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The 40-channel Cobra 29XLR. 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. g)

Cobra

Punches through loud and clear.
Cobra Communications Products
DYNASCAN CORPORATION

6460 W Cortland St., Chicago, lllinois 60635

Write for color brochure
EXPORTERS: Empire * Plainview, NY + CANADA: Atlas Electronics - Toronto
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ANNOUNCING THREE
NEW BREAKTHROUGHS
IN SOLDERLESS

BREADBOA

Whether you design or build circuits
for fun or for profit, you owe it to
yourself to discover how fast and
easy CSC solderless breadboarding
can be. Now, more than ever. Be-
cause of three new breakthroughs
in breadboard design. And our new
EXPERIMENTOR™ sockets**that
make the most of them.

4. Price whosaysaquality bread:

board has to be expensive? For as
little as $9.95, CSC's EXPERIMEN-
TOR sockets let you design, as-
semble and modify circuits as fast
as you can push in—or pull out —
component leads. On a rugged
one-piece socket with 550 solder-
less tie-points (94 five-point termi-
nals and two 40-point bus strips).

Sockets |lock together, snap apart to
handle any size circuit with ease.
Butdon't let the low price fool

you: EXPERIMENTOR sockets are

precision-molded of durable, abra-
sion-resistant material, and feature

CSC's non-corrosive, prestressed

nickel-silver contacts for positive

connections and longer life. All
contacts are identified, too. . .with
molded-in designations for easier
circuit assembly and diagramming.

2. Compatibility csc

EXPERIMENTOR sockets end the

“big-chip blues!’ They're the only

ones with full fan-out capabilities for

microprocessors and other larger

DIP’s, as well as 4-16-pin units. EX-
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PERIMENTOR 600's 6/10" center

is ideal for microprocessor’s, clock
chips, RAM's, ROM's, PROM's, etc.
While EXPERIMENTOR 300's small-
er 3/10" center is perfect for smaller
DIP’s. Both units, of course, accept
transistors, LED's, resistors, capaci-
tors, pot's —virtually all types of com-
ponents with plug-in ease. As well
as #22-30 solid hook-up wire for
interconnections. Eliminating heat
and lead damage to expensive com-
ponents. And saving you more
money, on parts.

Mix or match both models; arrange
them vertically or horizontally.

3. Flexibility with cSC Ex-
PERIMENTOR sockets, you can
arrange your breadboard to suit
your circuit. . .instead of vice versa.
An exclusive snap-together inter-
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locking system lets you instantly
connect them. Vertically or hori-
zontally. So you can mix or match
3/10 and 6/10" centers. .. expand-
ing or contracting to meet your
requirements.

CSC EXPERIMENTOR sockets
can be used alone, or mounted on
any convenient flat surface, thanks
to molded-in mounting holes and
vinyl insulation backing that pre-
vents shorts. You can mount them
with 4-40 flat-head screws from the
front, or 6-32 self-tapping screws, -
from the rear. But however you use
them., EXPERIMENTOR sockets are
an unbeatable way to build and test
twice the projects in halt the time.
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Both models feature 94 five-point
terminals (vertical lines) and two
48-point bus strips (one strip shown).
WHY WAIT? CSC EXPERIMEN-
TOR sockets are available now from
your CSC dealer, or by phone from
CSC, at $9.95* for the 300 and
$10.95* for the 600. Call 203-624-
3103 (East Coast) or 415-421-8872
(West Coast) —major credit cards
are accepted.

“Manutacturer’s suggested list price.
Prices subject to change without notice.
U S Pat No D235.554

CONTINENTAL SPECIALTIES CORPORATION

=0

44 Kendall Street, Box 1942, New Haven, Ct 06509
203-624-3103/TWX: 710-465-1227

West Coast office: Box 7809, San Francisco. CA 94119
415-421-8872/TWX: 910-372-7992




Convenience
isonly
half the story.

SBE adds the ultimate lusry 10 30-channal oparation: the convenience ot
microphone controt that puts atl CB tunctions right in the palm ot vour hand.

Quickty scan up o down through all 40 channals, or move channel by
channelwith the 2 spead channal selector tdantity vour channel with the
extia-larae, high-intensity LED readout, clearly visible oven in biight day-
light. Adjust voluma and squelch with the Hick of a tinger. And to transmit,

1K 7
simply pash tha “Prassto-Talk” control 1s alk on the microphone [ |
But the convomance ot TOUCH COM 10 1s only half the story. With Onanwe

such sophisticated toatures as SBE's "Specch Spander voice A
oparated modulation level contral, "Anti Blast” audio burst protection /
cucut, pole TF tiltern dolta tune. and MIC gain control, Touch Com 40
ottars top portormance undor the toughest operating conditions, plus ~
depandability backed by 100 par cont quality control.

And that's the halt of the story that is the most important to vou

l S B E ii Botter Communications through Creative Technology

Far complate intormation, visit your neost SHEDealor, or writo SBE. Ine 220 Airport Bivd.. Watsonville, CA 95076
NTERNATION AL PP e § 5 ey o A ool A g
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> Editorial

MA BELL STALLS

Last March | happily noted here that the FCC had finally bypassed AT&T and its
local telephone companies by permitting end users to install interconnect
equipment to Ma Bell's lines without necessarily renting an interconnect modem.
The FCC's Docket No. 19528 prescribed a free, simple registration program and
technical requirements for making one’s own inexpensive interface.

I concluded this column with a farewell to acoustic couplers and an invitation to
authors to resubmit those hard-wire telephone projects that we had formerly
rejected. Unfortunately, Ma Bell's legal eagles have been running it all through the
courts since then, with one challenge after another. Thus far, alt court decisions
have upheld the FCC decision and its power to make it.

At this writing, though, Bell is before the U.S. Court of Appeals, persisting in its
claim that customer-owned equipment must be interfaced only with a device
rented from Bell to prevent damage to its lines from faulty equipment. Thus, project
builders of equipment that uses telephone lines cannot yet legally bypass renting
an interface device with full confidence for the future. This may not be of any
consequence to independent suppliers of telephone equipment that connects to
Bell's lines or to large businesses, but to electronics hobbyists it means that there
is still a monthly rental charge for a dinky little circuit that will cost them, say, $60
per year.

The FCC certification program for privately owned interface devices, which
included issuance of an FCC registration number that would be sent by the user to
the local telephone company for information purposes only, was wise and long
overdue. We all thought, in our innocence, that this capped the 1968 FCC decision
that permitted phone equipment to be purchased from suppliers rather than rented
from Bell. The FCC observed last year that the Carterfone Decision placed the
burden of proof of harm to telephone installations by interconnect equipment upon
the carrier, not the users. It's hoped here that the Appeals Court will share this
view.

it might seem strange to many people that independent suppliers of telephone
equipment can sell phone gear that's more sophisticated than Bell's standard
equipment at enormous savings to businesses with, say, six or more telephones.

The free enterprise system is what makes it happen. Bell has to charge
businesses more money in order to make up for losses it sustains to support
residential service, some of which is very unprofitable. Outside suppliers, on the
other hand, don't have to run phone lines to the boondocks; they can focus on a
single area and, as they have proved, whip Bell at every turn. Furthermore, the
company enjoys a 10 percent tax creditin the purchase year. For these people, the
annual connection fee is peanuts.

For the electronics hobbyist, not paying a $60 per year modem rental charge for
each device connected to the telephone lines would be a boon to both the hobbyist
and Ma Bell. After all, sending and receiving computer data, TV pictures, et al, over
the lines would add to Bell's revenue as the minutes tick away. This is phone-line
time that would not ordinarily be used.

Of course, AT&T and other telephone companies still have an ace in the hole on
all of this. It's called the “Consumer Communications Reform Act,” which could
overthrow legislatively the FCC rules on interconnecting modems. | hope,
however, that this does not come to pass.

POPULAR ELECTRONICS
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ELECTRONICS BOOK CLUB

invites you to take this [3 {]g]@

1624-page electronics library
with a Trial

for only
Only $1.99 for
all three!
Membership in
the Book Club
that Saves you
25% to 75% on

Regular List
Price $33.85.

B ]

B st

Top-Quality
Hardbinding

Features huge
quick-find index
Get All
Three Of These =
Huge Books
For Only

Over 2300
illustrations

-WIAIATTIAING 734 55V1F ONE

Contains over

$1.99

MASTER HANDBOOK/1001 ELECTRONIC CIRCUITS

Here are IC and transistor circuits for practically anything and
everything—with ALL the data needed to put them to work. It's the
1deal schematic sourcebook for all active technicians, engineers, ex-
perimenters, amateurs—for anyone who must occasionally or re-
gularly construct or adapt electronic circuits for any purpose
whatsoever. Each circuit diagram has every component carefully
{abeled, and every schematic 15 accompamed by all the info you need
to construct the circuit for use in your own individual application. If
there are coils to be wound, you'll find Jull and complete coil-winding
details right there on the spot. if special parts are required, you won't
have 1o invest a lot of ime and effort before the fact, for it's all there
before you 1n condk The circurts are com-
pletely up-to-date, and have been designed, buil, tested, reworked
as necessary, and perfected You'll find any circull you're ever likely
10 need in the pages of this rich volume. Includes an ultracompiete
22-page cross-reference index so you can quickly find the circuit you
need. The schematics are classified according to general application.
K you're in the business of servicingrepainng commercially built
electronic equipment, you fe going to especially appreciate the com-

of IC which includes base dia-
grams for mosl populav iCs. and gives you all the info you need to
adapt the IC packages of one manutacturer to the circuit apphcations
of another. 602 pps. . over 1250 illus

2ND CLASS FCC ENCYCLOPEDIA

Truly a one-volume electronics library all by selt a 602-page
supercourse in electronics that betongs on the bookshelf of everyone
n .Wsas g and ail-enc g as the FCC ex-
amtselt. 's a ~"quick-guide” 1o learning the answers 1o the 2nd and
3rd Class FCC exams (plus Element 9, for the broadcast endorse-
ment). as well as an intensive, no-nonsense seres of courses that
can make you the master of any held related to radio commurication.
A special feature of this unique guide ts the short-form. long-form
answer format to hundreds of FCC-posed questions' Whenever
possible the answer to 3 question 1S dvided into the shortest answer
needed to satsty the FCC requirements a longer answer then shows
how any similar question may be answered, and 15 ncluded for re-
ference or for move appear n
talicized type A boldface type section in mosl answers enables you
1o immediately extract from the detaled discussion that portion
which dueclly answers the specific question These lhemy
packets”” amount to an ap-
proach to the FCC exam, and are |us( one ot the many ways in which
this book is one of the easiest-to-use of all radio courses An ex-
tremely complete 5000-word index. lully cross-referenced. provides
nstant access 10 any rule. formula. circuit dagram. or techmical ex-
planation 602 pps ., over 600 illus

DICTIONARY OF ELECTRONICS

Thus huge. quality dictionary 1$ 3 handy reterence that will serve most
of your needs—ex«tremely useful in whatever connection you have
with electronics Defines most all of the electronic terms you will run
across in your everyday reading  from alpha particles through zoom
lens including those found i radio. TV. commumications, radar.

nste ] mduslnal S. elc
The concise but clearly wrman dehiniions from all the various
branches ol electromics are of value 1o techmcians, engineers, hob-
bysts. expenimenters, and Students. it provides full. complete and
easily ol of specific elec-
tronics lerms A unmique !eatuve 15 the cross-indexing. whereby key
words contained in the detimtions (words that are defined more lully
eisewhere in the book) are printed in small capitals so the user 1s not
left in the dark by any dehinition Appendices provide you with
stll more data—an exiensive hst of umts and abbreviations,
graphic symbols used in [ color codes, db
conversion lables, data on the electvomagnehc spectrum. tube base
diagrams, etc 420 pps , 487 illus
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et us send vou these three practical, time-and-

money-saving books as part of an unusual offer
of a Trial Membership in Electronics Book Cluh

Here are quality hardbound volumes. each
especially designed to help you increase your know-
how. earning power. and enjovment of electronics

These handsome. hardbound books are indicative
of the many other fine offerings made to Members

important books to read and keep velumes with

wour specialized interest in mind

Whatever vour interest in electromcs—radio and
TV servicing. audio and hi-fi. industnal electronics
communications. broadcasting. electronics as a hoh-
by—vou will find Electronics Book Club will help you
get the job you want, keep it. improve 1t or make vour
leisure hours mare enjovable With the Club providing
vou with top quality books. vou may broaden vour
knowledge and skills to build vour income and in-
crease vour enjoyment of electronics, toa

This Special Offer is just a sample of the help and
generous savings the Club offers vou For here s a
Club devoted exclusively to seeking owt only those
titles of direct interest to you. Members are annually
offered over 50 authoritative books on all phases of
electronics

This extraordinary offer 1s intended to prove to
vou, through vour own experience. that these very real
advantages can be vours.. that it 1s possible to keep up

Facts About Club Membership

® The 3 introductory books carry a publishers retail price ot
$33 85 They are yours for only $1 99 (plus postage and
handling) with yoer Trial Member ship

©® You will receive the Club News describing the current
Selection, Alternates and other offerings. every 4 weeks {13
times a year)

® 1f you want the Selection. do nothirg' it will be sent to you
automatically If you do not wish to receive the Selection. or it
you want to order one of the many Alternates offered. you
simply give instructions on the reply torm (and in the en-
velope) provided, and return it 10 us by the date specified
This date allows you at least 10 days in which to return the
form I, because of late mail delivery. you do nat have 10
03ys to make a decision and so receive an unwanted Selec
ton. you may return it at Club expense

® Personal service for your account—no computers used'

® To complete your Triat Membership, you need buy only
four additional monthly selections or alternates during the
next 12 months  You may cancel your Membership any time
after. you purchase these four books

® All books—including the Introductory Dtfer—are fully re
turnable after 10 days if you're not completely satisfied

® All books are otfered at low Member prices plus a small
postage and handbng charge Prepaid orders shipped
posipad

® Continuing Bonus: If you continue atier this Trial Mem-
bership. you will earn a Dividend Certificate for every book
you purchase [(hree Certificates, plus payment of the
nominal sum of $1.99 will entitie you to a valuable 8ook
Dividend of your choice which you may choose from a st
provided Members
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800,000 words

1624 data-
packed pages

a wide selection of
electronics books

with the literature published in vour areas of in-
terest . and to save substantially while so doing. As
Farl of vour Trial Membership. vou need purchase as

as four books during the coming 12 months You
would probably buy at least this many
anvway without the savings offered through Club
Membership

To start vour Membership on these attractive
terms, simply fill out and mail the coupon today You
will receive the 3-volume Electronics i.ibrary for 10-
dav inspection YOU NEED SEND NO MONEY! If
vou are not delighted. return them within 10 davs
and your Trial Membership will be cancelled without
cost or obligation
ELECTRONICS BOOK CLUB. PO Box 10, Blue Ridge Summit Pa 17214

TYPICAL CLUB SELECT!ONS (and Llsl/cluh prices)
Mic Microprog 9 95.35.95—
VNF WHF Fire, Police, Ham Scanners sem:e Manuat
$9 955.95—Modern Guide To Digilal Logl: $9 95%5.95-CB
Radio § ti vicing $26 85/
$9.95—Color TV Trouble Factbook $9 9554 95-—CBer's Handy-
book Of Simple Hobby Projects $6 95%$3.95—Modern Elec-
tronics Math $12 95$8.95—Etectronic Music Circuit Guidebook
$9 945/$5.95—Build Your Own Working Robot $8 95
$5.95—1intro to Medical Electronics $9 95%6.95—21 Simple
Transistor Radios You Can Build $6 9633.95—Ham Radio Ad-
vanced Ctass License Study Guide $8 9534,95—Aviation Etec-
tronics Handbook $11 95/47.95—Practical CB Radio Repair
$8 95/85.95—Radio Astronomy tor the Amateur $8 95/35.95

ELECTRONICS BOOK CLUB

0. Box 10
Blue Ridge Summif, Pa., 17214

Please open my Trial Membership in ELEC-
TRONICS BOOK CLUB and send my 3-volume
Electronics Library, invoicing me for only $1.99
plus shipping. If not delighted, | may return the
books within 10 days and owe nothing, and have
my Trial Membership cancelled. | agree to
purchase at least four additional books during the
next 12 months, after which | may cancel my
Membership at any time.

Name Phone
City
State lip

(This ofter vahd for new Members oniy Foreign and Canada add 10°0} PE3/7




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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I can't get the numeral 6 following the C
switch line in January 1977 “LED Circuit
Quiz." The only segments | can see that light
up are ¢, d, e, and f. What am | doing
wrong?—Anthony W. Wallace, Portage, IN.

A number of readers are having the same
problem. The correct solution is shown by the
accented lines in the drawing.

PIONEER 10 AND TV

In the November 1976 Letters column, J.M.
Lagerwerft stated that SECAM 60 color TV
equipment was carried on Pioneer 10. Nei-
ther Pioneer 10 nor Pioneer 11 carried SE-
CAM 60, PAL, or NTSC TV equipment. The
imaging equipment in both cases is called an
Imaging Photopolarimeter (IPP), which used
separate Bendix Channeltron detectors for
the visible red and blue colors. The IPP uses
a spin-scan technique of imaging. The space-
craft is spin-stabilized, rotating at approxi-
mately 5 rpm, which forms one axis of a two-
dimensional scan field. The second axis is
formed by stepping a telescope in discrete in-
crements as the spacecraft rotates.

The data from the red and blue channels
were encoded to six-bit PCM and transmitted
to earth at 1024 bits per second for Pioneer
10 and 2048 bps for Pioneer 11. These rates
are far too slow for direct display. Under con-
tract to NASA, | designed, built, and operated
the conversion equipment that converted this
very slow rate to NTSC color TV, which was
then broadcast to the TV networks. The con-
version was accomplished with a special
slow-scan video disc recorder. Since green is
a substantial portion of NTSC color video, |
devised a means of synthesizing the gresn
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from the red and blue data. Once all three
color signals were mixed together, they were
fed to an NTSC encoder.

| consider Mr. Lagerwerff's comments on
the Pioneer pictures a compliment, as SE-
CAM 60 is a very fine color TV system. —L.
Ralph Baker, Optical Sciences Center, The
University of Arizona, Tucson, AZ

WANTS TO HEAR BELLS

| find that the Sonalert® in my “Low Cost
Apartment Burglar Alarm” (July 1976) puts
out a sound of insufficient volume. In the arti-
cle, it was suggested that a higher-power bell
or siren could be substituted for the Sonalert.
Could you please tell me how to accomplish
this? Also, why the connection from the OFF
contact of S1 to the negative side of B1, and
what is the significance of the -V on the
anode side of D1 and pin 8 of IC4?7—S.
Possner, Lauderdale Lakes, FL

To answer your last two questions first,
there should be no connection between
B1(-) and S1 (aithough it makes no differ-
ence to circuit operation if this connection is
made as shown), and -V at D1 and pin 8 of
IC4 means that these two points must be
connected together. To add a bell or siren to
the circuit, replace the Sonalert with a 1000-
ohm resistor and add an SCR control system
as shown in the diagram. The value of the

<ce

1000-to-5000-ohm resistor will depend on the
gate requirements of the SCR selected. You
may wish to use a separate high-current bat-
tery (B2) for the bell or siren. The RESET
switch is required to turn off the SCR in the
event the alarm is tripped.

Out of Tune

In “An ‘RFI-Free Solid-State Thermostat,”
January 1977: R4 in the parts list should be a
2,000-chm, 1-watt, linear taper, 10% toler-
ance potentiometer; R7 in the upper left (con-
nected on one side to the cathode of D7)
should read RS, a 470-ohm resistor. All fixed
resistors should be 5% tolerance compo-
nents.

POPULAR ELECTRONICS
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The Test of Time.

Critics were most generous in
their praise when the Shure V-15
Tvpe 111 phono cartridge was first
introduced. The ultimate test,
however, has been time. The
engineering innovations, the
uniform quality and superb
performance of the V-15 Type 111
have made it the audiophile’s
choice as the source of sound for
the finest music systems both here
and abroad.

Consider making the relatively
modest investment of a new
cartridge to upgrade the

performance of your entire hi-fi TECHNICORNER
system. It will make a difference MODEL V-15 TYPE 111
. Tracking Force Range: ¥% to 1Ya grams
you can hear! g 8 g
ouc = I Frequency Response: [0t0 25,000 Hz
Typzc:;l }I’racl\'mg {(in cmisec peak
The original manuscript by |. S. Bach recorded velocity at 1 gram:)

. ) . 400 Hz .26 cmisec 1,000 Hz .38 cmisec
shown is eproduceld hv‘/\nm' permission | 5.000Hz. 35cmisec 10,000 Hz . 26 cmisec
of the Trustees of The British Museum. Channel Separation (Minimum): 25 dB

at ] KHz; 15dBat 10KHz

Stylus: Model VN35E Biradial Elliptical,

5 x 18 microns (.0002 x .0007 inches) I
Alsoavailable: Model V-15 111 G with
the VN3-G Spherical stvlus, 15 microns

(.0006 inches)
Shure Brothers Inc. Model VNT8E Biradial Elliptical stylus,
222 Hartrey Ave. 13 x 63 microns (.0005 x .0025 inches)

Evanston, L. 60204 fonraono 8 ¥om

In Canada: = —q R -
A. C. Simmonds & Sons Limited a S U E

MANUFACTURERS OF HIGH FIDELITY COMPONENTS, MICROPHONES. SOUND SYSTEMS AND RELATED CIRCUITRY.
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New Products

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

PHASE LINEAR FM TUNER

The Model 5000 is the first FM tuner to be put
into the Phase Linear line of separate hi-fi
components. The tuner features a built-in dy-
namic range expander specifically designed
for FM to improve dynamic range up to 9 dB.

Lesser amounts of expansion can be select-
ed while receiving those broadcasts that
have small amounts of compression. Other
features include: fully variable muting; LED
multipath indicators; fixed and variable output
signal levels; signal-strength and center-
channel tuning meters that can be user cali-
brated; 75/25-ps deemphasis switch; and
panel light dimmer. Size is 19"W x 10"D x
7"H (48.3 x 25.4 x 17.8 cm). $499.00.
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TELEX CB HEADSET
Telex's new lightweight CB headset, the
Model CB-88, has a noise-cancelling micro-
phone for clear, crisp voice transmission
even where wind, traffic, and engine noise
normally interfere with sound quality. The
mike has a variable-gain amplifier and is
mounted on a pivoting boom. A soft eartip

carries incoming signals directly to the ear.
The eartip can be worn in either ear, with or
without the headband. An adapter is fur-
nished to allow the earpiece to be clipped to a
user's eyeglasses. The push-to-talk switch
has a clip for attachment to shirt or blouse.
Below $70.
CIRCLE NO. 92 ON FREE INFORMATION CARD

GOLD LINE FIELD-STRENGTH METER
The Gold Line Model 1101 is a compact field-
strength meter with a frequency range of 20
to 160 MHz, for both base and mobile CB and
marine operations. The meter features a

mini-antenna and a multi-color dial designed
for easy reading. Measures 234"W x 115"H x
114"D (7 x 3.8 x 3.8 cm), weighs about half a
pound (0.25 kg). $9.95. Address: Gold Line
Connector, 25 Van Zant St., East Norwalk,
CT 06855.

NATIONAL SC/MP KEYBOARD KIT

The Nationat Semiconductor SC/MP Key-
board Kit is an inexpensive hand-held termi-
nal for use with the 8-bit SC/MP micro-
processor kit to eliminate the need for a cost-
ly Teletype terminal. It has a 6-digit hex dis-
play and features simple uP control to allow
the user to evaluate the SC/MP CPU and di-
rect object code program manipulation for de-
velopment of a variety of applications soft-
ware. The heart of the kit is a ROM firmware
package (512 bytes) that replaces the Kit Bug
ROM originally supplied with the SC/MP kit
and allows the use of the hex keyboard to
modify or examine the contents of memory
and the SC/MP registers and to monitor pro-
gram performance. The kit comes complete
with manual, all IC's, resistors, keyboard dis-
play cable connector assembly, Wire Wrap
connectors, precut wires, and a manual Wire
Wrap tool. $95.00.
CIRCLE NO. 93 ON FREE INFORMATION CARD

BOSHE! OPEN-REEL TAPE DECK

The Model IT-1000 tape deck from Boshei
Enterprise Co., USA features four heads,
three motors, full-logic solenoid-actuated
tape motion, 10" (25.4-cm) reel capacity, and
large VU meters. Separate microphone and
line inputs and a digital tape counter are also

AmericanRadioHistorv Com

provided. An Auto Reverse feature provides
the convenience of cassettes in an open-reel
tape deck, allowing up to 8% hours of uninter-
rupted stereo listening. The transport oper-
ates at 72 or 3% ips (19.05 or 9.53 cm/s). At
7% ips, wow and flutter is rated at 0.06% or
less, S/N ratio at 55 dB, and frequency re-
sponse at 30 to 20,000 Hz +3 dB.
CIRCLE NO. 94 ON FREE INFORMATION CARD

SWAN SSB HAM TRANSCEIVER
A new 700-watt PEP single-sideband Ama-
teur Radio transceiver is now available from
Swan Electronics as the Mode! 700CX. It fea-
tures up to 10 channels for MARS operation
with the optional Model 510-X plug-in crystal-
controlled oscillator. Frequency coverage in-
cludes the 80-, 40-, 20-, 15-, and 10-meter
bands. USB, LSB, and CW modes of opera-
tion are switch selectable, as are the 25- and

100-kHz calibration frequencies from the
built-in calibration oscillator. The audio band-
pass is 300 to 3000 Hz. A dual-ratio planetary
control scheme is used for the tuning system.
The receiver's sensitivity is 0.5 pV at 50
ohms for 10 dB (S + N)/N. Audio output is
rated at 4 watts into 3.2 ohms. Size is 13"W x
11"D x 5%"H (33 x 28 x 14 cm) and weight
is 17% |b (7.8 kg). $649.95.
CIRCLE NO. 95 ON FREE INFORMATION CARO

SONY AM/STEREO FM RECEIVER

Sony's Model STR-3800 AM/stereo FM re-
ceiver is said to offer a high degree of flexibil-
ity in a moderately priced receiver. The am-
plifier is rated at 25 watts/channel minimum
rms into 8 ohms from 20 to 20,000 Hz with no
more than 0.5% THD. The tuner section fea-

POPULAR ELECTRONICS



tures a PLL (phase-locked loop) IC in the
multiplex section, FET r-f amplifier, perma-
nently aligned i-f filters. Other ratings include

- 2-pV IHF sensitivity, 50-dB selectivity, 1.5-dB
capture ratio, 68-dB S/N in stereo, and 35-dB
stereo separation at 1000 Hz. A stereo in-
dicator, twin tuning meters, and switchable
muting are provided. The preamplifer section
features a direct-coupled, two-stage phono
equalizer for a =1-dB RIAA tracking and 68
dB S/N ratio. The S/N in the high-level input
mode is 90 dB. Size is 19"W x 12%'D x
5%"H (48.2 x 32.7 x 14.6 cm) and weight is
231b (10.5kg). $280.00.
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EICO SOLID-STATE ENGINE ANALYZER

Eico's Model 885 Tunemaster solid-state en-
gine analyzer performs up to 16 different au-
tomotive tests and analyses. Among them
are: ignition points test; dwell test; dwell vari-
ation; low rpm (tachometer); high rpm (tachy);
battery test; accessory current drawn; charg-
ing system output; output test (regulator by-

pass); voltage-loss test; ballast resistor test;
spark-plug wire test; capacitor test; alternator
test; and fuse test. The large 6" (15.2-cm)
meter has multi-range, color-coded scales.
Controls include a cylinder selector switch
and a mode selector. The tester operates on
power from the vehicle's battery. The instruc-
tion manual provided with the instrument de-
tails step-by-step tune-up information for all
domestic and foreign cars. $49.95.
CIRCLE NO 97 ON FREE INFORMATION CARO

MIDLAND 40-CHANNEL CB TRANSCEIVER

The Midland Model 77-882 40-channel mo-
bile CB transceiver features both switchable
automatic noise limiter (anl) and noise blank-
er, Delta tuning and a variable squelch con-
trol. The dual-conversion superheterodyne
receiver has a tuned r-f stage, active agc; the
transmitter is rated to deliver 4 watts of output
power. All-channel operation is obtained with
a phase-locked-loop (PLL) synthesizer. Oth-
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er features include: a PA switch that delivers

3 watts of audio power, a warning light that in-

dicates antenna mismatch or failure; an S/r-f

meter, and an external CB switch that directs

received CB signals to an external speaker.
CIRCLE NO 98 ON FREE INFORMATION CARD

AUDIONICS STEREOC POWER AMPLIFIER

The Model PZ3 HP is the second-generation
version of the original Audionics Model PZ3
power amplifier. Offered with optional peak-
indicating VU meters and input level controls,
the new amplifier is rated at 100 watts/chan-
nel minimum rms into 8 ohms from 20 to

20,000 Hz at 0.03% maximum THD. Input
sensitivity is rated at 1.0 volt for full output.
The frequency response at +0.5 dB is from
20 to 20,000 Hz (5 to 70,000 Hz at -3 dB).
Hum and noise are rated at more than 95 dB
below the rated output, damping factor at
1000 Hz into 8 ohms is 50, and output imped-
ance is 4 ohms to infinity. The amplifier

Looking for an ultimate
standard of listening?

Many hi-fi enthusiasts bought a
Crown DC-300A power amplifier
because they were impressed

by its performance specs, and
by the quality of its “listening”
performance. It was, for them, the
“ultimate’” amplifier.

Why not do what they did? Com-
pare the specs for the Crown
DC-300A with those of any other
amplifier. Compare the clean,

DC-300A Stereo Amp
155 watts per channel min.
RMS into 8 ohms
(1-20,000 Hz), no more
than .05% total
harmonic distortion.
e 00 0 0 0 0 0 00

Fast playback coupon

Name
Address

When listening becomes an art,

 ~a" ]

crown

Box 1000, Elkhart IN 46514

D-150A Stereo Amp
80 watts per channel min.
RMS into 8 ohms
(1-20,000 Hz), no more
than .05% total
harmonic distortior.
® @ © 0 @ 00 00 O 0O O O O O O O O 0 O

pure DC-300A sound that comes
from low-distortion circuitry and
plenty of headroom. And espe-
cially compare the DC-300A with
its smaller relatives, the Crown
D-150A and D-60. Same clean,
pure sound, less power, but may-
be just what you need.

Use your own judgment. You
could find your ultimate listening
standard in Crown.

D-60 Stereo Amp
32 watts per channel min.
RMS into 8 ohms
(20-20,000 Hz), no more
than .05% total
harmonic distortion.

PE-3

Send directly to Crown for fast info on amps.

City
State Zip
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¢ The HPM supertweeter . C orerggrs gcz)r tgs e
Incredible highs without o ke ac)(; Notic
magnets, voice coil 1
artone: flaws in Z?."’ Ihvmg room.

o
Jhe 1-3/4 inch tweeter:
Its light but rigid cone makes
sure guitars don't end up
~ sounding like saxophones.

1;.

paper ,
in the crossover unit |

hase characteristics
ccurate sound
fon.

A separate eﬁﬁ}osare for the 4 inch
driver so its sound waves don' interfere with
.the woofer and tweeter. Or vice versa.

Our 12 inch carbon fiber
blended woofer. Big bass
sound doesn’t come out
of small bass speakers.

Cast aluminum speaker frames.
They're not seen too often, which is
part of the reason speakers I'ke this
aren’t heard too often.

___AmericanRadioHistory Com




WHEN YOU BUILD A SPEAKER
TO SOUND GREAT
ON EVERY PART OF THE MUSIC,
YOU CAN'T CUT CORNERS
ON ANY PART OF THE SPEAKER.

A single HPM-100 weighs almost 60 pounds.

The fact it weighs more than a Large Advent speaker, Bose 901
or JBL L100 is not an accident.

Our speaker frames are made of heavy cast aluminum instead
of the usual stamped metal, so you hear only the speakers vibrating
and never their frames.

Our magnets are oversize to spare your ears needless distortion.

And our cabinet is made out of special compressed wood that's
denser and heavier than ordinary wood. So the sound is forced out
of the cabinet instead of being absorbed by it.

Of course, not everything that adds to the sound of an HPM-100
also adds to its weight. |

Our supertweeter uses nothing but a piece of High Polymer
Molecular tilm to produce incredibly clear and crisp high
frequencies.

Our midrange driver and tweeter have cones that are light
enough to give sharp response, but rigid enough not to distort.

And our 12 inch woofer has a long throw voice coil and unique
carbon fiber blend cone (instead of the more typical cardboard cone)
that work to produce the kind of realistic bass you not only hear,
but feel. }

Naturally, we could go on. About our 12-1/2 feet of damping
material. Or about the aluminum screws that keep our speakers
from falling out. They re ordinarily used to keep airplanes from
falling apart.

But we figure at this point youd rather hear our speakers in
person than hear any more about them fromus. HPM- 100

WPIONEER
©Us PN RIS R 77 Theall-around great speaker.
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comes with a rack-mount front panel with
black anodize finish. Size is 19"W x 15"D x

6"H (48.3 x 38.1 x 15.2 cm) and weight is 29
mt I ntu 5 h CATA Lo G b (13.2 kg;(less m);te_zrs o?rg1 Tgﬁvzi'ig)lfvith
an d F M DI R E CT o RY wifr:e:éte?:%.oo without meters, $529.00

Get all the newest and latest information on the new Mcintosh Sol- CIRCLE NO. 99 ON FREE INFORMATION CARD
id State equipment in the Mclntosh catalog. In addition you will
receive an FM station directory that covers all of North America.

DIGITAL LOGIC PROBE

“Probit” is a new digital logic probe from Con-
trol & Information Systems, Inc. It tests TTL/
DTL and CMOS logic systems and can detect
pulses down to 35 ns and accurately check
for valid and abnormal togic levels. The probe
has greater than 200,000-chm input imped-
ance (at 30 MHz) to assure minimal loading
on the circuit under test. Both over-voltage

MX 113

Mclntosh Laboratory, Inc.

| East Side Station P.O. Box 96

Binghamton, N.Y. 13904 I
I Dept. PE I
l

I

NAME I
ADDRESS

| and reverse-voltage protection are provided.
I A seven-segment display indicates “H" for a

TODAY!

: - logic high, “L" for a logic low, and a decimal
If you are in a hurry for your catalog please send the coupon to Mcintosh. oint for pulse detection. The display is blank
For non rush service send the Reader Service Card to the magazine. ? b p I loqic level ; c p yt “Mi

TG [ O € G5 O @ or abnormal logic levels. Convenient “Micro-

Hooks" are used for test connections, and
the probe tip is detachable. The logic family is
selected by operating a slide switch on the
probe’s body. Size is 5L x 1"Dia. (12.7 x
2.54 cm). $34.95.
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It's faster,easier and less

; ]
expensive.That's why
we call it —_Fa |

g N b i SOUTH SHORE FOLDING CB ANTENNA
super'Strlp- R, ..o - South Shore Trading Corp. has announced a
i ' = 102" (2.6-m) CB whip antenna that conven-
iently folds to a compact 155" (39.7 cm) in

seconds for easy storage. The SST Whip-A-
Way antenna consists of a series of hollow

This versatile mini breadboard features the same superior contacts, materials and interlocking steel sections that are “strung
construction we use in our full-scale ACE All Circuit Evaluators. Any solid hookup
wire up to #20 plugs right in to connect DIPs, discretes and almost any components
you have on hand. Super-Strip gives you 128 separate five-tie-point terminals in the
circuit building matrix and 8 power and signal distribution lines — enough capacity
to build circuits with as many as nine 14-pin DIPS. And when you're done with your
hookup, just pull it apart — everything's as good as new. Super-Strips come with
your choice of nickel-silver or gold-plated terminals, Plus an instant-mount backing
and quick-removal screws for fast and easy stacking or racking. Heard enough?
Then stop looking and start cooking with A P Products Super-Strips.

Part Model Terminal Price
Number | Number Type Each
923252 | SS-2 | nickel-silver | $17.00
923748 | SS-1 | gold-plated $18.90

Order from your A P distributor today. Our distributor list is on a spring-loaded cable and easily opened.
growing daily. For the name of the distributor nearest you call The brass fittings automatically seat them-
Toll-Free 800-321-9668. selves and are heid in place by the spring-
loaded cable to insure secure mechanical
Send for our complete A P catalog, and electrical connections. The antenna can
The Faster and Easier Book. be used with any heavy-duty bumper mount
equipped with a standard 34"-24 female fit-
AP PRODUCTS INCORPORATED ting. $34.95.
Box 110-H Painesville, OH 44077 (216) 354-2101 TWX: 810-425-2250 CIRCLE NO. 101 ON FREE INFORMATION CARO
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Print Your Heart Out.

With help from the Digital Group, naturally.

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

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

Just look at these specifications:

¢ Fast—120 characters per second

* 96 characters per line

¢ 12 characters per inch horizontal

¢ 6 lines per inch

¢ Makes up to 4 copies simultaneously

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

® 5 x 7 character matrix
* Ribbon has built-in re-inkers for a life of
10,000,000 characters

¢ Paper can be either a standard 8%:-inch roll, fanfold

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

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

(theclgitalgroup )

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

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

Name

Address

or cut page City/State/Zip
¢ Interfaces to 8-bit parallel ports Please print.
MARCH 1977 CIRCLE NO. 22 ON FREE INFORMATEON CARD 13
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IT’'S WHAT YOU GET WHEN YOU

And once you get it, it’s going to
be all you'll ever need. Because
Midland gives you what CB is
supposed to give you. The power
to communicate. The power to
reach out and pull in your own
personal horizon. And the
clarity to be understood
wherever you reach.

1

For 1977, the power comes to
you in an entirely new genera-
tion of 40 channel CB radios.
Spearheaded by the remarkable
Midland 838.

With it comes switchable
automatic noise limiter, noise
blanker and audio filter —three
noise elimination systems that
let you receive with greater

L - D
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clarity. The 838 is also power io/

your hand with an automatie’
channel advance and volume
control right on the mike. And
it’s the power to know exactly
where you’re heading with our
large, bright L.E.D. digital
channel indicator.




\

" RUN WITH NUMBER 1. MIDLAND CB:

The 838, though, is only one
aspect of Midiand Power.

We offer a \complete line of
CB's, from base stations to por-
tables, to every kind of mobile
transceiver that will put our
power in your hands at a very
reasonable price. Compare. We
don’t think anybody, anywhere
will give you such quality at such
an affordable price.

L

g

Pl =

And we back up that quality
with our Midland warranty and
convenient service centers from
Carolina to California.

And fimally, Midland Power is
the way we put our 15 years of
CB experience into every set we
build.

Good experience, obviously.
Or we couldn’t have done what
we did last year. Sell over
2 million Midland CB radios, to

e =0 o

make us the number one selling
CB in the world.

Midland Power. It's what you
want from a CB.

It’s what you get when you
run with number 1.

: ®
s N
e & Ny
- TR . ®
SN N IDLANDCEB
\ Y " 3 - ! 3
A member of the Beneficial Corporation Family.
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3 PUT THE “IGNITION OF THE FUTURE”
ON YOUR CAR TODAY!

MODERNIZE and Bring Your Car “UP-TO-DATE"
with the MOST EFFICIENT Ignition ever invented!

3¢ End “Tune-Up” Problems FOREVER
caused by Points and Condensor

:Eifv:;Q .
ﬂI.I.ISON XR 700

with the Exclusive...Solid-State Voltage Regulator.

The ONLY Ignition System that has COMPLETELY overcome
the Problems that have baffled the Auto Industry for Years!

SO RELIABLE 99.9+%), .. S0 PERFECTED. ..
that it will soon be STANDARD on most Future new Cars!

ALLISON Rated #1 by Official Testing Laboratory
as the BEST *'Fuel Saving" Ignition System
of ALL the Ditferent Ignition Systems Tested!

€ The “XA.700" is a COMPLETELY NEW (gnition System
employing the Most Ad! d Tech , that repl. the
inefficient Points and Condensor with an infrared Light Beam
to Trigger the Latm type of Solid-State Power Components,
Once installed. . .” XR-700"" has NO moving Parts to wear out
or adjust. It works without Friction or wear. Not affected by
Dirt, Oil, Moisture, Vibration or extreme Engine Temperatures!
RUGGED and RELIABLE!

3 The “XR.700"" is engineered to 0 UTLAST YOUR CAR!

# The “XR-700" produces the MAXIMUM “High Energy”
Long Duration Spark. . .from your present car’s [gnition Coil.
This permits the Positive Firing of Spark Plugs, even under the
most Adverse conditions. Also, Eliminates “Engine Misfire,"
resulting in more COMPLETE COMBUSTION! Thus you get
IMPROVED Fuel Mileage, a HIGHER Performance Level.
keeps Plugs FROM FOULING and gives LONGER Plug Life!

Customers Report:
Y “IT MORE THAN PAYS FOR ITSELF!

% INCREASES Gas Mileage up to 30%!
SAVES Money on Costly “'Tune-Ups'!

 Gives Continuous PEAK Performance!
QUICKER Starting in Any Weather!
Smoother Running. .. Faster Acceleration!
Plugs Last Up to 4-Times LONGER!"

A Reliability PROVEN in Millions of Customer Miles to be so
exceptionally GOO0D. . .that every “XR-700" has a LIFETIME
WARRANTY! FREE Repair or Replacement for as long as
you OWN the Unit!. . .and even if you CHANGE Cars, Allison
will supply you the necessary PARTS to fit ANY Point-Type
Distributor, . .FREE! (Include $2 for Postage & Handling).

[ FITS ALL CARS, Domestic & Foreign. 4, 6 or 8-Cylinder_|

% DO-IT-YOURSELF.. EASY INSTALLATION'
The New “XA-700" is C y Factory A
Thoroughly TESTED! New Precismn ‘Orop-in” Mnunlmg
Bracket, with color-coded. “'Snap-Together” wire connections
No Distributor Removal necessary  Protected aganst  tncorrect Hook-up!

@ Thousands sold at $59.95 @ ONLY

NOW! Allison's Production  § 95
Technology offers you the

same Premium Quality XR-700
at this SPECIAL LOW Price... “;EP RM“P l;.E,TE,,

THAT'S EVERYTHING .. INCLUDING POSTAGE & INSURANCE

* ORDER WITH CONFIDENCE, .,
install the “XR-700", and prove to your own SATISFACTION
that it is as advertised, or return it within 30 days fora FULL
Refund of the Purchase Price

# SAVE! ORDER FACTORY DIRECT.
Send Check or M.0., State Car Make, Year, No. Cylinders

M MASTER CHARGE or BANKAMERICARD Card Holders:
DROER by TOLL-FREE PHONE. (800) 423-6525, Ext. 2
or Send us (1) Your Number, (2) Interbank No., (3) Exp. Oate.

SEND for FREE BROCHURE .
and Comparison Sheet.

“CB” USERS: The “XR-T00" completely ELIMINATES
the Major Cause of Primary {Ignition Noise} interference.

# If you have already installed a “*Capacitive Discharge”’ Ignition
# Convert your “C.D" Unit to BREAKERLESS!

INCREASE ITS EFFICIENCY with “XR-CO”, . .only $29.95

UL
¥ M\ 3¢ America's Oldest and Largest Manutacturer

of Dpto-Electronic Ignition Systems. ©

ALLISON auromonve co.

1267 — PO, East EDNA PL., COVINA, CAL. 91722
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CIRCLE NO. 12 ON FREE INFORMATION CARD

New Literature

ELECTRONIC ORGAN KIT DATA

Devtronix Organ Products is now offering il-
lustrated literature describing different mod-
els, related accessories, and simple assem-
bly techniques on its complete line of build-it-
yourself electronic organs. Organ types
range from small single keyboard practice
models to instruments larger than a three-
manual theater organ. A 13-minute LP stereo
recording, which presents a wide variety of
different types of music demonstrating voic-
ing range capability, is also included for 50
cents. Address: Devtronix Organ Products,
5872 Amapola Drive, San Jose, CA 95129.

TOOLS CATALOG

Catalog No. 22 from Techni-Tool is full of
unique and often hard-to-find tools for elec-
tronics work. Listed are 25 new tool kits for
the engineer and technician. The standard
lines of hand tools and accessories are listed
and illustrated, with more than 10,000 differ-
ent items. A “Design-A-Kit” section telis the
reader how to go about putting together his
own tool kit by selecting only those items he
needs. Address: Techni-Tool, Inc., Apollo
Rd., Plymouth Meeting, PA 19462.

COAXIAL CABLE CATALOG

A new 34-page “Essex Coaxial Cable" cata-
log is available from Essex Electronic Wire
Products. It contains up-to-date listings of
coaxial cables, photos, and charts. Sections
highlight r-f transmission lines, military RG/U
nomenclature, RG/U-type triaxial cable, elec-
tronic sub minax coaxial cable, two-way an-
tenna cable, CATV drop lines, etc. Address:
Essex Electronic Wire Products, 6235 S. Har-
lem Ave., Chicago, IL 60638.

SEMICONDUCTOR REPLACEMENT GUIDE

The Workman Electronic Products Semi-
Conductor Catalog and Replacement Guide
consists of 175 pages that list and cross-ref-
erence more than 75,000 manufacturer num-
bers to more than 200 Workman replace-
ments. it also features a cross-reference to
other major semiconductor manufacturers.
Address: Workman Electronic Prods., Inc.,
P.O. Box 3828, Sarasota, FL 33578.

SOUND BROCHURES FROM SHURE
A pair of brochures from Shure describe two
products that are said to reduce the compli-
cation and cost in finding room response
trouble spots in sound systems and to equal-
ize the systems to desired frequency-
response curves. Brochures No. AL558 and

~  AmericanRadioHistorv Com

No. AL554 describe the Model M615AS
equalization analyzer system and Model
SR107 audio equalizer. Full technical details
are given for each product. Address: Shure
Bros., Inc., 222 Hartrey Ave., Evanston, IL
60204.

SOUND EQUIPMENT CATALOG

Argos Sound has a new 12-page, three-color
catalog with photos and descriptions of its
complete line of sound systems and compo-
nents. Included are a large selection of sound
columns, portable sound systems, baffle/
speakers, wall baffles, and CB base and mo-
bile speakers. The list of specifications in-
cludes weights and measures in the standard
and metric systems. Each product is de-
scribed according to its acoustical application
to specific market areas. Address: Argos
Sound, 600 S. Sycamore, Genoa, IL 60135.

1802 MICROPROCESSOR USER MANUAL

“User Manual for the RCA CD1802 COS-
MAC Microprocessor” (No. MPM-201A) is for
those with a limited familiarity with computers
and programming. It guides the reader
through microprocessor architecture and in-
troduces a set of comprehensive, easy-to-
use programming instructions. The manual is
a detailed guide to the application of the
COSMAC CDP1802 microprocessor. Exam-
ples illustrate the operation and use of each
of the 91 instructions. The manual illustrates
methods of adding external memory and con-
trol circuits and shows the use of 1/0 instruc-
tions and interface lines, including DMA, in-
terrupts, flags, commands, processor state
indicators, and external timing pulses. Price
is $5.00. Address: RCA Solid State Div., Box
3200, Somerville, NJ 08876.

CALCULATOR DIGEST

“The Hewlett-Packard Personal Calculator
Digest” (32 pages) is written in magazine
style and describes the operation and design
of hand-held and printing calculators. Sub-
jects include thermal printing, testing, servic-
ing, CMOS, PMOS and NMOS circuits and
RPN language. A catalog section provides
specification information on each of Hewlett-
Packard's calculators, and charts illustrate
the uses of each model. Letters to the editor
and a question and answer section are also
included. Address: Inquiries Manager, Hew-
lett-Packard Company, 1000 N.E. Circle
Bivd., Corvallis, OR 97330.

LOUDSPEAKER CATALOG

“AR Guide to Loudspeakers” is a new, 36-
page, full-color catalog, describing Acoustic
Research's Advanced Development Division
line of speaker systems. It gives detailed in-
formation concerning speaker efficiency and
placement and amplifier power requirements.
The design, production and testing of speak-
ers is explained and a section on the philoso-
phy of music reproduction is included. Price,
$1.00. Address: Acoustic Research, 10
American Dr., Norwood, MA 02062 or free
from AR products dealers. A dealer list will be
sent on request.

POPULAR ELECTRONICS



MAGAZINES AT DISCOUNT!
You SAVE up to 50%

\l.\e’\“\ Here's your chance for a real bargain bonanza on your favorite
"e(eo E—“"
="

magazines. Select as many as five of these titles at the low in-
troductory rates shown below—up to 50% off. Use attached
card to order or write to: MAGAZINES AT DISCOUNT, A
Division of Ziff-Davis Publishing Co., P.O. Box 2703,
Boulder, Colorado 80322.

BOATING (01) You pay only $6.00

Reg. Rate; 12 Issues for $10.00

CAR & DRIVER (02) You pay only $3.99

Reg. Rate: 12 Issues for $7.98

CYCLE (03) You pay only $3.99

Reg. Rate: 12 [ssues for $7.98

FLYING (04) You pay only $6.99

Reg. Rate: 12 Issues for $11.98

HANDY ANDY (57) You pay only $5.88

Reg. Rate: 10 Issues for $7.95

MONEY (29) You pay only $9.95

Newsstanc Rate: 10 Issues for $12.50
NEWSWEEK (44) You pay only $12.50
Newsstand Rate: 25 Issues for $25.00
PLAYBOY (34) You pay only $12.00
Newsstand Rate: 12 Issues for $19.00
POPULAR ELECTRONICS (06) You pay only $6.99
Reg. Rate: 12 Issues for $9.98

POPULAR PHOTOGRAPHY (07) You pay only $4.99
Reg. Rate: 12 Issues for $9.98

POPULAF SCIENCE (35) You pay only $4.50
Newsstand Rate: 12 Issues for $9.00
PSYCHOLOGY TODAY (08) You pay only $7.00
Reg. Rate 12 Issues for $12.00

SPORTS LLUSTRATED (38)

You pay only $9.75 for 25 Issues

Newsstand Rate: 25 Issues for $25.00

Basic ann.al rate: 52 Issues for $20.00
STEREO REVIEW (11) You pay only $3.99
Reg. Rates 12 [ssues for $7.98

TIME (40) You pay only $12.50

Newsstani Rate: 25 Issues for $25.00

TV GUIDE (41) You pay only $8.35

Lcwest Available Sub. Rate for 32 Issues
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Stereo Scene

THE HOUSE THAT HI-FI BUILT

“Live music is the only standard,”
we are told. "Your audio system
may sound impressive, but does it
sound like the real thing?” “Go to a con-
cert before you pick out your speaker
systems.” And occasionally, when our
judgment in matters of sonic accuracy is
being called into question: “When was
the last time you listened to live music?”

Well, the definition of high fidelity im-
plies faithfulness to something; isn't live
music a perfectly natural and appropri-
ate something? Surely. But as one who
hears live music several times a week at
the very least, | have a particular prob-
lem with this proposition: | can't for the
life of me figure out what live music
sounds like.

it may seem like an heretical state-
ment, but | would hardly call a season
ticket to Boston's Symphony Hall (or any
other auditorium) an adequate acquaint-
ance with the sound of live music. As
proud Bostonians must be aware, the
experience of hearing music in Sympho-
ny Hall is unique, and usually very re-
warding. The same music heard else-
. where sounds different. In fact, of the
various recordings | have that were
made in this hall, there is none that does
more than stir the vaguest recollections
of the live experience. Perhaps this is
because the recording team didn’t trou-
ble to cluster the microphones around
my usual seat. (Indeed, if former prac-
tice still prevails, my usual seat is actual-
ly ripped out of the hall for recording ses-
sions, and part of the orchestra putin its
place.) But whatever the reason, the fact

BY RALPH HODGES

remains that music in Symphony Hall
does not sound very much like musicin,
say, New York’s Carnegie Hall.

Avery Fisher Hall. Certainly music in
Boston's Symphony Hall sounds differ-
ent than it did in New York’s old Philhar-
monic Hall—so different that New York
concert-goers were up in arms about it
for years. If you've read a newspaper
since 1974, you probably know that that
unfortunate situation has largely been
rectified. A little over two years ago the

. retiring Avery Fisher, founder of Fisher

Radio (which once advertised high-
fidelity systems as the means to ac-
quaint your children with the live music
they might otherwise never hear), set-
tled a handsome sum on the Lincoln
Center corporation, which used the
funds to totally rebuild the auditorium
(duly renamed Avery Fisher Hall) from
the inside out. It was truly the house that
hi-fi (or hi-fi money, anyway) built. First
critical reaction to the new structure was
generally approving, which strongly
whetted the appetites of myself and oth-
er likeminded souls to hear this wonder.
However, | decided to put off my iniial
visit for several months to allow the or-
chestra time to accommodate itself to
the new environment. When | did make
my move, just a few days ago, it was
with the most helpful cooperation of the
N. Y. Philharmonic press office, which
got me admitted to the morning rehear-
sal for a large-scale concert, and to the
first performance that evening. The pro-
gram (Saint-Saens’ Third Symphony

New York’s new
Avery Fisher Hall.

.

N

and Shostakovich’s Fourteenth) prob-
ably could not have been improved upon
for my purposes, involving as it did the
full Romantic symphony orchestra, or-
gan (electric organ; the hall’s pipe instru-
ment went with the renovation), piano,
solo voices, and the full dynamic range
of which all these instruments are capa-
ble. Leonard Bernstein conducted.

Different Seat, Different Sound.
When | walked into the rehearsal, |
learned that only the three upper tiers in
the back of the hall were available for
seating. The orchestra floor was verbot-
en, and the side boxes were still being
worked on. From the ‘approximate front
center of the first (lowest)tier, the sound
of the orchestra tuning up was en-
couraging. Everything seemed to pro-
ject, particularly the low strings, which
were elusive in the old hall. But then as
Bernstein, with his left side to our small .
audience of freeloaders, conferred for
several minutes with the organist, | not-
ed that the sibilance in his voice was all
but inaudible, although the body of the
speech was there.

This impression—a lack of bril-
liance—persisted as the music began.
The low strings remained robust, but the
violin choruses seemed muffled, diffuse,
and somewhat wavery and unsteady in
their texture. It was a most familiar ef-
fect; | have heard it and cursed it on
many now-discarded “high-fidelity” sys-
tems. Was | too hasty in blaming the
equipment?

Another problem: the sound was
weak. On the vigorous tutti in the early
minutes of the Saint-Saens my little
sound-level meter (which was creating a
minor sensation amongst my neighbors)
showed a maximum of 94 dB (unweight-
ed). Average level was perhaps 88 dB,
which | think is too soft, especially with
the hall largely unoccupied by a sound-
absorbing audience. Astonishingly, the
brass parts could scarcely be distin-

" guished from the overall texture, the

sound was so lacking in edge and “bite.”

Curious about the effect of the over-
hanging tier on reflections from the ceil-
ing, | then moved to the left rear corner
of the first tier. The sound underwent a
remarkable transformation. I'm not sure
| can explain it, but | can describe it per-
fectly: it was the sound of a dirty stylus,
without question. And mind you, this is
live music!

The Second Tier. Up one story, and
again front and center, there was an
appreciable improvement. Now some
sibilance was detectable in Bernstein's

POPULAR ELECTRONICS
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Americans have been using Motorolg
2-way radios to find campsites for yearse

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

A profes-

sional-quality 3%-
inch top-fire speaker
ives the Motorola
B an audio quality
g% that must be heard
SN & tobe fully
appreciated.

And every
Motorola CB gives
you the added advan-
tage of a power mic
R o2 % e B - ¥, e . 5 that doesn’t need
e M S - PR L A batteries. That doesn’t

S— v - cost 50 bucks extra.
The Motorola 40-Channel CB radio.

It’s a fact that the people who first

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. CB radio under your G
And now Motorola makes a dash and you’ll

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

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

Features that many manufacturers
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. 7

A digital phase lock loop i S

-
T8

MotorolaCB

From the voice of experience in 2-way radio.

. o
(03T

To find the dealer nearest you, write: Customer Relations Manager, Motorola, Inc., Automotive Products Division. 333 Northwest Ave., Northlake, Illinois 60164.

CIRCLE NO. 40 ON FREE INFORMATION CARD
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voice, even with his back turned. The vi-
olins began to coalesce more, and the
quality of their attack was more appar-
ent. Brass was still a disappointment,
however, sounding wooly and indistinct.

It was here that | measured the hyper-
active finale of the Saint-Saens, which
got up to 98 dB (96 dB without the bass
drum, which didn't sound like much, but
which certainly rocked the meter). This
is not enough, particularly if the sound is
not radiantly alive to begin with. But feel-
ing | was on the track of something, |
made my solitary way up to the cheap
seatsin. . . .

The Third Tier. | was really not pre-
pared for what | heard. The orchestra by
now was well into the Shostakovich, and
the cellos and basses were executing a
quiet passage in pizzicato and short,
light bowing as | sat down. A fat, rich,
glorious “Thrummm" resounded
throughout the hall below. When the
high strings entered they rushed into fo-
cus, bright, full-bodied, precise in attack,

and sometimes even a little steely, al-
though never harsh. The soprano voice,
which before had struggled to emerge
above the orchestra (incidentally, the
soprano and bass were onrisers behind
the string orchestra, presumably to
benefit from the horn-like flare of the
stage enclosure), had power that
seemed to saturate the stage area and
swell irresistably out. And the important
xylophone part had a quality—a sting-
ing, violent snap—that | would have
sworn could be captured only by closely
spaced microphones, as in the record-
ing | had listened to the night before.

As you can tell, | loved it all. The
sound had precisely those characteris-
tics—power, clarity, brilliance, attack—
that | look for in a reproducing system
and in a recording. Paradoxically, these
effects were available (in the seats open
to me) only in the part of the hali most re-
mote from the stage. But the explana-
tion, I think, is simple. The third tier also
offers the seats closest to the ceiling,
which is probably the major sound-

reflecting structure in the hall. This prox-
imity means that a host of reflections ar-
rive almost immediately to reinforce the
direct sound reaching you. | only wish
the brass had been present (they retired
after the Saint-Saens) to cap the whole
thing. | made no measurements in the
third tier just because the orchestra was
so diminished in size and power.

The Performance. The seats we
were assigned for the evening perfor-
mance were to the left of the orchestra
section, row U-—significantly remote
from my listening sites of the morning,
which was too bad. Throughout the day |
had wondered whether the acoustic ab-
sorption of an audience might diminish
the prominent mid-range and upper
bass, exposing the brilliance | wanted to
hear. | have the impression that it
helped, but | lacked a standard of com-
parison and couldn't judge reliably.

In row U-left, it was possible to sense
the contributions of both the direct
sound from the orchestra and the reflec-

During rehearsal, the author sat in the first tier, row AA, seat 104 (shown by circle in color overlay);
then first tier, DD-19; second tier, BB-109; third tier, AA-110. Forthe performance, orchestra, U-1.
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tions from the hall for many instruments.
For other instruments (the violins, for ex-
ample) reflected sound dominated; the
string basses, hard by the stage’s right
reflecting wall, provided almost all direct
sound and early reflections, which made
them sound very taut, damped, and
strangely woody.

Being much closer to the orchestra
helped enormously in terms of loudness,
and the climaxes were quite satisfying.
However, the violins, although clear,
were oddly disembodied and somewhat
dim, giving a slight cotton-in-the-ears
feeling that either they weren’t com-
pletely there, or you weren't. Woodwind
detail was good, with credible timbre,
but the brass, quite audible at last, still
lacked that characteristic “buzzy” edge
of excitement. The brass also seemed
late and unsure in its attacks—apparent-
ly a result of the time necessary for the
sound to build up in the hall. The pedal
notes from the organ (extreme stage
left, with speakers aiming roughly into
the stage enclosure) were not as promi-
nent as they had been in the tiers. And
the soprano voice was again struggling
to rise above the orchestra.

=
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Having said all this, 'll add that the
overall performance, executed as well
as | could ever hope to hear for both
pieces, was tremendously dramatic, ar-
resting, and satisfying. It did not, how-
ever, sound very much like my idea of
live music!

Semi-live. At one time or another, |
think | have heard—at live performances
in real concert halls and elsewhere—vir-
tually all the faults I've ever heard in sub-
par high-fidelity systems. The catalogue
includes harsh, strident violins, boomy
bass, overall fuzziness or raspiness,
poor transient response, bad stereo,
honkiness, nasality, and even ripping
and rattling noises suggestive of car-
tridge mistracking (usually coming from
the bowed strings). When you consider
the usual causes for these “distortions”
in real and reproduced music, you'll see
that they are often somewhat analo-
gous, so | guess it's not too surprising
that they sound much the same.

Still, live music does have a definable
sound: the sound of the instruments
without any interfering acoustic. For lack
of a better substitute, this is what | gen-

erally use. The accomplished street vi-
olinist who prowls Manhattan’s Fifth
Avenue is my reference for string sound.
Brass | get from several talented quin-
tets who set up at the entrance to New
York City's Central Park Zoo in the sum-
mers. Woodwinds—flutes, oboes, clari-
nets, and even bassoons and bass clari-
nets—abound throughout the city, as do
jazz “combos” with abilities and instru-
ments of widely varying quality. There is
even a touring bagpipe, for those so in-
clined.

This is open-air music, without any
enveloping acoustic. When you have a
good sense of the instrument itself, | be-
lieve you're better prepared to make al-
lowances for its sound in different set-
tings, concert halls and listening rooms
included. But as for the usual sound of
“live” music, it has a variety of sounds; a
good reproducing system will reveal this
variety, rather than some hypothetical
sameness.

P.S. Should the above remarks seem
to reflect unfavorably on Fisher Hall, |
take them all back. lt, too, in its way is an
instrument, and a rather sophisticated
one. But avoid those rear corners. (o

(Photos by Susanne Faulkner Stevens.)

View from the stage of the 2742-seat auditorium in the newly reconstructed Avery Fisher Hall
at Lincoln Center for the Performing Arts, New York. Seating plan opposite.
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HIRSCH/HOUCK LABORATORIES

MEASURING AND INTERPRETING

TURNTABLE RUMBLE

ONE OF the key specifications of a phonograph
turntable is its rumble level. Rumble is the audi-
ble result of mechanical vibration that causes the
pickup cartridge to move relative to the record, or
vice versa. This produces an electrical output signal
that cannot be distinguished from the recorded pro-
gram, at a very low audio or sub-audible frequency.

As the name suggests, the sound often resembles a.

low-pitched hum. The vibration comes principally
from the motor, although other rotating parts (such as
an idler wheel) can also contribute.

In general, rumble covers a broad spectrum of fre-
quencies, with some emphasis on certain discrete fre-
quencies. For example, a conventional four-pole mo-
tor, operating from a 60-Hz power line, revolves at
about 1800 rpm, or 30 revolutions per second. A
slight unbalance or eccentricity in the rotor or its
shaft will cause the motor to vibrate at 30 Hz. If the
vibration is allowed to reach the platter or the pickup
arm, it will generate a 30-Hz signal in the cartridge
outputs. Usually this is accompanied by higher fre-
quency components, generally at harmonics of the
basic revolution frequency (in this case, 60 Hz, 90 Hz,
etc.). The idler wheel turns more slowly than the mo-
tor, but is more likely to be eccentric and thus con-
tributes a number of rumble vibration frequencies,
beginning at a few hertz and overlapping the range of
frequencies contributed by the motor. Finally, the
platter itself, turning at 334 rpm, has a basic rumble
frequency of about 0.5 Hz, with harmonics extending
into the idler-wheel range.

The result is a broad band of nearly random vibra-
tion, covering the frequency range from 0.5 Hz to per-
haps 100 Hz or higher, with certain frequencies being
emphasized. A major source of this emphasis is the
resonance of the tonearm mass with the stylus com-
pliance, which usually lies between 5 and 10 Hz. At
this frequency, the rumble output is often boosted by
5 to 10 dB. Belt-drive turntables, of course, do not
have the rumble of an idler wheel to contend with,
and the flexible belt filters out some of the motor vi-
bration before it can reach the platter. Their rumble
content thus tends to be concentrated at the motor
frequency and its harmonics, and is often at a lower
level than the total rumble of an idler-driven turnta-
ble (although there are numerous exceptions).

In recent years, direct-drive turntables have be-
come quite popular. Since only one revolving ele-
ment is involved (the platter and motor rotor, acting
24

as a unit), one would expect its rumble to be limited
to the basic 0.5-Hz rate, with some harmonics of that
frequency. However, direct-drive motors have a num-
ber of discrete poles, causing their driving torque to
pulsate slightly at a frequency much higher than the
basic revolution rate. Depending on their design,
they may have low-level rumble components at fre-
quencies of 10, 20, or even 40 Hz.

Rumble is measured by playing a “silent groove”
record and measuring the cartridge output voltage,
through a preamplifier having standard RIAA equali-
zation. The reference level is usually the cartridge
output from a lateral (mono) recording at a velocity of
5 cm/s at 1000 Hz, although some measurement
standards are based on 7 or 10 cm/s reference veloci-
ties, giving an apparent rumble improvement of 3 or
6 dB, respectively (rumble is expressed in decibels
below the reference level).

Because of the greatly reduced sensitivity of the
human ear at low frequencies, the audibility of rum-
ble is very much a function of its frequency distribu-
tion. A —30-dB rumble at 60 or 90 Hz, for example,
would be disturbing under almost any listening con-
dition, whereas the same level at 30 Hz might not be
audible, and at 10 Hz it certainly could not be heard.
To account for this phenomenon, it is usual to weight
a rumble measurement by placing a high-pass filter
between the preamplifier output and the indicating
meter.

Several different weighting curves are in use
throughout the world. The DIN “B’’ characteristic is
widely used in Europe and Japan, while in this coun-
try the CBS Audible Rumble Loudness Level (ARLL)
weighting is often employed (we use ARLL weight-
ing in our turntable tests). The same turntable, mea-
sured with different weighting curves, will appear to
have very different rumble ratings, and it is not possi-
ble to convert a reading from one system to another.
In general, the DIN ‘B’ curve will give a lower appar-
ent rumble reading than the ARLL curve, and will be
20 to 30 dB lower than an unweighted measurement.
Either system, as well as several others that have been
proposed and are in use, can be justified empirically
by listening tests. Fortunately for the consumer, it is
not the absolute numerical value of rumble that is im-
portant; so long as the same system is used, compari-
sons can be made between turntables without serious
loss of accuracy.

Unweighted rumble readings (or the DIN “A’” mea-
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Count on Radio Shack to be right on top of
40-channel CB, with the kind of full-featured
values you've come to expect from our Realistic
brand. The new TRC-452 gives you effective
mobile communications over all 40 channels —
the original 23 and the new 17. No crystals to buy
— it has a frequency synthesizer with
phase-locked loop circuitry. That means
ultra-precise frequencv control on receive and
transmit and dependable service even under
rugged on-the-road conditions. For 16 years

*Price may vary at individual stores and dealers.

D JUST SAY
“CHARGE IT"
B0 AT MOST STORES

40-CHANNEL MOBILE CB AT RADIO SHACK

But that's not the only reason
for huyiny the Realistic” 492
at the nationwide GB supermarket.

Realistic CB's have been designed to meet
challenging conditions, and the TRC-452 is no
exception. Adjustable RF gain for best reception
of strong and weak signals. Switchable
automatic noise limiter and adjustable squelch.
llluminated S/RF meter and channel selector.
LED modulation indicator. With plug-in dynamic
mike, universal mounting bracket, power cable
for any 12 VDC positive or negative ground
vehicle. Only $139.95* So when you go
40-channel — go Realistic!

SOLD ONLY WHERE YOU SEE THIS SIGN:

Radie fhaek

A TANDY CORPORATION COMPANY » FORT WORTH, TEXAS 76107

Radio Shack aperates as Tandy International Electronics in Australia, England, Belgium. Holland. Germany, France; and as Tandy Radio Shack in Japan.
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surement, which is very similar) also provide useful
information. Rumble at sub-audible frequencies may
not be heard directly, but can seriously degrade
sound quality if it is strong enough. If the amplifier
has extended low-bass response (down to a few Hz or
to dc) these rumble frequencies can overload the
amplifier or move the speaker cones beyond their lin-
ear range. The result is a muddying of the sound,
caused by intermodulation distortion. This effect can
be seen easily by removing the speaker grille cloth
and observing the woofer cone while playing a rec-
ord at a fairly high volume. The sub-sonic ‘“bobbling”’
of the cone is a clear indication of rumble, even if it
cannot be heard. Do not confuse this with the 0.5-Hz
in-and-out motion of the cone caused by record ec-
centricity or warping. Although this can produce the
same effect, it is not the fault of the turntable.

It is difficult to state categorically how much rum-
ble is “‘acceptable.” This is a function of room and
speaker characteristics, listening volume, and per-
sonal opinion. In general, a turntable with an un-
weighted rumble level of —30 dB or better, and a
weighted rumble level below —50 dB, will not con-
tribute significant audible rumble to the program
(many records have inherent low-frequency noise
that will mask turntable rumble below these levels).
If your records are good, and the speakers have a use-
ful response down to 30 or 40 Hz, it might be advis-
able to look for a turntable with an unweighted rum-
ble of —35 dB or less, and a weighted rumble (ARLL)
of —50 to —60 dB, which is typical of some of the bet-
ter belt-drive players and most direct-drive turnta-
bles. Still lower rumble levels can be had, at a price,
but do not expect to hear the difference.

About This Month’s Reports.

In contrast to recent trends toward technical sophis-
tication in record players, Empire’s new Model 698
might be considered as a modern classic. Its only
concession to such competitive pressures is an elec-
tronically actuated cueing system, which also lifts
the arm at the end of a record. Otherwise, it is based
on the proven, reliable belt-drive system that has
been used in previous Empire players with eminent
success. A heavy, finely machined platter, driven by
a carefully balanced synchronous motor, results in
rumble and flutter levels comparable to, and in some
cases lower than, those achieved by much more elab-
orate means. As always, simplicity is a virtue, and
nothing could be more simple and direct than the
Empire approach. The major improvement in the
698, compared to previous Empire models, is the
drastically reduced arm mass which makes it com-
patible with today’s high compliance cartridges.

Not everyone needs, or can afford, one of the “su-
per power”’ stereo receivers offered by several manu-
facturers. The Sherwood S-7910 has most of the oper-
ating features, to say nothing of advanced perfor-
mance, of much more costly products. Its conserva-
tive 60 watts per channel is more than sufficient for
the majority of home listening requirements. Its FM
tuner section is especially noteworthy. Among other
assets, it has the greatest stereo channel separation
we have yet measured on a tuner or receiver, and a
tuning indicator light that glows brightly when the
tuner is accurately centered on the station frequency
(there are two meters, as well, for those who prefer to
use them, but the light is faster and easier to use and
at least as effective).

N ==, =

EMPIRE MODEL 698 RECORD PLAYER
Aesthetically pleasing, precisely constructed manual turntable.

Empire Scientific
has long been
known for its dis-
tinctively  styled
manual record
players The latest version, the Model
698, looks very much like its predeces-
sors, but it has been given a new low-
mass tonearm and an electronically con-
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trolled cueing lift system. The player's
turntable is basically unchanged from
earlier models. It employs a heavy-duty
hysteresis synchronous motor and belt-
drive system that offers the user a
choice of 335 and 45 rpm speeds.

All visible metal parts of the record
player, including the motorboard, platter,
and tonearm, are handsomely finished
in satin gold. This is complemented by a
wooden walnut base and a walnut and
clear-plastic hinged dust cover that re-
mains open at any angle. The record
player measures 172" W x 154" D x
83/16" H (44.5 x 38.4 x 20.8 cm) and
weighs slightly less than 30 Ib (13.5 kg).
The market value of the player, less car-
tridge, is $400.

General Description. The turntable
platter features two-piece construction.
Its massive central disc is almost 3" (7.6
cm) thick and is coupled to the motor by
a precision-ground belt. A larger-diame-
ter ring-like platter that contains the
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ribbed record mat fits over the central
disc. This ring also contains the strobo-
scope markings. The total weight of the
platter system is more than 7 Ib (3.2 kg).
Although the operating speeds are basi-
cally fixed (changed by removing a cov-
er retained by a thumbscrew and manu-
ally shifting the belt to a different pulley
on the motor shaft), a small change in
speed is possible by slight adjustment of
a screw that tilts the motor’s axis.

The tonearm measures 9" (22.9 cm)
from pivot to stylus. It has a newly de-
signed cartridge shell that is easily de-
tached for cartridge installation. The
mass of the shell is claimed to be com-
parable to the mass of fixed shells,
accomplished through extensive slotting
to remove material. The design of the
shell permits adjustment of the car-
tridge’s position for correct overhang.
The counterweight, which slides on the
rear of the tonearm’s tube for balancing,
is decoupled by an elastic bushing to
damp out the low-frequency resonance.

POPULAR ELECTRONICS
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The vertical tracking force is applied
to the balanced tonearm by a calibrated
clock spring that is wound around the
vertical pivot. It is adjusted by a knurled
wheel on the pivot structure. Calibra-
tions are from O to 4 grams at 0.5-gram
intervals. A dial on top of the pivot hous-
ing is for adjusting the antiskating force.

The cueing mechanism is operated by
a damped dc solenoid whose motion is
initiated by a mere touch of the finger on
one of two pairs of closely spaced con-
tacts on the motorboard. No pressure is
necessary; the bridging of a pair of con-
tacts by the finger triggers electronic cir-
cuits that energize the cueing mech-
anism. A red light behind each pair of
contacts indicates the status of the arm-
lifting mechanism, either up or down. At
the end of play, a beam of light shining
on the photocell under the motorboard is
interrupted by a vane that moves with
the tonearm. This causes the tonearm to
automatically raise. from the record’s
surface. It does not return to its rest
post. The arm must be returned and the
motor must be shut off manually. A rock-
er switch controls all power to the record
player.

As with earlier Empire record players,
the tonearm and turntable of the Model
698 are rigidly mounted to a Y-shaped
ribbed casting and the entire system is
resiliently floated from the motorboard.
This isolates the tonearm and turntable
from motor vibration as well as from ex-
ternal shock and vibration. The motor is,
in turn, suspended on rubber bushings
from the motorboard. A socket under the
tonearm receives one of the two plug-in
signal cables supplied with the record
player. For stereo operation, the longer
5' (1.5-m) cable is used. This cable has
a nominal capacitance to ground of 180
pF/channel, which, combined with the
input capacitance of a typical preamplifi-
er, will load the phono cartridge with
approximately 250 pF of capacitance. if
a CD-4 cartridge is used, the 4’ (1.2-m)
cable, whose nominal capacitance is 70
pF for a recommended 100-pF max-
imum capacitance for CD-4 cartridges,
is used.

Laboratory Measurements. We
tested the record player with Empire’s
top-of-the line Model 2000Z phono car-
tridge installed in the tonearm shell. Af-
ter we balanced the tonearm in the hori-
zontal plane according to instructions,
the actual vertical force was about 15%
less than the dial indication. We then ad-
justed the counterweight to correct the
error, which yielded exact agreement
with the calibrations over the full range
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of the dial. We noted, however, that at
the zero setting, the pickup stylus rested
in the plane of the record, well below the
horizontal.

We adjusted the overhang by aligning
the stylus with the end of the cartridge
shell as detailed in the instructions. This
is an uncertain procedure because of
the considerable distance between the
stylus and the reference line, which al-
most inevitably leads to parallax error.
However, when we made the adjust-
ment carefully, the tracking error was
extremely low, measuring zero at 3" and
5" radii and less than 0.4°/in. between
2.5" and 6". The antiskating force had to
be set slightly higher than indicated by
the tracking force setting, to 2 grams ata
1-gram tracking force, for equal tracking
effectiveness on both channels of a 30-
cm/s, 1000-Hz test record. Since less
compensation will be required at lower
velocities, we consider the antiskating
calibration to be sufficiently accurate for
its purpose.

