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For the best performance,
get a manual turntable.

For the best manual
turntable, get a Pioneer PL-71.

At Pioneer, we're convinced that a
manual turntable is tt e best possible
component for reprcducing the
sound of records. Tkat's way we offer
a complete line of manual L rntables
— topped by the trulv supe-ior
direct-drive PL-71.

Perfezlionin a

e :
“ tumtablz means
- ¥ just thre= things —
\ & (1) elimination of
N, vitration or rumble,

£

. (2) accrracy of ro-
Strobe light to tation, (3} unwaver-
adjust and monitor ing consistency of
for accurate speed, sp=ed, cr elimina-
tion of wow and fluttar, The PL-71is
magnificent in all three areas. Ultra-
precise speed contrals piLs a built-in
strobe help you adjLst anc monitor
speed for absolute accuracy. The
slow, stable direct-drive motor re-

duces vibration to the vanishing poirt
and keeps wow arc flutter wz2ll bzlow
an undetectable 0 05%.

SPEED SOMTEOL

Direct-drive for
precision platter
rotation.

Electronic speed
adjustment *or
each speed.

As for record qroove tracking ou-
S-shaped tonezrm is fops, co, with ts
adjustable anti-s<ating, visczus
damped cueing¢ and direct-r2adi=g
iracking force cal bration.

W PIONEER

when you want som=athing oet:2r

CIRCLE NO. 39 ON RZADER SERVICE CARD

Bbictory com

S-shaped tenearn for opt mum groove tracking.

The Fioneer PL-71 is the best of
the manuz! tumtablss. And a menual
turntableis bzst for vcur listen ng
needs. Withi € extraoedinary per-
formance. cesugn a-d enginge-ing.
the PL-7" is crly $2€6 95. If you want
the best o th= best. you want tha
PL-71. O her Fioneer manual tu-n-
tables ar2 ava lable from $99.9=

U. S. iareer Electronics C<rp.,
75 Oxford Cir we. Modaachie.

New Jersey (7074

West: 13320 = Estrella, Los Argeles
90248 / PAidwest: 130 Greenleaf,
Elk Grovz Village, H1I. 60007 /
Canada: S. H. Parker Co.
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This avtomatic transistor tester
works in=circuit when others can’t.

ouT OF cIRCUIT

o LEAKAGE
\DENTIFY -'\
=0 N\

ar €

Now you can avoid wasting time unsoldering
good transistors that test bad in-circuit ana good
out-of-circuit because of erroneous testing. With
B&K-Precision Dynapeak'™ Transistor Testar you
can quickly determine whether a transistor is
good or bad in circuits where automatic transis-
tor testers have never worked befcre. Low im-
pedance circuits are becoming more and more
common in TV, audio and industrial controls—and
the Dynapeax™ pulse testing system will let you
test transistars in these circuits which have shunt
impedances as low as 10 ohms or 50 mid!

COMPLETE TEST IN 9 SECONDS:

You connecl the leads any way, turn the switch
and the rest is automatic: Pulsating audio tone
and a light automatically indicate a good device.
PNP or NPN determination and Germanium or
Silicon identification are automatically ndicated
by LED’s. Leakage tests require no charts, be-
cause leakage current limits are shown on the
meter face for the different kinds of desvices.

o f PRECISION

520 Dynapeak™
$150.00

Actua transistor action is determined in-circuit—
not just junction or diode characteristics; you
know you're making a valid test.

Write for our full color brochure explaining why
the Dynapeak'™ transistor testing system will
stop time-wasting diagnostic errors and speed
solid state servicing.

EVEN WORKS IN CIRCUITS LIKE THIS!

If you don’t have a 520 Dynapeak™, you'll have
to unsolder the transistor to test it in this circuit.

Iror unchor B L5®
t LS xR 050
—————

o4 PRECISION

PRODUCTS OF DYNASCAN

1801 W. Belte Plaine Avenue «Chicago, IL 60613
CIRCLE NO. 7 ON READER SERVICE CARD
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That’s what you can count on

in the latest edition of

ELECTRONIG EXPERIMENTER’S HANDBOOK

It’s by the editors of Popular Electronics —with

features and articles and complete lab-tested instructions

that guarantee successful hours and months of
mind-absorbing projects for fun and practicality.

This latest 1975 Winter Edition helps you get it together...
with a score of build-it-yourself projects.

Now you can confirm extra-sensory-per-
ception (ESP) with THE ESP COMPUTER
TESTER' It's a sophisticated random-num-
ber electronics project with digital readout

. allows you to determine taws of proba-
bility .. . introduces you to digital elec-
tronics. And it can be a 'fun’ game or a
serious investigatory instrument. Another
random-generator project, BUILD A COS-
MOS DIE, can teach you how to use com-
plementary - metal - oxide semiconductors.
the hottest device today. The construction
project’s circuit forms the equivalent of a
six-sided die by randomly displaying digits
1 to 6 on a small LED readout.

Can you relax completely whenever you
want to? Here's an electronics approach —
THE ALPHA BRAIN WAVE FEEDBACK
MONITOR — that you can build for this pur-
pose. By learning to produce 7.5 to 13 Hz,
which is the brain-wave frequency band
that researchers say is continuously cre-
ated in meditative states of Yoga and Zen,
you may be able to clear your mind of dis-
tracting thoughts and achieve calmness

quickly. Alternalively, if you want some ex-
citement, read MODEL ROCKETRY FOR
EXPERIMENTERS. Tells.you all about a
fascinating modern hobby and how to get
into it.

Want to streamline your home lab™ Con-
sider building our DIRECT-READING CA-
PACITANCE METER. It will check values of
capacitors directly on a meter scale. Or
build the PRECISION LAB POWER SUPPLY.
a regulated supply that delivers up to 30-
volts and 1.2 amps. Or a PREAMPLIFIER
FOR YOUR SCOPE. For the home, there’s
the DIFFERENTIAL-TEMPERATURE BASE-
MENT VENTILATOR that keeps out mildew
and mold. It equalizes outside and inside
temperature differences. Consider the
MONODIGICHRON, a one-digit electronic
clock that displays hours and minutes in
sequential form. It's a great conversation
piece, too. Try ELECTRONIC WIND CHIMES
for the tinkling sounds of a breeze through
your hi-fi amplitier. And how about an
AUTOMATIC AMPLIFIER SWITCH for your
hi-fi system?

BRING YOUR REFERENCE LIBRARY UP-TO-DATE!

|f you've missed any of the current and previously published Annuals. a wide selection is still available.

To place your order, circle the corresponding numbers on the coupon on this page

ELECTRONIC EXPERIMENTER'S HANDBOOK. Exciting electronics construction projects — all Iap»tested by the
editors, complete with parts list, easy ‘‘how-to-do-it, how-it-works' instructions, and many with actual PC

foil patterns and 1.C. diagrams!

1974 Spring — =41 « 1974 Winter — =64 « 1973 Spring

=2+ 1971 Winter — =33 « 1970 Spring — =14

COMMUNICATIONS HANDBOOK. Here in one single package, the combined knowledge and experience of the
top men in each field, tunes you in on everything you need to know about CB, SWL and HAM.

1974 — #84 + 1973 — =80+ 1972 — =10

TAPE RECORDING & BUYING GUIDE. What's available

how to choose what's best for you and get the best

use and pleasure from your tape player and recorder — reel-to-reel, cassette and 8-track cartridge. Complete
directories and buying guides compare products feature by feature, cost by cost

1974 — #11 + 1973 Summer — 713 « 1973 Winter — %78

STEREO DIRECTORY & BUYING GUIDE. The most complete consumer catalog of its kind available anywhere
Complete, accurate facts on more than 1500 products listing complete specs, model numbers, descriptions
and prices. Plus a complete shop-at-home Buyers Guide loaded with expert information on what to fook for,
what to avoid, how to decide what's best for you at a price you can afford. 1974 — #81

2
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ects, in every area of electronics, includin

FUSES FOR ELECTRONICS, SMALL TOOL

FOR ELECTRONICS WORKBENCHES, AN
ANTENNA TUNER FOR SWLlers, A KEY-
LESS VEHICLE BURGLAR ALARM, RE,
CHARGEABLE FLASHLIGHT, 3-CHANNEL
COLOR ORGAN, and much more. All with
complete construction plans, including
parts lists and printed-circuit board pat-
terns, for building stimulating and reward-
ing projects. Many products are unique
designs, not available anywhere else. And
in all cases. you save money by building
your own'!

The issue is filled with other exciting prog

Be sure you order

your copy today
jt's only $1.2\‘;3

MAAAAAAAAAAAAAA AR
Ziff-Davis Service Division,

Dept. EE, 595 Broadway, PE-35
New York, N.Y. 10012

[ Piease send the 1975 ELECTRONIC

EXPERIMENTER'S HANDBOOK—Winter
Edition @ $1.60 ($1.25 plus 35¢ for
postage and handling). Outside U.S.A.
copies are $3.00, postpaid.

[ Also, | have circled the ¥'s below for

the additional Annuals | wish to receive.
Copies are $2.25 each including postage
and handling charges. Outside U.S.A.
copies are $3.00 each.

2 11 13 14 33 11
64 70 78 80 81 84
Enclosed is $ for the Annuals
ordered above.

Residents of Calif., Colo., Fla,, lil.,, Mich.
Mo., N.Y. State, D.C. and Tex. add
applicable sales tax (postage and
handiing charges non-taxable).

Print Name

Address

City =

State Zip
POPULAR ELECTRONICS
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— Editorial

THE ROOT OF IT

Can one find Nth roots on a basic four-function calculator? We replied,
“No,"” in the December 1974 *‘Letters” column, to the postman’s regret as well
as our own. The answer, as expressed in an avalanche of reader letters,
should have been “Yes!"

We knew better, too, since we've long had an index card attached to the
back of a ““four-banger’’ outlining the procedure to be used. Further, John
Frye described a square-root method in our May 1974 issue. For roots higher
than the second or third, it can be a long, tedious process compared to
punching just a few keys on a scientific calculator (which we now use for
finding roots). Essentially, here's how it can be done with the ubiquitous
four-function calculator.

To determine a square root, use the formula (N/A + A)/2 = B, where N is
the number whose root is wanted, A is a rough estimate of the root, and B is
the rough answer, which is then inserted into the formula as a second A to
refine the answer. As an example, if the square root of 25 is desired, and we
choose 4.5 for the first A (even though we know it's 5), the answer for B on
the four-banger is 5.0277775. So we would use 5.03 for A in the next trial, and
the answer would be 5.000089. This could be used as A for the next go-round
— ad infinitum.

To find a cube root, the formula is (N/A2 + 2A)/3 = B. it is not difficult to
see, then, that any integral root can be found from [N/A" ' + A(r-1)]/r = B,
where r is the desired root. So, to our many readers who took the time and
trouble to write to us on the subject (many offering variations on the formula),
“Thanks!"

Another subject on which we have received many letters, stems from our
November 1974 article on building a direct-conversion receiver. Our sketch of
the Motorola MOSFET, HEP-F20007, agreed with the company’s at the time,
but it seems that they subsequently changed the packaging and used a
different lead configuration. in that same issue, the pin connections for a
quad NAND gate were omitted in the article on a digital LED thermometer. We
did not number some connections because they differ from manufacturer to
manufacturer. In cases such as these, the builder of a project will learn the
proper pin connections when he buys the device.

January's “Altair 8800"" computer project generated an immense reader
response, which will be covered in a near-future issue. However, we did
receive a single phone call and a reader letter charging us with claiming
availability of a computer kit for $397 when it is really $397 plus $360 for the
Intel 8080 chip. No sir! Unbelievable as it sounds, kit price was $397 inc/uding
the $360 Intel chip, as the parts list indicated. The IC is available separately,
however, as noted at the bottom of the list, for those who wish to purchase
only the device.

And, of course, we are still inundated by letters requesting information on
where to obtain specific parts. Most of these queries are unnecessary if
referral is made to just a handful of electronics parts catalogs—most of which
are available free. To provide further assistance, we're just now finishing a
study of industrial parts distributors. The results (to be published soon) will
hopefully give readers some additional supply sources for components.

The publisher has no knowiedge of any proprietary
rights which will be violated by the making or using of any
items disclosed in this issue

4 WWW. ameidsaatadioRhistery.com POPULAR ELECTRONICS
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¥ uotten introductory offer to new members of the
ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

286/515

404/445 INTEGRATED
ELECTRONIC CIRCUITS:
CIRCUITS A Basic Course
MANUAL for Engineers
by J. Markus and Technicians

Pub. price, $22.00
Club price, $15.75

by R. G. Hibberd
Pub. price, $10.25
Club price, $8.45
637/458

DESIGNING

100/810

WITH TTL MOS/LSI
INTEGRATED DESIGN AND
CIRCUITS APPLICATION

by Texas by Carr & Mize
:nstruments Pub. price, $18.50
ne.

Club price, $13.50
Pub. price, $19.50

Club price, $13.50

I T ;%zéﬁauox
 CIRGLIS

388/458

T MAGNETIC
S e UiECECIRONIE RECORDING
by J. Markus by

C. E. Lowman
Pub. price, $14 50
Club price, $9.75

Pub. price, $21.50
Club price, $17.50

389/756
SEMI-

287/341
STANDARD

CONDUCTORS HANDBOOK OF
u /e ENGINEERING

RECE IR CALCULATIONS
by Texas by T. G. Hicks

Pub. price, $19.50
Club price, $14.25

Instruments Inc.
Pub. price, $18.50
_Club price, $13.75

491/364 124/035

THE DESIGN OF oF HANDBOOK OF
DIGITAL pHYSICS PHYSICS, 2/e
SYSTEMS by Condon and

by J. B. Peatman

“ Odishaw
Pub. price, $16.50 - *il Pub. price, $37.45
4

Ciub price, $11.75 o Club price, $14.95

Save time and money hy joining the i'ﬂﬁ' '
Electronics and Control Engineers’ Book Club

ERE is a professional club designed specifically to meet your
day-to-day engineering needs by providing practical books
in your field on a regular basis at below publisher prices.

How the Club operates: Basic to the Club’s service is its publi-
cation, the Electronics and Control Engineers’ Book Club
Dulletin, which brings you news of books in your field. Sent to
members without cost, it announces and describes in detail the
Club’s featured book of the month as well as alternate selections
which are available at special members’ prices.

When you want to examine the Club’s feature of the month,
you do nothing. The book will be mailed to you as a regular part
of your Club service. If you prefer one of the alternate selec-
tions—or if you want no book at all for that month—you notify
the Club by returning the convenient card enclosed with each
Bulletin.

As a Club member, you agree only to the purchase of four
books over a two-year period. Considering the many books pub-
lished annually in your field, there will surely be at least four
that you would want to own anyway. By joining the Club, you
save both money and the trouble of searching for the best books.

oF OPERA

8t
et

AMPLIPERS

Thiré-

238/901
APPLICATIONS
OF OPERATIONAL
AMPLIFIERS

by J. G. Graeme
Pub. price, $14.00
Club price, $10.50

353/387
MINICOMPUT-
ERS FOR
ENGINEERS &
SCIENTISTS

by G. Korn

Pub. price, $17.75
Club price, $10.50

Special $1.00 bonus book
comes to you with your
first club selection

649/170
OPERATIONAL
AMPLIFIERS
by Tcbey,

Graerne &
Hueleman

Pub. price, $15.00

209/731
STANDARD
HANDBOOK FOR
ELECTRICAL
ENGINEERS,
10/e

by Fink and
Carroll

Pub. price, $34.85

MAIL THIS COUPON TODAY

ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUH
582 Princeton Road, Hightstown, New Jersey 08520

Please enroll me as a member of the Electronics and Control Engi-
neers’ Book Club and send me the two books indicated below. I am
to receive the higher priced of the two for just $1, and my first
selection at the special Club price. Actual postage, plus 25¢ handling
charge will be added (sales tax. also, if applicable). These books are
to be shipped on approval, and 1 may return them both without cost
or further obligation. If I decide to keep the books. I agree to pur-
chase as few as four additional books (including this first selection)
during the next two vears at special Club prices (guaranteed 15%

discount, often more).

write Code No. of
bonus book

here

Write Code No. of
first selection
here

Name_

Address_

City

State

CIRCLE NO. 16 ON READER SERVICE CARD

MARCH 1975
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Zip______

E33270

Club price, $11.5¢

Club price, $24.95
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itselt.

The Phase Linear 400 Power
Amplifier has only one serious
competitor when it comes to
advanced design, superior perfor-
mance, made-one-at-a-time
craftsmanship, proven reliability,

elegant appearance . . . and
incomparable value. And that’s
the Phase Linear 700B. Hear
them both at your dealer soon.

Shoarse

Yinear
400

THE POWERFUL DIFFERENCE

200 watts per channel, min, RMS at 8 ohms
from 20 Hz-20 kHz with no more than .25%
total harmonic distortion

PHASE LINEAR CORPORATION

20121 - 48th Avenue S.W.
Lvnnwood, Washington 93036

CIRCLE NO. 30 ON READER SERVICE CARD
6
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Letters

TO GROUND OR NOT TO GROUND

With regard to “Build an Under $90 Cal-
culator'’ (January 1975), | see danger
ahead for those people who heed one of
the suggestions presented in the “Safe
Handling of MOS IC's.” | refer specifically
to the instruction to ‘ground yourself” by
wrapping a length of meshed cable snugly
around your wrist and connect the free end
of the cable to a good ground. This is an
open invitation to accidential electrocu-
tion.

A human body placed at ground poten-
tial offers an easy path for electrical con-
duction from any source of potential.
Likely trouble spots in a hobbyist's work
area include uninsulated drill handles,
poorly grounded (or not grounded) line-
powered equipment, etc.

The sane alternative to no grounding at
all is to ground through at least 100,000
ohms of resistance in series with wrist and
ground. A really safe value would be 1
megohm because at 117 volts ac, it would
limit the current to a maximum of 100
pA—which is considered a safe value for a
normal adult—should an accidental con-
tact be made with the ac line. The series
resistor will not affect static charge elimi-
nation.

RiCHARD GIRCYS
Worcester, Mass.

Your comments are well taken and there
should indeed be a current-limiting resis-
tor in series with the body and ground. But
this is necessary only if you plan to remain
grounded after handling the MOS device.
Our instructions assumed the removal of
the ground strap after the device was in-
stalled.

VOM VERSUS DMM ACCURACY

| recently discovered that the front-to-
back resistance checks of diode and tran-
sistor junctions can be very different, de-
pendingontheinstrument used for making
the check. Using an ordinary VOM will give
one set of readings, but the readings ob-
tained when using a DMM are very different
from what | had come to expect.

Checking into the phenomenon, |
learned that the differences in readings
arise from the different approaches used in
the two instruments. The VOM applies a
constant voltage to the junction, whiie
DMM applies a constant current. In the first
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case, the junction is biased into conduc-
tion, while in the latter it is not.

DAVE BENNET

Pacific Grove, Calif.

POLES, PROCEDURES, AND PENALTIES

The flagpole up which wasrun the Notice
of Proposed Rule Making for a Class-1 TV
device must have been awfully short from
where | stand. (See page 36, November
1974.) | never even got a glimpse of it.

Could you tell me the price of obtaining
type approval for a Class-1 TV device and
what the penalty is for operating such a
device without approval?

As an experimenter, | see this legislation
onthe partof the FCC as a means of forcing
individuals out of experimentation.

ROLAND J. TEMPLE
Shelton, Wash.

The fee for type approving a Class-1 TV
deviceis $100. You'll get zapped to the tune
of $500 per day for every day you get
caughtusing anon-approved device. Right
now, the law includes everyone, but plans
are afoot to amend it to exempt individual
experimenters.

PE SOLVES TV TROUBLE

Talk about coincidence! | have had a TV
receiver sitting in my basement for almost
eight months, inoperable, of course. So, |
was amazed when | saw the same symp-
toms of my receiver that Art Margolis de-
scribed in his December 1974 “Art's TV
Shop.” Once | knew what to look for, it was
a simple job of repair. Now | have all the
color back in my receiver, for which | thank
PE and Art Margolis.

SCoTT GILSON
Farmington, Mich.

ﬂl%

Out of Tune

In “Build an Auto-Polarity, Auto-Zero Digi-
tal Multimeter’ (December 1974) under
Technical Specifications, the alternating
current should read from 1 pA to mA in-
stead of 1 mAto 300 mA. Also, if you wish to
increase the brightness of the decimal
points in the display, you can change the
value of R74 from 150 ohms to 100 ohms.

In the Hourly Chimer section of “Update
Your Digital Clocks’ (February 1975), the
second line of the third paragraph should
read “outputs’ instead of “inputs.’

POPULAR ELECTRONICS
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THE ULTIMATE KIT
IS FAST BECOMING

THE ULTIMATE SYSTEM.

We introduced the Altair 8800 Computer
on the cover of lanuarv's Popular flec
fronics. 1t was heralded by the editors of
’fas the tirst commercial type ot mini-
computer project ever published  that's
priced within reach of many households”

Since then, manv exciting things have
happened

For one thing, business has boomed.
wisve had to hire extra people just to
answer the phones. We've taken hundreds
ut orders And we've mailed out thousands
ol our free Altair 8800 Computer Systems
Hrochures

But the best news 1s this: WE'VE ADDED
SOME GREAT OPTIONS,

ITEM: 4096 word Dvnamic Memory
Card. People tell us this 1s one ot the best
buvs in the industry. Maximum access time
is 420 nanoscconds. PRICE: $264.00 kit
$338.00 assembled

ITEM: Static Memory Card Comes with
256 words of memory and is expandable to
1024 words. Maximum access time 1s 830
nanoscconds PRICE: $103.00 kit $134 00
assembled

ITEM: Memaory Modules Adds 256 words
of memory to the Static Memorny Card.
PRICE: $53.00 kit. $61.00 assembled.

