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Experience is the best teacher. You
might settle for any CB first time around.
Understandably. A lot of people think
they're all pretty much alike. But you'll
soon discover that, like everything else,
there are exceptions.

Ask the pros. America's long distance
truckers. These guys talk CB day in and
day out. And they demand the best.
That's why truckers refer to the Cobra
29 as "The Diesel Mobile”

Listen to Cobra. You'll hear a big
difference Because the Cobra 29 gives
you features which assure crystal clear
reception. Like switchable noise limiting
and blanking, to cut out practically all
pulse and ignition interference. Add
squelch control and RF gain and you've
got exceptional —adjustable —receiver
clarity. Even in the heaviest CB traffic.
You also get Delta Tuning which makes
up for the other guy, because even off-
frequency transmitters are pulled in.
Pertectly.

Talk to Cobra. And you know you're
punching through. One glance at the

29's over-sized illuminated meter tells
you just how much power you're punch-
ing out and pulling in. For voice modula-
tion the DynaMike delivers at 100%.
Same way with power: The 29 transmits
at maximum power levels.

Sooner or later you'll get a Cobra.
And you'll get engineering and crafts-
manship second to none. Performance
that will make your first CB seem
obsolete. Reliability and durability that
have set standards for the industry.
Above all, you'll get power. The power
to punch through loud and clear like
nothing else. Because when it comes to
CB radio, nothing punches through loud

and clear like a Cobra.g)
( obra

Punches through loud and clear.

Cobra Communications, Products of Dynascan Corp.
1801 W. Belle Plaine, Chicago, lllinois 60613
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IF YOUR FIRST CBISN'T A COBRA
YOUR SECOND ONE WILL BE.
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Want a rewarding carer like this?

Ifs you;s‘\mvi{eii ‘you know Electronics Drafting!

Learn it at home the practical,
step-by-step ETI way!

Imagine getting ready to move into
this kind of career. ETI prepares
you for the job of working closely
with electronics engineers in getting
electronics concepts down on paper.
That’s where it begins! And just
think, a drafting course can be only
the beginning. Ultimately, with
additional study, you might be
applying your specialized skills to
the designs for new developments
in computers. Or working with the
development of new medical equip-

ment. You might be needed for new

refinements in citizens band radio . . .
even watches and photographic
products. You'll probably be in on
developments that right now are
really beyond everybody’s imagina-
tion! But it’s all in a future that you
can be part of. A future where there’s
real enjoyment in your work and
you’re a respected professional. A
future where the paycheck is as good
as the security. An exciting future!

or lose a single hour from your
present job. And in a surprisingly
short period you’ll discover that you
can put the T-square in place,
interpret technicalities, and do the
job of an accomplished draftsman!

You get personal, expert help.
You’'re not “all alone out there” as
you do your step-by-step learning.

In fact, you’re “in a class of one”
with an experienced, helpful instruc-
tor. He knows his job, and he knows
you. He is chosen both for technical
competence and ability as a teacher.
He’s licensed by the State of New
Jersey. He cares about you, because
your success is his success. He care-
fully goes over each of your assign-
ments personally. He helps, suggests,
corrects and encourages . . . person-
ally. He gets you all set for the next
step. He wants to keep you progress-
ing as fast as possible.

Real do-the-job kits.
When you learn Drafting
the ETI way, you do it
the “real world”

Y ou know why that’s most impor-
tant? Confidence. After these suc-
cesses, you know that you’re a *“can
do” draftsman. You’ll earn the
Electronics Technical Institute
diploma, and you can talk to any
prospective employer proudly.

Get the facts FREE!
You’ve got everything to gain.
There’s no obligation. And no sales-
man will call. You’ll simply be look-
ing at a great future that can be
yours. And the best time to find out
is now. Just fill in and return the
coupon, and we'll rush you the
details. They’re all
yours in a new, fully
illustrated 44-page
catalog. Don’t you
owe that much to
yourself?

Electronics
Technical Institute

Division of Technical Home Study Schools
M rrrrr 1 e it 1 rrl
Electranics Technical Institute, Dept. 2-473-096
Little Falls, New Jersey, 07424.
[ YES! P'm interested in a future in Drafting! Rush me your

But what about learning
drafting at home?
The fact is, this subject is a “nat-
ural” for home study. Electronics

way. You learn
the theory, and
you work with
specially devel- I

d

: . : free career information!
TeChm(_:al Institute sends YF’u all the OPed Project l Send me information on these other fields of special interest: I
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straight edge. Then you start learn- as you would in j o ey o i

ing by doing. You move to your goal a plant or office. Name I

just as fast as your time and ambition You're prepared 1 T (plese print) i
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THE LOGICAL CHOICE—First in a series

Logic Probe 1 is a compact, enor-
mously versatile design, test and trouble-
shooting tool for all types of digital
applications. By simply connecting the
clip leads to the circuit's power supply,
setting a switch to the proper logic family
and touching the probe tip to the node
under test, you get an instant picture of
circuit conditions.

LP-1's unique circuitry—which
combines the functions of level detector,
pulse detector, puise stretcher and
memory—makes one-shot, low-rep-rate,
narrow pulses—nearly impossible to see,
even with a fast scope—easily detectable
and visible. HI LED indicates logic “1",
LO LED, logic “'0", and all pulse transi-
tions—positive and negative as narrow
as 50 nanoseconds—are stretched to Vs
second and displayed on the PULSE LED.

By setting the PULSE/MEMORY switch
to MEMORY, single-shot events as well
as low- rep-rate events can be stored
indefinitely.

While high-frequency (5-10MHz)
signals cause the “pulse’ LED to blink at
a 3Hz rate, there is an additional indica-
tion with unsymmetrical pulses: with duty
cycles of less than 30%, the LO LED will
light, while duty cycles over 70% will
light the HI LED.

In all modes, high input impedance
(100K) virtually eliminates loading prob-
lems, and impedance is constant for all
states. LP-1 also features over-voltage
and reverse-polarity protection. Housed
in a rugged, high-impact plastic case
with strain-relieved power cables, it's
built to provide reliable day-in, day-out
service for years to come.

HI LED ON LD LED ON

]

ot P

HLED ON

LOGIC "1™,

LOGIC "0

I.O LED ON

| @——— T:1/3 SEC.——p»|

HI LED ON

LGIC
PULSE LED PULSE LED
OFF OFF

LOGIC ‘0

LO LED ON
DUMING PULSE TRANSITIONS PULSE LED BLINKS
AT 317 MATE

HI LED ON,LO LED OOES NOT RESPONC TO NARROW PULSES
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L POUE DAANCITIONS PULSE LELD B,
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LO LED ON. HI LED DOES NOT RESFOND TO NARAOW PULSES

LOGIC “1™

LOGIC "0~

LOGIC ~1+

CSC’S MULTI-FAMILY LOGIC PROBE 1.
AT $44.95, IT DIGS UP A LOT OF INFORMATION WITHOUT

BURYING YOUR BUDGET.

HI/LO LED’s—Display level
(Hi-togic 1", LO-logic 0"}
of signal activity at node

under test

Non-corrosive nickel-
plated probe tip and clip
leads—For reliable contacts
and maximum life

Protected—Features built-in
reverse polarity and over-
voltage protection; strain-
relieved power cable

CONTINENTAL SPECIALTIES CORPORATION

Rugged high impact plastic
case—Builtto take it. . . in
the lab or in the field

PULSE LED—Lets you know
what's going on—and off.
Indicates positive and nega-
tive pulse and level transi-
tions. LP-1 stretches pulses
as narrow as 50 nano-
seconds to full ¥ sec

(3Hz puise rate)

e !u

property

$44.95 Price tag—Costs so
little it can be your personal

PULSE/MEMORY Switch—
PULSE position detects

and stretches pulses as nar-
row as 50 nanoseconds to
¥s sec. Switch to MEMORY
and it stores single shot and
low-rep-rate events indefi-
nitely; HI/LO LED's remain

active Input Impedance—100K
virtually eliminates circuit
loading problems and is
constant in both "0"” and
"1" states. CMOS position
also compatible with HTL,

Logic Family Switch—
TTL/DTL or CMOS matches
Logic "1" and 0" levels,
for greater versatility. High

HiNIL and MOS logic

© 1976. Continentsl Speciaities Corp

For more information, see your distributor or write for our catalog and distributor list.
44 Kendall St, Box 1942 New Haven, CT 06509 ¢ 203-624-3103 TWX: 710-465-1227 West Coast office;

EASY DOES IT
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Box 7809, San Francisco, CA 94119 ¢ 415-421-8872 TWX: 910-372-7992 Canada: Len Finkler Ltd., Ontario
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Editorial

CONSUMER ‘““RADIATION” PROTECTION

From time to time we all read about the possibility of biological damage due to
“radiation” exposure. The latest "‘radiation” furor involved the U.S.S.R.'s microwave
"spy" beams directed against our embassy personnel in Moscow. But there are
some disquieting radiation considerations closer to home. For example, how much
radiation exposure is safe? Will there be a damaging cumulative effect from chest
X-rays, dental X-rays, color TV receivers, microwave ovens, et al? No one truly
knows the answer.

Since 1968, radiological safety standards have been set by the FDA's Bureau of
Radiological Health in conjunction with information from industry and interested
parties. Establishment of this Federal agency was motivated by General Electric's
1968 recall of more than 100,000 color-TV receivers due to excessive radiation
levels. The agency subsequently discovered that many other brands of color TV in
the late '60's also had high levels of X-radiation. Today's acceptable TV X-radiation
is 0.5 milliroentgens per hour at 5 cm away from the receiver per 10 square cm area.

Microwave ovens, too, exhibit radiation (not X-ray) through a small amount of
leakage. The Federal limit, established in October 1971, is 1 milliwatt per cm? at §
cm away, at the time of purchase, and 5 milliwatts maximum for the duration of
oven use. The military and industry consider 10 milliwatts/cm?2 to be the safe limit.
However, other countries—namely the U.S.S.R.—have a standard of 10
microwatts/cm?2 per working day, which is increased to 1 milliwatt for 15- to
20-minute exposures each day.

Obviously, there's a difference of opinion as to which level of microwave
“radiation” is safe. Although, there's never been a documented case in the U.S. of
harm from exposure to microwave ovens, and I'm confident that the standards are
conservative, | still stay more than four feet away from an operating microwave oven
(the distance at which leakage becomes unmeasurable with a standard meter).

Assuming that standards are well within safe limits, however, there are other
distressing questions. Is there a danger of excessive X-ray exposure from a pre-1969
color TV receiver? How does one know when a microwave oven's door seal is
unsatisfactory?

A neon bulb or household fluorescent lémp used as a wand could detect serious
microwave leakage by glowing or lighting. But this method is by no means an
accurate indicator. Instruments such as Simpson Electric’s microwave tester, at
$195.00, are too expensive for the general public! The same is true for testers to
check color-TV radiation. It was therefore interesting to receive by mail a free
sample of a $2.95 color-TV radiation detector kit that includes a film pack with
processing chemicals. Developed at home (darkroom not required), it is said to
reveal excessive radiation.

I haven't verified the accuracy of the foregoing (available from Dahlco, P.O. Box
19202, So. Minneapolis, MN 55419), but the concept is interesting. It makes me
wonder why color-TV and microwave-oven manufacturers haven't developed a
simple inexpensive device or material to enable consumers to make home
radiation-danger-level tests on their products. But no placebos, please.

ot ey
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FROM THE COMPANY
WHO’S NUMBER ONE IN CAR SPEAKERS,
A GREAT LINE OF CB EQUIPMENT.

Even though youmay
not have heard of the
Sparkomatic name, you've
probably been listening to
the Sparkomatic sound for
the past eight years. That’s
how long we've been number
one in car speakers. And now
that we've put that kind of
experience into CB, you're
going to hear a lot more
about us. Because we have
everything in CB equipment
to fit anything on wheels.

Beginning with conver-
ters. If you're just starting

in our CB-10 converter.

This easy to install unit con- .

verts any AM radio into an
all channel CB receiver so
you can listen to what CB
is all about.

Or, ifyou're already
well into CB, use it tomon-
itor a particular channel
while you use your trans-
ceiver for the regular
action. We also have a
CB-11 converter which has
the added feature of a23
channel selector knob.

We make CB transceivers to
fit your price range and needs.
And whether it’s one of our bas-
ic mobile rigs like our CB-1123,
or amulti-featured base station

like the CB-5000, they're
allengineered with the same
Sparkomatic know-how.

out in CB you'll be interested | |

And once you've got a
~ Sparkomatic transceiver,
~ you should back it up with
[ one of the many antennas
| wemake for your specific
application.
; ike our SA-204. It gives
' you three full inches of whip
' adjustment for optimum
|

tuning instead of being
limited to the usual 3/4
inch. Other antennas
can't give you the lowest
SWR (standing wave

ratio) like this one
can. And because

it’s pre-wired
with a plug-in connector for
goof-proof installation, you
know you’ll get all the per-
formance that’s built into
your CB radio.

Our motorized SA-301 is
the retractable antenna that’s
completely retractable. It
looks like a regular radio

antenna so no one will know
your car is CB equipped.
Yet, it has everything going
for it like lock-in tuning and
efficient top loaded coil. And
it's engineered for
AM, FM and stereo, as
well as CB.

Our SA-22 is perfect for
 mounting on station wag-
- ons, campers, vans, and

| cars without conventional
tr_unks. Weeven havea
| | clip-on (SA-10) or magnet

mount (SA-11), which you
can easily attach or
remove in seconds.

And now that you're all
set in CB, you should look

- into an external speaker.

- For a few bucks more you
canimprove greatly on
intelligibility.

And nothing is better
designed for this purpose
than our SK-35CB with
the exclusive Sparkomatic
Tone Purifier™ slide

control which brings in the
message the way you want
tohearit. And toadd
another dimension to the fun
of owning CB, our Public

Address speaker, the

SK-50CB is a must.

Engineering, design,
dependability, value, selec-
tion...you'll get it all with

Sparkomatic CB

equipment.

Sparkomatic Corporation, Milford, Pa. 18337, CB Equipment (1 Automotive Speakers (O Car Radios (O Competition Shifters (J Mechanics Creepers
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Letters

CONVERT NATURAL TO COMMON LOGS

Common, or base-10, logarithms are

often used in electronics, such as in com-

puting decibel power figures. Unfortunate-

ly, a number of electronic calculators that
provide natural log (/n) functions fail to
provide a base-10 log key. Any reader who
has such a calculator can easily perform
his calculations using the /n function sim-
ply by multiplying the /n figures by the con-
stant 0.434. Hence, the familiar decibel
formulas, expressed in natural rather than
common logs, become: G, = 4.34 in (P2/
/P1) 8.68 In (Va2Vy).—Michael A.
Covington, Athens, GA.

PRINTERS FOR CALCULATORS

‘Here Are the New Programmable Cal-
culators™ {(May 1974) was timely and infor-
mative. | note, however, that there is a need
for a low-cost printer for calculators. If an

TALKS BETTER. . .LISTENS BETTER. . .and it's QUIETEE

P @
nga b

Precision matched, high performance
mobile antenna FREE with purchase
of the handic 235 23 channel CB.

handic. the one-of-a-kind Swedish deslgned CB now
glves you a rare opportunity to own this advanced equip-
ment at real savings. It's handlc's unique engineering
concepts that have generated specifications up to 250%
better than FCC requirements — without frills, gimmicks or
“flash-in-the-panel” lighting. The result is the cleanest CB
performance around — performance that's conquered the
roughest operating conditions Sweden could muster. Take
advantage of the special offer. See your deater now. You'll
save money and own a handic CB with a precision
matched handic antenna — a combination that's sec-
ond-to-none In quality. handic ... the orange color tells
you it's outstanding. The performance proves it.

handic CBradios include: mobile/base ttansceivers. hangheld port-
avbles. scanners with FM radlo option: antennas. microphones. selec-
tive call: and a lull line of accessores.

&v
hahdic

USs A inc

Miami Lakes. Fla. 33014

(305) 558-1522

in Canada. Scotcomm Radio Inc.,
Chomedey, Laval, Quebec

14560 N.W. 60th Ave., Kennedy Bidg.
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FREE OFFER.
SAVE $200
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handic Model MA-1
’ Mobile CB Antenna

‘ SPECIAL DESIGN

for Extended Range Performance
= Optimum radiation pattern
= Top-loaded coil
® Quick thumb-screw SWR adjustment
® Fold-down construction
= Precislon crafted in Scandinavia

Offer expires November 15, 1976
or on previous nolification dy
handic of USA Inc :
| 1

|
L Send For FREE Catalog!

SWEDISH. DESIGNED DEPENDABILITY

CIRCLE NO. 32 ON FREE

INFORMATION CARD
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adding machine that sells for $50 to $60
can have a numeric printer, it should not be
too difficult for a low-priced calculator to
have one as well. — David W. Johnston,
Washington, D.C.

Electromechanical adding machines use
impact-printing mechanisms, whereas
calculators use thermal printing heads.
Putting an impact printer in a calculator
would result in a bulky, power-hungry
machine. But you’'re in luck because some
major calculator manufacturers recently
introduced small calculators with built-in
thermal printing heads. Some will sell for
less than $100.

BASE ANTENNAS A HOMER

It was with much enthusiasm that | read
“Special Focus on CB Radio" in the April
1976 issue. Your coverage of base station
antennas was extremely well presented.—
Arnal A. Cook, Bloomington, IN

MORE ON WEATHER ALERTER

The "“Severe Weather Warning Alerter"”
(May 1976) was most interesting. | highly
recommend it as an add-on to low-cost vhf
weather receivers, but a few comments are
in order. Perhaps the National Weather
Service Officeinauthor Lloyd'sareaused a
15-second alert tone at the time the article
was prepared, but the new nationwide
standard is now a 10-second tone. There-
fore, for the Alerter to work effectively
under these conditions, the value of C10
should be reduced.

During severe weather warning condi-
tions, the warning is repeated every couple
of minutes, but the alert tone is sent only
once, with the initial broadcast. If a new
warning is required, another warning tone
Is sent with its initial broadcast. Our latest
directive stipulates that tests of the warn-
ing signal be conducted every day, includ-
ing weekends, between 10 AM and 1 PM.

Incidentally, Congress has recently des-
ignated the NWS vhf broadcast network as
a primary means of disseminating attack
warnings. These would also be preceded
by an alert tone. —John R. Hughes, Jr.,
National Weather Service, Detroit, Mi.

Out of Tune

In "“Learning Electronic Theory With Hand
Calcutators, Part One’ (July 1976), the
equation accompanying Fig. 4 should
read:
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=== ELECTRONICS BOOK CLUB
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Three Of These
Huge Books
For Only
$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 1o work. It's the
ideal i for all active ians, engi . ex-
perimenters, amateurs—for anyone who must occasionally or re-
gularly construct or adapt electronic circuits for any purpose
whatsoever. Eacn circuit diagram has every component carefully
labeled, and every schematic is accompanied by all the info you need
to construct the circuit for use in your own individual application. If
there are coils 1o be wound, you'll find fult and complete coil-winding
details right there on the spot. i special parts are required, you won't
have to mvest a lot of time and effort before the fact, for it's all there
before you in condensed captions. The circuits included are com-
pletely up-to-date, and have been designed, built, tested, reworked
as necessary, and perfected. You'll find any circuit you're ever likely
1o need in the pages of this rich volume. Includes an ultracomplete
22-page cross-reference index so you can quickly find the circuit you
need. The schematics are classified according to general application.
i you're in the business of servicingfepairing commercially buift
electronic equipment, you're going 1o especially appreciate the com-
p ive Appendix of IC itutk which includes base dia-
grams for most popular ICs, and gives you all the info you need to
adapt the IC of one it 1o the circuit applicati

of another. 602 pps.. over 1250 illus.

2ND CLASS FCC ENCYCLOPEOIA

Truly 3 one-volume electronics library all by itse...a 602-page
supercourse in electronics that belongs on the bookshelt of everyone
n ics. t's as ping and all ing as the FCC ex-
amiitself. It's a **quick-guide" to learning the answers to the 2nd and
3rd Class FCC exams (plus Element 9, for the broadcast endorse-
ment), as well as an intensive, no-nonsense series of courses that
<an make you the master of any field related to radio communication.
A special feature of this unique guide is the short-form, long-form
answer format to hundreds of FCC-posed questions: Whenever
possible the answer 1o a question is divided into the shortest angwer
needed to satisfy the FCC requirements: a longer answer then shows
how any similar question may be . and is i for re-
ference or for more p ing. @ appear
italicized type A boldface type section in most answers enables you
to immediately extract from the detailed discussion that portion
which directly answers the specific question. These “‘theory
packets’” amount to an y p i { ap-
proach to the FCC exam, and are st one of ihe many ways in which
this book is one of Ihe easest-to-use of all radio courses. An ex-
tremely complete 5000-word index, fully cross-referenced. provides
instant access to any rule, formula, circuit diagram. or technical ex-
planation. 602 pps. . over 600 illus.

DICTIONARY OF ELECTRONICS

This huge. quality dictionary is a handy reference that will serve most
of your needs—extremely useful in whatever connection you have
with electronics. Defines most ali of the electronic terms you will run
across in your everyday reading...from alpha particles through zoom
lens. .. ncluding those found in radio, TV, communications, radar,

iC instr ion, Dr: ing, industrial . efc.
The concise but clearly wriften definitions from all the various
branches of electronics are of value to technicians, engineers, hob-
byists. exper . and It provides full, plete and
easily ot of specilic elec-
tronics terms. A unique feature is the cross-indexing, whereby key
words contained in the definitions {words that are defined mare fully
elsewhere in the book) are printed m small capitals so the user is not
left i the dark by any definition. Appendices provide you with
sull more data—an extensive list of units and abbreviations,
graphic symbols used n ics. P color codes. db
conversion tables, data on the electromagnetic spectrum, tube base
diagrams, etc 420 pps . 487 illus.
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invites you to take this
1624-page electronics library
for only

Only $1.99 for

all three!

Over 2300

Lel us send vou these three practical, time-and-
money-saving books as part of an unusual offer
of a Tmal Membership in Electronics Book Club

Here are quality hardbound volumes. each
especially designed to help vou increase vour know-
how, earning power. and enjoyment of electronics.

These handsome. hardbound books are indicative
of the many other fine offerings made to Members
...important books to read and keep volumes with
your specialized interest in mind.

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

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

This extraordinary offer is intended to prove to
vou. through vour own experience. that these very real
advantages can be yours...that it is possible to keep up

Facts About Club Membership

® The 3 introductory books carry a publishers retal price of
$33 85 They are yours for only $1 .99 (plus postage and
handiing) with your Trial Membership

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

@ |f you want the Selection, do nothing: it will be sent to you
automatically If you do not wish to receive the Selection, or it
you want 1o order one of the many Alternates offered, you
simply give instructions on the reply form {and s 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 not have 10
days 10 make a decision and so receive an unwanted Selec
tion, you may return it at Club expense

® Personal service for your account—no computers used!
®To plete your Trial M ip, you need buy only
four additional monthly selections or alternates dunng the
next 12 months. You may cancel your Membership any time
after. you purchase these four books

® All books—inctuding the Introductory Offer—are fully re-
turnable after 10 days if you're not completely satisfed

® All books are offered at low Member prices plus a small
postage and handing charge Prepaid orders shipped
postpaid

©® Continuing Borus: If you continue after this Tral Mem-
bership, you will #arn 3 Dividend Certificate for every book
you purchase. Three Certificates, plus payment of the
nominal sum of $1.99 will entitle you to a valuable Book
Dividend of your choice which you may choose fram a list
provided Members.

CIRCLE NO, 68 ON FREE INFORMATION CARD
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Top-Quality
Hardbinding

Regular List
Price $33.85.

Features huge
quick-find index
illustrations

Contains over
800,000 words

1624 data-
packed pages

'ﬂ{]g]g]

with a Trial
Membership in
the Book Club

that Saves you
25% 10 79% on

a wide selection of
electronics books

with the literature published in your areas of in-
terest.. and to save substantially while so doing. As

rt of vour Trial Membership. vou need purchase as
ew as four books during the coming 12 months. You
would probably buy at least this many
anyway. .without the savings offered through Club
Membership.

To start your Membership on these attractive
terms. simply fill out and mail the coupon today You
will receive the 3-volume Electronics Library for 10-
day inspection. YOU NEED SEND NO MONEY! If
vou are not delighted. return them within 10 davs
and vour Trial Membership will be cancelled without
cost or obligation.

ELECTRONICS BOOX CLUB. P O Box 10. Blve Ridge Summit. Pa 17214
TYPICAL CLUB SELECTIONS (and Lisi/Club prices)
icrop! icroprog d $9 95/85.95—
VHFAUUHF Fire, Police. Ham Scanners Service Manual
$9 95%5.95—Modern Guide To Digital Logic $9 9535.95—C8
Radic § i vicing M 3 $26 85/
$9.95—Color TV Trouble Factbook $9 95/84.95—CBer's Handy-
book Of Simple Hobby Projects $6.95/$3.95—Modern Eiec-
tronics Math $12 95/88.95—Electronic Music Circuit Guidebook
$9.94/85.95—Build Your Own Working Robot $8 95/
$6.95—intro to Medical Electronics $9.95/86.95—21 Simple
Transisior Radios You Can Build $6.96/83.95—Ham Radio Ad-
vanced Class License Study Guide $8.95/54.95—Aviation Elec-
tronics Handbook $11 95/87.95—Praclical CB Radio Repair
$8.95/$5.95—Radio Astronomy lor the Amateur $8.95/85.95

ELECTRONICS BOOK CLUB

P.0. Box 10
Biue Ridge Summit, 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

Address

City

State p

(This offer valid lor new Members Only Foresgn and Canada add 10%) PE-96
7



New Products

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

KENWOOD AM/STEREO FM RECEIVER

Kenwood’s Model KR-5600 deluxe stereo
receiver is rated at 40 watts/channel into 8
ohms with 0.5% maximum THD from 20 to
20,000 Hz. its power amplifier section uses
direct-coupled complementary-symmetry
output stages and has "‘area of safe opera-
tion" circuit and relays that instantly cut
output power should safe levels be ex-
ceeded. Op amps in the preamp section
maintain a high S/N ratio. A MOSFET front
end has a rated sensitivity of 1.8 pV. Cap-
ture ratio is 1.5 dB, and alternate-channel
selectivity is 80 dB. A PLL in the multiplex
section provides uniform stereo separa-
tion A 25-us deemphasis switch is provided
for Dolby-processed FM signals. ADAPTOR
OUT/IN terminals can also accommodate an
outboard Dolby unit and a 4-channel con-
version adaptor.
CIRCLE NO. 85 ON FREE INFORMATION CARD

ASTATIC “'SILVER EAGLE" MIKE

A new version of the venerable D104 crystal
desk microphone has been introduced.
Called the D104 Silver Eagle, it features a
push-to-talk bar in parallel with the grip-
to-talk bar on the desk stand. A slide lock-
ing clamp provides “no hands" transmis-
sion. Electronic or relay switching trans-
ceivers can be used with the microphone,

which is wired with an open audio line on
receive. Its coiled cable has one shielded
conductor and four unshielded. All exter-
nal parts, including the base, are chrome
plated.

CIRCLE NO. 86 ON FREE INFORMATION CARD

“DISCO DUTY"” PHONO CARTRIDGE

The Stanton 680EL has been developed for
use in discotheques and radio stations. its
claimed frequency response is from 20 Hz
to 18,000 Hz, with a nominal output of 1.1
mV/cm/sec £2 dB. Channel separation is

said to be 30 dB, and channel balance
within 2 dB. Load resistance is 47,000
ohms, and load capacitance is 275 pF. The
cartridge's stylus is a 0.4 mil x 0.7 mil ellip-
tical diamond. Tracking force is from 2to 5
grams, and cartridge weight is 5.5 grams.
The Stanton 680EL comes with a replace-
ment stylus. $90.00
CIRCLE NO. 87 ON FREE INFORMATION CARD

SWTP PRINTER

Southwest Technical's Model PR-40 al-
phanumeric printer kit is a 5x 7-dot matrix
impact printer which produces the 54-
character upper case ASCIl set with 40
characters per line. Print rate is 75 lines per
minute on standard 3%-inch rolls of adding
machine paper. One complete line is
printed at a time from an internal 40-
character line buffer memory. Printing
takes place either on receipt of a carriage
return command or automatically
whenever the line buffer memory is filked.
The unit is available in kit-form only and
includes the assembled print mechanism,
chassis, pc boards, components, ac power
supply, assembly instruction, one ribbon
and one roll of paper. $250.00.
CIRCLE NO. 88 ON FREE INFORMATION CARD

LUXMAN SYNTHESIZED FM TUNER

The new Luxman Model 5T50 is a fre-
quency synthesized FM tuner featuring a
four-digit, seven-segment frequency read-
out with 200-kHz incrementation. An FM
dial scale is also provided with a LED
pointer that moves across the 88-108-MHz
band. Tuning can also be accomplished by
means of seven station presets, as well as
automatic scan tuning. The preset capabil-
ity uses a CMOS IC memory, which is main-
tained by a self-recharging battery, even
when line power is turned off. A string of
LED's indicates signa! strength. Claimed
S/N is 72 dB, capture ratio is 1.3 dB, alter-
nate channel selectivity 80 dB, and stereo
separation 48 dB at 1000 Hz, 38 dB from 30
to 10,000 Hz. Dolby noise reduction with a

AmericanRadioHistorv.Com

400-Hz test oscillator is built-in. Claimed
sensitivity is 1.7 pV (IHF), 9.8 dBf (available
power) monaural. Frequency response is
30 to 15,000 Hz, +0.2, 0.5 dB. THD at 65
dBf is 0.08% at 1000 Hz (stereo). A muting
switch selects one of two thresholds, or
disables this feature. Output voltage is 1.5
V. Balanced (300 ohms) and unbalanced
(75 ohms) antenna inputs are provided.
CIRCLE NO. 89 ON FREE INFORMATION CARD

TURNER MAGNETIC-MOUNT CB ANTENNAS

Turner has added two magnetic-mount an-
tennas to its Signal Kicker® CB antennas
line. The antennas use a magnet with a
specification strength of of 90 Ib (41 kg) of
direct pull. The SK900 series come with 18
ft (5.5 m) of coaxial cable. They are factory
tuned for low VSWR and are designed to
handle up to 500 watts of power. The stain-
less steel whip measures 46" (122 cm) long.
The Model SK900 antennaincludes a stain-
less steel shock spring and sells for $28,
while Model SK900 at $25 does not have a
shock spring. °
CIRCLE NO. 91 ON FREE INFORMATION CARD

FISHER AM/FM STEREQ RECEIVER

Fisher's Model RS1060 receiver features a
PLL muitiplex decoder, attenuator-type
calibrated volume control, a claimed FM
sensitivity of 1.7 uV (IHF) or 9.8 dBf (avail-
able power), and a continuous power out-
put rating of 100 W rms minimum into 8
ohms from 20 to 20,000 Hz with no more
than 0.15% THD. it also has ladder-type fil-
ters in its linear phase i-f section, two tun-
ing meters, feedback-type Baxandall tone
controls, a tuned bass extender, two

PHONO and Aux inputs and an FM DOLBY
mode for use of an external Dolby noise
reduction unit with the FM tuner. Two tape
monitors are provided, as well as FM mut-
ing, a six-position speaker/headphone
selector, switchable high and low filters,
and a tone defeat switch. Phono preamp
input sensitivity is 2 mV at rated output at
1000 Hz. FM capture ratio is 0.8 dBm:; alter-

‘nate channel selectivity, 70 dB. Measures

23%"W x 16'5/16"D x 73%"H (60.3 x 43 x
18.7 cm), and weighs 54 Ib (24.5 kg).
CIRCLE NO. 92 ON FREE INFORMATION CARD

DUMONT SINGLE-TRACE OSCILLOSCOPE
A single-trace oscilloscope with a
bandwidth of dc to 5 MHz, Model 5040, is
available from Dumont Oscilloscope
Laboratories. It has triggered sweep,

POPULAR ELECTRONICS
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The Incredible One-Hander

New Realistic © Mohile Radio
Puts EVERYTHING in

One Hand. Everything?
Yes...EVERYTHING!

e Pushbutton Mike!

e Built-In Speaker!

o llluminated
Channel Selector!

o On-0ff Switch!
¢ Volume and Squelch!

It’s Patented, Too...
U.S. Pat. No. 643485

Here's What CB Magazine (May 1976)
Has to Say Ab.out Our “One-Hander”

"Onthe road, it performed beautifully. The 60 dB of adjacent ¢ vannel rejection "
was a particular plus im the test area . . . In my opinion, this radio Is one of the
best innovations in mebile communications in many years. Faving all ¢f the
operating controls bui t into the mike frees the driver from having to reach for
the nﬁxt channel or leoking for the volume control while paying attestion
to traffic.”

Invented by Radio Shack
to give you one-hand .
control for driving safety, o e G
amazingly easy operation y -

A TB “first” — either-hand ONE HAND control of all el e e
functions. And the rest of the transceiver is so small you can its own built-in ;peake,, handset
hide it away under the dash or seat, even in the glovebox. speaker, exiernal speaker.
A high-quality, super-convenient radio in every detail. Withg

all crystals for full 23-channel coverage Built-in blanker

and ANL to chog: out ignition-type noise. Ceramic filter to

cut station interfarence. Positive or negative ¢round. Jack
for optional extra remote speaker. FCC Type Accepted,

of course. Adjustable mounting bracket, power cable

for any 12VDC vehicle included. Better Furry in for yours —
everybody is going to want the One-Hander!

Ask for 21-161. 1499

NEW 1977
g RADIO SHACK CATALOG

o AT OUR 4200 USA
(ELEECNER W STORES AND DEALERS
| STARTING SEPTEMBER 1st!

¢ EXCITING NEW S6TH

Handset shown
actual size

————

We've put the whole
works in ONE hand.
Even a red LED that
lights up when the
set is “on” and
indicates the channel
number. Coiled cord
extends to 5 feet,
gives you freedom of
movement and lets
you place the handset
anywhere.

SOLD ONLY WHERE YOU SEE THIS SIGN:

Radio fhaek

ANNIVERSARY EDITION

* OVER 2000 EXCLUSIVE
PRODUCTS

i, MRS | . FULL COLOR « 164 PAGES

CB o Hi-Fi o Radios e Phonos ¢ Recorders e Tape » Antennas
Kits o Batteries e Parts e Car Stereo e PA e Intercems e More

SEPTEMBER 1976

A TANDY CORPORATION COMPANY
OVER 5000 LOCATIONS @ 50 STATES ¢ 9 COUNTRIES

BANKAMERICARD:

S "
- 11714 -Kp
Anll 1 -

Use your credit card
at most stores

“Retail Price May Vary at Individual Stores and Dealers.

AmericanRadioHistorv Com



CB POWER!

ANTLER ANTENNAS DELIVER
GREATER POWER POTENTIAL
All CB radios have about the
same range potential . . . yet,
some CB'ers get greater range
and reception. The secret's in a
matched system . . . the radio
and antenna system as it's in-
stalled in your particular car . . .
and the best systems are topped
by Antler antennas.

HERE’S WHY!
Antler antennas are more effi-
cient . .. deliver and hold lower
SWR readings. It's that simple.
The more efficient your antenna
.. the better your CB can reach
its full range potential
Insist on an Antler antenna.
There’s a model and mount for
the installation you want. You'll
get better transmission to power
through CB congestion by deliv-
ering all the potential of your _
1C(§3.4:sn’t that what you want? sl

Antler ‘‘POSI-GRIP"
MAGNETIC MOUNT.
Grips tight at speeds in
of 100 MPH. No

avoids

CIRCLE NO. 76 ON FREE INFORMATION CARD

minimum vertical sensitivity of 20 mV/cm,
input impedance of 1 megohm paralleled
by 32 pF, a horizontal time base of 1 pus/cm
to 10 ms/cm in five calibrated steps. The
horizontal amplifier accepts external
sweep signals from dc to 100 kHz (-3 dB),
and has an external sensitivity of 0.5 V/cm.
A 5-inch CRT provides a 3.15" x 3.94" (80 x
100 mm) viewing area, and uses a P31
standard phosphor. A built-in calibrator
provides a 1-V p-p line frequency reference
signal. Measures 16.5'D x 9"W x 6.5'H
(41.9 x 22.8 x 16.5cm), and weighs 15.4 Ib.
(6.98 kg). $325.
CIRCLE NO. 33 ON FREE INFORMATION CARD

TEAC HALF-TRACK TAPE DECK

Teac announces its A-3300SX-2T open-reel
tape deck with a 2-channel stereo or mono
format. Features three motors, three tape
heads, and 7%z or 15 ips. Independent left
and right channel sourceftape selector and
VU level averaging meters are included. A
manual cue lever facilitates searching and
editing. Includes separate bias and equali-
zation selectors, independent left and right
channel record mode selectors, and indi-
vidual input and output level controls. Ac-
commodates 10%2-inch reels. Claimed fre-
quency response is 30 to 26,000 Hz + 3dB
at15ips; wow and flutter (NAB weighted) is
0.04% at 15ips, and THD is less that 1% at 1
kHz, normal operating level. A headphone
output jack is built-in. Measures 175%/16” X
17%/16" X 851" (44 x 44 x 21 cm), and
weighs 44 1b (20 kg).
CIRCLE NO. 94 DX FREE INFORMATION CARD

MERIX ANTI-STATIC COATING

Merix Anti-Static #79 is a non-metallic
conductive coating that achieves its con-
ductivity chemically after it is diluted with
de-ionized water. It can be wiped on to an
area, dries quickly, and gives conductivity
to an average area of 8000 to 10,000 square
feet per gallon. The coating gives readings
of 20 to 100 megohms per square inck on
plastics, and +100 megohms per square
inch on glass surfaces. Merix Anti-Static
#79 is stable, clear, neutral pH, non-
flammable, and safe to use. Available in
large quantities, or in sample gallons for
$58 each, or sample quarts for $27 each.
Merix Chemical Co., Div. A., Conductive
Coatings, 2234 East 75th St., Chicago, IL
60649.

e — — AmericanRadioHistorv.Cam.

WEATHERALERT WEATHER RECEIVER

A new weather receiver from Weatheralert
offers continuous U.S. Weather Service
monitoring and sounds its internal siren
when a special signal is receivad whenever
dangerous conditions threaten. During
normal operation, the receiver picks up the
weather station’s continuous reports. The
siren trips only when the special signal is
transmitted. (Volume need not be turned
up to activate the siren.) The receiver is de-
signed to operate within 40 to 50 miles (65 to
80 km) of the transmitter using its built-in
telescoping antenna. An optional antenna
kit extends reception range up to 80 miles
(130 km). Primary ac powered, the receiver
automatically switches over to batteries
should a power failure occur. $39.95. Ad-
dress: Weatheralert Co., 639 S. Dearborn
St., Chicago, IL 60605.

SANSU! HIGH-POWER STEREO RECEIVER

The Sansui Model 9090 stereo receiver is
rated at 100 watts/channel at 0.2%
maximum harmonic distortion with both
channels driven into 8 ohms. The direct-
coupled amplifier section features two
meters with logarithmically compressed
scales to cover a power output range of
from 0.05 to 200 watts at 8 ohms. The re-
ceiver is equipped with zero-center tuning
and signal-strength meters, the latter
doubling as a multipath indicator during
FM antenna alignment for eliminating mul-
tipath distortion. A phase-locked-loop IC is
used in the FM (stereo) demodulator to
minimize multiplex distortion and tuning
noise. In addition, the receiver has a circuit
to permit mixing mike signals with those
from any other source. FM sensitivity is
rated at 1.7 uV, capture ratio at 1.5dB, and
selectivity at 85 dB. $750.00.
CIRCLE NO. 96 ON FREE INFORMATION CARD

EICO MOBILE CB PREAMP

The *'Long Ranger” Model LR-3 preamp
boosts CB signal 20 dB on receive for in-
creased sensitivity. Although the preamp is

inserted in the transmission line between
transceiver and antenna, a carrier detec-
tion circuit isolates the preamp on trans-
mit. Requires 12 V dc, positive or negative
ground. $29.95

CIRCLE NO. 97 ON FREE INFORMATION CARD
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Learn 1o use a microprocessor.

This
portable computer
teaches you how.

Low cost, battery operated
Intercept Jr. Tutor:al
System instructs you on
tcdays most advanced LEI
semiconductor devices,
then serves double
duty as an operating
solid-state compuwter!

Learn microprocessors in hours.

With its detziled Owner's Handkcok,
Intercept Jr. teaches you basics of microepro-
cessors, Random Access Memories (RAMs),
Read Only Memories (RDMs) &nd input/
output interfacing, all in iess than 8 hours.

Contains everything you need.

Intercept Jr. is a complete all-CMOS
comnputer on a 10- by 124nch board. Con-
tains batteries, entry keyboard, 8-digit LED
display, RAM and ROM memory ... all zon-
trolled by an Intersil IM6100 12-bit CMDS
MICroprocessor.

An inexpensive teaching commuter.

For $281.00 you get both the handkcok
and the computer, plus provisions for expan-
sion with 1024 words of acditional memary,
from 256 to 2048 wo-ds of added program,
and input/output interfacing with termingls.

Send in coupon today.
intersil, inc.,
10900 Nortt Tantau 4v=., Cupertino, CA 95014.

PRICE CTY.
O I'm interested. Send me Intercept $281.C0 __$.
Jr. Tutorial Systemn complete with
Owner’s Handbook.
O I need to know more. Send fuil FREE
technical details on intercept Jr.

Plug-in Expansion Modules Also Available

O RAM Module, vith 1024 words of 145.00
added non-volatile memor.

O P/ROM Module, with sockets for 74.65
256 to 2048 words o program.

O 1/O Module, fo- interfacing TTY 81.70
keyboard/reader and prnter/punch.

(California residents add 6% sales tax.)

TOTAL PAYMENT DUE

PE9Y

O Check enzlosed.
O Money order enclcsed.
OO Bill me. (Please list Purchase Order. no

SHIPPING ADDRESS (Plezse print)

name — S—
company
address —

statz
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It's faster,easier and less
expensive.That's wh
we call it

Super-Strip. e
New Literature

| This versatile mini breadboard features the same superior contacts, materials and 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 distri-
| bution 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-
j removal screws for fast and gasg stack- T B =
i i ar odel ermina rice
R L e
H = | = 3
OIS ST 923748 | $S-1 | goid-plated | $18.90
_Total for merchandise
Sales Tax (OH and CA)
Credit Card Number [ Check or M.0. Shipping (see table)

CB ANTENNA CATALOG

Cush Craft's new 4-page catalog, C-9, in-
cludes a full line of monitor antennas,
trunk-mount, jiffy mirror-mount and co-
phased mirror-mount mobile antennas;
omni-base antennas for permanent or
temporary use; directional base-station an-
tennas with 3,4 and 5 element beams, in-
cluding a horizontal/vertical power beam
and dual beam stak kit. Antennas are illus-
trated and complete specifications are

enclosed TOTAL ENCLOSED provided. A section on related accessories
T Numbers Above Name (MC) _ Good Thru ] Cherge B3 is also provided. Address: Cush Craft
— [} Send catalog Shipping/Handling  25.01 t6 50.00 2.00 Corp., 621 Haywood St., Manchester, NH
ignature Up to $10.00  $1.00  50.01 to 100.00 2.50
10.01 10 25.00 1.50  100.01 to 200.00 3.00 03103.
Orders subject to acceptance at factory.
ddoss Company PO's FOB Painesville. No COD Orders. TECHNICAL BOOKS CATALOG

Tab Books offers a 1976 catalog of techni-
cal and do-it-yourself books. The 44-page,
fully illustrated catalog describes over 400
current and forthcoming books, plus 14
electronic book kits. Some of the subjects
covered are: amateur radio license study;
audio; hi-fi; basic electronics; 2-way,
shortwave and CB radio; math calculators
and computers; electronic music; general
electronic servicing; and test equipment. A
selection of TV, radio, CB and hi-fi service
manuals is also included. Address: Tab
Books, Blue Ridge Summit, PA.

SPEAKER CATALOG

City State Zip DEALER INQUIRIES INVITED.

AP PRODUCTS INCORPORATED

Box 110-H Painesville, OH 44077 (216) 354-2101

CIRCLE NO. 1 ON FREE INFORMATION CARD
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Quam-Nichols announces its new 17-page
catalog illustrating its line of loudspeakers
for high fidelity, music instruments, sound

¥y : : — systems, automotive, general purpose and
’ industrial applications. Technical specifi-

; - f cations are given, including dimensions,
4 frequency response, power-handling

capacity, voice-coil impedance and diame-

- ter, and magnet material. Speakers are il-
- - lustrated and a section on configurations

and mounting dimensions is included. Also

available is a 2-page flyer describing

Quam's air-suspension speakers. Address:

. ®
: Quam-Nichols Company, Marquette Rd.
and Prairie Ave., Chicago, IL 60637.
SOLDERING AND DESOLDERING EQUIPMENT

s A new, 4-page catalog, #76, from Endeco
Stereo components . . . easy to make kits or assembled. illustrates its line of soldering and desol-

dering equipment. Included are soldering
and desoldering irons, kits, a desoldering
head that converts a soldering iron into a

; desoldering iron, tips, desoldering bulbs,
Write for free 24 page color catalog N ’\’acn solder paks, and soldering tool stands.
-

N Cord size, wattage, voltage and tip temper-
Dept.G, Box 88, Blackwood, N.J. 08012 u,\la ' ature information are included. Address:
Enterprise Development Corp., 5127 E. 65
St., Indianapolis, IN 46220.

12 POPULAR ELECTRONICS
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IN PERFORMANCE

The word is getting around. There is
simply no better processor available for
general purpose computer work than
the Motorola MC6800. This memory
oriented processor is easier to program
and makes possible more efficient,
shorter and faster running programs
than the old fashioned bus oriented
processors. Have you been convinced
that machine language, or assembler
programs are only for the experts?
Well not with a modern 6800 based
computer. Anyone can learn very
quickly with this simple straight-
forward hexidecimal notation pro-
cessor. When you add to these ad-
vantages the unique programmable in-
terfaces and the Mikbug® ROM you
truly have a “‘benchmark’’ system.

Mikbug® eliminates the tedious and
time consuming job of loading the
bootstrap program from the switch
console each time the computer is turn-
ed “On’. With Mikbug® this is auto-
matic and you simply don’t have
switches and status lights. It has been
said {not by us) that a switch console is
essential for "hardware development,’’
(perhaps they meant "‘hardware de-
bugging”). Anyway the SwTPC 6800
system has no need for either. Thisis a
fully developed, reliable system with
no strange habits. All boards have full
buffering for solid noise immune oper-
ation. One crystal type clock oscillator
drives everything, processor interfaces
and all; so there are no adjustments and
no problems.

FOR VALUE

The SwTPC 6800 in its basic form
comes complete with everything you
will need to operate the computer ex-
cept an 1/0 device. This may be either
a teletype of some kind, or a video

swlr 68

‘1

terminal. You get a heavy duty an-
nodized aluminum case, a 10 Amp
power supply large enough to power a
fully expanded system, a mother board
with seven memaory/processor slots and
eight interface slots, a 2,048 word sta-
tic memory and a serial control inter-
face. This kit is now only $395.00. It
was introduced at $450.00, but when
processor prices went down we reduced
the price of the kit accordingly.

As an owner of our 6800 computer
you will get copies of our newsletter
with helpful information and software
listings. We have a library of software
including all the common computer
games and our fantastic BASIC. This
is available to you for the cost of copy-
ing, you don’t have to buy anything to
get this material.

What more could you want? Pay a visit
to our nearest dealer and see the 6800,
plus our new cassette interface, graphics
terminal and printer. He will be happy
to demonstrate our system and to sup-
ply you with a 6800 that will fit your
exact needs.

M ikbug® is a Motorola Trademark

Swlr 65800

Computer System
with serial interface and 2,048 words
of memory. . .......... .$395.00

Southwest Technical Products Corp.
219 W. Rhapsody
San Antonio, Texas 78216

The Computer Store, 820 Broadway,
Santa Monica, Calif. 90401, (213) 451-0713

Cyberdux, Microcomputer Applications,
1210 Ssanta Fe Dr., Encinitas, Calif. 92024
(714) 279-4189

The Micro Store, 634 South Central
Expressway, Richardson, Texas 75080
(214) 231-4088

ELS Systems, 2209 N. Taylor Rd.,
Cleveland Heights, Ohio 44112
(216) 249-7820

Microcomputer Systems Inc.,
144 S. Dale Mabry Ave., Tampa, Florida
33609, (813) 879-4301

William Electronics Supply, 1863 Wood-
bridge Ave., Edison, N.J. 08817
(201) ©85-3700

Computer Mart of New York, Inc.
314 Fifth, New York, N.Y. 10001
(212) 279-1048

The Byte Shop Computer Store # 1,
1063 EI Camino Real, Mountain View,
Calif. 94040, (415) 969-5464

The Byte Shop Computer Store 42,
3400 EI Camino Real, Santa Clara, Calif.
95051, (408) 2494221

A-VID Electronics Co., 1655 E. 28th Street,
Long Beach, Calif. 90806 (213) 426-5526

Computer Warehouse Store, 584 Common-
worth Ave., Boston, Massaschusetts 02215
(617) 261-1100

The Computer Workshop, Inc., 11308
Hounds Way, Rockville, Ind. 20852
(301) 468-0455

The Computer Store, Inc., 120 Cambridge
Street, Burlington, Mass. 01803
(617)272-8770

Marsh Data Systems, 5405 B. Southern
Comfort Blvd., Tampa, Florida 33614
(813) 886-9890

Midwest Enterprises Inc., 815 Standish Ave.,
Westfield, New Jersey 07090
(212) 432-2066

The Milwaukee Computer Store, 6916 W.
North Ave., Milwaukee, Wil 53213
(414) 259-9140

Control Concepts, P.O. Box 272,
Needham Heights, Mass. 02194

American Microprocessors, Equipment &
Supply Corp. at Chicagoland Airport, P.O.
Box 515, Prairie View, Illinois 60069
(312) 634-0076

The Computer Room Inc., 3938 Beau D'Rue
Dr., Eagan, Minn. 55122, (612) 452-2567

Computerware, 830 First St., Encinitas,
Calif. 92024 (714) 436-9119

Atlanta Computer Mart, 5091 B Buford
Highway, Atlanta, Ga. 30340
(404) 321-4390
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Stereo Scene

GREETINGS FROM NIHON

LTHOUGH you may not know it,

“Nihon" is the name—or at least
the likeliest phonetic rendering of the
name—that the Japanese people have
for their native land. There are many
other things that we, and especially |,
don’t know about Japan, even though
I've just returned from my third visit to
that country in about as many years.
What appears below is an amalgam of
what | think |I've learned onthe trip and
what I'm sure | don't as yet under-
stand. The emphasis will of course be
on hard information, since rumors and
speculation are readily available
elsewhere.

What Is Japan? For our purposes
Japan is perhaps the world’s leading
producer of sophisticated consumer
electronics. Itis also one of the world’s
poorest markets for its own products.
Outside of stores that sell them, | have
never seen—much less heard—a
Japanese transistor radio, except in
taxicabs where they have been turned

By Ralph Hodges

on more for my benefit than the driv-
er's. People do not walk around with
suchdevices, and as nearly as | can tell
from brief glimpses of resorts and
scenic areas, they do not take them on
trips either. Japanese-made TV re-
ceivers seem to sell well among those
who can afford them, but I've never
seen them used for anything other
than sports events. The salesman who
totted up my copious purchases in a
store in the Akihabara (Tokyo's famed
retail electronics district) used an
abacus instead of an electronic cal-
culator, although his store had at least
three different brands of calculators
on display.

If this seems to suggest that the
urban Japanese consumer is back-
ward and unappreciative of the “‘finer
things,"” put the idea out of your mind.
Notwithstanding a highly complex
and difficult language, Japan has
managed to achieve a phenomenally
high percentage of literacy within its
population. Consumer enthusiasm is

Fig. 1. The Pioneer ribbon tweeter is down only 10 dB at 100,000 Hz.
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rampant, technological awareness is
acute, and among those able to in-
dulge themselves there is a refined
appetite for the arts in all their var-
ieties and origins.

However, the Japanese are given to
setting themselves collective and in-
dividual goals. They wait until they can
afford what they want rather than
“‘making-do” with temporary substi-
tutes, and they relish, | think, the an-
ticipation as much as the actual ac-
quisition. Having been an im-
poverished audiophile for too many
years, | respect their attitude and ad-
mire their patience. But | think most
Westerners, myself included, would
consider their buying practices a
strange combination of rationality and
irrationality.

Hi-fi in Japan. In the U.S,, the staple
hi-fi product has been and is likely to
remain the receiver, even though the
popularity of ‘‘separates’ is growing.
In Japan, the receiver has never been
an extraordinarily popular product,
and latest reports indicate that it is
dying a speedy death.

There is a rational reason for this:
Japan’s FM broadcasting is extremely
sparse, so that a modern receiver's
wide-band tuning capabilities and
superb interference rejection are
largely superfluous. At present, regu-
lations allow a maximum of two
broadcasting stations in any given re-
ception area, and these tend to be
widely spaced on the dial (the
Japanese FM band is centered 10 MHz
below that of the U.S., so that there is
only a two-thirds overlap between the
two; but most Japanese receivers are
designed to cover the U.S. band only,
and are therefore not really Japanese
products at all). | am told that the
people in charge are gradually being
persuaded that equipment in the
hands of the general populace is ca-
pable of coping with closer frequency
spacings. If this view prevails, Tokyo
may suddenly acquire eight or more
FM stations in addition to the present
two, which would make a stereo FM
receiver a more practical product than
it has been.

Then there is the irrational side. Re-
ceivers may be languishing in Japan,
but tuners are not! The world’'s more
widely acclaimed tuners—the classic
Marantz 10B and the Sequerra, for
example—bring higher prices on the
Japanese market than almost any-
where else. But Japanese tuners, as
good as some of them are, do not sell

POPULAR ELECTRONICS



This is no way to nail down
a hi-fi bargain.

Some stores think that one of their cost-cutters in assembling a *“bargain”
stereo system is to install a run-of-the-mill, inexpensive cartridge. After all,
who’s gaing to notice a tiny cariridge when it's surrounded by powerful
speakers and a dynamite turntable? Unfortunately, some shoppers are reluc-
tant to insist on a better cartridge when buying one of these package spe-
cials. But you are made of sterner stuff! And if you insist on a Shure cartridge,

. “better” doesn’t have to mean mcre expensive. Time and time again, con-
sumer magazines have rated Shure cartridges the best in their price category.
As the scurce of sound for the entire system, that liny Shure cartridge and
its critical stylus determine what you’ll ultimately hear. And as bargains go,
that’s the best tip you’ll hear today—or any day!

Shure Brothers Inc.
222 Hartrey Ave., Evanston, IL 60204 " SHUR E
In Canada: A. C. Slmmonds & Sons Limited
Manufacturers of hlgh fidelity components, microphones, sound systems and related circuitry.
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Learn to service Communications /CB
equipment at home...with

NRI'S COMPLETE
COMMUNICATIONS COURSE

Learn design, installation and maintenance of
commercial, amateur, or CB communications
equipment.

The field of communications is bursting out all
over. In Citizens Band alone, class D licenses
grew from 1 to over 2.6 million in 1975, and the
FCC projects about 15 million CB’ers in the U.S.
by 1979. That means a lot of service and
maintenance jobs . . . and NRI can train you at
home to fill one of those openings. NRI’s
Complete Communications Course covers all
types of two-way A—

radio equipment B s
(including CB), EEN
AM and FM

special instruction so you can go on the air.

The complete course includes 48 lessons, 9
special reference texts, and 10 training kits.
Included are: your own electronics Discovery Lab,
Antenna Applications [Lab, CMOS Frequency
Counter, and an Optical Transmission System.
You'll learn at home, progressing at your own
speed, to your FCC license and into the
communications field of your choice.

Transmission and Reception,
Television Broadcasting,
Microwave Systems,
Radar Principles,
Marine Electronics,
Mobile Communica-
tions, and Aircraft Electronics.
The course will also qualify you for
a First Class Radio Telephone Commercial FCC
License or you get your tuition back.

Learn on your own 400-channel digitally-
synthesized VHF transceiver. . o
You will learn to service all types of communi- NRI now offers a special course in CB Servicing.
; ; ] s ; You get 37 lessons, 8 reference texts, your own
cation equipment, with the one unit that is . ;
. : . . CB Transceiver, AC power supply and multi-
designed mechanically and electronically to train

. . meter . . . for hands-on training. Also included
you for CB, Commercial and Amateur communi- are 14 coaching units to make it easy to get

NEW CB SPECIALIST
COURSE NOW OFFERED

-

CationSE a digitally-synthesized 400-ch§1nnel VHF your commercial radio telephone FCC license—
transceiver and AC power supply. This 2-meter enabling you to test, install, and service com-
unit gives you ‘‘Power-On” training. Then we munications equipment.

help you get your FCC Amateur License with

16 POPULAR ELECTRONICS
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NRI offers you five TV/Audio
Servicing Courses

NRI can train you at home to service TV
equipment and audio systems. You can
choose from 5
courses, starting
with a 48-lesson
basic course, up
to a Master Color
TV/Audio Course,
complete with
designed-for-
learning 25" diago-
nal solid state color TV and a 4-speaker SQ™
Quadraphonic Audio System. NRI gives you
both TV and Audio servicing for hundreds of
dollars less than the two courses as offered by
another home study school.

All courses ‘are available with low down payment
and convenient monthly payments. All courses
provide professional tools and ‘‘Power-On”’
equipment along with NRI kits engineered for
training. With the Master Course, for instance, you
build your own 5’ wide-band triggered sweep solid
state oscilloscope, digital color TV pattern
generator, CMOS digital frequency counter, and
NRI electronics Discovery Lab. ' “Trademark of CBS Inc.

NRI’s complete computer electromcs course
gives you real digital training.

Digital electronics is the career area of the future . . . and the
best way to learn is with NRI's Complete Computer Elec-
tronics Course. NRI's programmable digital computer goes
far beyond any ‘“‘logic trainer” in preparing you to
become a computer or digital technician. With the IC’s
in its new Memory Kit, you get the only home training
in machine language programming . . . experience
essential to trouble shooting digital computers. And
the NRI programmable computer is just one of ten
kits you receive, including a TVOM and NRI's
exclusive electronics lab. It’s the quickest and best

way to learn digital logic and computer operation.

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

NRI employs no salesmen, pays no commissions. salesman will call. Do it today and get started on
We pass the savings on to you in reduced tuitions that new career.
and extras in the way of professional equipment,
ing i APPROVED UNDER GI BILL
testmg lPStruments’ etC.. ‘YOU Can pay more, bUt if taken for career purposes Cherk box on card for details
you can’t get better training.

More than one million students have enrolled
i i RI SCHOOLS
with NRI in 62 PrEieh McGrcw-Hill Continuing Education Center
3939 Wisconsin Avenue,
|*n

Mail the insert card and discover for yourself why e P

NRI is the recognized leader in home training. No
SEPTEMBER 1976 18
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Video Terminal Interface: Connects
to standard TV monitor or modified
receiver to display 16 lines of 32 or 64
characters. Characters are formed in
a7 x 9 matrix for easy readability. Char-
acter set includes 128 upper and lower
case ASCII characters and 64 graphic
characters for plotting on a 48 x 64

(48 x 128 with memory option) array.
An 8-bit input port is provided for the
keyboard. Characters are stored in the
onboard memory, which may be read
out of or written in to by the computer.
Cursor control, text editing, and graph-
ics software is included. $185 (32

char.) kit. $210 (64 char.) kit.

Poly I/0 Idea Board: This will save
you a lot of time in making pre. otype
circuits. I/O port address is selectable
with dip switch, and inputs

and outputs are fully buffered. $55 kit.

Analog Interface: Good for interfacing
your computer to an analog world. Ten
bits of resolution in and out. $145 for one
channel and $195 for two channels (kit).

Ask about how to get a free POLY 1/0
Idea Board or Analog Board.

8K RAM on a single board. Connection
for battery backup. $300 kit.

Special Offer

Video Terminal Interface
(32 character) and sK RAM, $450 kit
Expires - September 30th, 1976,

You've p obably been hearing about the
POLY 88 micrucomputer system that
uses keyboard and video. We don't have
the space here to describe all the fea-
tures. See it at your local computer store.
Support your local computcr store.

All prices and specifications subject to change

without notice. Prices are USA only. Calif. residents
add 6% sales tax. All non-paid orders add 5% USA

shipping, handling, and insurance. (Outside USA add
10%) Bankamericard and Master Charge accepted.

PolyMorphic
Systems

737 S. Kellogg, Goleta, CA 93C17
(805) 967-2351

20
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Fig. 2. JVC’s unusually large anechoic chamber.

remarkably well. | think you can put
this phenomenon down to good
reasons (these preferred tuners are,
after all, excellent) as well as ques-
tionable ones. For example, U.S.
products are considered exotic by the
Japanese in ways that Japanese prod-
ucts are considered exotic in the U.S.

The Japanese Market. In the opin-
ion of many people in Japan, the audio

market is more sharply and discern-
ibly divided than in the U.S. A large
part of the market buys the equivalent
of consoles—usually three-piece en-
sembles—two speakers and a central
control and program-source section.
All of this is generally enclosed in
free-standing furniture. Often, this will
all be of Japanese manufacture.

On the next step up you'll find the
beginnings of audiophilia. One

wiJ Wz ML

Fig. 3. The JV'C sound theater has

P — Pty

two enormous horn-loaded speaker systems.

AmericanRadioHistorv. Com
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Introducing the first
pocket programmable
that remembers your
programs and data even
when it5 turned off.

The new HP-25C. $200.00

multiples of 3) notations.
You also get our RPN logic system
with 4-register stack and 8 storage registers.
And every program written for the HP-25 will work

Meet the first Scientific Programmable calculator that lets you
take a breather midway through your solution without having to start
all over again when you get back. The reason: Its memory and
storage registers stay ON even when you shut it OFFf—during a phone

call, a meeting or a weekend. » withour modification far the HP-25C.

I¢s called the HP-25C. (Incidentally, the “C” stands for The HP-25C. There’s never been a Scientific Programmable
“Continuous Memory C-MOS” technology) (%reizirusus (//é,m% Calculator like it before.

Here's what Continuous Memory does for you: Best of all, the HP-25C’s got HP's name on it. And you know

what that means. Design, performance and a back-up support system
you just can't getanyplace else.
Why not “test touch” ene for yourself? Or, if Continuous Memory

is not imporrant o your particular application, try our standard
HP-25, $145 .00 For complete HF-25C specs and the name of your
nearest dealer, call toll-free 800-538-7922 (in Calif. 800-662-9862).

1. It lets you key in your favorite program —debug it—and retain
it in memory for repeated use. So you gain accuracy as well as time.

2. You can add additional functions not on the keyboard
(hyperbolics, octal/decimal conversions, etc.), simply by writing
programs and storing them permanently in memory.

3. It enables you to gather data one place (such as ata survey
jobsite) and retain your results until you get back to work with them
later (just think of the time you'll save and the accuracy you'll gain
because you won'’t have to re-enter information).

| THE HP-25C AT A GLANCE !
® Program memory and storage registers stay ON at all times.
72 functicns and operations. |
Keystwroke programmability.
Full editing capability.
® Branching and conditional test capability.
® 8 addressable memories.
® Fixed decimal and scientific notation
plus engineering notation.
= RPN logic svstem with 4-memory stack.
| = $200.00 i

616/10

4. You don’t lose data when you lose battery power. Here's why:
when all the decimal points display—
indicating a low battery —your data and
program will not be lost provided the
calculator is turned OFF and the recharger
is promptly connected. The HP-25C will
even retain your data and program for at
least 5 seconds —without any battery at all
while you are replacing a discharged
battery with a charged one.

But there’s more. Aside from Continuous Memory, the HP-25C
is identical to our popular HP-25. Both give you a total of 72 HEWLETT Ip— PACKARD
pre-programmed functions and operations; complete keystroke 1
programmability; branching and conditional test capability and :
fixed decimal, scientific and engineering (exponent in Deptean T e e pereir 35014

Suggested retail price, excluding applicable state and local taxes —Continental U.S., Alaska & Hawalt
+The HP-25C's C-MOS memory chips consume anly 1/80.000 of the calculator's normal operating power. Thus. a fully charged bartery pack =an hold your programs and data for a least 1%2 months with the HP-25C turned off.

AmericanRadioHistorv Com



My father built this

You'd be proud to buy her an organ this
good...but how would ?lou 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 all 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
Schaober color catalog (or enclose $1 for a record
thart‘ Igts)you hear as well as see the quality of

ober).

[ ]

: The Organ.Corp., Dept. PE-67 1
§ 43 West 61st Stroot, New York, N.Y. 10023 |
2 O Please send me Schober Organ Catalog. ]
# O Enclosed please find $1.00 for 12-inch Lp.l
] record of Schober Organ music. =
[ ]

i NAME 8
= ADDRESS =
a CITY STATE __ZIP »
1 1 1 ] -
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LAB ACCURACY
VOLKSMETER

LM-4

02+

With Rechargeable
Batteries & Charger Unit.

Features Include:

® Rugged - ideal for field service use., o Full
four digits. ® 13 ranges: 4 vde, 4 vac & 5 ohmas.
o Automatic zeroing &polarity. ® Smallgize:1.9"
Hx2.7Wx3.9"D. ® Fullyprotected input.

Also a 1%, 3-digit LM-3@ $125 and a 0. 05%, 3-1/2-
digit LM-3.5 @ $147.

See your local distributor!
Distributor inquiries invited.

Non-Linear Systems, Inc.
Originator of the digital voltmeter.
Box N, Del Mar, California 92014
Telephone (714) 755-1134 TWX 910-322-1132
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Fig. 4. Recent work at JCV includes this visual analysis of
loudspeaker wavefront propogation. Here hard-dome (top)

and soft-dome tweeters are compared.

Japanese enthusiast | spoke to has
KLH speakers, Dynaco amplifiers, an
AR turntable, and a Shure cartridge,
and this is not an unusual combina-
tion. Above that level there are large
loudspeaker systems—big JBL's and
Bozaks, Tannoys, Klipschorns, and
the most expensive Electro-Voices—
together with prestige amplifiers of
U.S. or European make. You'll notice a
dearth of Japanese goods in this
lineup, which is one of the peculiari-
ties of the Japanese market on their
own home ground.

The Potential Japanese Market.
It seems to me that what the Japanese
have lacked up to now is a succession
of products—or even just one prod-
uct—that is universally recognized as
being the best available. True, their
tape decks are highly regarded, but in
the final analysis the real Japanese en-
thusiast would prefer a professional
Ampex, 3M, or Studer machine. Japan
is the world’'s undisputed leader in
direct-drive phono turntables, but
there seems to be a lingering suspi-
cion that the belt-drive units from
western Europe and England might be
better. Phono cartridges are manufac-
tured under numerous brand names in
Japan, many of which have attracted
enthusiasts overseas. But the clear-
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cut distinction of superiority has
eluded all Japanese manufacturers,
and those who have striven for it have
suffered.

Paradoxically, as Japan struggles to
get out of the world-wide recession
precipitated by events in the West and
Middle East, it may meet the recogni-
tion it has long sought, waiting just
around the next bend in the road. The
moving-coil phono cartridges of
Denon (Nippon Columbia), originally
designed to fulfill NHK requirements
for FM broadcasting in Japan, are be-
latedly being hailed as superbly qual-
ified contestants for the title of best
phono cartridge in the world. (Denon
retreated from its first entrance into
the U.S. market several years ago, but
itis scheduled to return in December.)
Nakamichi Research has fully estab-
lished itself as a manufacturer of *'ul-
timate” cassette decks over a period
of several years, so international rec-
ognition cannot be far behind.
Nakamichinow has a phono cartridge,
a preamplifier, and (by the time you
read this) a super-power amplifier, all
intended to qualify as *‘best” in the
international sweepstakes.

Japan’s Resources. Throughout its
relatively brief history as a technologi-
cal giant in audio, Japan has strenu-
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Will other CB5 catch up
with Royce’s Wireless?

Other CB makers might have a
Wireless Module chassis by 1978.

You can have it now!

Let’s talk straight about CB today.

Right now youTre probably con-
fused. You see dozens of ads on TV
and in magazines. Every CB maker
claims superiority. New names are
entering the field.

You ask yourself —is there a dif-

ference between different brands of
CB’s?
Answer: There is a big difference
between Royce and all other CB
makers! Because only Royce has the
Wireless Module concept!

And, it is the biggest CB technol-
ogical breakthrough since transis-
tors replaced tubes.

Royce has brought computer tech-
nology to CB. With wireless modules.
Automated —not hand-soldering. Pre-
cision assembly. Higher quality com-
ponents. Computer tuning and
testing.

Model 1-655

Follow the new leader!

CIRCLE NO. 57 ON FREE INFORMATION CARD

Why wait?

1746 Levee

It all adds up to reliability never
before dreamed possible! Long CB
life! Peak power! Maximum trans-
mitting and receiving rangel!

Sce, now you have an easy way to
decide which CB to buyl And your
Royce dealer can show and tell you
more abcut the amazing new Wire-
less Module CB’s and the entire
Royce line. Stop by and see him soon!
Royce Electronics Corp., 1746 Levee
Road, North Kansas City, Mo. 64116.

Royce Wireless Model 1-655. 23-channel mo-
bile CB has Amplified Automatic Gain Con-
trol circuit {AAGC) to amplify weak signals,
reduce nearby overload. Phase Lock Loop
(PLL} tuning adds greater reliability. Large
S/RF meter. Pushbutton ANL switch mini-
mizes roise static. Pushbutton PA/CB switch
activates pcwerful P.A. Pushbutton RF gain
Control prevents overload from nearby stations.

Royce Wireless Model 1-658. 23-channel mo-
bile CE Vol-U-Mike allows receiver volume
adjustment from mike or front panel. Phase
Lock Loop (PLL) provides reliable 23-channel
operztion with only 3 crystals. Large, read-
able S/RF meter. Pushbutton PA/CB switch
activates pcwerful P.A. Continuous RF Gain
Control prevents overload from nearby stations.

Model 1-658

Royce Electronics Corporation

Road

North Kansas City, Mo. 64116
Call: (816) 842-7505 e Telex: 426-145
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The 3P+S module
from Processor Technology
is the most versatile input-
output card for your 50,
IMSAI, or Alfrair system. It has
two 8-bit parallel 1/O ports,
with full handshaking logic,
and a serial I/O port. All on
a single card.

Check this spiffy set
up. Run a keyboard and a
paper tape reader into your
8080 system; then, output a
TV terminal and a tape
punch, all via the 3P+5.
And, you can sfill simul-
taneously run a modem
(Telephone Coupler) in and
out. We could write pages
about the 3P 1 5" talents. We
did, in fact. You can get our
59-page 3P+S Owner's
Manual (with schematics
and applications) for $4.95.
If, then, you do buy our
3P +5, we'll refund the $4.95.

3P+5 1/O Module,
Kit Price
with premium grade,

low-profile sockets for
every IC, $149

Write Us about all
our Sol/IMSAl/Altair
compatible plug-in

modules.

Processor
Technology

6200-T Hollis Street
Emeryville, CA 94608

ously sought and won a commanding
position in the very center of its over-
seas markets. But recently (at least in
the U.S.) the center has been shifting
somewhat, and now tends to favor
high power and, to a certain extent,
separate components instead of the
all-in-one receiver. The Japanese are
prepared to follow this and other
trends wherever they may lead. Unfor-
tunately, such a policy once again
threatens to cast them in the role of
follower rather than leader—an unen-
viable position in an industry where
innovation and ‘‘breakthroughs”
command so much respect.

Too little appreciation, | think, is
given to the Japanese audio industry,
both as an innovator and a stabilizerin
new audio developments. Over the
past decade, the Japanese have done
some remarkable research and
created some superb devices. The
Denon phono cartridges are one obvi-
ous example; another is the Pioneer
PT-R7 tweeter (Fig. 1), a ribbon design
with a frequency response that is
down barely 10 dB at 100,000 Hz and
an almost impeccable transient re-
sponse. This separate, raw tweeter,
alas, is not part of Pioneer's overseas
marketing program, and was there-
fore aimost unknown outside of Japan
until recently, when a few hardy West-
erners began visiting Nihon to ferret
out some of its more obscure trea-
sures.

There are, in fact, a number of
Japanese manufacturers who retain
some very novel and interesting prod-
ucts as domestic sales items only.
There are good marketing reasons for
doing so. However, Japanese con-
sumers meanwhile await confirmation
of these products’ excellence from
abroad; when none is forthcoming,
they lose interest themselves.

Highlights. | have high hopes that
the image of Japan throughout the
audio world will change for the better,
and fairly soon. These were boosted
considerably by field excursions | was
able to make to the headquarters of
Nakamichi Research and the research
labs of JVC.

E. Nakamichi, for example, is em-
barking on the construction of hisown
personal concert hall, which he glee-
fully anticipates will serve both as a
refined development tool for future
audio products and the fulfillment of a
long-standing personal dream.
Nakamichi seems to relish competi-
tion, insists on iconoclasm, and does
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not shrink from controversy. This is
hardly the image of the Japanese
manufacturer we're accustomed to.

JVC, on the other hand, probably
seems rather doctrinaire to most U.S.
consumers, although the company’s
espousal of the ANRS noise-reduction
system and CD-4, both of which are
JVC developments, sets it somewhat
apart. How apart | hadn't realized until
| visited the JVC research center.

First of all, the facilities are remark-
able for an establishment of this kind.
The anechoic room (Fig. 2) is one of
the largest in the world, reportedly ef-
fective down to about 50 Hz. There is
also a large reverberant room with a
reverberation time (at mid frequen-
cies) of almost 10 seconds. But one of
the biggest showpieces is a 1,277-
cubic-meter theater (Fig. 3) that can
be drastically altered in acoustical
characteristics via a central control
console. The slats visible at the left of
the photograph, highly reflective as
seen, can be rotated along their long
axes to expose absorbent glass-fiber
backings. Finally, the wall and ceiling
panels can be retracted entirely, leav-
ing behind deep glass-wool surfaces
that soak up sound like an open field
on a windless day.

The mere existence of these
facilities wouldn’t be at all exciting un-
less they were being put to good use.
Evidently they are. JVC is apparently
engaged in deep study of sound-field
propagation-researches which led to
the stunning video representations of
loudspeaker wavefront propagation
as presented to the Audio Engineering
Society in New York last October (Fig.
4). There has also been some related
work on binaural recording, which is
intended to be heard exclusively
through headphones. On my visitlwas
treated to a test pressing of a binaural
disc that was irresistible in its near-
perfect realism. | have heard many
binaural recordings and have been
impressed by them all, but this was
something beyond my previous ex-
perience.

Inshort, Japan has much to offerthe
worldwide audio community that
we're yet to become aware of. We can,
| hope, look forward to a remission
of the receiver-for-any-amount-of-
money-you-have-in-your-wallet syn-
drom and an assertion of the concept
of basic, hard-working research in the
interest of better sound. Thisis an area
in which the Japanese shine. All of us
would profit from basking in their
glow. @®

POPULAR ELECTRONICS




SIDEBANDER Il is noted for having the biggest
“talk power punzh” in mobile CB. It reaches those
46 SSB channzls crisply and clear'y with a full
power of 25 watts in. And because it's synthesized,
it achieves more p-ecise frequency and better stabil-
ity. Exceptional features include: noise blanker, RF

SBE. The single best name
for single sideband.

If you take the professional aprroach to CB
you’'l end up with SBE Single Sideband —b= it mobile o~ b= it base.
SIDEBANDER Il and CONSOLE Il are two cutstanding reasans why.

CONSCLE |l brincs frequency synthesization ta
home base. it's a true Y0-nonsense professiona
with performance that gets your message through
and brings in signals |1oad and clear. Superb fea-
tures inzluce “on th= ais’ indicator, triple-furction
meter, automatic load erd gain controls.

and AF gain controls, clarifier, and scLelch.