The lift and descent of the cueing
mechanism were both slow and well
damped, with little tendency for the pick-
up to drift outward during descent. About
three seconds were required for the
tonearm to lift or descend completely
once movement began. However, there
was an appreciable delay between the
time the contacts were touched and the
time the tonearm began to move.

The measured capacitance of the two
signal cables, including the wiring in the
tonearm, was 175 and 85 pF. Because
of the action of the elastically mounted
counterweight, the resonance of the
tonearm with the Model 2000Z cartridge
installed exhibited two small peaks. One
was at 5.5 Hz and the larger, at 8 Hz,
had an amplitude of about 6 dB.

The operating speeds were exact and
did not detectably vary with line changes
from 95 to 135 volts. The combined un-
weighted rms wow and flutter was
0.04%. The weighted rms flutter of
0.03% was about as low as we have
ever measured and is quite possibly at
the residual level of the test records we
used. The unweighted lateral rumble
was —36 dB, which improvedto —57 dB
with ARLL weighting.

When we vibrated the entire record
player through its mounting feet (which
are rigidly attached to the wooden
base), it displayed average isolation of
the pickup system from external vibra-
tion.

User Comment. In contrast to the al-

most “ready-to-play” condition of some
record players as they are unpacked,
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the Empire Mode!l 698 must be largely
assembled by the user. In particular, the
tonearm must be mounted and carefully
adjusted for height and horizontal orien-
tation (in order for the automatic end-of-
play arm lift to operate correctly). Thisis
not difficult, especially since the instruc-
tions are complete and clearly written,
but it is no job for a neophyte, either. As
we have noted, the tonearm shouid be
balanced somewhat below the horizon-
tal with cartridge overhang adjusted with
the greatest care to avoid parallax er-
rors.

We found the visibility of the tracking
force dial calibrations to be rather poor
because of their location on the rear “in-
side” portion of the pivot support, but
this is only a one-time per cartridge ad-
justment. If you are accustomed to
“splitting grams” in setting up a car-
tridge, the 0.5-gram calibration intervals
may seem wide. Fortunately, few car-
tridges must be set up closer than 0.25
grams from an optimum force, which
can be easily interpolated from the dial
scale.

When it is properly set up, the Model
698 is one of the most aesthetically
pleasing, precisely constructed record
players obtainable. Records must be
played manually, since the mechanism
does nothing automatically except to
raise and lower the tonearm (and the
long wait for the arm cueing system to
go into action tends to discourage its
use). As far as “specifications” are con-
cerned, the record player clearly excels
in its low flutter. If lower flutter figures
are possible, we doubt they could be
measured with commercially available
testrecords.

Our measurements show rumble to
be about as good as any beit-driven
turntable we have seen and nearly equal
to the better direct-drive units. The ARLL
weighted figure of —57 dB represents
essentially inaudible rumble, which will
be masked by the rumble and low-fre-
quency noise inherent in most records.

A spectrum analysis of the rumble
output shows a major component at
about 8 Hz (tonearm resonance) and a
single, almost discrete component at
about 30 Hz (motor revolution frequen-
cy). Note that the RIAA equalization
which we use, and which is part of the
ARLL weighting, boosts the 30-Hz level
by about 18 dB.

Should the record player be located in
an area that causes excessive physical
vibration from, say, poor flooring, to
reach the system, we recommend in-
stalling acoustic isolation mounts. These
are available from Audio-Technica

POPULAR ELECTRONICS



(AT-605 Audio Insulator) and Netronics
(“Acoustic-Mount").

In sum, the Empire Model 698 is a
beautifully constructed and finished

product, one of the few remaining truly
manual record players. It should be able
to extract the fullest measure of perfor-
mance from any cartridge and record. It

is certain, too, that no one will wish to

hide it from view since it is one audio

product that looks as good as it sounds.
CIRCLE NO. 80 ON FREE INFORMATION CARD

SHERWOOD MODEL S-7910 STEREO RECEIVER
Top performer in upper-medium price class.

The full-featured
Model S-7910 is
just one notch re-
moved from the
top of the Sher-
wood line of stereo receivers. It is rated
to deliver at least 60 watts/channel into
8-ohm loads between 20 and 20,000 Hz
with less than 0.1% total harmonic dis-
tortion (THD).

This receiver has several interesting
features. its 4 cH ADAPTER facility dupli-
cates the functions of a tape-monitoring
circuit, which makes it possible to con-
nect a total of three tape decks into the
system. This adapter circuit is isolated to
prevent interaction with the two main
tape circuits. Located before the voL-
UME, BALANCE, and tone controls, this
facility appears to be an ideal place to
connect a Dolby decoder for FM recep-
tion, although the user manual makes
no mention of this. The FM tuner has lin-
ear-phase ceramic i-f filters, PLL
(phase-locked-loop) multiplex demodu-
lator, and a Sherwood-developed “digi-
tal detector” that never requires align-
ment and is inherently highly linear and
immune to amplitude-modulated signals
and noise. The digital detector appears
to be a pulse counter detector, judging
from the limited information supplied.
The three-stage phono preamplifier em-
ploys a differential amplifier as its input
stage.

The receiver measures 2412"W x 15
%D x 5%'H (54 x 40 x 15 cm) and
weighs 34 b (15.5 kg). Supplied with a
walnut-veneered cabinet, it is available
in AM/stereo FM and FM-only versions
as the Models S-7910 and S-8910 for
$500 and $475, respectively.

General Description. The receiver
is handsomely styled, with the upper half
of the front panel devoted to the dial
scales, tuning meters, and the large
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VOLUME and TUNING knobs. Just below
the dial scales are six small pushbutton
switches that can be used to change the
FM deemphasis from 75 to 25 s for use
with an external Dolby noise-reduction
system, engage and disengage the FM
muting, allow the receiver to respond to
only stereo FM broadcasts, insert an ex-
ternal 4-channel adapter into the signal
path, and switch in and out the loud-
ness-compensation circuit.

lluminated legends appear above the
blue dial scales in red to indicate the se-
lected input and when a stereo FM
broadcast is being received. Between
the signal-strength and FM center-chan-
nel meters is a red LED (Sherwood's
“Positune” feature) that glows when an
FM signal is properly tuned.

The control panel is finished in satin
gold, and related groups of controls are
enclosed with thin black lines. The se-
LECTOR switch has positions for PHONO
1, PHONO 2, FM, AM, and AuX inputs. The
MODE switch permits selection of either
the left or the right channel inputs
through both outputs, normal and re-
versed stereo, and mono (L + R) opera-
tion.

The BAss and TREBLE controls are
both detented at 11 positions. A lever
switch is provided for bypassing the tone
controls entirely. To the right of the tone
controls are the BALANCE control and a
stereo headphone jack. At the far right of
the control panel is the SPEAKERS
switching arrangement, which activates
either, both, or neither of two pairs of
speaker outputs. If the second pair of
speaker systems is located in the rear of
the listening room, the ARs (Ambience
Retreival System) position of the SPEAK-
ERS switch connects them in an ambi-

" ence-recovery configuration to simulate

4-channel sound from 2-channel
sources. The pushbutton POWER switch
is located near the SPEAKERS switch.
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At the lower left of the panel are the
tape-monitoring and tape-recording con-
trols. The MONITOR lever switch can be
used to connect the receiver's amplifiers
to the playback from either of two tape
decks or to the selected program
source. A similar DUBBING switch inter-
connects the two tape decks for copying
tapes from either one to the other—with-
out interrupting listening to the selected
program. Two stereo phone jacks on the
front panel parallel the TAPE 2 inputs and
outputs on the rear apron for conven-
ience in taping with a recorder that is not
permanently connected into the system.

On the rear apron, the various input
and output jacks are supplemented by
separate PRE OUT and MAIN IN jacks that
are connected together in normal opera-
tion with a slide switch. Setting the
switch to its alternate position opens the
signal path for separate access to the
outputs of the preamplifier and inputs of
the main-amplifier sections so that an
active crossover network or other acces-
sory can be inserted into the system. A
DIN socket duplicates the functions of
the FAPE 2 circuits.

A slide switch near the PHONO 2 jacks
provides a choice of three sensitivities to
accommodate phono cartridges that
have widely differing output signal lev-
els. (The PHONO 1 sensitivity is the same
as the highest sensitivity of the PHONO 2
input.) Spring-loaded speaker terminals
elimmate the possibility of shorted wires
because they require insertion of the
stripped wire into small holes in the con-
nector. In addition to the 75- and 300-
ohm FM antenna terminals and a termi-
nal for a wire-type AM antenna, there is
a hinged and pivoted AM ferrite-rod an-
tenna. There are three accessory ac
outiets, two of which are switched.

The output transistors of the amplifier
section and the speakers are protected
against damage by a fast-acting relay
that also provides a turn-on time delay of
several seconds. The transistors and
their heat sinks are located entirely with-
in the receiver, just inside the rear
apron.

Laboratory Measurements. Fol-
lowing the usual one-hour precondition-
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ing period at one-third rated power, the
receiver's rear apron was quite warm,
but its top was only mildly warm. The
outputs clipped at 74.4 watts/channel
into 8 ohms, with both channels driven
at 1000 Hz. The 4- and 16-ohm outputs
were 97 and 46.6 watts, respectively.

The total harmonic distortion (THD) of
the audio amplifiers was very low. It was
a barely measurable 0.005% at 0.1 watt
and less than 0.01% up to 17 watts out-
put. It was only 0.022% at the rated 60
watts and 0.13% at the clipping output of
approximately 75 watts. The intermodu-
lation distortion (IM) was between
0.022% and 0.033% from 0.1 to 20
watts, 0.067% at the rated 60 watts, and
0.1% at 75 watts. At rated output, the
THD was between 0.02% and 0.03%
from 20 to 7000 Hz. It increased to
0.071% at 20,000 Hz. At lower power
outputs, the THD was less at all frequen-
cies, being typically about 0.01% at
usable frequencies and power levels.

The amplifier required an AuX input of
66 mV to develop a reference output of
10 watts, with a S/N ratio of 75.5 dB.
The PHONO 2 sensitivity was 0.76, 1.5,
or 3.3 mV for a 10-watt output, depend-
ing on the setting of the sensitivity switch
on the rear apron. It was 0.76 mV
through PHONO 1. The phono S/N ratio
was 72.6 dB, and the phono overlioad
points were unusually high at 190, 380,
and 805 mV for the three settings of the
sensitivity switch.

The tone controls had a rather moder-
ate range of 8 to 9 dB maximum boost
and a cut of 13 dB at the frequency ex-
tremes. The Baxandall (feedback) type
BASS control had a varying inflection
point that shifted from below 100 Hz to
about 500 Hz as it was advanced toward
its extremes. (The treble curves were
hinged at about 2000 Hz.) The high-cut
fiter had the desirable 12 dB/octave
slope, with its —3-dB point at 4700 Hz. It
was effective in reducing noise, with sur-
prisingly littie effect on the audible pro-
gram content.

The loudness compensation boosted
both lows and highs, the former being in-
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10K 20K cal of the AM sections of most receivers,
although the AM section of this receiver
did sound better than many we have
creased below 500 Hz to a maximum of  heard.
+11 dB below 50 Hz at most reduced Other FM-tuner performance parame-
settings of the volume control. The RIAA  ters included: capture ratio of 1.2 dB at
phono equalization was accurate to 65 dBf, with a very good 73-dB AM re-
within +1/-0.5 dB from 20to 20,000 Hz  jection; image rejection of 80 dB; alter-
(within 0.5 dB from 100 to 20,000 Hz). nate channel selectivity of 60 dB (with
The cartridge inductance had only a perfectly symmetrical response about
slight effect on the frequency response, the center frequency, a rather unusual
with an increase in output (instead of the  occurrence in FM tuners); and adjacent
usual decrease) beginning at about channel selectivity of 5.8 dB. The muting
4000 Hz and reaching a maximum of and stereo thresholds were identical at
only 1 dB at 15,000 to 20,000 Hz. about 17 dBf (4 nV). In spite of the al-
The FM tuner had an IHF usable sen- most perfect response flatness up to
sitivity in mono of 12 dBf (2.2 nV). In 15,000 Hz, the 19-kHz pilot carrier leak-
stereo, it was 17 dBf (4 pV), whichwas  age into the outputs was a very low —68
also the threshold for automatic stereo  dB and the tuner hum was —66 dB.
operation. The steep limiting curve gave
a 50-dB quieting sensitivity of 16.5 dBf User Comment. From its features
(3.7 nV) in mono with 0.3% THD. in  and general performance, it is obvious
stereo, it was 37 dBf (39 V) with 0.4%  that the Model S-7910 receiver will be a
THD. At a 65 dBf (1,000 pV) input, the  formidable competitor in the upper-
S/N was 68.5 dB in mono and 66 dBin  medium price class. Although more
stereo, with respective distortion levels power is available (from Sherwood as
of 0.12% and 0.21%. The stereo distor-  well as other manufacturers) at consid-
tion with 100% L — R modulation of the  erably higher prices, it is doubtful if most
signal generator at a 65-dBf level was  people would ever notice the difference.
0.38% at 100 Hz, 0.14% at 1000 Hz, and  Certainly a conservative 60 watts of es-
0.1% at 6000 Hz. sentially distortionless audio across the
The FM frequency response was very  full frequency range is more than
flat over the fult range, varying by only  enough even for most fow efficiency
+0.5 to —0.3 dB from 30 to 15,000 Hz.  speakers in typical home environment.
The stereo channel separation was ex- All the controls operated very smooth-
traordinary, by far the best we have yet  ly. The FM muting was positive and tran-
measured for a tuner. it was 60 dB or  sient-free. The dial calibration was accu-
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rate, with a maximum error of about 100
kHz (less than the width of the pointer).
The "Positune” FM tuning indicator ap-
peared to duplicate the function of the
center channel tuning meter. The LED
came on only when the meter pointer
was centered on the meter's scale, sig-
nifying correct FM tuning. However, the
LED is much easier to see, especially at
a distance.

The sound was all one could expect
from a receiver having this order of per-

formance. Since the actual channel sep-
aration of FM broadcasts is far less than
the capability of the receiver, it is unlike-
ly that one would ever notice the 60-dB
isolation between channels, but you can
always be assured that you will never
hear crosstalk. With almost any car-
tridge one might use, the most sensitive
setting of the phono switch will be more
than adequate in avoiding input over-
load. In most cases, this switch will be
used to balance the levels of the phono

xh?

FREQUENCY IN Hz (CYCLES PER SECOND)

Harmonic distortion at three power levels.

and tuner sections. Itis nice to know that
no combination of cartridge and record
can come close to the overload limits of
the preamplifier.

At a time when receivers in the $750
to $1000 price range are almost com-
mon, it is reassuring to find one priced
less than $500 that will match just about
any of them in performance and contro!
features, to say nothing of sound quality
though with lower power output.
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Energy shortages tell us we
have to change our driving style.
Now! it doesn't
mean we have
to go back to
horse and buggy
> days. But it
2 does mean we
'I, have to make
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HERE’S A
ETTER WAY TO GO.

every drop of gas give us the
most go for our money. Anyone
with harse sense knows that a
well-tuned car gets better mileage,
and in simes of fuel shortages,
better mileage means a tot.

The Mark Ten B Capacitive
Discharge System keeps your car
in better tune so it burns I2ss gas.
Using Mark
Ten B is more
than horse

CIRCLE NO. 21 ON FREE INFORMATION CARD
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smart move under the hood, helping
a nation survive an energy crisis
and keeping you on the road. Delta
Mark Ten. The best way to go.

. I
LT
-

DELTA PRODUCTS, INC. |

One Delta Way, Dept. PE

Grand Junction, Colo. 81501
(303) 242-9000

| want to know more about Mark Ten CDf's.

Send me complete no-nonsense information on
how they can improve the performance of my car.

Address

I
|
I
I
|
Name . |
|
I
I
I
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Film Stars Robot

A computer-controlled robot is the star of a new film en-
titled, ‘‘Hierarchical Control.”’ The film, which runs for
20 minutes, demonstrates computer control techniques
developed by the U.S. Commerce Department’s Na-
tional Bureau of Standards and how they can best be
used in the automation of factories. Using simple per-
formance tasks including stacking blocks and inserting a
pin in a hole, the movie analyzes the improvements on
programming speed as higher levels of control are add-
ed. The film will be made available on free loan. Write:
National Bureau of Standards, Office of Developmental
& Control Technology, A130, Technology Building,
Washington, D.C. 20234.

FCC to Test Warehoused CB Models

Under a precedent-setting program set up by CEDA
(Communications Equipment Distributors Association),
representatives from FCC Field Engineering Offices
will be able to select a CB radio from a participating
CEDA member’s warehouse and test it to see if it meets
current type-acceptance standards. Although the FCC
has long wanted to test the radios that consumers actu-
ally buy, rather than testing only those submitted by
manufacturers, they lacked the budget to carry out such
a program. The FCC said late last year that they planto
take full advantage of CEDA’s program ‘‘after the first
of the year, when 40-channel radios are offered for sale
and the new transmitter and receiver specifications take
effect.”

EIA Reports Imports “Up”

For the first nine months of 1976, U.S. imports of con-
sumer electronics equipment have increased, according
to the Electronic Industries Association (EIA). Total
TV receiver imports are up 95.3%, with total color up
156.2% and monochrome up 67.4%. Home radios are up
21.7%, and automobile radios are up 37.4%. Phono-
graphs increased 123.9%; record players, changers, and
turntables are up 45.9%; total tape equipment (play/
record), 67.1%; and play-only tape equipment, 79.2%.

Marine Radiotelephone Misuse

The widening use of full-channel vhf/FM radiotele-
phones has increased the incidents of boatmen selecting
improper radio channels, according to the Radio Tech-
nical Commission for Marine Services. Channe! 13 has
been set aside for communications directly between the
masters and pilots of approaching vessels. But the re-
served radio channel is in jeopardy as pleasure boatmen
increasingly attempt conversations on channel 13. The
Commission encourages recreational boatmen to listen
to channel 13 when in the vicinity of large ships that are
maneuvering, but notes that they should limit any radio
contact to that necessary for safe passage of the com-
mercial vessels.

More Computer Stores

In December 1975, Paul Terrell opened his first Byte
Shop in Mountain View, Cal. Thanks to the tremendous
growth of the hobby computer market, Terrell anticipat-
ed, at the end of last year, a total of 34 Byte Shops to be
in operation by Christmas of 1976. . . The success of
existing computer stores has also prompted Semicon-
ductor Specialists, Inc., an industral distributor, to an-
nounce entry into the computer hobbyist market. The
company plans to establish MPU Shops at all 12 of its
U.S. locations, the first in the Chicago area. The MPU
Shops will have working models of five nP kits, three
unassembled kits, and four additional wP chips not in kit
form. Two complete developmental systems will be
available, and books, power supplies, tape readers, and
accessories in kit form will be carried. . . . Close be-
hind is the Computer Shack, a retail store devoted to
only personal uC’s and peripherals and interfaces. Pres-
ident Ed Faber of Computer Shack, Inc., projects a na-
tionwide chain of 100 franchised Computer Shack retail
stores by the end of 1977. Plans are to provide complete
sales and service for the computer hobbyist, education-
al, and business user and feature a broad line of pnC’s
and modules, books, tools, and comprehensive line of
accessories. In addition, each Computer Shack will
have its own game room where customers can operate
pC’s and peripherals in various games of skill, accord-
ing to a company spokesman.

TV Process Converts B&W to Color

Imagine Shirley Temple, the Marx Brothers, and the
original King Kong in full-color TV motion pictures.
B.J.A. Systems Inc. has devised a process that is said to
transform monctone scenes into clear, bright, realistic
color images. The colorizing process is accomplished
through a combination of electronic color generation,
video animation, and artistic skill. Basicaily, B.J.A.'s
artists assign color based on grey level information in
the B&W TV or video signal. Using a combination of
analog and digital techniques, the operator can color an
entire scene. The result is a full-color version of previ-
ous monochrome footage on broadcast-quality tape or
video cassette.

WWV & WWVH Broadcast Changes

The National Bureau of Standards (NBS) plans to dis-
continue broadcasting on 2.5, 20, and 25 MHz from
WWYV and 20 MHz from WWVH. All broadcasts from
these standard time and frequency shortwave stations
on other frequencies will continue unchanged in power
and format. The reduction in the number of frequencies
is expected to commence February 1, 1977. The fre-
quencies are being dropped in a cost-saving move.

POPULAR ELECTRONICS
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it into the 40 channel era with the new
B Antenna. And take the Shakespeare

The White Knight Antenna,
Style 4125/available in a variety
of pre-assembled mounting
styles. Complete with cables
and connectors. Under $25.

C8 ANTENM

L %
Y %,
1 %
: 2
‘\i %

éﬂ&aaz Coming on strong for the Knights of the Road.

Shakesdezre Company/Antenna Group, P.O. Box 246, Columbia, S.C. 29202
€ The Shakespeare Compasy 1977 » . In Canada: Len Finkier Ltd., Omtario.
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NRI BRINGS “POWER-ON”
TRAINING TO YOUR HOME...
FOR QUICKER, EASIER
LEARNING AND

FASTER EARNING

m

You get trouble-shooting experlence 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. NRI 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

First and only school with designed-
tor-learning Quadraphonic Audio Center
with four SP14 speaker systems. This
solid state SQ" system is designed so
that you perform meaningful experiments

?:,;\éighsmge ol gssanbll L0 lessons programmed with designed-for-learning training
training in audio | 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 NRI home training. There is no obligation . . .
no salesman will call,

technology.

“Trademark of CBS, Inc.

First with an electronics Discovery Lab™, This self-contained
advanced solid-state lab gives you fast, hands-on access to fully-

First and only school with
new Optical Transmission

powered semiconductor circuitry. NR_is the only school with all
these modern solid state
component experiments in:
bipolar and field effect
transistors, Zener diodes,
light-emitting diodes,
SCR's and
phototransistors

“McQraw Hill CEC,

System engineered to
allow you to analyze
digital and analog signal
transmission via light
beam. Systems you build
use LED and
phototransistor
technology, simuiating
basic principles of laser
communications as used
in video disc home
entertainment systems.

mericanRadiaHistar om S
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First and only school with designed-for-iearning
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
"“Pow=r-On'" trouble-shooting.

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

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

First and only school with a solid state
regulated power supply engineered by
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.

First and only school with designed-for-
learning, 400-channel, digitally-
synthesized VHF Transceiver to give you
the only fully-up-to-date 2-meter
equipment for complete training in
commercial, amateur, and CB

commun cations. The design
incorporates circuitry and components
representative of the latest siate of the
art. Circuitry is on five plug-in circuit
cards to take full advantage of NRi
“Power-On’' training.

AmericanRadioHistorvy Com

If card is missing, write to:

NRI Schools
NRI McGraw Hill Continuing

:Jr" Education Center
4.
| Hy

3939 Wisconsin Ave.
. Washington, D.C. 20016
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WHY SETTLE FOR LESS—
THAN A 6800 SYSTEM

MEMORY — INTERFACE—

All static memory with selected 2102 I1C’s al- Serial control interface connects to any RS-232, or
lows processor to run at its maximum 20 Ma. TTY control terminal. Connectors pro-
speed at all times. No refresh system is vided for expansion of up to eight interfaces.
needed and no time is lost in me- Unique programmable interface circuits

mory refresh cycles. Each board
holds 4,096 words of this
proven reliable and trouble
free memory. Cost—
only $125.00 for

~ each full 4K
memory.

PROCESSOR—

""Motorola” M6800 processor
with Mikbug® ROM operating
system. Automatic reset and load-
ing, plus full compatability with
Motorola evaluation set software. Crystal
controlled oscillator provides the clock signal
for the processor and is divided down by the
MC14411 to provide the various Baud rate outputs

full expansion of memory and interfaces.

DOCUMENTATION—

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

allow you to match the interface to al-

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

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

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

POWER
SUPPLY—

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

Mikbug® is a registered trademark of
Motorola Inc.

Suild 55800

Computer System

with serial interface and 4,096 words

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

sample programs and even a Tic Tac Toe listing. of memory. . ............ $395.00
e e
: O Enclosed is $395 for my SwTPC Computer Kit [ Send Data
I {J orBAC #
I O ormMmC Ex Date
|
|
|
| NAME
I

guin? 6800 Fis Ve ['_'_H I ADDRESS

|
| ciTy STATE ZIP
|
|
[
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BY GEORGE W. RANDIG
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Seven-segment LED readouts indicate speed

MONG the popular bicycle acces-

sories is the bike speedometer.
This is usually a friction-producing de-
vice with an analog readout. Conse-
quently, the cyclist has to pedal some-
what harder to overcome the friction,
and the speed indicator's calibration
markings are difficult to read. The digital

speedometer described here over-
comes these objections.
This low-cost digital LED-display

speedometer incorporates a frictionless
method of counting wheel revolutions
and converting them to bike speed. It
counts pulses when a pair of magnets
mounted diametrically opposite each
other on the rim of the front wheel pass a
reed switch mounted on the front-wheel
fork. The speedometer’s electronic cir-
cuit is economical to operate since re-

from 1 to 99 miles per hour.

chargeable nickel-cadmium cells supply
the power.

The speedometer is capable of accu-
rately indicating speeds from 1 to 99
mph. This is determined by the number
of times the wheel rotates in a particular
time interval. For example, a 27-inch
diameter wheel will go through 745.96
revolutions in one mile. !If the wheel is ro-
tating at one mile per hour, it makes one
revolution in 4.819 seconds. If the digital
counter that is driven by the reed switch
is allowed to accumulate the puises for
4.819 seconds, the count represents the
speed in miles per hour. In this project,
two magnets, mounted diametrically op-
posite on the wheel, produce a time in-
terval of 2.409 seconds, so a reed
switch count of 5 (for example} in 2.409
seconds equals a speed of 5 mph.

Popular Elect ronics’
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The reed switch is used to drive a pair
of corwentional digital decade counters,
each having a 7-segment LED readout,
with the carry of the first (units) counter
driving the second (tens) counter.

The speedometer uses two seven-
segment LED displays for numeric pre-
sentation. lts magnetic pickup is a sim-
ple open-close scheme for operating the
reed switch to “pulse” the input counter
in the circuit. A timing circuit sets up the
correct latching and reset intervals, and
a novel calibration scheme lets you use




the speedometer with almost any bicy-
cle wheel diameter. In addition, details
are given on how to build a battery re-
charging circuit.

About the Circuit. The speedome-
ter, shown schematically in Fig. 1, em-
ploys two recades of digital counting.
Each decade contains a single IC that
has a binary counter, latch, BCD-to-sev-
en-segment decoder, and LED display
driver all in one package. The carry out-
put of IC1 (pin 22) is used to drive IC2.
The values of current-limiting resistors
R8 through R21 are selected as a com-
promise between minimum current and
acceptable brightness of the LED dis-
plays under high ambient light condi-
tions. Resistor R22 serves as a protec-
tive device in the event of accidental
segment-to-ground shorting.

System timing is provided by half of
dual timer IC3. The timing period is de-
termined by the setting of calibration po-
tentiometer R2. The output pulse from
the timer haif of IC3. serves as the latch
signal for the two decade counters. The
trailing edge of this puise is differentiat-
ed by C2 and R4, inverted by Q1, and
then used as the reset pulse for the
counting system.

The remaining half of IC3 is used as a
free-running oscillator. The output from
this oscillator is coupled through C9 to
calibration switch S3. When the speed-
ometer is operating, and before the bicy-
cle wheel is placed in motion, depress-
ing S3 substitutes the known frequency
of the oscillator signal for the wheeil-rota-
tion signal and allows adjustment of tim-
ing potentiometer R2 until the display in-
dicates the diameter of the bicycle
wheel. This is the only calibration re-
quired by the speedometer. The values
of C3, R6, and R7 have been selected
for an 11.2-pulse/second (pps) rate,
which puts a 27 on the display (for 27"
wheel diameter).

The input to the speedometer, via J1,
comes from the reed switch mounted on
the front fork of the bicycle. The reed
switch closes each time a magnet
mounted on the rim of the wheel is in
close proximity with it. When the input to
IC1 (pin 2) is open, a high (logic 1) is as-
sumed. When the reed switch closes,
the input drops to zero (logic 0), and en-
ters one countinto IC1 for each closure.

Capacitor C7 at the input of IC1 de-
bounces the reed switch, while capacitor
C6 at the output of the first decade coun-
ter prevents the second counter from
being incremented by more than one
count for each carry pulse.

Power for the speedometer is provid-
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B1—Four 1.25-volt AA-size nickel-cadmium
cells in series

C1,C3—5-pF, 35-V electrolytic capacitor

C2,C4,C5—0.1-pF disc capacitor

C6,C7—10-wF, 35-volt electrolytic capacitor

C8—180-uF, 35-volt electrolytic capacitor*

C9-180-ul-, 35-volt electrolytic capacitor

D1—IN914 diode

D2 through D5—50-PIV, |-A rectifier assem-
bly or separate IN400! rectifier diode*

D6—6-volt, 4-watt zener diode*

DIS1,DIS2—Common-anode LED-type 7-
segment display

Fl—VYa-ampere fuse*

I1,12——6-to-9-volt, 150-mA indicator lamp
(#TS-47 or similar)*

IC1,IC2—SN74143

1C3—556 dual timer

J1—Phono jack

J2—Miniature phone jack

P1—Phono plug

P2—Miniature phone plug*

QI1—2N2219 transistor

The following resistors are Y2-watt, 10%:

Fig. 1. Each decade counter uses one IC that includes LED driver.
IC3 provides latch and reset and is also calibration oscillator.

PARTS LIST

t_ +
c3
5yF|

R1—120,000 ohms

R3—280 ohms

R4—330 ohms

R5—1000 ohms

R6—390 ohms

R7—15,000 ohms

R8 through R21—680 ohms

R22—47 ohms

R2—500,000-ohm miniature potentiometer

S1—Reed switch (Radio Shack No. 275-1550
or similar)

S$2—Spst switch

S3—Normally open, momentary-action spst
switch

S4—Spst switch*

T1—12.6-volt, 300-nA transformer*

Misc.—Two magnets (see text); enclosures
for main circuit and recharger; 2-meter
length of two-conductor cable; line cord*;
perforated board; IC sockets (3); transistor
sockets; solder clips; fuse holder*; metal U
bracket; electrical tape; machine hardware;
hookup wire; solder; etc.

*For recharger.

ed by four 1.25-volt rechargeable nickel-
cadmium cells in series. The cells can
be recharged, without having to remove
them from the project, with the circuit
shown in Fig. 2. You simply plug P2 on
the recharger’s output cable into J2 on
the speedometer, plug the recharger’s

.) B ———————————————————————————————————— ——————————————eeinaiiaeria 0O Historv. Com

line cord into an ac outlet, and turn on
the power.

Indicator lamps /1 and /2 in the re-
charger circuit are used to limit the
charging current to a safe level. Zener
diode D6 maintains a constant 6-volt
charging potential.

POPULAR ELECTRONICS
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P2

Fig. 2. Conventional regulated power supply to recharge batteries.

Construction. There is nothing criti-
cal or difficult about assembling the
speedometer and its battery charger. To
simplify construction, the speedometer
is best assembled on two perforated
boards, one for the displays and the oth-
er for the remainder of the circuit. Use
sockets for the transistor and IC's and
solder clips for the passive components.
Hookups between the two boards and
the off-the-board components can be
made with lengths of insulated stranded
hookup wire.

Machine the enclosure that will house
the speedometer by cutting out a display
window and drilling holes for R2 and S3
in the front panel and drilling holes for
J1, J2, and S3 in the rear panel. Then,
secure the battery holder for B to the
floor of the case and mount a handlebar
clamp on the bottom of the enclosure.
Cement a red filter over the display win-
dow and mount the circuit board assem-
blies into place. Finally, connect the cir-
cuit board to the other components.

The simple recharger circuit shown in
Fig. 2 can be assembled by any method
you find convenient. House it in a suit-
able enclosure, making certain that no
point on the primary side of 71 touches
the case or the circuit on the secondary
side of the transformer. Mount /7 and /2
inside the case. (There is no need for
these lamps to be mounted in holders.)
The holes for the line cord and power-
output cable should be lined with rubber
grommets.

When both the speedometer and the
recharger have been assembled and
checked for proper wiring and soldering,
charge the cells while you put together
and mount the input assembly.

The reed switch should be cemented
to a 1" long by 38" square (25.4 x 9.53
mm) wood block. This block is then held
in place on the bicycle's front fork by a
metal U bracket. (See Fig. 3 for fabrica-
tion details.) Two magnets, such as
those used for cabinet doors, should be
cemented with epoxy to the rim of the

Photo shows how reed relay is clamped to fork holding front
wheel of bicycle with magnets (one shown) on inner rim.
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wheel 180° apart. Note: Do not mount
the magnets on the wheel in locations
where they will interfere with the caliper
brake pads.

Wrap a few turns of electrical tape
around the U bracket and mount the
reed switch block in place as shown in
photo. Once it is mounted, the reed
switch block should be anchored rigidly
to the front fork of the bicycle, and the
reed switch should be oriented so that
the magnets pass directly along its axis
and within 14" (6.35 mm) of it.

To test the input system, turn the bicy-
cle upside down and connect an ohm-
meter across the contacts of the reed
switch. Slowly rotate the front wheel of
the bicycle until one of the magnets
passes the reed switch. As the magnet
approaches the reed switch, the latter

i)
EPOXY SOLDER ‘/5 *DO NOT CEMENT

CLIPS TO

WOOD BLOCK REED SWITCH

TO BLOCK

Fig. 3. Details of mounting
bracket for reed relay.

should close and produce a zero read-
ing on the meter. As the magnet moves
away from the reed switch, the contacts
should open, and the meter's pointer
should register infinity. Perform this test
with both magnets. Then set the wheel
to rotating slowly so that the magnets
pass by the reed switch several times.
With each pass of the magnets, the me-
ter's pointer should momentarily deflect
toward the low end of the scale.

With the battery pack inside the
speedometer, mount the project to the
handlebars of your bicycle and connect
the reed-switch input to it via its cable.
Now, to calibrate the speedometer, set
the front wheel of your bicycle so that
the reed switch is midway between the
magnets. Depress calibration switch S2
and adjust timing control R2 until the dis-
play indicates the wheel's diameter. Re-
lease S2, and you are ready to pedal
away—but watch your speed. <

L)
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BUILD
THE

FOR ELECTRONIC MUSIC

A low-cost voltage-controlled oscillator

with sine, triangle, square-wave and pulse outputs.

F YOU'RE an electronic music buff

and are looking for an inexpensive but
flexible VCO, this project is for you.
Dubbed the V-4, it has four outputs—
sine, triangle, and square waves and
variable width pulses. It also boasts pro-
visions for pulse-width modulation and
front panel controls for sine-wave
symmetry, triangle shifting, square-
wave amplitude and pulse-train ampli-
tude.

Furthermore, two V-4 voitage con-
trolled oscillators can be used simul-
taneously to produce harmony effects
when teamed up to an “input multiplier.”
The multiplier, which is also a part of this
project, amplifies the input control volt-
age by a constant adjustable from one to
two. This allows you to produce a funda-
mental tone from the first V-4 and a tone
one octave above it or any fraction in be-
tween from the second.

About the Circuit. The schematic
diagram of the V-4 is shown in Fig. 1. It
is a standard design using readily avail-
able components. Integrated circuit IC2,
an intersil 8038 VCO, is the heart of the
project. Input stage /C1, a 741 op amp
summer, processes the control voltage
inputs (V¢) to produce a 0-Hz output
when V¢ is zero. (Multipie inputs facili-
tate the use of special effects such as
frequency modulation, etc.) Transistors
Q1 and Q2 form a Schmitt trigger which
converts the triangle output of /IC2 into a
pulse train with variable duty cycle.

The duty cycle of the pulses is deter-
mined by the setting of R16. Potentiom-
eter R17 “trims” the input to the Schmitt

42

trigger so that minimum pulse width is
obtained when R16 is set fully counter-
clockwise. The amplitude of the pulse
train is governed by R22. This control
also determines the amount of hystere-
sis in the trigger, and therefore the mini-
mum pulse width obtainable. For the
specified component values, the duty
factor is adjustable from approximately 0
to 50 percent.

Diodes D1 and D2 drop the supply
voltage so that the potential ditference
from point B to ground (Vg) can be
matched at the output of IC1 (V). This
is done because the two voltages must
be equal for an output frequency of zero
Hertz. Resistor R12 insures that suffi-
cient current will flow through the diodes
to keep Vg constant as the current drain
of IC2 varies.

The input multiplier shown in Fig. 2 is
a noninverting amplifier whose gain is
adjustable from unity to two. You will re-
call that, in the musical scale we most
commonly use, the frequency of any
note is the twelfth root of two or
1.059463094 times that of the previous
note. So, if a note a perfect fourth above
the fundamental is desired, the control
voltage must be muitiplied by
1.25992105 (the twelfth root of two
raised tothe fourth power). The input
multiplier will do this when its gain is ad-
justed by means of potentiometer R26 in
the feedback circuit of IC1B

Once this aural adjustment is made,
all other tones produced will be a perfect
fourth above that which would be pro-
duced at unity gain. A muitiplier control
input (Vg) of more than 3 volts is not

AmericanRadioHistorv Com

useful (assuming an adjusted multiplier
gain of two) because IC2 will not re-
spond linearly with a control input of
more than 6 volts. Resistors R6 and R24
are used to load the unused inputs of
multiplier and input stages, respectively,
while generating minimum output offset
voltages. If the optional input multiplier is
included in the project, a 747 dual op
amp should be used: As indicated in Fig.
1 and 2, IC1 becomes IC1A, and the
multiplier is IC1B.

Design Equations. You might have
to vary some of the component values to
suit your existing power supply and/or
controller. Therefore, we will discuss the
important design equations of the V-4,
The output frequency of the 8038 is pro-
portional to the quantity (Vg — V). Fora
standard controller (nominally 0 to 5
volts), we want a O-volt input to cause
Va to equal Vg. We also wanta 6-volt in-
put (20% overrange) to cause Vj to
equal the quantity (2/3)(Vec — Veg),
where V¢ and Vg are the positive and
negative supply voltages, respectively.
Any voltage greater than (2/3)(Vge —
VEee) will cause the IC to act nonlinearly.
For the circuit in Fig. 1, V5 equals —K1
(Ve) — K2 (Vgg). For the above con-
straints, K1 = (VB/G) — (Vec/18) = R5/
R1, and K2 = (Vg/Vgg) = R5/R7. For
minimum offset voltage, R6 = R1||R5
|| R7. Furthermore, Vg = Vee — 1.4 V
and
four=1.5 (Vg — VA)/RIC1 (Ve — VEE)

= 1.5 (R5/R1) V¢g/(2VecR9CH)

when | Vee | = | Veg |

=K3 V¢

POPULAR ELECTRONICS



D1,D2—1N914 silicon diode

IC1—741CA or 747CA operational amplifier
IC (see text).

1C2—8038 voltage-controlled oscillator IC

J1—J8—Phono or other suitable jack

Q1,Q2—2N5129 npn silicon transistor

The following fixed resistors are Y4-watt, 10%
tolerance unless otherwise specified.

R1,R2,R3—39,000 ohms

R5,R13,R21,R24—47,000 ohms

R6—15,000 ohms

R7—56,000 ohms

R9,R10—33,000 ohms, 5% max.

R12—1000 ohms

R14—150,000 ohms

R18—220,000 ohms

R19—10,000 ohms

R20,R25—100,000 ohms
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PARTS LIST 3 153
C1—0.01-uF, 5% polystyrene or silver mica N 3
capacitor W= | =
C2,C3,C7—2.2-uF, 25-voit electrolytic or <3 7 o L2
tantalum capacitor = 2z 29
C4—0.1-uF Mylar or disc ceramic capacitor 1
y . : i b). /) o o |||
C5—0.05-wF Mylar or disc ceramic capacitor (_J < 7 |
C6—0.001-wF disc ceramic capacitor "\_/:3 _ =

Ve
CONTROL
INPUTS

R23—100 ohms

R4,R8,R17—10,000-ohm printed circuit trim-
mer potentiometer

R11—1-megohm linear taper potentiometer

R15—50,000-ohm linear taper potentiometer

R16,R22—10,000-ohm linear taper potenti-
ometer

R26—100,000-ohm linear taper potentiometer

S1—1-pole, 3-position rotary switch

Misc.—Printed circuit or perforated board,
suitable enclosure, hookup wire, IC and
transistor sockets, knobs, machine hard-
ware, solder, etc.
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The constant K3 was chosen to be
208 to conform with the author's con-
trolier. Thus, the product R9C1 =
0.00361 R5/(R1 Vcg). Intersil recom-
mends a value of R9 (and R10, as the
two are identical) between 10,000 and
100,000 ohms for best linearity. Be-
cause the capacitance of C1 is on the
order of 0.01 uF, a small deviation from
the nominal value will affect K3 consid-
erably. Therefore, a capacitor with as
close a tolerance as possible (no more
than 5%) should be used.

Given these factors, the following de-
sign steps are suggested:

1. Select a single value for R1, R2,
and A3 between 33,000 and 47,000
ohms;

2. Determine the value of R5 using
the equation

R5 = R1((Vg/6) — (Vcc/18));

3. Find the resistance of R7 as given
by the formula R7 = R5 (Vge/Ve);

4. Calculate the value of R6

6 = ! ;

(1/R1) + (1/RS) + (\/R7) '
~ 5. Then, the product RIC1 is deter-
mined by the equation
RIC1 = 0.00361 R5/(R1Vcc)
where R9 will be between 10,000 and
100,000 ohms.

100K 7

Fig. 2. Input multiplier circuit
adjusts the control voltage.

Construction. The V-4 VCO can be
assembied using printed circuit or per-
forated board. Suitable etching and drill-
ing and parts placement guides are
shown in Fig. 3. The use of sockets for
the semiconductors is recommended.
Using standard components, a K3 of
217.17 was obtained. This was deemed
sufficiently close to the ideal value of
208. However, trimmer potentiometers
can be used in ptace of R9 and R10 to
allow precise adjustment of K3. if a sec-
ond V-4 with an input muitiplier is to be
used with the first, trimmer potentiome-
ters must be used so that its K3 can be
matched to that of the first V-4. For best
symmetry, the resistance of R9 and R10
should be as closely matched as possi-
ble.

Figure 4 shows modifications to the
etching and drilling and parts placement
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Fig. 8. Component layout diagram is
shown above. Etching and drilling guide at right.

guides that must be made if an input
multiplier is included. A 747 dual op amp
replaces the 741 at the IC1 location.

A suggested panel layout for the V-4
(less input multiplier) is shown in Fig. 5.
If solid wire is used for interconnection
between the switches and controls on
the panel and the pads on the pc board,
no mounting brackets are necessary.
You can use phono jacks, miniature
phone jacks, banana jacks, or any other
suitable type of connector for input and
output signals.

Calibration. Connect the V-4 to a
well-regulated bipolar (+) 15-volt sup-
ply. Regulation is very important be-
cause the output frequency is propor-
tional to the quantity 2/(Vee — Veg)-
Then make sure your controller is pro-
viding correct control voltages. If 5 volts
produces the fifth octave, 2.5 voits
should produce the fourth, 1.25 volts the

R26 J3
Rzls l RlG
. ‘/ R4 R8B
R24
£ )
oy —RS——=
" o R )
wwR2—me ap— J2
‘ \J 5 R 3 it oe— R26
RIS | BeRT—
| ris

Fig. 4. Adjustments that must
be made to the basic board if
an input multiplier is used.
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third, 0.625 volt the second, and 0.3125
volt the first. Before calibrating the V-4,
check the values of V¢ and V. Deter-
mine K4 from the equation K4 = (Vg/6)

(Vcc/18). Set trimmer potentiometers
R4 and R8 approximately to their midpo-
sitions. Connect the positive probe of a
high-impedance voltmeter to point B and
the negative probe to point A.

Apply a control voltage to one of the
inputs. and adjust R4 for a meter reading
of (K4 V) volts. Next, remove the con-
trol voltage and adjust R8 for a zero-volt
reading. Then, reapply the control volt-
age and again adjust R4 for a reading of
(K4 V) volts. Remove the control volt-
age and adjust R8 for a zero-volt read-
ing. Repeat this procedure until no fur-
ther adjustment is necessary. Then ap-
ply a control voltage and adjust R17 for
minimum pulse width with R16 set fully
counterclockwise. This completes the
calibration procedure.

AmericanRadioHistorv Com

Using the VCO. The V-4 can be used
just like any other VCO. Keep the follow-
ing guidelines in mind:

® When using the triangle output, turn
R16 (PuLse wiDTH AbJusT) fully clock-
wise. The HIGH and MEDIUM positions of
S1 will result in a triangle output with
less low-frequency content than the Low
position. Accordingly, the output wave-
forms will have steeper slopes and
“brighter” tones.

@ The grounds of the controller and the

V-4 must be tied together.
: v !
[ |
TONE "
WIDTH LMK VQL SYM

D0 - D - =D~

T SR W S "

oA .4 N » A
1 Svg o 7 ey =
PULSE  TRIANGLE  SQUARE SINE
' ]
* /D . . . [Yar
N O PP

VoL PWM ' conTROL IN

IN

|

| 1]
—] 172" | e 3/8" e} 5 /B | 5 /B /2" e
|

#*:174"01A k=3/8"DIA

Fig. 5. Suggested layout diagram
for the front panel of the V-4
without the input multiplier.

@ When using the pulse width output,
connect the pwM input to a control oscil-
lator and adjust the control oscillator out-
put for zero volt if no modulation is de-
sired. Alternatively, the PwM input can
be grounded. If this input is left floating
with respect to ground, R16 will have lit-
tle or no effect on the width of the output
pulses. <o
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CB RULES CHANGES FOR 1977

HE Federal Communications Com-

mission (FCC) dropped its .big
bombshell in July 1976, when it released
new rules that expanded the Class D
Citizens Band from 23 to 40 shared AM
and SSB frequencies. The channel-
expansion date was effective January 1,
1977, accompanied by a host of other
revisions and new rulings.

Among the new rules are name
changes, effective January 27. The Citi-
zens Radio Service is now called the
Personal Radio Services, with Class D
now named the Citizens Band Radio
Service. Also, Part 95 of the Rules now
consists of four subparts. Only the appli-
cable subparts need be in the posses-
sion of a licensee. Thus, CB'ers will no
longer have to fight through deep techni-
cal standards, the Remote Control Serv-
ice, etc.’

The new band extends from 26.965
MHz to 27.405 MHz. All channels are
spaced 10 kHz apart except those adja-
cent to one of the five Class C channels.
(The sixth Class C channel is 27.255
MHz, which is the same as Class D’s
channel 23.) Had the FCC added more
channels above 27.405 MHz, it is be-
lieved that serious intermodulation inter-
ference would have resulted.

The new channels are not numbered
by the FCC. The original 23 channels
were. However, the industry quickly
numbered the channels 1 through 40.
- Can you imagine a channel selector that

indicates the' frequency (such as

27.395) instead of a channel number?
Until the band was expanded, 27.235,
27.245, 27.265, and 27.275 MHz were
not available for CB use. The frequency
27.225 MHz is CB channel 22 and
27.255 MHz is CB channel 23. To avoid
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confusion, channel 23 remains at
27.255 MHz, with channel 24 (27.235
MHz) and channel 25 (27.245 MHz) in-
terspersed between channels 22 and
23. Channels 25 through 40 extend from
27.265 MHz to 27.405 MHz in 10-kHz
steps. As far as the user is concerned,
the frequencies actually used do not
matter; only the consecutive channel
numbers need be considered.

Channel 9 (27.065 MHz) is still re-
served as an emergency channel. Since

channel 11 (27.0 5 MHz) has been re- ,

stored as a general-use channel, there
are now 39 AM and 78 SSB channels
.available for standard communication,
plus channel 9.

All CB transmitters must be type-
accepted by the FCC, of course. Now,
however, new CB receivers must be cer-
tified by the FCC as well.

, Most 23-channel CB sets have a hete-

rodyne-type' frequency synthesizer that
employs an oscillator operable on six
different frequencies in the 27-MHz re-
gion. These signals, if radiated, can in-
terfere with land-mobile radio systems
operatlng in the 37-MHz region of the
30-59 MHz (low vhf) land-mobile band.

Because the second harmonic of a
CB signal can cause TVI (television in-
terference) fo television channel 2, and
the third harmonic can interfere with the
reception of TV channel 5, the new rules
require that the harmonic attenuation of
newly type-accepted CB transceivers be
at least 60 dB, as compared to the ear-
lier 50 dB requirement. The strength of
any harmonic of a 4-watt transmitter
may not exceed 4 microwatts (uW). (In
the future, the FCC might increase the
harmonic attenuation requirement to
100 dB, limiting the power of any har-

monic of a 4-W transmitter to O. 0004 mi-
crowatt.)

The FCC now requires that, at any fre- .

quency, a signal at the antenna termi-
nals of a CB receiver not exceed a level
of 2 nanowatts and will probably tighten
this standard to 0.2 nanowatt in the fu-
ture. Direct radiation from the chassis
may not exceed 5 uV per meter, when
measured at a distance_of 3 meters.
Also, interference arising from the power
line (base station or mobile transceiver
used with an ac adapter) may not ex-
ceed 100 microvolts.

In earlier days, type- acceptance ¢ of CB
transceivers appears” to have ‘been
granted largely on the basis of test mea-
suremants presented to the FCC. Now,
however, the FCC examines a sample
transceiver. Moreover, it is expected
that the Commission will sample produc-
tion models, too.

Samples of 40-channel CB transceiv-
ers were not accepted for testing by the
FCC until September 10, 1976, with a
cutoff date of November 1 for those new
rigs that would receive typ\e-acceptance
by January 1, 1977 (assuming they
passed the tests). During early tests, it
was found that many manufacturers had
trouble limiting the receiver’s signal ra-
diation to the newly established 5-uV
standard. Consequently, the FCC has
been stretching the figure to 8 uV for ac-
tual units examined by the Commission.
Furthermore, production models can get
away with 15 uV on a sampling basis.

Clearly, the FCC is enabling CB radio

manufacturers to phase-in the new
standards, which, frankly, makes sense.
Otherwise, production would be serious-
ly curtailed and customers would be
faced by higher price tags.
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The new rules prohibit the use of inter-
nal or outboard adapters to permit 23-
channel transceivers to be operated on
the new channels (24 through 40). How-
ever, the FCC voted to authorize manu-
facturers to convert 23-channel trans-
ceivers, in stock as of November 1, into
40-channel units. Although new 40-
channel equipment must meet the 5 LV/
meter (stretched to 8uV) specification
for receiver chassis radiation, converted
sets may radiate up to 50 wV/meter,
measured at a distance of 3 meters.

Converted CB rigs (only those 23-
channel units with “digital” circuitry are
likely, for economic reasons, to be “con-
vertible” by manufacturers) must carry a
special label stating that they have been
converted under a special FCC waiver
dated November 10, 1976.

There’s nothing in the new rules that
prohibits the manufacture of new 23-
channel units, but they promise to be
supplanted by newer models with the 17
new channels added. Manufacturers of
23-channel units that do not meet the
new standards must cease production
by August 1, 1977, and sales must be
discontinued by January 1, 1978. (Own-
ers of these units may continue to use
them, however.)

Other Changes. Other CB radio rules
changes have occurred. For example,
instead of having to wait weeks for a CB
license before going on the air legally,
you can now issue your own “temporary
permit,” make up your own temporary
call sign, and start transmitting immedi-
ately after buying and installing a CB
transceiver! When you unpack your CB
transceiver, there should be a copy of
FCC Form 505, a copy of FCC Form
555-B, and a copy of Part 95, FCC
Rules and Regulations (the CB rules), in
the carton.

You must complete FCC Form 505,
the application for a CB station license
and mail it to the Federal Communica-

tions Commission, P.O. Bok 1010, Get-
tysburg, Pa. 17326. But don’t send
along the $4.00 requested! Effective
January 1, 1977, CB Licenses are free!
(Rebates are expected to be sent out at
a future time.) Most existing official call
signs consist of three letters and four nu-
merals (such as KDQ-1212). New ones
now consist of four letters and four nu-
merals.

Because of the high theft rate of CB
mobiles, the revised FCC rules require
that ‘manufacturers engrave the unit's
serial number on the chassis, making
eradication difficult.

Looking Ahead. In mid-1976, the
FCC formed PURAC (Personal Use Ra-
dio Advisory Committee) whose mem-
bers include CB users, equipment sup-
pliers, engineers, and others who serve
the FCC in an advisory capacity. Any-
one can join and attend meetings.

Standards had to be tightened so that
TVI could be reduced and so that CB us-
ers would suffer less from adjacent
channel interference (“bleedover” and
“splatter”). With more than 7 million CB
licensees operating an estimated 16 mil-
lion transmitters, the problems could get
worse as the CB transceiver “popula-
tion” grows. Note that FCC holds the
CPB’er responsible for maintaining inter-
ference-free communications.

Nearly all CB transceivers are rated
as being capable of nearly 100 percent
modulation. Few are capable of 100 per-
cent positive (upward) modulation, but,
many can achieve greater than 100 per-'
cent negative (downward) modulation
on peaks. It is the negative overmodula-
tion that causes problems. Distortion is
produced and the signal can splatter
onto adjacent channels or over the en-
tire band. For this reason, the FCC is
taking a hard look at modulation limiter
functioning. As a result, many CB radios
are no longer playing loose and fast with
their AML circuitry. Therefore, expect

somewhat lower modulation capability
with some 40-channel rigs.

interference from low-power (no more
than 100-mW input) “walkie-talkies”
used by children can be expected to
abale as the FCC no longer permits
such units to be manufactured for use
on the CB 11-meter band. The frequen-
¢y range of these two-way radio porta-
bles has been moved to 49.82-49.90
MHz—a far cry from CB'’s 27-MHz band.
The older walkie-talkies can be used un-
til 1983, but most will be out of.service
by then.

The FCC is studying the possibility of
expanding the Citizens Band in the
220-225 MHz spectrum and the 890-947
MHz band. New frequencies would also
serve to accommodate the hordes of
new CB users that will join the throng in
future years.

What about the new 40-channel rigs?
There will probably be a shortage during
the first quarter of this year, but produc-
tion will likely catch up to demand later in
the year. The 40-channel units offer 17
new, virtually unoccupigd channels
which will permit clearer and longer-
range reception for awhile. Moreover,
the widespread use of digital circuitry
makes possible electronic numerical
channel displays that are easier to read,
can be built into a microphone, and add
a certain “class” to the rig. There are
many 23-channel rigs that have this fea-
ture, too. Some of the added 17 CB
channels will be subject to the possibility
of interference from Industrial, Land
Transportation, and Public Services li-
censees which will share fournew chan-
nels (24, 25, 28, arfd 27) for another
three years.

In brief, there’s safety in numbers with
CB radios today, with close to 20-million
CB radios in use throughoutthe country.
Emergency calls, motorist assist, and
just plain talk fun can be yours at modest
cost—whether you are operating with 23
or 40 channels! o

PesS AND GoNS OF CB

BY WILFRED M. SCHERER

FREQUENCY-GENERATION

METHODS

LL RADIO transmitters (and most
receivers) contain stages that gen-
erate r-f energy. These oscillator circuits
vary in design and application. For ex-
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You'll be making a buying decision among crystal, frequency
synthesizer, and phase-locked-loop digital when you

ample, in CB transceivers, r-f signals at
two or more frequencies are required to
determine the transmit and receive
channels.

AmericanRadioHistorv.Com

pick a CB transceiver. Here’s how each works and its attributes.

Responding to this challenge, manu-
facturers employ one of three methods
of frequency generation: crystal oscilla-
tors, crystal synthesizers, and phase-
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Fig. 1. Typical crystal \
oscillators employing
field-effect (A) and

bipolar (B) transistors.
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locked-loop synthesizers. With the ad-
vent of 40-channe| units, the latter meth-
od has' been widely adopted for full-
channel transceivers. Equipment with
fewer channels (hand-held types, for ex-
ample), however, still utilize individual
crystal and crystal synthesizer systems.
In this ar}icle we'll examine the strengths
and weaknesses of all three ap-
proaches. )

Some Basics. The receiver section of
a typical transceiver is ‘a super-
heterodyne, “Superhets” have been
around for a long time, and the basic
principle remains unchanged. Prior to
detection, the received r-f signal is fre-
quency shifted or converted to an inter-
mediate frequency (i-f). This conversion

is performed by the mixer stage, which'

heterodynes two r-f signals. That is, one
signal is “beat" against another, result-
ing in four output signals—the two orig-
inals plus one at the sum of the two beat
frequencies and one at the difference.
For example, if we heterodyne a 2-
megahertz (MHz) signal with a 4-MHz
one, we will obtain a signal at 6 MHz (6
MARCH 1977

17

ouTPUT
Q

QUTPUT

4

Y

YMHz, = 4 MHz + 2,MHz), ard another

one at 2 MHz (2 MHz = 4 MHz — 2
MHz). The frequencies involved in CB
communications are around 27 MHz,
“and the i-f most commonly used is 0.455
MHz or 455 kHz.

This low i-f enables us to have receiv-
ers that ‘exhibit high gain (to- pick up
weak signals) and good selectivity (to
reject signals on frequencies other than
that of the desired channel). To receive

-a Channel 13 signal at 27.115MHzona
transceiver with a 0.455-MHz i-f, the
mixer stage will beat the Channel 13 sig--
nal with one at 27.570 or 26.660 MHz
supplied by a local oscillator. In the first_
case, the \difference frequency

~(27.570-27.115) will be 0.455 MHz, and
in the second, it will be 27.115-26.660,
or 0.455 MHz. Note that the subtraction
is made so that a positive remainderis
obtained. No matter which local oscilla-
tor frequency is Used, the sum frequen-
cy will be around 54 MHz. This signal
will not be passed by the tuned circuits '
in the i-f section.

However, this receiver‘will suffer from
poor image rejection, because the i-f is
low compared to the original frequency,
which has been mixed or converted only
once. (Such a receiver is called a single-
conversion unit.) It will not be able to tell

remaoved. For examplé, a 26.205-MHz
signal, if it reaches the mixer, will beat
with the 26.660-MHz signal and produce
a 0.455-MHz output. Similarly, if a
27.570-MHz local oscillator signal is
used, a signal in the 10-meter amateur
band at 28.025 MHz could be picked up
simultaneously (28.025 — 27.570
0.455). .
. The image signal generally can not be
_ attenuated by more than 10 dB or so)
because the r-f circuits of the receiver
must pass a band of frequencies for total
coverage of the CB band. These circuits
are not selective enough at 27 MHz to
adequately discriminate between sig-
nals 0.91 MHz apart. However, a signifi-
cant 1mprovement n lmage rejection can
be realized by going to a hlgher i-f (typi-
cally 7-10 MHz). This will p|ace the im-
age signal much farther away from the ”
frequencies of interest, to a point where
the r-f circuits can attenuate any image
that does reach them by as much as 50
to 80 dB.

Unfortunately, at higher i-f's it's not
very easy to obtain high selectivity with-
out using expensive filters, such as
those used in single-sideband (SSB)
equipment. Also, the gain of i-f stages at
these frequencies is usually lower than

_ those at 0.455 MHz. Therefore, double:
the_difference between the desired CB  conversion is often” used. This system
signal and one 0.91 MHz (twice the i-fy  employs two mixers, two local oscilla-

7 3

/ - A \
! TABLE | . N
Channels '/ Crystal Oscillator Frequencies in MHz Channels
o7 f, f, f, -9 l
1-4 - 32.7 6.19 5.735 1,5,9, 13 17, 21
5-8 _ 132.75 6.18 5.725 2.6,10. 14,18, 22
g 9-12 n 32.8 6.17 5715+ ¢ 3.7.11,15,19
13-16 ' 32.85 6.15 5.695 48,12, 16, 20, 23
’ 17-20 329 ¢ , ~
21-23 . 3295 = /
Receive: f, —f,=f, =0.455 MHz (i-f) r . ’
Transmit: f, — f, =f . a
Example for Channel 13 - o
Receive: 32.850 — 6.190 — 27.115 = 0.455 MHz L ) N

| Transmit: 32.850 — 5.735 = 27.115 fHz (transmitting frequency)

I3

! 27 MHz
3 CB SIGNAL
14 - (fsig) 9 '
- ?
.455 MHz = f|—fp—
. osciLLaTor |2 SINTEaZER fitfe | peceiver | 458 M= fimfa—hig
£ (RECEIVE) MIXER ;
4
\ f T :
| escraron f | \ b ,
] [} d \
\
= fi ;
¥ | |
X
OSCILLATOR fa SYNTHESIZER | fi—f3 = frransmit
3 MIXER b ’
[TRlNSM!Tl

- { © G -

§
Fig. 2. Block dw.g'ram of 14-crystal, 23-channel syntheszzer 3
Various crystal combinations are given in Table I.
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tors, and thus two i-f's. The first, high i-f
yields good image rejection and the sec-
ond, low i-f provides high gain and se-
lectivity. _ 1

/A sumple transmitter, on the other
hand, does not employ heterodyning. It
consists simply of an oscillator whose
output is at the transmitting frequency,
. one or more driver stagés, a modulator,

Itis interesting to note that the crystals
in the circuits of Fig. 1 are not ground to
oscillate directly at 27 MHz. Crystals ca-
pable of oscillations at such high fre-
quencies are generally very thin kand
fragile, ruling out their use in high-fre-
quency applications such as CB. Rath-
er, overtone crystals are used. Here, a
quartz crystal, like a violin string, can be

and a final amplifier. However, hetero- —~ made to physically resonate (and there-

dyhmg is used in more complex trans-
mitters. Both types of transmitters will be
examined. .
Crystals and crystai Control. Os-
cillators employing quartz crystals are
often employed in applications (such as

CB radios) demanding a high degree of '

frequency stability. This stablllty is the
crystal oscillator’s greatest asset, usual-
ly many times greater than that obtained

b ~ a a a . \
from an oscillator using coil/capacitor

tuned circuits as the frequency-deter-
mining elements. -

The crystal oscillator's stabullty is de-
rived mainly from the propemes\ of the
crystal itself, which exhibits the piezo-

‘electric effect. That is, when physically

compressed, a voltage develops across

1 the crystal. Conversely, when a voltage

is impressed across the crystal, it physi-
cally deforms. Placing the crystal in a
suitable circuit (see Fig. 1.) will cause it
to vibrate at a frequency ‘ determined
mainly by its physncal‘ dlmenswns (prin-
cipally its thickness).

The major disadvantage of quartz

crystal frequency control is that the crys- |

tal has to be ground for one specific fre---
quency, whereupon it is mounted in a
sealed case. So a receiver with 40-
channel capability and one intermediate
frequency would require 40 individual
crystals, each one ground to produce a
specific output signal frequency equal to
the sum of (or difference between) a -
partlcular channel frequency and the i-f.
(This requirement has spurred design-
ers to develop sophisticated circuits to
reduce the crystal count, as we shall Iat-
er review.) ,

The channel seIector on the transceiv-
er’s front paneI connects the\appropnate
crystal to the local oscillator for genera-
tion of the required frequency. More re-
cent designs employ diode switching.
That is, one side of each crystal is con-
nected to the oscillator circuit, and, the
other side is connected to a switching di-
ode, which is in turn grounded. The se-
lector switch forward biases the appro-
priate diode, effectively grounding the
crystal to which it is connected. All other
diodes are turned off, thus keeping their
crystals inactive.
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fore electrically resonate) at overtones
of its fundamental frequency, which
does not carry the same meaning as
“harmonic.” The overtone is a physical
phenomenon whose frequency differs
from the harmonic due to the mechani-
cal loading of the crystal, whereas the
harmonic is an electrical phenomenon
that's an integral multiple of the funda-
mental frequency.

_ Most CB crystals_ are specifically
ground for overtone operation, and the
overtone or working frequency of the
crystal is stamped on its metal case.

Until a few years ago, most transceiv-
ers with 23-channel coverage used clus-
ters of crystals. For a single-conversion
receiver, 23 channels were needed. The

" transmitter section also required 23

crystals but these were ground to pro-
duce outputs at the channel frequen-

cies—not at frequencies 'offset from the |

/
channels by the receiver i-f—bringing
the total up to 46 crystals for 23-channel
transceive coverage. If a dual-conver-
sion receiver were used, another crystal
was added for the second i-f stage. Al-
though the operating frequencies would

be tightly controlled, crystal cost for this'

was too high.

| Crystal Synthesizers. To produce
CB transceivers at the lowest possible

cost, manufacturers developed circuits -

to minimize the number of crystals need-
ed for full CB coverage. The most com-
mon approach is called the crystal syn-
thesizer. It uses the heterodyning princi-
ple to generate needed frequencies, and
reduces the crystal tally down to 12 or
14 for 23-channel coverage.

In one synthesizer, one of six high-fre-
quency crystals is mixed with one of four
low-frequency crystals to produce a dif-
ference-frequency output which is the
required frequency of heterodyning on
receive. Similarly, one of four other
low-frequency crystals is used in con-
junction with one of the six high-frequen-
cy crystals to produce the transmit fre-
quency. The various combinations re-
quired for each channel are given in Ta-
ble I. The block diagram of the system is
shownin Fig2. -

/
p _
27 MHz
CB SIGNAL —
(fsig)
- f fi-t d | fi-fsiq-f2=0.455 WH
! 15t 1= fsig 2 1~ tgig— 2= 0. z
kbt ¢—1| RECEIVER —1{ RecEIVER [
MIXER MIXER l \ 4
~
\
~ k7. fi s fa
oscitLator | TRANSMIT OSCILLATOR S
3 3 MIXER 2 79 kX
D)
[ 3
. 7 —fi— 3 = ftransmit

N

th 3. This 23-channel crystal synthesizer has dual
4 conversion on receive. Crystal combmatw‘ns in Table II

-

. r e
. ' TABLE i a \
‘ Ch;nnels Crystal Oscillator Frequencies in MHz Channpels
f, f, f, 8
1-4 376 - 10.18 10.635 1,5.9,13,17, 21
_58 g 37.65 ™~ 10.17 10.625 2,6,10, 14, 18, 22 -
9-12 37.7 10.16  10.615 3,7,11,15,19°
13-16 37.75 10.14 10.595 — 4,8,12,16, 20, 23
17-20 37.8 NS
2123 37.85 ,
Receive: f —f, ..o — approximately 10.6 MHz (first i-f) D
f,= f — f,=0.455 MHz (second i-f) | . v
Transmit: f —f f"mm,I ‘ . 0
Example for Channel 13 '
Receive: 37.75 — 27.115 = 10.635 MHz (first i-f) N

37.75~27.115 — 10.18 = 0.455 MHz (second i-f)

Transmit: 37.75 —_1‘0.635 = 27.115 MHz (transmitting frequency)
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TABLE Wl

/

AM/SSB Crystal Synthesizer
f,—one of six crystal frequencies near 22 MHz

f,—one of four crystal frequencies near 12.8 MHz

,—b.f.o. at 7.8 MHz |

— f, = 0.455 MHz (second AM i-f)

,—7.345 MHz
Receive:
f,+f,— ”—78MHz(f|rst|f)
f + f foe
f‘ + f f f = voice frequencies
Transmit: f, +f f f.,..,m..
Example:

SSB—22 + 12.8 — 27 = 7.8 MHz (first i-f)

}

7.8 — 7.8 = voice frequencies

s
\

Transmit:

AM =22 + 12.8 — 27 = 7.8 MHz (first i-f)
22 + 12.8 — 27 — 7.345 = 0.455 MHz {second i-f)
22 + 12.8 — 7.8 = 27 MHz (transmitting frequency)

—
N ’
osciLator | f2 | svnthesizer | fitf2 | B o fi+f2 —fsig
2 MIXER EEs } }
$58B 2nd 4
PRODUCT RECEIVER p———s
J DETECTOR MIXER 0.455 MHz
osciLLator | fi fi+f2 f3 =fi+fz
| / —falg—fa
AUDIO fa
L OUTPUT !
freansmit = fi+ f2—f3 | rpansmit f3 OSCILLATOR OSCILLATOR
MIXER (8FO) 4

Fig. 4. Crystal synthestzer for a 28-channel AM/SSB
transceiver. Crystal combinations are gwen tn Table I11.

Another standard 23-channel configu-
*ration using 14 crystals is shown in Fig.
3, but this one provides dual-conversion
on receive. In this case, the first i-f is at
approximately 10.6 MHz, produced by
heterodyning one out of six high-fre-
- quency crystals with the received CB
signal, and extracting the difference fre-
quency. This i-f is, in turn, mixed with
one of four lower-frequency crystals to
produce the second 0.455-MHz i-f.
Transmit frequencies are generated by
single-conversion using one of the six
high crystals and one of the four low
crystals. The necessary combinations
are listed in Table II.

The total number of crystals can be
reduced to 12, but, unfortunately, reduc-
tion in crystal count is offset by the need

' for an extra oscillator and another mixer.

Other crystal frequencies can be used
in these synthesizer sytems as long as
the sum or difference signals provide the
required i-f or i-f's as well as the corre-
sponding transmit channel frequency.

Single Sideband. So far, we've con-
sidered crystal control and synthesis for
AM rigs. Now, let's examine what hap-
pens in SSB gear. A
Single sideband is a more efficient
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method to transmit information. Instead
of sending two mirror image sidebands
and a carrier, as is done in AM systems,
SSB signals contain only one sideband
and no carrier. Eliminating one sideband
has no effect on the information con-
tained in the total signal because both
contain exactly the same components.
The carrier, on the other hand, contains
no information in itself, butrit must be
present in one way or another at the re-
ceiver for the extraction of the informa-
tion in the sidebands.

If the carrier is not transmitted, the re-
ceiver must re-insert an equivalent carri-

/

I4

er before the signal is detected. This job
is handled by the beat frequency oscilla-
tor, whose output is mixed with the sig-
nal (usually after one or more stages of
conversion) in the product detector. The
output of' the product detector, if the
b.f.0. is exactly on the proper frequency
(set by the clarifier), is a fair rendition of

“the other operator’s voice.

SSB transceivers require sharp filters
because the transceiver must ignore the
other sideband, which is very close to
the desired one. But since we need a
Jnarrow fiter anyway, it's usually not
worth going to dual conversnon The im-
age frequencies are well removed from
the operating passband of the filter.
When single conversion is used, the ba-
sic 12-crystal synthesizer can be used
with some modifications. However, this
works for SSB only.

Almost all rigs that have SSB provi-
sions also include AM, and a common
arrangement used in these dual-mode
transceivers is shown in Fig. 4. On SSB,
single conversion to a 7.8-MHz i-f is
used. Dual conversion is used for AM
signals, ‘and the first i-f is mixed down to
0.455 MHz. (See Table Iil.)

\ The 23-channel crystal synthesizers
discussed are being neglected now in
favar of phase-locked-loop (PLL) or digi-
tal circuitry that uses far fewer crystals.
The principle’is even more important in
considering the new 40-channel rigs
where, using crystal synthesizers, addi-
tional crystals and more complex switch-
ing would be needed.

Digital Synthesizers. Using the so-
called digital or PLL synthesizer, a full-
coverage transceiver requires only two
or three crystals and the synthesizer it-
self only needs one. (The other one or
two are used in heterodyning stages.)

A basic synthesizer (Fig. 5) is com-
posed of a reference oscillator, a phase-
locked loop, a Schmitt trigger, a phase
comparator, a low-pass filter, and an er-

I=MHz —l |—] L“I r _________________ ﬂl
- | l
REFERENCE - PHASE LOW i
oscicLator [ | comparaTor PASS |
COxXTAL L] : / !
I I
- = | :
= = . I
i ERROR

\ o272 TN I veo T }

FREQUENCY .28 : : x5

s e Jilnta e a < ndl gl 5o T J :

£ % ' PLL  \
i L) N
HMITT 1 f !
?’gtrxasn oL ALT
Fig. 5. A basic digital frequency synthesizer. Many
frequencies can be generated using one reference crystal.
N
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< 100

OSCILLATOR
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10 kHz
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PHASE

[
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fa
VCO COMPARISON
SIGNAL {10 kHz)

f3

SYNTHESIZER
MIXER

(330-620 kHz) § PROGRAMMABLE

f)

{18.810 MHz)

DIVIDER

+33-62
CHANNEL

f2
SELECTOR

TRANSMITTER

MIXER

frransmit

CRYSTAL
OSCILLATOR (8FO)

CRYSTAL
OSCILLATOR

t

1 TO
—» PRODUCT

fe {7.825 MHz)

DETECTOR

Fig. 6. A digital (PLL) synthesizer for AM/SSB use.

ror amplifier. The reference oscillator is
a crystal-controlled circuit that produces
a stable, known frequency which will be
used as a reference. This phase com-
parator samples the frequencies of two
input signals and produces an output
voltage that is directly proportional to the
frequency difference of the inputs. The
low-pass filter smooths this error signal
into a dc level. The voltage-controlled
oscillator or VCQ is an oscillator whose
output frequency varies directly with the
level of a control voltage applied to it.
The Schmitt trigger converts sine waves
into square waves, and the =N circuit di-
vides the frequency of an applied square
wave by a whole number, N.

Now that we've defined some essen-
tial terms, let's consider (for simplicity’s
sake) the operation of a synthesizer that
will generate .one of three separate fre-
quencies—26, 27, and 28 MHz.

The reference oscillator produces a
steady square wave (sketched at its out-
put in Fig. 5), whose frequency is gov-
erned by a 1-MHz crystal. At the same
time, the VCO is oscillating at a frequen-
¢y which we’ll assume to be 26.52 MHz.
We'll further assume that the FREQUEN-
Cy switch in the =N circuit is set at 26.
The output of the VCO is “squared up”
by the Schmitt trigger, as shown in Fig.
5, and is divided down to 1/26th of its
original frequency by the +N circuit.
Thus, two signals are applied to the
phase comparator—one at exactly
1 MHz and the other at 1.02 MHz.

The output of the phase comparator
will be an error voltage because the ref-
erence frequency is lower than that of
the VCO (after it has been divided
down). The lowpass filter will smooth out
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this voltage, which is amplified by the er-
ror amplifier. The amplified error voltage
is applied to the VCO, and will cause the
frequency of the VCO output to de-
crease. As the VCO frequency ap-
proaches 26 MHz, the output of the +~N
circuit approaches 1 MHz. in tum, the
error signal gets smaller and smaliler,
and eventually disappears when the
VCO is running at exactly 26 MHz. At
that point, the frequency at the <N out-
put is exactly 1 MHz, and is exactly in
step with the output of the reference os-
cillator.

If we then turn the FREQUENCY switch
to 27, the VCO momentarily keeps run-
ning at 26 MHz. its output is now divided
by 27, and the frequency applied to the
phase comparator is about 0.98 MHz.
The resuiting error voitage is smoothed,
amplified, and applied to the VCQ,
whose frequency moves upward. As it
approaches 27 MHz, the error signal
gets smaller and smaller, until the VCO
is running at exactly 27 MHz. A similar

chain of events now occurs if the FRE-
QUENCY switch is set at 28.

The enormous advantage of the digi-
tal or PLL synthesizer is that we can ob-
tain any number of frequencies from the
circuit merely by changing the frequency
divider (+N) circuit. All synthesized fre-
quencies are as stable and as accurate
as the one reference oscillator. More-
over, being digital, it's easy to create
lighted electronic-generated numerals to
identify channel numbers.

Practical Circuits. A complete PLL-
synthesis system used in a 23-channel,
single-conversion AM/SSB transceiver
is shown in Fig. 6. The VCO operates in
the 19.140-t0-19.430-MHz range to pro-
vide a local oscillator signal. This signal
is_heterodyned on receive with the in-
coming CB signal, resulting in a 7.825-
MHz i-f. The VCO comparison signal is
obtained by first mixing the VCO oufput
with the 18.810-MHz output of a crystal
oscillator. Difference frequencies rang-
ing from 330 to 620 kHz appear at the
output of the synthesizer mixer. This, in
effect, functions as an automatic pre-
dividing system.

