini Kit. Includes MM5369
Miniature | 3579, 545KHZ Crystal and
40 FOR #5.00 |, hematic, $3.95
STANDARDS KIT 1% PRECIStION
ANOTHER FIRST FROM ACE le SISTOR ASST.
An assorL‘ne’m of pucmor; 200 FOR s 495
o o
:’l"““"’:’“‘w . COMPUTER GRADE CAPS
t includs
Capacrioen 110 Tt 0015 1o j 0 Comoue 30 Compuiytc
sisiors, and (1) IN1530A 8 av y ¥ <
zenee cefec nce diade 10 tor $12.50 10 for $9.00
ONLY $6.95 \C

Iy
Y
& & o¥" RAM
TMS540301L
jeisrel hentapimomentar,y 4096-BIT Low rower soomw

push button switch. N.O. Lith data and 22 Pin SOCKET remoyed

-N.C, comtacts. 2 1/2" - rom sockets
overall Ith, x 1/2" dia. TESTED/andGUARANTEED

(without batb)  $1, 95 ea| $9.95 EA. 8 FOR $64.95

REPAIR MICROWAVE
OVENS FOR PROFIT.

It you live in a community under 1.000.000. al? you have
to do Is subscribe to Microwave Oven Technical Ser-
vices. InC We supply parts. technical assistance. ser-
vice call leads For information, write: Mr. Davis. 3383
E Layton. Cudahv, Wisconsin 53110.

16/$12.50 100/$99. 95 MOLEX I.C. PINS
by 1000/$6, 95 wawwwynd
10K Linear Pot. PRINTED CIRCUIT BD,

} 3/4" Shaft 1" Dia, Base | G-10-1/16" thick,

unetched copper clad 1 0z 2 sides

$.75 ea, 10/$4.95 | size 0‘1’ 10 100
| ane" 50 250 1995
—. Bu7" 75 4.00 2995

N 4 w2 1.00 5.00 39.95
SWIICHCRAFT MICROIAX | gingle sided same price

$2.93
1 100  $25.00 NE-2/A3C NEON
TR2a 1600-% 9v.50 100-$4, 95 1000-539, 95

6310 10 for $2. 95| TEFLON TUBING |erowes
50mh = coeo
25 4" LENGTHS ASST(BLACK OR

BOOKS AND MAGAZINES

FREE book prophet Elijah coming before Chnist. Wonderful
bible evidence. Meqiddo Mission. Dept. 64. 481 Thurston
Rd.. Rochester. N.Y 14619.

POPULAR ELECTRONICS INDEXES For 1976 now avail-
able. Prepared in cooperation with the Editors of “P/E.™
this index contains hundreds of references to product
tests. construction projects. circuitl lips and theory and 1s
an essential companion to your magazine collection. 1976
Edition. $1.50 per copy. All editions from 1972 onward still
available al the same price. Add $.25 per order for postage
and handling, $.50 per copy. foreign orders. INDEX. Box
2228. Falls Church. Va. 22042.

WANTED

GOLO. Silver. Platinum, Mercury wanted. Highest prices
paid by refinery. Ores assayed. Free circular. Mercury
Terminal. Norwood. MA 02062.

HYPNOTISM

SLEEP learning. Hypnotic method. 92% effective. Details
free. ASR Foundation, Box 23429EG, Fort Lauderdale,
Florida 33307.

AmericanRadioHistorv. Com

*92 Turrr-c 65 M | Various sizes & colors. $1.95 - 'OIV;:-::
LEDZ 100-%15 00 1000-8120,0

ELECTRONIC TERMS: We pay postage uniess othere
D PARTS

wise specified. Include check or mon.

,y order, No COD. Texas residents add &
5400 Michelidae, B-8 sales tax, Canada and Mexico add $2.50§
Houston. Texas 77092 Oversess countries sdd $5.00

Phone 713 688-8114
CIKRCLE N0 2 ON FREE INFORMATION CARD
FREE Hyprotism. Self-Hypnosis. Sleep Learning Catalog!
Drawer H400. Ruidoso, New Mexico 88345.
AMAZING self-hypnosis record releases fantastic mental
power. Instant results! Free trial. Write: Forum (AA6), 333
North Michigan. Chicago 60601.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog yeasts, equipment.
Semplex, Box 12276P, Minneapolis. Minn. 55412.