Two classic examoles why SBE has the arswers SSB users like.
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SIDEBANDER |l (SBE-12CE)
ESB/AM Mobike
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DONSOLE 1) (SBE-ECE)
SSB/A+ Base

Better Communications through Creative Technology
®

For informaticn write: SBE, Inc., 220 Airport Slvd. Natsonville CA 95076
INTERNATIONAL DFFICES: E.S. Goald Marketing Co. Ltd.. Quebec. Carada / Linear Systems. S A, Geneva 1, Switzerland
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Turner mikes turn
ordinary CB sets
into heavyweights

Check the channels. You hear
Turner mentioned a lot on CB.
Most longtime CBers have a
Turner mike. They often sound
stronger and reach farther. It's
easy to un-

derstand why:
o S 9

3 Even a weak
®, carrier signal
senat| €an do the job
POWER if it has good
mike input,
while on the
other hand a strong signal with
poor modulation can be hard to
copy. Demonstrate this to
yourself by opening up your re-
ceiver squelch and listening to a
distant station, a signal which
barely swings the S-meter. Even
though signal power hardly
moves the needle, can you still
copy through the noise? If so,
that's good modulation. And
you're probably listening to a
Turner mike.

Many Turner
models have a
built-in pre-
amplifier with
volume control
on the mike.

p ound

Mike volume control lets you
adjust mike input, which atlows
the radio to put out a signal
with all the voice modulation or
“talk power’ the set is designed
to deliver.

A Turner mike can also add to

your set's effective range by

keeping input consistently high.

The Turner M+ 3 and Road '
King 60 include a speech E"g
compression circuit to 2
assure constant-level
input, regardiess of
mouth-to-mike dis-
tances or natural
rising and falling
of the voice.
Or to get rid of
cab rumble,
traffic and

other interfering
background noises
that reduce effective m
range, consider the %
Road King 70, a rugged

CB mike that adds noise can-
celling to the other Turner
features.

Ask a Turner dealer to help you
get full performance out of your
base or mobiie CB. Or start by
asking for a communications
catalog from Turner, 716
Oakland Road N.E., Cedar
Rapids, lowa 52402.

TURNER

MICROPHONES
ANTENNAS

CORPORATION
CIRCLE NO. 79 ON FREE INFORMATION CARD
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50% of

on your choice of these
outstanding publications.

Take a good look at these popular
magazines. Then take a look at the prices
below. Bonanza! You may select as

many as four of these titles at our special
introductory rates—up to 50% off! Use the
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“SUPERHOT” CRYSTAL SET

Q. / built a crystal set using a ferrite
bar antenna, AM tuning capacitor,
silicon diode, ceramic caps and crys-
tal earphone. It works, but | can only
pick up very close stations. Is there a
way to increase the set’s sensitivity?

—Clane Linn, New Orleans, LA

A. The crystal set isn’'t very sensitive
because you used a silicon-diode de-
tector. For the diode to conduct, you
have to exceed the barrier potential
(0.7 V)—which only a very hefty signal
could do. Germanium, with a barrier
potential of 0.2 V, is a better choice.
The circuit shown, though, is a rather
unique crystal set using a silicon
diode. Tuning is accomplished by var-

1.5V

A47yF

PHONES
00IpuF

/777 EARTH GROUND

ying capacitor C. The ferrite loopstick,
L, has a low-impedance tap. The
1-megohm potentiometer applies a
bias voltage across the diode, ranging
from 0 to 0.75 volt. Thus, the pot acts
as a sensitivity control. At maximum
sensitivity (0.7 V forward bias), very
weak signals will be able to ride
through the diode. When connected
to a good antenna (a longwire or
rotatable loop), this little set will de-
liver suprising performance. In opera-
tion, you will notice a point where ad-
vancing the sensitivity contro! causes
the signal to drop out completely. This
happens when the diode turns fully
on. Back down slightly for best sen-
sitivity. Use high-impedance crystal
headphones or earphones, and an AA
or C cell voltage source. The battery
will last for a long, long time.
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By John McVeigh

ELECTRIC MUSIC BOOKS

Q. Thanks for the recent electronic
music series. Do you know of any
books on the subject that | can do
more research with?

—AR.M., Rye, New Hampshire

A. There are many books out on elec-
tronic music and music synthesis.
Here are some: Electronic Music Cir-
cuit Guidebook by Brice Ward (TAB),
Experimenting with Electronic Music
by Brown and Olsen (TAB), and The
New World of Electronic Music by Wal-
ter Sear (Alfred Publishing).

HAUNTED TV RECEIVER

Q. My TV receiver is connected to a
master antenna system (75-ohm ca-
ble) supplied by the apartment com-
plex in which I live. The signal levels
are more than sufficient, but the
ghosts are terrible. Is there some sort
of broadband network | can use to
eliminate these ghosts? I'm using a
75-0hm/300-ohm transformer-balun.

—Larry Moore, FPO San Francisco

A. The ghosts are being produced by
one of two circumstances. First, there
might be a building nearby reflecting
the signal. Since the reflection arrives
later than the direct signal, a ghost
appears. To cure this, the master an-
tennawould have to be pointed so that
there is a null in the direction from
which the ghost is coming. Note that
even if this means pointing the beam
somewhat away from the direct path,
the beam and distribution amplifier's
gain will probably make up for the re-
duced signal level. Second, there
might be an improper termination in
one of the apartments. If the termina-
tion impedance is not 75 ohms, re-
flected waves can travel up and down
the line, causing a series of closely
spaced ghosts. The real cure for that is
to correct the termination impedance.

As for a broadband ghost exorcist,
the only thing that | can think of is a
resistive pad (attenuator) of 75 or 300
ohms impedance, placed before or
after the balun, respectively. This
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would lower the overall signal level,
and if the ghosts are much weaker
than the desired signal, you could at-
tenuate them into oblivion while re-
taining a sufficient desired signal
strength.

BROADCAST STATION GUIDE

Q. Can you provide me with the title
of a book that provides the call let-
ters, frequencies, and addresses of
commercial broadcasting stations?
—Harry Lee Smith, Luray, Virginia

A. Howard W. Sams & Co. (4300 W. 62
St., Indianapolis, IN 46206) publishes a
useful book entitled ""North American
Radio-TV Station Guide,” written by
Vane A. Jones. It covers AM, FM and
television broadcasting, and lists
(among other things) frequencies,
power output, call letters, and ad-
dresses under several listing formats.
Canadian, United States, Mexican,
and Central American stations are in-
cluded.

AMATEUR CODE REQUIREMENTS

Q. I've heard a rumor that The FCC
will either reduce the General Class
code requirement to 5 wpm or elimi-
nate it completely? Is this true?
—Bruce Levine, Brooklyn, NY

A. | haven’t heard that specific rumor,
but there are some changes being
contemplated for code tests in gener-
al. First, the FCC is considering the
establishment of a “Communicator
Class” Amateur license. It would be a
no-code ticket carrying telephony
(voice) privileges in the vhf region of
the spectrum. Second, the FCC has
announced that it will conduct a
different type of code test at a few field
examination points on an experimen-
tal basis. The new test will consist of
five minutes of recorded text, and a
series of true-false or multiple choice
questions based on the transmitted in-
formation. However, for the time be-
ing, both tests (the new and old
“one-minute of solid, written copy)
will be given. Ifthe results from the two
show a high degree of correlation, a
new format for the receiving portion of
the code test will be adopted. Al-
though there have been many peti-
tions asking for a reduction of the
General code test from 13 to 10 wpm,
the FCC has not shown much of a
reaction.

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.
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Pace. The best-selling [B in the world.

More people buy Pace thar any other

CB. based on estimates by 2athcom Inc.

Maybe it's because:

We wanted to be #1 — and we put our
money & dete~mination on tte line to
make th= kind of radios that would make
us the leader.

The warranty we offer — just ask
anybcdy about it.

Our quality control — which means we
don't ust test an occasiona sample off
the lire, we vibrate-test almrcst every
mobil2 radic we make.

Our 2Z models — the largest CB line in
the world wath sugcest=d prices from
$50 to $5C0O. Which mzkes it easier z0
choose theright radio.

Is Pace for you? We think Number Ore
deserves #1.

Write Ls — Pathcom Inc.., (Los Angeles),
Harbor City, CA. 907120

PACE (B

When you'v2 got afRace,
Jou'va got the warld by, the ears.

PACE TWC-WAY RADIOS, PRCDUCTS OF PATHCOM INC,
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One of the most important components in an electronic
circuit is the fuse, which protects the entire system from
current overload. Circuit designers, technicians, and
hobbyists should be acquainted with the various types of
fuses and how to use them.

To test your knowledge of fusing circuits, see how many
of the following problems you can solve. For each of the
circuits shown below, determine the order in which the
fuses will blow as resistance R is slowly decreased to zero.
Assume that the battery can deliver any required amount
of current, and that each fuse has an internal resistance of
one ohm, regardless of its current rating.

VE VS 'V
vy 'v9

V. 'VOl

V. 'v8

vZl 'vOl ‘v9
V9 'Vb 'V.
V8 ‘V§

VEL 'VS

~—ANOY WO ONC

SHIMSNVY
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If you thougﬁt a rugged,
professional vet affordable
computer didnt exist,

think
IMSAI
8080.

Sure there are other commercial,
high-quality computers that can
perform like the 8080. But their
prices are 5 times as high. There is
a rugged, reliable, industrial com-
puter, with high commercial-type
performance. The IMSAI 8080.
Fully assembled, it's $931.
Unassembled, it’s $599. And ours
is available now.

In our case, you can tell
a computer by its cabinet. The
IMSAI 8080 is made for commer-
cial users. And it looks it. Inside
and out! The cabinet is attractive,
heavy-gauge aluminum. The
heavy-duty lucite front panel has
an extra 8 program controlled
LED?s. It plugs directly into the
Mother Board without a wire
harness. And rugged commercial
grade paddle switches that are
backed up by reliable debouncing
circuits. But higher aesthetics on
the outside is only the beginning.
The guts of the IMSAI 8080 is
where its true beauty lies.

The 8080 is optionally
expandable to a substantial system
with 22 card slots in a single
printed circuit board. And the
durable card cage is made of
commercial-grade anodized

aluminum.
The IMSAI 8080 power

SEPTEMBER 1976

supply produces a true 28 amp
current, enough to power a full
system.

You can expand to a
powerful system with 64K of
memory, plus a floppy disk con-
troller, with its own on-board
8080-and a DOS. A floppy disk
drive, an audio tape cassette input
device, a printer, plus a video
terminal and a teleprinter. These
peripherals will function with an
8-level priority interrupt system.
IMSAI BASIC software is avail-
able in 4K, that you can get in
PROM. And a new $139 4K
RAM board with software

Jl\'l..'_'}.l-'\i ouou
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memory protect. For the ultimate
in flexibility, you can design the
system for low-cost multiprocessor,
shared memory capability.

Find out more about the
computer you thought didn't
exist. Get a complete illustrated
brochure describing the IMSAI
8080, options, peripherals, soft-
ware, prices and specifications.
Send one dollar to cover handling.

Call us for the name of the
IMSAI dealer nearest you.

Dealer inquiries invited.

IMISA

IMS Associates, Inc.

14860 Wicks Boulevard

San Leandro, CA 94577 PE-9
(415) 483-2093
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CB Rip-Offs

With CB radio thefts on a meteoric rise, the new Na-
tional CB Thett & Recovery Bureau is making an effort
to reduce thefts and aid law-enforcement agencies in
returning recovered CB rigs to their rightful owners.
For a modest fee, a CB radio owner can have his name
and address and the serial number of his rig entered
into the Bureau’s computers. “Rip-Off Strip-Off”
identification decals go on his CB radio, antenna, and
vehicle windshield. The decals warn potential thieves
that the rig is registered and carry a reward offer to
$250 tor information leading to the arrest and convic-
tion of thieves. To help police identify owners of reco-
vered CB rigs, the Bureau maintains a 24-hour toll-free
“hot line” that is said to be available to every law-
enforcement agency and insurance company in the
country.

European Quadraphonic Broadcast

The first commercial quadraphonic broadcast in
Europe was made over Radio Picadilly, Manchester,
England, on last April 2. Using a Sansui ()SE-5B
broadcasting encoder, the station played discrete
4-channel tapes and 1S 4-channel records for two days.
[t is estimated that 2 million homes in the UK are
equipped for stereo reception, while perhaps % million
have 4-channel capabilities.

New Amateur Regulations

Effective July 23, 1976, the Federal Communications
Commission has modified Part 97, Rules and Regula-
tions for the Amateur Radio Service. Novice Class
operators will be allowed to run up to 250 watts of input
power, a healthy increase over the old 75-watt limit. A
Novice reaching the end of his two-year license term
need no longer wait one year from the expiration date
for reexamination, but can apply for a new Novice exam
immediately. All licensees using Novice segments of
the bands will be limited to 250 watts input power.
Technicians will receive full Novice hf privileges. The
Novice exam will be the only one administered by mail,
unless the applicant can produce a physician’s note cer-
titying disability. Then the exam will be administered
by a Commission-approved volunteer examiner. Full
credit will be granted to examination elements adminis-
tered in the past by mail. So, Conditionals are “grand-
fathered” to General Class licenses, Technicians C to
Technicians. The number of distinct license classes is
reduced to five by this action.

Hughes Is Alternate Source
for RCA Microprocessor

Hughes Aircraft Company has signed an agreement
with RCA Corp. to be a nonexclusive alternate source
for the RCA CDP 1802 CMOS 8-bit microprocessor and
related support circuits. RCA will supply Hughes with
process outlines, artwork, and tooling. The agreement
also includes an option on future-generation CMOS mi-
croprocessors, including silicon-on-sapphire versions.

Engineering Technician Salaries Higher

The Engineers Joint Council, as a result of its biennial
survey, says the salaries of engineering technicians in-
creased on tie average by 13.6% between 1973 and
1975. The figures were obtained from 630 employers
and covered over 61,500 technicians. According to the
results, the “average” engineering technician has had
about fourteen and a half years of experience since leav-
ing school, is about 34 years old, and is earning $12,200
a year. Graduates of two-year junior college and techni-
cal institute osrograms start out with average salaries
about $1700 per year more than nongraduates of the
same age.

Flick-of-the-Wrist Time

“Flick-it” is a new digital wristwatch introduced by
Gruen. It displays the hours and minutes on its LED
readout with a flick of the wrist. The seconds, month
and day can e displayed by touching the Time Com-
mand Buttonn The mechanism which energizes the
display with a flick of the wrist is set so that normal
movement of -he arm will not activate it. Gruen designs
and makes its own watch modules.

New Audio Recording System

Elcaset is the name given to a new audio recording
system introd aced by Sony, Matsushita, and Teac. The
Elcaset is intznded to realize the convenience of the
Compact Cassette and the sound quality of open-reel
tape. It has a :ape width of %4” and tape speed of 3% ips
(9.5 cm/s). The tape is pulled out of the cassette shell
for transport on heads, so that the preciseness of shell
construction cannot affect the running of the tape.
Extra holes in the shell provide for automatic code
selection of proper bias and equalizer.

Valor interrational CB Jamboree

In connection with the Pepsi-Cola Syracuse Gold Cup
motorcycle race on Sept. 12 at the New York State Fair-
grounds, Valer Enterprises will sponsor a 3-day CB
jamboree at the site. It will include 250 exhibits by
leading manufacturers of CB equipment, motorcycles,
snowmobiles, RV’s and vans.

Personal Use Radio
Advisory Committee Formed

An Advisory Committee to furnish advice and rec-
ommendations on potential means of alleviating the in-
terference and enforcement problems currently being
experienced in the Citizens radio service has been
created by the FCC. ]t is expected that the Personal Use
Radio Advisorr Committee will consist of approximately
15 to 25 non-Commission members, obtained from a
cross-section of the Citizens Band industry (manufac-
turers, importers, dealers), as well as equipment users
and the general public.

POPULAR ELECTRONICS
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The small wonder

ALTAIR BB

Measuring just 11" wide x 11" deep x 5" high, and weighing a
mere 7 pounds, the Altair ™ 680b is a complete, general-purpose
computer.

The secret to this revolutionary, small computer is its CPU
board. This double-sided board fits along the bottom of the Altair
case and plugs directly into the front panel board. It contains
the new 6800 mlcroprocessor 1,024 bytes of RAM memory, a 256
byte PROM monitor, provisions for 768 bytes of additional PROM
or ROM, and a single Interface port with a Motorola ACIA serial
interface adapter which can be configured either RS-232 or TTY.
A five level Baudot interface option is also available.

The Altair 680b can be programmed from front panel switches,
or it can be interfaced to a video display terminal, or teletype-
writer. Three additional circuit boards can be plugged inside the
Altair 680b for further memory and interface expansion. The first
of these boards is a 16K static RAM memory board.

Software already developed includes Altair 680 BASIC with
all the features of the 8K BASIC previously developed for the
Altair 8800. These include Boolean operators, the ability to read
or write a byte from any 1/0 port or memory location, multiple
statements per line, and the ability to interrupt program execution
and then continue after the examination of variable values. This
software takes only 6.8K bytes of memory space and a copy is
included free with the purchase of the Altair 680 16K memory
board.

Other software includes a resident two pass assembler. The
Altair 680b is also compatible with Motorola 6800 software.

The Altair 680b is ideal for hobbyists who want a powerful
computer system at an economic price. Altair 680b owners qualify
NOTE: Altair is a trademark of MITS, Inc.
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for membership in the Altair Users Group, and like other Altair
owners, they receive a complimentary subscription to Computer
Notes and complete factory support.

PRICES:
Altair 680b kit with complete, easy-to-understand assembly man-

ual, operator’s manual, and programming manual 3466
Assembled Altair 680b. .$625
Alitair 680b Turnkey model kit " 395
Expander Card 680MB (required to expand 680) : $ 24
Altair 680BSM 16K static RAM board kit with 680 BASIC.......$685
Altair 680 BASIC when purchased separately $200
Baudot option $ 42
MAIL THIS COUPON TODAY
;_ _______________________ =
| O enclosed 1s a check tor $ !
O BankAmericard # ___ or Master Charge # |
O Altair 6806 O Kit O Assembled O Other (specify) I
! enclose $8 for postage and handling 1
: O Please send free information package. |
| NAME |'
| ADDRESS :
| CITY. STATE & ZIP i
I
as I
i 08 miEs |
|
| 2450 Alamo SE/Albuquerque, NM 87106, 505-243-7821 |
| PSR P —— I L T -

Price, specifications subiect to change. Please allow up to 60 days for delivery.
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HIT THE ROAD
WITH THE
AUTOMATIC CB.

“This year, lots of folks are
takin’ to the road for trips
and adventures of all

kinds. They’re getting mora
fun out of every mile with
the automatic CE from
Johnson. And y’all know it's
right handy if you’re in a
heap of trouble, teo.”

That’s right, Sheriff.
Johnson’s built-in,
automatic controis make
operation easier end safer,
performance better.
Exclusive voice tailored
audio circuitry auto-
matically drops off signals
outside voice frequencies
to give you great reception.

P
5

AL

AR

T S s

Our automatic noise limiter
keeps reception clean and
built-in gain control pre-
vents blasting and fading.
Johnson’s unique

electronic speech rompres- |

sion automatically

produce uniform, high-ievel
modu.ation, maximum
range. All automatical}y.
When you hit the road,
go with Johnson CB. We
back every Johnson with a
full year parts and labor
warranty and walk-in
service at more than 850
locations. See a Johnson CB
dealer and take off on the
great American adventure.

JOHNSON

F. JOHNSON COMBEANY, WASECA, MINN 58083
C & Sons, Ltd.

N
selects and compresses i -
voice frequencies to :

JOHNSON CB. THE GREAT AMERW ADVENTURE.

CIRCLE %0. 33 ON FREE INFOAMATION CARD
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AST MONTH, we discussed the

construction of the low-cost Elf
microcomputer/trainer and gave
some examples of simple program-
ming. This month, we will describe
hardware and how to make a low-cost
LED replacement for the relatively ex-
pensive hex display and add a simple
8-bit 1/O port. Then we'll add a 16-
switch monitor that, among other
things, will allow you to use a hex
keyboard. We'll finish up the hardware
section by showing how to use a 9-volt
battery as power for a RAM circuit to
hold a program for as long as six
months.

When we’re finished with the hard-
ware details, it's back to the software,
continuing with our programming
discussion.

The Hardware. The hex displays
called forinthe original Elf project can
be replaced with adiscrete LED circuit
as shown in Fig. 1. You will need a
CD4508 eight-bit register, eight low-
current LED's, two 4049 hex inverters,
and eight 470-ohm, Y2-watt resistors.
Whenthe LED circuitis substituted for
the hex displays, current consump-
tion will be reduced by about 150 mA.
The input comes from the data bus,
which formerly went to hex displays
IC4 and IC5.

When you use the LED display, you
must count the LED's to arrive at the
hex number displayed. The upper four
LED's form the first digit, the lower
four the second digit.

You can mount the LED's on the
front panel. Be sure you carefully iden-
tify each. Also. when making the con-
version, don't forget to modify the RUN
switch circuit as shown

You can connect an inexpensive
cadmium-sulfide (CdS) cell between
the EF1 line and ground. Be sure to
use a photocell that has a dark resist-
ance in excess of 200,000 ohms and a
light resistance of less than 10,000
ohms. If you use any other photocell
you may have to increase the value of
the resistor to pull up the EF1 line of
the 1802 microprocessor. The high
input impedance of the CMOS logic
eliminates the need for photocell
amplification. Also, several photocell
inputs can be used, each connected to
a different flag (EF) line.

Using a photocell input, you can
program the computer to start count-
ing when an object moves past one
photocell and stop counting when the
object passes a second cell. This
technique allows you to determine the
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speed of a moving object. It can also
be used to count people, monitor
motor speed, provide targets in a
computer-controlled light gun or

“eyes’ for a computer-controlied
robot, etc.
Magnetic reed switches, simple

make/break switches, or similar de-
vices can be connected to the compu-
ter via the tlag-line inputs.

Several inexpensive methods of ex-
panding the number of input and out-
put lines can be used with this compu-

ter. Cne example is shown in Fig. 2.
Here, a CD4058 IC is used in both the
input and the output positions, while
other IC's provide the necessary gat-
ing. A 69 instruction will store the val-
ues of the eight input lines in memory
as a single byte.

In the output port section, a 61 in-
struction sets a memory byte into this
porl. The output portcan controlup to
eight output lines, but you will have to
add (CD4050/CD4049 buffers if you
wish 1o drive TTL loads. Yqu can use

BUILD THE

A LOW-COST

EXPERIMENTER’S MICROCOMPUTER
PART 2

Some hardware improvements and

more programining details.

BY JOSEPH WEISBECKER
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Fig. 1. Circuit for a
discrete LED display.

these output lines to drive suitable
transistors to control relays, lamps or
LED's, or battery-powered motors,
you can have the computer sequence
lights, control animated displays or
robots, or control a slide projector in
response to tones from an audio tape.
You can use the existing Q line output
in the same manner for a single opera-
tion.

Asimple method of controlling up to
16 output lines or monitoring the
states of 16 switches is shownin Fig. 3.
A 62 instruction will set the low-order
digit of a memory byte into the 4-bit

3
nes< L _18)coasos

CD4515 register. The output line cor-
responding to this digit will go low,
while the other 15 remain high. To
make things more interesting, the
computer can determine whether the
switch attached to the selected output
lineis closed or not by testing EF2 with
a branch instruction.

The following program continu-
ously examines all 16 switches in
sequence and stops with the number
of any closed switch from 0 to F in the
low-order digit of R3.0:

Step M Bytes Comment

1 0000 F8 FF A2 FF—»R2.0
(memory
pointer)

2 0003 1352E2 R3 + 1, R3.0—
M2, 2—X

3 0006 6222 MX—CD4515
(select switch)

4 0008 3DO03 Repeatstep?2if
switch is open

5 O000A 300A Stop with R3.0

= closed
switch number

The diodes can be omitted if only
one switch at a time will be closed.
This circuit and an appropriate pro-
gram could permit data and instruc-
tion bytes to be loaded into memory a
digit at a time from a hex keyboard
instead of toggle switches. Switch de-
bouncing could be performed with a
programmed delay following each key
depression. A 64-character keyboard
could be used by treating it as four
groups of 16 keys each, with the com-
mon side of each key group con-
nected to a different flag line. In fact, a
program to generate the Morse code
equivalent of each key could be writ-
ten using the Q line as the output.

This circuit can also be used to
select one of 16 external devices or /O
ports if desired. Using the latter
technique would permit up to 128 I/O
lines. Cascading CD4515's would

DATA
BUS

:Red-10 4
OUTPUT PORT

Fig. 2. A way to expand
the number of input and
output lines using two
CD508 integrated circuits.

permit even larger numbers of 1/O
lines to be handled.

A low-cost video terminal can be
made using the “Scopewriter’” (PopPu-
LAR ELECTRONICS, August 1974), or
you can interface your computer with
a cassette data interchange system.

We have only scratched the surface
of I/O circuits for the Elf. The real fun
(and program training) starts when
you think of new things to attach to the
output lines and start writing pro-
grams to activate them.

The major drawback with a RAM, or
memory, system is that data stored in
it is erased when the main power
source is shut down. (Of course, if you
could use a ROM, this wouldn’t be a
problem. However, ROM’'s must be
preprogrammed with the memory
data you wish to save, a costly and
time-consuming approach.) Adding a
cassette interface doesn't entirely
eliminate the problem because a
“bootstrap’ is still required to be
stored in memory to run the cassette.

The use of low-power COSMOS
RAM IC’s and a 9-volt mercury battery,
as shown in Fig. 4, will allow you to
save programs in memory for up to six
months even with the main power to
the computer turned off. The 1822
RAM’s shown are pin-compatible with
the 2101's specified for the original
project, but some of the RAM’s must
be rewired as shown.

With the COSMOS RAM's installed,
you can turn off power to the compu-
ter at any time. The mercury battery
will supply the required standby
power to the memory system so that
the program will be ready to run im-
mediately when the computer is again
powered up. The newly added
STANDBY switch should be turned on
(+5 volts) only after power is turned
on. It should be off to hold pin 17 of
the RAM's at ground potential before
removing power from the system.

+5v

24
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23 AND : : 0 g
DECODE 8 g
1
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¢

Fig. 3. A method of
controlling up to 16 outputs.
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Periodically check the battery's out-
put; if it should fall too low, the mem-
ory system won't be able to hold data.

The last piece of hardware we will
discuss here is the simple output
driver shown schematically in Fig. 5.
Thisis a conventional driver for almost
anything that doesn't require more
current than the transistor is capable
of safely handling. The diode in the
relay circuit removes the reverse
transient spike that might otherwise
damage the transistor. You can substi-
tute a LED or even a load resistor for
driving a power stage.

More Programming. The single-
line output program shown below is a
simple program that will flash the Q
LED at a preset rate. It also provides a
programmable square wave on the Q
line.

Step M Bytes Comment
1 0000 74 0-Q
2 0001 F810B1 10—>R1.1
3 0004 21 R1-1
4 0005 91 R1.1-D
5 0006 3A04 Repeatstep3if
D =00
6 0008 3100 Gotostep1if
Q=1
7 000A 7B 1-Q
8 000B 3001 Gotostep2
When you run this program, the

square-wave frequency depends on
the settings of the input switches. You
can change frequency at any time. For
higher frequencies, change B1 at
M(0006) to A1 and 91 at M(0008) to 81.
You can now select any of 256 dif-
ferent frequencies by altering the set-
tings of the switches.

To modify the program to sweep the
audio frequency range, use the follow-
ing program:

Step- M Bytes Comment
1 0000 F8 FF A2 FF—R2.0
2 0003 7A  0-Q
3 0004 82A1 R2.0-D;
D—R1.0
4 0006 2181 R1-1; R1.0-D
5 0008 3A06 Repeatstep4if
D =00
-6 O000A 3103 Gotostep?2if
Q=1
7 000C 7B 2282 1—Q; R2-1;
R2.0—-D
8 O00OF 3200 Gotostep1ifD
= 00
9 0011 3004 Gotostep3d

This program can be used in audio test
applications. Note that R2is used as a
second counter that causes the

SEPTEMBER 1976

square-wave frequency to change
after each cycle. You can hear what
this sounds like by using the circuit
shown in Fig. 5.

Very low frequency square waves,
or long-interval timing, can be pro-
grammed by cascading counters as il-
lustrated in the following flow chart:

The Q line can then be used to activate
arelay (as in Fig. 5), which can control
house lights, motors, etc.

Suppose you wish to program a
variable-pulse generator instead of
square-wave generator. Use separate
counts for the pulse off and on times

This program will flash the Q LED and
put a square wave on the Q line at a
rate determined by the contents of
memory M (0002) from a 10 to some
other number. By referring back to the
Instruction Subset Table in last
month’s article, you should be able to
interpret the above program.

Note in the program that R1 is used
as a 16-bit decrementing counter
(steps 3, 4, and 5). When the high-
order eight bits of this counter
reaches 00, the Q line goes to its op-
posite stage. Changing steps 2 and 4
to use the low-order byte of R1 in-
creases the Q line’s output frequency
by a factor of 256.

If you use a 1-MHz crystal in the
clock, the above program can gener-
ate square waves at frequencies be-
tween 0.3 and 80 Hz, depending on the
byte in M(0002). By changing the B1
instruction atM(0003) to A1 and the 91
instruction at M(0005) to 81, square
waves between 80 and 20,000 Hz can
be generated. In this manner, your
basic computer becomes a pre-
settable square-wave generator.

We can rewrite the program so that
the square wave’s frequency becomes
a function of the settings of the toggle
switches as follows:

ar—aid

] k A Step M Bytes Comments
as illustrated in the following flow 1 0000 F8 FF A2 FF>R2.0
chart: 2 0003 E2 25X
> o go—lﬁo_’ a 3 0004 7A 0—Q
4 0005 6CB1 Switch byte—
m MX, D:D—R1.1
5 0007 2191 R1-1;R1.1-D
YES 6 0009 3A07 Repeatstep5if
— D =00
ON COUNT—=RI 7 000B 3104 Go tostep3if
m Q=1
YES 8 000D 7B 3005 1-Q; Go to
step 4
+ 2K renew
- =|'}—‘““%—“1
= I oV IN9I4 TPm r:m
WREAD I i i ) T %tnﬁ
+sv—e8 \WSEE R,y
MWR =@ 720 18]22]19] 17| 17} l

ey COPIBZ2
256x4
4 RAM

ADODRESS
LINES

Y
OATA LINES

Fig. 4. Using a low-power COSMOS RAM and a 9-volt
battery permits saving programs in memory.
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Fig. 5. Circuit to provide
ontputs used tor testing.

In a similar manner, you can program
bursts of pulses, 'variable-interval
pulse trains, etc. You can even write a
program where a list of bytes specifies
a sequence of different tones to make
a programmable music box.

The following two programs are

games'' that demonstrate how the
COSMAC instructions can be used. No
added /O circuits are required to run
these programs.

Load the following sequence:

Step M Bytes Comment

1 0000 E1 1-X

2 0001 F8OF A1 OF—R1.0

3 0004 64 MX—display; X
+ 1

4 0005 3FO05 Wait for INPUT
switch to be
depressed

5 0007 6C Switch byte —
MX.D

6 0008 F8O0AF7 0A—D;
D-MX—D

7 000B 5164 D—M1; MX —
display; X + 1

8 000D 300D 00 Stop; 00

Set both the LOAD and MP switches to
off and then flip RUN to on. Have
someone select any digit between 1
and 9 multiply by 10, add the original
digit. Then multiply the sum by 9. Have
the person who selected the digit teil
you the result — but not the original
digit. Set the binary code for the
least-significant digit of the final ans-
wer into switches 3, 2, 1, and 0, and
place the other input switches in the
down position. When you depress the
INPUT switch, the computer will dis-
play the unknown digit.

This program illustrates how toseta
memory byte into the output display
with a 6C instruction. Note the use of
R1 asa memory pointer and the use of
the binary subtract instruction in step
6.

40

The following program makes the
computer “think’’ of a byte, which you
must guess in no more than seven
tries

Step M Bytes Comment
1 0000 8AAB RA, 0—RB.0O =
secret byte
2 0002 F8 AA A3 AA—R3.0 =
memory
pointer
3 0005 53E3 D—MS3;3-X
4 0007 F807 A4 07—R4.0 :
number of
turns
5 O000A 6423 M3—display, 3
+1;3 -1
6 000C 2A 3F OC RA + 1 until
INPUT IS
depressed
7 000F 37 0F Wait for
INPUT tO be re-
leased
8 0011 6C8B Switch
byte—M3;
RB.0—D
9 0013 F533 1A M3-D—-D; Goto
step 12 if M3 =
RB.O
10 0016 F801 01-D
11 0018 3022 Go to step 16
(show D)
12 001A 3A 20 Go to step 15 if
= 00
13 001C 5364 D—-M3; M3—
display; 3 + 1
14 001E 301E Stop loop
15 0020 F810 10—D
16 0022 53 64 23 D—M3—display;
3+1;,3-1
17 0025 2484 R4-1, R4.0—-D
(turn counter)
18 0027 3A0C Gotostep6itD
- 00
19 0029 8B7B RB.0—D; 1-Q
20 002B 301C Go to step 13

(show D and
stop)

Place both the MP and LOAD switches
in the off position after toggling the
program. When you start the program
by operating RUN; AA is displayed.
Now, try to guess what byte the com-
puter has selected by setting the eight
INPUT switches and depressing the
main INPUT switch. If 00 is displayed,
you guessed correctly; if 01 is dis-
played, your guess is too low; if 10 is
displayed, your guess is too high. You
lose after seven wrong tries, at which
point, the computer turnsonits QLED
and the displays indicate the hidden
byte. To try again, set RuUN to off and
then on.

The subtract instruction in step 9

AmericanRadioHistorv.Com

HEX NUMBER SYSTEM

Decimal Binary Hex
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
5 otot 5
6 0tt0 6
7 0ttt 7
8 1000 8
9 1001 9
10 1010 A
11 1011 B
12 1100 o]
13 1101 D
14 1110 E
15 1111 F

sets an arithmetic overflow flag (DF) if
MX is equal to or greater than D. The
COSMAC instruction manual covers a
detailed explanation of the use of this
overflow flag in arithmetic and shift
operations.

In Closing. Now that you have some
familiarity with programming for the
Elf, look through your back issues of
PoPULAR ELECTRONICS for some chal-
lenging programs to write. Try the
“Logidex’” game in the November
1973 issue, “‘Tug-of-War” game in
February 1975, “‘Electronic Dice” in
July 1975, and the “‘Executive Digital
Temper Countdowner’ in December
1975. These are just a few of the many
electronic games you can program in-
stead of building. ®
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‘Uh. .. About this loaner you
sent us while our
computer (s being repaired. . ."
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If you can see a difference,
imagine what you’ll hear,

You're looking at the
solution to one of the oldest
problems in audio—how
to protect records from wear,
while at the same time pre-
serving full fidelity.

It’s called Sound Guard;
and it’s remarkable.

Independent tests show
that discs treated with Sound

— \J — L

Magnified, you can see record viny! wearing away.

cies and the same absence
of surface noise and harmonic
distortion as “mint condition”
discs played once.

A by-product of dry lubri-
cants developed for aerospace
applications, Sound Guard
preservative is so smooth it re-
duces friction, yet so thin
(less than 0.000003" ) it

leaves even the most
fragile groove
modulations un-
affected.
Audio
Magazine
has dubbed

Preservaticr

Kit

Guard preservative played
100 times display the same
full amplitude at all frequen-

Sound Guard preservative
“the best thing for records
since vinyl.’ Len Feldman in

With same magnification, record vinyl shows no wear.

Radio Electronics reports
“At last! The long awaited re-
cord-care product has arrived.
It preserves frequency
response while reducing dis-
tortion and surface noise”

[

Surface noise after 100 plays

It’s effective and safe for

all discs, from precious

old 78’s to the newest LP’s.
Sound Guard preserva-

tive, in a kit complete with

non-aerosol pump sprayer

and velvet buffing pad, is

available in better audio stores

and record departments.

Sound Guard keeps your good sounds sounding good.

CIRCLE NO. 64 ON FREE INFORMATIDN CARD

AmericanRadieMistorv.Com

*Sound Guard is Ball Corporation’s trademark for its record preservative. Copyright © Ball Corporation, 1976.
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Linear readout

uses 7-segment LED’s.

OW accurate is your car’s speed-

ometer? Chances are it has some
nonlinearities in the upper range
due to increasing tension on the nee-
dle return spring. To overcome
this irregularity and keep within the
speed limit, you will want to build this
digital speedometer. Besides, it will
enable you to see what your exact
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DIGITA

BY RICHARD B. FERMOYLE

METER

FOR YOUR CAR

speed is at a glance. The speedometer
simply converts the standard 1000 rev-
olutions per mile of your speedome-
ter cable to an electrical signaltodrive
a two-digit readout.

How It Works. The key component in

the circuit (Fig. 1) is OC1, an optoelec-
tronic device consisting of a gallium-

AmericanRadioHistorv.Com

arsenide LED and a photosensitive
silicon transistor. The two are in an
enclosure but are separated by an
open space. When the LED is on, and
the light (which is not visible) hits the
transistor, it turns on. A slotted metal
disc attached to the speedometer
cable is used to interrupt the light
beam activating the transistor.

POPULAR ELECTRONICS



The voltage across the LED in OC1
is regulated by R1 and D2 and D3. The
load for the phototransistor is R2 and
its output is applied to /C7, which is
connected asa monostable (one-shot)
multivibrator. Each time the photo-
transistor conducts, the output (pin 6)
of IC1 changes states (going from
high to low) for a period determined by
C4 and R10. At the end of the period
(about 1 ms), the output of /C7 returns
to its high state. The pulse rate is de-
termined by the rotation of the disc
interrupting the light beam in op-
toisolator, OC1.

The pulses from /C1 are then

N

counted in a conventional decade
counter (with latch) consisting of /C2,
IC4, IC6 and seven-segment readout
DiS1. The overflow from the counteris
totalled by a second decade counter
consisting of /C3, IC5, IC7 and DIS2.

To prevent readout flicker, each de-
cade counter has a latch (/C4, IC5).
The outputs of the counters (/C2, IC3)
are stored in the latches. When the
latches are strobed, the digital value is
passed to the readouts through the
drivers (/IC6, IC7). Thus, the readouts
do not*run’ as the counters cycle, but
flash on with a set of digits each time
the latches are strobed.

To understand the counting proce-
dure, assume that your car is going 10
mph. Since the speedometer cable ro-
tates 1000 rev/mile, it will be going
10,000 rev/hour or 2.77 rev/s. The
metal disc used with OC7 has eight
slots cut in its edge so 22 pulses per
second are generated. For the read-
outstodisplay the properinformation,
decade counters /C2 and IC3 are al-
lowed to count for only slightly more
than 450 ms before they are resetby a
positive pulse at their common zero-
reset pins (2). The reset pulse is gen-
erated by /C8, which is triggered by
the latch circuits in /C9.

PARTS LIST

C1—2.2-yF tantalum capacitor

C2,C3,C4—0.15-yF Mylar capacitor

C5—0.22-yF Mylar capacitor

D1 to D4—Silicon diode (IN914 or similar)

DiS1.DiS2—Seven-segment LED readout
(Litronix DL707, MANI, or similar)

F1—I1-A fuse and holder

IC1.1C8,1C9—MC8601P

1C2,1C3—7490

1C4,1C5—7475
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1C6,I1C7T—7447

IC10—SD309K

OC1—Optoelectronic coupler (GEH13A1)

QI1—DI13T1 programmable unijunction
transistor

R1—100-ohm, Y%4-W, 5% resistor

R2-—4700-ohm, Y4-W, 5% resistor

R3—100,000-ohm, pc-type trimmer poten-
tiometer

R4—470,000-0hm, %4-W, 5% resistor

R5—1-megohm, Y%-W, 5% resistor

R6—2700-ohm, Y4-W, 5% resistor

R7—1800-ohm, Y4-W, 5% resistor

Fig. 1. As the interrupter disc passes through the slot on OCI, it causes IC1 to inject
a count into the decade counters. Circuit made up of Ql, IC9 and IC8 determines the timing.

R8,R9,R10—22,000-ohm, Y4-W, 5% resis-
tor

RI1 to R24—150-ohm, Y%-W, 5% resistor

Misc.—Mechanical speedometer, dual
drive adapter, length of speedometer ca-
ble, suitable chassis (2), epoxy cement,
heat sink and socket for IC10, plastic for
readout window, metal for interrupter
disc, mounting hardward, etc.

Note—Dual drive adapter is available from
S. S. White, 151 Old New Brunswick
Rd., Piscataway. NJ 08854. Ask for Bul-
letin 7205.
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A Fig. 2. Circuit is assembled on powr small pe bourds.
Etching and drvilling guides are shown above. Optoelectronic board (A)
is fitted to the speedometer chassis. Display
board (B) is mounted on front panel of display
chassis with other two boards (C & D) inside the display chassis. Component
layouts are shown below. Solid iines between solder pads are jumnpers.
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Fig. 3. This photo shows interior
of the display chassis. Cable at
left goes to power supply unit.

The timing for these pulses is pro-
vided by a pulse generator consisting
of programmable unijunction transis-
tor Q1 and timing elements R3, R4,
and C1. Each time Q17 fires (deter-
mined by the circuit time constant), a
negative-going pulse is generated at
the junction of R6 and R7 and passed
to IC9, which is wired as a monostable

CENTER HOLE DRILLED
TO SAME DIAMETER
AS HOLE ON POINTER
THAT 1S REMOVED
FROM SPEEOOMETER

1-1/72" DIA-I8 GA. ALUMINUM

multivibrator. The output of /IC9 is a
one-millisecond pulse applied to IC4
and /IC5. When [/C9 times out, pin 6
returns high and triggers /IC8, also
wired as a one-shot, which generates
the reset pulses for IC2 and IC3.

Operating power is provided by
IC10, a 5-volt regulator, with D4 used
as protection against accidental input
voltage reversal.

Construction. The circuit is assem-
bled on four small pc boards as shown
in Fig. 2. Other than the optoelectronic
board and the power supply compo-
nents, two circuit boards and the dis-
play board are mounted in a small
metal enclosure as shown in Fig. 3. A
window for the display must be cut in
the front panel with a piece of plastic
cemented over the window. The two
pc boards are mounted -on spacers
with the strobe-reset board on top (to
provide access to R3).

Drill a small hole in the back of the
enclosure for a two-conductor
shielded cable. The cable carries the

ONE NOTCH
EVERY 45°%

. EACH
NOTCH
1IDENTICAL

— 14" fl—

1/4"

Fig. 4. Use this diagram to make interrupter disc.

SPEEDOMETER
ABLE

ELECTRICAL
CABLE
CONNECTOR

SOCKET

PC BOARD

OPTO ELECTRONIC

B MAGNET!IC
CLUTCH

EPOXY /
INTERRUPTER
DISC

Fig. 5. Assembly of the speedometer and optoelectronic unit.
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+5-volt supply, pulses from IC1, with
the shield acting as a ground.

Coupling the vehicle speedometer
cable to the interrupter disc requires a
mechanical fitting that will accept the
male fitting presently connected to the
cable. These fittings vary with the
make of the carso it is necessary to get
another speedometer that is a dupli-
cate of the one you now have—either
from an auto parts dealer or a junk
yard. Disassemble the speedometer
you obtain to remove the indicating
pointer, the miles-per-hour scale, and
the odometer components, as they
will not be needed.

Fabricate the interrupter disc as

shown in Fig. 4. Cement the disc in
exactly the same place as occupied by
the old indicating pointer. If your
speedometeruses magnetic coupling,
it must be defeated to allow the cable
rotation to be coupled directly to the
disc. In most cases, this can be done
by applying a little epoxy between the
magnet and its associated drum.
" Select a two-part metal chassis to
ho!d the modified speedometer and
IC10 on a heat sink as shown in Fig. 5.
Mount the optoelectronic pc board
under the interrupter disc so that the
slotted edge of the disc passes
through the siot in OC1. Then firmly
secure the board in place. Wire the
5-volt supply to the cable connector
and the optoelectronic pc board (us-
ing the metal chassis as common
ground). Then wire the three leads
from the optoelectronic board to the
cable connector. Fit the two halves of
the enclosure together and secure
with appropriate hardware.

So that you don’t lose the use of
your old speedometer (you'll want to
compare the two) and the odometer
(which is generally required by law),
obtain a dual drive adapter and an
extra takeoff cable for the digital
speedometer. The adapter, similar to
those used in taxicabs for meter
takeoff, can be found in auto parts
stores, or see the Parts List.

Adjustment. The only adjustment
necessary is calibration of R3. This is
done by using an oscilloscope to get
the pulses at pin 1 of IC9 450 mil-
liseconds apart. If a scope is not avail-
able, it is also possible to make the
adjustment by driving the car on a
measured mile for one minute and set-
ting A3 so the meter reads 60 mph. To
be sure the adjustment does not
change due to vibration, secure the
rotor of A3 with a drop of epoxy. @
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Some speakers sound fantastic on

~ Oneof todeys best speakers is famous forits hichs. Another
has been said to deliver the best bass, and a third is loved for its mid-range
performance.

Tl]is one Each “best” speaker is
. terrific 1n 1ts own particular area
Sounds fantastlc because its engineered that way.

ll f x To please pei)plela( 'Wl(]io ?re hugg up
on a particular kind of sound.

onallorit. The new HPM-100 speaker:
syster is different. It produces
superlative sound across the whole
spectrum.

That is not an accident.

Originally it was a challenge
to our engineers: specialize in
perfecting everything. Their
response was to create a whole new
universe of loudspeaker
technology.

For the superhigh frequency
range, to begin with, they gave
the HPM-100 a radically new kind
of super-tweeter, made with a
newly developed substance called
High Polymer Molecular film.
This HPM film is used to convert

HPM-100

The all-around great speaker.

AmericanRadioHistorv.Com



electrical energy intosound. Tt
does so with a degree of
accuracy that was
previously only a theory.

Thats a lot to claim,
but these speakers really
are that different from
everything that has gone
before. They work with-
out any magnets, voice coils
or domes. In fact. without any
moving parts at all. e

The tweeter, mid-range driver and woofer %n 1
all depart just as radically from conventional —~
speaker techriology. The key innovatior: in all of them
" 1s a process that turns out speaker cones heavily impregnated with carbon
fibers. They are rigid and tough. but still thin and light. As a result. each of
them can move easily. like a well-oiled piston. to produce high and middle
and low frequencies that are clearer. more natural and far more trans-
parent than anything youd expect to hear from a four-way speaker system.

Talk to your high-fidelity dealer about the HPM-100),

'Take along a favorite recording and listen to it alternately through
HPM-100% and some comparably priced speakers. Especially speakers
that sound fantastic on the high frequencies. or the low ones. or the
middle range.

If theres something you like about each of today’s best speakers. this
1s the one that can give it all to you.

U.S. Pioneer Electronics Corp.. 75 Oxford Drive. Mconachie.

New Jersey 07074,

©u.s. PIONEER ELECTRONICS CORP..1976.

CIRCLE NO. 70 ON FREE INFORMATICN CARD
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Fig. 1. Unlike a conventional light dimmer, the triac (Q3) is gated
later and later in the power-line cycle as C1 discharges.
Dimming time is controlled by varying discharge time to C1

C1—100-pF, 15-volt electrolytic capacitor
C2—0.01-pF, 50-volt capacitor

D6,D7—IN914 diode

LI—Line filter inductor approximately 100
HH at 4-amperes)

Q1—2N4860 field-effect transistor

(2—2N4871 unijunction transistor

Q3—200-volt, 6-ampere triac ECC Q2006L4

R 1—6800-0hm, Y2-watt, 109% resistor

R2,R11—470-ohm, Y2-watt, 109 resistor

PARTS LIST

R3—5-megohm slide potentiometer
R4,R6,R8— 10,000-ohm, Ys-watt, 10% re-

C3—0.01-uF, 200-volt capacitor sistor

D1 through D4—1-ampere, 200-PIV recti- R5,R12,R13—15-megohm, Y%-watt, 10%
fier diode resistor

D5—12-volt zener diode (1N4742 or simi- R7—50,000-ohm slide potentiometer
lar) R9—470,000-ohm, Y-watt, 10% resistor

(see text)
R 10— 1-megohm, Y2-watt, 109 resistor
S1.S2—Spst slide switch
T1—Pulse transformer with
(Sprague No. 11Z12)
Misc.—Printed circuit board: suitable
chassis box with cover: insulator (goes
between pc board and box): felt strips:

1:1 ratio

knobs for slide pots: bus wire: machine
hardware: solder; etc.

(The following items required only for
portable table version of dimmer: 12’
“‘remote-control’’ extension cord:
right-angle strain relief: four rubber
feet.)

Note: The following items are available
from Celltronix, 1239 Old Bayshore
Hwy., San Jose, CA 95112: Etched and
drilled pc board for $5.50; complete kit
of parts, including chassis box, in
wall-mount version for $24.95 and in
table version for $26.95. California resi-
dents, please add sales tax.

To send Q3 into conduction, a trig-
ger pulse is applied to the gate of the
triac by the discharge of C2 through
Q2 and the primary of T7. The time
constant of C2 and its resistors is
rather long compared to the period of
a single ac alternation. The values
given in Fig. 1 were selected so that
the potential across C2 just barely at-
tains an amplitude sufficient to drive
Q2 into conduction when the voltage
across C17 is zero and R7 is set for
minimum bias on Q7.

Closing S71 causes C7 to charge
through R2 and D6, thereby increas-
ing the bias on Q7 and allowing C2 to
charge more quickly with each alter-
nation of the ac power cycle. As a re-
sult, the Q2 oscillator circuit produces
the triggering pulses for the triac ear-
lier in the cycles, and the controlled
lights brighten.
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An earlier triggering can also be ob-
tained by adjusting the R6-R7 volitage
divider. The effect on the bias of Q7 is
the same as raising the potential
across C1, except that a stalic control
over lighting intensity is obtained to
set threshold levels.

The automatic dimming feature is
obtained by opening S7 and allowing
C1 toslowly discharge through R3 and
R4. This causes the lighting to di-
minish gradually as the triggering
pulises to the triac are produced later
and later in each cycle.

The high resistance required to pre-
ventthe voltage from being too rapidly
shunted away from C7 is provided by
using a field-effect transistor as Q7
and a very high resistance in its gate
circuit.

The rectified power applied to the
timing circuit by the diode bridge

ooricanDadioblictorn Com

made up of D7 through D4 is main-
tained at a constant 12 volts, regard-
less of load, by zener diode D5. The
filtering network made upofC3and L1
reduces interference to the AM broad-
cast band caused by triac switching
transients.

Construction. To keep the dimmer
as slim and compact as possible, it is
recommended that you build it on a
printed circuit board. An actual-size
etching and drilling guide and com-
ponent placement diagram are shown
in Fig. 2. Note that the entire circuit,
including controls and switches,
mount directly on the pc board. To
avoid lead breakage from vibration, it
is best to epoxy T7 to the board. It is
also advisable to mount R7 about Ya”
(6.4 mm) above the surface of the
board to assure good heat transfer.
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Fig. 3. Exploded view of assembly drawing siows how to attach the

Dynadim to conventional junction box.
Remove all power before installation.

50

AmericanRadioHistorv.Com

Fig. 2. Actual-size etching and
drilling guide is shown above
left, with component layout
guide above right.

POPULAR ELECTRONICS



The triac (Q3) specified in the Parts
List has an electrically isolated heat-
sink tab that can be bolted to the metal
cover to provide good heat sinking. if
you use any other type of triac, an in-
sulating mounting kit will be required.

After wiring the board, check it over
for possible solder bridges between
foil traces and to ascertain that all
components are properly installed
and polarized. To avoid leakage prob-
lems in the high-impedance circuit
around the two transistors, remove all
rosin and clean the board thoroughly
with alcohol.

It is important that the leakage of C1
be minimized and that Q7 be properly
biased to obtain the full 40-minute
time delay. The leakage through an
electrolytic capacitor is inversely
proportional to the number of hours it
is charged. This process is cumulative
over the life of the capacitor. Adramat-
ic reduction in leakage will occur dur-
ing the first few hours of operation;
improvement continues into the
thousands of hours. (Note: The
capacitors supplied with the kit listed
in the Note under the Parts List come
burned in. If you buy new capacitors
locally, you can burn them in once
they are mounted in the project simply
by leaving the dimmer turned on in the
standby mode.)

The value of R9 was selected to pro-
vide optimum bias for the nominal
specifications of Q7. However, differ-
ences in individual transistors may
have to be compensated for by chang-

.ing R9's value. Raising the resistance

increases the apparent length of the
timing cycle until a point is reached
where the controlled light will not turn
off even if C7 is discharged. The ideal
value for R9 is just below the point at
which this begins to occur.

You can mount the dimmer in a
permanent wall mounting (at a light-
switch junction box) or in a separate
box for portable table use. The as-
sembly details for the junction-box
approach is shown in Fig. 3. Note that
thedimmeris connected inseries with
the load. Make sure that all electrical
power is removed from the junction
box before attempting to instali the
dimmer.

Mount the pc board assembly inside
a form-fitting enclosure, with a thin
insulator between the bottom of the
board and the metal rear section of the
box. The metal cover should have cut-
outs for the slide shafts of the poten-
tiometers and switch toggles. Short
lengths of felt fabric can be used be-
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tween the inside of the front panei and
the tops of the slide pots to keep out
dust and other foreign material. Ce-
ment these strips in place so that they
just touch each other in the two slider
hole locations.

When you make the hookup to the
acline inthe junction-box installation,
be sure to use wire nuts for the con-
nections.

Drill the rear wall of the dimmer's
box so that it can be mounted directly
on the junction box via the latter's
switch mounting screws. (The original
junction-box switch will no longer be
needed.) In this manner, the complete
dimmer can be affixed to the wall to
eliminate the crowding that would
exist if the entire circuit were to be
"'squeezed” into the junction box.

If you prefer to make your dimmer a
table model, the same four screws that
mount the circuit board to the box can
be used to secure rubber feet to the
bottom of the box in which the project
is housed. In this configuration, a 12’
(about 4-m) long ‘‘remote-control’” ex-
tension line cord should be used to
allow maximum flexibility. The lamp to
be dimmed then plugs directly into the
cord, which also plugs into the ac re-
ceptacle.

Using the Dimmer. For conven-
tional control of lighting, it is recom-
mended that the dimmer control be
leftin the full BRIGHT position and that
the lights be controlled with the
ON/OFF switch. When the dimmer is left
on for long periods of time, a slight
warming of the chassis will be noted.
This is normal and should cause no
apprehensions.

For dimming action, if you wish the
lights to be full on and extinguish au-
tomatically to a very dim glow over a
period of, say, 10 minutes, the proce-
dure would be: First set the timing and
dimming controls to DIM and RAPID
and the STANDBY/ENABLE switch to EN-
ABLE. The lights will extinguish quick-
ly. Adjust the dimmer control to the
position that gives the desired
minimum illumination. Set the timing
control to a position about four divi-
sions above RAPID, S7 to STANDBY, and
(when ready to initiate the dimming
action) switch to ENABLE. The lights
will begin slowly to dim to the preset
level.

Although the Dynadim |l itself draws
very little power (about as much as an
electric clock), itis advisable to turn it
off when convenient. This will ensure
maximum component life. ®
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IMSAI

announces
a um ue

4K RAM
board
for just
$139.

Nobody has a 4K RAM board
that gives you so much for your
money. It’s fully compatible with
the Altair 8800.

Through the front panel
or under software control, you
can write protect or unprotect
any 1K group of RAM’s. Also
under software control you can
check the status of any 4K RAM
board in 1K blocks to determine
whether it’s protected or not. The
board has LED’s that clearly show
you the memory protect status
of each 1K block and which
block is active. And there’s a
circuit provided that will let you
prevent the loss of data in the
memory if there’s a power failure.
This low power board has a
guaranteed 450 ns cycle time—
no wait cycle required. There’s
nothing like the IMSAI 4K RAM
board around.

Dealer inquiries invited.

VIS

IMS Associates, Inc.

[ s poocee e 759 ]

MS Associates, Inc.
14860 Wicks Boulevard
San Leandro, CA 94577
(415) 483-2093

Order Your IMSAI 4K RAM Board For
Only $139. Use BankAmericard,
Master Charge, personal check or
money order.

0O Charge to my credit card.
0O BAC No.
O MC No.

Sigmature

Name
Address
City/State/Zip

O Send 4K RAM boards today. |




SC-1Stylus Cleaner:
Only tworeasons
for existence.

1. YOUR $75
® CARTRIDGE

20 YOUR $1,000
® RECORD COLLECTION

The SC-1 stylus cleaner by Discwasher safely removes
abrasive cuttings which develop en even gclean) looking
styli. Only SC-1 cleaner has critical fiber density—a
magnifving mirror—and a walnu- case. Two reasons are
enough to justify a $6.00 expenditure. Sold by Discwasher
dealers worldwide.

disCwvwasher
\

2 A DIVISION OF DISCWASHER GROUP
I COLUMBIA, MO 65201

€ RC_ENO. 20 ON FREE INFORMZTION CARD




Special Focus on AUDIO

$130 stereo kit features modular
design, artificial inductors,
and 10-octave control.

HE Delta-Graph ten-octave-band equalizer described

here can solve a number of sound problems for home
and professional audio systems. In the home, it can be
used to compensate for poor listening-room acoustics and
the differences in the responses of phono cartridges,
amplifiers, and speaker systems. For serious tape recor-
dists or for professional applications, it can be used to
emphasize or de-emphasize one or more instruments dur-
ing a mix-down session and to modify the input signals to
create special sound effects.

Among the equalizer's features are low cost, modular
design, the use of op amp gain stages and artificial induc-
tors, flexible interfacing with a variety of audio devices,
and very-low noise figures. (See Specifications box.) Uni-
versal input/output circuitry with high-level drive capability
provides balanced low-impedance inputs as well as stan-
dard single-ended outputs for maximum flexibility. The
equalizer's ten slide potentiometers, one for each musical
octave, are arranged in a horizontal line to provide a
graphic display of the adjustments made to the sound
system. The controls provide a boost/cut range of 15dB in
each direction for atotal of 30 dB of controlin each octave.
The equalizer can be built for a monophonic, a stereo-
phonic, or a 4-channel system with costs starting at $56
(less power supply) for a one-channel kit.
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BUILD THE | PE

“DELTA-

TESTED

GRAPH”

OCTAVE-BAND
EQUALIZER

BY BRYAN T. MORRISON

About the Circuit. Many active equalizers offer a limited
number of control “‘bands” {(usually five), which means
that each control must cover two or more octaves. Al-
though this is better than no control at all, this approach
does not permit separate adjustments of all octaves in the
audio range. A better approach is to divide the audio band
into ten octaves, as is done in the Delta-Graph. Now, each
octave can be individually adjusted with high precision.

The control circuits usually found in active equalizers
employ expensive and bulky physical inductors to achieve
discrete-band control. The Delta-Graph, however, uses
special *‘gyrator’ circuits that electronically simulate in-
ductors to keep down cost and size and to obtain precise,
predictable band control. By using gyrators in all but the
highest-octave band, the equalizer is highly immune to
electromagnetic fields, has accurately predictable satura-
tion levels, and can simulate a wide range of inductances
without changes in size or appreciable price variations.

The schematic diagram of the basic monophonic
equalizer module is shown in Fig. 1. Note that the first nine
bands use the gyrator circuits, while the tenth uses a minia-
ture inductor. (Hum pickup and saturation are not impor-
tant factors in the highest frequency band.)

Additional active stages in the circuit provide the bal-
anced inputs and outputs that are so often used in profes-
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Fig. 1. Schematic of one modular equalizer

channel. Two such circuits are required
for stereo; four for quadraphonic systems.
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The following are 50-volt, 20% tantalum
capacitors:

Cl1—2.2 uF

C2—1 pF

C3,C25, C26—0.47 uF

The following are 50-volt, 10% Mylar
capacitors:

C4—0.27 pF

C5,C11—0.12 wF

C6,C12—0.068 puF

C7,C13—0.033 uF

C8,C14—0.015 yF

C9,C15-—0.0082 uF

C10,C16—0.0039 pF

C17—0.0022 yuF

C18—0.001 pF

The following are 50-volt, 20% disc
capacitors:

C19—470 pF

C20,C21,C23,C24—56 pF

C22—22-yF, 16-volt upright aluminum
electrolytic capacitor

D1—33-volt, 1-watt zener diode (IN4752A

EQUALIZER MODULE
PARTS LIST
{per channel)

or equivalent)

IC1,1C2,1C3—4136PC quad operational
amplifier 1C

J1 through J4—Phono jack (optional)

L1—25-mH toroidal inductor

The following are Y4- or Y5-watt, 10% resis-
tors

R1 through R10—1000 ohms

RI11,R13,R14,R15,R18,R19—100,000
ohms

R12,R16,R17—91,000 ohms

R20 through R23—34,000 ohms

R24,R25,R27—6200 ohms

R26,R28—12,000 ohms

R29,R30—300 ohms

R31,R32—33 ohms

R43-—470,000 ohms

R33 through R42—50,000-ohm W-taper
slide-type potentiometer with silicone
damping and center detent

Misc.—Suitable enclosure; printed circuit
board; eight-contact barrier block
(Kulka Electric No. 670A-3100-8 or

similar); knobs for slide pots; /16" thick
aluminum stock for rear panel, pot
brace, and power supply bracket; plas-
tic standoffs (4); shielded audio cable:
hookup wire; machine hardware; sol-
der: etc.

Note: The following items are available
from Delta-Graph Electronics Co., Box
741, Pasco, WA 99301: Complete mono
kit of equalizer module parts, including
pc board, tested IC’s, finished case, rear
panel, but less power supply, No.
EQI10M, for $56.00; Stereo version of
No. EQIOM, No. EQIOSP, including
power supply, for $130.00; Power sup-
ply kit for up to four equalizer modules,
No. PS-4, for $20.00; Walnut veneer
cabinet that accommodates two
equalizer modules and power supply,
No. EQI10WC, for $20.00; 25-mH torio-
dal inductor, No. EQLI, for $1.50.
Washington residents, please add 5%
sales tax.

sional recording and PA applications. Resistors R20
through R23 make up a precision-balanced input stage for
true differential, high common-mode rejection in
balanced-line systems. When an unbalanced input is de-
sired, as in home audio systems, the module's inverting (—)
input can be grounded and the signal applied to the nonin-
verting (+) input.

Capacitors C21, C24, C25, and C26 stabilize operation of
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the op amps. Capacitors C20, C22, and C23 provide a
gentle frequency-response rolloff in the range beyond the
top end of the audio spectrum to limit noise and r-f inter-
ference. Resistor R43 ground references the /C18 equaliz-
ing op amp at its + input.

The output ofthe equalizer is fixed at 600 ohms balanced
or 300 ohms single-ended by R29 and R30, which also
provide short-circuit protection. Even though the 4136 op
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amps have built-in overload protection, this is an added
safety factor. (The op amps were also chosen for their high
slew rates and superior noise ratings.) The output stage
will effortlessly supply enough voltage and current to drive
a dozen typical power amplifiers into clipping, even if the
amplifiers are connected in parallel with each other.
Furthermore, itwili drive the amplifiers without an increase
in THD or IM and without any loss in the bass register.

Resistors R26, R27, and R28 and /C1C form an output
that is shifted 180° from the + input. In single-endec appli-
cations, an output can be taken from one point wkile the
other point is left open. Both outputs can be used in appli-
cations requiring “bridge’’ driven amplifiers.

Zener diode D71 protects the op amps from overvoltages
and power supply transients and permits operation from
high-voltage supplies, with the addition of external
current-limiting resistors. Internal current-limiting resis-
tors R31 and R32 are optimized for operation with the
power supply shown in Fig. 2, while providing extra power
supply noise and ripple isolation.

The Fig. 2 power supply is designed to deliver =18 volts
at up to 200 mA. Since the nominal current demand of each
equalizer module is 50 mA, the supply will accommodate
up to four modules for quadraphonic system equalization.

Construction. The equalizer modules and power supply
are best assembled on printed circuit boards, the actual-
size etching and drilling guides and components-
placement diagrams for which are shown in Fig. 3. Use a
low-wattage soldering iron and fine solder.

Start by assembling the equalizer module. First install
the resistors and capacitors, followed by the diode and
toroidal coil (clip off unused leads), then the IC’s, and,
finally, the slide potentiometers. Be sure to orient ali com-
ponents properly.

The pots should be mechanically tied together to pre-
vent them from shifting, as the sliders are operated, with an
83" (22.2-cm) length of 3" x '4¢" (9.53 x 1.6-mm)
aluminum. Drill %" (3.16-mm) holes 3" (19 mm) apart, start-
ing ¥%" (9.5 mm) from one end of the strip.

Strip both ends of a 112" (3.8-cm) length of hookup wire;
solder to one end a No. 6 soider lug; and solder the other
end to the '""ground pot support” pad on the pc board.
Place the aluminum strip over the top sections of the slide
pots and align the holes in the strip with the threaded holes
in the pots. Place a No. 4 washer over a 4-40 x Ya” machine
screw, and drive this screw down in the hole of the second
pot. Secure the strip to the other nine pots with 4-40 x Va”
SCrews.

Cut a piece of /16" aluminum plate to 8" x 432" (20.3 x
12.1 cm) and drill 3/16" (4.8-mm) holes along one of the short
ends, locating and spacing them to exactly line up with the
input/output and power pads on the pc board. Mount the
barrier block so that its solder terminals pass through the
holes and do not touch the metal plate. Then drill the holes
for the spacers that will be used between the board and
rear plate. Use ¥2" (12.4-mm) spacers and self-tapping 6-32
X Ya" machine screws to fasten the spacers in place. Solder
the lugs of the barrier block to the pads on the pc board.

Assemble the power supply board, carefully following
the guide for it shown in Fig. 3. Be sure you properly orient
the electrolytic capacitors, rectifier diodes, and transis-
tors. Fasten down the smail barrier block with No. 6
machine hardware. Note that the transformer, fuse and
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0I-D4 =IN4OCI

{11I7VAC-60H2

Q3
D410l

sioeionat) POWER SUPPLY PARTS LIST

C1,03—470-pF, 25-voit upright electroly-
tic capacitor

C2,C4—106-uF, 25-volt upright electroly-
tic capacitor

D1 through D4—1N4001 rectifier diode

Fl—1-ampere fuse

Q1—D43C1 npn silicon transistor (Gen-
eral Electric)

Q2—2N5369 npn silicon transistor

Q3—D42CI npn silicon transistor (Gen-
eral Electric) :

Q4—2N5373 pnp silicon transistor

R1,E4—750-ohm, Y2-watt resistor

R2,K5—18,000-chm, Y2-watt resistor

R3,E.6—680-ohm, Y2-watt resistor

S1—Spst switch (optional)

S01-—Chassis-mounting ac receptacle

T1—28-volt center-tapped, 200-mA trans-
former

Misc.—Mounting panel; barrier block
(Kulka Electric No. 600Y-3); machine
hardware; hookup wire; solder; etc.

Fig. 2. Power supply accommodates
up to four equalizer modules.

CLAIMED SPECIFICATIONS

Frequency raspcnse: 20 to 20,000 Hz
+0.5dB.

Dynamic range: Output noise greater
than 108dB below maximum output
from 20 to 20,000 Hz.

S/N ratio: Better than 90 dB referenced
to 2-volt rms rated cutput from 20 to
20,000 Hz.

Band centers: 31.25, 62.5, 125, 250, 500,
100C, 2000, 40090, 8000, 16,000 Hz nom-

inal.

Adjustment range: +15 dB maximum
(30-dB total range).

THD: Less than 0.1% at rated output
from 20 to 20,000 Hz.

IM distortior:: Less than 0.01% at rated
output 60/7000' Hz mixed 4:1; typically
less than 0.003%.

Rated output: 2.0 volts rms into 10,000
ohms.

Clipping output: 10.0 volts rms into
10,000 ochms single ended, 20.0 volts
rms into 10,000 ohms balanced.

Input impedance: 68,000 ohms single
endad; externally set with terminating
resistor for balanced inputs between
600 and 100,000 ohms.

Output impedance: 300 ohms single
ended, 600 ohms balanced.

Note: A/l controls at 0 dB.
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Fig. 3. Actual-size etching and drilling
guides (above and right) and component
placement diagrams (below) for
equalizer module and power supply.
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holder, and accessory ac receptacle mount off the board.
Again, you will need a '/16" thick aluminum backplate. Cut
the plate to 612" x 23" (16.5 x 7 cm) and bend the plate
along the short dimension 1%" (3.2 cm) in from the edge at
a right angle. Machine the short upright section of the
bracket for the line cord strain relief, accessory ac recep-
tacle, and fuse holder. Then drill the mounting holes for the
transformer and power supply board. Mount the recepta-
cle, fuse holder, and transformer in their respective loca-
tions. Referring to Fig. 2, wire the primary circuit of 77 as
shown, connecting the ends of the line cord directly across
the receptacle if you are not using a power switch. if you
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plan to use S7, modify the circuit as shown and plan to
mount the switch on the front panel of the case in which
you house the equalizer. Snap a plastic strain relief over
the line cord and secure it in its hole in the bracket.

Set the power supply board near the secondary side of
the transformer and connect and solder the latter’s leads
to the appropriate pads on the board. Then use Ya” spacers
to mount the board to the bracket.

With the equalizer module(s) and power supply subsec-
tion fully wired, you can set them side by side and tem-
porarily interconnect them, following the diagram shown
in Fig. 4 to check out their operation. (Note that the dia-

POPULAR ELECTRONICS
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MODULE I/0
CONNECTOR

CHANNEL B CHANNEL A

[ +18V

Fig. 4. Wiring scheme for home
audio system is shown here with
stereo setup. For mono, eliminate

Do

SEE TEXT FOR
CASE GROUNDING
INSTRUCTIONS

INPUT  QUTPUT INPUT OUTPUT
B B A A

gram illustrates the wiring scheme for a home stereo sys-
tem. If you plan to build only a monophonic version, simply
disregard everything to the left of the Channel A barrier
block. Alternatively, if you are planning to build a quad-
raphonic equalizer, Channels C and D are added exactly in
the same manner as Channel B is shown connected to
Channel A))

During tests (and in actual operation), the equalizer can
be installed between the preamplifier and power amplifier
in your sound system. Use shielded audio cable when
making the signal-line hookups between the equalizerand
your sound system. It can also be connected into the sys-
tem via the tape monitor circuits, which will allow the
equalizer to be switched in and out of the system with the
TAPE MONITOR switch of your receiver or preamplifier.

Final Assembly. Once you are satisfied that your
equalizer is operating properly, disconnect it from your
sound system. Then mount the module(s) and power sup-
ply in a suitable enclosure. (Do not forget to mount the
power switch, if you chose to use one, in a convenient
location on the front panel of the enclosure.)

ERE ARE the highlights of audio electronics, circa
1976-77. A number of advances have been made, as
you shall see.

Receivers. With the growing interest in the marketplace
on “separates’” (high-power basic amplifiers, sophisti-
cated preamp-control units and top-notch tuners), many
manufacturers who depend on receiver sales for the bulk
of their component business have attempted to cover all
bases this year. It is more than two years since the *“100-
watt-per-channe!” barrier was broken by a few daring
manufacturers. Now, a new power output level around 160
watts per channel seems to be the plateau for which more
and more receiver makers are aiming.

New receiver designs are not concerned with increased
power alone, however. Many of them offer increasingly
sophisticated tone-control circuits—the type previously
found only on separate preamplifiers or the more expen-
sive integrated amplifiers. The appearance of a third tone
control, which operates in the mid-frequencies (called a
“presence’’ control in early hi-fi days) has found its way to
the front panels of medium- and high-priced receivers. So
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channel B; for 4-channel add
channels C and D in same manner
as shown for channel B to channel A.
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POWER SUPPLY
CONNECTOR

As the circuit is designed, the equalizer’'s audio and
chassis (case) grounds are separate and brought out to
terminals on the rear panel via the barrier block. If you use
anonconducting enclosure (such as awood cabinet, plas-
tic box, etc.), simply tie each module’s case ground to its
input ground. When you mount the modules in a metal
enclosure and the module cases are physically grounded
to the enclosure, it is wise to leave the case ground termi-
nals floating so that the audic ground path is connected to
the enclosure at only one point in the entire system. This
will prevent ground loops.

In Conclusion. As you use the equalizer in your sound
system, you will discover that there is a certain amount of
interaction among the contrcis. This is a normal condition.
You will also find that, to obtain the best possible equalized
sound from your system, you will have to do considerable
experimenting with the settings of the various slide con-
trols. However, once you get your system properly
equalized, you nead never again touch the controls—
unless you change speaker systems, amplifier, or car-
tridge, or you move your system to a different area. @

The State

of Audio
Electronics
Today =

including class D amplifiers.

BY LEONARD FELDMAN
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have selectable turnover frequencies for bass and treble
controls, which increase a receiver's versatility and permit
the tailoring of the frequency response at the extremes
without adversely affecting mid-band response. In defer-
ence to audio purists who frown on the use of tone controls
entirely, receivers equipped with more versatile tone con-
trol systems also include switches which permit bypassing
those tone controls entirely.

Historically, the more usefu!l ‘‘add-on’’ electrical/
electronic accessories designed for use with hi-fi compo-
nents are eventually incorporated into the components. A
good example is the low-cut or high-cut filter, which
started out as a little “‘black box’’ accessory and is now
standard on nearly every front panel of modern receivers.

This year's newest adoption of an add-on is the graphic
equalizer—that ne plus ultra of tonal compensation de-
vices. It divides the audio spectrum into many (5 to 24)
segments for fine control of overall system frequency re-
sponse. One manufacturer has incorporated a graphic
equalizer with five slide controls into at least three of his
popularly priced receivers, thereby eliminating the tradi-
tional rotary bass and treble control knobs.

Also borrowing from the advanced features found in
“separates,” some manufacturers have augmented the
usual pair of tuning meters found on most receivers with a
second pair whose sole function is to monitor average or
instantaneous power delivered to connected loudspeak-
ers. Power meters on receivers are anything but another
“gimmick,” as they permit visual adjustment of channel
balance and even provide a measure of security against
overdriving of speaker systems whose maximum power
input capability may not be as great as the output capabil-
ity of the receiver to which they are connected.

Nor are all the new receiver features externally visible.
Phase-locked-loop circuitry for more stable operation of
stereo multiplex systems in receivers and tuners has be-
come almost standard in all but the very lowest priced
units. The use of PLL has given rise to separation specifica-
tions of 40 dB-or more. These performance figures remain
true, by the way, even after years of use of the product
since the PLL circuits have no adjustment coils or
capacitors to drift out of alignment with time.

The use of completely independent power supplies for
each of the two stereo amplification channels is another
innovation in stereo receivers that may not be physically
apparent from the outside of the receiver. The proponents
of this technique credit it with reducing interchannel mod-
ulation effects and low-frequency IM and harmonic distor-
tion. The twin power approach may take the form of two
completely separate power transformers or may utilize
separate secondary windings on a single transformer,
each of which is connected to its own rectifier and filter
circuits for providing power to one of the two channels.
Toroidally wound power transformers are also being used
increasingly in high-power receivers because of their more
efficient use of space in the chassis and their superior
regulation qualities.

Tuning meters have multiple functions in some new re-
ceivers. Panel switches alter the purpose of some signal-
strength meters so that they display FM deviation (a handy
metering technique that is particularly helpful in setting up
associated recording equipment when transcribing FM or
stereo FM programs on tape). More and more of these
meters are also being used as multi-path indicators, which
permit optimum orientation of external FM antennas for
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least interference caused by delayed, reflected signals.
One manufacturer has reversed the direction of meter
needle deflection and repositioned meter circuitry so that
it indicates best signal-to-noise ratio (FM quieting) rather
than just greatest signal strength. (The two tuning points
may not coincide.)