The difference frequency for a given
VCO output frequency is then divided by
the programmable divider. in this stage,
the amount of frequency division, rang-
ing from +33 to +62, is determined by
the setting of the channel selector. The
resulting VCO comparison signal, at
approximately 10 kHz, is then applied to
a phase comparator, as is a 10-kHz ref-
erence signal. This reference is ob-
tained by dividing the output of a 1-MHz,
crystal-controlled oscillator by a factor of
100. The output of the phase compara-
tor is an error voltage that shifts the VCO
output until it is “on channel.”

When the channel selector is set to
Channel 13 and the transceiver is in the
receive mode, an incoming signal at
27.115 MHz is heterodyned with the

CH.13 455kHz
27,)15kHz RECEIVER 10,695kHz FIRST I-F RECEIVER SECOND |-F
FIRST SECOND e
IXER TO TRANSMITTER MIXER
% R-F SECTION X
16,420kHz (R) 27,115kHz (T) 10,240kHz (R}
5 16,876.888kHz | toancmiTTER |10,238.112kHz CRYSTAL
vCo
m MIXER T3] OSCILLATOR
(R)-16,420kHz (R)~10,240kHz
(T)-16,876.888kH;z "(T)-}o,zsa.uznm
PROGRAMMABLE|
DIVIDER DIVIDER
+1642(R) +1024
+1688(T)
(R)- IOkHz (R)~10kHz
(T)-9.998156kHz PHASE (T)-s.ssalsekﬂzl
COMPARATOR
ERROR VOLTAGE I

Fig. 7. Digital syhthesizer for AM with dual conversion on receive.
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VCO’s 19.290-MHz output to produce
the 7.825-MHz i-f. Simultaneously, the
VCO output is beated with the 18.810-
MHz crystal oscillator output, and a dif-
ference signal at 480 kHz is extracted.
This is divided by a factor of 48 in the
programmable divider to produce a VCO
comparison signal at 10 kHz. If the VCO
drifts slightly, an error voltage is pro-
duced to correct the frequency shift. On
transmit, the VCO output at 19.290-MHz
is heterodyned with a 7.825-MHz crystal
oscillator output to produce a sum fre-
quency of 27.115 MHz. This 7.825-MHz
crystal oscillator is also used as the bfo
on receive.

A PLL synthesizer for a 23-channel
AM transceiver with a dual-conversion
receive section (to improve image re-
sponse) is shown in Fig. 7. On receive,
an incoming Channel 13 signal at
27.115 MHz is heterodyned with the
16.420-MHz VCO output to generate a
10.695-MHz first i-f. (The full range of
the VCO is 16.270 to 16.560 MHz.) The
first i-f is then heterodyned with the out-
put of the reference oscillator. In the re-
ceive mode, this reference signal has a

frequency of 10.240 MHz. Extracting the
difference signal results in a 455-kHz
second i-f. The reference oscillator out-
put is divided by a factor of 1024 and ap-
plied to the phase comparator at a fre-
quency of 10 kHz on receive. At the
same time, the VCO output is divided by
a factor of 1642, and the resulting 10-
kHz signal is applied to the phase com-
parator. For 23-channel receive cover-
age, the dividing factor is varied from
1627 to 1656.

On transmit, the VCO and reference
oscillator outputs are heterodyned by
the transmitter mixer,' and the sum fre-
quency is extracted. For this sum signal
to be at the center frequency of Channel
13, the VCO output frequency must be
increased 455 kHz, the i-f frequency.
However, there is no integer that, when
divided into the new VCO frequency, wil
result in a quotient of exactly 10 kHz.

The foregoing problem is solved by
shifting the reference oscillator output
downward by 1.888 kHz to 10.238112
MHz. Dividing this new reference by
1024 results in an output at 9.998156
kHz. Then, by increasing the new VCO

frequency slightly (from 1.861 to 1.914
kHz, depending on the setting of the
channel selector), and by programming
the divider for a factor in the 1646-1702
range; the. VCO comparison signal will
also be 9.998156 kHz. The feedback ar-
rangement of the PLL will keep the VCO
and the sum of the VCO and the refer-

- ence close to their ideal values.

The basic 23-channel PLL system is
the obvious system used in the new 40-
channel rigs. The only real modifications
required are expansion of the pro-
grammable divider and the use of a
VCO with wider range. Fortunately,
these are readily accomplished, and
some manufacturers are even offering
to modify their existing 23-channe! “digi-
tal” rigs for full 40-channel coverage.

The most exciting development in PLL
synthesis is the development of LS| sys-
tems. That is, the production of com-
plete PLL synthesizer circuitry in one or
two large scale integrated circuits, re-
quiring few additional external compo-
nents. This methodology is clearly the
wave of the future for generating fre-
quencies for CB. o

WILL SUNSPOTS AFFECT
CB COMMUNICATIONS?

Sunspots, the ionosphere, and CB propagation prospects.

BY STANLEY LEINWOLL

ast summer, many CB newcomers

were startled when, without warn-
ing, they heard signals coming in from
great distances, in some cases, from as
far as 1000 miles. Then, late in August,
the phenomenon stopped as abruptly as
it had begun.

The phenomenon observed was, of
course, skip. It occurs when conditions
are such that signals are propagated
over distances far greater than their nor-
mal range. To those CB’ers who use the
band for short-range two-way communi
cations in accordance with FCC rules
(150-mile maximum), skip can be a nui-
sance if it increases channel crowding.
For some, skip is exciting and fascinat-
ing (but illegal). Although the rash of
summer skip was short-lived, a new fac-
tor is coming into play that will likely in-
crease its frequency—sunspots. Some
people knowledgeable in the field of ra-
dio propagation are predicting that, in a
few years, coast-to-coast skip will occur
regularly. This, they assert, will cause a
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The sun exhibits high sunspot activity on June 24, 1957 (U.S. Navy photo).
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~traffic jam” on the Citizens Band. Oth-
ers, however, including Eugene Parker,
Chairman of the University of Chicago’s
Department of Astronomy and Astrophy-
sics, and originator of the concept of the
“solar wind,” feel that no serious disrup-
tion of the Citizens Radio Service will
take place.

To fully understand the propagation
events that took place last summer, why
the same conditidns will recur this sum-
mer, and what the outlook for the 11-
meter band might be for coming years,
let's discuss the fundamentals ‘of radio
propagation at CB frequencies.

| =

How a Radio Signal Travels.
c Al

-

~

When a radio wave leaves a transmitting
antenna, it travels outward in ail direc-
tions and moves simultaneously along
the ground and through space. The
component that travels along the ground
remains in contact with the earth until it
dies out. The effect of the earth on this
ground wave signal is much like that of
friction 'on a rolling’ball. The loss of ener-
gy to friction slows the bali down and fi-
nally brings it to a complete halt.
Although radio waves do not slow
down (they travel at the speed of light in
a given medium), their amplitudes or
field strengths rapidly diminish as they.
move along the ground. How great the
attenuation is for a specified distance
depends on the type of ground over
which the signal passes. In general, flat
or smooth earth extracts less energy
than rough or hilly terrain, and moist or
rich soil attenuates less than dry, sandy,
‘or rocky. earth...In general, 11-meter,
ground wave signals do not travel more

than five or ten miles before _they are

“exhausted.” '

r
The Space Wave. There is another
path that signals take upon leaving the
antenna. it is a straight line through the
lower atmosphere. This direct or space

wave propagates directly from the trans-

mitting antenna to the receiving antenna

if the two are within sight of each other.

This mode of transmission is also called

line of sight. Obviously, the higher above

ground the antennas are, the greater the

distance covered. For example, the tele-

vision antennas atop the Empire State

Building in New York City are mounted

at heights exoeedrng 1,000 feet and pro-

vide Ime-of-srght coverage for more than

50 miles in all directions from the city. In

contrast, the line-of-sight distance for

antenna heights of ten feet is about
three miles. If both antennas are raised-
to 50 feet above the ground, coverage is

extended to 18 miles. ‘ =
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In addition to height above ground, at-°

mospheric effects sometimes influence
line-of-sight range, but these are not as
.significant as antenna elevation. The
space wave always travels relatively
short distances—rarely more than 25 to
30 miles. Its most desirable characteris-
tic is that its range does not change radi-

cally from night to day, from one season’

to the next, or from year to year.

N

The Sky Wave and the -lono-
sphere. Figure 1 reveals a third com-
ponent of the radiated signal, one which
travels upward toward outer space. The
signal is shown striking a region in the
upper atmosphere and being returned to
earth some distance from the transmit-
ter. If it were not for this atmospheric re-
gion, called the ionosphere, most Iong-
distance, high-frequency communica-
tion would be impossible, and there
would be no such thing as Citizens Band
DX. : -

The ionosphere is an electrified region
which begins at an altitude of about 60
miles (97 km) and extends several hun-
dred miles up. It has the ability to reflect
radio signals in the frequency range be-

)

F REGION

/SPORAD!C E
~ CcLOUDS

/ ~  EARTH =

4

-~ -
Fig. 1. Sky waves can be reflected '
by the E (short skip) or F (long -
skip) regions of ionosphere.
7 ~ /
tween about 2 and 30 MHz and return
them to earth The radio signal that trav-
els to, the' ionosphere—and returns to
earth is called the sky wave. From here
on, our discussion will deal solely with
sky-wave signals and how they depend
on the ionosphere for propagatlon over
long distances. _ s
The ionosphere is formed primarily by
ultraviolet and X-radiation from the sun,
which interacts with the gases in the up-
per atmosphere. In the process, some of
the gas atoms lose one or more elec-
trons. A gas atom that has lost an elec-

4 )

{

tron is called an ion. Actually, the free
electrons in the ionosphere are respon-
sible for-the propagation of radio waves

‘over long distances. A radio wave en-

tering the ionosphere causes the free
electrons to vibrate. Each oscillating
electron acts like a tiny antenna, and re-
radiates energy.

lonization, and hence, free electrons,
concentrate at different altitudes be-
cause ultraviolet radiation occurs over a
relatively wide range of frequencies, and
these penetrate to different levels. Be-
cause the\gases in the upper atmo-

-~ sphere respond to various wavelengths

in the ultraviolet range, there is a ten-
dency for free electrons to concentrate
into stratified layers, or regions. The
most important layers of the ionosphere
in terms of propagation of radio waves
are the E and the F layers.

The E layer exists p /marlly during the
_day at an altitude of about 60 miles (96.6
km). During the daylight hours of the
summer months, the E layer can reflect
11-meter signals up to distances of

about 1000 miles (1610 km). This effect,

which is sporadic in nature, is one of the
most important means !of propagating
signals on the Citizens Band.

NG /
Sporadlc E’ Propagatlon. Some-
times, at the lower limits of the E layer
dense clouds or patches of electrons are
created. They are able to refiect fre-
quencies much higher than normal.
These clouds are random in nature and
relatively short lived, lasting no more
than several hours.” Accordingly, they
are called sporadic-E or E4 clouds. Be-
cause of the high electron density in Eg
patches, they are often capable of pro-
pagating 11 meter signals.

Since the height of Eg is about 60
miles (96.6 km), the distance to which

an Eg propagated signal can travel is”

limited to approximately 1000 miles
(1610 km). For this reason, Eg openings
are"usually referred to as short-skip
propagation, as opposed to long skip, in
which propagation takes place via the
higher F layers.

Eg actlvrty varies with the time of the
day and season of the year. It is most
common from late spring to mid-August.
There is a secondary peak during the
winter months, but it is not as intense as

-~ summer/ activity. Eg occurs most fre-

, Quently during the dayiight hours, peak-
ing in the early afternoon. This past
summer Eg was also common during the
evening hours.

E activity also varies with latitude.
The further south we go, the more in-

tense and frequent sporadic-£E openings _
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the mean of cycles 8-19 and for the one now ending (20).
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become. Consequently, circuits across
the southern United States observe this
effect more frequently than those in

‘more northerly latitudes.

The mechanism that produces E; is
not clearly understood..However, arela-
tively recent theory of an Australian
scientist, Dr. J. D. Whitehead, appears
to have gained wide acceptance. Dr.
Whitehead explains Eg as due to wind
shears—a transient upper atmosphere
condition in which the wind velocity at E-
layer altitudes is zero, while wind velocit-
ies immediately above and below ap-
proach 200 miles per hour and are in op-
posite directions. When this happens,
free electrons are pulled frém above and
below into the zero-velocity region, re-
sulting in Eg clouds. Dr.” Whitehead's
theory; which also involves the action of
the Earth’s magnetic field, explains the
seasonal nature of Eg, as well as its vari-
ation with latitude. -

. \
Long-Term Outlook—The F Lay-
er. The action of Eg explains the occur-
rence of CB DX during the summer
months. What happens during the rest
of the year is dependent on events that
take place in another part of the ionos-
phere, collectively referred to as the F
layer. .

\ The F layer is more important than the
E layer because it is always present, day
and night, season after season. It makes
long-distance, shortwave communica-
tion possible. Because the 11-meter
band is at the upper end of the short
wave or high-frequency part of the spec-
trum, it has a strong influence over CB
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DX propagation. To underé;and the role
of the F layer in CB propagation, let's
briefly discuss how it changes on a daily
and a seasonal basis.

The intensity of ultra-violet radiation
reachmg the F region of the ionosphere
“is subject to considerable variation. it
changes from day to night, from season

\to season, and between one point on the
surface of the earth to another. In addi-
tion, there are year-to-year changes
which occur over an eleven-year cycle.
These latter changes depend on sun-
spots, which emit ultraviolet radiation.
Some years, there are many more sun-
spots than in others. Consequently, ra-
diation from the sun is greater during
those years. The ionosphere can then
reflect higher frequencies than when ra-
diation is at relatively low levels. Let's go
into these variations in greater detail:

®Diurnal Variations. During the day
radiation from the sun is most intense.
As a result, ionization is at a maximum,
and the frequencies that the F region
can reflect are higher during the day
than at night. At night, in the absence of
direct radiation from the sun, ions and
free electrons begin to recombine, and
the region becomes less electrified and
less dense. Consequently, it loses its
ability to refiect frequencies at the high
end of the shortwave spectrum. As a re-
sult, CB DX is almost never possible via
the F region during nighttime hours.

@Seasonal Variations. It is obvious
that the more hours of daylight there are
'in a day, the longer high frequencies will
be propagated by the ionosphere. Dur-
ing the- daylight hours, therefore, higher

maricanRadinHistorny Cam ___
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frequencies are reflected by the ionos-

phere in wintertime than those reflected
in the summer.

®Geographical Variations. As we
move towards the equator, the sun is
more directly overhead for longer peri-
ods. Because the effect of radiation on
the ionosphere also depends on the an-
gle of incidence of this radiation, it is evi-
dent that the closer to the equ\atbr we
are, the higher the frequencies we can [
expect to use- ,
The Sunspot Cycle. [f diurnal, sea-
sonal, and geographical variations were
the only factors affecting ionization lev-
els, then the same conditions would pre-
vail from one year to the next at the
same geographical location, and the
pattern of usable frequencies over a par-
ticular circuit would be a simple matter to
predict. Unfortunately, that is not the
case. :

One of the most important factors in-
fluencing the behavior of the ionosphere
is sunspot activity. Sunspots are enor-
mous craters of hot, whirling gases on
the surface of the sun. Although the na-

\ture and origin of sunspots are not fully

understood, it is known that they are one
of the principal sources of ultraviolet ra-
diation from the sun. Because ultraviolet
radiation affects the-ionosphere, the im-
portance of sunspots is clear. Sunspots,
which are imbedded in the sun, move
across its face in an east to west direc-
tion as the sun rotates. It takes a spot
approximately 13 days to move across
the visible face of the sun. That's about
half of the solar period of rotation.

In the middle of the 18th Century, ac-
curate records of sunspots were initiat-
ed. It was observed that sunspot
changes occurred in a regular manne.
In Fig. 2, the solid line also shows the
average of all cycles observed since the
middle, of the 19th Century It can be
seen that a sunspot cycle goes from
minimum to maximum and back to mini-
mum in approximately eleven years. But
the cycle is not symmetrical. It takes 3 to
4 years to go from minimum to max-,
imum, and about 7 years to go from
maximum to minimum. It should be not-
ed, however, that some cycles have
been as short as nine years while others
have been 13 years long.

Figures 3 and 4 illustrate the |mpor-
tance of sunspot activity on CB propaga-
tion. These figures show the predicted
range of frequencies useful for com-
munications between the East and West
Coasts of the U.S. for the present and
several years hence, when sunspot ac-
tivity will have increased to the point
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« where CB SIgnals will propagate more
regularly via the ionosphere. For the-
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winter of 1979—80 (Figure 3) we can see
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Fig. 4. Same as Fig. 3 for spring and fall. In both cases, .
dashed lines indicate currently useful frequencies.

possibility between the hours of 1500 '
and 0030 GMT or 10 a.m. to 7:30 p.m.
EST. For the spring and autumn months
(Figure 4), coast-to-coast reception of
CB signals wiil at least be possible from
1400 to 0130 GMT, or 9 a.m. to 8:30-
p.m. EST. In contrast, the currently use-
ful frequencnes (shownby the dashed
line) indicate that no CB DX reception
will be generally achievable at any tinfe p
of day.
The upper limit of frequencies the
ionosphere will reflect even during max-
imum sunspot activity also depends on
the distance between th\e transmitter \
and the receivér. At periods of high sun-
spotr activity, some DX, might occur,
around midday for distances of about
1000 miles and beyond. The further the
separation, the longer the opening. . !/
Once the openings start occurring, *
how long WIII they Iast” Well, a Jook back
at Figure 2 indicates that about half the
cycle registers numbers of 90 or more. |t
is at that cutoff point tHat ionization is
high enough to give more regular CB.
, openings. We can therefore predict at /
this time that 1979 and a few later years
‘s‘hould see more CB DX openings thap
at present, although intensity is specula- )
tive since the sunspots are not on a true
regular cycle. When the foregoing sun-
spot peak occurs, it may-be a temporary
nuisance to some CB’ers and a listening
bonanza for others. The difference de-
pends on when the peak really occurs -
'and the extent of the sunspot buildup. in
any event, don't worry about it because
it cannot be controlled and it will pass
soon enough. <
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F ALL the accessorfes cur\rently
vailable for use with mobile CB J
transcelvers the external speaker,is
_perhaps the one most often overiooked.
However, the addition of such a speaker
can often dramaticaily increase the re-
ception by improving voice intelligibility.
A speaker, whether it is inside the
transceiver cabmet or outside, converts
. the received and detected r-f signals into
an intelligible replica of the other opera-
tor's voice. It must do so without intro- 2
ducing an appreciable amount ofdistor-
tion, and should respond only to those
frequencies which convey useful infor-
mation. Let's cofisider the practicalities
of CB speaker performance by evaluat-
ing a numbér of influential factors— ’
starting with the human voice itself.

~

—

~

IS -
Speech Characteristics. Four ba-
sic qualities denote human speech: am- !
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plitude or intensity, frequency, harmonic
content and time functions. The corre-
sponding aural characteristics are loud-
ness, pitch, tonal quality, and time per-
ception or speed of sound production.
Speech is by no means constant in in-
tensity. Some sounds are accented and
loud, others are soft. The wide dynamic
range of speech places special de-

mands on the hardware in a voice com- -

munications link. Soft sounds, such as
consonents, are much more likely to be
washed out by ambient noise than vow-
els. But voice articulation, and hence in-
telligibility, is greatly dependent on the
clear reproduction of consonants.

Male voices generally occupy the
bandwidth shown in Fig. 1. The range of
generated frequencies is about 300 to
6000 Hz. Vowel sounds are found from
about 300 to 1000 Hz, and average
about 20 dB above consonants, which
are found from 1000 to 6000 Hz. This
makes consonants much more vulner-
able to noise than vowels, and that's
why radio operators are often forced to
resort to phonetics such as Bravo, Delta,

and Tango to diistinguish b, d, and t.

Also, some communications gear in-
cludes special signal-processing circuit-
ry to reduce the consonant-masking ef-
fects of high-frequency noise.

Another factor influencing intelligibility
is the rate of speech. Many listeners
fend to miss key words in radio broad-
casts when the announcer is averaging
a snappy 200 words per minute. How-
ever, the 100-word-per-minute delivery
by Franklin D. Roosevelt allowed an en-
tire nation to absorb and reflect upon his
famous “fireside chats.” Among the time
elements at work here are the lengths of
individual sounds, the ratio of speech
elements to pauses, and the rate at
which complete words are spoken.

The Human Ear. For true communi-
cation, there must be a speaker and a
listener, whether they are standing face

to face or separated geographically but

linked by a telecommunications net-
work. In the latter case, the link hard-
ware must be designed to work not only
with the human voice, but also with the
human ear.

The ear will accept a wider range of
both sound amplitudes and frequencies
than the voice is capable of producing.
From the threshold of hearing—0 dB, or
0.0002 dynes/cm2—it can tolerate in-
puts up to three trillion times greater.
The average range of frequencies the
ear can detect is from 20 to 15,000 Hz.
However, its response depends on am-
plitude, as demonstrated by the famous
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Fig.-1. Bandwidth of the average male voice.

Fletcher-Munson curves. Hearing is
keenest over the 1000-t0-5000-Hz seg-
ment. That's where the consonants are.
There are, however, some practical
difficulties which result from the ear's re-
sponse. Under certain circumstances,
the ear will fail to distinguish one sound
from another. This is called the masking
effect, and is expressed as the increase

(in dB) in the threshold of audibility of

one sound when “masking” noise is in-
troduced. It is shown graphically in Fig.
2, which indicates that it is harder to
hear bass and treble sounds in a noisy

environment than those in the midrange.

Also, the graph shows that consonant
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EXCEED NOISE LEVEL TO BE HEARD
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500
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sounds are more readily masked than
vowels.

Environment. |n addition to the mask-
ing effect, a host of other environmental
factors influence intelligibility. Absorp-
tion of high-frequency sounds can fur-
ther diminish consonant strength. Such
absorption often occurs in a mobile envi-
‘ronment when the sound does not travel
directly from transducer to listener, but
rather is reflected by soft surfaces. Car-
peting and upholstery are the prime of-
fenders. However, if a reflecting bound-
ary is hard, annoying reverberations can
result. In the absence of reflections and

5K 10K

IK

Fig. 2. When noise is present, desired sound
must be increased in volume to preserve intelligibility.
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Photo shows external speaker in typical under-dash position
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reverberation, sound levels diminish in
direct proportion to the distance be-
tween the sound source and the listener.
Of course, there may be sound sources
present whose outputs are either above
or below the bandwidth of the voice. If
their levels are appreciable, intelligibility
is adversely affected,

Hardware Considerations. Thus
far we have considered the roles played
by the human ear, voice, and the inter-
vening environment. Now let's see how
the communications gear itself affects
the situation.

Properly designed voice communica-
tions systems should have an audio fre-
quency response—both at the transmit-
ter and receiver—which is best for those
frequencies carrying the desired infor-
mation. Conversely, they should ignore
all sounds outside the useful bandwidth.
In the course of modulation, transmis-
sion, reception, and demodulation, a
minimum of electrical noise should be
introduced. 1

To best illustrate the effects dis-
cussed, let’s consider a communications
system with which we are all familiar—
the mobile CB installation. The mobile
environment of a car, van or truck gener-
ates ambient noise in the 200-to-500-Hz
range. High frequencies are attenuated
by padding, carpeting, etc. Wideband
(wind) noise can be considerable at
highway speeds. Electrical noise can be
suppressed if care is taken in grounding
all parts of the vehicle body and chassis,
and by shielding the ignition system if
necessary. Given the sophisticated cir-
cuitry of today’s CB transceivers, un-
wanted noise generated by the rigs
themselves can be neglected.

The major weak point in most rigs is
the internal speaker. For one, its fre-
quency response is usually far from
ideal. For example, the dashed curve in
Fig. 3 shows the frequency response of
a typical transceiver with an internal
speaker, as measured in an anechoic
chamber using a microphone placed
one meter in front of the speaker.

This transceiver was then mounted
under the dash of a standard size Ameri-
can automobile and its frequency re-
sponse measured with the microphone
positioned to coincide with the average
listener’s ear. The resulting response is
shown as the dashed curve in Fig. 4.

Obviously, the automotive environ-
ment had a marked influence on the
overall response. Because the trans-
ceiver's speaker is mounted on the un-
derside of the enclosure, it was pointing
directly towards the floor. Also, the mi-
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crophone was about 120 degrees off the
front axis of the speaker, and most of the
sound reaching it was reflected by the
carpeting and upholstery. Predictably,
poor high-frequency performance was
observed.

A dramatically different result was ob-
tained with an external speaker de-
signed for voice communications. First,
a frequency response test was per-
formed in an anechoic chamber. The
solid curve in Fig. 3 is the result of this
test. Then the speaker was mounted in
the automobile so that its front axis of ra-
diation was facing the listener (micro-
phone). Again, its frequency response

was measurad, and appears as the solid
curve in Fig. 4. The frequency response
of the external speaker was broader and
more uniform over those frequencies es-
sential to voice intelligibility.

This can be explained by considering
three factors. First, the external speaker
has an inherently better frequency re-
sponse, as indicated by the anechoic
chamber tests. Second, the micro-
phone—positioned at the location of the
typical listener's ear—was on axis with
the front of the external speaker. There-
fore, it received the maximum portion of
the high-frequency energies radiated by
the speaker. Finally, because most of

the sound incident upon the microphone
was directly radiated by the speaker,
there was minimal alteration of the audio
output signal by environmental charac-
teristics of the car’s interior.

In ather words, the external speaker
performed comparably in both the artifi-
cial and natural environments, but the
transceiver’s internal speaker showed a
marked degradation in performance in
the car as compared to its anechoic per-
formance. Of course, the optimum posi-
tion for an external speaker would be
atop the dashboard of an automobile.
But this is not always advisable since it
could obstruct the driver’s vision. &

BUILD A

SILENCER

Squelches operating radio
or tape player
when CB signal begins.

BY RONALD MILES

Photo of prototype shows main circuit board mounted in
chassis with relay in back corner, controls on front.
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ANY CB'ers are torn between lis-

tening to an auto AM/FM radio or
tape player and monitoring CB calls.
With both active, the sound is cacopho-
nous when the CB receiver un-
squelches. The user can manually turn
down the volume of the broadcast radio
or tape player every time the CB be-
comes active, of course, undermining
driving safety.

A CB’er can have his cake and eat it
too, however, by using the “Silencer”
described in this article. It will automati-
cally quiet the radio or tape player when
the CB receiver is unsquelched or the
CB transmitter is used. The entertain-
ment system will remain silent until
either the CB receiver returns to the
squelched state or the CB transmitter is
no longer in use. At this point, the enter-
tainment system returns to its normal
volume. No major chariges to either the
CB transceiver, AM/FM radio, or tape
player are required.

Although designed for mobile applica-
tions, the Silencer can also be used with
any receiver that has a squeich. For ex-
ample, one can have a scanning monitor
operating in the same room as a stereo
music system; and each time the scan-
ner stops at a station (becomes un-
squelched), the audio system will be si-
lenced until the vhf conversation is end-
ed and the scanner resumes its normal
scanning mode.

The only conditions required are that
both radios should have speaker imped-
ances of about 8 ohms; the audio power
output should not exceed about 5 watts;
the r-f power from the CB rig must not
exceed FCC specs; and the vehicle
(where used) must have a negative-
ground electrical system.

How It Works. The complete sche-
matic is shown in Fig. 1. Audio voltage
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Fig. 1. Schematic

of the Silencer.

Circuit of the r-f

module is at upper right.

PARTS LIST—R-F MODULE

C17—22-pF, 100-V mica capacitor
C18—0.005-pF, 100-V ceramic capacitor
D7—high-speed silicon diode 100 mA at 100
V (ECG 177)
J2—S0-239 coaxial cable connector
P1—phono connector to mate with J1 and suit-
able length of shielded audio cable
P2—PL-239 coaxial connector with suitable
length of RG-58/U coaxial cable
R13—10,000-ohm, Y4-watt resistor
Misc.—Suitable chassis for Silencer (L.a-
fayette 12R03017V or similar), r-f module
(Calectro H4-736 or similar), knob, L.-
brackets (2), press-on type, relay mounting
bracket, terminal strip (three-lug), mounting
hardware, spacers, grommets, etc.

from the CB remote speaker output is
connected to pads A and A’ so that R2
becomes the load for the output trans-
former. The audio voltage generated
across. R2 is applied to the primary of
transformer T1, whose turns ratio pro-
vides a voltage step-up of five times, be-
sides providing dc isolation.

The audio voltage on the secondary of
T1 is applied to IC1 used as a compara-
tor. The voltage divider combination of
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PARTS LIST—BASIC SILENCER

C1,C2,C4,C5,€6,C8,C12—0.005-pF, 100-V
ceramic capacitor

C3-——5-pF, 25-V electrolytic capacitor (axial
lead)

C7—100-pF, 25-V electrolytic capacitor (axi-
al lead)

C9,C13—10-pF, 25-V electrolytic capacitor
(axial lead)

C10—0.22-uF, 100-V capacitor

C11—2-uF, 35-V electrolytic capacitor (axial
lead)

C14—0.1-pF, 50-V ceramic capacitor

C15.C16—0.01-uF, 100-V ceramic capacitor

D! through DS—high-speed silicon diode,
100 mA at 100 V

D6-—silicon rectifier diode 100 Vat 1 A

F1—1-A fuse with in-line holder {Radio Shack
270-1281 or similar)

11—12-V, 50-mA panel lamp (Radio Shack
272-322 or similar)

1C1—741 op amp

1C2—555 timer

R5, potentiometer RY, and resistor R3
produces a dc voltage (variabie with the
setting of R4) between the inverting and
noninverting inputs of IC1 and this volt-
age is adjusted so that low-level ac sig-
nals will not cause the comparator to
change states.

When audio of sufficient amplitude is
generated across the secondary of T7,
parts of its cycle will cancel out the dc
voltage developed across the potenti-

J1—chassis mounted phono connector
K1—12-volt, 100-mA coil, 1-A contact rat-
ing. Monaural: dpdt (Radio Shack 275-206
or similar); stereo:3pdt (Allied 88601053 or
similar)
Q1—2N3641 npn silicon transistor
R1,R2--25-ohm, 5-watt resistor
R1A-—same as R1, used in stereo version only
R3,R5—56,000-ohm, Y4-watt resistor
R4--1000-ohm miniature potentiometer
R6—2700-ohm, Y%-watt resistor
R7—10,000-ohm, ¥2-watt resistor
R8—15,000-ohm, 4-watt resistor
R9—39,000-chm, Y4-watt resistor
R10—10-ohm, Y2-watt resistor
R11--270,000-ohm, ¥2-watt resistor
R12—10,000-ohm, V2-watt resistor
S1—miniature rotary switch, 4-position, 3-
pole (Calectro E2-166 or similar)
T1-—10k:2k miniature driver transformer (Ra-
dio Shack 273-1378, Calectro D1-722, or
similar)

ometer and the comparator will switch
state with each cycle, thus acting as a
very-high-gain ac amplifier whenever
high-level audio comes in. Thus, IC1 wii
produce an output only when the CB re-
ceiver is unsquelched.

The pulsed output from IC1 is coupled
through capacitor C10 to a rectifier con-
sisting of D4, D5, C11, and voltage di-
vider R7 and R8. When the positive volt-
age across R8 exceeds one diode drop,
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transistor Q1 is turned on and essential-
ly forms a short circuit across the IC2
timing capacitor C13.

Integrated circuit IC2 is set up as a
timer whose RC circuit consists of C13,
RY, and, when function switch S7 is in
the sLOW DELAY position, R11. In the
normal mode, IC2 pin 3 is low, and no
power is supplied to the cB ACTIVE lamp
/1. When transistor Q1 saturates, /IC2
starts its timing cycle, and if S1 is in
either the FAST DELAY or SLOW DELAY
positions, relay K1 is energized to switch
the CB audio output to the speaker, and
at the same time, disconnect the broad-
cast radio or tape player speaker. When
the CB audio ceases, IC1 no longer de-
livers voltage to the rectifier, and transis-
tor Q1 cuts off. Then IC2 starts its timing
cycle to cause K1 to change states. The
delay keeps the relay from “chattering”
during any pause between words, and
also keeps the broadcast radio from be-
coming active for a short period of time
after a transmission is received, and the
transmitter is activated in reply. Function
switch S1 provides a selection of fast or
slow delays.

We have described how the broad-
cast radio or tape player is de-activated
and the CB speaker comes alive when
the CB receiver is unsquelched. Now we
will discuss the r-f module that detects
the operation of the CB transmitter and
does the same switching.

As shown in Fig. 1, the separate r-f
module is connected in series with the
CB antenna and is “transparent’ during
CB reception. When the transmitter is
activated, some of the r-f is rectified by
D7 and filtered by R13and C18, and the
resulting dc voltage is passed via a
length of shielded audio cable to the
base of transistor Q1, in parallel with the
audio signal path from IC1. The pres-
ence of the rectified r-f voltage starts the
timer up in the same way as for the au-
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Fig. 2. Etching and drilling guide (top) and component
layout for Silencer does not include r-f module components.

Components for the r-f module are assembled in their own
metal enclosure and suitably connected to the rest of the circuit.
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dio signal. ff you do not use a CB trans-
ceiver, the r-f module may be omitted.

Construction. The Silencer consists
of two assemblies—the basic electron-
ics and the optional r-f module.

The basic electronics circuit has two
variations. If the radio to be silenced is
monaural, then resistor R1A can be
eliminated and for relay K1 use a dou-
ble-pole, double-throw type. If you wish
to silence a stereo system, then install
R1A and use a 3-pole, double-throw re-
lay for K1.

The basic electronics is assembled on
a pc board such as that shown in Fig. 2,
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Fig. 3. To use the Silencer with a CB rig and monaural radio
or tape deck, use setup at (A). For a stereo system, use (B). '

N \
which also illustrates comp/onent instal-
lation. Note that some resistors and ca-
pacitors are mounted vertically because
of the narrow pad spacing, and that (op-
tional) sockets are used for the two IC’s.
There must be a hole directly under the
"center of potentiometer R4 so that this
control can be adjusted through a mat-
ing hole in the bottom of the chassis. If
you elect to use perforated board and
either a wiring pencit or wire-wrap, try to
keep the componerlL installation snmllar
to that shown in Fig. 2 to minimize stray
r-f pickup by IC1. z
The prototype basic electronics was
mounted in a standard 1%” by 614" by

44" metal two-piece chassis having
suitable holes drilled in the front panel to
mount function switch S1, and lamp /7.
Jack J1 is mounted on the rear panel,
and a suifable rubber grommetted hole
should be provided for the various ca-
bles. Don't forget the hole for R4 on the
lunderside of the chassis. Interconnec-
tions to the board are made via the small
circled pads as shown in Fig. 1.

The finished circuit board is mounted
on the bottom of the chassis via four
small spacers, while the relay is mount-
ed in one comer of the chassis using an
L-bracket as shown in the photograph.

The r-f module is mounted in its own

¢ /

/ .

’

4

28" by 2" by 134" metal enclosure. A
three-lug terminal strip is used to sup-
port the components, while connector J2
is mounted on one wall. A length of
RG-58/U coaxial cable terminated in a
suitable connector for the antenna out-
put of the CB transceiver, is passed
through a grommetted hole opposite J2,
with the coax braid connected to the
grounding lug of J2, and to the metal
chassis. The dc output of the r-f module

is passed out of the metal chassis

through its own coaxial audio cable that
is terminated with a connector to match
J1 on the main chassis.

v {
Installation. If you are going to use
the Silencer with a CB rig in conjunction
with a conventional monaural radio or

‘tape player, use the circuit shown in Fig.
3A. Use the external speaker output of
the CB transceiver for the audio output.
Note that a few radio speakers may
have one of their terminals grounded to
the speaker frame and thus-to vehicle
ground. If this is the case, remove this
connection from the frame, connect the
Silencer as shown, and ground the cor-
respondmg lead between the Silencer
and the radio. -

Locate the speaker leads on the radio
to be silenced and cut them. Connec\t

k |

o ormrmiEnd el

the, radio audio output and speaker
leads as shown in Fig. 3A. If you are go-
ing to silence a stereo system (radio or
tape player), then use the circuit shown
in Fig. 3B. (In the case of stereo, don't
forget R1A and the relay.)

The stereo system usually has four
wires that connect to the two speakers.
Use an ohmmeter to determine which
pair is connected together within the
stereo system (share a common, usually
ground, connection), then foIIow the wir-
ing of Fig. 331

A\
Initial Adjustment. With the Silenc-
er connected to the CB system as
shown in Fig. 3, turn off the AM/FM ra-
dio, set the Silencer function switch (S7)

"to the CB ONLY-OFF posmon and sensi-

tivity control R4 to its” maximum re-
sistance (mlnlmum sensitivity) position.

Turn on the CB and set the squelch™\

completely off. Temporarily disconnect
the CB antenna from the r-f module, and
adjust the 'CB volume so that a faint
“hiss” is heard a couple of feet from the
speaker. Without touching the CB, place
the Silencer function switch to the FasT

“DELAY position, and note that after sev-

eral seconds the speaker is silent.

Using an insulated screwdriver, rotate
R4 very slowly from its_maximum re-
sistance until the front-panel cB AcTIVE
lamp comes on and the hiss is again
heard. Reconnect CB antenna, locate
an unused CB channel, and normally
squelch the receiver. Key the transmitter
and note that the cg ACTIVE lamp comes
on and stays on as long as the transmit-
ter is keyed~ Release the' transmitter
switch, and after a few seconds the cs
ACTIVE lamp should extinguish.

Turn on the AM/FM radio and note
that its output is heard in the speaker
whenever the CB is squelched, provid-
ing the transmitter is not in use. You may
note that sometimes the AM/FM radio is
suddenly silenced when-no CB call is
heard. This occurs when some CB'er
touches his transmitter key momentarily
wnthout making an actual transmission.
The 'Silencer will operate as if an actual
CB signal has been received. If this oc-
curs too often, the CB may be inade-
quately squeiched or the Silencer too
sensitive. If the relay.chatters when re-
ceiving a CB call, the Silencer shouid be
set for less sensitivity (R4). When the Si-
lencer has been set for the desired CB
receiver /volume, lowering the volume
will reduce the Silencer sensitivity.

Lastly, note that, when power is first
applied to the system, the Silencer will
come on in the CB mode until the delay
runs out. Thvs is normal. )
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The world’s largest selection of superior quality electronic
products in money-saving easy-to-build kit form.

YOU CAN BUILD some of the finest electronic
products available today...and 0
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Heath Company, Benton Harbor, Michigan 49022

Schlumberger

Please rush me my FREE copy
of the new Heathkit Catalog
| am not on your mailing | st.

'd like to do a favor for a
friend —send another catalog to:

Name Name
Address Address
HEATHKIT CATALOG
Featuring nearly 400 top quality, City City
easy-to-build electronic kits. Stereo
hi-fi, color TV, automotive and marine State State
accessories, security systems, short- 2
wave radio and more. PLUS special Dept. 10-27 Dept. 10-273
buys on fully assembled, famous- Zip Zip

brand CB radios!

Popular Electronics

AmericanRadioHistory Com
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Send for the largest catalog of electronic kits available today.

HEATH COMPANY

BENTON HARBOR, M| 49022

AmericanRadioHistorv Com

Discover for yourself the enjoyment that can be
experienced when you build one of our many
quality kits —all are easy to build with our famous
step-by-step assembly manuals.

Kitbuilding is a rewarding pastime that is both creative
and satisfying. We have nearly 400 kits for you to
choose from in our new FREE catalog.

Stereo Hi-Fi. 2 and 4 channel components, digital and
analog tuners, speaker systems, everything for
the casual listener or the serious audiophile.

Color TV. From small cart-size portables to a
futuristic “computerized” console model
with a programmable memory.

Amateur and Shortwave Radio. From Code Practice
Oscillators to a Digital Broadbanded SSB Transceiver...
everything for beginner or Pro!

Digital Clocks and Weather Instruments. Fun to build kits
tell you what's going on...by the numbers!

Radio Control Gear. 3, 4, 5 and 8-channel systems,
all with instant plug-in frequency change.

Auto Test Equipment. Keep your car in top shape
all year ’'round.

Outdoor Fun Kits. Programmable digital stopwatch.
Deluxe metal locator/treasure finder.

Test Equipment. Scopes, VTVM’s, DMM'’s, Counters,
Generators and Power Supplies for all your
test and service needs.

WE WON'T LET YOU FAIL

The world famous Heathkit assembly manual (included with
every kit) makes kit assembly easy regardless of whether
you’re building a color TV or a tabletop tamp dimmer. And
technical help, if you need it, is just a phone call away.

Send For Your
Copy Today!

96 pages of fun to build
electronic kits...Hi-Fi,
Color TV, Amateur and
Shortwave Radio, Digital
Clocks and Weather
Instruments, Test Equip-
ment, Auto and Marine
Accessories, more!

Heath Company, Dept. 10-27
Benton Harbor, Michigan 49022

PUT STAMP
HERE
The Post Office

will not deliver
mail without postage




N TWO previous articles (POPULAR BY JOSEPH WEISBECKER
ELECTRONICS, August 1976 and Sep-

tember 1976), we discussed the con-

struction of the low-cost Elf microcom-

puter, gave some programming exam-

ples, and described some low-cost op-

tional input/output circuits. Here we will

examine some software operating sys-

tems and discuss adding 1024 bytes of °
memory for as little as $20. ’.l l e

Operating Systems. An operating

system is a program that makes it easier -

to program and use your computer. For ‘ ‘ W | | ‘ 66 “ ‘ ”
example, if you want to change M(43) in / / 1

the basic Elf memory, you would have to L I\ 1 J J

start at M(00) and step through memory

to location 43 before you could change

it. Program 1 is a simple operating sys- ‘ ® ]

tem for the EIf microcomputer. It lets you "l I I“’ "“l ‘Il] ela
directly examine or modify any memory N / J

location. 1t also allows you to start pro-

gram execution at any memory location.

We call Program 1 ETOPS-256 (Elf Tog- .

gle OPerating System for 256-byte

memory). After loading ETOPS in RAM, PART 3:
it can be used to help you load and run

other programs, How to expand memory,

To examine a memory location using
ETOPS, set 01 into the toggles. Flip the plus more programs
RUN switch up and 01 will be displayed.
Now set the address of the memory byte
you want to examine into the toggles
and push the INPUT switch. The next
time you push the INPUT switch, you'll
see the selected memory byte dis-
played. Keep pushing the INPUT switch
to see the sequence of bytes stored in
memory.

To modify any memory location, set
02 into the toggles and turn the RUN
switch up. 02 will appear. Set the ad-
dress of the memory byte you want to
modify (via the toggles).

Push the INPUT switch and the Q light
comes on. Now set the toggles to the
value of the byte you want to place in the
selected memory location and push the
INPUT switch to store itin RAM. You can
store a sequence of new bytes by set-
ting each byte into the toggles and push-
ing the INPUT switch. The Q light warns
that you are modifying memory.

If you have the toggles set to 00 when
you flip the RUN switch up, you can then
set the toggles to the beginning address
of a program you want to execute. Just
push the INPUT switch to start executing
your program at the selected address.
Your program will begin execution with
R3 as the program counter.

If you've added the battery RAM op-
tion to your system, ETOPS will be
ready to use as soon as you turn on
power. Since ETOPS uses only 32

% CIRCLE NO. 5 ON FREE INFORMATION CARD




PROGRAM 1--ETOPS-256

PROGRAM 2--EHOPS-256

0000 0 .0 = 0000 "F8 FF A2 R2.0 = work
03 g? 20 A §l1o work 82 F8 §3 Ag Rg.o = BSUB
04 6C 64 21 D = toggles . F8 35 A6 R6.0 = HSUB
07 3F o% Wait for IN on 88* gg OD 43 g3é° = M(0D)
09 37 09 Wait for IN off v ’ =
0B 32 1D M(1D) if D=00 83 i osmEs R1%0=D1
o) = ’ = toggles
18 gg 33 11 g£11) if D=01 ]g 3? l% .g§1é) 1§ Dooo
11 6C A1 R1.0 = toggles -0 = R1.
13 35 13 Wait Zor It on . 14 F6 3B 1C M(1C) if D=02
15 37 15 Wait for IN off 7 D5 E1 BSUB, X=1
17 39 1A M(1A) if Q=0 19 ~ 64 Show M1, R1+1
19 6C M1 = toggles 1A 30 17 Repeat M(17)
14 64 Show M1, R1+1 e =05 E1 BSUB, X=1
1B 30 13 Repsat M(13) 1E 51 64 M1=D, show M1, R1+1
1D 6C A3 R3.0 = toggles 20 30 1C Repeat M(1C)
1F D3 =3 ok = D3 P=3 (return)
20 00 Work area BSUB '
21  User programs from 23 D6 *  HSUB q
M(21) to M(FF) 24 FE FE D left x 2
26 TFE FE D left x 2
28« A0 D6 R1=D, HSUB
24 80 F1 52 M2=R1 or M2
2D 64 22 Show M2
2F 30 22 Go to M(22)
31  FO D5 D=M2, P=5
SUB »
PROGRAM 3 33 E2 FC O1 X=2, D+1
36 PFA OF 52 M2=D and OF
0050 F8 FF A1 R1.0 = work 39 62 22 Select key M2
53 F8 00 51 M1=00 3B 3D 33 - M(33) if key off
56 E1 64 21 Show M1 3D 7B F8 09 Q=1, D=09
59 FO FC 01 51  M1+1 . 40 B4 R4.1=09
5D F8 10 B2 R2.1 = delay 41 24 94 R4-1
60 22 R2-1 ’ 43 34 41 M(41) if R4.1#00
61 92 3A 60 M(60) if R2.1#£00 45 A Q=0
64 30 56 Repeat M(56) 46 35 46 Wait for key off
48 30 31 Go to M(31)

bytes, you still have 224 bytes available
for your own programs.

Keyboard System. Adding a hex
keyboard would make your Elf mi-
crocomputer even easier to use. With 16
keys labelled 0 through F, you would
have to press only two keys for each
byte you want to store in memory. In the
second article, we described a circuit for
monitoring the states of 16 switches or
keys. (See PoOPULAR ELECTRONICS,
Sept. 1976, page 38, Fig. 3). If you add
this circuit and a 16-key hex keyboard,
you can use Program 2—EHOPS-256
(Elf Hex OPerating System for 256-byte
memory). This program requires 74
bytes of RAM so you still have 182 bytes
left for your own programs. You can also
use the hex keyboard subroutine as part
of your programs if desired.

After loading EHOPS in memory, you
can use it as follows. To load a byte into
any memory location from the hex key-
board, set the toggles to 02 and flip the
RUN switch up. The 02 toggles tell
EHOPS that you want to store bytes in

64

memory. On the hex keyboard, press
the most-significant digit of a memory
address followed by the least-significant
digit. This address byte will be displayed
and tells EHOPS where you want to
start loading bytes in memory. You can
now load a sequence of bytes into mem-
ory via the hex keyboard. Just press the
two digits (most significant first) of each
byte you want to load and they wilt be
stored sequentially in memory starting at
the selected location.

To examine any memory location
(without changing its contents), set the
toggles to 01 before you flip the RUN
switch up. Using the hex keyboard, en-
ter the one-byte starting address of the
sequence of memory locations you want
to examine. Press any hex key twice to
step through memory and display the
stored bytes.

To run a program you've loaded using
EHOPS, set the toggles to 00 before flip-
ping the RUN switch up. Using the hex
keyboard, enter the one-byte starting
address of your program. It will begin
running with R3 as the program counter.

AmericanRadioHistary Com

EHOPS controls the hex keyboard
with two subroutines called BSUB and
HSUB. BSUB calls HSUB by changing
the program counter to R6 with a D6 in-
struction. HSUB continuously scans all
16 hex keyswitches until one is pressed.
it provides a switch debounce delay and
waits until the key has been released. It
then returns control to BSUB with the
value of the pressed key in the least-sig-
nificant digit of the byte in D and M2.

BSUB is called by changing the pro-
gram counter to R5 with a D5 instruc-
tion. It waits until two hex keys have
been pressed before returning control to
the calling program with the values of
the two keys in the two digits of the byte
in D and M2. The most-significant digit
represents the first key pressed. Any
program you write with R3 as the pro-
gram counter can call BSUB to obtain a
byte from the hex keyboard. If you drive
a speaker with the Q lines as described
in the September article, you will hear an
audible click each time a hex key is
pressed.

Program 3 can be loaded and run us-

POPULAR ELECTRONICS



*CO F8
C3 F8
C6 D5
c8 1A
ca 88

*CD F8
DO F8
D3 EA
D6 64

* D8 F8
DB 7B
DD FF
DF 3A
E1 74
E3 FF
E5 3A
E7 2C
E9 3A
EB 88
EE 30
FO-F7 =

MARCH 1977

PROGRAM 4

FO AA RA,.O=FO

08 A8 R8.0=08

54 BSUB, MA=D

28 A+1, R8-1

34 C6 M(C6) if R8.,0£00
FO AA RA.O=FO

08 A8 R8.0=08

FO A7 R7.0=MA

28 Show MA, A+1, 8-1
FF AC RC.O=FF

87 Q=1, D=R7.0

01 D-01

DD M(DD) if D#£00

87 Q=0, D=R7.0

01 D-01

E3 M(E3) if D£00

8C
DB
34 D3
CD

RC-1

M(DB) if RC.0#00
M(D3) if R8.0#£00
M(CD) if R8.0=00

Table of tone values

PROGRAM 5
0000 F8 0O B1
03 F8 FF A1
06 F8 00 51
09 E1 64 21
0C FO FC 01 51
10 F8 10 B2
13 22
14 92 34 13
17 30 09
M READ

ICI0,1=4016, PIN7 OF IC9,10, 11 =GND; PINI4 OF IC9,10,11=+5

3

R1.1=00
R1.0 = work
M1=00

Show M1

M1+1

R2.1 = delay
R2-1

M(13) if R2.1#£00

Repeat M(093)

AIO A9 A8 A7 A6 A5 A4 A3 A2 Al AO

AL

ing either ETOPS or EHOPS: This pro-
gram continuously counts up at a rate
determined by the byte at M(SE). Be
sure to start execution at M(50).
Program 4 should be loaded and run
using EHOPS. You should also have a
speaker attached to the Q line. Start this
program at M(CO0) with EHOPS. You can
then enter eight bytes via the hex key-
board. These bytes should have values
between 02 and 7F for best results.
Each byte represents the frequency of a
tone you will hear via the speaker. After

+5
s] I8
4 2
AQ =] —- A8
Al —; &»Ag TOFiG. 2
i3] 4042 l
A2 —p| ADDRESS f—=A10
LATCH |
= a10 %
s
TPA ==

afu

Fig. 1. Address latch. *Connect
pin 19 of original 2101 RAM’s
to A10 instead of ground

you enter the eighth byte you'll hear the
eighttone sequence repeated over and
over. You can restart the program at
M(CD) to hear a previously entered tone
sequence.

An operating system can be designed
to incorporate any desired feature. For
example, you might want to examine the
contents of internal 1802 registers or
control the operation of a cassette re-
corder. As more features are needed,

=

ICI-2102 (1024 X1 RAM)

SN

IC2-2102
Fig. 2. Eight

res-zioz Io’a/-costg
readily available

1ca-zioz 2102 RAM’s
(1024 x1) and

IC5-2102 two transmission
gate packages.

IC6-2102

IC7-2102

IC8-2102

65




you may want to dedicate the entire 256
bytes of memory in the basic system to
your operating system and add another
section of memory for your other pro-
grams. The 256-byte operating-system
memory can be battery-powered and
protected from modification by the MP
switch so that it is always ready for use.

Memory Expansion. You can add
1024 bytes of memory to an EIf mi-
crocomputer using inexpensive, readily
available 2102-type static RAM's as
shown in Figs. 1 and 2. The 10k bus
pull-up resistors are required if the high-
output level of the RAM chips isn't at
least 3 volts. Bits 0 and 1 of the high-
order address byte are clocked into the
address latch with TPA (Fig. 1). These
two latched bits are used with the low-
order COSMAC address byte to provide
the required 10-bit address for the 2102
RAM's. Bit 2 of the high-order address
byte is clocked into the address latch for
use in selecting either the original 256-
byte RAM or the added 1024-byte sec-
tion of RAM. Disconnect pin 19 of the
original two 2101 RAM chips from
ground and connect to pin 12 of the
4042 address latch in Fig. 1.

The original 256-byte memory will
now be addressed as 0000-00FF and
the new 1024-byte memory will be ad-
dressed as 0400-07FF. Since all of the
previous programs assumed one-byte
addresses, they will not run in this ex-
panded memory system. Programs for
systems with more than 256 bytes of
memory must have both the high-order
and low-order bytes of address registers
properly set. The previous programs can
be easily modified to run in the expand-
ed system by initializing both high- and
low-order bytes of any 16-bit register
used to address memory. The foregoing
counting program could be modified to
run at M(0000) in an expanded RAM
system as shown in Program 5. in gen-
eral, it adds only a few bytes to program
for an expanded-memory system. By
adding bits to the address latch of Fig. 1,
you could address up to 64k bytes of
RAM. Instead of addressing extra mem-
ory, the high-order address bits could be
used to select input/output circuits or
devices.

Don't forget that adding memory will
increase system power requirements.
As the system is expanded, make sure
your external power supply can handle
the increased current requirements.
With this in mind, you'll find that the Elf
can be tailored to your needs at low
cost. o
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A READER’S ELF PROGRAMS

| recently constructed the COSMAC Elf
described in your August (1976) issue and
thoroughly enjoyed the construction and
testing of this microprocessor system. |
build approximately two projects a month
that are illustrated in your magazine—plus
some from other sources. This particular
project turned out to be the most interest-
ing | have ever constructed. Here are thiee
programs that | found useful in illustrating
various system functions.

Program lis simply an expansion of your
Q-light program with additional decisions
that alternately turn the Q light on and off
when the input switch is depressed.

Program |l displays and increments
successive hex characters each time the
input button is depressed. To do this, it
was necessary to learn how to input to and
output from the memory, using pointers in
registers, and also to do simple arithmetic
through the accumulator (D register).

Program Il plays SOS in Morse code.
The program should be loaded through the
system switch registers if you have a half
hour without interruption. With this pro-
gram, registers are used for pointers to
subroutine loops set up for time delay.
Three subroutines for 0.5 second, 1 sec-
ond and 3 seconds are established, ad-
dressed by changing the program counter.
The main program simply turns the Q light

on and off at intervals determined by the
subroutines. The memory provided in the
basic Elf system (256 bytes) is enough for
approximately 19 code elements. Each
code element requires only 10 instructions
for an on and off interval in the main pro-
gram. The timing loops require the use of
two registers to provide a sufficient time. In
my EW, | used a 1-MHz crystal. Obviously,
changing one instruction in the loop sub-
routines will vary the time as necessary.
Changing or adding to the main program
can change the code.
Try loading this program with the switch
register if you have enough patience.
—Robert Klein

PROGRAM T
SWITCH ON AND OFF

IF Q OFF GO TO @9

IF Q ON, TURN OFF AND
RETURN TO @9

IF Q OFF, TURN ON AND

GO TO g¢
PROGRAM IT
STORE DEPENDENT VARIABLE @@ E4
IN LOCATION 77 WITH POINTER F8
IN R4--DESIGNATE R4 AS RX 77
A4
8
jli
54
STORE INDEPENDENT VARIABILE @1 78
IN LOCATION 76 WITH POINTER 76
IN RS A5
78
1 (size of INCR)
55
DISPLAY AND DECREMENT RX 64
24
LOOK FOR INPUT SWITCH ON AND 207
OFF oF
37
10
ADD TWO VARIABLES AND PUT 75
RESULT IN LOCATION 77 F4 (F5 subtract)
(can be changed to subtract 54
to count down)
RETURN TO0 START OF LOOP %ﬁ
7

T4
(4l
7B
99

AmericanRadioHistorv Com
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PROGRAM III
MAIN PROGRAM

INITIALIZE
POINTERS

FIRST DOT

SECOND DOT

- B THIRD DOT

F8

A4
F8
Bb*
AS

7B

D3 FIRST DASH
F8

65"

A3

TA

D3

8

65 *

A3

1B

D3

F8

(S

A3

74 SECOND DASH
D3

F8

A3

7B 1B
D3 D4
F8 F8

* *
ig THIRD DASH Xz FIFTH DOT
TA TA
D3 D3
F8 F8
65 * 65 *
A3 A3
B 7B
D4 D3
F8 F8
T g 65 * SIXTH DOT,
Ad FOURTH DOT A% PAUSE AND
TA TA RETURN TO
D3 D3 START
8 F8
65 * 65 *
A3 A3
7B
D4
F8
79 * * If a different number of
A4 code elem2ants is used,
74 change the starting address
D3 of each sub routine, or
78 move to the end of memory
65 * page if flexibility is
A3 desired.

PROGRAM III

SUB ROUTINES (Must be loaded in order indicated

PUT 256 IN REG #1

PUT VARIABLE INTO
REG #2

DECREMENT AND LOOP THRU
R1 UNTIL ZERO. THEN
OUTPUT TO DECREMENT

REG #2

LOOP BACK TO START
R #1 CYCLE UNTIL
TOTAL TIME IS USED UP

RETURN TO MAIN PROGRAM

after main program is loaded.)

%-Sec Loop 1-Sec Loop 3-Sec Loop

All instructions same as
4-Sec Loop except where

indicated

F8 ¥
FF
A1
F8 . :
08 * PF * 30 *

A2 , 2

C4

C4

C4

C4

C4

21

81

3A . -

82 . .

3A - .

OB ¥ TR ** g3 %%
DY A S

* Sets Time

** Tf a different number of code
elements is used, change this
instruction to starting
address of each subroutine
wait loop (first C4)

7B
D3
F8
65
A3
TA
D3
8
65
A3

TB
D3
8
65
A3
TA
D5
F8
8D
AS

po
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MILLIA MPERES

R ]

Uses readily
available
components and
an analog
readout.

BY JOHN F. HOLLABAUGH

Build A10-Hz To 1-MHz EPUT Meter

HE EPUT (Events Per Unit Time)

meter is an inexpensive frequency
counter that can measure sinusoidal
and complex waveforms over a range
from 10 Hz to 1 MHz. It uses inexpen-
sive TTL logic, a FET front end, and an:
analog readout. Accuracy is quite good,
as the 60-Hz power-line frequency is
used as a calibration reference. A trigger

sensitivity contro! is included to set the
input signal threshold. The front end has
a resistive input impedance of 100,000
ohms. A 1.5-millivolt (minimum) input
will resuit in a stable EPUT reading.

About the Circuit. The schematic
diagram of the EPUT meter is shown in
Fig. 1, with circuit details for the input

amplifier, counting stages, and power
supply shown in Figs. 2A, 2B, and 2C,
respectively. A portion of the input signal
is taken from the wiper of R1, the SENSI-
TviTY control, and applied to the gate of
Q1, an n-channel FET, which functions
as a source follower. Voltage gain is pro-
vided by the bipolar transistor Q2. This
transistor boosts the input signal to a

+12v -

—w|

X 100Hz

C1,C3,C6—0.047-pF, 50-V Mylar capacitor
C2—10-pF, 15-V electrolytic capacitor
C4—22-pF, 15-V electrolytic capacitor
C5—0.005-pF disc ceramic capacitor
C7—0.0068-pF disc ceramic capacitor
C8—500-uF, 15-V electrolytic capacitor
C9—1000-pF, 35-V electrolytic capacitor
D1—4-V, ¥4-W zener diode
IC1-1C4—7490 decade counter

IC5—555 timer

1C6—1.M309 5-volt regulator

J1—RCA phono jack

Q4
RS-2009
cs
14 RO OO0SuF
9 X 500Hz 10K
i b (] &
= L
8 X IKHz RIS 3
14 390K 3
1c2 |2 X 5kHz 1
o e
8 X 10kHz e
14 ha
1c3 [P X SOKHz !
g X 100kH2
14
® X 500kHz
Ica S
]
I X IMHz
PARTS LIST

M1—0-to-1-mA meter (Radio Shack 22-052
or equivalent)

Q1—N-channe! FET (Radio Shack RS-2028
or equivalent)

Q2-Q4—npn silicon switching transistor (Ra-
dio Shack RS-2009 or equivalent)

All fixed resistors are ¥2-watt, 10% tolerance:

R 1—100,000-ohm linear taper potentiometer

R2—150,000 ohms

R3,R5,R7,R9—2200 ohms

R4 ,R6—220,000 ohms

CALIBRATE
300k ¥ RIO |
2RI4 I
100K ¢ 0
2 1C8 €

Fig. 1. TTL counters are
used for meter scaling.

[o:]
223500
uF

+{

\T L

+
M

R8—110,000 ohms

R 10—500,000-0hm linear taper potentiometer
(screwdriver adjust)

R11,R13—1 megohm

R12—3300 ohms

R14—100,000 ohms

R15—390,000 ohms

S1—1-pole, 12-position nonshorting rotary
switch (Lafayette 30 R 40144 or equivalent)

S2—SPST toggle switch

T1—12-V, 500-mA transformer

Misc.—Hookup wire, suitable enclosure, IC
sockets or Molex Soldercons (if desired),
printed circuit or perforated board, Y4-inch
spacers, machine hardware, solder, etc.
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Fig. 2. Circuit details are shown for the input amplifier at (A), for
the biquinary counters at (B), and for the power supply at (C).
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level exceeding the 2-volt, logic-one
threshold of the TTL counter inputs. The
current required to drive counter IC1 is
furnished by Q3, an emitter follower.

Biquinary counters IC1 through IC4,
each of which comprises four flip-flops
and an AND gate, provides outputs
whose frequencies are one-fifth and
one-tenth that of the input. These are
used for range expansion of the analog
meter, whose associated circuitry meas-
ures frequencies from zero to 100 Hz
only. The 0-to-1-mA meter is connected
to the output of IC5, a 555 timer operat-
ing in the one-shot mode. The average
value of the pulse output is directly pro-
portional to the number of pulses occur-
ring each second, and this rate is gov-
erned by the frequency of the signal that
triggers IC5.

The trigger signal, which is provided
by the amplifier in the direct (X 100 Hz)
mode, and by the outputs of the count-
ers on the higher ranges, is inverted by
Q4 to make the negative-edge triggering
of IC5 compatible with the positive-edge
triggering of the TTL counters. The width
of the pulse output of IC5 is determined
by the setting of A10. This is the only
calibration adjustment required, be-
cause the meter circuit always works
with signals below 100 Hz. Switch S1
selects which signal will trigger the 555.

To eliminate the need for an expen-
sive meter with good dynamic damping,
electrolytic capacitor C8 is connected
across the meter. This provides stable
readings down to 10 Hz. Without the ca-
pacitor, the meter specified vibrates very
severely below 20 Hz.
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Construction. Because the EPUT cir-
cuit is fairly simple, it can be assembled
on a printed circuit or perforated board.
The use of an LM309 voltage regulator
(/IC6) is strongly recommended, be-
cause 7490's are very intolerant of even
brief overvoltages. Try to keep the board
layout clean, and by all means use the
minimum amount of heat and solder
necessary for good, clean connections.
Integrated eircuits can be soldered di-
rectly to the circuit board, or if desired,
IC sockets or Molex Soldercons can be
used. Use a metat utility box as an en-
closure. A 6" x 414" x 3" (156.2 x 11.4 x
7.6 cm) utility box provides ample space
for all components. Bolt the regulator IC
to the enclesure using Y4-inch (6.4-mm)
spacers. This is done to provide a good
heat sink and to ground the case of the
integrated circuit.

Calibration. Connect a source of low-
voltage, 60-Hz ac to input jack J1 using
a length of shielded or small coaxial ca-
ble. A 6.3-volt filament transformer
makes a fine signal source. Higher volt-
ages can be used, but don't exceed 12
volts peak at this or any other time. Use
a resistive voltage divider, if necessary,
to attenuate the input signal. With
RANGE switch S7 inthe “X 100 HZ" posi-
tion, advance SeNsITIVITY confrol A7 un-
til a reading is obtained on the meter.
Then adjust R10, the CALIBRATE control,
for a reading of 0.6 mA on the meter.
This corresponds to a reading of 60 Hz
(0.6 x 100 Hz). This is the only calibra-
tion adjustment necessary. Of course,
you can check for proper counter opera-
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tion with a 100-kHz or 1-MHz frequency
standard.

Operation. You can use the EPUT
meter to measure complex waveforms
or sine waves up to a frequency of 1
MHz. Just be sure that you don't exceed
12 volits peak input. Use shielded cable
for the input signal to minimize noise
pickup. If you want to measure an un-
known frequency, start with S1 in one of
its higher ranges. Adjust A1 until you get
some needle movement in M1. If the
needle stays at the lower end of the
scale, go to a lower position of the
RANGE switch until a usable reading is
obtained. o

\
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Herb takes his future senously Wlthout worrymg about it.
He knows his CIE training is giving him valuable skills in electronics.
Skills a lot of people will be glad to pay for. And that’s good reason
for all the optimism in the world. How about you?
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Learning new skills isn’t
something you just breeze through.
Especially in electronics. You’ve
got to really want success if you're
going to build your skills properly.

Herb knew that right from the
start. But he also knew what
rewards he could earn if he took
some time and did it right. He knew
that, in today's world, people who
really know electronics find a lot
of other people . .. even whole
industries . . . looking for their help.

How about you? How much do
you want that thrilling feeling of
success. .. of being in demand?
Enough to work for it?

Why it pays to build
skills and know-how.

One of the things that got Herb
interested in electronics is that
electronics seems to be something
just about everybody needs. Almost
everywhere you look these days—
in a business office...a
manufacturing plant...a
department store. . .a doctor’s
office...acollege...even your
own home you'll find all kinds of
electronic devices.

That spelled “opportunity” to
Herb. Plus he liked the idea of
having a set of skills that might
lead to jobs in places as different
asa TV station...ahospital...an
airport . .. a petroleum refinery.

But what Herb liked most about
electronics is that it’s just plain
interesting. Even though it takes
time and effort to learn, the subject
is so fascinating it almost doesn’t
seem like “studying” at all!

How CIE

keeps you interested.
CIE’s unique study methods do
a lot to keep you interested. Since
electronics starts with ideas. . . with
principles.. .. CIE’s Auto-
programmed® Lessons help you get
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the idea— at your own most
comfortable pace. They break the
subject into bite-size chunks so
you explore each principle, step by
step, until you understand it
thoroughly and completely. Then
you start to use it.

How CIE helps you
turn ideas into reality.
Depending on the program you

choose, CIE helps you apply the
principles you learn in a number of
different ways.

If you're a beginner, you’ll likely
start with CIE’s Experimental
Electronics Laboratory. With this
fascinating workbench lab, you
actually perform over 200
experiments to help you grasp the
basics! Plus you use a 3-in-1
precision Multimeter to learn
testing, checking, and analyzing.

In some programs, you build
your own SMHz triggered-sweep,
solid-state oscilloscope —and learn
how to “‘read” waveform patterns
... how to “lock them in” for closer
study . .. how to understand and
interpret what they tell you.

To help you develop practical,
skill-building knowledge you then
receive a Zenith 19” diagonal

removable modules. You learn
how to trace signal flow . .. how to
detect and locate malfunctions.. .
how to restore perfect operating
standards.

What to do first.

Get all the facts. Send for CIE’s
FREE school catalog and career
information package TODAY.
Check all the CIE programs —and
see which one’s right for you. Do
it now.

Why it’s important

to get your FCC License.

More than half of CIE’s courses
prepare you for the FCC License
exam. In fact, based on continuing
surveys, better than 4 out of 5
CIE graduates who take the exam
get their License!

That’s important. For some jobs
in electronics, you must have your
FCC License. For others,

% employers often consider it a mark
in your favor. It’s.government-
certified proof of specific
knowledge and skills!

Free catalog!

Mail the card. If it’s gone, cut
out and mail the coupon. If you
prefer to write, mention the name
of this magazine. We’ll send you a
copy of CIE’s FREE school
catalog — plus a complete package
of independent home study
information! For your convenience,
we’ll try to have a representative
call to help you with course
selection. Mail the card or coupon
...orwrite: CIE, 1776 East 17th
Street, Cleveland, Ohio 44114,

solid-state color TV featuring nine -

Cleveland Institute of Electronics, Inc.

1 ClI

1776 East 17th Street, Cleveland, Ohio 44114

l Accredited Member National Home Study Council

l D YES o o o I want to succeed in electronics. Send me my

FREE CIE school catalog—including details about all electronics courses —

plus my FREE package of home study information!

PE-30

l NAME
ADDRESS

(please print)

APT. =

gy

VAL

STATE
. AGE

PHONE (area code)

Check box for G.I. Bill information:

! Mail today!

O veteran [ Active Duty
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Manufacturers of high-fidelity audio
amplifiers like to stress the type of
circuit—class A, B, C, D, or G—used in
their latest products. Let's take a look at
what all these various types are and why
some of them have taken on special
meaning in recent years. Despite the
fact that class-B amplifiers are by far the
most widely used, we’'ll start at the be-
ginning of the alphabet.

Class-A Amplifiers. Ampiifiers are
grouped in classes primarily on the ba-
sis of the period of conduction of a given
amplifying device. In a class-A amplifier,
a single output transistor conducts cur-
rent continuously. An audio signal ap-
plied to the amplifier stage (Fig. 1A) var-
ies the amount of current in the output
according to the transfer characteristic
shown in Fig. 1B. Quiescent current |,
flowing through the transistor in the
absence of an audio signal must be
great enough so that even during nega-
tive half-cycles of the audio waveform,
the output is not cut off completely. Thus
the output waveform is a more or less
exact replica of the input.

The chief disadvantage of the class-A
amplifier is its inefficiency. Since aver-
age current flow is the same whether or
not a signal is applied to the input,
class-A amplifiers have an overall effi-
ciency of between 20% and 30%. Only
about 25% of the energy applied to the
transistor gets converted into useful out-
put power. The rest of the energy must
be dissipated as heat, within the transis-
tor itself or into a heat sink to which the
transistor is thermally coupled. Class-A
amplifier stages are frequently used
in low-powered products. Since these
products are generally designed to pro-
duce only a fraction of a watt of audio
output, the poor efficiency of class-A op-
eration is not a problem. Recently, the
advantage of the extreme linearity of the
class-A circuit has prompted some hi-fi
amplifier manufacturers to resort to this
mode of operation even in higher-pow-
ered audio amplifiers. Such designs,
however, have necessitated the use of
extremely large heat sinks and oversize
power supplies.

Class B. In the class-B audio ampilifier,
each of two transistors is biased very
nearly to cutoff, as shown by the transfer
characteristic of Fig. 2B. Since a single
transistor now conducts during only half
the applied signal, two transistors must
be used to reproduce the entire wave-
form—each arranged to handle one al-
ternation of the waveform. One way of
doing this is to use the transformer-cou-

14

CIASES
AUDIO

AMPLIHERS

What the various types
mean to today’s audiophile.

BY LEN FELDMAN

pled push-pull transistor stage in Fig.
2A. Here, the waveform applied to the
base of Q2 has a polarity that is the op-
posite of that applied to the base of Q1.
Each transistor, therefore, conducts dur-
ing opposite halves of the signal wave-
form’s excursions. The two halves of the
amplified waveform are combined in the
primary winding of T2, the secondary of

which feeds the speaker load. Trans-
former T2 is easily eliminated by using a
complementary pair of output (matched
npn and pnp) transistors so that each
handles half the input signal waveform.
A capacitor-coupled output stage is
shown in Fig. 3A, while Fig. 3B shows
how, by means of positive and negative
power supplies, the output capacitor can

B-(SUPPLY VOLTAGE}

“NO SIGNAL"
CURRENT |- — — — — — —_—— -
LEVEL (I¢)

Fig. 1. At (A) is typical class-A circuit. Transfer characteristic
(B) shows how stage is biased into heavy conduction.
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Fig. 3. Complementary npn-pnp class-B circuit,
capacitor-coupled (A) and direct-coupled (B).

(B)

Ic
" " TP HA
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CURRENT IS ) Vee
ALMOST ZERO
INPUT WAVEFORM

Fig. 2. Circuit (A) and transfer characteristic
(B) for class-B amplifier, biased near cutoff.

be eliminated to produce the popular
“direct-coupled” output stage featured
in most currently produced solid-state
hi-fi amplifiers.

The great advantage of class-B oper-
ation is higher efficiency than in class-A
amplifiers. In typical class-B circuits the
efficiency can range as high as 65%.
The chief disadvantage of this circuit lies
in the fact that the transition between
conduction of one transistor and the oth-
er may be less than perfect. If one tran-
sistor stops conducting just a bit before
the other begins to conduct, the output
waveform may contain a discontinuity,
which is generally referred to as “notch
distortion” or *“crossover distortion.”
This condition is illustrated in Fig. 4. Un-
like overload or clipping distortion, which
occurs only when an amplifier is driven
beyond its rated power output, notch
distortion can occur at all listening lev-
els. In fact, it is more bothersome at low
output levels, where it constitutes a
greater percentage of the total output. In
addition, notch distortion generally pro-
duces higher order harmonics (seventh,
ninth, etc.) that are usually more audibly
annoying than equivalent percentages
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of second- and third-harmonic distortion
most commonly associated with *“clip-
ping” or overload conditions in an audio
amplifier.

Class AB. This type of operation falls
midway between classes A and B. While
neither of the two transistors in a class-
AB output stage conducts over the full
audio input signal waveform, each con-
tinues to conduct for more than a half-
cycle. The operating point for a transis-
tor biased for class AB operation is
shown in Fig. 5. In class-AB circuits,

notch distortion is eliminated because,
during the critical transition from positive
to negative polarity of the input signal
waveform, both output transistors are
conducting. The efficiency of a class-AB
circuit is also somewhere between that
of classes A and B circuits.

Class C. In the class-C amplifier, con-
duction occurs over less than half a
waveform cycle, as illustrated in the
transfer diagram of Fig. 6. Class-C am-
plifieis are not used in audio applica-
tions because there is no way for such
an amplifier to follow the complex wave-
form shapes of an audio signal. Rather,
class-C amplifiers find application in ra-
dio-frequency (r-f) amplification, where a
single frequency is to be amplified. Re-
sonant LC (inductive-capacitive) circuits
incorporated at the input and output
sides of a class-C amplifier provide a so-
called “flywheel” or “pendulum” effect
that recreates the “missing” portion of
each cycle of the input waveform. In ef-
fect, energy is supplied to the associat-
ed resonant circuits for a short period
during each alternation in much the
same way that a light tap applied to the

/

\
/

Fig. 4. Extreme example of notch distortion possible
with poorly designed class B output circuits.
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Fig. 5. Class AB requires two transistors
in push-pull, operates between class A and B.
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s suitable for r-f but
not audio amplifiers.

lower portion of a swinging pendulum
every time the pendulum reaches one
end of its swing can keep it swinging
over a wide arc. The efficiency of a
class-C amplifier is high—between 65%
and 85%—since the amplifying stage it-
self is called upon to conduct for a very
short portion of the waveform cycle.

Class D. So-called class-D circuits
have been used in military and high-
power applications for some time. In au-
dio applications, class-D circuitry is new.
Instead of using transistors as linear am-
plifiers (as is the case for all the other
classes of amplifiers we have discussed
so far), the transistor is used as a switch.
Audio input signals are first converted to
pulses of varying widths. These pulses
switch the transistors on and off at a su-
per-audible high-frequency rate (as high
as 500,000 times per second). By hav-
ing the audio signal control when the
transistor switches high voltages and
currents, the signal is amplified. The out-
put pulses are “summed” or integrated
by a filter or smoothing network to pro-
duce an output signal that resembles the
input audio waveforms.