ITEM: Full 1024 word Static Memon
Card. PRICE: $176.00 kit. $209.00 assembled

ITEM: Audio Cassette Record Interface
Allows virtuallv unlimited memory storage
for data or software. Operates by modu-
lating audio frequencies in the record
mode. Demodulates recorded data in play-
back mode. PRICE: $128.00 kit. $174.00
assembled.

ITEM: Full Parallel Input. Output Card
TTL compatible with necessary handshake
flags for conventional parallel interface.
Addressing circuitry allows each card to
be addressed anvwhere from location 0
to focation 255. PRICE: $92.00 Kit. $114.00
assembled.

ITEM: Scrial Input/Output Card RS2 32
Full RS232 intertace card uses a UART and
has divider logic to allow Tor presettable
baud rates from 110 to 19,200, PRICE:
$119.00 kit. $138.00 assembled.

ITEM: Scrial Input/Output Card TTL
Same as above except all signals are T
level (both in and out). PRICE: $124.00 Kit.
$146.00 assembled.
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ITEM: Scrial Input/Output Card  TTY
Same as above except that it is for nter
tacing with conventional teletvpes ccur-
rent loop). PRICE: $124.00 Kit. $146.00
assembled.

ITEM: VLCT Computer Terminal  This
very low-cost terminal was orniginally
featured in Decembers PEoand it is now
part ot the Aftair System: Allows user to
convert trom octal tormat to hinarv and
back to octdl, decimal, or hexidecimal
PRICE: $129.00 kit. $169.00 assembled

ITEM: (1256 Computer Terminal Basic
memory of 256 chatacters with expanda-
hility to 1024 characters combines with a
32 character display to provide ease of
operation. Special tunction kevs 1or data
retrieval and display format. ASCH coded
kevboard and 110 300 baud rates. Auto-
transmit and tape plav record features.
PRICE: $595.00 kit. $695.00 assembled.

g 8800 cnmpme_ﬁ_wwww -

ADD these items to the 15 other options
currently under development (including
a tloppy disc system, a CRI terminal, 32
character display, line printer, ete.) and
vou ¢an see why the ULTIMATE KIT s fast
becoming the ULTIMATE SYSTEM.

ALTAIR 8800 PRICES

The Altair 8800 is a tull-blown, high-quality
computer that sells 1or less than $500.00
in kit 1torm. Its parallel, 8-bit processor
uses a lo-bit aderess It has 78 basic
machine instructions and it can directly
address 256 input and 256 output devices.
Basic instruction cycle time is 2 micro-
seconds. PRICE: $439.00 kit. $621.00
assembled.

Wartanty 90 davs on parts and labor 1o assembled
anits 90 davs on parts Tor kits

Prices and specitications subject to change without
notic e

MITS/6328 Linn, N.E., Albuguerque, New Mexico
87108, 505/265-7553.

= = = = = T T TMAIL THISCOUPON TODAY!' = — — — — = = '—‘

I O Enclosed is a Check for $
0O or Bank Americard =

O ALTAIR 8800 [ kit O  Assembled

Include $8.00 for Postage and Handling

0 Please send free Altair System Catalogue

Credit Card Expiration Date

O or Master Charge =

Options (list on separate sheet)

ADDRESS

!
!
!
I NAML
I
!
!

City

State & Zip

MITS/6328 Linn, N.L., Albuquerque, New Mexico 87108, 505/265-7553
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Compare what you get
training and vou

Compare costs

Only NRI offers complete TV/
Audio Servicing Courses from
$312 to $1,095 ... with
convenient, inexpensive time
payment plans. In the Master
Course in color TV servicing,
with a 25” diagonal solid-state
color TV, you save as much as
$650 under the next leading home
study school.

NRI saves you money because
our costs are lower. We pay
no salesmen, and we design our
own kits and equipment. We
don’t buy “hobby kits” from
others. Nor do we penalize you
with big interest charges for
time payments. We pass the
savings on to you.

Compare training

NRIisone of the few home study
schools that maintains its own
full-time staff of technical
writers, editors, illustrators,
development engineers and
publications experts. The people
who design the kits also design
thelessons . .. sothat theory and
practice go hand in hand. The
lessons aren’t “retro-fitted” to an
outside-source “hobby kit”. The
NRI set is designed exclusively
for training. The fact that it is
also a superb receiver for your
personal use is an added plus.

WWW. atmeidscaatiadioRhistery.com

Compare choices

Most schools offer one course in

color TV servicing, period. Only

NRI offers you five different

courses to match your needs and
budget. The 65-lesson basic |
course, complete with 7 Kkits, costs 1
as little as $312. Or you can step

up to a $425 course that includes

a 12” diagonal black & white

portable TV for hands-on

experience. Then there’s the 19”
diagonal solid-state color TV

course for $695 ; the advanced

color TV course for trained
technicians with an 18” diagonal

color TV for $535; and finally,

the magnificent 25” diagonal
solid-state color TV course,

complete with console cabinet,
oscilloscope, TV pattern

generator, and a 3, digit digital
multimeter, for $1,095. Other

schools charge you hundreds of
dollars more for an equivalent

course.

POPULAR ELECTRONICS
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inTV/Audio home

NRI has engineered the widest
variety of professional electronic
lab equipment ever designed
entirely for training at home.
When you enroll in the Master
Course in TV/Audio Servicing,
for instance, you receive kits to
build a wide band, solid-state,
triggered sweep, service type 5”
Oscilloscope ; color pattern
generator ; solid-state radio; and
a digital multimeter.

Before you settle on any home
training course, compare the
over-all program. See if you are
getting kits engineered for
experimentation and training

. or merely “hobby kits”. Count
the experiments . .. compare the
components. Don’t just count
kits. (Some schools even call a
slide rule a kit.)
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choose NRI.

(Compare equipment

(ompare schools

Home study isn’t a sideline with
NRI. We’ve been its innovating
leader for 60 years. Ask any of
the hundreds of thousands of
NRI graduates. They’ll tell you
. you can pay more but you
can’t buy better training.
Along with each course, NRI
provides bite-size, fully-
1llustrated lessons; personally
graded tests; and the kind of
person-to-person teaching that

makes learning easier and faster.

Send for the free NRI full-
color electronics catalog and
discover why so many choose
NRI. You'll find courses offered
in TV/Audio Servicing,

FCC License, Complete
Communications Electronics,
Digital Computer Electronics,
Marine and Aircraft Electronics,
Mobile Communications, etc.

WWW athercaaradioRistery com

MAIL CARD g CoMRNA
FOR YOUR ¥
FREE NRI
CATALOG

NO SALESMAN WILL CALL.

AVAILABLE FOR CAREER
STUDY UNDER GI BILL

Check box on card for information.

NRI NRI SCHOOLS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue,
‘}n . Washington. D.C. 20016
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GETINTO
YOURSELF

Discover your

Alpha Brainwaves
with this professional
Biofeedback System.

Lowest Cost Brainwave Monitor

EICO introduces a price breakthrough in
the fantastic new field of brainwave
biofeedback . ..a completely safe, battery
operated, biofeedback system that offers
features and sensitivity comparable to
professional models costing much more.

You Will Be Amazed At What You Hear
The BW-300 will detect your alpha
brainwaves (which occur when you are
totally relaxed) and produce a tone
varying in frequency according to your
mental state.

100% Solid State Circuitry

Reliable All Solid State IC Circuit Design
features an active filter that isolates alpha
brainwaves and a high-gain low-noise
amplifier providing 5-microvolt sensitivity
for easy alpha recognition. The BW-300 is
supplied with stethescopic earphones,
electrodes headband,

contact cream and KIT 3495
instructions. WIRED 59.95

FREE EICO CATALOG

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

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

®
creative elecironics m
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New Products

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

The Sony TC-558 open-reel tape deck fea-
tures three motors, continuous auto re-

|
l SONY SIX-HEAD, AUTO-REVERSE TAPE OECK
. verse, automatic shutoff, six ferrite heads,

servo-driven capstan, 7-inch reel capacity,
and two operating speeds (3% and 7'z ips).
Frequency response is 30-20,000 Hz+ 3dB,
S/N is 53 dB. rated by Sony using standard
tape at 7'z ips. Two line, mike, and phono
inputs are provided, while outputs include
two headphone, and line jacks. Two VU
meters monitor input levels. There's an
equalization switch for standard or low-
| noise tape, with appropriate bias for each.
| Price is $769.95.

CIRCLE NO. 68 ON READER SERVICE CARD

| RCA PERMACOLOR UHF 'VHF/FM ANTENNA

| RCA's new Permacolor Model 4BG48
uhf/vhf/FM outdoor antenna is designed
for deep-fringe reception areas. The all-
channel antenna has eight control ele-
ments and 48 perma-tuned circuits, each
active on one or more TV frequency band.
A bow-tie and corner reflector are used for
uhf reception. Preassembled elements un-
fold and lock into place. Other features in-
| clude break-off elements for FM broadcast
reception control and V-shaped mast
clamps. Overall measurements are 198 in.
(497 cm) long by 108 in. (271 cm) wide with
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a 115-in. (286-cm) turning radius. Uhf
corner reflector dimensions are 38 in. by 23
in. (95.4 x 57.7 cm). Price is $99.95.

CIRCLE NO. 69 ON READER SERVICE CARD

BSR CD-4 AUTOMATIC TURNTABLE

A new automatic turntable by BSR, Model
4620W, is fully equipped for playing CD-4
discrete four-channel discs. A heavy-duty
synchronous motor drives a 4-pound
aluminum platter. Among other features
are avariable-speed control to adjust pitch,
ajam-proof counterweighted tonearm with
calibrated stylus-force adjustment, dual-
range anti-skate control, and a viscous-
damped cue/pause control. The unit is
equipped with an Audio Technica AT-12S
CD-4 cartridge and comes complete with
walnut-grained wood base and a tinted
dust cover. $139.95.

CIRCLE NO. 70 ON READER SERVICE CARD

MICRO-ACOUSTICS LOUOSPEAKER

Micro-Acoustics’ Model FRM-2 is an
acoustic suspension, multitweeter speaker
system. Priced at $129.00 each, the FRM-2
uses three moving-coil tweeters mounted
trihedrally. According to the manufacturer,
this results in a 160-degree dispersion in
horizontal and vertical planes. A 10-inch
woofer with a narrow voice-coil gap is said
to produce good bass response with a ven-
ted design's efficiency. System resonance
is 50 Hz. Minimum drive requirement is 10
W rms.

CIRCLE NO. 71 ON READER SERVICE CARD

SENCORE AUTOMATIC
TRANSISTOR ANALYZER

The TF30 Super Cricket by Sencore is a
completely automatic bipolar and field ef-
fect transistor analyzer which requires no

set-up information. The Super Cricket will
give an audible indication when one of six
buttons. covering all possible basing con-
figurations, and an npn-pnp switch are set

POPULAR ELECTRONICS
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in proper position for the particular device
being tested. A meter gives a visual good-
bad indication. Also, the Super Cricket wili
distinguish a bipolar device from a FET,
then determine the parameters beta, T,
G, luss, les, lead identification and transis-
tor polarity with the push of a button. All
calibration is automatic, according to the
manufacturer. A newly designed ‘“touch-
test” probe is included for in-circuit pc
board troubleshooting. $240.00

CIRCLE NO. 72 ON READER SERVICE CARD

SWITCHCRAFT DOLBY FM COMPENSATOR

Switchcraft, Inc. introduces its Model
621P1 two-channel de-emphasis compen-
sator for use with FM receivers and Dolby
B-Type noise reduction units. The com-
pensator changes the de-emphasis
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characteristic from the conventional 75-us
to the recently approved 25-us figure that
Dolbyized FM stations are using. A slide
switch selects the appropriate characteris-
tic. The 621P1 measures2"x 2" x 1" (5 x 5 x
2.5 cm) and is priced at $12.95. Address:
Switchcraft, 5555 N. Elston Ave., Chicago,
IL 60630.

SEMICONDUCTORS TEMPERATURE RECORDERS

An adhesive-back temperature recorder
capable of detecting overheated TO-5
power components has been introduced
by the Telatemp Corporation. The Model
505 "recorder’ can be applied to the top of
TO-5 power transistors and other small
component packages. It contains five
silver-colored windows which turn irrever-
sibly black at a rated temperature, with a
claimed 1% accuracy. Each window is
calibrated at a specific increment between
65°C and 125°C. Other Telatemp compo-
nent temperature recorders are available
for use with TO-3, TO-66, LSI flatpacks and
DIP packages. These recorders can be
used to observe heat generation in pro-
totypes, and the effectiveness of thermal
cycling and burn-in tests. Available from
Telatemp Corp., Box 5160, Fullerton, CA
92635. .

DYNASCAN COBRA CAM-89 CB TRANSCEIVER

The Cobra CAM-89 by Dynascan is a solid-
state, 23-channel AM base station trans-
ceiver, successor to the Cobra CAM-88. It
offers full legal power output, delta tune,
meters for signal-strength and modulation
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level, "DynaMike" gain control, and PA
facilities. The receiving section is a dual-
conversion superhet with r-f and tone con-
trols and switchable ANL. A detachable
microphone is included. The CAM-89
measures 53" x 13%" x 125" (14.4 x 33.6 x
31.7 cm). $240.00.

CIRCLE NO. 73 ON READER SERVICE CARD

POWERCOM AUDIO CONTROL CENTER

Powercom's Program Control Center is a
master control capable of switching stereo
and mono audio components to a tape re-
corder and amplifier.
switchable inputs and four output chan-
nels. A mono/stereo switch allows the use
of mono components in two-channel sys-
tems. Available at $14.95 from: Powercom
Corp., Dept. 4, Box 454, Troy, NY 12181.

IVC NOISE REDUCTIDN UNIT
The JVC Model NR-1020 is an Automatic

Noise Reduction System designed for tape |

applications. It is said to reduce tape hiss
by 10 dB at 5000 Hz, and increase dynamic
range. S/N ratio is 60 dB or more, accord-
ing to JVC. The NR-1020 contains a built-in
oscillator and comes with two calibration
tapes. $149.95.

CIRCLE NO. 74 ON READER SERVICE CARD

KEITHLEY AUTORANGING DMM

The Model 168 digitat multimeter by Keith-
ley Instruments is a portable five-function
unit with autoranging. Ac/dc voltage and
current, and resistance measurements can
be made over a total of 24 ranges. LED
displays are used and most of the digital
circuitry 1s contained within one LS| chip.
Basic dc accuracy is claimed to be =0.1%.
The five functions span 100 uY¥ to 1000 V
dc, 100 uV to 500 V rms ac, 0.1 ohms to 20

The unit has ten |
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FREE!

Printed Circuit Handbook
when you take this ad to
your electronic supplier.

THE GNOME FILLS A VARIE™Y OF NEECS!

ELECTRONICS, ING.

INTRODUCES

#3740 GNOME. KIT

$48.95

e GNOM

MICRC-SYNTHESIZER

e TD THE SEASONZD
PERFORMER . . It's the

extma voice that completes

a ceomposition while leaving
expensive equipment tree to
mose demanding tasks.

«TC THE BEGINNER . . . It's a
fow cost introduction to synthe-
sizers that won't be obsoete
when more expensive in:tru-
mests are purchased.

«TC THOSE IN BETWEEN. .the
GNDME's portability and ea=e of
opewation make it great tor “toy
boxms,” sound eftects or just
for fun.

PAM’'s FREE CATALOG
fea'ures the GNOME asd
othsr electronic music kit
Check our Reader Service
Number or _ Write: PAIA

Eleztronics, Dept. p 1020
W. Wilshire Blvd., Oxla.
City, OK 73118

plus shipping & insurance 4 Ibs.
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LAFAYETTE

Radio Electronics

CATALOG

1975 electronics catalog no. 750

Lafayette: K

v 3
Listen to us,you "cant go WIong:

The ONLY Nationally Distrib-
uted Full-line Catalog with a
Major Showing of the Newest
NAME-BRAND electronics
products for 1975,

FREE
SEND TODAY

SAVE on exclusive Lafayette
Products plus MAJOR BRANDS

- Stereo and 4-Channel Systems - Tape
Equipment « Car Stereo « CB and Ham
Gear - Police/Public Service Receivers
+ Antennas « Cameras - TV - PA and Test
Equipment « Musical Instruments and
Amplifiers - Books « Electronic Calcula-
tors - Security Systems -« PLUS PARTS,
TUBES, BATTERIES, HARDWARE, MORE!

Lafayette

Listen to us,you
can't go wrong.

W
Dept. 35035
Lafayette Radio Electronics

111 Jericho Tpke., Syosset, L.I., N.Y. 11791

Send me your FREE 1975 Catalog

'-----
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megohms, and 100 nanoamperes to 1 A ac
and dc. An optional shunt extends current
capacities to 50 A. The Model 168 operates
on 90-250 V ac and there's an optional re-
chargeable NiCd battery pack and an r-f
probe. $299.00.

CIRCLE NO. 75 ON READER SERVICE CARD

AM DX RECEIVING ANTENNA

Model DA-3, a compact, tuneable, shielded
ferrite rod antenna for the AM broadcast
band is offered by McKay Dymek. When
connected to the antenna input of an AM
radio, it's designed to pull in distant or
low-power stations. The antenna can be
rotated and tilted to null out undesirable
signals. Features a built-in, FET two-stage
preamplifier, and a 540-to-1600-kHz tuning
range. Overall sensitivity is claimed to be 1
uV. This antenna operates on 117 Vac or 6
Vdc, weighs 6%2 Ib (2.9 kg), and measures
13%"W (34.9cm) x 11"H (27.9¢cm) x 96" D
(23 cm). $155.00

CIRCLE NO. 76 ON READER SERVICE CARD

HEATHKIT SOLID-STATE AMATEUR TRANSCEIVER

The Heath Model SB-104 transceiver is a
totally solid-state unit covering the 80-
through 10-meter bands. Digital frequency
readout, broadbanded receiver input/

transmitter output circuitry, and SWR-pro-‘

tected finals are among the rig's features.
Transmitter power is switchable between
two positions—QRP (1-watt output) and
100 watts output (CW and PEP). Receiver
sensitivity is said to be less than 1uV. Re-
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over circuits. It is said that the low-mass
dome drivers afford superior power-
handling and transient response charac-
teristics over conventional dome designs,
as well as lower distortion. Crossover fre-
quencies are 500 and 6000 Hz. Frequency
response is claimed to be from 35 to 20,000
Hz. Impedance is 8 ohms, and the power
handling capacity is 100 watts rms. The
NS-1000M measures 26%" x 143" x 123"
(66.5 x 37 x 32 cm) and weighs 682 Ib
(31kg). $480.00 each.

CIRCLE NO. 5 ON READER SERVICE CARD

YAMAHA MONITOR LOUDSPEAKER SYSTEM

The Model NS-1000M Monitor Loud-
speaker System by Yamaha employs beryl-
lium (a light, strong metal) dome 3%-in
(8.8-cm) mid- and 1-in (3-cm) high-
frequency drivers, and a specially con-
structed 12-in (30-cm) woofer and cross-

ceiving options available are a digital noise
blanker, 400-Hz CW filter, and SB-styled
speaker. The SB-104 requires a 12-volt
power source, and is priced at $699.95. Op-
tions include a remote vfo, $119.95; fixed-
station power supply, $89.95; speaker,
$29.95; noise blanker, $24.95; CW filter,
$34.95.

CIRCLE NO. 77 ON READER SERVICE CARD
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New Literature

7400 SERIES TTL PINOUT HANDBOOK

A handbook on circuit configurations of
7400/5400 series TTL IC's is available from
IMS Associates. It contains pin connection
diagrams, truth tables, a manufacturer
cross reference cf devices with the same
pin configurations, and diagrams for one
shots and drivers commonly used by ex-
perimenters. A summary of MIL spec logic
drawing conventions is also included.
Available for $1.95 postpaid from: IMS
Associates, Inc., 1298 E 14th St., San
Leandro, CA 94577.

PILOT & INDICATOR LAMP CATALOG

Industrial Devices is offering a new
12-page catalog of pilot and indicator
lights and accessories currently available.
There are neon, incandescent, and solid-
state versions in a variety of sizes, shapes,
and configurations, and voltage ratings.
Available from Industrial Devices, Inc.,

TRACEWELL ENCLOSURE FACTSHEET

A factsheet illustrating Tracewell's line of
molded enclosures is now available. The
enclosures feature molded-in vertical slots
and horizontal standoffs for easy mounting
of pc boards. Non-skid rubber feet and ven-
titation slots are also provided. A carrying
handlestabletop support and mobile
mounting bracket are optional acces-
sories. ~Address: Tracewell Enclosures, 200
Montrose Way, Columbus, OH 43214.

ZENER DIODE CROSS REFERENCE

A cross-reference guide for zener voltage
regulatcrs 1s now available from the
Semiconductor Division of International
Rectifier. The 8-page application note
(AN-105) lists over 1800 parts. giving com-
petitive and R part numbers. A chart of all
available IR series shows power rating,
zener voltage, and tolerance ranges. Other
charts list voltage references, nominal
temperature coefficients, case style, and
MIL spec regulators. Address: Interna-
tional Rectifier Corp., Semiconductor Divi-
sion, 233 Kansas St., El Segundo. CA
90245.