Tuners. The growing number of FM stations which crowd
the dial in most major metropolitan areas have created a
dilemma for many r-f circuit designers. Ideally, wide-
bandwidth response in the r-f and i-f sections of a tuner (as
well as in the FM detector circuits) is needed if recovered
audio signals are to be as low in distortion as possible. But
built-in wide-band response means lower adjacent- and
alternate-channel selectivity, defeating the need to sepa-
rate closely spaced stations on the dial.

A recent tabulation of FM stations lists 67 of them serv-
ing a tri-state area. Of this number, no fewer than 18 are
only an FM channel width (200 kHz) apart. As many as 24
low-power stations in the area are actually assigned to the
same frequency, pointing up the need for excellent cap-
ture ratio even though such “paired’ stations may be in
opposite geographical areas.

Avery logical solution to this problem has been incorpo-
rated in some better tuners by a few manufacturers. in-
stead of effecting a compromise between the circuit re-
quirements for good selectivity and low distortion they
have designed products which offer selectable bandwidth.
If you live in any area which is not plagued with stations
that are practically ““on top of each other,” you can choose
the wideband i-f position of the switch and enjoy low dis-
tortion figures when listening to stations that transmit
good signals. Alternatively, when confronted with a por-
tion of the dial that is overflowing with closely spaced (in
frequency) stations, you simply flip a switch to the narrow
position and, while distortion becomes somewhat higher,
at least you are able to tune to the station of your choice
without interference from adjacent- or alternate-channel
signals.

Several tuner manufacturers have adopted the most ac-
curate tuning method of all—phase-locked-loop digital
circuits. Local oscillator frequencies are divided and com-
pared (in the equivalent of a high-frequency PLL circuit)
with a crystal-controlled reference frequency built into the
tuner. Since tuning accuracy is then simply a function of
crystal frequency accuracy, such tuners may be said to be
as accurate in their frequency pin-pointing as the station
transmitters themselves. In some variations, frequency is
read by means of LED or other numeric readouts.

Since this “super afc’ method invariably involves tuning
by means of a dc voltage and varactor diodes (which re-
place the conventional mechanical multi-ganged tuning
capacitor), the tuners lend themselves to pre-selection or
pre-programming of favorite stations. Long-term ‘“‘mem-
ory” of selected stations is often accomplished by includ-
ing a low-voltage, long-life battery to supply power to the
memory even when the tuner is turned off. Tuning meters
are not required with synthesized tuners, of course, but
even some of the more conventional tuners have elimi-
nated all meters from front panels, substituting instead
LED signal-strength indicators and even pairs of LED’s
which must glow equally to indicate correct center-of-
channel tuning. This latter technique has also been
applied to all-in-one receivers in budget-priced categories
in the last few months.

POPULAR ELECTRONICS
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Amplifiers and Preamps. Not to be outdone by man-
ufacturers of all-in-one receivers, makers of separate
amplifiers also have new circuit innovations to offer.

The prematurely announced Class D or switching
amplifier, first exhibited nearly three years ago, is still
awaited by audio fans who have been tantalized by the
promise of a more efficient, cool-running, high-power,
solid-state circuit that requires a minimum of heat-sinking
and operates by “‘'sampling’’ audio waveforms at a high-
frequency (500 kHz) rate. Class B amplifiers, long the
mainstay of solid-state audio electronics, are fairly effi-
cient converters of dc energy when delivering maximum
power. However, they are relatively inefficient at typical
(music) listening levels. When delivering rated power, a
properly designed Class D amplifier can attain efficiency
figures of 80% or higher.

In a Class D amplifier, the audio input signal is used to
vary the pulse width of a 500-kHz pulse train (Fig. 1). The
reduced duty cycle of the amplifier section results in
higher efficiency than with Class B operation. An integrat-
ing network ‘‘reads’ the average width of pulses and re-
constitutes the audio signal waveshape. The high-
frequency ‘‘sawtooth’ edges of the restored waveform are
inaudible.

But Class D amplifiers are not the only ones that promise
increased efficiency, reduced weight, and compact con-
struction. Another manufacturer has developed what he
calls a “'Series E" circuit (also referred to as a Class G
amplifier) which, while not as radical a departure as Class
D, is also capable of greatly improving the efficiency of
audio power amplifiers.

The Series E circuit utilizes two pairs of output transis-
tors for each channel. The first pair, powered by a low dc
supply voltage, handies low-level signal waveforms or the
ascending first portion of high-level waveforms. When an
audio waveform exceeds a predetermined amplitude, the
second pair of output devices, powered by a much higher
voltage supply, ‘‘takes over’ in a smooth transition. Since

DEMODULATOR
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Fig. 1. With the class
D switching power
amplifier shown above,
signal (A) at left
modulates pulse (B)
to give pulses of
varying width (C).
These are then
integrated to create
replica of the
original signal (D).
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this latter pair of devices is normally “turned off"" when not
needed, the result of the *'‘pass-along’’ technique is greater
efficiency over each pair of devices’ operating range. First
examples of the circuit are expected to appear in the form
of a receiver.

Still another amplifier manufacturer has introduced a
“current dumping’’ 100-W/channel power amplifier. It's
actually a Class A amplifier with current dumping circuitry
that's called upon when current demands are high. It uses
error-correction circuits.

In addition to average-pcower-reading meters, some
basic power amplifiers now include a series of LED indi-
cators, each calibrated to fire at 3-dB intervals. The combi-
nation of meters plus LED indicators permits users to visu-
ally monitor the difference between “average’’ power de-
livered by their stereo amplifiers and musical transient
peaks which are often 10 to 20 dB higher in amplitude. The
latter might overload an amplifier for short periods without
being detected by the listener.

Recognizing the wide disparity between average power
levels and peak power inherent in today's wide dynamic
music program sources, at least one manufacturer has
produced a novel power-monitoring circuit that compares
instantaneous output signal distortion with the distortion-
free input signal. When that comparison discloses a sig-
nificant difference in waveform between the two signals,
the amplifier instantly ‘limits” power output so that nomi-
nally low distortion levels are maintained at all times. An
indicator light accompanies the limiting action so the user
can back off on the volume setting to restore full dynamic
range. As for preamplifier control units and control sec-
tions ofintegrated amplifiers, two divergenttrends seem to
be evident. For the first, some manufacturers are offering
more and more control and switching features on these
separates. The popularity of such outboard accessories as
graphic equalizers, noise-reduction devices, and dynamic
range expanders has given rise to the need for more tape
monitor circuits through which these devices can be con-
nected to the audio chain. Thus, while most receivers now
boast at least two monitor circuits, preamplifiers and in-
tegrated amplifiers often include three or more such
circuit-interruption points. Multiple phono inputs are also
popuiar; some of the new preamps make provision for
connection of low-voltage-output moving-coil phono car-
tridges. .

The other trend in preamplifiers seems to be away from
controls, switches and knobs. A variety of control chassis
is now available offering just “'basic” preamplification and
program selection. These most separate of separates con-
centrate on super-low distortion, high-input signal-
handling capability and ruler-flat frequency response,
leaving the control friils to less esoteric products. There
are even expensive pre-preamplifiers made by a few small
firms. These do nothing but provide straight voltage gain
(at super-low noise levels) for moving-coil cartridges. in-
deed, with the increasing number of separate equalizers
available, a basic preamplifier (equipped, perhaps, with
some fixed cut-off filter positions, but little else in the way
of tone controls) begins to make a lot of sense to the audio
perfectionist who can add such separate tone-control de-
vices without introducing system redundancies.

As for phono preamp circuits themselves, there is in-
creased use of high-voitage devices in the front ends of
preamps, many operating from dual-polarity supplies to
provide the wide, dynamic signal-handling capability now
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demanded by knowing purchasers of these control units.
There are some preamplifiers which claim a signal-
handling capability of 500 millivolts and more. This figure
is more than 46 dB greater than the nominal 2.5-mV input
sensitivities which those same preamp circuits require to
deliver full rated output. Add to that the signal-to-noise
ratio of around 60dB (from nominal input to residual noise
and hum level) and we have preamplifier circuits with
100-dB capability—far more than the dynamic range capa-
bility of any phonograph record ever pressed.

Accessories. As the little black boxes of yesterday find
their way into the complete component of today, other
add-on devices take their places. Two distinct areas of
audio research seem to be occupying engineers at this
time. The first has to do with increased dynamic range and
improved S/N. In this area we already have a host of prod-
ucts available, such as dynamic expanders, single-ended
noise reduction devices (that do not require anything to be
done to the program source when first recorded, as op-
posed to two-sided noise-reduction systems such as Dol-
by, dbx and ANRS) and dynamic noise filters. The second
category of add-on device is relatively new and involves an
attempt to simulate the acoustics of live concert halls in
one’s own listening room. Quadraphonic sound’s initial

Guide to

“Home Brew”

Phono
Preamp
Design

Why RIAA signal processing
is used, and how
it affects preamp design.

BY DENNIS A. BOHN

60

premise of accomplishing this may be challenged by
purely electronic time delay systems which can be ad-
justed by the user to vary time delay and decay parameters.
Physical placement of speakers is far less critical than with
4-channel arrays.

Two approaches to this goal are already represented by
products on the marketplace. One employs a wholly
analog system known as "‘bucket brigade’ chips, operat-
ing at a delay rate determined by a digital clock. The sec-
ond approach involves analog-to-digital conversion of the
incoming audio signals, followed by application of the
digitally encoded pulses to shift registers and, finally, re-
conversion to delayed audio signals by a digital-to-analog
converter. Once in digital form, the signals can by delayed
by the amount desired.

We know of serious experiments in which the “‘space’’ of
the living room is divided into as many as 16 sectors.
Computer programs which contain information regarding
a particular concert hall are fed into the system and delay
times for each sector (as well as other identifying qualities
of the signal "'reflected” from that sector) are punched up
on the 16-channel reproducing system. The system is now
used for acoustic studies, but if past history is any indi-
cator, we might find this elegant concert-hall simulator
reduced in size and cost sufficiently to become next year's
“'add on" accessory. @

UDIOPHILES continue to rely on the phonograph disc
Aas their principal program source. Because of this,
they are very careful to check the phono ratings of com-
mercial preamplifiers. In this article, we will take a look at
the almost universally used RIAA equalization system, and
how it affects the design of phono preamps. Also included
are representative phono preamp circuits employing low-
noise IC’s, as well as design information for those who like
to “roll their own.”

Phono preamplifiers differ from other preamplifiers only
in their frequency response, which is specially tailored to
compensate for (equalize) the recording characteristic. If a
fixed-amplitude signal is recorded on a phonograph disc
while its frequency is varied from 20 to 20,000 Hz, the result
will have a playback response curve similar to thatin Fig. 1.
This plot of phono cartridge output (amplitude) versus
frequency indicates a dramatic alteration of the fixed
amplitude input signal. Playback equalization, which is
performed by the phono preamplifier, corrects this altera-
tion and recreates the applied flat-amplitude signal. To
understand why we must go through this procedure, a
consideration of the recording process is necessary.

Recording and RIAA.The grooves in a stereo disc are
cut by a chisel-shaped stylus, which is driven by two vibrat-
ing transducers mounted atright angles to each other (Fig.
2). The cutting stylus vibrates from side to side in step with
the variations in the signal impressed on the cutter coils.
This is called a “'lateral cut,” as opposed to the older
“vertical cut” method. The resulting displacement of the
groove back and forth about its center is known as groove
modulation. The amplitude of this modulation cannot ex-
ceed a certain amount, or ‘‘cutover’ will occur. That is, the
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cutting system will break through the wall of one groove
into the wall of the preceeding groove. The ratio of the
maximum groove amplitude possible before cutover to the
minimum amplitude that will provide an acceptable S/N
ratio (generally 58 dB) determines the dynamic range of a
recording. This has been found to be typically 32 to 40 dB.

The signal-to noise ratio (S/N) is governed mainly by the
quality of the vinyl from which a disc is made. The grainy
characteristic of the disc surface acts as a noise generator.
In the recording process, the cutting stylus is heated to
smooth out the graininess, and thus minimize on-disc
noise. Of course, if high-quality vinyl (with small grains) is
used, the overall noise leve! will decrease. Interestingly,
the level of noise generated by the vinyl tends to be ten
times greater than that generated by the preamp. It is nct
uncommon for wideband (white) noise levels due to sur-
face irregularities to rise to 10 pV.

On the disc, an audio signal’s amplitude is deposited in
the form of groove modulation amplitude, and its fre-
quency appears as the rate of change of groove modula-
tion. This sounds simple enough, but why isn'tthe graph of
Fig. 1 a straight horizontal line centered on 0 dB? After all,
we are applying a signal of fixed amplitude.

The variation results from certain peculiarities of the
recording head. Due to its physical construction, the veloc-
ity frequency response of the head (that is, how fast the
‘cutting stylus moves in em/sec when driven by a given
input signal) exhibits a resonant peak at about 700 Hz. To
counteract this undesirable effect and produce a velocity
output independent of frequency, negative feedback coils
are added. Therefore, the cutting head is known as acon-
stant velocity device.

Figure 1 shows the pre-equalization of signals to be
applied to the cutting head. The equalization curve has this
particular shape for two reasons. First, low frequencies are
attenuated to prevent cutover. Second, boosting the high-
frequency content improves the S/N ratio. Because the
driving coils of the cutting head are primarily inductive
loads, their impedances are frequency dependent. If a
fixed input signal causes a constant voltage to be applied
across the coils, the resulting current, and thus magnetic
field and rate of change of vibration, become frequency
dependent. This is called constant amplitude recording.

Conversely, if a fixed input signal causes a fixed current
to be applied to the driving coils, the resulting voltage and
cutting amplitude becomes frequency dependent. This is
called constant velocity recording. With respect to fre-
quency, for a given input signal amplitude, the cutting
head has only one degree of freedom — either vibrating
rate (constant velocity from currentdrive) or vibrating drs-
tance (constant amplitude from voltage drive).

The terms constant velocity and constant amplitude
tend to create confusion. But the key idea is that they have
meaning only for a fixed amplitude input signal, and are
used to describe the resulting behavior of the cutting head
asafunction of frequency. Changing the input level resuits
in an amplitude change for constant amplitude recording,
and a velocity change for constant velocity recording.
These changes are independent of the input signal fre-
quency. For example, if an input level of 10 mV results in a
0.1-mil {1 mil = 1/1000th of an inch) amplitude change for
constant amplitude recording, and a velocity of 5 cm/sec
for constant velocity recording, then a change of the input
level to 20 mV would resultin an amplitude of 0.2 mit and a
velocity of 10 cm/sec — independent of frequency.
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Each of these recording methods suffers from dynamic
f24 addu range problems. Constant velocity recording (Fig. 3A) dis-
plays two readily observable characteristics. The
! amplitude varies inversely with frequency, and its slope is
§ =i ‘ ] constant over the entire frequency range. This makes con-
\ LOC[TS | stant velocity recording ideal when magnetic pickups are
: N , : used, as they are constant velocity devices. A magnetic
N il : cartridge consists of an active generator, such as amagne-
r \ g - tic element moving in a coil (or vice versa). Its output is
"]

+20—N- af

*

N7
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g —-—+~l proportional to the speed of movement through the
] | | magnetic field, thus varying directly with groove velocity.
) T However, the variable-amplitude aspect of this system
e HOHE i NCT poses serious problems at both frequency extremes. Over
e | [ \m the ten octaves between 20 and 20,000 Hz, the variation in

; groove amplitude is 1024 to 1. If 1000 Hz is taken as a
i reference point to establish the nominal degree of cutter
a2 [ ' amplitude modulation, then the amplitudes are so great at
5) 100 10K 100K low frequencies that cutover will occur. At high frequen-
cies, groove amplitude becomes so small that acceptable
S/N ratios are unattainable. Indeed, displacement of the
cutting stylus might not even take place.

Referring to Fig. 3B, two essentials of constant
amplitude recording can be observed. In this case, groove
amplitude is constant with frequency, which corrects the
major disadvantage of constant velocity recording. But
now groove velocity is directly proportional to frequency,
3ov and varies by a factor of 1024 to 1 over the frequencies of

interest. Because magnetic pickups are constant-velocity

and not constant-amplitude devices, their output levels

will rise at the rate of 6 dB per octave, or double in
—-O0UTPUT amplitude when the frequency is doubled. To equalize
such a system would require 60 dB of headroom in the
preamplifier. That's not very practical!

The solution is to try and get the best of both systems by
using a modified constant amplitude curve, where the

0ok Z240n AL midband region is allowed to operate in the constant-
i et velocity mode. The resulting RIAA playback equalization
ISZmF 750pF

AMPLITUDE (dB)
(=]

ab:
S

1K
FREQUENCY (Hz)

Fig. 4. RIAA playback equalization
compensates for the recording
characteristic that was shown in Fig. 1.

CARTRIDGE

curve is shown in Fig. 4, with the idealized version dotted
and the actual realization drawn in a solid line. Three fre-
) quencies are noted as standard reference points, and are
Fig. 5. Schematic of a one-channel sometimes referred to as ‘‘time constants.” This is a car-
phono preamplifier design that ryover from the practice of specifying corner or break
uses the LM387 integrated circuit. frequencies by the time constants of the equivalent RC
circuits that realized the response. The time constant T is

measured in seconds and is the product of R in ohmsand C

+12v in farads (T = RC). The relationship between T and corner

frequency f (in hertz) is given by the equation 7 = 1/(2nf),

=] and results in time constants of 3180 us for fy, 318 us for f2,

I and 75 us for f3. Frequency f: is referred to as the turnover

| {WF ! g1 ¥ 2 frequency because it marks the point at which the system
LAY " : changes from constant amplitude to constant velocity re-
Hn/z-Lusez L — cording. Similarly, f3 is the turnover frequency where the
AW, i g \ system reverts to constant amplitude recording.
47K ] %

CARTRIDGE
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Ceramic and Crystal Pickups.Before we consider the

+ details of circuits providing the desired playback equaliza-
Iw"r tion for magnetic cartridges, a few words about ceramic
cnucy and. crystal transducers are in order. Unlike constant-

tl}"
i
|

] "( velocity magnetic cartridges, ceramic and crystal pickups
_m{(——w‘w—— are constant-amplitude devices. Therefore they don't re-
quire equalization since their outputs are inherently flat.
However, there will be some variation in output when these

i cartridges are used in an RIAA-equalized system. Referring
Fig. 6. This phono preamp uses the to Fig. 4, we have noted that the region between f, and f3 is
LM382 IC and has a mimimum parts count. the constant velocity portion of the curve. When a
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Fig. 7. This complete preamp INRUT

Jeatures phono, tuner, and SIGHT
tape inputs, mode switching,
low noise levels,
and a volume control.

constant-amplitude transducer operates there, its output
will drop 12 dB between 500 and 2120 Hz. But this is not as
serious a problem as you might think. These piezoelectric
transducers tend to have poor frequency response any-
way, and are used only in low-fi and mid-fi systems. In-
terestingly, a preamp is not necessary here. Output levels
are so high (100 mV to 2 V) that the cartridge can drive a
power amplifier directly through passive volume and tone
controls without preamplification.

Modern Designs.Unlike ceramic and crystal pickups,
magnetic cartridges have very low output levels and there-
fore require preamplification. Typical output levels for
several popular cartridges at a velocity of 5 cm/sec are as
follows:

Manufacturer Model Output (mV)
at 5 cm/sec
Empire Scientific 999 5
888 8
Shure V-15 3.5
Ma1 -5
Pickering V-15 AT4 5

These outputs are directly proportional to velocity, so a
cartridge producing 5mV at 5 cm/sec'will produce 1 mV at
1 cm/sec. It is specified as having a sensitivity of 1 mV/cm/
sec. To transform cartridge sensitivity into useful preamp
design information, we must know typical and maximum
permissable velocities impressed on stereo records. The
RIAA recording characteristic establishes a maximum re-
cording velocity of 25 cm/sec in the 800-to-2500-Hz region.
Typically, high-fidelity discs are recorded at a velocity of 3
to 5 cm/sec.

One low-noise IC circuit that will properly handle RIAA
pre-emphasized program material is shown in Fig. 5.
Corner frequencies fi, f2, and f; are set by combinations
C7R4, C7R10, and C8R10, respectively. With the compo-
nent values shown, it will drive a power amplifier with a 5-V
rms input overload limit when it receives signal voltage
from a cartridge with a 0.5-mV/cm/sec sensitivity. Since the
maximum cartridge output level at 25 cm/sec is 12.5 mV,
the required mid-band gain is 5V/12.5 mV or 400, and is
determined by the values of R6 and R70. Resistor Rz is
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inserted to stabilize the op amp, since the LM387 is not
compensated for unity gain. An LM381 IC can be used in
place of the LM387 by changing the appropriate pin des-
ignations.

We can make a very simple low-noise phono preamp by
using the LM382 IC, which has an internal resistor matrix.
The circuit is shown in Fig. 6, and has been optimized for
use with a 12-to-14-volt dc supply. Its midband 0-dB refer-
ence gain is 46 dB (200} and can not easily be altered. For
designs requiring gain or supply voltage changes, an
LM381 or LM387 is a better choice.

An ultra-tow-noise mini pre-amp based on the LM381Ais
shown in Fig. 7. Increasad current density in the first stage
of the LM381A is used to obtain optimum noise perfor-
mance for magnetic cartridges. Included in this preamp
are provisions for tuner and tape inputs, a mode selector
switch, and ganged volume control. Tone controls are
omitted but can be easily added if desired. The circuit’s
RIAA frequencyresponseis within+ 0.6 dB of the standard.
Its 0-dB reference gain is 41.6 dB (120), so a 1.5-V rms
output signal will be generated when a nominal 12.5-mV
rms inputis applied. When a 33-volt supply is used, better
than +25dB of headroom (dynamicrange) will be available
for a typical 5-mV input signal at 1000 Hz. The input over-
load limitis 91 mV at micband frequencies. Signal-to-noise
ratio is better than =85 dB, referenced to a 10-mV input
level, and unweighted total output noise is less than 100 uV
with the input shorted. Metal-film resistors and close toler-
ance capacitors should be used to minimize noise and
maintain adherence to the RIAA playback characteristic.

In Conclusion.RIAA equalization is a method of impres-
sing as much information on a vinyl disc as is practicable,
given the inherent limitations of the recording process and
the materials used. (The actual processes involved in mak-
ing adisc have not been gone into in detail here. For such a
description see ‘‘Stereo Scene'’ POPULAR ELECTRONICS,
September 1975.) Fortunately, modern IC technology has
made possible the design of phono preamps which can be
inexpensively reproduced by a manufacturer or experi-
menter, and which provide excellent performance in terms
of frequency response, noise levels, and distortion. @
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Recording
For Stereo
With
4-Channel
Tape

Mike setups and mixing
hints for making
better stereo recordings.

BY DAVID L. LINKLETTER

ECORDING a live performance is a very satisfying,

accomplishment for an amateur tape enthusiast. It
isn't as easy as it may seem, however, because setting
down music in a pleasing stereo format requires the use of
good recording techniques. These ‘‘tricks of the trade”
have a decisive influence on the quality of the finished
product. tlere are some of the methods developed for live
recording with a four-channel deck, followed by a mix-
down to stereo to enhance sound quality.

Miking. Positioning the microphones is the first chal-
lenge. It's most important to set up microphones to avoid a
“hole in the middle.” (That happens when you play back in
stereo and find program material left and right, but nothing
in between.) Previously, recording engineers tried to over-
come this by using a three-mike system. But now, with
four-track machines, you can fill that hole without adding
the directional blurring that resuits from using three mi-
crophones on two tracks. In practice, when you have four
channels to work with, the best method is usually a combi-
nation of the three-microphone technique and the studio
practice of miking some sound sources individually.

A typical setup for recording a band is shown in Fig. 1.
Channels one and two are left and right, respectively.
Drums are miked over the drummer's head and at the front
of the bass drum. These two microphones are mixed onto
channels one and two as “‘center” (individual miking of a
sound source). The vocalist is recorded on channel three,
and channel four is miked at a distance of 16 to 30 feet (4.9
to 9.1 m). These distances give a 15- to 30-millisecond
delay, which is perhaps the ideal reverb time for maximum
sonic clarity during reproduction. All microphones except
the vocalist's have cardioid patterns, and all should be
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high-quality transducers which can handle high sound
levels with a minimum of distortion.

Figure 2 shows miking techniques employed for a choir
recital. Mikes one and two are mounted high, covering the
left and right portions of the choir. The piano is miked left
and right, with both mikes at least one foot away from the
strings. Their outputs are mixed onto channels one and
two as center and right. Solo performers are recorded onto
channel three, and channel four is again the distant mike.

A playback configuration with tracks one and two as left
andright, respectively, track three as center, and track four
as rear will result in a very good simulation of the original
performance. Notice how the three-microphone technique
is adhered to, with the added benefit that the vocalist(s) are
separated from the instruments and clearly centered no
matter where your listening position is located. The de-
layed sound from channel four gives a fullness not other-
wise possible, and the slight delay allows details in the
performance that are normally masked a chance to be
heard. In recording studios, electronic or electro-
mechanical delay lines are used to create the same effect.

A total of six microphones is usually the ideal number,
providing left, right, center, and back signals, with two
microphones remaining for individual miking of instru-
ments. Headphones that provide good acoustic isolation
are imperative for the initial mixing of multiple-track re-
cordingsduring the performance. The use of a high-quality
omnidirectional mike for the lead singer is recommended.
This type of microphone picks up sound from surrounding
instruments, filling in the “*hole in the middle.” Secondly, a
good omnidirectional mike is generally more resistant to
wind noise and breath pops than is a cardioid (unidirec-
tional) microphone.

The vocalist’'s recording mike should be fastened about
two inches (5.1 cm) back from the PA mike (masking tape
can be used). This will lessen the variation in signal levels
caused by moving the microphone. At various times, sin-
gers can be as close as zero inches to about 4 inches (10.2
cm). If the recording mike is set back, the variation will be 2
to 6 inches (5.1 to 15.3 cm), which makes compensation -
easier. The inverse square law is at work here, so increas-
ing the close distance will smooth out the sound pressure
levels at the mike.

LEFT AMPLIFIERS RIGHT AMPLIFIERS

v \/

¥

CENTER CHANNEL |82
VOCALIST

CHANNEL 2

CHANNEL 3

v

CHANNEL 4

Fig. 1. Typical setup for recording a band.
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Fig. 2. Miking techniques used for
recording a choir include piano at right.

Before You Hit “RECORD.’”’ Allow yourself an hour to
set up before the performance begins. No matter how
efficient you are, there are always ac power outlets to find,
hum levels to reduce, etc. Be sure to get a level check from
the band during its warmup. Record them at this time, and
when all is quiet, listen to the playback. Is the balance
between instruments correct? Are all the microphones
getting onto the tape? The foregoing won't give you per-
fect settings because the acoustics will be somewhat dif-
ferent when the auditorium is filled with people. Bul you
will get ball-park control adjustments that will require only
minor changes later.

Level checks aren’t always possible before choir recit-
als, but it's much easier to monitor the balance with head-
phones during the performance than is the case with a
rock band. Be sure that the conductor knows you will be
set up, and get approval for the location of your equipment
before the night of the performance. (Classical musicians
are sometimes ‘‘touchy’’ about electronics!)

Examine the recording area before the night or day of
the ‘performance if possible, and sketch a floor plan and
layout of the instruments and vocalists you'll have to cover.
From. this information you can plan your miking setup.
Clean and demagnetize the heads of your deck before you
go to the performance. Bulk erase tape previously re-
corded, or use new tape for the recording session. This is
especially important when using high-output/low-noise
level tape—otherwise previous recordings on the tape
might pop up in the background. Here are a fewmore items
that are handy to have with you:

(1) A microphone snake—a consolidated set of mike
extension cords to put some distance between you and the
performers;

(2) Masking tape—tape all cords together to prevent
interference with movement.

(3) A heavy-duty ac extension cord—Murphy’s Law dic-
tates that the nearest power outlet is at least 50 feet from
where your equipment is positioned!

The Mix. When the tape is completed, odds are that
friends of the performers will want copies for playback on
their stereo decks. That's where the mix comes in—
combining the four-track original and re-recording itinto a
two-channel format.
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With proper care, the result can be clearer and more
pleasing than a two-channel original. You can do some
editing to reduce the dead time between songs, or rear-
range the songs into a different sequence. The best
equipment to use for the mix-down is a microphone mixer
with line inputs. If you don’t have one, you can make a
passive mixer from six 32,000-ohm low-noise resistors, a
utility box, and six line jacks (Fig. 3).

The problems that you'll face in mixing are compounded
by the fact that final playback will be on someone else's
equipment that might have limited frequency response,
dynamic range, etc. It isn't uncommon for background
instruments to simply disappear under the distortion
products of the dominant instruments when a good re-
cording is played on a low-fidelity stereo. Phil Spector and
Don Kirschner have made their fortunes (in part) by pro-
ducing records that sounded good when played over the
finest system or the typical AM radio. Some of the basic
techniques they helped develop are worth knowing, as
follows.

First, volume range sheculd be reduced. The difference
between having four channels at medium-volume levels
which swell to a peak is much greater than having two
channels swell to a peak, and compensation for this differ-
ence must be made.

Second, mixing is best done by using two speaker sys-
tems. Choose one good pair for initial volume adjustments.
The other pair should be a pair of inexpensive auto speak-
ers. The need to keep volume levels fairly constant will
become apparent when the second pair of speakers is
used. Balancing the overall volume with that of the lead
singer is very desirable. Reduce the band’s level and boost
the singer during vocals, then bring the band back up
during bridges and instrumental passages. Not much
change is necessary—even a 3-dB adjustment is often
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Fig. 3. Passive mixer uses six 33,000-ohm
resistors, utility box and six line jacks.

adequate to keep sound within the optimum range. The
fourth channel can be attenuated greatly during much of
the mix and brought up cnly during instrumentals.

Third, use headphones that you know are balanced left
to rightto ensure that center information is really centered.
Rely on your ears more than on the VU meters for this
adjustment.

In Conclusion. Experierce is really the best teacher of
mixing methods. But it won't be long, if you follow these
tips, before you will be able to provide mix-downs superior
to two-channel originals. Of course, you will always be able
to re-live the performance whenever you wish by using
your four-track originals. @
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Tips On How
to Choose 4
Speaker
Systems |

where performance is
concerned.

L

BY JOHATHAN R. SISK

YOUR CHOICE of speakers may affect the perform-
ance of your audio system more than any other com-
ponent. Speaker systems should be chosen with the ut-
most care and forethought. However, this may be easier
said than done. Most people have no real criteria for
evaluating speakers and are usually persuaded to buy a
particular product on the basis of enciosure type, number
of drivers, size of the woofer, type of tweeter, etc. Whiie
these things do affect speaker system performance, they
do not offer a concrete indication of performance. Man-
ufacturing tolerances, design and engineering expertise,
profit margin, and countless other things combine to de-
termine the final performance and relative value of a given
speaker system.

The objective in shopping for speaker systems is to find
the products with the highest level of performance for a
given price. The selection process may prove more confus-
ing than enlightening on several counts. First, if you visit
several dealers, you will quickly learn that there are an
endless variety of claims and counter-claims. Second, un-
familiarity with specific performance criteria may limit your
ability to evaluate what you hear in a dealer's showroom.
Third, many dealers lack the knowledge and/or proper
facilities to make valid comparisons between speaker Sys-
tems. As a result, most people choose their speakers with-
out the benefit of clinical testing or evaluation and usually
settle for less than the best and may even buy an inferior
product.

Buying speaker systems need not be a gamble — if you
know beforehand what to look and listen for in the show-
room. Just bear in mind that the function of any loud-
speaker is to transform the electrical energy from an am-
plifier into sound waves and accurately recreate the re-
corded performance. Judging a speaker system’s repro-
duction accuracy can be a very precise and scientific
process if you thoroughly evaluate the following perfor-
mance criteria one at a time.
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Tonal Balance. Also sometimes known as octave-to-
octave balance, tonal balance describes a speaker sys-
tem's ability to reproduce tones from each of the 10 oc-
taves of sound without emphasizing or diminishing the
volume of any portion relative to another. A speaker sys-
tem’'s tonal balance, more than an} other factor, deter-
mines its characteristic sound.

Tonal balance is important for two reasons. First, it de-
termines whether or not the relationship between the fun-
damental and harmonics (overtones) of a sound will be
maintained during the reproduction. If this relationship is
not maintained, the reproduced sound will differin charac-
ter from the recorded performance. Secondly, tonal bal-
ance determines to a large degree how long one can listen
before experiencing listener fatigue.

To better understand the effects of a speaker system's
tonal balance, one should examine the structure of a typi-
cal musical sound. Almost all sounds are a composite of a
fundamental frequency and a series of harmonics at multi-
ples of the fundamental. For example, the sound of a
clarinet playing middle C is actually composed of a funda-
mental frequency of 262 Hz, second harmonic of 524 Hz,
third harmonic of 768 Hz, fourth harmonic of 1048 Hz, and
so on. These harmonics differ from the fundamental and
from each other in relative amplitude.

The harmonic structure of an instrument's sound is what
determines its distinctive quality or timbre. Obviously, if a
speaker system has a large emphasis or de-emphasis in a
portion of its range (poor tonal balance), this will change
the value of all fundamentals and harmonics that fall within
this range and thereby change the actual harmonic struc-
ture and the sound one hears.

Tonal balance is evaluated by carefully listening to a
variety of recorded material to.determine just how closely
the timbre of the reproduction matches the original sound.
This is accomplished in a'side-by-side comparison, where
each speaker system can be used as a reference point for
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another, eliminating possible confusion.

Since a speaker system with excellent tonal balance will
sound good with a wide variety of music, it is wise to
include samples from all categories, even if your own per-
sonal tastes and interests may not be that broad. This is
necessary to avoid the possibility of being misled because
a particular speaker system'’s deficiencies in tonal balance
happen to be sympathetic with a particular record. Some
recordings this author has found most suitable for judging
tonal balance are listed under Tonal Balance in the box.

The main criterion for judging tonal balance in a com-
parison test is simply to determine which system sounds
most likef the real thing.

For the results of an evaluation to be most meaningful, it
is imperative that all comparisons be made with each
speaker system playing at the same loudness. If one sys-
tem is even slightly louder than another, some of the finer
details of tonal balance will be obscured. Aimost always,
the louder system, regardless of its basic quality, will
sound better at the instant of comparison. This is a serious
problem because most speaker systems play at different
levels of loudness for a given amount of amplifier power.
To avoid this problem, many of the better dealers have
special loudness-compensation switches in their demon-
stration facilities so that the individual level of each
speaker system can be precisely matched for a valid com-
parison. Without such a device, the volume control of the
amplifier must be adjusted with each change of speaker
systems.

Frequency Range. The low and high frequency limits of
a speaker system describe its frequency range. The range
of human hearing is generally from about 16 to 18,000 Hz,
or roughly 10 octaves of sound. A speaker system should
reproduce as much of this range as possible. While most
speaker systems of recent design are able to exceed the
high frequency limitations of human hearing, very few
even approach the 16-Hz lower limit. In fact, the vast major-
ity of good systems do not reproduce sounds below 40 Hz
without deterioration of the sound quality. Therefore,
when considering how wide a range of frequencies a sys-
tem will reproduce, your primary concern should be how
far into the deep bass range, below 50 Hz, the system will
reproduce without severe distortion. Deep bass response
is important for accurate reproduction of the pipe organ,
bass drum, piano, bass violin, contra bassoon, electric
bass guitar, and other instruments whose fundamental
tones may lie in the range below 50 Hz.

Many people are misled by speaker systems whose
mid-bass range (50 to 100 Hz) has been exaggerated to
conceal a deficiency in deep bass. The quantity of bass in
systems like thisis high, the system often sounds “boomy"
and lacks the impact and depth of the original instrument it
is trying to reproduce.

Before attempting to test or compare deep bass re-
sponse, you should find one or more recordings with very
evident low-frequency tones. A few recordings this author
recommends are listed under Frequency Range in the box.

In the deep-bass test, as in all other tests, it is imperative
that all comparisons be made under conditions of equal
loudness and placement. Also, since many speaker sys-
tems do not reproduce very deep bass tones, the ampli-
fier's volume control setting must be previously deter-
mined with music of predominantly middle- and high-
frequency content. Using this critéria, you should readily
SEPTEMBER 1976

hear the differences in deep-bass response between
speaker systems by switching from one to another when
low tones are present and sustained in the music.

High-Frequency Dispersion. One of the unusual prop-
erties of sound reproduction is that, as a tone goes up in
pitch (increases in frequency), the pattern of dispersion
from the speaker tends to become narrower. At very high
frequencies, the sound may be concentrated in a narrow
path directly in front of the reproducing driver. This is
undesirable because it produces inconsistencies in tonal
balance throughout the listening room. Areas directly in
front of the speaker system have an abundance of high
frequencies, while other areas not within the dispersion
pattern have a deficiency in high-frequency response.

With poor dispersion, one must listen from directly in
front of the speaker system to hear properly balanced
sound. This obviously limits speaker system placement.
Conversely, the sound of a speaker system with good dis-
persion characteristics remains the same when you listen
to it from almost any location in the room, and its sound
should be less dependent on its physical position in the
room.

Evaluating dispersion characteristics is accomplished
by comparing the high-frequency balance one hears when
standing directly in froni (on-axis) of the speaker system to
the balance one hears at various angles standing to the
side (off-axis) of the system. The farther off-axis one can
hear a good balance of high frequencies, the better the
dispersion. With good dispersion, you should be able to
hear no significant change in frequency balance when
listening as much as 4&° off-axis.

When performing a comparison, remember that the ob-
jective is to determine differences between on- and off-axis
frequency response, not differences in tonal balance.
Therefore, instead of the usual A-B test method, determine
to what degree high-frequency dispersion is maintained
for each speaker system on an individual basis and com-
pare measurements. The speaker system that maintains its
high-frequency output ihe farthest off-axis has the better
dispersion.

It is recommended that all dispersion testing be done
with the amplifier's controls set to mono and the balance
control set so that only the right or the left channel is
active. This will eliminate possible interference from the
other speaker system, which could invalidate what you
hear.

Dispersion-evaluation recordings should contain an
abundance of high-frequency sounds (see listings under
Dispersion in box). Also, many people evaluate dispersion
by using the high-frequency interstation noise between FM
stations.

Transient Response. A speaker system’s ability to ac-
curately reproduce sucden momentary increases in vol-
ume is termed transient response. The “explosive’ sounds
can be produced by mcst instruments, especially the per-
cussion variety, when they are struck, strummed, or
plucked. The human voice, too, produces transients when
pronouncing the conscnants b, p, and t.

Transients are musically important because they give
impact and expression to a performance. Musicians use
varying intensities of transients to create the moods they
desire to convey to an audience. Cymbal crashes are just
one example of this.
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The following is a list of recordings for
testing various features of speaker sys-
tems. To test a given performance fea-
ture, select a recording from the cate-
gory to which it refers.

TEST RECORDS

Reprise 2155
Quincy Jones: Body Heat, A&M 3617
Frequency Range
Saint-Saens: Symphony No. 3 in C,

of the Earth, A&M 3621
Transients
Peter Frampton: Frampton, A&M 4512
Theima Houston and The Pressure
Cooker: I've Got the Music In Me,

Tonal Balance

Cat Stevens: Numbers, A&M CS5749

Joni Mitchell: Court and Spark, Asy.
I 1001

Holst: The Planets, London CS6734
Bach: Three Cantatas, Advent D1016
Frank Sinatra: O/'Blue Eyes Is Back,

Dispersion

l To evaluate or compare transient response, you should
select recordings that feature well-recorded piano, drum,
bell, acoustic guitar, banjo, cymbal, etc., sounds. Listen for
the impact (attack) and sharpness of the transients. Gen-
erally, a speaker system with good transient response will
make the music sound detailed and “live.” (For recordings
with obvious transient characteristics, see listings under
Transients in box.)

Spatial Characteristics. It is difficult to define spatial
characteristics and imagery because there are no clear-
cut, analytical methods of measuring them. Rather, they
must be evaluated by the subjective impressions of the
listener.

Generally, the terms spatial characteristics and imagery
refer to a speaker system’s ability to recreate the ambient,
or reverberant, qualities of the recorded music and to
achieve the acoustic position and perspective of the vari-
ous instruments and voices. For example, a speaker sys-
tem with exceptional imagery can reproduce a recording
of a small ensemble and provide a definite position for
each performer. Yet, it can also reproduce the sound of a
symphony orchestra and give the vast open feeling of a
concert hali. Good spatial characteristics and imagery add
the elusive quality of “realism’ to a good speaker system
by producing a three-dimensional perception of depth.

To evaluate spatial characteristics and imagery, it is rec-
ommended that you first listen to a recording of a single
vocalist with a small backup ensemble to test for the ability
of the speaker system to assign definite placement to the
voice and individual instruments. An excellent recording
for this purpose is the first entry under Spatial Characteris-
tics in the box. Then listen to an orchestral recording (see
second entry) to test for the recreation of the ambient
atmosphere of the concert hall. It helps significantly if you
close your eyes during the test and try to visualize the
placement of the different sounds from the speaker.

Efficiency. Speaker system efficiency is the ratio of the
amplifier input in electrical watts to the speaker system'’s
outputindB of sound-pressure level. Phrased differently, it
is how many watts are needed to achieve a certain level of
loudness from a given speaker system. Systems of very
high efficiency require iess amplifier power to produce the
same level of loudness obtained from a low-efficiency sys-
tem.

Power Matching. One of the most important aspects of
choosing speaker systems is to match the proper amount
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Columbia MS6469
Pink Floyd: Dark Side of the Moon,
Harvest SMA11163
Richard Strauss:
Zarathustra, London CS6609
Bob James: Volume I, CTI 6043

Rick Wakeman: Journey to the Center

Sheffield Lab 2

Igor Kipnis: The English Harpsichord,
Angel SB3816

Spatial Characteristics

The Carpenters: Horizon, A&M 4530

Bernard Hermann: The Mysterious
Film World of Bernard Hermann,
London SPC21137

Also Sprach

of amplifier power to the speakers, according to the condi-
tions under which they will be used. There are four basic
factors to consider when power matching: the efficiency of
the speaker systems, the cubic volume of the listening
room, the type of furnishings in the room, and the level of
loudness at which you normally listen to your music.

For every combination of speaker systems, listening
room, and listener, there is a minimum level of amplifier
powerthat will deliverthe desired loudness level with good
sound quality. Using less than this minimum power can
cause the amplifier to be overdriven during the louder
portions of the music, which causes distortion. This type of
distortion is called *‘clipping’’ because the amplifier is un-
able to produce the full strength of the musical signal and
literally clips off the top and bottom of the waveform during
amplification.

Many manufacturers recommend a minimum amount of
amplifier power for their speaker systems. This figure is
usually valid for the listener who does not require exces-
sive volume and where the listening room is less than 1500
cubic feet (42.5 cu m) in volume. As the size of the room
increases, the power of the amplifier must be increased by
the same factor; double the volume, double the power to
maintain the same level of loudness.

Soft, absorbent room surfaces, such as drapes, carpets,
stuffed furniture, and open doors or entry ways, increase
the need for power. If you desire extreme loudness, sig-
nificantly more power will be required (a barely audible
increase in loudness requires double the power). It is obvi-
ous, then, that if you like to listen at high volume levelsin a
large “'soft” room, the manufacturer's minimum power
recommendation will be inadequate.

The speaker system’s minimum power requirement
must not be confused with the “‘power-handling” specifi-
cation. Many people have bought the wrong amplifier for
their needs by matching the speaker system’s power-
handling specification to the amplifier's output power
specification. If a manufacturer describes his product as a
“30-watt speaker system,” this means that 30 watts is the
maximum amount of continuous power the system can
safely handle. If the manufacturer does not specify the
minimum power for the speaker system, seek the help of a
knowledgeable and trustworthy dealer.

To properly match power, begin with the manufacturer’s
recommendation and then make allowances for room size
and furnishings and for listening level. If possible, you
should audition the exact combination of hi-fi components
you are considering using in your listening room before
making a final decision. ®
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PART THREE: RC Coupling, Basic Amplifier
Calculations, and RLC Relationships

ITH THIS instaliment, we close

our three-part series on using
the hand-held scientific calculator in
electronics. We will be focusing on RC
coupling, basic amplifier calculations,
and RLC relationships.

RC Coupling. When resistor-
capacitor (RC) coupling is used be-
tween the stages of an amplifier, the
output voltage appears across the re-
sistor, as shown in Fig. 1. The reac-
tance of the capacitor (X,.), a function
of frequency, determines what per-
centage of the input voitage to the RC
network appears across the output.

When the reactance of the capacitor
is low in comparison to the resistance,
most of the output voltage appears
across the resistor. You can prove this
with a few simple calculations. For
example, whatis the input impedance
for the RC network shown in Fig. 1
when X is 1 ohm and R is 100 ohms.
70

Using the equation Z = V' X2 + R2:

1x2+100x2 =V'x

Display: 100.0049998
Calculate the current when V,, is 100
volts, using the Ohm’'s Law equation |
= Vi/Z:

100 -+ 100.0049998 =

Dispiay: 9.999500044 —01
At this current, what is the output volt-
age across the resistor? Again, from
Ohm’'s Law, we have V,, = IR:

.9999500044 x 100 =

Display: 99.99500044
Note that the output voltage is almost
100% of the input voltage.

Use the equation P = I2R to calcu-
late the output power:

.999950004 x2 x 100 =

Display: 99.99000105

//VO—{
X
Fig. 1.
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Now, repeat the same calculations
when X,. = R = 100 ohms. You should
obtain the following results:

Z = 141.4213562 (ohms)

| = 7.071067813 —01 (amperes)

Vo = 70.71067813 (volts)

P = 50.00000002 (watts)

By how much have the voltage and
power declined when X, is 100 ohms
as opposed to when it was 1 ohm? For
the voltage equation, use dB = 20 log
(V2/Vy):

20 x (70.71067813 + 99.99500044

) log = Display: —3.009865686
For the power equation, use dB = 10
log (P2/P1):

10 x ( 50.00000002 + 99.99500044

) log = Display: — 3.01008282
Note that in both cases, the level is
down 3 dB. What this calculation
proves is that at the frequency at
which X;. = R, the voltage across R
drops 70.7%, while the power dissi-
pated by R drops 50%. This point is

POPULAR ELECTRONICS




commonly referred to as the cutoff
frequency, half-power point, or the
3-dB down point.

As an exercise in using the cal-
culator, determine the parameters for
the frequency at which R = 10X,.. The
results you obtain should be as fol-
lows:

Z = 100.4987562 (ohms)

| = 9.950371903 - 01 (ampere)

Vo = 99.50371903 (volts)

How much lower is the output voltage
than the input voltage? By simple sub-
traction, we obtain

100 — 99.50371903 =

Display: 0.496281 (volt)

Our calculations indicate that the
output voltage drops a very small
amount at the frequency at which X =
0.1R. From this, we can develop an
equation for C that will let us calculate
the required value of capacitance: R =
10/(2nfC), which gives us C = 10/
(2nfR). The latter equation is often
used to determine the value of the in-
terstage coupling capacitor that re-
sults in a minimum voltage loss in
transferring a signal from the input to
the output of the RC network. Recall
that a corresponding equation can
also be developed for that frequency
at which the response is permitted to
drop to the 70.7% level (3-dB down
point): R = X, in which case, R =
1/(2nfC) and C = 1/(2nfR).

Several examples demonstrate the
usefulness of the equations:

What is the value of C required in an
RC network to set the —3-dB point at
40 Hz when R is 240,000 ohms?

2 xm x40 x 24 EE 4 = 1/x

Display: 1.65786399 —08
Hence, the value required is roughly
0.016 uF; a 0.02-uF capacitor can be
used. There would be a 7.07-volt out-
put if the input were 10 volts at 40 Hz.
Increasing the frequency to 400 Hz
would result in the reactance becom-
ing 0.1X. to make the output potential
9.95 volts, or a reduction of only 0.05
volt (10 — 9.95 = 0.05).

In the above circuit, what value of C
would be required so that an input of
10 volts at 100 Hz would produce 9.95
volts at the output? In this case, you
must make certain that X, is no greater
than 0.1R. Using the equation C = 10/
(2nfR):

10 + (2 x it x 100 x 24 EE

4 ) = Display: 6.63145596 —08
Needless to say, a capacitor with a
larger value would be required; this
time, 0.068 uF would be appropriate.

in an RC circuit where C is 0.05 uF,
what minimum R value would be re-
SEPTEMBER 1976
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quired to have a —3-dB point at 120
Hz? From the formula R = 1/(2nfC):
2 xmnx 120 x .05 EE +/- 6
= 1/x Display: 26525.82384
Which meansthat R should be roughly
26,500 ohms. Now, what would R's
value have to be at 120 Hz if it was

required that the output voltage be
down by only a very small amount? In
this case, X,- would have to be no more
than 0.1R. Hence, a ten-fold increase
in the value of R, to 265,000 ohms, is
indicated.

In the parallel RC network shown in
Fig. 2, it is a current variation that de-
velops a signal voltage across the
network. Let us assume first that there
is no capacitor. This means that a
2-mA input current will produce a
2-volt potential across R:

.002 x 1000 = Display: 2
Assume now that both R and C are in
the circuit and that X, is 1000 ohms.
What is the impedance of the net-
work? Use the formula Z = RX,./

VvV R2 4+ X2

1000 x 1000 + ( 1000 x2 +

1000 x2 )V x =

Display: 707.1067813
The voltage across the network is cal-
culated from the formula V = [Z:

.002 x 707.1067813 =

Display: 1.414213563
To what level has the voltage declined,
compared to the level obtained with
no capacitor in the circuit? This volt-
age ratio is obtained simply by divid-
ing V by 2:

1.414213563 + 2 =

Display: 7.071067815 —01

What happens to the voltage when
X,- drops to 100 ohms? First, solve for
Z:

1000 x 100 =+ ( 1000 x2 + 100

x2)Vx =

Display: 99.50371903
Note the decided drop in the imped-
ance of the network. With this in mind,
what is the output voltage?

.002 x 99.50371903 =

Display: 1.990074381 —01
In this case, where X, = 0.1R, the out-
put voltage has dropped to approxi-
mately 0.2 volt, or one-tenth of the po-
tential that existed when there was no
capacitor present. This demonstrates
the filtering action of a paratlel RC
network. The approximate decline
here is 90%.
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What value of C is required to main-
tain the above level of filtering down to

100 Hz? [Use the equation C = (1/
2nfX)):

2 xnx 100 x 100 = 1/1

Display: 1.59154943 —05
A 20-11F capacitor would doagood job
here.

Amplifier Calculations. Amplifiers
require anumber of series and paraliel
RC networks for decoupling, in-
terstage coupling, and filtering. The
FET amplifier stage shown in Fig. 3
employs a series RC coupling network
in the gate and a parallel RC bias/
filtering network in the source cir-
cuits.

The input coupling network has
component values designed to com-
plement the input impedance charac-
teristics of the FET and low frequency
response of the stage. The input im-
pedance to the FET is high and, there-
fore, input resistance to the stage is
determined by the value of gate resis-
tor R, Source resistor R, determines
the gate-source bias, while source

Fig. 3.

Yoo
capacitor C, prevents feedback that
could cause alossofgaininthestage.

What value of R, is required if the
operating point corresponds to a
drain-source current of 15 mA and
gate bias of —7.5 volts? From the for-
mula R, = VJ,,:

7.5 + 0.15 = Display: 500
If the frequency response of the input
network must have a cutoff of 100 Hz,
what is the required value for C,? The
—3-dB point is that frequency at which
X is equal to R:

2 xmnx 100 x 22EE 4 = 1/x

Display: 7.234315592 —09
Hence, the required value for C; is ap-
proximately 0.007 uF. Since the actual
value is not critical, a 0.01-pF
capacitor will suffice here.

If the source filter is to operate effi-
ciently at 100 Hz, the reactance of C,
must be 0.1R,. Therefore, the reac-
tance must be 50 ohms (500/10). The
value of C, is obtained from the equa-
tion C, = 1/(2nfR):

2 x 1 x 100 x 50 = 1/x

Display: 3.183098861 —05
A 31.8-uF capacitor is required here.
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RLC Networks. Electronic systems
often contain circuits that use combi-
nations of resistors, capacitors, and
inductors in various resonant and
nonresonant configurations. The
simple series network shown in Fig. 4
is an example.

The voltages across the three ele-
ments in Fig. 4 are not in-phase, be-
cause the capacitive voltage lags the
current by 90°, while the inductive

I —»

Fig. 4.
voitage leads the current by 90°, as

illustrated in the vector diagram.
Phase relationships depend on fre-
quency and the relative magnitudes of
R, L, and C. The equation for source
voltage is Vg = V VR2 + (V. — V)2
For the component values given in
Fig. 4, V; becomes:
10x2+ (15 -10)x2 =

V'x Display: 11.18033988

As in the case of the simple series
RC network, the vector diagrams can
be drawn in terms of reactance and
resistance, as shown in Fig. 5. Capaci-
tive reactance X,. lags resistance R by
90°, while inductive reactance X, leads
R by 90°. The equation for impedance
is Z =V R? + (X, — X.)2 The phase
angle of the network is the angle be-
tween R and Z and in equation form is
8 = arc cos R/Z.

Notice the influence of subtracting
X, from X,_in the vector diagram. This
results in a certain equivalent reac-
tance, or X, Inasmuch as this reac-
tance leads the resistance, it is in ef-
fect an equivalent inductive reac-
tance. If X, were greater than X, the
network would have an equivalent
capacitive reactance.

Calculate the impedance for the
reactive values given in Fig. 5.

50 x2 + (100 — 50) x? =

VX Display: 70.71067811
This means that Z is approximately
70.7 ohms. Now, what is the phase
angle?

a

X, /K 1000 (000

R foon. /r00n /oon

X

R

XCT X 100
Fig. 6.

50 + 70.71067811 = cos™’

Display: 45
Hence, the impedance angle is 45°,
and Z is leading R by this amount.

Determine the source current, using
the equation Iy = V/Z:

10 + 70.71067811 =

Display: 1.414213562 —-01
Once your know |, you can calculate
\

.141421356 x 50

Display: 7.07106781
Now, how much power is dissipated
by the resistor? Using the equation P
= |42R: ’

141421356 x2 x 50 =

Display: 9.999999965 —01
This is the true power dissipated by
the network, since no power is dissi-
pated by the ideal reactance.

Next, determine the impedance and
current for each of the three sets of
componentvalues given in Fig. 6. Note
that the three sets of values illustrate
the three possible conditions that can
exist for the network — X, greater than
X, X greater than X,, and X, equal to
X.. Solving for the impedances:

100 x2 + ( 1000 — 10 ) x2

=V x Display: 995.0376877

100 x2 + ( 100 — 100 ) x2

=V 'x Display: 100

100 x2 + (1000 — 10 ) x2

=V'x Display: 995.0376877
And solving for the currents:

100 + 995.0376877 =

Display: 1.004987058 —01

100 + 100 Display: 1

100 + 995.0376877 =

Display: 1.004987058 —01
It should be noted that Z is high and {
low when the reactive component is
substantial. When X, = X,., impedance
is low and current is high. This is the
condition for a series-resonant setup,
with a minimum Z and maximum | at
resonance.

The resonance condition of equal
reactances can be arranged to obtain
the standard formula for resonance as
follows: 2nfL = 1/(2nfC) and transpos-
ing, f = 1/(2mVLC). With this in mind,
calculate the L and C values required
to resonate the Fig. 6 circuit at 2 MHz
when X, and X, are 100 ohms each.
Since X,, X, and fare known, Land C

/005 /K
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can be calculated from the formulas L
= X,/(2nf) and C = 1/(2nfX,.):

100 + (2 xnx2EEB) =

Display: 7.957747151 —06
and 2 xn x 2EE 6 x 100 = 1/x

Display: 7.957747151 —10
The L and C values required are ap-
proximately 8 uH and 800 pF, respec-
tively.

You can prove the validity of your
calculations by plugging the answers
obtained into the equation for the re-
sonant frequency.

2 x 1 x (7.957747151 EE +/-

6 x 7.957747151 EE +/- 10) VX =

1/x  Display: 2000000 or 2 MHz

The example shown in Fig. 7 will
give a better understanding of the
operating conditions of the series-
resonant circuit and how to use your
scientific calculator to speed
mathematical procedures. First, de-
termine the circuit's resonant fre-
quency:

2xmnx(6EE+/-6x 200

EE +/- 12)V'x = 1/x

Display: 4594407.462

6# ~
/001

— %L

Now you can calculate X and X;:
2 x 1 x 4594407.462 x 200 EE
+/—12 = 1/x
Display: 173.2050807
and 2 x 1 x 4594407.462 x 6 EE
+/— 6 = Display: 173.2050808
The reactances are almost identical at
173 ohms. Since at resonance X.= X,
the two reactances cancel out and ef-
fectively leave only the R value in the
circuit. The currentatresonance isde-
termined by the formula | = V¢/R:
10 + 100 = Display: 0.1 (ampere)
In the parallel RLC network shown
in Fig. 8, the current divides and the
source voltage is the same across
each element and is of the same phase

Fig. 7.

05;,:- =z, 1 = =
R _\__ .
%A /04 A== Iy
o
Fig. 8. I

astheresistor current. Asshownin the
vectors, |- leads I, and Vg by 90°, while
- and |, are 180° out of phase with
each other. The equation for I be-
comes s = VT2 + (I, — |)2. Determine
ls for the Fig. 8 network:
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4x2+ (10 -6)x2=Vx

Display: 5.656854249

Because current is the quotient of
voltage and the individual resistance,
reactance, and impedance, the vector
diagram can be redrawn as shown in
Fig. 9A. Furthermore, the voltage is
the same across each leg of the paral-
lel arrangement, and the vector dia-

|/ %e 1%
L~ wR [y e
:
F-- : 2z
178,98 Yzx,
(A Fig. 9.2

gram can be simplified as in Fig. 9B.
Hence, the impedance formula is Z
1N/ (1/R)2 + (1/X — 1/X;)2. Now you
can calculate Z for the Fig. 10 circuit:
100 1/x x2 + (10 1/x — 20
1/x ) x2 = V'x 1/x
Display: 19.61161351
Calculate I, when V, is 100 volts:
100 + 19.61161351 =
Display: 5.099019514
Now, calculate Z if X, were to be in-
creased to 20 ohms. Sincein thigevent
X, would be equal to X,, the reac-
tances cancel, leaving only R in the

/oa .
[
L 164 0N

Fig. 10.

circuit. You can double check this on
your calculator:

100 1/x x2 + (20 1/x — 20

1/x ) x2 = V' x 1/x

Display: 100
The calculation proves that only the
resistive element is effectively in the
circuit when X, and X, are equal.

Summing Up. In this series of arti-
cles, we have shown how the hand-
held scientific calculator lets you pur-
sue electronics without the drudgery
of inconvenient mathematical proce-
dures. The calculator permits the solu-
tion of even lengthy problems in only a
fraction of the time required by hand
and with a great deal more accuracy.

As you become more familiar with
the operation and capabilities of your
calculator, you will in all likelihood
want to dig much deeper into elec-
tronics theory. ©®
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(Ask any long-haul trucker . . . he’'ll tell you about it.)
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antenna. Adopts to positive or receiver is especially effective
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READOUTS

N THE ongoing revolution of

digital electronics, the old-
fashioned meter movement has al-
most been replaced by rows of plastic
encapsulated LED digital display
modules. Despite the accuracy and
convenience of digital displays, how-
ever, the analog meter movement of-
fers several important advantages
over the more modern digital display.

Have you ever tried to observe
trends on a digital voltmeter or fre-
quency meter? Good luck, because

the trend of a slowly changing voltage
or frequency is tough to follow on a
digital readout. For example, a meter
needie will instantly indicate a fluc-
tuating voltage by simply bouncing
back and forth while a digital readout
presents a series of seemingly unre-
lated readings.

The LED bargraph described here
bridges the gap between the conven-
tional meter and the digital display.
Bargraph readouts consist of a linear
row of LED's which light up in re-
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Fig. 1. Resistor
voltage-sensitive bargraph.
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Fig. 2. Bargraph
readout with op amp input.

sponse to voltage, resistance, or fre-
quency. Like meters, they present an
analog readout and can therefore
show trends. And like digital displays,
they are solid state and have no mov-
ing parts. This means they are "'inertia-
less” and have responses thousands
ormore times faster than conventional
meters. Italso means an LED bargraph
readout has no undershoot or over-
shoot and, best of all, cannot be
“'slammed.”

If LED bargraph readouts sound in-
teresting, read on, as we show you
how to build several different voltage,

ooriconDodinblictary Cam

ARGRAD

Measure voltage,
resistance, and frequency

BY FORREST M. MIMS

resistance, and frequency sensitive
readouts,

Resistor Voltage-Sensitive Bar-
graph. You can make a simple but
reliable LED bargraph readout from a
string of resistors connected across a
string of LED's as shown in Fig. 1. The
resistors form a voltage divider. A
single LED requires a certain forward
voltage to produce light, and each
LED in the circuit glows when the vol-
tage across its resistor reaches this
value. Since the voltage across the
larger resistors increases faster than
the voltage across the smaller resis-
tors, when a gradually increased vol-
tage is connected to the circuit, the
LED’s begin glowing sequentially until
all are turned on.

With the values shown in Fig. 1,
LED1 will begin glowing with about

b—> TO BARGRAPH DISPLAY (+)

8.1 volts applied to the circuit. The re-
maining LED's will begin glowing at
increments of about 1 volt untii all 10
are illuminated. Different voitage indi-
cations can be obtained by changing
the resistor values or by using green or
yellow LED's.

The circuit draws about 20 milliam-
peres when all 10 LED's are on, and

RI R2 R3 RN
2] b2 03 ON

LED! LED2 LED3 LEDN
ST AT AT 4

Fig. 3. Zener diode
voltage-sensitive bargraph.
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Equipment at Lower Prices.
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COMPU-TRAINER

TROUBLESHOOTER
vo

ELECTRO-LAB

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

Also pictured above are other units — 5” solid state
oscilloscope, vector monitor scope, solid-state ster-
eo AM-FM receiver with twin speakers, digital multi-
meter, and more. It’s the kind of better equipment
that gets you better equipped for the electronics
industry.
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GR2000

Digital
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Color TV
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{Simulated TV Reception)

SOLID-STATE
OSCILLOSCOPE

Al

This electronic gear is not only designed for train-
ing; it’s field-type — like you’ll meet on the job, or
when you’re making service calls. And with NTS
easy-to-read, profusely illustrated lessons you learn
the theory behind these tools of the trade.

Choose from 12 NTS courses covering a wide range
of fields in electronics, each complete with equip-
ment, lessons, and manuals to make your training
more practical and interesting.

Compare our training; compare our lower tuition.
We employ no salesmen, pay no commissions. You
receive all home-study information by mail only.
All Kits, lessons, and experiments are described in
full color. Most liberal refund policy and cancella-
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you can effectively isolate the readout
from a circuit under test with an op
amp. Figure 2 shows a circuit with an
op amp input. The op amp will in-
crease the input impedance of the
readout to a few hundred thousand
ohms or more. Also, since the gain of
the op amp is easily adjusted, you can
measure smail fractions of a volt with
this modified circuit.

Zener Diode Voltage-Sensitive
Bargraph. The unique voltage-
sensing property of zener diodes
makes them ideal for LED bargraph

ment than either of the previous two,
but it works quite well.

The circuitin Fig. 4is connectedto a
Darlington input stage to isolate the
circuit under test from the display.
Potentiometer R2 can be used to ad-
just the sensitivity of the bargraph
from 0.1 to 0.5 volts (0.1-volt incre-
ments) to 1.0 to 10.0 volts (2.0-volt in-
crements). Current through the LED’s
is limited by R4, R6, R8, R10, and R12.

Even higher sensitivity and better
linearity can be obtained by substitut-
ing an op amp for the Darlington input
stage. See Fig. 2 for details.

o+18

*a1
MPS—AI2

7 4

3R2

1M
I S(OPTIONAL)

—r

R3,R5, R7, R9, R = 10K

R4,R6, R8, RIO, RI2=220 N

Q2-Q6 = 2N2222 OR 2N3904

kOR TWO 2N2222 OR 2N3904 CONNECTED IN
DARLINGTON CONFIGURATION

7 74

Fig. 4. Transistors can be used to switch on
a series string of LED's in succession as in this civeuit.

indicators. Figure 3 shows a typical
circuit.

In operation, an increasing voltage
applied to the circuit has no effect
until the breakdown voltage of D7 is
reached. When D71 breaks down, LED1
receives forward current and glows,
with R7 limiting the current to a safe
level.

Zener diodes D2, D3 ... DN break
down in succession as the voltage is
increased. As with the voltage-divider
readout, the zener diodes can be ar-
ranged for nonlinear response and
other ‘‘custom’ readout roles. Any
number of LED-zener diode pairs can
be used. You can also connect a zener
diode bargraph readout to an op amp
to provide a high input impedance and
increased sensitivity.

Transistorized Voltage-Sen-
sitive Bargraph. Transistors
can be used to switch on a series
string of LED’s in succession as
shown in Fig. 4. The circuit requires
more components per resolution ele-
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Comparator Voltage & Resist-
ance-Sensitive Bargraph. You
can make an exceptionally ver-
satile bargraph readout from a batch
of op amp comparators. The input of
each comparator is connected to one
stage of a voltage divider and the out-
put to an LED. When an increasing
voltage is applied to the voltage di-
vider, the comparators turn on in
sequence and cause their LED's to
glow. The same effect occurs when an
external resistance is connected a-
cross the divider.

Fig. 5 shows one possible config-
uration of this concept. Three LM339
quad comparators are used to provide
the ten comparators for the circuit.
The voltage divider consists of R1-
A171, while R12 limits current through
the LED's to about 10 milliamperes.

Potentiometer R7 is the source of
this circuit's exceptional sensitivity.
When it is set for a resistance of sev-
eral megohms or more, for example,
the LED’s will turn on in increments of
a millivolt or so. By substituting a ro-

mericanRadioHistary Cam
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Fig. 5. Bargraph using
comparator voltage and
resistance-sensitive circuit.
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TRIGGER
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Fig. 6. Block diagram for
bargraph frequency mete)-.
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tary switch and several fixed precision
resistors for R1, you can make a cali-
brated voltmeter which doubles as a
resistance meter. In the resistance
sensing mode, the circuit can be ad-
justed to indicate up to 10 megohms
per LED.

This circuit can also be used as a
timer or sensitive light meter. To oper-
ate it as a timer, connect a large-
valued good-quality capacitor across
the input leads. (Use at least
1 microfarad for best results.) As the
capacitor charges, the LED's will glow
in succession to indicate the charge
on the capacitor. Intervals of afraction
of a second to more than a minute per
LED can be obtained.

To use the circuit as a light meter,
connect either a photovoltaic cell
such as a silicon solar cell or a photo-
resistive cell to the input leads. The
photovoltaic cell generates a voltage
in response to light and the LED's
glow in succession as the light level at
the cell is increased. Photoresistors
change their resistance in response to
light, and the LED's react accordingly.

Frequency-Sensitive LED Bar-
graph. Believeitornot, you can make
a frequency meter from a 555 timer,
several TTL IC's, ten LED’s, and a few
miscellaneous parts. Figure 6 is a
block diagram of the circuit; Fig. 7 is
the schematic. Here's how it works:
The time base (555 timer) feeds
clock pulses at an adjustable rateto a
scanning circuit (7490 counter and
7441 decoder). An LED is connected
to each of the decoder outputs.
Normally, all the LED’s are off. How-
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ever, a pulse applied to the input
amplifier (a Darlington or FET stage)
which is coincident with a clock pulse
causesone ormore LED’s to be turned
on. The number and arrangement of
the LED's indicates the frequency of
the incoming pulses and their width.

To view the individual pulses of the
incoming signal on the display, the
time base must be properly synchro-
nized. This is accomplished by adjust-
ing the time base’s RC time constant.
Calibration is accomplished in the
same way.

Manual adjustment of the time
base’s time constant is adequate for
pulses occurring at a rate of less than
a few kilohertz, and faster frequencies
require automatic synchronization.
This is accomplished by a single
NAND gate (7400 quad NAND gate)
which is connected as an automatic
trigger. The trigger operates much like
the triggered sweep in an oscillo-
scope.

With the component values shown,
the circuit will display frequencies
ranging from about 20 microseconds
per LED to 1second per LED. You may
have to increase C1 to 0.01 or 0.1 mi-
crofarad to obtain the full operating
range.

Operation of the frequency meter
can be a little tricky at first. You will
need to calibrate the unit by using a
known frequency source. For best re-
sults, a square or rectangular pulse
shape should be employed.

Begin calibration by applying a
known frequency and rotating R3 until
the display resembles:

1010101010

where 1" represents a glowing LED
and ‘0" represents an LED which is
off. If the input frequency is 1 kHz,
each LED corresponds to 500 micro-
seconds. Mark R3’s shaft position ac-
cordingly, and continue calibrating
for a range of input frequencies.

During calibration, you will notice
that the LED’s do not always glow in a
uniform pattern. For example, the fol-
lowing pattern may appear:

1010101011

This and similar effects are caused
by slight changes in either the time
base frequency, the input frequency,
or noise.

After you have calibrated the circuit,
you can use it to measure the fre-
quency of a pulse train and the width
of square pulses. For example, to
measure the width of a square pulse,
simply rotate R3 until several LED's
near the center of the display are glow-
ing. The pattern might resemble this:

1001110011

The 1 1 1 pattern near the center of
the display is asingle pulse (ignore the
other LED’s) and its width is found by
adding the time increment rep-
resented by each LED. If R3 is set for
100 microseconds per LED, then the
pulse is 300 microseconds wide.

Since the resolution of the 10 ele-
ment readout is so limited, your mea-
surements will not be very accurate.
Nevertheless, you can get a good idea
of both frequency and pulse width
with the circuit. For best results, oper-
ate the frequency meter in subdued
light since the LED's will not be very
bright. This is especially true when
measuring fast frequencies. ©®
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Product
Test Reports

——

ABOUT THIS MONTH’S HI-FI REPORTS

Truly giant advances in performance and operating characteristics of
audio equipment are rare. More common than “breakthroughs” are im-
provements on preceding models in a company’s line, especially when the
earlier models are at the state-of-the-art level. This is the case with the two
hi-fi units examined this month.

Crown’s magnificent Model 150 stereo preamp has been improved in
performance as well as operating flexibility, including the ability to switch
on power amplifiers drawing a total of 25 amperes! It’s called the IC-1504,
and, as the name suggests, it uses integrated circuits in all its active stages,
ncluding the power-supply regulator.

Similarly, Dual replaced its excellent automatic turntable, the 1229Q,
with the new 1249, retaining the features and even the external appearance
of its tllustrious predecessor. Under the skin, however, the 1249 is a com-
pletely different unit, employing a lower-speed motor that drives the platter
through a flexible belt.

Both models emphasize how, each year it seems, there are small incre-
ments of improvement that have a way of adding up to a giant step when
viewed over a period of a few years.

—Julian D. Hirsch

CROWN MODEL IC-150A PREAMPLIFIER

Has improved operating flexibility and performance.

lent to 89 bipolar transistors, 25 FET's,
3 zeners and 12diodes. The resultis a
low-distortion,” wide-dynamic-range,
versatile control center. Proper
equalization, and low-level and high-
level gain are provided for use with a
host of sources.

Housed in an attractive walnut

High-power au-
dio amplifiers
are making a lot
of news recently,
as the poputarity
of hi-fi ““separates’ increases. It takes
two to tango, however, so we examine
here a professional type of audio-

phile-priced preamplifier that could
be a good match for a top-quality
power amplifier. It's the new Crown
Model [C-150A stereo preamplifier/
control center.

Making full use of new integrated
circuit design possibilities, the IC-
150A utilizes five IC’s that are equiva-
82

cabinet, the preamp measures 5%"H x
17"W x 8%"D (13.3 x 43.2 x 20.6 cm).
It is $399.

General Description. The front
panel of the preamp is divided hori-
zontally into two sections. Across the
upper section are grouped six rotary

controls: input SELECTOR, VOLUME,
BALANCE, PANORAMA, BAss, and
TREBLE. The lower section of the panel
contains five pushbutton switches
labelled TAPE 1 and TAPE 2 MONITOR,
Low and HIGH FILTERS, and AC ON. Also
on the lower part of the panel are three
standard phone jacks, two of which
provide inputs for the Aux 3 input. The
third jack, labeiled MONITOR, is for
driving.a third tape deck with signals
from the preamp’s output, where it
can be modified by the tone controls.

The selectable inputs include
PHONO 1, PHONO 2, AUX 1, AUX 2, AUX 3,
TUNER, TAPE 1, and TAPE 2. The VOLUME
control is a 31-position step switch
that permits varying the volume in
2-dB steps over a 60-dB range, start-
ing from full off at its lowest setting.
Precision resistors in the volume-
control circuit maintain channel bal-
ance within 0.2 dB.

The PANORAMA control provides a
means of continuously varying chan-
nel separation and orientation, from
normal stereo through mono to re-
verse stereo as the control is rotated
clockwise. The tone controls for the
two channeis are concentric to permit
independent adjustment. Pushbut-
tons near the controis can be used to
bypass the tone circuits and connect
the Joudness-compensation circuit
into the vOLUME control circuit.

Recessed into the rear of the
preamp are the various inputs and
outputs, inciuding two parallei sets of
outputs and a slide switch for reduc-
ing the output signal level by about 10
dB, for use with high-gain power am-
plifiers. Two screwdriver-adjust-
able controls near the PHONO jacks
permit the user to vary the phono gain
over a 20-dB range. There are also six
ac outlets on the rear panel, five of
which are switched by the pream-
plifier, abie to supply up to 1200 watts
of power to external components.

The preamp is rated to deliver at
least 11 volts output to a high-
impedance load, with less than
0.002% IM distortion, or less than
0.0005% THD, both at 1000 Hz. The
rated outputinto 600 ohmsis 2.5 volts.

Laboratory Measurements. To
the extent that our test equipment was
able to measure performance, the
preamplifier met all of its published
specifications with room to spare. Of
course, no unmodified laboratory in-
struments are capable of measuring
THD down to 0.0005%, but we satisfied
ourselves that the preamp is as nearly
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distortionless as any piece of high-
fidelity equipment we have ever used
or tested.

The output clipped at 11.7 volts into
100,000-ohm loads and 4.8 volts into
600-ohm loads. The low-impedance
load was used for our distortion and
noise measurements, based on the
maximum rated output of 2.5 volts. At
20 Hz, the THD was 0.018%, which is
approximately the residual distortion
of our signal generator. It decreased
to less than 0.01% between 100 and
10,000 Hz and rose to 0.05% at 20,000
Hz. At most frequencies, the THD was
below the minimum measurement
limit of 0.003%. -

The IM distortion was measured
with a Crown IM analyzer, which can

barely indicate its own 0.002% re-’

sidual distortion. We obtained a
0.002% iM distortion at most output
levels from 2.5 volts down to about
0.25 volt. At the rated output, the fig-
ure was 0.005%.

The preamp delivered a reference
output of 1 volt at 1000 Hz with an
input of 0.18 volt through its high-level
inputs. The unweighted S/N ratio, rela-
tive to 1 volt, was 80 dB down. The
phono gain is factory set at 60 dB for a
1-mV input to produce a 1-volit output.
We measured a 76.5-dB S/N ratio
through the phono inputs. The phono
overload level occurred at 140 mV.
The screwdriver-adjustable phono
sensitivity controls permitted the gain
to be varied from 0.27 to 3.1 mV, with
corresponding overload levels occur-
ring at 40 to 400 mV. The noise level
was not significantly different at most
usable settings.