Switching amplifiers can and do run at
efficiencies of greater than 95%. Infinity
Systems, Inc. introduced the first such
amplifiers. The high efficiency of the am-
plifier drastically reduces heat-sink re-
quirements and makes for a very com-
. pact amplifier package. The Infinity Sys-

tems amplifier is said to be capable of
delivering continuous 250 watts per
channel under any line conditions from
96 to 240 volts while remaining cool. At
$1850, the class D amplifier is expen-
sive, but if it proves its claims, we are
likely to see more versions designed for
audio applications from a number of
manufacturers in the future.
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Class G. We have not inadvertently
skipped “classes E and F." In fact, when
Hitachi first developed its high-efficiency
circuit, the company had called it class
E. Later, it was discovered that there al-
ready existed amplifier configurations
that had been assigned the designations
class E and class F. Accordingly, Hitachi
elected to call its high-efficiency amplifi-
cation scheme class G, though in some
of the literature you may find that the
system is still referred to as a Series E
audio amplifier.

In a class-G amplifier, double pairs of
output transistors are used in push-pull
operation (Fig. 7). When the input volt-
age is lower than V1 (or V1'), Q2 and
Q2 are cut off and current flows through
Q1 and Q1’ to the load. Once the input
voltage exceeds V2, the current to the
load is through Q2-Q1 and Q2'-Q1’. For
music reproduction, the amplifier oper-
ates most of the time with V1 and V1’
(more than 90%) and a very small frac-
tion of the time from V2 and V2'. Power
dissipation is thus low.

Crossover distortion from V1 to V2
and vice versa is minimized by using
high-speed transistors and diodes. Resi-
dual switching spikes or instantaneous
signal dropout are minimized by circuit
design techniques.

Although the efficiency of a class-B
amplifier can be as high as 65%, it
should be understood that this level is
reached only when the amplifier is deliv-
ering its rated output. At all lower levels,
efficiency is considerably less. For the
class-G circuit, since each transistor is
operating closer to its optimum efficien-
cy point more of the time, the overall effi-
ciency of the system is improved to
about 75% or 80% for much of the time
that conduction of audio signals actually
occurs.
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Fig. 7. Simplified diagram of
class G amplifier stages.

Summing Up. It should be clear from
this brief analysis of the various amplifier
classes that each has its advantages
and disadvantages. Manufacturer's
claims notwithstanding, to say that a
class-A amplifier is inherently better
than a class-B amplifier or that a class-D
switching amplifier is better than a
class-G amplifier is an oversimplification
at best. Since all classes of amplifiers
are currently used in modern amplifier
designs, we must conclude that the
choice of class involves a series of
trade-offs and that properly executed
designs in each ampilifier class can re-
sult in high-fidelity audio amplifiers that
come close to faithful reproduction of
sound. And faithful reproduction of
sound is, after all, the end goal of all hi-fi
products. <o
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BY W. J. PRUDHOMME

OST electronic games, like dice

and roulette, depend purely on
luck. The “Strategy” game presented
here, however, depends on the player’s
skill and the strategic maneuvers one
exercises to win. Each of up to four play-
ers tries to get “home” before the oth-
ers. A player can move directly toward
home, a step at a time, or use strategy to
move an opponent backward, while sac-
rificing a chance to move forward. In
either case, a relative degree of skill is
required, the amount of skill determined
by a variable-rate blinking LED.

Directly in front of each player’s posi-
tion on an 18” (45.7-cm) square playing
field is a set of 10 LED’s arranged inside
a colored arrow that points toward the
center of the field. At the center of the
field is a master LED that blinks at an
adjustable rate. As each player’s turn
comes up, he tries to score and move
one step closer to the point of his arrow
by pressing his SCORE pushbutton
switch. Here is where the skill comes in
because the sSCORE button must be
pressed at the exact instant the master
LED flashes on. If the sCORE button is
pressed too soon or too late, the player
fails to score. Since the SCORE button
generates only a short pulse when it is
operated, timing is very critical. Holding
down a sCORE button will be ineffective
because this pulse is generated only
when the button is initially pressed.
Changing the flash rate of the master
LED determines the level of difficulty in
playing the game.
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Use skill as well as chance

to win the game of ‘‘Strategy.”’

Fig. 1. Each time a
player’s pushbutton is
operated, a single pulse
18 generated by its ICI.
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Fig. 2. Pulses are applied to player’s LED or opponent’s.

C1.C2.C3,C4,C6,C8—0.01-pF disc capaci-
tor

C5—1-pF, 15-V electrolytic capacitor

C7—1000-pF, 25-V electrolytic capacitor

C9—1-pF. 15-V nonpolarized capacitor

D1 through D4—1N4002 rectifier diode

F1—Y2-ampere standard fuse

1C1,1C2—7400 quad 2-input NAND gate -

1C3,1C4—7411 triple 3-input NAND gate

IC5 through IC8—74192 up/down decade
counter

1C9 through 1C12—7441 one-of-10 decoder/
driver (see text)

1C13—555 timer

IC14—LM309K 5-volt regulator

Q1.Q2—2N2222 transistor

Q3—Programmable  unijunction  transistor
(Radio Shack No. 276-119 or similar)

PARTSLIST

The following resistors Y2-watt, 10%

R1.,R3,R5,R7,R34—1.2 megohms

R2,R4,R6,R8—100 ohms

RY through R29,R40—4700 ohms

R30 through R33—390 ohms

R35,R38—10.000 ohms

R37—220 ohms

R39—330 ohms

R41—22,000 ohms

R43—27,000 ohms

R44--56,000 ohms

R36—100,000-chm potentiometer with spst
switch

R42—10,000-ohm potentiometer

S1 through S4—Spst normally open pushbut-
ton switch

S5 through S8—Single-pole, four-position
nonshorting rotary switch

S9—Momentary-action pushbutton switch

Fig. 3. Each counter drives its decoder to turn on LED’s,

with one set each normally open and nor-
mally closed contacts
S10—Spst switch (part of R36)
SPKR—8-ohm miniature speaker
T1—6.3-volt, 1.5-ampere transformer
Misc.—Two 19%2" lengths of 1”7 X 3” pine for
frame sides; two 18" lengths of 1” X 3” pine
for frame sides; two 18" lengths of 1”7 x 2"
pine for cleats; two 16%4" lengths of 1” x 2"
pine for cleats; one 18"-square piece of ¥4
plywood or Masonite for playing field; one
18"-square piece of Y4"-thick Masonite peg-
board for bottom plate; fuse holder; printed
circuit or perforated board; IC and transistor
sockets (optional); paint; sandpaper; line
cord; rubber feet (4); white glue; finishing
nails; woodscrews (1” long); control knobs
(4); hookup wire; solder; etc. ’

In addition to being able to adjust the
difficulty of play with the TIMING control,
each player has a PLAY/SELECT switch
that he can use to attempt to prevent his
opponents from scoring. With this
switch, a player can elect to advance his
own position on the board or cause an
opponent to retreat one step. The latter
strategy is useful when an opponent is
getting too close to home and a player is
willing to sacrifice his own advancement
to send him back.
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About the Circuit. The complete
schematic diagram of this game is
shown in Fig. 1 through Fig. 4, while the
power supply common to all circuits is
shown schematically in Fig. 5. Starting
with Fig. 1, when a player presses his
SCORE button (S1, S2, S3, or $4), the in-
puts of the appropriate NAND gate in
IC1 are grounded by the capacitor (C1,
C2, C3, or C4). Since the inputs to the
NAND gate are also connected to the
common +5-volt line through separate
100-ohm resistors, the capacitor quickly
chargés, returning the output of the gate
to its original low state. When the SCORE
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Fig. 6. Actual-size etching
and drilling guide is shown
above with component layout
at left. External connections
are also shown at left.
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Learn electronics easier...
MONEY.BACK with HEATHKIT

GUARANTEE Unique Heathkit Electronics Courses are

We're so confident you will des!gned to p!-ovnde you with a complet_e
enjoy and benefit from these overview of basic and advanced electronics.
five courses, that if for any You learn at your own pace, without
reason you are dissatisfied, pressure or deadlines, and all material is
we, il regtod théttullipurs presented in a clear, logical, step-by-
chase price of the . . ; "
colse feRl mEtenel. step fashion. It’s the ideal, effective way
to learn about electronics if you're a

beginner, or to “‘brush up” on the

latest techniques and theory.

95
Courses start as low as $39 (less trainer)

Thousands of people just like you have already learned electronics the
easy Heathkit way — and you can, too. The secret is our efficient approach
to self-learning with easy, step-by-step “programmed" instructions; audio
records to introduce and reinforce key concepts; self-evaluation quizzes
to test your understanding; and interesting experiments that let you learn
the easy “hands-on” way. All you need is a record player, small tools and
a VOM. The optional Heathkit experimenter/trainer is specifically designed
to help you do the experiments in each course, and when you finish the
course, you can use it to design and breadboard your own circuits. After
completing each course, you can take the optional final exam (passing
grade 70%) and receive both a Certificate of Achievement and Continuing
Education Units, a nationally recognized way of acknowledging participa-
tion in non-credit adult education.

ORDER NOW i Tmeind 2 | ain toanes and
and SAVE! SAVE $99 | SAVE $249

Heath Company, Dept. 10-271 Benton Harbor, Michigan 49022




faster...at lower cost...
Self-Learning Courses!

COURSE 1: DC Electronics

An ideal introduction to electronics. Covers current, voltage,
resistance, magnetism, Ohm's law, electrical measurements,
DC circuits, inductance and capacitance. Discusses matter,
atoms, current, flow, voltage rises and drops, series and par-
allel connections, magnetic fields, voltage dividers, network
theorems, more. Includes text, records and 56 parts for 20 dif-
ferent experiments. Average complietion time, 20 hours. 2.0
Continuing Education Units and certificate for passing option-
al final exam.

Course EE-3101 .......... ... ... iiiiiiiinnn 39.95

COURSE 3: Semiconductor Devices

Essential for understanding latest solid-state equipment.
Covers fundamentals, diodes, zener diodes, special diodes,
bipolar transistor operation and characteristics, FET's, thy-
ristors, integrated circuits and optoelectronics. Discusses
holes, current flow, N and P types, biasing, tunnels and
varactors, PIN, IMPATT, gain, cutoff and leakage current,
SCR's, bi-directional triodes, light sensitive and light emitting
devices, more. Includes text, records and 27 parts for 11 dif-
ferent experiments. Average completion time, 30 hours. 3.0
Continuing Education Units and certificate for passing option-
al final exam.

Course EE-3103 ........ ... ... ..t iriiiiinnnennns 39.95

Our most advanced self-learning
course prepares you for the
world of computers and micro-
processors, with particular em-
phasis on circuit design. Covers
digital fundamentals, semicon-
ductor devices for digital cir-
cuits, digital integrated circuits,
Boolean algebra, flip-flops and
registers, sequential logic cir-
cuits, combinational logic cir-
cuits, digital design and digital
applications. Discusses TTL, ECL,
CMOS, PMOS, NMOS; integrated
circuits; SSI, MSI and LSI;
ROM's, PLA’s, microprocessors,

computers and more. Assumes
completion of Heathkit courses
1 through 4 above, or equiva-
lent knowledge. The special
digital techniques experimenter/
trainer helps you perform all
the experiments in the course,
and when you complete the
course, build and design your
own circuits. Course includes
text, records and 44 parts for
24 different experiments. Aver-
age completion time, 40 hours.
4.0 Continuing Education Units
and a certificate for passing

final exam,
$1 0995

\ORDER BIGITAL TECHNIQUES PROGRAM AND TRAINER. .

HEATH IM-17 VOLT-OHM METER

All Electronic Learning Programs require a VOM to
make electrical measurements. We suggest the
Heath IM-17 as the ideal “‘all-purpose’’ unit. All
solid state with FET input for better accuracy. Portable
battery operation, zero and ohms adjust, accessory
probe jack. Comes with DC polarity switch, three test &
leads; batteries not included. Easy 3 hour assembly.

ORDER KIT IM17 .......oovvvininnnns s3295

COURSE 2: AC Electronics

Provides an understanding of most commonly used circuits.
Covers alternating current, AC measurements, capacitive and
inductive circuits, transformers and tuned circuits. Discusses
waveforms, period and frequency, meters, scopes, series and
parallel circuits, RC filters, dividers, phase shifts, reactance,
vectors, transformer theory and characteristics, series and
parallel resonance, more. Includes text, records and 16 parts
for 8 different experiments. Average completion time, 15
hours. 1.5 Continuing Education Units and certificate for pass-
ing optional final exam.

Course EE-3102 ......... ... ... iiiiiiiiiiinnnnn. 39.95

COURSE 4: Electronic Circuits

Outstanding explanations of basic circuits. Covers basic ampli-
fiers, special purpose amplifiers, operational amplifiers, power
supplies, oscillators, pulse circuits, modulation and demodu-
lation. Discusses amplifier functions and configurations, class
of operation, audio characteristics, video amplifiers, buffers,
IF’s, rectifiers, voltage multipliers, voltage regulation, basic
oscillators, RC waveshaping, clipping, AM, FM and SSB, modu-
lation fundamentals and more. Assumes knowledge of courses
1 through 3 or equivalent and requires an oscilloscope for
some experiments. Includes text, records and over 110 parts
for 18 different experiments. Average completion time, 30
hours. 3.0 Continuing Education Units and certificate for pass-
ing optional final exam.

Course EE-3104 ...............c.cciviiiinninnennnn 49.95

HEATHKIT EXPERIMENTER/TRAINER

For use with Heathkit Electronics Courses 1 through 4 — helps you
perform all the experiments quickly and easily. Has solderless bread-
boarding sockets, dual variable power supply for positive and nega-
tive voltages, sine and square wave signal source, center-tapped
line transformer. After you complete the course, the trainer is ideal
for experimenting and breadboarding with your own circuit designs.

Kit ET-3100 ..o oes o e, $5995

Schiumberger
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i Order Form/Agreement

Heath Company, Dept. 10-271
Benton Harbor, Michigan 49022

Please send me items checked below and include FREE $7.95-

value Weller Soldering Iron (GDP-1105). (See Order Card)

[0 Send one course (checked below) with the Experimenter/Trainer

(ET-3100) at the special price of only $89.95 plus $3.00 shipping
and handling.
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with the Experimenter/Trainer at the special price of just $1989.85
plus $4.50 shipping and handling.
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[ bC (EE-3101) [JAC (EE-3102) [ semiconductors (EE-3103)
for just $39.95 plus $1.50 shipping and handling each.

[ Electronics Circuits (EE-3104) for just $49.95 plus $1.50 shipping
and handling.

[ Send me the Digital Techniques Course (EE-3201) with its Exper-
imenter/ Trainer (ET-3200) for only $108.85 plus $3.00 shipping and
handling.
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GAME RULES

1—Rotate sPEED control clockwise to turn
on power and adjust level of game dif-
ficulty.

2—Press and release RESET switch,

3—Choose (by lot, with dice, or by cutting
cards) starting player.

4—First player begins by setting his PLAY/
SELECT switch to his own color and try-
ing fo press his SCORE button at exact
instant master LED turns on.

5—If a player is successful in scoring a
point, his LED will advance one step.
Whether or not the first player scores,
next play goes to the next player in a
clockwise direction around the board.

6—When an opponent gets near the finish
line, itis possible for any other player to
move him back one step by setting his
PLAY/SELECT switch to the other play-
er's color and operating his SCORE but-
ton. The same odds apply whether a
player wishes to advance his own
score or send another player back one
step. A player who elects to send an
opponent back forfeits his chance to
score.

7—First player to reach home is the win-
ner. If desired, the game can be played
to determine the second- and third-
place winners.

8—Players can mutually agree to change
the rules to add variety to the game.
For example, instead of one play at a
time, each player can be allowed to
score as many points as possible in a
given period of time. Another possibility
is to allow each player two scoring at-
tempts per turn. In this case, he can
elect to score twice, move one or two
opponents back, or move one player
backand also score.

button is released, the output remains
low and the capacitor discharges
through the 1.2-megohm resistor until
the circuit is again ready to generate a
pulse. The RC charge/discharge time,
consequently, becomes an effective de-
bounce circuit.

The output from the IC1 NAND gate is
coupled to one input of NAND gate IC2,
where it is combined with the output
pulse from the clock generator (Fig. 4).
These gates determine if the player
“scores” by detecting simultaneous in-
puts to the IC2 gate. The logic rules for a
two-input NAND gate require that if
either input is low, the output will be
high. Also, if both inputs are high, the
output will be low. Hence, if the positive-
going pulse generated by operation of
the SCORE button and the positive-going
clock pulse are present at the same in-
stant, the output of that particular gate in
IC2 will go low for the duration of the
pulse-coincidence interval. If the two
pulses do not occur simultaneously, the
output of the IC2 gate will remain high,
as it does between plays, and the player
will not score.

When each player has taken his turn,
the next player has the option of either
advancing his own position or sending
his opponent’s position back one step.
He does this by setting his PLAY/SELECT
switch (S5 through S8 in Fig. 2). This cir-
cuit routes the player's puise to the up-
count input of his own counter (IC5, ICS8,
IC7, or IC8 in Fig. 3) or to the down-
count input of the opponent’s counter
selected by the PLAY/SELECT switch.

The up/down counters shown in Fig.
3 will advance one count for each low-
to-high transition of the up-count input
when the down-count input is held high
and the clear input is held low, the latter
via S9 in Fig. 3. Conversely, the counter
will back up one count for each high-to-
low transition at the down-count input
when the up-count input is held high and
the clear input is held low. At the end of
each game, S9 must be pressed mo-

r— +5V

Fig. 8. Optional tone
control can be connected
to different portions of
circuit (experimentally)
to make the desired
sound effect.
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Fig. 7. Diagram shows layout of
top of prototype game. Arrows
are color-coded on 18” frame.

mentarily to reset the system for a new
game.

The BCD output of each up/down
counter is decoded by a 1-of-10 decoder
(IC9 through IC12in Fig. 3), with each of
the 10 outputs connected to its own
LED. Hence, there are 10 LED's for
each player, all of which are driven by
their own decoder. Only one LED at a
time is on at any given time for each
player. The glowing LED determines the
player's position during the game. As
the player advances position, the next
LED toward the point of his arrow comes
on and the position vacated extin-
guishes. Needless to say, the player
who reaches the point of his arrow first is
the winner of the game. Because only
one LED for each player is on at any giv-
en time, only one current-limiting resis-
tor (R30 through R33) is required for
each player position. The absolute max-
imum current output of the decoder
specified in the Parts List is 10 mA. If
you choose LED’s that require more cur-
rent, substitute 7445 IC’s in place of the
7441's specified. The 7445's are capa-
ble of delivering up to 80 mA per output.

The clock circuit shown in Fig. 4 con-
tains a 555 timer-IC oscillator whose
time constant is approximately- one
pulse/second. Adjustment of potentiom-
eter R36 determines the on time of mas-
ter indicator LED1. With the component
values specified, the on time of the LED
can be varied from about 0.01 to 0.1
second. This particular time span was
selected because most people have a
reflex action time of 0.3 second or long-
er. The intent here is that a player will
not be able to wait for LED1 to flash and
then try to score by operating his SCORE
switch. To be successful in scoring, a
player must anticipate the flash. For this

POPULAR ELECTRONICS



reason, the game challenges a person’s
timing skill, rather than his reflexes.

Transistor Q7 is used as an inverter
and TTL ievel converter. The power sup-
ply shown in Fig. 5 employs full-wave
bridge rectification of the stepped-down
ac and a 5-volt IC regulator.

Construction. Except for the LED’s,
switches, and power supply, the com-
plete circuit can be assembled on a sin-
gle printed circuit board. The etching
and drilling and component-placement

Teach Yourself!
Digital Electronics

These courses were written by experts in
electronics and learning systems so that
you could teach yourself the theory and
application of digital logic. You work at
your own pace and must respond by
answering questions on each new piece
of information before proceeding.

Design of Digital Systems is written for the engineer
seeking to learn more obout digital electronics. s six
volumes — each 11-1/2 in. x 8-1/4 in. — oare
designed to lead you step-by-step through number
systems and Boolean algebro, to memories, counters,
arithmetic circuits, ond finally to a complete under-
standing of the design and operation of calculators and
computers.

] — o~ |

Digitel Computer Logic and Electronics is designed for
the beginner. No mathematical knowledge other thon
simple orithmetic is ossumed. 1t consists of four
volumes ond serves os on introduction ta the subject of
digital electronics. Everyone can learn from it.

SEVEN-DAY MONEY-BACK GUARANTEE

r————————————

| Technology Trends res :

P.0. BOX 732, MANHASSET, NY 11030

PLEASE SEND ME:
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____sets of Digital Computer Logic and
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I |
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guides for the pc board are shown in Fig.
6. To conserve space on the pc board,
pull-up resistors R9 through R20 mount
directly on PLAY/SELECT switches S5
through S8.

The playing field should be mounted
in a frame that leaves enough depth un-
der the field to accommodate the circuit
board assembly and power supply. If
you have a miter box, you can construct
the frame with miter joints, in which case
use four 194" (49.5-cm) long pieces of
1" x 3" (25.4 x 76.2-mm) pine. Other-
wise, simple butt joints will serve just as
well. Fasten the joints together with fin-
ishing nails and white glue.

Glue and nail the 1" x 2" (25.4 X
50.8-mm) pine to the inner walls of the
frame, spacing it 3" to 2" (9.5 to 12.7
mm) from the top edge of the frame.
This will provide a convenient platform
on which to mount the playing field
board. Smoothly sand and paint or var-

| nish the frame, making sure you do not
| paint or varnish the inside cleat.

Smoothly sand and paint the top sur-
face of the playing field board white.
When the paint has completely dried,
drill the LED and control holes as illus-
trated in Fig. 7. Then paint on the color
coded arrows. Apply a liberal bead of
white glue to the upper surfaces of the

| cleats and lower the playing field board

into place. Weight down the board with a
few books until the glue has set.

Mount the LED’s in the playing field's
holes, using small dots of glue to hold
them in place. Then mount the four
SCORE, four PLAY/SELECT, and single
SPEED controls in their respective loca-
tions. The main circuit board and power
supply can be mounted on the peg
board used as the bottom plate of the
project. Route the line cord through one
of the holes on the pegboard, after first
enlarging it. Secure the bottom plate to
the frame with eight woodscrews. Finally
attach rubber feet to the frame.

Sound Effects. If you want sound ef-
fects with your game, you can use the
experimental circuit shown in Fig. 8.
This circuit employs driver transistor Q2
to trigger programmable unijunction
transistor Q3. It can be connected to
various points in the main circuit, such
as the master LED, to produce an audi-
ble “"beep” when the LED flashes.

You can try wiring a 555 into the cir-
cuit to serve as an oscillator that pro-
duces various sounds. As =n example,
you can set the sound-effect system to
produce a low-pitched tone for an un-
successful scoring attempt and a high-
pitched tone for a successful attempt. &
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Want to

OWN
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OWN

Western Auto

Associate
Store?

(WESTERN AUTOF

You can go into business for
yourself in the city or community
of your choice as a Western Auto
owner.

Western Auto helps with your
site selection and with your lease.
We have a “total” program
including training, advertising,
bookkeeping, display and financ-
ing of customer purchases.

We have no contract fee, fran-
chise fee or royalty on sales.
Your investment goes into your
store and cash operating reserve.
If you qualify for a Western
Auto loan we can even help you
finance your store, where you
can be your own boss.

Why don’t you join the 500 peo-
ple who become Western Auto
Associate Store owners each
year? For more information, call
today TOLL FREE

1-800-821-7700

Ext. 818
Missouri Residents Call
1-800-892-7655, Ext. 818
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Mail t0: R. T. Renfro. V.P., § y:
Western Auto z s
2107 Grand Avenue, EN 23]
Kansas City, Mo. 64108 Fociat

I'd like to know more about owning my own
Western Auto store. Please send free
information.
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Address

City. State Zip
Phone. POPLLECSE 1T
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Tﬁ‘} Solid State

TACHOMETER-SPEED SWITCHES

AST November, you may recall, we discussed a number

of lesser known semiconductor devices which we dubbed
rara avises—rare birds. This month, let’s take another visit to
the rare-bird house and examine a family of interesting spe-
cial-purpose IC's introduced recently by the National Semi-
conductor Corporation (2900 Semiconductor Drive, Santa
Clara, CA 95051). As shown in the functional block and pin
connection diagrams, Fig. 1, the family includes four mem-
bers—types LM2907, LM2907-8, LM2917, and LM2917-8.
Described as “tachometer-speed switches,” all four devices
use the same basic monolithic chip, and each comprises a
frequency-to-voltage converter and op amp/comparator. Sup-
plied in 14-pin DIP’s, the LM2917 differs from the LM2907 in
that an on-chip zener regulator circuit is connected in the for-
mer to provide extra input protection. The “8" suffix versions
are assembled in 8-pin DIP’s and differ from the standard con-
figurations in offering a ground-referenced input together with
an internal connection between the frequency-to-voltage con-
verter (tachometer) output and the op amp noninverting input.
All four IC’s can sink or source output currents of up to 50 mA,
offer a typical linearity of =0.3%, can dissipate up to 500 mW,
and are designed for operation on dc sources of up to a max-
imum of 28 volts.

By Lou Garner.

Despite their special-purpose designation, the tachometer-
speed switches are exceptionally versatile devices and may
be used in a variety of exciting and valuable projects. Depend-
ing on the peripheral circuitry and types of input and/or output
devices used, these IC’s can serve effectively in speed
alarms, over/under speed monitors and controls, frequency-
to-voltage converters, speedometers, breaker-point dwell me-
ters, speed governors, tachometers, cruise controls, touch- or
sound-activated switches, automatic door lock, clutch and
horn controls, capacitance meters, delay switches, and anti-
skid sensor/controls. Operating on 6-to-28-voit dc supplies,
the devices can be driven by voltage or current sources or by
special sensors, such as magnetic pickups, and can be used
to drive LED'’s, power transistors, relays, SCR's, meters, and
similar units requiring currents of up to 50 mA.

Although the tachometer-speed switch internal circuitry is
relatively complex, its basic principle of operation is compara-
tively simple and straightforward. An external pulsating dc or
ac signal, derived from a sensor or other source, is applied to
a differential amplifier driving a positive feedback flip-flop. The
flip-flop, in turn, controls a charge pump which charges or dis-
charges an external capacitor between two voitage levels.
The capacitor's average pump current is directly proportional

LM2907-8 LM2917-8
# i 6 5 L J 6 5
CHARGE CHARGE
[TIALS PUMP
N BN =
+ : +
Fig. 1: Block ] 1 |) 3 a I 1 2 3 4
and pin
connection
0 LM2907 LMZ2917
diagrams. ar w N N ‘
lm 11 ||7 " 0 Y 8 llﬂ llJ 1 " 0 9 8
L ==
1 1
rHARGE Py HARGE PUMP
+
1 ]1 l ) a 5 Ic, | ) 1 Iz |J 4
NL NE NC NC
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to the supply voltage, the capacitor’s value, and the charging
rate. Since the capacitor's value is fixed and the supply voit-
age constant, the pump current is directly proportional to the
input frequency. Parallel drivers furnish a current identical to
the pump current to an external load resistor, bypassed by a
second capacitor to filter the ac ripple components. As a re-
sult, the average dc voltage across the external load resistor
is also directly proportional to the input frequency. This portion
of the IC—the input differential amplifier, flip-flop, and charge
pump—constitute a basic frequency-to-voltage converter, or
tachometer. :

The tachometer section’s outputls coupled to an operation-
al amplifier driving a medium-power-output transistor. De-
pending on the external connections, the op amp may be op-
erated either as a conventional amplifier or as a voltage com-
parator. If the op amp is used as a voltage comparator, its out-
put remains essentially at zero until the input frequency
(hence the tachometer section’s output voltage) reaches a
predetermined value established by a fixed bias applied to its
inverting input terminal. Driven by the op amp, the output tran-
sistor, an npn type, has uncommitted emitter and collector ter-
minals, permitting it to serve either as a sink or source to an
external load device such as a meter, LED, etc.

Typical application circuits for the tachometer-speed switch
IC's are illustrated in Figs. 2, 3, and 4. Abstracted from the 14-
page data brochure for the LM2907/LM2917 family published
by National Semiconductor, these circuits are intended as
general guides rather than as detailed construction plans and
are suitable for use by more advanced experimenters and
hobbyists as well as technicians and engineers. in some
cases, not all component values are specified, for these must
be determined by the individual designer to meet his specific
performance requirements or to match external load devices,
such as meters. On the other hand, as long as good wiring
practice is observed, neither layout nor lead dress should be
overly critical, permitting the individual designer/builder to use
his own choice of assembly techniques, including perf board,
pc board, or chassis construction and point-to-point wiring.
Generally, all resistors are half-watt units, all capacitors either
low-voltage ceramic or plastic film types, and all external di-
odes general-purpose devices.

Featuring the LM2907-8, a minimum component tachome-
ter circuit is given in Fig. 2A. Here, a variable reluctance mag-
netic pick-up driven by a toothed wheel serves as the input
sensor. The external charge pump capacitor is a 0.01-wF unit,
while a 100,000-ohm resistor bypassed by a 1.0-w.F capacitor
serves as the tachometer section output load. The final output
load is a 10,000-ohm resistor. In operation, the dc voltage de-
veloped across the output resistor is directly proportional to
the input frequency and hence to the wheel rpm. If a suitable
high-impedance voltmeter is connected across the output
load, it can be calibrated directly in terms of rpm.

A few of the many possible automotive applications for the
tachometer-speed switch IC are illustrated in Figs. 2B, 3A and
3B. A breaker point dwell meter circuit using the LM2917 is
shown in Fig. 2B, while engine rpm meter circuits using the
same device are given in Figs. 3A and 3B. The latter two cir-
cuits clearly illustrate the different ways in which the power
output transistor may be used to drive an external load. The
first, Fig. 3A, uses an emitter resistor as the output load to
drive a dc voltmeter. With the component values given, an
output of 6 volts dc is developed across the 10,000-ohm emit-
ter resistor with an input frequency of 400 Hz, representing an
8-cylinder engine speed of 6000 rpm. The second design, Fig.
3B, employs a milliammeter as the output transistor’s collector
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load and thus represents a current-driven approach. In opera-
tion, an output current of 10 mA is developed with an input fre-
quency of 300 Hz, representing a 6-cylinder engine speed of
6000 rpm.

Four of the many other potential applications for the ta-
chometer-speed switch are illustrated in Fig. 4, including a
zener regulated frequency-to-voltage converter featuring the
LM2917-8, Fig. 4A, a direct-reading capacitance meter, Fig.
4B, a finger touch (or contact) switch, Fig. 4C, and an over-
speed alarm indicator, Fig. 4D. The last three circuits all em-
ploy the LM2907-8. Using the 60-Hz ac power line as its input
test signal source, the capacitance meter, Fig. 4B, develops a
dc output of 1 to 10 volts across its emitter load resistor with
C, values of 0.01-to-0.1-uF and the calibration resistor, R, set

88
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at 111,000 ohms. A suitable high-impedance voltmeter con-
nected across the emitter load may be calibrated directly in
terms of capacitance. The touch switch circuit, Fig. 4C, uses
the LM2907-8 to drive a standard J-K fiip-flop. In operation,
the flip-flop’s Q output terminal goes “hi” and “lo” alternately
each time the contact plate is touched. Depending on the in-
tended application, the flip-flop’s output may be used to oper-
ate a relay, indicator lamp, counter, or other circuitry. Finally,
the overspeed indicator circuit, Fig. 4D, flashes a LED when
its input frequency equals or exceeds a predetermined value.
Thereafter, the flashing rate rises as the input frequency in-
creases beyond the initial trip point. With the component val-
ues given, flashing begins with an input frequency of 100 Hz
or more. This range may be changed, however, by changing

POPULAR ELECTRONICS

AmericanRadioHistorv. Com



19919

SWUNCORE DVMan

R

pvm3e $158
3% digit LED display,

5% DCV accuracy,
battery or AC operated

150 ] BATTERY SAVING FEATURES WHEN INS-
0Cva2 TRUMENT IS NOT IN USE so you can be sure
m that your meter will be ready the next time you
need it. Push the button on the prohe on the
DVM35 and DVM36 and only then do you start drawing cur-
rent from your battery. An automatic patented circuit does the
same job for you automatically when you apply voltage to the
DVM32. The DVM38 is AC operated.

Bl 10 DAY FREE TRIAL to be sure that Sencore
digitals are all that we say they are. Simply march
into your Sencore distributor and ask for a free trial
or pay cash with a promise of a 10 day money back
guarantee, if not 100% satisfied. Or, write Sencore, and we will
see that our distributor contacts you.

S

DvM32 $198
3% digit LED dispiay,
5% DCV accuracy,
battery or AC operated
with automatic battery saver

VOLTS [=1-T5 L1 A
¢ A i PWRl L0 Pwa_ DC

00® A V-K

-m
_eon oo 2 20 ¢00 900020 MEg
. vt

roear <o — o = - ey "
mrwear cietor temy el @ o,
=R

DVM38 $348
3% digit LED display,
1% DCV accuracy,
AC operated, auto-ranging,
auto-zero, king size pushbuttons

\. [B 100% MADE RIGHT LIFETIME GUARANTEE
\ so you can be sure your meter was made right. |f
" Jat any time you discover that a Sencore DVM was
not made right, Sencore will make it right, parts and
lahor free of charge, for the lifetime of the product

“make sure’’ features such as - direct reading with no
paralax error - no effect from magnetic fields such as motors &
RF fields - lab accuracy with high resolution - auto-polarity
auto-zeroing and auto-ranging on the DVM38 and you can
see why you can be sure more times, in more circuits, than with
any other multimeter on the market today — and for less money
than old fashioned analog meters.

Plus other

SIOUX FALLS. .0 57107

CIACLE NO. 53 ON FREE INFORMATION CARD

the value of the charge pump capacitor (indicated as 0.033
microfarads).

Reader’s Circuits. Our correspondent in Florida, Ted Reit-
er (1442 Brook Drive, Titusville, FL 32780), is back again this
month with more of his interesting circuits. Feeling that many
of his fellow experimenters might require time sequencing cir-
cuits for their projects, Ted suggests the designs given in Fig.
5 as simple solutions for problems which might otherwise re-
quire relatively complex circuits or expensive components. An
“active low" sequencer circuit is shown in Fig. 5A, an “active
high” in Fig. 5B. Both require only a 555 timer, a SN7495N 4-
bit shift register, and a minimum of additional components.
Both are designed to operate on a standard 5-volt dc power
supply. Finally, both are not overly critical as far as parts
placement and wiring dress are concerned and, therefore,
may be duplicated with any preferred construction technique
from solderless breadboarding to pc board assembly.

Referring to the active low sequencer circuit, Fig. 5A, the
555 is wired as a pulse generator or “clock,” with its pulse rate
(frequency) adjustable by means of a 1-megohm potentiome-
ter. In operation, the shift register outputs at pins 13 (A), 12
(B), 11 (C), and 10 (D) are high initially. When normally closed
switch S1 connected to mode input pin 6 is opened momen-
tarily, the next negative-going clock edge switches pin 13 (A)
to low. Each following negative edge then moves the low one
position to the left from A to D. in logic symbols, using “1” for
high and “0" for low, the sequence is as follows:

D-C-B-A
Originally: 1-1-1-1
Initiate: 1-1-1-0
MARCH 1977

1-

1-

0-

Recycle: 1-

1-

and so on, recycling as long as power is supplied and the

clock is on. Using the same clock circuit, the active high se-

quencer operates in similar fashion, except that the shift regis-

ter outputs are low (logic 0) initially and a high (logic 1) is se-

quenced from A to D after the initiate button is pressed. The
clock frequency, of course, establishes the cycling rate.

Although the sequencer outputs are shown in logical order,
they can be used to operate external circuitry or devices in
any order desired, orovided the user remembers that the “A”
output is active (high or low) before “B,” “B" is active next be-
fore “C,” and so on.

Sequencer applications are limited only by the imagination
and skill of the circuit designer and by the types of peripheral
circuitry or external devices controlled. Ted suggests, for ex-
ample, that a sequencer could be used to cycle several lights
on and off for unusual displays, for sequencing several slide
projectors for special color-slide presentations, for cycling a
CB transceiver through several channels, or for sequencing
several audio tones in an electronic “doorbell,” as indicated in
Fig. 6. Other possible applications include the familiar turn in-
dicator for autos (or bikes), for “bouncing” sound around a
room by switching loudspeakers on and off sequentially, or for
sequencing test operations in a laboratory. Generally, some
type of interface device, such as a relay, power transistor, or
SCR will be required between the sequencer output and the
controlled device (lamp, loudspeaker, alarm bell, motor, or
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Should your
career in
electronics
20 beyond

1'V repair?

CREI prepares you at home

for broader and more advanced
opportunities in electronics —

plus offers you special arrangements
for engineering degrees
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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
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
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
training in electronics. Of course, while
it takes extra preparation to qualify for
these career areas, the rewards are
greater both in the interesting nature of
the work and in higher pay. Further-
more, there is a growing demand for
personnel in these areas.

Unlike most other home study schools,
CREI programs are devoted exclusively
to preparing you for careers in advanced
electronics. All of CREI programs are
college level. And CREI gives you both
theory and practical experience in ad-
vanced electronics.

Unique Design Lab

A unique feature of CREI training is its
Electronic Design Laboratory Program,
which trains you to actually design cir-
cuits. It also helps you understand the
theories of advanced electronics and
gives you extensive practical experience
in such areas as tests and measurements,
breadboarding, prototype construction,
circuit operation and behavior, charac-
teristics of electronic components and
how to apply integrated circuits.

POPULAR ELECTRONICS



.areer Training at Home

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

Engineering Degree

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

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

FREE Book

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

Qualifications

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

Mail card or write describing qualifications to

CAPITOL
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ENGINEERING
INSTITUTE

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

Accredited Member National Home Study Council

Gl Bill
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are approved
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the G.I. Bill.

L)
=0
=

mericanRadioHistory Cont



BALY AST 470
0I1STRIBUTOR | RESISTOR
|
P— I = L 9 ! Fig. 3. Automotive tachometer
con | cireuits: (A) voltage-driven
[ i for 8-cylinder cars; (B) current-
| 1 driven for 6-cylinder cars.
\ =
I ’
| ; l ( | 1 2 3 4 5
| 10k
= I 3 +
BREAKER i 4 v,
A POINTS | 0.02.F 2 002.F 10k = v0.6 ok (F)
= | = = =

AUTOMOBILE IGNITION _

other unit) if moderate to high power levels are involved, with
the interface and controlled devices requiring a separate pow-
er source.

Device/Product News. If you're working with r-f circuits,
either professionally or as a ham, you may want to investigate
a pair of solid-state vhf and hf amplifier modules recently intro-
duced by the Amperex Electronic Corporation (Hicksville, NY
11802). Containing internal matching networks for broadband
applications, each module will deliver better than 18 watts
with a drive power of less than 150 mW when operated on a
dc supply of 12.5 volts. The BGY32 is designed for operation
at 68 to 88 MHz, the BGY36 from 14810 174 MHz. Their input
and output impedances are matched to 50 ohms with no in-
stability at VSWR's of up to 3:1 at all phase angles, but neither
will be damaged with VSWR's of up to 50:1 through all phase
angles at heat sink temperatures as high as 70°C.

In addition to the new r-f amplifier modules, Amperex has
announced a new full-wave silicon bridge rectifier designed
specifically for use in semiconductor equipment. Designated
type BY225-200, the rectifier has a maximum rms input rating
of 80 volts and can supply an average output current of 4.2 A.
Suitable for use at frequencies up to 400 Hz, the rectifier con-
sists of four double-diffused diode crystals on a copper comb
encapsulated in plastic. Capable of delivering up to 3 A with-
out a heat sink, the device can be used in power supplies for
musical instruments, audio amplifiers, boat equipment, bur-
glar and fire alarms, battery chargers, microprocessors, and
other equipment requiring up to 90 W output.

The Fairchild Camera and instrument Corp. (Analog Prod-
ucts Division, 464 Ellis St., Mountain View, CA 94042) is pro-
ducing a hybrid voltage regulator capable of providing 5 A of
regulated power at 5 volts with built-in short circuit and safe
area protection. The voltage regulator, type 78HO5KC, limits
the maximum junction temperature of the power output tran-
sistor to provide full automatic thermal overload protection. If
the safe operating area is ever exceeded, the device simply
shuts down rather than failing or damaging other system com-
ponents. The device is supplied in a standard TO-3 package.

Teledyne Semiconductor (1300 Terra Bella Ave., Mountain
View, CA 94042) has added two new up-down (reversible)
counters to its growing family of high-noise immunity logic de-
vices. The HiNiL 373 (decade) and 374 (hexadecimal) coun-
ters feature master-slave flip-flops with active outputs trig-
gered by a low-to-high level transition of either of two clock in-
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puts while the other is high. Pulsing one clock input causes
the device to count up; pulsing the other causes it to count
down. Other features include the high noise immunity—3.5 V
minimum, carry and borrow outputs for N-bit cascading, clear
input independent of count and load, individual preset for
each fiip-flop, and synchronous operation. Furnished in stand-
ard 16-pin plastic and ceramic DIP’s, the HiNIL 373 and 374
counters are suitable for critical control, medical instrumenta-
tion and marine electronic applications.

Motorola Semiconductor Products, Inc. (P. O. Box 20294,
Phoenix, AZ 85036) has added four new npn power Darling-
tons to its expanding line of “Switchmode” products. Desig-
nated types MJ10004, MJ10005, MJ10006 and MJ10007, the
units are designed specifically for fast switching applications
where high voltage, high current and high gain are required.
Maximum currents are 40 A for the MJ10006 and MJ10007,
both of which offer a minimum hgg of 40 (@ I of 2.5 A), and
50 A for the MF10004 and MJ10005, which offer a minimum
heg of 50 (@ Ic of 5 A). The devices feature typical fall and
storage times of 100 ns and 850 ns, respectively, for the
MJ10004/5 and 90 ns and 780 ns, respectively, for the
MJ10006/7, when switching an inductive load of 180 uH with
the devices clamped at their rated Vgex(sus) and at case tem-
peratures of 100°C. The minimum Vcex(sus) at a case tem-
perature of 100°C is 400 voits for the MJ10004/6 and 450
volts for the MJ10005/7.

Finally, RCA's Solid State Division (Box 3200, Somerville,
NJ 08876) has added three new sensitive-gate SCR series,
$106, S107, and S108, to its line of silicon-controtled-rectifi-
ers. The new SCR's have an rms on-state current rating of 4
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By Forrest M. Mims

FLIP-FLOPS AND DECADE COUNTERS—PART2

E HAVE previously seen (Febru-
ary 1976) how a clocked flip-flop
can -be used as a binary counter. We
built a two-bit binary counter from both
halves of a 7473 dual JK flip-flop. And
we assembled a limited range (0-9) four-
bit counter from a 7490 decade counter,
a medium-scale integrated circuit (MSI)
which incorporates four flip-flops on a
single chip.
Now, let's see how to add an addition-
al chip or two to the 7490 to make it a
more versatile counter. We'll also exam-
ine several ways to convert the 7490
into a divide-by-n counter.

Binary-Coded Decimal. Four
clocked flip-flops have the potential of
counting from 0000 to 1111 in binary (or
0 to 15 in decimal). The 7490, however,
is internally connected to automatically
reset to 0000 when the count exceeds
1001 (9). This feature gives the decade
counter its name and makes it ideal for
converting binary information into a dec-
imal format.

A pure binary counter is very easy to

build, but our decimal-trained minds
would have considerable difficulty relat-
ing to it. It's not too hard to learn the bi-
nary equivalents of 0-9, but how about
the binary equivalent of a number like
2157 The binary number in this case re-
quires 8 bits and is a very cumbersome
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more 7490 counters in series.
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Fig. 2. Converting 4-bit BCD output of 7490 to decimal.
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Fortunately, there's an easier way to
work with binary numbers. It's called bi-
nary-coded decimal or BCD for short.
The four-bit outputs of individual 7490’s
can form a binary-coded decimal num-
ber. The elegance of BCD is its simplic-
ity. Since each counter stage represents
one decimal digit position, only the bi-
nary equivalents for the digits 0-9 need
be learned to interpret the pattern of
glowing LED’s connected to each 7490.
For example, assuming a dark LED is 0
and a glowing LED is 1, 215 would be
represented in BCD as 0010 0001 0101,
instead of 11010111 in pure binary.

It's not even necessary to memorize
any binary numbers to read a BCD LED
display since you can use a simple trick
to convert any binary number to its deci-
mal equivalent. Here’s how it works: The
positions of bits in a binary number rep-
resent ascending powers of two (just as
the positions of digits in a decimal num-
ber represent ascending powers of ten).
For example, the decimal values for
each position in a four-bit binary number

Fig. 3. How to connect a lutch
between a 7490 counter
and a 7447 decoder.

are: 283-22-21-20  gor simply
8-4-2-1. This means that by ignoring
the O bits and adding the powers of two
at the positions with a 1 bit you can
quickly arrive at the decimal equivalent
for a binary number. For example, 1001
is9(8+0+0+1),and 0111 is 7
O+4+2+1).

The 7490 Decade Counter. A ook
at the pin diagram of the 7490 shows its
four output pins are given the conven-
tional BCD designation DCBA. The pin
diagram doesn't reveal a carry pin so it
would seem the 7490 cannot be used for
multiple digit applications. Fortunately,
however, it's possible to use the D out-
put as a carry pin. All that's required is to
connect pin 11 of the 7490 in the first
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counter stage to the A input of the 7490
in the second stage (pin 14) as shown in
Fig. 1. This neat solution to the absence
of a carry pin works since the 7430 in the
second stage triggers when the count
from the first 7490 recycles from 1001
(9) to 0000. Also, it can be applied to a
succession of counter stages.

Several counter stages can be used
to make an eight-, twelve-, sixteen—, or
more b BCD counter. Each counter’s
four-bit row of LED’s would represent a
single BCD digit. But though this ar-
rangement is very economical, it's not
as convenient as a digital output.

The 7447 7-Segment Decoder.
One way to convert the four-bit BCD out-
put of a 7490 into a decimal format is to
use a diode matrix read-only memory
(ROM) programmed to light one of ten
LED's labeled 0-9. A more convenient
approach is to use a ROM or array of
gates connected to light the appropriate
segments of a segmented 0-9 digital dis-
play. There are several chips which will
do this foryou.

Figure 2 shows how to connect the
7447 BCD to 7-segment decoder/driver
between a 7430 decade counter and a
common-anode segmented LED dis-

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

When you're miles from
help. you need a CB
anteane that reaches for
miles and miles. It could be
your on_y link to safety. So
saving a couple of dollars
on a cut-rate brand could
cost you.

But the price of an
A/S antenna is worth the
extra ycu might pay - just
for the peace of mind.
Every single A/S antennais
hand-tuned and tested for
23- and 40-channels.
Tha~’s the kind of care
and juelity control that
mak=s 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 ir

antennas for 24 years.

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

the antenna specialists co.
—— 12435 Euclid Avenue, Cleveland, Ohio 44106 - a member of The Allen Group, Inc.
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play. The 7447 includes several useful
features. Grounding the lamp test input
(pin 3) will light all seven segments of
the display. Grounding the ripple blank-
ing input (RBI; pin 5) will blank the dis-
play if a O is being displayed. And
grounding the ripple blanking output
(RBO; pin 4) will blank the readout no
matter what digit is being displayed.

The 7475 Four-Bit Latch. The mul-
ti-digit counter circuit in Fig. 1 is ade-
quate for counting a series of events or
the passing of time up to the maximum
digit capability. Many counting applica-
tions, however, require the measure-
ment of frequency (the count rate per
unit time). For example, a frequency
counter counts the number of incoming
pulses during a preset time interval (say,
1 second), then recycles and begins
counting again. In cases like this the
7490 is always busy counting and all
seven display segments will blur into a
meaningless “8” if the count exceeds
several pulses per second.

The simplest way around this problem
is to connect a temporary memory be-
tween the 7490 counter and the 7447
decoder. The ubiquitous flip-flop comes
to our rescue again, this time in the form
of a four-bit data register called the 7475
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Fig. 4. How to use the 7490
as a divide-by-n counter.

quad-latch. This handy chip contains
four flip-flops and interfaces between
the counter and display circuitry as
shown in Fig. 3

The 7475 accepts BCD data and
passes it to the display when its clock in-
puts (pins 4 and 13) are high (unground-
ed). When the clock inputs are ground-
ed, the 7475 stores whatever data was
last present at its inputs and the display
is activated accordingly.

7490 Divide-by-n Circuits. So far,
we've covered the most important dec-
ade counter applications for the 7490.
By now, in fact, you should be able to
trace your way through much of the cir-
cuit diagram of a professional frequency
counter! The 7490 has a number of di-
vider applications also, and Fig. 4 shows
how to connect it to achieve division.
The divide-by-2, 5, and 10 circuits are
made possible by the internal arrange-
ment of the 7490 as a single flip-flop and
three interconnected flip-flops. The di-
vide-by-3 and -6 circuits. are made pos-
sible by connections between the BCD
outputs and the appropriate reset inputs
of the 7490 which automatically reset
the counter to 0000 when the desired
count is reached. The result is one pulse
out for every n pulses in. o

7

MOTOR HOME.

STOP BURGLARS!
with

“SONAGUARD”

The SONAGUARD PORTABLE INTRUSION ALARM

A tully-portable, self contained unit that keeps burglars
away. The SONAGUARD sets up an audible sound pattern
that covers over 10,000 feet. Any thief who tries to get into
your place and breaks that pattern will find that the SONA-
GUARD blasts out an audible pitch that stops any burglar
instantly from doing what he set out to do.

For Further Information, call or write:

SONAGUARD

Somerville, Mass. (617) 623-3200

WE ALSO CARRY A COMPLETE LINE OF ALARMS FOR YOUR CAR, TRUCK, CAMPER,

J
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Hobby Scene /,, 21 .

RECEIVING SSB

Q. | have a Heathkit SW-717 short-
wave receiver that works very well,
but | can’t copy most ham voice sta-
tions. They all sound garbled. | was
told that this is normal as they are us-
ing single sideband transmitters. Is
there a circuit | can build that will en-
able me to understand what they're
saying?—Harry Muller, Elkins Park,
PA.

A. What you need is a beat frequency
oscillator or bfo to re-insert the sup-
pressed carrier of the SSB signals. The
circuit shown will work with your receiv-
er. Its output signal can be introduced at
either the 455-kHz i-f strip or at the diode
detector. In some cases, merely con-

+15-20V
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5K
—1—390
q oF
p ImH
3 10K
1 160
pF

247k b3
3 ZOK"‘_K_OOUTPUT
A Syf T

necting a length of hookup wire to the
output and positioning it close to the i-f
circuitry will provide enough coupling.
Otherwise, you can connect the other
end of the wire to the anode of the de-
tector. Adjust the 10,000-ohm potenti-
ometer for maximum output and the
20,000-ohm potentiometer for greatest
intelligibility. By the way, you will also be
able to use this bfo for hearing Morse
code signals.

FAST AND SLOW SCAN TV

Q. | recently read in an article cover-
ing the Viking mission that TV trans-
missions are being sent on the 20-
meter band. As | understand it, the
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By John McVeigh

picture is converted into a 3000-Hz
tone and sent by “radio.” Is it possi-
ble to convert these tones back into
video and feed it to my TV receiver?
Incidently, the call of the station
sending the pictures is N6V. —Craig
Keithley, Northridge, CA.

A. The article was referring to slow-scan
television, as opposed to the conven-
tional fast-scan system broadcasters
use. The great advantage of slow-scan
is that it requires no more spectrum
space (“bandwidth”) to send a picture
than is needed for a voice signal—about
3000 Hz. However, the bandwidth of a
communications channel has a direct in-
fluence on the maximum rate at which
data can be sent over the channel. Be-
cause slow scan is a narrow bandwidth
system, it takes much longer to send a
picture over it than a fast scan link. The
actual figures are about 8 seconds for a
slow-scan picture as compared with
1/30th of a second for fast scan—but
fast scan requires about 4 MHz (!) of
spectrum space. If | recall correctly, the
Viking project uses a slow-scan tech-
nique for sending back pictures, requir-
ing about 30 minutes for the entire im-
age to be transmitted.

The N6V station is a special events
Amateur Radio station operating from
the Jet Propulsion Laboratory in Pa-
sadena. Although | did work it on 20-
meter SSB (voice), | was not monitoring
the station when they were sending
slow-scan images of the “marscapes”
received from Viking. Slow-scan pic-
tures can not be applied directly to a TV
set. They must be processed by a “scan
converter’—a complex circuit that
changes them to fast-scan signals. Scan
converters are very expensive, and
slow-scan images do not have the high
resolution that fast-scan ones have.
However, such books as The Radio
Amateur's Handbook and Specialized
Communications Techniques for the Ra-
dio Amateur (both published by the
ARRL, 225 Main Street, Newington, CT
06111) contain plans for SSTV monitors
and adapters for use with oscilloscopes.
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PASSIVE MIXER

Q. ! would like to play a stereo tape
deck through a monaural amplifier. Is
there a network that will combine
both channels?—John Riley, Bur-
bank, CA.

A. The circuit shown will combine the
stereo input and provide a balanced
monaural output. This passive mixer in-
cludes an attenuation control which de-
termines the amount of signal that will
be passed to the power amplifier. You

Le
OUTPUT

can set the playback level controls on
the deck fairly high and cut back to the
desired level by adjusting the 50,000-
ohm potentiometer.

RANGE OF CB HANDHELDS

Q. | recently purchased a pair of CB
handhelds which supposedly have
an r-f power output of four watts. So
far, | haven’t been able to communi-
cate with them over a range greater
than three miles or so. Is there any
way | can increase their range with
boosters, or whatever?—Bruce Leav-
enworth, New Preston, CT.

A. First of all, “boosters” such as linear
amplifiers are strictly prohibited. Penal-
ties for use are severe, and the FCC is
interpreting “possession” as implying
“use.” Therefore, | strongly discourage
your thoughts along those lines. But 1
don't think that a 3-mile maximum is un-
reasonable. That figure is typical for
many mobile installations, and even
though mobile antennas are not very ef-
ficient, | think they perform better than
the telescoping whips of handhelds. If
your transceivers have external antenna
jacks, try using a more efficient base or
marine-type antenna. That's the only
recommendation for increasing range
that | can make.

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, NY 10016. Though all letters can't
be answered individually, those with wide interest
will be published.



Product
Test Reports

OK MODEL WSU-30 WIRE-WRAP TOOL

Manual Wire-Wrapping tool for solderless breadboarding.

Experimenters and hobbyists, and even
many engineers, generally reach for sol-
dering iron and hookup wire when it
comes to assembling a circuit. The more
ambitious people lay out a printed circuit
board, make the board, and then wire it
in the conventional manner—still having
to use a soldering iron. Recently, Wire
Wrap has become a popular wiring me-
dium, especially where hundreds and
thousands of connections must be made
in very complex projects.

Though Wire Wrapping is not new to
the electronics industry, it has been rela-
tively rare among hobbyists. Now, a bat-
tery of new and inexpensive toois is
coming on the market. One such tool is
the Model WSU-30 at $5.95 from OK
Machine & Tool Corp.

The Model WSU-30 Wire Wrap tool
features all-metal construction. Measur-
ing 4%2" (11.4-cm) long, it weighs a mere
0.5 ounce (15.5 g). The tool serves three
functions. First, it has a built-in stripper
for removal of the special Kynar insula-
tion used on Wire Wrap wire. Second, it
is a manual Wire Wrapper. Finally, itis a
wire unwrapper.

Strip.
100

General Details. The use of a Wire
Wrap tool, such as the Model WSU-30,
carries with it several advantages that
make it attractive to the engineer, ex-
perimenter, and hobbyist. Since it is a
solderless wiring medium, it eliminates
the need for a soldering iron and, thus,
the possibility of heat damage to compo-
nents. While it is essentially a point-to-
point wiring medium, Wire Wrapping al-
lows you to make connections with ara-
pidity that cannot be matched by crimp-
and-solder joints. Furthermore, errors in
wiring can be corrected and circuit madi-
fications can be made in seconds. In
sum, Wire Wrapping is much faster than
traditional methods of wiring circuits, in-
cluding pc board eonstruction, which is
not only messy to make but also ex-
tremely difficult to modify.

The use of the Model WSU-30 Wire
Wrap tool is very simple. You start by in-
serting the unprepared end of the wire in
a V-shaped slot in the body of the tool,
press down slightly on the wire to score
the insulation, and then draw out the
wire. The insulation parts neatly, leaving
a bare-wire end. Next, you feed the bare

wire into a small hole in the wrap end of
the tool, place the tool over a Wire-Wrap
pin on either a socket or component pin,
and rotate the tool clockwise. As the tool
is rotated, the bare end of the wire wraps
tightly around the pin. The recom-
mended number of turns for an optimum
jointis seven turns.

Wire-Wrapped joints have high elec-
trical and mechanical integrity because
the relatively sharp corners on the wrap
pins “bite” into the wire as it is wound
around them under tension. Wire Wrap
connections have been known to main-
tain their mechanical and electrical in-
tegrity for as many as 40 years. And
tests reveal that the typical Wire Wrap
joint has a contact resistance of less
than 1 milliohm.

To unwrap a connection, you simply
invert the tool, slip it over the wrap pin,
and rotate the tool counterclockwise.
The wire comes away from the post
neatly and easily.

User Comment. We tested the Model
WSU-30 Wire Wrap tool by assembling
several circuits, one of which was a
complex computer board. After making
a few trial wraps to become familiar with
the operation of the tool, the wiring went
very quickly and easily. We found that,
with a little practice we were making
connections, including stripping away of
insulation, at a rate of about one every
10 seconds.

We also had a practical opportunity to
test the unwrapping feature of the tool.
After our computer board was complete-
ly wired, we had to make a modification
that involved about three dozen conduc-
tors. Again, the job went quickly and rap-
idly.

Comparing this new low-cost tool with
an expensive motorized Wire Wrap tool,
we determined that both produced the
same high-quality, high-reliability con-
nections, aithough we must admit that
the mechanized tool had the edge when
it came to speed. But the low cost of the
Mode! WSU-30 had a big edge in the
price category.

You can buy the Model WSU-30 Wire
Wrap tool only, but it is a good idea to
pick it up in the prepackaged kit form,
which aiso contains a 50' (15.2-m) spool
and stripped 1" to 6" (2.54- to 15.2-cm)
lengths of Kynar insulated wire for
$11.95. Spools containing 50’ of wire
are also available separately for $1.95
per spool. The standard wire used with
the Model WSU-30 Wire Wrap tool is
AWG 30 silver-plated, Kynar insulated
interconnection wire.
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BALLANTINE MODEL 1010A OSCILLOSCOPE

Moderately priced, dual-trace, trigger-sweep, 10-MHz-bandwidth scope.

o properly and efficiently perform

design, troubleshooting, and
maintenance of modern electronic cir-
cuits, you need a full-featured oscillo-
scope. It should have a relatively wide
bandwidth, dc coupling throughout, trig-
gered sweep, and a frequency and inter-
val counter that is not sensitive to wave-
form shape. More than one input chan-
nel will make such a scope all the more
versatile. The Ballantine Model 1010A
oscilloscope fills the bill for most modern
electronics work.

The Model 1010A scope features a 5"
(12.7-cm) flat-screen CRT; two fully in-
dependent input channels that operate
on either the alternate or chop mode to
provide two traces from the single beam;
dc-to-10-MHz bandwidth (at the 3-dB-
down points); and triggered sweep.

The scope measures 16 5/8"D x 11
3/8"W x 7"H (42.2 x 29 x 17.8cm) and
weighs 15 Ib (7 kg). $595.00. A number
of options are available, including the
No. 10600 probe kit for $35, No. 10850B
r-f detector probe to allow the scope to
be used out to 700 Mhz for $85, a viny!
carrying case, and front-panel cover.

General Description. The two iden-
tical vertical input channels have a de-
flection factor of from 20 mV to 20 volts/
cm. The deflection factor desired is se-
lectable by a front-panel switch that has
12 calibrated positions. The direct-cou-
pled bandwidth is stated to be at least dc
to 10 MHz at —3 dB, while on ac cou-
pling, the lower-frequency 3-dB-down
point is at approximately 5 Hz. The input
impedance, identical for both channels,
is 1 megohm paralleled by 28 pF. Both
inputs are protected up to 400 volts dc or
peak ac.
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The triggered-sweep section has a
range of from 1 ps to 0.5 second/cm in
18 switch-selectable ranges. The ac-
curacy here is stated to be within 5%. A
x 10 magnifier, available at the flip of a
front-panel switch, makes the fastest
sweep 100 ns/cm. The sweep circuit
also features a vernier control that is
continuously variable between time-
base steps. It extends the sweep to 1.25
seconds/cm. The sweep can be trig-
gered either automatically or manually
from either channel's signal or from an
external source. The three trigger cou-
pling modes provided are AC, ACF (ac
fast with low-frequency rejection), and
TVvF (TV frame rate).

Each of the two vertical channels can
be selected for single-trace display only.
Setting the scope to the dual-channel
mode allows both traces to appear on
the CRT screen simultaneously, with the
alternate or chop mode automatically
selected by the choice of sweep speeds.

In addition to intensity (Z-axis) exter-
nal modulation, the scope also features
a 1-volt £2% square-wave output, avail-
able at a jack on the front panel, that can
be fed back into the scope for calibration
purposes. This output signal's frequency
is the same as the line-power frequency.
There is also a sweep-synced ramp out-
put, available from a separate front-
panel jack, that goes from 0 to 10 volts.

The input to the power transformer
can be selected to allow operation from
95 to 260 volts ac, with line frequencies
ranging from 45 to 400 Hz.

User Report. Using an oscilloscope
like the Model 1010A is pure pleasure.
Aside from the fact that it is a really ver-
satile instrument, this scope is light

e meme—memmea—s

enough in weight to carry from one job to
another without tearing your arm from its
socket. It is also quite rugged, capable
of withstanding mechanical shocks that
might ordinarily knock other scopes out
of calibration. A couple of weeks of lug-
ging it around in a field-service van con-
firmed this point admirably. Neediess to
say, the Model 1010A is as good as a
field-service performer as itis on a fixed
rack (it is available in rack mount) and
bench.

Ballantine has not sacrificed creature
comforts in keeping the price down. For
example, all front-panel control knobs
are large and have flutes for easy grip
and manipulation. They operate
smoothly and positively. And the knobs
have full-length white index marks that,
in addition to the large and easy-to-see
panel legends, make settings easier to
see and interpret than is usually the
case. The flat-faced CRT has a P31 blue
phosphor that is easy on the eyes, and
its 8 x 10-cm graticule is clean and bold.

Another nice feature is the carrying
handie. It has a locking mechanism that
can be set for carrying the instrument
from one job to another or adjusted to
serve as a tilt stand on a service bench.
The heavy-duty aluminum handle has a
plastic grip with molded finger ridges.
This grip also serves as an anti-skid
“foot” when the handle is used as a tilt
stand. When the optional molded face-
plate cover is in place and the handie is
hinged up, the two lock together. On the
test bench, we discovered that this
scope could resolve nanosecond trigger
waveforms that we presumed were
beyond the limits of the instrument.
Even at these extreme limits, the sync
held rock steady, and the trace was
quite “readable” at the very high writing
speeds used. A hallmark of this scope is
clearly its bright, sharp trace at high
speeds. Performing calibration tests, we
also determined that the scope operated
well within its published specifications.
After stints on a service bench and in the
field, where we made no particular ef-
forts to treat it with any special care, we
again subjected the scope to calibration
tests. There was no detectable differ-
ence in any area we tested.

Considering the versatility, perfor-
mance, and portability of this general-
purpose oscilloscope, we feel it is an
espedially fine value for the bench and
for the field-service technician and seri-
ous experimenter/hobbyist. One can
easily get less scope for the money than
the Ballantine Model 1010A. Equivalent
specifications don't tell the whole story.
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DX
Listening

THE SOVIET PULSER

ULSES at the rate of ten per second
have been disrupting shortwave
communications since the middle of last
year. These clicks follow no particular
frequency schedule, but they often fall
within shortwave broadcast bands. Hav-
ing one channel at a time disrupted this
way would not be so bad, but a single
transmitter of this type may spread over
a 300-kHz range, messing up an entire
band at once. And some monitoring sta-
tions have reported three different pulse
transmitters operating simuitaneously.
Several press reports on this have
been widely syndicated. They result
from complaints the FCC has been re-
ceiving from amateur operators, point-
to-point and maritime communications

HEAR-IT-YOURSELF
_ KIT

K. ]
This is a Speakerlab 7, a 4-
element acoustic suspension
speaker kit you can assemble your-
self in an hour with simple tools.

It saves you up to 50% over
comparable ready made systems.
Read about the S7 and other sys-
tems and raw speakers we sell in a
new 40 page catalog. It's a fact-
packed manual with chapters on
acoustic theory, enclosures, choos-
ing drivers and design principles.

And it's free. Just write us and
ask for the most complete
catalog/manual ever written on
speaker building.

Jocakerla®

Dept. PE10 5500 35th NE Seattle WA 98105
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By Glenn Hauser

services using hf. It seems that the FCC
has heard relatively little from shortwave
listeners, who are less able to identify
and combat this interference than “pro-
fessional” users of the hf bands. In fact,
reading the reports, one would never
know that the puisers cause havoc in in-
ternational broadcasting.

FCC and equivalent administrations in
other friendly countries have pinpointed
the signals as comirig from either “the
Baltic area,” or somewhere near Minsk
in the Byelorussian SSR. As a result, nu-
merous official protests have been filed
with Soviet authorities.

in December, the USSR finally said it
would try to reduce the disturbances in
response to the complaints.

The purpose of the pulses has been a
matter of wide speculation. Jim Vasten-
houd of Radio Nederland likens them to
ionospheric sounders for scientific re-
search. Larry Magne of IBA observes
that they seem to “ride the MUF,” which
means they operate at whatever fre-
quency is the highest that will propagate
at any given moment. Bob Thomann of
the Swiss shortwave service thinks they
carry intelligence, using “shotgun com-
munication” so that, if one frequency is
blocked, another will get through. But
other observers find no evidence of in-
telligence in the transmissions.

David Mackes, a radar authority in
Baltimore, is certain that we have been
witnessing a new kind of long-distance
radar which is called over-the-horizon
backscatter.

Conventional radar uses more rapid
pulses at super-high frequencies, which
has the advantage of relatively high re-
solution, being able to track swiftly-mov-
ing objects. But the disadvantage is its
limited range.

Mackes says a wideband pulse is
transmitted, but is compressed in the re-
ceiver, making the puise seem much
greater in amplitude. He thinks linear FM
is the modulation method; that is, the
signal is most likely being chirped. Fur-
ther studies of the pulses on a spectrum
analyzer should give the answer.
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Strong broadcast signals are capable
of overriding the pulser, but it pops in be-
tween channels, making reception of
weaker stations impossible. If you hear it
on a single frequency, it's probably be-
ing relayed inadvertently, such as from
BBC-Antigua or Radio Nederland-
Bonaire.

Some authorities believe the 10-per
second rate is far too slow to detect air-
craft, even though it can reach beyond
the horizon. This leaves shipping in the
North Atlantic as the most likely target—
certainly beyond the range of conven-
tional radar based in the USSR. Other
engineers think the Doppler effect is
used, with performance good enough for
tracking aircraft, according to Mackes.
He also observed one pulse transmis-
sion centered on 6050 kHz, with 50-kHz
bandwidth, followed by a CW station on
the center frequency. We have noted
the pulser at various times centered on
5.980, 7.635, 9.150, 9.600 and 11.715
MHz. Reception correlates well with that
of Radio Moscow transmissions from
the same geographical area.

Communications technicians in the
Canadian north suspect the pulses had
defense implications, as did Italian au-
thorities last summer when the pulses
first appeared, coinciding with NATO ex-
ercises.

More Change in the Air. Continuing
our discussion of band reallocation,
which began in the November 1976 DX
Listening column, the present sharing of
the 3- and 7-MHz bands between ama-
teur radio and broadcasting has proven
to be a terrible nuisance to broadcast-
ers, hams, and listeners alike. There is
no reason why this should continue
beyond 1979. it is proposed that the
hams give up the 3900-4000-kHz por-
tion of 80 meters, while broadcasting
gives up the 7100-7300-kHz portion of
40 meters. Of course, the amateur radio
lobby has launched its own campaign
for expanded and additional bands.
There shouid be enough formerly IFPS
spectrum for both broadcasting and
amateur radio to have expanded, addi-
tional, and exclusive bands. An ARRL
representative has been observing the
IBSG meetings.

Mediumwave Band. The Medium-
wave (or mf) band has already been
reallocated outside the Americas, with
an effective date in the fall of 1978. All
European channels will move 1-kHz
higher, which will result in a different se-
lection of DX possibilities for American
listeners. Even more radical is the adop-
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tion of Eurafrica’s 9-kHz spacing, in-
stead of 10, in Asia and the Pacific.
Though American DX listeners have had
to tune for these areas on the same
channels as domestic stations, the shift
will open up many “splits,” allowing
propagation and receiver selectivity to
determine DX success, rather than do-
mestic interference!

The IBSG has also considered chang-
ing the present 5-kHz spacing in the hf
bands to 7.5 kHz. This might appear to
be a loss, rather than a gain, but the ar-
gument is this: when combined with wid-
er bands, the increased spacing would
mean a net gain of usable channels. Ev-
ery channel could be used effectively to
the same area at the same time. Now, a
channel 5 kHz away from a powerhouse
on either side is best skipped, though
some stations have to use such chan-
nels for lack of anything better. For ex-
ample, strong stations on 11,720 and
11,730 would make 11,725 useless. If
the strong ones were on 11,715 and
11,730 instead, the 11,722.5-kHz chan-
nelin the middle could also be used, and
there would be no stations on 11,720 or
11,725.

Compatible single sideband would

help make this work, replacing the pres-
ent double sideband (AM). In CSSB, the
carrier remains, though it may be slightly
reduced. But there is only one sideband.
This means a “narrower” signal, still
conveying the essential audio that is
now needlessly duplicated on the other
sideband. The remaining carrier makes
it compatible—that is, receivable—on
ordinary tuners, unlike amateur SSB
which suppresses the carrier.

CSSB adoption would also make
stéreo broadcasting possible on hf by
reinstating the other sideband, but with
right and left channel, rather than identi-
cal audio. This would be restricted to
single-hop transmission paths as fading
would ruin shortwave stereo. The tech-
nique for CSSB has been known for a
long time. Stereo AM has already been
tested at WFBR in Baltimore and XE-
TRA, Tijuana. The proposal for 7.5-kHz
spacing, CSSB, and shortwave stereo
comes from Arthur Thompson of WYFR.

Stereo shortwave may be a long shot,
and there are no consumer receivers
designed for it yet. However, two sepa-
rate receivers—one tuned to the upper
sideband, one to the lower—would pro-

duce the effect. O

ENGLISH-LANGUAGE SHORTWAVE BROADCASTS FOR MAR. & APR.
By Richard E. Wood

TO EASTERN NORTH AMERICA

TIME-EST TIME-GMTE STATION QUAL* FREQUENCIES; MHz
6:00-6:25 a.m. 1100-1125 - Tirana, Albania F 9.48, 11.865
6:00-8:30 a.m. 1100-1330  London, England G 5.99 (via Sackville),
6.195 {via Antiqua), 15.07
6:00-8:00 a.m. 1100-1300 Melbourne, Australia G 958
6:00-9:00 a.m. 1100-1400° **VOA, Washington, USA G 5.955,9.73
6:05-7:25 a.m. 1105-1225 Trans-World Radio, G 11815
Bonaire, N.A.
6:30-9:00 a.m. 1130-1400 **Montreal, Canada G .95, 9.625 (includes French, etc.)
{Northern Service}
6:45-7:05 a:m. 1145-1205 “*Montreal, Canada G 956,11.72
7:00-7:30 a.m, 1200-1230 ¢ Jerusalem, Israel G 15.10, 17.815
7:00-7:55 a.m. 1200-1255. Peking, China F 11.685
7:10-7:30 a.m. 1210-1230 - * *Santiago, Chile F 9.556, 11.81, 15.15
7:15-7:30 a.m, 1215-1230 = Athens, Greece F 15.345, 17.83
HCJB, Quito, Ecuador G 11,245
7:30-8:00 a.m. 1230-1300  Stockholm, Sweden G 15.305
7:30-11:30 a.m. 1230-1630 HCJB, Quito, Ecuador G 11.745,15.115
8:15-8:45a.m. 1315-1345  Berne, Switzerland G 15.14
8:309:00 a.m. 1330-1400 Helsinki, Finland G 15.17
9:009:15 a.m. 14001415 **Montreal, Canada G 15.325,17.74
9:00-9:30 a.m. 14001430 Oslo, Norway G 17.80 (Sun:)
Stock holm, Sweden G 15.305
9:00a.m.-7:00 p.m.  1400-2400 **Montreal, Canada G 9.625,11.72
{Northern Service)
9:30-10:00 a.m. 1430-1500 ' Helsinki, Finland G 15.11
10:00-11:00 a.m. 1500-1600 { London, England G 12.B4 (via Ascension), Sat., Sun. also
9.58 (via Sackville}
10:15-10:30 a.m. 1515-1530 | Athens, Greece P 11.73, 15.345, 17.83
11:00-11:15 a.m. 1600-1615  London, England G 9.58 {via Sackville}

A 17.84 (via Ascension)
11:00-11:30 a.m. 1600-1630 = Oslo, Norway G 15.17 (Sun.}
11:15a.m.-1:30 p.m. 1615-1830 ! London, England G 9.5B (via Sackville)

12 noon-3:00 p.m. 1700-2000 | *"Kuwait, Kuwait F 9.555, 11.845
12:04-12:56 p.m. 1704-1756 = **Paris, France G 15.155, 15.20, 15.30, 15.315, 17.72, 17.85,
17.865, 21.58, 21.62
MARCH 1977
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New Slim-Body
scope probes
(1]

B&K-PRECISION

...cost effective
and

really rugged!

B&K-PRECISION's new line of 10:1/
direct scope probes is designed to be
compatible with most scopes
available, up to SOMHz.

All are rated at 500Vp-p.
B&K-PRECISION slim-

body probes range in

pr.ce from $25-$35.

Entire probe body

molded of rugged ———
plastic—fully

insulated

Spring-
loaded
retractable
tip cover

Window clearly
indicates direct

or 10:1 position;
pull-apart switch
design prevents
accidental positian
switching.

Clip-on
repiaceable
ground lead

Slim-body
design with steel
inner structwre

Compensation
capacitor adjustment

\ Tough, flexible

cable strain relief

Matches
15-120pF
15-120pF
10-35pF
PR35 | BNC 15MHz | 10-35pF
PR36 | BNC 50MHz | 10-35pF
Available forimmediate delivery
at your local distributor. Write
for a free copy of the latest
B&K-PRECISION catalog.

DYNASCAN
CORPORATION

6460 West Cortland Avenue
Chicago, illinois 60635 ¢ 312/889-9087
In Canada: Atlas Electronics, Ontario

Bandw.
10MHz
10MHz
15MHz

Mcdel
PR30
PR31
PR34

Connector
UHF
BNC
UHF
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Ever since the invention of the re-
corded disc annoying “clicks” and
“pops” caused by scratches, static
and imperfections have consistently
disturbed the listening pleasure of
music lovers.

Now, SAE introduces the unique model
5000, an Impulse Noise Reduction
System which eliminates those un-
wanted sounds with no adverse effect
on the quality of the recorded material.