RCA SOLID-STATE PRODUCT GUIDE

An updated 36-page guide to RCA com-
mercial solid-state products is available
from the RCA Solid State Division. Desig-
nated SPG-201K. the guide lists IC’s, power
transistors, MOSFET's, r-f and microwave

power devices, power hybrid circuits,
thyristors, and rectifiers currently available
from RCA as standard commercial pro-
ducts. Significant ratings and characteris-
tics are given for each type to aid in the
selection of the optimum device for a par-
ticular application. Available from RCA
Solid State Division, Box 3200, Som-
merville, NJ 08876.

PTS TAPE PLAYER PARTS CATALOG

A new 48-page catalog (No. &) from PTS
Electronics lists its line of tape player parts.
An illustrated parts section enables fast
selection of the required replacement.
Catalog is $2.00 from: PTS flectronics,
inc., Box 272. 5233 Hwy 37 S.. Blooming-
ton, IN 47401.

FANON SOUND CHARTS FOR INTERCOMS, PA

Intercom and PA system specitication and
selection is made easy with two wall refer-
ence charts by the Fanon/Courier Corpora-
tion. The Fanon Intercom Systeim Selection
Guide gives unit descriptions, block dia-
grams, and capabilities of various sytems,
including range, features, accessories and
installation tips. The companion PA Amp-
lifier System Selection Guide features in-
door and outdoor public address system
components for given area coverage and
application requirements. Available from
Fanon/Courier Corporation, 990 South Fair

Edgewater, NJ 07220

Oaks Ave., Pasadena, CA 91105.

(?’Ou dbn’t have to buy a new car to get an electronic ignnition.>

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

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

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

3. Because the Mark Ten CDlI's keep B

your car In better tune, you actually 3

can save on expensive gasaline. MAE"K' S -

4. With a Mark Ten, spark plugs stay ;'*;T,EN

clean and last longer . . . fouling is —

virtually eliminated.

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

I want 10 know more about Mark Ten B CDI's. Send me complete
no-nonsense information on how they can improve the performance
of my car.

Name___

City.

State

DELTA PRODUCTS, INC.

P.O Box 1147, Dept PE, Grand Junctior. Celo. 81501

I
|
|
|
| Address_____
I
|
l
|
| 303-242-9000

Mark Ten B, Standard Mark Ten
assembled $64.95 ppd assembled $49.95 ppd
Mark Ten B, kit $49.95 ppd Deltakit® $34.95 ppd
CIRCLE NO. 12 ON READER SERVICE CARD 15
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Stereo Scene

By Ralph Hodges

TAPE BIAS AND EQUALIZATION

RECEIVED a crestfallen note from
a reader in Htlinois recently. He
was upset because his tape deck (an
older model) lacked the bias and
equalization switches that have prolif-
erated over the past couple of years.
Therefore, he felt, he wouldn't be able
to experiment with the many new
types of tape now available—tapes
that inspired the switch facilities to
begin with.

Fortunately he was wrong. The ab-
sence of the switches would mean a
certain inconvenience, to be sure, but
a tape recorder’'s internal bias and EQ
adjustments are still the best way of
matching a machine, as closely as
possible, to the particular tape being
used. | often wonder when | see the
legends NORMAL and SPECIAL (Or Sim-
ilar nomenclature) on these switches,
just what kind of tape is being referred
to. Presumably SPECIAL means the
so-called low-noise/high-output for-
mulations, but to suggest that all of
them, from their numerous different
manufacturers. perform identically is
being optimistic.

True, chromium-dioxide cassettes
tend to be very similar because, with
few exceptions, the oxide material all
comes from the same source. But the
iron oxides applied to open-reel tapes
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of the low-noise/high-output category
are more diverse—s0 much so that
there are evidently tape machines that
can’'t be optimally set up for some of
them. Not that there are a great many
suppliers of such oxides. There aren't!
But suppliers do exist in the U.S.,
Europe, and the Far East, all with
products readily available in this
country. So far as is possible they are
secretive about their manufacturing
processes, so differences in oxides
and the tapes made with them fre-
quently occur.

Hotter Tapes. Does this mean that
when you put a reel of the latest (and
“greatest’) 1-mil polyester on your
machine and casually flip the bias and
EQ switches to SPECIAL, you are per-
haps not getting the flattest possible
frequency response and the lowest
noise and distortion. Yes indeed!
The SPECIAL position can only refer
to optimum conditions for one par-
ticular tape—or at best two or three
tapes with highly similar characteris-
tics. For any other tape, it's an approx-
imation, which may or may not be au-
dibly satisfactory. In recognition of
this and additional factors. some
tape-deck manufacturers still refrain
from providing the almost ubiquitous

{
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switches. The new $1800 Revox with
which I've been amusing myself for
the past several weeks, for example,
lacks them: but the continuously vari-
able trimmers that can set the bias and
EQ much more precisely are acces-
sible (and clearly marked) with the re-
moval of two back panels.

How did these better, "hotter ' tapes
come about? In general, they started
to appear with the high-fidelity boom
of the late sixties. The object was to
provide tape with better frequency re-
sponse. tess noise and tower distor-
tion. Simplistically put. the reason
tape has distortion is that magnetic
materials do not really behave linearly,
and can be made todo so only with the
exercise of considerable ingenuity,
and eventhen with serious limitations.
Thereason tape has noise (the familiar
tape hiss, as well as other noises) is
that its surface (the oxide coating) is
composed of ground-up bits of mag-
netic material. and hence is not mag-
netically or physically smooth. And the
reason it doesn’'t have infinite (for
audio purposes) frequency response
is that it can’t hold onto the very short
wavelengths of extremely high fre-
quencies. These closely spaced mag-
netic poles are neutralized through a
number of mechanisms. either right at
the moment of recording or later. with
the passage of time and use.

Hence, tape manufacturers began a
multi-pronged attack on the problems
of tape. particularly those of oxide
coatings. They worked to make oxides
magnetically tougher (higher coerciv-
ity), so that they'd be less inclined to
relapse from any magnetic state they
had been put into. They strove to get
the separate oxide particles more uni-
form in shape and size, and to pack
them more densely and smoothly on
thetape. Theresult was tapes with bet-
ter high-frequency response (in other

[etean

FlLl. NEE
DEJ

POPULAR ELECTRONICS


www.americanradiohistory.com

words, hotter), less noise, and higher
potential output (since they had a
greater concentration of magnetic
material per unit area). The result aiso
was tapes that had to be used under
somewhat different conditions than
the prevailing ones if the most was to
be gotten out of them.

Bias. Everyone talks about bias but
few seem to truly know anything about
it. Bias was discovered long ago in
tape’s antiquity, when it was learned
that the application of a rather strong
dc field along with the recording
signal served to reduce the distortion
of tape and increase its sensitivity. In
due time the dc was replaced with ac
of very high (ultrasonic) frequency,
since the dc bias produced objection-
able tape noise. After that, develop-
ments in bias were sporadic and con-
centrated on making it higher in fre-
quency (the Revox's bias oscillator
puts out above 1.5 Mhz), less distorted
(for instance, an asymmetric bias sug-
gests a dc component, and therefore
more noise), and more accurately
positioned relative to the point where
the recording signal is applied to the
tape (the cross-field head technique,
for example).

There's still no general agreement
as towhat these innovations achieved.
However, it's unmistakable that bias,
pure and simple, does reduce distor-
tion and greatly increase the tape's
sensitivity to the recording signal. And
at least we can say, with technical ac-
curacy, that it does so by putting the
tape into a high state of flux, appar-
ently making it more malleable. Im-
agine yourself with a stout steel
I-beam, intending to sculpt it into a
graceful curve for exhibition at some
art show. After fruitless efforts with a
sledgehammer you resort to a pile
driver, which kinks and tortures the
metal, and which is difficult to mod-
ulate in the intensity of its blows. Fin-
ally, it occurs to you to heat the metal
almost to the molten state. Then you
can approach (in your asbestos suit)
and mold it effortlessly into the shape
you desire.

This is a very rough analogy, but to
carry it a little further, the hotter tapes
generally require somewhat more
heat (more bias) to achieve "‘op-
timum’ malleability, and they can
usually profitfrom a stronger molding
force {(a stronger recording signal).
And the hotter a tape gets. the more
bias and recording signal it’s likely to
need, which means readjustment of
the tape machine.
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Fig. t. Bias versis
harmonic distortion
al three frequencies
tor a ligh-quality
iron-oxide tape.
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Bias and Equalization. Recording
equalization (EQ) is merely a high-
frequency level adjustment, and it is
provided in most tape machines sim-
ply to complement the playback
equalization (which should be fixed to
conform to the standard NAB charac-
teristics) and to touch up any frequen-
cy-response aberrations that things
such as the bias adjustment might
produce.

Toillustrate: the bias signal can par-
tially erase a tape even as it's helping
to record it. (In fact, the bias oscillator
also drives the erase head—with a
much stronger signal.) This erasing
potential is first exhibited at the high
frequencies. If achieving the desired
biasresults ina moderate droop at the
top end of the frequency response, EQ
may then be able to flatten things out,
with some cost in signal-to-noise
ratio.

The important thing to realize about
the EQ adjustment is that it follows the
bias adjustment, and isin a sense sub-
sidiary to it. Bias is not a fix-it for what
you can't or prefer not to achieve with
EQ. Certainly you can bring up the
high-frequency response of a record-
ing by reducing the bias, but you will
also affect distortion and noise, as
well as fail to make the most efficient
use of the tape. The bias must be cor-
rect to begin with; then you can try to
effect any repairs needed on fre-
quency response with the eQ.

Setting the Bias. Figure 1 (Mem-

orex MRX2 curves) shows the way a
varying bias affects the sensitivity and

WWW amercarradioRistery com
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distortion of a particular iron-oxide
tape. The top of the figure gives the
output levels obtained for recording
signals of constant strength at three
different frequencies. The solid curve
near the bottom indicates total har-
monic distortion for the 333-Hz signal.
(Odd-order harmonic distortion is
characteristic of tape, which means
that distortion at the lower frequen-
ciesisof greatest concern. Any distor-
tion products generated with the
10-kHz signal would all be at 30 kHz or
above, and therefore inaudible.) The
first thing that happens as bias in-
creasesisaprecipitous drop indistor-
tion. Then the output of th=2 tape be-
gins to climb—at the higher frequen-
cies first—and so does cistortion.
Sensitivity nears a maximum at 333
Hz, as distortion meanwhile declines
again, along with the tape's output at
the higher frequencies. Ultimately an
“optimum' bias point is achieved at
just over —41 dB.

In this example, optimum bias oc-
curs at a point very close to the condi-
tions for highest output and lowest
distortion at 333 Hz, but that is
perhaps more by accident than de-
sign. There are other factors to con-
sider, noise being an especially impor-
tant one. Because a magnetic field
obeys an inverse-square law, even a
slight variation in distance between
the recording-head gap and the tape
can significantly affect the field
strengthimpinging on it. And the word
“slight™ includes the minute surface
roughness of a tape, with tiny troughs
and bumps that pult and push the tape
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Ken Fransenis using
his electronics training where
it really counts.

Helping to save lives in the
U.S. Coast Guard.

It's up to Ken to keep sophis-
ticated electronics communications
equipment in top condition.

He's part of our lifesaving team.
We count on Ken and need more
people like him,

You may or may not have
electronics training. If, like Ken, you
have training, we'll put you to work
fast, on a rewarding job with respon-
sibility and challenges. If you don't
have training, we'll train you.

Say your experience goes no
further than building a crystal radio
set. If you have an aptitude for
electronics and qualify, we'll
guarantee you 25 to 38 weeks of
school and turn you into a seasoned
professional who'll be able to
troubleshoot the most complex
electronics equipment. You'll study
everything from theory and principle
to practical application.

Those of you who already
know your way around electronics
systems may qualify for our advanced
promotion program. After only ten
weeks, you'll be promoted immediately
to a higher pay grade (up to 2nd class
petty officer with pay of over $400
a month, plus food, housing and
medical care). And you may qualify for
even more advanced training.

Either way, your job as a Coast

MARCH 1975

Guard electronics technician will give
you a broad range of experience.
Using the most modern diagnostic
tools, you'll maintain, repair anc
calibrate the latest electronics
equipment, including LORAN
systems, computer-controlled
transmitters, solid-state equipment
and AM, FM and SSB transceivers.

You might even qualify to help
design, test and evaluate new equip-
ment or prototype models in our
research laboratories, or work on
cesium and rubidium atomic clocks.

You'll be doing plenty for
yourself, too. The training alone is
worth thousands of dollars, and the
skills you learn can lead to valuable,
sought-after jobs in both the Coest
Guard and civilian life.

What's more, the Coast Guard
offers you a combination of pay and
benefits most private companies
can’t match. (For more about our
package of benefits, read the attached
card.)

Find out more about a rewarding
career in electronics. Mail us the card
today.

Help others/Help yourself.
Join the lifesavers.
The Coast Guard.
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toward and away from the head face.
Referring again to Figure 1, you'll note
that optimum bias closely corres-
ponds to the broad peak in the tape's
sensitivity at 333 Hz. Small changes in
bias strength (as would be caused by
tape-surface roughness)will therefore
not affect the tape’s output much at
that frequency. But the 10-kHz curve's
slope is quite steep at that bias value,
meaning that small bias changes will
produce much larger changes in out-
put.

This is the mechanism—or one of
them—responsible for drop-outs:
momentary signal losses caused by
tape-oxide irregularities (Fig. 2). if the
tape’s surface is consistently irregular
and bias is not set at optimum, these
drop-outs (or drops up and down) may
become the steady susurrus known as
modulation noise. The amplitude of
the signal on the tape is then being
constantly modulated by the tape’s
oxide-coating aberrations. Naturally,
various other interesting types of dis-
tortion are also involved.

Drop-out and modulation effects
are not as noticeable at 10 kHz as they
are at 333 Hz, which is one good

For the foregoing two reasons, op-
timum bias for atape is not likely to be
many decibels away from the value
that yields greatest sensitivity at lower
frequencies. But with that bit of wis-
dom. the hard-and-fast rules end. Un-
less you have a better-equipped lab
and a fuller understanding of all the
considerations involved than most,
you're not going to be able to deduce
much more than this about how to
bias a tape properly on your own.

What are your other recourses? The
tape machine’'s manufacturer is the
first one. His service manual will give
the procedure for biasing to the tape
he recommends. Usually this involves
recording a high-frequency tone,
monitoring the playback-head output,
and raising the bias to where the out-
put peaks and then beyond, until out-
put falls perhaps 3 or 4 dB (whateveris
specified) from its maximum. Note
that this is essentially a process of ad-
justing to a benchmark. Presumably
the manufacturer has considered al/
the relevant factors in advance, cho-
sen the best bias for the combination
of his machine and his selected tape,
and then provided an easy way to

learning a bit about how to exploit its
superiority. Its bias requirements
could be identical to those of the tape
you have been using, but you might
never know. Furthermore, there are
factors involving the machine itself.
The way the bias field impinges on the
tape depends on the configuration of
the record head (or the cross-field
head, if the machine has one). So
another element of confusionis added
to the mix.

Minimum-Noise Test. Through the
good offices of the Boston Audio
Society’s newsletter, | recently be-
came aware of a bias-adjusting pro-
cedure being used by dbx. It involves
adjusting for minimum drop-out and
modulation noise and forgetting
about everything else. The rationale
for this, | suppose, is that improve-
ments in tape have rendered even dis-
tortion and frequency-response prob-
lems minor in comparison with tape
noise. Also, according to dbx, the re-
sults achieved through this process
typically differ only slightly from what
you get with other bias-adjusting
schemes.

A e i S e e
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Fig. 2. Oscilloscope photo at left shows playback of a high frequency signal from tape with proper bias.
At right is playback of same tape with improper bias. Momentary signal losses can be seen.

reason for biasing near the point
where lower-frequency sensitivity
changes least with bias. Another is
that maximum low-frequency sensitiv-
ity implies that the bias field is pene-
trating down through the full thick-
ness of the tape's oxide coating. (I
should say that particular tape’s oxide
coating, since thicknesses vary.)
Much low-frequency energy is re-
corded deep within the oxide layer,
provided bias is also present at that
depth to facilitate the process. If it is,
then the full potential of the tape can
theoretically be realized.
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home in on it. He doesn't mean to
imply (I trust) that a 3-dB or so falling
off at 10 kHz results in optimum bias
for any tape.

The machine’s manufacturer may
also have some idea of how to bias for
other tapes you want to try. But if he
doesn’t, there's always the manufac-
turer of the tape himself. Unfortu-
nately, unless you can make some sort
of contact with the tape company’s
engineering staff, the information you
get may not be particularly helpful.
You might receive reams of literature
on why the tape is superior without

WWW. aknefrieainiadiahigstory.com

The dbx approach goes like this.
Start recording a 30-Hz steady tone on
the tape and use appropriate filters to
roll off the playback head’s output
below 400 Hz and above 4,000. Then
just listen. The 30-Hz tone will be re-
moved by the filter setup, so that all
you will hear is noise—drop-out noise,
which sounds like dull popcorn deto-
nations, and hiss, which sounds more
or less like the usual tape malady. Re-
portedly, by altering the bias, you
should be able to locate a fairly pre-
cise point that minimizes both these
noises. And that is optimum bias.

POPULAR ELECTRONICS
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As soon as | could, | tried this tech
nique on the Revox A700, starting with
the 15-ips speed, since dbx advises
that slower speeds are much more
problematic with this test. | didn't
know what recording level to use for
the 30-Hz tone, so | opted for one that
made the distortion and modulation
effects of the tone (quite audible at low
bias settings, even though the tone it-
self wasn't) effectively disappear at
higher bias settings. Then to business,
which proved even more difficult than
| had expected. One of the problems
was that drop-out noises are discrete
and random in their occurrence, so
that, as | manipulated the bias trim-
mer, | couldn’t be sure if | had mini-
mized them or just found a momentary
quiet patch on the tape. Another was
that the hiss | heard was composed
both of tape and tape-machine noise,
and noise from subsequent electron-
ics in the chain (rather high gain set-
tings were necessary for the test). Fo-
cussing in on the difference was exas-
perating.

At last | decided on a setting and,
wonder of wonders, it turned out to be
just a hair above Revox's recom-
mended adjustment, which is essen-
tially what dbx predicted. However,
I'm not at all sure | could repeat it reli-
ably. And when | tried the test at 712
ips, | was utterly boggled. Even with
electrostatic headphones, any deci-
sive clues as to where the trimmer be-
longed simpiy eluded me. Perhaps my
difficulties lay with the filters, which
didn’t precisely conform to dbx's
specification. | can't say for sure untii |
try the test again.

Where does this leave us? For ob-
vious reasons, | tend to favor the dbx
technique whenever it proves work-
able. Barring that, you could try to

compile the best information from.

tape and equipment manufacturers
and attempt some kind of seat-of-
the-pants interpolation. Of course,
there's nothing wrong with taking a
shot in the dark, aiming at the best
compromise between frequency re-
sponse (adjusted subsequently by EQ)
and signal-to-noise ratio, for example.
The point is to get results that satisfy
your own special requirements,
whether you be picky or easy-going.
Do not, however, be over-hasty in
blaming any new, highly touted tapes
when their performance seems to fall
short of your standards. It might just
be thatyourmachine and itsrecording
environment fall short of their
standards. ®
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MicIntosh cataLoc
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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.

[ rls ' D pa .
Wi

MX 113
FM/FM STEREO - AM TUNER AND PREAMPLIFIER

Mclintosh Laboratory, Inc.
l East Side Station P.O. Box 96
Binghamton, N.Y. 13904 I
l Dept. PE l
I
I

l | nAmE
TODA ® | ADDRESS

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. 22 ON READER SERVICE CARD

WWW ammerieaniadimhistary com



www.americanradiohistory.com

24

e S

HIGHIIGE TS

Audio Systems Recreate Earthquake

Universal's new movie “Earthquake” relies on acoustic
as well as visual means of stimulating the audience. The
audio Sensurround™ system is composed of high-
power amplifiers (750 watts rms/channel) and speaker
columns manufactured by Cerwin-Vega. It reproduces
acomputer-synthesized signal which approximates ac-
tual impulses recorded during past Southern Califor-
nia quakes. While resulting 120-dB rumble, having a
bandwidth of 300Hz, is loud and fow enough to vibrate
the seats and the people viewing the film, it's not
powerful enough to cause structural damage to the
theatre, of course.

Hologram Reader & Projector

A new audio-visual tool—a hologram reader and
projector—has been developed by a joint effort of the
University of Michigan and the Environmental Re-
search Institute of Michigan. The reader is housed in a
box the size of a common TV, and has a similar viewing
screen. Holographic film is mounted on two spools in-
side the box, and “tuning” knobs allow the viewer to
rotate the film, which “revolves” the object. The reader

is illuminated by a low-power argon-ion laser. Film may
also be used in a projector, which is similar to the

reader, except that the laser beam is directed through
two lenses and produces two-dimensional images on
a phosphor-coated screen.

FM Stations Going Quadraphonic

KRAV in Tulsa, WQIV and WRFM in New York City,
WHUD in Peekskill, NY, and WDHA in Dover, NJ, have
started broadcasting programs in stereo-compatible QS
four-channel sound. At present, there are over thirty
stations broadcasting QS-encoded signals.