FREE! Consumer Service Division Catalog. In-
cludes a wide variety of products associated with
the special interests of readers of Ziff-Davis mag-
azines — PSYCHOLOGY TODAY, POPULAR PHO-
TOGRAPHY, STEREQ REVIEW, POPULAR ELEC-
TRONICS, BOATING, FLYING, CAR & DRIVER,
CYCLE, SKIING. Send for YOUR free catalog to-
day. Consumer Service Div., 595 Broadway,
Dept. CL, N.Y., NY 10012.°
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AMAZING & HARD-TO-FIND

SCIENCE BUYS !
ALTERNATE ENERGY

SPACE AGE - HOBBIES

3000 MI POWER FOR AM RADIOS

Remarkably clearer reception of
ball games far off, your old
hometown, up to 3000 mi. away
“subject to local cond.” deluxe
Ultrasensitive indoor directional
AM Antenna for hi-fi, tuner in-

puts.
No.72,263AV ...(3%x9"/1sx11")........$177.50 Ppd.

SUPER POWER FOR
ANY AM RADIO

New Antenna Assist Turns
A Tiny Transistor Into A Tiger!

This amazing antenna assist has pulled in stations up to 1000 miles away! Just set it beside
your radio (no wires, clips. grounding) and fine-tune Select-A-Tenna's dial to the same

frequency—""gangbusters”

! Terrific for sportsmen, vacationers, shut-ins, radio & electronics

buffs, Service men & women-—anyone who wants to “"get” home to a favorite station. Great for
clearing weak signals in radio depressed areas, off-coast islands. stations in crowded frequencies,
hard-to-tune stations way up on the dial. Solid state—no tubes to replace. Uses no
electricity or batteries—works almast forever! Tough, break-resistant plastic case

blends with any decor.

STOCK NO. 72,095N JUST1 g Ppd.

ULTRA SELECT-A-TENNA (TUNES OVER 1000 MILES AWAY)

Currently in use on Alaska’s north slope where radio reception is very difficult.
Has jack input & jack to which you attach 50 ft. of antenna wire (notincluded).

STOCK NO. 72,147 AV ONLY 4p,,d,

SAVE 50%! 8 x 20 MONOCULAR
Top quality Spy Scope, a $30
coated ophcs 393 ft. field of
view. Only 2 oz.—stores in
pocket, purse, glove box.

. No.1568AV .. §14.95 Ppd.
sis (14Yax13 '31¢x31%") mounts

» anywhere. 11 transist., AM/FM

S { hi-sens. t(;mer AFC, sg;/n dia.

& speaker. Orig. cost ea. in
LM% 3,000 quant. Retail over $40.
No.72,275AV (NEWI READY TO PLAYY)  $19.95 Ppd.
SAVE $6 MORE!BUY 3 OR MORE @ $17.95 Ppd.

20%60 bmocular (modihied) to
~ view Earth! Big 60 mm objective
lenses; 173.ft. field of view at

1000 yds. Relative brightness,

value, now $14.95! Special pur-
SAVE 50%-DELUXE AM/FM WALL RADIO
NASA-CHOSEN FOR APOLLO/SOYUZ

9.0. Fully coated optics, more!

chase saves you 50%. 100%
Surplus Philco-Ford radio chas-
The Astronauts used this super
(9%x8'4"; 47.5 0z) $99.95 Ppd.

No. 1556AV .........

SOLAR ENERGY CUBE

Demonstration of sunlight con-
~ verting to kinetic energy! Clear
plastic cube in sun with its 3
silicon solar cells powers motor
to whirl the propeller. Actually
produces 1.5v DC, 825 ma.

NO. 42,28TAV  ({4X4X4") cerorrrrrc $23.95 Ppd.
LOW COST PORT. INFRA-RED EYE

Self-cont. scope {90 nite vision)
has 6032 IR converter tube.
/3.5 telephoto lens, adjust.
triplet eyepiece. 1.6X Not avail.
tn.CaI. res. except spec. au-

No. 1683AV  (6,12v DC) ....cc.eucrerures $299.95 Ppd.
No. 1685AV_ (SUPER 2.5X BINOC. ) $329.95 Ppd.