This breakthrough in electronic cir-
cuitry is so demonstrably effective
that the SAE 5000 is destined to be-
c¢ome an essential part of any sound
system.

The SAE 5000 is compact and sleek,
built to SAE’s exacting standards, and
ready to enhance the performance of
any system, from the standard recejv-
er/turntable combination, to the most
sophisticated audiophile components.

SAE is proud to add the 5000 to their
broad line of Components for the
Connoisseur.

I
)
[

P p— |

Scientitic Audio Electronics, Inc.
P.O. Box 60271, Terminal Annex
Los Angeles, Cal. 90060

Please send more information on the
5000.

Name _ L —

Address_ o S

City

1 State Zip

bl i I I -
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1200-1:30 p.m.
1:30-2:00 p.m.
2:00-2:30 p.m.
2:00-3:00 p.m.
2:00-5:00 p.m.
2:30-3:00 p.m.
3:00:3:30 p.m.

3:00-4:00 p.m.
3:00-4:20 p.m.
3:50-4:50 p.m.
4:00-4:50 p.m.
4:00-5:00 p.m.
4:155:45 p.m.

4:30-5:00 p.m.
4:30-5:50 p.m.
5:00-5:15 p.m.
5:00-5:30 p.m.

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

5:30-6:20 p.m.
5:45:-11:30 p.m.
5:50-6:10 p.m.
6:00-6:30 p.m.

6:00-6:50 p.m.
6:00-8:00 p.m.
6:30-7:00 p.m.

6:30-7:30 p.m.

6:45-7:00p.m.

6:45-7:45 p.m.
7:00-7:25 p.m.
7:00-7:30 p.m.
7:00-7:55 p.m.

7:00-9:00 p.m.
7:00-8:00 p.m.
7:00p.m.-1:06 a.m.

7:15-7:30 p.m.
7:15.7:45p.m.
7:30-7:55 p.m,
7:30-8:00p.m.

7:40 p.m.-12 mdt.
8:00-8:15 p.m.
8:00-8:20 p.m.
8:00-8:30 p.m.

8:00-8:45 p.m.
8:00-8:55 p.m.

8:00-10:00 p.m.
8:00-10:30 p.m.
8:00-11:00 p.m.
8:10-8:30 p.m.
8:30-8:50 p.m.

8:30-8:55 p.m.
8:30-9:00 p.m.

8:30-9:25pm
8:459:15 pm

1300-1830
1830-1300
1900-1930
1800-2000
1900-2200
1930-2000
2000-2030

2000-2100
2000-2120
2050-2150
21002150
2100-2200
2115-2245

2130-2200
2130-2250
2200-2215
2200-2230

2200-2315
2200-0030
2230-2300

22302320
22450430
22502310
2300-2330

2300-2350
2300-0100
2330-2400

2330-0030

2345-2400

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

0000-0200
0000-0100
0000-0606

0015-0030
0015-0045
0030-0055
0030-0100

0040-0500
0100-0115
0100-0120
0100-0130

01000145
0100-0155

0100-0300
0100-0330
0100-0400
0110-0130
0130-0150

0130-0155

0130-0200

01300225

01450215

“*Maontreal, Canada
**Montreal, Canada
**Montreal, Canada
**Algiers, Algeria

* *Jeddah, Saudi Arabia
**Montreal, Canada
**Tehran, Iran
Jerusatem, {srael

Accra, Ghana
**Hilversum, Holland
**Havana, Cuba
**Johannesburg, S. Africa
* *Brasilla, Brazif
London, England

Sofia, Bulgaria
Hilversum, Holland

* *Belgrade, Yugoslavia
* *Montreal, Canada
Oslo, Norway
*“Caracas, Venezuela
**Cairo, Egypt
Ankara, Turkey
Jerusalem, Israel

Moscow, U.S.S.R.

Johannesburg, S. Africa
London, England
**Santiago, Chile
Stockholm, Sweden
Moscow, U.S.S.R.
Vilnius, U.S.S.R.

* “Buenos Aires, Argentina
Montreal, Canada
Helsinki, Finland

**Radio Clarin, S.
Domingo, Dom. Rep.
Moscow, U.S.S.R.

**Voice of Org. of

‘American States

Washington, USA
Tokyo, Japan

Tirana, Albania

Oslo, Norway

Sofia, Bulgaria

Peking, China

* *Luxemburg
**VOA, Washington, USA
**Montreal, Canada
(Norihern Service)
Athens, Greece
Brussels, Belgium
Prague, Czechoslovakia
Stockholm, Sweden
Kiev, U.SS.R.
Moscow, U.S.S.R.
HCJB, Quito, Ecuador
Vatican, City

Rome, ftaly

Moscow, U.S.S.R.

Vilnius, U.S,S.R.
Montreal, Canada
Berlin, Ger. Dem. Rep.
Peking, China

Prague, Czechostovakia
Melbourne, Australia
Havana, Cuba

Madrid, Spain
**Santiago, Chite
Cologne, Ger. Fed. Rep.

Tirana, Albania
Vienna, Austria
Moscow, U.S.S.R.

Bucharest, Rumania
Berne, Switzerland
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16.325, 17.82

9.685, 11.855

9.625, 11.83, 15.325, 17.82

9.78, 11.91, 15.42 (variable)

11.855

9.685, 11.855

9.022, {11.77 alternate)
5.90,7.395,9.815

11.85

11.73 {via Talata)

11.865, 17.75

7.27,9.585, 11.80, 11.90

15.245 (11.78 alternate)

9.58 {via Ascension),

11.78, 15.26 {via Ascension}
6.07,9.70

9.715, 11.73 {Sun.: Dutch)
6.10,7.24,9.62

5.925,9.445

11.87 (Sun.}

15.40 {varies, Mon,-Fri,)

9.80%

9.515,11.88

7.412,9.815, 11.645, 12.025
5.84,7.105,7.115, 7.15, 7.205, 7.355,
7.40,9.655,9.72, 9.745, 11.77, 11.90
5.98,9.585, 11.80, 11.90

5.975, 7.325, 9.58 (via Ascension)
9.566, 11.81, 15.15

6.045, 9.605, 11.705
5.94,7.105,7.115, 7.15, 7.208, 7.358, 7.40
7.29,7.32, 7.55,9.655, 9.72, 9.745,11.77
11.90 (Sat., Sun..)

11.71 (Mon.-Fri.)

6.96 (Mon.-Fri.)

11.755

11.70 (irregular)
5.94,7.105,7.115, 7.15, 7.165,
7.205, 7.235,7.355,9.79, 9.80
6.13,9.64, 1174

15.27, 15.30

7.065, 9.75 {varies)
6.185 {Sun.)

9.705 (alternate 9.70)
11.945, 15.06, 15.52, 17.673
6.09

6.19,9.67, 11.83, 11.895
6.065, 9.625

9.75,9.76, 11.73

9.725

6.055,9.74

11.955

1.15,7.205,

5.94,7.105, 7.115, 7.355, 140, 1.44
6.095, 9.56, 11915

5.995,6.015, 9.605

6.01,9.575

5.94,7.105, 7.115, 7.205, 7.355,
740, 7.44

7.15,7.215, {Sat., Sun.)

9.535 '

9.73

7.12,9.78 {via Tirana), 11.685, 11.945,
16.06, 15.52
5.93,7.345,9.54,9.63,9.74

15.32, 17.795

11.725,11.93

6.065, 11.88 (Mon.-Sat.}

9.566, 11.81, 15.15

6.01, 6.04 {via Antiqua), 6.075,
9.565, 9.605

6.20,7.30

6.155,9.77

5.84,7.105,7.115, 7.15, 7.205,7.215,
7.355,7.40,7.44,9.705

(ait. 9.70 via Sofia)

5.99,9.57,9.68, 11.775, 11.94
5965,6.135,9.725. 11715
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9:00-9:30 p.m.

9:00-9:55 p.m.
9:00-10:00 p.m.

9:00-10:20 p.m,
9:00-10:30 p.m.
9:10-9:30 p.m.
9:30-9:55 p.m.
9:30-10:00 p.m.

10:00-10:30 p.m.
10:00-10:35 p.m.

10:00-10:55 p.m.
10:00-11:00 p.m.

10:00-11:26 p.m.
10:10-10:30 p.m.
10:30-10:55 p.m.

10:30-11:30 p.m.
10:30-11:50 p.m.
11:00-11:15 p.m.

11:00-11:25 p.m.
11:00-11:30 p.m.
11:30 p.m.-2:30 a.m.
11:50 p.m.-1:00 a.m.
12 mdt.-12:15 a.m,
12 mdt.-2:00 a.m.

TO WESTERN NORTH AMERICA

TIME-EST

3:00-3:15a.m
3:00-4:25 a.m.

3:00-5:30a.m.
3:00-6:00 a.m.
4:004:15 a.m.
4:004:30 a.m.
4:104:30 a.m.
4:154:30 a.m.
4:30-6:00 a.m,

4:30-8:30 a.m.
5:005:15 a.m.
5:30-7:00 a.m.
6:00-6:30 a.m.

6:00-7:20 a.m.
6:00-8:55 a.m.
7:00-7:15 a.m.
7:00-8:00 a.m.

8:00-8:15a.m.

8:15-10:30 a.m.
8:42-8:51 a.m,
9:009:15a.m.
10:00-10:15 a.m.
10:00-10:30 a.m.
11:00-11:07 a.m.
11:00-11:15 a.m.
11:00- a.m.-12 noon
12 noon-12:15 p.m.
12 noon-1:20 p.m.
1:00-1:15 p.m.
1:15-3:00 p.m.
2:00-2:15p.m.
2:00-2:30 p.m,
2:004:00 p.m.
2:30-3:00 p.m.
2:30-3:20 p.m.
2:304:30 p.m.
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0200-0230

0200-0255
00-0300

0200-0320
02000330
0210-0230
0230-0255
0230-0300

0300-0330
0300-0335

0300-0355
0300-0400

0300-0426
03100330
0330-0355

0330-0430
0330-0450
0400-0415

0400-0425
0400-0430
0430-0730
0450-0600
0500-0515
0500-0700

TIME-GMT

11001115
1100-1225

1100-1330
1100-1400
1200-1215
1200-1230
1210-1230
1215-1230
1230-1400

1230-1630
1300-1315
1330-1500
1400-1430

1400-1520
1400-1655
1500-1515
1500-1600

1600-1615

1615-1830
1642-1651
1700-1715
1800-1815
1800-1830
1900-1907
1800-1915
1900-2000
2000-2015
2000-2120
21002115
2115-2300
22002215
2200-2230
2200-2400
2230-2300
2230-2320
2230-0030

Budapest, Hungary

Oslo, Norway
Montreal, Canada
Peking, China
Moscow, U.S.S.R.

Hilversum, Holland
Cairo, Egypt
**Santiago, Chile
Tirana, Albania
Lisbon, Portugal
Stockholm, Sweden
Budapest, Hungary
Kiev. Y.S.S.R.
Warsaw, Poland

Peking, China

Buenos Aires, Argentina
Prague, Czechoslovakia
Moscow, U.S.S.R.
**Johannesburg, S. Africa
“*Santiago, Chile
Tirana, Albania

Vienna, Austria
London, England
Havana, Cuba

Budapest, Hungary

Bucharest, Rumania
Oslo, Norway
London, England
Havana, Cuba
Jerusalem, Israel
HCJB, Quito, Ecuador

STATION

Tokyo, Japan
Trans-World Radio,
Bonaire, N.A.

London, England
**VOA, Washington, USA
Tokyo, Japan
“*Tashkent, U.SS.R
**Santiago, Chile

HCJB, Quito, Ecuador
Trans-World Radio
Bonaire, N.A.

HCJB, Quito, Ecuador
Tokyo, Japan

**0elhi, india

Tokyo, Japan
“*Tashkent, U.S.S.R.
**Hilversum, Holland
Manila, Philippines (VOP)
Tokyo, Japan

London, England

Tokyo, Japan

London, England
London, England
Hiiversum, Holland
Tokyo, Japan

Tokyo, Japan

Oslo, Norway
**Papeete, Tahiti
Tokyo, Japan

Taipei, Taiwan

Tokyo, Japan
**Hilversum, Holland
Tokyo, Japan

London, England
Tokyo, Japan
**Caracas, Venezuela
**VBA, Washington, USA
Jerusalem, Israel
Johannesburg, S. Alrica
Moscow, US.S.R,
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6.00,7.215,9.585,9.833, 1191
(Exc. Sun.)

6.185 (Sun.)

6.065,9.535

11.965, 12.055, 15.06
5.94,7.105, 7.115, 7.205, 7.355,
9.705 {alt. 9.70 via Sofia)

6.165 (via Bonaire)

9.475

9.566, 11.81, 15.15

6.20, 7.30

6.025, 11.935

6.045, 9.635

6.00, 7.215,9.585, 9.833,11.91
7.15,7.205,7.24,7.26,7.40
6.09¢, 6.135,7.27,9.675,
11,815, 11.84, 16.12

7.12.9.78 (via Twana)

9.69 IMon.-Fri.)
5.93,7.345,9.54,9.63,9.74
5.94,7.115, 7.355, 7.44
3.995,5.98, 7.27

9.566, 11.81, 15.15

6.20, 7.30

6.155,9.77

5.979, 9.58 (via Ascension)
11,725, 11.76, 11.93
6.00,7.215,9.585,9.833,11.91
{Tues., Fri.)
5.99,6.155,6.19,9.57,9.68,11.775. 11.94
6.185, 9.61 (Sun.)

6.175 [via Antiqua)

11,725, 11.76
5.90,7.412,9.009

6.05, 9.56

FREQUENCIES, MH2

5.99
11.815

5.99 via Sackville), 11.75 (via Tebrau)
5.955,9.73

5.99

6.025,9.60, 11.925

6.195, 9.566, 11.81,15.15

11.745

15.255 {Sat., Sun.)

11.765, 15,115

5.99

11.81, 15.345

5.99

9.60, 11.925

11.73 {via Talata)

9.58 {Closes 1555 Sun.)

5.99

17.82 (via Ascension) Sat., Sun.
also 9.58 (via Sackville)

5.99

9.58 {via Sackville}, 17.84 {via A=cension)
9.58 (via Sackville)

11.82, 15.19 {via Bonaire, Man_-Fri )
5.99

9.505

11.885 (Sun.)

11825, 15.17 (exc. Sun.) *
9.50%

9.51,11.86, 15.225

9.505

11.23 (via Talata)

9.50%

9.58 {via Ascension)

15.185

15.40 {varies; Mon -Fri.)
17.82,17.895, 21.61
7.412,9.815, 11,645, 12.025
598.9.585, 11.80, 11.90

5 02,7.26,9.635,9.78,12.05, 15.14, 15.18,
15.4%5,17.72
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EICO 390 SWEEP/FUNCTION
GENERATOR

B .2 Hz to 200 KHz

m Sine, Square, Triangle

B Linear & Log Sweep

Now you can afford a Function Gen-
erator that will meet all your signal
requirements! The 390 generates dis-
crete sine, square, and triangle wave~
forms over a very broad frequency range.
You have a choice of either linear or
logarithmic sweep with slow, medium,
or fast rates. The 390 also allows for
external frequency control through a
rear panel input. With its 50-ohm output
impedance and calibrated altenuator,
the 390 can handle everything from

checking the response of an audio
amplifier to driving digital circuits.

Model 390 assembled $169.95

EICO 388 PORTABLE COLOR BAR
PATTERN GENERATOR

m Eattery Operated with LED Indicator
® [T Digital Circuit Design

m RF Adjustable, Channels 2, 3, 4

The 388 is truly the most advanced
pocket-size portable color generator in
the field today. A single MOS LSI IC
pravides 9 digitally controlled, stable
patterns. The 388 operates by simply
connecting its output cable to the TV's
VHF terminals. Two matrix slide switches
selact any one of the 9 patterns.

Crystal controlled chroma and timing
oscillators assure precision, accuracy
and stability. The 3B8 is powered by two
9-volt transistor batteries.

Model 388 assembled $89.95
e ——

FREE EICO CATALOG

For latest EICO Catalog and name of

nearest EICO Distributor, check reader
service card or send 50§ for fast first class
mail service

EI1CO-283 Malta Street, Brooklyn, N.Y. 11207

Leadership in creative electronics since 1945,
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2:50-3:10 p.m. 22502310 " *Santiago, Chile F 6.195,9.566, 11.81, 15.15
3:00-3:30 p.m. 2300-2330 Tokyo, Japan 6] 15.105
3:00-4:30 p.m. 2300-0030 . London, England G 6.175,9.51 {via Sackvitie),
9.58 (via Ascension)
3:00-5:00 p.m, 2300-0100 | Montreal, Canada f= 5.96
3:304:00 p.m. 2330-2400 **Radio Clarin,
S. Domingo, Dom. Rep. €] 11.70 (irreguiar)
3:45-4:00 p.m. 2345-2400 | **Voice of Org. of G 6.13,9.64.11.74
American States,
Washington, USA
4:00-4:15 p.m. 0000-0015 Tokyo, Japan G 15.105
4:00-5:00 p.m. 0000-0100 « **VOA, Washington, USA G 11.83. 11.895, 15.40
4:30-5:00 p.m. 0030-0100 Moscow, US.S.R. €] 6.02,7.26.9.635,9.78, 12.05, 15.14, 15.18,
15.455, 17.72
4:30-7:30 p.m. 0030-0330 ' London, England 6] 6.175 (via Sackville),
9.51 {via Greenville),
9.58 {via Ascension)
4:40-9:00 p.m. 0040-0500 | HCJB, Quito, Ecuador G 6.095,9.56, 11.915
5:00-5:15 p.m. 0100-0115 | Tokyo, Japan G 15.105
5:00-5:30 p.m. 01000130 Moscow, U.S.S.R. G 6.02,7.175,9.635,9.78, 12.05, 15.14,
15.18, 15.455
5:00-7:00 p.m. 0100-0300 Melbourne, Australia G 15.32, 17.795
5:00-8:00 p.m. 0100-0400 = Madrid, Spain F 6.065, 11.88 (Mon.-Sat}
5:10-5:30 p.m. 0110-0130 - **Santiago, Chile F 6.195, 9.566, 11.81, 15.15
5:30-6:30 p.m. 0130-0230 ' Tokyo, Japan G 15.195, 15.235, 17.725, 17.825
Moscow, U.S.S.R. G 6.02,7.175, 9.635,9.78, 11.86, 12.05, 15.14
i 16.18, (10 0200), 15.455 (10 0200)
6:00-6:15 p.m. 0200-0215 ' Tokyo, Japan G 15.105
; ; i 6:00-8:00 p.m. 0200-0400 Taipei, Taiwan F 9.685, 15.425, 17.89
’-r:'\c:jtrdsg%%rgglcggenz‘le%at?or?li 6:10-6:30 p.m. 0210-0230 = **Santiago, Chile F 6.195,9.566, 11.81, 15.15
; . 6:30-7:00 p.m. 02300300 Stockholm, Sweden P 9.695, 11.705
components such as|C's. That's E Moscow, U.S.5.R. G 6.027.26,9.635,9.78, 11.86, 15,14
why the DIGI-DESIGNER will 7:00-7:15 p.m. 03000315 ' Tokyo, Japan G 15.105
become your bugs’' best friend. 7:00-7:30 p.m. 03000330 ' Kiev, U.S.S.H. G 7.26,9.58,9.635,9.78, 11.86
It's a solderless breadboarding I Montreal, Canada G 6.045,6.065,9.535,9.655
instrument that can save you 7:00-7:55 p.m. 0300-0355  Peking, China G 7.512,9.78 (\8/ia Tiransa), I;.;dS, 12.055,
f 15.06, 15.385, 17.735, 17.855
time and burned out parts. 7:00-8:20 p.m. 0300-0420 **Johanneshurg, S. Africa F 3.995,7.27,9.58
DIGI-DESIGNER comes compiete 7:10-7:30 p.m. 0310-0330 **Santiago, Chile R 6.195, 9.566, 11.81, 15.15
with C|OC|(, dual pulsers, |OgiC 7:20-8:25 p.m. 0320-0425 ;"‘TIFC, San Jose, Costa F 6.035, 9.645, {opens 0300 Sat., Sun.)
q i ica
monitors, voltage switches, 722.7:28 pm. 0322.0328 Erevan, U.SS.R. G 602,9.54,9.735,11.69, 15.14
built-in 5 volt supply, binding (Sat./Tue./Wed /Fii.)
posts for external power, in- 7:30-8:00 p.m. 0330-0400 Moscow, U.S.S.R. G 6.02,7.26,9.54,9.58, 9.635,9.735,
put/output BNC'S, and more. 9.78, 11.69, 15.14
Everything you'll need for fast, 7:30-8:15 p.m. 0330-0415  Berlin, Ger. Dem. Rep. P 5.955,6.08 956,9.73
efficient circuit design. 7:30-8:30 p.m. 0330-0430 ' London, England G 6.175 (via Sackvilie},
9.58 (via Ascension}
DIGI-DESIGNER. It means the end 8:00-8:15 p.m. 04000415 | Tokyo, Japan G 15.105
u 0 8:00-8:30 p.m. 0400-0430 Solia, Bulgaria F 9.705 (alt. 9.70)
E gf|1:(|:e’;i12t£?:ati:|€2gl:':?glggaerstlg; I Budapest, Hungary F 6.00, 7.215,9.585, 9.833, 11.91
0 ; (Tue., Fri.)
_for you. Suggested res.ale price Mantreal, Canada G 6.045,9.655
in USA—$77.75 (in kit form). 8:009:00 p.m. 04000500 ‘Moscow, U.S.5.R. G 602,7.175,7.26,9.54,9.58, 9.61
Now available at your nearest (from 0430, 9.635,9.735, 9.78, 11.69
computer store. 8:30-9:00 p.m. 0430-0500 Berne, Switzerland G 6.045,9.725
8:30-11:30 p.m. 0430-0730 ' London, England G 6.175 (via Antiqua)
9:009:15 p.m. 0500-0515 Jerusalem, Israel F 5.90, 7.395, 7.412
Tokyo, Japan G 9.505
9:00-9:30 p.m. 05000530 Lisbon, Portugal F 6.025, 11.935 (varies)
9:00-10:20 p.m. 0500-0620 Hitversum, Holland G 6.165,9.715, (via Bonaire)
9:00-11:00 p.m. 0500-0700 HCJB, Quito, Ecuador G 6.095, 9.56
9:00-11:30 p.m. 0500-0730 Moscow, U.SS.R. G 6.02,7.175, 7.26,9.54,9.58, 9.61,
9.635,9.735,9.78
9:30-9:50 p.m. 0530-0550 Cologne, Ger, Fed. Rep. G 5.96 (via Antiqua)
\ / 6.10 (via Malta), 6.185, 9.545
(G 10:00-10:15p.m.  0600-0615 Tokyo, Japan G 9505
\ E fh , 10:00-10:30 p.m. 0600-0630 ' Oslo, Norway F 9.645, 11.87 (Sun.)
10:00-11:00 p.m. 06000700 Buenos Aires, Argentina G 9.69 (Mon.-Fri.)
10:00 p.m.-12 mdt.  0600-0800 Pyongyang, Dem. Rep. Karea: G 9.82
E&L lNSTRUMENTS’ INC. 10:30 p.m.-12:30 a.m. 0630-0830 Havana, Cuba G 9.525
61 First Street, Derby, Conn. 06418 10:45 p.m.-12:45 a.m. 0645-0845 **Wellington, N.2. F 11.78
' (203) 735-8774 Telex No. 96 3536 11:00-11:15 p.m.  0700-0715 Tokyo, Japan G 9505
12 mdt.-12:15 a.m. 0800-0815 Tokya, Japan ] 9.505
12 mdt.-2:00 a.m. 0800-1000  Manila, Philippines (FEBC) F 11.92
1:00-1:15 a.m. 0900-0915 Tokyo, Japan G 9.505
Dealer 2:00-2:30 a.m 1000-1030 Tokyo, Japan €] 5.99
inquiries !
invited. “Reception quality, East Coast {West Coast) location: G-good, F-fair, P-peor
“*Not intended for North America, but receivable satisfactorily
Days refer to local date in target area.
M S .
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Computer Bits

MEMORY TESTING

T'S LATE at night and you have just

finished assembling an expansion
memory board for your computer. You
turn the computer on and operate the
console. It seems to function OK. Now
it's time to run a memory test program to
make sure that every one of those 4096
new bytes can store and recall data reli-
ably.

A good memory test routine should be
able to detect all possible failure modes
on the new board. When used at home,
it can be run continuously for a day or
two to “burnin” the components and de-
tect early failures while the warranty is
still in effect. The CPU, data busses, and
power supply are also exercised proving
their ability to handle the additional load.
In a small business application it may be
wise to run a memory test (and tests of

INITIALIZE
STORE
ADDRESS

!

STORE 0 AT
STORE
ADDRESS

1s 0
STORED AT
STORE AD-
DRESS?

ERROR

STORE 1 AT
STORE
ADDRESS

18 1
STORED AT
STORE AD-
DRESS?

ERROR

INCREMENT
STORE
ADDRESS

ALL
ADDRESSES
TRIED?

NO

Fig. 1. Simple memory test.
MARCH 1977

By Hal Chamberlin

other system components as well) be-
fore processing sensitive financial data.

A Simple Test Program. Basically a
test of memory amounts to checking that
each memory byte will correctly read
back previously stored data. Since each
byte is in turn composed of 8 bits, the
data used for checking should try each
bit in the “1” and “0" states. Thus a sim-
ple test procedure might be first to write
all zeroes into a byte, read it back for
checking, try all ones, and then go to the
next address until all 4096 bytes are
tested. Figure 1 shows a flowchart of
such atest routine. Actually this is a very
poor testing scheme because it will fail
to detect a number of common memory
board faults.

Shorts between two closely spaced
printed circuit traces is @ common prob-
lem. Assume a solder bridge short be-
tween two adjacent data lines on the
board. What this means is that those two
bits will always be read back identical to
each other regardless of what is actually
stored in the memory IC’s. Usually ze-
roes will override; meaning that if either
of the “paired” data lines has a 0, it will
force the other one to a 0 also. Obvious-
ly the test scheme in Fig. 1 would not de-
tect this problem since all bits in the byte
are identical. Other complementary pat-
terns such as 252 (10101010) and 125
(01010101) (octal) could be used but no
such pattern can guarantee detection of
a short between any pair of data lines.

Shorts or opens in the large number of
parallel address lines are even more
likely and would not be detected either.
The effect of most address line prob-
lems is that the actual number of distinct
storage locations is less than the 4096 it
shouid be. Another way to think of this is
that two or more different addresses will
refer to the same memory cell. Since the
routine uses the same data in each loca-
tion and only one location at a time is
checked, it would probably run OK even
if none of the address lines worked!
About the only circuitry this routine does

AmericanRadioHistorv Com

test is the data buffers (if the board has
them) and whatever memory cells that
can be addressed correctly.

A Better Test Program. Letustryto
design a better testing scheme that de-
tects the common faults noted above.
To solve the problem of detecting short-
ed data lines, we should try to store and
recall all 256 possible 8-bit numbers. To
detect bad address lines, we should look
at all of the other addresses to make

CLEAR
MEMORY
TO ZEROES

v

INITIALIZE
DATA PATTERM
T00

1

INITIALIZE
STORE
ADDRESS

v

STORE DATA
PATTERN AT
STORE ADDR.

iV

INITIALIZE
SCAN
ADDRESS

CCNTENT
OF SCAN
ADDRESS

ERROR

SCANNED?

ONTE
OF STORE
ADDRESS =
DATA PAT?

ERROR

INCREMENT
STORE
ADDRESS

ALL
ADDRESSES
STORED?

INCREMENT
DATA
PA"TERN

ALL
PATTERNS
DONE?

Fig. 2. Better memory test.
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sure the data just stored does not pop
up someplace else. Figure 2 shows a
flowchart for this more effective test
procedure. An estimate of the test exe-
cution time can be obtained by multiply-
ing the execution time of the inner loop
by 4096 locations times 256 data pat-
terns. On a full-speed 8080 this is about
35 microseconds X 4096 X 4096 X 256
or nearly two days!

This routine is quite effective in locat-
ing memory board problems but cannot
detect a fairly common (though less so
now than in the past) memory chip prob-
lem that is termed “pattern sensitivity”.
This is caused by a sort of “spillover” of

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

:000
:002
:006
:011
:014
:017
:022
:025
:026
:027
:030
:031
:032
:035
:040
;042
:046
:051
:052
:053
:056
:057
:060
:061
:064
:067
:072
:073
000:076
000:077
000:102
000:103
000:106

000
001
130
157
000
130
111

001
000
000
000
020
000
000

MTEST

PASS

STORPH

017
157
000
130
111

000
000
020
000
000

VERFPH

012
275
302
033
173
262
302
303
062
175
062
170
062
171
062
166

067 000

043
006
161

000
000
000 ERRLOG

162 000

164 000

163
000

000
000

»*

bits into their neighbors on the chip and
only causes problems with certain pat-
terns of bits. From the memory chip’s
point of view this routine writes a single
“1" bit in a sea of zeroes and checks
that the “t1” remains stored and that
none of the zeroes is disturbed. As the
test progresses, the “1” moves around
until all locations are tested. Trying all
possible bit patterns is not a feasible so-
lution since there are 21024 of them or
about 10308 on a typical memory IC. ltis
possible to make a thorough test of pat-
tern sensitivity in a reasonable time but
a detailed knowledge of the particular
memory chip’'s geometry is required.

Fig. 3

Using Random Numbers. let us
now take a look at how computer-
generated random numbers can be
used in an even better memory test pro-
gram. Proper functioning of the data and
address circuitry can be simultaneously
tested by changing the procedure a little
and using random data patterns. Instead
of testing one location at a time we will
first store data in all of the locations to be
tested (the store phase) and then come
back and see if all of the locations held
their data (the verification phase). Also
instead of using the same data in all lo-
cations, different random numbers will

(Text continuedonp 110)

MEMORY TEST PROGRAM USING RANDOM NUMBERS
WRITTEN FOR A 4K BLOCK OF MEMORY ON A 4K BOUNDARY

INITIALIZE RANDOM NUMBER SEED
NEW PASS, GET A RANDOM NUMBER IN HL

STORE RANDOM BYTE IN MEMORY

CONTINUE STORE PHASE IF NOT
RESTORE RANDOM SEED FOR VERIFY PHASE

FORM A MEMORY ADDRESS IN BC

COMPARE WITH WHAT WAS STORED
GO TO ERROR LOG IF NOT THE SAME

STORE ERRONIOUS DATA IN ERROR LOG AREA

LXI SP,400Q INITIALIZE STACK POINTER
LXI H,1

CALL RAND

SHLD SEED SAVE AS SEED FOR VERIFY
LXI D,4096 INITIALIZE ADDRESS COUNTER
CALL RAND GET A RANDOM NUMBER IN HL
CALL MADDR FORM MEMORY ADDRESS IN BC
MOV A,L

STAX B AT ADDRESS IN BC

DCX D DECREMENT ADDRESS COUNTER
MOV AL,E TEST IF IT IS ZERO

ORA D

JNZ STORPH

LHLD SEED

LXI D,4096 INITIALIZE ADDRESS COUNTER
CALL RAND GET A RANDOM NUMBER IN HL
CALL MADDR

LDAX B GET DATA FROM MEMORY

CMP L

JNZ ERRLOG

DCX D DECREMENT ADDRESS COUNTER
MOV A,E .. TEST IF IT IS ZERO

ORA D

JNZ VERFPH CONTINUE TEST PHASE IF NOT
JMP 'PASS GO FOR ANOTHER PASS

STA WAS

MOV AL

STA SHLDBE STORE CORIECT DATA

MOV A,B

STA ERADDR+1 STORE ADDRESS OF ERROR
MOV A,C

STA ERADDR

HLT

HALT OR JUMP TO ERROR PRINT

SCRAMBLED MEMORY ADDRESS FORMATION ROUTINE
USES ADDRESS COUNTER IN DE AND RANDOM NUMBER IN SEED

000:
000:
000:
000:
000:
000:
000:
000:
000:

108

T
114
115
116
121
122
124
126
127

072
253
117
072
252
346
306
107
M

157

160

017
XXX

000

000

MADDR

TO FORM A SCRAMBLED ADDRESS IN BC

LDA
XRA
MOV
LDA
XRA
ANI
ADI
MOV
RET

SEED

E

C,A

SEED+1

D

17Q

(page number)
B,A

GET LOWER BYTE OF RANDOM NUMBER
EXCLUSIVE-OR WITH LOWER ADDRESS

GET UPPER BYTE OF RANDOM NUMBER
EXCLUSIVE-OR WITH UPPER ADDRESS
SAVE ONLY 4 BITS FOR 4K MEMORY
ADD IN FIRST PAGE NUMBER OF BOARD
BEING TESTED

RETURN

POPULAR ELECTRONICS
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Fig. 3 (Cont'd.)

* RANDOM NUMBER GENERATOR SUBROUTINE
* ENTER WITH SEED IN REGISTERS H AND L
X EXIT WITH NEW RANDOM NUMBER IN H AND L
d USES 16 BIT FEEDBACK SHIFT REGISTER METHOD
b DESTROYS REGISTERS A AND B
000:120 006 010 RAND MVI ,8 SET COUNTER FOR 8 RANDOM EITS
000:132 174 RAND1 MOV A,H EXCLUSIVE-OR BITS 3,12,14, AND 15
000:133 017 RRC OF SEED
000:134 254 XRA H
000:135 017 RRC
000:136 017 RRC
000:137 254 XRA H
000:140 017 RRC
000:141 255 XRA L RESULT IS IN BIT 3 OF A
000:142 017 RRC SHIFT DOWN TO BIT O OF A
000:143 017 RRC
000:144 017 RRC
000:145 346 001 ANI 1 CLEAR OUT ALL OTHER BITS
000:147 051 DAD H SHIFT HL LEFT ONE
000:150 205 ADD L REPLACE BIT O OF HL WITH EESULT
000:151 157 MOV L,A
000:152 005 DCR B TEST IF 8 NEW RANDOM BITS COMPUTED
000:153 302 132 000 JNZ RAND1 LOOP FOR MORE IF NOT
000:156 311 RET RETURN
* STORACE FOR MEMORY TEST
000:157 SEED DST 2 RANDOM NUMBER SEED SAVE
000:161 WAS DST 1 ERROR LOG AREA, ERRONIOUS DATA
000:162 SHLDBE DST 1 CORRECT DATA
000:163 ERADDR DST 2 ADDRESS OF ERRCR
000:165

END

a revolutionary concept in kit building... '_
THE PROGRAMMABLE
CLOCKKIT! $2995

SYSTEM 5000 is the first full-feature timepisce features

available in programmable form. After the circuit has TIME OF DAY REGISTER e DUPL
been assembled and tested, all that is necessary is to REGISTER ®FOUR YEAR CALENDA

add the appropriate switches and jumpers to easily or day/month format ® ALARM W§
program the system for the desired functions. The TONE QUTPUT e ADDITIONAL A /
systemy may be expanded or reprogrammed at any "his and hers” alarm or activate a

time, preset time ® 10 MINUTE SNO
REMINDER e 3 FUNCTION ALA|
SELECT — tane, relay, or relay then

DIRECT DRIVE ELIMINATES RFI o SINGLE 9

VOLT EATTERY BACKU® e DISPLAY SECONDS
ZONTROL e HOLD AND RESEYT CONTROLS &
50/60 HZ L4 700 WATY RELAY OPTIONAL

SYSTENM 5000 includes all components, 2 time set
ting switches, and complete assembly and progr:
ming manuals. Swntches tor additional 1uncl|onsa
relay ar2 not included but are availabl

RELAY OPTIDN — $4.00
includes 700 watt refay aad all nme
ents. Will control appliances, stareos ot

This represents a revolutionary concept in adaptabil-
ity and flexibility. Build an Alarm/Clock/Calendar or
a fuli feature Desk or Radio Station clock. Use the
DUPLICATE TIME REGISTER to monitor GMT,
another time zone, or as an elapsed timer. Add the
optional relay to.control AC or DC accessories. The
possibilities are limited only by your imagination.

add a new dimension to time itself with
SERIES 2000 Decorator Clocks

ESCENT DISPLAY — 5" easy toread d

AM/PM e AUTOMATIC DIiSPLAY DIM

POWER FAILURE INDICATION » 12 & 24
DISPLAY oBLINKING OR STEADY COLON @SiN ;
PLE RD AND REVERSE TIMZ SETTING & F

{ ons. 2 black DPDT
ST slide switches.

Programs all mejor features

CASE OPTICN —- $11.00
Hand fimished, solid walput cabinet complete with
faceplatz and rear panet.

Send your_check or_morey_order today_ for fast

FACTORY ASSEMBLED — 1 YEAR WARRANTY
EC-2001 Solid Acrylic “Time Capsule” $59.95
EC-2002 Acrylic & Hardwood $49.95

MARCH 1977

A bright Fluerescent display provides pasy to read
numbers that brighten and dim automatically ac-
cording o the light. The clear Acrylic tube with
Acrylic or Hardwood end blocks gives these clocks
va unique look of simple elegance. AM/PM & power
tailure indication. Seconds display button. 3% x
3% x 5%". 53/60 HZ

Specify biue or green display, 12 or 24 hour time,
and choize of Hardwood — Walinut, Zebrawood, or.
Rosewood.

COMPLETE KITS — 90 DAY WARRANTY

EC-2001-K Selid Acrylic NEW! $39.95
EC-2002-K Aczrylic & Hardwood SPEC AL! $34.95

AmericanRadioHistorv Com

delivery. Add $1.00 per clack to cover shipping and
insuranee. Money back guarantee on al} products if
not fully satisfied. N.J. residents add 5% sales tax.
Use your Master Charge cr BankAmericard. Phope
orders accepted,

=
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digital concepts

DIGITAL CONCEPTS CORPORATION
249 Route 46, Saddle Brook, N.J. 07662

201/845-7101

109



be stored into each location. Finally, in-
stead of storing and verifying in an as-
cending sequence of addresses, a
scrambled sequence based on random
numbers will be used.

One potential problem with this meth-
od is that, with true random numbers, it
is not possible to tell during the verifica-
tion phase what the stored data should
be. One solution would be to retain a
copy of the correct pattern in known
good memory. A better solution is to use
a “pseudo random” number generator.
Such a generator works by creating a
new number from an old one which is

called the “seed.” A sequence of ran-
dom numbers is obtained by repeatedly
calling the generator routine giving the
last number it produced. If the same ini-
tial seed is used, then the sequence of
random numbers will be the same. So
we have to save only the seed to be abie
to regenerate the sequence for verifica-
tion. A scrambled sequence of ad-
dresses can be obtained by exclusive
OR'ing the lower 12 bits of the memory
address with a random number that
changes after each “pass” (store and
verify phase) through the test routine.
Also, after each pass, the data pattern

| MODELM
Fits most
standard
trunk mount
CB antennas.

V tenna-loc

MODELH

Fits

"Hustler" type
trunk mount
CB antennas

J

s11

110

MODEL FX
y Fits Fibreglass
=/ Hex barrei type
trunk mount

CB antennas.

® [nstalls in minutes. .. no
special tools, no special skills
needed

® Keeps antenna intactand in
place year round.

® May be removed for carwash
or storage.

® Made of chrome-plated,
corrosion resistant
materials.

® Made in U.S.A. — World
patent applied for.

A product of

PROTECT YOUR CB ANTENNA

I want tenna loc ! Send me.
complete (Check models desired)

0O Model M — Standard type O Model FX —Fibreglass Hex type
0O Model H — Hustler type

0 check or O money order enclosed

95 ea.

includes
shipping

MODEL S
Fits “Signal Kicker"
% type trunk and
- roof mount
CB antennas.

ORDER NOW!

CHOOSE THE tenna-loc MODEL
THAT FITS YOUR CB ANTENNA.

Clip and mail today

VERNITRON CORPORATION
CONSUMER PRODUCTS DIVISION Dept PE-3
Lake Success Park, Community Drive, Great Neck, N.Y. 11021

models@ $11.95 ea. i

0O Mode! S — Signal Kicker type '
total amount.

\ Name
VERNITROINN
ORPORATION LIS
1SION
City

Zip !

State

CIRCLE NO.

Residents of Calif., Conn., N.Y., N.J. add Sales Tax. Approx. two weeks deliverr

== 10 DAY MONEY BACK GUARANTEE w=
61 ON FREE INFORMATION CARD

oD odioblictan, o

seed is changed so that each pass is to-
tally different.

Using this method the data lines will
be thoroughly tested because after a
short time all possible data bytes will
have been tried. Addressing will be
checked out also since an incorrect ad-
dress during the data store phase is like-
ly to wipe out data stored elsewhere ear-
lier in the phase. The random address
scrambling insures that a variety of pat-
tern store sequences will be tried. After
a few dozen passes through the routine,
the likelihood is extremely high that ev-
ery bit of memory has been tried in both
one and zero states. Although pattern
sensitivity of the memory chips is not
specifically tested, a great variety of pat-
terns will be tried.

Figure 3 shows a listing of the im-
proved memory test program in 8080
assembly language. The pseudo-ran-
dom number generator subroutine simu-
lates a 16-bit shift register with feedback
for random bit generation (see the TTL
Cookbook by Don Lancaster). Eight ran-
dom bits are generated each call and
are put together to make a random byte.
The seed that is saved for the verify rou-
tine is also used as an address scram-
bler. The test program runs as an end-
less loop and will not repeat the se-
quence of addresses and patterns until
65,535 passes have been completed.
Although written for testing a 4k byte
memory board, it is readily modified for
8k and 16k boards also. If you are test-
ing a so-called “dynamic” memory
board,the computer should be periodical-
ly halted from the front panel for a few
seconds. This will verify proper opera-
tion of the refresh circuitry since normal
execution of the test routine would be
sufficient to refresh the memory.

If an error is detected during the verify
phase, control is passed to an error log
routine. This routine stores the address
of the error, the correct data byte, and
the erroneous data byte in an error log
area. (located at the end of the pro-
gram). At this point, a print routine could
take over for a permanent record of all
errors. Otherwise, a simple halt could be
executed allowing front-panel access to
the error log area. By examining a num-
ber of error logs, it is usually possible to
pinpoint the problem causing errors. For
example, if only a single bit is in error
and the errors are confined to a 1k block
of addresses, then a bad memory chip is
the probable cause. If there is a multi-
tude of errors, and the correct data
bears no resemblance to the wrong
data, there is an addressing problem in-
dicated. <
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OPERATIONAL NNt
AMPLIFIER SOLVES

QUIZ

BY WILLIAM E. PARKER

Assume each of these circuits is an
ideal op amp and each inputis +1.0
volt dc. Determine the output voltages.

20K
500K
10K

20K

10K
—‘"V"AVAV‘VA e
+10
6K

-10
10K

I0K
10K
A AAAAAA
+12
-l2

VVV VYV

100K

4+ HILH D g+ 42— 1319 :Q 0D 8- 18— 'V Slamsuy
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TV

INTERFERENCE

Interference between television and CB
radio is an annoying and not uncommon
problem. Avanti solves these problems
with 3 iine fiiters...

£R(LOW PASS)

AV 800 TV interference fiiter (low pass)
installs in CB antenna line and is espec-
ially useful for interference on CH2 and
5 of poorly filtered TVée'_c‘:ﬁvers.

I | impedance = 50
line loss = negligible
VWSR =111

attenuation on CH2 (54 MHz) = 80db
1000 watt capacity
3db cutoff frequency = 43 MHz

SEYT TV MTEASENECT R TR

AV 811 TV interference filter (hi-pass)
installs in TV antenna line and supple-
ments inadequate TV fiitering to prevent
interference between TV or FM and CB
or other high frequency radio services.

impedance = 300 OHMS
line loss = negligible
VSWR = 11

1.1
cutoff frequency = 54 MHz

AV 820 A.C. line filter prevents trans-
mission of CB signal through AC power
lines. Suitabie to contain signal at C.B.
transceiver or to _R/revent outside signal
from entering through AC line.
1200 watt capacity.

Avanti makes a complete line of high
performance mobile and base CB anten-
nas from $11.95 to $404.00

Free 24 page color catalog.

aNanti

RESEARCH AND DEVELOPMENT, INC.
340 Stewart Avenue, Addison, 1L 60101

Creators of the famous R,
\_ MOONRAKER

0020 CIRCLE NO. 10 ON FREE INFORMATION CARD
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ARTICULATORS
( FOR "TALKING"
GUITAR),COMPUTER
MUSIC INTERFACES,
PROGRAMMABLE RHY-
THM UNITS, ENCEPHALO
GRATIFICATION GENERATOR
(EGG),COMPUTER BASED MUSIC
SYNTHESIS SYSTEMS, PLUS. .. ...
"POLYPHONY”THE MAGAZINE FOR
THE ELECTRONIC MUSIC ENTHUSIAST..
.... AND MORE IN OUR FREE CATALOG

PAIA ELECTRONICS DEPT. 3-P
BOX 14359, OKLAHOMA CITY, OK 73114

CIRCLE NO. 46 ON FREE INFORMATION CARD

PROOFisin %
PERFORMANCE!

Amazing MEGASPARK, the advanced-design
Opto-Electronic Breakerless Ignition System,
FITS ANY CAR! Replaces points and
condenser — gives longer spark plug life.
Increases performance, mileage and driving
satisfaction while cutting fuel and
maintenance costs dramatically. Learn the
facts and don’t settle for less than the best.
Models from $29.50 to $64.50

The only unit that g_i_vns_you-all these features:
- * LIFETIME WARRANTY ;

~ * DIFFERENTIAL AMPLIFIER CIRCUITRY
~* FULL INTERNAL VOLTAGE REGULATION

~ * AUTOMATIC OVERCURRENT PROTECTION

Rush name and address for FREE information package
including catalog and disc ount offer. Or call toll-free
24-hours 800-648-47 11, Ext. 22.

MEGASPARK"

by Ignition Systems Inc.
‘ 2547 Bth Street
< Berkeley, CA 84710
(415) 845-3584

CIARCLE NO. 33 ON FREE INFORMATION CARD

112

Operation Assist

1" you need inlormation on outdated or rare
equipment—a schematic. parts hist. etc —another reader
might be able to assist Simply send a postcard to Opera-
110n Assist POPULAR ELECTRONICS 1 Park Ave . New York
NY 10016 For those who can help readers. please re-
spond directly to them They If appreciate it (Only those
Hems regarding equipment not avalable trom normal
Sources are pubhsheqd )

Old Tubes W11, UV199, UV99, UV201A, UX201A,30 and
VT-24-864. Needed for old radio collection. Tim Ding, 3752
Orange Ave., Long Beach, CA 90807.

Shaevitz Mode! S16A oscilloscope. Need manual and sche-
matics. Gerald Kauffman, 99020 Nohua PI., Aiea, HA 96701.

Tokyo Transistor Model MT-501A candle TV. Schemanc,
service manual or parts. Bernie J. Workman, 730 Jefferson
Ave., Huntington, W. VA 25704.

Electromec Model 1720 oscilloscope. Schemalic, operating
and maintenance manuals. Perry C. Hutchison, 237 Shel-
don, Ames, |A 50010.

Mattes Model SSP-200 stereo power amplifier. Need sche-
matic. G.D.C., Box 824, Huntsville, AL 35804.

Smith Florence Model 810 I-R-E meter. Need manual and
schemalic. John R. McDaniel, R. R. #1, Box 218, Spencer,
IN 47460.

Atwater Kent Model 812 radio. Need schemalic and parts
list. P. A. Seuferer, 706 New Castle Rd., Marshalitown, IA
50158.

Pentron Model T-90 reel-to-reel tape recorder. Need drive
belts and instruction manual. John Whybrew, P. 0. Box 387,
Upland, IN 46989.

Picture Tube type 13AP4. Need Source. Bob Dvorak, 6244
Colby, Lincoin, NE 68505.

Hammarlund Model HQ 170 ham band receiver. Schematic,
calibration and maintenance information needed. Bill Bruyn,
13 Sullivan Ave., Ottawa, ONT,K2G 1S8 Canada.

Hallicrafters Model S-40A shortwave receiver. Schematic
and instruction manual. Robert R. Lintner, 102 Cherry St.,
Gnadenhutten, OH 44629,

Burroughs Model E3500 computer. Operating and pro-
gramming instructions needed. Frank Hoszu, 725 Wiagara
Ln., Wayzata, MN 55391.

Supreme Model 546 oscilloscope. Schematic and manual
needed. Peter Pellerzi, 34-45 28th St., Astoria, NY 11106.

Acoustech Model XI stereo power amplifier. Schematic,
voltage chart and manual. William Lourie, 2444 White Rd.,
Cleveland, OH 44118.

Westinghouse Model H-161 AM/FM radio. Schematic and
service manual needed. Frank Holland. 17 Hilltop Trailer Ct.,
Fairfax, VA 22030.

Navy type CCT-46217 radio receiver. Schematic, service in-
formation and operating manual needed. Ed Grimes. 569 N.
Main Republic, MO 65738.

DeVry transistorized automotive analyzer. Manual or sche-
matic needed. Stanley G. Boler, 116 S. Washington St.,
Knightstown. IN 46148.

Guided Radio Corp. Model M-116A battery powered mega-
phone set. Need schematic and one 1J6 tube. Dwayne Pan-
tle, Rte. 2, Box 131-C, Woodburn, OR 97071,

Superior Instrument Model TV-50A genometer. Schematc
and/or service manual. Dennis Arvisais, 71 Plymouth St.,
New Bedford. MA 02740.

Packard Bell Model 920, "Sync-Lok"” TV camera. Schemat-
ic and manual needed. Mr. Terry D. Caster. 6515 Hunters
Ridge, Holly, M1 48442,

Precision Model 120 V.O.M. Meter movement needed.
Gary Lawson, 128 Poillon Ave., Staten island, NY 10312,

Knight Model C-22 Citizens Band transceiver. Construction
and operating manual needed. Robert W. Boehnke, 3011
Antioch Rd., Perry, OH 44081.

McMurdo Model 911 silver sweep generator. Need sche-
matic and maintenance information. John Zetimeier, 29 Coo-
lidge St., Haverstraw, NY 10927.

Hammarlund Model CB214 CB transceiver. Schematic
needed. Joe Dura, 2910 Red Fox Run, Warren, OH 44485,

maoricanDadinblictary Com

Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

HOME

Earn Your

DEGREE

by correspondence, while continuing your pres-
ent 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 independent study.

The Grantham electronics degree program
begins with basics, leads first to the A.S.E.T.
degree, and then continues through the B.S.E.E.
degree level. Our free bulletin gives complete
details of the program itself, the degrees award-
ed, the requirements for each degree, and how
to enroll. Write or phone (no collect calls please)
and ask for BULLETIN g.77

Grantham School of Engineering
2000 Stoner Ave., Los Angeles, CA 90025

® Telephone (213) 4771901 @
Worldwide Career Training thru Home Study
CIRCLE NO. 3t ON FREE INFORMATION CARD

"My father built this

You'd be proud to buy her an organ this
good...but how would you feel if you'd also built
it? It's a special kind of satisfaction. The gift of a
lifetime of magnificent music, crafted with your
own hands!

And you can do it! You need no prior elec-
tronic or mechanical abilities. Just the capacity to
follow instructions. Every step is clearly detailed,
every component is supplied. You'll find the as-
sembly process as enjoyable as the music which
follows!

And what music! For this is a truly fine instru-
ment you will build. Far superior to most "ready-
made” organs...easily comparable to others at
twice the price. Kit costs range from $650 to $2850
for alf basic components, and you can purchase it
in sections to spread costs out...or have two-year
time payments. .

Just send the coupon for the fascinating
Schober color catatog (or enclose $1 for a record
that lets you hear as well as see the quality of
Schober).

O = D D U G G G G G O O O G G OB B O OB B
H The Organ.Corp., Dept. PE-70
] 43 West 61st Street, New York, N.Y. 10023

0 Please send me Schober Organ Catalog.
0 Enclosed please find $1.00 for 12-inch L.P.
record of Schober Organ music.

ADDRESS

CITY STATE ZIP
D I D - D - S S 6D N G5 G5 55 &N 69 59 6 o
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DEALERS,DOES YOUR
DISTRIBUTOR REALLY CARE?

We really can't say anything about the “other guy,'but at BENNIES,
your business counts.Every dealer we handle gets the best service
possible,including a weekly mailer of specially priced items you'll
have to see to believe!Send $5.00 (deductible from your first order
if made within 90 days) and your tax number for our giant new 248
page catalog,and see the difference for yourself. BENNIES.We're
the distributor who cares.Sorry,catalog only available to dealers.

!+ YOUR ONE STOP DISTRIBUTOR FOR
YYy»' GEMTRONICS 23 AND 40 CHANNEL
(N CITIZEN BAND RADIOS.

WAREHOUSE DISTRIBUTION CENTER
R.D.1 BERWICK,PA.18603 717-759-2201

MARCH 1977 CIRCLE NO. 18 ON FREE INFORMATION CARD
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TSAVE!

MONEY o TIME * FREIGHT

QUALITY STEREO EQUIPMENT
AT LOWEST PRICES.

YOUR REQUEST FOR QUOTA-
TION RETURNED SAME DAY.
FACTORY SEALED CARTONS—
GUARANTEED AND INSURED.

%« SAVE ON NAME BRANDS LIKE:

A.D.C. KLH
A.R. SHURE
DYNACO KOSS
SONY FISHER

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

illinols audio

Department 217S
12 East Delaware
Chicago, Illinois 60611

312-664-0020 ‘

N

CIRCLE NO. 34 ON FREE INFORMATION CARD

handy kits,
precision

instruments,
technical
supplies.

Our 23rd year of service to the World’s

finest craftsmen and technicians.
A carefully selected and tested assortment
of unique, hard-to-find tools, clever
gadgets, precision instruments, bargain
kits. One-stop shopping for the technician,
craftsman, hobbyist, lab specialist,
production supervisor. Many fools and
measuring instruments available nowhere
else. One of the most unusual and complete
tool catalogs anywhere. Get your copy of
the NC FLASHER today.

7\ National Camera

2000 West Union Ave., Dept. GGA
Nt Englewood, Colorade 30110
CIRCLE NO. 41 ON FREE INFORMATION CARD

(303) 789-1893
114
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Electronics Library

DIGITAL TROUBLESHOOTING

by Richard E. Gasperini
The heart of this book is in three chapters.
The first covers tools such as logic probes
and comparators, and technigues such as
piggy-backing IC'’s, selective shotgunning,
toothpicking, and “smoking it out.” The chap-
ter on logical troubleshooting examines ways
of localizing the problem, including half-split-
ting and the serial method. The third shows
how to remove IC's, with vacuum devices,
combination irons, and desoldering wick. The
other 15 chapters offer background material
(numbering systems, how IC's are manufac-
tured, obtaining parts, logic symbois) or de-
scribe various circuits and show how to trou-
bleshoot them (bipolar IC's, MOS, fiip-flops,
counters, shift registers, displays, memories,
etc.). An appendix shows how to decode IC
manufacturers' type numbers.
Published by Movonics Co., distributed by
Hayden Book Co., 50 Essex St., Rochelle
Park, NJ 07662. 180 pages. $9.95 soft cover.

MICROCOMPUTER DESIGN

by Donald P. Martin
Published by the manufacturers of the Mike 3
and Mike 8 hobby microcomputers, this
handbook goes into great detail on the 8008
and 8080 microprocessors. After comparing
them with several other popular MPU'’s, the
author examines timing, bus structures, in-
put/output instructions, RAM and ROM,
DMA, interrupts, timers, digital displays, inter-
facing, keyboards, analog 1/0, software, and
testing. The book concludes with two minimal
micros, using 9 and 19 chips, and a thorough
discussion of the CPU board for the Mike 3.
Published by Martin Research, 3336 Com-
mercial Ave., Northbrook, IL 60062, 416
pages. $25 soft cover.

THE RADIO AMATEUR’S HANDBOOK
by Robert Hertzberg,

revised by A. Frederick Collins
First published in 1964, this well-known
handbook is now in its 13th edition. New
chapters have been added on CB radio and
2-meter fm equipment. There are chapters an
vacuum tubes and solid-state devices, con-
struction techniques, power supplies, receiv-
er and transmitter theory, amateur licenses,
antennas, mobile operation, test equipment,
and setting up and operating an amateur sta-
tion.
Published by Thomas Y. Crowell Co., 666
Fifth Ave., New York, NY 10019. 378 pages.
$8.95 hard cover.

AmericanRadioHistorv. Com

MICROCOMPUTERS/MICROPROCESSORS:
HARDWARE, SOFTWARE AND APPLICATIONS

by John L. Hilburn and Paul M. Julich
Part of the extensive Prentice-Hall series on
automatic computation, this lean-meat text
requires no formal training in digital logic. The
first three chapters provide the needed back-
ground in basic elements, logic, and number
systems. Next discussed are microcomputer
hardware (ROM, read/write memory, micro-
processors), software (machine, assembly
and high-level languages), and interfacing to
peripheral devices. Ten microprocessors are
discussed in detail (with instruction sets given
in the appendixes), and the final chapter is on
design and applications.
Published by Prentice-Hall, Englewood Cliffs
NJ 07632. 372 pages. $16.50 hard cover.

SOLID-STATE ELECTRONICS

by Frank P. Tedeschi and Margaret R. Taber
Intended for use in junior colleges, technical
institutes and industrial training courses, this
book is a combination text and lab manual.
Prerequisites are a familiarity with algebra
and basic electricity. Chapters are included
on rectification, power-supply filters, zener di-
odes, junction transistors, the three configu-
rations (common-base, common-emitter,
common-collector), load lines, and biasing for
common-emitter circuits.

Published by Van Nostrand Reinhold Co.,
450 West 33 St., New York, NY 10001. 202
pages. $8.95 hard cover.

MODERN GUIDE TO DIGITAL LOGIC:
PROCESSORS, MEMORIES & INTERFACES

by United Technical Publications, Inc.
The first four chapters of this guide are on
Schottky TTL, ECL and MECL logic gates, at
a fairly high technical level. More complex cir-
cuits, such as adders and multipliers, ac-
cumulators and counters are taken up in the
next two chapters, on the MECL 10,000 fami-
ly, and MSI/LSI| Schottky TTL. After a chapter
on high-noise-immunity logic gates, and one
on using and interfacing CMOS, the book
ends with a short chapter on microprocessors
and a longer one on bipolar and MOS memo-
ry (RAM and ROM). Most of the material in
the book is taken from seminars, technical
papers and data provided by Motorola, Texas
Instruments, Intel, Teledyne Semiconductor,
etc.
Published by Tab Books, Blue Ridge Summit,
PA 17214. 294 pages. $6.95 soft cover,
$9.95 hard cover.

QUESTIONS AND ANSWERS
ABOUT CB INTERFERENCE

by Leo G. Sands
Several hundred short questions and detailed
answers are divided into seven parts, on in-
terference types, audio rectification interfer-
ence, harmonic and overload television inter-
ference, interference to radio reception, and
auto-engine noise. The questions are explicit,
the answers straightforward.
Published by Howard W. Sams & Co., 4300
W. 62nd St., Indianapolis, IN 46206. 80
pages. $3.95 soft cover.

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 mcnths; 10% for 12 months paid in advance. READER
RATE: For individuals with a personal item to buy or sell, $1.35 per word. No minimum! DISPLAY CLASSIFIED: 1’ by 1column (2-1/4" wide), $260.00. 2" by 1
column, $520.00. 3" by 1 column, $780.00. Advertiser to supply film positives. For frequency 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 lo publisher's approval. All advertisers using Post Oftice Boxes in their addresses MUST supply publisher with permanent address and
telephone number before ad can be run. Advertisements will not be published which advertise or promote the use of devices for the surreptitious Interception
of communications. Ads are not acknowledged. They will appear in first issue to go to press after closing date. Closing Date: 1st of the 2nd month preceding
cover date (for example, March issue closes January 1st. Send order and remittance to POPULAR ELECTRONICS, One Park Avenue, New York, New York

10016, Attention: Hal Cymes.

FOR SALE

FREE!—Bar_gain Catalog—I.C.'s, LED's, readouts, fiber
optics, calculators parts & kits, semiconductors, parts.
Poly Paks, Box 942PE, Lynnﬁe!d, Mass. 01940.
GOVERNMENT and industrial surplus receivers,
transmitters, snooperscopes, electronic parts, Picture
Catalog 25 cenlsiﬁeshna, Nahant, Mass. 01908. -
LOWEST Prices Electronic Parts. Confidential Catalog
Free. KNAPP, 3174 8th Ave. S.W., Largo,ﬁfla. 33540.
ELECTRONIC PARTS, semiconductors, kits. FREE FLYER.
Large catalog $1.00 deposit. BIGELOW ELECTRONICS,
Bluffton, Ohio 45817.

RADIO—T.V. Tubes—36 cents each. Send for free catalog.
9crnell, 4213 University, San Diego, Calif. 92105.
AMATEUR SCIENTISTS, Electronics Experimenters,
Sclence Fair Students...Construction plans—Complete,
including drawings, schematics, parts list with prices and
sources. . Robot Man — Psychedslic shows — Lasers —
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignltion — Burglar Alarm —
Sound Meter...over 60 items. Send 50 cents coin (no
stamps) for complete catalog. Technical Writers Group,
_Box 5994, University Station, Raleigh, N.C. 27607. )
METERS—Surplus, new, used, panel or portable. Send for
tist. Hanchett, Box 5577, Riverside, CA 92507.

MECHANICAL, ELECTRONIC devices catalog 10 cents.
Greatest Values — Lowest Prices. Fertik's, 5249 D",
Philadeiphia, Pa. 19120.

STEREO TEST
nsggno

FOR HOME ANG LABORATORY USE

The most complete.
most versatile Test Disc available today...

the best possible sound reproduction.

Whether you’re an avid audiophile, a casual listener or a
professional technician . . . the new MDDEL SR12 will be the
most important disc in your entire collection.

MODEL SR 12 has been produced by Stereo Review Magazine
for music lovers who want immediate answers to questions
about the performance of their stereo systems and how to get

It is the most complete test record of its kind — containing
the widest range of checks ever included on one test disc.
Make these important stereo checks
BY EAR...(no test instruments required)

Frequency response—a direct warble-tone check of nineteen

ORGAN KITS
KEYBOARDS

THE ULTIMATE IN DESIGN
AND SOUND

Demo Record & Brochure $1.00

Wurlitzer reproductions
DEVTRONIX ORGAN PRODUCTS, Dept. C
45 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
Accessories, many more. Catalog free. PAIA Electronics,
Box J14359, Oklahoma City, OK 79114. .
BUGGED??? New locator finds them fast, Write, Clifton,
11500-L N.W. 7th Avenue, Miami, Florida 33168.
YOU WILL SAVE BIG MONEY! Surplus, Clearouts,
Bankruptcy. Inventory, Deals. Catalog $! (redeemable).
ETCOA Electronics, Box 741, Montreal, H3C 2v2. U.S.
Inquirles. -
HEAR POLICE/FIRE Dispatchers! Catalog shows
exclusive directories of "confidential" channels, scanners.
Send postage stamp. Communications, Box 56-PE,
Commack, N.Y. 11725.

JAPANESE TRANSISTORS, all transistors original factory
made. Free catalog. West Pacific Electronics, P.O. Box
3879, Torrance, CA 90510.

ELECTRONIC ignition: Capacitor-Discharge, pointiess.
Auburn Sparkplugs. Wheel Stabilizers. Information 20
cents. Anderson Engineering, Epsom, N.H. 03234,

POLICE, Fire. monitors, scanners, crystals, CB
Transceivers, New Crystal-less scanners. Dis-
count priced. Box 19224, Denver, CO 802_1}._

TELETYPE EQUIPMENT for sale for beginners and exper-
ienced computer enthusiast. Teletype machines, parts,
supplias. Catalogue $1.00 to: ATLANTIC SALES, 3730
Nautilus Ave., Brooklyn, NY 11224, Tel: (212) 372-0349.

CARBON FILM RESISTORS. Brand new as low as 1.7
cents. Discounts of 20%. Prompt delivery. FREE
samples/specitications. COMPONENTS CENTER, Box
134P, N.Y., N.Y. 10038.
WHOLESALE C.B., Scanners, Antennas, Catalog 25 cents.
Crystals: Special cut, $4.95, Monitor $3.95. Send make,
model, frequency. G. Enterprises, Box 461P, Clearfield, UT
84015.

COMPUTER HOBBYISTS—classified advertising
newslatter. $3.75/year. Free Sample. ON_LINE,
24695 Santa Cruz Hwy., Los Gatos, CA 95030.

BUILD YOUR OWN SPEAKERS
AND SAVE UP TO 50%.

Send Jw our Jree, lact-packed 30-page catslog/manual and
Jeain tmw to assemble your own muli-aiement stere
speakers om scrarch or tiom kits Our catalog inciudes
chapters on design. construction, a overs, enclosures
midranges, woolers, Iweeteis and horas ¥ute us 1oday
SPEAKFRLAR

Oept FE-A, 550G 35th N.E

Seattle: Washington 98105

Announcing the NEW STANDARD in Stereo Testing!

The All-New Model SR12 STEREQ TEST RECORD

most sophisticated...

Attention Professionals

low have been controlled

of phono pickups.

be used as a highly etticient design and measurement tool. Tests be-

numerical evaluation when used with oscilloscope, chart recorder, out-
put meter, intermodulation-distortion meter and flutter meter.

e 1,000-Hz square waves to test transient and high-frequency response

500 to 20,000 Hz frequency-response sweep.

Sine-wave tone-bursts to test transient response of pickup.
Intermodulation test using simultaneous 400-Hz and 4,000-Hz signals.
Intermodulation sweep to show distortion caused by excessive res-
onances in tone arm and cartridge.

® 1,000-Hz reference tones to detarmine groove velocity.

® 3,000-Hz tone for flutter and spaed tests.

For Just $695!

Model SR12 is aiso designed to

to laboratory tolerances— atfording accurate

b sections of the frequency spectrum, from 20 to 20,840 Hz, which Sample wgveforms—illusl_lating both accurate ang faulty responses are
will pinpoint any frequency response defects in your system. g;‘;"elgreigg'gn‘ggu:"cfxr‘:cé‘s%’i‘"g’;ig‘;ae' sfcorreecnompanson with the patterns
P Sgparation—an ingenious test which Indicates whether you have  FREE—An informative manual which  gassat 1o o106 1 Yous sepicm
. includes charts, tables and dia@rams. CNARGE O DINERS ELLs ACEOUNT ==
::ar!riﬁgekltrackll’lng—thef most sophlsticated tests ever devised U S e S G N S BN S G B S Gm em BN G S ] -
or checking the performance of cartri
} e el P your cartridge, stylus and " 7if.Davis Service Division, Dept. R, 595 Broadway, N.Y., N.Y. 10012. i
Channel balance—two broad-band, random-noise signals which ] [ELElease S.end the SR1Z Stereo Test Record @ $6.95. postpaid I
} permlt you to eliminate any imbalances originating in cartridge, (38.95 outside U.S.A.). . .
amplifier, speakers or room acoustics. B [ Enclosed is §_______ . (Residents of Calif., Col., Fla., 1ll., Mich., Mo, |
N.Y. State, D.C. and Tex.. add {i .
Hum and rumble—foolproof tests that help you evaluate the 1 ¢ an x-2 _app RIS #
actual audible levels of rumble and hum in your system. j O CHARGE: 8 Ea""f\me'?""d Ell g‘fm” glhab'ge PE-377 |
merican txpress iners u
Flutter—a sensitive “muslical’ test to check whether your turn- | Account # Exp. D 0
3 5 . Date
table’s fliutter is low, moderate, or high. pi 2a
' I Master Charge Interbank #. {4 numbers over your name) I
PLUS. @® Cartridge and Speaker Phasing @ Anti- ] Signature |
Skating Adjustment @ "“Gun Shot Test” for Stereo Spread @ B Print Name [ |
Muiti-purpose Musician's “A” @ Equal-tempered Chromatic B Address [}
Octave @ Guitar-tuning Tones. I ciy Stat o [ ]
) ate ip
L----- ------------------‘
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SURPRISE! Build inexpensively, the most Unusual Test
Instruments, Futuristic Gadgets using Numerical
Readouts! Catalogue Free! GBS, Box 100A, Green Bank,
West Virginia 24944,

UNSCRAMBLERS: Fits any scanner or monitor, easily ac-
justs to all scrambled frequencies. Only 4™ square $29.95,
fully guaranteed. Dealer inquiries welcomed. PDQ
Electronics, Box 841, North Little Rock, Arkansas 72115,
RECONDITIONED Test Equipment. $0.50 for catalog.
Walter's Test Equipment, 2697 Nickel, San Pablo, CA
94806.

LEARN Design Techniques. Electronics Design News-
letter, Digital, linear construction projects, design theory
and procedures. Annual Subscription $6.00. sample copy
$1.00. Valley West, Box 2119-B, Sunnyvale, CA 94087.

AUDIO EXPERIMENTERS, Serious Music Syn
thesizer Stuff: literature, kits, components, cir-
cuits and more. Send SASE for FREE INFQ. CFR
Associates, POB F, Newton, NH 03858.

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,

LT EoLE

BARGAIN
BONANZA

HIGHEST QUALITY

TUBES

BUY BRAND NEW MANU-

FACTURER'S BOXED TUBES
{Raytheon, Dumont, IEC Mullard,
otc.) AT 70% OFF LIST!

HERE IS A BIGGER & BETTER

LIST THAN WE EVER OFFERED

BEFORE...AND REMEMBER...
70% OFF LIST!

ALL TUBES
BRAND NEW
MANU. BOXED
70% OFF

MINIMUM ORDER $7.50
MONEY BACK GUARANTEE

Terms: Minimum order $7.50. In.
clude postage. Either tull payment
with order or 20% deposit, balance

70% OFF LIST!
g 6AUB
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EDLIE ELECTRONICS, INC.

116

WRITE FOR
FREE VALUE PACKED
CATALOG

ANYONE CAN SOLDER WITH—

DO-IT-YOURSELFERS! @

Let Kester solder aid you in your home repairs
or hobbies. A radio, TV, model train, jewelry,
plumbing, etc. Save money — repair it yourself,
Send self-addressed stamped envelope to Kester
for a FREE Copy of ''Soldering Simplitied".

KESTER SOLDER / “Cniiad™ onene

Chicago, Ili. 60639
CB RADICS, monit_ors, crystals, CD ignitions.—SouthIand;
Box 3591.-B, Baytown, Texas 77520.
FERRIC CHLORIDE ETCHANT. 1/2 gallon $5.50. Gallon
$9.50. Postpaid. CIRCOLEX, Box 198, Marcy, N.Y. 13403.

NEW ADJUSTABLE THREE OUTPUT REGULATED POW-
ER SUPPLY, plus 900 parts worth $400.00 list, contalned in
a solld state CARTRIVISION television recorder electronic
unit. Schematics, parts cross reference furnished. Uses:
HEATHKIT television transistor substitutions, power CB
radios and MICROPROCESSORS, bulld electronic
projects. $17.95 plus $3.50 S&H, USA. Free brochure.
Master Charge, BankAmericard. Satisfaction Guaranteed.
MADISON ELECTRONICS COMPANY, INCORPORATED,
Box 369. D55. Madison, Alabama 35758.

70% OFF LIST!
2.84  12BH7A
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CIRCLE NO. 25 ON FREE INFORMATION CARO

AmericanRadioHistorv Com

CB CRYSTALS over 20,000 standard and specials
in stock from 6.0 MHz to 45.0 MHz. Call or write
for information package. Dealer inquiries invited.
Roberts Electronics Sales, 73563 29 Palms High-
way, 29 Palms, California 92277. (714) 367-
6235.

NON SEMI EURPLUS. Monthly picture flyer. Quality. Low
prices. Send 25 cents. U.S. only. Startronics, Box 683,
McMinnville, OR 97128.

FREE FLYER from Colorado's tastest growing electronic
parts distributor. Our second big year with outstanding
buys on Kits, parts, seml’s, scientific items. Visit our retait
outlet. J.B. Saunders Company, 3050 Valmont, Boulder,
CO 80301.

BUILD AND SAVE. TELEPHONES, TELEVISION, DETEC-
TIVE, BROADCAST Electionics. We sell construction
plans with an Engineering, Service. Speakerphones, An-
swering Machines, Carphores, Phonevision, Dialers, Color
TV Converters, VTR, Games, $25 TV Camera, Electron
Microscope, Special Effects-Generator, Time Base Correc-
tor, Chroma Key. Engineering Courses in Telephone, Inte-
grated Circuits, Detective Electronics. PLUS MUCH
MORE. NEW Super Hobby Catalog PLUS year's subscrip-
tion to Electronic News Letter, $1.00. Don Britton Enter-
prises, 6200 Wilshire Blvd., Los Angeles, Calif. 90048.

FREE CATALOG. Unique Components, Kits, Calculators,
Digital Thermometers, Ultrasonics, Strobes, Ni-cads,
LEDS, Translstors, IC’s. Chaney's, Box 27038, Denver, CO
80227.

TANK] 3UsT ONe OF
- : THE 16 GAMES
/<y S\ YOU CAN PLAY WITH OUR NEW
w | INCREDIBLE HAND HELD ELEC~

| TRONIC GAME. SPECIAL

INTRODUC TORY
PRICE ONLY: $

SATISFACTION GUARANTEED
INTERFAB, 27963 CABOT RD.
NIGUEL . 92677

TELEPHONES AND PARTS. Free catalog. Write: Surplus
Saving Center, P.O. Box 117. Waymart, PA 18472.

PROFESSIONAL UNSCRAMBLERS-—use with any scanner
/ monitor. Free information. Capri Electronics, 8753T Win-
dom, St. Louis, MO 63114,

T.v. COMMERCIAL KILLER. New solid state device will
turn off commercials that exceed preset level. Plans $2.00.
Ken's Electronics, Box 23810, Jacksonville, Florida 32217.
NAME BRAND Digital/Analog Test Equipment. Discount
prices. Free catalog. Salen Electronics, Box 82, Skokise, -
linois 60076. = —

CANADA'S electronics bargain centre, Free Catalogue.
North American and offshore inquiries welcomed. CAN-
MOS, Box 1690, Peterborough, Canada K9J 7S4.

Tips on top €B/Ham operation

Channel 51 magazine includes tips, articles,
Elhizsen=. and step-by-step guidelines to improve your
~ CB/Ham operation. More meaty editorial per
page than leading CB/Ham magazines! Learn
to build, repair, and professionally operate

AT ~ your own unit. And more! For your Channel 51,
—=i Send name, address, and $1.50 now to:
Hufco so: 357, Dept. C51, Provo, Utah 84601 801/375-8566

SURPLUS TEST EQUIPMENT: USM105A 15Mhz DT oscll-
loscope $315, UPM110 spectrum analyzer $315, TEK180A
$85, 0S8 2Mhz oscilloscope $70, Fluke 803R $125,
HP302AR wave analyzer $650. All postpaid guaranteed
working. Free Information. ACS, Box 8104, Athens, GA
30601. (404) 353-1634.

SURPLUS COMPONENTS, Communication and test equip-
ment. illustrated catalog 25 cents. E. French, P.O. Box 249,
Aurora, Hlinois 60505. o -

ALTAIR OWNERS Dress up your Altair 8800 with our front
pane!, color coded with two shades of biue, biack lettering
on white background, fully guaranteed. $24.95. Catalog
tree. Cycloid, Cherry Drive, Souderton, PA 18964.