AM Radio Fits On An Ear

A mini AM radio weighing only 0.6 ounce, designed for
fitting on an ear, has been introduced by the Edmund

Scientific Co., Barrington, N.J. It uses an IC, a ferrite
antenna, a hearing-aid-type earphone and silver-oxide
battery. Range is said to be about 20 to 30 miles, and each
battery is good for ahbout 100 hours of listening.

All-Channel Radio Bill Delayed

By a unanimous voice vote, the House Rules Committee
deferred action on the All-Channel Radio bill, ending any
hope of passage during closing davs of the last session
of Congress. HR 8266. which requires FM capability on
OEM car radios, never reached the House floor for a
vote. A narrowly passed Senate version, S 585, requires
that all radios over $15 retail must have FM capability.
Another attempt to get the House bill bassed, and then
reconciled with the Senate version, will probably take
place in the current session of Congress.

FCC Amateur Proposals

A. Prose Walker, Chief of the Amateur and Citizens
Division of the FCC, recently discussed forthcoming
proposed changes in amateur regulations, as follows. A
Communicator Class license, with no code requirement,
permitting low-power phone operations on 2 meters and
above, will be advanced, he said. Also an incentive licens-
ing structure will be set up on vhfin the likeness of the
h-f system. Under this set-up, the Technician would
have roughly the same standing on vhf as the Advanced
Class licensee has on the h-f bands. The FCC will also
propose the establishment of an Expert Class license
with all phone privileges above 29 M1z, a code require-
ment of 5 wpm and a theory test on par with that of the
Advanced Class. Other proposals include the issuance of
the Extra Class license for life, and special bicentennial
callsigns.

“Bubble” Memories

Bubble memories may replace conventional
memories at some future time due to greater reliability
and speed. Originally developed by Bell Labs in 1967,
the Air Force Syvstems Command has now developed
such magnetic-domain memories, anticipating that
they will replace tape recorders and computer disc and
drum memories in aircraft and spacecraft in a few
vears. . . .The bubble memory is contained in a very thin
magnetic garnet material that has ribbon-shaped
stripes (magnetic domains) in its natural state, When
an external magnetic field is applied, the domains con-
tract into stubby cylinders that look and behave like
bubbles when viewed through a microscope. . .. Con-
version of the bubbles into information bits requires two
processes. On top of the garnet is etched a permalloy
circuit in the form of T's and bars that controls the
movement of the bubbles. When placed in a rotating
magnetic field, the bubbles are attracted to either the
T’s or the bars. A buhble or its absence can then repres-
ent a logic-1 or a logic-0 binary bit of information. When
moved past a sensing element, the bubble produces an
electronic signal that is used in the same manner as the
output of a conventional tape, drum, or disc memory.
Information can be stored for many years. .. Bubble
memories have several other advantages over conven-
tional systems. For example, Air Force engineers are
aiming for a 10% to 2 x 108 bits/sq. in. density. The
bubble memory is also immune to extreme shock,
temperature, and radiation.

POPULAR ELECTRONICS
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'‘Crisc. “PENETRATING?.

Speech Compression is built-in every Johnson CB radic.
State-of-the-art circuitry electronically selects vaice frequencies
that penetrate noise and interference . .. then boosts the level of
modulation to give your signal that powerful “Johnson
sound.” It’s one of many engineering advances — like
receiver *‘steep skirt” filtering to cut interferenc2 and
automatic threshold limiting to slice out noise — that
gives U.S.-made Johnson CB that extra edge of
performance Performance that’s backed by a full
1-year parts and labor warranty with over 700
authorized service centers nationwide.

Messenger 250
100% solid-state base statxon

Messenger 123B 23-channel “

mobile with +/— ground switch N&
5 L777) 1.
- “ldtioligyss

Messenger 130 and 132

“The radiotelephone CB System”
with private listening option

write for free catalog

E.F. Johnson €o.

® Waseca. Minnesota 56093 + In Canada: A. C. Simmonds & Sons, Ltd.

CIRCLE NO. 33 ON READER SERVICE CARD
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® ;
new Weller “coroLess soLoering iron |
GOES ANYWHERE

A

A professional quality tool, Weller’s feather-light and
fingertip-handy WC-100 Cordless Soldering Iron allows };,
you to make connections anywhere...without AP
dependence on an AC cord and outlet.

The heart of the WC-100 is its high-energy,
long-life, nickel-cadmium battery which springs
into action at the touch of your finger, heating
the tip to over 700°F in just 6 seconds.

And no danger of accidental discharge.
Weller’s exclusive sliding safety switch
breaks the circuit when your finger is
removed, won’t lock in “on” position, and
does lock in “off” position for added
safety while restoring energy with fast-
power recharger (UL listed).

Loosen two slotted set screws and
you’'ve got instant choice of four tips...
regular, long-reach, fine-point, or miniature
...each mounted on an extra-strong
stainless tube to resist bending. Tip is
continuously illuminated by the built-in light
which focuses on the work area, a special
advantage under poor lighting conditions.

Try this for size! It's a full-scale photo of the
compact WC-100. And the real thing is waiting
for you at your dealer or distributor...right now.
Need to know more? Request literature.

Weller-Xcelite Electronics Division

The Cooper Group
4 INDUSTRIES | b, BOX 728, APEX, NORTH CAROLINA 27502
2% CIRCLE NO. 41 ON READER SERVICE CARD POPULAR ELECTRONICS
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HE MODERN electronic organ
has been profoundly influenced
by recent developments in circuitry. A
variety of advances have been made,
including, among others, new voices
and automatic playing functions.
With a host of manufacturers offer-
ing a wide range of models, it's no
simple matter to choose an organ for
home use. The multiplicity of options,
the many exclusive features that differ
from one manufacturer to another,
and the broad range of prices are be-
wildering. Since an electronic organ
represents a considerable investment,
it is best to choose carefully from
among the many different types of-
fered. With this in mind, let us take a
look at what makes up the basic organ
and what manufacturers offer today.

The Basic Electronic Organ. The
organ is a keyboard instrument. Un-
like the standardized piano, however,
there are startling differences be-
tween various makes and models of
organs. Nevertheless, all electronic
organs share common characteris-
tics.

Except for the least expensive mod-
els, you will find two keyboards, or
manuals, that cover from 3% to 5 oc-
taves each. The reason for the two
manuals—and sometimes more—is
that different manuals can have differ-
ent tone settings. You can play melody
accompaniment on yet another
keyboard arranged as pedals. (An
organ can have as few as 13 pedals for
one-octave coverage or as many as 32
pedals for a full 2¥2 octaves, like pipe
organs, depending on the size and
cost of the instrument.)

In addition to keyboards, all organs
have “‘stops’’ that determine the tonal
characteristics of the final sound.
Stops produce modified sounds that
are sometimes similar to traditional
instrument ‘‘voices’ (trumpet, flute,
oboe, even plucked instruments like
celeste and harpsichord), and some-
times sounds that are peculiar to the
organ.

Stops in different ‘‘pitch registers”
can give voicings in different octaves.
An organ might have a TRUMPET 8’
stop (8’ reads as ‘‘B-foot,” a reference
to the length of the particular pipe in a
pipe organ), which means that you
would hear a sound voiced like a
trumpet, in the same octave as the key
you are holding. You might also use a
TRUMPET 4’ stop, which sounds a
trumpet an octave higher than the key.

MARCH 1975

A TRUMPET 16’ stop sounds an octave
iower than the depressed key.
Couplers are controls that transfer
stops, add sounds from one keyboard
to another or sound them in different

octaves. For instance, if you are play-
ing on the upper {(Swell) keyboard, de-
pressing a SWELL TO SWELL 16’ coupler
adds to the normal sound the same
sounds an octave lower. Or, if you are
playing on the upper keyboard ard
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wish to add voices from the lower
(Great} manual, you would depress
the GREAT to SWELL 8’ coupler.

Since organ keys are not dynamical-
ly sensitive, like those of a piano, a
foot-operated volume cecntrol (the
swell shoe) is provided—sometimes
one for each manual.

Many organs have a percussion fea-
ture that produces sounds similar to
struck or plucked instruments. ‘Sus-
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The Schober
theatre organ

has two full
manuals and the
Jamiliar U-shaped
ring of stops.

Baldwin's Zodiak
model includes

a synthesizer on
the left end

of the solo console.

Heathkit/Thomas TO-1260M
spinet organ conies

in kit form. (See

Product Test Report.)

WWW ammerceanadioRistery com

tain”’ sometimes is available to make
notes fade away gradually when a key
is released rather than stopping im-
mediately in the usual way.

Another function often found on or-
gans is reverberation. It simulates the
effect of spaciousness produced in a
large hall, and greatly enhances the
pleasure of playing. There is also vib-
rato, which makes a periodic pitch
change over a small range, like the
warm effect produced by the fluttering
of a violinist's left hand. There may be
several vibrato speeds and intensities
available. Rounding out the basic
organ is the amplifier/speaker combi-
nation.

Even in the basics, electronic or-
gans differ from each other. For ex-
ample, the stops on one type might be
tabs connected to switches; or they
might be drawbars, or even a card
reader. In addition to the basic sound
functions, organ manufacturers have
added a host of special effects, most
of which would not have been possi-
ble only a few years ago.

The effectiveness and quality of
each of theseitems, and the quantities
vary from model to model. You cannot
judge an organ by what is written
about it on paper; all we can do is tell
you what to look for and listen to.

New Organ Technology. The first
organs were, and the best still are, the
acoustic types that used pipes for res-
onance and forced air to make sound.
Early electronic models used syn-
chronized relaxation oscillators or
flip-flops, or independent oscillators,
with tubes. Several companies de-
veloped transistorized organs, then
integrated-circuit organs, some of
which use LSI chips in tone genera-
tion. AlImost all solid-state organs em-
ploy synchronized flip-flops or inde-
pendent oscillators.

It was not long before rhythm units,
synchronized chord patterns, built-in
cassette decks and other ‘‘gimmicks”
appeared. Dividing lines became
clearer as organs began to fit into one
of three categories: (1) The combo
organ, designed for travelling enter-
tainment groups, is the smallest,
lightest, and least versatile instru-
ment. (2) The home organ in the $1000
to $6000 range is more sophisticated
and has a variety of special effects. (3)
The recital organ is designed for seri-
ous home organists as well as for use
in churches, stadiums, etc. Further di-
visions are shown in an accompany-
ing table.

POPULAR ELECTRONICS
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Home organs routinely come with a
variety of electronic devices to en-
hance and simplify playing. One of the
most popular is the rhythm section
that is capable of simulating the
sounds of percussion instruments:
bass drum, snare drum, bongo, cym-
bal, etc. There's often an automatic
rhythm device with a choice of differ-
ent patterns: waltz, polka, rhumba,
rock, etc. Tempo controls and a flash-
ing tempo light are usually included.

Some of the automatic types also
have a down-beat control so that the
rhythm pattern can be held off and
started again with the resumption of
playing. There are other rhythm-
section possibilities. For example,
Baldwin’'s ‘‘Real Rhythm' allows the
triggering of manual drum rolls in ad-
dition to the metronome-like sound of
the basic rhythm box. Schober takes
a different approach with its
“Dynabeat”” accessory in which the
drums are either manually played or
triggered by the lower manual keys
and the pedals. Hence, the rhythms
can follow your playing instead of
being automatic. The company's
“Dyna-master’’ option adds many au-
tomatic rhythm patterns and even al-
lows the organist to design five of his
own automatic patterns.

On many home-type organs, the
pedal and lower manual circuits are
synchronized with the drum tempo by
flipping a switch. Holding down one
bass pedal gives a bass note triggered
with the drums. As you continue to
hold it down, the note recurs, trig-
gered by the beat and sometimes even
alternating to other harmonically re-
lated notes. The Heathkit TOA-60-1,
among others, provides alternating
bass pedal notes to fit rhythm pat-
terns, and Gulbransen makes an “‘Au-
tomatic Walking Bass” accompani-
ment available as an option on many
organs.

Synchronization with the lower
manual usually means that holding
down a chord will trigger that chord
repeatedly on the beat, in a manner
similar to that used for the automatic
bass pedals. The Kimball “Entertainer
I system is a good example of this
type of feature. An optional KEYED
RHYTHM makes the rhythm accompan-
iment (drums) start when you begin
playing and stop when you stop. When
it starts with your playing, it is always
on the down beat. The MUSICAL
RHYTHM option has the lower manual
and pedals come out in time with the
drums, starting on the down-beat and
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alternating between the pedal and
the left-hand chord.

A MAGIC-CHORD switch allows you to
depress a single key on the lower
manual and hear a correct chord ac-
companiment (with pedal) alternating
in rhythm and starting on the down-
beat. (GTR takes a different approach
in its model M-600 organ. A feature
called RHYTHM MEMORY remembers
the chord you play and plays it until
you depress the next chord.)

Automatic arpeggio allows you to
have the notes of a chord sound indi-
vidually in sequence. Baldwin’s "‘Fan-
tom Fingers' system is a sophisti-
cated example of this. By playing a
chord and selecting amode, the chord
notes can be played normally, strum-
med or played as arpeggios up, or up
and down, at a rate chosen by a rate
control. You can change chords be-
cause the Fantom Fingers automa-
tically change, too. There is also pro-
vision for the arpeggio rate to increase
as the volume level increases. And the
degree of sustain (time each note
takes to die away) can be adjusted.

On Lowrey’s "“"Symphonic Golden
Harp,” the options are arpeggios up
and/or down over a switch selected
one-, two-, or three-octave range.
Holding the volume pedal to the right
activates a pushbutton switch that
starts and sustains the arpeggio foras
long as the chord keys are held down
by the player.

Another trend adds the capability of
generating chords from a single note.
Wurlitzer's “'Sprite’’ line uses TOUCH
TONE. It is similar in apporach to chord
organs, in that pressing a single but-
ton generates either a major, minor, or
seventh chord, which also syn-
chronizes with the rhythm section.
Lowrey’s contribution is AOC (Au-
tomatic Orchestra Control). If you sus-
tain, say, a major chord on the lower
manual, playing a single note on the
upper manual will come out like a
major chord, no matter where the note
is. The more notes played, the more
come out.

Many organs are now starting to
emphasize synthesizer sounds and
technology, whether by adding a
synthesizer manual, or by adding
synthesizer voices to the upper man-
ual. For example, Thomas has col-
laborated with Moog Music on aseries
of synthesizer presets on its bigger
organs. The Wurlitzer Custom 550
organ has a separate two-octave
synthesizer manual available with
sine-wave outputs, preset sounds, var-
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iable attack and decay times, waa-
waa, delta pitch (or pitch bending),
and other features.

Kawai builds a synthesizer into its
top-of-the-line Model T6 crgan, with
voltage-controlled filters and other
synthesizer effects. Baldwin's
“Syntha-Sound’” is a three-octave
manual. It is available as a separate
unit, and has variable attack and
decay times, etc. The Yamaha Model
EX-42 organ adds another type of
synthesizer controller to the tradi-
tional keyboard. This is similar to a
Moog ribbon controller that provides
a variety of glissando or sweeping
sounds. (Interestingly, synthesizers
combined with electronic organs can
accurately reproduce the sound of
many musical instruments.)

There have been many advance-
ments in organ playing instruction,
too. Generally, manufacturars provide
either books or a cassette course to
get you started playing right away.
Companies such as Conn, Thomas,
and Heathkit/Thomas backlight the
letter keys on their organs. Gulbran-
sen has gone so far as tc include a
digital cassette system in which organ
pieces are converted into digital in-
formation that then “plays™ the organ
in much the same way as punched
paper rolls do in a player piano. The
same cassette '‘computer’’ also forms
the basis of the “Musical Computer
Organ Teaching System,” in which in-
dividual key lights indicate the notes
to play on the upper and lcwer manu-
als. As a natural outgrowth of the
many cassette programs, several
organ manufacturers offer cassette
decks as an option or as original
equipment, or at least provide inputs
and outputs for installing a cassette
deck of your own.

Narrowing Down Your Choice.
Though there are many features to
consider when buying an electronic
organ, itis possible to make the deci-
sion easier by examining category
choices available.

If you're a neophyte, for example,
and have no real desire to play well
—ijust have fun—then you might con-
sider one of the smallest instruments
that are not actually called organs.
They go by the name of “'baby” or-
gans, usually known by “trademark”
names such as Wurlitzer's "Funmaker
Sprite’’, Lowrey's “‘Teenie Genie",
Baldwin's ““Fun Machine”, etc. The
latter instrument is typical of the
category, with a single 37-note
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This Allen organ uses digital conputer
cards to generate different sets of voices.

keyboard, 13-note rhythm-section
keyboard, automatic chord pro-
grammer, percussion patterns, and
single-channel amplifier, but no pedal
keyboard.

For those who have some musical
experience or seriously plan to de-
velop instrument playing, the next
step isthe ""'Spinet” organ. It generally
offers two keyboards, 44 keys each,
and 13 pedals. These are often sup-
plemented by a rhythm section and
automatic features. The higher-priced
spinets often feature two-channel
amplifiers, as well as more voices, ad-
ditional automatic functions, waa-waa
effects, multiple vibratos, better
speaker systems, built-in cassette
machines, etc. Some also offer built-in
synthesizers.

For more serious organists, there

30

are classic-style and theatre organs
(horseshoe styled cabinetry with
overhanging voice tabs). These al-
ways have two or more manuals with
61 keys each and 25- or 32-note ped-
als. Beyond this are electronic organs
which meet specifications of the
American Guild of Organists.

Though the foregoing may seem to
have put more emphasis on special
effects and gadgets than on the
basics, that is only because special
features vary from maker to maker and
take more words to talk about.

The fact is that your first and
greatest attention ought to be focused
on the basic capabilities of the
organ—the largest possible variety of
pleasing basic organ tones, the most
flexible coupler system, and the
largest number of generated tones. If

The Schober
recital organ
meets standards
of the American
Guild of Organists.
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ELECTRONIC ORGAN COMPANY SAMPLER

The following is a list of companies that

manufacture and/or distribute elec-

tronic organs and accessories. Kit sup-

pliers are identified by an asterisk pre-

ceding the company name.

ALLEN ORGAN CO., Macungie, PA
18062

ARTISAN ELECTRONICS CORP., 5
Eastmans Road, Parsippany, N.J.
07054

BALDWIN PIANO & ORGAN CO., 1801
Gilbert Ave., Cincinnati, OH 45202

CONN ORGAN CORP., 616 Enterprise
Drive, Oak Brook, IL 60521

GENERAL ELECTRO MUSIC, Northvale
Industrial Park, Northvaie, NJ 07647

GTR PRODUCTSINC., 42 Jackson Drive,
Cranford, NJ 07016

GULBRANSEN INDUSTRIES, INC., 8501
WestHiggens Road, Chicago, |L 60631

*HEATH COMPANY, Benton Harbor, M|
49022

HAMMOND ORGAN CO., 4200 West Div-
ersey, Chicago, IL 60639

KAWAI ORGAN CO., 24200 S. Vermont
Ave., Harbor City, CA 90710

KIMBALL ORGAN CO., 15th and Cherry
Sts., Jasper, IN 47546

LOWREY ORGANS, Norlin Music, Inc.,
7373 N. Cicero Ave., Lincolnwood, IL
60646

*NEWPORT ORGANS, 842 Production
Pl., Newport Beach, CA 92660

ROCKY MOUNT INSTRUMENTS, INC.,
Macungie, PA 18062

RODGERS ORGAN CO., Hillsboro, OR
97123

SAVILLE ORGAN CO., 2901 Shermer
Road, Northbrook, IL 60062

*SCHOBER ORGAN CORP., 43 West 61
St., New York, NY 10023

THOMAS ORGAN CO.. 7310 N. Lehigh
Ave., Niles, IL 60648

WHIPPANY ELECTRONICS INC., 1275
Bloomfield Ave., Fairfield. NJ 07006

WURLITZER CO., 1700 Pleasant St., De
Kalb, IL 60115

YAMAHA INTERNATIONAL CORP., Box
6600, Los Angeles, CA 90620

*Also supplies organs in kit form.

POPULAR ELECTRONICS
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you can afford the space, a separate,
well-built speaker system that can be
placed at a distance from the organ
console gives better sound than any
speakers mounted in the console can,
and the distance of the sound source
from the player adds much to the
pleasure of the sound. After you are
sure an organ has these basic organ
qualities you can consider the gadgets
and gimmicks, all of which are fun as
novelties, but become much less im-
portant to your satisfaction than basic
musical quality over the long run.

Adramatic addition to anyorganisa
rotating speaker system that provides
cyclic phase/frequency and volume
change and resulting warmth and ex-
citement. The Leslie™ Speaker has
pretty much dominated this market
over the years. But there are other
methods of achieving this effect, in-
cluding both mechanical and elec-
tronic systems.

Another important organ feature is
reverberation. In addition to the
spring-type reverb units and elec-
tronic delay circuits onthe market, the
Schober Organ Corporation makes
the Reverbatape Unit, a small tape-
type reverberator designed to be
placed inside electronic organs of al-
most any make.

To play the electronic organ without
disturbing others, headphone jacks
will doubtlessly be an important fea-
ture. There are a variety of other elec-
tronic organ features that are
available depending upon the
manufacturer’'s design, such as chiff
circuitry to simulate wind noise from a
pipe organ.

In the Store. The first major rule,
especially if you are relatively unfamil-
iar with organs, is never to buy the first
organ or brand you see—at least not
until you have seen as many others as
you can find. The price of an organ
involves a considerable investment.
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Type

Single keyboard
Small spinetor
studio
Large spinet

Console & theatre

Do not buy onimpulse or because you
are impressed with the first demon-
stration you hear.