The frequency response was basi-
cally flat within=0.25dB (which is also

the rating of the General Radio
frequency-response plotter we used
during the test). The bass tone control
varied the turnover frequency from
about 50 to 300 Hz, making it possible
to modify the low-frequency response
over a considerable range without
seriously affecting the midrange re-
sponse. The treble control charac-
teristic was hinged at a frequency in
the range between 1000 and 1500 Hz.
The low-frequency filter had a 6-
dB/octave slope. Its response was
down 3 dB at 90 Hz with the volume at
maximum. (The filter's cutoff fre-
quency decreases at lower volume
settings.) The high-frequency filter cut
off with a 12-dB/octave slope, and its
response was down 3 dB at 6000 Hz.
The loudness compensation was very
mild (and, therefore, quite useful),
producing a boost in response below
100 Hz, with no effect on the high fre-
quencies.

The RIAA equalization was not af-
fected by any significant amount by
cartridge inductance. It was within
+0.5 dB from 70 to 20,000 Hz, rising
slightly to +1.5 dB at 25 to 30 Hz. The
square-wave risetime through the
high-level inputs was 2 us, and the
slew rate was 6 volts/us with a 600-
ohm load.

User Comment. It would certainly
be difficult to improve the noise, dis-
tortion, and frequency-response
characteristics of this preamplifier.
Furthermore, the preamp operates
smoothly and silently, with no switch-
ing transients or other undesired side
effects. (A plug-inreed relay shorts out
the outputs for a few seconds when
the preamp is first turned on and when
CIRCLE NO. BO ON FREE INFORMATION CARO

it is turned off to prevent switching
transients from reaching the system’s
speakers.)

The preamp is very flexible, seem-
ingly able to handle any and all pro-
gram sources and accessories that
one would reasonably connect to it. it
represents a clear improvement over
the company’s IC-150, which is also a
fine unit. For example, the IC-150A
surpasses its predecessorin that it has
lower noise, lower distortion, tighter
tracking between channels, an inter-
nal reed relay, an added input,
switched ouput attenuation, and an
additional switched ac outlet (to name
a few).

The preamp isn't flawless, however.
One has to be careful if a signal-
processing accessory (equalizer,
noise reducer, dynamic expander) is
connected to one of the tape-
monitoring circuits. If the preamp'’s
monitor switch is in the tape source
position, setting the SELECTOR
switch to the corresponding TAPE
input will cause a violent oscillation
(“motorboating™). Of course, with
separate preamp and power amp, one
can install any accessory between the
components, bypassing this problem.

Additionally, the handsomely de-
signed front panel would benefit from
a visible and contrasting index. mark
on control knobs. In dim light, it's dif-
ficult to determine many of the control
settings, a problem that is by no
means unique to the IC-150A, but
nevertheless a minor annoyance.

In all other respects, one could
hardly ask for a finer preamplifier. The
Crown Model IC-150A is also reason-
ably priced for a component preamp/
control center in today's market.

DUAL MODEL 1249 AUTOMATIC RECORD PLAYER
Uses belt drive and combines best features of automatic and manual operation.
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Replacing the
1229Q at the top
of Dual's auto-
matic record
player line is the
Model 1249. It resembles its predeces-
sor in many respects, but there are
some important differences, both ex-
ternally and beneath the motorboard.
The 1249 is a two-speed (333 and 45
rpm) belt-driven turntable, able to play
records singly in a fully automatic or
manual mode or to play a stack of six
records in sequence when the short
single-play spindle is replaced by the
automatic center spindle.

For speed adjustment, there are
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stroboscopic marks around the edge
of the full-size (12”) platter, illuminated
from below through a window in the
motorboard. A small knob, concentric
with the speed-change lever is used to
make the speed adjustments. The
other operating control is a conven-
tional Dual start-stop lever.

The cueing lever raises and lowers
the tonearm with a smooth, damped
motion in both directions, and a small
knob near the arm base adjusts the
height of the lift. A two-position knob
in front of the cueing lever makes it
possible to repeat a single record in-
definitely, or to play it once and then
shut off automatically.

The Dual 1249, measuring 1434"W x
12%"D (38 x 31 cm), is $279.95, tess
base and cover.

General Description. The tubular
aluminum tonearm- appears to be
identical to that of the 1229Q and
other Dual units. Its low-friction pivots
are mounted on gimbals, for equal
freedom of motion in both planes. The
anti-skating dial, on the base next to
the arm, is a drum with three separate
scales, for conical, elliptical, and CD-4
styli.

A lever is used to raise the entire
tonearm for multiple play so that the
verticat stylus angle at the center of a
3-record stack will be approximately
the same as when piaying a single
record with the arm lowered. In the

s

1249's belt-drive system, the 12-inch
aluminum alloy platter rests on a
smaller platter which isdriven through
a belt by an 8-pole synchronous motor
turning at 900 rpm. The drive shaft
provides vernier speed control.

The internal arm wiring of the Dual
1249 is low-capacitance, though the
external signal cable is not. For CD-4
installations, it is only necessary to
unplug the signal cable and replace it
with a special CD-4 cable.

Laboratory Measurements. With an
Ortofon VMS-20E cartridge installed,
the tonearm of the Dual 1249 res-
onated at about 7 Hz. The measured
vertical tracking force was identical to
the settings of the dial on the tonearm,
over the range of 1 to 3 grams. The
tracking error was under 0.5 degrees
per inch of radius over almost the en-
tire record surface. With a 1-gram ver-
tical tracking force, it was necessary
to setthe anti-skating dial to 1.5 grams
for best correction.

Wow and flutter were virtually un-
measurable at 0.02 and 0.03%, which
probably represents the residual of
the test record. Rumble was —32 dB
(unweighted), improving to —57.5 dB
with RRLL audibility weighting. The
speed vernier control range was about
+4% at 33%5 rpm, but less than half as
much at 45 rpm. Speed was absolutely
constant when the line voltage was
varied from 80 to 135 volts.
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The automatic change cycle re-
quired 14.5 seconds, typical of record
changers; and, in the single-play au-
tomatic mode, 17 seconds elapsed be-
tween the time the START lever was
operated and the time the pickup
reached the record.

The Dual arm-lift system is one of
the best we have used, with no out-
ward drift during the descent caused
by anti-skating correction. The turn-
table mounting springs afforded good
isolation from external vibration,
comparable to what we have mea-
sured on other good automatic turn-
tables.

User Comment. The overall level of
performance of Dual’s top automatic
players has been so high in recent
years that, quite frankly, we had diffi-
culty pin-pointing any specific
superiorities of the 1249 over its pre-
decessors. For all practical purposes,
its wow, flutter, and rumble are
nonexistent, since aimost any record
is inherently likely to have more of
these unwanted characteristics than
will be contributed by the 1249.

The operating features of the 1249
combine the best parts of automatic
and manual players. (It can be oper-
ated manually by picking up the
tonearm, which starts the motor, and
cueing it to the desired portion of a
record, using the cueing lever to lower
it if desired.)

“

HANDIC MODEL 2305 AM CB TRANSCEIVER

Attractive styling, excellent audio quality and good modulation .

HE Handic Model 2305 AM CB

base-station transceiver features
a striking low-silhouette packaging
design. This gives it a long, tean look
and allows all controls, meter, and
channel indicator to be arranged in a
functional horizontal line. Another
feature that makes this transceiver
“different”” from most others on the
market is that it has a built-in priority
receiver that operates separately from
84

(and does not interfere with) the oper-
ation of the main transceiving func-
tions. This suB receiver can be set up
to constantly or ‘“‘on command”
monitor any CB channel for which the
correct crystal is installed.

The 23-channel transceiver can be
operated from any 117- or 220-volt ac
power source and uses electronic
regulation in its power supply. Provi-
sions are also made for charging up to

10 NiCd cells for use in walkie-talkies.
In addition, a socket is provided for
installation of a selective-call acces-
sory, and there is a PHONE jack on the
front panel for private listening. The
remaining features are more or less
standard for a CB base station: audio
gain and squelch controls, S/RF/SWR
meter, switchable anl, PA operation,
external-speaker jacks, detachable
dynamic microphone, front-facing
speaker, amc, and operation at full
legal power.

The transceiver measures 17"W x
8%"D x 8%"H (43 x 20.7 x 8 cm). It
retails for $279.00.

The Receiver. A double-conversion
design is used in the main receiver
section, using the common crystal
frequency synthesizing scheme to ob-
tain a 10,595-t0-10,635-kHz first i-fand
a 455-kHz second i-f. The rest of the
circuitry is quite conventional in de-
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Brothers Ben and Vic Hyek,
Texas antenna installers agree:

Chrhomstar;

gets the "Ayes” of Texas

Deep in the heart of Texas, the Hyek brothers, Ben and Vic,
operate their separate TV service firms.*

Ben Hyek Ben Hyek, of Ben's TV, Edna, Texas, says "l have yet to
Edna, Texas find a competitor's antenna as good as Winegard Chromstar’

Only 30 miles from the Guif, Ben sells the anodizing feature
to his customers. “The combination of heavy duty construction
and anodizing makes Chromstar the best long-life antenna on
the market!’ he states. When he sells Chromstar, he tells the
customer, “If it doesn't work, I'll take it down! and he hasn't
taken one down yet.

Vic Hyek operates Vic's Radio & TV, Nada, Texas, and says:
“| think Chromstar is by far the greatest antenna Winegard has
ever offered. UHF performance is excellent, and VHF is better,
too. Now | can pick up Channel 39 out of Houston, over 60
miles away, better than | have before. UHF performance in this
area doesn't require a preamp.”

Both Vic and Ben like the stronger construction of
Chromstar, the ease of installation, the new color combination,
and the compact packaging that allows easy handling and
storage.

*Copies of letters from the Hyek brothers will be sent on request.

Get Chromstar facts and free Spec Charts from your Winegard distributor.

CH-7080 £ CH-8096
VHF-UHF-FM VHF-UHF-FM

o/ WINEGARD
C OMPANY
3000 Kirkwood e Burlington. lowa 52601
._qﬂ

S R : % TV ANTENNAS MORE PEOPLE LOOK UP TO
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Advanced Electronics

There is no doubt television repair can

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

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

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

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

® 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
CREI prepares you at home theory and practical experience in ad-

vanced electronics.

for broader and more advanced Unique Design Lab

A unique feature of CREI training is its

opportunities in electronics ™ Electronic Design Laboratory Program,
which trains you to actually design cir-

plus offers you SpeCIal arrangements cuits. It also helps you understand the
theories of advanced electronics and
H H gives you extensive practical experience
for eng Ineerlng deg rees 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.
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Career Training at Home

Only CREI offers this unique Lab
Program. It is a complete college lab
and, we believe, better than you will find
in most colleges. The **Lab” is one of S f — FREE s
the factors that makes CREI training end Ol' th]S BOOk
interesting and effective. And the pro-

fessional equipment in this program be- describing your Opportunities

comes yours to keep and use throughout
your professional career after you com- d CREI ll l l
plete the training. an Colle ge- cve
» .
Engineering Degree programs In electronics
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, CATYV, television (broad-
cast) engineering and many other areas
of modemn electronics.

FREE Book

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

study programs. Mail card or write describing qualifications to - Gl Bill

ualifications CREI programs
a o CAPITOL are approved
RADIO for lraim'ngd of
veterans an
ENGINEERIN G servicemen under
INSTITUTE the G.I Bill.
arrangements are available depending

You may be eligible to take a CREI col-
upon whether you have extensive or McGraw-Hill Continuing Education Center

lege-level program in electronics if you
are a high school graduate (or the true

minimum experience in electronics. 3939 Wisconsin Avenue Northwest
Washington, D.C. 20016

equivalent) and have previous training
Accredited Member National Home Study Council

or experience in electronics. Program
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sign. It consists of a diode-protected
r-f stage, first and second mixers, two
455-kHz i-f stages, detector stage, agc
stage, squelch system, and an audio
section that terminates in a class-B
output stage (that also serves as the
transmitter modulator or provides the
PA output).

The receiver's sensitivity measured
0.5 pV for 10 dB (S + N)/N. The maxi-
mum audio sine-wave output at the
onset of clipping was 3.4 watts at 2.5%
THD with a 1000-Hz test signal and an
8-ohm load. The overall audio fre-
quency response was 400 to 2500 Hz
at the 6-dB points. The agc system
produced a relatively uniform audio
output level, amounting to a change of
only 8 dB with an 80-dB r-f input
change at 1to 10,000 uV. A 30-pV input
signal was required to provide an S9
indication on the meter.

I-f selectivity is obtained with two
cascaded 455-kHz ceramic filters that
hold the +=10-kHz bandwidth to the
area of 90 dB. However, due to r-f and
mixer stage signal-handling charac-
teristics, the adjacent-channel rejec-
tion, desensitization, and cross mod-
ulation were, in practice, on the order
of 60 dB. Image and i-f signal rejection
were 55 and 60 dB, respectively, while
other unwanted-signal rejection was a
minimum of 40 dB.

The automatic limiter, or anl, per-

formed exceptionally well, particularly
during weak-signal reception, where it
is most important. The squelch
threshold range was 0.1 to 1000 pV.

The priority suB receiver employs
single conversion to a 255-kHz i-f. This
requires a special crystal for whatever
channel is to be set up. Since we did
not have such a crystal, we were un-
able to make any performance mea-
surements in this section. Sensitivity
is rated at 0.7 puV, and with a 255-kHz
i-f, the image rejection cannot be ex-
pected to be as good as the main sec-
tion's. Nevertheless, this is of little
consequence for the application for
which this section is intended. Sepa-
rate squelch and anl are provided for
the sus receiver, too.

The Transmitter. The straightfor-
ward transmitter contains a synthe-
sizer mixer, spurious-response filter-
ing, and predriver, driver, and final
(power) amplifier stages. The output
of the last stage goes into a matching
network for 50-ohm loads. The output
carrier power measured 4 watts.

The automatic modulation control
(amc) system provides a high degree
of compression (35 to 40 dB above
50% modulation) for maintaining high
modulation with differing voice levels.
Under dynamic conditions, the splat-
ter was nominally 50 dB down. With a
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1000-Hz test tone at full compression
and 100% modulation, the distortion
was only 5%. The overall response was
350 to 4000 Hz.

Antenna switching is performed
electronically with a diode switch.
Other circuits are relay switched.

The frequency tolerance of the
transmitter was within 0.0025%.

User Comment. The appearance of
this transceiveris enhanced by a black
control panel ‘'with an orange stripe
across the top. Behind the bezel, the
case is all white, presenting a pleasant
contrast with the front panel.

Miniature toggle switches are used
for the switchable functions, while the
VOLUME, SQUELCH, and SWR CAL con-
trols and the channel selector are ro-
tary devices. The meter movement is
oriented vertically and is easy to read.

The priority suB receiver is activated
by a switch. When the switch is in the
suB position, the receiver is switched
inand alighton the front panel flashes
to indicate that the priority channel is
on.

Attractive styling, excellent audio
quality, and fine modulation charac-
teristics make this transceiver a desir-
able piece of CB gear. The selective-
call accessory socket and battery
charging capability add unusual ver-
satility.

OAE MODEL OP-80A TTY PAPER TAPE READER
High-speed tape reader for less than $75.

OU CAN feed TTY paper tape

programs into any computer with
an 8-bit input port without having to
spend $1000 or more for a Teletype®
terminal. The OAE Model OP-80A
high-speed paper tape reader lets you
do it for just $74.50 if you build it from
a kit or $95 if you buy it factory assem-
bled and tested. The reader has no
90

moving parts, unless you count the
motion of the tape going through it. It
also lets you feed tape programs into
your computer at much faster speeds
than a standard electro-mechanical
tape reader will permit.

General Description. The tape
reader can be assembled in a single
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evening. The design is so simple and
complete, even a neophyte should
have little difficulty in putting together
the kit.

The tape reader's circuit design
employs several 555 timer IC’s, a pre-
cision optical sensor ‘‘head,” and
some “*handshake’ logic. All parts, in-
cluding the heavy solid wire that
serves as the tape guides, mount on
the top surface of a single printed cir-
cuit board. The board itself becomes
the top of a compact box. A 48" (1.2-m)
multi-color flat ribbon cable intercon-
nects the tape reader to the computer
with which it is to be used.

The actual hookup to the computer
is simple. If your computer has an 8-bit
parallel input port, you can feed pro-
grams in parallel from tapes directly.
On the other hand, if your computer is
equipped with only a TTY serial input
port pegged at a slow 110 baud, the
tape reader’'s manual gives details on
how to connect the reader to the com-
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puter's serial input UART so that you
can load programs at high speed. No
software modifications are requiredin
either case.

Four LED's in the tape reader indi-
cate status. One comes on when 5-volt
power (obtained from the computer’s
power bus) is applied to the reader. A
second LED comes on when the tape
illumination through the sprocket
hole sensor is sufficient for proper op-
eration. The remaining two LED's are
not dedicated; they can be used as
signal indicators as desired. The il-
luminating source can be any stan-
dard 100-watt desk lamp.

The stiff wires used as tape guides
on the reader maintain proper tape
alignment as it passes over the optical
read head. A large arrow on the top of
the pc board indicates proper direc-

tion of tape motion. A smaller arrow
identifies the sprocket sensor.

All internal and external connec-
tions are made to a conventional
14-pin dip socket mounted on one
corner of the pc board. The color-
coded ribbon cable is terminated at
one end in a male connector that fits
the DIP socket.

User Report. After assembling the
kit, we wired it into the parallel port of
our computer and connected the two
required handshake leads. Then we
loaded punched TTY tape in the
guides, checked for the right indica-
tion of the sprocket LED, and pulled
the tape through as fast as we could. it
came as quite a shock to see how fast
we could feed data into our computer
and see it on our video monitor.
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Once we confirmed the operation of
the parallel port, we rewired the tape
reader to the UART on our 110-baud
serial TTY board and made all neces-
sary changes. During our operational
test, we were able to load 8K Basicinto
our computer as fast as we could pull
the tape through the reader's guides.
According to OAE, the tape reader is
designed to let you run 12K Extended
Basic through in about 30 seconds!
We didn't have the equipment to verify
this claim, but the results of our other
tests gave us no reason to doubt it.

Needless to say, we are impressed
with the performance of this paper
tape reader. Itis reasonably priced for
the average computer user, and we
predict that it will become one of the
hottest computer accessory items on
the market.

ALPHA WIRE MODEL STRP-25 WIRE STRIPPERS

Unique cutting material permits repeated, dependable stripping.

N

\~

TRIPPING insulation from wire

and cable by hand has always
been a chancy proposition at best. If
you use diagonal cutters and don't
apply enough pressure, you run the
risk of tearing the insulation instead of
neatly parting it. Apply too much pres-
sure, and you nick the conductor or
remove a few fine strands, weakening
the structure at the connection point.
Using automatic hand-type wire strip-
pers is time consuming because you
must carefully locate the wire in the
proper notch in the steel jaws. But if
you use Alpha Wire's new Model
STRP-25 automatic strippers, you will
not only produce perfect strips every
time, you'll also strip wires faster than
you can using any other tool we've
examined on the market today.

The new strippers look and operate
just like the standard steel-jawed au-
tomatic tool. What Alpha has done is
redesigned the basic automatic toolto
accept special Stilan® plastic cutting
blades. The blades are harder than
most materials used for wire and cable
insulation—except Teflon and Kynar,
which aren't commonly used by hob-
bists and experimenters—but softer
than copper.
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The Mode! STRP-25 strippers retail
for $39.95 and come with three sets of
plastic blades. A five-set replacement
blade pack (No. BLD-5) can be ob-
tained for $11.95.

More Details. The blades are similar
in size and shape to the steel blades
used in injector razors. They even in-
stall in the tool the same way, with the
new blades ejecting the old.

The Stilan plastic material used for
the blades is tough and resilient. As
the opposing knife-edges of the
blades come together during the
stripping procedure, they neatly slice
through the insulation and then de-
form around the conductor. The tool
then cleanly and automatically parts
the insulation from the wire. Inspec-
tion of the blades after a strip will re-
veal small notches where the plastic
deformed around the wire. If you care-
fully position the wire in these grooves
and make repeated strips, you'll find
that the blades will continue to remove
insulation several hundred times be-
fore you have to move on to a *‘fresh”
area. Of course, in actual practice, you
would use all areas of the blades ran-
domly.

The wire strippers are designed to
cope with a number of problems fast
and accurately. For example, when
stripping insulation from 4" (10.2-cm)
or shorter lengths of hookup wire, the
tool will not crush the insulation, kink
the wire, or pull the wire clean out of
theinsulation. Also, it strips insulation
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from twisted-pair, speaker and line
cord, and 300-ohm twin-lead cable
with the same facility as single-
conductor hookup wire. The tool will
even strip insulation from wire bun-
dles, multiple twisted pairs, and flat
ribbon cable, whether or not the con-
ductors are all of the same size.

User Comment. Over a period of
weeks, we put the plastic-blade wire
strippers through a strenuous series
of tests. After performing some 10,000
strips using stranded and solid 22-
gauge hookup wire with PVC insula-
tion and several hundred strips on
300-ohm twin-lead with polyethylene
insulation, we used the tool with the
original blades to build two rather
complex projects.

Periodic samplings of our strips
were subjected to close inspection
with a magnifying glass and high-
intensity light. In all cases, the insula-
tion was parted neatly at the strip
points. More important, we detected
no nicks in the wire, crushed conduc-
tors, or removal of fine wire strands.

Using a little bit of common sense,
one can easily exceed 50,000 strips
from a single pair of blades. You just
start with the smallest size wire or
cable with a pair of new blades and
continue stripping away until the
blades wilt no longer remove insula-
tion. Then you use the same blades for
the next larger size wire, working up to
12 gauge.

We highly recommend this new tool
to anyone who is involved in elec-
tronics where speed and reliability are
important.
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AN IC THAT IS ALSO DANDY

ISCUSSING a voltage-tuned FM broadcast-band front

end in last February's column, | referred to it as a
DANDY circuit, explaining that "DANDY" was my acronym
for “Discretes Are Not Dead Yet.” If we broaden the basic
meaning a little, the LM389 might well qualify as a DANDY
IC, for it combines the versatility of discrete transistors
with the wiring density and compactness of an integrated
circuit. Manufactured by the National Semiconductor
Corporation (2900 Semiconductor Drive, Santa Clara, CA
95051), the LM389 is supplied in a molded 18-pin DIP. As
shown in Fig. 1, the device comprises three uncommitted
npntransistors and a low-power integrated audio amplifier
in a single package.

With its uncommitted transistors and overall electrical
characteristics, the LM389 is one of the most versatile
devices you're likely to encounter in some time and almost
seems to have been “custom-designed’’ specifically for
the experimenter/hobbyist. It can be used in hundreds of
applications ranging from simple toys to sophisticated
communications equipment. Its versatility, in fact, is lim-
ited only by the imagination and capabilities of the indi-
vidual designer. Typically, the device might be used for
such exciting and useful projects as AM or FM receivers,
walkie-talkies, tape recorders, portable phonographs,
games, power converters, musical instruments, and con-
trol systems. Depending on the equipment designer’s skill,
it may be the only active device needed for most of the
projects in which it is used.

The LM389's three transistors are general-purpose npn
types capable of operating from dc to 100 MHz. They are
reasonably well matched and can function effectively at
currentlevels from 1 uA to their maximum ratings of 25 mA.
With a maximum V., of 12 volts and a maximum power
dissipation of 150 mW, each transistor has a typical dc beta
of 275. As long as their currents and voltages are kept
within the absolute maximum ratings and the collectors
are never at a negative potential with respect to the com-
mon substrate (pin 17), there is virtually no limitto the ways
inwhich the transistors can be used. For example, they can
be employed as conventional transistors, in a Darlington
configuration for increased gain, as diodes, and even as
zeners, utilizing their emitter-base break-down voltage of
7.1 volts at currents of from 1 HAto 5mA. In addition, with a
Viar 0f only 150 mV when sinking 10 mA, they make excel-
lent LED drivers.

Fig. 1. The equivalent circuit &

Y

diagram for the LM389 shows its versatility.

By Lou Garner

The device's amplifier section comprises the equivalent
of five npn and five pnp transistors together with two
diodes and features a quasi-complementary power output
stage capable of delivering up to 500 mW to a 16-ohm load
with only 10% total harmonic distortion (THD). At the
125-mW level with an 8-ohm load, the THD drops to a
typical value of 0.2%. The amplifier has a nominal
bandwidth of 250 kHz, a power supply rejection ratio of 50
dB, and input impedances of, typically, 50,000 ohms. The
input(s) are ground referenced white the output is biased
automatically to one-half the supply voltage. The circuit's
quiescent current (zero input signal) is typically a low 6 mA.
Although the voltage gain is set internally at 20 (26 dB),
external shunt components can be used to raise this to as
much as 200 (46 dB).

Overall, the LM389 has a maximum supply voltage rating
of 15 volts, a maximum power dissipation of 825 mW, and
an operating temperature range of from 0°C to +70°C.

Referring to Fig. 1, the following tips are among the
practical application hints suggested by the manufacturer
in the 8-page technical brochure describing the LM389:

(1) The amplifier section’s voltage gain is fixed at 20 by
the 1350-ohm resistor between pins 4 and 12. Bypassing
this resistor will raise the overall gain. With a 10-pF, 12-V
capacitor here, the gain will increase to 200. Gain values
between 20 and 200 may be obtained by connecting a fixed
or variable resistor in series with the shunt capacitor. Gain
control also can be achieved by capacitively coupling a
resistor or FET between pin 12 and circuitground (pin 17).

(2) The circuit's overall frequency response can be tai-
lored to meet individual requirements. For example, bass
boost can be added to compensate for a small loudspeak-
er's poor bass response by connecting a blocking
capacitor (say, 10 uF) and series shunt resistor between
pins 1 and 12, paralleling the internal 15,000-ohm resistor.
A shunt resistor of 15,000 to 10,000-ohms here will provide
an effective 6-dB bass boost. If pins 4 and 12 are bypassed
for increased gain, shunt values as low as 2,000 ohms can
be used without affecting overall stability.

3
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(3) Normally, both amplifier inputs (pins 5 and 16) are
biased to ground via 50,000-ohm internal resistors. If
capacitive coupling is used to either input or if direct cou-
pling with a dc source resistance of more than 250,000
ohms is used, no modifications to the input circuits are
needed. If direct coupling with a dc source resistance of
between 10k and 250k is used, then the unused input
terminal should be shunted to circuit ground with a resis-
tor equal to the source resistance to minimize the effects of
offset biasing. if the dc source resistance is less than 10k,
the unused input terminal should be shorted directly to
ground. In addition, when the LM389 is used at higher gain
levels, it is necessary to bypass the unused input with a
0.1-uF capacitor to ground to prevent degradation of gain.

(4) If oscillation or circuit instability occurs due to
specific load characteristics, these may be eliminated by
connecting a 2.7-ohm and 0.05-uF series RC network from
output pin 1 to circuit ground.

(5) Although the LM389 has excellent power supply re-
jection and does not require a well-regutlated dc source,
the supply should be decoupled to ground with a 0.1-uF
bypass capacitor to eliminate possible instabitity.

(6) Separate ground returns to the dc power source
from the smail signal (pin 17) and power stages (pin 18) are
recommended to minimize possiblie parasitic coupling.

(7) If desired, the amplifier may be muted (turned off)
without affecting the input signal either by shorting pin 3 to
the supply voltage or shorting pin 12 to ground.

Typical circuit applications for the LM389 are illustrated
in Figures 2 through 4. Abstracted from the company’s
technical bulletin, these are but representative of the hun-

dreds of ways in which the device may be used. All the
circuitsemploy standard, readily available components, all
utitize a single LM389 as their only active device, and all
may be duplicated quite easily in the home workshop using
conventional construction methods, such as perfboard or
pc techniques. Neither layout nor lead dress should be
critical but, of course, good wiring practice should be
observed, with all signal carrying leads kept short and
direct, dc polarities maintained, and adequate separation
provided between the input and output circuits. Unless
otherwise noted, all resistors, except for potentiometers,
can be either half-or quarter-watt types, at the builder's
option. The smatler capacitors can be either low-voltage
ceramic, paper or piastic fitm types, while the higher value
units, identified by polarity markings, are low-voltage elec-
trotytics. The loudspeakers are PM types with either 8- or
16-ohm voice coils. Finaily, the dc power sources may be
either series connected penlight or fiashlight cells or weil-
filtered, line-operated power supplies, as preferred.

Designed for use with standard ceramic pick-ups, the
phono ampilifier circuit shown in Fig. 2 uses one of the
uncommitted transistors as an emitter-follower preamp to
achieve a high input impedance, while the other two are
wired in a high-gain Darlington configuration. Parallel-tee
and bridged-tee RC networks are used to provide treble
and bass control, respectively. A 10k potentiometer,
capacitively coupied to the Darlington’'s output load
through a 1-uF capacitor, serves as the circuit's gain con-
trol. The LM389's amplifier section is capacitively coupled
to the loudspeaker. The output (pin 1) to ground series RC
network is optional.

Consumer Tested Rémedy for Sick Car Performance
Sparks New Life in Pre-1975 Cars.

Owners of pre-1975 cars get better
performance with less maintenance
when they install one of the Mark Ten
C.D. Electronic Ignition Systems. In
fact, thousands of users testify the
Mark Ten-has noticeably improved their
automobile’s performance. As a
California doctor stated after using the
Mark Ten for 95,000 miles. “...I can
‘feel’ the difference in performance
between my conventional
ignition and the
Mark Ten...”

SEPTEMBER 1976

Mark Ten Systems* spark each
plug with 50,000 to 60,000 volts in
secondary output compared to a mere
25,000 volts in standard and most
pointless systems. This means dramatic
increases in acceleration and general
engine performance, and substantial
increases in gasoline mileage. Points
will last the lifetime of the rubbing
block. Spark plug life is extended three
to ten times due to the hot spark
generated by the Mark Tens, which

eliminates fouling and cleans dirty plugs.

And the Mark Ten Systems virtually
eliminate at least 2 out of 3 tuneups!
Look at what Delta Customer P.S. from
New York wrote, "...| might add that

| had another unit of yours that has
been on three cars so far. Each of the
cars was driven about 50,000 miles
before it was
turned in. Not one

'_f N DELTA PRODUCTS, INC. |

Now its on the fourth car with 20,000
miles on it and going strong.”
The result? BIG SAVINGS!

Send today for your copy of the
new Delta brochure and learn how a
Mark Ten System can spark your car
into new life.

*Only Delta Products offers a full line
of C.D. ignitions: The Mark Ten and
Mark Ten B, available assembled or in
kit form; and the Mark Ten C,
assembled only.

P.0. Box 1147
Grand Junction, Colo. 81501
(303) 242-9000 Dept. PE

| want to know more about Mark Ten CDlI's.
Send me complete no-nonsense information on

I
I
I
S | how they can improve the performance of my car.
SSS e of the cars ever I w
: had a new set of | ame
points, new Address
plugs or a |
tune-up. ]
| City State Zip __l
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Fig. 2. In this circuit,
the LM389 is used in
a phonograph amplifier.

100%
TREBLE

A portable tape recorder circuit is illustrated in Fig. 3.
Here, two of the uncommitted transistors are cascaded as
a voltage amplifier while the third serves as a variable
resistor in the automatic level control (ALC) circuit used
when the instrumentisin its RECORD mode. A portion of the
amplified signal is rectified by a general-purpose diode
and applied back as dc bias to the control transistor’s base
through a two-stage L-type RC decoupling filter network.
The transistor's collector-emitter circuit forms a voltage
divider in conjunction with the 22k resistor in series with
the instrument’s microphone and acts to reduce or in-
crease the input signal as necessary to maintain an op-
timum output voltage to the recording head. The
recording/playback head's electrical characteristics are
specified as 200-mH, 300 ohms, while the microphone is a
conventional high-output electrodynamic type. A six-pole,
two-position rotary or slide switch serves as the Record/
Playback control and is shown in its RECORD position in
the schematic diagram. The ALC feature is not used in the
PLAYBACK mode; instead, a conventional gain control is
switched into the circuit just ahead of the integrated
amplifier section. The component values specified are for
optimum performance with a 6-volt dc power source.

Chosen to demonstrate the LM389's great versatility, the
circuits givenin Fig. 4include an electronic siren, Fig. 4(A),
a voltage-controlled amplifier or tremolo circuit suitable

0.0014F

0.0033.F 0.0033.F

for use in electronic musical instruments, Fig. 4(B), and a
noise generator with potential applications in experimen-
tal test and research work, Fig. 4(C). All three designs
feature loudspeaker outputs and utilize both the individual
transistor and amplifier sections of the integrated circuit,
with the noise generator, alone, requiring but two of the
three available transistors. The siren uses two transistors
as a low-frequency collector-coupled multivibrator to
modulate the amplifier section through the third transistor,
with the ampilifier itself wired for operation as a higher
frequency oscillator. The voltage-controlled amplifier cir-
cuit can be used as a tremolo when its gain control stage is
driven by an external capacitively-coupled signal, as
shown in the schematic diagram. The tremolo's maximum
frequency is limited by the amplifier's interstage coupling
network; with the component values specified, the
maximum tremolo frequency should not exceed 160 Hz.
Finally, the noise generator circuit is unique in that it uses
the emitter-base junction of one of the transistors as a
zener diode to form the basic noise source. The zener’s
output signal is amplified by a second transistor and
applied to the amplifier section.

The circuits we've examined are but a sampling of the
designs which can be developed using the LM389, and the
average reader should have little or no difficulty devising
additional applications for this extremely versatile device.
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All switches in record mode
Head characteristic 280 mH/30052

Fig. 8. The LM389 used
in a tape recorder circuit.
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THE BOMAN

e

Remote Control Modular
23 Channel In-Dash
CB Radio

CBM-6000
Boman offers the ultimate This modulz will moun: on any Boman
in CB design. The “High-way Hide-away"’ unit for any and all domestic, foreign
CB unit is engineered in a small package automabiles_ trucks, bzats and campers.

that mounts in any ““hide-away” Iocation:
under dash, an fire wall, in glove
compartment, etc. Can be attached in
any position to any Boman radia, cassette
player or 8-track plaver. Module-lation
microphone — which easily detaches

— contains all the C3 controls: digital
channel indicator, transmit and ~eceive
mode indicator lights, volume and
squelch contro s, standby contro,
up/down two-speed channel selector
and push-to-talk button. The CE unit
contains the most advanced technology:
digital synthesis and phase lock 1oop
circuitry for optimum frequency stability.

Boman alsc offers a complete line of
in-dash and under-dash car sterec
equipment.

A DIVISION OF
BOMAN INDUSTRIES

9320 HALL ROAD, DOWNEY CA. 90241
Toll Free Numbers Inside California 800-352-2553; OLtside California 8Q0-421-2533

B Bomanr, Irrrosonix
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If you want success in electronics. . . if you want the skills people
are glad to pay for ... find out about CIE training.
It’s a terrific idea that can get you on your way to success
in electronics troubleshooting.

Let’s face it, learning valuable new
skills isn’t something you just breeze
through. Especially in a modern
technological field like electronics
troubleshooting. You’ve got to really
want success if you're going to build
your skills properly.

But, oh boy, the rewards when you
do! In today’s world, the ones who
really know electronics troubleshooting
find that people. .. even industries. ..
look for their help.

What about you? How much do you
want the thrill of success. .. of being in
demand? Enough to roll up your
sleeves and work for it?

Why it pays to
build troubleshooting skills.

Suppose the automated production
controls on an assembly line break
down. Imagine how much money the
manufacturer can lose when help
doesn’t come fast! And it takes a
skilled electronics troubleshooter to
move in...locate the problem...solve
it...and get the lines moving again.

Ortake a TV station. Breakdowns
are costly in broadcasting where time is
money. Viewers won'’t sit forever
waiting for sound or the picture to come
back. Before they change channels, the
station needs to get back on the air
again — with the help of a skilled
troubleshooter.

No question about it. Building new
skills in electronics troubleshooting is
an investment in your future. It’s well
worth the effort.

Why you should
get CIE to help you do it.

Troubleshooting starts with ideas . ..
principles. CIE’s Auto-Programmed®
Lessons help you get the idea—at your
own most comfortable pace. Step by
step at home, you explore each principle
—each theory —until you understand it
thoroughly and completely. Then you
start to use it.

How CIE helps
you turn ideas into reality .

If you’re a beginner, you start with
CIE’s Experimental Electronics
Laboratory. You actually perform over
200 experiments to help you grasp the
basics. Plus you use a 3-in-1 Precision
Multimeter to get your first taste of the
testing, checking, analyzing steps you
take in troubleshooting!
SEPTEMBER 1976

How 3 practical steps help you
build troubleshooting skills .

You’ll take your first practical step in
professional troubleshooting when you
build your own SMHz triggered-sweep,
solid-state oscilloscope.

As atrained troubleshooter, you’ll
use your oscilloscope the way a doctor
uses his X-ray machine. As a student,
you learn how to “‘read” waveform
patterns on a big, 8cm. x 10cm. screen
... how to “lock them in”" for closer
study ... how to understand and
interpret what they tell you.

Your second practical, skill-building
step begins when you get your Zenith
19-inch diagonal, solid-state color TV
—featuring nine removable modules!
Now’s your chance to apply the new
skills you learned with your
oscilloscope!

With CIE’s guidance, you perform
actual service operations —the kind
you’d handle on the job as a trained
troubleshooter! Using the TV, you
learn to trace signal flow ... detect and
locate malfunctions. . . restore perfect
operating standards ... . just as you
would with any sophisticated
electronics equipment.

Finally, step three rounds out your
experience as you work with a
completely solid-state color bar
generator—actually a TV signal
transmitter that produces ten different
display patterns on your TV screen!

You study a gated color bar rainbow
...crosshatch lines.. .. dot patterns.

— AmericarRadieMistorv.Com

|C|

You explore digital logic circuits. ..
observe the action of a crystal-
controlled oscillator!

This practical, “*hands on” training
takes concentration and effort. But it’s
enjoyable and rewarding. And it’s a
great way to prepare for a
troubleshooting career!

Why it’s important
to get your FCC License.

For some troubleshooting jobs, 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!

Almost 4 out of 5 CIE graduates who
take the exam get their Licenses. More
than half of CIE’s courses can prepare
you forit...and the broadest range of
career opportunities!

Free catalog!

Mail the card. [fit’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...or write: CIE,
1776 East 17th Street, Cleveland,

Ohio 44114.
5 1 7 01 71 B B |

Cleveland Institute
of Electronics, Inc.

1776 East 177th Street, Cleveland, Ohio 44114
Accradied Member National Home Study Council

D YES -« » | wantto succeed in

electronics. Send me my FREE CIE school
catalog —including details about
troubleshooting courses — plus my FREE
package of home study information!

NAME (please print)
ADDRESS APT.
CITY

STATE ZIp

AGE PHONE (area code)

Check box for G. 1. Bill information:
[ Veteran [J Active Duty

Mail today!
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Fig. 4. Additional applications for the LM389
include: (A) a siren circuit; (B) a voltage-
controlled amplifier with tremolo; and

(C) a noise generator circuit.

The phonograph circuit (Fig. 2), for example, could be
modified quite easily for use as an intercom. In addition,
since the transistors have excellent high-frequency
characteristics, the device is well suited for receiver and
walkie-talkie projects. Add a suitable sensor, such as a
photocell or thermistor, wire the amplifier section for op-
eration as an oscillator (as in the siren circuit), and the
LM389 can become the active partof aburglaror fire alarm
system. The applications are there waiting—all that's
needed is your imagination!

Reader’s Circuit. Suitable for use in games, ESP exper-
iments, and other applications, the random 4-digit number
generator circuit illustrated in Fig. 5 was submitted by
reader Michael S. Pyska (934 Seneca St., Lewiston, NY
14092). Requiring relatively few components, the design
should be agood single evening’s or weekend’s project for

100

the average hobbyist. The “heart” of Mike's design is a
four-digit counter containing integral multiplexed
7-segment output drivers. In operation, a free-running
pulse generator or ‘‘clock,” /C1, drives the counter con-
tinuously. Since the instantaneous count in /C2's register
is changing rapidly, it is essentially a random number.
Depressing and releasing the latch switch, S2, permits this
number to be displayed on the readouts.

Standard components and devices are specified for
the project. The clock, /IC1, is a familiar type 555 timer
while the counter/driver, IC2, is National Semiconductor’s
MM74C925. The four readouts are 7-segment common-
cathode types, with the driver transistors, Q7 through Q4,
type 2N2222 general-purpose npn devices. All resistors are
one-quarter or one-half watt types, with the series readout
current limiters, Rs, 100 to 220 ohm units (the exact value is
not critical). Power switch S1 is a spst toggle, slide, or
rotary unit, while the latch switch, S2, is a spdt, spring
return pushbutton or lever type. Finally, the power pack
consists of three or four series-connected penlight or
flashlight cells.

With neither parts arrangement nor wiring dress critical,
the random number generator can be assembled using any
standard construction technique from simple perfboard to
a carefully designed PC card. If desired, it can be used as a
two or three, rather than four, digit generator, and
common-anode instead of common-cathode readouts can
be used by adding a pair of hex inverters.

Device/Product News. Motorola Semiconductor
Products, Inc. (P.O. Box 20294, Phoenix, AZ 85036) has
introduced its popular switchmode power transistor in
low-cost plastic packages. First in the new series are the
MJE13002 and MJE13003 devices, rated at 1.5 amperes
and 600/700 V blocking voltage. Switchmode transistors
are designed especially for switching power supplies and
other circuits requiring very fast turnoff time. They are
characterized at 100°C operation with /imit specifications
for critical parameters—inciuding a complete inductive-
load switching performance matrix for collector currents
ranging from 0.5 to 1.5 A., and reverse biased SOA for
various turn-off voltages. The devices are housed in
TO-126 packages.

A new line of inexpensive GE-MOV* varistors has been
announced by GE's Semiconductor Products Department
(Electronics Park, Bldg. 7-49, Syracuse, NY 13201). Ten
models are available covering 14 to 250 V ac and 14 to 56 V
dc. Typically, these devices are used for light-duty tran-
sient protection, such as relay-coil spike suppression.

Several products of potential interest to hobbyists and
experimenters have been introduced by the Fairchild
Camera and Instrument Corporation. Its Optoelectronics
Division (4001 Miranda Ave., Palo Alto, CA 94304) is offer-
ing a complete digital clock module, a group of 8/¢-inch
high 3%z- and 4-digit clock displays, and a family of 5-kV
optical couplers, while its Linear integrated Circuits Divi-
sion (464 Ellis St., Mountain View, CA 94042) is manufac-
turing a new 5-watt, high-voltage audio amptifier IC in a
molded 12-lead plastic package. The clock module, type
FCS8100, contains a MOS circuit which features 10-
second protection against power interruptions aswellas a
power failure indication, a display with am., p.m. and
alarm set indicators and a colon in a solid-state assembly
that measures only 3.5 x 1.75 inches and is 1-inch thick.
The unit also incorporates power supply and output drive

POPULAR ELECTRONICS
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Fig. 5. This random 4-digit number
generator circuit is suitable for use
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in games, experiments and other applications.

circuitry for alarm and clock radio operation; only the
switches required by the application and a transformer
with a 12.6-volt center-tapped secondary are needed to
make the module a functioning clock. Similar 0.8-inch high
clock displays also are available in either 3%z- or 4-digit
formats. The FCS8000 and FCS8001 are 3%-digit,
common-cathode displays requiring only 8-mA drive cur-
rent per segment and including AM/PM indicators, with the

FCS8024 and FCSB8025 are 0.8-inch high 4-digit displays
which permit 24-hour time readouts; the two versions offer
optional spacing between digits, but do not include
AM/PM indicators. All the displays utilize Fairchild’s
patented “light-pipe” construction for maximum bright-
ness at low drive current levels. The new line of optical
couplers is intended as direct replacements for most low
voltage standard units and carries corresponding type

AmericanRadioHistorv.Com

two versions offering optional spacing between digits. The numbers. @®
DESIG N I NG OPTI M U M -Q When small inductors are needed, for r-f
chokes or h-f filter networks, it’s frequently
AND SMALL INDUCTO RS convenient to wind them on composition
. {carbon) resistors. The table shows induc-
tances for various wire sizes when close-
BY R. E. MARTIN wound on common resistor bodies. The re-
T sistor value should be above 4.7 kilohms for
the low-value inductances and above 47 kil-
ohms for the higher values., unless low Q is
. N . i . . . desired.
Optimum Q is achieved in an inductor when its length and diameter are equal. This The number of turns listed leaves a little
table will serve as a guide when designing high-Q inductors for r-f circuits. It gives . .

! i . e - . space at the end of the resister body to file
maximum turns and inductance for various wire sizes when close-wound-in a single layer. small notches in order to guide the coil wire
Higher Q's wilt be obtained if the turns are spaced at one wire diameter. This results in . 9 . f

. A | . down to the resistor lead while not atlowing
half the turns and one quarter of the inductances tisted in the table. Shouid an inter- the coil turns to fatl off the ends. Do nof
mediate inductance or number of turns be desired, the factor, K, at the bottom of each use wire-wound resistors ’
column can be used for calculation from the formuta L=KT © © ’

Wire Resister Size
Wire Diameter & Length {inches) AWG %W BW 1w 2w
AWG 1/8 1/4 3/8 1/2 5/8 3/4 1 20 T 3 7 1 14
16 T 6 8 10 12 16 L* 013 .097 .32 .63
Le 233 552 1.08 1.86 4.4 22 T 4 8 13 17
18 T 5 8 10% 13 15% 21 L .023 A3 .45 .92
L .108 414 .950 1.82 3an 7.60 2 T 5 10 17 22
20 T 3 6% 10 13 16% 19% 26 L .036 .20 .76 15
L* 0194 .182 647 1.46 2.93 4.92 11.7 % T 6 12 21 27
22 T 4 8 12 16% 20 24% 33 Le .051 .29 1.2 2.3
L* .0345 276 931 2.35 4.3 7.76 18.8 28 T 8 15 26 33
24 T 5 10 15 20% 25 30% 41 L* .092 .45 18 35
L .0539 431 1.46 3.62 6.74 12.0 29.0 10 T 9 19 32 a1
26 T 6% 13 19% 25% 32% 38% 51 L* A2 .72 2.7 5.4
L* .091 .728 2.46 . 5.61 1.4 19.2 448 2 T 11 22 39 50
28 T 8 16 24 32 40 48 64 L* A7 .96 4.0 8.0
[ .138 1.10 3.72 8.83 17.2 298 70.6 24 T 14 28 49 62
10 T 10 20 30 40 50 60 80 L .28 1.6 6.3 12
L .215 1.72 5.82 13.8 27.0 46.5 110 T 18 34 60 77
36 . 46 23 95 19
K .00215 .00431 .00647 .00862 0108 .0129 0172 . o o~ L
*Inductance, L, is in microhenries. tnductance, L, is in microhenries,
SEPTEMBER 1976 m




Tips &Techniques

)

EXTENDING TUBE LIFE

Ifyouhavea TV orradio receiver that uses a
filament string, you can easily avoid tube
failures due to current surges that occur
when line power is first applied. The non-
linear resistors (dubbed “lamp misers")
that are sold to extend the life of incandes-
cent lamps can be used for this purpose.
These devices are inexpensive (about $1
each), have a cold resistance of about 150
ohms, a “hot" resistance of about 2 ohms,
and a load capacity of about 300 watts.
Drop one of the resistors into a wall outlet-
to-bulb socket adapter, and then screw in a
bulb socket-to-power outlet adapter. Plug
the assembly into the wall, and the receiver
into this device. The surge projector
stabilizes to about a 2-volt drop in about 20
seconds. It runs hot (about 2 watts dissipa-
tion), but this heat is not critical. —Bertram
A. Thiel

FILAMENT POWER FOR FLUORESCENT
READOUTS

You can supply power to the filaments of
fluorescent readouts without using expen-
sive transformers or dropping resistors
that generate a lot of heat. Simply insert a

» . o
J_ .
17 4 Y
VAC \ZIAC ‘[\ L8
J —0
st s Dis3
Cy=34F
DIs1,2,3%-Dicivac DTIFOSD
> - 1.6 VAC @ 45" MA
" *
= ¢tz
2 == ¥

¥ SELECT DIoDES WITH
ADEQUATE PIV RATWES (3100V)

>

non-polarized capacitor in series with the
filament string, and use the transformer in
the bias supply as a voltage source. The
capacitor will act as a voltage-dropping
reactance without “‘consuming’” any pow-
er. Experiment to find the value of C.. Start
with a small (about 0.5-uF) capacitance
and gradually increase until the desired ef-
fect is obtained. When this idea was
applied to a four-digit clock readout, as
shown, only 3 uF was needed. You can buy
nonpolarized electrolytics (designed for
speaker crossovers), or make your own as
shown.—Gregory Whittier

102

PC STICK-ON DOTS

Here'sa good source of stick-on dots for pc
etching work. Stick a strip of vinyl electrical
tape onto drafting acetate or any clean
plastic thicker than the tape itself. Then use
a leather punch (multiple die starwheel
type) to punch out as many dots as re-
quired in the particular size you need. With
practice, you can cutthrough only the tape,
using the backing material again and
again. You can even punch a hole within a
disc to surround mounting holes on the
corners of the pc board.—Bob Best

ISOLATING COMPONENTS FROM PC BOARD

Before mounting a component on a pc
board, slip a small piece of cardboard te-
tween it and the board. Then solder the
leads, snip off excess, and gentiy pull the
cardboard out from under the component.
This will provide a degree of thermal insu-
lation between component and board, and
a more stable circuit.—William Graham 11!

ZERO-INSERTION-PRESSURE

DEVICE FOR IC'S

IC leads can easily be damaged when they
are inserted into the usual breadboarding
strips. A handy device called the ZIP-DIP
(Zero Insertion Pressure) from Textool
Products (1410 W. Pioneer Dr., Irving, Tx
75061) can eliminate such problems. The
ZIP-DIP is inserted into the breadboard,
and its lever brought to the upright posi-
tion. The holes of the ZIP-DIP are opened
and the IC is dropped in. Firm contact to
the IC pins is made when the lever is moved
to the closed (horizontal) position. The
adaptor sells for about $4. It will accom-
modate 14-pin DIPs, 8-pin mini-DIPs, and
metal-can types if the leads are bent into an
in-line configuration.—So/ D. Prensky

RUBBER FEET

Silastic* or RTV type silicone rubber can
be used to make rubber feet for small en-
closures. Drill holes in the corners of the
bottom of the chassis or utility box and
place self-tapping screws in each hole.
(Hex-head screws work best.) Then, apply a
blob of silicone rubber completely around
each screw and touching the chassis.
Allow the rubber to “‘cure’ for about five
minutes in an inverted position, and then
turn upright onto a sheet of waxed paper
for complete curing.—Robert L. Gray

CUTTING PC BOAROS

Using a hacksaw to cut pc boards to proper
sizes can be very difficuit. Fortunately,
there’'s a much easier way. Lay the board
on a flat surface and draw a line where the
cut is to be made. Then score the board on
both sides with a common glass cutter and
astraightedge. Place the scored line overa
dowel and apply firm but even pressure on
both sides of the score. The board will
cleanly snap along the line. A glass cutter
with a carbide tip is recommended over the
less costly ones.—W.J. Prudhomme
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Operation Assist

1 you need inlormation on outdated or rare
equipment—a schemalic. parts lisl. etc —another reader
might be able lo assist Simply send a postcard to Opera-
tron Asstst. POPULAR ELECTRONICS 1 Park Ave . New York.
NY 10016 For those who can help readers. please re-
spond directly to them They'll appreciate it (Only those
iems regarding equipment nol avadable from normal
Sources are published )

Silvertone Model 1946 3-band receiver covering .55-15.5
MHz. Senial 462653. Schematic and alignment informa-
tion. A.F. Schweikhard. 3422 N. 24th Dr.. Phoenix. AZ
85015.

Jackson Model 805 VTVM. Need a new function switch or
substitute. Burt Douglas. 181 Lotus Pt. Road. Irving. NY
14081.

Hallicrafters S-40A receiver circa 1947. Acton Labs
TCV-271 CB transceiver. Schematics and/or service man-
uals. David Newman, 418 Pleasant Si.. S. Weymouth. MA
02190.

Symbolic Displays Inc. Model 103 Digital IC tester. Need
schematic and/or owner’s manual. Benny R. Maestas,
17630 Lakewood Bivd. # 10, Bellflower. CA 90706.

IBM Model 1571 diode tester known as IBM print 450918 S
32001. Uses Weston pane! meter. Need operations man-
ual and/or data on self-contained batteries, 10-pin male
plug adapter cord. etc. Fred W. Gatzke. 184 Hewes St.,
Brooklyn, NY 11211,

Zenith Model 95244 cabinet “Long Distance Radio™ serial
R561561. Schematic diagram. operations manual, and
any other information. Roz Paturick. 4201 Locust. Apt.
406. Kansas City, MO 64110.

Granada Model 8000 AM/FM/8-track stereo. Need drive
motor for tape deck or a source of parts. Lyle W. Jenkins,
Electronic Repair Service. Lakeside Acres, Rte. 2, Killen,
AL 35645,

Sonora Model B31 AM radio covering 550 t0 1500 kHz,
circa 1929-35. with LL18 dynamic speaker. Schematic
needed. Barry’s Radio and TV, c¢/o George Barry. 89 Gil-
bert St.. Quincy, MA 02169,

Dumont Model 3290 oscilloscope, senal 4X00. Schematic
and parts list. C.H. Welch, Jr.. 336 Orchid Rd.. Birmin-
gham. AL 35215.

Thomas Model VL-5 transistor organ. Need schematic
and service information. N.M. Dietrich, Rt. 1, Box 393A,
Texarkana. AR 75501.

Central Electronics Model 200-V broad-band exciter/SSB
transmitter. Need a set of 160-meter band (1750 to 2500
kHz) broadband coupler couls. Jack Wilhamson, WSPJS,
127 Patton Ave.. Shreveport, LA 71105.

Hickok Model 665 oscilloscope. Schematic. service and
operatton manuals. Joseph Planisky. 13690 Dtagonal
Road, Satem. OH 44460.

Concertone Model 800 stereo tape recorder. Schematic,
service and operation manual needed. John L. Nowack.
1326 Maple Si.. Bellaire, OH 43906,

Philco Model 37-610 three-band receiver (1935). Lear
VHF-LF aircraft transceiver. Model numbers on chassis:
LR-BA-1 vhf receiver. LRA-6A LF receiver, RT-10E trans-
mitter. Omnirange converter model 2214A. Schematics,
oepration manual. and service info. needed. James Mar-
ple. 2801 Sequoia Ln.. Arlington, TX 76010.

E.H. Scott Allwave Model 15 recewer. circa 1933. Chrome
plated two chassis. electrodynamic speaker. 2-2A3 output
tubes. 523 rectifier. Require Dial escutcheon. tuning indi-
cator, and schematic. T.W. Scott. Box 601. Greenwood,
Nova Scotia. BOP 1NO, Canada.

Hickok Model 640 oscilloscope. Need power transformer
or substitute info. Joe Grygar. 8816 Greyling Pl., San
Diego. CA 92123.

Hartman Hurncane vhf/FM Marine transceiver, 5 chan-
nels, Sertal 45866. Need schematic and/or sefvice manu-
al. Paul Smith, W1GHN. 65 West St., New London, CT
06320.

Jackson Model 655 Audio Oscillator. Service manual
and/or schematic. John J. Schnupp, 6464 W. 11th Lane,
Hialeah, FL 33012.
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CB Scene

FCC PROPOSES NEW CB
RADIO CHANGES

ITH MORE than a haif-million

new license applications fiood-
ing the FCC mailbags each month at
its new address (Gettysburg, PA
17326), you can be certain that the
FCC is concerned with the future of
the Citizens Band. A few months ago, |
suggested that 6,000,000 to 7,500,000
CB rigs might be sold this year. Now it
appears that even the most optimistic
of CB marketeers may have short-
changed public demands for CB. In
mid-1976, a strange things seems to
be happening ... the people who
bought mobile rigs earlier this year are
returning to their dealers for base
units to match.

Although it may not appear that way
out in CB-land, the FCC is very anxi-
ous to expand the number of CB
channels, as promised last March. It
was just in the nick of time that FCC
technicians determined that the addi-
tion of 50 or more channels on the
Class D Band would raise unbelieva-
ble havoc on AM broadcast frequen-
cies because of a phenomenon known
as "intemodulation interference.” It is
created whenever two basic frequen-
cies are mixed: two new frequencies
are generated in addition to the two
original frequencies. This phenome-
non of “hetrodynes” is used as the
basis of the common superhetrodyne
receiver, in which the desired antenna
frequency is mixed with the frequency
of a local oscillator to create an inter-
mediate frequency of 455 kHz. The
three other frequencies are filtered
out, and the IF frequency is isolated,
amplified and demodulated.

Right now it appears that 45 chan-
nels may be the viable maximum that
can be assigned in the 27-MHz Class D
band without creating an intolerable
level of harmonic interference. We ex-
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pect the FCC to authorize this expan-
sion in 1977, but do not anticipate that
such expanded-channe! units wiil be
available for some time thereafter. For
one thing, the FCC will not be certify-
ing units for “Type Acceptance’ for
some time afterwards. But Uncle Char-
lie knows that 45 channels are not
nearly enough to satisfy the future
needs for personal two-way radio. One
or more additional band must be as-
signed at higher frequencies where
noise, skip and sunspot activity will
not hamper communications. The
FCC is now searching frantically for
spectrum space which could be trans-
ferred from another allocation to The
Citizens Radio Service.

The FCC is examining portions of
the radio spectrum which might ac-
commodate uhf CB. A portion near
460 MHz is under examination, as is
another segment at 915 MHz. | think,
however, that any allocation of CB
channels above 300 MHz would be
very unwise within the scope of cur-
rent technology. Equipment to oper-
ate at these uhf frequencies would be
too costly for the average citizen and
would require special installation
techniques which are not currently
available to the consumer. We have
already seen the demise of Class BCB
because of its cost.

Other New Proposals. Along with
new frequency authorizations, we can
expect the FCC to require closer fre-
quency tolerances and lower spurious
emissions from future CB rigs. Already
there are serious problems develop-
ing out of harmonic interference be-
tween legal CB transceivers and
commercial TV, AM and FM receivers
and solid-state stereo devices. Con-
gress is considering legislation which

moricanPadigblictarny Caom

would require these home entertain-
ment electronic devices to be more
immune to external inteference, but
the permissible amount of harmonic
radiation from the CB transceiver it-
self must also be reduced.

The FCC is now considering tighter
restrictions and rule changes in all of
the areas listed below.

e Harmonic radiation from the trans-
ceiver cabinet and antenna terminals
suppressed to at least 70 dB.

e Frequency tolerances for single-
sideband transmitters to be held to
less than =0.0001% (about 25 Hz @ 27
MHz). This would eliminate the need
for clarifier controls. The present re-
quirement for AM transmissions (ab-
out = 1350 Hz) would probably not be
changed.

e Manufacturers would be required to
engrave or stamp a serial number into
the chassis of each transceiver so that
it can be identified if stolen.

e Manufacturers will be required to
affix a warning label informing the
buyer or user that the penalty for un-
licensed use is $10,000 and/or one
year imprisonment.

e FCC is proposing to reorganize all
CB Radio classes under the name,
“General Radio Service.” Class C (re-
motely controlled devices) would be
incorporated into Class D and called
the “"CB Radio Service.” (The FCC is
reportedly inundated by letters from
Class C users objecting to this pro-
posal, though users under 18 can still
operate remote-control models under
a CB'ers station license.) Class A
woud be redesignated as the “UHF CB
Service.”

e The designation of Channel 11 as a
“hailing-only’” frequency has not
worked out. It is proposed that it be
restored to the status of all other CB
channels, ieaving only Channel 9 as a
designated use frequency.

e After 1976, no more 100-mW
Walkie-Talkies may be manufactured
to operate on 11 meters. They have
been moved to 49.82 - 49.90 MHz. Use
of existing units will be permitted until
1983.
Technological Improvements.
The recent manufacturer’'s CB show,
“PC-76," revealed much technical de-
velopment which will soon be evident
on the display sheives of yourlocal CB
radio store.

Phase-locked loop (PLL) circuitry
on an IC chip will come into greater
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ASTROPLANE
CB base

antennas |
give you
patented | *'
performa c‘v

o

The unique
construction features
are so exceptional
they are covered by U.S. Patent
#3587109. 4.46 db gain over
isotropic provides a stronger
signal in and out.

To make use of the better
signal, the Astroplane radiates
the signal from higher up than
other CB antennas and at a
better angle. According to
Dr. Alva Todd of the Midwest
College of Engineering, ‘it
possesses an unusually low
angle of maximum radiation.”
This low angle of radiation
means that your power is
radiated at the horizon and
not up into the clouds for
greater efficiency.

You'll also get long lasting,
trouble-free performance be-
cause it is compact in design—
without long drpoping radials,
without coils to burn or short
out, and high power capacity
for lightning and static dis-
sipation.

$36.95 Suggested Retail
Length 12 Ft. @ Dia.30in.

Free 24 page color catalog

Avanti makes a complete line of
high performance base and mobile
CB antennas
from $11.95 to $373.95.

AMNANT

RESEARCH AND DEVELOPMENT, INC.
340 Stewart Avenue, Addison, IL 60101

Creators of the famous

MOONRAKER

3
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use to determine and control r-f fre-
quencies. This permits manufacturers
to build highly versatile transceivers
containing only two or three high-
quality crystals instead of 14 or more
as previously required. Digital dis-
plays will become more commonplace
as channel indicators, and you may
soon dial-in your channei selection on
a ten-key pad.

These new circuitry techniques are
already beginning to appear in the
marketplace, and they will pave the
way for extended channel allocations.
But don’t hold your breath waiting for
rigs with extended channel
capabilities. Even if 45 channels are
authorized by FCC in 1977, it will be
many months (or years) before they
are available for use, as previously
noted. And they will probably be con-
siderably more expensive than pres-
ent Class D rigs. If you buy a new rig
this year, it will likely be well-worn be-
fore you can replace it with one with
extended channel capability. The cur-
rent channels will not become obso-
lete. In fact, it is possible that most of
the extended channels may be re-
served for SSB use, or use between
units of the same station only.

New Facts To Remember. When
you buy your new CB rig, file your
license application (Form 505), along
with your check for $4.00, with the
FCC, Gettysburg, PA 17326. This is a
new address, the one on your Form
505 is obsolete.

You may use your rig immediately
after you mail your Form 505 if you
complete a Form 555-B and hold it in
your possession. You may copy the
Form 555-B published in the July issue
of PE, or you may obtain a copy by
writing REST MARINE, Box 170, Old
Greenwich, CT 06870. (Please enclose
a self-addressed, stamped envelope.)

There is a new edition of Part 95
available for only $1.50 from the
Superintendent of Documents, Gov-
ernment Printing Office, Washington,
DC 20402, or the Public Documents
Distribution Center, Pueblo, CO
81009. This is an extract of Volume IV,
published in April, 1976, and contains
only Part 95. It is not a subscription.
(You must have a copy of Part 95 in
your possession before you are prop-
erly licensed.)

If you have any future subjects that
you would like to see discussed in this
column, please send your suggestions
to me at POPULAR ELECTRONICS, One
Park Avenue, New York, NY 10016. ®
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XK Keyboard/Display
Module
Ideal for
communicating
with your
microprocessor!
RS-232 intertace x 32 characters $400
TV/TTY kbd./display (16 lines x 64 characters) $500
Keyboard/CRT Monltor (24 lines x 80 characters) $700
aASRERERE oroer ForvINNRRBRR
- Ship To =
5 ————=
= Subtotal § m
= Callf. residents add -
sales tax: . -
@A Please find a check
-enclosed inthe amount m
- of total order: $ . bbb =
= Bill my BankAmericard: _ exp. Micon industries W
- MaStercharge: eXP; g)s;ilca)::.sé:f;;em =
{415) 763-6033

= My signature as purchaser: date
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/ 'PLANNINGTO )

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 maliling label whenever you write con-

cerning your subscription. It helps us serve

you promptly.

Write to: P.0. Box 2774, Boulder, CO 80302,

giving the following information:
[ Change address only [] Extend my subscription
ENTER NEW SUBSCRIPTION

[ 1 year $9.98 [0 Payment enclosed

Allow 30-60 days for (1 extra BONUS issue)

delivery. [J Bill me later
NEW ADDRESS HERE 0188
Name
please print
Address
City
State Zip

Additional postage per year: For Canada add $2. For
countries outside U.S. and Canada, add $3--cash in U.S.
currency only.

FAFFIX OLD LABEL
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|
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please print (

) Address — —————————
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USING RESISTANCES

N OUR first column, we discussed

the many various types of fixed and
variable resistors that are available for
use by the experimenter/hobbyist. Be-
fore leaving resistors altogether, we
should consider some of the problems
involved with using resistance itself.
For instance, how do you design a re-
sistive voltage divider—a very com-
mon configuration in electronic cir-
cuits.

Suppose we have a device that op-
erates at 6 volts and our available
source of supply is 12 volts. (The same
principles would apply for any other
combination of supply and demand.)
A simple resistive voltage divider can
be designed as shown in Fig. 1A. Re-
sistors R7 and R2 are equal so the
voltage across R2, as measured by the
meter, is 6 volts.

When we proceed to connectalamp
across R2 (Fig. 1B) we find that the
lamp glows only dimly, if at all, and
that the voltage across it is now sub-

Fig. 1. Voltage
dividers.

+12v +l2v +12V
Oy O

RI RIS RI
1200 120N 1200

RZE ("]} | R2: T
12003 20xn/v 8V 12003 1 Ry j‘:

(:) (;) (:)
stantially less than 6 V. What has hap-

pened, of course, is that the effective
resistance of the lamp in parallel with
R2 has dropped so that the voltage
across the combination is not suffi-
cient to light the lamp. The lamp is
rated at 6 volts and 50 mA, which
means a resistance of 120 ohms. The
combination of the lamp and R2 thus
givesa total resistance of 60 ohms and
the voltage across the combination is
4 V (Fig. 1C).

We realize now that the 20,000
ohm/volt meter on its 10-V range, con-
nected across A2, drew only a small
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amount of current and did not provide
any appreciable load on the circuit. On
the other hand, the current drawn by
the lamp was sufficient to drag down
the output voltage. As a general rule:
To avoid loading the circuit by more
than 5%, the load should be at least 20
times greater than the parallel resist-
ance.

Variable-Voltage Dividers. It is
often possible to adjust the voltage
R R

Fig. 2. LED circuits.

across a load by using a variable-
voltage divider (a potentiometer as
one leg of the divider), especially
when in doubt about the definite cur-
rent characteristics of the load. While
such a technique generally seems
easy, since it avoids the bother of
some calculations, it can often prove
to be more trouble than it is worth.
This is especially true when miniature

the wattage rating of a pot and ruin it
permanently.

Suppose, for instance, that we want
to use a Vz- or ¥-watt pot in the exam-
plein Fig. 1.if the resistance of the pot
(composition type) is 5000 ohms, the
rated current turns out to be only 10
mA. Using a lower-resistance pot
would provide a slightly higher cur-
rent rating, but it would still be too low
for a 50 mA load. So, it seems obvious
that using a miniature Y2-watt pot for a
50-mA load would exceed the pot's
rating and possibly damage the pot.
However, the miniature pot does have
many uses in conjunction with op
amps and IC's that draw less than 10
mA.

The common 2-watt composition
potentiometer can usually be consid-
ered a good choice for loads up to 20
mA, with resistances up to 5000 ohms.
Staying on the conservative side, the
use of wirewound (or equivalent
ceramic) types in the 4-to-5-watt rat-
ings is even better. So keep thisrule in
mind: For load currents larger than
about 10 mA, be wary of using minia-
ture pots in the range of V2 to ¥a watts
(especially for resistance ranges
greater than 5 kilohms).

Series Dropping—Resistor
Method. A much more direct way of
reducing applied voltage is through
the use of a simple series resistor. This
avoids parallel-loading complica-
tions, but we must know how much
voltage and current are required by
the load. For instance, suppose we
want to operate a low-voltage LED
from a 9-volt battery. As shown in Fig.
2A, the LED is rated at 2 V and 20 mA,

pot(s) are used. It is very easy to exceed  sowe need aseries resistorto drop the
L [°]
[ ’ Fig 3. Curves
° GERMANIUM SILICON oR Gonh—] show dep e?Ldence
DIODE DIODE LED of resistance
0 on applied
/ I voltage, as well
7 as temperature
~ / I for diodes.
%4
; v |
/ :
3
z /1 [
g /1 l
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A
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A counter-offer you can't refuse! It's
rock-bottom price and sky-high quality
make it your best possibie buy! We've

proved itto thousands. Let us proveitto
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6-DIGIT
FREQUENCY COUNTERS

(30mHz Kit)
$99.95 assembled

' l (250 mHz Kit)
$139.95 assembied

Perfect for: CBers, Hams, Service Techs, & Experimenters!

- HAM, C8, & COMMERCIAL BANDS « WIRED & TESTED AVAILABLE 100HZ READOUT - 6 DIGITS
* CRYSTAL TIME-BASE * 1Hz OPTIONAL « MASTER CHG. / B. AMERICARD OK « ADD $2 SHIPPING

Incredible counters starting at $45.95 are aiso available!
u co All counters can be factory wired and tested. Write or call today!
Box 357, Dept. 52, Provo, UT 84601 (801) 375-8566

CIRCLE NO. 35 ON FREE INFORMATION CARQ

Mclntosh caracoc
and FM DIRECTORY

_Get all the newest and latest information on the new Mclntosh Sol-
id State equipment in the McIntosh catalog. In addition you will
receive an FM station directory that covers all of North America.

R e

e N [N I

von u_a,

milag ® 8 84 alim 4|L-“‘
EIITIR UG, o

MX 113
FM/FM STEREO - AM TUNER AND PREAMPLIFIER

Mclintosh Laboratory, Inc. l
l East Side Station P.O. Box 96 I
Binghamton, N.Y. 13904
| Dept. PE I
| name
| ADDRESS

' CITY.

If you are in a hurry for your catalog please send the coupon to Mclntosh.
For non rush service send the Reader Service Card to the magazine.
CIRCLE NO. 42 ON FREE INFORMATION CARO
106

AmericanRadioHistorv.Com

supply to 2 volts. So IR = 7, and R
7/0.02 = 350 ohms. (Use 330 or 360
ohms.)

For a low-current LED (2 V and 10
mA as in Fig. 2B), the resistor would
have to be about twice as big—say 680
ohms. The power requirement for the
resistor is calculated from P = Vi or
(for Fig. 2A) P =7 x 20 = 140 mW and
(for Fig. 2B) P = 7 x 10 = 70 mWw.
Nonlinear Resistances. Circuits
involving incandescent lamps and
LED's are not always as simple as they
are described above, since these
components, under certain cir-
cumstances, are nonlinear resist-
ances. Inactual practice, this need not
present any big problem, as long as
the lamp or LED is used at its rated
operating value. (A lamp rated for 6
volts with 50 mA flowing through it can
be considered a resistance of 120
ohms.) However, if the applied voltage
is something less than the rated volt-
age, the so-called ''cold" resistance of
the lamp must be taken into account.
This will be appreciably less than 120
ohms. A rule covering this action
(since an incandescent lamp filament
Is tungsten) is: The resistance of a
metal increases with temperature or

| (similarly) when operated at a high

current.

On the other hand, the rule is re-
versed when it comes to a semicon-
ductor such as the LED. Semiconduc-
tors have an unusual voltage-current
characteristic as shown in Fig. 3.

Considering the LED specifically,
note that the LED requires a much
larger threshold voltage for forward
conduction to occur. Then, with each
small increase in voltage, there is a
large increase in current, making the
effective resistance smaller. As a re-
sult, we can refer to the effective re-
sistance of the LED (or any other
semiconductor diode) in terms of
specific operating voltages and cur-
rents. The rule is: Semiconductors
show a substantially decreased effec-
tive resistance with increased temper-
ature or (equivalently) at high voltages
or currents.

The following figures for the four
points called out on Fig. 3 for the LED
show how rapidly the effective resist-
ance decreases for increasing volt-
age.

A B C D
Voltage 1.7 1.8 1.9 20
Resistance (ohms) 16k 1.6k 400 200
Many LED’s have been ruined by too
high a voltage. ®
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DX
Listening

ISTENING to Deutsche Welle does

not necessarily mean that you are
receiving a broadcast direct from
Germany. This broadcaster is one of
eight major systems which use relay
stations outside their home countries.
Not only can you not assume that you
are listening to a broadcast from the
station's home country—you can't al-
ways accept what they themselves
would lead you to believe. Each has its
own peculiar policies and practices
with respect to relays.

Programs reach relay sites by dif-
ferent routes. Deutsche Welle feeds its
Rwanda relay by satellite, which as-
sures freedom from fades and inter-
ference, but provides only low fidelity.
Its Malta base receives signals from
Germany by SSB feeds outside the
broadcast bands. Radio Canada In-
ternational picks up in-band broad-
casts at Stittsville, Ontario, and mi-
crowaves them to Montreal and then
Sackville, New Brunswick, for re-
transmission. Deutsche Welle on 6085
kHz via Sackville often has the inter-
ference on 6145 kHz.

Deutsche Welle has been building
(with BBC) a new relay site in Antigua
and Montserrat, which should now be
on the air. Also under constructionisa
site in Sri Lanka, this one to be shared
with Radio Teheran—which will put
Iran in the ‘big league’ of countries
with external relay sites. A few years
ago, DW tested via the Sierra Leone
Broadcasting Service, but this failed.
DW also has an interest in Radio
Trans-Europe, Sines, Portugal, which
is used by a number of different
broadcasters but has no programs of
its own.

Radio Free Europe and Radio Liber-
ty, now based in the same building in
Germany, transmit from low-powered
stations in Germany, and high-
powered sites in Portugal and Spain,
respectively. Radio Liberty, however,
has been in serious danger of losing
its rights to beam to the USSR from a
Barcelona beach.
€— CIRCLE NO. 5 ON FREE INFDRMATION CARD

Glenn Hauser

How do you know whether you're
hearing these stations from Germany
or Iberia? Only a current frequency
schedule gives the exact answer. In
general, however, higher frequencies
come from Iberia rather than from
Germany. In fact, most RFE programs
on 11 MHz, and all on the 15, 17 and 21
MHz bands, are from Portugal.

Multi-Site Broadcasters. The
Voice of America is the supreme
multi-site broadcaster, with 72 trans-
mitters in nine foreign countries (as of
last year) and 41 at 6 U.S. sites. Last
May, VOA resumed a policy DX listen-
ers had criticised before—ceasing to
show the site in use on QSL cards, and
ceasing to announce specific sites
(just the studio location of Washing-
ton, D.C.). VOA's summer schedule
still lists the sites, however. It's not
uncommon for two or three different
sites to be used on a single frequency
within a 24-hour period. Several fre-
guencies (5955, 9650, 11805 and
11830 kHz) show four sites per day,
and one—15205 kHz—is listed for five
sites each day (Delano, Dixon,
Munich, Kavalla, Tangier).

Rather than expanding its network,
VOA has trouble holding on to existing
sites. Okinawa's lease ran out last
May, and Thailand is eyeing the
megawatt VOA station there for its
own benefit as relations with the U.S.
deteriorate.

Only two of the eight VOA transmit-
ters in Liberia are on the air between
2300 and 0100 GMT, and none at all
from 0100 to 0300. It's a pity politics
prevents these from relaying hard-to-
hear Asian, African and European sta-
tions back to the USA.

Many parts of the U.S. are too far
from VOA transmitters for ground-
wave reception, yet too close for sky-
wave. The central states hear all
domestic VOA sites well by back-
radiation, but on the coasts transmis-
sions from the opposite coast or over-
seas sites often come in better than
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backscatter from
transmitters.

AFRTS uses VOA transmitters as
backup for overseas military units de-
pending primarily on cable or satellite
feeds, 24 hours aday—despite the fact
that few overseas AFRTS stations use
much from AFRTS-Washington be-
sides ball games and news. Con-
sequently, AFRTS uses only one over-
seas relay—a Philippine transmitter
beamed westward.