VICR(
H ROPHO
orld's smallest; solid state, self-contain-
ed. Picks up and transmits most sounds B
without wires up to 300 ft. through FM Ra- [
dio. Use as mike, ampf., alarm & alert sys., ]
hot line, baby sitter, etc. Money back guar.
B/A, M/C cds, COD ok. $18.95 plus $1.00 .
post. & hdig. Calif. res. add tax. Mail orders [}
only. Qty. Disc. Avail. AMC SALES, INC. n
Downey, Calif. 930241

SIZE
24" x V" x ¥z Dept.m23, Box 928 -
e

MICROPROCESSOR Kit including memory, clock, card
reader, controls: $99.00. Anderson, 2266 Kalmia, Boulder,
Colorado 80302.

COMMUNICATIONS Publications and Frequency Lists.
Military, Government, Police, Avlation, Maritime and more
Catalog 25 cents. Handler, Box CC, Northfield, Iil. 60093.

POPULAR ELECTRONICS




For the first time anywh

Avg. Ship
We. 6 ozs.

runs in barrels. Poly Pak has done

Every kit carries

4 money pach
Liaray tee

INCLUDES

“100%"
MATERIAL
TOO!!

uy

oP AMP

CiLm3aov

OLM38IN 3 for 4.00
3

1.19 [V =Minil DIp, N=DIP.

5 LM555H for 119
CL{Mss8v 3 for 1.
SPECIALS dior 232
CJLM301H 5 for 51.19 dtor 113
Bimaeiv  sfor 11910 s tor 1.19
O iM307v 4 for 1.19 0 LM7ION  2for 100
fTimagsy 2 for 2tor, 113
ELm309H 3 for L. 4 119
G emazzi diee 12! Stor 119
24N or 3.
CLM3ZoN  3for 1.19 [(JLM180ON 3 for 2.50
3 for 2.50 [(1LM3900N 3for 1.
3 for 5.00|0LMa2s0H 3 for 2.50
3 for 4.00 | Code H=TOS case.

BARREL KIT 205
MINI BLOCK

ALCULATOR

merchandisers introduc
in buying the economi ;"‘h° same. Thoro'o'r- youlare xoﬂ:;"x BARREL KITS CAPACITORS KEYBOARDS
stock from the ‘‘barrel’’. Remember RE.- Sementype) qlymatgriall as the | S eroose 11E 100 for $1.98
the “good ole days'? They're back J 1 | T™ ee Unbelievable! Worth $50. [it's true! 20-key.
again. The same way merchandisers ~ TEST 'EM YOURS N SAVE! l,“ KiT lign precision  submini [tion keyhoards at
/ % /,J caps for all applicationa. |lous give-away. Wi, 12 028
¥, S ] et | Wt. 3 ozs.Cat.  3E 3528 |Cat. No. 3E 3524
BARREL KIT ;202 N BARREL KIT 201 BARREL KIT 7200/ BARREL KIT f195 BARREL KIT 7188 BARREL KIT ;1868 |0 0oE) KIT f184
PLUGS, SOCKETS v INDICATORS 9 DIGIT 7:5)7/(SARBO-FiLm 400 Parts @ KEYBOARD | |%-WATT METAL FiL
RECEPTACLES w/leads READOUT S RESISTORS $1.98 o CHIPS Al L
100 for 15 for $1.98 MODULES & Ineludes “vesmtors; caps, | 10 for $1.98 1 150 for
$1.98 ! 5 for VS lard to find; hut we got |transformers, rectifiers, di- | Truthfully ~we cant test
& - In- |Test lamp manufacturer y i millions. Lo Hi values. jodes, etc. for .p.c. work | em, MMG6740's. keyhoard $1.98
cludes AC, DC, RF, audio, |dumps inventors!  Worth | L OB with caleuiator &{14 and Y watt, 5%, |Prefornied, dumped into [ enc.der chips. How good
4-9 pih, all kinds. Wt. 1 1b. |69¢ en. Like grain-o-wheat. | driver chips heneath epoxy | 1D % tol. _All marked. | barrels by factories. 100 % they are we don't know. 100% metal flm resis-
Cat No.  3EI3527 . |Cat. No.  3E3526 Cat. No. 3E 3515 100 % . 3E35348 Cat. No.  3E 3401 Cat. No. 3E3414 tors. Long leads<. 3E 3413
BARREL KIT #182 BARREL KIT 4167 BARREL KIT 7166 ( 0\[BARREL KIT /163 BARREL KIT 161 BARREL KIT 2160 BARREL KIT 7159
JUMBO RED LEDS ROMS-RAMS- LONG LEAD D15CS % IMINI TRIM POTS N ‘POP’ PLASTIC V. REGULATORS - MODULAR SWITCHES
REGISTERS TRANSISTORS 54
15 for $1.98 1ib. $1.98 4 0zs. $1.98 30 for 1o- 25 for $1.98 15 for (-
100% muterinl, user can- | A=Ike «J8 $1 98 or . $1.98 &
collation from | faetory | with wpprox count of 80 | No countiog makes it so . 2N3901's with some . Centralah
umps, 3V 10 mils. For |pcs. You get more. Mostly | You get 150-pc. kit (8D~ Aqet. calues 100 to 1 meg[2N3908's of 100% mate- LM:09KC TO-3 V.R.'s bar- |
OF of projects. red lens, | marked, mostly National, | Prox). All marked, 100 %. | yyiny a buy. Single turn. Jrial. TO-92. Preformed. reled. Bot by the pound,

Cat. No. 3£3369 Some 40 pins.  3E 3064

Cat. No,

3E3089

s W. Wt. 6 oz,

3E3345

Cat. No.3E3343  1lox.

Nou i3€ 3330

BARREL KIT 3158
MAGNIFIED MAN-3's

BARREL KIT 7157

BARREL KIT £154
CLOCK CHIPS

BARREL KIT 7149

MOLEX CONNECTORS -~ “ ROCKER SWITCHES
3. 2

12 for 75 for WF’J 20 for mK | 25 for
$1.98 “Hian-s - | $1.98 1172 o2s. | $1.98 & $1.98
seg readout, with bulit-on |Nylon, white eable connec- |Wu gathered an assortment B .
magnifier. Factory discon- |tors, asst. factory over-run. [of cluck chip, alarm, enlen- nrTels ‘n barrels, so many,
imned Tine, 1007 mate- |NO PICKEE! Mixed in bar- |dar. beepers, who knows, [ Sur- customer= should get
rial. Cat. No. 33325 1 oz. |rels.Cat. No. 3E3324 Al mixed. Cab, No. 3E 3308 the deal. No,  3E13302,

-
BARREL KIT 145
MINI

TRANSFORMER

15 for $1.98

Miniature transformer back
again, Asst, outputs, inter-
stage and nudio. Onls 17
mq. We. 2 1bs 3 3294

SARREL KIT #144
JRCA PIHONO PLUGS

/40 for $1.98

1,000,000 RCA phono plugs
for thls one. You hi-fi-ers
knaw wut they
100 % mate

BARREL KIT 7143
75-PC TRANSISTORS

$1.98 =P

100 7 TO-92,
fuctory discontinued 1lnes,
pnp's  mixed  with  npns
2N1400-1-2-3-4. 3g 3290

material,

BARREL KIT ¥138 ARREL KIT #135

Imugine! Miero size (Va x
Y,) with wire leads. 3 t
5 VDC, 40 mils. Worth 60c
ea. Cat. No. 3E3289
BARRE T /115

MOLEX
SOCKETS  gooc

200 forc..n.
$1.98 aesias

Did you hear of OAK?Y An-
other eqpt maker harrelled
all types of rotarive elec.
trie. slides, etc. 268
BARKEL KIT f118
MINI SCRS

50 for $1.98
UNBELIEVABLE! TO-92
plastic SCRS in barrels . ..
rite from factory, includes
all voltages up thru 200
prv. 3£3135

gut a zillion of ‘em, Used
for 1C sockets, etc

BARREL KIT {134

$1.98 T
JAiET3s, '
testedd. Cat. No. 3E3258

B R SWITCHES /| MICRO MINI LAMPS |GALGULATOR CHIPS |TANTALUM
30 for. A 20 for .| 15 for M ..\ |ELECTROS
$1.98 _*‘T ‘o $1-98 - 1oz,

EARREL KIT #131

30 for $1.98

Mixed, marked prime, top
(ks "E"“ Un, fBrade” asst.values, volt-
Y ¥ ages. Cat. No. 3E 3255

BARREL KIT #1288
MINI DIP ICS

75 for $1.98

Large migr dumped 109°s ol
Ibs  into barrels. Includes|
74is, LM-3R0-8, 703, 567,
655, 558—hut who kmows?
We 1 Ih. 3E 3245

BARREL KIT #127
AXIAL ELECTROS

40 for _
| $1.98

Asst. eapacities and
voliazes. Cat. No. 3E3227

BARREL KIT y126
UPRIGHT ELECTROS

40 tor

$1.98 -
1mf to 300m( in mixiure,
P! voltages. 100% marked

good.  3E3226

BARREL KIT ;112
100 % 355555 MICRO MINI LEDS
f

40 for

All the tiny leds, axial, up-

Calculator maker dump! We Tight of Monsanto, Litronix,
variety

50 %

of
or_ belter.

up.  Strip
colors,  Yield

3E3138 | Wt.

BARREL KIT y109
TERMINAL STRIPS

130 for $1.98

Wide anst. of terminal strip
connectors,. from 1 contnct
manufacturers
barrel dump is your gain,
1 _ib.cat.No 3E 31136

BARREL KIT f104
SLIDE VOLUME

| CONTROLS ?
10 for =5
$1.98 =2
Cat.No. 3E3057

BARREL KIT 101
RESISTOR SPECIAL
200 for ., -=2.
$1.98 -

Includes: Vi, Ya, Ya.
wamnters, carbon. 8
100 % good. 3E3054

BARREL KIT f99 =~
PHOTO ELECTRIC 4{ii{
CELLS

10 for $1.98
Asat. GE types, CDS types.
Mixed by factory. Big job)
for us Lo separiate, 100 %
good. Cat.No. 3E3052

BARREL KIT {983
HALF WATTERS

200 for $1.9§\

tried

BARREL KIT 492

3 AMP zpoxvfa
RECTIFIERS @ TUntested
100 for $1.98

Resistor to

factory

BARREL /91
SILVER MICAS

100 for $1.98

READOUTS

fool us hy mixipg 100 |Cosmetic rejeets, electri- | Axial, red came, varlety of | 717, 727 o
color-coded  resistors in | cully fine businesa! You|physical sizes & values. [ples. ¢ F
barrel. But value is there, j ¢heck ‘em, it's not for us.|Cat.No. 3E3018 trom fuvtory
4 oz. 3E304G Untestec Asst. voltages. 3E 3204 have fun! No.

BARREL KIT 88
LITRONICS LED

[
Iton

ine
3E2861

BARREL KT 87

.
lincars,
Cat.No. 3E 2860 Untcsted.

& cale. chips etc

B2RREL KIT :86

40 for A
51 .98 Untested

747’8, 727’5, singles. tri-
ples, ete. .33 to 0.6, Bot
from factory, all mixed;
hawe fun! 32859

NATIONAL IC BONANZAHCBBY LEDS

BARREL KIT :83

LM-340T
VOLT REG
" rejected “inem  tor
uis, May anclude
6,5, 12,16, 1824 volts
Power tnb Cat. 3E 2635

BARREL KIT 81

BARREL KIT {76
SUBMINI RESISTORS

1-WATT ZENERS

100 for $1.9:Q

Factory same as 400-mw
Never-to-see-again offer. 8,
8. . 15V. under
glass, Double plug.

Cat.No. 3Ei2741 Untested.

PC, upright type

ed, watl. Asst values.
Came to us in a barrel.
Cat.No 3E2746 100 %good

12,

BARREL KIT #75
400MW ZENERS

100 for $1.9

Factory out of biz! Amazing
offer: 6, 8, E
You test. lfermeticaliy sealed
glass pak. Double plug.
Cat.No."3E 2740

ELECTROS

0, 12 to 15V

BARREL KIT 73
TRANSISTOR

50 for $1.98

We don't wish to separate
wide asst voltages & values
op to 300 mi. Cat.'3£2747

BARREL KIT £71
CAPACITOR SPECIAL

100 pcs.
$1.98 $

micas, moldeds, plastics,
ceramies, discs, etc, Nifty
100 % good Cat.No 3E2738

BARREL KIT 768 4

2 WATTERS
d 100 for % )
$1.98 iy

iers
barrel. It's a li"l gold mine
All murked. Cat.No. 3E 2735

throw ‘em in theR

BARREL KIT ;65
MIXED READOUTS

10 for $1.98"

Factory returns such
numbers as MAN-4's, MAD
11 burrels &

no time

eparate,
| Cat.No. 3E 2733Untestsd

BARREL KIT #61
POLYSTYRENE CAP

BARREL KIT t58 %
SLIDE SWITCHES 7
30 for $1.98

BARREL KIT 56
POWERS! POWERS!

BARREL KIT #54
8 DIGIT READOUTS

BARREL KIT #40
PNP HIGH-POWER

BARREL KIT 39
2M3055 HOBBY

TBARREL KIT 37
1 AMP “BULLETT"

£

100 for $1.9 10 for *'u.uxgxif“x TRANSISTORS _| TRANSISTORS RECTIFIERSUntesIed“

$1.98 Al mhapen, sizes. . anot, 100 for $1.98" 20 for 15 for =100 for $1.98

i aps made. As a gam-| momentaries, etc. Tremen. i Bargain of a lfetime! Al Famous style. asstd. voll-
P D eugnt 10 barrels] dous shop pak for 100°s of harge distributar | cleaned | e Rot was 1 harrel — the $1.98 $1.98 ages, silican, axlal includes|
from factory. mixed valuesi switching projects. od|resistors 3 10 7 walts. “blisdor digit’’ types. Multi- | Popular germanium TO-3} Fallouts  of  the fumous fall types of voltages o]
a1 guod. Cat.Ne. 3E2729 |Cat-No. 3E272¢100 B good| o\, " 3p2724 plexed. Cat.No. 3E2722 | case 32616100 % good | 2N1055.  3£2617 100 % [JKV.Cat.No. 3E2615 -
BARREL KIT #36 BARREL K 5 BARREL KIT 31 BARREL KIT 30 BARREL KIT ;27 BARREL KIT %26 BARREL KIT {25
GERMANIUM DIODES 4/ NEON LAMPS :EE;II;I;I;;SS PREFORMED PREFORMED DISCS PLASﬂIcs*rons METAL CAN

intest 30 for RESISTORS 100 for “o) | IRANS TRANSISTORS
200 for $1.98% | 21 9g (117 s |,100 for $1.98 | 200 for $1.98 . 2 1100 for 100 for $1.98
ous  maker. 1o - . d

e e ey Pt | ovmone. NE-2°5. Al primi. | the riest. esiotor ring. [ We got barecls ol Ui wnd |1l mfrs shelf inventors $1.98 vatested. | Includes TO-5, TO-1, TO
this is the way the # but fsctary made millions | Mostly g watters, 1% to | /2. (SAters for e use. |pur he dumped ‘em in bar-[Type TO-92 (TO-18). all 18, etc., assorted 2N num,
TESTEKS buv "em from the rel'ed ‘em. Vour ad- | 5%  tol. el of | 1000 Ya. 1 ;7 watters. lrels, Preformed, for PC use. acturers, variety of | bers, unmurked ete
faciories.  Cat.No. 3E 2614 ntage Cat.No 3E2613| vnlues. Cat. No. 3E2609 No. 3E2608 100 % good | Mixed values too! 3E 2605 5, Cat.No 3E 2608 Cat.No 3€ 2603 Untested.

PUSTPPIPIIEE Sl Shahas
Poly Paks C-R-A-C-K-S-

BARREL KIT §20
LONG LEAD DISCS

'BARREL KIT 19/
DIPPED MYLARS,

BARREL KIT 3217
LINEAR & 7400 DIPS

BARREL KIT 714
PRECISION RESISTOH

©Poly Paks Inc¥ wakefieid, Mass., U.S.A. 1977

MARCH 1977

CIRCLE NO. 48 ON FREE

INFORMATION  CARD

AmericanRadioHistorv. Com

.
\& 24 100 for 20/ | 60 for $1.98 lsoo for 200 for___
' " ‘ y $1.98 Finost  capacitors  made 1-9811,“,,“. $1.98
s Prices s R Cmaeie et | Marked and somaact. | warked una unmucked Ve
‘k ! K E2598 100 % goou |Cat.NoJ3E2597100 % good| 'ary stock. No. 3e1d3y | WBtts. Nos SFRAIT
BARREL KIT 12 __~ANBARREL KIT j11 /7, | BARREL KIT ¢8 \)[BARREL KIT £7
BUY ANY 10 BUY 100 POWER TAB TRANS (QPOWER TAB £3| SUBMINIATURE VOLUME CONTROL
TAKE 15% TAKE 25% 40 for _ 40'for IF TRANSFORMERS * | BONANZA: Ny
TSN7a9aN .78 Usuﬁxson .88 $1 o8 // 1.98 i 100 for $1-9§ or
TYPE SALE | SNTasan 8| DsN7alstn 88 - $1. Z Amazing, incluaes 155ker, $1.98100% good
[ SN7400N $0.16 [ SN7442N .53 §N1496N 72 SN74164N .79 PNP, plastic TO220 type.lNPN, plastic TO220 type.| 93¢, untenna, who knows? Igingles, duals, variety of
B 2N7a0IN - .16 | CISN7aasN .63 | LISNISI 0N (98 | C1SN74165N .99 ¢ | Assorted 2N numbets, Riaorted 2N numbers. Fem transistor radio man. [Sates® (R ™ ¥ ten =
SN7a02N .16 | [1SN7ad0n 18 | T sn7at0eN .65 | O SN74173N 1.39 Cat.No. 3£ 2426 Untested. | No.|3E2425 intestea. ufscturers. 100 % 3E 2822 |small ones. Cat.No.13E 2421,
SN7403N .16 SNTAeN! 76 SN74107N .33 shzaLzan 597 BARREL KIT BARREL KIT /3 BARREL KIT 42 BARREL KIT /1
[] SN7404N .16 ‘ [l sN744 RN N74112N .65 | [) SN7417SN .89 4 L ey b .
{1SN7405N .18 SN7450N .16 r‘-smauzN 65 | [) SN74176N .79 414000'" RECTIFIERS |1N4148/914 LINEAR OR AMPS, SN7400 DIP IC'S.
5 Sn7aoen 20 | O 2:;:;;: e SNTa1iaN ‘es | O 5"’::212 2;: 100 for —&®— |[SWITCHING DIODES ll:]ups|75 for 75 for $1.98
N .25 1 3 NT n
OSN7aoon 25 | menzasan Lie | O SNTA121N 30 | 5 SN7a1san 1175 $1.98 Untestes, | 100 for $1.98 | V2., $1.98 Marked 14 und/or with 16
IN7a0SN .18 | DI SN747ON .45 | [ 3N7 N .59 | [] SN7418SN 1.75 INA000 series. May In.|tmagine samous awiehing | May include 709's, T41s, [pin dips, may Include gates,
Bsma;on 16 SN7472N .34 | [ SN"}zZN 59 | [) 5SN74190N 1.15 clude 25. 60, 100, 200, jdedes at these pnce 783's, 660 series. 556 in- (registers. Hip flops, count-
[ SN74a11N .25 SN7473N .36 5N1:1§2u 1.00 | [ SN74121N 1.05 400, GOO. 800 and 1000 [Cat.No. 3E2418 Untested. | cludes 3E2416 ers. 3E2415 Untest
D SN7a13N .45 | O SNTATER 35 D EN7a1ain (88 | [sNTa192N 87 § | voliers, 3£2317 : ——
.32 SN74 - B 74193N .B3 = . 5 . -’——’v\ _—| ——
O3raten ia | BiNrazen 31| OsNratdst 90| HSNraioen 730 [BARRELKITSS o e Waamald Mase, (a1 545.3820 4>’ [
SNTasin .20 | snra7aN 79 | O SNTAIAAR Tog | 5 gn7a196N .88 3| SCRS, TRIACS, 7Y ne : Wakefield, Mass. 245- 00 Send for FR
Snrazan .35 | (1sN7aBan .69 | LISRTNCUN (70 | (I SN74198N 1.39 ¢ | QUADRACS Retail: 16-18 Del Carm'ne St.. Wakefield, end for FREE |
N7425N .27 | (1 SN7485N . ‘65 | [ SN74199N il '
:rnasou .;g 2:;:390: 1.35; | C é:‘_',::g?‘: 1.33 8 ZN’:%‘;?: s 30 for 2 MINEMUM ORDER $6.00 SPRING CATALOG
SN7A37N . . = N .70 | (] SN7 z
HiNjasen (26 | Dsnzasin 73| DSNTALSON 7o 5 Sn7azsan 5195 $1.98 i taciory P O LY P A K S
8 g:;::‘;: 'éi = g:;:g:: ‘a7 | [)sN74158N .85 | [0 SN74285M 5.95 Emk’ All the IOGmp types. COD5 MAY
94 . § at.No.j3E.2419 Untested. y YR
NN aaad > -
Cat. No. FE 1981 wrerrorsrrrrs P.0. BOX 942E LYNNFIELD, MA USA 01940 gp PHONED

119




ARIES brought you the first calculatof kit,and the
first digital clock kit . . . and now brings you three
of the most innovative electronic kits ever made.
The System 300 Electronic Music Synthesizer kit is
the most advanced in the world today, regardless of
price. The AR-781 is a space-age beauty for any
decor. And the wholly solid state AR-830 does
the work of a $400.00 tape memory unit.

WARNING .. . if you're interested in a music syn-
thesizer, don’t make a move until you see our cat-
alog first. It's more like a handbook than a catalog,
with hundreds of in-depth photographs and descrip-
tions to explain electronic music principles, and to
show equipment to do the job. ARIES now offers
a complete complement of modules, keyboards, and
cases, matched to the most rigorous professional
standards: Starter systems priced as low as $395.00.

A clear, ruby-red cylinder
shows off all six digits of
this modern calendar clock.
Easy-to-read numbers show
the hours, minutes, and sec-
onds, as well as the month
and day every ten seconds.
Red LED 7-segment numerals are 0.33"” high, ina
sturdy cylinder 2-1/2" in diameter and 4-3/4” long,
with finished hardwood ends. Time and calendar
are controlled by 60 Hz line frequency, with a 12-
month movement. Separate time and calendar adj-
ustments. Includes all the components, PC boards,
housing, and instructions. Shipping weight 2 lbs,
AR-781 Clock Kit ..coveveniiiiiiniiciiiiiiiiennnns $34.50

Add finger-touch operation
to your old-fashioned dial
telepione with an ARIES
AR-830 Automatic Digital
Telephone Dialer. This has
the same layout and con-
venience as Ma Bell, plus other features she doesn’t
offer yet, For instance . .. AR-830 always remem-
bersthe last number you dialed, in case the line was
busy and you want to try again later. Not only
that, but the Dialer’s memory can store as many as
ten of your favorite numbers for vne-touch dialing.
AR-830 uses standard dialing and muting contacts;
consult local tariffs before connecting. Sh. wt. 2 lbs.
AR-830 Dialer Kit ..co.c.oovvviniiiiniiinneairinninn $69.50

ARIES INC.
BOX 808

Peabody, Mass., 01960
(617) 744-2400

CIRCLE NO. 8 ON FREE INFORMATION CARD

C1702A $7.50; MM5330 $7.95; 2513 $9.50; CT7001 $6.75;
XR2240 $4.20; LM3909 $0.99; COM2502 $6.95. Free Cata-
log. ELECTRONIC DISCOUNT SALES, 138 N. 81st Street,
M.;sa, Arizona 85207.

VOICE SCRAMBLER DECODERS. TR Electronics Model-
104C is the finest high quality decoder on the market.
Adapts to any monitor, 2-1/2 watts output, 3 integrated cir-
cults, filtering to remove scratchy sound and annoying
tone, only 3" X 2" X 4". 1 Year parts & labor warranty!
Guaranteed satisfaction. $45.47. Dealer inquiries welcome.
TR Electronics, P.O. Box 527, Mason City, IA 50401. (515)
423-7473.

TELEPHONES UNLIMITED, Equipment, Supplies,
All types, Regular, Keyed, Modular. Catalog 50
cents. Box 1147E, San Diego, California 92112.

SIRENS Flashers. Games Loglc breadboard Klls Calalog
free. Ego. Box 1331-pe, Thousand Qaks, California 91360.

HAMS put your microcomputer on Fastscan ATV for under
$79. Info and catalog for S.A.S.E. W60RG, 2522 Paxson. Ar-
cadia. CA 91006.

HIGH CHANNEL crystals available for all syntheslzers C.B.
sets. Free Catalog. FBC. 2928 14th St. N.W. New
Brighton, MN 55112,

CIRCUIT BOARD tungsten carbide drills, good used
condition. 12 assorted for $3.95 ppd. L.R. Design, 515 Birch
St., McMinnville, OR 97128.

PANEL FACES made to your specs Lel your pro;ect have
prize winning professional look. Brochure. PATCO, Box
167. Chalmette. LA 70044, ) ) -

AM TRANSMITTERS. No license. $51.95. Hoskins. Box
709. Montclair, N.J. 07042, - . - -
T.V. GAMES and other producls. Kits, P.C. boards or as-
sembled. Free Catalogue. Galaxy Kits, 108 North Union
Ave ., Cranford, N.J. 07016.

HYPNOTISM

SLEEP learning. Hypnotic method. 92% effective.
Details free. ASR Foundation, Box 23429EG, Fort
Lauderdale, Florida 33307.

FREE Hypnollsm Self-Hypnosis. Sleep Learning Catalog!
Drawer H400, Ruidoso, New Mexico 88345.

AMAZING self-hypnosis record releases fantastic mental
powaer. Instant results! Free trial. Write: Forum (AA3), 333
North Michigan, Chicago 60601.

Mystery Electronic Top

Spins for days at 2,500 rpm on invisible power.
Best new gadget in years. Baffling brain-buster.
Bugs the brightesi. Perpetual Motion? UFO?
Psychic Power? Anti-gravity? Scien-

tific Break- Thru From Space? Magic.
Mystery, Science combined. Spins

without energy loss! Never wears

out. Fun at parties, science classes, etc.
Complete with secret, scientific explanation.
Send $6.95 each 4+ $1.00 shipping

Johnson Smith Co. Dept. 000, Mt. Clemen:

,Mich. 48043

MARCH GOODIES: 555 - 39 cents, 741 - 29¢ cents, 747 - 49
cents, Fairchild jumbo LED's red 12/81. green 8/$1, 2x2cm
solar cells $1.50. Free catalog. Qur third year. DIAMOND.-
BACK, Box 194P, Spring Valley, IL 61362.

ALTAIR 8800: BASIC, 12K, video display, tape interface,
keyboard w/enclosure, more. Complete description $1.00.
John Beggs, Box 105, Pasco, WA 99301.

SPECIAL THIS MONTH. IC Sockets, staggered pins, 16 Pin
DIP. 10/$2.00 postpald. Write lor free surplus electronics
fiyer. R. W. Electronics, 3203 North Western Avenue,
Chicago, llinols 60618.

S-K TOOLS — Wholesale Priceslll Wrenches, Sockets.
Lifetime Gudrantee! 48 Page Catalog — 50 cents. Pioneer,
Stanwood, Michigan 49346.

TELEPHONE FORMAT o E "
KEYBOARD {; Bus M )
BYChomev’|C§ N i 120R 24-HOUR OPERATION MODEL
2.1147x = ,
$4.95 S5 e 12 VOLT AC or DC POWERED FOR #2001
6/228, # EF-21360 [« [ " = FIXED OR MOBILE OPERATION.
TRANSISTORS SIX LARGE
N2222 101 551.00 LA YT [ i
IN35aa 188 R Lt ” ’.’ ’,’ 1
NITT2 1098 515100 1 'la -
A B . 13
INta%0 199 F3100 Approx. Size: 35
; ay e i 1 00
2N4249 109,
azs g dfim § 1A"HXA"Wx4%"D
2N6027 pUT 2:51.00
2N5457 N J-Fet 218100 » 6JUMB0 4" RED LED'S BEHIND RED FILTER LENS WITH CHROME RIM
DIODES o SET TIME FROM FRONT VIA HIODEN SWITCHES o 12/24-Hr: TIME FORMAT
o2 R e ¢ STYLISH CHARCOAL GRAY CASE OF MOLDED HIGH TEMP. PLASTIC
iNae AR G0dEY e « BRIDGE POWER INPUT CIRCUITRY — TWO WIRE NO POLARITY HOOK-UP
RECTIFIER  25A 1000PIV 48100 » OPTIONAL CONNECTION TO BLANK DISPLAY {Use When Key O in Car, Etc.)
IN91a SIL SIGNAL  20/51.00 « TOP QUALITY PC BOARDS & COMPONENTS - EXCELLENT INSTRUCTIONS
iN 4148 SIL. SIGNAL 20/$1.00 o MOUNTING BRACKET INCLUDED
DYAC 28v /$1.00 KIT #2001 s SOR 115 VAC 50
LINEAR COMPLETE KIT
555 TIMER 25100 [iLess 9V. Batteryl EA MORE T $2 €A
556 DUAL TIMER 95
565 PLL %5 ASSEMBLED UNITS  WIRED & TESTED aom Assembied Units
566 FUNCTION GEN. 175 OROER #2001 WT (LESS 9V. BATTERY) $39.E MORE $3 'M‘-’: Be Mu.: w.m
567 TONE DECODER 1.7% WIRED FOR 12 WA 0% 1F NOT SPECIFED OTHERWISE Kits for Qty. P
JUMBO DIGIT CLOCK KIT JUMBO DIGIT __ $9.95ea. | OISCRETE] pigiraL [ PC TRIM
A complete Kit (less Cabinet) CONVERSION KIT LED's CLOCK IC's POTS
featuring: six .5" digits. MM5314 1C § Convert small digit LED clock to JUMBO RED 25K 65100
12/24 Hr time, 50/60 HZ. Plug- |large 5 displays. Kitincludes 6 MMS5312 ¢ 49584 7K 65100
Transformer, Line Cord, Switches, % s, Multiplex PC Board & easy ﬁ MM 6314 395 seectroL
and all Parts. {Ideal Fit i m Cabinet 11} hook up info MM5375AB 395 | 10K 10 TURN
Kit #5314-5 319 38 Kit # JD-1CC For common Camode 10 FOR $100ff CT 7001 795 95¢
WITH PC Board s ea Kit #JD-1CA for common Angde]i00 FOR s9{CT 7002 1395 ) 45300
- PLEXIGLAS | /o 7-SEG | i
N ; M3I09H 105 § 95
_— CABINETS LED et DR
Great tor Clocks . 7805  TAB 95
orany LED Digital COMMON CATHODE o, 0 N
Y FEA 82 103 150
X project. Clear-Red COLORHT DECPT i
CABINET | Chassis servesas |0 359 RED 2 RubD - 25 AMP BRIDGE
3"H.6% "W.5%"D Bezeltaincrease DL 750 253 6 LHDP $2.95 $1.95 ea.
O/ v contrast of digital XAN 654 GREEN 6 NDP  $1.95 3/$5.00
CABINET Il displays. XAN €64 RED 67 NOP  $15% -
1 COMMON ANODE 100 PIV
2% H 5" W 4"D Black, White or | covMON ANODE
ST Clear Cover Jxav7 st 3 wop 6125 IC SQCKETS
MAN 72 RED 3 LHDP $1.25 PINS 124 25 100
ANY SIZE/COLOR ¢ XAN B! YELLOW 3° RHDP §17¢ 8 §25522 82
2 $6.50 ca. 2/ 12, XAN 351 GREEN 3" RHDP §15C w o2 0
RED OR GREY PLEXIGLAS FOR DIGITAL BEZELS |ianie R0 3 00F 05| % '§:" s 2
e " XAN 662 RED 6 NDP 5195 24 45 40
3'x67x1/8 95¢ ea. 4/‘3 XAN 632 RED 6 NDP  $195 28 60 S5 50
SET OF 6 FND 359 © 08
SEE THE WORKS Clock Kit XTAL
TH M P
“ “-L Clear Plexigias Stand u :g,\’:m ULY|2L955X ¢ 3579545 MHZ. $195
. : _—r . -
5 TIME BASE Kit#850=4CP — 1! Fairchild Super Digit
TAL e *6Big .4" digils . FND-359
W“‘.e“\ac\oc“ Kits e120r24 hr. time 4% Char. ML,
Dighta! k_ca\enda‘ o3 set swliches (back) 7 segment LED
of Vo€ operate oPlug transformer RE%"C";T p?:"‘-
K“?““:’ZV oC eail parts included rwumm‘t’ "75
I ]
0 PG 8O, oy Plexiglas is . 10/$8. 50
powel Re‘ ) Pre-cut & drilled 95¢ ea, 79’00
A
%'SS:A'JW“ hog‘; W Size: 67H,4%"W,37D L — PROM
MOLEX 5
racy \e) ¢ < 1702 € Prom $8.95
pccd gjuste® 23 /‘45 PINS <53 5203 E Prom $8.9
QTB" i .Ag'-" Form Inexp TN
omp\e\e Ki ea NYLON WIRE TIES Sockets %Qh
cal §9.95] & newaar 100/51.95 10%10:]51’.120500 O : ‘b“
¢ 4" TIE WRAP 100/51 75 eelo -$8.
Wit & ~ $19.95 ca.
ORD R B P O OR f Orde de Add 00 d qQ
OD ORD R
mastet charge

@P‘F@ELECTRDNICS INC

WE PAY ALL SHIPPING IN CONTINENTAL USA — OTHERSADD5%[10% FOR AIRMAIL)

CIRCLE NO

AmericanRadioHistory Com

45 ON FREE

INFORMATION CARD



S.D. SALES CO.

From the same people who brought you the $89.95 4K RAM klt. We were not the first to
introduce an IMSAI/ALTAIR compatibie Z—80 card, but we do feel that ours has the best
design and quality at the lowest price.

The advanced features of the Z—80 such as an expanded set of 158 instructions, 8080A

Z—80 CPU CARD KIT
FOR IMSAI/ALTAIR

P.0.BOX 28810 -D
DALLAS, TEXAS 75228

software compatibility, and operation from a single 5VDC supply, are ail well known. What
makes our card different Is the extra care we took In the hardware design. The CPU card will

$1497

always stop on an M1 state. We aiso generate TRUE SYNC on card, to insure that the rest of
your system functions properly, Dynamlic memory refresh and NMI| are brought out for your
use. Belleve It or not, not ail of our competitors have gone to the extra trouble of doing this.

As always, this kit inciudes all parts, all sockets, and complete instructions for ease of assem-
bly, Because of our past experience with our 4K kit we suggest that you order early. All orders

will be shipped on a strict first come basis, Dealers inquiries welcome on this item.

Kit shipped with 2 MHZ crystals for existing 500NS memory. Easily modified for faster RAM chips when the prices

come down.
Kit includes Zilog Manual and all parts.

Z—-80 Manual — $7.50 Separately.

gty
CAR $16-9 5
CLOCK KIT

You requested it! Our first DC operated clock Kkit.
Professionally engineered from scratch to be a DC
operated clock. Not a makeshift kluge as sold by others.
Features: Bowmar 4 digit .5 inch LED array, Mostek
50252 super clock chip, on board precision time base,
12 or 24 hour real time format, perfect for cars, boats,
vans, etc. Kit contains PC Board and all other parts
needed (except case). 50,000 satisfied clock kit cus-
tomers cannot be wrong!
FOR ALARM OPTION ADD $1.50
FOR XFMR FOR AC OPERATION ADD $1.50

60 HZ CRYSTAL TIME BASE FOR DIGITAL CLOCKS
S.D. SALES EXCLUSIVE!

KIT FEATURES:

A. 60HZ output with accuracy comparable to a digital watch.

B. Directly interfaces with ait MOS Clock Chips.

C. Super low power consumption. {1.5 ma typ.) $595 or

D. Uses latest MOS 17 stage divider IC. 2/$10.

E. Eliminates forever the problem of AC line glitches.

F. Perfect for cars, boats, campers, or even for portable clocks
at ham field days.

G. Small Size, can be used in existing enclosures.

KIT INCLUDES CRYSTAL, DIVIDER IC, PC BOARD
PLUS ALL OTHER NECESSARY PARTS & SPECS

STICK IT!
in your clock
in your DVM, etc.!

$3.95

4 JUMBO .50
DIGITS ON

ONE STICK!
{with colons and
AM/PM Indicator)

Huge Special Purchase
Not Factory Seconds
As sold by others!

EYINTINIOININ T IE LYY w—

2 A

‘“.‘ 5
L]

)

BUY 3 for $10.
BOWMAR 4 DIGIT LED READOUT ARRAY

The Bowmar Opto-Stick, The best readout bargain we have ever
offered. Has four common cathode jumbo digits with all seg-
ments and cathodes brought out. Increased versatility since any
of the digits may be used independently to fit your applications.
Perfect for any clock chip, especially direct drive units like
50380 or 7010. Also use in freq. counters, DVM’s, etc. For 12
or 24 hour format,

UP YOUR COMPUTER!
21L02—1 1K LOW PCWER 500 NS STATIC RAM
TIME IS OF THE ESSENCE!
And so is power. Not only are our RAM’S faster than a speeding
bullet but they are now very low power. We are pleased to offer
prime new 21L02—1 low power and super fast RAM’s, Allows
you to STRETCH your power supply farther and at the same

50HZ CRYSTAL TIME BASE KIT — $6.95

All the features of our 60HZ kit but has 50HZ output. For use
with clock chips like the 50252 that require 50HZ to give 24
hour time format.

time keep the wait light off. 8 for $12.95
S.D. SALES EXCLUSIVE!

$1295 MOS 6 DIGIT UP-DOWN COUNTER $1295
40 PIN DIP. Everything you ever wanted in a counter chip.
Features: Direct LED segment drive, single power supply (12
VDC TYP.), six decades up/down, pre-loadable counter, sep-
arate pre-loadable compare register with compare output,
BCD AND seven segment outputs, internal scan oscillator,
CMOS compatible, leading zero blanking. 1IMHZ, count input
frequency. Very limited aty. WITH DATA SHEET

THIS MONTH'S SPECIALS!
300.00 KHZ CRYSTAL — $1.50
8080A — CPU CHIP by AMD — $19.95
82S129 — 256 x 4 PROM — $2.50
N.S. 8865 OCTAL DARLINGTON DRIVERS
3 for $1.00
Z-80 — CPU by ZILOG — $69.95
MM5204 — 4K EPROM — $7.95
Prices in effect this month ONLY'!

SPECIAL
TVIDAdS

SLIDE SWITCH
ASSORTMENT
Our best seiler. Includes
minlature and standard
sizes, single and muiti-
position unlits, All new,

WESTERN DIGITAL UART
No. TR1602B. 40 pin DiP
This is a very powerful and
popular part.
NEW—$6.95 with data

W

first ilty, ame
LIMITED QUANTITY brrasnd. ‘?:j; or)\le pa::‘kage
and you'll reorder
RESISTOR more. SPECIAL 12/$1.
ASSORTMENT
% W 6% and 10% MOTOROLA POWER
PC leads. A good mix DARLINGTON
of values. 200/%2. Back in Stock!

4K LOW POWER RAM BOARD KIT
THE WHOLE WORKS — $89.95

Imsai and Altair 8080 plug in compatible. Uses low power
static 21L02—1 500ns. RAM'’s, which are included. Fully buffer-

1702A 2K ERASEABLE
PROM'S — $6.95
We tell it llke it is. We could
have sald these were factory
new, but here is the straight
scoop. We bought a load of
new computer gear that con-
tained a quantity of 1702 A's
In sockets. We carefully re-

Like MJ3001. NPN 80V, 10A,
HFE 6000 TYP, TO-3 case.
We incilude a free 723C voit
reg. with schematic for power
supply. SPECIAL—$1.99

CALL YOUR BANK
AMERICARD OR MASTER

ed, drastically reduced power consumption, on board regulated, | moved the parts, verified their CHARGE ORDER [N ON
" Kk d inci P . li lated th quality, and are offering them | QUR CONTINENTAL
all sockets and parts included. Premium quality plated thru on one heck of a deal. First UNITED STATES TOLL
PC Board. come, tirst served. Satisfaction
uaranteed! U.V. Eraseable. | FREE WATTS:
7400—19c  7411—29c 7451—19c 7490—65c  74153—75¢C 6.95 each 4 for $25 1—-800—527-3460
74LS00—49¢c 7413—50¢c 7453—19¢ 74LS90—95¢ 74154-1.00 Texas Residents Call Collect
SR e e Temys Al
2—49c¢ 0—19c¢ —35¢ —69¢C —95¢ a0 -

7404—19c¢ 7430—19c 74LS74-59¢c 7495—75¢ 74164-1.10 Money Back Guarantee. No
jaChe g MK st MR [hghile | cODTaa e o X

—44c —39c —35¢ -38c —95¢
Jato0a-abe 7438—30¢ 7480—a9¢ 74123.65¢ 741812.60 | t3x. Add 5% of order for S.D. SALES CO.
7406—29c¢ 7440—19c 7483—95¢c 74132-1.70 74191-1.25 postage and handiing. Orders P o Box 28810 D
OIS faicatt R siales JAEIA | mder sid aad rec rowen | [l Tocas 75228

—19¢ —85¢ —45¢ -75¢ -1. . i
TTL INTEGRATED CIRCUITS 74183:199 | orders: Us Funds ONLY! | Dallas, Texas

For orders over $15,00 Choose $1,00 FREE mdse.
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PLANS AND KITS

FREE KIT Catalog contains Test and Experimen-
ter's Equipment. Dage Scientific Instruments,
Box 1054P, Livermore, CA 94550.

AMAZING ELECTRONIC
. PRODUCTS s~

LASERS SUPER POWERED. RIFLE. PISTOL. POCKET SEE IN DARK - PYRQ

TECKNICAL, DE-BUGGING UNCRAMBLERS GIANT TESLA STUNWAND . Tv

DISRUPTER - ENERGY PRODUCING, SCIiNHFIC DETECTION. ELECTRIFYING,
CHEMICAL ULTRASONIC, CB. AERQ. AUTQ AND MECH DEVICES. HUNDREDS
MORE - ALL NEW PLUS INFO UNLTD PARTS SERVICE

INFORMAT ION unfimited

CATALOG $! Box b26 Loid Jelery PZ. o Amherst. N.K. 03031

THE "KING OF KITS". Artisan Crgan Kits feature all new
modular construction, with logiccontrolled stops and
RAM Preset Memory System. Write for brochure to: A O K
Manufacturing. Inc.. P.O. Box 445. Kenmore, WA 98028.

Nw!a high quality CD Electronic
Ignition System in kit form.

Contains all components and solder to
build complete Solid-State Electronic
co
sembly

Fits only 12 voit neg. ground

TIGER SST
SIMPLI-KIT

THE DO- IT—YOURSELFER

lgnition System for your car. As-
requires less than 3 hours.
Increases MPG 15% ® ElimInates 4 of 5 tune-ups
Increases horsepower 15% ® Instant starting, any
Plugs and Polints last weather

50.000 miles ® Dual system switch

Only $21.95 postpaid

T Star COrpoOration s

P.0. Box 1727 Grand Junction, Colorado 81501

INTERNATIONAL ELECTRONICS UNLIMITED

10% OFFWITH $25 ORDER
15% OFF WITH $100 ORDER

THESE DISCOUNTS APPLY TO TOTAL

2048 bit static PROM

elecl. prog. - UV eras. $6.95

OF ORDIR — SPECIALS INCLUDED

7451
7150

74153 -89
74154 120

24 pin
1024 BIT STATIC RAM

DTL/TTL comp. s 1 .4 9

16 pin

7454
7460
7464

74155 97
7415 .97
74157 199

99¢ SPECIALS

7465
7470
7472
7473
7474
7475
7476
7483
748
7486
7489
7490

73158 179
74160 123
74161 97
74162 139
7416) .09
74164 9
74165 99
74166 125
4170 2210
7417) 149
74174 1.3
4175 .97
4176 .89

20 XEYS
2 SLIDE v
323,

KEYBOARD

CALCULATOR
DISPLAY

[ 0T |

9 MAN 3 M ON PC BOARD
RED 7 SEG 127" LED
99 ¢

5 VOLT
REGULATOR

=)

340 T (7805)

17 TERMINAL BOARD
10-220 i

99y .

PLTE AT T)
74180 .90
74181 245
74182 79
74184 (.90
74185 220
74187 5.7
74190 115
74191 125
4192 .95
74193 .85
74194 125
74195 74
74916 1.25
71197 el
74198 1.73
74199 169
74200 5.45

t7

72
546
1310
14%
1800

LINEAR CIRCUITS
251

Pos ¥ Reg (super 723) 10-5 5 .71 f 3540

LARGE RED LED

ﬁ\

AF-IF Stop Detector D1#
AM Radio Receiver Subsystem DIP .75
FM Stereo Demodulalor DIP 290
Balanced Modulalor-Demodulator
Stereo multipiexer DIP
ULN2208 FM Gain Block 34db (typ) mDIP
ULN2209 FM Gain Block 48db (typ) mDIP
Character Generalor 641815 D|P-24 10.20
Transisior Acsay DIP-14

EDGE
CONNECTOR

6/99 «

ELCO MODULAR UNIT
6 PIN 3 POSITION
WIRE WRAP. GOLD PLATE , 156~

MARCH SPECIALS

2518 Hex 32 static shill reg.
MV 108 Led clear lens TO-18
%9 7410 Triple 3 inpul NAND gate
24 | 7438 Quad 2input NAND buiter (0.c)
BCD 10 decimal decoder
118 Exp. AND-OR-INVERT gale
135 Dual D flip-flop
4 8it binary counter
One shol .29
Dual fous-input multiplexer

OP AMP
741

mini DIP

29

7842
7451
7474
7493

7
73 74153

Hi Perl Op Amp mDIP TO-5 29
Voli follower TO-S .53
Neg V Reg TO-S 80
Pos V Reg TO-S N
Op AMP (super 741} mDIP TO-5 .26
Mciro Pwr Op Amp mDIP TO-S B9
5V 1A regulator T0-3 135
¥ Follower Op Amp mDIP 107
Hi perf V Comp mDIP TO-S .95
Hi Speed Dual Comp DIP 13

CLOCK CHIPY

Hr, 50-60 He
307
308
309K
kil
m
319

MMS311 6 digil multiplexed BCD, 7 seg, 12-24

5 — 28 pin

MMS312 4 digit mulliptesed BCD, 7 seg, Ipps.
12-24 Hr. 50-60 Hz — 24 pin

MM5314 6 digit mulliplexed 12-24 Hr, 50-60 Hx

2 pin
MMS316 4 digit, 12-24 Hr, 50-60 Hz, alarm
40 pin

301
31
723

Mark | Clock Kit

A six digit clock kil with one double sided
P.C. board accommodates MMSI14 clock
chip and 6 FND359 375" displays. 12-24
hour, 50-60 Hz. Contains all necessary

Hi Perf OP AMP mDIP TO-§

Hi Perl V Comp mDIP 10-5
4.45 VReg DIP "

3.954
4.48

4.95

3201

s20m
m
N
179
340K

Neg Reg 5,12, 10-110 139

Neg Reg 5.2, 12 TO-) 139
Precision Timer DIP 170
Quad Op Amp DIP 152
Quad Compatator DIP 1.58
Pos V reg (SV, 6V, 8v, 12V,

MMS5013

2504

SHIFT REGISTERS

1024 bl accum. dyn.
MM5016  500/312 byl dyn,
SL$-4015  Quad 25 bit

1024 bit mullipleved dva

P 3 switches and complete
assembly instructions  with  schematics.
Connections lor remote displays.

Mark {

DISPLAYS DISCREYELED'

15V, 18V, 4V) TO-3

Pos V ceg (SV, bV, 8V, 12V,
1SV, 18V, 24V) 10-220
AF-IF Steip detector DIP
AM/FM/SSB Strip DIP

Pos ¥ Reg mDIP

2w Audio Amp DIP

$w Audio Amp mDIP

Lo Noise Dual preamp DIP

169 IC SOCKETS

Yol te s .7
14 pin 20
16 pin .2
18 pin »

14 pin

Solder Tall - low profile

24 pin
8 pin
@ pln

WIRE WRAP - qold plate

MES
Mv 50
NSL100
NSLIOY
~seloz

MANT 819
MAN2 195
MANIA 1
MANS 228
MANG 149
MANT 149
MANS .25
MANbS 225
DL 10A 219

MV5020
RED
GREEN
AMBER

Lo Noise Dual preamp DIP
High Slew rate Op Amp
Pawer driver TO-5
Prec V Reg DIP
Timer mDIP
Dual 555 Timer DIP
Phase Locked Loop DIP
Phase Locked Loop DIF
Phase Lacked Loop DIP TO-S

NSNDI
HP5082

3 digit
s diglt

4 digin
5P-425-09 9 digit
112

MULTIPLE DISPLAYS

17 red LED
1 red LED

1t red LED

15 gas disch.

FNDS00 1.89

NS7 T ) CLEAR

OPTO ISOLATORS
MCD2 Opto nolator diode 1.09
M2 Opto isolator Iransisior 70

Data included with order on request.
Add $.30 ea H item is peiced below $1.00

Function Gen mDIP TO-5 195
Tone Decoder mDIP 1.95
Operational AMP 10-5 01 DIP .26
Hi Speed Volt Comp DIP 35
Dual Dillerence Compar DIP 26
V Reg DIP 62
Dill. video AMPL  TO-S K]
Dual Hi Perl Op Amp DIP 1.07
Comp Op Amp mDIP TO-5 32
741 Dual Op Amp DIP or TO-5 .71
Freq Adj 741 mDIP .35
Dual Comp Op Amp mDIP 52
Stereo multiplexer DIP 2.48
Quad Amplitier DIP 49
Core Mem Sense AMPL DIP k4l
Core Mem Sense AMP1 DIP .90
VYollage contr. osc. DIP 425

-_-
L

CIRCLE NO. 35 ON

122

FREE

FREECATALOGAVAILABLE ONREQUEST

Satislaction guaranieed. Shipmeni will be made postage prepaid within 3 days from
receipi of order. Payment may be made with personal check, charge card {include
number and exp. date), or money order. Phone Orders — BoiA and M/C card or C.O.D

Add $1.00 Io cover shipping and handling if order is less than $10.00.
California residents add sales 1ax. Include shipping expense for orders. shipped out of
U.S. and Canadas approx. 10¢, ol order.

INTERNATIONAL ELECTRONICS UNLIMITED
P.0.BOX 3036-R

-MONTEREY, CA. 93940 USA
PHONE (408) 659-3171

INFORMATION  CARD

AmericanRadioHistorv Com

VOICE ACTIVATED SWITCH

Activates devices such as

CIlghts tape recorders etc
Comes with 5 leads. 3 x
1" Operates on 4.5 VDC
Shpg. wt. Y2 Ib

Volume Controls
*12 Piece Kit

eLess Than 5¢ Each

® 12 Popular Values
®Various dia. & lengths
*Some Have Swilches

PL-2
Reg.
1.19

Red LED’s
elarge Dome Type
*10mA 2 Voit
Emits red light. Long
life, hi-quality. Shpg.
wt. % Ib.

TA-879 Limit 3 Pkgs.

with this ad

Each in lots of 3

Reg. 3/1.49

60-Minute
Blank Cassettes

180 minutes of re-
cording time for less
than 1¢ per minute,

HAROWARE AND COMPONENTS

Vs RPM Timing Molor 115V. AC
1 RPM Timing Motor 115V. AC
3-8V DC Hobby Moters Kit of 5
2-Speed Motor 115V. AC
3600 RPM Motor 115v. AC
4000 RPM Appiiance Motor 115V AC
6V. Panel Lamp 1-Red 1-Green
6V 30 ma. Lamp WiLeads Pkg 2
6V Mini-Screw Base Bulb, Pk
12V. Mini-Screw Base Bulb PEg. 2
12v. Bipin Mini Bulbs, Pkg. 2
TV Cheater Cord, Pkg. of
Terminal Strips. Pkg. 40 Asstd.
258474 Qutput Transislor
Fairchild 703 Type IC
Fairchild 717 Type IC
IC Grab Bag, 16 Asstd. Types
Calculator IC Chip. Nortec 4202
SCR Grab Bag, 25 Asstd. Types
Cadmium Photo Cells. Pkg. o 2
Motorola Amplifier IC, 8 Pin D.I.P
Aluminutn Heat Sink 1% x ¥ x
12 Digit Calculator IC
20 KegCalculalov Keyboard
D.. Green, Comm. A
3" 7 Seg LE.O. Yellow. Comm A
3" 7 Seg. LLED.. Red. Comm. A
Sperry 9 Digit Display
.37 Seg. Red. Comm. K
7l Calculatm Keyboavd 20 Key
16 Key Switch Pad. Less Keys
23 Key Switch Pad. Less Keys
Calcutator Keys. Pkg. of 20 Asstd.
455 KHz If Transtormer, Pair
Toggle Switch Kit, Pkg. 3 Asstd
Mini Iogge Switch D.P.D.T. 34
See-Saw Rocker Switch D.P.D.T. 34
Center-0ff Mini Toggle S.P.D.7. 3A
Three Level Push Switch, 8A
Mercury Switch, S.P.D.T. 54
117 V. AC Relay. Mini, SP.D.T. 24
Mini Rocker Switch, S.P.S.T 1A,
Leaf Switch, S.P.D.T. %A Pkg. 2
Heavy Outy Toggle. 3.P.D.T %OA‘
117 V. AC Solenoid. 1" Travel
Shde Switch, D.P.3.7. Pag. of 2
PC Shide Switch Kit
6 & 12V. Trans., 117V. PRI. 5A SEC.
12 8 10v. Trans.. 117V. PRI 24 SEC
6.3V. Trans.. 117v. PRI ]A Sec

FREE CATALOG

Stock up now!
Shpg. wt. % ib.

M0-277 Reg. 89 .39
MO-289 Reg. .89 .39
MO-333 Reg. 2.00 .59
MO-336 Reg. 498 2.49
0-361 Reg. 3.00 .99
MO-395 Reg. 298 .99
L-065 Reg. 1.79 .79
PL-270 Reg. .89 .59
PL-271 Reg. 69 .59
PL-272 Reg. .89 .69
PL-273 Reg. 1.19 .59

-06) Reg. 1.29 .59
XM-501 Reg. 1.30 .50
TR-174 Reg. 3.79 1.19
TR-293 Reg. 99 .39
TR-294  Reg. 99 .39
TR-422 Reg. 1.19 .50
TR-424 Reg. 6.00 2.99
TR446  Reg. 269 .90
TR-512 Reg. .90 .49
TR-513 Reg. 1.29 .59
XM-027 Reg. .49 29
XM-330 Reg. 600 1.49
XM-339 Reg. 6.00 1.29
XM-341 Reg 2.69 1.39
XM-342 Reg. 249 1.39
XM-370 Reg 2.00 1.189
XM-399 Reg 1.49 .79
XM-414 Reg. 200 .99
XM-523 Reg. 5.00 1.00
XM-528  Reg 1.29 .59
XM-525 Reg. 1.4 68
XM-538 Reg. 1.50 .49
LL-083 Reg. 1.98 1.00
SW-154  Reg. 2.19 t.49
SW-406 Reg. 1.79 .99
SW-409 Reg. 1.29 .69
SW-423  Reg. 1.89 1.09
SW-460 Reg. 29 .18
SW-586 Reg. 1.69 .49
W-64 | Reg. 2.00 .69
SW-773 Reg. 59 .49
Sw-814 Reg. 1.59 .69
SW-338 Reg. .90 .40
SW-840 Reg. 2.00 .69
Sw-846 Reg. 1.20 .59
W-850 Reg. 1.29 .79
TF-048 Reg. 3.00 .90
TF-050 Reg. 1.79 .60
T1-076 Reg. 2.00 1.29

|
|

1
i |
| : I
I 260 SO. FORGE ST. |
| DEPT. IV, AKRON, OHIO 44327 :

|
| NAME :
!ADDRESS - iy sTATE_______ ¢t
|z2IP Send Olson Catalog {
| Free PA Catalog Ship The Following |
| How | Stock |
| Many | Number Description Price | Total 1
| 1
| '
| I
4 ENCLOSE POSTAGE AND SALES TAX J
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POPULAR ELECTRONICS



7400 TT 5400 SERIES ‘ MOTOROLA CIRCUITS JAPANESE CIRCUITS
7400 .21 7442 108 74121 55 5400 1.00 MC1741CG .98 AN136 290 HA1312 4.05 STKO56 11.35 TA7201P  6.40
7401 21 7448 115 74122 49 5404 1.25 d MC725P  1.50 MC1804P .98 AN203  3.75 HA1322 520 STK415 11.50 TA7203P  7.00
7402 21 7450 .26 74123 5410 1.00 MC740L 155 MC1806P .98 AN208 475 HA1339 520 TA7045M 3.50 TA7204P  8.50
7404 21 7451 27 74125 5426 1.25 MC790P 150 MC1810P .98 AN210 310 LA1201 4.25 TA7054P 3.05 TA7205P  6.50
7405 24 7453 27 74126 5473 150 MCB32P 48 MC2053L .45 AN211 330 LA1364 470 TA7055P 550 TA78005M 2.50
7406 45 7454 .41 74132 MC1004L 125 MC3004L  1.32 AN214 490 (A1366 6.00 TA7080P 1.85 TA78005P 1.95
7407 45 7460 22 74141 MC1008L  1.25 MC3006P  1.44 AN217 330 LA1367 5.90 TA7061P 2.25 TA78012M 2.50
7408 25 7472 .39 74150 MC1010L  1.25 MC3007P  1.32 AN220 635 LA3301 4.85 TA7062P 2.25 TA78012P 1.95
7409 .25 7473 45 74151 4001AE .29 4022AE MC1011L  1.25 MC3021L  2.15 AN234 575 LA4030 4.85 TA7063P 225 TA78015M 2.50
7410 20 7474 45 74153 4002AE .29  4023AE MC1036L 12.50 MC3021P  2.15 AN239  6.50 LA4031P 3.50 TA7074P 4.90 TA78015P 1.95
7411 30 7475 .80 74154 4007AE 20  4024AE MC1037L 1250 MC3060L  2.65 AN241 320 EA4051P 4.65 TA7075P 4.90 TC9100P 12.00
7413 .85 7482 175 74155 4009AE 58 4025AE MC1352P  1.05 MC3062L  3.00 AN245 650 LD3001 3.35 TA7076P 4.55 UPC16C  2.50
7416 43 7483 115 74157 4010AE .58 4026AE MC1406CP 3.95 MC4024P 220 AN274 395 LD3080 4.00 TA7092P 6.50 UPC20C  5.00
7417 43 7485 112 74161 4011AE 29  4028AE MC1468L 2.90 MC14501CP .31 AN277B 3.40 (D3120 3.10 TA7102  5.15 UPC41IC  3.95
7420 21 7486 .45 74164 4012AE . 4029AE MC1469R 250 MC14502CP 1.18 AN288  4.80 LD3141 240 TA7106P 3.25 UPC48C  3.95
7422 150 7489 249 74165 4013AE .52 4030AE MC1510G  8.00 MC14507CP .82 AN328  4.05 M5112 540 TA7120P 220 UPC554C  3.90
7425 43 7490 .69 74166 4015AE 4037AE MC1514L  4.50 MC14510CP 2.40 AN343 390 MS5115PR 4.80 TA7120P-C 2.20 UPC563H2 8.00
7427 37 7491 120 74174 4016AE 4040AE MC1550G 150 MC14511CP 2.76 BA511 350 M5155 2.85 TA7122AP 230 UPCS66H 2.25
7428 33 7492 82 74175 4018AE 4044AE MC1558  4.37 MC14512CP 1.92 BA521 395 S$G613 540 TA7124P 1.85 UPC575C 4.10
7430 26 7493 .82 74180 4019AE 4047AE MC1595L 625 MC14519CG .94 HA1158 6.30 STKO011 10.50 TA7146P 4.10 UPC1001H2 5.15
7432 31 7494 91 74181 4020AE 1.75  4049AE MC1596G  3.31 MC14528CP 1.74 HA1150 6.60 STKO15 6.50 TA7150P 4.55 UPC1020H 5.50
7437 .47 7495 91 74191 4021AE 1.50 4050AE MC1723CG  1.25 MC4044P  4.80 HA1202 3.10 STK025 12.50 TA7153P 6.90 UPC1025 5.50
7438 40 7496 91 74195 : HA1306W 520 STKO032 14.20 TA7200P 6.25
7440 21 74100 1.25 74197 POSITIVE .
7441 110 74107 .49 74298 VOLTAGE
MISC CIRCUITS REGULATORS IC’'s ON THE MOVE
74L SERIES T .
BC184L .60 LM309K 1.95 SNI15844N .55 LM340K-5 195  BBD:BUCKET BRIGADE DEVICE
74,00 33 74LS04 .45 74LS113 98  CA3001 .75 LM351AN .70 SN15946 55 UM340K-6 195 MM3001 1950  MN3002 11.70  MM3003 9.45
74L10 33 74LS10 .39 74LS138 1.89 CA3005 .80 LM741CP .40 SNI158097N .60  LM340K-8 1.95 HALL IC : DN834 1.25 DN837 1.50
74030 33 74LS20 .39 74LS174 250 A3006 1.10 LM1458M .65 SN72560P 4.50 LM340K-12  1.95 DNB35 1.35  DNBIB(NEW)
74042 1.50 74LS51 .39 74LS386 5.50 CA3018 1.60 MFC9020 1.15 SN727410N .85 LM340K-15 1,95 SN76001 1.75 SN76002 195
74186 .69 74LS74 .65 745153 2.25 CA3018A 1.80 MR995A 1.05 SN72741C 45  LM340K-18 1.95 PLLO2A MIDLAND PHASE LOCK LOOP 12.00
74LS00 .39 74LS112 .65 745387 1.95 CA3026 2.15 MSC9967P1.50 SN72748P 49 LM340K-24 195
CA3035 2.45 N5558 .55 UA703C 45  LM340T0-5 1.75 MICROPROCESSOR CHIPS
CA3039 135 N8508B 500 UA709C 40 LM340T06 1.75
74HOO TTL CA3058 1.90 NE555V .45 USF7733393 2.40  LM340T0-8 1.75 1404A 3.28 2102 2.50 MM5013 3.25
CK707P 45 PA771131 45 995879 650 LM3%0T0-12 175 C1702A 19.95 C2708  95.00 8008 19.95
74H00 .33 74H11 .33 74H53 .39 C5134J  1.15 PL994551 .45 996079 12.50 LM340T0-15 1.75 2101 6.95 C4702A 19.95 8080A 2995
74H01 33 74H20 .33 74H55 .39 C5135) 120 RC14370B .35 998979 900 LM340T0-18 175  MK4200 P-11  4096x1 Bit Dymanic Ram 295
74H04 33 74H21 .33  74H73 59 C5136  1.25 SC9962P .70 936-5D 110  LM340T0-2¢ 1.75 51013 1024 Bit (256x4) Static C-Mos Ram 450
74HO5 .35  74H30 .33 74H74 .50 IC3(GE) 150 SC9966P 1.25 9313DC 1.20 NEGATIVE MC14514 4 Bit Latch 4 to 16 Line Decoder 425
74H10 .33 74H40 .33 74H76 .60 LM301AN .35 SN15830N .50 93L28DC 275 REGULATORS CALL OR WRITE FOR FURTHER INFORMATION,
AVAILABLE SPEC'S AVAILABLE
HOBBY SPECIALS PACE/PATHCOM PART #'S
ELECTROLYTIC CARBON RESISTORS
CAPACITORS Minimum 5 Pc's Per Value YOU TEST "EM $AVE BIG MONEY 130079  4:00 1P20-0123 2.75
Power Pac 100 Asst. (includes Case T03, T086 1300821 .65 1P20-0131 2.50
T0220, T0202) 13-0122 1,75 1P20-0141 3.00
2.2MF50 AXIALLEADS .15 QUANTITY Transistor/ 100 Asst, (includes Case T05, $1.99 83.0005 2.00 IP20-0142 3.00
3.3MF10  AXIAL LEADS .15 PRICING 5-25 30-95 100-495 Diode Pac  T039, T018, D07, 0041) 83-0007 250 IP20-0139 .43
3.3MF10  NO POLARITY .15 vaw5% .06 .05 .04 1.C Pac 100 Asst (includes 14 & 16 Pin) $3.50 83-0008 2.00 IP20-0154 6.00
10MF25 AXIALLEADS .15 %wS% 08 .07 .06 Resistor Pac 50 Asst. (Assorted values) $1.50 83-0015 3.00 I1P20-0185 2.50
10MF50  AXIALLEADS .15 STANDARD RESISTANCE VALUES Mos Fet Pac 10 Asst. (many top #'s Case T072) $0.99 1P20-0005 3.00 1P20-0161 4.00
10MF150 AXIALLEADS .20 OHMS SCR Pac 100 Asst. (similar to-C103 Series) Case to 92, $4.00 1P20-0016 .40 IP20-0177 2.75
25MF35  AXIAL LEADS .15 10 270 820 47K 27K VR:10-100V, T:400MA. IGT:200MA 1P20-0034 .85 IP20-0176 2.85
30MF25 AXIAL LEADS .15 22 300 910 51K 33K 1P20-0037 .85 IP20-0191 .72
47MF25 RADIAL LEADS .15 47 330 1.0K 6.8K 47K ZENER DIODES 1P20-0045 2.00
G K N g e 1 P St v 10 v S
1 g 1 1 ! ! : ' 1P20-0093 2.50
100MF25 RADIAL LEADS 20 150 560 27K 10K 1.0M GREATER THAN 33V CALL FOR PRICING
OObMiss AALLEADS 65 a0 730 ek 2k
1 AXIAL L| d 240 3.9
POPULAR JEDEC SEMICONDUCTORS
JAPANESE TRANSISTORS + CB, AUDIO, INDUSTRIAL N34 25 2N918 .60 2N2218 25 2N2906A .30 2N3646 .14 2N4220A .45
mgg 25 %Nsag 25 2N2213A gg 2N2907 .25 22N3730 2.505 gzﬁ:‘r .9:
iN270 .40 2N95 30 2N2219 25 2N2007A 30 2N3731 37 0 1
28A52 .60 25C206 1.00 25C774 175 28C1173 .95 25077 1.00 iN914 .07 2N 90 2N2219A .30 2N2913 .75 2N3740 1.00 2N4401 .18
2SA316 .75 25C240 1.10 28C775 2.75 2SC1175 .65 2SD81 3.25 3N982 (95 2N2921 25 2N2914 120 2N3771 175 2N4402 18
2SA473 .75 25C291 65 25C776 3.00 25C1209 .55 2SDes8 1.50 2N173 175 2N967 95 2N2221A .30 2N291BA 3.65 2N3772 1.90 2N4403 .20
2SA483 1.95 25C292 3.00 2SC777 4.00 28Ci213 .75 2SD118  3.25 2N174 350 2N1136 1.75 2N2222 .25 2N3019 .50 2N3773  3.00 2N4409 .18
2SA489 .80 25C320 .75 2SC778 4.00 25C1226A 1.25 2SD130  1.25 5N178 80 2N1142 225 2N2222A .30 2N3053 .30 2N3819 .40 2N4410 .18
2SA490 .70 25C352 .75 2SC781 3.00 25C1237 4.50 2SD141 225 SN327A 115 2M1300 100 2N2223 1.00 2N3054 70 2N3823 .70 IN4418 75
2SAS05 .70 2SC353 .75 28C783 1.00 25C1239 4.00 250151 2.25 2N334 120 2N1301 1.10 2N2270 .40 2N3055 .75 2N3856 .20 2NS061 .30
2SA564 .50 25C371 .70 2SC784 .70 2SC1243 1.50 25D170  2.00 5N338 90 2N1302 125 2N2323 1.00 2N3227 1.00 2N3868 .85 2N 50
2SA628 .65 25C372 .70 2SC785 1.00 25C1203 .85 25D180  2.75 2N338A 105 2N1303 .70 2N2324 1.35 2N3247 3.40 2N3303 .16 2N513 20
2SA643 85 25C394 .70 25C789  1.00 25C1306 475 25D201  1.95 2N398B 150 2N1304 125 2N2325 2.00 2N3250 .50 2N3204 .18 2N5133 .15
2SA647 275 25C458 .70 2SC793 2.50 2SC1307 575 2SD218  4.75 INa04. 75 3N1305 75 5N2328 2.85 2N3375 650 2N3205 .18 2N5138 .15
2SA673 .85 25C460 .70 25C796 3.15 25C1308 475 28D235  1.00 2N443 250 2N1306 1.35 2N2327 3.80 2N3393 .20 2N3206 .18 2N5198 3.7
2SA679 375 25C478 .80 2SC797 2.50 2SC1317 .60 25D300  2.50 SN4SE 130 2M1307 75 ON2328 425 N334 17 2NI925 375 3N5204 50
2SA682 .85 25C481 1.85 25C798 3.10 28C1318 .70 28D313  1.10 2NS01A 3.00 2N1308 1,50 2N2329 4.75 2N3414 .17 2N3954 3.50 2N5296 .50
2SA699 1.30 25C482 175 2SC799 4.25 28C1325 4.95 2SD315 75 5NSOBA 45 5KN1309 0 2N2368 25 2N3415 18 2N3954A 3.75 2N530 20
2SAG699A 1.45 25C491 2,50 25C802 3.75 25C1327 .70 2SD316  2.50 INSSS . 75 SN1552 325 2N2369 25 2N3418 19 2N3955 245 2N5354 .20
25A705 .55 25C495 1.10 2SC803 4.00 28C1338 1.75 250317 1.25 2NB52A 1.25 2N1554 125 2N2484 .32 2N3417 20 2N3957 1.25 2N536! 20
2SA815 .85 25C497 1.60 2SCB15 .75 25C1346 .80 250318 95 2N677 6.00 2N1557 1.15 2N2712 .18 2N3442 1.85 2N4038 .75 2N5400 .40
25A816 .85 25C502 1.50 25C828 .75 25C1347 .80 250328 1.25 2N706 .25 2N1560 2.80 2N2894 .40 2N3553 1.50 2N4037 .60 2NS401 .50
25C515 .80 2SC829 .75 2SC1364 1.50 25034 -9 2N706B 75 2N1805 .35 2N2903 3.30 2N3563 .20 2N4093 .85 2N5457 .35
25B22 .65 25C517 4.25 2SC830 1.60 2SC1377 5.50 2SD350  3.25 INT11. 90 5W1813 30 2N2004 25 IN3565 .20 2N4124 16 2N5438 .30
2sBS4 .70 25C535 .75 2SC838 .70 2SC1383 .75 250352 80 2N711B 110 2N1711 30 2N2904A .30 2N3638 .20 2N4128 .16 ClO3Y 25
2SBS6 .70 25C536 .65 25C839 .85 25C1384 .85 250380 570 2N718 25 2N1907 4.0 2N2905 .25 2N3842 .20 2N4141 20 C106B1 .50
mev P RGY matm sacammoes r o Gk B OBER fa B X Ben B ootk ®
AR R e ama] sl bl H 2N720A 50 2N2102 40 2N2906 .25 2N3845 .20 2N4143 .20
25B173 .55 25C614 3.80 2SC938 .65 25C1448 1.25 2SF8 3.00
2SB175 .55 25C615 3.90 2SC943 1.50 25C1449 1.30 2SCF8 3.50
2SB178 1.00 25C616 4.15 25C945 .65 2SC1475 1.50 2SCF 1.25 SILICON
25B186 .60 25C617 4.25 2SC959 3.15 25C1507 1.25 HEPS3001 3.25 UNIJUNCTIONS HARDWARE * IC SOCKETS RECTIFIERS
258235 7 7 1. 1.5 d ] -
y 2N2160 .65 MU4892 .50 Nylon Screws, Nuts & Rivets (Complete Kit, 50 pc's)1.99 10 100
SBI03 65 25C642 3.50 25C996  4.90 25C1674 1.75 MPSBO00  1.25  5N2g4g 45 MU48S3 .50 Trans GV Mica. Bushings & Screws For  For
258324 1.00 25C643 375 25C1010 .80 25C1675 175 MPSSOOL - 128  2Nzea7 .55 MU4894 50 Case T03, T0G6 & T0220 (Specity Type, 10 Sets)  1.00 IN40O1 .60 500
258337 2.10 25C644 .70 25210‘2 80 2sg\s 8 550 MPSSg‘ <00 2N4851 75 2N6027 55 MK20 T03 Complete Mounting Kit 5/99 IN4OO2 .70 6.00
28B367 1.60 25C681 2.50 25C1013 1.50 25C1679 4.75 00 2N4852 75 2NB028 70 MK25 T066 Complete Mounting Kit 5/99 IN4003 .80 7.00
238370 .65 25C684 2.10 25C1014 1.50 25C1756 125 SK3047 375 SRAi30 o3 SREAE -an ANEl 0 8'Pin. T05 Phg. of 2 1000 IN4004 90 .00
25B405 85 25C687 2.50 25C1017 1.50 25C1760 2.15 SK3048  3.25  5N4971 5o MU0 35 IC Socket 10 Pin TO5 Phg. of 2 1.22ea, IN4OO5 1.00 9.00
238407 1.65 25C696 3.00 2SC1018 1.50 25C1816 4.50 SK3049 475 WSSl o MO0 ag € Socket 14 Pin DIL Pkg. of 1 Stea INAGOB 110 10.00
258415 .85 2SCB99 4.75 25C1030 4.75 2SC1908 .70 SK3054  1.25 ; 40 € Socket 16 Pin DIL Pke. of 1 37ea. IN40O7 120 11.00
mesl s acne mace s (RS ok ' | o
25B463 1.65 2SC711 .7 1 75 2SC1 ] d
2SBAT1 178 25C712 70 25CI061 168 25CIGT 150 25K 120 | NEW-TONE ELECTRONICS
25B474 150 25C713 .70 2SC1069 3. 974 4. .
25B476 1.25 2SC731 3.00 2SC1079 3.75 2SC1975 4.90 3SK22Y  2.75 u PO BOX 1738A
e pioncn o o nems L 1 BLOOMFIELD, N.J. 07003
28 125 2 : 1 X ; i
258495 95 25C735 .70 2SC1098 1.15 25C2074 3.00 3SK49 275 PHONE: (201) 748-6171, 6172, 6173
R e 23CTI 0 33Ciies 7025045 200 4005 360
258511 .70 2SC715 .70 2SC11 : \ i g
538531 3‘058 SSS’“ s_gg ggg“% 4'58 ggggg ;8 :88:? :gg Thank you, for your Interest m:;upomo ':ON“:,T:“.I I
258556 3. 762 1. 170 4. . . N.J. residents add 5% saies tax, minimum order $5.00. Phone Orders Welcome
25B135 .95 25C773 .85 25C1172B425 25072 100 40062 300 Ay orders add $1.00 Postage $1.50 Cansda  Dealers Write or Phone for Discount Prices
ALL PARTS GUARANTEED PARTIAL LISTING — WRITE FOR FREE CATALOG
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400N TTL N = WIRE WRAP CENTER "\
oy 7 EAIRCHILO TECHNOLOGY KITS FAIRCHILD
SNAON 96 SNPassA 25 ! _ — HOBBY-WRAP TOOL-BW-630
SN740tN 16 sunsc’rf 22 SN72154N lgg _____ . -0 back of 1 kit . o Battery Operated (Size C)
SN S 210 SNIIOEE S SKIAISEN TeGmarocy e Complete Specifications on back of eac o Weighs ONLY 11 Qunces
SNT40IN 16 SN7472N .39 SN74156N %9 . KT PEARANCE
SNTN 18 SN7473N 37 SNTAISTN 99 o Packaged for WALL DISPLAY AP o Wraps 30 AWG Wire onto
2:;332: % 3:;‘:772?‘ '3.3 3:;:'-23: "z;; e Dealer’s Inquires Invited — Price List Available Standard DIP Sockets (0,25 inch)
SN7407N 29 SN7476N 2 SN741B3N 94 . Complete with -built-in bit and sleeve
SNP40BN 25 SNPTON 500 SNIAIGIN 110 7205 - Stﬁp Watch Chlp $19.95 $34.95 ~
SN7409N 25 SNT480N 50 SN7416SN 110 e Iy o
SN7410N 18 SN7482N .98 SNT41GEN  1.25 earciand 0IGITS PHOTO ARRAYS
g:;:";: gg 2:;‘4%35: A 55:;““%: ;f’g FIKG00Y 05 High Comman Cathode Digi $100 | FTK0040  9-Flement Iac:e Reader Array 1620 WIRE-WRAP KIT — WK-2-W
K I n K High C Anode Digit 100 [ FTK0021  12-Element Carg Readet Atray o 3
SN7ATIN a5 SN7486N 3 SNMIT2N 895 2.(83'5 °3§, Yogn Comman Sm:oc;qi)\qd 75 | FIKO042  Reflectve Opto Coupler 400 WRAP o« STRIP ¢ UNWRAP £
_— D e Mg sime i FTK000: 08 High Comman Catnode Digi 200 o Tool for 30 AWG Wire ,
NTAIEN 35 Shggt 2 SO FTKOO0S 0 8 High Comman Anode Digit 200 COUPLERS A \
SNT41TN 35 SN7490N A3 SNZAUZSN - 99 FTK00S0 3 Generat Purpase Dpto Couplers .00 @ e Rolt of 500 ft. White 30 AWG Wire :
g:;:;?: ;5 g:;:;;: 47; 2:;::;3: 33 0.8" HIGH DISPLAY ARRAYS FTX0051  Darigton Opto Coupler 10 B o 50pcs.each 17,27, 37 & 47 lengths — .
s Digit T 7.00 SE L
SN7122N o SN7493N 29 SNTAIBON 99 2:%:‘: 32 ::L’: 3&3%5:;.3::” S MOS CLOCK ORCUITS pre-stripped white wire @
STaW g Smew m sweN 2 FIX0S00  Oigtat CloekiCalendar Crcunt ™ ¥ $11.95 =4
SNzazN 29 495N o ! LED LAMPS (FEM7001) .
SN7426N 29 SN74%EN 89 SNT41BIN - 1.95 FIKO40Y  Digiat Clock Catendar wath BCH 700
FTKD020 10 Aed LED Lamps 100
SN7427N 7 SN7497N 400 SNT4185N 220 1 Outputs (FCM7002} -
SN @2 sNnON 000 SwMtseh 1se0 JTIOOZ S Mined Coored LED Lamos 100 | 14092 aect Drove Do Lok G s00 = WIRE WRAP TOOL WSU-30
SN7430N 26 SNT4107TN 39 SN74187N 6.00 with AC Output (FCM38174) WRAP TRIP INWRAP - $5.95
SNRN 3t SN 39 svaatgeN 395 [ FTX0023 S Tnree Prce LED Mounting Adaplers 100 FIK0A03 Ot Ot Dt Chack Gt o B — * 8 o Ul $5
SNPA3TN 27 SNTORN 39 SNZA190N 113 PHOTO TRANSISTORS with DC Outout (FCM38170) WIRE WRAP WIRE — 30 AWG
SNzaeN 27 SNMN 50 Freet IR FIKO030 5 Flat Lens Phote Transistors 100 | FTXO405  Owect Dowe Digital Clock Calermar 600 -
SN743ON .25 SNTAI2SN .60 SNTA1N .89 FIK0031 5 Round Lens Photo Transstors V00 Curcun (FCMT015) 25%. min. 51.25 50f1.$1.95 1001.$2.95 10001, $15.00
. 13 SNISIZON S 60 . FIKI32 3 Fiat Lens Proto Daringtons 1.00 SPECIFY COLOR — White - Yellow - Red - Green - Blug - Black
SNI44IN 89 SN74TIN .09 SNZAI9IN 125 FIK0033 3 Round Lens Proto Oarmgions 100 KIS
SNTAEN 5 SNPMIMN 5 SNTAIOSN 75 FIKQI06  Automonie Clock K 4000 THUMBWHEEL SWITCHES
SN7443N % SN24141IN 11$ SN74196N 1 2'2 THUMBWME L SWITCH ONLY o 8 ~ .
SN7444N 5 SNTAVN 400 SNZ4197N y : oo Drcer desren sworth o1 swere
" 90" dia. Part No. - Price
SNPAASN 75 SNTAMN 450 SNIGN 175 125 i t ﬁ { WPl Jreppee i 1 420 pcris o b o
SN7A46N 81 SNTAVMN 450 SNTAIGN 175 XC209  Rec u‘)g: S A “"g" B "::'?:-ma N T Beuckle seeiiiiion
SN7447n 69 SN74145N 1.15 SN74200N 559 X208 Green - ) » f 21 on BCD only 250 .
SN7448N 7 SNZA14TN 235 SN24279N 90 X209 Orange 481 DlSCRETE LEDS ﬁ::: ;f::;‘! d’i: 2 300 SF - feont Nouer SR Sew v
SNT450N 26 SN7414BN  2.00 SN74251N  1.79 . - SERIES S Front Mount Auembly SERIES SR Mo Mount Aoty
SNT4SIN 27 SN74150N 1.00 SN742B4N 6.00 200" dia 185 dia. L2007 dia. 085" dta.
SN745N 27 ShratsIN 79 SN74285N 600 22 Red 1081 5% Reg 1080 KS56  Red 1051 V50 4
SNT454N 20 SNT4153N 89 SNT4367N 75 XC22 Green 48 XC526 Green lgl‘ :gg:g t'i':en 4'2 'g:su;m Micro
AVAILABLE ON REQUEST XC22 Yellow LR XCS26  Yellow 3 eliow. !
h;ssvDOT:EuZISIn:Il&OACOmDined 7400's Xzz o Qunge 4BV XCS6 Qunge 4B XSS Ounge 451 g
—— ssL22 AT AS1 XC526  Ciear AT 586 Cear 75 . b
€04000 2 CMOS TCtiN T SPECIAL * — XC556 Red 100/58.00 1000/560.00 — SPECIAL accessonres R ACCESSORIES
s FR ¥\ o - s o vy FHET S %
o % owe e i o f ow DISPLAY LEDS e PR IEEer § B Ee R
04042 19 ucon 215 [ Ey tors . i
CD4007 25 SE MG T bt Body feachs S0 SMMB T Mait Boay lesen: P3
CD4009 53 COA0 20 nserw 1.50 TYPE POLARITY HT TYPE POLARITY T
€03010 5 el ORI MANt  Common Adode 70 295 MANJ620  Common Anode-ornge X s
CD4011 25 g AN 7 Dot M 00 495 MiN 3640 Common Cathode orange 7 i
codnt2 B o I Mo 20 WANS  Common G 125 39 MANA7I0  Common Anode-Red 00 195 Permacel Electrical Tape
CD4013 47 Eg:g-‘;) 27995 HCIOTN 125 MAN:  Common Cathode 107 198 oL Common Anodesred 300 o % (wde) X 66 1 (longl « Al wealher o Not import
€04016 5 ; 105 2.9 MANT  Common Anode 00 125 oL704 Common Cathooe 00 o $1.49 per roll — $12.50 per 10 roll package
o7 13 Da0s3 295 pci 400 MAN 76 Common Anode-green W 1% oo Common Anode w e
02019 55 ED3060 3B nes 215 MAN 7Y Common Anode yeliow 300 195 DL 728 Common Cathoge 500
cooz 149 CO06E o newe 3z MAN'S2  Common Anode-green M 115 DL7AT Common Anode 800 225 ZENERS — DIODES — REEHF'ERS onice
C0s022 125 - ; 7a615) eS| MAN 63 Comman Anotle-red 00 175 oL 750 Common Cathade 500 239 TYPE VLTS W PRICE TYPE  VOLTS W e
£04023 =il i e MAN 72 Common Anode 30 125 DLIB  Common Catoge ) s 337 om 100 s wosyvap 10100
CD4024 +.50 2 0 1 FNDIO Common Cathooe 2% 75 INT51A 51
04025 2 D511 250 mein3 2.60 m: ;; Eﬁ::ﬁ: gf.::,d;,,,.,w ”360 1 ? #ND503 Common Cainode 500 100 INTS2 56 400m 100 NSOO7 1000 P1v 1 AMP 10100
Cp4oz7 g e 250 ncm 21 MAN B4 Common Cathode yeliow 30 175 FNDSOT  Common Anoge 50 100 753 62 400m 4100 NGO S0 W0m 5100
CDi028 165 CDAS66 300 7aciss 275 . Tl NS 8 m 10 e 75 15100
D029 290 74COOM B Moiow 50 IC SOLDERTAIL — LOW PROFILE (TIN) SOCKETS NG5G 82 300m 1154 3f
€04030 65 74C02N 55 MC1401€ 56 IN965SB 1S 400m 4100 INGIOS 7S 25m 20100
L_m_ 2 299 50-100 128 a9 0ol o 56 s00m 2 INTIS 56w 28
3001 80 LMISION 295 spn sI7 16 15 2on $38 a7 % NS4 62 500m 2 NS 62w 28
LM30H 35 LlN E A R LM1351N 1.65 14 om 2 19 T 28 o 45 4 43 l INS235 68 500m 28 INA736 68 w 28
o e e e | ] 2 & - & . 20 Moo 15 Nom 2 Wl s M z
18 oin 2 2 " NI 25 E M
LM304H 1.00 LMI70N 115 LM14%N 95 2 7 % 35 TANDARD (TIN IN4SB 150 m 6100 tNajas 15 tw 28
LM305H 95 LM37IN 325 LMISS6V 185 o SOLOERTAIL STAN (TIN) p o INAB5A 180 10m 6100 INIIBS SOPIV 35 AMP 160
“LM30TCN 15 LM3ITIN 400 LM2NIN 195 1apn  §27 2 2] Bom S 9 e B INMGOT 50 PIV 1 AMP 120100 TNIIBA 100 PIV 35 AMP 170
(MIBH 100 LM3BON 139 LM2OOIN  2.95 16 pin 30 27 b3 gl g o T INS002 100 PIV 1 AMP 12100 INUIGS 150PV 35AMP 150
LM0BCN  1.00 Mnoc oy [ Thspesn % 18 pin 35 30 AORpm 159 INOZ 200PY | AMP 12100 INIISE 00PNy 35AMP 180
LM30SH 10 LMIBIN 179 2 po 9 % 2 INAGDS 400 PIV 1AMP 12100 INIIBB 400 PIV 35 AMP 300
LM309K O TR SOLOERTAIL STANDARD (GNLD) E RECTIFIERS
LMINOCN 115
e ] NESIOA 600  LMSSS6N 185 8on  §30 2 2 Apn s 70 6 57 SCR AND FW BRIDG L .
LMIIIN %0 NESIIM 300 MCS5seV  1.00 11 o 3 2 28 o 0 100 % €360 154 @ 400V 1
IMIBCN 1,50 NESIST 600 LM7SSN 90 16 pin 38 3% % 36 om0 % 140 JG Cagm 3BA @ 200V SCR 9
M3IN 130 NESOOL 600 LMTSISN 125 18 pin a7 ] 0 pin 5159 5 M8 164@ 200V SCR 0
LM3I20K-5 1 32 :Egggc L] 5&375;50 ‘3; WIRE WRAP SOCKETS (GOLD) LEVEL #3 MDA 980-1 122 @ SOV x::»gﬁﬁ(( :((cc ! :2
LM320K-5 2 1. . 1 3 1 37 2pn 5105 9 85 MDA 980-3 128 @ 260\
(M320K-12 1,35 NESG0B 500 7SASICN o ° 0 o3 8 37 — 28 pin 10 125 110
(M320K-15 1.3 NESBIB 500  75452ON 3 o 2 o 0 3 45 1w I TRANSISTORS . o
Wt 175 e g » 18 pn 7 68 6 Won 175 185 1 weSa6  Sste mser 1100 M0 45100
(M320T-52 175 M8 38100 ses 48100 2Maa0t 48100
LM320T-6 175 NESGSN 175 754910N 28 N W22 ast00 AT 28t 00
LM320T-12 175 NESGECN 125 ;zgfg: gg Plastic Push Button Switch MINATURE TOGGLE SWITCH gz Bt @ 53100 iy 49 ®
et R R S AT *18 AWG Solld Wire - 5" Long e O HES T TR et
LM320T-24  1.75 LM703CN 45 CA3013 215 * .50 (wide) X .60 (high}) %-27 Thread JMT-22t  DPDT onjoft/on $1.95 %a‘: x‘ 2 pliwevad 58100 W508. :z::g
LM323K-5 995 LM709H 29 CA3032 z'f: B AMP @ 14 Volt - 1 AMP @ 110 Voli JMT-223 DPDT on/none/on $1.75 M0sR 33100 mm ”s' ?g p"ég;; Fisilon,
LM3ZN  1.80 LM709N 29 CAI3S 2 9 10-Up JMT-121 SPOT onjgtfion  §150fl 2007 5510 s 100 M9 580
BN 170 LM7I0N 79 CA3 138 \ U881 PusnOn-PushON 59 49 M5 shw ! B M 380
LM340K-5  1.95 LM71IN 39 CAI46 130 J-188-2  Normally Open 59 49 JMT-123  SPDT on/rone/on $1.25 05 2% 00 W0 48100 o119 0
1 LM723H 55 CA305% 325 J-188-3  Normally Closed 59 49 N5 $ & NI905 451 00 2 8100
LM340K B 95 CAIDE0 325 =2 MIE30SS s o MW0E 43100 245951 58100
LM340K-8  1.95 t:gg: ‘-;5) CA3080 ! MJE2955 5125 2001 1$) 00 CIORBISCA 281 00
LM340K-12 195 R BT 35100 oY 0 ot 20
W30K15 195 LWTISK 100 MBI 200 CLIPLITE ME LEO MOUNTING SYSTEM — 1o be used s iz 03100
thsokiral Tos IRCHEICH] Rt I GAd SERal0 ith XC556 LEDS — SPECIFY COLORS —
IM30K2¢ 195 LM7aICN 35 CAJ083 160 with XC556 /81. R CORNER
(MMOT'S 175 M7 38 CAJOSG 8 *SPECIAL*  RED — GREEN — AMBER — YELLOW CAPACITO 50 VOLT CERAMIC
} 275 DISC CAPACITORS
IM3OT-6 175 LM747H 79 CA3089 A
s ST B B oo 9ae 50 PCS. RESISTOR ASSORTMENTS $1 75 PER ASST 0ot 2o B @ B
M340T-12 175 3 A o u
. 1.7 LM748N 39 CA3130 139 . - 22 pt 05 o 03 0047,4F 05 ™o 035
tw%:: 1 72 LM1303N 0 CAIND 125 100HM 12 OMM  ISOMM 18 0HM 22 OHM 470l 05 04 03 Oiuf (NI
LM340T-24 175 LMI304N 119 CA3600 178 ASST. 1 Sea.  27OMM  3I30MM  J9OMM 47 0HM 56 ONM 174 WATT 5% SOPCS 100 pt 05 04 03 022uF 06 05 04
M3SON 100 sl i ecusdRsios MM MO e et 2 Bonw s R
LMasich £ Mg g — — ASST. 2 Sea. 180 0MM 220 OWM 270 OHM 330 OWM 390 OHM 174 WATT 5% 50 PCS 0 100 0L AT LARI B CAP AT o
731500 2 ——. 470 OHM 560 OHM 680 OHM 820 OHM ® 01m 2w 022mi o e
Lse 2 7AL-§SQO I T L:’:t?-'za' II :: ASST. 3 Ses. 12X 15% 18K 22 a2m 174 WATT 5% 50 PCS. 0022 ”? 10 07 047mt 2; 7 |;I
' 2 B3
;:tggf g THLS75 3 i4Ls1S7 158 3K IK 4T 5 6K 68K N %(::"7'"\0 5 10 ,g; ‘zgzim 3 -
74505 3 et -3 1418162 8 ASST. 4 Sea 8¢ 0K K 15K e o et +20% DIPPED TANTALUMS (SOLID) CAPACITORS
740508 % 741583 45163 2% P 2K 19 an 1738y B 28 A7 153V 30 26 2
731810 » S8 Frip 100k 120 174 WATT 5w 50 PCS 1WAV 28 2 N zamv M 21 2
741813 5 740586 9 nLSIs 195 ASST. S 5ea. 56K 68K 82 4 el R L L I
731514 175 741590 Tasen ey 1506 180K 200K 2708 330k Y 28 23 7 sIesv 3 28 23
741520 » 741592 Ztlslsu 285 ASST. 6 5ea. 390K 470K 560K 680K 820% 174 WATT 5% 50 PCS. prien 28 P8 17 6.8/25V £ 3 25
740526 » e Taset i ™M s M 27M A - L S
827 19 175725V 63
T2 & 74L§‘Jg1 ‘% G LEDY HED HI MR VRN 364 HATEATTIZR IR ORCS Ry MINTI:YURE?LUMWUM ELECTROLYTIC CAPACITORS
740530 2 7451 p q Atiaf Lead Radial Lead
s owm o s % s 1w B ASST. B8R Includes Resistor Assortments 1-7 (350 PCS ) $10.95 ea. o S 0 g S o
41 & % " 471! 1
;:ES? ,‘3 745132 125 7415260 55 W $5.00 Minimum Order — U.S. Funds Only Spec Sheets - 25¢ — Send 24¢ Stamp for 1977 Catalog ;g{m "g "; W0 1006Y 15 13 10
741555 F-1 7415136 4 TaLs2IS . W Calilornla Restdents — Add 6% Sales Tax Oealer Discount Available — Request Paicing sy w6 w12 1025 16 12 M
e = 8138 189 7418620 395 w15 13 vg ‘H,'{lsg“; “2 "; o
CLOCK CHIPS 05V 6 W1 4 d
MH5309 6 Digt. BCD Dutputs. Resel PIN $9 95 2225V ” 15 ‘lg : ;w 1‘2 :3 :?
MMS311 6 Digt, BCD Outputs, 12 or 24 Hour 495 Zel oy o ey 4 a2 0o
MM5312 4 Digt. BCD Outputs. 1 PPS Qutput 495 4725V 19 i B s e i 0
MM5314 6 Digit. 12 or 24 Hour, 50 o 60 Hz 495 47/50¢ ?i e i % 4
MMS316 4 Dign, Alarm. 1 PPS Dutput 695 100725V 24
asy 2 a9
MMS318  Vigeo Clock Chip. For Use Wilh MM5841 995 10asoy | SPE SOp e el W e
17001 6 Drgit, Caiendar, Alarm 12 or 24 Hour 595 gg,gx i_f. 2‘5 g: :&omsx b vm .‘B
DATAHANDBOOKS 5 LOS. CA. 94070 5 5 0 28
7800 Pin-out & Descripnion of 5a00/7400 ICS $2.95 1021-A HOWARD AVE.. SAN CARLOS. C e WA @ dwsw B %2
CMOS Pin out 8 Duscription of 4000 Series ICS $2.95 PHONE ORDERS WELCOME - (415) 592-8097 1000116V 85 ST s on b
Linear Pin-out & Functional Description 2.95 All Advedtised Prices Good Thru March 220016V 70 ! b
ALL THREE HANDBOOKS $6.35
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MICROPROCESSOR COMPONENTS