The second rule is to require a dem-
onstrator to show you how the organ
sounds when none of its gadgets are
used—just the basic organvoices. The
gadgets can make for a fascinating
demonstration, just because they
seem to accomplish fantastic results.
Most of this appeal is novelty. What
should determine your long-term
satisfaction is a large variety of pleas-
ing organ voices. Then consider the
more useful of the special effects.

Electronic organs (other than kit or- -

gans like Heathkit/Thomas and
Schober) are always sold by local
dealers, who are also responsible for
their maintenance, both in and out of
guarantee. Check the dealer’s reputa-
tion for good service, preferably with
other customers.

Understanding electronics will do
you little good unless you have both
the technical data on the organ (usu-
ally available in the service manual,
which anyreputabledealer will atleast
let you examine and which you should
insist on receiving if you buy the
organ) and a general understanding of
electronic organs. The latter can be
obtained from various magazine arti-
cles and a few books, such as
Electronic Musical Instruments, 3rd
Edition, ($10.00) or What Is An Elec-
tronic Organ? (25 cents) both availa-
ble from Schober Organ Corp., 43
West 61 St., New York, N.Y. 10023.

Remember that organ owners tend
to trade up, moving toward more
sophisticated instruments as their tal-
ents and tastes progress. So, check
your retailer’s policy on trade-ins. On
the same subject, keep in mind that a
second hand instrument might be a
good buy. But before you buy a used
organ, check the '"'Official Organ
Bluebook'' (available from Sight &
Sound Systems, Inc. 6055 West

e ey s st
; 3 ’ :--i'. CE ..'-'lu'--'-"-.'.'-h‘.-'\.:'-‘:‘.r-:'-'-"."*.-
Features Cost($)
Easy to play, limited octave range. 500 to 1000
Dual 44-note keyboard and 13-note Up to 2000
pedal, with automatic features.
Same as above with many features 2000 to 6000
of consoles, such as additional
voices, dual amplifiers. Some
with built-in synthesizers.
Dual 61-note keyboards, 25- to 35 to 10,000
32-note pedal, additional voices.
Meets AGO specifications. 5000 and up

Recital organ

*Assembled unit; kits are less.
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Fond-du-fac Ave., Milwaiukee, WI,
53218) for market values. However,
remember that many used electronic
organs have been traded in because
new electronic innovations have out-
stripped what these models offer.

It cannot be stressed strongly
enough that intriguing and even use-
ful electronic gadgets can never be a
substitute for good, basic music
sounds, voice variety and wide octave
range. Listen carefully to the different
voices on an organ. They should
sound distinct, authentic, and ciear.
Potentiometers and other controls
should not be scratchy, and the key-
board should feel “right.”” Another
important consideration is the am-
plifier built into the organ. It should
have sufficient power for the size of
your listening room, as w:=ll as dis-
playing low distortion. In many in-
stances organ manufacturers do not
have provisions for external hi-fi sys-
tems so you'll have to depend on the
built-in system.

Kits Save Money. Price is animpor-
tant consideration in any purchase, of
course. Since an electronic organ you
can ‘‘grow into’’ starts in a four-figure
price category, one might pause be-
fore buying. However, while most
electronic organs are factory-built,
there is one way you can save a consi-
derable amount of money without sac-
rificing quality. Build your own elec-
tronic organ from a kit!

The two most prominent names in
kitorgans are the Heath Corapany and
the Schober Organ Corp. Heath,
though not specializing i1 organs,
sells two spinet electronic argan kits
and a rhythm accessory kit, all of
which are basically Thomas organs
sold assembled by dealers. Schober,
on the other hand, specializes in elec-
tronic organs, offering a broad line of
electronic organs and accessories of
its own design.

The Heath organ spinets are sold as
all-inclusive kits, including assem-
bled/finished cabinet and bench. (An
automatic rhythm section kit is availa-
ble separately.) Schober offers a wide
range of organ kits—from studio
through recital types—plus a host of
optional equipment kits and ac-
cessories that can be p'urchased all-
inclusive or a section at a time to per-
mit one to build an instrument that his
budget and time will allow. Further
savings are possible by purchasing
cabinetry in kit form. Both companies
offer time payment plans. ®
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HERE are a number of ways to

procduce an omnidirectional
speaker system. They range in cost
and design complexity from a single
speaker facing upward into a 360° re-
flector to an arrangement of multiple
woofers, midrange drivers, and tweet-
ers. In the Plus 4 speaker system de-
scribed here, a single woofer is
teamed up with four "“‘tweeters.”

The woofer is large enough to pro-
vide good bass response. The compo-
site resonance of this butyl suspen-
sion high-compliance driver in its
sealed enclosureis about 55 Hz, which
means that its bass range compares
favorably with that of commercial
speaker systems costing several times
the materials price for the Plus 4.

The inexpensive full-range speakers
used as tweeters have whizzer cones.
These drivers connect into the system
through asimple high-pass filter. They
face upward and outward to provide
the wide dispersion pattern essential
to good performance in the middle
and high-frequency ranges.

Construction. Except for making
the triangular shape of the enclosure,
construction of the Plus 4 speaker sys-
tem is simple and straightforward. A
table saw will simplify the 30° saw cuts
required at the edges of the side
panels and cleats, but if you work
carefully, you can use a portable,
sabre, or even hand saw.

The shape of the enclosure adds to
its rigidity. You can use nails instead

32
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of screws for assembly. Howsaver, if
you elect to use nails, select only
ring-shank or screw-thread types.
(Thelatteraresuperiorin their holding
power.) If you use enough nails, they
will clamp the wood members under
pressure white the glue sets.

The greater its strength and rigidity,
the higher the pitch of the sound the
enclosure produces when sharply
rapped. We found that the Plus 4 will
perform satisfactorily with side panels
made from plywood as thin as %z-in.
(12.7 mm). For higher density and
even lower cost, you canuse Yz-in. par-
ticle board, butdon't omit the bracing.
You can substitute flat pieces of parti-
cle board or plywood for the pine
braces specified. Just glue and nail
them to the unsupported middle sec-
tions on the side panels.

Except for the top tweeter, the
speakers are installed on separate
speaker baards from outside the en-
closure. The removable top simplifies
the task of wiring the tweeter array. It
is attached to the top of the enclosure
with screws into the ends of the carner
cleats and the top edges of the side
panels. Seal the top panel to the en-
closure with silicone rubber com-
pound between the two. The com-
pound will form an air-tight gasket
that can be cut loose if you ever have
to remove the top panel. (Note: If you
remove the top panel, replace it with
larger or lcnger screws because end-
grain wood is not useful for holding
the same size screw twice.)

One woaofer and

four tweeters combine

to provide good bass
response and ‘‘open-quality”’

high frequencies.

Start construction by cutting the
wood panels to the dimensions
specified in Fig. 1 and the Bill of Mater-
als. Use the spzakers as patterns to
mark their outlines on the side panels
as shown in Fig. 2. Then use a sabre
saw to make the cutouts, removing the
line with the saw cut so that the speak-
ers will easily pass thrcugh the holes.
Break the sharp 2dges of the cutouts
with a file or sandpaper. A beveled or
rounded edge is desirable because of
the tendency of sharp edges to pro-
duce diffraction that can alter the fre-
quency response of the speakers.

Prepare the sp2aker boards anc in-
stall them in their respective locatians
on the side panels. Center the round
holes inside the octagonal cutouts
and tack them lightly in place with two
plain nails per board. Check the pasi-
tion of each board by inserting the
proper speaker. |If the speaker fits eas-
ily against the board without bincing
against the side panel, setthe speaker
aside and glue and nail the speaker
board down, us ng the first two nails
as guides.

Drill Va-in. (6.35-mm) mounting
holes for the woofer. Use the woofer
as a pattern to locate the eight holes.
Then drill the holes. Install a 3/ts-in.
(4.76-mm) T nut in each hole &t the
rear of the speaker bcard. Mark drill
points for the tweeter screws and use
a 3/32-in. (2.38-mm) bit to make pilot
holes for the panhead screws that will
be used to mourt the speakers.

Attach the clegts Y16 in. in from the

POPULAR ELECTRONICS
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Fig. 1. Enclosure shape is triangular.
Drawings show dimensions and details.
BILL OF MATERIALS 2—14%" per side pieces of ¥2” particle
(Per Speaker System) board or plywood for triangular top or

bottom panels D and F
1—1234" per side piece of " particle
board or plywood tfor triangular parti-

I—Norelco Model AD 8065/W8 woofer tion panel E
(39.95 each plus shipping) 324" lengths of.1” x 2" pine for woofer
4—Norelco Model AD 5080/M8 tweeters compartment corner cleats
(8$1.99 each plus shipping) 2—24" lengths of 1” x 2" pine for braces on
|—8-pF non polarized capacitor (29¢) sides B and C
(The above items are available from 1—12" length of 1”7 x 2" pine for brace on
McGee Radio Co., 1901 McGee St., side A
Kansas City, MO 64108.) 3—8" lengths of 1”7 X 2” pine for tweeter
1—33" x 14%" piece of ¥2" particle board compartment corner cleats.
or plywood for side panel B 8—3%.4" T nuts for woofer mounting
1—33" x 13%" piece of 14" particle board 8—1" x 3/1¢" roundhead bolts for woofer
or plywood for side panel C mounting
1—33" x 1314" piece of 2" particle board 32-# 8 x ¥4 panhead sheetmetal screws
or plywood for side panel A for tweeter mounting
1—10%" x 10" pieces of ¥2" particle Misc.—1%"-long ring-shank or screw-
board or plywood speaker board for thread nails: grille cloth; silicone rubber
woofer compound; 1"-thick acoustical fiberg-
3—7" x 7" pieces of ¥2” particle board or lass wool batting: glue; lamp cord; sol-
plywood for tweeter mounting boards der; etc.

MARCH 1975

two side edges of panels B and C with
glue and nails. Then nail ard glue the
braces to the sides.

Drive 12 to 15 nails into side C just
far enough to penetrate through the
panel. Locate these nails on a line
about 3 in. (19.1 mm) from the edge
that will join panel B. Coat the joining
surfaces with glue, carefully match the
panel edges, and drive home the nails.
Next, drill a Ya-in. (6.35-mm) hole
through the center of partition panel
E. Mount this panel in place with glue
and nails. In addition to side nailing,
try to put some vertical nails through
the partition panel into the top ends of
the cleats and braces. The assembly to
this point is shown in Fig. 3

Start a line of nails along both side
edges of panel A, following the same
instructions given above for the panel
B/C assembly. Glue the mating sur-
faces between panels A and B and A
and C, and drive the nails home, taking
care to line up the edges. Tack or sta-
ple a 1-in. (25.4-mm) thickness of
acoustical fiberglass wool batting to
the upper inside walls and ceiling of
the woofer compartment. Do not
overdamp. (Thepurposeofthisacous-
tical treatmentis to absorb internal re-
flections of midrange sound inside the
woofer enclosure. The triangular
shape of the enclosure reduces the
severity of this problem from that en-
countered in an ordinary rectangular
box.)

Trim the top and bottom panels tofit
the enclosure with no more than % in.
(3.18 mm ) overhang. Drill shank holes
into the properlocationsto putscrews
through the panels into the ends of the
cleats. Drill a Ya-in. hole through the

Fig. 2. Use speakers as patterns

for octagonal cutouts on sides.
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bottom panel, pass a length of tamp
cord through the hole, and tie a knot
32 in. (0.81 m) from the inside end.
Glue and nail the bottom panel to the
sides of the enclosure and pack the
speaker cord hole with silicone com-
pound. Glue and nail small pieces of
Y2-in. thick wood to the bottom panel
at each corner to serve as feet. Paint
the enclosure’'s visible surfaces flat
black.

When the paint has dried, thread the
end of an 18-in. (45.7-cm) length of
coded lamp cord through the hole in
the center of the partition. (If coded
cable is not available, use separate
wires with different color insulation,
or code apiece of lamp cord with tape
at opposite ends of one conductor.)
Connect and solder one end of this
cable to the lugs on the woofer.

Run a bead of silicone rubber com-
pound around the edge of the woofer
board and install the woofer. Use

WOOFER

>
-
Zo
]
o]+

TWEETERS

Fig. b. Schematic of speaker
connections shows nse of capacitor.
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Fig. 3. Partially
completed enclosire.
Particle board
would make denser
enclosure than
pliieood as shown.
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3/16-in. bolts, passing them through
the woofer's mounting holes and the
mating holes in the speaker board, to
tighten into the T nuts.

Pack the hole inthe partition around
the tweeter cable with silicone rubber
compound.Install the tweeters in thair
respective locations, using a thin gas-
ket of foam rubber or silicone rubber
compound as an air seal between
each driver and its mounting board.
Fasten down the speakers with screws
just tight enough to prevent rattles.
Avoid over tightening, or you will warp
the speaker frames. Then, referring to
Fig. 4, wire the tweeters into the sys-
tem, with two parallel-connected pairs
in series with each other. Make sure
you properly phase the tweeters as
shown, and don't forget to install the
8-uF non-polarized capacitor in the +
line between the woofer and tweeter
array. (See Fig. 5.)

Cut some fiberglass wool batting
into small blocks or wedges and
loosely fill the tweeter compartment
with the chunks. Set the top panel
temporarily on the enclosure and
connect the system cord to the output
of your amplifier

Turn on the amplifier and play a
program rich in bass notes and lots of
middle and high frequencies. Check
that the low frequencies are repro-
duced by the woofer and not the mid-

Fig. 5. The task of wiring the ticeeters is made
easier by nsiing a removable top on enclosure.

POPULAR ELECTRONICS
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Fig. 6. Start installing wrap-around grille
by stapling it to the rear corner.

Losely fill the top
compartment with

small pieces of

fiberglass batting.
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\
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-
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A

Speakers used in the Plus-4: butyl suspension
woofer and four tweeters with whizzer cones.
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range “‘tweeters.” If everything is
okay, install the top panel, using a
siticone rubber bead between it and
the top edges of the enclosure. As
mentioned earlier, the “op panel
mounts with the aid of flathead wood
screws driven through it irto the top
edges of the enclosure walls and
corner blocks.

After the gasket has had time to set,
check the system out aga n with an
amplified program. Listen for vibra-
tion around the top panel. Rap each
side sharply near the center of the
woofer section and listen for rattles
and buzzing.

Finishing Up. When you are satisfied
that the system is operating properly,
install the grille cloth. Begin by sta-
pling or tacking one edge of the cloth
to the rear corner of the enclosure;
just barely overlap the corner (Fig. 6).

Wrap the cloth around tre body of
the enclosure. Stretch the cloth both
horizontally and vertically es you sta-
pleortackitinplace attherearcorner.
Staple the top and bottom edges of the
grille cloth to the enclosure walls, pul-
ling out any wrinkles as you proceed,
cover the staples with deccrative rib-
bon material. Use glue to ‘asten the
ribbon along the top and bottom
edges and seam at the rear corner of
the enclosure.

You should experiment with various
locations and orientations to obtain
the best stereo effect you want from
the speaker systems. Start by placing
the systems 10 to 12 in. (25.4 to 30.5
cm) from a reflective wall. (Measure
from the rear corner of each enclo-
sure.) Face the woofer forward, and
use this position as a reference when
you decide on a permanent location.

As with many sealed-woofer sys-
tems of moderate size, you might find
that a bit of bass boost is beneficial.
You will also notice here that the bass
performance remains sazisfyingly
clean with the boost. The 3ighs will
have an open quality due to “he sound
coming from all three walls and the
top of the enclosure. The height of the
enclosure will add to the n&turalness
of the highs by getting them up off the
floor. High-frequency dispersion will
be much better than you could obtain
from a single high-frequercy driver
system. ®

35


www.americanradiohistory.com

BUILDA

LADY’S LED
TIME/DATE

WRISTWAICH
..ONLY $75°

D IGITAL wristwatches are usually

so large and cumbersome that
they are unappealing to women. Now,
the latest CMOS technology makes it
possible to build a state-of-the-art
electronic digital wristwatch that is
truly sized for a lady’s wrist.

The lady's digital wristwatch de-
scribed here is not only about half the
size of most men’'s watches, but italso
gives more information than before in
the smaller package. It uses four LED
readouts to display the time in hours
and minutes and also day of the month
and seconds. Because of the relatively
high current demands of the LED dis-
play, the readout is on an on-demand
basis to conserve battery power.

Single-1C watch
provides
hours/minutes/
seconds/date
on demand

BY BILL GREEN

Alady’s LED-type digital wristwatch
is generally a high-cost item, selling
for anywhere from $250 on up for a
factory-assembled version. The com-
plete kit of parts and case (minus band
and batteries) for this watch is $75,
plus handling and postage.

Although the empbhasis in this arti-
cle is on the lady's version of the
wristwatch, the electronics package
that makes up the timekeeping system
can easily be set into the larger cases
used for men’s watches. Instructions
for installation in both types of cases
are provided in this article.

About the Circuit. The complete
schematic diagram of the timekeeping
system is based on the circuitry con-
tained in a single large-scale CMOS
integrated circuit (see IC7 in Fig. 1).
The IC contains all the counting, de-
coding, and multipiexing systems,
plus an oscillator that works in con-
junction with a crystal and several
other outboard components.

Outputs from integrated circuit IC71
are provided for driving hours, min-
utes, seconds, and date displays DI/S71
through DIS4. On-chip provisions are
also provided for setting the time and
date.

POPULAR ELECTRONICS
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B1. B2—I.5-volt No. §-13 silver-oxide cell
(see text)

C1-—-27-pF, S0-volt subminiature
CK12-BX270K Kemet capacitor

C2—15-30-pF subminiature trimmer
capacitor

DIS! thru DIS4—Miniature 7-segment
LED display with decimal point

IC 1—SLC5440F (Solid State Scientific)
electronic watch integrated circuit

1 thru Q12—MMT71 subminiature tran-
sistor (Motorola)

Q13, Q14—2N5139 transistor

R1-—33,000-ohm, ¥%-W. 10% resistor

R2—10-megohm. %-W, 10% resistor

MARCH 1975

R3 thru R10—4700-ohm, %-W, 10% resis-
tor

St, S2—Touch switch (see text)

XTAL—32,728-Hz miniature crystal (CTS
Knight)

Misc.—Display filter; printed circuit
board; watch case; watchband: 0.005-in.
(0.127-mm) brass stock for battery con-
tacts: tape: thin-walled plastic tubing:
epoxy compound: straight pins (2):
hookup wire; solder: etc.

Note: The following items are available
from Alpha Electronics, P.O. Box 008,
Merritt Island. FL 32592: complete No.
LED-1 kit of parts including all compo-
nents, pc board. and case, but less band
and batteries for $75 plus $2.95 postage
and handling (specify men's or lady’s
version); No. LW-1 printed-circuit
board for $8.50; SCL5440F MOS inte-
grated circuit (IC1) for $40: 32,768-Hz
crystal for $15.
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HEAVY SOLID
WIRE

CuUT TO
POINT

LARGE
SQLDERING
TIP

CLIP TO GROUND LEAD
FOR MOS WORK

Fig. 2. To prevent danage to MOS
devices during soldering, prepare
this special tip for soldering iron.

Internal logic elements keep the
display on for 13 seconds after de-
mand is made via S7. (Only the display
is on-demand; the logic elements are
always powered and driven.)

The colon between units-hours dis-
play D/S3 and tens-of-minutes display
DIS2 is driven by transistor Q8. When
the time is displayed, the colon glows
steadily for a.m. hours and blinks at a
2-Hz rate for p.m. hours. The colon
itself is made up of the decimal points
builtinto D/IS2 and D/S3.

Miniature transistors interface the
outputs of /CT with the LED displays.
Transistors Q7 through Q7 provide
current switching for the display seg-
ments, while transistors Q9 through
Q172 are the digit-enable drivers when
demand is made for displaying time or
date. Resistors R3 through R70 in the
base circuits of transistors Q71 through
Q7 decouple the segment and colon
driver transistors from /C1.

The oscillator circuit built into /C1
uses a 32,768-Hz crystal (XTAL in Fig.
1), capacitors C7 and C2, and resistors
R1 and R2, all outboard of the LSI
chip, to provide the clock pulses re-
quired for driving the system’s logic.
Capacitor C2 is made variable to per-
mit the frequency of the clock oscil-
lator to be accurately trimmed for pre-
cise timekeeping.

Transistors Q73 and Q74 act as
switches between the time-demand
and time/date setting pins of /C7 and
case ground, which is also the com-
mon negative buss for the timekeep-
ing system. These transistors are acti-
vated by touching S2 and S7, respec-
tively. When either switch is touched,
sufficient leakage current will flow be-
tween the center of the switch and the
metal case of the watch to saturate
that particular transistor. This sends
the associated pin of /C7 to ground
and activates the demanded function.

Power for the watch is provided by a
pair of silver-oxide cells (B7 and B2)
that generate the 3 volts dc required to
run the timekeeping system. In the
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ladies’ version, a pair of low-cost S-13
cells are used for power. The larger
case volume of the men's version
permits larger and more powerful
cells to be used, a good choice being
the S-76 cell.

Since /C1 draws only 10 uW of
power, the timekeeping system will
yield from eight months to a year of
operation from the smaller batteries,
provided display demand does not ex-
ceed an average of ten times daily. The
larger batteries permit more demands
per day from the watch.