The VOA site near Bethany, Ohio, is
used extensively by other organi-
zations—for two main reasons. Beth-
any is at a disadvantage in reaching
Europe, compared to Greenville, N.C.
The latter has a much more southerly
path, away from the auroral absorp-
tion zone, so the higher-priority VOA
programs radiate from Greenville;
also, UN Radio, AFRTS, and the Voice
of the OAS are all interested in reach-
ing Latin America, for which Bethany
is as good as Greenville.

You may hear VOA out of band; if it's
not a receiver image, it still may be a
feeder, like 5745 kHz, with the carrier
hardly reduced at all. However, one
frequency-hour of VOA transmissions
is officially broadcast out-of-band, via
a long-established BBC channel—
7325 kHz at 0600-0700 GMT.

BBC is another big multi-site sta-
tion. Exceptalong the East Coast, best
reception in North America usually -
comes from BBC sites outside the
UKOGBANI. BBC sites are referred to
only in vague terms—"Atlantic Relay”
for Ascension Island, ‘‘East Mediter-
ranean Relay” for Cyprus; and “'Far
Eastern Station’ for Malaysia.

Just as the VOA uses BBC facilities
in England, and more recently in As-
cension, the BBC uses VOA facilities
in the USA. But despite VOA's
openhandedness about the deal, the
BBC continues to avoid any official
admission that it is depending on VOA
for its Spanish broadcasts at 0215-
0415 from Dixon-6010 and Delano-
9680 kHz (VOA picks up the BBC sig-
nals at Greenville and feeds them by
land line to the west coast); for Por-
tuguese at 2200-2415 on 5995 kHz;
and for the World Service at 0030-0330
from Greenville-9510 kHz, the last of
which appears in BBC schedules as if
it were from a site in England. VOA
warms up that transmitter on 9500 to
avoid interfering with an abutting B8C
relay from Canada on 9510.

The relatively isolated Ascension
site, however, uses tapes whenever
possible, resulting in a much nicer
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= 8080 MPU (The one
with growing soft-
ware support)

* 1024 Byte ROM
(With maximum ca-
pacity of 4K Bytes)
* 1024 Byte RAM
(With maximum
capacity of 2K
Bytes)

* TTY Seriat 1/0

* EIA Serial I/0

« 3 parallel I/O's

« ASCil/Baudot
terminal com-

HAL Communications Corp. has
been a leader in digital communi-
cations for over half a decade.
The MCEM-8080 microcomputer
shows just how far this leadership
has taken us...and how far it

can take you in your applications.
That's why we'd like to send
you our card—one PC
board that we feel is the
best-valued, most complete

If you want a microcomputer
with all of these standard features...

'

patibility with TTY machines or video units
* Monitor having load, dump, display, insert
and go functions

...then let us send you our card.

HAL Communications Corp.
Box 365, 807E. Green Street, Urbana, Illinois 61801
Telephone (217) 367-7373

» Complete with card
= connectors
% — °* Comprehensive
User's Manual, plus
Intel 8080 User's
Manual
* Completely
factory assembted
and tested —pot
a kit
* Optionatac-
cessories: Key-
board/video
display, audio
cassette modem
interface, power supply, ROM programmer
and attractive cabinetry ... plus more options
to follow. The HAL MCEM-8080. $375

microcomputer you can buy. For
details on the MCEM-8080, write
today. We'll also include compre-
hensive information on the HAL
DS-3000 KSR microprocessor-
based terminal, the terminal that
gives you multi-code compati-
bility, flexibility for future
changes, editing, and a
convenient, large video
display format.
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* Allison replaced the mechanical

Breaker-Points and Condenser with

a “Highly Accurate’* Opticat Con- us

trol. A Beam of Light, passing & Foreign
through a speciatly designed ~ Patents Pending

“ROTOR" precisely triggers a Heavy-Outy “POWER S
MOOULE" that BOTH '*Charges and Fires'* the Ignition Coit,
with the “FASTEST" High Voltage RISE TIME, producing the
MAXIMUM ““HIGHEST ENERGY'' SPARK available

# Since there is NO Mechanical Friction, there are NO Parts to
ever WEAR or need replacing, and ONCE properly Timed. it
should NEVER need any Maintenance! OWELL never needs
adjustment, it is PRE-SET to supply the OPTIMUM Perfor-
mance at BOTH High and Low Speeds. The RPM Capability
of the **XR-700"" is Factory Tested to 15,000 RPM

# The "High-Energy'" SPARK INTENSITY and DURATION. ..
permits the Positive FIRING of Spark-Plugs, even under the
MOST ADVERSE conditions, results in more COMPLETE
COMBUSTION and Eliminates **Engine Mistire”, hence
fewer exhaust Emissions, IMPROVED Fuei Mmane a
HIGHER Performance Levei...and heips keep Plugs FROM
FOULING, which greatly extends the Spark-Plug LIFE!

M Only the Highest Grade (U.S. Made) Solid-State Compo-
nents are used...UNAFFECTEO by Moisture or Vibration! The
Allison **XR-700"" was engineered to OUTLAST the LIFE OF
YOUR CAR!

#* “EASY-TO-FOLLOW'' INSTALLATION.
(Not Necessary to Dismantle your Distributor.)

s, W *'XR-700""...Designed for those who want the BEST

3¢ SAVE! ORDER FACTORY DIRECT.

150 rr . Gause of Primary (ignition Noise) interferenc
»

‘CB** USERS: The XR-700 compietely ELIMINATES the Malﬂ

" s
/

AUTOMOTIVE CO.

* America’s Oldest and Largest Manufacturer of Opto-Electronic Ignition Systems. ©

ALLISON '*- Our BEST Salesmen...are the USERS of our ALLISON Systems!

1267 -E8, East EDNA PI., COVINA, CAL. 91722

‘IIPTII XIHIIII’

with the Exclusive..."Built-In"
SOLID-STATE VOLTAGE REGULATOR

* The "XR-700" is a NEW, redesigned,
EASIER TO INSTALL version of the
Ailison ‘‘Opto-Eiectric”, with the New
/ addition of the anlage Reguiator,
making it the MOST RELIABLE and Fool-
Proof Ignition System ever invented.

=

in Performance, Gas Mileage, Quicker Starting,
Eliminate frequent Tune-Ups and Maintenance Costs.

FACTORY-BACKED
10-YEAR WARRANTY.
FREE Unit Repair or Replacement on ANY Oefects
ORDER WITH CONFIDENCE...
Remember, even if you PAY
Three Times as much, you
cannot get a better lgnition
System than the “*XR-700""!

oy $59%
COMPLETE

(Calif. Res. add Tax)
That's EVERYTHING
INCLUDING...
Poslage & Insurance.

Send Check or M.D., Car Make, Year, No. Cyl.(4, 6, or 8-Cyl.)

# You may use your MASTER CHARGE or BANKAMERICARD.
Send us (1) Your Number, (2) interbank No., (3) Exp. Date
# MC or BA Card Holders, ORDER by TOLL FREE PHONE:
(800) 423-6525, Ext. 2. (When in Continental U.S.A.)

Before Buying ANY other Type Ignition System...
Send Postcard for FREE BROCHURE.

if you have already installed a **Capacitive-Discharge'" Ignition
# Convert Your **C-D"* Unit 1o BREAKERLESS!
INCREASE ITS EFFICIENCY with “*XR-CD"...Only $34.95
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audio sound, even though the signal
may be weaker than from Sackville.
Most mail to Ascension goes through
Patrick AFB, Florida. There are times,
suchas 0100 GMT, when we can select
BBC from any of four different coun-
tries: Canadaon 6175, Britainon 5975,
7325 0r9410; USA on 9510, Ascension
on 9580 kHz. A fifth is now being
added, in cooperation with Deutsche
Welle, on Antigua. This will involve
some adjustments in BBC usage from
other sites. Frequencies planned to be
used from Antigua are 6010, 6065,
6085, 6175, 9545, 9590, 9605, 9735,
9765, 11765 and 11810 kHz. Not all are
for BBC-English—some are Spanish,
and some are for DW.

On the other side of the world, BBC
is moving its Far Eastern Station from
the southern tip of Malaysia to nearby
Singapore, whence it once claimed to
be operating before Singapore be-
came independent. Christmas Island
had been considered a possible re-
placement for Malaysia, but a Reuters
report spotted by Gerry Dexter reveals
why not: the phosphate island is being
mined heavily.

The cable connecting Britain and
Canada works both ways. RC/ feeds
some of its programs to Daventry, En-
gland. Indeed, there are no RCI
broadcasts in Czech, Slovak, Hungar-
ianand Polish from Canadaitself; only
from Britain. Radio Trans-Europe,
Portugal, is also used for Russian and
Ukrainian RC/ programs. RCI/ once
used the DW site on Malta, but was
kicked off for political reasons. Most
recently, Malta has started allowing
Libya to broadcast from the station
DW built. RCI probably wasn't too
sorry to lose Malta; they had a lot of
problems in feeding their signal there,
direct and via Daventry.

However, RC/ is the only station we
know of to try beaming two different
programs on the same frequency at
the same time from the same site—
Sackville on 9625 kHz. RC/ European
service mixed with the Northern Serv-
ice two hours a day last summer, and
for a few weeks this May, NS overlap-
ped the South Pacific Service for half
an hour. This kind of sharing just
doesn't work!

Any Radio Nederland transmission
you hear between 0030 and 0750 GMT
is not from Holland, but from Bonaire,
which is an excellentspot for reaching
all of the Americas and Africa. Bonaire
frequencies hardly ever change,
which is another advantage for RN.
The site has even been used for

POPULAR ELECTRONICS




broadcasts back to Europe, as Hol-
land is in the skip zone from much of
Europe: but this is now an added ben-
efit of AN’'s other relay base. in
Madagascar, which primarily serves
Africa, Asia and Australia. RN pre-
pares tapes weeks in advance so its
relay stations can broadcast high-
quality audio—except for news fed via
SSBlinks on SW, often with incredible
interference. The electronic-music
version of AN's interval signal, used
only on PTP feeders such as 5925 kHz,
must be heard to be believed. Some
RN programs are broadcast from all
three sites at the same time, with tapes
as much as 30 seconds apart.

The USSR is so large it doesn't
need—or at least doesn't have—
overseas relay bases. However,
though neither country admits it, Bul-
garia helps the USSR reach North
America. Radio Moscow on 9700 and
6070 kHz has long been known to be
via Sofia. but this year it has come to
light that another Bulgarian site, Plov-
div, also transmits Moscow programs,
scheduled when summer began on
11750 and 9530; 11870 is another So-
fian. These are the conclusions of
monitor Roger Legge in MclLean, VA,
Most of the other R. Moscow North
American Service sites are in Sim-
feropol’ or elsewhere in the Ukraine,
which is most advantageous, next to
Bulgaria.

Several Far East sites reach North
America from the other direction. Pet-
ropavlovsk, on the Kamchatka Penin-
sula, is best situated, and was used as
the summer began on 17720, 15210.
12050. 11970. 11720 and 9710 kHz. as
observed by Bill Davis in Laguna
Niguel. CA. Viadivostok is on 15100:
Nikolayevsk on 12000 and 11870:
Blagoveshchensk on 11690. and
Khabarovsk on 9635. Do not believe
the sites Radio Moscow claims on its
QSL cards. Discrepancies have been
determined by careful study of propa-
gation and operation. Despite a grow-
ing Orbitacomsat system in the USSR,
many Radio Moscow frequencies
exhibit the characteristics of relays off
shortwave. R. Moscow. R. Kiev. R. Vil-
nius and R. Yerevan should be thought
of as programs. rather than stations,
as each uses transmitters outside its
own republic.

Little is known about the sites within
China, but there must be several of
them. However, Radio Peking is re-
layed to the Americas and Africa from
Albania (on 6135, 7120, 9500 and 9780
kHz), and extensively to Europe on
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Could the

ultimate system be
all Crown?

it depends on how you deﬁne
“uitimate.” But Crown =
may be the only top-
quality, state-of-the-art
manufacturer whose
components could huild
a complete, ultimate
hi-fi system.

For instance: A
CX-824 tape deck, world-
renowned for reliable )
performance. Connected to an
1C-150A pre-amp. With the signal
amplified by a DC-300A power
amp, proved in many thousands
of hours of professional use. Out-
put controlled, monitored and switched
by an OC-150. Possibly a VFX-2 for personal
control of crossover points. And sound faithfully
reproduced by ES-212 electrostatic speakers.

All Crown. We think that system would be
somebody’s ultimate. Certainly ours. Maybe yours.

Write us today for the name of your nearest
Crown dealet. He'll talk to you — ultimately.

When listening
becomes an art,

4

crown

Box 1000, Elkhart IN 46514
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Incredible! $1,500
Video Players Now Just $99

BUY TWO GET ONE FREE.

Originally intended to sell for over $1,500.00,
these quality units from a major U.S. consumer
electronics manufacturer are brand new (still in
their original cartons), but no longer in production.

A limited supply of programmed cassettes is
available from a domestic source. And large
quantities may be obtained through an overseas
supplier.

They're perfect for experimental projects in
the lab, classroom, or home. Ideal as a T.V./
electro-optical testbed; the Video Players include
these components: @ flying spot scanner
¢ photomultiplier ® optics ® videoampli-

*FOB Reston, Virginia. All orders shipped freight
collect.

fiers ® chroma-circuits ® stereo audio
preamp ¢ RF modulator panel e film
transport assembly.

The Player can be used with any standard T.V.
set. It comes with a crystal controlled oscillator
for picture carrier on Channel 3, plus an FM
audio carrier output. External sound and picture
are available through your T.V. by connecting
a standard CCTV camera and audio input
(1 volt RMS).

With the exception of the flying spot CRT and
photomultiplier, the system is all solid state, in-
cluding transistors and integrated circuits.

All contained in a beautiful walnut case with
protective cover. Plus schematics and operating
manual.

Our sale price of $99.00 is worth any one of
the major components alone. Supply is limited,
so hurry — they won't last long.

Send check or money order (please include

necessary sales tax) or use your Mastercharge
or BankAmericard. Today!

Division of Metric Resources Corp.
822 Airport Blvd., Burlingame, CA 94010
Telephone (415) 342-7111

Leasametric

SIRCLE NO. 41 ON FREE INFORMATION CARO 111

AmericanRadioHistorv.Com




handy kits,
_ precision

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 tools and
measuring instruments available nowhere
else. One of the most unusual and complete
tool catalogs anywhere. Get your copy of
the NC FLASHER today.

Va National Camera
V 2000 West Union Ave., Dept. GGA

Englewood, Colorado 80110
(303) 789-1893
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1457 kHz. But you won't hear any an-
nouncements like "This is the Radio
Peking relay in Albania''!

Smaller Stations. Radio Budapest
was relayed, briefly, a few years ago
from East Germany. This had no par-
ticular advantage and was discon-
tinued. This summer, C.M. Stanbury,
reports a ‘‘relay sound” on Radio
Bucharest’s 5990 kHz outiet to North
America, but wedon't yet know where
this one is relayed from.

Australia has no external relay sites,
but several within the continent. The
newest is at Carnarvon on the west
coast. One of Carnarvon's three
beams eventually crosses Boston, and
it's nothard to hear elsewhere in North
America though intended for Asia. In-
terestingly, it is the most distant inter-
national broadcasting site in the world
from (roughly) the Eastern and Central
time zones. (R. Nederland in
Madagascar is farther from the Moun-
tain and Pacific time zones.) Carnar-
von is fed primarily by transcontinen-

tal microwave link, but with backup on
SSB at 9210 and 9450 kHz from Lynd-
hurst, Victoria.

Several countries broadcast from
two or more sites within their own
country, but seldom specify which.
Among them are England, France,
Spain, Sweden, Switzerland, Saudi
Arabia, Israel, East Germany, Hun-
gary, Nepal and Malaysia.

New listeners are often confused
by WYFR. Is it in Oakland, CA, or
Scituate, MA? Most of the program-
ming is recorded at the studios in Oak-
land, but newscasts in Spanish seem
to be fed across the continent to Sci-
tuate, where all transmissions radiate.
However, WYFR is planning a move to
Florida.

Some stations are multi-site without
being relays. Trans World Radio
broadcasts from Monaco (actually
France), Bonaire, Swaziland, Cyprus,
Guam, and soon Sri Lanka. /BRA
Radio owns no stations but buys time
in Portugal and Malta, despite its
studio location in Sweden ®

ENGLISH-LANGUAGE SHORTWAVE BROADCASTS FOR SEPT. & 0CT.1976
by Richard E. Wood

TO EASTERN NORTH AMERICA

TIME-EDT TIME-GMT STATION QUAL® FREQUENCIES, MHz
reny
o W“ﬂlﬂl T OON T ART. | smrtnar w0 cvomotcusts o |snas
||lmll| OU R NAM E 6:30 a.m.-8:00 p.m.  1030.2400 **Montreal, Canada G 9.625,11.72
FOOL {Northern Service) {includes French, etc.)
7:00-7:25 a.m. 1100-1125 Tirana, Albania F 9.48, 11.985
YOU 7:009:00 a.m. 11001300 Melbourne, Australia G 958
7:00-9:30 a.m. 1100-1330 London, England G 15.07
7:00-10:00 a.m. 1100-1400 *'VOA, G 9.655,9.73
Washington, U.S.A.
7:158:15a.m. 1115:1215  Maontreal, Canada G 5.97, 9.655
8:00-8:30 a.m. 12001230 Jerusatem, Israel F 11.655, 15.10, 15.485, 17.685
8:00-8:55 a.m, 1200-1255  Peking, China F 11.685
B:15a.m.-12:30 p.m. 1215-1630 HCJB, Quito, G 11.745,15.115
“ Ecuador
9:00-11:00 a.m. 1300-1500 Trans-Warld Radio, G 15.255 (Sat., Sun.}
\l “‘ “ Bonaire, N.A.
' 4 4 1. -
‘ 4 \ “ 9:15-9:45 a.m. 1315-1345  Berne, Switzerland C 15.14
“\‘ ‘ 9:15a.m.-4:00 pm. 13152000 *°London, England G 9.41,15.07
‘ ‘\““ | 9:301000am. 1330 1400 Helstnki, Finland Foolisn
| 10:00-10:30 a.m. 1400-1430  Stockholm, Sweden G 16.305
WE'RE ALSO Rs‘ 11:00 a.m.-12:15 p.m. 1500-1615  London, England [ 17.84 {via Ascension)
D\SCOUNTE . dealer- 12:00-1:00 p.m. 1600-1700  ° "Paris, France G 9.74, 11.705, \1.39, 11.93, 11.965,
€ 3 158 . X 17.
CB et om.th?:dvo\urgaw‘og * :3; (1) 1273;(21 15.32, 15.426, 17.72,
Sa\;\% t\é, our Free H“‘; on our ‘Super 1:00-2:15 p.n. 17001815 London, England G 9.58 {via Sackville) (Sun. to 1845)
%)? call ior a price quo 2:45-4:00 p.m. 1845-2000  *"Abidjan, Ivory Coast F 11.92 (Mon.-Sat.)
SelV\Ce ' line 3:45-6:30 p.m. 1945-2230 " *Delhs, India F 9.525,9.912, 11.62
1.2 2_5830 — 4:00-4:30 p.m. 20002030 * *Tehran, Iran Foo 9022
3“ 5 - = o R Jerusalem, Israel G 7.395,9.815, 11.645
- wm = 4:00-5:00 p.m. 20002100 | * *Braslia, Brazil G 1178
r & Accra, Ghana F 9.545,11.85
Nam _ 4:005:15 p.om. 2000-2115 | **London, England G 941,11.75, 1507, 15.26
Address e e 4:00-5:20 p.m. 2000-2126  * “Hilversum, Holland F 11.73 {via Talata)
‘ i TERS 4:455 00 p.m. 20452100  **Valleua, Malta G 6.035 (Sat.}
TEREO D\SCOUN 5:00-5:50 p.m. 2100-2150 - Johannesburg, South G 4.875, 9.585, 11.90
‘ 1A Aylesbuty Rdz“ 093 Africa
‘ T\mo\"“—‘m' Md PE-9 5:00-6:00 p.m. 2100:2200 ' *“Montreal, Canada G 9.625, 11.855, 15.325
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5:15:6:45 p.m.

5:30-6:50 p.m.
5:45-7:00 p.m.
6:00-6:15 p.m.
6:00-6:30 p.m.
6:00-8:00 p.m.
6:00-9:20 p.m.
6:30-7:00 p.m.

6:30-7:20 p.m.
6:45-8:30 p.ni.

6:55-7:15 p.m.
7:00-7:30 p.m.

7:00:7:50 p.m.
7:00-8:30 p.m.

7:45-8:00 p.m.

7:45-8:45 p.m.
8:00-8:25 p.m.
8:008:30 p.m.
8:00-8:55 p.m.

8:00-10:00 p.m.

8:00 p.m.-1:05 a.m.

8:15-8:30 p.m.
8:30-8:55 p.m.
8:30-9:00p.m.

8:30:9:30 p.m.

8:30:11:30 p.m.
8:40-9:00 p.m,
8:40 p.m.-1:00 a.m.

9:00-9:15 p.m.
9:00-9:20 p.m.
9:009:45 p.m.
9:00 p.m.-12 mdt.
9:00-9:55 p.m.

9:00-10:00 p.m.
9:00-11:00 p.m.

8:00-11:30 p.m.
9:30-9:50 p.m.

9:30-9:55 p.m.

9:30-10:25 p.m.
9:45-10:15 p.m.
10:0010:30 p.m.

10:00-10:55 p.m.
10:00-11:20 p.m.
10:00-11:30 p.m.
10:30-10.55 p.m.
11:00-11:30 p.m.

11:00-11:35 p.m.

11:00:11:55 p.m.
11:00-12 mdt.

SEPTEMBER 1976

2115.2245

2130-2250
2145-2300
2200-221%
2200-2230
2200-0000
2200-0120

2230-2300
2230-2320
2245-0030

2255-2315
23002330

2300-2350
2300-0030

2345-0000

23450045
0000-0025
0000-0030
0000-0055

0000-0200

0000-0505

0015-0030
0030-0055
0030-0100

0030-0130

0030-0330
0040-0100
0040-0500

0100-0115
0100-0120
0100-0145
0100-0400
0100-0155

0100-0200
0100-0300

0100-0330
0130-0150

0130-0155

0130-0225
0145-0215
0200-0230

0200-0255
0200-0320
0200-0330
0230-0255
0300-0330

0300-0335

03000355
0300-0400

London, England

Hilversum, Holland

* *Cairo, Egypt

* *Belgrade. Yugoslavia
' “Montreal, Canada
Montreal, Canada

* *Ankara, Turkey
Jerusalem, Israel
Vilnius, U.S.S.R.
Johannesburg, S. Africa
London, England

Brussels, Belgium
Stockholm, Sweden
Helsinki, Finland

* *Buenos Aires
Argentina

Moscow, U.S.S.R.

* *Voice of the Org. of
American States,
Washington, U.S.A.
Tokyo, Japan
Tirana, Albania
Qslo, Norway
Peking, China
Sofia, Bulgaria
**Luxembourg
*°*VOA,
Washington, U.S.A.
**Montreal, Canada
{Northern Service)
Athens, Greece
Prague, Czechoslovakia
Kiev, U.S.S.R.
Stockhotm, Swedin
**Trans-World Radio
Bonaire, N.A.
London, England
Brussels, Belgium
HCJB, Quito
Ecuador
Vatican City
Rome, ltaly
Berlin, Ger. Dem. Rep.
Madrid, Spain
Peking, China

Prague, Czechoslovakia
Montreal, Canada
Melbourne, Australia
Moscow, U.S.S.R.

Havana, Cuba

Cologne, Ger. Fed. Rep.

Tirana, Albania
Vienna, Austria
Bucharest, Rumania
Berne, Switzerland
Budapest, Hungary

Lisbon, Portugal
Oslo, Norway
Warsaw, Poland

Peking, China
Hilversum, Holland
Cairo, Egypt
Tirana, Albania
Budapest, Hungary

Kiev, U.S.5.R.
Warsaw, Poland

Peking, China
Buenos Aires,
Argentina
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9.58 {via Ascension), 11.78, 15.26
{via Ascension)

9.715, 11.73 (Sun.: Dutch)
9.805

9.62

11.855, 15.325

6.04, (Mon -Fri.)

9.515, 11.88

7.395,9.435, 9.815, 11.625
7.32, 7.355, 9.685, 9.735, 9.745
4.875, 9.585, 11,90

6.975, 7.325, 9.58

{via Ascension), 11.78

9.73

6.12,9.605, 11.705

15.11

11.21 (Mon.-Fri.)

5.905, 7.10, 7.11, 7.15, 7.205
7.355, 9.685
9.64,11.74,15.16

16.27,15.30
1.065,9.78

6.18, 8.645, (Sun.)

11945, 15.06, 15.52, 17.673
9.70

6.03
6.13,9.65, 11.83

5.96, 9.625

{inctudes French, ete:)
9.76

6.058, 9.54

7.15,7.205, 9.685, 9.72
11.955

11.925

5.975, 7.325, 9.58 (via Ascension)
9.73

6.095, 9.56,11.915

{includes some Eskimo)

5.995, 6.1085, 9.605

9.575,11.81

9.73

6.065, 11.88 (Mon.-Sat.)
7.12,9.78 {via Tirana),

11.945, 11965, 15.06, 15.52
5.93,7.345,9.54,9.74, 11.99
6.085, 9.655

15.32, 17.795 i
5.905, 7.10, 7.11, 7.18, 7.205, 7.355,
9.685, 9.70 (via Sofia}
11.725,11.93 .
6.01, 6.04, 6.075, 6.10 (via Malta),
9.965, 9.69, 9.745, 11.865

{via Malta)

6.20, 7.30

6.155,9.77

5.99, 9.57,9.68,11.775, 11.94
65.965, 6.135, 9.725, 11.71%
6.00.6.115, 9.585, 9.833, 11.91,
15.22 (Ex. Sun.)

6.025, 11.935

6.18, 9.645, (Sun.)

6.095, 6.135, 7.27, 9.675,

11.815, 11.84, 15.12

11.965, 15.06

6.165 (via Bonaire)

9.475

6.20,7.30

6.00, 6.115,9.585, 9.833, 1191,
15.22

7.15,7.39,9.61,9.72

6.095, 6.135, 7.27, 9.675, 11.815,
11.84, 15.12

7.12,9.78 {via Tirana)

9.69 {Mon.-Fri.}
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Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

Earn Your

DEGREE _’-L

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 enrall. Write or phone (no collect calls please)
and ask for BULLETIN E-76.

Grantham School of Engineering
2000 Stoner Ave., Los Angeles, CA 90025

® Telephone (213) 477-1901 @

Worldwide Career Training thru Home Study
CIRCLE NO. 31 ON FREE INFORMATION CARD

PSAVED

MONEY  TIME e 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

¥C

illinois audio

Department 217S
12 East Delaware
Chicago, lllinois 60611
312-664-0020

CIRCLE NO. 36 ON FREE INFORMATION CARD
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McKay Dymek-Kit — DX’ers and AM |
listeners — build your own ferrite loop |
AM antenna and SAVE BIG MONEY.
Dymek-Kit DA5 $119.

($175 assembled.)

Overcomes the two most common

AM reception problems: strong local
stations “hiding” weaker distant
stations close on the dial, and interfer-
ence from TV and electrical sources. |
Improves inherent long range |
capabilities of AM — programs
listenable from a thousand miles.
Send coupon for full details in a hurry;
or phone your order Toll free:
800/854-7769 (Calif:800/472-1783)

| g McKay Dymek Co. e |

4 675 N Park, P.O. Box 2100 sl I
Pomona, CA 91766

S |

state & zip

CIRCLE NO. 43 ON FREE INFORMATION CARD

iz SAVE ON |

Brand Name Audio

Write Today for Our '
FREE Audio Catalog

DIXIE is one of the oldest and largest audio compo-
nent mail order houses in the country. Dur prices on
brand name components are actually LOWER than
“Discounters”. See our new catalog or call us for a
price quote. Everything shipped factory-sealed with
full manufacturer's warranty.

Master Charge / BankAmericard
honored on mall orders

el

T LEN
PIONEER

DINIE HI-FIDELITY PE-9

5600 Second St., N. E., Washington, D. C. 20011
Phone: 1-202-635 4900

Piease rush me your FREE Audio Catalog and
int L tnere is no

obl iga(ion,

Name
Address
City
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11:00 p.m.-12:25 a.m, 0300-0425

11:30-11:55 p.m.

11:30-12:30 a.m.
11:30-12:50 a.m.
12 mdt.-12:15 a.m.

12 mdt.-12:25 a.m.
12 mdt.-12:30 a.m.
12 mdt.-1:00 a.m.

12 mdt.-2:00 a.m.
12:30-1:00 a.m.
12:50-2:00 a.m.
1:00-1:15a.m.
1:00-2:00 a.m.
1:00-3:00 a.m.

0330-035%

0330-0430
0330-0450
0400-0415

0400-0425
0400-0430
0400-0500

0400-0600
0430-0500
0450-0600
0500-0515
0500-0600
0500-0700

Prague, Czechoslovakia
Moscow, U.S.S.R.

**Johannesburg

S. Africa

Tirana, Albania
Vienna, Austria
Londan, England
Havana, Cuba
Budapest, Hungary

Bucharest, Rumania
Sofia, Bulgaria
Moscow, U.S.S.R.

Montreal, Canada
**London, England
Havana, Cuba
Jerusalem, Israel
**London, England
HCJB,

Quito, Ecuador

(2]

OO To
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5.93,7.345,9.54,9.74,11.99
5.905,7.10, 7.11, 7.385, 9.665,
9.685, 9.70 (via Sofia)
3.23,3.995, 4.875

6.20, 7.30

6.155,9.77

£.975, 9.58 (via Ascension)
11,725, 11.76,11.83

6.00, 6.115, 9.585, 9.833,
11.91, {Tue./Fri}
6.99,9.57,9.68, 11.775, 11.94
9.70

5.908, 7.10, 7.15, 7.205, 7.355,
7.39,9.685,9.72

6.135, 9.655

6.005, 9.58 (via Ascension)
11.725, 11.76

5.90, 7.413, 9.009, 9.435
6.005, 7.27, 9.60 (via Ascension}
6.095, 9.56

TO WESTERN NORTH AMERICA

TIME-PDT

4:00-4:15a.m.
4:00-5:00 a.m.
4:00-7:00a.m.

5:00-5:15 a.m.
5:00-6:15 a.m.

5:15-9:30 a.m.

6:00-6:15 a.m,
6:00-8:00 a.m.

6:30-8:00 a.m.
6:30-9:153.m.
7:00-7:30 a.m.
7:00-8:20 a.m.
7:00-9:55 a.m.
8:00-8:15 a.m.
8:00-9:15a.m.
9:00.9:15a.m.
9:00-9:30 a.m.
9:45-9:51 a.m.
10:00-10:15 a.m.
10:00-11:30 a.m.
11:00-11:15 a.m.
11:30a.m.-1:00 p.m.
12 noon-12:07 p.m.
12 noon-12:15 p.m.
1:00-1:15 p.m.
1:00-2:20 p.m.
2:00:2:15 p.m.
2:15:4:00 p.m.
3:00-3:15 p.m.
3:00-5:00 p.m.

3:30-4:00 p.m.
3:30-4:20 p.m.
4:00-4:30 p.m.
4:00-5:30 p.m.

5:00-6:15 p.m.
5:00-7:00 p.m.
5:30-6:30 p.m..

6:30-8:30 p.m.

5:40-10:00 p.m.

AmericanRadioHistorv.Com

TIME-GMT

11001115
1100-1200
1100-1400

1200-121%
1200-1315

1215-1630

1300-1315
1300-1500

1330-1500
13301615
1400-1430
1400-1520
1400-1655
1500-1515
1500-1615
1600-1615
1600-1630
1645-1651
1700-1715
1700-1830
1800-1815
1830-2000
1900-1907
1900-1915
2000-2015
2000-2120
2100-2115
2115-2300
2200-2215
2200-0000

2230-2300
2230-2320
2300-2330
2300-0030

0000-0015
0000-0200
0030-0130

0030-0330

0040-0500

STATION

Tokyo, Japan
London, England
""VOA,

Washington, U.S.A.
Tokye, Japan
London, England

HCJB, Quito,
Ecuador

Tokyo, Japan
Trans-Wortd Radio,
Bonaire, N.A.
**Dethi, India
**London, England
Tokyo, Japan
**Hilversum, Holland
Manila, Philippines
Tokyo, Japan
London, England
Tokyo, Japan

Oslo, Narway
Hilversum, Holland
Tokyo, Japan
London, England
Tokyo, Japan
**London, England
* *Papketé, Tahiti
Tokyo, Japan
Tokyo, Japan
**Hilversum, Holland
Tokyo, Japan
London, England
Tokyo, Japan
“*VOA,

Washington, U.S.A.
Maontreal, Canada
Jerusalem, Israel
Johannesburg, S. Africa
Tokyo, Japan
London, England

Moscow, U.S.S.R.
Tokya, Japan
**VOA,

Washington, U.S.A.
“*Trans-World Radio,
Bonaire, N.A.
London, England

HCJB, Quito
Ecuador

QUAL*
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FREQUENCIES, MHz2

5.99
11.75 (via Tebrau)
5.955,9.73

5.99

5.99 (via Sackville){opens 1300 Sun.},
11.75 (via Tebrau)

11.745, 15.115

5.99
15.255 (Sat., Sun.)

11.81,15.345

9.74, 11.75, 15.31 (via Tebrau)
9.505

11.73 (via Talata)

9.58 (Closes 1555 Sun.)

9.505

17.84 {via Ascension)

9.508

17.80 (Sun.)

15.14, 15.19 (via Bonaire, Mon.-Fri.)
9.505

9.68 {via Sackville closes 1845 Sun.}
9.505

11.82 (via Ascension)

11.825, 15.17 (exc. Sun.}
15.105

15.105

11.73 (via Talata}

15.105

15.26 (via Ascension)

15.105

17.82,17.895, 21.61

6.04 (Mon.-Fri.}

7.395,9.815, 11.645

4.875,9.585,11.90

15.105

6.175,9.51 (via Sackville),

9.58, 15.26 (via Ascensian)

12.05, 15.18, 17.775 (via Soviet Far East)
15.105

11.71, 15.205

11.925
6.175 {via Sackville),
9.51 (via Greenville),

9.58 (via Ascension}
6.095, 9.56, 11.915 (includes some Eskimn)

POPULAR ELECTRONICS



6:00-6:15 p.m.
6:00-8:00 p.m.

6:00-9:00 p.m.
6:30-7:30 p.m.
7:00-7:15 p.m.
7:00-7:55 p.m.
7:00-8:50 p.m.
7:30-8:00 p.m.
8:00-8:15 p.m.
8:00-8:30 p.m.

8:00-8:55 p.m.
8:00-9:25 p.m.
8:00-9:35 p.m.
8:22-8:28 p.m.

8:30-9:00 p.m.

8:309:15 p.m.
8:30-9:30 p.m.

9:00-9:15 p.m.
9:00-9:30 p.m.

9:00-10:00 p.m.

9:00-11:00 p.m.
9:15-10:30 p.m.
9:30-10:00 p.m.

9:30-10:15 p.m.
10:00-10:15 p.m,
10:00-10:30 p.m.

10:00-11:20 p.m.
10:00 p.m.-12 mdt.

0100-0115
0100-0300

0100-0400
0130-0230
0200-0215
0200-0255
0200-0350
0230-0300
0300-0315
0300-0330

0300-0355
0300-0425
0300-0435
03220328

0330-0400

03300415
0330-0430

0400-0415
0400-04 30

0400-0500

0400-0600
0415-0530
0430-0500

04300515
05000515
0500-0530

0500-0620
0500-0700

10:00 p.m.-12:30 a.m. 0500-0730

10:30-10:50 p.m.
11:00-11:15 p.m.
11:00-11:30 p.m.
11:00-12 mdt.

11:30 p.m.-1:30 a.m,
11:30 p.m.-1:55 a.m.

12 mdt.-12:15a.m.
12 mdt.-12:30 a.m.
12:30:1:15 a.m.
1:00-1:15 a.m.
2:00-2:15 a.m.
2:00-2:30 a.m.
3:00-3:15a.m.
3:00-3:50 a.m.

3:004:00 a.m.

0530-0550
0600-0615
0600-0630
0600-0700
0630-0830
0630-0855

07000715
0700-0730
0730-0815
0800-0815
0900-0915
0300-0930
1000-1015
1000-1050

1000-1100

Tokyo, Japan
Moscow, U.S.S.R.

Melbourne, Australia
Madrid, Spain
Tokyo, Japan
Tokyo, Japan
Peking, China
Taipei, Taiwan
Stockholm, Sweden
Tokyo, Japan

Kiev, U.S.S.R.

Peking, China

**Johannesburg,

S. Atrica
**San Josk, Costa Rica
Erevan, U.S.S.R.

Moscow, U.S.S.R.

Berlin, Ger. Dem.
Rep.
London, England

Tokyo, Japan
Sofia, Bulgaria
Budapest, Hungary

Osio, Norway
Moscow, U.S.S.R.

Montreal, Canada
Bangkok, Thailand
Lishon, Portugal
Berne, Switzerland
Vienna, Austria
**London, England
“*Cologne, Ger. Fed.
Rep.
Jerusalem, Israel
Tokyo, Japan
Seoul, Rep. of Korea
Hilversum, Holland
HCJB, Quito,
Ecuador
“*London, England
Moscow, U.S.S.R.

Cologne, Ger. Fed. Rep.

Tokyo, Japan

0Oslo, Norway

Buenos Aires, Argentina

Havana, Cuba

**Kuala Lumpur,

Malaysia

Tokyo, Japan

**London, England

* *London, England

Tokyo, Japan

Tokyo, Japan

Seoul, Rep. of Korea

Tokyo, Japan

Pyongyang, D.P.R.
Korea

**Montreal, Canada
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15.109

12.00, 12.05, 15.18, 17.775
{via Soviet Far East)

15.32, 17.795

6.065, 11.88 (Mon.-Sat.}
15.195, 15.39, 17.725, 17.825
15.105

11.965, 12.055, 15.06

11.86, 15.125, 17.72, 17.89
9.695, 11.705

15.105

12.05,15.18, 17.775

(via Soviet Far East)
7.12,9.78 (via Tirana), 12,055, 15.06
15.385, 17.735, 17.855
3.23,3.995,4.875

6.175,9.645

11.96, 15.13, 15.18, 15.455,
(Sat./Tue./Wed./Fri.,

via Far East)

6.02,9.635, 11.72, 11.96, 12.05,
15.13, 15.18, 15.21, 16.245,
{via Soviet Far East)
9.73,11.84,11.89

6.175 (via Sackvilte),

9.58 {via Ascension)

15.105

9.70

6.00, 6.115, 9.585, 9.833, 11.91
(Tue., Fri.)

9.645, 11.87 (Sun.)
6.02,9.635, 11.69,

11.96, 12.05, 15.10, 15.13, 15.18,
15.21, 15.245 (via Far East}
6.135,9.655

9.655, 11.905

6.025, 11.935

9.725,11.715

6.015

6.005, 9.58 {via Ascension)
7.225 (via Kigali)

9.815

16.105

9.64, 15.335

6.165, 9.715 (via Bonaire)
6.095, 9.56

6.005, 7.27, 9.60 (via Ascension)

6.02,9.635,9.71, 11.69, 11.96, 12.05,

15.10, 15.13, 15,18, 15.21
{via Soviet Far East)

6.10 {via Malta), 6.185, 9.545
9.505

9.645, 11.87 (Sun.)

9.68 {(Mon.-Fri.)

9.525

11.90, 15.279

9.505

6.005, 9.60 {via Ascension)

9.60, 11.86, 15.40 (via Ascens:on)
9.505

9.505

9.64,15.335

5.99

9.42,9.535

5.97,9.625

Reception quality, East Coast {(West Coast) location: G-good, F-tair, P-poor

“*Not intended tor North America, hut receivable satisfactorily

Frequencies are accurate as of press time, hut subject to change. Many stations broadcasting in English but not
beamed to North America are often audible here depending upon conditions, locations, time, etc. Sometimes, they
are more audible than those nominally heamed here. To help readers and as a sampling of what can be heard, we
have added a selection of nteresting stations heard here in English. The fine programs from Paris and Brasilia are

particularly recommended.
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MUSIC SYNTHESIZER KIT

When you combine all of the modules that are part
ot this package and then throw in keyboard, 12
event sequencer and a four input stereo mixer,it's
almost like having two synthesizers in a single
package. Wrap them all in sturdy road cases and
you have an instrument that goes anywhere and
does any job. Module complement includes: Road
keyboard with Glide, Two Road module cases, two
Balanced Modulator/VCA’s, Stereo Mixer

Reverb, three 4720 VCO's, 4730 VCF, two
Envelope Generators, three Watt Blocks, Control
Oscillator/Noise Source and 12-Event Sequencer.

No. 4700/S Synthesizer Kit $499.00 *40 1Ibs.

FREE CATALOG

m ELECTRONICS
DEPT. 9-P
1020 WEST WILSHIRE BLVD

OKLAHOMA CITY, OK 73116
_ CIRCLE NO. 49 ON FREE INFORMATION CARD

RS N
A\\IN

»

TIGERF

£ ECTHO PORT<.

#

Corporata
'3 i St

save on gas!
save on tune-ups!
save on maintenance!

Electronic ignition is *IN‘!
Detroit.

So says

Update your car with either a TIGER
CD or a TIGER | breakerless system.

Enjoy the benefits of better gas mileage,
quicker starting, elimination of tune-ups,
50,000 miles on points and plugs, and
reduced maintenance expenses.

TIGER MAX CD $69.95
TIGER 500 CD 69.95
TIGER SST CD 42.95
SIMPLIKIT CD 31.95
TIGER | 45,95

Postpaid U.S.A. only.

“TFi-Star Corporation

Dept. 22, P.O. Box 1727
Grand Junction, Colorado 81501

CIRCLE NO. 69 ON FREE INFORMATION CARD 15
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Computer Bits

COMPUTER MUSIC

EGINNING with this month,
“Computer Bits" is a monthly
feature of POPULAR ELECTRONICS. As a
consequence, we are able to offer a
two-part discussion of computer
music—this month and in October.
Playing music with your computer
can be a refreshing diversion, an im-
pressive demonstration, or a mild ob-
session, depending on your inclina-
tion. We will discuss computer music
performance first, with computer
music composition to follow.

Some History. Elementary, mono-
phonic music is just a series of tones
with different frequencies and dura-
tions. Over the years, several methods
have been devised by which a compu-
ter could either generate the tones di-
rectly or control tone-generating de-
vices.

Perhaps the strangest method of
output is one employed by an IBM-
1401 computer program that played
the line printer! Computer printers
work much like a typewriter in that a
metal type face strikes the paper

By Hal Chamberiain

under computer control. A pulse of
sound is emitted when the paper is
struck. In a 1401, the printer was inter-
faced in such a way that a program
could control precisely when a print
hammer fired. Proper relative timing
among hammer strikes in the row of
120 hammers could actually produce
a tone. Different frequency tones
could be produced by changing the
hammer timing. A rendition of “An-
chors Aweigh' was heard by the au-
thor; and, while sounding rather
raspy, it was in tune!

Another unexpected way to get a
computer to produce tones involves
the use of a common AM broadcast-
band radio. Modern computer logic
circuits generate pulses having
risetimes of about 10 nanoseconds.
These fast risetimes imply the exis-
tance of high-frequency harmonics
that may fall into the radio’s tuning
range. Furthermore, the harmonic
frequencies are separated from each
other by the pulse repetition rate. An
AM receiver interprets the harmonics
within its passband as a carrier with

Fig. 1. Example of a tone generation subroutine for the 8080.

upper and lower sidebands corre-
sponding to audio modulation at the
pulse repetition rate. Different instruc-
tions cause pulses to appear at diffe-
rent places within the computer. It is
therefore possible to set up program
loops that execute at controlled rates
and thus produce tones of different
frequencies. An interesting problem
with this method is that there is no way
to get the radio to *‘shut up"’ for a rest
or a break between two identical
notes.

A more predictable way to get audio
output is to connect a speaker to an
output port bit. A tone may be pro-
grammed by alternately setting the bit
on and off with an accurately timed
loop. This has an advantage since the
speaker may be silenced when de-
sired. One commercial computer (the
LINC) even had a speaker complete
with volume control connected to one
bit of the accumulator as standard
equipment! Some hobbyist systems
have a speaker installed in their
surplus keyboards. It is normally
clicked to signal that a character has
been accepted or beeped if an error is
detected. Of course, it is also available
as a simple "“music peripheral.”

Although the above methods make
interesting demonstrations and do not
require any specialized hardware,
they are far from being suitable for
serious music performance. Early in
the development of electronic music,
it became apparent that any audio
signal waveform could be represented
as a very rapid series of discrete volt-
age values. With a digital-to-analog
converter connected to the computer,

% ENTER WITH THE FREQUENCY PARAMETER IN C

% ENTER WITH THE DURATION PARAMETER IN D & E CLOCK

% USES SPEAKER CONNECTED TO ANY BIT OF OUTPUT PORT CYCLES
000:100 076 000 TONE MVI A,0 OUTPUT ZERO TO SFEAKER (7
000:102 232 XXX OUT (port address) (10)
000: 104 101 MOV B,C MOVE FREQ. PARAMETER TO (5)
000:105 005 DELAY1 ICR B B AND USE AS A DELAY COUNT (5)
000:106 302 105 000 JNZ DELAY1 DELAY 15 X FREQ. PARAMETER CLOCK CYCLES (10)
000:111 033 DCX D DECREMENT DURATICN PARAMETER (5)
000:112 172 MOV A,D TEST IF DECREMENTED TO ZERO (5)
000:113 263 ORA E (%)
000:114 312 136 000 JZ  RETURN GO RETURN IF SO, CONTINUE IF NOT (10)
000:117 076 377 MVI A,377Q OUTPUT ONE TO SPEAKER (7)
000:121 323 XXX OUT (port address) (10)
000:123 101 MOV B,C DELAY AS ABOVE (5)
000:124 005 DELAY2 DCR B (5)
000:125 302 124 000 JNZ DELAY? (10)
000:130 033 DCX D DECREMENT AND TEST DURATION AS ABOVE (5)
000:131 172 MOV A,D (5)
000:132 263 ORA E (%)
000:133 302 100 000 JNZ TONE LOOP BACK FOR ANOTHER SQUARE WAVE CYCLE (10)
000:136 311 RETURN RET RETURN TO MAIN PROGRAM
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a series of numbers could be con-
verted into the series of voltages and
thus an audio signal. Waveforms
could then be computed directly and
literally any possible sound or tone
produced. Some very impressive and
musically important results have been
obtained in this manner. Although this
method has perfect generality, the
number of computations needed for
even asimple piece is staggering. Typ-
ically, hours of computer time are re-
quired for minutes or even seconds of
musical output.

The newest method of musical out-
put is to interface a computer to a
sound synthesizer. Units such as a
Moog or ARP or some of the circuits
described by Don Lancaster in this
magazine can be used. The amplitude,
frequency, and spectrum of tones
produced by the synthesizer are set
with control voltages. Contrary to ac-
tual sound waveforms, control voit-
ages typically change slowly. This
greatly reduces the computational
joad on the computer. With only $50 to
$100 worth of components, a muiti-
plexed digital-to-analog converter
with a dozen or more control voitage
outputs can be built. Ordinary patch
cords may then be used to connect the
control voltages to the synthesizer.

Timed Loop Techniques. Let's
look at the timed-loop technique of

Fig. 2. Table of musical notes.

Note Frequency Period
Hertz Microseconds

C 261.62 3822.3
(middle)

C# 277.18 3607.8
D 293.66 3405.3
D# 311.13 3214.2
E 329.63 3033.8
F 349.23 2863.5
F# 369.99 2702.8
G 391.99 2551.1
G# 415.30 2407.9
A 440.00 2272.8
A# 466.16 2145.2
B 493.88 2024.8
C 523.25 1911.2
C# 554.37 1803.9
D 587.33 1702.7
D# 622.25 1607.1
E 659.26 1516.9
F 698.46 1431.8
F# 739.99 1351.4
G 783.99 1275.6
G# 830.61 1204.0
A 880.00 1136.4
A# 932.33 1072.6
B 987.77 1012.4
C 1046.5 955.58
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producing single tones with a compu-
ter. The two most important elements
of music are pitch and rhythm. Curi-
ously, these are the only elements that
can be easily controlled in a timed-
joop music program. Pitch is deter-
mined by the frequency of a tone in
cycles per second (Hertz) and rhythm
by the relative durations of individual
tones in seconds. The computer used
must have a definite clock cycle time,
and most hobby computers on the
market use a crystal clock which gives
avery stable and accurate cycle rate. A
few of the *‘trainer” kits may use an RC
clock which is not nearly as good, but
can still be used to illustrate the prin-
ciples.

The basic component of a timed-
loop music program is the tone-
generation subroutine. The tone fre-
quency and duration are passed to the
subroutine as two arguments. The
main body of the subroutine consists
of two ‘‘nested” loops. The frequency
argument determines how many times
the inner loop is executed. The dura-
tion argument determines how many
times the outer loop is executed. Note
that the frequency argument is actu-
ally proportional to the period of the
wave and the duration is actually the
number of cycles of the wave to be
played before returning for the next
note. )

A tone generation subroutine for an
8080 microprocessor is shown in Fig.
1. This routine generates an abso-
lutely symmetrical square wave and
uses two inner loops of identical
jength to accomplish it. To determine
what the frequency argument value
should be, it is necessary to count up
the clock cycles used by the inner wait
loop and by the “overhead’ instruc-
tions outside of the loop. The over-
head is found to be 46 cycles and the
wait loop is 15 cycles times the value
of the frequency parameter. Assuming
that the 8080 runs at full speed (0.5
microsecond clock cycle) with no
memory waits, the time for a half
squarewave cycle is 23+7.5N micro-
seconds, where N is the frequency
parameter. A full cycle time is twice as
long. The frequency is, of course, the
reciprocal of the full cycle period.
Using the routine shown, N must be
between 1 and 255; if zero is given, itis
interpreted as 256. Thus, the lowest
possible frequency is 500,000/
(23+7.5%x256) Hz. or 257.33 Hz. The
table in Fig. 2 may be used to deter-
mine the proper value of N for any
note.

308 Ways
ToSave On
Instruments,
Citizens Band,
BurglarAlarms,
Automotive &
Hobby
Electronics!

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

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

For latest EICO Catalog and name

of nearest EICO Distributor, check reader
service card or send 50¢ for fast first
class mail service.

EIC0—283 Malta Street,
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The duration parameter is actually a
count of half cycles to be played be-
fore returning. As a result, the argu-
ment value is a function of both the
duration in seconds and the note
played. Thus M=2TF, where M is the
argument value, T is the time in sec-
onds, F is the frequency in Hertz, and
the factor of 2 accounts for both
halves of the square wave. Note that
the routine of Fig. 1 usesa double pre-
cision duration argument to provide
for long notes.

Fig. 3. Basic specification for
music language NOTRAN.
1. TEMPO statement
Example: TEMPO % =500
TEMPO is keyword identifier.
Ya refers to a ‘'quarter note.”
500 is duration of quarter note in
milliseconds.
2. Note statement
Example: 1C#4,%s
1 refers to voice 1 (optional).
C is note name, # following is
sharp, @ is flat.
4is octave number, C4is middleC.
Vs specifies an eighth note.
3. Rest statement
Example: R,Y2
R signifies rest
¥2 means rest duration equivalent
of half note.
4. For monophonic music, one state-
ment per line

4050
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Fig. 4. Simple 8-bit

digital-to-analog
converter.
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Using the subroutine in a music
program is simply a matter of calling it
with the right frequency and duration
arguments for each note to be played.
Care must be taken to insert some si-
lence between notes of the same fre-
quency or else they will run together. A
simple-minded program might fetch
these from a hand-prepared list stored
in memory. A more challenging ap-
proach is to write a program that ac-
cepts statements written in a simple
"‘music language” and computes the
tone-generation arguments (Fig. 3).
Then your musically inclined wife, for
example, may perpare scores for the
computer herself.

Improving Basic Timed Loop
Techniques. For better sounding
music, a number of refinements can
be made to the basic technique. It is
possible to get some limited change of
tone color by changing the duty cycle
of the wave. This may be ac-
complished by inserting some ‘“no
operation’ instructions in one of the
wait loops. Unfortunately, the fre-
quency arguments will have to be re-
computed. Good duty cycle values to
try are 5 and Vs, since harmonics di-
visable by 3 and 4, respectively, will be
missing from the spectra.

POPULAR ELECTRONICS



Another interesting experimentis to
improve the frequency accuracy of the
routine. As written, the halif-cycle time
is in increments of 7.5 microseconds.
This results in significant frequency
errors, particularly for high notes. By
inserting additional selected over-
head instructions, it is possible to be
as accurate as 0.5 microsecond. This
might be accomplished by writing 15
copies of the routine with extra in-
structions added in increments of one
clock cycle. Obtaining the right note
would then be a combination of call-
ing the proper routine with the proper
frequency argument.

The computer-generated tones can
be made more natural sounding if an
amplitude envelope is added to the
notes. All this amounts to is changing
the volume in a controlled manner
over the duration of the note. Addi-
tionally, there would then be some
control over the dynamics (changesin
loudness during a piece) of the music.
At. this point, some specialized
hardware must be added.

The circuit in Fig. 4 may be added to
an output port. This is actually a very
simple 8-bit digital-to-analog convert-

resistors are 5% carbon film types
from the same batch. Several mail-
order firms now offer this type of resis-
tor. A battery is used to power the cir-
cuit so that system noise will be iso-
lated. Any type of audio amplifier can
be connected to the circuit’s output.
The dc output voltage of this circuit
is 0.0176N volts, where N is the binary
number last sent to the output port.
Note, in the tone generation sub-
routine, that 0 and 255 (decimal) were
alternately sent to the output port fora
square wave. If this circuit was con-
nected to the output port, the output
voltage would alternately switch be-
tween Ovolts and +4.5volts. If instead,
0 and 128 were alternately sent out,
then the wave would switch between 0
volts and about 2.26 volts. This is only
about one-half of the previous
amplitude so the tone would not be as
loud. Thus, amplitude control may be
exercised by simply changing the val-
ues sent to the output port by the
tone-generation subroutine.
Unfortunately, programming ampli-
tude envelopes during a tone without
upsetting the precise loop timing is a
bittricky. As the level of sophistication

the eftort needed to preserve the ioop
timing is excessive. At this point
specialized hardware is needed to re-
lieve the computer of the actual tone
generation task.

Experiments with Other Sounds.
Other sounds can also be easily gen-
erated by a computer. For example, a
high-speed stream of random bits will
provide a good source of white noise.
An 8080 program to generate white
noise is given in Fig. 5. Random bits
are generated by simulating a 16-
stage shift register with appropriate
feedback. White noise might be used
in a rhythm program to approximate
the sound of a snare drum.

The program in Fig. 6 produces
some reaily “way-out” sounds. One
should first try it and listen to each of
the 16 possible output bits. Then study
the program and see if you can figure
outwhatitis actually doing. Finally, try
to explain the weird results near the
end of each repetition.

Many other interesting experiments
can be performed with the simple
digital-to-analog converter described
earlier. Some of these will be de-
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er. Best results are obtained if the 47k  increases, a point is reached where scribed next time. ©®
* CONNECT SPEAKER TO ANY BIT OF OUTPUT PORT
000:000 021 000 000 WHITEN IXI D,0 SET D & E TO ZERO
000:003 041 001 000 LXI H,1 RET SHIFT REG. IN H & L NON-ZERO
Fig. 5. White noise 000:006 174 LOOP MOV ALH OUTPUT UPPER 8 BITS OF SHIFT REGISTER
generation 000:007 323 XXX OUT (port address) AS A SET OF RANDOM BITS
routine for 8080 000:011 017 RRC FORM EXCLUSIVE-OR OF SHIPFT REGISTER
d 000:012 254 XRA H BITS 15,14,12, AND 3 IN BIT O OF A
000:013 017 RRC
000:014 017 RRC
000:015 254 XRA H
000:016 017 RRC
000:017 255 XRA L
000:020 017 RRC
000:021 017 RRC
000:022 017 RRC .
000:023 346 001 ANT 1 ISOLATE BIT O OF A
000:025 051 DAD H SHIFT SHIFT REGISTER LEFT 1
000:026 137 MOV E,A AND BRING BIT O OF A INTO
000:027 031 DAD D VACATED SHIFT REGISTER BIT O
) ) 000:030 303 006 000 JMP LOOP LOCP
Fig. 6. Weird
Sf’“;{d generation * CONNECT SPEAKER TO ANY BIT OF OUTPUT PORT
routre * A DIFFERENT SOUND WILL BE HEARD AT EACH BIT
Jor the 8030.
000:000 021 001 000 WEIRD IXI D,1 INITIALIZE
000:003 041 000 000 IXI H,O
000:006 175 LOOP MOV A,L CHANGE TO: MOV A,H FOR 8 MORE SOUNDS
000:007 323 XXX OUT (port address) OUTPUT TO SPEAKER
000:011 031 DAD D
000:012 322 006 000 JNC LOOP
000:015 023 INX D
000:016 172 MOV A,D
000:017 263 ORA E
000:020 302 006 000 JNZ LOOP
000:023 023 INX D
000:024 303 006 000 JMP LOOP
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TRANSISTOR BASICS: A SHORT COURSE
(REVISED SECOND EDITION)
by George Stanley, Jr.

The revised edition of this practical guide
covers recent transistors and circuit appli-

cations. Beginning with an introduction to
commonly used terms, the author de-
scribes diode and transistor behavior. Cir-
cuit analysis is conducted on a practical
level so that the reader will be able to de-
termine required circuit parameters for
many applications. Amplifier action, feed-
back, and special solid-state devices are
explored. Troubleshooting information for
bipolar and field-effect transistor circuits is
included.

Published by Hayden Book Co., 50 Essex
St., Rochelle Park, NJ 076€2. 128 pages.
$4.30 soft cover.

RCA RECEIVING TUBE MANUAL
The new edition of the RCA Receiving Tube
Manual, RC-30, contains chapters on basic

NOW FROM TEXAS INSTRUMENTS ...
three machines in one.

programable
slide-rule calculator
SR-52

® 10 user defined keys
® 224 program storage locations

® 8 preprogrammed condition statements

® 20 independent addressable memory registers

® 23 preprogrammed key functions ® Permanent program storage on magnetic cards

It took TEXAS INSTRUMENTS to invent the SR-52 calculator. It took C & S
MARKETING ASSOCIATES to offer it at a price you can afford, now only $249.95.
With such versatility and such an affordable price, you can not afford to be without the
problem solving power of card programability. Now solve problems in seconds that would
take hours with are ordinary calculator or slideruter if they could be done at all.

For more information or the answer to any question you may have about the SR-52

calculator, call toll free (800-251-6771)*.

Tenn. residents call {800-2562-56706). Other

TEXAS INSTRUMENT models availablte from $49.95.

Each TEXAS INSTRUMENT calcu-
lator comes with a 1-year warranty. Should
your unit prove defective within 60 days,
just return it for a new unit! Finally
should you be dissatisfied with your cal-
culator return it within 15 days for a
prompt refund.
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operational principles of vacuum tubes,
electrical characteristics, and circuit ap-
plications. Technical data are included on
active as well as discontinued tube types.
Among the book's features are tube basing
diagrams, a picture tube characteristics
chart, and an expanded replacement guide
for entertainment and industrial receiving
tubes.

Published by RCA Distributor and Special
Products Division, Box 85, Runnemede, NJ
08078. 754 pages, soft cover. $3.45 post-
paid.

TRANSISTOR THEORY FOR TECHNICIANS
AND ENGINEERS
by Andrew Veronis

Semiconductor parameters, device design
and fabrication, transistor operation, and
circuit theory are explored in this book.
The author begins with a description of
atomic structure, then progresses to elec-
tron action within doped semiconductors
and pn junctions. Diode and transistor be-
havior is explained in terms of important
properties — reverse saturation current,
diode resistance, current transfer, emitter
injection efficiency, avalanche multiplica-
tion, etc. Transistor parameters are discus-
sed in relation to circuit performance.
Analyses of basic transistor circuits, such
as common emitter, common base, and
common collector, are given.

Published by Tab Books, Biue Ridge Sum-
mit, PA 17214. 224 pages. $8.95 hard cover,
$5.95 soft cover.

SOLID-STATE CIRCUIT ANALYSIS
by Vester Robinson

Solid-state devices are analyzed from a
practical circuit applications point of view.
Simple pn diodes, bipolar transistors, tun-
nel and zener diodes, field effect transis-
tors, unijunction transistors, and inte-
grated circuits are examined in detail.
Sample circuits include many commonly
found in AM and FM transmitters and re-
ceivers. Mathematics is kept to a low level
(mostly algebra) and is used only when
necessary. Review questions appear at the
end of each chapter.

Published by Reston Publishing Co., Box
547, Reston, VA 22090. 372 pages. $15.95
hard cover.

ACTIVE FILTER COOKBOOK
by Don Lancaster

The compact, high-Q filters made possible
by op-amp technology are described in this
book. Among those covered are low- and
high-pass filters, bandpass filters, and
switchable and voltage-controlled de-
signs. Thorough design information as
well as ready-to-use circuits are presented.
Operating ranges vary from subsonics to
ultrasonics.

Published by Howard W. Sams & Co., 4300
W. 62nd St., Indianapolis, IN 46206. 192
pages. $5.95 soft cover.
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By Forrest M. Mims

THE LM380 POWER AMPLIFIER

OR YEARS I've used one of the
popular commercial moduiar
amplifiers when it was necessary to
beef up a weak audio signal and drive
a miniature speaker. These amplifiers
are available in a range of power out-
put levels (100 mW to several watts or
more) and are supplied completely
preassembied onacompact pcboard.
Though many of these modular
amplifiers are reasonably priced and
easy to use, I've recently switched over
to the versatile LM380 power amplifier
IC for many routine amplifier applica-
tions. This deceptively simple chip
comes in both eight- and fourteen-pin
versions with only six active pins. The
remaining pins are ail connected to
ground and can be used to heat sink
the chip when it is operated at high
power levels.

Unlike most modular amplifiers
which use discrete components, the
LM380 has a very low output imped-
ance and can be directly connected to
an 8-ohm speaker. And, best of all, you
can buy LM380’s from several of the
firms who advertise in the back pages
of this magazine for less than $1.50
each.

The twelve-transistor circuit of the
LM380 incorporates several important
and useful features. For example, a
pnp input stage permits direct cou-
pling of the input signal. The overall
gain ofthe circuitis set to 50 (34 dB) by
internal feedback resistors, but you
can get more gain with a simple posi-
tive feedback circuit.

One of the really bothersome prob-
lems of semiconductor power
amplifiers is overheating of the output
stage. The LM380 solves this problem
with an automatic thermal shutdown
circuit which turns the amplifier off
when excessive output current over-
heats the chip. Several times this fea-
ture has saved me from having to buy a
new chip.

At room temperature, the chip dis-
sipates up to about 1.25 watts without
a heat sink. For higher power opera-
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tion, the heat sink pins (3,4,5,10,11,
and 12 on the fourteen-pin version)
should be soldered to acommon cop-
per foil pad on a pc board. Six square
inches of two-ounce foil will permit
operation up to 3.7 watts (room temp-
erature).

The pin diagrams for both the stan-
dard fourteen-pin and the miniature
eight-pin versions of the LM380 are
shown in Fig. 1. Since the eight-pin
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Fig. 1. Pin configurations for
standard and miniature LM380.

mini-DIP version has less internal
heatsinking, itis limited to about a half
watt without an external heatsink.

Fig. 2. Simple audio amplifier
circuit using an LM380.

Fig. 2 shows one of the simplest cir-
cuits you can build with an LM380, a
straightforward amplifier for an inex-
pensive, low-impedance microphone
like those commonly used with minia-
ture cassette tape recorders. The cir-
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cuit uses an input transformer to
match the impedance of the micro-
phone to that of the amplifier, and the
resulting gain is adequate for a
super-simple one-way intercom.
You'll know the circuit is working
properly ifyou place the microphone a
few inches away from the speaker be-
cause of the resulting feedback
sounds.

The simple circuit in Fig. 2 draws
only about 4 mA from a 9-volt supply
during standby operation, but ioud
sounds at the microphone can create
drains of 70mA or more. A drain of 100
mA at 9 volts is a power consumption
of 0.9 watt, well within the maximum
operating range of the fourteen-pin
version of the LM380 without an ex-
ternal heat sink. Potentiometer R7
serves as a volume control.

Fig. 3. Circuit for elementary
two-way intercom system.

You can build a complete two-way
push-to-talk intercom with a single
LM380 and only six external compo-
nents with the circuit in Fig. 3. The
circuit uses a pair of ordinary 8-ohm
speakers which double as micro-
phones. In the TALK mode, SPKRT
serves as the microphone and SPKR2
as the speaker. The roles of the two
speakers are reversed in the LISTEN
mode.

This circuit also draws only 4 mA
during standby (at 9 volts) so it can be
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Fig. 4. LM380 phase-shift
oscillator produces shrill tone.
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left on for iong periods of time at littie
expense. Since the LM380 has a wide
voltage range(8-22 volts), the power
supply requirements are quite flexible.
| have used a 12-volt lantern battery
with excellent results.

Phase-Shift Oscillator. National
Semiconductor’'s LM380 spec sheet
shows how to use the chip as a simple
phase-shift oscillator. The circuit,
which is shown in Fig. 4, uses a simple
RC network to produce an exception-
ally shrill tone from a miniature speak-

er. With the parts values shown in Fig.
4, the circuit oscillates at a frequency
of 3.6 kHz and drives a miniature 212"
speaker with plenty of ear-piercing
volume for a burglar alarm or other
attention-getting or warning device.
The output waveform is asquare wave
with a width of 150us, sloping rise and
fall times, and a peak-to-peak
amplitude of 4.2 volts (when powered
by 9 volts).

Current drain of the oscillator is a
high 90 mA at 9 volts, but total power
dissipation at this voltage is only 0.81

In a world crawling with bugs, it's
good to have the Bugbooks by
your side. Good to have just four
books dedicated solely to teach-
ing you digital electronics . . .
from ground zero on up. From
fundamental logic and memory
experiments to interfacing with
microprocessors. The Bugbooks
are E&L Instruments’ pioneering
approach to mastering today’s
pulse-quick world of micro-elec-
tronics. With an approach that’s
simple and straightforward. Clear.
Complete. Well-illustrated. And as
fresh as tomorrow’s circuit de-
sign. In all, some 1350 pages.
They’re the Bugbooks. Don’t ven-
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SPECIAL PRICE
The Bugbook library — Bugbooks |, II, lIA and Ill — are available
together at the factory direct price of $37.00 . .. save

postage and handling . . . order today.
Prices applicable only in the U.S. and its possessions.

ture a step farther into the world
of digital electronics without them.
Because the place is crawling
with bugs.

CIRCUIT DESIGN, INC.

Division of E &L Instruments, PO. Box 24,
Sheiton.Conn. 06484
- - - - ] -— —
Gentiemen:

I Please send me the set of Bugbooks for
$37.00 postpaid.

Name

I Tompany
Address
City State Zip
[l Enclose check or money order or valid

BankAmericard or Master Charge infor-
mation.
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watt, well below the 1.25 watts the
fourteen-pin version will absord (at
room temperature) before shutting
down. Therefore you don’t have to
heat sink the chip for safe operation of
this circuit.

If the internally set 50x gain of the
LM380 isn't enough for your applica-
tion, the circuit in Fig. 5 uses positive
feedback (via R2) to provide a gain of
200. Nationa! Semiconductor recom-
mends 15.2K (1%) for R7 and 2.7 ohms
for R3, but | obtained excellent results
with a 10%, 15K resistor for R7 and
three 1-ohm resistors in series for R3.
The circuit makes a very sensitive
one-way intercom or you can omit 77
and connect an appropriate input de-
vice directly to pin 6 and ground.

9 +9y
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Fig. 5. An audio amplifier
circuit with gain of 200.

Incidentally, when operating any of
the circuits described here you may
encounter a couple of undesirable
problems. One is a 5-10-MHz oscilia-
tion whose presence can easily be de-
termined (if you don’t have accessto a
scope) by simply placing an AM radio
near the circuit. If the radio hisses or if
station interference occurs, connect
the C2-R3 network shown in Fig. 5 to
the circuit to suppress the oscillation.
Oscillation may also occur if the
power supply leads are too long. Con-
nect a 0.1-uF capacitor between pins
14 and 7 to eliminate this problem.

Finally, a particularly troublesome
problem is erratic circuit operation.
The circuit seems to work fine for a
while and then quits. After the power
supply voltage is removed for a few
seconds, the circuit operates in a
normal manner.

You can be thankful for this ‘‘prob-
lem’ since the IC is being overloaded
and the thermal shutdown circuit is
saving you from having to buy a new
IC! Solve this problem by reducing the
level of the input signal, decreasing
the power supply voltage, or both. @
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FOR SALE

FREE! Bargain Catalog—I.C.'s, LED's, readouts, fiber
optics, calculators parts & kits, semiconductors, parts.
Poly Paks, Box 942PE, Lynnfield, Mass. 01940.
GOVERNMENT Surplus Receivers. Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog 25 cents.
Mesnna, Nahant, Mass. 01908.

LOWEST Prices Electronic Parts. Confidential Catalog
Frea. KNAPP, 3174 8th Ave. S.W., Largo, Fla. 33540.
ELECTRONIC PARTS, semiconductors, kits. FREE FLYER.
Large catalog $1.00 deposit. BIGELOW ELECTRONICS,
Bluffton, Ohio 45817.

RADIO—T.V. Tubes—36 cents each. Send for free catalog.
Coarnell, 4213 University, San Diego, Calif. 92105.
AMATEUR SCIENTISTS, Electronics Experimenters,
Science Fair Students. ..Construction plans—Complete,
including drawings, schematics, parts list with prices and
sources. . .Robot Man — Psychedelic shows — Lasers —
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignition — Burglar Alarm —
Sound Meter. . .over 60 items. Send 50 cents coin (no
stamps) for complete catalog. Technical Writers Group,
Box 5994, University Station, Raleigh, N.C. 27607.
METERS—Surplus, new, used, panel or portable. Send for
list. Hanchett, Box 5577, Riverside, CA 92507.
MECHANICAL, ELECTRONIC devices catalog 10 cents.
Greatest Values — Lowest Prices. Fertik's, 5249 D",
Philadelphia, Pa. 19120.

SOUND SYNTHESIZER KITS—Surt $12.95, Wind $12.95,
wind Chimes $17.95, Electronic Songbird $6.95, Musical
Accessories, many more. Catalog free. PAIA Electronics,
Box J14359, Oklahoma City, OK 73114.

BUGGED??? New locator finds them fast. Write, Clifton,
11500-L N.W. 7th Avenue, Miami, Florida 33168,

° DISCOUNT PRICES
B&K, SENCORE, LEADER, RCA
EICO, FLUKE, HICKOK, SIMPSON

Test Equipment
ICC Servicemaster. RCA and Raytheon Tubes
Complete tine of electronic supphes

Free Catalog
FORDHAM RADIO SUPPLY CO., INC.

855R Conkhn St., Farmingdale, N.Y. 11735 (516) 752-0050

YOU WILL SAVE BIG MONEY! Surplus, Clearouts,
Bankruptcy. Inventory, Deals. Catalog $1 (redeemable).
ETCOA Electronics, Box 741, Montreal, H3C 2v2. U.S.
Inquiries.

HEAR POLICE/FIRE Dispatchers! Catalog shows
exclusive directories of “confidential channels, scanners.
Send postage stamp. Communications, Box 56-PE,
Commack, N.Y. 11725,

CD IGNITIONS, VHF/UHF monitors, crystals, CB radios.
Southland, Box 3591-B, Baytown, Texas 77520.

SURPRISE! Build inexpensively, the most Unusual Test
Instruments, Futuristic Gadgets using Numerical
Readouts! Catalogue Free! GBS, Box 100A, Green Bank,
West Virginia 24944.

TELEPHONES UNLIMITED, equipment, supplies. Catalog
50 cents. Box 1654E, Costa Mesa, Calif. 92626.
UNSCRAMBLERS: Fits any scanner or monitor, easily ad-
justs to all scrambled frequencies. Only 4" square $29.95,
fully guaranteed. Dealer inquiries welcomed. PDQ
Electronics, Box B41, North Little Rock, Arkansas 72115,
SURPRISE! SURPRISE! Digital Piano Tuning Device tunes
musical instruments Accurately! Perfectly! Inexpensively!
Construction-Instruction-Plans Complete $12.95 Airmailed
Postpaid! Moonlighting quickly repays $40 electronics in-
vestment! GBS, Box 100P, Green Bank, West Virginia
24944,

RECONDITIONED Test Equipment. $0.50 for catalog.
Walter's Test Equipment, 2697 Nickel, San Pablo, CA
94806.

SEPTEMBER 1976

ELECTRONIC ignition: Pointless, Transistor, Capacitor.
Vapor inductors, Auburn Sparkplugs. Information 10 cents.
Anderson Engineering, Epsom, N.H. 03234.

6 MHZ CRYSTALS including schematic and info to gen-
erate 60 hz-12VAC to make your digital clock run on
batteries. $10.50 pp in US. Eastern Sales, Box 510, Raleigh.

IC BONANZA

*Data Sheet included on these items

*2102 1K Static RAM $ 1.49 N.C. 276032,

.z‘zﬁm f‘:.s:::"eomogm? ‘g::g DESCRAMBLERS: Several Professional Models that work
50310 Shde Rule Calculator Chip 395 with all Scanners. Tone Encoders/Decoders, Scanmate,
50250 Alarm Clock Chip 445 AAPP, Radar Detectors, Big Ears, Alarms, Books, Kits,
304H Negative Regulator 95 parts. Catalog 25 cents: KRYSTAL KITS, Box 445, Benton-
309K § Volt Regulator 95 ville, Ark. 72712.

LM320K 5 Voi Neg Regulator 84 CARBON FILM RESISTORS. Brand new as low as 1.7
LM340K 24 Volt Pos Regulator £ cents. Discounts of 20%. Prompt delivery. FREE
Ul (P (iR oI 2 samplessspecifications. COMPONENTS CENTER, Box
MAN 7 {HP.7730) 7 Seg. Display 115 134P. N.Y.. N.Y. 10038.

MAN 3 7 Segment Display 5/1.00 e e

MCA 8 Monsanto Slotted Opto Switch 75 WHOLESALE C.B,, Scanners, Antennas, Catalog 25 cents.
LED 2" Red 6/1.00 Crystals: Special cut, $4.95. Monitor $3.95. Send make,
LED .2 Yellow 5/1.00 model, frequency. G. Enterprises, Box 461P, Clearfield, UT
LED 2" Green 51.00 84015.

LED 2" Red-Right Angle 501.00

LED 12" Red 71 .00 00 00CO00ODEO000000000000OOORROORIDS
LED 12 Yellow 6n.00 Send for your
LED 12" Green 6/1.00

information
packet today -

which also includes circuit
functions, component line-up,
and accessories. Information
Packet $1.00 (refundable
with order),

P.O Box 4204P Mountain View, CA 94040 o
XXX XY

SEND FOR FREE CATALOG
Minimum order $5.00, data sheets 25 cents each.
Include 5% cf order for postage and handling.
Texas residenls include 5% state sales tax.

BONANZA ELECTRONICS

P. O. Box 24767 Daillas, Texas 75224

visulex

The Edmund BIOSONE Il

S turns brainwaves into an audible or visual signal. $149.95

i > of KNOW YOUR ALPHA FROM YOUR THETA!

For greater relaxation, cencentration . ..

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 (92 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-
chemical 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 piece. Included at its low price are a set of electrodes, an
earphone jack for private use. Uses latest advances in linear circuitry,
runs on two 9v transistor batteries (not included).

STOCK NO. 1668AV Just $149.9 ppd.
LOW COST STARTERS' UNIT, No. 71,809AV ........ $55.00 ppd.