PRO ELECTRONIC SOUND CATCHER
Parabolic mike w/ 18%" trans-
parent reflecting shield & 2
@ % 1.C.s in amplifier magnifies
{ 3*& 51% nals 100X over omni-direction
es. Catch sounds never bef.
- heard; highest signal to noise
ratio poss. 5% Ib.
No. 1649AV (REQ. 2 9V BATT.)............ $299.00 Ppd.

15% EFFICIENT SOLAR CELL!

Largest, most powerful ever for
terrestrial use, to build solar
panels where max. power per
. unit area is req. Output up to
12w per sq. ft. Produces .8A @
ZASZv, .38w output. 2" x 2" sq.

No.42,514AV.$39.95 de

MEASURE WIND SPEED ANYWHERE
~4  Hold handy (16 0z.!) low cost
Anemometer into the wind,
quickly read wind speed on its
big dial—from 5 to 70mph. Acc.
] & to = 3% of full scale {2.1 mph);

no batts.. adjustments, recali-
bration req.!{7%" HIGH)
No. 42,428AV..$19.95 Ppd.

OUALITY DETECTOR UNDER $40
Our fully transistorized BFO unit
can locate a quarter at 18~

The Edmund BIOSONE I

A turns brainwaves into an audible or visual signal. $149.95

:d KNO

W YOUR ALPHA FROM YOUR THETA!

For greater relaxation, concentration .
monitor your alpha/theta brainwaves.

Features Normally Found Only In Units Selling For

More Than $200.00—And 3 Feedback Modes.

The portable. professional quality Edmund Biosone Il boasts 3 feedback
modes—LED FM tone, threshold tone: a test mode to check overalt
system of operation. Easy to use. this beautiut 4-pound, simulated
walnut unit (9V2 x 5% x 4%") can be operated at home, in office or clinic. It
gives yous outputs 1o allow further monitoring of logic signat. raw EEG.
filter output. meter. and FM. Total brainwave monitoring capability, inct.
filter select feedback, with wide range calibration sensitivity control
(5-100 microvolts). Completely safe. the Edmund Biosone Il is similar to
an electroencephalograph (EEG). enabling you to identify the electro-
chemical activity that exists at alltimes in the human brain. In addition to
leting you know when you're most relaxed, Biosone It 1s a great
conversation piece. Included at its low price are a set of electrodes, an
earphone jack for private use. Uses latest advances in linear circuitry,
runs on two 9v transistor batteries (not mncluded).

STOCK NO. 1668AV ........ocooccccvrrrrcrnenn Just $149.95 ppq,
LOW COST STARTERS' UNIT, No. 71,809AV ... $59.95 ppd.

GIANT FREE

164 PG. CATALOG

)

ASSEMBLED $ 1 8
NO. 42,300AV Ppd.

UNASSEMBLED, IN KIT FORM

$4595
No.42.336AV ONLY 1D Ppd.

COMPLETE AND MAIL COUPON NOW

EDMUND SCIENTIFIC CD. 300 Edscorp BIdg., Barrington, N. 1. 08007

I @:] eMnAMIETAR0 @ Stock No. Quanfity Price Ea.
v | ] 0

“ISEND FREE
164 PG CATALOG " AV”
l Charge my . Amerncan Exp
- BankAmencavd ~ Master Chg

The Edmund 18 50
3-Channel Color Organ
COMPLETELY ASSEMBLED! LESS THAN
HALF THE PRICE OF OTHER MODELS!

SEE” MUSIC IN PULSATING COLOR
(W) W) o

Create your own audio “light show™, add a new
dimension to your music listening pleasure with
the bargain-priced Edmund 3-Channel Sound To
Light Control. Lets you modulate 3 independént strings of
colored lamps with the intensity of your music. They flash and
vary in brightness related to the music's rhythm, pitch and
volume—a pulsating light performance to music! You get
volume and frequency sensitivity to a peak rating of 300 watts
per channel. Just plug in your favorite colored flood or spot-
light, and turn on! Great price, too. This high quality, fully
assembled unit in metal housing, with 3 individually controlled
circuits, is priced at less than half that of others. Complete
instructions are included with this terrific value.

Send me the following:

-
o
o

Add handling charge $.

Powerful & trans.-oscillator-
amplifier circuit. Comp. to
others priced 50% more! Alumi-
num, just 2 1b.