Fig. 3. Same foil pattern,
cut as shown below, is used
forlady’s or man’s watch.

eseeseesm i

Construction. The components
used in the wristwatch are physically
much smaller and more delicate than
those normally found in experimenter
projects. One is a MOS LSI device
(IC1) that requires particularly special
handling to avoid damaging it by static
electricity. (See the box for details on
how to safely handle MOS devices.)
The printed circuit board on which
the entire watch is built is extremely
small for the number of components it
accommodates. It has conductors on
both sides, but it has none of the usual

NOTCH
EACH
(+) Q3 PAD
PAD Q8 @6 Q7 Q Q2 05 Q4 (8
=1 B O ~
i 3 q#n ! LADIES WATCH
. OUTLINE MARKS
Bl - ¢ & e g (4)
cuTouT . | .
woP
ms 4| |os 3| |"E
: 02| [ps
| orm|| OPm E XTAL
cutout
B2 :
cCuToOUT ¢ o
ey A2

—r—

““REGISTRATION
HOLE
(2)

MEN’S WATCH _»

OUTLINE
SEGMENTS
B A G F COLON __
" - =
|
2 5 : |
= — i RIO :
| R ) BATTERY
R | “cutouT
i - I 1 H
2 i |
[=] ]
- ]
{3 IcH r—-—-
o] ]
S
r l
x ~a=R]--— |
|
|
1
|
gt (I
cl + | 4. \
DIGIT (=) PAD
ENABLE

WWW ammerceanadioRistery com

POPULAR ELECTRONICS


www.americanradiohistory.com

thraugh-the-board holes for compo-
nent leads. Lacking mounting holes,
and owing to the high density of com-
ponents and the ciose spacing be-
tween conductors and component
leads, a special soldering technique
and a very fine pointed soldering iron
tip (see Fig. 2) must be employed
when assembling the watch.

The soldering technique is familiar
to many experimenters, though
perhaps notby name. It’s called reflow
soldering. Before a component is
mounted in place on the board, the
copper pads and the component’s
leads are first pretinned with solder.
This requires that the leads be cut to
exact length and preformed prior to
mounting. Then, when the component
is set into place, heat from the solder-
ing iron is applied to the joints be-
tween leads and pads until the pretin-
ning solder films “reflow’ and form
sound electrical and mechanical
bonds. No extra solder is used once
the pads and leads are tinned.

If you examine the actual-size etch-
ing guides for the printed circuit board
shown in Fig. 3, you will note the case
outline for the men’s version on the
IC1 side and the crosses that define
the limits of the ladies’ version on the
display side. Also note the areas that
must be cut away for the batteries and
crystal.

Use a jeweler’s or other fine-bladed
saw to cut the board to the shape re-
quired by the case in which it is to be
mounted. Then cut out the notches for
the batteries, leaving a narrow
“tongue’’ of board material between
the two cutouts. Make the cutout for
the crystal. When this is done, use a
fine file to smooth all cut edges and to
fine-trim the board so that it just fits
inside the case without binding.

If you are assembling the men’s ver-
sion of the watch, use a very fine drill
to bore a hole through the board near
each of the pads marked A through £
and coLoN, 1through 4 and —, and the
C2 pad adjacent to the crystal cutout.
For the ladies’ version, shallowly
notch the edges of the board with afile
in the center of each of the above
pads.

Now, pass a strand of fine wire,
pulled from a bundle of No. 22
stranded hookup wire, through each
of the holes drilled through the pads
on the men's board. Solder the wire to
the paired pads on both sides of the
board at each hole location. Use sol-
der sparingly, taking care to avoid sol-
der bridges, and clip the excess wires
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as close as possible to the board’s sur-
faces. For the ladies’ version, first pre-
tin the pads scored by the notches on
both sides of the board. Reflow-solder
the wire to the adjacent pads on both
sides of the board, wrapping the wire
over the edges of the board in the
grooves. Interconnect all but the C2
pads—which will be connected
later—in this manner.

Whichever version of the watch you
are building, continue to pretin all the
remaining padson both sides of thepc
board with a thin film of solder. Use
solder and heat sparingly.

Referring to Fig. 4A, form the leads
of the 12 subminiature transistors (Q7
through Q72) exactly as shown. Place
the transistor on a flat surface with the
side on which the raised marker in the
center is facing up. Place your thumb-
nails on the collector and base leads
near the transistor's case and gently
but firmly press down until the leads
are flat against the case sides. Repeat
the procedure for the emitter lead.

Pretin with solder the leads of the
transistors near their cases. Trim the
transistor leads to just fit on the ap-
propriate solder pads on the pc board.
Then, referring back to Fig. 3 for com-
ponent placement and orientation,
reflow-solder the transistors down.

Referring to Fig. 4B, prepare the
leads of the four displays (DIS1
through DIS4). Before clipping away
any leads, carefully examine the indi-
vidual displays to locate the decimal
points for proper orientation. Once
you are sure of the orientation of each
of the displays, remove the leads
specified. Then carefully bend the
leads of each display with longnose
pliers as shown in the side-view draw-
ings. Pretin the bent leads of each of
the displays and reflow-solder the dis-
plays in their respective locations,
trimming leads as necessary and mak-
ing sure to mount DIS2 upside-down
so that its decimal point and the deci-
mal point of DIS3 form a colon. Work
carefully, and keep the displays in line
with each other.

Place a narrow strip of insulating
tape on the board under the free leads
of the displays. Starting at DIS1, bend
down the pin for segment E of each
display until it touches the tape. Sol-
der a length of thin bare wire (one
strand from a length of No. 22
stranded hookup wire) across the
E-segment pins, terminating it at the
collector pad of Q5.

Place asecond layer of tape over the
E-segment wiring and repeat the
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above procedure for the D-segment
leads, terminating their wire at the col-
lector pad of Q4. Continue working in
this manner for the remaining seg-
ment leads, terminating the C, G, A,
and B wires at the collector pads of
Q3, Q7, Q1, and Q2, respectively.
There is no need to bridge the
G-segment leads of DIS7T and DIS2
since they share acommon zonductor
once they are soldered down to the
pads on the pc board. Alsc, no inter-
connecting wiring is needzd for the
F-segment leads to the collector of Q6
for the same reason.

Install trimmer capacitor 22 with its
adjustment slot facing away from the
board’s surface. Wrap the lead near
the crystal slot over the edge of the
board and solder itto the pads on both
the top and bottom of the board.

Next, install all the resistors, except
R2, on the IC side of the pc board. Do
not forget to tin the leads after they
have been trimmed and forried. When
properly installed, the resistors should
lie flat against the board’s surface.

Being very careful to observe the in-
structions for MOS devices in the box,
remove IC1 fromits protective carrier.
Bend its leads downward about 1/32
in. (0.8 mm) from the flat side. At a
point about 3/32 in. (2.4 mm) from the
bottom of the IC package bend the
leads out at a 90° angle. Temporarily
place /C1 in position overits pads and,
noting the position of pin 7 (it has an
extra extension coming off the lead as
shownin Fig. 4C), clip away the excess

Photo sliows how components
are mounted on pe board.

lead lengths. Tin the lead stubs and
carefully reflow-solder the IC's leads
to the appropriate pads on the pc
board. When in place, the IC should sit
close atop the resistors mounted
under it.

Form the leads of Q73 and Q74, trim
them to fit the pads on the board, and
tin the stubs. Set the trancistors, one
at a time, in place on the board and
reflow-solder their leads to the ap-
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Fig. 4. Details for pin forming and assembly of parts.

propriate pads. Then solder one end
of a 1-in. (25.4-mm) length of bare
hookup wire to the base pad of Q713.
Repeat for Q74. The free ends of the
wires will be connected later.

Cover the metal case of the crystal
with a layer of insulating tape. Form

the crystal's leads as shown in Fig. 4D

Clip the leads of R2 to 1/16 in. (1.59
mm) and solder this resistor across
the leads of the crystal as shown, close
to the case of the crystal. Set the
crystal into its slot, and tin its leads.
Reflow-solder the leads to the approp-
riate pads on the PC board. Form and
clip the leads of C7 to length. Tin the
leads and solder them to the pads on
the circuit board.

Temporarily tack solder a length of
hookup wire to the battery + pad on
the board and anotherto the battery —
pad on both sides of the board. Con-
nect these wires, properly polarized,
to a3-voltdc supply. Two 1.5-volt cells
of any type connected in series will do
nicely.

The wire attached to the base pad of
Q174 is the active part of time demand
switch S7, while the wire attached to
the base of Q13 is the active part of
time/date SET switch S2. A low resis-
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tance must be present between the
switch to be used and battery — (case
when the timekeeping package is in-
stalled in its case) to activate the func-
tion desired. Use your index finger to
make contact between the battery —
lead and the S7 wire. If the watch is
operating properly, the display will
come on and indicate some random
number of hours and minutes. The
display will remain on for 1 3% seconds
after you remove your finger fromcon-
tact with the wire.

After thedisplay extinguishes, again
contact the S7 wire, this time twice in
quick succession. On the first contact,
the display will indicate hours and
minutes, while on the second contact,
it will indicate the date and seconds.
Unless continuous contact is made
with the S7 wire, the display will extin-
guish after 135 seconds.

Setting the Watch. To set the hours
and minutes, touch the S7 wire while
maintaining contact with the battery —
wire. Release the S7 wire, and, before
the display blanks, touch the S2 wire.
This will blank out the minutes dis-
plays and leave on the hours
display(s). Touch the S7 wire until the
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display indicates the proper number
of hours. Don't forget to get the time in
the proper cycle (a.m. or p.m.), while
observing the colon.

Touch the S2 wire to blank out the
hours display and turn on the minutes
display. Then touch S7 until the cor-
rect number of minutes is displayed.
Touch S2 again to blank the display.

The date and seconds are set in a
similar manner. Firsttouch the S7 wire
twice to turn on the date and seconds
function. Before the display blanks
out,touch S2. This blanks the seconds
and locks on the date displays. Touch
S17 until the display indicates the cor-
rect date. Touch S2 to blank out the
date and turn on the seconds. Touch
S17 toreset the displays to 00. Release
the S7 wire. When the real time cor-
responds to the time set in the watch,
touch S7.

The above procedure checks out
the operation of the timekeeping sys-
tem prior to final assembly. It should
be performed again exactly as out-
lined after the watch is fully assembled
and ready to wear. Once you have
checked the operation of the
timekeeping system, remove the wires
temporarily connected to the battery
+ and — pads.

Final Assembly. Referring to Fig.
4E, prepare three pieces of brass shim
stock as shown. Mount and solder
them into place as shown inthe circuit

HANDLING MOS DEVICES

Because MOS devices—both discrete
and integrated circuit—can be per-
manently damaged by static electricity
charges, observe the following rules
when handling and working with them:

¢ Never wear synthetic clothing: cot-
ton is best.

e Ground anything that is to come
into contact with the MOS device before
it is installed in its circuit—including
work area, tools, and yourself.

e Never let go of a MOS device after
removing it from its special conductive
carrier until it is installed in its circuit.
When a good MOS device is removed
from a circuit, immediately install it in a
protective (conductive) carrier designed
for MOS devices.

o Never install or remove a MOS de-
vice from a circuit when the poweris on.

POPULAR ELECTRONICS


www.americanradiohistory.com

The digital wristwatch described in
this articie uses a Solid State Scientific
IC to perform all time-keeping functions.
As we were going to press, we were in-
formed that another version of the kit
has aiso become availabie from the
same supplier mentioned in the Parts
List. The new version uses either of two
IC's made by Mostek.

While both the SSS and Mostek IC
watches are designed to use LED dis-
plays, their drive systems are different.
The SSS chip requires outboard isola-
tion transistors to drive the LED seg-
ments, while the Mostek has built into it
high-current outputs that can drive the
displays directly. Both approaches have
advantages and disadvantages.

The advantages to the SSS approach
include the ability to vary the current
through the drive transistors and LED's
by changing resistor values to lower dis-
play brightness and extend battery life.
Another advantage is that if one of the
LED drive transistors should ever be-
come defective, only thattransistor need
be replaced. The disadvantage of the
SSS approach, of course, is those seven
extra driver transistors that make as-
sembly more complex.

Taking the Mostek chip approach of-
fers the advantages of bright display,
on-chip segment drivers, and the elimi-
nation of seven transistors, which sim-
plifies assembly. The disadvantages are
that the display brightness cannot be
varied. Also if only one of the output
drive circuits becomes defective, the en-
tire chip must be replaced.

Both chips offer hours and minutes
time indication with separate date and
seconds on demand. The SSS chip of-
fers time only in a 12-hour format, with
a.m. hours indicated by a steady glow of

board detail. Use solder sparingly, but
make sure to obtain good mechanical
as well as electrical joints. Solder the
minus pad on the IC side of the board
to the minus battery clip.

Temporarily set the timekeeping
module inside the watch case, display
properly positioned in its window, to
check the fit. The fit should be fairly
loose, without binding anywhere. Re-
move the pc board assembly from the
watch case.

Measure the inside depth of the
watch case and subtract 1/16 in. (1.59
mm) from the figure obtained. Cut a
strip of electrical tape to this width and
35/8in.(76.2mm) long. Press the tape
strip to the inside walls of the ladies’
watch case, leavinga gap in the center
of the top wall. This insulation is
necessary in the men’s watch case
only in the area where the batteries
mightcome into contact with the case.
Also apply a strip of tape on the inside
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ALTERNATE DESIGN CHOICE

the colon and p.m. hours by the colon
pulsing on and off. The Mostek chips
offer a choice of either 12- or 24-hour
time format. The colons giow steadily;
50, there is no indication of a.m. or p.m.
in the 12-hour watch. (It's not needed in
the 24-hour watch.) Am. and p.m. are
indicated only when time is being set.

Further differences include two-
button operation for the SSS chip as op-
posed to three-button for the Mostek
chip. With the Mostek watch, if you want
the time, you have to touch the demand
contact continuously for as long as it
takes to read the display. However, when
you touch the contact on the SSS watch,
you can let go immediately and the dis-
play will remain on 1.35 seconds after
release. Finally, the Mostek watch kit is
$5 more expensive than the SSS kit.

The Mostek chip has one more func-
tion worth noting. The chip can be used
as a stopwatch with a 1-second resolu-
tion. A resume function permits the
elapsed-time count to be stopped during
times out and resumed again without
having to go to a reset-to-zero mode.
When used as a stopwatch, the watch
does not keep track of time and date,
which means thatthe time and date must
be set into the watch after using it as a
stopwatch.

A complete kit for the Mostek 1C watch,
including pc board. case, and all elec-
tronics, but excluding band and batteries,
sells for $79.95 plus $2.95 for shipping and
handling. Specify lady’s or man’s version
and give No. DD-12 for the [2-hour or
DD-24 for the 24-hour version. The IC’s
are available separately for $40 each;
specify S030M (12-hr) or S031M (24-hr).
Also available are the No. LW-2 pc board
for $8.50. and the crystal for $15.

of the case top in the battery area.

Epoxy the filter over the display
window in the watch case. Set the
case aside until the epoxy has had
time to completely set.

Then, temporarily set the pc board
assembly into the watch case, posi-
tioning the display so that it is in the
center of the window area. |f the as-
sembly binds because of the insulat-
ing tape, carefully trim it with a fine file
for a snug fit. Locate and mark two
points above and clear of the compo-
nents on the board for ST and S2.

Remove the pc assembly from the
watch case and setitaside. Thendrill a
hole at each of the marked locations.
Use a drill that is the same size as—or
perhaps the tiniest bit smaller than
—the diameter of the thin-walled plas-
tic tubing that will be installed in these
holes to insulate ST and S2 from the
case.

Referring to Fig. 4F, slip a short
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length of the plastic tubing into each
of the holes, positioning it sc that it is
almost flush with the outside wall and
protrudes about 1/32 in. (0.8mm)
beyond the inside wall of the watch
case. Slip a straight pin into each
piece of tubing from outside the case.
Then epoxy pins and tubing to the
case as shown. When the epoxy has
had time to set, trim the straight pins,
leaving just enough of their length be-
hind to permit the wires coming from
the bases of Q73 and Q74 to be sol-
dered to them.

At this time, wristband support pins
must be attached to the exterior of the
metal watch case. In the prototype
watch shown in the photo, small-
diameter brass tubing was silver sol-
dered to the case. If another type or
style of wristband than that shown is
used, appropriate metal brackets
must be fashioned for them and silver
soldered to the watch case.

If you have access to a frequency
counter, you can initially set the
crystal oscillator’'s frequency for a
reading of 32,768 Hz by adjusting C2.
The counter connects to the watch via
pin 10 of /C71 and the case. Do not set
the frequency to exactly 32,768; in-
stead, set it about 0.5 Hz low to offset
the loading effect of the counter on
the oscillator.

If you do not have access to a fre-
quency counter, you can ture the os-
cillator by trial and error. Operate the
watch for some period of time. Assum-
ing the time is off by some number ot
seconds, tune C2 and operate the
watch again. Continue to operate and
tune until you are satisfied that the
timekeeping system is tracking with
the smallest of errors.

Replace the watch module inside
the case, making sure the displays are
centered in the window area. Solder a
short length of the thin bare wire from
the battery — pad to the wall of the
watch. To get to bare metal on the
wall, notch out only as much of the
tape as needed for the connection.

Slip a length of thin-walled plastic
tubing over each of the wires coming
from the bases of Q73 and Q74. Con-
nect and solder the loose ends of
these wires to the S7 and S2 pin stubs.
Then, taking care to observe the cor-
rect polarity, install B7 and &2 in their
holders. Push the cells down until they
seat against the top of the watch case.
Then install the bottom cover.

The ultimate timekeeping accuracy
can be within one or two seconds a
monthif you take care to precisely trim

c2. ®
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ALTERNATELY FLASHING TAILLIGHTS

BY TERRY A. WILLIAMSON

HEADLAMP up front to light
your way and let people know
you're coming toward them is great to
have for night cycling. But it isn’t
enough if you leave your rear unpro-
tected from oncoming motorists. For
rear protection, you want something
that will attract attention, like the
flashing light system described here.
Two lamps alternately flash on and off
at a rate of about once a second to
draw attention.
You can build the biker’s rear safety
flasher system for less than $10, ex-
clusive of generator.

About the Circuit. As shown in the
schematic diagram, power for the
flashing light system is obtained from
a standard bicycle generator. The
generator should be rated at 6 volts
and be capable of delivering 3.3 watts
or more to the load.

The circuit used to pulse lamps /1
and-/2 is a relay (K1) driven by 555
timer /C7 at a frequency of about 0.9
Hz with the component values shown.
(Other rates can be obtained by man-
ipulatingthevaluesof C7 and R2 in the
formula F = 1.5R2 x C1))

Lamps /7 and /2 flash alternately be-
cause of the arrangement of K7’s con-
tacts. When one lamp is on, the other
is off. Then, when the next pulse from
IC1 energizes K1, its contacts closein
the opposite direction, powering the
second lamp and extinguishing the
first.

Dc power for driving the circuit is
obtained by rectifying the ac coming
from the generator (actually an alter-
nator) through D7 and filtering it with
C7. Since the output of the generator

o

often contains spikes with amplitudes
in the 15-to 20-voltrange, zener diode
D2 is used to protect IC7 from over-
voltage damage.

Diode D3, connected across the
winding of K7, protects /C7 from the
inductive "kick" (back emf) that re-
sults when power is removed sud-
denly from the relay’s coil.

The circuit does not use or need a
power switch. Power is applied and
removed from the circuit simply by
engaging and disengaging the
generator.

Construction. Since the circuit is
very simple, it can be assembled on a
printed circuit or a perforated board.
Parts placement is not critical,
whichever method of assembly you
choose.

Relay K7 should be a 6-volt unit with
acoil resistance of about 500 ohms. Its
contacts should be rated for at least 1
ampere at 6 volts. Bolt the relay di-
rectly to the circuit board. Then, after
making all necessary connections to
its coil and contacts, use silicone rub-
ber cement to anchor its plastic cover
to the board.

The two #63 auto backup lights
used for /7 and /2 should be housed in
2Ve-in. (6.35-cm) diameter red-lensed
holders, such as the Pathfinder #667
red taillight assemblies. Thelights can
be mounted anywhere convenient on
the bike, such as a carrier or a mud-
guard. If you have a racing-type bike
that has neither carrier nor mudguard,
mount the lamp assemblies on the
rear-wheel fork struts, but take care to
avoid interfering with brake and shift

cables. @® ‘

[}

23 6| rci
2

R
{oa)s 555
1 l- s

T-%?yF

&)
GENERATOR

D2

a1

c3
| 1000pF

WWW_ ammerieantadiahistaory com

ICYCLING on our roads can

be a hazardous proposition, es-
pecially at night when visibility is
drastically reduced. Manufacturers of
bicycles try to circumvent the poor vis-
ibility problem by providing reflectors
at strategic locations on their bikes to
make them visible after dark.
The problem with reflectors is that
they depend on an outside source of
light to render them—and the bike on

PARTS LIST

Cl—I15-uF. 25-volt electrolytic capacitor

C2—0.01-pF. 25-volt disc capacitor

C3—1000-uF. 25-volt electrolytic capa-
citor

D1. D3—IN4001 diode

D3-—12-volt, 1-watt zener diode

(Motorola HEPZ 0415 or similar)

[1,12—#63 auto backup lamps

IC1—555 timer integrated circuit

K1—6-volt, 500-ohm relay (Archer
No. 275-004 or similar)

R1—1000-ohm, V2-watt resistor

R2—100,000-0hm. Y2-watt resistor

Misc.—Suitable enclosure: red-lensed tail-
light assemblies (see text); pc or perfo-
rated board: 6-volt, 3.3- to 6.6-watt
generator (if you don’t already have
one); rubber grommets: hookup wire;
solder; machine hardware: etc.