COMPLETE AND MAIL COUPON NOW
EOMUNO SCIENTIFIC CO. 30D Edscorp Bldg., Barrington, N. J. 08007
[ ] Send me: I

= SEND FREE % . Biosone Il Monitor(s).
164 PAGE CATALOG AV No. 1668AV @ $149.95 ea. ...

GIANT FREE
CATALOG!

NEW. 164 Pages
Over 4,500 Un-

usual Bargains
for Hobbyists.

N |

Schools. Industry. (C Charge my BankAmericard ~ —-- —- Starters’ unit(s). l
JUST CHECK = |J)Charge my Master Charge No. 71,809AV @ $55.00 ea. ........... S
COUPON! Service and handling charge $—$1.00 |
v Interbank No.
EDMUND | ¢y S R |
ard No. Ty check, Cym o. in amount 0f $—
SCIENTIFIC Cco. Expiration Date Signature I
300 EDSCORP BUILDING :?4}22' MDNEY-BACK GUAR-  wame '
: . You must be satis- Please print
Barrington, N. J. 08007 fied or return any purchase  Address °
(609) 547-3488 l in 30 days for full refund. l

L- City State. Zip
WRS ENES GIIP GEID NS GPUR OGNS G GPUE SEEE NN GEEE SR GRS

HELPING TO DEVELOP AMERICA’S TECHNOLOGY FOR OVER 30 YEARS.
CIRCLE NO. 25 ON FREE INFORMATION CARD 123
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NEW ADJUSTABLE THREE OUTPUT REGULATED PLANS—Video Pong...$2.00. Laser...$2.00. Projection
POWER SUPPLY, plus 900 parts worth $400.00 list. Solid TV...$2.00. Catalog 50 cents. Technologic, Box 5262,
state CARTRIVISION television recorder electronic unit. Orchard Lake, Michigan 48033.

Schematics, parts cross reference. HEATHKIT television POLICE CODE UNSCRAMBLERS. Fits all scanners. Satis-
transistor substitutions. Power CB radios, MICRO-  j,i0n Guaranteed. Jim's Two-Way, Box 275, Hot Springs,
PROCESSORS. $17.95 plus $3.50 S&H, USA. Free A 71901.
Brochure, Master Charge, BankAmericard. Satisfaction — ——-—————
guaranteed. MADISON ELECTRONICS COMPANY, IN- 500 MHZ Prescaler =10 or +100 $59.95. Plans $5.00. CBS,
CORPORATED. Box 369, D55, Madison, Alabama 35758. Box 1356. Cocoa Beach, Florida 32931.

===ABOUT YOUR=—=
SUBSCRIPTION

Your subscription to PopuLAR
ELecTRONICS is maintained on one of
the world's most modern, efficient
computer systems, and if you're like
99% of our subscribers, you'll never
have any reason to complain about
your subscription service.

We have found that when com-
plaints do arise, the majority of them

CLASSIFIED WDVERTISING ORDER FORM ;

Please refer to heading on first page of this section for complete data concerning lerms, frequency discounts. closing dates, etc.

occur because people have written 1 2 3 4 5 :
their names or addresses differently :
at different times. For example, if 5 7 8 9 10 :
your subscription were listed under :
"William Jones, Cedar Lane, Mid- 1 12 13 14 15 :
dletown, Arizona,'" and you were to :
renew it as ‘“Bill Jones, Cedar Lane, : 16 7 8 19 20 ]
Middletown, Arizona,” our computer : :
would think that two separate sub- : 2l 22 22 2 2
scriptions were involved, and it : — T

would start sending you two copies % 7 2 % %

of PopuLar ELECTRONICS each month. a1 32 a3 34 35

Other examples of combinations of
names that would confuse the com-
puter would include: John Henry
Smith and Henry Smith; and Mrs.

WORD COUNT: 15 WORD MINIMUM. Include name and address. Name of city (Des Moines) ar of state (New York) counts as one word each. Zip
Code numbers not counted. (Publisher reserves right to omit Zin Code if space does not permil ) Count each abbreviation. initial, single figure or
+ group of figures or letters as a word. Symbols such as 35mm. COD. PO. AC. etc., count as one word. Hyphenated words count as two words. Tefe-
H phone numbers count as one word

So, please, when you write us
about your subscription, be sure to
enclose the mailing label from the
cover of the magazine—or else copy
your name and address exactly as
they appear on the mailing label.
This will greatly reduce any chance

Joseph Jones and Mary Jones. Minor : . }
differences in addresses can also : Words $2.00 (Commercial Rate) $1.20 (Reader Rate) !
lead to difficulties. For example, to ; - [D 3
the computer, 100 Second St. is not O Payment of $ enclosed for insertion(s). :
the same as 100 2nd St. ! CHARGE: [J American Express [] BankAmericard (] Master Charge [ Diners Ciub

for insertion{s), You will be billed monthly

Account & = Expiration Date

Master Charge Interbank # (4 aigits above name) =
SIGNATURE MUST BE PROVIDED BELOW

: PRINT NAME
o_f error, and we will be able to ser-
vice your request much more ADDRESS
quickly. cITY STATE -~ zp

SIGNATURE PE-976 @

The BIGGEST “BRIGHTEST” BESTEST
6 Digit LED Alarm Clock & Elapsed Timer Kit AC/DC - ALARM Clock Kit - 12/24 Hr.

available at this value anywhere Q  Quantities $6.50 quantities of
- 6

of 1-5 & up

$17.95 Complete

* G-Fairchild .50 LED Displays ® 5375AB Nat. Clock Chip * Your choice of Display Colors - Red, Green, Blue, Amber

: (1)252{ Mgﬂ- Elapsed Timer * “Freeze” Feature on any Mode * Displays Hrs. & Min. - Switch to Min. & Secs. on Command.
" rr.DCO cycle oper. . 24 Hr. Alarm w/snooze o AM/PM Indication o Field Tested for 6 months
or DC oper. ® Field Tested over 6 months The kit will include a 5316 National Clock Chip, 4 Flourescent Display tubes,

The kit contains P.C. Boards, Xformer, and EVERY Part Required for the all electronic components, switches, controls & complete instructions, specs,

Clock and all options except Cabinet or Crystat Time Base for D.C. Oper. If etc. for clock and all optional Features. Other parts required or if desired are
desired, see below.

as follows:
Clock Cases Crystal Time Base Kit| | ® PC Board, Drilled & Silk Screened for Clock & all options .. .. .. $3.00
for D.C. operation o Xformer (for AC oper) — $1.00 App. (SCR output) timer kit — $2.00
Wood Grain, Dark Oak F Filter — $4. . .
E il B 2 Al B S omr 2300 $5.95 o Speaker Alarm Kit — $2.00 CountDown (turn-off) timer kit — $2.00

® Crystal Time Base Kit (for DC oper.) & cabinets — See Below

ELECTRONIC COMPONENTS — A small SAMPLING

Dual Range DIGITAL Voltmeter Kit

0 to +.2 Volts DC $39.95 Complete 0 to +2 Volts DC

LM309K - 5 Volt Regulator - Raytheon . . LA v s, 798

LM340T Series Regs. - 5, 6, 12, 15, & 24 V (pos.) . ... 99¢

LM741 Op. Amp. 14 Pin Dip Pkg. o PPN 4 for 99¢ o Features latest Technology DVM chip set @ Non Critical Comp.

2N3055 NPN Transistor TO-3Pkg. ... ... .. .. ... ... .. . ... . 59¢ * High Noise Rejection e Accuracy to within .001

2N4904 PNP {complement to 2N3055) L ... B9¢ Contains — P.C. Baards; 4-large .50 Fairchild Readouts; Display Drivers; Op-
25 Amp - 200 Volt Full Wave Bridge AP ... $1.49 Amps; Inverter; all electronic comp; Switches, Pots; Complete Instructions
10 Pk - 220 Power Tah Xistors, NPN & PNP Asst. oo ol rer SYLAC) and Specs; & DVM Chip Set.

15 Pk - LED's Assorted Sizes and Colors ... %149 Requirements: Power Supply w/+5V, +15V and -15V.

Bi-Polar LED - Red/Green . ... ... . ... foitteniews $1.00 Option Avail, — 0-Z0OV Range Extender - $4.95

TERMS AND CONDITIONS

H 0 B B -Y-TRO N 'x G ' N C A Orders must include Check - No COD’s. Add $1.00 handling for orders

3 under $15.00. N.J. residents - add 5% tax. Shipment via UPS unless
Box 511, Edison, N.J. 08817 otherwise specified.
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oly Pak’s EXCLUSIV

merchandisers introduce a new way
in buying the econemic.
stock from the ‘‘barre

the “good ole day
again. The same way merchandisers

al way. Raw
Remember
Ak 7 They re back

throughout the

Avg. Ship.
Wt. 6 ozs.

—

100'5 OF BARRELs PURCHASED' TEST 'EM YOURS‘SLF ‘N SAVE'

For the first time anywhere, Poly Pak

United States buy

from various factories . . . their over-

runs in barrels.

Poly Pak has done

the same. Therefore you are getting

the same type of material as the
RE-TESTERS DO!

Every kit carries
a money back
guarantee!

BARREL KIT #1
SN7400 DIP IC'S

75 for $1.98
Marked 14 and/or with 16
pin dips, may include gates,
registers, fl count’
ers, Who ki

TEFD SATISFACTION!
Cat.No.9E2413 Untested.

%LDIPS

BARREL KIT f2
LINEAR OP AM

PS,

BIPS 25 for I
tested $1.98 i
May include 709's, 741's,
708's, 560 series. 566 in-
cludes marked and un-
marked. cat.No.,9E2418

BARREL
1N4148/91
SWITCHING DIODES

—m—
100 for $1.98

You never ssw this hefore.
Imagine famous switching
diodes at these orices!

Cat.No 9E 2418 Unrested.

BARREL KIT 4
44000 RECTIFIERS

100 for $1.98
Untested

These are the famous micro
mintture rectifiers of the
1N4000 series, May In-
clude 26, 100, 200,
400, 600. 800 and 1000
volters. Cat.No. 9:2417

40 for

BARREL KIT §5
SCRS, TRIACS,
QUADRACS

/
$1.98
Ali the famous plastic pow-
er tab type. Haw factory
stock! All the 10 amp types,
Cat.No.19E2419 Untested.

BARREL KIT 47
VOLUME CONTROL
BONANZAL

40 for
$1-98 13 good

Singles, duals, variety of
values, styles, big ones —
smeall ones. Cat.No, OE 2421

BARREL KIT 8
SUBMINIATURE
IF TRANSFORMERS

Amazing, Iincludes 45B8kcs,
osc, antenna, who knowa?
From transistor radio man-

ufacturers, Cat.No. 9E 242%]

BARREL KIT 10
ROMS-REGISTERS

50 for
$1.98

Untested
28 to 40 pin devices,
marked, internal frctorv
pumbers, e10 Cat.No. DE 2424

BARREL KIT 212
POWER TAB
TRANSISTORS

40 for
$1.98

PNP, plastic 70220 type.
Asscrted 2N numbers.
Cat.No.9E 2426 Untested.

N

5

ARREL KIT 413
RESISTOR NETWORMKS

60 for
$1.98

Untested,
By Corning Giass, In 14-
pin dip paks.Cat.No. 5E2427

sassEm
BARREL KIT f145
MINI TRANSFORMER

15 for
$1.98

liniature transformer back
gain. Asst, outputs, inter-
H t-se nnd audio. Only 17
W53 Wt 2 1bs.  9g3294

ams
BARREL KIT #147
OVER-FLO
FLUORESCENT
NIXIES

S for $1.98

Used orlginally in tab
galeulators. otand e
as discharge type, color:
Blue, Cat. No.i9E3288

a
® BARREL KIT f151
® INCANDESCENT,

£ 15 for

sio8

youl

Har
readouts. How good,

asst sizes, we don't know.
9E3308

lCm t test ‘em,

dto_find 7-seg.

BARREL KIT 154

CLOCK CH W
o

20 for
19$1.98
We gathered an assortmen
of clock chip, alarm, calen

ll'lll' ‘heepers
all mixed. At lhese rices
Cat. 9E 3130 ®

r

IBARREL KIT 155
)

mAsat. slze voltages, red

green, yellow, blue plastic

cases, nxlnl lead.
No. $E3 311

BMOLDED CAPACITORS

BARREL KIT #1509
MODULAR SWITCHES §

Centralab punh ON*
switehes, TV.makers ex.
cess. Dpdt, 6pdt, etc Brand
new.Cat. No, 9 3150

2 BARREL KIT #1680
a V. REGULATORS

LMBOBKC TO-8 V.R.’s bar-5

eled. Bot by the
No. E 3330
apEpEER

BARREL KIT j1
PRECISION RESISTORS
200 for
$1.98

Marked and unmarked Y,
Y2, 2 watts.No. 9OE 2428

BARREL KIT 715
MOSFET TRANSISTORS)

60 for $1.98

All 4 lenders TO-18 case.
includes UHF  transistors
too! cat.No. 9E 2429

BARREL KIT 17
LINEAR & 7400 DIPS

Untested %

100 for
$1.98

Marked and unmarked, in-

ternal numbers of raw fac-

tory stock. Cat.No.9E 2431

BARREL KIT f19
DIPPED MYLARS

60 for
$1.98

Fineat  capacitors made,
shiny finish. Imagine factu-
ry dumping ‘em in barrels.
 Cat.No.9ER897 100 % good,

BARREL KIT 20
LONG LEAD DISCS

150 for
$1.98

distributor
sale’’

£,

Factory
“‘auctlon Prime,
marked only Long leads
Cat.No 9E 2898 100 % good)

stock

BARREL KIT 525
METAL CAN
TRANSISTORS
100 for

$1- 8 Untested.
Includex TO-5, TO-1. TO-
18, etc., assurted 2N num.
bers, unmarked ete.
Cat.No’OE 2603

BARREL KIT #161
‘POP’ PLASTIC
TRANSISTORS

25 for $1.98

Clltula(or maker dumps
04's with som
ZNBBOG s of 100% mutef
rlal. TO-82. Preformed.
Cat. No. 9E3343

BARREL KIT 26
PLASTIC
TRANSISTORS

100 for
$1.98
Type TO-92 (TO-l_S).

manufacturers.  varietv
2N £'3.Cat.No.fOE2604

Untested.

BARREL KIT #30
PREFORMED
RESISTORS
250 for $1.98
We got barrels of Vs and
for pc use,
even amount,
0

2" watters.

£2608 100 % good]

get
Ya, 10

BARREL KIT {31
METALLIC
RESISTORS

100 for $1.98

Made mostly by Corning,
resistor

Values, "Clt. No. 9E 2609

BARREL KIT 32
TRANSISTORS
WITH A HOLE INIT

50 for $1.98
Cat.No.9E2610  Uniested.
Can‘t name factory but we
bought barrels of 25 watt-
ers with mtg. hole io mid-
dle. PNP'S and NPN'S.

BARREL KIT 435
EON LAMPS

130 for
$1.98 160% good.

Fameus NE-2's, All prime,
but factory made millions
and barrel'ed ‘em, Your ad-
vantage  Cat.Nol9E 2613

| BARREL KIT #36

ithis

GERMANIUM DIODES

200 for//
Untested

$1.98
popular

Famous maker,
item. Never grows old, But
is the way the RE-
TESTERS buv ‘em from the
factories. Cat.No 9€ 2614

BARREL KIT £37
1 AMP “BULLETT"
RECTIFIERS Untested.

100 for
$1.98

Fumous _style, asstd. volt-
ages, silicon, axial inciudes
all types of voltages to
1KV.Cat,No. 9E 2618

BARREL KIT #3989
2N3055 HOBBY
TRANSISTORS

15 for
$1.98 100 gooa.

From factory to you, these
fallouts of the famous
2N3086. Wy tave 10 bar-
rels. Cat.NofSE2617

Popular _germanium TO-3
case units, now available
t *‘gaod ole barrel™ prices,
at.No.9E 2618100 % good.l*

BARREL KIT 248
G.E. 3.5 WATT
AMPLIFIERS

25 for

Hobby 1ype, hclory fall-
outs, we purchased them in
.barrels. These are un
‘knowns, Cst.No, 9E 2624

BARREL KIT /5o
SIGNAL SILICON
DIODES

200 for $1.98

Includes many, many types
of switching, signal silicon
types, all  axial leads.
Some may be zeners.

Cat.No. 9E 2628 Untoested.

{Cat.NoBE 2721 —(I

BARREL KIT ¢53
JUMBO RESISTOR PAK

100-pc.$1.98

Assortm metal filma, preci-
sion:, carbons, meial oxide
powurs, from 3 watt to 7
watts,  Color  coded
100 % good. Worth $10.

BARREL KIT §54
8 DIGIT READOUTS

Burxmn ol n lifetimel All
arrel — the,

wa
"bhsdor dlxlt" types. Multi-

plexed. Cat. No.BE2722

BARREL KIT #58
SLIDE SWITCHES _

30 for
$1.98

All shapes. sizes, spst. dpdt,
momenturics, etc. Tremen.
dous shep pak for 100's of
switching projects.
Cat.No.9E, 2726 100 %, good,

BARREL KIT ;59
POWER TRANSISTORS

40 for

$1 .98

att  Bendix
nellrl transistors,
good, purchased
pretester, have millions of
100 % good Cat.No.9E272

[BARREL KIT #61
POLYSTYRENE CAPS

100 for
$1.98

Finest caps made. As a gam-
ble we boulht 10 barrel

BARREL KIT 265

L MIXED READOUTS
15 for
$1.98

Factory returns
numhprs as MAN-4's, M,\N
‘s. MAN-3's. 11 barrels &

BARREL XIT 3717
“BROWN’ BODY
TRANSISTORS

curren( ,» hpn
discontinued
Cat.No.9E,2742 Untested.

. PC upnxm lype color cod-
As:

o time to separate.
9E 2733Unteste

BARREL KIT fe8’

2 WATTERS /

100 for
$1-98 100 % good.

Nobody seems w want ‘em!
So many suppliers don't
count, but throw 'em in the
barrel. It's a 1l gold mine
All marked. Cat.No. 9F 2735

JBARREL XIT #71
CAPACITOR SPECIA

100 pcs.
$1.

Emptied
barrels
micas,
ceramics.
190 % gond. Cat.No 9EI2738

stockrooms  into

d

BARREL KIT #7
TRAMSISTOR
ELECTROS

50 for $1.98

1t “bugs” us why the fac-
tories dump ‘em in barrels
We den’t wish to scparate
wide ssst voltages & values
tup to 300 mf-cn.]sz 2747

Factory out of biz! :\mnzlnﬂ
offer: 6, 8, 10, 12 t 5V,
You test. Hermeueally selled
glass pak. Dauble plug.
Cat.-No.9E2740

BARRE KIT #
SUBMINI RESISTOR!

200 for
$1.98

»100% good.

st values.
Cnmp to u.s m a barrel.
Cat.No SE 2746

BARREL KIT #83

15 for $1.9
LM-340T

VOLTAGE Untested
REGULATORS 2
Factory rejected them 1or
length of leads, May include
b,6.8,12,15,1R. 24 volta.
Power tab Cat.No 9E 2635

Untested
Wow! A Litronics dump of
all kinds of mixed diacrete
LEDS, shapes, colors good,
poor, ete. 9E 2859

BARREL KIT

48
NATIONAL IC BONANZALITRONICS LED

100 for
$1.98

Factoey dumps_into barrels
Types 8000, 7400 scries,
DTLs, ROMx. regtsters, clock
& cale. chips, linears, etc
Cat.No. 9E2860|Unteated.

BARRLL KIT ¢#88
READOUTS

10 for
$1.98

T4%'s, T27's, singles, trie
ples, etc. .33 to 0.6. Bot
from fuctorv 1 mised;
have fun!No. 9E 2861

BARREL KIT 276
1-WATT ZENERS

100 for
: $1.98 Untested.

ory same as 400-mw’'a
Never-to-see-again offer, &
A, 10, 12, 15V. under
giass, Dovble plug
Cat.NoI9E 2741

[BARREL Ss‘r—_E_
SILVER MICAS

100 for $1.98
Cat.No 9E3018
For the first time silver
micas so low in price!
Axfal, red case, variety of
physical sizes & values.
Big savings from distribu-
tor pricas, Wt. 1 lb.

BARREL XIT #93
HALF WATT::V
1.98

Untested.

Resislor factory tried to
100l us by mixing 100 %
color-coded resistors in
barrel. But value is there.

4 oz. Cat. No. 9E3046

BARREL XIT {99
PHOTO ELECTRIC
CELLS

10 for $1.98

Asst. GE types, CDS types.
Mixed by factory, Big job
for us to separate. 100%
good.{Cat.No.9E 3082

@ ‘

BARREL KIT 101
RESISTOR SPECIAL

200 for
$1.98 Sg

Includes: Y%, Ya,
watters, carbon.

100 % good.

CONTROLS

10 for $1.9

Cat.Ro[HE 13057

“Used in- hi-f, volume con-
trol maker unloads. Asst.
values, what a buy, Worth
$1 wva, We've got barrels
of 100 % material.

BARREL KIT f104/ BARREL XIT #10S
SLIOE VOLUME MINI VOLUME

CONTROLS
25 for
$1.98

1-Miltion pcs of 100%,
50K mini pots, ceramie
¢ase, long shaft. Eqpt mak-
er unleads. 9E£3058

BARREL KIT /108
TO-5 PLASTIC
TRANSISTORS
Cat.No.9E'3101

a0 for $1.98

Includea PNP, NPN, 2N-
3638, 2N3641, 2N5000
series, etc. Untested. but
Ruarantzed to a so%yio!sl,

BARREL KIT 109
TERMINAL STRIPS

150 for
$1.98

] Wide asst. of terminal strip

 connectors,. from 1 contact
fup. Strip manufacturers
barrel dump is vour gain,
Wt 1 1baCat.No'9E 3138

BARREL KIT f112
MICRO MINI LEDS

$1.98

All the tiny leds, axial, up-
right of Monsanto, Litronix,
vartety of colors. Yield
50% or better.

Cat.ho SE 313%

BARREL KIT 115
MOLEX SOCKETS

=200 _for-‘}ocooc
$1.98

100 % good.
Calculator maker aump! We
gut a zlllion of 'em. Used
for IC =nckets, etc.
Cat.No.JBE!3144

BARREL KIT #1186
BUTTONS 'N
FEEDTHRU'S

100 for $1.92
100 % good.
Truthfully worth a smal]
fortune. Wide asst., of but-
ton-feedthru caps! HAMS
TAKE NOTE! RF UHF, ete.

Wt. 1 1b. Cat.N3 9E3141

BARREL KIT 4118
MINI SC

50 for $1.98

UNBELIEVABLEI TO-92
plastic SCRS in barrels . .
rite from factory. Includes
all voitages up tl 200
prv. 9E3138

BARREL KIT £115 ° &
PRECISION W
RESISTOR

100 % xood 2 ozs.

100 for $1.98

PREFORMED! Designed for
printed  rircuit wor Va,
1. w. Marked va'ues, 1 and
27 values, 9E 3205

ELECTROS

40 for $1.98'
Wide asst. of values from

Imf to 300m{ in mixture

of voltages. 100 % marked

'n good. Why barreled?

U-got-a-buyt

Cat. Noo 9E3226

BARREL KIT #127
AXIAL ELECTROS

0 for

1.98
Truthfully the factoriea (by
mixing 'em in barrels) do
all of us a favor. WUT A
BUY! Asst. capacities and
voltages.
Cat. No, 9E3227

(

BARREL KIT #128
MINI DIP ICS

75 for $1.98

Large mfgr dumped 100°s of
lhs into barrels. Includes|
741s, LM-380-8, 703, 667,
555, 658—but who knows?
Factory to you. All mixed,
you test. Wt. 1 1h.

Cat. No. 9E324%

BARREL KIT
CRYSTALS!

12 for2 ozs.
$1.9

Large LU.S. maker dumped
frequency marked 11/6U
crystals _in_barrels. Some
worth $5. FPrecixion. Manv
in B mc.areas. SE 3250

s130

BARREL KIT f131

TANTALUM ™
:chrnos‘@’

30 for $1.98

Mixed, marked prime,
grade asst. values,

ages. GE. Centralab,
Cat, No. SE 3285

top
volt-
ete,

BARREL KIT 7133
€-MOS IC'S

60 for$1.98

Deliberately thrown in bar-
rels, so we can't test ‘em!
The famous CDi0QQmeries.
Hlow good? Who knowa%
Who cares? It's only fec eu,
Cat. No.!9E 3257

BARREL KIT {134
CALCULATOR CHIPS

BARREL KIT #136
KLIP IN DIODES

BARREL KIT 137
OPTO SPECIAL

15 for l‘/&}”_#

$1.98

Natiomal  type.  Unn
MM5736, 3R, etc.
have discontinued
chips. FIND A USE. Un-
tested. Cat. No. 9E 3258

They

'$1.98

.50 for

100 % zood
nto fuxe type clip
INS2 diodes,
9E 3261

Snaps
hulder,
ferrule 'ype. No.

@a 25 for "%
'sx.ss

Melqll

Skinny C-Thrus's”,
meante,  Infen - red
phote darlingtons,
transistors 9

New,
led,
phote

BARREL KIT f138
PANEL SWITCHES

30 for
$1.98

Did you hear of OAK? An-
other eapt maker barrelled
all types of rotaries, elec-
trie, slid BE3268

BARREL KIT #142
DARLINGTON
TRANSISTORS

40 for $1.98

TO-92, a Motarola dump,
unknown numbers, but high
svield to good darllngtons.
Retesters didn't get ‘em!

BARREL KIT /143
75-PC TRANSISTORS

$1.98 =B

100% materiai, TO-92
lnclory diacontinued lines,
pnp's ~ mixe
2N4400-1-2-3-4.

you care, it's gud stuff,

You will. 9E 3285

SEPTEMBER 1976

Cat. No. E3290

BARREL KIT 144
RCA PHONO PLUGS

40 for 4&

$1.98

1,000,000 RCA phono plugs|
for this one. You hi-fi-ers]
know wut they are .
100% material. Look at]
the price. 9E3293

Terms: Add postage

Phone : Wakefield,

Rated: net 30
Mass. (617) 245-3829

Retail: 16-18 Del Carmine St., Wakefield,
MINIMUM ORDER — $6.00

POLY

P.0.BOX942E LYNNFIELD, MASS. 0194

CIRCLE NO. 52 ON FREE INFORMATION CARD
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Gl AY3-8500
TV GAME CHIP 6 iN ONE GAME CHIP

Play tennis squash, hockey. practice and 2 shoohing galleties
Selectable paddie wize. ball speed and angle. on screen aulo
matic scorng and pony  sounds all on one 28 pin I C
Includes complete spec sheet. schematic and parts list lor
buiiding yout own one-chip IV home game

Satistaction Guaranteed . $29.95 Caht Res add6 tax
KEMII ELECTRONICS P O Box 62076 Sunnyvale CA 94086

NEW! 500 MHz trequency counter, 8 digit, builtin TCXO 12
ppm (+.0002%). Complete kit $249.95. Davis Electronics,
636 Sheridan Dr., Dept. C. Tonawanda, N.Y. 14150. (716)
874 5848.

TV GAMES - tennis, hockey handball pracllce COM-
PLETELY ASSEMBLED, play after simple connection to
your TV set. 2 rifle games extra. GUARANTEED. We ser-
vice, too. $69.95. ANGSTROMICS, 16677 Mt. Alison Circle,
Fountain Valley, CA 92708.

PROFESSIONAL QUALITY PA MIXER. Six Channels re-
verb. Assemble yourself and save $$. Live sound, record-
ing use. Lo-Hi Z inputs, stackable. $179.50. Free Literature.
Neptune Electronics, 934 N.E. 25th, Portland, Oregon
97232.

POWER SUPPLY uses three IC regulators. £15 and +5 voit
outputs! Comprehensive theory and plans: $3.50. Free
catalog! LHC, Box 453, Littleton, M§._O14(_50.

VIDEO GAME KITS
DIGITAL CLOCK KITS

SEND $.50 FOR YOUR INFO.
PACK. 0OIT TODAYY
relunded with purchese.

ON SCREEN DIGITAL CLOCK KiT & DESK TOP LED ALARM CLOCK KIT

We have the BEST kiss ar the BEST peice!

s INTERFAB, 179359 Cabol Rd. Loguno Niguel. Ca. 9
seerseretneresssntertttnseatssrsss

11:34:56

ee0s0s00cesessene
esesccssscssenese

ELECTRONIC IGNITION SPECIAL; Mark 10B — $33.95,
SST — $28.45, 500 — $37.95. MAX — $42.95, | — $30.95,
G EE Sales 12525 SE 188 PI. Renlon Wash 980\:5

LEARN Desngn Techmques 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.

MOBILE IGNITION SHIELDING for Hams, CB'ers. Free It
erature. Estes Engineering, 930 Marine Drive, Port
Angeles, Wash. 98362,

® ALTAIR/IMSAI COMPATIBLE 8K
LOW POWER STATIC RAM MODULE
AI| lhr latest featurer a1 affordable
lr\:ludtl 500 ns access time requiting
1o wait states, fully buffered,
memory wiite protect,

N

PR DUCT

@ NEW MOS/LSI TV GAME CHIP
Gi's AY3 85001 In Stock
6 TV Games on a uingle IC.

*Send 50 for Info pack
(retunded with purchasch

Unit Ory: 39.95 @ FUNCTION GENERATOR KIT
Oty {5) 331.95 PCB, function chip,
Oty (10h: 2995 and external components

@ TV Kit 1 *PCB, Chup lostruenions
Video composite output
@ TV Kit 2 *PCB, Chip, Switches
Caps, poty, speakes, crystat,
1. and afl parts cequiced
far video output, instructions

99.95

42.95 ® MULTITEL KIT
PCB,

Gl AYS.

@ TV K 3Theulumate in TV
ames, nc. chassis, RF
modulatar, battery operation,
partially assembied

complelciy sssembled.

CB, instructions plus

3100 push bution diater
AY5-9200 recertory dialer
AY3.9400 Mulu Freq, gen
AY5-9500 CMOS clack gen

@ TOUCHTONE CONVERTER
anvests dial phone to touchtone

tiery back up, addressable
on 1K boundaties fe, 0-8K,
19K, 2-10K etc., nolse
rejectian citcuitry, dip switch

EW PRODUCTS

Speciat Introductary Puce Only  $259.00

JUST LIKE THE OTHER GUYS BUT
LESS MONEY
@ AMI EVK 99 6800 based Microcomputer Kit $149.00
Expandabie 10 provide, EPROM
pprogrammung, 1024 Bytes RAM, 2048 Bytes R
50.00 ROM, 2048 Bytes EPROM, kines, TTY.
selectable DMA, 6V Kit consists PCB.
6800, 6850, 6820, 12} 6830, {4} 6810 1
clkrithu manual and compleie instructiom.
Also Avatlable .. Tiny Basic for 6800
Coming Soon . . . 16K RAM Add-on memory
Wiite for More Detalls,

@ B0B0A Chip Set Special
1- AMD 8080A

2750

nstuctions,

$54.85 79.95

32 - AMD 91L 02 APC {500n15] Rams.

Note: our products have been designed by people like you. |f you have any ideas. drop us a line and we will show you how to participate.

® RAYTHEON @ AMmI
® RCA @ INTERSIL®

ADVANCED MICROCOMPUTER PRODUCTS

eTi ® FSC ® NSC o GI
SIEMENS ® AMD

T 1 C MARKETPLACE ™ ™ 7™
MICROPROCESSORS
AMD 8080A $24.95 | GENERAL INSTRUMENTS D R IRCUTS| auap/puALS/SPECIALS
AMD 29017 . 31.00 |AY5-1013A Uart . $ 5258 iaga 1as | RC1458 CN 89
AMI 6800 . 24.95 fAY5-1203 Clockchip . 9.95 | 1439a 1.45 | RC1556 CN 99
GI CP1600 59.95 § AY5-2376 Keyboard encoder .  15.00 7415138 150 RC3403AD 2.30
RO3-2513 Character Generator 10.95 8820N 195 RC4131CN .99
6800 SUPPORT DEVICES g | Also avaitable organ circuits. telephone, 8830N 195 | RCA1SED Ll
$6860 Modem . 15.95 | timers, radio, TV, TV games, calculator 8831 1.95
$6820 PIA . 11.00 and printing calculator chips. 8832 1.95 RC4151 CN 6.50 §
$6810-1 RAM 5.25 81268 295 | XR 2556¢P 2.95
$6850 ACIA . 9.95 9601PC 99 §RR fg:gsp ggg
$2350 USRT . 7.95 3602PC N X
S1883 UART . . 5.00 MEMORY DEPARTMENT 9614PC 195 | XR 2206CP 3.95
$6834-1 EPROM 22,95 | 2102APC (500ns.) . .$ 1.70 9815PC oo | XR 2207cP 375
$6800 Prog. Manual . . . 15.00 | 21L02APC {500ns.) . 189 3615PC 420 | XR 1800 2.95
$6800 Hardware Manual 15.00 ﬁ;ég:c‘ . 13.38 9617PC 4,28 | XR 567CP 1.95
8080 SUPPORT PRODUCTS : 9620PC 350
8212 1/0 Port . $375| Paor et 9621PC alsp [iSENSEAMBSEEE O
8224 Clock 5.00 [ 4202 (4K Static) . 12195 2500704 2251 75234n 210
B2161Bcher 495 | 4200 {4K Static) 13.95 751080 2.2 | pHazascn 250
8226 Driver 595 |  AtiRa130 s 75109N 2.05
8228 Controller 890 | Avboro | T3ios 75110N 2.05 | CLOCK DRIVERS
9551 Prog. Interface . . ; 75207N 2.05 | MHO0026CN 450
9555 Prog. Interface . 75208N . 205

7400 TTL X

SN7a53N SN7a153N H105 NDIP CNMIMOIP  DCERDI K103 D000 120 65

1 SNTASIN 16 SN74154N  1.05|LM10SH 350  (M311D 90 LM705CN 40 | D400 24 Coapsp 245 7ac20N 65

1o SN7450A 75 SN7aissN 99 |LMIOBH 330 LMITIEN 175 Lmaecn 70 | cbasor 24 CDapd2 120 74C30N 65

14 SN7460N 36 SN74156N o8 [LMTIAM 300  LMI12H 168 M7iocN 70 | CD4006 250 CDagaa 95 7aCaN 195

16 SN7470N 45  SN74157N B9 |LM300H 120  (M318H 150 (M711CM 40 | CD4007 24 CDAGA6 250  7aCTIN 135

20 SNZIN 33 SN74160N 100 | LM 120 LM31BCM 240 LMITICN A0 | CD4O 50 CDADa7 200  74C74 110

20 SN7473N 39 SN7416IN LM30TAH 45 (MII9N 130 LM715CH 30 | Codo10 50 CD4049 60 74C: 250

SN747eN 39 SN7a163N 99 |LM3O1ACN 45  (M32aN 165 (M723CH % | CD401Y 20 CDa0s0 $6  7aC95N  1.90

24 SN7475N SN7a16aN 110 [LM3OIAN 95 33 160 LM723CN 55 | CDagz 24 CDAOS1 150  7aClOIN 125

24 SN7476N 39 SN74365N 1104LMIOZN 125  (M3205T 225 LM752CH 150| CDaa13 30 CD40SI 140 74C1S1 250

16 SN7480N 50 sN7aleeN 1 10JLM30ZH 125 (M32012k 250 LM73CH 130 | CDA015 110 CD40BO 140 74C1 250

26 SN4B2N 98 SN2416JN 500[LM30AN 120 (M320027 225 LM7ICN 100 | CDAOIE 56  CDA0GE 8  7aC1s7 210
SN7412N 33 SN7483N 70 SN74170N 200 JLM30SH 85 (M3405k 195 LM7a1ICH 36| CD4017 110  CD40GY a1 7aC160 295
SN7413N 45  SN7485N 89 SN74172N 800 |LM305AM 105  (Mi06Kk 195 LMIMICD 125 CDag1s 120 CDao?! A4 7aCiel 295
SN7414N 70 SN7486N 3B SN74173N 150 |LM306N 95  LMMOBK 195 LM2SICN 35 | CDao1g 60 CD072 A4 74C163 29
NTAIGN 35 SN248IN 188 SNP4i2aN  1.00 |LM307H £0  (M34012K 195 (M747CH 75| CD4020 145  CDaoB1 a6 jaCi6r 2oy
SNTAVIN 35 SN7490N 49 SN74175N 89 [LM3OZCN 5 (M34015K 195 LMIATCN CD4022 10 C€DASI1 200 7aC173 260
SN7420N 19 SN743IN 75 SN74176 90 JLM3O7N 160  LM340 13K 195 LM748CN 19 | COs023 24 CDas12 130 7aC193 2560
SN742IN 30 SN7492n 55 sN7a177n 90 |Umdosn 85  LM34024K 195 LM3046CN 95| €D402a 150 CD4515 500 746195 260
SNTAZN 49 SN7493N 55 SN74180N 99 [LM30BAH 420  LM5S5CN a5 LM3I0S4CN 150 | CDA02S 24 Cpaste 175
SN24ZIN 37 SN7494N 79 SN7418IN 249 [(M308D 225  MB56CN 130 SGA501T  2.40 | CD4027 69 €045t 110
SN7425N SNZa95N .79 SN74182N .95 [LM30BCN 100  LMs67CN 170 SGASOIN 240 | CDa028 110 7aCa0N 35
SN7426N .20 SN7496N 79 SN74184N 195 [LM309H 110 UM709CH 40 $G520  B.95 | CDA023 120 7ACOZN a5

28 Snmgm 400 snzaissN 220 fiMieek  voo ca19a  7.95 | CDa030 6 2aC0aN (3

100 SN741B6N 500 [LmM3ton s RC4195 795

31 SN74107N 39 SN74187W  6.00 JUMIBICN 115 LA GO OL C

27 SNIZIN 39 SNP4190N 119 JUM31IH 80

27 SN74122N 39 SN7439IN 119

16 SN24123N 68 SN74192N 89

85 SN74128N 60  SN74133N 89 SEND FOR OUR NEW CATALOGUE . . . it contains all

59 SN74128N 60  SN7413AN 125

75 SN7A13IN 82 SN7A19SN 75 popular part types at competitive pricing.

R T We are not a surplus dealer and you will appreciate

75 SNZ4M5N 110 SN74198N 130 our service when you yet 10 know us

75 SNT4147N 235  SN74190N 140

75 SN7414BN 200  SN742 a0

:g m;ﬂm |?g suu;)su 90 TERMS: All shipments first ¢cluss in U.S. tor

= orders under $25.00 add $1.00 for handling

Aho 74L 74LS, 74H, 9300, 8200 SN74285N 600 Minimum order $10.00.
Take 10% off over 1005cs. fmied Calitornia Residents add 6% tax.

P.0.BOX 17329

IRVINE, CALIFORNIA 92713

CIRCLE NO. 61 ON FREE INFORMATION CARD
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pal’tS a
5Pc. SCR Kit TR-298 1.79 1.00
500 Mw Zeners (5 Asstd) DH52 99 S0
Unijunction Transistors (Pkg.3} TR41 129 50
Red LEDs. lg. (Pkg. 9} PL233 119 60
9 Digit Spemry Display IM-399 100 60
20 Key Calculator Keyboard XM-339 249 140
11 20 Key Cal. Keyboard XM-523 500 160
Ultra-Mini Red L£D.s (Pkg. 5} PL2BS 129 70
3 1-Seg. LED. Display M52 10 T
60 CFM Exhaust Fan M0-3%0 500 250
Metal TV Cart AM-375 249 99
2 Yolt Wet-Cell Battery BA-329 695 3.00
CB Rules Book with License BK-202 100 30
Set of 4 Easy-Roll Casters M1 88 49
“Mini”* Nixie Tube XM-107 169 1.00
5# Surprise Kit XX-19% 328 100
Solder Lugs (Phg. 13 Asstd) AM-004 149 80
Digital Clock Kit XM-511 1900 11.00
3, Digit 1-C Display XM-311 1000 450
LM 309K 5 Regulator TRS11 160 110
CB Carrying Case CB-557 1395 9.00
Disappearing CB Ant. Mount M-010 1195 8.00
8" 2-Way Wood Speaker System $5-080 20.00 12.00
Hi-Fi Stereo Headphones PH-331 700 1350
FM-Converter For Auto Radio A-333 2200 15.00
CB Humg Mount CB-558 495 3.00
Trunk Mount CB Antenna A-999 1500 9.00
CB Converter for Auto Radio CB417 17.00 11.00
Ni-Cad Battery M Size (Pkg. 3} BA-327 350 150
1.2 Voit Ni-Cad Battery BA-328 600 300
8 Tr. Tape Kecorder Head HF-283 500 250
3% 8 ohm Speaker 114 95 50
117 VAC Black Light Bulb XM-291 100 S0
Window Lock-Alam IM-112 88 10
117 YAC Heavy-Duty Solenoid SW439 179 100
Assorted Knob Kit (25 Pc) KNO30 100 50
100 Ceramic Capacitors CC-210 129 1.00
1/30 RPM Timing Motor 117 YAC  MD-3%9 89 50
3# Hardware Kit HW-181 200 120
Post 10" Slide Rule 11582 149 100
Water Temp. Thermometer (Pkg. 2} XM495 149 60
709 IC OP Amp. RE-131 149 90
Cadmium Photocells (Pkg. 2} TR514 100 50
Miniature 12 YOC Solenoid SW83% 119 70
Magnetic Reed Switch (Pkg. 5} SW807 100 0
Low Yoitage Elect. Capacitor (50 Asstd) C0407 500 2.70
117 YAC/DC 4000 RPM Motor MD-395 298 150
Audio Output Xfmr. 2500 to 4/8 ohms TT-092 109 .70
ADD POSTAGE & SALES TAX
g Olson _ %\:&\og
Catalog
NEXT 8 Dy RS
E
ISSUES DE 1
SENT TO PRI
YOU FR EE LIST
I Olson Electronics, 260 S. Forge
§ St, Dept. | P, Akron, Ohio 44327
] Please send me [ Olson catalog [ CB
: catalog ] Both . Please Print
: NAME
= ADDRESS
2 CITY
= STATE zIp
[}
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CIRCLE NO. 48 ON FREE INFORMATION CARD




THE KING OF ALTAJ
SES.SD

6-0I1IGIT ALARM CLOCK
THE KING FEATURES

M6 dup . 12 e 60cycie ar 24 hr
50 eycle alnm cloc)
Time sharing caotulity lor s
vlay ol midihiona) malm

Atet 10K Tur Shupaany
3 Sinde 12v sty an

Ki No. 70250 1R (Red readouts) mum ol inteclace :nﬂluoﬂmll‘
Kit No, 70250 16 {Green readoutst A AMPM und sutomatic nower tai
Kit No 70250 1V § Yeliow reatauts) wre aheations.

Kit No. 70250 2R {DL727 readdouts) $28.58 9 10 mnute snoos

Kit Now 70250 3R {FNDBO? readouts)  §29.50 & Intensity cvatsol of LEDs

Al ks include comuonents, PC Buatiy, Tounstonir, case, wit COMNSIuciinn manu|

THE KING’'S HAREM

FATIMA a-ciciT TEMmR KIT
$19.95

Features 4 diail wmoerature display; farenbidt 0F cont i i @ @ @
compiete CMos apiication. uses 7002 4 dwt countes

Kit includes alt companents, PC Board and insirictions for mtedariny

with THE KING 6 chaqut alarm cinek Ardinion Memtie 1

DELIL A ArPLIANCE STARTER

u-.mpm Set your Manm for 7 am. . set limer

15 mun. At enactly 7 am , the appliance
w\l\ start, at 715 your clock alaem will wake
vou

$9.95

Kit includes afl components, 9c aum and nsirections e ntertacing with THE KING
6 digit alarm clock. A ddil 2

TANYA 50 HzZ CRYSTAL TIME BASE
AUDITIONAL FEATURES.
1.) Low Power Consumptiun
2.) Direcily [nlerfaces with King MOS Crock Chiy
.} 60 He oulput wath crystal Tine base accuracy
45 ideal for Cars, Boars, & Campers.

5,95

Kit inctudes all PC Board and tor g with THE KING
6 Digit Alarm Clock. Addinion Numbee X

FNO 70 oLra27y

RED, .25 In. Char.

One of our best reatiouts

5 un. hig1, 20mA per

segment. Common anede
$3.7%

15mA per segment
Common Cathode.
5126

FNDO 807 ANOOE
FND 800 CATHOOE

B

(B)

BURROUGHS
12 oiGIT

25 10 huh orange

New .5 in. disitlay
by Faneniid
Commaon Cathoile

B liph. The Best
on the mar ket ldeal
for large reanioul
aphcateon

B

$4.95

gt 160y dc
51,60 7 Free socke s2.50
5/51.50 LEOS
Mini red 12
Jumibo redt 15
Jumbo w0
Junbu yellow 33 OL33

11 you tike an
array of displays,
we have it. Com
mon cathorde
3145

Falty multiplesect common cathode
Goldutated. ties for s

TTL

MEMOREX computer boarts with TTL's Diodes

GE TRANSISTOR ASSORTMENT
TO98 cased Dadm' SCRs.

NPN PNP, ec:
50 lor §1.50
100 tor $2.60

BOAROS

and Teansistors, erc.

5 Buards containing 150 250 1C's

MODULAR SCIENTIFIC
INSTRUMENTATION

Nove you can build some ol the most advanced dgital efectrome fnstru
mers with out new series of low-cost modular scientlfic kits These kits
will xpand the range of your electromic appixations enormousty-and alf
3 asurpnsingly low cost.

The heart of the system is our 4 digit Decade Counter {Kit 012} which
Teatres a hull 4 digit LED readout {you choose the slze best suited 10 your

mems, including

Frequency Counter
RFM Counter

KIT D16 FREQ. COUNTER

4-DIG1T DECADE
COUNTER KIT

S518.°°

Features FET mout tiont end with trigger cucuit for
measuring comples waveforms, Measures fom O 1HZ to
10MHz when used with Kit 015 os (9. Measores from
OTH? 16 35MH; when used wah it 013 and 014

524,50

KIT O1m

One chip 4 diglt decade counter
kit, with both 7 segment and BCD
outpul.

1.Chup features intesnal oscillator
for scanning speed!
2. Overtlow and count extent out

puts.

A Teansler, cese1, count, blanking
andt true comoliment control in
Duts.

. PC Boards can be cascaded to
B 1216, efc. dts.

. Kit Includes counter chip, drve
zwcunt for 4 cathode type dis
plays ari PC Board. (For read
ut board see (FND70 FND503)

IS

3

®xIT 017 DvmM

impedance and £l

TIME BASES

Mhz crystal chan time base divider. Qutauts,

1Mh;- 100Khz- 10Khz- 1Khz- 100Hz- 10H2- THz 0 1Mz
Accuracy better then .005% with peoper adjustrvent,

Kit G13 comnlete CMos with PC board 51575
Bulfur Circuit fon TTL Intertacing
Kt @14 Same as Kft 013, but with TTL 1328

il

frequence as reterence. Accuracy 0.1 0.05%. Oumuts

LA1S 50H, or GOHZ chain time base using fine

10Hz THz 0.)Hz. Complete with CMos shaging cir
5

curt anc PC Board.

597!

Kh €18 Sanme a5 Kit 015, but with TTL and SDHI

anly

Kit €18 60HZ chain time base using hne frenuence

tor

MSI

cLuB

r 11020 RPM counter

‘Dutputs.  Gsec - tOOh of RPM
sec.© 10t of RPM
60 sec. = tull tevolution 5378

A Digital Volimeter (DVM)

1.999V a5 busic. wah polarity furfcation. 1 M onm input
accuracy to 14

roperty  adjusted

appEeation), Combine this with 8 5 voll regulated power supply (Kit 030}
and you have the bass ol a wide range of sophisticated efectronic instru-

Kit 012 ¢ Kit 030 + Kn 017
Kit 012 » Kt 030 » Ki1 016 *Time Base
Kit 012 -

Kit 030 ¢ Ki1 020 » Kit 018

“Input voltage. 25V max
“Load requlation
fequiation. .01

$1650

50my
Irequires 820V uansformer}

KIT O30 POWER SUPPLY

“Outpul current 1 amp ma:
“Outpul voliage: 5V Line

8455

(Contains all parts excepr transtormer)

KIT O20 APM CDUNTER

Counts from 1 to 100,000 RPM. RPM counter kit contains
components and PC boa

5895

Send tar your memoership card to the Modular
Scientific Instrymeniation Club and receive a
big 1% oli on future Jurchases o MS.1. ks,
Send $3.00 with your name and address We
wilt promptly send vour very own register
membership card. Don’t miss out on the

savings. Write now.

Memberships vaiid lor one year from date of cegistration

$4.50 300 tor $6 00
Sl inTecraTiON A
MM536 46 digit alarm clock 40 pin dip w spec s a2 CE 208 @ a-DIGIT ALARM CLOCK
7002 4 dign counter /latch decoder; 7 segment and Part No. 323332 \‘
BCO outpuls. 28 pin dp wispec.. $12.50
7005 8 digit coumter/latch decoder; 7 segment unitin & 95 P iy Noa $13.95
ooly. 24 pin dip whspec. s 950 @
7007 4 digi counter flatch decoder with BCD output AMLIO% lor Stuung fwin PC Board}
only 16 pin dip w/aper. 7.00
m 0250 46 dign atarm clock 28 pn dis wispec S 550
vc Board lor 0250. § 425 Write far aut FREE Biochure
10380 4 digit non multiplexed radio alarm clock Comront conirpl tepdalion oo chi, * Low Nower mmhmen
lnlunnqdue(_ldeedlmlny oulput 40 : stowu circustry, © Steep Raho feature, * 24 hr. snoore
n dip welspec $4.50 ot e, Nom A tiplencat entinst chreastry. 12GAC CT 172 ampy
pe Bowrd lor 70380 375
8 it parailel CPU $19.50 =
07 1K statc FAM 1ar 8008, $22%
MM5203 2K UV eraieable PROM 51226
1591 segment driver $ 035 ‘KIT NO.2
dugit deiver $ 045 dete it wath . tormer
o 00 8 function catcularor chip wih dect et R
egrient ir ive i $22 rnadouts. S$21.50
KIT ND.3
Complete kit with componenm, PC Board, Transtormer, wood
- aran case, anwl Ldier lor cispilaw window.  Includes 5 inch read- —
; o s22.50 ~
TTL ' cCMOS X Companente for Kit N 2 ox Kit No. 3 sleep rasfs eature, ockd 35 Ak 105 for Shwn
7400 21 7488 94 74151 80 | 4000 24 4018 149 4037 450
2402 21 7453 21 14153 94 4001 25 4019 59 4040 159
7101 21 1473 42 14154 100 | 4007 24 4020 159 4041 BY
7206 20 7474 .42 24181 104 | 4006 149 a021 149 4042 79
08 21 a7 g0 14163 124 faooy 24 4022 v1e 4043 A0 TRANSISTORS-OIOOES
410 21 7476 44 74164 1.9 4008 1,15 4023 24 104 1 e, 4 LINEARS ”
2413 54 g3 gp 14165 154 4008 59 A024 89 4047 5 HTS CA200V 115W TOS NPN 1.26
7020 21 74ge 250 14174134 | oagip 65 4025 24 4049 23 LiG - GE 040CT NP Dart 025
y 74175 144 4050 AR ITEN T \ NA4435CR 400v3A TO220 065
7427 2% 4011 24 a027 59 L Rl e
%% 7 % M qam1 280 | a2 4 a0 g9 4066 99 MUSIC 50 wATT COLOA ORGAN 555 Timer Mini dip 065 2N2222 NPN Gen Ampl n 20
1 %492 80 4102 130 | 413 59 4029 139 22 29 8038 £ unct.onal generaror 2N3904 NPN Driver 15
43 A 7493 B0 74193 .1.30 4014 149  ap3p 49 74C04 29 RCA 3043 FM It Aud Preamyy. |.20 2N3906 PNP Compil. 2N3304 (l.IS
7438 38 3495 80 4195 84 a 119 74107 1.29 Completely sall contamed unft with 565 Phase Lock Looy 195 2N4400 NPN Low level noise 020
240 21 ga96 R e i a3 328 volt power card Include 567V Tone Decorer 150 IN5A01 PP Nisle deiver 025
742 4 35127 43 e 59 03 139 0 L#723 Pot. Voit. Req 055 INAQO4  400PIV 15 tor 100
7447 84 a3 80 $2. LMgaossv Lamp Reg® 110 IN4OOT  4000PIV 10 for 100
LM380 2w. Audio Amix 8 pin dip 1.00 IN746 332 4 tor 1
LM741 Operational Anm, 025 IN414B S;mlc:'“ 20 l: l.%
as6 DIGIT
- P C B D A F! D S
e
PG Bevctf § dont LOOGK!:
: sy i UAN A I TAJ Foam Alay 1o you, & surcal afler
o ot o &t sk | NDS0D £ Power Supipty 5 Vol 1 Amp. Req,
P  FND501 ‘\0 A Line requiatior. 005%
o x o el 4 :;i” P.0.80X 18534  Qallas. Texas 7523 (£ 00 A e
: J ot hesariay ;; e 'l:uls Cheer -;;Tv;-m Neo COD Kit includes Components, PC Board, Transt
by ut el h -, i "
P8 B b 4 o ey PNDTO oA 208aEE o $6.50
AP PC thyiise howets we maltiie sed) 108 ahferw eh o Henenn
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7400N TT CONSUMER—EL_ECTRONICS 741500 39 741855 39 7aLs1st 55
741502 39 74873 65 74L$153 1.89
SN7400N* 16 SN7453N a SNT41SON .00 SINGLE 741503 A9 74574 85 TLSI57 155
SN7201N 16 SK7454N 20 SN7A15IN 4] GAME . 740504 45 741875 79 7418162 225
SNT402N il SN7459A 25 SN7‘|53N. 88 741805 A5 741876 €5 7415163 2.25
SN7AO3N 1% SNT4BON 22 CINET ) 4 GAMES 240508 39 74583 219 7415164 2.25
SNTADAN* 18 SNT4TON 45 SNT41550 98 IN ONE - L8510 39 741586 65 7415181 369
SN7405N 24 SHT4TIN: 59 SN74156N 99 ) \SL - 741513 79 LS 125 7415190 285
SNTA06N 2 SN7472N 39 SNTAISTN 99 R 74LS14 219 Tase2 1.25 7418191 2.85
SNIaOTN 29 SNPATING 37 SNTATEON 125 GAMES INCLUDED IN SUPER PONG ARE: | B 39 741503 125 T4819 2.85
SNT408N 25 SN7474N" 32 SNAIGIN, 99 PONG ATCH 741526 49 LSS 219 745193 2.85
SN7409N 25 SN7A75N* 50 SN74163N %9 L] L} 741827 45 T4LS%6 189 748194 225
SN7410N* 18 SN7476N" 32 SNT41648  1.10 o SUPER PONG o HANDBALL 741528 49 418107 65 7415195 2.25
SN74VIN 30 SNT4TON  5.00 SNZATBN 110 740530 39 TSI 65 7415257 189
SN7AIN 1 SNT4BON 50 SNTAIGEN  1.25 FEATURES OF PONG AND SUPER PONG 7532 5 74132 155 7405260 55
SNT413N 45 SN74B2N 98 SNT167N 5.50 Incremental speed on volieys Increases excirement 741540 49 415136 85 7415279 79
SN7414N n SN7483N 70 SNTAI7ON 210 Playing leid adjusts to any size screen 241851 7415670
SN7416N 35 SN7485N gg SN;m?N "3'% Game appears in color of mblack & white, depending on televsian set,
SNT417N 35 SN7486N NT4173N Unmistakable “PONG™ sound accompanies each volley.
SNT420N 21 SN7488N  3.50 SNTOTAN 125 Digital scoring fhashes on the screen between each point, 7400  Pin-out & Description of 5400/7400 ICS  $2.95
SNTAZIN 3 SNT48SN  2.25 SNTAVTSN 99 2 playes challenge of Soltaire CMOS  Pin-out & Description of 4000 Series ICS  $2.95
SN7422N" 49 SN7490N" 45 SNTA176N 50 Hooks up smply 10 any model television sel; the screen actually becomes the playing teld. Linear Pin-out & Functional Descrlstlon $2.95
SN7423N 3 SN743HN 75 SNTAITTN %0 Engish and ather techniques can be used 1o Make any membee of the family a Pong champion ALL THREE HANDBOOKS $6.95
SN7425N 2 SN749N 49 SN74180N .99 Baltery operated by 4 se D" flashlight balteries included with the Uni. ATARI
Sy o] [ e Shrete B2 AC Adaptor (Eliminates Batteries) ~ $9.95 e C EIEREY MINIATURE
SN7420N © SN7495N 3 skeen 19 R - RED x| on [ore| ow |7 j205{255[1 8710  TOGGLE
SNT430N % SN7496N 8 SNT41BSN 220 O O = = ==
SN7432N »n SNTAIIN' 400 SNPAIBSN'  5.00 XCITON PTO ELECTRONICS G - GREEN on || on | 722 [2.95]2 151 58 |1 43
SNT4I7N 27 SNZ4100N* 1,00 SNTAIBTN  6.00 LITRONIX
SNTA38N 27 SN74107N 39 SNZ4I9ON 119 DISCRETE LEDS Y - YELLOW
SNTA30N 2 SNPAR2INT 39 SN7419IN. 125 MONSANTO On [OFF | oW |7y (238 1195 142 120
TSN 4 SNZ4122N 39 SN741GN® B9 0 - ORANGE
SNTa41IN 89 SNTAI23N 70 SNT4I93N" B9 o [hosefion [ |25 |usslfuafiirie
cpal [ SWAIZSN B0 SNTAIMN 125 &S — L
SNT44IN 7 SN74126N 80 SNT2135H 75 TRUTION
SNTAYIN 109 SNTAI96N 125 o "o oo
w5 Qe s wegm o 125" dia. 185" dia. 190" dia. TOTISNGSIA Mogsl 1 Quanit ne prces
SNT436N P SNZ4MIN 115 SNZA198N  1.75 ‘ang  Mumber Each 2.9 1020 30-99 ’
AP SN74l42N 400 SNTAIGN 175 XC209R s XC526R 5551 XC111R 551 Acor PB123 $2.35 $1.95 5147 $1.30
SNT448N 79 SNTZA14IN' 450 SN74200N 5.5 XC2096 431 XC5266 45t XCHIG 4181
S & SNI14AN 450 SNTA2TONT 90 XC209Y 431 XC526Y 481 Xy 4151 PB-126 $235 $1.95 $1.47 $1.30 -
SN745IN 27 SN74145N 1,15 SN74251N  1.78 XC2090 8 XC5260 4531 XC1110 481 H
SN74147N 2.35 SN74284N 6.00 5 AsP RATINGS -
SNT4148N  2.00 SN74285N  6.00 qz h R, ——
MANY OTHERS AVAILABLE ON REQUEST THUMBWHEEL SWITCHES
20% Discount for 100 Combined 7400's 200" dia 200" dia 085" dia oy L e Onr
04000 5 CMOS ACON % - . - o . 3 ‘ Ha o~ e
0300} 2 ACION 3 XC22R [ XCs56R 551 M50 3 B S~ el ¥
04002 ) gg:gi‘g ;‘ag 74C20N 85 226 Y X566 “ 085" dia, Micro 9710 i scoem 2%
74 65 2 N .
s Zop | sz Jo remd off xezy i cssey Pl et (T S S P e
CD4009 59 004044 150 e 1sg xe2 . ooty . T
CD4010 59 CD4046 251 74074 IBH oL ¥, f A
04011 25 CD4047 275 acoow 300 oL707 DISPLAY LEDS
4012 2% CDan4ag n 74095 .00 FND7 MAN 2 MAN & MAN7
€040 95N 2 FNDS3 0
CD4013 a7 €04050 M qacoN 125 MAN 3
CD4016 ) 4051 295 gadrs 2.9 0L338 -] ' B ]
o017 1.3 Gl 295 ey 3.00 E'| ACCESSORIES = accessonies
€04019 55 CD4060 3.25 740157 2.15 ' Part Mo Descrighon  Price Pant e, Descripiion  Prce
04020 149 %g:ggg L :z 740160 3.25 = S ep €8 Pte (Pur) $50 e o e el L,
1.25 74C1 L - ¢ 0P Dwedes Plate eacht 40 wider Plate
ggig;;?‘ 25 €D4071 5 "g‘z-‘, g (2:; TYPE POLARITY HY TYPE POLARITY LLg S5 B8 Bk Bo0y jeacmy 40 SR 8B Bank Body exch) 40
. 8 MAN COMMON ANODE 270 $3.25 MAN 74 COMMON CATHODE 300 $1.50 S HB Matt Body (eacn) 0 SR HB Hatt Body (each) 0
(4024 1.5 a2 o o 325 MAN2  §x7 00T MATRIX 00 495 DL707  COMMON ANDDE 300 5150
04025 25 CD4081 45 740173 2.60 MAN 3 COMMON CATHODE 125 19 DL747 COMMON ANODE B0 225 8 POSITION ROTARY SWITCH These swilches are 3 7 pasition, one
£Da027 69 CD4511 250 740193 275 MAN ¢ COMMON CATHODE 187 1.95 oL750 COMMON CATHOOE B00 243 < 2 posilion open. rotary switch enclosed a
04028 V65 CD4s18 250 7actes 2.75 MANT  COMMON ANDOE 1.50 DL33  COMMON CATHODE a0 125 Fo 2705 can They have a standard 8 pin
D402y 2% T4C00N B Moiose ase AlTEl S oo Arboeeaeen | Bl ridc FNDTO  COMMON CATHODE %0 .50 - R Configuration ang will mount petecty.
04030 6 74002N 5 MGl 5 MAN 7Y COMMON ANDDE-YELLOW 300 1.95 FNDSCI  COMMON CATHODE 500 175 o’ $1.00 o0 proted cocut boara
- < MAN 7; IMMON ANODI 1 FNDSO/ COMMON ANQOE 500 175
woon @ | INEAR  ew e i Z CODONROR w0 % ZENERS—DIODES—RECTIFIERS
LM30TH 3% iy (MI4BaN 175 IC SOLOERTAIL — LOW PROFILE (TIN) SOCKETS TIPE  VOLTS W PRICE TYPE VOLTS W PRICE
L1CH E LMul;l’: fg m“:;ﬁ gg :nmsu :‘3 :gm z1 g INADOST 600 PIV 1 AMP  10/1.00
- - X o] 25.. . . m 1. IN4D06Y 800 PIV 1 AMP  10/1.00
oo @ e 1% e ool e v %°OW" m amn 5% v O JVE se @m o eoromey Jae 1010
L 5H L 1 A 1N753 6.2 400m 41.00 1R3600 50 200m 6/1.00
LM307CN 35 LM3BN 179 LM29OIN 295 | o 2 H i 2 o = L o INTSE 68 400m 4100 Nil4E TS 0m 15100
LM3BH 1,00 :E:l"“l: :‘% mg%x = 18 pin % %8 2 10 pin Pl 62 6 NG6SB 15 400m 4100  1N4154 35 10m  1211.00
LM308CN .00 ] 2
ior 1l MBIW 300 twasw e ] 28 ¥ 3 35 SOLDERTAIL STANDARD (TIN) ot 82 amm o e it oo
LM309K ) NES3ET 6.00 LM3909*  1.25 1N5235 68 500m 28 1Na736 6.8 1w 28
LM3tOCN 115 NES40L 6.00 LMS586N 185 14 pin 527 25 2 28 pin 5.99 .90 81 1N5236 7.5 500m 28 INAT38 82 Tw 2
LM311H ] NESSON 79 MC5558V 100 16 pin 30 21 25 36 pin 1.39 126 115 1N456 25 40m 100 1Na742 12 tw 28
LM3tIN 90 NESS3 2.50 LM7525N 90 18 pin 35 2 30 T 40pin 1.59 1.45 1,30 1N458 150 m W1.00 14744 1S w 28
LM318CN  1.50 :E:gg; g ;: ;'5*3785;3'4 125 24 pin A9 45 a2 INGBSA 180 10m  $1.00  IN11B3 S0PV 35 AMP 160
LM319N 1.30 4,95 1N4001T SO PIV 1 AMP  12/1.00 1N1184 100 Pty 35 amP 1.70
LM3190 9.00 NESS18* 5.00 LM75450 49 SOLDERTAIL STANOARD (GOLO) 184002 100 PIV 1 AMP 121100  |N1186 200 PV 35 AMP 180
LM320K-5 138 NES628* 5.00 75451CN 39 1N4003 200 PIV 1 AMP  12/1°00 1N1188 400 PIV 35 AMP 3.00
H NESE5H™ % 75452CH 3 8on  $30 2 2 2ph 5 70 63 57
LM320k-52 135 3 545 [ 1N4004 400 PIV 1 AMP  12/1.00
LM320k-12  1.35 NESBSN® 1.2 75453CN 39 14 pin 35 32 28 28 pin 1.10 .00 %0
LM320K-15  1.38 NESGGC! 195 T5454CN 39 16 pin 38 35 2 AL 36 pin 1.75 1.40 126 MPS A0S 55100 TRANSISTORS PRa24S 8100
LM3207-§% 1.7% NE567N. 125 TS491CN 7™ 18 pin 52 a7 43 40 pin 175 +.59 1.45 MPS 405 S8 all s 9250 48100
M3OTE 175 NESV' 150 Tosow 89 WIRE WRAP SOCKETS (GOLD) LEVEL #3 weno @ Bloey S Dew s
LM320T-12 175 LM703CN & T5494CN 89 w22 asIm PNI%9 45100 Mu0t 45100
LM320T-18 1.75 LM709H 2 RCA LINEAR wpin .45 ] n Wl 20 s 95 85 A 10 ® I o= Y O
LM323K-5"  9.95 LM70ah 29 CcADI3 215 14 pin 3 k'] k1 28 pin 40 1% 1.10 Mok 43100 T 6 'w' MU0 58100
LMI24N 1.80 LM710N 9 CA3023 2% 16 on A3 A2 41 36 pin 159 145 1.3 MAIS 85100 = ;g: B INOBE 41 00
LM33N 170 LM71IN 38 CA3035 248 18 pin 7% 68 62 40 pin 75 155 1.40 202181 451,00 ) ke Ms087 45100
LM340K-5  1.95 LM723N 55 CA3039 1.35 N 45100 WIZe S 8 00T 400
LM340K-12 195 s CAME 1% o | Liat ws sim e
M340K-15 195 CA3059 3.5 1 25 2N3903 5§54 00
o 1w W (5 @wm o sz f 50 PCS. RESISTOR ASSORTMENTS $1.25 PER ASST. o Be mmowa R NG
LM30Ts 175 WMTACH 35 CA3080 & T0OHM  120HM  150HM 1B OHM 22 OHM WEXSS ST s N 5 o
Mgots .79 ch four s | 200 ASST. 1 5 270HM  330MM J9CHM  A70HM 56 OHM 174 WATT 5% = 50 PCS. el L PSR s L
LM34OT-8 175 LML 1N 39 cA382 200 ' - : 4 [ ] WBw AW Mot 3gro0 lshiscn ] 28
LM340T-18*  1.75 lm‘;: ;g 1.60 68 0HM 82 OHM 100 OHM 120 OHM 150 OHM 2098 %) 00 2M5432 ©
LM3OT-12 175 LMz CA3085 85 ASST. 2 Sea. 180 0HM 220 OHM 270 OHM 330 OWM 350 OHM 174 WATT 5% - 50 PCS.
QABRDTENS BIS paman 2 CA30BS 375 470 OHM 560 OHM 680 OMM 820 OHM 1« CAPACITOR CORNER
IM340T-2¢ 175 LM748N ki £A3091 1020 f A s iels 50 VOLT CERAMIC 0ISC CAPACITORS
100 LM1303N %0 o A ASST. 3 Sea. 1. 5K 148K 2.2 27K 14 WATT 5% PCs. u e 18 1049 50100
LM3SICN 85 LMI3N 119 CA3130 1.39 3.3 19 4 56K 6.8K 10 pt 05 [ 03 .001F 05 04 035
M370 915 ngw;ﬁ 0 s‘su CA2600 175 ASST. 4 Ses. 82k 1% 126 15K 18K 174 WATT 5% = 50 PCS. 29 .05 0 03 00a7.F 05 04 035
LM370H 118 LM130. AC4194 5.95 N s i = n a7pt 05 o 0 0uF 05 04 035
LM373N 325 LMI3ION 2.9 RCA195 3.25 100 p! 05 04 03 02.F 06 .05 04
—— — ASST. 5 Sea 56K BBK a2 100K 120K 144 WATT 5% = 50 PCS. 220 pt 05 04 03 047uF 06 05 D4
150K 180K 220K 270 330K a0l 05 4 095 fuF 12 09 075
K |TS | ASST. 6 583, 390K 470K 560K 630K 820K 174 WATT 5% - 50 PCS. 100 VOLT MYLAR FILM CAPACITORS
. 001mt 12 0 07 o02mt 13 n .08
R-2206KA SPECIAL $17.95 asst. 7 3 1.2M g 5: 1.8M 22M . 0022 a2 10 07 0ITm 21 17 13
iaciudes monalitic tunction generator IC. PC board. and assemby instruction =] gjes] [27M 8N 39 4 56M i s : Rl o oo o Pl ;; s i
anual. ALL OTHER RESISTORS FAOM 2.2 OMMS  S6M AVAILABLE IN MULTIPLES UF 3 e + 20 DIPPED TANTALUMS (SOLID) CAPACHORS
R-2206KB SPECIAL $27.95 e e S S B e 0035 PCS 03 g, 500005 o5 ca M vav o2 a7 1w % 21
Same as XR 2206KA above and includes extarnai companents for PC board. 14 PCS. POTENTIOMETER ASSORTMENTS ;g ggg g: ;;3, :; ;5 gg& 3: g; ;;
ASST. A2ea 10 OHM-20 OHM-50 OHM-100 OHM-200 OHM-250 OHM-500 OHM WY 28 2B 0T 4TV 32 28 2
TIMERS STEREO DECODERS ASST. B2ea 1K 2K, 5K, 10K 20K, 20K 50K 4735v 28 .23 A7 B8 2V 3% A1 25
XR.555CP $69 XR-1310P $3.20 ASST. G2 ea SOK. 100K, 200K, 250K, SOOK, 1M, 2M $9.95 Per Asst. 16.'3325 % :;3:\ i :: ;gx s E
XA-320P 18 XR-1310EP 320 MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS
XR-556CP 185 XR1800P 3.20 Each assorimenl contais 14 pcs o 10 wm pots. All pots are avallable in single urit quantities. $.99 ea. Axlal Lead Hadlal Lead
XR-2556CP 320 l A7 50V 15 12 10 47 25v 15 13 10
XR-2240CP 26 | e O CENERATORS R *Astrisk Denotes Items On Special For This Month* oSty RSP R T v fe ) S
R— e W 419 Satisfaction Guaranieed. $5.00 Min. Order. U.S. Funds. v o0 @ domvas i m
XR-210 520 XRA-2207CP 3.85 California Residents — Add 6% Sales Tax — Data Sheets 25¢ each 10 25V 15 13 10 1.0 5V .16 14 1
XR2t5 580 MISCELLANEOUS Send a 13¢ Stamp (postage) for a FREE 1976 Cataiog o AR S s A o
XR-567CP 1.95 XR-22116P 670 2wv 42 A8 4750V 18 14 "
XR-2567CP 2.99 XR4136 2.00 47 257 19 17 15 0 16V .14 12 09
asw 25 2 19 w0V .15 a3 0
w0o2sy 24 20 1B 105V 36 14 12
100 PER STRIP MIOLEX PINS wosv 38 % 28 475V 2 21 1
2 2 2% 19 s in
Intended tor use as an inexpensive substitute tor IC ggg gg: 45 _4? 3 & ;25 24 20 KT
sockets. Also perfect for use as board connectors 3 23 27 100 50v 35 30 .28
it . 1021 HOWARD AVE., SAN CARLOS, CA. 94070 oy N B W e ey o 2
and in subassemblies oy % 1 x 04N 5 2% -
200
\ SPECIAL — 100/1.49 — 1000/12.00 PHONE ORDERS — (415) 592-8097 g
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Pa l
CY1A
CY2A
CY3A
CY7A
CY12A
CY14A
CY19A
Cy22A
CY308

CRYSTALS

THESE FREGUENCIES ONLY

Frequency

1.000 MHz

2.000 MHz HC33/U

4.000 MHz HC18U

5.000 MHz HC18/U
10.000 MHz HC18/U
14 31818 MHz HC18U
18.000 MHz HC18/U
20.000 MHz HC18/
32.000 MHz HC18/U

Case/Style Price
HC33u $4.95

[oa

$4.95
$4.95
$4.95
$4.95
$4.95
$4.95
$4.95
$4.95

8080A
$37.95

8008

8080
8080A

CLOCK CHIPS — CALCULATOR CHIPS

MMS309
MM5311
MM5312
MM5313
MMS5314
MM5316
MM5318
cT7om

MM5725
MM5738
MMS739
€75001
C15005
CT5030

MMS320
MM5330
MM5369
MM5841
MCHOB 7

lD| H‘l/LDl n
95HI0

6 Digil. BCD Outputs, Reset PIN.

6 Digit, BCD Outpuls. 12 or 24 Hour

4 Dgt. BCD Outputs. 1 PPS Output

6 Digin, BCO Outputs. 1PPS Quiput

& Digit, 12 or 24 Hour, 50 ot 60 Hz

4 Digit, Alarm. 1PPS Output

Video Clock Ctup, For Use With MM5841
6 Digit. Calander, Alarm, 12 31 24 Hour

CALCULATOR CHIPS
& Digi. Four Function Less Decimal
8 Digit. 5 Function, 4, =
8 Digit. 4 Function, Floating Decimal
12 Gigi, 4 Function
12 Digh, 4 Function with Memory
12 Digi. 4 Function and %

MISC. MOS
TV Camera Sync Generator
4% Digh DVM Chip
60 Hz Timepase Circunt From 3.58 MMz
Video Generator For MM5318
7 Ba Digdal to Analog Converter
4 Decade Countet with Latches
3% Digit DVM Chip Sel
100 MHz + 10 Counter For Prescalers

2504
518
2519
2524
2525
2521
2529
2532
2533

34
F4LS670
AY-5-1013

2513

2516
748387

MICROPROCESSOR COMPONENTS

8080 SUPPORT DEVICES

5 FUNCTION ELECTRONIC CALCULATOR
RADOFIN MODEL 8P
FEATURES:

$8.95

« § Functions cons sts of addition, subtraction, mul-
tiplicatian, division, percentage; with corstant on
all tunctions, with 1ull tioating decenal pomt

= Power spuice & 1 pwece 9V DC Battery 00 GP.
1ack for AC adapter

« Black superfine grained fnkh plastic cabinet

8212 8 BIT INPUTAOUTPUT PORT FOR 8080 s 595 8080
8224  CLOCK GENERATOR AND ORIVER FOR 8080 12.95 $24.95
8228  SYSTEM CONTROLLER AND BUS DRIVER FOR 8080 12.95
CAY'S RAM'S
8 BITCPU $19.95
Super 8008 249 1o 256 x 1 Smtie § 225
Supes 8008 371.9% 103 102x1 Dynamic 295
SR'S 2100 3601 Sanc 6.95
1024 Dynarwc § 9.00 2102 1024 ¢ 1 Swmfic 1.95%
Hex 32 BIT 7.00 207 4096 2 1 Dynamic 19.95
Hex 40 BIT 400 211 25614 Satic 7.95
512 Dyname 295 7010 1024x1  MNOS 295
1024 Dynamic 500 7489 wad Satle 249
Qual 256 BIT 395 a1 2561 4 Static 795
Dual $12 BIT 4.00 (311 2565 4 Shihc 7.95
Quad 80 BIT 395 8599 Wed Sanc 39
1024 Stang 795 9102 102421 Smtic 2.49
695 74200 %611 Satic 6.95
16 1 4 Aeg 195 93410 256 x 1 Stanc 175
UART'S PROMS
30K Baud $695 17024 2048 Famos £15.95
RO! 5203 2048 Famos 14,95
Char Gen SN00 A2s23 2s8 Oven C 500
Char Gen, 13.00 825123 2x8 Trsiate 5.00
1024-811 Pragrammable 195 745287 1024 Static 795
3601 256 x4 Fast 5.00

5 FUNCTION ELECTRONIC CALCULATOR WITH
WALLET-NOTEBOOK AND POCKET CHECKBOOK
RADOFIN MODEL 1710
FEATURES:

T $19.95

» 5 Functiors conssts of add tion. subteaction, mul-
tiplicahon, division, prrcentage: with constant on
1 functions, with full floating decmal pomnt

o Powes source & 6 AAA cels 9 V DC

= Wallet & 2 tone texon; cabinet s black plastic

MM5262
time, 2.4

2K RAM SPECIAL
Fully decoded 2Kx 1 dynamic RAK Al npuls except clocks are TTL compatible. Prodes 2 635 is minimum access
tequies. 2 +5, +85, ang = 15V power Supply. Low power prowides non volable memory using battery back up

$0.99 ea. (0.05 cents per bit)

THE NEW RCA CA3140
MOST USEFUL OP AMP SINCE THE 741
CA3140 vs. 741 at a glance

CAI40T S CATAICT,S
Input Resislance 1,500,000 2
A, M
Input Current 10 80,000
Iy for)
Stew Rate, SA 9 0.5
{closed 100p) (Viss)
Gam-Bandwidih a5 10

Product, f; (MHz)

*Special Requested ltems*

VECTOR WIRING PENCIL

i ’i‘""

Veclot Wiiing Pencil P173 consists of a hand held featherwesght (under one ounce)
100} which ss used o guide and wiap nsulated wize. fed off 2 self-contained replaceable

| Thes 0-2 VDC .05 per cent digital voltmeter teatures the Motorela 3% digit

.m 3%z DIGIT DVM KIT|

DWM chip set. It has a 4" LED display and operates from a single + 5V
power supply. The unit 1s provided comptete with an Injection molded biack
piastic case complete with Bezet. An optional power supply is available
which fits into the same case as the 0-2V DVM allowing 117 VAC operation.