Enciosed is —__check,
Card No. ——M.0. in amount of $

4.000 UNUSUAL BARGAINS Interbank No.
FOR HOBBYISTS, |

SCHOOLS, INDUSTRY
No. 80,222 AV $39.95 Ppd. i Expiration Date

Signature

30-DAY MONEY-BACK GUAR-

ANTEE. You must be satis. Address

fied or return any purchase . .
I n 30 days for full refund. City, State, Zip

POPULAR ELECTRONICS

EDMUND SCIENTIFIC CO.
300 Edscorp Bldg.. Barrington. N.J. 08007 e (609) 547-3488

America's Greatest Science e Optics e Hobby Center
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“Not the loudest sound in
town, but the best quality”
claims WXRT, Chicago,

longtime Stanton user. ..

Danlel Lee, President and General Manager, disc.ssing Stylus Replacement Policy with Howard Williams, Chief Engineer and Ken Rasek, Audio Engineer.

WXRT is a progressive rock, FM station that is unique in
many ways. Its whole operation, including Administration,
Sales, Engineering, Programming, Broadcasting, Trans-
mitting (even the tower itself), is located in one place . . . a
highly unusual set-up for a major market.

In a market crowded with as many radio stations as Chi-
cagoland, the excellence of sound can make or break the
stalion, especially a station like WXRT . . . which plays no
tepes . . . has no record commercials . . . and goes totally
with disc-to-air and live copy.

Since WXRT uses no limiters and no compression to mag-
nify the level of their signal, their turntables and cartridges
are absolutely crucial to the quality of their sound.

18
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N 3 2 L
John Bell nands new record to Scott McConnell.

P

Air personality, John Bell prepares to play a record.

For over 10 years, the station has used the Stanton prod-
uct in its turntanles. Today, it even uses the 681 Triple-E for
disc-to-air playback and, although this stylus was not de-
signed for back-cueing, the engineers and announcers report
no problem (they even use them on their AM operation,
WSBC).

Leading radio stations around the nation depend on Stan-
ton 681 Calibration series cartridges, because they offer im-
proved tracking at aff frequencies . . . they achieve perfectly
flat frequency response to beyond 20 kHz. lts stylus assem-
bly, even though miniaturized, possesses greater durability
than had been thought possible to achieve.

Each 681 Triple-E is guaranteed to meet its specifications
within exacting limits, and each one boasts the most mean-
ingful warranty possible . . . an individual calibration test re-
sult is packed with each unit.

Whether your usage involves recording, broadcasting or
home entertainment, your choice should be the choice of the
professionals . . . The Stanton 681.

For further information, write fo:
Stanton Magnetics, Terminal Drive,
Plainview, N.Y. 11803.

© Stanton Magnetics Inc., 1977
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A 66% lead over the next brand
That’s how independent truckers rate Johnson CB.

independent truckers. The guys who own teir accuracy and reliability. And nur ex—dusive Taperec

own rigs and equip them the way they like because that's  Autorratic Noise Limiter that adjus:s itself to changing
“home ' as they roll rr ore than 100,000 miles every year.  noise conditions. Or the orightest id2a n S/R= meters

Performance &nd reliability mean a lot to these yet—Johnson’s PowerBar =D -netzr that ca1 be read
professionais. accuretely at a glance fram any angle.

what kind of CBs do th=y buy? Johnson. .. 66% Johnson's electroric speech compression gives
more of them ride with a Johnson CB than the next maxirr um transmit rangzs and Johnson's voice-tai ored
leading brand, accorcing to a recent survey* audio circuitry delivers q.ieter, better reception.

4And “or 1977, we ve got a whole new fine o} Of course, you still gez Johr=on's solid, made-in-

40-channel CB:s for truckers, for you and for everybcdy America quality and reliabilitv. P us the bast W
who's serious about cuality. CBs with more fzatures and warrarty/service protect an in (B—on= year ;ﬁ';-

more value per dollar than eve-before. _ on pars and labor with more than = 000 Autt orized
Exclusive features like our = Johnson CB Service Centzrs nationwice.
X300D single chip PLL frequency { Johnson CB. Clearly the prcfessional’s choice.

Synt.hGSIS CIrCUItIy for g reater \ Independent Trucker Survey r2sults ava-labls Lpon rexjuest.

X JOHNSON

PEF SONA _ CCUMLIN CAT OWS DIVISIDN
E.F JOH\SON COL RANY C_EAR LAKE. IDWA 50428
InCanada a C. Sirmards 85:ns, Ltd
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