POPULAR ELECTRONICS
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PROJECTS

SAFETY

NIGHT

~ BIKING

which they are mounted—visible.
Needless to say a device thatis a light
source itself—a lamp—is intinitely
more preferabie and safer than a pas-
sive reflector. Therefore, we presentin
these pages iwo different types of
lights that can make your night biking
safer. One is a headlight that com-
bines the advantages of both batteries
and a generator. The other is an
attention-getting blinking taillight. ®

PARTS LIST

B1—&6-volt laniern battery

C1—100-uF. 25-volt electrolytic capacitor

D1.D2—IN402 diode

11,12—6-volt, 9.1-ampere bicycle light

Q1—2N2102 transistor

Q2—2N30S5 transistor

(Q3—2N290S transistor

R1—100-0hm, Y2-watt resistor

R2--20,000-ohm, Y2-watt resistor

S1—Spst switch

Misc.— Suitable enclosure for circuit; per-
forated board and push-in solder clips;
suitable lensed housings for 11 and I2;
hookup wite; solder; machine hard-
ware; etc.
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“ALWAYS-ON" BIKE LIGHTS
BY CHARLES R. CLINKENBEARD

SRADITIONALLY, you powered

the lights on your bike with bat-
teries or you opted for generator
power. Batteries deliver the same
amount of power to the lamp whether
the bike is moving or at a standstill.
However, they are quickly depleted of
their charges, requiring periodic re-
placement. Generators, on the other
hand, hardly ever need replacement.
Their disadvantage is that variable
power is delivered to the lamp, de-
pending on the speed at which the
bike is moving. Faster speeds give
greater light output than slower
speeds, and when the bike is stopped,
there is no light at all.

The best way to remedy the situa-
tion, it would appear, is to team bat-
teries with a generator. This way you
can extend the life of the batteries by
using the generator while in motion.
Furthermore, you get full light output
when the bike is stopped because the
batteries take over. And that is just
what the following is all about.

System Design. You can't just con-
nect batteries in series with each
other, hook them directly across a
generator and expect the system to
work. It won't because the impe-
dances of the power sources are much
lower than the resistance of the light
they are to power. The result of such
an arrangement would be to have
most of the power flowing from one
source to the other with the lamp re-
maining dark. .

What a battery/generator power sys-
temneedsisisolationbetween thetwo
sources, plus a scheme that automati-

the output of the generator falls off
and then switches back again when
the generator's output picks up. This
is what the circuit shown in the
schematic diagram is designed to do.

Assuming that there is no generator
power and S7 is closed, diode D1
would be reverse biased. Transistor
Q1 is cut off as a result of an absence
of base current. So, the generator
would be electrically isolated from
battery B7. Under these conditions,
the only power reaching headlight /1
and tail light /2 would come from the
battery.

Now let us assume that the
generator is delivering an output.
When the lead of the generator con-
nected to the anode of D1 is positive
(the generator's output is ac rather
than dc), current flows through D7 to
/1 and /2. Simultaneously, the current
also flows through D2 and charges C7.
When the potential across C7 comes
within 0.6 volt of the battery potential,
Q3 is cut off, cutting off Q2 as well.and
isolating B7 from the now generator-
powered lamp circuit. Transistors Q2
and Q3 will now remain off for as long
as the generator is delivering power.

As the bike is slowing to stop and
the output of the generator falls off,
the potential across C7 will decay.
When it falls to more than 0.6 volt
below B7's potential, Q2 and Q7 will
switch onand pass power to the lamps
from the battery.

Construction. Little need be said
with reference to construction aside
from the fact that the components
should be housed in a metal or other
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15,17 & 19” (diagonal) Color TVs
with On-Screen Digital Readout

Advanced Heath engineering and outstanding picture quality. All fea-
ture on-screen channel readout & optional plug-in clock modules.
In-line picture tubes with slotted shadow masks provide exception-
ally bright, sharp pictures. In the GR-400 and 500, black matrix tubes
improve contrast. And here’s something new —static toroid yoke &
magnet assemblies never require convergence & fixed LC filters
eliminate instrument IF alignment. GR-300 & 400 come with walnut
veneer cabinets; cabinets for the GR-500 start at $39.95.*

Kit GR-300 (15” diag.), with cabinet ............... ....... 449.95*
Kit GR-400 (17 diag.), with cabinet ...................... 489.95*
Kit GR-500 (19” diag.), less cabinet ...................... 499.95*

projects for ‘75

GR-2000

Simulated TV picture

Highly Acclaimed GR-2000 Digital-Design Color TV

The set that brought TV into the digital age—and still one of the
finest made. Tuning is totally digital solid-state & the channel num-
ber appears right on the big, 25”7 (diagonal) screen. The optional
clock module also displays the time on the screen. For the ultimate
in convenience, add the optional wireless remote control. Can be
custom mounted; optional cabinets start at $119.95*.

Kit GR-2000, less cabinet ............................... 669.95*

NEW Portable Digital Multimeter
Professional performance at a budget price.

26 ranges resolve voltages to 100 zV, currents
to 100 nA, measures AC & DC current up to
2 A, resistance from 100 to 1000K ohms. Big,
bright 3%2-digit readout with automatic over-
range & polarity indications. Built-in refer-
ence standards for easy field calibration.
With rechargeable batteries & AC line cord.

KitIM-2202 ...................... 179.95*

NEW DC-10MHz Oscilloscope

A great scope —a great value! Perfect for TV
servicing. 10 mV vertical input sensitivity,
time bases from 200 ms/cm to 200 ns/cm,
internal or external digital triggering, two
input channels. Mu-metal shielded tube with
8x10 cm graticule.

Kit10-4530 .. ... ... ... . ...... .. 299.95*

NEW Code Practice Oscillator

As much fun to build as itis to use. It's battery
operated for complete portability. Built-in
speaker, adjustable tone & volume, head-
phone jack. With key. Less battery.

Kit HD-1416 . . ....... .. .......... 9.95*

NEW 40 kV Metered Probe

Ideal for high-voltage TV mea-
surements —up to 40 kV with
*+ 3% accuracy. On/off switch.
Kit IM-5210 ......... .. 17.95*
Assembled SM-5210 ...24.95*
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NEW

Emergency Car Strobe Light
Highly visible amber flash warns
otherdriverswhenyourcarstalls
or breaks down. Non-marring
magnetic base, 12/ cord, plug fits
cigarette lighter. For 12 VDC.
Kit GD-1026 .......... 29.95*

NEW Solid-State Dip Meter
Fully portable, fits in your hand.
Covers 1.6 to 250 MHz in funda-
mentals. MOS-FET paraphrase
amp, hot-carrier diodes, Q-mul-
tiplier. With case, 7 plug-in coils.
Less battery.

Kit HD-1250 .. ...... .. 59.95*

WWW amercaaradioRistery com

NEW Windshield Wiper Delay
Provides exactly the wiper speed
you need for safe driving in any
weather, from light mist to heavy
rain. Works with most 12 VDC
positive or negative ground cars.

Kit CH-1068 ........... 14.95*
POPULAR ELECTRONICS
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‘ut troditional Heathkit savings

There are 350 more
in the new FREE
Heathkit catolog!

Who can build our kits? Anybody!

For over 27 years we've made superb electronic
equipment that anyone can build—even with no prior
knowledge of electronics or kit building. Famous
Heathkit assembly manuals guide you step by step,
showing you exactly what to do—even how to
solder like a pro.

And we back every Heathkit purchase with
people. Expert technical consultants at the factory
and trained service personnel from coast to

coast are ready to help every step of the way.
Thousands of Heath customers will tell you—

we won’t let you fail!

When you're finished, you'll own one of the finest
products available —kit or assembled. But don’t
take our word for it, independent reviewers
consistently praise their quality.

You'll enjoy the satisfaction—and savings—of building a

useful product with your own hands. And for years to come,

you’'ll enjoy its unexcelled quality and performance.
Build it yourself—with a little help from Heath.

NEW Heathkit/Delta Home Security System

Everything you need for a complete home security system. Remote
detectors connect to Central Processor through your home's elec-
trical wiring. Inputs for ultrasonic intrusion detector, heat & smoke
detectors plus “panic button” & remote on/off switch. Central
Processor features built-in speaker; output for an external speaker.
Sounds alarm during power failure.

AM/FM Digital Alarm Clock Radio

One of the world's most sophisticated radios. Big, bright Beckman
planar gas discharge tubes display the time, automatically adjusting
their brightness as room lighting changes. Standby battery power
keeps the clock —and you—on time {(without the display) even if the
electricity is interrupted. It wakes you to your favorite station or a
gentle, electronic beep with adjustable volume. The radio section
uses fixed ceramic filters for AM and FM and a factory-assembled
and aligned FM front-end with 54V sensitivity.

Kit GR-1075, less batteries .......... ..o 129.95*

Send for your free

1975 Heathkit Catalog today!

HEATHKIT ELECTRONIC CENTERS —Units of Schlumberger Products Corporation
Retail prices slightly higher.

ARIZ.: Phoenix; CALIF.: Anaheim, El Cerrito, Los Angeles, Pomona, Redwood
City, San Diego (La Mesa), Woodland Hills; COLO.: Denver; CONN.: Hartford
(Avon); FLA.: Miami (Hialeah), Tampa; GA.: Atlanta; ILL.: Chicago, Downers
Grove; IND.: Indianapolis; KANSAS: Kansas City (Mission); KY.: Louisville; LA.:
New Orleans (Kenner); MD.: Baltimore, Rockville; MASS.: Bostan {Wellesley);
MICH.: Detroit; MINN.: Minneapoiis (Hopkins); MO.: St. Louis (Bridgeton); NEB.:
Omaha; N.J.: Fair Lawn; N.Y.: Buffalo (Amherst), New York City, Jericho (L.1.),
Rochester, White Plains; OHIO: Cincinnati (Woodlawn), Cleveland, Columbus,
Toledo; PA.: Philadelphia, Pittsburgh; R.1.: Providence {Warwick); TEXAS: Dallas,
Houston:; VA.: Norfolk (Va. Beach); WASH.: Seattle; WIS.: Milwaukee.

MARCH 1975

HEATH
Heath Company Schlumberger
Dept. 10-03

Benton Harbor, Michigan 49022

Name

Address

City. State Zip

PRICES & SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTIGE.
®MAIL ORDER FRICES; F.O.B. FACTORY.

CL-555
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CIRCLE NO. 5 ON READER SERVICE CARD
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SPECIFICATIONS

F YOU'RE a CB’er and don't have

a degree in communications en-
gineering, you might find the spec
sheet of that transceiver you're think-
ing of buying to be so much alphabet
soup. If you know how to read and
interpret one, however, it can give you
a capsule summary of performance
expectations.

Let's look at the receiving section of
the CBrig, which is really more impor-
tant than the transmitter. (No matter
how loud your signal is, you won’t be
able to establish contact with another
station unless you can hear him.)

Receiver Specifications. The most
important spec of a receiver is
Sensitivity, which is composed of two
parts. The first expresses the
minimum signal strength that the re-
ceiver will respond to, and is meas-
ured in microvolts. (uV). The second
part gives the ratio of the signal to the
noise generated by the receiver cir-
cuits.

ifthis internal noiseis greatenough,
it will mask the signal and make recep-
tion impossible. Therefore, while it is
important to have a low sensitivity fig-
ure, it is just as important that the
signal-to-noise, S/N, or signal-plus-
noise-to-noise, (S+N)/N, ratio be as
large as possible. Combined, the two
tell you how much usable sensitivity
can be exected from the receiver. The
S/N ratio is expressed in decibels, and
the most common reference is 10 dB
(the signal is 3.2 times the value of the
noise level).

The Electronic Industries Associa-
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tion (EIA) and the FCC set down
minimum requirements for CB gear.
Well-designed gear will meet or ex-
ceed these "worst-case' standards. In
the case of receiver sensitivity, the EIA
standard for an AM receiveris 1uV for
a 10-dB (S+N)/N, using a 1000-Hz tone
to modulate the carrier 30 percent. Itis
not uncommon to find transceivers
with a sensitivity rating of 0.5 uV or
less. Since this figure can vary due to
component tolerances, many manu-
facturers use a worst-case value and
specify it with the words "‘or less” or
“at least.”

SSBreceiver sensitivity is measured
by applying an unmodulated signal to
the receiver input. The test-signal fre-
quency is adjusted to produce a
1000-Hz tone at the receiver output. its
level is then adjusted to produce the
desired ratio of receiver output to no-
signal noise appearing at the output
terminals. The EIA standard for SSB
sensitivity is 0.5 yV for a 10-dB
(S+N)/Nratio,incontrastto AM’s 1 uV.
You'll often find figures in the
0.1-t0-0.25-uV range for the same
(S+N)/N ratio. Occasionally, you may
run across a receiver’'s ‘‘usable sen-
sitivity’' rating. This value is the
minimum signal input required to
produce half of the receiver's rated
audio outputfor agiven (S+N)/Nratio.

Selectivity, another important
characteristic, is the receiver’s ability
to differentiate between an adjacent
signal and the desired one. This is also
referred to as the Adjacent-Channel
Rejection, expressed as a ratio in dec-
ibels. This figure shows how much
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Become a more

knowledgeable
CB’er and

get the most for
your money

by understanding
and interpreting

specifications.

stronger an adjacent-channel signal
(10 kHz away) must be to interfere with
intelligible reception of the desired
one. Sometimes selectivity is stated as
the i-f bandpass, which is the width of
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Fig. 1. The i-f selectivity curve
of an AM receiver with G-kHz
beandieidth at 6 dB down and 2-kHz
bandwidth at 50 dB down. Signal
is tuned to center at (B).

Shaded arvea nay be occupied by
10-kHz adjacent chawnel with
carvier at (), nodulated to

2 kHz. Lower sideband components
will be down 35 and 30 dB (F and
E). Upper sideband components
are further attenuated (H and 1),
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the “‘window’ the receiver can see
through to detect signals of a
specified strength.

Figure 1 shows a typical i-f response
with a bandpass 6 kHz wide (= 3 kHz)
for signals 6 dB below maximum re-
sponse (points A and C), a 20-kHz
width (+ 10 kHz) at 40 dB down (D and
G). The a-f response of a receiver can
be approximated by halving the band-

(A) (B) (C)

pass between the 6-dB points (2000 or
3000 Hzis considered optimum), while
the ability to reject adjacent signals
can be estimated by halving the band-
pass between points of higher attenu-
ation. For example, a 40-dB-down
bandpass of 20 kHz (= 10 kHz) means
that a signal 10 kHz away would have
tobe 40dB higher (100 times stronger)
thanthe desired signal if the two are to
appear to have equal strength at the
réceiver output.

Selectivity depends not only on the
i-f bandpass, but also on the receiver’s
Desensitization characteristic, which
indicates to what extent a desired
signal’s strength will appear to be de-
pressed by an adjacent signal. Such
activity would further deteriorate the
selectivity or adjacent-channel rejec-
tion rating. The EiIA standard for
adjacent-channel rejection is 30 dB.
Typically, it will run from 30 to 50 dB.

SSBselectivityis commonly defined
as the bandpass of the desired side-
band response at the 6-dB points. Ad-
ditionally, the bandpass at some point
further down the selectivity curve
{usually 60 dB) is specified. A com-
plementary specification you shoulid
know is the unwanted side-band sup-
pression at some specific audio fre-
quency (1 kHz or so). This indicates
the detected difference in signal
strength between two equal-strength
SSB signals operating on alternate
sidebands of the same channel. The
EIA standard for unwanted sideband
suppressionis40dBat 1 kHz (the tone
used to modulate the sidebands).
Many new SSB rigs are rated at 50 to
70 dB at 1 kHz.

Spurious Signal Rejection, ex-
pressed in decibels, tells how well the
receiver is able to discriminate be-
tween a desired signal and another on
some frequency other than the adja-
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cent channel. No matter what gener-
ates the spurious signal—the receiver
itself or some remote transmitter—the
rejection ratio should be as high as
possible. A receiver should respond
only to the station to which itis tuned.
The EIA standard for spurious-signal
rejection (on AM) is 25 dB, except for
image (internally generated) rejection,
which is 10 dB. Image rejection is the

T

(D) (E)

ability of a receiver to ignore frequen-
cies algebraically related to those of
the desired signal and the receiver i-f.
The image rejection of single-conver-
sion receivers with 455-kHz i-f is rarely
better than 10 dB (which is rather
poor), but receivers with higher i-f do
better—typically 40 to 80 dB.

Typical rejection performance for
other spurious signals runs about 50
dB. The EIA SSB standard specifies a
35-dB spurious-response rejection
ratio, an image response of 20 dB and
an i-f rejection of 60 dB.

Squelch Threshold Sensitivity indi-
cates the signal strength for which the
squelch can be set to activate receiver
audio, yet quiet the background noise
in no-signal conditions. Maximum
sensitivity allows the receiver to be
squelched without missing weak sig-
nals. Tight squelch is the maximum
signal-strength threshold to which the
squelch can be adjusted. The EIA
standard for squelch threshold sen-
sitivity states that it shall be no greater
than 1 uvV on AM and 0.5 pV on SSB,
and no greater than 1000 pV (AM), 500
pV (SSB), nor less than 30 pV. in prac-
tice, a tight squelch of 30 to 100 pV
should be adequate.

Automatic Gain Control Figure of
Merit indicates the change ir audio
output for a given change in r-f input,
expressed in decibels. A good agc has
a low figure of merit (ideally 0 dB). In
operating practice it will minimize the
need to readjust the volume control to
reduce ‘'blasting’’ by strong stations.
The EIA minimum AM standard con-
strains the audio output to a 30-dB
change in output for an r-f input
change of 94 dB between 1 and 50,000
puV. For SSB, a 16-dB audio output
change is allowed for an r-f input
change of 100 dB between 0.5 and
50,000 pV. Generally, the greatest var-
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iation is experienced when input
levels are below 5 to 10 pV, where
minimum agc action is available.
Above this point the output remains
more constant.

A-F Output is the maximum a-f
power output of the receiver at a
specified distortion level {including
public-address facilities). It is usually
measured at 1000 Hz into a 3iven load

Fig. 2. R-f envelopes of an

AM transmitter: (A) wnmecdulated;
(B} 50% modulation; (C) 100%.
Clipping (D) and overmnodalation
(E) cause station interference.

impedance (most often 8 ohms). The
ElA standard is 2 wattsat nomore than
10-percentdistortion. Typically, audio
output will run from 1.5 to 4 watts at
10-percent (or less) distortion. In quiet
locations, 1 watt will be adequate,
while greater output will be needed for
noisier locations.

A-F Response is indicative of the un-
iformity or flatness of the audio output
over the modulating frequncy range. it
is usually expressed as the audio
passband over which the output is
maintained within a specifed range (=
X dBorfrom-XdBto +YdB). The EIA
standard for AM holds the audio re-
sponse within a range from —14to +2
dB of the 1000-Hz output level over a
passband of 300 to 3000 Hz. Most
manufacturers, however, specify the
frequency range over a 3- or 6-dB level
deviation. For SSB, the EIA standard
a-f response is +3 dB to—6€ dB overa
passband of 2100 Hz.

Noise Limiter Figure of Merit de-
scribed how well impulse noise can be
suppressed while receiving a signai. It
is expressed in decibels, rzlating the
degree of suppression for a given
signal-to-noise ratio. The ElA standard
for noise limiter performance is 10 dB.
However, this applies only to short-
duration, “spike” noise like ignition
interference. Generator hash, power-
line and other noises will not neces-
sarily be attenuated as effectively.

S-Meter Sensitivity tells what
input-signal level is required to regis-
ter an S-9 reading, whict may vary
anywhere from 10to 1000 pV, depend-
ing on the individual receiver. How-
ever, the customary standard is 50 to
100 uV. A related standard defines an
S unit as a 6-dB change in signal
strength. Most S meters a-e not pre-
cisely calibrated, and manv manufac-
turers do not provide calibration
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charts. These meters are intended to
be relative, not absolute, signal-
strength indicators.

Transmitter Specifications. The
spec most CB’ers look for first is r-f
power output. For an AM transmitter,
this specification rates the amount of
carrier appearing at its nominal load
impedance. At full modulation, the
peak power output is four-times that
of the carrier. Only a small portion,
however, is useful “‘talk’’ power. The
ElA standard (also the legal limit) re-
quires that the carrier output not ex-
ceed 4 watts with the equipment oper-
ated from a 117-volt ac or 13.8-volt dc
source.

CB vacuum-tube transmitters usu-
ally have 3 to 3.5 watts of output, while
solid-state units produce from 3.5 to 4
watts. It is worth noting that it is un-
likely that anyone can hear the differ-
ence between a 3- and 4-watt signal.

On SSB, there is no carrier on which
a power rating might be based. A
quantity called the “peak envelope
power’ (PEP) is used as the yardstick.
This is the output power at the crest of
the modulated waveform. Under re-
cently amended FCC regulations, the
maximum PEP output is 12 watts.
Late-model equipment produces this
level in most cases. Older units gener-
ally run 8 to 10 watts PEP in output,
which is not significantly lower. In
contrast to AM emissions, al/l of the
SSB output is useful *‘talk’” power.

AM Modulation Percentage de-
scribes the amount of carrier modula-
tion. The optimum value is 100 per-
cent. Most CB rigs are capable of 90-
to 100-percent modulation. The dif-
ference between the two values is not
audibly perceptible, however. R-f en-
velopes with varying degrees of mod-
ulation are shown in Fig. 2. Some of
the following comments are based on
these sketches.