A. 0-2V DVM with Case $49.95
B. 5V Power Supply $14.95

ACa194 Dual Track V Reg $59% NgTe? $2.00 MK5007  $10.95 MC 4044 $ 450
AC4195 -15v Track Reg 325 4024P 225 8263 5.95 LM3909 1.28
3368 Decoder 385 DM8130 15 8267 .75 MMS320 1995
D111 OVM Chip Ser 5.00 CD4520 $2.50 8288 115 40728 5
130 Super CMQS Op Amp 1.39 MC14016 56 8826 .00 7422 1.50
MC1408L7  D/A 9.65 2525 6.00 8880 0 7497 4.00
0 FIF0 585 527 .95 AS11AE 250 74186 5.00
MM5841 Character Cen 1800 CDGSIB 2.50 XR4|36 2.00 74279 .80
AY5-9100 Push Bution Dxaler 17 50 5.95 4566AF 3.00 82590 4.00
WE LL BE HAPPY TO OlX)TE ON YOUR SPECIAL PARTS MCT-2E 2.95

- Mt m USA

et

PROTO ——
$75 Board

POWER 203

[T
PR;&*‘S;:';M P Seld Pt Suspy et

A t0tsl @eady 40 vse powe: Dreadbo-c0

Atractoe bac: lone Guakty

roto Board 100 5 s

JE700 cLock

The JE700 1s 2 low cos! digital ciock, but
15 2 very high quality unit The und fea

tures 3 Simulated walnut case with di-
mensions of 6" x 2% x 1°. It ublizes 3
MAN?2 high brighiness readout. and the
MM5314 clock chip

$17.95

12 o1 24 Hour

115 VAC

Liquid Crystal Temperature Display

Six Digit Light DL 33
Emitting Dlode Display
Display

This clock makes an attractive additlon to any desk. It has
an extruded, black anodized aluminum case. It displays
hours, minutes, and seconds with .11 inch displays, and
cames complete with a liquid crystal thermometer. It oper-
ates off 115 VAC at 50 or 60 Hz. $24.95

This large digit clock {.6" hours &
minutes. .3" seconds) features the
MM5314 clock chip. It operates
from 117 VAC, and will operate in
either a 12 or 24 hour mode. The
clock is complete with a walnut
grain case, and has fast set, slow
set. and hold lime set features.

KIT - ALL COMPONENTS & CASE $34.95
WIRED & ASSEMBLED $39.95

JEB03 prose -

The Logic Prode 1s a umit which ss for ihe mos! parl
indwspensible m Irouble shooling logic lamilies

TTL. DTL. RTL. CMOS Wt derwes Ihe pawer i
neexis to operate directty ofl of the cwcuit under

Tesl. drawing 4 scant 10 mA max 1l uses 3 MAN3
ceadput 10 nckcate any o the foliowing stales by
Ine-e symdois (W1« 1 (LOW) - 0 (PULSE) - ¥ The

\'-v-.}&mz‘

$9.95 Per Kit

bobbm, oMo component leads or terminals instailed on pre-punched ‘P Pattern Mt b 4 ow o, 0 K
Vectorbord* . Connections between the wiappec wire and component leads. pads of | D000 ke won 52 Me quait ot 1 g 95
tecmunais. are made by soidenng. Comglete with 250 FT of red wire, O st iiodpes Wi Pk L THE MINI-
$9.50 e e BREADBOARD e
S Socven BUDGET KIT
m jus St 3
REPLACEMENT WIRE — BOBBINS FOR WIRING PENCIL T T A Bu" . :
W36-3-A-Pkg. 3 250 H. 36 AWG GREEN ~ $2.40 ke / '===E§ ~ 1
W36-3-8-Pkg. 3 250 ft. 36 AWG RED $2.40 croms [ e 29.95 — o
W36-3-C-Pkg 3 250 0. 36 AWG CLEAR  §2.40 e 0y M
o hoart 102 Comoact 12 i
W36-3-D-Pkg. 3 250 ft. 36 AWG BLUE $2.40 e — HEP LR oy i
_— e 1060 et 39.95 F 5, 373
» 3
1/16 VECTOR BOARD B 3 on by w—
Tt i 37750 gt e 3
Mot Spacing Pattern Poce ps pnts (4 Sy e
Part Nn % 19 2049 79.95 / oo
o s ny 4
PHENDLIC P14 062XXXP 550 172 15 poscraE $7059.95
169P33 02XXXP 250 1700 39 DESIGN MATE 1
EPOXY Pus 062 50 0 20 8 = o e oy s
GLASS 83P44 062 BS0 2 3 Vou e o MR I 59CS0 b s Lt D 01 105 1P pae Paato sowvo &
169P44 062 1700 504 53 S licice vt n-."' o {ruem ;‘:0.:";_ e P08 et I v est and bug
169P8: 062 1700 9 % g omsngts 5 cxcuds wa awen
€POXY GLASS  169P4d 062G 4% WL 680 612 P - SEndfid m":"u"?:',";.q o e
4 e e R P
COPPER CLAD 8, & R e
- o0 20 even a1t e DT mer fogrtey Prieming iy
Pant nnvFEE-TOR TERM'!!}’\‘!.S B - ¥ "P:-h-muw'-:ns\:xwm :‘5'.."?:2:.’: .“”“‘:
Sees Gold  Tinned PosiSize  Said T e toamar, 853mesoracon. = b
143 Ta1 s 0% sq 5010t 100 ot E .. Deror weed e sty e
46 1461 16 028 sg S 2 t = .l
19 TeA 19 025 sq 75100 325000 3ol 2250t o e s @ o L s v, LOGIC MONITOR
21 PKG 100 Termnals  S3S9C  $1300M Nl B e Sen % Slmutaneously displays static and
- T e M Y :yT:;miEMIggucu ;uées of DH. TN,
e 0 or 1P ICs.
DIP SWITCH T emnees SPECIAL! F Pocket saze $84.95.

applications

These switches leature seven SPST sle swilches m a
mokted dip. They arc ideally Suited for microprocessor

$1.95

Probe can detect high trequency pulses 1o 45 MHz
It can be ussd 3t MOS leveis ot orcul damage
il result

printed circuit board
T2L 5V 1A Supply

SCR AND FW BRIDGE RECTIFIERS

€360
C38M
282328
MDA 980-1
MDA 980-3

154 @ 400V $1.95
35A @ 200V SCR 1.95
1.6A @ 200V SCR 50
254 @ 50V FW BRIDGE REC 195
25A@ 200V FW BRIOGE REC 195

arv Proto Sirips

..

OVtype  shotes price

— Q155 5% 1280

01508 ousstp 250

i “ ar1zs Qr-41S 470 1000

- Qr-478 bus sing 225

? Q358 350 850

.e-“ ar-478 "!ﬂ' OI -88 QT-358 bus sip 200

o A Qr-185 80 ars
- b, 01-358 g QT-128 120 ars
ar.7s qQr-as 80 325

vam g wRien im0 OF 358 - i ar.rs o 300

This 15 a standard TTL power supply using the well known
LM309K regulator IC to pravide asolid 1 AMP of current 215
volts. We try to make Ihings easy for you by providing
everylhing you need in one package. including the hardware

R $9.95 Per Kit

exelar

This watch is manufactured by Na-
tional Semliconductor. It provides 5
tunctions; hours. minutes, seconds,

64 KEY KEYBOARD

HDO165

molded

16 LINE TO FOUR BIT PARALLEL KEYBOARD ENCODER

This keyboard (eatures 64 uner
coded SPST keys unatached to
any kind of P C.B. A very salo

plastic 13" x 4" base

Sufts mast apdircations

$19.95

57.95

DIG

angle of the

games and

JOYSTICK

These joysticks feature four
100K potentiometers, that vary
resistance proportional to the

stick. Sturdy metal

construction with plastics
components only at the mova-
ble joint. Perfect for electronic

instrumentation

$9.95 ea.

4 DIG
6 DIG|

ITAL CLOCK KIT — 3‘/2 INCH DIGITS

Ttws clock features big 3% tugh digits
tor viewing in offices. auditoriums. elc.
ach digit 15 formed by 31 brigh. 0.2°
LED's The ciock operates from 117 VAC,
iner 12 or 24 by _operation. The 6
pgitversion s 27 k3% x 1% and the
4 dlqu 5 187 x 3% x 1™ Kits. come
complete with all components, ca-e and
1anstormer
Specily 12 Or 24 We. When Onlesing

IT KIT $49.85 4 DIGIT ASSEMBLED $59.95
IT KIT $69.95 6 DIGIT ASSEMBLED $79.95

date. A.M. indicator dol. Accuracy Is
assured to 5 seconds per month by
precision quarkz crystal. If something
shouid go wrong with the watch, repair
is assured within 48 hours atter It 15
received. Complete with steel black
ieather band

ES4-YS
3 MICRON GOLD PLATE BEZEL

Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds.
Calitornia Residents — Add 6% Sales Tax -—— Dala Sheets 25c each
Send a 13c Stamp (posiage} for a FREE 1976 Calalog

IATMNES

1021 HOWARD AVE., SAN CARLOS, CA. 94070
PHONE ORDERS — (415) 592-8097

DIGITAL ALARM
CLOCK

This 4 digit Novus Alarm Clock
is a very reliable and smartly
styled unit. R provides such
features as an afarm settabie
te any munute of the day, a 7
minutes srooze atarm. a power
falure indicator. and even an
AM.. P.M Indicator.

$19.95

Novus

NOT A KIT
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TV TECHNICIANS, SERVICEMEN, HOBBYISTS—Vista
Model 740 Digital Crosshatch Generator. Compact crystal
divider for lowest-priced uitra-stable 5x7 crosshatch or 56
dot patterns. AC powsered. $31.95 complete kit; $41.95 as-
sembled. Postpaid in USA, Canada. Information available
fres. Photolume Corporation, Dept. PE-36, 118 East 28th
Street, New York, New York 1 10016.

ORGAN KITS
KEYBOARDS

THE ULTIMATE IN DESIGN
AND SOUND
FREE LITERATURE

Wurlitzer ;sproduc!lons
DEVTRONIX ORGAN PRODUCTS, Dept. C
Wi 5872 Amapola Dr. e San Jose, CA 95129

ORGAN/SYNTHESIZER keyboards. pedalboards,
amplifiers, consoles, etc. Free brochures. DANIELSON,
555 Richmond Road, West Chester, PA 19380.

LOW cost dlgltal/analog test equlpme_nl. Exceptional
values. Free catalog. Salen Electronics, Box 82, Skokie,

Ninois 60076

6 TV GAMES ON ONE CHIP

MOS/LS! Design/Supply Limited
Chip $39.95 Kit $69.95
Send $1.00 for kit info & data sheet
Advanced Microcomputer Products
P. O. Box 17329, Irvine, CA 92713

DON'T LET VOLTAGE TRANSIENTS ZAP YOUR HI-FI.
Solld state equipment protector plugs into outlet protects
any transistorized equipment. $6.95. Kopp Electronics,
1650 William m St., Buffalo, N.Y. 14206. Free Brochure.

FREE CATALOG. Strobe L!ghts UARTS, Memories, Digltal
Thermometers, Rechargeable Batteries, LEDS, Transis-
tors. IC’s, Unique Components. Chaney's, Box 27038, Cen-
ver, Colorado 80227.

RECEIVERS Transmltters Components Test Equipment
Catalog 25 cents. E. French, P.O. Box 249, Aurcra, fll
60507. =

CB RADIO Scanners Antennas. The best for less. Free
List. Capitol Sound, Box 3523, Des Moines, lowa 50322.

don’t miss...

the next issue of the
magazine that gives
you the most exciting
projects anywhere.

QUALITY ELECTRONIC COMPONENTS

NEW DISCOUNT SCHEDULE
SAVES YOU EVEN MOREI

8080A $34.95 2102-1 $1.99

MICROPROCESSOR 1024 Bit Rondom Access Memory
0-70°C 480 ns Clock Period 500 ns Max Access Time

INTEGRATED CIRCUITS — TTL, CMOS, LINEAR & MOS

7400 . M3 % J474 om0 4000 .23 | 4073 |
7401 | 7474 30 s 402 .23 | 4075 L
7402 145 @ 74176 79 | 4006 1.3 | 4081 i
7403 7476 32 4177 79 | 4007 B | 4082 F
7404 | 7480 (70 74180 | 4008 79 | 4502 k7]
7405 .21 7482 (70 74181 2015 | 4009 .44 | 4510 114
7406 .25 7483 70 74182 79 | 400 44 | 45 1.0
7407 7485 89 74184 219 | w11 23 | 4514 .80
7408 . 7486 B 74185 219 | 4012 23 | 4515 %0
7409 . 7489 219 74188 3 03 40 | 4516 3
7410 © 7290 aa 74189 3 w014 9 | 4518 4
7al 4 7491 70 7419 1. 4015 96 | 4520 4
12 7492 a4 9 . 016 .40 | 4527 48
7413 | 7493 a4 74192 4017 105 | 4528 88
7414 . 749 70 74193 | 4018 1.05 | 4585 B
6 . 7495 70 74194 88 | 4019 73 | UM3I9K 1.
7417 2 749% 76 74195 88 | 4020 1714 | LM3UN 1128
7420 . 74100 1128 7419 88 | 402) 14 | LM340TS 1.25
742) . 7407 30 74197 4022 (96 | LM340T4 1.25
7423 | 74100 33 74198 1. 4023 23 | LM340T8 1.25
7425 | 7021 3% 74199 149 | 4028 84 { [MI4QT-12
74% 25 74122 44 74251 1.09 | 4025 .23 | LM340T-151.25
7427 M3 e 74279 58 | 4026 1.63 | LM340T-18 1.25
4B 70%5 40 74365 4027 .40 | LM340T-24 1.25
743 . 1% 40 7436 67 | 4028 .89 | LMIOON |
7432 .25 7132 70 74367 67 | 4029 114 | NES36T 324
7433 74141 88 74368 4030 23 | NESAOL  2.04
7437 74145 70 75150 1. 4031 151 | NESSsV a8
7438 . 74147 163 754 i 4034 350 | NES36A 88
7480 | 74148 1.30 75451 4035 1,14 | NESKOB 383
744) 88 74150 1.6 75452 4040 1.4 | NEsslB 383
7442 78 .70 754 " 4041 .79 | NESé28 .83
7443 74153 65 75854 4042 79 | NESSSA 125
7444 63 74154 1.3 75491 4043 70 | NESSBY 17
7445 7 74155 170 75492 84 | 4044 70 | NESGZV 1036
7488 7 741% 70 75493 109 | 4046 1.86 | uATO9 4
7447 7 74157 70 75404 119 | 4049 40 | vAZIOCA 44
7448 7 74160 68 8093 40 | 4050 40 | uAZHICA 53
7450 74161 88 8094 40 | 405 1% | wAT23CA &0
7453 | 7462 88 8095 67 | 4052 1.2 | vA7alCY a4
7458 74163 (88 809 67 | 4053 72 | uAZ47CA 70
450 .21 74164 % 8097 67 4060 1.58 | uA748! 49
7470 .30 74166 1126 98 67 | 4066 79 [ MCI4SBV 53
472 30 74170 2.64 82525 219 | 4071 .23 | 2N021...19
74173 1.42 4000 .2 | 472 .2 | sosoa  34.95

A

NATIONAL MAT001A
DIGITAL ALARM CLOCK MODULE

with Transformer and Switches

$'I2 951

MA1001A $9.50 when
purchased without transformer
& swltches

asaw

NoTZUALARM OrSHAY

FEATURES:
e Bright 4 Digit 0.5" LED Display
e Assembled & Tested Module

You only neod connect transformer & switches
e 12 Hour Format with PM Indicator
e 50 or 60 Hz Operation
o Power Fallure Indication
e Brightness Control Capablility
e Alarm and Snooze Timers
e Compact 3.0"x1.75"

A Great Bargain, but Quantities

BISHOP GRAPHICS ¢rinted circutt prafting

Alds are now available from Digl-Key

DATA BOOKS
TIL IC's - 592 pages . . . . . $4.00 INTERFACE IC's - 464 pages $4.00
LINEAR IC's - 704 pages. . . $4.00 VOLTAGE REGULATORS - 128
CMOS IC’s - 256 pages. ... $3.00  POges. ............. $3.00
TRANSISTORS . 288 pages. . $3.00
MEMORY IC’s - 592 pages . $3.00

SILICON TRANSISTORS

MPS?IS MPS930, MPSHHA MPS2369A, MPS2712, MPS2907A, MP$3392, MPS3393,
5339 MPS3395, MPS3563, MPS3565, MPS3635. MPS3438A. MPS3640, MPS3641,
PS3643, MPSJMS MPS364b, IN3904, INI906, 24124, INA126, INEADT, INAAOZ,
4410, IN50B7, 2NS089, PNSI29, PNSI33, PNSI34, PNS137, PN138,

PNSI]Q ?NS?]D 'PNS9s4 16, 1. $5/10, $13.60/100 of some port no.

MPF102 .35 $30.60/C 2N5457 .48 $41.00/C MPSA13 .28 $24.00/C 2N3055 .99 $85.00/C

AP SUPER STRIP il—Universal Breadboarding
Elemant with 840 Solderless
Plug-In Tle-Polnts

$17.00 _

LED DISPLAYS V2 WATT ZENER DIODES
FEND3S7 C.C. 375" . $1.75 1N52268 3.3v .15 S11/C INSTB 7.5 15 11/
FND500 C.C. 500" . §1.75 N52778 3'6v .15 §11/C SRR av J5811/€
FND307 C.A. 500 . $1.75 msmsaw 5311/ 1N5238B 87v 115 $11/C
TADB0 CC 8007 8350 | INEERD a v NS SC INGRAOR 10w 3 ahvre

., v ;
“lo Lamps | | WRE e Nl Ehle
' 1 . !
LED LAMPS TN52338 8.0v 15 $11/C  1N52438 13v 115 $11/C
NSLS053 T-1%.. 18 IN5234B 6.2v .15 $11/C  1N5244B 1av .15 $11/C
NSL5056 T-1%. 18c INSZ3SV 6.8v .15 $11/C  1N5245B 13v 15 §11/C

Lockwasher .45/C 3.00/M SHIPMENT — CALL 278-681-6674
Sond for from coralog o
o mail readers “Only Quality Components Sold!” s

.
are limited — So Order Now!
TRIAC-TO220 PACKAGE TRANSFORMER
10 AMP/400 VOLT Pri-120 V. Sec- 12V 300 Mo,
50¢ $1.00
REED RELAYS I
1.5 Amp SPST N.0 Ya WATT 5% CARBON
Contacts FILM RESISTORS
4.8v CDII $1.70 SIZS/E Sc sach in multiples of S per voive
6.0v Coil $1.70 $125/ d b d
12¢ Coll $170 123/ $1.70/100 of same velve. 10 ahm to 1.0 meg
v Coil $1.70 $125/C
1.C. SOCKETS WIRE WRAPPING WIRE
o older Tob )| Pre-cut and stripped Kynar insulated wire from
6 Pin Solder Tob 22 | 10" 10 15.0” in red or block. Atso sold in sulk
8 Pin Solder Tob .2 | lengths.
4 Pin Salder Tob .38
dEa 1
n r {al o
sricho 3| RESISTOR ASSORTMENTS
6 Pin WireWrop 130 | 5 se. sl 10% % W. Vel frem 2.2 10 22 meg (425 pes) $12.00
5;{:&;:;&25 & Son. 8110% Y W. Vel from 10 10 5.6 meg {150 pes) $12.00
28 Pin Wice-Wrop  1.23
40 Pin Wire-Wrop 1,00 VOLUME DISCOUNT SCHEDULE
Morchandse WBagse
Total Discowt  Total Discommt
MINREINARS S 0005 2090 NS I0000-H9.9UES 10%
-56 Va Screw  .99/C 7.20/M . $ 500.00-5999.99 LESS 0%
-56 Yo Screw  .99/C 7.65/M |1 5 25,008 M9LES10%  S1000.00 8 up . LESS D%
4 ‘./. Screw .55/C 3.80/M — Then Add the Standard Chorge Below
e £;§ ﬁj%m STANDARD SHIPPING/HANDLING
632 ' Screw  .75/C 4:85/M CHARGE
gfg ﬁ’f.sﬁ.’ﬁ' gg;g gggm H your merchandisg totel ahar discovnt is betwaen:
440 Hext Nut  55/C 375/M |1 § 0,008 49 .otd 200§ 0.00499.99 . odd $C25
632 Hex Nut -60/C 4.00/M |1 § 5.00-524.99 .. odd $0.75  $100.00 & up ... Na Chge
8-32 Hex Nut £0/C 4.15/M (1 5 25.00-549.99 . 004 0.50
No. 2 Lockwoasher .85/C 5.75/M Includas shipping & insurance to USA & Comeds
No. 4 Lockwasher .45/C 3.00/M = R
:‘; : ockwasher .45/ 3.00/M COD ORDERS ACCEPTED FOR SAME DAY

s cord BONT FORGET TO APPLT VOLUME DISCOUNT ABOVE Y

DIGI-KEY CORPORATION

P.O. Box 677  Thief River Falls, MN se7oy

227 ELECTRONIC
EXPEHIMENTEH‘S

HANDBOOK

ELECTRONIC
EXPERIMENTER’S HANDBOOK

Published each year by the editors of Popular
Electronics, here’s the one publication that helps
you get it together . with a score of build-it-
yourself projects.

The all-new 1977 edition goes

on sale nationally October, 1976

It will again be packed with features and articles
and complete lab-tested instructions that are sure
to guarantee successful days and months of mind
absorbing projects for fun and practicality.

YOU CAN
RESERVE

YOUR COPY NOW AT
THE SPECIAL

MONEY-SAVING
PRE-PUBLICATION PRICE
OF ONLY #1.00
POSTPAID.

Regular newsstand price is $1. 50; mail order
price $1.85. Complete the Reservation Form and
return it promptly with your remittance. The
1977 ELECTRONIC EXPERIMENTER'S HANDBOOK
will be mailed when published from first-off-the-
press copies.

PRE-PUBLICATION
RESERVATION FORM

Electronics Experimenter’s Handbook
Consumer Service Division
595 Broadway, N.Y., N.Y, 10912 PE-96

Enclosed is $1.00 (outside U.S.A. $2.00). Please
reserve my copy of the 1977 ELECTRONIC
EXPERIMENTER'S HANDBOOK at this special pre-
publication price, to be mailed to me from
first-off-the-press copies.

Print Name_
Address.
City__

State Zip.

Residents of Calif., Colo., Fla., Ill., Mich., Mo.,
N.Y. State, D.C. and Texas add applucable sales
tax.
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s- Dl SALES co- P. 0. BOX 28810 DALLAS, TEXAS 75228

ALARM CLOCK KIT SIX DIGIT LED

Thousands of hobbyists have bought and built our original clock kit
and were completely satisfied. But we have received many requests
for an alarm clock kit with the same value and quality that you have

MDTOROLA POWER DARLINGTON — $1.99
BACK IN STOCK!
Like MJ3001. NPN 80 V. 10A., HFE 6000 TYP. TO-3 case.
We include a free 723C volt. reg. with schematic for a power supply,
SPECIAL — $1.99

MOTOROLA RTL IC’S

come to expect from S.D. So, here it is!

THE KIT INCLUDES:
Mostek 50252 Alarm Clock Chip
Hewlett Packard .30 in. common cathode readouts.

NPN Driver Transistors
$9.95

Switches for time set

Slide Switches for alarm set and enable
PCB - 3.00
XFMR - 1.50

Filter Cap

IN4002 Rectifiers

IN914 Diode

.01 Disc Cap

Resistors

Speaker for alarm

LED lamp for PM indicator.

-—h
S a2 a8 =

Brand new, factory prime. Hard to find, but still
used in a varieiy of projects. (See the RTL Cook-
book by Howard W. Sams.)

MC724P-59¢ MC780P-89c MC791P-69¢
MC725P-59c¢ MC785P-49¢ MC792P-59¢
MC764P-49c¢ MC787P-89c¢ MC799P-59¢
MC767P-69c¢ MC788P-49c¢ MC9704P-89¢
MC771P-49c¢ MC789P-59¢ MC9709P-69c¢
MC775P-89¢ MC790P-89¢ MC9760P-68¢

IDIGIT LED ARRAY —75¢ |

bunl

MV-50 TYRE LED’s

by LITROMIX by LITRONIX
10 tor $1 DL33MMB. 3 MAN-3 Size Readouts in one
Factory Prieme! package. These are factory prime, not

retested rejects as 30ld by others.
compare this price! 75¢ 3 for $2.

SALE ON CUT LEAD SEMICONDUCTORS
Leads were cut for PCB insertion. Still very useable.

60 Hz. Crystal Time Base
FOR DIGITAL CLOCKS

S. D. SALES EXCLUSIVE!
KIT FEATURES:
A. €0 Hz output with accuracy comparable to a digital watch.
Directly interfaces with all MOS clock chips.
Super low power consumption (1.5 Ma typ.)
Uses latest MOS 17 stage divider IC. eu
Eliminates forever the problem of AC line glitches.

Perfect for cars, boats, campers, or even for portable
clocks at harn field days.

G. Small size, can be used in existing enclosures.

AO-
WO ro?>
‘

20

Kit includes crystal, divider IC, P.C. Board plus all other necessary

parts and specs.

TN914/1N4148

1N4002 1 Amp 100 PIV
1N4745A 16V 1W Zener
EN2222 NPN Transistor. . ..
EN2907 PNP Transistor
2N3904 NPN Driver Xstr.
2N3392 GE Pre-amp Xsir
C103Y SCR. 800MA.. 60V.

....100/82
... 40181

20181 A1 NEW.
25181

28181 uNuseD.
-25/31 SOME ARE

.251%1
25191 HOUSE #

08

$5_95

Q0

SLIDE SWITCH ASSORTMENT

Qur best selier. | i and 3

sizes, single and multi-position units. All rew, g&;

tirst qualty, name brand switches. Try one pack- 53 L
and you'll reordar more. Special — 12 for $1

{Assortment)

DISC CAP ASSORTMENT
PC leads. At least 10 different a
values. Includes .001, .01, .05,
plus other standard values
80 FOR $1

UPRIGHT ELECTROLYTIC CAPS
47 mtd 35 V-10/$1 68 mtd 25V-8/$1
Brand new by Sprague. PC leads.

RESISTOR ASSORTMENT

oy

MOS 4 DIGIT COUNTER I C

All in one 28 PIN DIP. 4 Decade counters, latches, MUX circuits, display decoders, etc.
Features: 5VDC operation, 25 MW power consumption, BOTH 7 segment and BCD outputs.
Perfect for DVM's, frequency meters, tach’s, etc. Can be cascaded for more digits. #5002 -
$8.95.

1000 MFD FILTER CAPS
Y
stores.S.D. Special 4 for $1

114 W 5% and 10% . PC leads.

A good mix of values. 200/$2
Rated 35 WVDC. U?nml style with P.C. leads.
Most popular value for hobbyists. Compare at up
10 $1.19 each from franchise type electronic parts

FAIRCHILD BIG LED READOUTS

Abig .50 inch amay to resd Character. Now svailabie in either common anode
catinooe. Take your pick. Super low curment drain, only 5 MA per

8008-1 MICRO PROCESSOR

New Units. High speed B0OO8. Almost twice as fast as units sold by others. Still a very versatite
and widely used MPU. No data book, only pinout data included at this price. $12.50
LIMITED QTY.

| Or COMmMon
ssgmant typical. YOUR
FND - 510 Common Anode CHOICE
FND - 503 Commaon Cathode  §150 ea. 6 for $7.50

DUAL 741C (5558) OP AMPS
Mini dip. New house numbered units
by RAYTHEON.

4 FOR $1

1101 ARAMIC
256 X 1 BITS. Perfect for 8008 or small systems such as telephone dials that do not require a
lot of memory. Special 59c. 8 FOR $4.

FET'S BY TEXAS INSTRUMENTS — SPECIAL 5 for $1
W#TIS-75 but with an intemal house number. TO-92 plastic case. N. Channel,

| Junction type FET

We do not sell junk. Money back
on ewery item, 4o C.0.D.

S. D. SALES CO.

C & K MIN! TOGGLE SWITCH
#7103 SUB MINI SPDT Center OFF. Special - 99¢.

Texas Res. add 5% tax. Postage
rates went up 20%! Please add 5%
of your total arder to help cover
shipping.

P.0. BOX 28810
DALLAS, TEXAS 75228

T e Koam oo

ORDERS UNDER $10
ADD 75¢ HANDLING. - -

TTL INTEGRATED CIRCUITS
7400 - 19¢ 7430 - 19¢ 7476 35¢ 74153 — 7S¢
7402 ~ 19¢ 7432 - 34c 7480 - 49c 74154 — 1.00
74104 — 29c 7437 - 39¢ 7483 — 95¢ 74157 75¢
74504 — 44c 7438 39c 7485 95¢ 74161 - 95c
] 7440 - 19c 7486 asc 74164 — 1,10
;:gz _ ;Zg 7447 — 85¢ 7490 — B5c¢ 74165 - 1.10
T o T 7448 85¢ 7492 — 75¢ 74174 — 95¢
7451 — 19¢ 7495 75¢ 74181 - 2.50
7410 - 19¢ 7453 - 19¢ 7496 - 89c¢ 74191 - 1.25
7411 - 29¢ 7473 39c 74121 - 38¢c 74192~ 1.25
7413 - 50c 7474 — 35¢ 74123 - 65¢ 74193 - 1.00
k 7420 19¢ 7475 — 69c 74141~ 75¢ 74195 - 69¢

CIRCLE NO. 59 ON FREE INFORMATION CARD

SEPTEMBER 1976

AmericanRadioHistorv.Com

ORDERS OVER $15 CHOOSE
$1 FREE MERCHANDISE

FOREIGN ORDERS MUST BE PAID IN U.,S. FUNDS

133



POLICE, Fire monitors, scanners, crystals, CB
Transceivers, New Crystal-less scanners. Discount priced.
Box 19224, Denver, CO 80219

TELETYPE EQUIPMENT for sale for begmners and ¢ exper
ienced computer enthusiast. Teletype machines, parts,
supplies. Catalogue $1.00 to: ATLANTIC SALES, 3730
Nauhlus Ave., Brooklyn NY 11224, Tel: (212) 372- 0349

SURPLUS 'SMART’ TERMINALS components, serious
music synthesizer kits, plans, parts, and more. Send SASE
for FREE INFO Package. CFR Associates, POBF, Newton,
N.H. 03858. -

YOU WANT TO BUILD IT: WE WANT TO HELP. WE SELL
CONSTRUCTION PLANS wlith an Engineering Service.
TELEPHONE: Answering Machines, Speakerphones, Car-
phones, Phonevision, Touch Button Dialers. TELEVISION:
VTR, 1" Color TV Set, PONG, $25.00 Camera, COLOR
PROJECTION TV. HOBBYIST: Electron Microscope, $75
software programmable computer. BROADCAST: Special
Ettects Generator, Chroma Key, Audio Board, DA's.
COURSES: Telephone Engineering $52.00, Detective
Electronics $29.50, IC Engineering $65.00, PLUS MUCH
MORE. NEW Super Hobby Catalog PLUS year's sub-
scription to Electronic News Letter AIR MAILED $1.00. Don
Britton Enterprises, 6200 Wilshire Blvd., Los Angeles,
Calif. 90048.

The easy $25 counter kit!

An easy-to-build 50mHz (6-Digit) Frequency Counter
for a measty $25! Standard easy-to-find parts, too!

Uses7segment LEDseadouts- no scarce Nixie® tues!
No tricky crystal ovens! Kit includes classy cabinet | 1
with front panel, PC boards. hardware. instructions,
and diagrams., A proven deslgn' An unbeatable offer!
Write or call today! {pieass 204 $2 tor postage and hangiing)

Hufco

HUFCD Box 357,Dept.58 Provo,UT84601(801) 375-8566

JAPANESE TRANSISTORS, all transistors original factory
made. Free catalog. West Pacific Electronics, P.O. Box
3879, Torrance, CA ice, CA 90510.

Bllllll YOUR OWN SPEAKERS AND
SAVE UP T0 50%

You can assemble your own high quality.
multi-element stereo speakers In a few
hours and save up lo hall the cost of
comparable speakers, Send for our ee
32-page catalogue of speaker kits. raw
speakers and accessorles
SPEAKERLAB
Dept. PE-2. 5500-351h N.E
Seattle. Washington 98105

EDLIE’S

SURPLUS TUBES

All guaranteed for

THIS MONTH'S SPECIALS!
gl7400 16¢

BARGAIN

Acquired from US. Defense depots or
removed from equipment (new and
used). These are laboratory tested and
guaranteed for one full year. Most are of

Bo NANZA such standard makes as RCA, GE, etc. oo %
3A3 6AQ7  6CM7  6X4 ¢
3AF4 6AT6  6OE4 lopws | o 743 40

3BN6  6AUG
ONLY i
HIGHEST QUALITY il H
4BU8  6BG6
4877  6BJ8
56 6806
6AF4  6BZ6
6AG5  6(B6
6AG7  6CG7
6ALS

SPECIAL

O (FP017) COPPER CLAD BOARDS!
Copper on one side, 1/16" thick. Ex-
cellent quality for either production
or experimental work.

RESISTORS

[ (FP134) 8 ROTARY SWITCHES
Some multiple gang.

[ (FP128) 13 MINIATURE ELEC-
TROLYTIC CAPACITORS $1.00
Axial & upright, popular values.

O (FP144) TRANSISTOR
REPAIR KIT
Various parts used to repair trans-
istorized devices.

m] (FP336) T0-3 TRANSISTOR
SOCKET 12 for $1.00

RESISTORS

RESISTORS

soldering.

O 9V, BUZZER

O (FP147) 4 |b. GRAB BAG
Full of exotic and exciting electronics
parts

O (FP155) TUBE BONANZA!
20 asst. popular tubes, untested.

O (FP142) 50 PRECISION

All 1%, Yow and lw. low and high

6% x17%"  $1.19 ea. 3/52.99
O Copper on both sides. 1/16" thick. ohmages.
toote 8 (199 ea. 354,99 | O (FPIS0) POWER TRANSFORMER

Primary 117 voits. Sec. 1-11.1 volts;
Sec.2 17.7 voits; Sec.3 15.9 volts;
Sec.4 27.7 volts. Each winding
approx. 750 mils. Size 244" H x

2" D x 3" mounting centers. $1.95

O (FP175) 70 1/2w CARBON

Asst. values. Some 5%.
$1.19 | O (FP154) 150 CUT LEAD

Carbon, al! leads long enough for
[ (FP149) 20 POLYSTYRENE TOP

GRADE CAPACITORS
O (FP132) 20 DUAL POTS

ANYI:«x'uyoﬁeari 49 8740y 18 O 743 306
z ¢ ¢
$ 0O 7402 22¢ [ 7448 80¢
0 7403 23¢ O 7473 49¢
0 7404 23¢ O 7474 49¢
0O 7405 23¢ O 7475 85¢
O 7406 23¢ O 7476 53¢
0 7410 23¢ O 7490 19¢
0 7492 19¢
0O 7420 23 E ;23; ggc
¢ ¢
60R7 12A€7 0 7430 23¢ O 74121 57¢
60W4  12AL5 [J 7440 30¢ O 74122 57¢
6EB8 12807 0O 7442 $1.12 O 74123 67¢
Sy i gNI.EPﬁIOSSK Sv1 $1.15

6GF7 128€6 9K 5v 1a. reg. .
6GHS 128H7 0O 555 Timer 75¢
6K6  18Fwe | O 536 Dual 555 1.00
0 566 Function gen. 1.75
6Kl11 256 O 567 Tone decoder 1.95
6L86  35EHS O 741 comp. op amp 39¢
6SN7  36AM3 3 2513 Char. gen. §5.95
678 5045 O 8038 volt cont osc 4.25

6wW4 50L6 CLOCK CHIPS WITH DATA
MM5314) 6 dig clock $4.95
D 77001 Alarm & Date $5.95
s1.00| LED'S

O (FP223) 10 Asst LEDs $1.00

O (FP242) 5 Jumbo Green LEDs $1.00
O (FP242) 5 Med Yellow LEDs  $1.00

$1.00 | 5 (Fp001) 5 Jumbo Red LEDs  $1.00
O (FPO11) 5 Med Red LEDs  $1.00
O (FP012) 5 Mini Red LEDs  $1.00

$1.00 [ O (FP293) DL707 (equiv.) 7 seg

red LED, .3'" char., comm
$1.50

node
m] FP006) DL 704 (equiv.) same as
L707 excegt comm cath $1.50

O (FPO07) DL/47 7 seg red

LED, .6 char., comm anode $2.25
[ (FP013) MAN 5 (equiv.) 7 seg

green, LED, .27 char.

comm. anode $1.48
IC BREADBOARDS & TERMINALS
Boards have .042 holes. Made of 1/16"

$1.00 | polyester glass.
O (BB663) 3'"'x4"” 94¢
O (BB664) 3"'x6"" $1.29
$1.00 | O (BB665) 4"'x6'" $1.65
O (BB666) 4" x8" $2.12
Push-in terminals
O (FP6601-20) pkg 20/90¢
100/$2.98

$1.00

0 (FPS60L-100) pig
$1.00 | Pus

in flanged DInS

=>
= | ;

[J (FP164) 4 ROLLS OF WIRE  $1.00
Approx 25 ft. per roll, 20-28ga.

FOR ALARMS
99¢ ea. 6 for $5

24V, C.T. FILAMENT
TRANSFORMER 1/2A.

O (BB6602-20) p E 20/90¢
O (BB6602-100) pkg 100/52.98
Push-in flea clips

O (BB6603-20) pkg 20/90¢
WITH 150V, TAP. 8 (3352031.4100) %klgP " 1030/152,2?
(B0O in sockets. 3 for
O (FP202) 99¢ ea 6for $4.99 | D (rmt)n L

O (FP140) TAPE RECORDER
SPARE PARTS KIT $2.95
Parts for repairing most tape record-

MONEY BACK GUARANTEE
Terms: Minimum order $4.00. Include
postage. Either full payment with order

INSERTI N TOOL $4.95
"Pul-n-sertic” exiracts ang inserts
ICS without damage.

25U, NPO, -N750, etc.

EDLIE ELECTRONICS, INC. 2700-FP HEMPSTEAD TP

CIRCLE NO. 24 ON FREE INFORMATION CARD
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ers: capacitors, meter, pilot lamp, [ or 20% deposit, balance C.0.D.
jacks. and MUCH MORE. = BONUS
O (FP167) 10 MINIATURE FREE CAPACITOR KIT
POTENTIOMETERS $1.00 With Every $5 Purchase
U (FP182) 2 MISC. METERS  $1.00 | 1 WRITE FOR FREE 1976
Diniatrg VALUE PACKED CATALOG
O (FP156) 60 DISC Listing thousands of compo-
CAPACITORS $1.00 | pents, tubes, transistors, IC's, RELAYS
Asst. from .0001 to .1, most 600v, kits, test equipment. 0O (FP203) SPST 12V, 1000 ohms coil.

Price 79¢
WN, N.Y. 11756

AmericanRadioHistorv.Com

Announcing the

NEW STANDARD

in Stereo Testing!

The All-New Model
SR12 STEREOQ TEST
REC(IRD

The most complete...
most sophisticated...
most versatile Test Disc
available today...

For Just $598.,

Who needs the New Model SR12? You do.
Whether you're an avid audiophile, a casual
listener, or a professional technician . .
the new MODEL SR12 will be the most im-
portant disc in your entire collection. MODEL
SR12 has been produced by Stereo Review
Magazine for music lovers who want imme-
diate answers to questions about the per-
formance of their stereo systems and how
to get the best possible sound reproduction.
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 ¢ Separation ¢ Cart-
ridge tracking ¢ Channel balance * Hum
and rumble ¢ Flutter » Cartridge and Speaker
Phasing ¢ Anti-Skating Adjustment ¢ ‘‘Gun
Shot Test'’ for Stereo Spread * Multi-purpose
Musicjan's ""A"” « Equal-tempered Chromatic
Octave * Guitar-tuning Tones.

Attention professionals: For the ultimate in
stereo testing, 7 critical TEST EQUIPMENT
checks . . .

1,000-Hz square waves to test
of phono pickups.

500 to 20,000 Hz frequency-response sweep.

Sine~wave tone-bursts to test transient response ol pickup.

nter test using si 400-Hz and 4,000-Hz signats.

In(ermodulauon sweep to show distortion caused by excessive res.
onancas In tone arm and cartridge.

® 1,000-Hz reference tones o determine groove velocity.
® 3,000-Hz tone for flutter and speed tests.
Sample waveforms—Illustrating bolh accurate and faulty responses are

provided .in the Instruction Manual for comparison with the patierns
appearing on your own oscilloscope screen,
FREE Instruction Manual Includes Detailed
Instructions, Charts, Tables and Diagrams
CHARGE YOUR ORDER TD YOUR AMERICAN g M
EXPRESS, BANKAMERICARD, MASTER G

CHARGE OR DINERS CLUB ACCOUNT,
i
e ___ (DS -

Ziff-Davis Service Division, Dept, R,
595 Broadway, New York, N.Y. 10012.

and high

PE-96

[ Please send the SR12 Stereo Test Record @ |
$5.98, postpaid ($8 outside U.S.A.), |
!

[J Enclosed is $ . (Residents -of

|

|

i

1

I Calif., Col., Fla., Ill., Mich., Mo., N.Y, State,
| D.C. and Tex, add applicable sales tax.}

I O cHargE:

| [J BankAmericard [ Master Charge
|

|

|

|

|

|

|

|

[J Diners Club
Exp. Date

O American Express
A t 2

|

|

|

Master Charge Interbank # I
(4 numbers over your name) I
|

|

1

|

Signature

Print Name
Address
City

POPULAR ELECTRONICS




2 Eachpal:ulﬂ]r --‘--------------------1
~Poc AWK r
Al pacs are first quality(no_ falluul ), tested and guaranlead i " 5 t i
Memory pac Flip-Flop pac | Comparator 03 Owes
i %9 1 L
& w5016 Mos To-5 512* assor 2¢ Flip-Flops, | g . pac | i - "
BIT shift registers Dus JK'., “ST's, and assorted OIP's-- 1Y 1
from NATIONAL - with lo; power £i's, with LH!:}EJ;giam. 223" ks i rl 1
ata 739.... 75
@t $1.98 $1.98 $1.98 | 1. 18 i .
¢ TTL Gates LED pac Regulators o E ™ LOW POWER SCHOTTKY "
ADiussorted 0175 7200 | 40 | - .ot iccrete L1300 I 700 14| 78151 60 | 7aLS00 25 | 7415164 150
series-7420, 7430, 7440, LES s-green, red, and | O (M723 019 we-iable |1 f LM30L 7402 14 | 74157 60 | 741502 25 | 74L8174 150 1
ecc.. Al prime, marked | ;% . ved, with data. | requlato -. T i aitn | LM302. .. 1 b 7aos 16 | 74150 75 | 74810 25 | 74L$175  1.50
Peatsvorith dots $1'98 data LM305... 1.00 g e 10 | 74181 75 | 74is73 40 | 7405193 150 I
. : $1.98 L7, .35 7420 14 | 74163 75 | 7ais75 50 | 7asost 150 :
. : - L 7427 25 | 74158 80 | 74LS151 85 | 74LS253 1
TIP31A pac | Transistor pac 0()ReS|StC>I’S 3Ll 125 1 7438 25 | 74173 125 | 7aL8153 95 | 74LS257 150
© TIP31A NPH Power AOVL watt 5+ resistors | LHO70.. 175 1 74 14 | 74172 75 | 7aLS157 150 | 7415258 150 1
Trancistor: HEE-30: | OZaSE, trans stars. | ‘of any sinale standard | LA3SO.. 1.3 745 a5 | 74175 75 | 7as163 150 i
(C-3A: VCEO-60V: 404 | pucy (pps3031) pwp | fa o n ) O 0 | Geor s 1 6 | 17 70 | cwos
Power tab w/ %6 } 7450 14 741 4001 16 4027 40
formed leads $1.98 i FEduency 31.98 $1 98 “!'?glﬁ:. 1. :L l 7451 14 74181 150 4002 16 4028 60 :
i ™ : % 4 2 74191 100 4 35
Linear pac _[Silicon Diode [ Switches a8 13 : 7ars 5| a2 70| i 0| e -
i H [A3036.. 1.00 7493 50 74193 70 4008 70 4042 80
mini-01P cr T0-£4741 oo |30 : push button N.0. Red
gt ptad e e o] M e B o) [ 2t T3 S I+ R -
703 RT-1F amp, with data| eads trimmed for °C " panel, with lock washer DR 74107 29 9602 4012 16 4044 70
and circuits $1 98 mount ing $1 98 and mounting nut $1 98 I 74116 100 9300 75 4013 35 4049 38 l
- . - TRANS ISTORS 74123 50 | 9312 70 | 4015 80 | 4050 :u; "
i 74150 60 4016 35 | 4066 6!
LED Dlsplay pac Buy§ i $9 90 d Iv;e :bove’are ;p:c:al 2H4248-HEPT1S 1 TR eors) = &5 f3s)
200 - 3 dinits escn.| BUY.O A Jor A e rasrce ang 2t | e, aov 0 7as02 25 | 745172 350 | 4020 90 | 4069 16 1
proroximatelyiel S pic-a-pac for oW rases Tehrodl o X 74537 20 | 7asi7s  vs0 | 4021 95 | 4071 16
nigied dnfcsyiniagts See borton of ag for | E2ch 15¢ b 7ases 200 | 745181 350 | 4023 16 | 4073 16 1
P "‘"' B ordering instructions. | 10 for $1 00 745139 150 | 745197 150 | 4024 75 | 4075 16 [
.98 K] . I s 50 | 748257 150 | 4025 20 | 4516 85
=Y All’l Pﬁwe W{qfﬂ*‘ﬂfﬂfmfﬂfb“mJi'ﬂfmfmfg‘ j 745153 250 LINEARS 4585 85 1
l;l POTTER HIGH SPEED NES555V 43 | RAMS
Silicon Rectifiers Send a stamp for 1 7am 20 | 74m51 20 | nEssea 90 | 2102 150 1
wekeg AvlAL packas | BRUMFIELD . 74HQa1 20 | 7ams2 20 | 7awv 30 | pROMS ]
PRY EACH PRV EACH Type KNP Relay our ﬂyer llslmg | i 20 | 7am74 a0 | 1458V 52 | 8252313123 195
1300 5-?§ gl sg; 4 POT 3A Contacts . [ RAT 20 | 74R103 50 | seev 125 1
R ] 2
2 S e 28y DC . .S1.50 more money-saving 74H11 20 | 74H106 50 | 567V 13
wo o as e ] es0 con) | 7eHa 20 s40L 200 ]
s 0 lgm » ﬁgvsksﬂ czh;s hargamS! I Order Mirwrnum $10 00 Add $: 00 shvppitg and handkng charge per order Caklornia residents add 6% I
500 “ii <17({;0 f - i. sales tax Al orders shpped prompltly I
Capacitors :"r"] g;d';:ﬁg BnBvL°| l 1 Order the famous lasis 6 volume Programmed Learning Course "Micwﬁ‘r:nputer Design 1
. X is a Snap™ for $99.50 and receive a special $10.00 credit on any group of IC's.
P(8 vertical mount Sacramento, CA ELECTRONICS _p i - = ¥igiovp
electrolytic capacitors 95841 4811 Myrtle ‘ve ISstist=ctionliCOtiausraatescy C.0.D. Orders: 1
2" lonc. 34" dia Faone (916)334-2161 y v )
f s Sacramentn, (A ] Phone (day or night) 408/354-1448 []
- $7 00 add $1.00
LA, e SO CoN I €I_| R N POBox2542A |
[ =) NK, MERIC“RDI dents of Cal. add sales tax
35¢1000 ¢ 35 000 'CO: Orders shipped promptly S10 L Sunnyvale, CA 94087 J
ez A minimym on €.0.0 s o N SN SN GE G e S SE N WS RN G AN W N S am AN
CIRCLE NO. 30 ON FREE INFORMATION CARD

CB SPECIALS-R.F. DRIVERS-R.F. POWER OUTPUTS-FETS

1.8525C76715.75 25C866 5.85 25C1449-11.60 40081 1.50

~ OEM SPECIALS

1.75 25C773 .85 1.50 25C475 1. 3.00 1N270 .10 2N960 .55 2N2219A .30 2N2913 .75 2N3740 1.00 2N4401 .20
1.10 25C774 1.75 25C1014 1.50 2SC1678 5. 4.85 IN914 .10 2N962 .40 2N2221 .25 2N2914 1.20 2N3771 1.75 2N4402 .20
: 75 2SC1017 1.50 2SC1679 4. 2.15 2N967 .50 2N2221A .3D 2N2916A 3.65 2N3732 1.90 2N4403 .20
'00 2SC1018 1.50 25C1728 2. 3.75 2N173 1.75 2N1136 1.35 2N2222 .25 2N3019 .50 2N3773 3.00 2N4409 .20

.75 2SC1173 1.25 2SC1760 2. 3.50 2N178 .90 2N1142 2.25 2N2222A .30 2N3053 .30 2N3819 .32 2N4410 .25

.25 5. 3.25 2N327A 1.15 2N1302 .25 2N2270 .4D 2N3054 .70 2N3823 .70 2N4416 .75

.50 . 1.25 2N334 1.20 2N1305 .30 2N2322 1.00 2N3055 .75 2N3856 .20 2N4441 .85

.10 L 2N336 .90 2N1377 .75 2N2323 1.00 2N3227 1.00 2N3866 .85 2N4442 .90

.00 3.00 25K19  1.75 2N338A 1.05 2N1420 .20 2N2324 1.35 2N3247 3.40 2N3903 .20 2N4443 1.20

.00 25C1306 4.75 HEP-S30013.25 25K30 1.00 2N 90 2N1483 .95 2N2325 2.00 2N3250 .50 2N3904 .20 2N4852 .55

.15 25C1306-14.90 2SD235 1. SK33 1.20 2N404 .30 2N1540 .90 2N2326 2.85 2N3375 6.50 2N39%05 .20 2N5061 .30

.25 b 3. 2N443 1.75 2N1543 2.70 2N2327 3.80 2N3393 .20 2N3906 .25 2N5064 .50

.75 3. 75 2N456 1.10 2N1544 .80 2N2328 4.20 2N3394 .17 2N3925 3.75 2N5130 .20

100 25C1377 550 4005 3. .75  2NSO1A 3.00 2N1549 1.25 2N2329 4.75 2N3414 .17 2N3954 3.50 2N5133 .15

.85 25C1449 1.30 40080 1 B 2NSO8A .45 2N1551 2.50 2N2368 .25 2N3415 .18 2N3954A3.75 2N5138 .15

2N555 45 2N1552 3.25 2N2369 .25 2N3416 .19 2N3955 2.45 2N5198 3.75

2N652A .85 2N1554 1.25 2N2484 .32 2N3417 .20 2N3957 1.25 2N5294 .50

2N677C 6.00 2N557 .15 2N2712 .‘1‘8 2N3442 1.85 2N3958 1.20 2N5296 .50

2N706 .25 2N1560 2.80 2N2894 .40 2N3553 1.50 2N4037 .60 2N5306 .20
2SA52 .60 2SB187 .60 70 25C815 .75 25C1569 1.25  5N7068 .40 2N1605 .35 2N2903 3.30 2N3563 .20 2N4093 .85 2N5354 .20

-75 258235 1. -70 25C828 .75 28C1756 1.25  5N7)1 50 2N1613 .30 2N2904 .25 2N3565 .20 2N4124 .20 2N5369 .20
75 03 .65 25C478 .80 25€829 .75 G 2N711B .60 2N1711 .30 2N2904A .30 2N3638 .20 2N4126 .20 2N5400 .40
WD A 2N718 25 2N1907 4.10 2N2905 .25 2N3642 .20 2N4141 .20 2N5401 .50

e 2N718A 30 2N2060 1.85 2N2905A .30 2N3643 .15 2N4142 .20 2N5457 .35
gg o 63 2N720A .50 2N2102 .40 2N2906 .25 2N3645 .15 2N4143 .20 C103Y .25

95
2.00
%
: 2N918 .35 2N2218 2N2906A .30 2N3646 2N4220A .45 C103D .40
.65 25C1012 80 ggggg }‘5)8 2N930 .25 2N2218A 30 2N2907 .25 2N3730 150 2N4234 .95 Cl106B1 .50
2;8 ggg{ggll fgg 23088 130 2n9se  30-2N2219 2N2907A 30 2N3731 275 2N4400 .20 Clo6Dl .75
1.00 25C1079 3.75 2SD170 2.00
.80 25C1096 1.20 25D180 2.75 [E]IM[ele] "RUINININ] M Toq ylol 1] INTEGRATED CIRC. RECTIFIERS
1.75 25C1098 1.15 2SD201 1.95
. b 2.75 2SD218 4.75 1o loo
2SA699 1.30 2 X 170 2SD300 2.50 2N2646 .50 2N2160 .65 UA703C .40
2SA699A 1.75 i 4.00 2SD313 1.10 2N2647 .60 2N4870 .50 709C OP. AMP. .25 IN4001 .60  5.00
2SA705 55 . 2sD315 .75 2N6027 .55 2N4g871 .50 741C OP. AMP. .25 IN4002 .70 6.00
2SA815 .85 ) 10 2SC1209 .55 2SD318 .95 2N6028 .70 2N4891 .50 7400 .15 IN4QO3 .80 7.00
2SA816 .85 ) 5 3 .75 2SD341 95 DS5E37 .25 2N4892 .50 TA 7061P 3.50 IN4QO4 .90 8.00
: 2SD350 3.25 2N4893 .50 | TA 7206P 10,00 | IN4005 1.00 9.00
2SB22 .65 2sD352 .80 2N4894 .50 | UPC 1001h2 6.00 | INAOO6 1.10 10.00
2SB54 .70 2SC206 1.00 2SD380 5.70 MUI0O .40 | NE 555 1.25 IN4007  1.20 11.00
2SB56 .70 25C240 1.10 .75 2SD389 .90
2SB77 .70 25C261 .65 .70 25C1347 .80 2SD-3%0 .75 "
2SB128 2.25 25C291 .65 .70 25C1383 25D437 5.50 New-Tone Electronics

25B135 .95 25C320 2.00
2SB152 4.50 28C352 .75

1.75 28C1409 1.25
1.90 25C1410 1.25 C106B1 .50
1.00 25C1447 1.25
.70 25C1448 1.25 MPS-U31 4.00
1.00 25C1507 1.25 MPS-80001.25
2.50 25C1509 1.25

. TV. TYPE

P.0O. Box 1738 A
Blocomfield, N.J. 07003
Phone: (201) 748-6171, 2, 3

L PARTS GUARANTEED AND TESTED ON PREMISES.
BU204 1300V 3.90 BU207 1300V 5.40 2SC11728 1100V 4.25

N.J. residents add 5% sales tax.Minimum order $5.00. All orders
BU205 1500v 4.70 BU208 1500V 6.25 25C308 1100V 4.95 : - i
BU206 1700V 5.90 2SC1170 1100v 4.00 25C1325 1100V 4.95 add $1.00 postage. Dealers write or phone for discount prices.
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ARIES brought you the first calculator 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 2 $400.00 tape memory unit.

: " .
WARNING . .. if you're interested in a music syn-

thesizer, don’t make 2 move until you see our cat-
alog first. It’s more like a handbook than a caulog,
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- g{

onds, as well as the month ‘l-. 4
and day every ten seconds. - i
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 $34.50

PLANS AND KITS

BURGLAR ALARMS

FREE CATALOGUE KITS, COMPONENTS. Audio equip-
ment, Sinclair Kits, radio parts. Gladstone Electronics,
1736 Avenue RD., Toronto, Canada, M5M 3Y7. U.S.
Inquiries.

AMAZING ELECTRONIC
N~ PRODUCTS .o~

LASERS SUPER POWERED, RIFLE. PISTOI. PDCKET SEE IN DARK - PYRD
TECHNICAL, DE-BUGGING - UNCRAMBLI TESLA - STUNWAND - Tv

ERS . GIA!
OISRUPTER - ENERGY PRODUCING, SCIENTIFIC D[T[CT!DI ELECTRIFYING,

CHEMICAL ULTRASONIC, CB. AERD. ADTO AND MECH DEVICES, HUNDREDS
MORE - ALL NEW PLUS INFO UNLTD PARTS SERVICE
INFORMATION unbimited

CATALOG $1 Box 626 Lord Jeflery P1. » Amherst, N.H. 03031

FREE KIT Catalog contains Test and Experimenter's
Equipment. Dage Scientific Instruments, Box 1054P, Liver-
more, CA 94550.

PROJECTION TELEVISION: Ingemous idea enables you to
project a six foot wide picture from your own television.
Detailed diagrams with quality optic system only $15.95.
Kelly, Dept. W, Box 8, Levittown, Penna. 19059.
“CBers!" "TREMENDOUS POWER INCREASE" using
NEW higher 46' all-directional CB Antenna!!! Plan $2.
(2/83). Astrobeam-3, 704 Edwards, Visalia, CA 93277.

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 appreciated). Steinmetz, 7519-
PE Maplewood, Hammond, Ind. 46324,

PROTECT Your C.B., Solid State Burglar Alarm, Less than
$10.00 to build. Plans $2.00. Ideas, Rt. No. 1, Box 381A,
Gaston, S.C. 29053,

DIALING Unit automatically calls police. Immediate
delivery $29.95. Free literature. S&S Systems, 5619-C St.
John, Kansas City, MO 64123. (816) 483-4612.

HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount
prices for Shure, Pickering, Stanton, Empire, Grado and
ADC. Send for free catalog. LYLE CARTRIDGES, Dept. P,
Box 69, Kensington Station, Brooklyn, New York 11218,

GOVERNMENT SURPLUS

MANUALS for Govt Surplus radios, test sets, scopes. List
50 cents (coin). Books, 7218 Roanne Drive, Washington,
D.C. 20021.

JEEPS, TRUCKS, Typically From $52.40 ... Automobiles,
Boats, Motorcycles, Airplanes, Oscilloscopes, Tools,
Clothing, Sports, Camping, Photographic, Electronics
Equipment ... 200,000 Bid Bargains Nationwide Direct
From Government ... Low as 2 cents on Dollar! Surplus
Catalog and Sales Directory $1.00 (refundable first order).
National Surplus Center, 240 Eastcass-PEL, Joliet, IL
60432.

GOVERNMENT SURPLUS. Buy in your area. How, Where.
Send $2.00. Surplus, 30177-PE Headquarters Building,
Washington, D.C. 20014.

SURPLUS ELECTRONIC EQUIPMENT, government and
manufacturers” Grab Box Assortment—diverse, useful new
and used parts, assemblies, etc. Carton packed: 50 Ibs.
$6.00; 100 Ibs. $10.00. F.O .B. Lima. Send for BIG Free Cata-
log! Fair Radio, Box 1105-E. Lima, Ohio 45802.

WANTED

DO-IT-YOURSELF

GOLD, Silver, Platinum, Mercury wanted. Highest prices
paid by refinery. Ores assayed. Free circular. Mercury
Terminal. Norwood. MA 02062,

MODULAR TELEPHONES now available. Sets and com-
ponents, compatible with Western Electric concept. Cata-
log 50 cents. Box 1654W, Costa Mesa, California 92626.

Add finger-touch operation
to your old-fashioned dial
telephone with an ARIES
AR-830 Automatic Digital
Telephone Dialer. This has
the same layout and con-
venience as Ma Bell, plus other features she doesn’t
offer yet. For instance ... AR-830 always remem-
bers the last number you dialed, in case the line was
busy and you want to try again later. Not only
that, but the Dialer’s memory can store as many as
ten of your favorite numbers for une-touch dialing.
AR-830 uses standard dialing and muting contacts;
consult local tariffs before connecting. Sh. wt. 2 Ibs.
AR-830 Dialer Kit $69.50

ARIES INC.

119 Foster Street
Peabody, Mass., 01960
(617) 532-0450

CIRCLE ND. 9 ON FREE INFORMATION CARD

SEMICONDUCTOR AND PARTS Catalogue, $1.00 refund-
able, from the semiconductor specialists. J & J Electron-
ics, Box 1437P, Winnipeg, Manitoba, Canada. U.S.
Inquiries.

COMPUTER HOBBYISTS! Bargain hunt and sell via

ON_LINE. 18 issues/year — $3.75. Free Sample. ON_LINE,
24695 Santa Cruz Hwy., Los Gatos, CA 95030.

TAPE AND RECORDERS

RENT 4-Track open reel tapes—free brochure. Stereo-
Parti, P.O. Box 7, Fulton, CA 95401.

1930-1962 Radio Programs. Reels, $1.00 Hour! Cassettes,
$1.00 Show!...Mammoth Catalog, $1.25. AM Treasures,
Box 192PE, Babylon, N.Y. 11702.

RECORDS—TAPES! Discounts to 73%; all labels; no pur-
chase obligations; newsletter; discount dividend certifi-
cates; 100% guarantees. Free details. Discount Music
Club, 650 Main St., Dept 5-976, New Rochelle, New York,
N.Y. 10801.

1/2 INCH VIDEO TAPE. $8.25 per hour on 7* reel. Free in-
formation. Oregon Magnetics, Box 13374P, Portland, Ore-
gon 97213.
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ASSEMBLED
NO. 42,309AV

USIC IN PULSATING COLOR

The Edmund
3-Channel Color Organ

7=

COMPLETELY ASSEMBLED! LESS THAN
HALF THE PRICE OF OTHER MODELS!

Create your own audio
dimension to your music listening pleasure with
the bargain-priced Edmund 3-Channel Sound To
Light Control. Lets you modulate 3 independent strings of
colored lamps with the intensity of your music. They flash and
$1 95 vary in brightness related to the music's rhythm, pitch and

7de volume—a pulsating light performance to music! You get

"light show'’, add a new

volume and frequency sensitivity to a peak rating of 300 watts

UNASSEMBLED, IN KIT FORM

per channel. Just plug in your favorite colored flood or spot-

light, and turn on! Great price, too. This high quality, fully

NO.42,336AV ONLY1 3ppd_assembl_ed 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
CATALOG!

NEW 164 Pages
Over 4,500 Un-
usual Bargains
for Hobbyists.
Schools, Industry. .
JUST CHECK
COUPON! I

=y EDMUND

SCIENTIFIC CO.
300 EDSCORP BUILDING }

Barrington, N. J. 08007

(609)547-3488 |

Interbank No.
Card No.
Exptiration Date

City

]

— ™
L, SEND FREE IEEEND
164 PAGE CATALOG “AV"
" Charge my BankAmericard
|_) Charge my Master Charge

30-DAY MONEY-BACK GUAR-
ANTEE. You must be sahs.
fied or return any purchase
n 30 days for full refund.

COMPLETE AND MAIL COUPON NOW

EDMUND SCIENTIFIC CO. 300 Edscorp Bldg., Barrington, N. . 08007

Send me:
COLOR ORGAN(S)
No. 42.309AV @ $17.95ea. $________
_____COLOR ORGAN KIT(S)
No. 42.336AV @ $13.95€ea. $

|
|
|
Service and handling charge $___$1.00 |
|
|
|

Enclosed is
[CJcheck, (imo. in amount of &
Signature
Name _
Please print
Address l

State. Zip.

America’s Greatest
Science » Optics - Hobby Mart

AmericanRadioHistary Com

HELPING TO DEVELOP AMERICA'S TECHNOLOGY FOR OVER 30 YEARS.
CIRCLE NO. 26 ON FREE INFORMATION CARD
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INVENTIONS WANTED

INVENTORS: Manutfacturers Need New Products. Free
"Recommended Procedure,” by a creative fee-based
invention service company. Washlington Inventors Service,
422-T Washington Building, Washington, D. C. 20005.

N
- Ty

If you have an idea for a new product, or a way
to make an old product better, contact us, "the
idea peaple " 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
W Corporations Seeking New Products.

T
SO RAYMOND LEE ORGANIZATION
the' E ] 230 Park Avenue North New York,NY 10017
E At no cost or obli

gation, please rush my
people.} FREE “Inventor's Kit No. A-112 "

l Name Ploass Print l

Address
City State
(. 3 N BN B | J

FREE PAMPHLET “Tlps on Markeung Your lnventlon
from an experienced fee-based invention service company.
Write United States Inventors Service Company, Dept. T,
1435 G Street NW, Washington, D. C. 20005.

INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home alt
makes including transistor. Experimental kit—trouble-
shooting. Accredited NHSC. Fres Booklet. NILES BRYANT
SCHOOL, 3631 Stockton, Dept. A, Sacramento, Callf.
95820.

EARN ELECTRONICS DEGREE by correspondence. Free
information bulletin. Grantham, 2000 Stoner Avenue, Los
Angeles, California 90025.

PASS FCC EXAMS! Memonize, study “Test.
Answers”” for FCC st and 2nd class Radio-Tete
phone licenses. Newly revised multiple-choice
gueslmns and dnainms cover all areas tested in
CC exams plus " Self-Study Ability Test.” $9.95
postpaid Moneyback Guarantee,

AND PRODUCTIONS £.0. BOX 26348 4

TRCIELAING MRSIoN SAN FRANCISCO, CALIF. 94126

SCORE high on F.C.C. Exams ... Over 300 questions and

nswers. Covers 3rd, 2nd, 1st and even Radar. Third and
Second Test, $14.50; First Class Test. $15.00. All tests,
$26.50. R.E.I., Inc.. Box 806, Sarasota, Fla. 33577.

UNIVERSITY DEGREES BY MAIL‘ Bachelors, Masters,
Ph.D's. Free revealing details. Counseling, Box 317-PE9,
Tustin, California 92680.

SELF-STUDY CB RADIO REPAIR COURSE THERE S
MONEY TO BE MADE REPAIRING CB RADIOS. This easy-
to-learn course can prepare you for a career in electronics
enabling you to earn as much as $16.00 an hour in your
spare time. For more information write: CB RADIO REPAIR
COURSE, Dept. PEQ96, 531 N. Ann Arbor, Oklahoma City,
Okla 73127

LEARN Basic Digital Troubleshoollng by correspondence
Information Free. Educational Technologies, Box 224,
Reynoldsburg. Ohio 43068.

LEARN WHILE ASLEEP‘ HYPNOTIZE! Astonishing details,
strange catalog free! Autosuggestion, Box 24-ZD, Olympia,
Washington 98507.

FCC LICENSE STUDY GUIDE — 377 pages, 1465 ques-
tions with answers/discussions — covering third, second,
first radiotelephone examinations. $9.95 postpaid. GSE,
2000 Stoner, Los Angeles, California 90025.
ACHIEVEMENT In Electronics-Mathematics can be yours
through independent study with individualized instruction.
For your trial lesson, send $2.00 to: Vinther Institute, Box
9447P. Berkelev CA 94709.