DIP SWITCH

%+ |CRYSTALS 35~ e o R
e — TF’:ESE :“EDUENC'ESCDNL‘; | _;"‘_‘t" 8080A CPU §19.95 MC6800L 8 Bit MPU $35.00 mokied ote sor
S S el 8212 B Bit Input/Output 495 MC6820L  Penph. interface Adapter 15.00 : $1.95
cva 2.000 MHz HCI3U $5.95 8216 Bi-Directional Bus Driver 6.95 MC6810AP1 128 x B Static RAM 6.00 "
3 doooln: HCIBY Siio 8224  Clock Generator/Oriver 10,95 MC6830L7 1024 x 8 Bit ROM 18.00 @ 'ﬁmebqnd
(421 5.000 MHz HC1B/L $4.95 8228  System Controlier - Bus Dnver  10.95 . o
EY!E: 10.000 MHz HC18:U $4.95 s RIS — NS DI L
Y14, 14.31818 MHy HC18U $4.95 5
V194 18.000 Mz HC18U 5495 o Sune- B0 g R 2| DIGITAL ALARM CLOCK $16.95
Cv224 20.000 MHz HC18:U §4.95 30804 Super 8008 ¥ 201 2561 4 Sta 5950 e 24-Hour Alarm
Cv308 Wooo MK HOIBU 5435 sws 2 it 17 DOZE" Butt T
5 e o v 23] 2 100%% sold State T
d i o f ] i 700 W 2561 4 State 6958 ® EO)
XR-2260K8 Kit $27.95 XR-2206KA Kil $17.95 o o 2 = o 2521 7 Latge Red Led Dispiay (8" hghy !
WAVEFORM TIMERS 2 51, o 489 % « AM/PM Indicator |
- :gmwmmss‘a N EX A R :s o R 25;2 o 252§+ Seconds Orsplay at touch of button \ ———_
IR 22060 ) 39 AR 556CP 2 8 613 19§ e SPECIFY BLACK OR IVORY . =
"R } 85 MISCELLANEOUS A 2 0 ;Z k gg-‘ o 225
WRNUCP 67 XR-2240CP 32 |2 : B [
STERED ouooms R s PHASE LOCKED LOOPS | ) Fag, 695 93421 2641 2 95 D|G|TAL WATCH ES
XR-1310CP XR-1368 B4 AR-210 5 - Y MM5262 A Dynamic 99
R XR-1488 580 aR-215 6 URATS PROMS )
XR-18008 AR 1489 ‘ m xR 567CP A - $5.95 2048 5 .
AR-256 299 xR 2208 XR-567CT 0 ROM'S s Ladies Walch EXELAR Mens Watch
§ 9.95 « 6 Funchion « 5 Function
c 0 2515 1095 25123 State W . ouceiet Sying » Quartz Crystal
N N ECTO R S 74538 1024 B0 nable 195 15281 o o 1 Year Guarantee = Biack Leather Band
360 256 x & Fast 395 * Model 900 « Manutacturer Guaraniee
PRINTED cmCU IT EDGE_CARD “Soecial Pragraming Avallabie — BIPOLAR PROM SPECIAL — Wrie-or Call for Priting" * Specdy Gole « Specity Golg
156 Spacing-Tin-Oauble Read-Out 6301 25 B (32 x §) Open Collectar 295 63061 2048 B2 (512 x 4) Three Stare 995 or Chrome o Chrome
pacing-Tin-Uouble Read -Uu 63311 256 Bi 32 x 8) Toree Siate 295 6340-1 2048 B {572 x B) Open Collector  13.95 $59.95 $25.00
Bifurcated Contacts — Fits .054 to .070 P.C. Cards ggfl"l\ "gﬁ S"! :‘;22 x :l ?'?tn Csw'm' 3343 gg;; ; 53;3 ;‘l 1'5;; x 2) l;meeos:u 8.95 . .
v i tatz & 9 it i
16/30 PINS (Solder Eyelet} $1.95 6305 2048 B (512 » 4: Open Collctor 395 G331 40 b1 g » )4) Tovecotme. 1365
18/26 PINS (Solder Eyelet) $2.49 5 FUNCTION ELECTRONIC CALCULATOR
2234 PINS (Solcer Eyelery  S2.950 o Continental SpﬁClaltleS RAOOFIN MODEL 8P
50/100 1 100 Spacing) PINS (Solder Eyelet) $6.95 (e LG 8
s THE MING-
25 PIN-D SUBMINATURE $19.95 pew | LR o $8.95
DB25 PLUG $3.25 ™% Ly o 8 Oigu Dssty
DB?25 SOCKET $4.95 ¥ ¥ Prote Bouce 101 L o § FUNCHIONS CONS SIS 0F 00N sudtraction. M
29 gs “ - Ipiication. dwisiOn, perceniage with CONSTant on
L | 1 o e 2 2l lunctions with tuit lloatig éecemal doml
3%z DIGIT DVM KIT 1 SR prese powe 107 f g o Pawes souree 5 1 gece 9V DC Batlery 00GP
Prao Beaet 10¢ 39.95 2 jack tor AC acapter
¥ » Black superting grained Tmsh pIasic cabinet
et Bearo 101 i -
s ‘
79.95 -t 2 DIGITAL STOPWATCH
- & eemesesmemeremmmntt | o Baont 6 Ongi LED Display
SRt DESIGN MATE 1 58.95 o ':es to S‘gmmull:sﬁ 59 second
« Crysial Controlied Time Base
This 0-2 VDG 05 per cent digital voltmeter features thg Motorola 3% digit CINCUT DFSIGH A - « Theee Stopwatches i One
DVM chip set Ithasa 4 LED display and operates trom a single -5V o e S, Tines Sigle Event — Sphl & Tayio
powet supply The unt is provided complete with an injection molded black . \-’:sjzsPeln:w‘sCu:s 90 132 ounces
plashc case complete with Bezel An optional power supply 1s available @ o i = . M
which 11ts o the same case as the 0 2V OVM allowing 117 VAC operation 3 KX » 1 - Kit — $39.95
A. 0-2V DVM with Case $49.95) ¥ - T Slgm memiion = B
N vy g
5V Power Supply $14.95 —_ A T
e r0t0 Boar d
'VECTOR WIRING PENCIL E—— DIGITAL QUARTZ CAR CLOCK
g W P one ounce g SgEultenedusty disglays ‘{ ‘ f," mplete ki om mounting brackel of the
et weap wire tett it a6 = o ! dymmic mm( staies of DTL. TTL apecton moided case down 1o the thiee con
Pattein " I SPECIAL! e s‘ $84.95 ¢ Oucior powe: cond and 4l components i
e wt, w pON a e W - cluding MM5313 clock ch-p Features quaits
- ke 39-95 o - om QT Proto Sirips accuracy of 01" v 0 35 hgh LEO
. g AN T or-185 dispiey ang PC Roards Works on any 12
i g Ll gt -mwnm- OTiype  <holes price «Oll System - mutorcycies bOAts, vans
REPLACEMENT WIRE — BOBSINS FOR WIRING PENCIL Q1.595 2 - otorhomes  aul0s ticks
W35-3-A.Phg 250 1 36 AWG GREEN  §2.40 wo e Kit;1529.95 OIENSIONS, 312 - ¢ 52
W36 3.8-Phg 3 25C 1t 36 AWG RED §2.40 il ) 47 Assembled: $39.95 or 21 HOUR Monf
1 ( Sip 2 v =
“zgg g o ::"u 3 g:g I: ;g :wg gts‘é” g; :0 S 0TS e : TASE ONLY (ncludes hardware. mounting bracket and bezel) $9.95)]
T ov 128
] 8.
1/16 VECTOR BOARD e e JE700 cLock
0.4 Wole Spacing  P-Pattern Prce e
Part No_ 3 2-th H H H e ’ pl
§ o ks | GEMINI-68 The Unique Microprocessing System e et o et
1 o o - MANT2 ugh Dreghtness readoul and the
POy L AR =l WSS ook
B3PS 062 6810 _RAM
e i 5 $17.95
% @ 3z ex o .
£ z 169P12 DHC1 0 680 §12 _— This targe digit clock { 6 hotrs &
— TL’I:"‘N mnuies. 3" seconds) features the
HEAT SINKS - (’”":‘e‘°"— MM5314 clock chip. It operates
from 117 VAC, and will operate n
205-C8 5 k. either a 12 or 24 hour mode. The
- Copper Heat Sink with Blacs Fnvsh tor T0-5 Mite
8 vl clock 15 compiete with 2 walnut
291-.36H " 1 3 $ .25 &an:md’ Cyrie-Sicaling e, e grain case. and has fast set. siow
680-.75A " $1.60 d =3 Lowe-Fomer BAMS JE500 set. and hold time set leatures
KIT - ALL COMPONENTS & CASE $34.95
HEXADECIMAL ENCODER 19-KEY PAD ALL BOARDS BUS EXPANDABLE WIRED & ASSEMBLED §39.95
«1 .0 Uses standard size 4% wide boards. dual 22 pin edge connector
* ABCDEF Fully buffered and tristatable address anc data buses

« Return Key
« Optional Key iPeriod)
o - Key

$10.95 each

STAND ALONE CPU BOARD — Has 384 bytes of RAM on board. serial /0 (RS-232
and 20 ma curtent loop. cycle stealing direct memory access (OMA). built In soft-
ware ~— Selectable echo-back capability Part # SA-CPU Board

CPU BOARD ~— Same as above but only has 128 bytes of RAM on board-used with
BK RAM board hsted below Part # Gemim 68 CPU Board

$279.95
$259.95

63 KEY KEYBOARD . oiosieiiinn,
$1 9 95
HO0165 16 LINE YD— FOUR BIT PARALLEL KEYBOARD ENCODER $7.95

BK RAM BOARD — Uses low power static RAMS, 500ns cycle time. 1.5 Amps Max
Part # Gemini 68 RAM Board

8K EPROM BOARD — Uses 5204 EPROMS by AMI or NATIONAL. Shipped with alt
decode and miscellaneous IC's. excepl the 5204 EPROMS
Part # Gemini 66 EPROM Board

$269.95

$ 89.95
NOT A KIT — ALL BOARDS ARE COMPLETELY ASSEMBLED,

JOYSTICK

These joyslicks feature four *
potentiometers. that vary re

sistance proportional to the
angle of the stick. Sturdy metat
construction with plastics
components onty at the mova-
ble joint. Pertect for elecirontc
games and instrumentation

*5K Pots $6.95
*100K Pots $7.95

BURNED-IN AND TESTED. COMES WITH COMPLETE DOCUMENTATION

NOw apEr0smatery four weeks far delery

DIGITAL CLOCK KIT — 3% INCH DIGITS
4 0IGIT KIT §49.95 4 DIGIT ASSEMBLED $59.95
6 OIGIT KIT $69.95 6 DIGIT ASSEMBLED $79.95

Tivs clock features big 3%~ high digits far viewing in offices. auditorlums.,
etc. Each digh s 16rmed by 31 bright 0.2 LED's. The clock operates from
117 VAC, has either 12 o1 24 hr. operation. The 6 digit version is 27" x
3t X 1% and the 4 digit1s 18 x 3% x 1% Kits come complete with
all components, case and fransformer

Specity 12 or 24 Hour When Ordering

JEBO3 ProBE ey

TheLogic Probe 1< 3 unit whICh is for T1e MOSt part
indespensible n Troudle Shooting IogK famibes
TIL DIL RTL CMOS It denves the Dower

needs 1o operate drecty oft of the crcut under

e -

$5.00 Minimum Order — U.S. Funds Only
Calitornia Residents — Add 6% Sales Tax

T
ames

1021-A HOWARO AVE., SAN CARLOS, CA. 94070
PHONE OROERS WELCOME — (415) 582-8097

Spec Sheets -
Dealer Discount Avallable — Request Pricing

Alt Advertised Prices Good Thru March

25¢ — Send 24¢ Stamp for 1977 Catalog

fesT Grawing a scant 10 A max It uses 2 MANS
readoul 10 ngicate any of the foltowi1g states Dy
thess symbois (H) 1 (LOW) - 0 {PULSE) - P The
Prowe can detect hgh trequency pulses to a5 Mz

) con t be used a1 MOS fevels or ciicut damage 5995 Per Klt

will resun printed circuit boars

T2L SV 1A Supply
Thes 1 a standard TTL powes suaply wsing the weit known
LM309K regulalor KC to provict: a sold 1 AMP of current at 5
volls We try 10 make things easy for you Dy providing
pverything you fieed in ane package inciugding the hardware

$9.95 Per Kit

for only

MARCH 1977
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P.0. Box 4430C Santa Clara, CA 95054
(408) 988-1640

Same day shipment. First line parts only. Factory
tested. Guaranteed money back. Quality IC's and
other components at factory prices.

INTEGRATED CIRCUITS . 20 oo -
Bap EiE im
8 275
74001 SNTALSMN 59 NESAOL 3
SNTAOON 7 SNTALSTSN 75 NESSON 55| 104080 HE B ELECTRONICS
SNT4ON SNTALSON 1110 NESSSV 4 Ghioes Hi e
SN74DAN SNPLSEIN 1.10 NESSEA .00 cpaot) L
74D ALSE5K NESE5A 04072 MOS/MEMOAY RAM DISPLAY LEDS
SNT#14N SNTALS107N NESBEV 1 Co4073 ap 201 4 4 digit. 7 tunctlon siop- MANY A 270 290
SN7420N SNTALS16IN 2.05 NES67V 04075 % 2102 q waichlimar “mﬂ UARTFIFQ MAKY C 925 39
SN7430N SN7AUS258N 220 SN75451CN Coswrs 175 21078 ¥ new National MMS865  AYS-1013 620 \angso Oual  CC 500 3.50
SN7430N SN75432CH Coidrs  ap 211 5500 Bourd asmitle 341 850 ANy Cx 20 10
NTA4TN LINEAR 360 SHTS4TICN Co408t w0 2122 Y T0page speconly. STO0 oo MANZA 300 150
N7450N fm“& SN754920N (04082 2138 1 1C_SOCKETS 17028 s ol 300 1.25
NT473N 3 Maﬂ N SN75494CN 04 (a5 2020 Soider Tin Low Profits  N82523 325 DL7O7 CA .00 150
NTATAN 32 LMIOTAR 4100 CONVERTER CDUSID 200 MMsDse PIN 1LP PIN 625123 100 DY A ‘500 255
NTATSN 49 M30aN 8700CK COd511 2 uﬁzo 182 36 ugasize 485 DL CA 600 2.2
N7489N 2,00 umo 13 75 CD4sI5 & 2 Mo 28 43 5128 485 FNDISY C 357 95
JagoN 45 LMD 5320 3
NTAS0) $ L a2 290 Wi H % 0 % 35.00  FNDS03 500 1.00
NTA9ZN L s Coar 4, W21 W% 6 OMesry 290 FNDSI0 500 100
SNTARON & OMoxs 135 CDaoor 4528 150 CLOCKS ] RESISTORS EDBCH 0| 800510
ST 5 695 CDADOZ CDasay ¢ 531 MICROPROCESSDR FNDBOT 800 1%
vt LMI2IC5 695 Cl wan §¢
LM320T.§  1.50 COA D4 2.10 MM53I1 0 SS0wmana 1900 NEE 5 age 14 n aspiay 250
SNTA121N sy 18 e 040192 300 MMS312 S080Awih caa 2350 Hp POt 0 NSN3IM 3 cigt B i »
NI4TASN e (604 Tacon 78 MMSN3 0 8 $50 [ 7520 Clalrex ghotocells %
N74150N LM3207.12 1. 008 100 por type 025
Wbt (MIZIT1e 160 €0A0I0 2t MM3312 8224 850 o0 ber 53 50827340 he 675
SNTAtE4 iumzan 110 cosot o3 vt ) (] %2 wsceumgous CRYSTALS
SNT4157H (M33aN 155 CO4012 74C 2 SPECIAL PRODUCTS MR 450 65536 450
0401 720 M3313 12 Vort 300 ma
SNZATTAN 10 LMK | 013 CHIBIZN Ulrasonic 2k 430 183 450
74630 15359 0 - tansformer 125
SNTHTEN [M3eoT8 150 COdDI4 15 TG wapaee 3 Transcover 7. aMk 425 2087152 775
2NP4169M (MMOTA 170 04015 . 3 A LED Flashes/  IC Tost Clips SMH 425 24576 7.30
SNTAZ8SN .00 LM3AOTA2 1 D4016 = SR 1 el 10100 oMM 425 368 10
SN7az3aN 165 LM37T 450 CDaOY? foraf S S Stopwatch Kit 526.95  Aed 0 A3 asmMw 390 5068 40
Viro 600 CoApo 13 MCIE0 200 Mo Inersi 7205 chp with  Black 50 43 MM 390 5188 430
LN 100 CDAD2 jg 240 RS 5o readod PCbO, (oo ognen gegg MHz 390 87133 430
41500 TTL LMI03H 20 €0 et 2 compiels insiructions,  KOYer 2768 Hr 400 18432 450
NZALSOON 34 (m709H 2 €404 740906 150 CLOCK MDDULES  pants minus case LEDS e 18 BN 138
NTALSON 32 | M720N 1 CDAg2S Tacss w0 e clock moduls mnus  Calculator Module 295 Red 1018 15
NTALSON 39 [wrh g9 CDADE 3 4036 w0 sanstormer ang pienes - ncodor Green T018 20 TVISAME cHieS
NTALSOBN 33 [MT4ICH 04027 C927  10.50 MANOOZA. C.E S $895  HDOT6S-5 7,50  Orange TIS 20/ 00 O N caso
NTALSION 39 (M7dIk 25 (04029 (NTERFACE 1273 Teansiormer 3 Digil Universat Yellow 1018 P MMl Glock Der [gS:
NTALS20N 34 | M1303N CD4030 42 8095 75 MATGICE 5 Countar Board Kit Jumbo Red 20 UM1B89 Modylator
NTALSZN &) [M3G0ON Cpapdg 1135 8096 75 102P2 Tanglarmer 325 Operaies 518 Voit DG Jumdo Green 25 Of AY2ES00: SES0
N74L530N 34 | M3S0SN CD4042 150 8097 78 MAWIIE 70" 10.95 105 MHz typ. .125°LED Jumbao Yellow 25 ata Access Anllﬂlm.ﬁ'
N7ALSIBK 39 baCiasey D443 200 6038 75 102P4 Tansiormer 325 dispiay 10,80  Jumao Orange K Inste_ Inct, 1000

VOLUME SPECIALS 8K Ram Board Kit

60 Hz Crystal Time

M2 2K aw 4 '% il * Plug compatible with Altair@ Base Kit $4.75 Meter Kit

Yo S wew  bio :;8 8800 and Imsai 8080 Converts digital clocks from Indoor and outdoor. Automati-
o ‘s‘«‘:"'b.spui ix e ﬁCIine(;req;Jequy 1o crystal time ga!ly ?v:itgr[;eswbgck gndt!o:h.
‘U'f:" 4 ysa i : L 1 ase. Qutstanding accuracy. eautiful. i readouts. No-
Woge St £330 W with fullinstructions. $225.00f Kit includes: PC board thing like it available. Needs no
s h’ 1% 200 2K EPROM Board Kit $135.00f MM5369, crystal. resistors, additional parts for complete, full

10 Board Kit

Not a Cheap Clock
Kit $17.45

$44 50 capacitors and trimmer.

53
Qeher parts 30 avar

1977 IC Update
Master Manual

operation. Will measure —100 to
+200°F, air or liquid. Very accu-
rate. Easy to build. $39.95

Frequency Counter Kit
Covers audio, ultrasonic and

]
Brand new. Complete IC data fl Includes everything except {D“zcgl’“gaz‘l‘rc::::eltgl 5h ?:;z SSMSOMI‘:\’DEM‘E}'—F
selector from all manufacturers. il case. 2-PC boards. 6-.50" f§ P 9 Cozton Teapicol —-Ukes aasal 750

sitivity =25 millivolts. Crystal
controlled clock. Can bs pre-
scaled for higher frequency.
6-.50" digits. Full instructions.
Less power supply.  $40.00

FREE:  Send for your copy of our 1977
QUEST CATALOG. Include 13¢ stamp.
0

FREE INFORMATION CARD

15,000 cross references. $30
with update service thru 1977.
Domestic postage add $2.00.
Forelgn $6.00.

LED Displays. 5314 clock
chip, transformer, all compo-
nents and full instructions.
Same clock kit with .80"
displays $22.75

TERMS: $5.00 min. order U.S. Funds. Calif residents add 6% tax.
BankAmericard and Master Charge accepted.

Complete kit of parts to build
the “'EMf" incl. CDP 1802 and
users manual as listed in Aug.
'76 Pop. Elect. minus power
supply and board. $92.00

CIRCLE NO. 49 ON

COLOR TV CHASSIS AND PARTS=— %)

e

New 1976 moeld solid state Color TV :\
chassis and parts for use with In-Line black '&
matrix picture tubes. They have the follow- . M
ing features: micro-circuit technology; energy sa“‘feature one
button color tuning AFC; and super low power consumption.

We basicly have two chassis’: the TS951 and TS953, used to
drive either 13", 15’ or 19" picture tubes. Parts to be added to
make a complete TV include: UHF and VHF tuners (for 19°);
picture tube, tube shield; purity magnets; antenna; yoke; speak-
er; binding posts; cabinet; controls for 19’ {on-off and four-10K
pots); and 2nd stage hi-voltage boost (for 13 and 15°").

We don’t have a complete package, but we do have some parts
available at this time. Add a few parts...a TV for % price!
13 TV Chassis (with tuners & controls). . .6260175. . $49.50
158" TV Chassis (with tuners & controls). . .6260174. . $49.50
19” TV Chassis (no tuners, no controls) . . 6260172 . . $29.50
VHF Tuner . 6260303 .$8.50| UHF Tuner . 6260304 . $2.50
Antenna .5MI100419 . .$1.50| TV Speaker . 6260177 . $3.50
Binding Posts 4M100442.$1.50 AV . .

INPUT/OUTPUT TERMINAL

These units were removed from a complex
computer system. The terminal contains:
ASC11 keyboard; CRT; drive circuits; and a
complete 128 page tech. manual with oper-
ating and repair instructions, which makes it
easy to modify the terminal for your appllcatlons Character
generation unit was in a separate control device which is not
supplied, but the terminal can be used in conjuction with char-
acter generator LS| chips, such as the 2513 or 2516).

The keyboard is ASC11 encoded, with a 50 key alpha-numeric
(and others) block keyboard. The CRT displays up to 768 char-
acters, depending on the desired size, approximately typewriter
size up to %". Great for microprocessor in/ouput. Sh. Wt. 35 Lb.
Order # 6NB60336 - $49.50 ea., or 2 for $95.00, 4 for $180.00

B&F ENTERPRISES POSTAGE: Please add

119 FOSTER STREET sufficient postage.

PEABODY, MA. 01960 | SEND FOR OUR FREE CATALOG!
Phone (617) 531-5774 Over 4,000 electronic & optical item

> 5,

[

For
faster
service

USE
LIP
ODE

on
all

mal

ELECTROAICS

2 Box 19a4aa2p

B !msza 3zno LLAS Tx 78213
ULTRASONIG SENDER-REGEIVER KIT

A special buy on a high quality ultrasonic transducer allows us to offer
this kit at a super price — but hurry, quantites are fimited! You can
build intrusion alarms, motion detectors, remote contrals, echo ranging
or liquid level measurement equipment. We supply the basic transmitter
and receiver electronics including a drilled and plated PC board. The units
work at 23KH2Z with a range of 20 ft. and can be positioned opposite
each other or sidesby-side and bounced off a solid surface. The output
will sink up to JOOma 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 6-15VDC.
$3.95

$19.95

BULLET SUPER STAR PS-01A
Our first power supply kit was introduced al-
most two years ago and is still the most popular.
A compact, well regulated triple output power
supply. Gives 45VDC @ 1.5A and +15 @ 150
MA and —15 @ 150MA. The PS-01A uses the
superior 78L series of three terminal regulators.

Complete with P.C.Board, all components,
heatsinks and quality tranformer. $14.95
PS$-01B: Same as above but with £12 output

instead of +15.

MINI GRANDFATHER CLOCK XITHH 3995

-4 DIGIT LED READOUT - SIMULATED SWINGING PENDULUM USES LED's
-TICK-TOCK SOUND MATCHES PENDULUM SWING - ELECTRONIC TONE
CHIMES THE HOUR,(ie: 3 TIMES FOR 3 0'CLOCK) - QUALITY COMPO
NENTS & P.C. BOARDS - TRANSFORMER INCLUDED FOR 115 VAC - CASE
1S NOT INCLUDED - SPEAKER SUPPLIED - ALL CMOS IC CONSTRUCTION
-READOUT CHARACTER HEIGHT-1/2"- 2 PC. BOARDS-4.5"W X 65

BUILD A COMPLETE CDI IGNITION 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 ignitlon without changing the coil. Simple
connectjons.

INCLUDES: Special toroid transformer

Drilled and Plated board
Complete instructions 9
All resistors and caps "
All semiconductors
gﬁ Dot include heatsink or case.) For 12V .negative ground
WRFBLE RLARM KiT 2 pieccing 10 waTTS of auat tone notse that

can’t be ignored. Perfect for burgler alaems. warning devicas. Toi. 1o call your kids
home for supper! Complete with PC Board. Less speaker or switch, Requires G to
$2.50

18 yoc
Wo_ accept .

card and Maste Charge,
Phions Ordars-No COD

INFORMATION  CARD

SORRY — NG COD's. Foraign orcers 1od 10%

CHECK OR M.0, Lo, Almal

-Ado 3% for vo-uq- ALL PARTS GUARANTEE!
RS UNDER 310,00 ADD 60c HANDLING

CIRCLE NO. 16 ON FREE

PHONE ORDERS WELCOME! MasterCharge,
Bank Americard and American Express Accepted.

BF

AmericanRadioHistorv Com

CIRCLE NO. 13 ON FREE INFORMATION CARD

CB ANTENNA PLANS — Assemble high performance
beams, quads, groundpianes, skipbeam and more from
common hardware — save 80% — easy, detailed, non-
technical instructions — complete $2.00. Corona’s Tenna-
form. 1117 Dewitt Terrace, Linden, New Jersey 07036.
MORSE-A-LETTER KIT — Decodes/displays Morse code.
See January “Popular Electronics™. Complete parts kit
except chassls/cabinet $109.95. Etched, drilled PC board
$17.95. SELECT CIRCUITS. 1411 Lonsdale Road.
Columbus, Ohio 43227.

TAPE-SLIDE synchronizer. lap-dissolve, multiprojector
programmer plans. $5.50. Free catalog. Millers, 1896
Maywood, S. Euclld, OH 44121,

ROBOT PLANS for 5-1/2 ft. tall radio controlled robot,
$9.95. Free information. Americana Products. Box 11631,
Kansas City, MO 64138.

AMPLIFIER KITS! 35 walts output 0.5% THD. 315 to:
Benchmark. 2149 Stuart St.. Berekely. CA 94705.

SCIMP. $30 builds th-ls m_ucrocompuler Uses surplus com-
ponents. Information $1. NBL-E. Box 1115. Richardson
Texas 75080.

OUWERSI KITS

Organs, Pianos, Strings
Rhythms, PA Systems
104-page catalog $2

WERSI electronics, Inc.
Dept.A2, Box 5318,
Lancaster, PA 17601

TUBES

RADIO & T.V. Tubes—36 cents each. Send for free
Catalog. Cornell, 4213 University, San Diego, Calif. 92105.

TUBES receiving, factory boxed. low prices, free price list.
Transleteronic, Inc., 1365 39th Street, Brooklyn. N.Y.
11218A, Telephone: 212-633-2800.

TUBES: "Oldies"”, Latest. Supplies, components, sche-
matics. Catalog Free (stamp appreclated). Steinmetz, 7519-
PE Maplewood, Hammond, Ind. 46324.

RECEIVING TUBES. National Brands. Up to 80% discount.
National Avudio, 2500 Channing Road, Cleveland. Ohio
44118.




centers.

CLIPLITE
4 for $1.00¢

NEW LED

MOUNTING SYSTEM

® CLIPLITE mounts from the front
of the Panel in a .250 hole on 3/8"

Panel thickness from

1716 to

Y

18"

@ CLIPLITE equalizes and increases the brightness of
commonly used wide beam LEDS.
@ CLIPLITE is to be used with .200" dia. LEDS

@ Specify colors—rad, green, amber, or yellow when

125" dia.

125" dia. g
XC209 Red 10/51 DISCRETE LEDS
XC208  Graen 4/$.99 160" dia.
XC208  Yellow  4/5.98

.200" dia. .160° dia.
XC22  Red 4/$.99 XC526 Red 5/5.99
XC22  Green 4/3.99  XC526 Graen 5/$.99 .200" dia.

XC22 Yellow 4/$.99 XC526 Yellow 5/$.99
XC22  Orange  4/$.99 X922  Green 5/5.99 ﬁ
XC5053 Red 5/$.99

MICROPROCESSOR COMPONENTS

SUPER PONG g0 oc

4 GAM

{Pang, Super Pong, Catch,
Handbatl)

& Increm

increases excltement

@ Game appears In color or in
black & white depending on
televislon set

@€ Ofgirtal
screan

& Hooks

ES IN ONE

ental speed on volleys

scoring flashes on the
between each point

up simply to any model

ordering.
080 SUPPOR television set; the screen act
TTL-7400N 8 - T DEVICES 3 ally bacomas the playing fietd
SN7400N 13| SN7472N 26 | SN7atBaN 98 s2va e, ey /Ul TRCETIE OB g e 4 ¢ Batery oparatad by 4 aize ~0"
SN7401N .14 | SN7473N .30 | SN74155N .77 N flashlight battarias included
SR a0 ialit snraran T Soll o aisen 8224 CLOCK GENERATOR AND DRIVER FOR 8030 12.90 e e COLOR!  SOUND!
Shyaoat] 1l SNoaTs a3 SN7415(7SN gg 8228 SYSTEM CONTROLLER AND BUS DRIVER FOR 8080  12.90 : f
SN7404N (17 | SN7476N .33 | SN74158N .94 _ CPUS = ROM'S LOGIC MONITOR $84.95
SN7405N 17 [ SN7480N .38 | SN74160N .88 2008 88itcPU s19.90 | 2513 Cpar Sen 31:;_98 Simultaneously displays static and HTL or CMOS DIP ICs
SN7406N .17 | SN7481N .98 | SN74161N 88 8080 Supert8008) A4:00 Ty £ Char Gen -9 cynamc fogic states of DTL.TTL, Pocket size
SN7407N 28 | SN7482N 58 | SN74182N B8 80BOA Super 8008 34.90 4387 1024 bit Programmable 1.90
SN7408N .17 [ SN7483N 68 | SN74163N .88 RAM'S
SN7409N 17 | SN748aN 1.64 | SN74164N 1.09 1101 256 x 1 Static 220 [ESNSISTORS
SN7410N .14 | SN7485N 87 | SN74165N .98 SR'S o3 1024 x 1 Dynamic 9 2N2219A 3/$.99 2N3567 3/5.99 2N4123 10/$.99
SN7411N .20 | SN7486N .31 | SN74166N 1.18 2504 1024 Dynamlc 8.95 g:g; 256 x 4 Static 5.90 2N2221  4/5°99 2N3568 4/5.99 2N4124  6/5.99
SN7412N .27 | SN74B9N 1.94 | SN74167N 2.97 2518 Hex 32 Bit 6.95 2 1024 x 1 Static L0 2N2222A 5/5.99 2N3569 4/$.99 2N4126 6/5.99
SN7413N .40 | SN7490N 44 | SN74170N 1.74 2519 Hex 40 Bit 3.95 g:t‘)1 4096 x 1 Dynamic 4.90 IN2369 5/5.99 2N3704 5/$.99 2N4249 4/8.99
SN7414N .69 | SN7491N - 63 | SN74173N 1.28 2524 512 Dynamic 2.44 255 x 4 Static 5.90 IN2369A 4/3 99 2N3705 §/599 2N4400 4/$.99
SN7416N .25 | SN7492N .45 | SN74174N .98 2525 1024 Dynamic 5.95 ;010 1024 x 1 MNOS 29.90 IN2484  4/5.99 2N3706 5/5.99 2N4401 4/5.99
SN7417N .30 [ SN7493N .45 | SN74175N .88 2527 Dusi 256 Bit 3.90 8‘1‘32 16x4  Static 1 2N2906  5/5.99 2N3707 5/3.99 2N4402 4/$.99
SN7420N .14 | SN7494N .73 | SN74176N .78 2529 Dual 512 Bit 3.95 g 256 x 4 Static 5.90 2N2906A 4/$.99 2N3711 5/$.99 2N4403 4/$.99
SN7421N 20 | SN7495N .68 | SN74177N .77 2532 Quad B0 Bit 3.90 111 256 x 4 Statle 6.90 2N2907 5/$.99 2N3724 $.64 2N4409 5/$.99
SN7422N .20 | SN7496N 68 | SN74178N 1.24 2533 1024 Statlc 7.90 3599 16 x4 Static 3.44 2N2907A 4/$.99 2N3725 $.99 2N5086 4/$.99
SN7423N .26 | SN7497N 2.84 | SN74179N 1.59 3341 Fifo a.a5 1Lg2 1024 x 1 Static 2.20 2N2925 5/$.99 2N3S03 5/$.99 2N5087 4/$.99
SN7425N .26 | SN74100N .98 | SN74180N .68 7415670 16 x 4 Reg 2.94 743 0 256 x 1 Static 5.58 2N3053 2/$.99 2N3904 4/$.99 2N5088 4/$.99
SN7426N .23 | SN74104N .42 | SN741B1N 198 93421 256 x 1 Static 2.90 2N3055 $88 2N3905 4/$.99 2NS5089 4/$.99
SN7427N .26 | SN74105N .42 | SN74182N .68 PROMS 2N3392 5/$.99 2N3906 4/$.99 2N5210 6/$.99
$N7428N .34 [ SN74107N .28 | SN74184N 1.88 1702A 2048 Famos 12.90 2N3398  5/5.99
SN7430N .14 [ SN74109N .48 | SN74185N 1.84 UART'S/USRT'S 5203 2048 Famos 14.90
SN7432N .23 [ SN74110N .53 | SN74188N 3.49 AY-5-1013 30K Baud 590 | 745188 32 x8O0penC 3.49 %W. 5% ZENER DIODES
SN7agIN 22 | SN7a116N 173 | SN7ar09N 108 | COMAoIIF 39K baud 239 | 7asaer Jozaswde 730 o
i 116N 1. 191N 1, COM2017P 25K Baud 745287 1024 Statl 7.90
SN7438N .22 | SN74118N 1.74 | sN74192N  B7 COM2601 usn'r‘u 23'22 3601 ;55 x G“F:st 3.90 ‘z-’s’gg‘;g ggz -:: mggggg ggz ‘:
SN7439N .24 [ SN7412IN .35 | SN74193N .87 . g 8 . g -1
SN7440N 14 | SN74122N 38 | SN74194N 93 IN52288 3.9V .14 1N52388 8.7V .14
SN7441N 87 | SN74123N 49 [ SN74195N .58 BIPOLAR PROM SPECIAL IN52298 4.3V .14 IN52398 9.1V .14
SN7442N .37 | SN74125N .44 | SN74196N 92 6330-1 256 Bit (32 » B) Open Codactor  2.90 6306-1 2048 Bit (512 x8l Threo State 9.90 1N5230B 4.7V .14 1N52408 10V .14
SN7443N .74 | SN74126N .44 | SN74197N .74 6331-1 256 Bit (32 x 8) Threo State 2.90 6340-1 2048 Bit (512 x8) Open Collacto- 19.90 1N52318 5.1V .14 1N52418 11V 14
SN7444N 74 SN74128N 64 SN74198N 1.68 6300-1 1024 Bit (256 x 4) Open Collector 3.44 6341-1 2048 Bit (512 x 4) Three State 19.90 1N5232B 5.6V .14 1N52428 12V .14
SN7445N .73 SN74132N 83 | SN74199N 1.68 6301-1 1024 BIti256 x 4) Three State 3,44 6351-1 4096 Bit (102 x 4] Open Collecter  19.90 1N52338 6.0V .14 1N52438 13V 14
SN7446N :74 SN74136N :63 SN74200N 5:53 6305-1 2048 Blt (512 x 4) Open Collector 9.90 6353-1 4096 BIt (1024 x 4) Three State 19.90 IN5234B 6.2V '14 1INS244B 14V 14
SN7447N 68 | SN74141N 92 | SN74221N 1.19 1N5235B 6.8V 1N52458 15y .14
SRTSeaNL73 [ish i aanbalaoiishiiaaarh f1.82 1C SOLDERTAIL — LOW PROFILE {TIN) SOCKETS $15.95 PER HUNDRED (NG M1X)
SN7451N .14 | SN74147N 167 | SN74278N 244 1.24 25-48 50-100 = 5-49 50- CAPACITORS, Tantalum CAPACITORS, Miniature
1-24 25-4 100 3 f
SN7453N .14 | SN74148N 1.24 | SN74279N 58 . 20% Dipped Elgctrolytic Radial Leads)
SN7454N .14 | SN74150N .98 | SN74283N 1.44 O F33 = g 4 24pin § .38 .37 36 1-9 10-49 50-UP 1-9 10-49 50- UP
SN7459N 24 | SN74151N .62 | SN74293N 84 Taipml 2088 18 28loinf a5 | AR A8 38V 27 22 .16} 10716V .14 12
i k 16pin .22 .21 .20 3G pin .60 59 -8 5/35V 27 .22 .16} 1.0/25v .15 .13 10
SN7460N .14 | SN74152N 1.04 | SN74298N 1.97 18 28 28 27 40 pi 63 ) .
SN7470N .27 | SN74183N 62 o pin . - pin . 62 B1 22/38V .27 .22 6] 1.0/50v .15 .13 .10
pin .37 33/35V .27 .22 6| 6/16V .14 .12 .08
TTL-74LS0ON a7/38v 27 .22 16| 6/25v 14 a2 .09
14 pin $.26 90 81 68/36V .27 .22 16| 5/50v .15 .13 10
SN74LS00 .24 |[SN74LS78 .48 |SN74LS164 1.94 16 pin .30 126 115 1.0/35v 27 .22 18l 10/26V 13 11 .08
SN74LS01 .24 [SN74LS83A 1.48 [SN74LS170  2.79 18 pin .35 yas 130 1.5/35V .29 .25 20| 10725V .14 .12 .09
SN74LS02 .24 [SN74LS8BS 1.74 [SN74LS174 1.39 24 pin .49 2.2/35V .30 26 21| 10/50v .15 .13 51
SN74LS03 .24 {SN74L$86 .57 [SN74LS175 1.39 3.3/35V .30 26 21 47/16v 17 .13 12
SN74LS04 .29 [SN74LS90 .98 [SN74LS181 3.49 i 4.7/35v .31 .27 22| a7/25v .20 .17 15
gN;:LSDB 24 |SN74LS92 1.09 |SN74L5190 1.94 ‘3 p;n S.’S’g . 24pin $ 73 .Gg 57 %.8/35vV .35 .30 .24] 47/50V 23 .20 .18
N74LS09 .24 (SN74LS93 .98 [SN74LS191 1.94 pin . . 4 1.10 1.0 90 10/25V .39 .34 .28|100/16V .18 .14 13
SN74LS10 .24 [SN74LS95 1.59 |SN74LS192 1.34 16pin .38 i 140 126 15/20V .62 .49 ‘39]100/25v .23 .19 17
SN74LS11 .24 |SN74LS96 1.74 [SN74LS183  1.94 18 pin .52 o 1.59  1.45 100/50v .34 .29 .27
SN74L815 .24 {SN74LS107 .48 |SN741S194A 1.39 w 220/16V 22 .16 .15
SN74LS20 .24 |SN74LS109 .54 ISN74LS195A 1.39 m':f ";"}j" S,.E,’CKEE {GoLo) LEVEL#3 470/25V .30 .27 .25
! . 24pin $1.05 .9 BS
SN74LS21 .24 |SN74LS112 .48 |SN74LS196 1.44 yapin .30 .38 37 58 130 ‘25 110
SN74LS22 24 [SN74LS113 .48 [SN74LS197 1.44 16 pin 43 42 a1 =X °r - 7 50 PCS. RESISTOR ASSORTMENTS  ¢1 75
: g pn 159 145 130 o
SN74LS27 .29 [SN74LS114 .48 [SN74LS221 1.34 18 pi 75
SN74 o 4 pin 68 .62 40p'n 1.75 1.55 1.40 100HM 120HM 150HM 18 OHM 22 OHM
N74LS3 .24 {SN74L8123 1.08 |SN74LS24) 2,49 ASST.1 Sea 270HMM 3JIOHM 39 OHM 47 OHM 56 OHM
SN74LS32 .36 [SN/4LS132 1.24 |SN74LS251 1.54 .
SN74LS33 .38 |SN74LS13 54 4 GN MATE 1 6B OHM 82 OHM 100 OHM 120 OHM 150 OHM
SN74LS37 38 SN?dLSlBg 1'39 2:;4t§§gg :g; DES) CONTINENTAL SPECIALTIES ASST.2 Seas 180 OMM 220 OMM 270 OWM 330 OHM 390 OMM
SN74LS38 .38 [SN74LS139 1.48 [SN74L5258 1,49 | C'RCUIT DESIGNER 470 OHM 560 OMM 680 OHM B20OHM 1K
SN74LS40 .29 |SN74LS145 1.24 |SN74LS260 54 | You askad for it. HERE IT ISI CSC's basic circuit dasipner to help ASST,3 Bea 1.2k 1.8 1.8K 22K 2.7%
SN74LS42 1.09 |SN74LS151 1.24 |SN74 i vou bulld and test ANY electronic circult. Sotid #22 AWG wire
. 7415266 58 any dicrete without solder. Reslstors 3.3x 3.9k 4.7k 5.6K 6.8K
g:;:tggl g: gx;:tg:gg :-g: gzzgtgggg ‘-gg Transistors Linear/Digltal 1Cs in TO-5 DIP packages (from B-40 ASST.4 5es  B.2K 10K 2K 15K 18K
- pins) And more
SN;:LSS5 .24 [SN74LS158 1.19 (SN74L5293 1.34 Co'l'l\oOr\p';"ll 'gsgl:éctilvdlx.?’ESo(;;?? a;\gMBU“)l".'DI;T"":‘;'VI:‘:: ASST.5 5 e gg: g;: :B’g: |gg: |;;:
. £ 1) vanablo regu
2374@;2 ':g 2:;:@:29 1’3: AR 24 p‘n‘w:r .u:;w gives 5-15VDC up to ‘soom- (9 watts). Now that's 150K 180K 220K 270K 330K
N sl e ” 1 SN74LS375 79 | Cosign flaxibility for youl ASST.6 5es 390K 470K 560X 6B0K B20K
g SN74LS162 1.94 |SN74LS386 .59 | vo, can aven monitor the DM-1°s internal power supply or ox ™ 12M  15M 1.8M 22M
SN74LS76 .48 |SN74LS163 1.94 ISN74LS670  2.94 | tornal clrcults thanks to the built-in 0-18V voltmeter. If you're ASST.7 Sea  27M VI i, M Eem
into , Dr-1 Is 3 must tar your laboratory. §t comes to 54 95
CMOS you complately wired, tested and ready to use for only g Asst, BR Asst's 1—7, 350 pes. %W: $10.95;
PROTO BOARD 6
cD4000 .09 | CD4042 .64 | CD4518 94§ proto Board 104— 1 S n "
CD4001 .18 | CD4043 .49 | CDA4519 88 [3:060 sotdorioss tis points, e R ) 60 KEY KEYBOARD
C€D4002 .13 | CD404a .49 | CD4520 88 § (4) 5.way binding posts, 32 Al between ;
CD4006 1.18 | CDA4046 2.50 | CD4528 1.24 | 14.pin DIP copacity. 9%" L are made with common #22 AWG hook
CD4007 .17 } CDA4047 2.74 | 74COON BT L This quality bresdboarding kit in
CcD4008 .85 | CD4049 .38 | 74CO2N .39 $79.95
CD4009 .38 | CD4050 .38 | 74C04N .89
CD4010 .38 | CD4051 1.19 | 74C10N 49
cD4a01 18 CD4052 1.19 74C20N 49 P 8 d 101
CD4012 .17 | CDA4053 1.24 | 74C30N .49 19.95 o o
CD4013 .38 | CD4055 1.34 | 74C42N 2/0g J|Proto,Board 100 ore . Comoact, Insxpensive
Here's a low cost big capacity 10-14 pin DIP capacity
COROLal5a CDA056 1.49 Jacran 119 | breadboard kit with all the quality of 5.8 long x 4.57 wide 29,95
CPZopS -84 €D4060 1.49 74C74N -89} ot Sockets and the best of the Protn. p
cCa016 .38 CD4066 .64 74C85N 2.74 | Bosrd sarias Complete gown to F Proto Board 102. Compact This keyboard features 62 unencoded SPST keys un-
C€Da017 98 cDa0s68 .24 74C90N 2.69 | the tast nut, bolt and screw 12-14 pin DIP cepacity 7°, 4-1/2" | attached to any kind of P.C.B. A very solld moidad plastic
ngOIB 1 28 CD40§9 .34 74C98N 1.79 ‘1"8:'63'5: gY-g?SInsc;;ﬂl, 5 Proto Board 103 39.95 12 x 4 base suits most applications, CK-1 $19.90
04019 3 | CD4070 .24 | 74C107N  1.24 - usStrlp, 2 5 wa roto Boar L b
€D4020 1.08 | CD4071 .24 | 74CI151N  2.89 | binding posts. & ruboer 2,250 s01derless tle HOBBY-WRAP-30 $5.90
C€D4021 1.14 | CD4072 .29 | 74C154N 399 | fostscraws, nuts, balts, points. (4) S-wey 150 g5 Strips, Wraps and Unweaps 30 ga. wire on standard wire
a a and sasy assembly binding posts N
cown: e | omny G | e i | LTS o e i S S
CD4D24 .68 | CD4076 109 | 74C161N  1.64 [NOw trace signals or troubleshoot fast, Inject signals or wire unused circuits -
CD4025 .17 CD4078 .24 74C162N  1.64 linto existing boards. Scope probes. Test leads lock onto Dynagrip inset. - =
C04026 1.44 CD4081 .24 74C163N 164 [Plastic construction—no springs or plvots. Thousands of operations, =
€04027 .43 | CD4082 .29 | 74C164N 179 §pC.14 1a-pin Proto Clip $3.55  PC-16 16-pin Proto-Clip $3.75
Ccp4028 .78 | CD4502 1.19 | 74C173N  1.79 PG-24 24 -pin ProtoClip $6.75 =
CD4029 88 | CD4507 .63 | 74C174N  1.49 = a1 (Ll =
C€D4030 .38 | €D4510 1.09 | 74C175N  1.49 - A
CD4033 169 | CD4511 1.49 | 74C192N  1.64 OT-598 . OT Proto Strips N
€D4035 1.04 CD4512 1.19 74C193N  1.64 OT-185 N
CD4040 1,04 | CDA516 1.18 | 74C198N  1.49 OT Type No. Holes  Price
CD4041 .68 o st v vt s o st s s OT-698 ar ggs 590 $12.50
o OT-128 QT-898 bus strip 2.50
LINEAR IC's H-TO-5 N-OIP CN-MINI-DIP P T3S l QT-475 470 10,00
o , D-CER-DIP K-TO-3 M Q QT-478 bus strip 2.25 - — oah
LM300H 9 LM340-5T 1.74 QT-358 350 8.50 A
LM301AH 33 LM340-6K 1.89 i B EREN 11t it e CT-478 QT-88 QT-358 bus strip 2.00 "ROLL, 30 AWG WIRE SPECIFY COLOR: BLUE,
LM301AN-8 33 LM340-6T 1.74 - . Qr-188 180 475 | YELLOW, WHITE, RED .$1.95EA
LM304H .75 LM340-8K 1.89 QaT-358 4 QT-128 120 375
LM308H 77 LM340-8T 1.74 oT-7s QT-8s 80 3.25
LM307H 50 LM340-12K 1.89 . QT-78 70 3.00 ORDER
LM308H 83 LM340-12T 1.74 = ORMATIO
LM309H 1.60 LM340-16K 1.89
LK1309K 2.30 LM340-15T 1.74 A S
LM311H ‘88 LM340-18K 1.89 Q OMPO
LM318H 1.49 LM340-18T 1.74 AT REASONAB OR Ord 0.00. Add $1.00 to cover postag
LM320-5K 1.34 LM340-24K 1.89 ¥ < o Resid dd 6
LM320-5T -1.74 LM340-24T 1.74 =¥ el 1 2 PRog ;
LM320-12K  1.34 LM377N 3.95 Ord end check o o ord 0: P.O
LM320-12T  1.74 LM380N 1.38 Bo 9577P A 9 & 0.D. and
LM320-16K  1.34 LM555CN -8 43 A 0 4154 4
LM320-16T  1.74 LM556N 88 phone ord a 9 0
LM323K 690 LM710CN 78
LM324N 1.09 LM723CH a8 »
LM339N 1.19 LM739CN 99
M340-5K 1.89 1CLBO3BCCPD  4.90
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The Adam Osborne & Associates books on microcompy-
ters are recognized as tops in their field. Lucid
and complete, these are now available from us ppd
in the USA, or buy all 3 books tor $2% ppd.

HIGH FIDELITY

ORBO

C

"AN INTRODUCTION TO MiCROCOMPUTERS, YOL. 1" book " i

i 1Al S and Stereo Cartridges at Discount
#2001. Clearly covers all the basfics.......$7.50 BILL GODBOUT ELECTRONICS D_ MO'NDSP‘:‘EEDLE Kori Stanton Emglre Grado and
"YOLUME 2" book #3001. Covers fatest uPs and sup- BOX 2355, OAKLAND AIRPORT, CA 94614 [T Lo AL, - pea:

+ 1C lacing 100s of t data..$12,50 ADC. Send for free catalog. LYLE CARTRIDGES, Dept. P,
Ll UsSp AR UECR [ETION CEVE: ollel TERMS: Add 50¢ orders under $10; over $10 add 5%. Box 69, Kensington Station, Brooklyn, New York 11218
''8080 PROGRAMMING FOR LOGIC DESIGN"  book #4001. ¥ No COD. Cal res add tax. Mastercharge® and Bank- . nsinglon siation.Sfooxtyn, oW O FR<fS.
Demystifies the art of programming. ......... $7.50 ) Americard® orders: call #15-562-0636, 24 hrs. SAVE 50% build your own speaker system write: McGee

Radio Electronics, 1901 McGee Street, Kansas City, Mis-
souri 64108.

We wanted to put together an exceptional offer on =
memories for our customers...so we're selling new
full spec 2102L1s (super low power version of the

2102), guaranteed 450 ns or faster over the full ¥ The following are &td qty, subject o prior sale
temp range...at 10/$1S! ALL ORDERS MUST BE POST- 3¢ DISCRETE RED .2" LEDs........ b 4 i 12/80;. 00
MARKED BEFORE 3/31/77 TO TAKE ADVANTAGE OF THIS % 14511 CMOS BCO-to-7-segment decoder/latch/driver,
SPECIAL OFFER. no extra transistors needed............ $2.00 each
MC4024 bipolan dual VCO {TTL compat.|..$2.00 each

BURGLAR ALARMS

DIALING UNIT automatically calls ;olice $29.95. Free se-
curity equipment catalog. S&S Systems, 5619-C St. John,

Burglar.Smoke

STATEK 3-lead xtals give .01% accuracy in a TI-5 caa; use for 1/5 THE POWER OF TTL BUT NO ‘SPEED PENALTY
fixed freq oscillators or with binary dividers to generate

:
EHLII_'JJE'THLEI 5::‘ Lﬂ "E]“lS 14 Ls "L § Kansas City, MO 64123. (816) 483-4612.

other freqs. Choose fron (all freqs in Kiz)  16.000 12.800 % 30 99-36 22 $0.38 e ::g il Fire Alarm Catalog
15.360 16.000 16.384 18.641 19.200 20.480 30.720 31.500 iR X
32.768 38.400 40.960 60.000 76.800 1D0.00 153.60 240.00 ¥ 02 0.3 3 3 24 Do) 175 1.35
04 0.42 32 0.38 139 1.38 21 1.38 ° illi £ doll | lly d
These SENTRY crystals are series mode, fundamental, with wire g 00 0‘32 lg 0.53 155 1.38 258 1.38 ‘ Billions o [o] 0!‘5 ost Ol:\nUO y due
leads...for hans and comuter bugs. Choose frond. 5, 8. 9, % |0 038 33 053 131 1.28 273 2.8 1o lack of protective warning alarms.
LORIZ RIS S, foml20 [2g 20 036 7% 0.56 162 1.85 368 1.00 @
FLYER 00 B O wp kD Bp FREE CATALOG Shows you how to
SEND FOR OUR JUST IN! 741S14..... $1.38 @

protect your home, business
and person. Wholesale
prices. Do-it-yourself. Free
engineering service.