INTENSIVE 5 week course tor Broadcast Engmeers FCC
First Class license. Student rooms at the school. Radio
Engineering Inc., 61 N. Pineapple Ave., Sarasota, FL 33577
and 2402 Tidewater Trall, Fredericksburg, VA 22401.
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LINEAR CIRCUITS

OWEST PRICES EVER

100 Pov b Rex lsuper T20 105§ 7 LINEAR SEPTEMBER SPECIALS 1Tt
301 HiPerl Op Amp mDIP TO-35 N 301 s .21 7432 $ .19
102 Vol lollowet 1O-§ 53 3 59 DISPLAYS CALCULATOR JUMBO LED 7437 .20
104 Neg ¥V Reg 105 80 309K 897 MANT 139 CHIPS Red 12 7438 .18
305 :)o\ v Reg 105 o ;; 340T+5v .99 NSN7IL 119 5002 119 Green .12 7446 69
307 Op AMP supes 741} mDIP TO-5 - 330T+15v .99 NSN74 119 5005 1.29 Yellow .12 7474 22
08 Miito Pwi Op Amp mDIP TO-5 .89 741 21 MAMS 139 5738 1.95 7490 19
09K SV 1A regulator 10} 1.35 . d 1
10V Follower Op Amp mDIP 1.07 3900 3 P02 74121 -9
311 Miper v Comp mOIP 105 95 %02 .59 74123 -49
319 Hi Speed Dual Comp DIP 13 75491 .59 1K STATIC RAM 74164 .85
107 NegReg $. 12 10-220 139 B0 179 74165 -85
320K Neg Reg 5.2. 12 T0-3 139 COMPUTER QUALITY $l 69 74193 73
322 Precimion Timer DIP 170
3124 Quad Op Amp DIP 152
39 Quad Camparator DIP 1.58 MEMORIES
380k Pon ¥oreg (v, bV, BV, 12v 1103 $ .95
137, 1B, 24¥) TO-1 169 1702 8.95
Pou s V. bv. BV, 12V, - 8 ¢
o, ,g»_ ,;:f E:V\ 10-220 149 180 carbon film resisiors + 5%, V4 or V2 wait. 15 each of 5203 8.95
70 AGC/Squelch AMPL DIP 1.20 12 values. First q|fa_|ily resistors supplied in a durable 5260 .95
372 AL-IF Strip detectar DIP 29 clear styrene utility box with color code chart. 5261 .95
173 AM/EM/SSS Surip TO-5 232 Includes 15 each 100, 220, 470, 1K, 1.5K, 3.3K, 4.7K, 5262 1.19
176 Pos v Reg mDIP -68 6.8K, 10K, 33K, 100K, IM. F93410  1.39
380 2w Audia Amp DIP 1.0
180-8 6w Audio Amp mOIP 125
381 Lo Noise Dusl preamp DIP .75 THESE DISCOUNTS APPLY TO TOTAL OF ORDER — SPECIALS INCLUDED
382 Lo Noise Dual preamp DIP 175
$31 High Slew rate Op Amp 2.95
Mo romes diver 103 = |10% OFF ON ORDERS OVER $25
550 Prec \ Reg DIP 79
e | Vi + 115%OFF ON ORDERS OVER$100
55A Dual 555 Timer DIP [AL] O
Ph loched L P
S0 et eae O s LARGE QUANTITY PRICING AVAILABLE ON REQUEST
55  Phae lacked Loop DIP 10-5 118 PLEASE SPECIFY ITEM AND QUANTITY
566 Function Gen mDIP 10-3 1.95 TTL
;)sr gm ?'(OT'A’:PO::) corow M POCKET CALCULATOR KIT 7400 3 7481 .7 sy 89
e e » § unction plus camtant 7401 6 7s3 7 745t 10
710 pee omp 35 able memory with 7402 A5 7454 At 74155 .97
711 Dual Dilterence Compar DIP 2 Bt vt o g o 12 o et | 15
773V Reg OIP 62 pluy ovettlon 7404 6 7864 235 s 99
m Dilt. video AMPL  TO-5 1.02 T et = uies Mondard 7405 19 7465 .35 74158 1.79
739 Oual Hi Pert Op Amp DIP 1.07 T ggabe baltepey <Al K 30 &
! Comp Op A OIF 10-5 3 A ewats Parts in teady 10 7406 20 7970 5 74160 173
) R tiome Opximpim) " 2 ssemble totm - iosructiors 7407 2 2 ¥ 7a8 9
747 741 Dual Op Amp DIP ot 10-5 7 e tuded 7408 8 7473 .35 74162 1.39
248) Hreqadi 7S mOIp 35 7409 a9 s B 206 109
1304 FAE Muipa Stereo Demod OIP 1,07 Culc. Kil. & Adapter $9.95 7410 a6 2475 -49 2164 99
|:os: FM Mulp Stereo Demod DIP 73 Batteries (alkaline. disp.} 200 § 74n 25 7476 30 7465 .99
1 Op Amp mDip 1.83 7413 4 748 68 749166 125
1458 Dwsl Comp Op Amp mDIP 62 7414 65 7485 .88 7970 210
1800 Stereo multiplever DIP 2.48 MEMORIES 7416 35 7386 .40 7173 149
1900 g:“,"(“'"""'."’ L, 3 R1101 256 bit RAM MOS 16 pin w55 ey 1B s am
1529f) Sl ane mematyjiegs] Amp 71 B14103 1024 bil RAM MOS dynamic 18 pin  1.95 § 7420 16 74% A3 qars Ly
7525 ‘ PgemogiensefAnp -%0 17024 2048 bit PROM static elecirically 10.95 § 7422 30 7491 I8 74176 B9
Soze ‘;)"I‘CII Camtieslut, &0 programmable UV erasable 14 pin nn 29 2 4 a4
by rd 225 R3107 1024 bit RAM static ¥ pin 195 | 7425 Z M9 a8 73180 %0
ZS150] ot 175 H5201 2048 bit PROM slalic electrically 10.95 f 7426 26 7494 78 74181 245
7545% Dual Purphhrul Driver mDIP 35 programmable UV erasable 24 pin 7427 29 7495 79 74182 .79
1351 e ;“"P eral Orbver mDIP 35 Ro26q 1024 bit RAM MOS dynamic 16 @n  1.95 § 743 20 74% .79 74184 190
75453 1151) Dual Periph Dviver mDIP 35 Boacr 1024 bit RAM MOS dynamlc 16 pin 195 § 7432 B3 74100 88 74185 220
d 7 4
75491 g‘" eq Driver lor LED OIP 3 ; 7483 64 bit ROM TTL 16 pin 225 § 7437 25 74105 4 79187 SIS
75492 He Digit driver DI# 80§47y 256 PROM-SCHOTTKY 16 pin 369 § 7438 25 74107 37 74190 115
CMOS £93410 256 bil RAM bi-polar 16 pin 1.95 8§ 7440 a5 7an 38 7419 1.25
s JP4187 1024 bil ROM TIL T6ypin 5.5 § 7401 89 7422 38 74192 .95
4000A 26 4018A 139 a066A . 74200 256 bil RAM tri-state 16 pin 5.45 | 7442 59 7N 65 74193 .85
401A 25 HONA 172 4068A -:: 7443 73 7125 .8 74194 125
40024 25 ‘01‘: 118 40694 % | CALCULATOR CHIPS cLOCK CHiPs 7444 73 TN .58 74195 74
%m7: 1.35 ‘0;;\ -; 714 3o Cs0n2 1.95 MMSITT 6 7445 73 e 89 74916 125
2% 40 . 40724 . CT5005 7446 81 74141 164 a1y .3
WOBA 152 402A B3 HO7IA .39 L4 Mawidaz | 5ea
B - » MAIS725 198 MM 145 7447 79 74145 1.04 4198 173
©009A 57 425A .25 ao7sA -39 5 . 5318 - 748 79 410 .97 4199 169
W10A 54 WA .59 4078A .39 § MM5736 295 MM516 4.95 7450 v oI5 79 74200 5.45
4011A .79 0284 98 10824 .35 § MMS738 395 5375AA L35 . :
40124 .25 4030A .4 a518A 156§ MMs739 3.95 c17001 5.95 LOW POWER
WA 45 A0ISA LT 4S28A 156 c 00 3 51 ¥ TN 140
WI1SA 127 WA 133 4585A 210 DISPLAYS DISCRETELED'S fya02 .29 7a55 .29 74191 120
WwisA 1.7 «m: 147 MANT 195 :::‘so s -2; ;:wl 23 ran 2B 9 s
4016A .48 3049 .59 MAN? 295 ¥ LO4 ;) 74172 A5 74095 1.50
WI7A 101 WA 59 MANIA .19 NSLIDO g2 74106 .29 7473 .56 7419 225
MANS 2.25 NSL101 a2 74110 29 747 56 7alled 225
74C00 19 74C78 104 74C162 249 MANG 249 nsL102 .15 74020 B aL7s 75 741165 130
7402 26 74C76 134 29C163 266 | maANy 149 N 9 rass 109
74C04 43 74C107 113 7aCies 266 | mans 225 “:V!;“" = 7442 19 jam 65
74C08 68 74151 262 73C173 222 | mANss 225 !
74C10 35 74C154 315 74C195 226 | piioa 219 GREENIE RS Low poweR lcnorn(v
74C20 35 74C157 176 80Ces 115 | FNDsos 189 AMBERl 5 74 745312 74505 209
74C42 161 74C160 248 80C97 9% | Ns7IL 139 CUEAR™ " 741502 .36 74540 45 7405107 .59
74C73 104 74C6) 249 TaL504 26 741542 140 7415164 220
MULYIPLE DISPLAYS 741508 .38 741574 .59 7415193 120
N3NJ3 3 digh 12 red LED iRad 741510 36 741590 130 7415197 220
CLOCKKIT HPS082- S digit .11 red LED 2.49 741520 .36 741693 1.30
6 DIGITS {NS711) 7305
MM5314 CLOCK CIRCUIT HPS082. 4 digll .11 red LD 325 HIGH SPEED e
2 PC BOARDS (CLOCK & DISPLAY) s e ve e s 7aMnm 25 2aMer 28
ALL TRANSISTORS, RESISTORS SIS0 S dipinedS padich: N Tz 3
CAPACITORS & 3 SWITCHES $14.95 | OPTOISOLATORS 74H08 25 74HS0 25 TeHwr 58
MCD2 Oplo isolalov diode 109 8 g0 35 7eMsz 25 7eMioz S8
ALL TRANSFORMER $2.95 MCT2 Oplo solator transistor 70 74H11 35 T4HSI 25 74H10) &0
OODEN CASE (UNASSEMBLED) $3.95 74 25 TAHSS 25 74M106 72
LOCK KIT, TRANSFORMER & CASE $20.95] SPECIAL DEVICES 4HZI 25 T4HED 25 T4mMi0s T2
372 AF-iF Strip Detectur DIP 293
S46  AM Radio Receiver Subsystem DIP .75 § BCMOTTKY
DVM CHIP 4% DIGIT 131 FM Stereo Demodulator DIP 298 74500 33 74508 52 s 38
MM 5330 — P channel device provides 1%  Batanced Modulator-Demodulator .99 § 74502 45 74510 3B 74832 .52
all logle tor 4% digit voll meter. 16 pln 1800 Stereo multiplexer DIP 248§ 74500 38 74520 3B 74574 38
DIP with data 9.95 ULN2208 FM Gain Block 346b {typ) mDIP 118 § 74504 45
LULNZ209 FM Gain Block 484b {typ} mDif 1.35
HIFT REGISTERS 2513 Character Generator 6438x5 DiP-24 10.20 |} 8000 (SIGNETICS)
S 826} 5.79 8267 .59
MM5013 1024 bil accum. dyn. 3046 Transisior Array OIP-14 73 3
8 pin 175
5007512 bit dyn.
e e 05 FREE CATALOG AVAILABLE ON REQUEST
$15-4025  Quad 25 bil .99 . . . . e
2504 1024 bit muttiplexed dyn Satisfaclion guaranteed. Shipment will be made postage prepaid within 3.days from |
8 pin 3.95 receipt of order. Payment may be made with personal check, charge card (include |
[
. number and exp. date), or money order. Phone Orders — BofA and M/Ccard or C.O.D
IC SOCKETS
Solamr Tell. owipronils 2 | 2dd $1.00 to cover shipping and handling if order is less than $10.00.
""pm $ ;z 8 :;: ‘s9 California residents add sales tas. Include shipping expense for orders. shipped out of
16 pin n 40 pin 69 U.S. and Canada approx. 15% of order.
18 pin 9
WIRE WRAP - gotd plate INTERNATIONAL ELECTRONICS UNLIMITED |
1“
b P.O.BQX 3036-R MONTEREY, CA. 93940 USA
Data included with order on request. PHONE (408) 659-3171
Add §.30 ea. if item is priced below $1.00 ey
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/ ) \ P.O. Box 4430C Santa Clara, CA 95054
' (408) 988-1640
Same day shipment TERMS: $5.00 min. order U.S. funds
First fine parts only. Factory Calif. residents add 6% tax.
tested. Guz_aranteed money FREE: Send for your copy af
DELTA ELECTRONICS CO For back. Quality IC"s and other our 1976 QUEST CATALOG.
g components at factory prices. Include
P.0. BOX 2, AMESBURY, MASS. 01913 INTEGRATED CIRCUITS A3¢
T400 TTL SNZ4LSION 39
8 TRACK TAPE PLAYER o o s
SN7404N 19 SNZ4LSION Kol
New 8 track tape players SRRl e 18 ELECTRONICS
CMOS
made for a well known ® §:§::§: §; 2:1:@;3: \ :3 g;m! ;g ;lcuopu&ﬁss{::‘&v‘
ci netcs SK3000K
manufacture se rv l (e g:’r:ﬁ 2"; g:;:t:;g: : ;g Eg:g‘ﬁ 22 DISPLAY LEDS f:iltt?gg;lue‘ J::!RSA‘SOOO
of consumer SN 2 Swnisim i3 Coso I CC s Ao 3ezsive
electronics SN7a4ON 17 SN4SISIN 128 CD4a13 40 D74 €C 300125 1-3001 28126
install i ol I B R R
‘ WhO installed 23513 36 SN7ASIBN 200 (D400 35 OL2M7 CR 600225  Daa Access Arrangement
‘ itIn a stereo gN;nw 33 SNTALS258N 220 gg:gg; ~3 E:ggg gg 3533 g R s;ggg
NT4TSN UNEAR g
‘ e tza S % Cume 3% Coms @ DOUDEC 1% Menowmocessor
has a built in pre- SN74BEN 39 LM301AN a5, CDA050 62 FNDBOT CA 800 2.75  gomaa 39,00
o that it b | di he A SNPABON 200  LM3IOIAM 35 g&g:; :g 6640 oToexs
amp, so that it can be plugged in the Aux. SRUEN S oy ¥ Cosom 6 iy €SP wMsxe a00
inputs of any amplifier, With flip-down b % Cossut 220 wveoss 8 Mt 3w
i i i SN7496N 75 MMM g CD40g2 300 spa2.7418 1ag  MMS312 280
door, automatic track changing, track lights, 7o | 80 Lkt e 2 Cyends Masia 30
4’ power signal cords. 6%’ wide, 4'' high ISISIOIN| B £ S Cvpoan 1) 1 MHz 450 MM5316 635
8’/:’)’ deep& W% test each oené before’ shipp?né S B s 1w ?Sf;o 2m v i% MagT S0
. . SNT4126N 55 |M34IM azs 140192 240 oz 425
SNZAVASN B9 LMISEN 240 740220 275 : CTion o0
STOCK NO. P5429 $17.95 each, 2/35. oy % My 10 wmemrace Dt e 31m1m12mp:e::
SNT4154N 110 (M723N 44 ':gg;i ;gg ggn:; ggg clock moduke minus
SILICON SOLAR CELLS Wi dun BRI RS B gpeieds
¥ NS1878 275 ato D CONVERTER
95 4 di i
Experiment with SOLAR ENERG Y with o Bk B o O e o
! e SNI41TON 195 M8 75 2102 180 to A CONVERTER athonal 9.00
these exotic silicon solar cells, Developed by N :13 Moy 1% 210 2 MO e e e
lon Physics Corp. for space applications. Sonew A Moo, se 2122 8 g;;;ﬂygt;-;"'yg; essrons
Each one develops 430 mv, 95 to 130 ma S 36 s s e e e oo LGRIme
(40 to 56 milliwatts). .788" square x 8 to on Tasoo T NEser 160 pmom I
. - 2 y 18 40 61 AY5-1013 620
15 :mIs thhnck. _Bor|on dgped Si base, dopant g:;;tgm 5 :g:‘;;c e ;é%;ga 'g§ e ol 850
— SNTALS04AN SN75451CN 39 Ni t 4 KEYER BOA! 1495 CAPACITORS
:il r?] gf\?eronfilse:lzlngl Satnriiek (‘:A?i'::]ag;staare At"._’tg;': SN74LS0BN 39 SNTS452CN 39 NB2S126 485  Includes spec and socket  Complele capacor hst S0
- ] ’ . -
cations unlimited ! STOCK NO. P5433 d Not a Cheap IC UPDATE Miles Per Gallon
$2.50 each, 5/10.00, 20/35.00 Clock Kit $17.45 MASTER MANUAL | Circuit
Includes everything Complete IC data from Digital Flow Sensor ~ $29.50
Send for latest free catalog. Minimum except case all Manufacturers. 14.000 Speed Transducer  $ 8.00
order $5, phone orders welcome: (617) ma' 2.PC boards. 6-.50 LED [ cross references. $30.00 &S&g‘g\/ﬂcav make and ye‘ar)
388-4705. Include sufficient postage; Displays 5314 clock with update service s abe M?"'p"e'sszggg
excess refunded. BankAmeriCard & chip transformer. all Limited quantities availabie § 2- 50 in. Displays ~ § 2.
is and full For postage add $2.00 Includes Circuit Description
Mastercharge welcome, ALL numbers componenls and ful Foreign. $6.00 PC Board not included
\needed for processing. Min, charge $1 y nstructions i

CIRCLE ND. 17 DN FREE INFORMATION CARD CIRCLE NO. 55 ON FREE INFORMATION CARO
IMSAI & ALTAIR OWNERS! ELECTRONICS (including FCC), Computer Science,
All IMSAI 8080 Computer Mathematics, Accounting. Earn more by learning more
Boards Completely Plug- lhroygh ITI's effective _corresponldence coyrses. Free infor- POLY PAKS
Compatible With Altair 8800 Jmatlon I:ml:rmsgt;g;am Technical Institute, Box 258, CUSTOMERS HAVE
erome, Idaho g
Interchangeable MPU, Memory and i/0 Boards. Full T ere = B CLAMORED FOR
IMSAI 8080/Altair 8800 Bus Compatibility, No Hard. | HIGHLY EFFECTIVE Dogree Program In Electronics En- THIS MONEY SAVING
ware Madifications Required. Just Plug In! glneering. Advance rapidly! Our 31st Year. Free lilerature.
. . o Cook s Institute, Box 20345, Jackson, Miss. 39209. )
ssem- —
Part # Description Kit bied FREE Educational Electronics Catalog. “Home study J l
MPU-A  B0BO microprocessor board ... $190  $350 courses. Write to: Edukits Workshop, Department 716D.
RAM 4A-4 4K static RAM board ...... ... 139 279 | Hewlett, N.Y. 11557.
:;?M 4-4 ‘EKthéES :PR%M board . 323 513 FCC License. New course material, new low prices. Free l
IR VY <o J home stud talog. Genn Tech, 5540 Hollywood Blvd.
PIC-8  Ppriority inticlk board ... 125 238 | o8 SO OF e p b A d
P10 4-1 One-port parallel /0 board . 93 140 Y00 . Order by Cat. No. 9E1983 & Type No. bel
PIO 4-4  Four-port paralle! /0 board . 156 299 DRAFTING—Blueprint Reading, Mechanical, Electronics, U 4 - . = yP 0. below__
SI10 2-1 One-port serial /0 board .. .... 125 235 Architectural home courses $25.00. Send $25.00 first Type Sale 2 for Type Sale 2 tor
$i0 2.2 Two-port serial 1/0 board .. . .. 156 299 lesson. Prior Inc., 23-09 169th Street, Whitestone, New hg:;:g? §§ §§ {] SN7a94 ':é Aag
UCRI-1  Cassette recorder /0 board ... 59 99 York Clty 11357. - (] sNT7a02 g; gg H e ‘86 i
. IMSAI 8080 Computer SCORE High on FCC exams. 650 questions and answers. Hinreos 32 iU St -
Basic computer includes front panel/control board, Covers First and Second class: $30.00. ZRO Electronics, E g:;:gg _-:g ::; [1sN7a132  1.95 1.96
28 amp power supply, MPU board, 6-slot expander | Box 265, Fremont, CA 94536, Osnraos 22 .23 | Lisiaial 123 108
board with 2 edge connectors, cabinet, assembler = = - e on L
software and compiete documentation . . . $599 Kit, g niay 231 238 | Ciswratsa tiie 111
$931 Assembled. RECORDS Gswrair .62 e3 | [isNTalsa 13 1sa
COMPLETE DOCUMENTATION [3nrasi (53 33 | swraiss iss  ise
An Introduction to Microcomputers, S ———————— _ Mstazs sl ey | 2 | Eed
Vol. RECORD RATERS WANTED! Anyone qualifies. We ship sN7a30 .22 23 | {1sN7a188 1.79 1.80
IMSAI 8080 User's Manual you nationally released LP's 1o rate. We pay postage and e ety W e
INTEL 8080 Assembly Language Manual ......  12.00 handling. You pay nothing for LP's. All you pay is small sN7442 37 8 | [1sN7a174 d42  La3
INTEL 8080 User's Manual .......... 7.00 membership fee. Applicants accepted “first come basis." HiSNIass e oo |l cpsiaaniel | wesl | RS
AR e S o 19-00 | write: EARS., Inc., Dept PE, Box 10245, 5521 W. Center Qirass 1o i | Tswairr s ieo
M ° . Slreet Mllwaukee Wlsconsm 53210 U 2:;:;3 l_zg 23| §~34:2$ 1.09 110
My Computer Likes Me When | Speak 0 sNas . B || (Sarsiss 218 220
I IBASIC . . s 000 3t 8. bbb o 3.50 FHEE HECOHD CATALOG Pop. cIassncs, azz, shows N74373 .aa .as | [1SN7a190 275 276
i L sN7a7 27s 276
BASIC-PLUS Language Manual ............... 17.00 opera. Wide selection, low prices, prompt service. Wrlte for EisNrSzs o9l 1r0 %" S e | Qi3S 1.30
8080 Programming for Logic Design ......... 12.00 | latest catalog. Rose Records, 214 S. Wabash, Chicago, IL ey ay w29 | 'Geniess sis miss
Pinout Handbook, 54/7400 Series............ 5.00 60604. LI SN7486 .47 .a8 ff‘]l ::;:::5 R :l: 2-;2
W?gt To Do A(t;ler Vo)u Hit RETURN . _ - o o - IU\::;::: ;g: ;.z: E SN”‘; 2 2122
omputer Games o LisN7490 1.00 1.01 SN74a198 225  2.26
SEND $1 FOR NEW IMSAI 8080 HYPNOTISM sN7ast o1 sz | [TSNTa1se 225 226
ILLUSTRATED 16-PAGE CATALOG TODAY! o PENORIES e —
TERMS: Check, money order, BankAmericard, Master g :E-;;:;g :gga s::.:: s::.g:
r r -—_ ———- 5. . 3
Ch'argde b(lmc‘ljude ;:II ensbgssegsg/ata on ﬁa:-d)' 2:% non- SLEEP learning. Hypnotic method. 92% effective. Details o geaess gwg . 3.50 i
refundable deposit on C.0.D. o canceliation charge on f A Fe : 9E2856 102. 3.50
all orders. California residents add 6% sales tax. Prices, ;lee SR Foundation, Box 23429EG. Fort Lauderdale, O 9E28a7 1101 150 1.51
e N s orlda 33307. (] 9£1989 1103 2.95 2.96
terms and specifications subject to change without netice. — [) 9E2853 h zz:zz 3 3.95 3.95
IMSAI FREE Hypnotism. Self-Hypnosis. Sleep Learning Catalog! Bt Mms203 1250 125l
Drawer H400, Ruidoso, New Mexico 88345, 0 9E2854 1702.a 12.s0 1251
. IMS Associates, Inc. AMAZING self-hypnosis record releases fantastic mental $h°"°f wialkmel_d; '“af:,‘ (6]1.7) 2’3"”(;”8%
14860 Wicks Blvd., San Leandro, CA 94577 | power. Instant results! Free trial. Write: Forum (AA9), 333 TG SO B MINIMUM
Phone: (415) 483-2093 North Michlaan. Chicaao 60601. POLY PAKS oroer—se.
138 P.O. BOX 942E LYNNFIELD, MASS. 01940
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LM336K 2.60
(M337k 2.60

LM710CN .90
(LM715CH 3.90

LM105H 12.00
LM105F 18.00

LM308BAHB.00
LM308AM7.00

QUAILITY or PRICE?

- N ANODE
AECTELECTRONIG JESITION _ RDISELANSS= (COMMGNIANODE | aprs CONTINENTAL SPECIALTIES
4 ts ® IMPROVES ENGINE PERFORMANCE | o.00. RED Tso T2 SED Tod e
® INCREASES GAS MILEAGE 3 pes EP1000 15.00 XANS52 SREEN 2.00
® CUTS MAINTENANCE COSTS S pes EP1000 22.50 XANB2  YELLOW  2.00
90 DAY GUARANTEE on Material/Warkmanship Data shest.EP1000 25 oL747 LITROF:"EIé 8 2.50 PROTO BOARDS
ORDERMODEL 12 . ... ...... - . $39.95 - - . Build & test circuits as fast as you think.
If car equipped with Tach, spaclfy make unu maodel LEDs L !
of auto or Model No. of Tach. 125" dia. 160" dia. 200" dia PB6 6 1C cap breadboard kit $15.95
° B PB100 10 IC cap breadboard kit 19.95
MICROHOOK by E-Z HOOK « = PB101 10 14-DIP cap, 5-way post, 940 solderless 29.95
XM-S Micro Hook (1.75* long) Permits hookups to delicate wires |  (@F——=" tie points, 5.8 x 4.5
where wellght'lnd leverage may damage component. Available in 10 L= PB102 12 14-DIP cap., Ilke PB101 with 1,240 tie 39.95
Retma colors: red, black, blue, green, gray, orange, vellow, white 209 RED $.25 216 RED $.25 229 RED $.25 points, 7.0 x 4.5
V101t OF Brown. . . .. . 10 tor $7.95 § 205 veLLow 35 | 216 YELLow 30 | 222 vELLow 30| pg . )
103 24 14-DIP cap., 4 5-way posts, 2,250 tie 59.95
PLESSEY SAMPLER =7 209 GREEN .35 | 216 GREEN .30 | 220 GREEN .30 points. 6.0 % 8.0
300METALIZED CAPACITORS g6 0 * - LOW PROFILE 200 a5 PB104 32 14-01P cap., 3.060 solderless tle points, 79.95
18 DIFFERENT STD. VALUES . 8.0 x 9.76"
L-15 PULSE/SWEEP FUNCTION GENERATOR KIT a T - — LOGIC MONITOR 1 LOGIC MONITOR 2
ATURES: 1 HZ to 100 KHz in 5 ranges, at con- N " Stmuitaneously displays sunci =¥ Automatically and accurately
snm amplitude * Sine and triangle adjustable to | 226 RED $.25 § 5053 RED $.35 | MV50 RED $.30| yng dvnamic logic statss of B3 Ejdisplays static and dynamic
d . ... 20vp-p into 600 ohms ° Sine dlstortion is 5% f 226 YELLOW -50 5053 YELLOwW .40 DTL, TTL, HTL or CMOS states of digital ICs. Selectable
"#¥¥ " | typical + Voltage controlled sweep of sine and trl- | 226 GREEN .20 ] 5053 GREEN .40 DIP ICs. Focket size. $74.95 threshold control . . .$124.95
angle waves + TTL square wave has a fully adjustable | 226 ORANGE .30) 5053 ORANGE .40
g pulse and drives 600 ohms * Freg tes of lower TR TIE O R LOGIC PROBE LP-1
than 1 Hz and greater than 100 kHz are obtalnable ¢« short proof - 5 i i
Small, only 3“H x 6% "W x 4°D. Stato of -the-art dasign| ... $55.00 28321 50 2NB24 .35 2N2218A26 2N2906 19 2N3553 1.80 Compact, elrcuit-powered multifunction logic probe, Muiti-family
IN324 85 2NSIB 40 2N2219 28 2N2906A 20 2NI563 16 | compatablilty. DTL/TTL/HTL/CMOS. Traces Iogic levels and pulses
2400N TTL - 2N404A 50 2NO30 28 2N2219A.36 2N2907 26 2N3565 .18 . Ihroush dluitalclreultry. 44,95
7400 18 7432 .32 7480 80 74136 1.80 74977 .20 | 2NA456 1.30 2N1132 .30 2N2221 .23 2N2907A.26 2N3568 .28 PROTO-CLIP A
7401 20 7433 .44 7482 1.50 74147 1.70 74178 1 40 ] 2N508A .40 2N1302 .50 2N2Z221A26 2N2926 .14 2N3569 .19
7402 18 7437 .36 7483 82 74145 1.20 74179 180 2N555 .60 2N1304 .60 2N2222 .24 2N3053.36 2N3638 18 | For power on/hands oft slgnal wracing. Bring IC leads up
7403 20 7438 35 7485 120 74147 2.00 74180 120 | 2N652A.60 2N1305 .60 2N2222A.26 2N3054 .90 2NI63BA.20 | trom PC board surface for fast trouble-shooting.
7404 21 7439 .36 7486 44 74148 180 74181 3.10 | 2N6812B0 2N1307 65 2N2369 .28 2N3056 94 2N3903 20 | PCI4 1a-pin $4.50
7406 23 7440 20 7489 220 74150 170 74182 1.00 | 2N683 230 2N15441.40 2N2369A 29 2NFI55.50 2N3904 22 | PCI6 16°pin 4.75
7406 30 7441 .90 7493 62 74181 120 74184 2.80 ] 2N697 .25 2N1613 .38 2N24B4 30 2N3392 20 2N3905.20 § PC24 24-pin 8.50
7407 36 7442 .66 7494 B8 74152 120 74185 2.90 ] 2N708 .28 2N1711.40 2N2605.48 2N3393 20 2N3Y06 22 -
7408 28 7443 .78 7495 90 74183 120 74188 5.00 §~;|: .34 2N1693.36 2N2713 .13 2N3394 22 2N4303 .30 SOCKETS & BUS STRIPS
7409 28 7444 105 7496 80 74154 120 74190 1.4 N7118 .60 2N1590.75 2N2904 .36 2N3395 24 2N4416 .89 — n
7410 22 7445108 7497 500 74155 110 7419 1.30 | 2N718 .36 N20502.05 2NZ904A'38 2N3416 30 == :tlyur:sl“r')vwsl:ae'r‘.“gnTpOdtl;;e::ar"tpo.nl:v:\"::’:a‘d:;:g
7411 .26 7446105 74100 120 74156 1.20 74192 1.20 | 2N718A.38 2M21601.50 2M2905 .38 23440 98 EE] s
7412 36 7447 98 74105 90 74157 1.20 74193 1.20 . i, B B s Sl ] = =5;/[l| PN/Description L. Hole-ta-Hole Term'ls Pnce
7413 .54 7448 .98 74107 .40 743158 1.40 74194 1.20 X == QT595 Socker 6.5 6.2 118 2.50
7414 98 7450 .15 74109 .45 74160 1.30 74195 1.00 PLESSEY I — QTS9B Bus 6.5 6.2 20 1250
7416 .42 7451 .16 74110 .80 74161 1.40 74196 1.40 MATSUO POLYESTER QT475 Socket 5.3 5.0 94 10.00
7417 42 7453 18 74111 1.00 74162 1.90 74197 1.40 MKT 160 MINI BOX QT478 Bus 5.3 5.0 16 225
7420 15 7454 18 74116 2.00 74163 1.50 74198 1.40 DIPPED MF Vv MF  V § QT35S Socket 4.1 3.8 70 8.50
7421 (38 7459 25 74118 2.00 74164 1.50 74199 1.40 e 001 1000 .14 .039 250 .15 QT358 Bus a1 38" 12 2.00
7422 60 7460 .19 74121 .60 74165 1.60 74200 7.00 TANTALUM 0012 1000 14 .0a7 250 .15 QT18S Socker 2 2.1 36 FRT
7423 .35 7470 .40 74122 .48 74166 1.60 74221 1.40- 0015 1000 .14 .056 250 .15 QT12S Socket 1.8 15" 24 3.75
7425 .40 7472 .40 74123 .95 74170 2.00 74279 1.20 CAPACITORS (333 1000 114 068 280 18 QT8S Socket 1.4 11 16 3.25
7426 .30 7473 .42 74125 55 74173 1.70 74298 1.80 0022 1000 .14 .082 250 .17 QT7S Socket  1.3" 1.0" 14 3,00
7427 .36 7474 .42 74126 .60 74174 1.20 | . - c -
TR0 (30L partyl 42 g . 0027 1000 .14 .1 100 .97
.70 74128 .60 74175 1.20 MF V S MF V § 0033 1000 .14 .12 100 18 PROTO BOARDS
7430 26 7476 .44 74132 1.60 74176 120 1 35 33 68 16 .40 0039 630 .14 15 100 .20
HIGH SPEED TTL 15 35 33 68 35 .45 0047 630 .14 .18 100 .21 With built-in regulated short-proof power supplies
74HOON .33 74HO8N .40 74H73N .80 74H106N .95 22 35 .33 10.0 16 .42 0066 630 .14 22 100 .23 [ re203 5V, 1 amp regulated power supply $ 75.00
74H04N .33 74HION 33 74H7aN 80 33 35 .33 100 25 .45 .0068 630 .14 .27 100 .26 | PB203A SV, 1 amp and 15V, % amp regulated 120.00
74L500 147 35 33 10.0 35 .90 .0082 630 .14 .33 100 .30 power supply
74LSOON .36 74LS32N .45 74LS112N .58  74LS174N2.20 .68 35 .33 150 20 .45 .01 630 .14 .39 100 .33
74LS02N .36 74LSSIN .39 74LS114N 92 74LS176N2.40 f 1.0 35 .33 150 35 1.32 .012 630 .14 .47 100 .36 DESIGN MATES
74LS04N .44 741S54N 58 74LS138N1.89 74LS181N3.69 f 1.5 35 .40 22.0 16 .45 .015 400 .15 .56 100 .44 E
74LSOSN .45 74LS73N .58 74(S139N2.00 74(S190N2.85 f 2.2 20 .33 33.0 20 1.32 .018 400 5 .68 100 .47 Rﬁﬁ'i?ﬁfihuw mufa:cRGCU;I::EsSIGINEtF(:
74LS0BN .38 74LS74N .56 74LS151N1.68 74LS191N2.85 f 2.2 35 .40 47.0 20 1.53 .022 400 .15 .82 100 .54 ¥ .o 0 o0 cﬂcum fost, i “953‘595
74LS10N .36 74LS76N .65 74LS153N1.80. 74LS193N250 f 3.3 35 .42 68.0 16 1.62 .0272 400 .15 1.0 100 .60 ¢ o
740S20N .34 74LS107N 59 74LS160N3.00 74(S260AJ 44 | 4.7 35 .45 033 250 .15 DESIGN MATE 2. . . FUNCTION GENERATOR
74LS30N .39 74LS109N 92 74LS161N3.00 ts Deslgn Mate 1. Produces clean, ac
SCHOTTKY TTL SGS ATES RHYTHM GENERATORS L e FaT e (N CAtlaSIE T mesaYan feoqTarEy, o
74500 44 74511 74564 .80 74S114 1.20 § Oesigned specifically for electronic organs and other musical Igs(rw $64.95
) 1 ! ment designs. Oetalled appllcztlons book, only . . . 1.95
eod  ESRaiS2D gg Taere  1%e 78138 255 ) M25281AA - 16 PIN DIP — S$15.00. 15 programmable rhythms | DESIGNMATE3. ... .. .. . .R/C BRIDGE
74508 ‘80 74532 80 745112 1.00 745151 2.20 J which cannot be supuimposm, M253BI1AA — 24 PIN DIP — $19.50. | Saves design tims by maasuring ng capacitors and résistors
74510 55 74540 65 745113 1.50 745160 3.90 § 12 Programmable rhythms which can be superimposed. 16.page | 10 better than B% instantlyl . ... .. ... ... ... ... $54.95
745257  2.40 j data sheat for both davices — only $.90. DESIGN MATE 4. . . . . MULTIPURPOSE PULSE GENERATOR
LINEAR-IC's INDUSTRIAL QUALITY COMPONENTS With the preclsion and versstility of a laboratory instrument, ideal
H=TQ-5 N=DIP M=MINI.DIP D=CERDIP K=TO0-3 What is more important? wherever u source of clean, fast output pulses compatible with

.$124.95

virtually alt logle families and discrete clrcults is needed . .

We have decided te offer enly the highest quality|

BREADBOARD JUMPER WIRE KIT

M M. .
VI TSNS SO S VEE IR  components. When quality counts, you can Each kit contalns 350 wires cut to 14
LM301AM 90 LM309K 1.90 LM320.5T2.50 . count on Ancrona different lengths from 0.1 to 5.0°.
LM30TAN 95 LM310H 190 LM32012K290 LM725cD5.008 >ENER Sach ;’g{,’ e """‘y""l """“"“"‘W‘:"’
LM302N 1.80 LM310D 3.50 LM32012T2.5 ™M a r easy Insertion. Wire
T O E Rl O e I AR ) DIODES | EVERYTHING YOU WANT TO KNOW ABOUT longth is classified by color coding,
LM305H 120 LM3110 4.00 LM340-6K2.60 LM733CN 2.00 e BIPOLAR MICROPROCESSORS A wisealAscliditin adf22}osugelvyith
LM305AH1.40 (M311M 1.90 LM3408K2.60 LM7a1CH 50§ 500 MW ~5% | \\ines new leorning ond evaluating Kit, the RVIC, insulation. Tihe 'wires’ come
LM305N 1.40 LM312H 190 LM34G12K2.60 LM741CM .45 V Price | AM2900K 1, opens the door to microprogram- packed in a convenlent plastic box.
LM306H 4.00 LM316H 3.00 LM34016K2.60 LM741CN 82F \\conan 27 22 | ming and operation of blpoiar microprocassors BKY....... ' . $9.95
LM307H .65 LM318H 2.50 LM34018K2.60 LM747CH 1.20 IN§2234B 2.8 .22 |in high-speed digital systems. Using standard IC SOCKETS
LM307M 1.00 LM318M 2.90 LM34024K2.60 LM747CN1.200 \\co5ca Ap 22 | AM2900-family components, this kit lets circuit
LM307N 1.00 LM31ON 350 LMSSSCM .70  LM748CM 958 |N22900 o0 '52 | designers write and execute 32 bit micro-instruc- SOLOERTINIDIP o5
LM308H 1.50 LM324N 240 LMS5SECN1.30 LM3054CN1.Sof (2298 3-8 22 b4\ 0% " ign performance. pipalinad control | WIRE-WRAP GOLO DIP 124 25 100 SOCKETS
LM308D 2.80 LM331N 125 LMS67CM1.70 SGas0IN 2.0 N32278 35 220 0% 7 ows control of “A and "8~ sddressos, 8 .21 .19 .17 TEFLON
IN52298 4.3 .22 | instruction, carry-in and dataIn and shift logic, § FIN 124 25 100 14 .25 .22 .20
cmos INB230B 4.7 22 |which permits logicsl and srithmatic shifts and | 14 .45 .41 .37 16 .28 .25 .23
4000AE .15 4023AE . 4051AE 1.49  4093AE 1.65 | |N52318 5.9 .22 |rotates. Sixteen built-In functlons inan AM2909§ 16 .54 .49 .44 18 34 .31 .28 3PIN 56 EA
G00IAE 23 4024AE 30 40S2AE 1ag  agocer 195§ |n52328 6.6 .22 | seauencer permit control of micro-instruction 22 .37 .36 .35 BPIN 1.10EA
4002AE .24  4025AE .24 4053AE 1.40  4098BAE 1.30 f'|N52338 6.0 .22 ] address selection. AM2900K 1 can slso be,driven 24 47 43 40 | 10PIN 1.40EA
4006AE 1.30 4026AE 1,50 4055AE 1.95 4099AE 2.90f |N52348 6.2 .22 |in resl time by a pulse generator, which lets you SOLDER T GOLD DIP 28 .88 so .70
4007AE .24 4027AE .65 4056AE 1.99 4502AE 1.508 |n52358 6.8 .22 |evaluste components under real canditions. 40 36 1.09 .89 PLASTIC TO5
400BAE 1.15 402BAE .95 4060AE 1.70  45078E .60 ,n52388 7.5 22 | integrated circults, the LEDs, switches, resistors, % 37 343y | 36198.32 86 BPIN 40 EA
4009AE .50  4029AE 1.20 4063AE 2,60  4508BE 2.20 f |Ns2378 82 .22 |decoupling capacitors, PC board and a 114-page
4010AE .50  4030AE .48 4066AE 90  4510AE 1.40 ) \Ns2388 B.7 .22 | manual. {Assemble and add a 5V power supply.) [POWER SUPPLIES — ADTECH
4011AE .24  4033AE 2.00 406BAE .44  45118E 2.00 § N52398 9.1 22 ONLY $289.00 INTERSIL 8038 ut
4012AE 24  4035AE 120 4069AE .44  4512BE 1.30§ |Ns2408 10 22 PRECISIDN WAVEFORM Amps
4013AE .30  4040AE 120 4070BE .60  4514AE 5.000 \N52a18 11 22 WAVEFORM GENERATOR & VCO Lyl
4014AE 1.05 4041AE 125 4071AE .45 4515AE 5.00 8 |Ns2428 12 22 - 5.0
4015AE 1.16  4D42AE 1.00 4072AE .34  4S16AE 1.75| Ns2438 13 22 GENERATOR KIT sttt W= 1.6
4gl!;AE .85 4043AE 95  4073AE .40 4518AE 128 |N5244B 14 22 and triangular wavetorms < } g
4017AE 1.05  4044AE 95 dO75AE .40  4520AE 1.28 001 Hz 10 1 MHz.
401BAE 124  404GAE 310 4076AE 124  4528AE 220 | Incaaas 1o 22] EXAR XR205K -$25.00 Part No. APS28-0.8 | 28 | 08
4019AE .54  4DA7AE 2.00 4077AE .40  4685AE 2.05 ] 3 ; 1
4020A€ 1145  404BAE 143 407BAE 40  4901AE 32| Inoaass 18 22 1 1 - SeS8CCr OIS0 92 AR Led S 5
4021AE 1.30 AD49AE 5 7 - Here's a highly vérsatile lab | APS12-4 12 4
E -58 0B1BE .40 4911AE .32 |Ns2498 19 .22 . . HYBRID POWER APS15.3 15 3 |s48.48
4022AE 1.05  40S0AE .58 4082AE .39 i instrument at a fraction of "
IN5260B 20 .22 o) AMPLIFIERS APS24.2.2 | 24 | 2.2
- . INS2618 22 .22 the cost of conventional APS28-2 28 2
NEW FROM verowirg® WIRING SYSTEM INo2s2s 2 gg unit. Kit includes 2 XR205 { s).10106 10w s6.a0 |ApPss.io | 5 | 10
WIRING PEN — The wiring pan with sslf-contained spool IN52848 27 22 €. dmailapoleations; BC, §,S1:1020608 - 20w 8100 pABSZIH | 320 BT by
of polyurethane lacquer Insulated copper wire Is IN52568 28 .22 board fetched and drilied, § 3!-1930G SOV 15700 Maesaate | | 24 S g
used to route and wrap onto component INS2558 30 .22 ready for assembly} and g:':oggc 55%“ 24'90 APS28.-4 28 4
leads, terminal pin, etc. Connections IN52578 33 .22 ilad i ? 20 24.90 APs284 .28 1 4 L -
detailed instructions.
sre complated by soldering which INB268B 36 22
melts insuiation & at the i o a2 XR FUNCTION GENERATOR KIT ... SPECIAL
same time makes Wirin on - - - .
Permansnt sor with unique into | INS3618 47 23 | CAREON FILM RESISTORS. . WATT s | UZTI0NE Courie mone JZR0LL, e, sxrernsi
der joint. gral spring wire clamp for § |N52628 51 22 | 139 STANOARD VALUES-$1.69 per 100§ 5414 & gssembly instr. manuai. components for PC board.
wire retention advancement & | |NS2638 56 .22 10 ohm to 10 megohms — only in $16.95 6
retraction. With spoot. .$7.99 each. | \N5264B 60 .22 multiples of 100 per value
IN52658 62 .22
| (“,?.?'T'ON;“, ‘g\l‘:RAEWSGPOPLS = packag«; of 2 § {N5266B 68 .22 SPDT MINIA]’URE TOGGLE SWITCH CMOS/LSI
spools maeaters) o wire. . . . . . . 5V .5 N,
PND2678) 70) 2281050 A & ol A Ratlng, FROM STANDARD MICROSYSTEMS
Prices effactive through September 30, 1976 PLEASE VISIT OUR ELECTRONIC STORES coM2502 UART — Ceramic $13.20
Minimum order $10.00. Add $1.00 to cover postage and hand!ing, ARIZONA 4518 E. Broadway COM2502P UART — Plastic 8.00
California residents add 6% sales tax. Tucson, AZ 85711 COM 2502H UART — Cer High Speed 14.20
COM2502HP UART - Plastic High Speed 9.00
CANADA oo Fraser S w2za | COM2017 UART — Ceramic 1320
CALIFORNIA 11080 Jeffarson Blvd | [S0M208 75 UABINS Rlastic ;00
LLOB0 dttareon S COM2017H UART — Cer High Speed 1420
] COM2017HP UART — Piastic High Spead 9.00
1300 €. Edingor Acenue COM2601 USRT 30,00
Mail Order — Send check or money order to: Santa Ana,CA 92705 COM5016 Oual Baud Rate Gen 12.00
P.0. Box 2208P, Culver City, CA 90230 GEORGIA 3330 Pledmont Hd N.E. COMS016T Dual Baud Rate Gen 11.70
Phone Order — Call: {213} 641-4064 - Atlanta, GA 303 KR2376ST Keyboard Encoder ROM 20.00
COD & BankAmericard Welcomed 1 { OREGON 1125 N.E. 82nd Avgnue NMX501Q 10-Channel Multiplexer 12.00
{Stores do not accept mail orders or phone ordets) fpntland 'GMI72)
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INTEL 8080 CPU $29.50 INTED CIRCUIT BOARD TANTULUM CAPACITORS Full Wave Bridges
2618 HEX 32 BIT SR $6.00 4112 INGLE SIDED EPOXY 10 POWER AM
210211 1024 BT RAM S 2.60 BOARD 1/16" thick. unntched o S O e A Siﬁﬁﬁ‘,'ﬁ%ﬁ‘vﬁﬂ?ﬁ o S E&,
5280I4K DYNAMIC RAM Si2.50 $.80 ea. 5/52.20 68UF 35V 5/$1.00  33UF 35V 5 40 Si 1020 G 20 WATTS. ... 81395
52024 UV PROM S1a VECTORIBORRO TESRACING 1UF 35V 6/S1.00  30UT 6V  6/51.00 Si 1050 G 50 WATTS 52495
MM5203 UV PROM 1250 45" x 6" SHEET $1.50 33UF A5V /8100 47UF 35V 5 0 —— =
LI02A VN ERON S0 47UF 35V 4/S100 100UF 35V S 50 PRY 24 6a 26A
5204.4K PROM $24.95 ' 150UF 15V § 40 200 95 125 2.00
NIATURE MULTI TURN TRIM POT 7 T CLOCK.CHIT . $578
’|\A0|0 SAOOUSK lozL")OKU 200K ors 2N 3820 P FET . $ .45 CT7001 ALARM CLOCK CHIP ... §575 400 |.:|!5 :?’g 338
STogach . . 3/52.00 25457 MIKET S NATIONAL MOS DEVICES C0110 LINEAR 266 X1 BiT SELF
WOUTT TURN TRIM POTS Simiiar 10 Bourns 2N 4891 LT, s .45 MM1402- 2.00 MMB057 - 2.25 SCANNING CHARGED COUPLED
3010 style 3/16"x6/8"x1-1/4"; 50, 100, TI$ 43 WIT S .35 MM1403- 2.00 MMS5058.- 2.76 DEVISE $99.00
1K_ 10K, 50K ohms €R 900 TRIGGER DIODES 415100 MAZ008 2125 soree v EVISE oo cc. . mooss 599:00.
i_:é:%ez_A AT SCR -3/34.00 2N G028 PROG. UJT $ 85 MMS013-- 4.00 MM5061 ?f;g LINEAR CIRCUITS
C s M a A 5
TO-18.200V 1A s 175 Trisbond A eiio 017 2.70 M55 475 72340 + 40V\ REGULATOR | & 5
s ard 15 3 1ngle siae aper e ny 25 MM 1.95 |
TRANSISTOR SPECIALS bourd. 4%°x6%" DRILLED and ETCHED Misoss 228 wmeso 295 32075, 12,15, O 240" 2
2N3585 NPN i TO 66 $ 95 which will hold up 10 21 single 14 pin IC's NEGATIVE REG $1.50
2N3772 NPN Si TO-3 . $ 1.60 or 8, 16. or LSI DIP IC's with busses for TTL IC SERIES 741A o 741C OP AMP. s 31
2N4908 PNP Si TO-3 $ 1.00 power supply connegior. .. $4.00 74L00-- 25 7442. 55 74126~ 60 710 COMPARATOR s 35
INGOSS NPN Si TO-3 Darhngton . S 1.30 MV 5691 YELLOWGREEN 7800- 18 7445 35 74150 1.00 307 OP AMP s 31
32698 PP TO 65 - MT2HOTO TRANS 560 Mol- Js Jue- w0 TNE % 34075, 6 B 12,05, 1828008 -
2N404 PNP GE TO.5 /5 1.00 REO, YELLOW, GREEN OR B e %9 a5 s REG. T0.220° .. $1.50
2N3919 NPN S TO-3 RF .S 150 AMBER LARGE LED's e § 20 Ja0a. 18 vara a6 74155- 100 101 OPER. AMP. HI PERFORM. . . § .75
MPSA 13 NPN S TO-92 3/8 1.00 14 PIN DIP SOCKETS . . $ 25 7405 -I8 7473 '37 74167 75 LM 308 Oper. Amp.. Low Power s 95
2N3767 NPN Si TO 66 ./: 70 16 PIN DIP SOCKETS $ 28 7406 .35 2474 32 74161 100 747 — OQUAL 741 $ 65
N2222 NPN S 7018 /S 1.00 MOLEX PINS 100/$1.00 : ; 74164- 1,05 556 — OUAL TIMER $1.00
7407- 33 7475 50 - :
2N3055 NPN Si 7O-3 ..$ 80 1000/ $8.00 y 74165 1.05 537 - PRECISION OP. AMP. 1.70
2N3304 NPN S 092 5/$ 1.00 8PINMINIOIP SOCKETS .. ... . § 26 R e s 32 a17aa3s LM 3900 - QUAD OP. AMP R
ZNSone s TT%%zzo 52 T VOWATT ZENERS 3.9, 4.7.6.6.8.2, 12,15 7410 15 T e 7a7a 120 LM 324 — QUAD 741 $1.50
i TO- . 18 OR 22V. 100, 150, 200 s 60 28 74175 95 560 — PHASE LOCK LOOP ]
N6 109 PP Si 10-220. s 55 e or e il SO D, L JaBS B Jar77-100 561 - PHASE LOCK LOOP &S00
gxgggg NP:r:ss. T‘%SSRF '512 . (7)3 18 OR 22V es. S .25 7413- .45 7a489. 200 74180 1.00 565 PHASEOLOGCEK LOOP $1.25
i TO- : ! : 566 FUNCTION GEN, _ . .
2NG517 NPN TO-92 5 3/8 1.00 Silicon Power Rectifier IRKE < L Tieoialis 567 - TONE DECODER i
M 3 Co 74191- 1.10 LM 1310N FM STEREQ DEMOD. . $2.75
CIMOS(DIODEICEAMEED) PRV 1A 3A 12A  50A 1254 Tave. e l4o- 49 Siie2- 85 8038 IC VOLTAGE CONT. OSC. . $3.90
O 8 A 8 00] agaomiae 100 06 14 30 80 370 126 38 je33- 29 4103 85 LM370 - AGC SOUELCH AMP. . s1.15
2001 19 4018 120  4047. 180 200 07 20 35 115 425 7427- 28 7495. 80 74194 1.26 656 - 2ps — 2 HR. TIMER. . . . § 48
4002- 22 4019~ 50 4049 S0 400 09 25 50 140 650 7430- 16 7406 73 74195 .74 S5JOUAD, TIMER - .- 8250
4006- 120 4022-1.00 4050 50 600 1130 70 180 850 7432 30 74107 34 7419610 D T SaLATOR $ 80
4007. 22 4023 25 4055 175 800 .16 .35 90 230 _10.50 M3 27 3 Lot T 3a0 T SWIA DTS i 5150
2009574024 20e5- .20 20 275 Jaso. 23 ;- L0 1 so LM 377 - 2W Stereo Audio Amp. . $2.50
4010- 47  4025- 22 4071 40 S all Tams- B0 i 6o LM 381 - STEREO PREAMP 3180
48 4077 i : 4
e S T ool el s SILICON SOLAR CELLS L LM 382 - DUAL AUOIO PREAMP  §1.50
4013~ 30 4029-100 4076- 120 W o MINIATURE DIP SWITCHES LM 311 - HI PER. COMPARATOR S .90
: 2%"" diameter LM 319 - Dual Hi Speed Comp. . . $1.25
CTS:2064 Four SPST switches e e R e
5V at 500 ma. . . . .$5.00 ea., 6/$27.50 in one minidip package. $1.50 .
$1.75 CTS:206.8 Eight SPST switches in a 16
$1.40 REGULATED MODULAR pin DIP package 52.55
S$1.25 :
$1.35 ‘svogi)T\A‘IEoF'%mSUPPLIES AY:5 1013 A30K ser /nar.. par./ser.. uni e - E
, e o versal UART $8.50 100 40 70 :3(5) .gg ._38 77
Seri! 25¢ for o catalog featuring 5VDC AT 1A. 116VAC INPUT . . . $24.95 ALCO MINIATURE TOGGLE SWITCHES ; : ? 60 .JO L,
Transistors and Rectifiers 12 VDC AT 54 . $24.95 MTA 106 SPDT $1.90 1.10 1.00 1.20 2.20
145 Hamgshire St., Cambridge, Mass. INA14B(INO14] ... 16/51 00 MTA 206 OPDT L .$1.70 600 1.70

Terms: FOB Cambridge, Mass. SO L D STATE SA LES

Send Check or Monay Order,
Include Postage, Minimum P.O. BOX 74A

Order $5.00, COD'S $20.00

SOMERVILLE, MASS. 02143 TEL. (617) 547-4005

WE SHIP OVER 95%
OF OUR ORDERS THE
DAY WE RECEIVE THEM

' WORLD’S SMALLEST
f RECHARGEABLE
 CALCULATOR$19.95!

Does Everything Big Ones Do

Small but mighty! 8-digit, 4-function

electronic calculator even has automatic % key . . . for only $19.95. Take it any-
where. Carry it in your pocket or purse — it's 24 the size of a pack of cigarettes.
This 3% -ounce dynamo features floating decimal, constant key, lead zero depres-
sion, clear entry, more! At Edmund’s low price, the unit comes with a Ni-Cad
rechargeable battery pack that can plug into any AC outiet. No need for special
recharging adapters. Calculator overall is just 2 x 3%2 x ¥%,” with plenty of room
for most fingers. Another Edmund first with advanced technology. 319 95
. ppd.

GIANT FREE
CATALOG!

NEW 164 Pages

Over 4.500 Un-
usual Bargains
for Hobbyists.
Schoo!s. Industry

= JUST CHECK
.E‘ COUPON!
EDMUND
SCIENTIFIC cCO.
300 EDSCORP BUILDING
Barrington, N. ). 08007
(609) 547-3488
America’s Greatest

Science - Optics - Hobby Mart
140

STOCK NO. 1945AV...... Only

COMPLETE AND MAIL COUPON NOW

EDMUND SCIENTIFIC CO. 300 Edscorp Bidg., Barrington, N. ). 08007
—

(' SEND FREE mmmm —ELECTRONIC CALCULATOR(S)
164 PAGE CATALOG "AV'

Charge my BankAmericard @ $19.95 ea. (N01945AV) §
Ui Charge my Master Charge  Service and handling charge $____$1.00

Interbank No__ Encloseds
[Dcheck, [ymoo. in amount of §

Send me:

Card No —e
l Expiralion Date___ Signature
30-DAY MONEY-BACK GUAR-  name
| ANTEE. You must be satis- Please print

fied or return any purchase Address
in 30 days for {full refund.

City State. Zip
e —n —— — e G s T S S WD e =S e

HELPING TO DEVELOP AMERICA'S TECHNOLOGY FOR OVER 30 YEARS.
CIRCLE NO. 27 ON FREE INFORMATION CARD

r

AmericanRadioHistorv. Com

BOOKS AND MAGAZINES

F?EE_book p_ro-phe( Elijah coming before Christ. Wonderful
bible evidence. Megiddo Mission, Dept. 64, 481 Thurston
Rd., Rochester, N.Y. 14619.

FREE CATALOG. Aviation and Space Books. Asro Pub-
lishers, 329PE West Aviation, Fallbrook, California 92028.
THE AUDIO AMATEUR—A quarterly publication for the
serious audio constructor. Free prospectus. The Audio
Amateur, Box_176_ZL querborough. N.H. 03458.

AVOID Speeding Tickets. Comprehensive booklet on de-
fensive driving tactics showing countermeasures. Covers
Radar and Vascar. Don't fall prey to the speed trap. $2.25
plus 30 cents shipping. Booklet, 6728 Harvest Glen, Dallas,
Texas 75248.
CRIMEFIGHTERS! SHOPLIFTING! LOCKPICKING! DE-
BUGGING! Ait 3 books for only $5.00. Don-Q, 548-PE,
Seattie, Washington 98111.

BACK ISSUE MAGAZINES. 1890 to 1976. Free list. Send
stamped envelope to Everybody's Bookshelf, Dept. PE, 317
Waest 6th, Los Angeles, CA 90014,

ELECTRONIC SURVEILLANCE — Technology report
based on government sponsored project. All telephone,
laser, radio devices and debugging detectors, jammers,
etc. described, Exclusive by original authors. 180 pages, il-
lustrated — $35.00. AASD, Suite 511, 1730 M Street, N, W.
Washington, D.C. 20036.

PERSONALS

MAKE FRIENDS WORLDWIDE through international
correspondence. lllustrated brochure free. Hermes-Verlag,
Box 110660/Z, D-1000 Berlin 11, Germany..

Ph.D'S, MASTER'S, BACHELOR'S — official nonresident
College Degrees easlly acquired through mailorder Uni-
versities. Complete Revealing Directory — $2. Counseling
Connection. 5495 Claremont. No. BPE. Oakland. CA 94618.

MUSICAL INSTRUMENTS

UP TO 60% DISCOUNT._Na;e brand instruments catalog.
Freeport Music, 114 G. Mahan St., W. Babylon, N.Y. 11704,
WHOLESALE! Professional Guitars, PA Systems, Altec
Speakers, 240W RMS Amplifiers. Free Catalog, Carvin,
Escondido, Calif. 92028.

POPULAR ELECTRONICS
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PRO SPORTS ACTION FiLMS

START YOUR SPORTS FILM COLLECTION with '76 Super
Bowl X (Steelers/Cowboys) or ‘75 IX (Steelers/Vikings);
Super 8 Color, 200’ reel, $19.95 ea; BAW, $8.95 ea + ship-
ping. Include 1974 & ‘75 World Series, official films; 200’
Super 8 B&W, $8.95 ea; Color, $19.95 ea (add $0.85 per film
for shipping — Canada, $1.25 ea). Round out your collec-
tion with '76 & ‘75 Stanley Cup (Canadiens/Flyers),
(FlyersAsianders), each 400° Mag Sound Super 8 Color,
only $49.95 ea + $1.50 Postage, Handling. (Super 8 200"
silents aiso available.) New Castle, Columbia catalogs,
$0.50 each; Sportlite, $0.25 (coins, stamps, no checks, pls).
SPORTLITE, Elect-9, Box 24-500, Speedway, IN 46224,

BUSINESS OPPORTUNITIES

| MADE $40,000.00 Year by Mailorder! Helped others make
money! Free Proof. Torrey, Box 318-NN, Ypsilanti,
Michigan 48197.

FREE CATALOGS. Repair air conditioning, refrigeration.
Tools, supplies, full instructions. Doolin, 2016 Canton,
Dallas, Texas 75201.

MAILORDER MILLIONAIRE helps beginners make $500
weekly. Free report reveals secret plan! Executive (1K9),
333 North Michigan, Chicago 60601.

PIANO TUNING LEARNED QUICKLY AT HOME! Musical
knowledge unnecessary. Free Information. Empire
School, Box 450327, Miami 33145,

GET RICH with Secret Law that smashes debts and brings
you $500 to $5 Million cash. Free report! Credit 4K9, 333
North Michigan, Chicago 60601.

srormase  ONE-MAN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings
facts about this unusual opportunity. Write today!
Barta- PI, Box 248, Walnut Creek, CA 94597.

FREE SECRET BOOK ""2042 UNIQUE, Proven Enterprises’
Fabulous "Little Knowns'". Work home ! Haylings-B, Carls-
bad, Calif. 92008.

$178 WEEKLY, Work one hour daily. Completely Guaran-
teed. Free. FAS, Box 13703-R, San Antonio, Texas 78213.
HOW TO MAKE $2.000 WEEKLY at home using other peo-
ple’s money. Guaranteed. Free details. Richlieu, Box
25277, Dept. F9, Houston, Texas 77005.

FREE DETAILS on how to borrow $300-$3,000 entirely by
mail. Write Posta) Finance, Dept 613-07, 6018 Maple,
Omanha, Nebraska 67104.

HOW TO SAVE Thousands of Dollars & Taxes! Call Free
(any time) 800-325-6400 or write Fast Incorporating Ser-
vice, Box 684, Lakewood, N.J. 08701.

CASH WITH YOUR CAMERA! Earn $5000-$15,000 yearly
selling to 4,000 clients. Details 25 cents. Pictureprofits, Box
171-PE, Isiand Park, N.Y. 11558.

FOR SALE—Eighty-year-old man retiring next January.
Manhattan Mail-Order/Retail Store. Electronic hobby kits,
gadgets, and parts. Incorporated 1962. References
exchanged. Box 553, Church St. Station, New York City
10008.

$2,000 MONTHLY by mailorder . .. evenings. Free Details.
Alex D. Enterprisas, 230 Rio Verde S1., Daly City, CA 94014,

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUN-
ITIES. Report on jobs now open. Details FREE. Aviation
Employment Information Service, Box 240E, Northport,
New York 11768,

SOLID STATE AUDIO/TV Techs needed. Resume to: Glen-
tronics, Inc., Box 6-L Sunny isle, St. Croix, U.S. Virgin
Islands 00820.

TREASURE FINDERS

TREASURE FINDER locates buried gold, silver, coins,
treasures. 6 powerful models. Instant financing available.
Write or call for free catalog. Phone (713) 682-2728 day or
night. Reico, Dept. AA20, Box 10839, Houston, Texas
77018.

DISCOVER true treasure hunting with worid-famous deep-
detecting mineral/metal detectors from White's! Locate
gold, silver, rings, coins, artifacts and more! Sold,
serviced, warehoused world wide. Priced from $79.50. Free
Catalog! White's Electronics, Dept. PD6W, 1011 Pleasant
Valley Rd.. Sweet Home, OR 97386.

RUBBER STAMPS

LOGIC PROBE KIT-Use with CMOS. TTL, DTL, RTL. HTL, HiNIL and
most MO IC’s. Built-in protection sganst polarity reversal and overvolttage,
Draws only & tew mA from circuit undes test. Dusl LED readout. Complete
kit includcs case and clip leads. $8.95

VARIABLE REGULATED POWER SUPPLY KIT ~Contiuously vari-
able from 3 to over 15 Volts. Shortcircuit prool with electronic current lim-
iting at 3CD mA. Compact size and typical reguiation of 0.1% make this a grlll
beach or lab power supply. m

FIXEO REGULATEO POWER SUPPLY KITS-Short-circuit proof with
thermal current imiting. Compact size and typical regulstion of 0.5% make
these wdezl for most electronic projects. Avsilable tor 5V @ 500mA, 6V @
SO0mA, SV @ S00mA, 12V @ 400mA, 15V @ 300mA. Specily voltage when
ordering. $8.95 ea.

These eas\ -to-assemble kits include all components, complete detailed instruc.

tions and plated fiberglass PC boards. Power supply kits do not include case or
meters, Asld $1.25 per kit for postage and handling.

TRANSISTORS (NPN)

2N918 TYPE RF Amp & Oscillator to 1 GHz 3/$1.00
2N13563 TYPE RF Amp & Osc to 1 GHz (pl. 2N918} 6/$1.00
2N3565 TYPE Gen. Purpose Gain (T0-92/106) 6/81.00
2N3866 TYPE RF Power Amp 1.5 W @ 450 MHz $0.75
2N3904 TYPE GP Amp & Sw to 100 mA hFE 100 6/$1.00
Assort. NPN GP TYPES, e.g. 2N1694, 2N3903, stc. (15) $2.00
2N3638 TYPE (PNP) GP Amp & Sw to 300 mA 6/$1.00
2N3906 TYPE (PNP) GP Amp & Sw to 30 MHz 6/$1.00
FET's:

N-CHANREL (LOW-NOISE}

2M4091 TYPE RF Amp & Switch (T0-18/106)
2N4416 TYPE RF Amplifisr to 450 MHz (T0-72)
2N5163 TYPE Gen. Purpose Amp & Sw (T0-106)
2N5486 TYPE RF Amp to 450 MHz (plastic 2N4416)}
E100 TYRE Low-Cost Audio Amplifier

ITE4868 T YPE Ultra-Low Noise Audio Amp

TIS74 TYPE High-Speed Switch 4052 3/3‘ 00
Assort, RF & GP FET's, e.9. 2N5163, MPF102, etc. (8) $2.00
P-CHANNEL :
2N436D TYPE Gan. Purpose Amp & Sw (T0-106) 3/51.00
E175 TYRE High-Speed Switch 12502 (T0-106) 3/$1.00
SUPER SPECIALS:
2N222Z NPN TRANSISTOR GP Amp & Switch 6/$1.00
2N2907 PNP TRANSISTOR GP Amp & Switch 6/81.00
2N1553 RF Power Amp 5 W @ 150 MHz, 7 W @ 50 MHz $1.50
MPF 102 N-CHANNEL FET RF Amp-200 MHz 3/51.00
§56 OUAL 555 TIMER 1 stsec to 1 hour (OIP) $0.90
723 VOLT. REGULATOR 3-30 V @ 1-200 mA (DIP/T0-5) 3/51.00
2740 FET Op Amp, Liks NE536 and uA740 (T0.5) $1.95
p#A7805 VOLTAGE REGULATORS V@1 A (T0-220) $1.26
8038 WAVEFORM GENERATOR A Wave w/ckts $4.50
1N4154 DIODE 30 V/10mA-1N914 except 30V 25/$1.00
BR1BRIDGE RECTIFIER 50 V PIV, 500 mA (DIP) 4/$1.00
MM5318 DIGITAL CLOCK CHIP With Specs/Schematics $4.95
LINEAR IC's:
308 Micro-Power 0p Amp (TO-5MINI-0IP) $1.00
309K Voltags Regulstor SV @ 1 A (T70-3) $1.26
324 Quad 741 0p Amp, Compensated {DIP) $1.50
340T Valt, Reg..1 Amp-Specify S, 6, 12,15 or 24 V-w/ckts $1.75
380 2.5 Watt Audio Amplifier 34 dB (DIP) $1.29
6§55 Timer 1 s to 1 hr. NESSS, LMS5S, stc. (MIN).DIP) 2/$1.00
709 Popular Op Amp (0IP/T0-5) $0.29
739 Oual Low-Noise Audio Preamp/0p Amp (DIP) $1.00
1458 Dual 741 0p Amp (MINI-DIP) 2/$1.00
741 Freq_Comp. Op Amp (O1P/T0.5MINI.DIP) 4/$1.00
OI00ES:
ZENERS~Specify Voltage 3.3, 3.9,4.3,5.1,6.8, 8.2 400mw 4/$1.00
9.1,10,12, 15, 16, 18, 20, 22, 24, 27,0r 33V {£10%)} 1 Watt 3/$1.00
1N914 or 1N4148 TYPE General Purpose 100V/10mA 15/$1.00
1N3891 TYPE RECTIFIER Stud Mount 400 V/12 A 8100
05 VARACTOR 5-50 W Output @ 30-250 MHz, 7-70 pF $5.00
£7 VARACTOR 1-3 W Output @ 100-500 MHz, 5-30 pF s1.00

*MAIL NOW! FREE DATA SHEETS supplied wilh every item {rom this ad.
FREE ON REQUEST -741 Op Amp with every order of $5 or more— 749 Dual
Amp ot two E100 FET’s with every order of $10 or more, posimarked
prior to %30/76. One (ree item pes order.
ORDER TODAY --Ail items subject 10 prior sale and prices subject 10 change
without rotice. All items are new surplus parts—100% functionally tested.
WRITE FOR FREE CATALOG #7510 otfering over 350 semiconductors car-
riad an stark. Send 13¢ stamp,
TERMS: 3end check o1 money order (U.S. tunds) with order. We pay 15t Class
postage to U.S , Canada and Mexico (except on kits) $1.00 handling charge on
orders under $10. Calif. ressdents add 6% sales tax. Foreign orders add postage.
COD orders—sdd $1.00 service charge.

ADVA ...

BOX 4181 CB, WOODSIDE, CA 94062
Tel. (415) 851-0455

CIRCLE NO. 2 ON FREE INFORMATION CARO

MAGNETS

MAGNETS. All types. Specials-20 disc. or 10 bar, or 2 stick
or 8 assorted magnets, $1.00. Magnets, Box 192-H Ran-
dalistown, Maryland 21133.

REAL ESTATE

BIG...NEW.. .FALL CATALOG...FREE! Over 2,600 top
values coast to coastl UNITED FARM AGENCY, 612-EP,
West 47th, Kansas City, MO 64112.

SHORT WAVE LISTENING

LOGBOOK. 28 pages, use hourly or consecutively. $1.25.
Books, Accessories. SWL Guide, 414 Newcastie, Syracuse,
New York 13219.

MISCELLANEOUS

RUBBER ADDRESS STAMPS. Free Catalog. 45 type styles.
Jackson's, Dept. K, Brownsville Rd., Mt. Vernon, I1i. 62864.

AmericanRadioHisten-Com—

WINEMAKERS: Free illustrated catalog yeasts, equipment,
Semplex. Box 12276P, Minneapolis, Minn. 55412.
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LIVE IN THE WORLD
OF TOMORROW...TODAY!

And our FREE 164 PAGE CATALOG is packed with
exciting and unusual values in electronic, hobby
and science items — plus 4,500 finds for fun, study
or profit . . . for every member of the family.

A BETTER LIFE
STARTS HERE

OUR MYSTICAL
MUSICAL MACHINE

. . .gets it on! Fascinates with an automatic 256-
note pseudo-random tone pattern. The controls
let you adjust beat, volume & pitch, Finger its 3
photocelis, and you creatively vary the tone of its
continuous 'music”. Output jack permits a
patch-in to guitar or band amplifier for some really wild effects. Jack it into your
stereo {use an external amplifier), or recorder for a great tape. Good executive toy?
You bet! Incls. 9V tr. batt., instrs. Just 1.3 ib.

No. 72,203AV (9316x5% %3 A8") ... iiiieiiien i, $59.95 Ppd.

SUPER POWER FOR
ANY AM RADIO

New antenna assist turns a tiny transistorinto a
tiger. has pulled in stations up to 1000° miles
away! Just set beside radio (no wires, clips,
grounding} and fine-tune Select-A-Tenna's dial
to same frequency “‘gangbusters’"!
Great for clearing weak signals in radio depressed areas, off-coast islands.
crowded frequency stations. Solid state—uses no electricity, batts., tubes.

Stock No. 72,0854V . ... ... .. i $15.95 Ppd.
ULTRA SELECT-A-TENNA
No. 72,147AV (*OVER 1000 ML) ... ... ... ..ooiiiiiiiiinin.., $22.95 Ppd.

00 00000 OO OOOOOOOOONEGE O TG

NASA-CHOSEN FOR A
APOLLO/SOYUZ W

157 mi. out in space, the Astronauts used this & .
super 20x60 binocular {(modified) to view Earth! £

Our biggest, most powerful for distance. Far-off %"
objects come in big, clear & sharp to the edge y
through big 60mm objective lenses; 173-ft. field - -
of view at 1000 yds. Relative brightness, 9.0. Fully coated optics; 20X spcl design
eye lenses. Coated BK-7 Porro prism. Extra long All-American style with fold-down
rubber eyecups. Includes case & straps.

No. 1556AV . .. (9% x8Y2747.502.) .........iiiiiiiininn..s $99.95 Ppd.
No, 1559AV .. . (4¥2xB¥a"; 1902.) ... iviiiiiiiiriiiiiaannnnnsn $27.50 Ppd.

0 3300000000000 0002000c¢

PRO ELECTRONIC
SOUND CATCHER

Parabolic mike w/ 18%" transparent reflecting
shield & 2 I.C.’s in ampilifier magnifies signals
100x that of omni-direction mikes. Catch sounds
never before heard! Highest signal to noise ratio
poss. Earphones, tape recorder output, tripod
socket; req. two 9v trans, batt. {not incl).

WHEN YOU COME TO PHILADELPHIA BE SURE 70 SEE (VY
FREE BICENTENNIAL LIGHT SHOW &3

EDMUND FACTORY STORE

4Ya" ASTRONOMICAL
TELESCOPE

FREE EYEPIECE: 12.5mm F.L., 96X w/ 48" F.L.
Objective

See moon craters, rings of Saturn, double stars.
Features fine /10 mirror* (verified better than
1/10 wave with a scatter plate interferometer) to
. insure performance to theoretical limit of resolu-
tion. Equatorial mount; rack & pinion focusing; aluminum tube, 6X finder, 25mm
F.L. 45X Kellner achromatic eyepiece & Barlow lens.to double and triple power to
135X. Incls FREE Star Chart plus 2 Books. *Pyrex.F.

No., 85,260AV (SHPG, WT. 42 LB.) ........coovvinnennniniininnnnnn $159.50 FOB
No. B5,261AV (CLOCK DR.; 45LB.) .........ovvvrnnrnnnnns Fhare $199.50 FOB

MEASURE WIND
SPEED ANYWHERE

Hold this handy (16 oz.!) low cost Anemometer into
the wind, quickly read wind speed on its blg dial—
from a 5 mph to a 70 mph gale. Sensitive, accurate to
+ 3% of full scale (2.1 mph), it req. no batts., electri-
cal circuits, adjustments or recalibration. Fine qual-
ity unit of black piastic w/ all critical moving parts of
marine bronze and brass, is always ready to use.
Great for golf, boating, flying . . . and a terrific value.
Includes security strap.

(\
J

No. 42,428AV (712" HIGH) .. $19.95 Ppd.
0000009000000 0000000000

ELECTRONIC DIGITAL
STOPWATCH: $49.95

The price alone obsoletes your wind-up timer and
it's £0.002% accurate! Hand-held, you start,
stop, reset compact 6-ouncer w/one hand; times
to 59mins, 59.9secs in 1/10increments. Failsafe

f design (cannot be accidentally reset), solid-state

electronics! Incls neckstrap, repl. batts,

No. 1671AV (5-DIGIT LED DISPLAY) .. ... .o.uvunriinnninnnnnnannn.., $49.95 Ppd.
SPLIT ACTION W/NICADS, RECHARGER

No. 1669AV (5-DIGIT LED DISPLAY)........oovvurnnninnrninnnnnnnn, $79.95 Ppd.
DELUXE SPLIT ACTION BATTERY MODEL

No. 1653AV(6-DIGIT NEON DISPLAY) ...........covvvnnrnnennn..., $149.95 Ppd.

LOW COST
INFRA-RED VIEWER

For Infra-red crime detection surveillance, sec-
urity system alignment, |I.R. detection, laser
checking, nite wildlife study, any work req. I.R.
detection & conv. to visible spectrum. Self cont.

- scope w/ everythin}% incl I.R. light source. 6v or
] " 12v power, 6032 I.R. converter tube, /3.5 objec-
tive lens, adjust. triplet eyepiece. Provides 1.6X, focuses from 10' to infinity.
NO., UBSGAV (11 X0,.8Y2 X 3%) pwrwwrys prrimiciso smp o 5055 i Bt 2 ' $285.00 Ppd.
WITHOUT LIGHT SOURCE
NO: VBB IAV . .. Il ¥ bk Kl s ik iy AL A A A S inse Bass) $225.00 Ppd.

A~ 7 WOW!TR

METAL DETECTOR: $69.95

Super-sensitive transmitter/receiver unit at a
never-before price, w/feats. of $1509tspes. Ter-
rific selectivity —10-turn (not just 90°) metal/
mineral tuner! 6" waterproof search coil find a
cent at 6"; telescoping adjust. shaft gives 44"

Brdsd 1

3 Igth.; Ya” stereo earphone jack; all metal constr.
No. 1649AV'. . . (5% LB) qmsdmsdvds morinams b beodSh e b iod e Al - $299.00 Ppd. Perfect balance & feather light, it incls 8 "AA" batteries. Lifetime warranty!
LOW COST MOOEL: NO EARPHONES, ELECTR. CIRC. No. 80,251TAV (JUST 38 0Z.Y) cus sususin sanstwossamerisnsms & i samns - 69.95 Ppd.
NO LEE DAV, ¢ b iy 's ol ot Y bl s ik s deeri S AN B A @ P b B0 - $149.95 Ppd. STARTERS' BFO CHALLENGER | (32 0Z.)
LOWER SENSITIVITY ECON. MOD. W/0 ELECTR. No. 80,222AV (ALUMINUM CONSTR.) ... ..ivivinvnvnnaninearonannn $39.95 Ppd.
NO. BO,242AV .. ... $89.50 Ppd.
MAIL COUPON FOR COMPLETE & MAIL WITH CHECK OR M.O.

GIANT FREE
CATALOG!

164 PAGES ¢ MORE THAN

o UNUSUAL

.. BARGAINS

| Completely new 1977 edition, New items, categories, illustrations. Dozens
of electricol ond electromagnetic parts, occessories. Enarmous selection of
Astronomical Telescopes. Unique lighting and ecologicol items. Micro-
scopes, Blnoculars, Magnifiers, Magnets, Lenses, Prisms. Hord-to-get-

l surplus borgains. Ingenidus scientific 100ls. 1000°s of components.

' EDMUND SCIENTIFIC CO.
300 Edscorp Building, Barrington, M. ). 08007

Please rush Free Giant Catalog "AV"

EDMUND SCIENTIFIC CO.
How Many Stock No.
CJPLEASE SEND GIANT

FREE CATALOG “AV”
) Charge my BankAmericard
[ Charge my Master Charge *

300 Edscorp Building, Barrington, N.J. 08007
(609) 547-5448 Price Each Total

Description

Add Service and Handling Charge $1.00

Interbank No. —_—
My Card No. Is D:Djm I enclose [Jcheck (Jmoney arder for TOTAL  |$
[ I I | I l ] I I I ] l l Signature o

Card Expiration Date_______

I"""*. 30-DAY MONEY-BACK GUARANTEE. Name
Address You must be satistied or return address
| oy stote o any purchase in 30 days for full

refund.

e e e e i o T i e M

*$15.00 minimum__ City State Zip
— e ey i T
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What is your first component?

Is it your receiver? Your Turntable? Your speakers?

We have become convinced that it really is your phona cartridge,
even though we have been modestly advertising it for the past few
years as your fourth.
Let's face i, the cartridge /s that important first point where the
music begirs, and if the stylus cannot follow its path accurately. no
amount of expensive equipment . . . speakers, turntable or receiver
can make up for the distortion it can produce. That is ‘why you
need a cartridge you can depend on. One that's the best your
money can buy. Specitically, a Pickering:
Because a Pickering cartridge has the
superior ability to “move in the groove”
from side to side and up and down, without
shattering the sound of your music on your
records.
Because a Pickering cartridge possesses
low frequency tracking ability and high
frequency tracing ability (which Pickering
calls traceAbility™). It picks up the highest
highs and the lowest lows of musical tones
to reveal the distinctive quality of each
instrument.
Because Pickering offers a broad range of
cartridges to meet any application whether
you have ar automatic record charger, or a
high quality manual turntable, a stereo. ora
4-channel sound system. Your Hi-Fi dealer
will be able to recommend a Pickering
cartridge that is just right for your system.
Your stereo cartridge is the first part of your
music system. It is too important to overlook.
and so is a Pickering

o SRR R s,
o

-

For turther information write to Pickering & Co., Inc., Dept. PE , 101 Sunnyside Blvd., Plainview, N.Y. 11803
| B =y
Tcr those who W@ H-re differenc;"l
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Dual cwnes generally are more experienced than tygical component /y
cvmzrs. More 11an half have owned another brand? Usually they have spent -
mare for r=cords than all their audio equipTient combined. Thus, they need no
r2rincer -1at ~he turntable is the only component that handles the record. Or
that fo comoromise with quality here cen ris< damage totheir record collection.;

Iﬁ (And there is no-
: w t mal owners know way to repair o
damaged record.) . .
& abOUt thelr turntables Dual owsners also <now that
Y the true measure of-a.
“‘at vou ShOUId know furntable’'s cuality and "
1 long-term reliability is not merely in its features,
' am wurs. but is inheren- in the mateials used, the care in
3 i he asserrkly and the quality control emgloyed in testing. « P T
The nmedhanical feel of controls and switches, smoothness c:f ’roneorm
“nox.emeni‘ a1c overall evidence of solidity are excellent clues to a turntable’s
genzral pesformance. Other clues are internal and not so easily appreciated.
“Hyouownabual, you know precisely what we mean. If you don't, the examples
~of Cual -e"naments described below may be of interest and enlichtenment.

Thay indicte why you will opprecnote some Thmgs about Duol rlghf owoy, and
why oh‘er'c mey “ake years.

UllfedAudlo Products, 120.S0. Columbus Ave- Mt. VerqomNY l{éfﬁv%% nual | .

i

[
!

gle 3\@.{[‘11911‘ -p y. belt- dr,vg iumfable
“h‘cu-- ) lu cqnhnuo.us
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