1ALV VBV
CIRCLE NO. 30 ON FREE INFORMATION CARD

Burdex Security Co. |

'as tep Z I P a" GOVERNMENT SURPLUS
L] L] . N
SEPVIBE mall MANUALS for Govt Surplus radios, test sets, scopes. Llist
50 cents (coin). Books. 7218 Roanne Drive, Washington,
g
D.C. 20021.
GOVERNMENT SURPLUS. How and where to Buy in your
area, send $2.00. Surplus, 30177-PE Headquarters Buiid-
Ing, Washington, D.C. 20014.
2708 PROM $55.00 PRINTED CIRCUIT:BOARD TANTULUM CAPACITORS Full Wave Bridges
2522 STATIC SHIFT REG 3195 4172 x6 1/2 SINGLE SIDED EPOXY I a as A CA BA
2518 HEX 32 BIT SR 53 BOARD 1/16” thick, unetche 47UF 35V 5 5100 ) 2.00
21021 1024 8T RAM $1.80 5.50 ea. 5/$2.20 BBUF 36V /5100 20UF 35v & L
5280-1K DYNAMIC RAM $10.50 1.5 4.00
§202A UV PROM $10.50 7WATT LD-65 LASER DIODE IR $895 q el 00 SANKEN AUDIO POWER AMPOS
V7038 OV PROM S1078 ARy $ 45 1500F 153 50 $i 1010 G 10 WATTS
5204-4K PROM . __ $18.95 2N SESTN PEY gL M7001 ALARM CLOCK CHIP $5.75 e AL 2;?32
MINTATURE MULTI-TURN TRIV POTS ER 900 TRIGGER DIODES e — — DOWATTS 4L alv .1 0 1527.95
100. 500, 2K, 10K. 100K, 200K. 1 Meg 2N 6028 PROG. UJT S 66 NATIONAL MOS DEVICES €CO 110 LINEAR 256 X1 81T SELF
$.75 each 3/52.00 oL N DIPISOCKETS 558 MM1402 175 MMS057 . 2,25 N SCANNING CHARGE D COUPLED
RNt Sl IR TR R
1K. 10K. 50K ohms N [OaISOeKErS 3 MM5013  2.50 lt:n:?o)g? i SINGLE gg‘t)w?l.oslu D1E°Vol(; 100 crna $135.00
; - 3/54.00 18 PIN DIP SOCKETS S .30 MME016. 250 MM;SSS STRAND 135.00
TSt S | e o socxers R A G B o LINEAR CIRCUITS
TO 18, 200V 1A 1.75 MIMB065 2,25 Yoo o LM307 Op. Amp .
TRANSISTOR SPECIA VERIPAX PC BOARD MME05E - 2.25 iMssg0Rt LM 309K 5V 1A REGULATOR s 95
ECI LS This hoard is a 1/16™ singe sided paper epoxy : BO="IE79 723~ 40 + 40VV REGULATOR . . S 50
2N3585 NPN Si TO-66 s 95 board, 4%x6%" DRILLED and ETCHED L SERIES 301/748-Hi Per. Op. Amp. s 3
2N3772 NPN Si TO-3 S 1.60 which will hold up 10 21 single 14 pin IC's 3207 5.12.16, o1 24V NEG REG $1.25
2Na%08 PNP S TOI $ 1o o1 8, 16. or LSI DIP IC's with busses for L Jd ZtH B- & 709C Op. Amo, 3 3
7N%0B6 PP S 1093 " 4iS 100 B foa ROy COnAnecor. 400 ja0r. 15 7ade -7,8 Taea- o8 PN lorgl N CJORJATE] $ 31
i TO y . N
2N48IB PNP TO-66 S 60 NMPISEHAVE CEOWSREEN 7403- 15 7a47- 70  74153-110 710 COMPARATOR $ .35
2N404 PNP GE TO.5 5/5 1.00 BILDIARICED -91.25 7404~ 20 7448 70  74185- 70 CA 3047 Hi Pel. Op. A € .9
2N3919 NPN i TO-3 RF S 1.50 DT ORANS Y 8 & 7405 20  7450- 20 74157- 70 34075, 6. 5.12.15. 18, 24 905
MPSA 13 NPN Si T0.92 315 100 RSt ARG , 7406- 25  7472- 33 74161 85 BECHTO.220 S1:10
2N3767 NPN S, TO 66 s .70 LEDE e S D 7407- 25 7473- 35  74164- 95 101 OPER. AMP. HI PERFORM. . . § 75
2N2222 NPN § TO18 5/S 1.00 RIOLEMRINS ' 100/51.00 7a08- 25  7474- 35  74165-1.05 LM 308 Oper. Amp., Low Power .. S .95
2N3055 NPN S, TO-3 s 80 100015220 7409~ 21 7475- a9  74173-1.40 20 = UG s 65
NTOCAINRNISIT 002 lico 10 WATT ZENERS 3.9, 4.7, 56, 8.2, 12, 15 7410~ 15 7476 135 74174 95 556 - DUAL TIMER $1.00
2N3906 PNP § T0.92 §/5 100 18, 22. 100, 150 or 200V . ea. S 60 7411 20 7480. 35 74176- .92 537 - PRECISION OP. AMP. s170
2N5296 NPN S1 TO.220 s 50 1 WATT ZENERS 4.7, 56, 10, 12, 16, 7412 20 7483~ 70 74177- .79 LM 3900 — OUAD OP. AMP s 49
2N6109 PNP §1 T0-220 s 5 18 OR 22V ea. S .25 7413~ 45 7485 88 74180 70 LM 324 - QUAD 741 . $1.50
2N3638 PNP i TO-5 515 1 MC6860 MODEM CHIP $13.00 7414- 70 7486 30 74181- 2.10 560 - PHASE LOCK LOOP $2.00
2NE5t 2 NPN TO-92 St 1.00 7416 .25 7489. 1.85  74190-1.20 561 ~ PHASE LOCK LOOP $2.00
CIMOS (DIODE CLAMPED) Silicon Power Rectifiers 7417 25 7490~ 45  74191- 120 365 . PHASE LOCK LOOP $125
7420- 20  7491- 70 74192~ 85 5165
74C02- 22 4015 95  4035-1.10 7425 58 7492 50 74193- .85 567 -~ TONE DECODER 51,50
74C10- 22 4016- 40 4042- 78 7a%. 25 7493, a5 74194- 85 LM 1310N F\M STEREQ DEVMOD. . $2.75
74C1931.50  4017- 105 4047 -2.00 7427~ 30 7494 70 74195- .75 8038 IC VOLTAGE CONT. OSC. . $390
4001~ 22 4018- 100 4049 .40 7230~ 20  7495- 70  74196- 88 LM 370 - AGC SQUELCH AMP. 8} 15
4002 22 4019 .25 4050 .40 7432 25 7496 70 74257 135 555~ 2us -~ 2 HR, TIMER. . . . .. § 45
4006-120 4022~ 95 4055 1.50 ! 8! : 53 OUAD TIMER
H £ 7437~ 25 74107- 32 74279 553 OUAD $2.50
4007- .22 4024 .75 4066- 80 800 .15 3 90 230 1050 L S I L DR TOlor OGN SO NAT R e
2009 4027- 40 4071~ .22 532 5
20 9 7430~ 16 74123 65 75491 65 1458 DUAL OP AMP. ! S .60
4 8 70
43:? 14 :g? s 205? > 7441- 85 74125- 40 75492 g5 LM 380 — 2W AUDIO AMP s 95
TR B e ] e SILICON SOLAR CELLS LM 377 - 2W Stereo Audio Amp. . $2.50
4013~ .40 ' 2% diameter MINIATURE DIP SWETCHES tm gg; SLTLEgJSI%Ax‘VéAMP g:g
3 3 CTS5.206.4 Four SPST switcnes
MCA 81_OPTICAL LIMIT SWITCH. S1.50 LM 311 - HI PER. COMPARATOR § .9
A A DoUTE .4V at 500 ma. ...$4.00 ea., 6/$22.50 in one minidip package 175 I rgum s IAreCOR RAR S ok 50
5CC $1.76 CTS.-206:8 Eight SPST switches In a 16 LM 339 - QUAD COMPARATOR
HP 7740-3" C.C $1.40 REGULATED MODULAR pin DIP package $1.95
A 1 :
NS 3’!3thqcanay ) e ‘SVDE}?TVYEO?"‘_’SUPPUES AY.51013.A30K ser./par.. par /ser., uni PRV 1A 10A 25A | 15A GA 35A
Ot 747 $2.50 118VAC INPUT $27.95 versal UART $6.95 100 40 70 130 40 50 1.20
Send 26¢ lor our catalog featuring 5VDC AT 1A 115VACINPUT $24.95 ALCU MINJIATURE TOGGLE ".wm:ues
Transistors and Rectifiers 12 VDC AT 5 AMP. $24.95 MTA 106 SPDT 20
145 Hampshire S1.. Cambeicige, Mass. TN4148 ON91Al .. $T.00 MTA 206 DPDT = 51 70

Torma: FOB Cambridge, Mass. SOLID STATE SALES WE SHIP OVER 95%

Send Check or M Order.
include Pastage. Minimom P.0. BOX 74A OF OUR ORDERS THE

roer $5.00, COB'S $20.00 SOMERVILLE, MASS. 02143 TEL. (617) 547-4005 e A e

CRCLE NO 56 ON FREE INFORMATION CARD

AmericanRadioHistorv Com



W
DIGLKEY CORPORATION | NATIONAL SEMICONDUCTOR CLOCK MODULES

‘ﬂ Qu
Double-Digit Discounts

Save You Even More , MA1010A 12 Hour {AM-PM) Version . . . $13.00
;llo;-; $;o:o;\s uz:;m i e e . MAT010C 24 Hour Version. ... ......$13.00
A g 4 these compaet modides,”

MA1002A 12 Hour (AM-PM) Version . . ... ... $10.50
MA1002C 24 Hour Version. . .............%$10.50

Special transformer and 6 switches
when ordered with module odd $3.45

Special transformer and 6 switches,
when ordered with module add $3.45.

. Hobby-Wrap-30 $5.95 /v, MAT002 & MATO10 Series

WRAP UNWRAP .. Electronic Clock Modules

The MAI002 8 MAIOID Series Electronic Clock Modules The MAT002A and MAT010A have o 12 hour disploy with an
are assembled and pretested modules which rombine o AM ond PM indicator. The MA1002C and MA1010C have'o
monolithic MOS-ASI intugrated clock circuit, 4-digit 1D 24 hour display.

display, power supply and other ossocioted discrete com-

ponents on o single prinied circuit board to form « complete Features inciude glarm ““on’ ond "'PM" indicators, “sleep”
electronic clock movement. The user need odd ondy o frans- ond "“snooze” timers ond variable brightness control copa-
former and switches to construct o digitol clock for applico- bility. The modules are extremely compact, the MA1002
tion in clack-radios, alarm or instrument panel clazks. Time- meosuring 1.375" by 3.05”. the MA1010 measuring 1.75"
keeping may be from 5G or 60 Hz inputs and 12 or 24 hour by 3.75”. This small size is achieved by bonding the 1.C.
disploy formots may be schosen. Direct LED drive eliminotes to the back of the circuit board.

RF interference. Time sefting is mode eosy through use of

‘Fast™ ond “"Slow” scorming controls. it is highly recommended that the tronsformer be obtoined

with the clock module os it is o specfal dual secondary
type not otherwise readily availoble.

Double Digit Discounts Save Yqu Even More!

ACE201-K ENTIRE ROCKWELL CALCULATOR LINE SLIDE SWITCHES BISHOP GRAPHICS rrinted Circuit Drafting
$24.95 ON DISCOUNY IN OUR LATESY CATALOG Single Pole Single Throw Aids are now availabie from Digi-Key
1,032 SOLDERLESS PLUG-IN TIE POINTS L 1O OO0/
CAPACITY: UP T0 12 14-PIN DIP's Double *ole Dovble Throw RADIAL ELECTROLYTICS
TWO S-woy bmdm; posts Y / 2320010 19.00/C | a7/50v.. .08 6510 | 22/50V...12 1.00/) 330725V . 23 1.8671
Size; 4-9/16" | 1150V 08 .65/10 10076.3v. .09 .75/1 [ 470/10R .. 21 1.1
Kit form Sy - e £ 22/50v.. .08 6510 100/10v. 10 70 47016V . 23 18111
: k BATTERY HOLDERS [ERIE RN (] 100116711 8510 [ 470/25V..29 23571
i | PRSI s 0 G | mah e | e )
o / : § 7/50V. .08 68/ Loy 1 235
& ? ; . 2-AA 42 10/16V .. .08 6510 220110V, 13 1,081 1000/25V . 42 3.33/1
P ! i 1. ... 35¢ 10725V .. 08 4510 | 220/16V. 15 1610 | 220010V .42 333/
. _*5 b 2¢ o 10/5V .10 7500 | :025v.. 2 17 2200116V 154 23011
. J 2/16V .08 6710 | 220/50V..29 2.35/] 2200/25V 38 4.67/)
. 10. 3s¢ 2/2%v .09 7010 330/10V. .15 11611 3300/16V . 89 7.14/1
20 . ... 42¢ 306V, 2 166110 |
AXIAL ELECTROLYTICS
INTEGRATED CIRCUITS — TTL, CMOS, LINEAR & MOS PERF BOARD anov.. M 9oNo 3006V, .9 2351
- HOBBY-WRAP 0.1 spaxing between holes oV .. Tl %0110 330/25V .32 2540
7400 21 416 32 74181 215 4012 23 | 45w 114 Model BW-630 e o 333V .. 1 470716V 132 2.55/1
7401 2 7480 70 | 74182 79 4013 40 | 452 1.68 Sames BT 330V v 47025V 137 30011
7402 21 7482 70 | 74184 2.19 4011 96 | 452 88 * - 2725V .. N 1000/10V - 33 2:65/1
7403 21 7483 70 | 74185 219 4015196 | 4585 123 4735V . @ 1000116V - 39 3151
7404 21 7485 & 74188 350 4016 40 | 2021 1% 47750V . B 1000725V 36 4:50/)
Tia 3 | T 23 | sas 173 | e ivos | camss 3 bl B B fov 62 &
[ i ; CAX 75 10/50V. 2200 X
7407 125 7850 44 74191 1.3 4019 23 LM2ITIN 125 for cbove perf board nomvu ; ! mo‘m% :32}
7408 21 740 70 | 70192 88 020101 | (MI09K 1180 $1.50/C 22N, 3300/16V . 95 7.63/1
700 2 Te7 s 7998 8 wp vy | w1 250V T | 4700116¥1.09 87011
g 5 . k! 6 L 1.
i A T 8 o Weiors 1.2 LED LAMPS dytev. @ 10V 115 919/
412 7495 70 4196 .88 4004 8a LM340T-8 1.2 NSLS0S= T-1 % .18 $15/C
325 | 7a% 0 | 1997 B 4025 LM340T12 1.2 I :
;4:: i Z ;:}8(7) 128 ;‘}38 }_43 w;ﬁ 168 lww”; 15 NSLSOS= T-1 ¥ .18 $15/C WIRE-WRAPPING TOOL I.C. SOCKETS
416 | 4 A 4027 (M3407-18 1.2 i
1073 Ta0 3 Tasl 109 a0g 8 LM340T-24 1.2 LED DISPLAYS $5.95 32 bin Solcer }'%’13
: 4 4 LM390N B : i X 3
7421 25 122 4 74365 67 4030 2 LM%ON 6 FND3S7 CC 375" n 35 Wraps, Unwraps & }g :;: g:::z: E ;}2{}8
7423 70123 ) | 74366 67 | 033 151 | mQasev  1.00 SN END30C 06 o) Serips 30 ga. Wire 24 Pin Solder 38 3.60/10
(IR EOE BAE HAE W O 7 amar 8 o
7477 . 70132 70 | 8003 40 | 4040 V14 | NESIET 324 AND 311 1V FNDBO7 CA 800" Ye & V2 WATT 5% SEmwhe 3 30
7428 28 74141 88 94 .10 4041 79 NESAOL  2.04 X 14 Pin W-W . 2.50010
7430 .21 74145 70 9095 67 4042 .79 NESS5V 48 DATA BOO CARBON FILM RESISTORS Y6 Pin WW 30 2.85/10
7432 125 74147 163 | 80% 67 4043 70 | NES3eA .88 KS $¢ aach in multiples of § per velus 18 Pin W-W 60 5.70/10
cERRT AN A N st £ o | HELE 10
7438 125 74151 70 75150 116 4049 .40 NES62B 38 WIRE WRAPPING WIRE IN BULK TTLDATA BOOK 1 ohm thru 1.0 megohm 33 :;: waw l.lé ‘2%:8
;::g ¥l ;:}2 Igg ;Ss:g(l) gll! :gg? ‘4;2 NES65A }g Red or Blch 30 go. Kynor . -
) X NESSRV 1!
7443 6, 74155 .70 75452 61 4052 1.26 v 136 100" $2.00 500" $8.50 1000° $15.00 HARDW ARE DOUBLE-DIGIT DISCOUNT SCHEDULE
7443 7 74186 70 53 61 4053126 | uATOOCY M4
7486 7 7157 70 75454 61 a060 158 | uAZIOCA 44 SILICON DIODES 256 14 5crow 99/C 7.20/M [l machendie  Oicoumt  Morchandive  Discoum
7447 . %C 74160 .88 75491 81 6 19 VATHICA 53 . 2-58 172 Scraw 99/C 7.65/M 500052499  NET $100.00-5499.99 Loss 15%
7848 N 72161 88 5497 B4 4071 23 uA723CA .60 | 1N4001 40 5.50/C $49/M 55/C 3.60/M $500 00-5999.99 Lass 20%
7450 .21 74162 88 75493 1.09 2072 .23 UA733CA .75 | IN4002 4610 5.60/C $51/M SIS0 Lass 10% SI000004 Up Lass 5%
7451 21 74163 88 75498 119 | 4073 23 VA7AICV .44 | IN4003 8110 3-80/C $5UM Then Add th dard
| gaes s | s 20 | a7 | ura e LA 1 $sam a0 e S S Cher S B tlen
7454 74165 1115 4 2 12 748 a9 1 : /
Ti 3 Teiloide 2001 ol uA730§)CIU 152 | 1nacos 0110 7780 f STANDARD SHIPPING/HANDLING CHARGE
1] 74170 2.64 4002 X 502 .79 UA7B06CY 1.2 1Na007 90 8.60/4 $77/M H your morchandive total after discount is batwoon
7470 30 74173 1.42 4006 1.23 4510 1.14 VA7808CU 1,25 | IN4148 0/10 3.50/C $29/M 5 0003 499 add52.00 5 90.00599.99 . odd $0.28
792 0 74178 98 w007 73 451105 | oATBI2CU 1.2 5 5005249 . ald 075 $100.00 & up .. No Crorge
7473 %0 7015 93 0w 7o 914280 | aaisy 12 : £ : £ 80/C 4 $25.00-049.99 .. 216 3050
4 | 4 4515 2. A7818CU  1.25 oub g 0 5 . | ;
Jrsae | pa7 79 | 10 an | 461z | wareac 13 : . DATA BOOKS i j i e
AR RN O i c i TTLICs 595 p. .. .. $4.00fd No- COD ORDERS ACCEPTED FOR SAME DAY
Vs WATT ZENER DIODES | Linear IC's 957 5. " s5.00f| "o 8 Lockwosher 5/ S00/M MENT - CALL 218:401 6674
SILICON TRANSISTORS \ CMOS I€'s 256 p.  $3.00 = bazni
MPSOI8. MPSO30, MPS2222A, MPS2369A, MPSI712, MPSO0TA, MPS3392, }22%3‘23" S Xe T ‘5?”( Transistors 288 p.  $3.00| nd fo ras cawles D,
MP53393 MPsihe, MPSTIOL  WPSISel, MPSISS MRS MPSiGsh ik - Memory IC's $92 p. $3.00| %78 8" () 1y litv € . Sold!™
MPS364 Ps MP$3643 MPS3MS MPSI646, N3904. 2N3%06, 2N4124, 1550 /¢ [Ye s P B00 rice ard nly Quality Components So . T
e aon Shals pvald, SRABSE. TNSOST. DNSORS, PNSI29. BNSI 33 IN3230B 4 7¢ 18 S11/C Interfoce IC's 464 p. DON'T FORGET 10 APPLT OISCOUNT SCHEDULE
5:45134 pnsm PNSIJB P~sm 2NS210, PNS954 16, $1.55/10, $13.60/100 B N5231B 5.1v 35 $11/C Volt. Regs. 128 p. B
same part no. 1N5232B S.6v .15 $11/C Linear Appl. 1 432 p, Sd 00 = '
MPFI02 36 530.60/C 2NS4S7 .48 $41.00/C MPSAI3 28 $24.00/C 2N3055 .99 }:ggggg gg: }§§Hg Linear Appl. 2 246: $3.00 IGI KE CORPORA'ION
$85.00/C INS23SV 6.8y 12 11/ IN52458 15v . Audio 196 p. $3.00 | Box 677, Thief River Falls, MN 56701 218-681-6674
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INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home all
makes including transistor. Experimental kit—trouble-
shooting. Accredited NHSC, Free Booklet. NILES BRYANT
SCHOOL, 3631 Stockton, Dept. A, Sacramento, Calif.
95820.

EARN ELECTRONICS DEGREE by correspondence. Free
information bulletin. Grantham, 2000 Stoner Avenue, Los
Angeles, California 90025.

PASS FCC EXAMS! Memorize, study
Answers” for FCC 1st and 2n0 class
phane licenses. Newly revised multiple-choice
?uesﬂnns and duagrams cover all sreas tested In
CC exams plus '"Self-Study Al Test.” $9.95
postpaid. Moneyback Guarantee.

COMMAND PRODUCTIONS P.O. BOX 26348
[NCming BISIE SAN FRANCISCO, CALI

BELL & HOWELL Television Electronics Course. Best
Offer. P.S.B., 49 Derby Ave., Orange, CT 06477.

SCORE high on F.C.C. Exams. .. Over 300 questions and
answers. Covers 3rd, 2nd, 1st and even Radar. Third and
Second Test, $14.50; First Class Test, $15.00. All tests,
$26.50. R.E.l., Inc., Box 806, Sarasota, Fla. 33577.

UNIVERSITY DEGREES BY MAIL! Bachelors, Masters,
Ph.D's. Free revealing information. Counseling, Box 389-
PEO3, Tustin, California 92680.

SELF-STUDY CB RADIO REPAIR COURSE. THERE'S
MONEY TO BE MADE REPAIRING CB RADIOS. This easy-
to-learn course can prepare you for a career in electronics
enabling you to earn as much as $16.00 an hour in your
spare time. For more Informatlon write: CB RADIO REPAIR
COURSE, Dept. PE037, 531 N, Ann Arbor, Oklahoma City,
Okla. 73127

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details,
strange catalog free! Autosuggestion, Box 24-ZD, Olympia,
Washington 98507,
GRANTHAM'S FCC LICENSE STUDY GUIDE — 377 pages,
1465 questions with answers/discussions — covering third,
second, first radiotelephone examinations. $10.70 past-
pald. GSE, 2000 Stoner, Los Angeles, California 90025.

FREE Educational Electronics Catalog. Home stedy
courses. Write to: Edukits Workshop, Department 722D.
Hewlett, N.Y. 11557.

1‘* AMI EVK 99 6800 BASED
‘ MICROCOMPUTER

Ash the Home Arew Computes Club »n Senla
Qlara, Colilistrma why they choose the £VK 99

Periormance, veewity and

Tozsioz 1w
625  #11N ars
e Numu  im
BUILD YOUR OWN 590 ram
COMPLETE A
COMPUTER SYSTEM

Microcomouter They now hive B5 systems The

* MICROPROCESSOR PRODUCTS

£080A/90804 524 35 21L02/910L02
AMIS8800 2495

AY51013A 9

AM2812 MMS00M 225

AMZBA 1 9% 5204
0

con 5
AM331 AM1M4T 64

£
4
2

elfactwenes Pholo it of ex,
X 99 Boaro
Photo of
expanded EVK 99
$159.95

1. EVK 99 comnn of ts tollowing oniy
PCB 10% x 12

orv. 1
m
o
"
2
“*
11 Gperating Manust & Instructions
To Imoiement fully exnended system widitionat IC's are requined

0nous Communianion intertace Adapree)
riace Adapter
ogtam Library 11) 6831 16X ROM

P crvnat X
2. UNIVERSAL KLUGE BOARO  $98.00 P e
Comalsiaty compatibie 10 the EVK tyiiem “Trui board allows ihe user 10 acd sny
0ditionsl parts he desirws [t has 5400 hoter holds 94 16 pin ICY or othen an
2.4 " o grester eonters 2 500n, | 20 Matcable 25 pin RS232

Conmector
3. 16K BYTE RAM B0ARO $77.95

16K 2 8.0 BK 1 16 organusation Uses 2107 or 21L02°s and adepti to siaw
memory

4.6 SLOT MOTHER BOARD $29.95

Cannmion mount on 15 centers May tr pluggnt togemer lor e spanded ao0! <ations

5. EXTENDER BOARD $46.50

For ute i hach phane above 1 €47 € se Comtigoration

Meve oards ara now i drveicoment inciuding catarrs 140 a0 athen I you want
oms i formenon 8109 v a e

TV GAME KITS

Qv 11 G1 A¥38500 1 TV Game Crn $20.95

TV KIT NO.1 ONLY :mg :‘,’*‘?"’A 5‘94-*:3
Inciudes A¥IB500 1 1V G Chi
P Bora tor wises corponns sutgr 934.95 AMD 9112 230

Dbt ntirugrone Add $5 95 Tor MM crvvl
TV KITNO. 2
ncludes A¥I8500 1 TV GameChip,
PC Board. Swiiches pots, e

required for vedeo componte. Work
o Inclutes nstructons

SPECIALS

SPECIAL
BUY 10 OF THE FOLLOWING
AND YOUR PRICE IS.

ONLY

RF MODULATOR MODULE

To comert your video compoute 10 RE 1y
UM 1021 Crannel 34 VHE Modulator $8.95
®0C Switchabis @ OC Couplad modulatien inpot with
VSWR = 2max  powtive treneter character
VCC =85 voin Dertigned for use with Ty

ONLY
-~ $49.95

Breoge and a1

¥ NEWPRODUCTS

NEW FROM NEC Microcomputerl FIRST TIME OFFERED

* ICMARKET PLACE ~

% LINEAR

M0k 52 LMtateN buttered
750 LMIZ0K 12 THE SAME BX BOAAD OFFERED TO THE
3 SCCS GROWP PURCHASE NOW OFFERED
TO YOU AT THE SAME LOW LOW PRICE"
LM 3900 % RCIASSCN 49 $198.00 COMPLETE
e oy e 1 vou Sesire Q1LOZAPC - Plesse acd $9 95
LMTS24N s RCA11CN 9
LursIeN 180 ACAI®H 190
TMS 4060 RAM
175 34N 220 RCA558CN Cisd
Lo 17 RC1SICN 850 NEC 4096 RAM .......
16028 UART ...
O
1502F FIFO ...
34702 BAUD GEN
[5:2 » CO402¢
gg:gg? 5 coun e o NEC 5101C~E CMOS RAM
4002 150 coaost s RO32513 CHAR GEN Lower
CD4006 175 €D402% 199 €D404;
DAY 75 DM . g0 coasts 1oy WD 16718 ASTROS ..........
COM008 195 C0M1 249 cOMSV 140 WD 1941 OUAL BAUD GEN
CD4D09 43 M 49 CD4516 195 2!
LmraTn WD 1771 FLOPPY DISC CONT. ......74.95
CD4010 AN €D403s 119 CD4s 18 -
e Qi 2 cown 2w cousx 75 SPECIAL
7 M5 coszz 256 100 22PIN 4096 DYN RAM . 326
€041} 60 CO4042
CotM 195 cowe 19 cosr 3% 100-22 PIN 4096 DYN RAM 325
DU % oo e cowsm 1i 100-16 PIN 4096 DYN RAM 345
S B coma 13
2 | cowon 23
rewin 310§ Cotars 15 hasss 1 6800 8080A
s 1 cossel % STARTER SET STARTER SET
Cl 12
Cowzy 2 couses 2ms | owvereun  seso om
CO4024 129 Aho You Ger 11 BBOD 8 et CPU You Ger 1t 8OBOA § et CPU
» 8101 $yLp 4 S'Zg:lcll " :;I):\Ohm
| ) 74 Croc
= 1160 2102 AAM'y o S::w Conirolier
: SIS0l 1240 2107 RAM
15 AMI 6800 Proge ameniny Aad $5 95 to
5 Manup | MCS 3 BOBO Users Mursal
o %
statoc .
H - ape s abx FCN GEN KIT $18.50
RT3 » sLarx 195 SLMOC 196 b
» % et &0 gt:: e 63 Key Keyboard 19.95
= o 3 suazIc 255 SLeC 575 19 Key Keyboard 11.95
» ” SLII 295 SLESIC a9
% ‘10 e L Ll 1) o Also . ., we stock entire continental
st Mo o 8800 Corners L .
‘}3 : -?...;...':"..:..e....... 395 specialties line new sockets and bus strips
2 o, for microprocessor design
2 P DIVIDERS
% rs) 695  PRE208 1250  SPesd0E 820 i i
ol H 2 ZERUE EES MR | Exoenmentero00 (6 macinl 51095
1600  SPASIIE  B50  SPRSAZB 1250 eri| {:] .J spacin N
;:: ": ;; 1880 :nm ::: 06438 2000 xperimenger pacing
n 86318 5P 650
Ta4IN ”» B . .
J44aM 3150 Tat2im 4138 3210 e e :mm ) All shipments first class or UPS in US. or ndsd‘giao
100 PIECES MIX TAKE 10% OISCOUNT 1800 srasysa 2750  SPadsiE 1880 for shipping and handling. Minimum order Y
1000 PIECES MIX TAKE 15% DISCOUNT Do Dmue 2250 semsm 1zoo California Residents add 6% tex. Foreign add 8%.

P. 0. BOX 17329

IRVINE,

PHONE (714) 968-3665

CIACLE NO. M1

ON

D372 Floppy Disc Controller Chip $75.00

D371 Mag. Tape Cassette Controlier Chip 65.00
Application Notes (26 pages) 3 6.95
Gl AY 3550 4% Digit DVM Chip 29.95
G AYJ600 Keyboard Encoder 9.95
Intersil B038CC 4.95
AY3507 9.95
RQ 32513 Char Gen 9.95

ALTAIR /IMSA! COMPATIBLE
8K MEMORY

Our new brain board cames comptete with
21L02-1 memary chips 1500ns) and tocken

Al addveds contral and data out lines lubly

W
A\-°G NO'
NEw CAT
CALIFORNIA-92713  qpen YOUR
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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.
PRACTICAL Electronic training. FCC license. Free home
study catalog. Genn Tech., 5540 Hollywood Bivd., Los
Angeles, CA 90028. Or, Ra-Tel Electronics, P.O. Box 167,
“P" Toronto, Ont., Canada. U.S. Inquirles.

LEARN BASIC Digital Troubleshooting by corres-
pondence. Course includes text and demonstration mod-
ules. Educational Technaologies, Box 224, Reynoldsburg,
Ohio 43068.

BREAK INTO TV/RADIO Broadcasting, Disc Recording
career. Expert reveals secret avoiding disappointment,
wasted time/money. Free information. Box 921, Beverly
Hiits, Calif. 90213.

HIGHLY EFFECTIVE Degree Program in Electronics En-
gineering. Advance rapidly! Our 31st Year. Free literature.
Cook's institute, Box 20345, Jackson, Miss. 39209,

FCC EXAMINATIONS? Go First Class! Complete First —
Third Questions - Answers plus “topical study guide.
$8.00. ""Guaranleed Exams'’, Box 5516-AC, Walnut Creek,
CA 94596.

HIGHLY EFFECTIVE Degree Program in Electronics En-
gineering. Advance rapidly! Qur 31st Year. Free Ilterature.
Cook’s Institute, Box 20345. Jackson. Miss. 39209,

BECOME TELEVISION REPORTER without previous expe-
rience! New book by acclaimed newsman reveals short-
cuts to rewarding career. $6.00 postpald. Free brochure
Station Break. Box 550, Bentonville, Arkansas 72712.

PERSONALS

MAKE FRIENDS WORLDWIDE through Internationai
correspondence. lllustrated brochure free. Hermes-Verlag,
Box 110660/Z, D-1000 Berlin 11, Germany.
WARTS. Vergo® Cream is palnless, safe, easy, gentle. Buy
Vergo® at better pharmacies.

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.

PGN L

BEW A D n -
vARLU o 0

R IV 5 B OUR

8
l If you have an idea for a new product, or a way l
to make an oid product better, contact us, “the
idea people™ We'll develop your idea, introduce it to
industry. negotiate for cash sale or royalty licensing.
Write now without cost or obligation for free
information. Fees are charged only for contracted
services. So send for your FREE “inventor's Kit.” It
has important Marketing Information, a special
“Invention Record Form" and a Directory of 500
B Corporations Seeking New Products. I

G RAYMOND LEE ORGANIZATION
the' (] 230 Park Avenue North,New York NY 10017
idea E: At no cost or obligation, please rush my I
A\ FREE “Inventor's Kit No. A.112 .
l Name Please Print I
Address
City State Zp

TAPE AND RECORDERS

RENT 4-Track open re:l tap—es—lree brochure. Sterec-
Parti, P.O. Box 7, Fulton, CA 95401,

RECORDS—TAPES! Discounts to 73% all labels; no pur-
chase obligations; newsletter; discount dividend certifi-
cates; 100% guarantees. Free details. Discount Music
Club, 650 Main St., Dept 5-0377, New Rochelle, New York,
N.Y. 10801.

WANTED

GOLD, Silver, Platinum, Mercury wanted. Highest prices

pald by refinery. Ores assayed. Free circular. Mercury
Terminal, Norwood, MA 02062.
POPULAR ELECTRONICS



COLORS: Red, black, biue, green, orange, yeliow,

white, violet, brown or gray.

SOLVE YOUR TEST CONNECTION PROBLEMS WITH EZ-HOOK

E-Z Hooks have been designed and field tested throughout the industry to save time and money in commercial electronic production and servicing. The
spring-loaded hook attaches firmly, yet so gently it will not damage component — frees hands while testing. Durably constructed and fully insulated to a
single contact point assuring true readings. Meets exacting laboratory and space age computer technology requirements. AVAILABLE IN 10 RETMA

AE——
e EXTRA LONG MINI HOOK -
Jumper with XM Micro Hooks XL-1 Minl Hook (5.0 lung) combinas all the proven features of the X100W
- Order No. Length Price with an extra long body. It will make safe, short-free test connections In ORDER Pin XL-1
204XM-12* 2" $1.70 card racks and through deep wiring nest up to 4°° .$1.25 ea 5
204XM.24 ¢ 4" 10
s '.‘— Specify m:: ! ‘ JUMPER WITH e
- XL-1 MINI HOOKS _
Jumper with X-100W Mini Hooks N Crder No. Length Price
Order No. Length Price MICRO HOOK Specify Color 204XL1-12 12 92.50 e m— T T
204.12W " 12° s1.60 Specify color 204XL1-24 24" 2.80
204-24W* 24 1.60 XM Micro Hook {1.76" long, < 1 gram) = [ "
Tor iticuts 1€ Testng Permits noonaps | 9 UMPER, XL-1 MINI HOOK TO STACKING e SR R
to delicate whes where welght and teser BANANA PLUG L g Price
Jumper with X-100W Mini Hook 23¢ may damage component. | - $.80 83, ) - Order No. 20 $1.95 =
Order No. Length Price - Soecity color. ORDER P/N XM Specify color 201XL-1 8 i
201 XM o N = P 2 - -
&8 $1:39 MINI HOOK %y *Specify color * *Square hole tip for hooking laterally to leads or vertically over square wire-wrap pins.
e . COMPLETE SET (10} MICRO HOOKS — $7.95
e o ; ) X100W Mini Hook (2,25 fang) comb MICRO-HOOK — TRY ORDER YOUR XM-S MICRO HOOK SET
rugged construction. mintature size and .
Jumper X-100W Mini Hook ** Fingerate Hypa Action for ail the st ONE AND YOU'LL TODAY! (Includes 1 ea. red, black, blue, green,
10 Stacking Banana Plug test qummm—riops. Haok sty quagi WANT THEM ALL! orange, yellow, white, brown, violet and gray
for component leads, vet small enaugh . . .
Order No. Length Price to get into tight places s | L ) Micro Hook). At this low price you can afford
201W* 32" $1.35 Specity color, ORDER P/N X1GOW more than one set.
SOCKETS OK WIRE-WRAP TOOL & WIRE
~~«  LOWPROFILE, SOLDER, TIN our w e ]
8Pin  0.16 015 0.14 18 Pin 028 0.27 0.26 28Pin  0.44 0.43 0.42 b e
14 Pin 019 0.18 0.17 20Pjn  0.34 0.33 0.32 36 Pin  0.59 058 0.57
16 Pin 0.21 0.20 0.19 22Pin  0.36 0.35 0.34 40 Pin 0.62 0.61 060 - wSsU-30 Wire-wrap tool $5.95
24Pin 037 0.36 0.35 2 R-30B-0050 50f1. roll, blue wire 30AWG. $1.98
WIREWRAP R-30Y-0050  50ft. roll, vellow wire 30AWG. $1.98
STANDARD, SOLDER, TIN ' STANDARD, SOLDER, GOLD GOLD (Level No.3) || R-30W 0050 50fr. roll, white wire JO:WG. S:gg
1-24 25-49 50-100 1-24 25.49 50-100 1.24 25.49 50-100 x A-30A.0050  50ft. roll, red wire 30AWG. S
8Pin 025 023 0.22 8PIn 030 027 0.24 10Pin 045 0.1 0.37
14Pin 027 025 024 14PIn 035 032 029 14Pin 039 038 037 c
16Pin 030 027 025 16Pin 038 035 032 45pIn 043 042 0.41 74 00
1B8Pin 035 032 0.30 18Pin 052 047 043  1gpin 075 0.68 0.62
22Pin 070 065 0.60 22Pin 070 063 057 . i - .
24Pin 049 045 042 24Pin 070 063 057 24Pin 105 095 085 SERIES CMOS
28Pin 099 090 081 28Pin 110 1.00 090 28Pin 140 1.25 110
36Pin 139 126 115 36PN 1.76 140 126 36Pin  1.59 1.45 1.30 74COON .38 |74C74N .90 |74C157N 3.40| 74c195n 1.80
40Pin 159 1.45 1,30 40Pin 175 159 145 40Pin 1.75 1.55 1.40 74C02N 40 |74C76N  1.00 |74C160N 2.10| 74C221IN 2.10
74C04N .60 |74CB3N 275 |74CI6TN 2.10|  74C901N 100
40 |74CB5N  2.75 |74C162N 2.10| 74C902N 1.00
SAM'S BOOKS Bmldl’;n& Installing Electronic Intrusion Alarms a 74C 10N 50 (74C86N  1.00 [74C163N 2,10 74C903N 1.00

20929/136 pgs $4.5 74C14N 220 |74CB9IN 14.00 |74C164N 180 74C804N 1.00
.TCT(L,f",{’;’;"é’k";'.‘,’,‘,ik',"f;::fs;’g‘ sfg'gs Understanding IC Operationat Amplifiers 74C20N 50 |74C90N  2.70 |74C165N 1.80| 74CS06N 1.00
ety s::a S o "9:1 e ®  20855/128 pgs $3.95 74C30N 50 |74C93N  2.70 |74C173N 1.80| 74C907N 1.00

C as i censa an Lole]

How To Usa IC Logic Elements, 2nd Ed. 74C32N .50 |74C95N  1.80 [74C174N 1.70| 74C314N 2.70
5th Ed./21111/448 pgs. . . . $7.50 D 0817160 A - g o $4.50 [CARBON FILM RESISTORS (5%) | 74Ca2n 210 [74C107N 1.90 [74C175N 1.70| 80ces  1.00
Transistor Substitution Handbook, 16th Ed. Understanding CMOS Integrated Glreuits Only in Multiples of 74C48N 330 [74C151N 3.80 [74C192n 2.10| 80C97  1.00
21339/384 085" 5 vmu -0 3 A B DL W $4.95 311207144 pos . . $4.95 100 pcs per value {ohms) 74C73N  1.20 174C184N 5.70 |74c193N 2.10!

Reference Data for Radio Engineers, 6th Ed. , %W . ..S$1.69 per 100
21218/1344 pgs. . $30.00 %W ... S1.79 per 100 CMOS
Basic Elsctricity/Electronics Series, Vol. 1. Basic ) 4000AE .20 4023AE . 4051AE 1.70 4093AE 1.65
Princlpals and Applicatlons/20167/320 pgs . $5.50 -I 10 100 1.0K 10K 100K 1.0M :gg;:g %: :ggg:g gg :ggg:g 1‘;3 :gggiEE 12'?—,(5;
TV Typewriter Cookbook/21313/256 pgs. $9.95 1110 11K 11K 110K 1.9M S : - 3
Transistor Specifications Manus!. 8th E‘; 1" {26mm} GaAsP LED |12 120 12k 12K 120K 1.2Mm | 4006AE 1.30 4026AE 2.50 | 4055AE 1.95 4099AE 2.90
21335/224 pgs $6.95 13 130 1.3k 13K 130K 1.3M | 4007AE .24 4027AE 55 | 4056AE 1.99 4502AE 1.50
e s RO S - NUMERIC DISPLAY (45 150 15k 15k 150k 15M | 400BAE 140 | 4028AE 1.00 | 4060AE 2,10 | 4s5078E 80
% ;‘"Eg 24 1;;":‘ elephane License Handbook, -t 16 160 1.6K 16K 160K 1.6M | 4009AE 50 4029AE 1.20 | 4063AE 2.50 4508BE 2.20
o 1144/416 pgs. . . . . $7.50 EP1000 (Commen Anode) |15 180 18k 18K 180K 18w | 4010AE .50 4030AE .48 | 4066AE .90 4510AE 1.40
Semiconductor Replacement Guide/ 20 200 2.0K 20K 200K 2.0M | 4011AE .24 4033AE 2.00 | 406BAE .44 4511BE 1.30
21092/256 pgs 3 g $3.9501Pce —$4.90 3Pcs —$13.00 5Pcs —$19.00 |25 220 22Kk 27K 220K 2.2M | 4012AE .24 4035AE 1.30 | 4069AE .44 45128E 1.30
24 240 2.4k 24K 240K 2.aM | 40134E .40 4040AE 1.20 | 4070BE .60 4514AE 5.00
SANKEN 27 270 27K 27K 270K 2.7M /| 4D14AE 1.30 4041AE 1.25 | 4071AE .45 4515AE 5.00
114 PAGE 30 300 3.0k 36K 300K 3.0M | 4015AE 1.30 4042AE 1.20 | 4072AE .34 4516AE 1.75
HYBRID 33 330 33K 33K 330K 3.3M | 4016AE .€0 4043AE 95 | 4073AE .40 451BAE 1.50
APPLICATI 36 360 3.6K 35K 360K 3.6M |.4017AE 1.05 4044AE 1.10 | 4075AE .40 4520AE 1.28
AUDIO TIONS 9 390 3.9K 34K 390K 3.9M | 4018AE 1.24 4046AE 3.10 | 4076AE 1.24 4528AE 2.20
POWER AMPLIFIERS MANUAL 43 430 4.3K 43K 430K 4.3M | 4019AE 54 | 4047AE 2.50 | 4077a€ .40 4585AE 2.05
47 470 4.7K 47K 470K 4.7M | 4020AE 1.45 4048AE 1.43 | 4078a€ .40 4901AE .32
§1 610 6.1K 51K 510K 5.1M | 4021AE 1.30 4049AE .58 | 4081BE .40 4911AE .32
— 56 560 5.6K 56K 560K 5.6M | d022AE 1.05 4050A€ .58 | 40B2AE .39
$1-1010G {10W output) . .. $ 6.90 | Contalns Circuit Data, System |62 620 6.2K 62K 620K 6.2M
S1-1020G {20W output) .., $13.95 | Design and Techmical Data |68 680 68K 63K 680K 6.8M | FEiES
—ADTECH
S1-1050G {50W output) ... $24.95 | for SL 1600 series mlegrated ;g ;gg ;§§ ;EE ;ggﬁ e OWERISUREE XR FUNCTION
® Multi-purpose linear amplifiers for commerclal and inaustrial circuits, 195 91 910 91K 91K 910K 9 1M Output
applications. ® Less than 0.5% harmonic distortion at full power i . Model No. dc | Amps GENERATOR
level. 172 dB 1 . ®Built-
eve [ response from 20 ta 100,000 Hz. ® Built-in current RESISTOR ASSORTMENTS —3 15
limiting (for S1-1050G} and efficient heat radiating construction,
OISnGIE on Wit ( dudl) [BUEr FTOSIY & Aol coromas aha o Each assortment contains 5 pcs each of 10 dnﬂerent values APs12.1.6 | 12 | 1.6 .
e packaces g Values included are shown in (O APS15.1.54 16 | 1.5 | 3095 s -
o ) 0
SANKEN Series S1-1000G ampliflers are solf-contained power /‘W5/°(5° "f;""‘;'ﬁ’ ?; 51 /’W,‘;57/° (53%"";;“‘"47 sgssfhm :igg:,éa g; (',g i
hybrid amplifiers designed for Hi-Fi, stereo, musical Instruments, '
3 L 2 ea_ 82,7100, 120,7150, 180, 220,270, 330, 390 ohm
public addrass systems and other audio applications, The amglifiers APS5-6 5 6
470,560, 680, 820'chm. 1K, 1.2K, 1.5K. 18K, 2.2K.2.7K
have quasi-complemantary class B output. The circuit employs APS12-4 12 a
fllp-chip transistors with high roliability and passivated chip power +3.3K, 39K, 4.7k, 5.6K. 6.8K 8.2k 10K, 12K. 15k, 18K |Aps1ss | 18 3 | sc.0
transi with Vb ath. Asst.5: 22K, 27K, 33K, 39K, 47K_ 56K, 68K, 82K, 100K, 120K |APs24-2.2 | 24 | 222
Asst.6: 150K, 180K, 220K, 270K, 330K, 390K .470K 560K 680K, | APS28-2 28 2
B20K iy =170 XR-2206KA  SPECIAL $16.95
PLESSEY Asst. T 1M,1.2M,1.5M 1.8M,2.2M 2.7M,3.3M 3.9M,4.7M 5.6M° | APS12.7 12 7 Includes monalithic function gen
MATSUO POLYESTER (%W Assortment No.7 doesn’t Include 5.6M) APS15.6 15 g 71.20 | ator 1€, PC board, and assembly
(CAPACITOR) MINI BOX | Asst.BR:(All seven assortments Al e areadel 2200 % Instruction manual.
ME Vv W 5%.350 tal:$10.95-¥W.5%,350 1:511.
DIERED 01 1000 14| 039 250 .15 S — APS12.75[212 [ 18] 4150 |XR-2206KB  SPECIAL $26.95
et Sl G0 e B 18 MARCH SPECIAL  [oarvseol o Te o g Joome, 23 XP 2206KA and inluces
o ] 1 3 N
CAPACITORS e oot vl | e BRa ke DAPS1S.1.3l %15 | 13 55.10 |external components forPCboard.
.0022 1000 .14 | .082 250 .17 -1 R-OHM RESISTOR KITS =
0027 1000 14 f 1 © 100 17 5% CARBON FILM RESISTORS PLESSEY SAMPLER -
MF Vv s MF Vv $ |0033 1000 .14 | 12 100 .18 300 METALIZED CAPACITORS  g5g 0
1 35 33|68 16 .40| 0039 630 .14 | .15 100 .20 1/4 WATT KIT 18 DIFFERENT STD. VALUES o fony
B3 Rl s may e wn e
i d X .42, E . 4.7 M
.33 35 .33(100 25 .45|.0068 630 .14 | .27 100 .26 '2%83;?\,.7. GQ’ L-18 PULSE/SWEEP FUNCTION GENERATOR KIT
47 35 .33/100 35 .90[.0082 630 .14 | .33 100 .30 & a —— EATURES: 1 HZ to 100 KHz in 5 ranges, at con-
68 35 33150 20 .45[.01 630 .14 | 39 {00 .33 172 WATT KIT | mm amplitude - Sine and triangle adjustable to
1.0 35 .33]150 35 1.32(.012 630 .14 | .47 100 .36 42 Different Values ®O®®®| 50,5, into 600 ohms - Sine distortlon is 5%
1.5 35 .40|220 16 .45|.015 400 .15| .56 100 .44 Q ere Q“ pdd typical - Veltage controlled sweep of slne and tri-
2.2 20 .33|33.0 20 1.32|/.018 400 15| 68 100 .47 (6852 10 4.7 M) Le————""" angle waves » TT L.square wave has a fully adjustable
2.2 35 .40|47.0 20 1.53] .022 400 15| .82 100 .54 $23 40 20 Each Value putse and drives 600 ohms « Frequencies of lower
33 35 _42 68.0 16 1.62| 027 400 .15 (1.0 100 .60 PER KIT than 1 Hz and greater than 100 kHz are obtainable * short proof »
a7 38 033 250 .15 COMPLETE WITH CONVENIENT PARTITIONED STORAGE BIN [| Complets with power supply and metal case, $55.00

<& ANcRONA

Mail order

by 4th class rate.

Minimum order $10.00. Add $1.00 to cover postage and Fandling. California Residents add 6% sales tax.
Send check or money order to: P.O. BOX 2208P, Culver City, CA 90230. COD, Master
Charge and Bank Americard welcomed. {Stores do not accept mail or phone orders.) Books will be shiped

® Phone Order — Call:

{213) 641-4064

No. 101 CALIFORNIA
250 page ANCRONA
\ |NFORM¢TION 11080 Jefferson Blvd.
822';5.595 Culver City, CA 90230
(213) 390-3595

CALIFORNIA
ANCRONA
1300 E. Edinger Ave.
Santa Ana, CA 92705

ARIZONA
ANCRONA
4518 E. Broadway
Tucson, AZ 85711

(714) 547-8424 (602) 881-2348

OREGON
ANCRONA
1125 N.E. 82nd Ave.
Portland, OR 97220
(503) 254-5541

GEORGIA
ANCRONA
3330 Piedmont Rd., NE
Atlanta, GA 30305
{404) 261-7100

CANADA, B.C.
ANCRONA
5656 Fraser St.
Vancouver, BC VSW 224
{423) 324-0707
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SUPER

® |CS Socketed
® Push button Switches on Main PC Board
® Open chassis for Easy Assembly

2N 1 DMM-COUNTER .

FCM-8
. . 8 DIGIT
e 250 MHz KiT

e T

R (Y $219 o

Size 1TOW x 3-1/2H x 9D

Meter: Auto polarity and overrange indi-
cator. 11 Meg. Ohm input impedance.
Four overlapping ranges on AC-DC volts
and current to 1KV and 1 AMP and five
ranges on ohms to 1 Meg. Ohm. 500%
overrange capability, except current.
Accuracy: +1%, +1 count DC, £1.5%, *1
count AC and Ohms. Counter: Same as
FCC-8.

CAPACITANCE COUNTER

LIN CORP
o

CAPACITANCE COUNTER
L
-

Size 7W x 3H x 8D
+1% %1 count (+1 pfd. below 100 pfd.)
Four ranges from pico farads to several
thousand microfarads. Features crystal
timebase reference for stabllity. Auto-
cycling.

NOW, IT IS
A DREAM TO
MEASURE
YOQUR
CAPACITORS.

$ 95

KT

L'N CORP. 15311 S. Broadway, Gardena, California 90248 (213) 532-8809

VALUE!

® Deluxe Metal Cabinet
® Complete Step-by-step Instruction & Diagrams
® 3in. 7-Seg. LED Readouts

FREQUENCY COUNTER

FC-6
30 MHz KIT

.

LIN CORP

28999494

| FREQUENCY COUNTER .
s 2 § C-6
@ 250 MHz KIT
Size 7W x 3H x.8D $129.95
Perfect for CBers, hams, hobbyijsts,

technicians. Hi 2 input, SOMV sensitiv-
ity. Frequency 10 Hz to over 30 Mhz.
(FC-6) and 100 Hz to over 250 Mhz.
(FC-6H). Crystal timebase. 5 ppm.

FcC-8
8 DIGIT
250 MHz KIT

149+
Size 1T0W x 3-1/2H x 9D

Hi Z input. Sensitivity 50 millivolts at
250 Mhz: Readout Hz., Khz., or Mhz.
Resolution 1 Hz. to 10 Mhz. and 10 Hz
above Crystal time base — 5 ppm.

{4 4.9 9.9 3 g§%

PREaviney countEn

Add $2.50 Shipping/Handling Each
California Residents Add 6% Sales Tax

@« =

SANKAMERICARD |

_ CIRCLE _NO. 37 ON FREE INFORMATION CARQ

" PLANNINGTO )

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,
glving the following information:

[ Change address only [ Extend my subscription
ENTER NEW SUBSCRIPTION

[O1 year $9.98 [ payment enclosed
Allow 30-60 days for (1 extra BONUS issue)

delivery. O Bill me later
NEW ADDRESS HERE 0204
Name
please print
Address
City
State Zip

Additional postage per year For Canada add $3. For countties outside
US. and Canada. add $5—cashnU.S currency only

AFFIX OLD LABEL—} 3
—————— i e.
|Fl(youhave no label handy,pnntOLDaddressher |

_rom |
l Name— ’_' please print ()
R

) Address ———————

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUN-
ITIES. Report on |obs now open. Details FREE. Aviation
Employment Information Service, Box 240E, Northport,
New York 11768.

1 2
6 7
" 12
16 17
21 22
%6 27

T3 22

phone numbers count as one word

__Words
O pPayment of §

Master Charge Interbank # (4 digits above namei
SIGNATURE MUST BE PROVIDED BELOW

PRINT NAME
ADDRESS
CITY STATE

SIGNATURE

AmericanRadioHistorv.Com

WORD COUMT: 15 WORD MINIMUM. Include name and address. Name of city { Des Maines) or of state {New York) counts as one word each. 2ip
Code numbers not counted. (Publisher reserves right to omit Ztp Code if space does not permit.) Count each abbreviation, initial. single figure or
group of figures or fetters as a word. Symbols such as 35mm. COD. PO, AC, etc.. count as one word. Hyphenated words count as two words. Tele

$2.25 (Commercial Rate)

enclosed for

CHARGE: [J American Express [J BankAmericard
for insertion(s). You will be billed monthly.
Account #

OVERSEAS JOBS — NOW HIRING! High Pay! All Occupa-
tions. Transportation. Computerized Reports — $2.00.
TRANSWORLD, International Airport, 3623-N, Los
Angeles, Calif. 90009.

AUSTRALIA — NEW ZEALAND. WANT YOUN! 50000
Jobs! Transportation! Latest information. $2.00. AUSTCO,
Box 8489-N, Long_B(_each. Calif. 90803

DO-IT-YOURSELF

MODULAR TELEPHONES now available. 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, coins, rings, artifacts and more with world-famous,
deeper-detecting White's metal detectors. From $59.95.
Dealers world-wide. Free literatuge! White's Electronics,
Dept. PD7-C, 1011 Pleasant Valley Rd., Sweet Home. OR
97386.

SERIOUS COIN SMOOTERS — Semtech's solid-state
METL-SENSOR pin-points ALL metal objects. yet defines
the target before you dig. FOR FREE literature write:
Semtech Corporation. 652 Mitchell Rd., Newbury Park,
California 91320

HOME ENTERTAINMENT FILMS

MAKE ‘77 A LUCKY YEAR — SPEND A FEW $3%% &
ENJOY LIFE! Order Super Bowl X {Steelers/Cowboys)
Super 8 Color, $19.95 dellvered (you save $0.75); B&W
$7.95 del. {you save $1.95). Operation Tall Ships — Ameri-
ca’'s Bicentennial Celebration. 200" reel of beautiful East-
man color, $19.95 + $0.75 shipping, or Super 8 mag color
sound at $29.95 + $0.75 shipping. Ali/Frazier |, Murder in
Venezuela, Standard 8 Eastman Color. 200" reel, $18.95
PPD — can be shown on standard or dudl 8 projector (you
save $1.75). Hitchcock's Psycho or Frenzy. thrillers for all
times, home movie adaptation of feature films. $9.95 ea +
$0.75 for Super 8 B&W or $19.95 ea PPD Super 8 mag
sound B&W. Or make your own selection from new 54.pg
Columbla glossy catalog. $1.00 refundable with order;

| Castle catalog $0.50 incl. order form; Sportlite forms $0.35.

SPORTLITE, Elect-3. 20 N. Wacker, Chicago. IL 60606.

MAGNETS

MAGNETS. All types. Specials-20 disc. or 10 bar. or 2 stick
or 8 assorted magnets. $1.00. Magnets. Box 192-H Ran-
daltstown. Maryland 21133

CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section lor comgplete data concerning terms, lrequency discounts. closing dates. etc.

3 4 5
8 9 10
13 14 15
18 19 20
23 24 25
28 29 30
33 34 35

$1.35 (Reader Rate)

insertion{s)
[J Master Charge

[J piners Club

Expiration Date

P4l

PE-377

POPULAR ELECTRONICS



Popular Electronics

MARCH 1977
ADVERTISERS INDEX
READER
SERVICE NO. ADVERTISER PAGE NO.
1 APProducts, Inc .....ooiiiiiiiiiiiiiiie 12
2 Adva Electronics .............. 0a00aanoannsa 133
3 Advanced ICEleCtronics ........oovivivnennnnns 127
11 Advanced Microcomputer Products ........... 130
12 Allison Automotive ... ...o.iiviriiriieiiaaene 16
6 ANCrona COrP ... .c.viuiieniiiiiiniininnannns 131
7 Antenna Specialist InC ..ol 97
B AMESINC. ...t 120
g Associated Eiectronics ............ ..ol 87
10 Avanti Research & Development Co ........... 111
13 B&AF ENterprises .........ooiiiiiiiininnnnans 126
14 B&K Precision, Dynascan Corporation ......... 103
18 Bennies Warehouse Distribution Center ....... 113
16 Bullet EIeCtronics .......ooveriuiiaeananneens 126
CREI Capitol Radio Engineering
Institute .....cooiiiiiiiiiiis 90, 91, 92, 93
Cleveland Institute of
Electronics, Inc ...l 70, 71,72, 73
15 Cobra, Product of Dynascan ...... SECOND COVER
19 Continental Specialties Corporation ........... 1
20 CrOWM «.oventiiiiiiii e etiianasanasaraeans

21 Delta Products, Inc
Digital Concepts ..........

22 Digital Group, The.......

23 Digi-Key Corporation ..........c.cocoiiiiint 129

24 EICO .ottt e
17 E&L Instruments, Inc ...
25 Edlie Electronics ........
26 Edmund Scientific Co ...
27 Edmund Scientific Co ...
28 Electronic Book Club
29 Empire Scientific Co

30 Godbout Elecs., Bill .............coiiiiniin
31 Grantham School of Engineering .............. 112

5 Heath Company
Heath Company ................co...

33 Ignition Systems
34 Hin0is AUIO .. ..vvvvreitiinarie e
35 international Electronics Unlimited

36 James Electronics.........coooiiiinint
37 Lin Corporation ...........coieiiiiiiiiiiiiiens

38 Mcintosh Laboratory InC.......o.oviiiiiiins 12
39 Midland
40 Motorola . .

NRISChools .........ooiiiiiininnns
41 National Camera Supply ..
42 New-TONE ......ootiiiiiinrieenaeenarseneaeans

43 OK Machine & Yool Corporation ............... 27
44 Olson Electronics a0
45 Optoelectronics ........coveiiiiiiraniniaaanes

46 PAIA Electronics
47 Pickering & Co.....oviiiiiiiiiiin,

48 POly PaKS ... ciiiiini it 119
49 Quest EIeCtronics ........viviiiaiiiiiiiiiines 126

Radio Shack ........ooiiiiiiiiiiiiiiiiianens 25
LT o T - N =S 104
51 SBE, Inc

52 S.D.Sales Co..
63 Schober Organ Corp., The ........c.c.ooiien.. 112
53 Sencore...........c.o...n ..

54 Shakespeare Company .
55 Shure BrothersiInc...........

56 Solid State Sales.............

57 SONAZUAND .. ...iviriinieraaia e

58 Southwest Technical Products Corporation .... 38
Speakerlab ... ..ol 102

50 Technology Trends ..........ccoeiviiiiaiinenns 85
60 U.S.PIONEEF .. .vviiirirnineirnneaearaaens 10, 11
4 United Audio Products, inc....... FOURTH COVER
61 Vernitron .........cccieieeniiinirrareieacaannn. 110
62 Western AUtO .....ooiiiiiiiii i 85

CLASSIFIED ADVERTISING
115, 116, 120, 122, 126, 128, 130, 132, 133
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BUSINESS OPPORTUNITIES

| MADE $40,000.00 Year by Mailorder! Helped others make
moneyl Free Proof. Torrey, Box 318-NN, Ypsilanti,
Michigan 48197.

FREE CATALOGS. Repair air conditioning, refrigeration.
Tools, supplies, full instructions. Doolin, 2016 Canton,
Dallas, Texas 765201.

MAILORDER MILUONAIRE helps beginners make $500
weekly, Free report reveals secret plan! Executive (1K3),
333 North Michigan, Chicago 60601,

GET RICH with Secret Law that smashes debts and brings
you $500 to $5 Million cash. Free report! Credit 4K3, 333
North Michigan, Chicago 60601.

erormase  ONE-MAN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings
facts about this unusual opportunity. Write today!
Barta. DP, Box 248, Wainut Creek, CA 94597.

FREE SECRET BOOK "2042 UNIQUE, Proven Enterprises’
Fabulous "Little Knowns''. Work home| Haylings-B, Caris-
bad, Calif. 92008.

$193.00 WEEKLY. GUARANTEED! Your home. One hour
daily. Free details — Professional, Box 24543-X, Saint
Louis, Missouri 63141.

HOW TO MAKE $2,000 WEEKLY at home using other peo-
pie's money. Guaranteed. Free Details. Richlieu, Box
25357, Dept. F3, Houston 77005.

GUARANTEED $1.000 monthly. Work one hour daily.
~FREE DETAILS!™ Unicorn. ZD 1,7350 Nuget. Colorado
Springs, CO 80911.

SOLICIT TECHNOLOGY. Mexican engineer wishes to have
relations with fabricators of semiconductors or digital elec-
tronics products, to establish a néw small industry. Write
to: Jose Luis Garza, Apartado Postal No. 299 Col. del Valle,
Nuevo Leon, Mexico.

NEW LUXURY Car Without Cost. Free Details! Codex-2Z,
Box 8073, Toledo, Ohio 43614.

BROADCAST STATION — FM or CABLE: Start your own!
Excellent Income, pius free tapes and records. Free
details. "Broadcasting’’, Box 5518-AC, Walinut Creek. CA
94596.

1977 PHOTOGRAPHY DIRECTORY

& BUYING GUIDE

The Directory lists over 3000 prod-
ucts—still cameras, lenses, electronic
flash, close-up equipment, slide pro-
jectors, darkroom equipment, movie
cameras and projectors, film, and
more—with complete facts and fea-
tures, specs, prices, and exclusive
'‘Buypoints’’, PLUS—A SPECIAL 16-
PAGE SUPPLEMENT: Complete optical
tests on 32 normal lenses—four each from eight
major camera manufacturers—from the Popular Pho-
tography Test Lab,
Order your copy from the Ziff-Davis Consumer Service
Division, 595 Broadway, New York, N.Y. 10012,
Enclose $2.25 ($1.95 plus 30c postage and han-
dling). Outside U.S.A. $3.00, postpaid.

Residents of Calif., Colo., Fla,, Ill.,, Mich., Mo,
N.Y. State, D.C. and Tex. add applicable sales tax
(postage and handling charges are non-taxable).

MIND-ABSORBING PROJECTS FOR
ELECTRONIC EXPERIMENTERS
AND HOBBYISTS

18717
ELECTRONIC
EXPERIMENTER’S HANDBOOK

Helps you get it together
with a score of
build-it-yourself projects.

This latest edition includes a host of exciting con-
struction projects for audio buffs—Audio-Controlled
Detailed Power Shut Off; 9-Channel Stereo Equalizer
. . . For fun and games—FLIP, a CMOS Logic Game;
Sound Effects with the 555 IC Timer . . . for ex-
perimenter’'s—ESP Testing Machine; How to Make
Double-Sided PC Boards; 1C Digital Logic Memory
Probe , . . for puter/calculator enthusiasts—An
Under-$30  Scientific Calculator; Microcomputer
Primer; Bits-to-Dots Computer Video. There’s a_host
of other projects including The Executive Digital
Temper Countdowner ® Versatile Nickel-Cadmium Bat-.
tery Charger ® Shirt-Pocket Metronome ® Hall Effect
M tometer ® Low-Cost Metal Locater o 3-Way

STUFF ENVELOPES $250+ /Thousand. supglies. Enclose
stamped, addressed envelope. Enterprises, Route One.
Box 263-E3, Pauls Valley, OK 73075.

MUSICAL INSTRUMENTS

UP TO 80% DISCOUNT. Name brand instruments catalog.
Freeport Music, 114 G. Mahan St., W. Babylon, N.Y. 11704,

Photo Flash Tripper ® The 99-cent Wonder IC o
High-Value Electrolytic Capacitor Meter ® Guitar
Sound Intensifier ® IC Photo Tachometer ® R-F Tran-
sistor Tester ® And more! PLUS: Microcomputer prod-
uct buying guide and a basic digital logic course.
All with complete construction plans, parts lists and
printed-circuit board patterns. Many projects are
unique designs not available elsewhere. Only $1.85!

2iff-Davis Publishing Co. PE-377
C Service Division

REAL ESTATE

BIG...FREE...CATALOG! Over 2,600 top values coast to
coast! UNITED FARM AGENCY, 612-EP, Wes! 47th, Kansas
City, MO 64112,

BOOKS AND MAGAZINES

FREE book prophet Elijah coming before Christ. Wonderful
bible evidence. Megiddo Mission, Dept. 64, 481 Thurston
Rd., Rochester, N_Y. 14619.

POPULAR ELEC- | Popular Electronics
TRONICS INDEX for
1975 now available.
Prepared in coopera-

tion with the Editors QHNUQL
of "P/E,”" this index

contains hundreds of INDEX
references to product e e 19?5
tests, construction
projects, circuit tips
and theory and is an
essential companion to your magazine coilec-
tion. 1975 Edition, $1,50 per copy. 1972, 73,

and 74 editions aiso stiil available at $1.50 -

each, or $5.50 for the set of four (1972, thru
1975). Add $.25 per order for postage and
handling.

INDEX, Box 2228, Falls Church, Va., 22042

AmericanRadioHistorv. Com .

595 Broadway, New York, N.Y. 10012

Please send the 1977 ELECTRONIC EXPERIMENTER’S
HANDBOOK, I'm enclosing $1.85 ($1.50 plus 35c
for postage and handling). Outside U.S.A. $3.00,
postpaid.

Residents of Calif., Col., Fla., (ll,, Mich.,, Mo,,
N.Y. State, D.C. and Tex. add applicable sales tax
(postage and handling charges non-taxable).

print name

a_ddrss

t_:l_ty_ . state 2ip

THE AUDIO AMATEUR—A quarterly publication for the
serious audio constructor. Free prospectus. The Audio
Amateur, Box 1762, Peterborough, N.H. 03458.

BACK ISSUE MAGAZINES, 1890 to 1976. Free list. Send
stamped envelope to Everybody’s Bookshelf, Dept. PE, 317
West 6th, Los Angeles, CA 90014,

RADIOC ASTRONOMY—The Radio Observer magazine.
Sample $1.00. The Peterson Press, 657PM Circle, Drive,
Santa Barbara. CA 93108.

RUBBER STAMPS

RUBBER STAMPS, BUSINESS CARDS. Many new prod-
ucts, Catalog. Jackson's, Dept. K. Brownsville Rd., Mt.
Vernon. lll. 62864.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog yeasts, equipment.
Sempiex, Box 12276P, Minneapolis, Minn. 55412,
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AMAZING & HARD-TO-FIND

SCIENCE BUYS §
ALTERNATE ENERGY
SPACE AGE - HOBBIES

SUPER POWER FOR ANY AM RADI
Antenna assist has pulled in g 2
stations 1000 miles off! No. [ -
wires, chps, grounding. Sohd
state—no elec., batts., tubes.
No.72,095AVB $19.95 Ppd.
ULTRA SELECT-A-TENNA
(OVER 1000 MILES)

No. 72,147AVB........ $24.95

i

SOLAR ENERGY CUBE

Demonstration of sunlight con- ¢
verting to kinetic energy! Clear
plastic cube m sun with its 3
silicon solar cells powers motor
to whirl the propeller. Actually
produces 1.5v DC. 825 ma.

NO. 42,28TAVB (4X4XEY) ceverrcevrnenirsnsnsesssenns $23.95

SAVE 50%! 8 x 20 MONOCULAR
Top quality Spy Scope, a $30.]

value, now $14.95! Special pur-
chase saves you 50%. 100% .§
coated optics; 393 ft. field of

view. Only 2 oz.—stores in
pocket, purse, glove box.
No.1568AVB $14.95 Ppd.

NASA-CHOSEN FOR APOLLO/SOYUZ

The Astronauts used this super
20X60 binocular (modified) to
view Earth! Big 60 mm objective
lenses; 173-ft. field of view at
1000 yds. Relative brightness,
9.0. Fully coated optics, more!

No. 1556AVB .......(9%x8%"; 47.5 0z) $99.95 Ppd.
ELECTRONIC SOUND COLLECTOR

Tune in a whisper at 20 ft., nor-
mal conversations up to 100 ft.,
birdcalls & high freq. sounds at
almost 200 ft. Nearly twice as
far over water! Check on baby.
birds! 18" refl. disc. mike. etc.
No. 80,176AVB$32.25 Ppd.

LOW COST PORT. INFRA-RED EYE

Self-cont. scope (90 nite vision) . ;

has 6032 IR converter tube,

f/3.5 telephoto lens. adjust.

triplet eyepiece. 1.6X Not avail.

to Cal. res. except spec. au-
'd.

—

No. 1683AVB (6,12V DC) ...............§299.95 Ppd.
No. 1685AVB (SUPER 2.5X BINOC. ) $329.95 Ppd.

MEASURE WIND SPEED ANYWHERE
Hold handy (16 02.") low cost
Anemometer into the wind.
quickly re?d wgld s7p0eedhor}‘ns
big dial—from 5 to 70mph. Acc. o,

to =3% of full scale (2.1 mph);

no batls., adjustments, recali- . )
bration req.! -

No. 42,428AVB (7%" HIGH) ....covcrnees $19.95 Ppd.

OUR MYSTICAL MUSICAL MACHINE
... gets it on! Automatic 256- \* 13 1) ‘R
7

note pseudo-random tone pat-
tern. Adjust beat, vol.. pitch;
finger 3 photocells to Creatively
vary tone of continuous “music.”
Output jack for patching, re-
corder! 1.3 1b.

YR
No. 72,208AVB (INCLS, 9v BATT.)....$59.95 Ppd.

110V FUEL MISER RECLAIMS HEAT
Save your 40% wasted heat to
warm a basement, garage, rec
rm. at no extra cost! Oirect it
your way instead of up the
chimney. Fan-forced clean hot
air via easy ducting!

No.19,194AVB (5" DIA.) Shpg.17 Ib...$121.50 FOB

QUALITY DETECTOR UNDER $40
Qur fully transistorized BFO unit %% v

can locate a quarter at 18~
Powerful 6 trans -oscillator-
amplifier circuit. Comp. to §
others priced 50% more! Alumi-
num, just 2 Ib.

!

THERE IS NO OTHER TELESCOPE LIKE IT!

THE NEW EDMUND 44, {/4
NEWTONIAN WIDE FIELD
REFLECTOR TELESCOPE

Clear, bright, spectacular wide angle views of
stars, moon, comets . .. easy to use ... portable!

IN SECONDS YOU'RE SCANNING THE ASTOUNDING UNIVERSE, able to
see and study the breath-taking cosmos as perhaps you never have before
awesome vastness, unbelievable orderliness, stark silent beauty. All the
fascinating heavenly mysteries are yours to enter and explore This new
reflector telescope makes it easy for everyone to span a thousand light-yearsto
space-age enjoyment of the heavens and outdoors. No complicated set up! Just
insert the eyepiece, focus, and its big 3% tield of view gives you more stars in a
single view than any other type of telescope. Bright, crisp, finely resolved images
to capture your interest and imagination It's probably the easiest to use telescope
% ever  overyourshoulder.inyourlap.on a tripod. Or just rotate the spherical base
|, ©n s own mount for use on a table. car hood Take it anywhere {only 17", 10 Ib.).
Top quality optical system: 4%". /14 parabolic primary mirror (Ye wave. 17 F.L):
prealigned Yo wave diagonal on a coated optical window seals optics from moisture
Patent and dust. 28mm Kellner eyepiece {gves 15X, higher without other eyepiece or
Pendin Barlow) Fastfocusing (25" toinfinity) Bright Scharfanian red (doesn’'t impair night
9 vISION), ad carrying strap A “first’ scope “must™

andeal second scope’

There is no other telescope like it. NO 2001 AV B$1 49 ggﬂ
( \ The Edmund BIOSONE II

turns brainwaves into an audible or visual signal. $149.95

> ot KNOW YOUR ALPHA FROM YOUR THETA!

For greater relaxation, concentration . ..
- monitor your alphaltheta 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 overall
system of operation. Easy to use, this beautiful 4-pound, simulated
walnut unit (9%2 x 5% x 4%") can be operated at home, in office or clinic. It
gives you outputs to allow further monitoring of logic signal. raw EEG,
filter output. meter, and FM. Total brainwave monitoring capability, incl,
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-
chemucal activity that exists at all times in the human brain. in addition to
letting you know when you're most relaxed. Biosone Il is a great
conversation prece. 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 included).

STOCK NO. 1668AVB .. Just $149,95 ppd.

LOW COST STARTERS' UNIT, No. 71,809AVS ..... $59.95 ppd.

“SEE” MUSIC IN PULSATING COLOR
RN ) Se

'/ The Edmund $1 8 50
raln: & 3-Channel Color Organ
T CoRTROU COMPLETELY ASSEMBLED! LESS THAN

HALF THE PRICE OF OTHER MODELS!"

u\D‘
,‘ ‘ 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

3(5)53MBLED s1850 vary in brightness related to the music’s rhythm, pitch and

- 42.300AV8 Ppd. volume—a pulsating light performance to music! You get

volume and frequency sensitivity to a peak rating of 300 watts

UNASSEMBLED. N KIT FORM per channel. Just plug in your favorite colored flood or spot-

51595 light, and turn on! Great price. too. This high quality, fully

No. 42.336AVB ONLY Ppd. 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.

GIANT FREE ] COMPLETE AND MAIL COUPON NOowW
164 PG. CATALOG EDMUND SCIENTIFIC CO. 300 Edscorp Bldg., Barringten, N. ). 08007

Send me the following:

_ ZEE G )
@ F.J.p;m ‘ Stock No. Quantity Price Ea.
L | i ] b

~SEND FREE
164 PG_CATALOG * AVB”

Charge my  Amencan Exp

{
4500 UNUSUAL BARGAINS l

FOR HOBBYISTS, : . W0, inamountof  $
|

Add handling charge $__1.00
Interbank No. Enclosed is —_check,
i

SCHOOLS, INDUSTRY

|
|
|
|
_ BankAmencard  Master Chg I
|
|
|
|

No. 80,222AVB $39.95 Ppd.K Expiwation Date______ Signature
30-0AY MONEY-BACK GUAR- Address
EDMUND SCIENTIFIC CO I 'ANTEL You must be satis- L
° ied or return any purchase . .
300 Edscorp Bldg., Barrington, N.J. 08007 e (609) 547-3488 un 30 days for full refund. City, State, Zip _l
America's Greatest Science e Optics e Hobby Center (A I I I I I
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TwWo sources

PICKERING
XV<35/825E

yerfectionin

PICK'EHNG
XA§V-4-3000

Match one to your equipment

Pickering's new XSV/3000 is a remarkable de-
velopment. It possesses our trademarked Stereo-
hedron Stylus Tip, designed to assure the least
record wear and the longest stylus life achievable
in these times with a stereo cartridge. Its frequency

“The right Pickering Cartridge for your equip-
ment is the best Cartridge money can buy.”

We've been saying that for years; and tens of thou-
sands of consumers have profited by applying this
principle in assembling their playback systems.

If you have a fine manual turntable, the XSV/3000
is a perfect choice.

If you have a high quality automatic turntable,
then installing an XV-15/625E in its tone arm is a
perfect choice.

The summary advice of Stereo’s Lab Test, in an
unusual dual product review, we think brilliantly
states our position: "The XV-15/625E offers per-
formance per dollar; the XSV /3000, the higher ab-
solute performance level.” That makes both of these
cartridges best buys!

CIRCLE NO

STEREO

LAB TESTS

440 TIVILLas ST L ar TERYLA A8 TORORS

#HP

e .
oy

]
]

fords s

FREE!

47 ON FREE INFORMATION CARD

response is extreordinarily smooth and flat; its
channel separation is exceptional; its transient re-
sponse affords superb definition. It represents a
whole new concept of excellence in stereo
cartridges.

Read the whole evaluation report. Send tor your
tree copy of the Stereo ""Lab Test" reprint; write to

Pickering & Co., Inc
" @ PICKERING

101 Sunnyside Blvd
“for those who ca;r hear| the difference”

Plainview, N.Y. 11803.
Department PE
PICKERING & CO.. INC.. COPYRIGHT 1977

AmericanRadioHistorn-Com
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bo . s AN 1ﬁe same-class with.a number of more. expe‘rslve prodL.chL mcludmg ;1
W mtj‘ny o° the direct-dfive record players we have seen ", 1

e A “* - Tkis quote, frc-m-'he Hirsch-Houck: Laks' report in Stereo Review, refers 1.

Bl " Al torthe: Du::l‘”SID a s:ml—::uk)mchc beIT drive wurntable. Since direct¢rive modeks

geih Qespecu::li-/ our Owr, are Qg cep’red as the standard of - pe"form-::nce Hirsch-.

Houck's comparison s no- to. he taken light y.
The 510 also berefits “rom compagison with” other “Sem: -cutomat ¢ furmv

] fables. Cual niu= sensor lo-
we" Iet Someme EISe cdtes ’rhz lz-ijrch and 7-inch .

o : | d for.you. Y d i
- tell you how good =027 e
T there ‘ay - ‘d

- our belt-drlve turntables |75
G reall are- of play and supports it until vou relzas= 1.

/ :jouxmlgh also zorpare the 510 with your present Turnfoble ar any other
e you may be considering - When you do, keeg in mind the 512's n-any otter fea-
i ; tures and ~efinements desrioed below. Your old recarde will qound better, your
i 5 ~ rew ones: ast longer;

nual lhlfed Audio Pmdlcts,IQO So.Columbus Ave., N\t Vernon, N, 05‘3

A,

tally; the zue-control lifts it automctical y ot the end®

wir

L