AM Harmonic Distortion denotes
the quality of the modulated signal
at a given modulation level. The EIA
standard specifies a maximum of 10-
percent distortion when the carrier is
modulated 80 percent by a 1000-Hz
tone. Typical performance is in the
order of 7- to 10-percent distortion at
90- to 100-percent modulation. Con-
siderably higher distortion levels and
“splatter'’ can result from overmodu-
lation.

AM-Transmitter Modulation Spec-
trum specifications illustrate the fre-
quency spectrum occupied by the
modulated signal. This is an impor-
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tant, though seldom-given, measure-
ment. It shows the potential for “'splat-
ter’” or interference to stations on
other channels. Splatter is usually
caused by overmodulation, which
generates a wide band of spurious
components. Excessive clipping may
also be a cause. These are common
operating conditions for many CB
rigs, even those that employ some
form of automatic modulation control
(amc). The EIA standard (falling within
FCC requirements) uses a 2500-Hz
tone. Modulation products 4 to 8 kHz
away from the carrier should be at
least 25 dB below the unmodulated
carrier level. At 8 to 10 kHz away they
should be at least 35 dB down. Any
products more than 20 kHz away
should be 50 dB below the unmod-
ulated carrier level. Typically, using
the single-tone test, splatter at the
adjacent channel will be at least 40 to
50 dB down.

SSB Intermodulation (IM) Distor-
tion Products indicate if the mod-
ulated signal will extend beyond the
normal passband. IM products,
caused by transmitter nonlinearities
orovermodulation, can produce splat-
ter and deteriorate unwanted side-
band suppression. The measurement
uses two non-harmonically related
tones of equal amplitude, such as
1000 and 1600 Hz to simultaneously
modulate the transmitter. Odd-order
distortion products are produced if
the transmitter is not designed or driv-
en correctly. They appear at odd mul-
tiples of the frequency difference be-
tween the test tones, as 3rd, 5th, 7th,
etc., products away from the *‘carrier”
frequency in ever-decreasing inten-
Sity.

The measurement is generally
stated as follows: the X-order distor-
tion products are at least Y dB below
the peak level of the two equal-
amplitude test tones. Other references
include the mean power output
(PEP/2), and the rated PEP output. Use
of the latter references inflates the dis-
tortion measurement by 3 and 6 dB,
respectively, but the performance only
looks better. Therefore, the reference
should always be specified. The EIA
standard and the FCC requirement
call for the SSB distortion products 2
to 6 kHz removed from the channel
center to be at least 25 dB below the
mean power output. Such products 6
to 10 kHz away must be 35 dB down.
Equivalently, they must be 22 dB (2 to
6 kHz) and 32 dB (6 to 10 kHz) below
the testtone’s amplitude. We have typ-
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ically found 3rd order products to run
19 to 22 dB down, with higher order
products having greater attenuation.

Carrier Suppression tells how much
the carrier is attenuated below a refer-
ence output level. The EIA standard
states that the carrier must be at least
40 dB below the level of the two test
tones, or 46 dB below rated PEP out-
put. Typically, the carrier will run 40 to
50 dB below rated PEP.

Transmitter A-F Response. The de-
finition of this spec is similar to that
given for receiver a-f response. The
ElA standard for AM transmittersis the
same as that for receivers, except that
a 6-dB/octave roll-off from 2500 to
3000 Hz is allowed. For SSB, the stan-
dard requires a minimum bandpass of
2000 Hz and a maximum of 3000 Hz
over a range of —6 dB to +3 dB. See
receiver specifications for the SSB
low-frequency roll-off. Although the
upper frequency limit for intelligibility
in voice communications is generally
recognized as 3000 Hz, the FCC-
authorized bandwidth limit is 8000 Hz
for AM and 4000 Hz for SSB, implying
anupper a-fresponse limit of 4000 Hz.

Unwanted-Sideband Suppression
ratings are the same as those for re-
ceivers.

Spurious Emissions indicate the
strength of other transmitted signals
outside the normal passband. This
especially relates to r-f harmonics, a
prime cause of interference (such as
TVI) to other services. The EIA and
FCC standards require that any spuri-
ous emissions of an AM transmitter
removed 20 kHz or more from the
center of the authorized bandwidth
shall be at least [43 + 10 log 10 (mean
power in watts)] dB below the mean
power output. For SSB emissions, the
frequency limitis 10 kHz. At CB power
levels, this comes out to about 50 dB
down, or an attenuation of 100,000
times the fundamental output.

Frequency Stability limits the output
frequency to within a certain range of
the nominal value. The legal tolerance
for frequency stability is 0.005 percent
of the assigned channel frequency, or
about 1350 Hz on the CB band. This
must be maintained over a wide range
of supply voltages and ambient tem-
peratures (such as —30 to +50°C).

Where a transmitter “'clarifier’” con-
trol is included (as in many SSB rigs),
its range shouid be somewhat less
than the frequency tolerance to en-
sure legal operations. In most cases,
its range is about + 800 Hz, centered
on the assigned frequency. @®
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N 1950, when black-and-white
television was sweeping the
country, color TV was already wellinto
the experimental stages. It was in
March of that year that RCA held a
special news conference at which they
astounded their guests by demon-
strating a working color TV receiver.
The receiver had a three-gun, tri-
color shadow-mask picture tube, a
radical departure from other color
displays produced by rotating colored
discs, projection optics, et al. That first
picture tube exhibited only fair bright-
ness, butthe coloritself was excellent.
Interestingly, most color picture tubes
today retain the same basic construc-
tion.

The Basic Color Tube. Most color
picture tubes use a three-gqun system
Inthetube’'s neck. Each gun “‘fires’ an
electron beam (cathode “‘ray’) that is
modulated by one of the signals for
the three basic colors (red, green, and
blue).

The second basic for the color pic-
ture tube is a metallic shadow mask
located about 2 in.(12.7 mm) from the
face plate of the tube. The shadow
mask is responsible for directing the
individual beams onto their proper re-
spective phosphors. Electrons that
don't pass through the apertures in
the shadow mask to strike the phos-
phors on the face piate of the tube are
intercepted by the mask.

The phosphor area on the face plate
of the picture tube is arranged in dot
triads or stripes (the latter a relatively
recent scheme) that are small enough
for the human eye to resolve them into
amoving color picture at normal view-
ing distances.
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A Potpourriof Problems. From the
beginning, it was obvious that three
serious problems existed in
shadow-mask color picture tubes. The
most important was drastically re-
duced brightness when compared to
conventional monochrome tubes to
which we were accustomed.

The light emitted by a picture tube is
the result of the intensity of the elec-
tron beam striking the phosphor ma-
terial. The greater the number of elec-
trons striking the phosphor, the
brighter the picture. The beam can be
“‘fortified’” by using more durable
heavy-duty cathodes, raising the ac-
celeration voltage, and bundling the
electrons into a tighter beam.

In the original shadow-mask tube,
only about 20 percent of the electrons
in the beams managed to get to the
phosphors. The other 80 percent was
impeded by the solid areas of the
shadow mask, off which the electrons
bounced and were collected by the
high-voltage anode. Consequently,
brightness was severely limited in the
color tube, while the monochrome
tube, in which there are no obstacles
to the beam of electrons, could attain
full brightness.

Setup adjustments were the root of
another problem. In a monochrome
tube, the only adjustments needed are
for brightness and contrast. But in a
color tube, 26 more adjustments were
required. Eight were for adjusting the
gray scale, two for proper beam land-
ing, four for center convergence, and
12 for perimeter convergence. Further
complicating matters, the 12 perime-
ter convergence adjustments could be
set accurately only with the aid of a
dot/bar generator.

WWW. akhefieainiadiahigstory. com

THE NEW
COLOR TV

PICTURE
TUBES

How they will provide enhanced

reception and easier maintenance.

Problem number three involved
cost. A color picture tube was very ex-
pensive; it was many times more ex-
pensive than the same-size mono-
chrome counterpart. This applied
even for rebuilt tubes. (If the shadow
mask/phosphor system is disturbed,
one might as well build a new tube.
As aresult, rebuilding is limited to re-
gunning.)

History of Improvements. In the
years since the original shadow-mask
was developed, hundreds of different
schemes have been tried in attempts
to obtain more brightness, simplify ad-
justments, and lower costs. Some of
the attempts have been la-gely suc-
cessful, but none has by any means
been totally successful. For example,
brightness has been increased from
the original 22 foot-lamberts to about
115 foot-iamberts; in certain smaller-
screen color TV receivers, 12 of the
original 26 required adjustments have
been eliminated; and the cost of the
picture tube has dropped, though it is
still considerably more expensive than
a monochrome tube of the same size.

One-, two-, three-, and even four-
gun tubes have been devised. How-
ever, the basic idea of three guns,
aimed at three sets of phosphors, has
stubbornly persisted as the most
popular design approach to color pic-
ture tubes.

Historically, there were ten signifi-
cant milestones in color TV since the
inception of the three-gun/shadow-
mask tube to the present same-type
tube:

e The first, of course, was the origi-
nal introduction. The phosphor
screen was installed on an internal flat
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plate that was fixed against the face
plate of the tube.

e In 1953, the phosphor was placed
directly on a curved glass face plate,
which helped to bring down produc-
tion costs. Photo-deposition was used
to place the dot triads of phosphor on
the face plate. (It was discovered that it
was best to install the dots using the
shadow mask itself as the director,
rather than attempting to obtain stan-
dardization.)

e In 1954, the original color picture
tubes had 15-in. (38.1-cm) diagonai
measurements and 45° deflection an-
gles. RCA devised new electron guns
with internal pole pieces that permit-
ted each cathode ray to be indepen-
dently adjusted. This permitted deflec-
tion angles to widen to approximately
70° and made setup adjustments
easier. Eventually, over 90° could be
achieved as a result of this improve-

ment.
e Between 1954 and 1963, a number

of manufacturing techniques were
developed. A way was devised to re-
move and reinstall the shadow mask
during phosphor deposition, resulting
in the development of tapered metal
studs with circumferential springs and
a lightweight frame for holding the
shadow mask. Corning Giass de-
veloped a new “frit" glass seal that
made a ceramic-like bond. This re-
sulted in the development of the first
all-glass picture tube envelope.

e The year of the 90°-deflection rec-
tangular tube was 1964. The new tube
began to work like a conventional
monochrome tube as the neck nar-
rowed and shortened and the deflec-
tion angle widened. With electron
guns reaching closer to the screen
due to the shortened neck, brightness
has been increased, setup adjust-
ments have been eased, and costs
have been slightly reduced.

e Rare-earth phosphors appearedin
1965. Thered phosphor’s light output,
weaker than the others, was many
times brighter than before, enhancing
color quality. In the same year, Gen-
eral Electric adapted the in-line elec-
tron gun arrangement to the color pic-
ture tube.

e In 1968, Sony Corp. of Japan in-
troduced the Trinitron color picture
tube using a single electron gun. The
electron gun employed a single
cathode that produced a large
cathode ray that enters three electron
lenses, each with its own set of beam
controls. The output of the single gun
was three beams. Also, instead of the
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FACE PLATE

IN-LINE GUN TRINITRON

The Sony in-line Trinitron
mask and color stripe system.

traditional shadow mask, the mask in
the Trinitron tube consists of vertical
strips that direct the three beams to
vertical phosphor stripes. The large
lens diameter reduces abberations;
vertical resolution is excellent be-
cause there are no horizontal cross
ties; and the in-line beam lenses re-
duce setup adjustments. However,
since the vertical-stripped mask must
have its own frame, the overall cost of
the Trinitron system is substantially
higher than the traditional RCA ap-
proach.

e The year of the black matrix tube
was 1969, with Zenith leading the way.
It was known that the areas on the
screen not covered by phosphor
should be biack to prevent the “'white-
ness’’ of the phosphor materials from
diffusing back ambient light and re-
ducing contrast. In the early days, the
only solution to the reflected light
problem was the use of grey glass that
absorbed the reflections. This dou-
bied the contrast but, unfortunately,
also reduced brightness by about 50
percent. However, by surrounding the

phosphor dots with jet black material,
the reflections could not get out, al-
lowing clear glass to be used and re-
sulting in an almost two-fold increase
in brightness.

(At first, a "‘positive’” matrix was
used. The holes in the shadow mask
were smaller than the dots and the
electron beam hit only the center of
the phosphor dots. Not all of the dot
was excited, and potential light was
lost. The switch to the “‘negative’ ma-
trix permitted the use of larger holes in
the shadow mask and a thicker elec-
tron beam. Now, the beam was able to
cover the entire dot and even overlap
into the black surround. The overall
result was another increase in bright-
ness.)

e The 110°-deflection color picture
tube came on the scene in 1970. The
new tube reduced the front-to-rear
dimension of the receiver. More im-
portantly, it also brought the electron
guns closer to the phosphor screen.
This resulted in tightly bundled beams
that produced a tiny spot size with in-
creased brightness and sharper focus.
Sony engineers took the process a
step further with a 114°-deflection
Trinitron tube. The larger deflection
angle was aided by the advent of new
receiver designs, new deflection
yokes, and new solid-state horizontal
sweep devices.

e Finally, in 1972, came the preci-
sion in-line system. Combining all the
advantages and trying to eliminate
disadvantages, the in-line tube's
beams (as in the Trinitron) are ar-
ranged in a horizontal plane, and the
phosphor is in the form of vertical
stripes. The shadow mask has vertical
strips instead of round holes that line

TERISTICS
1954 1974
Early Tube Up-To-Date Tube
Light Output 20 Fi 115 Fi
Length 26" 12.4"
Faceplate 14.6" Diam. 16.5" x 14.2"
Screen Area 8.6” x 11.5"=88 sq. in. 9.5" x 12.7"=117 sq. in.
Weight 25 |b. 18 Ib.
Deflection Angle 45 degrees 110-114 degrees
Anode Voltage 25 kv 25 kV-30 kV
Gun Delta In-line
Mask Holes Slots
Neck Diameter 36 mm 29 mm
ITC No Yes
Phosphor Array Dot triads Vertical lines

Adjustments
Black Surround No
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Purity, static, dynamic

Purity, static
Yes
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Comparision of original dot and
negative guard-band matrix system.

up with the phosphor stripes. To give
the mask rigidity so that it can be self-
supporting and curved to match the
curvature of the face plate of the tube,
the strips are joined together with
horizontal cross ties.

The in-line-gun system is com-
plemented by a precision static toroid
(PST) yoke that is permamently
bonded to the neck of the tube. Since
this makes the system virtually a
“monolithic’ structure, itis necessary
toreplace yoke and tube together. Be-
tween the in-line beams and the per-
manently affixed yoke, factory ad-
justed in place, all of the 12 dynamic
convergence adjustments are elimi-
nated.

Higher Anode Voltages. In spite of
the X-ray scare of a few years ago,
color TV receiver manufacturers are
striving for higher and higher anode
voltages to obtain more brightness
from the picture tubes. It is not, how-
ever, a blatant disregard of the radia-
tion hazard inherent when high vol-
tages are used. A recent development
makes reaching for those higher volt-
ages a relatively safe proposition.

Itis a known fact that a 30-kV anode
potential results in a 10-percent
brightness improvement when com-
paredto a25-kV anode potential. Also,
if the current is increased on a tube
operated at 30 kV, picture sharpness
can be made as good as that obtained
at 25 kV. In the case of equal sharp-
ness, the improvement in brightness
rises by another 30 percent because of
the extra current. Consequently, the
brightness can be as much as 50 per-
cent higher without losing the spot
quality of a 25-kV anode potential.

In terms of viewing, this is an excel-
lent improvement, but a lot more
X-rays are produced at the higher
voltages and currents. However, new
X-ray absorbing glass is now availa-
ble. When this special glass is used,

the federal limit of 0.5 milli-
roentgen/hour can be met.
MARCH 1975

Many of the new color TV receivers
are designed for 30-kV operation. So,
correct replacement of picture tubes
with X-ray absorbing glass must be
done to avoid possible hazard.

For 1975. The major color picture
tube manufacturers for the U.S. mar-
ket for 1975 will be Channel Master,
General Electric, GTE Sylvania, RCA,
and Zenith. (Philco is no longer man-
ufacturing a color picture tube.) Over-
seas, Sony will continue to produce
the Trinitron, and other manufactur-
ers will make delta and in-line picture
tubes under license from the larger
companies. Here is what you can look
for from the companies.

Channel Master is taking the un-
itized idea of hardware and glass to a
further extreme. It is marketing the
"'Speed Fit" series that consists of the
basic picture tube plus the tube strap,
corner brackets, adhesive pads,
shield, coils, and degaussing coil, all
assembled and ready for installation.
The seriesincludes a tube to fit exactly
into some Motorola, Zenith, and RCA
color receiver chassis. All the ser-
viceman has to dois pull the old tube
and assembly, put in the new one and
reset and tighten the yoke.

General Electric, the introducer of
the in-line gun arrangement in its 1965
PortaColor TV receiver, is introducing
thecompany'slatestin-linetube,called
the Quadline. The tube is similar to the
precision in-line tubes being mar-
keted.

In addition to producing the latest
industry standards, GTE Sylvania has
been working on picture tube

STANDARD DELTA RCA PRECISION
SYSTEWM IN-LINE SYSTEM

ELECTRON GUN

O O O SHADOW ” H
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Triad vs in-line slot mask
of RCA color CRT systent.
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cathodes. Since solid-state circuitry i
virtually instantaneous in power-up,
only the picture tube’s cathode lags
behind full instantaneous turn-on. So,
Sylvania now has a 5-second cathode
that does away with continuously
powered instant-on energy wasters.
We expect to see the new cathode al-
most universally adopted in picture
tubes during the next few years.

RCA continues to work on simplify-
ing controls, reducing overall tube
length and weight of the tube system,
and building of tubes with more
brightness, greater contrast, and
sharper focus.

Zenith's new tubes have electron
guns that are more precise than be-
fore. The shape of the beam has been
improved and made almost perfectly
round, while the electrons are more
tightly bundled. The result is better
picture sharpness and focus.

Sony still has its Trinitron with in-
line gun lenses and full-length masks.
Other foreign constructions are based
on the in-line-gun/slotted-mask prin-
ciple.

Panasonic's color TV receiver line
for 1975 features both an improved
dot-triad picture tube design as well as
the newer in-line-gun color-stripe pic-
ture tube. The picture tube used in the
company’s Quatrecolor line of receiv-
ers features an added prefocus grid in
the electron gun assembly to insure
brighter, sharper pictures. Both tube
types employ a negative-guard-band
black matrix surrounding the phos-
phor dots and stripes.

Toshiba also has dot-triad and
in-line-gun/color-stripe picture tubes
inits color receiver line this year. Both
tube types employ the black matrix
system.

The race for brighter, sharper,
shorter and less expensive picture
tubes that need the very minimum
number of setup controls is going on
at a furious pace. Right now, most
smallerscreen color picture tubes can
be built in the traditional dot-triad or
the newer in-line-gun/slotted-mask
design. The largest picture tubes,
measuring up to 25 in. (63.5 cm)
diagonally, still rely heavily on the de-
sign originally introduced by RCA 25
years ago, although some very impor-
tant innovations have been added to
keep them up to date.

What the future holds for color pic-
ture displays is anyone's guess. The
flat-screen picture “‘tube’ may even-
tually emerge, given enough time, but
itis notin the cards at the moment.®
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CREl—the only home-study

college-level training
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program which gives you
in electronic circuit design

Electronic circuit design—source of all new development
in the application of electronics to new products and
services. Without this skitl, we would be unable to monitor
the heartbeat of men in space. Without it, the computer
revolution would never have occurred. And we would have
yet to see our first TV show. Yet, only CREI teaches
electronic circuit design at home.

ELECTRONIC CIRCUIT DESIGN

A key skill which paces our nation’s progress in count-
less fields—from pollution control to satellite tracking
to modern medicine to exploring the ocean’s depths.
And beyond. A skill which you must have to move to
the top in advanced electronics.

CREI programs open up
new worlds of opportunity for you.

In addition to electronic circuit design, CRE! provides
you with a full advanced electronics education in any of
thirteen fields of spacialization you choose. Communica-
tions, computers, space operations, television, nuclear
power, industrial electronics—to mention just a few of
the career fields for which CREI training is qualifying.
With such preparation, you will have the background for a
career which can take you to the frontiers of the nation’s
most exciting new developments. And around the world.

CREI Dept. E-1203-F

3939 Wisconsin Avenue
Washington, D.C. 20016

graduate.

Name

Rush me your FREE book describing my opportu-
nities in advanced electronics. | am a high school

This free book can change your life.
Send for it.

If you are a high-school graduate (or
equivalent) and have previous training or
experience in electronics, then you are
qualified to enroll in a CREI grogram to
move you ahead in advanced electronics.

Send now for our full-color, eighty page book on
careers in advanced electronics. In it, you will find full
facts on the exciting kinds of work which CRE! pro-
grams open up to you. And full facts on the compre-
hensive courses of instruction, the strong personal
help, and the professional laboratory equigment which
CREI makes available to you. All at a surprisingly

low tuition cost.

And when you have it, talk with your employer about it.

Tell him you're considering enrolling with CREZi. He'll
undoubtedly be happy to know you are planning to
increase your value to him. And he may offer to pay all or
part of your tuition cost. Hundreds of employers and
government agencies do. Large and small. Including some
of the giants in electronics. If they are willing to pay for
CRE| training for their employees, you know it must

be good.

Send for Advanced Electronics today. You'll he glad

you did.

Address

City State

CAPITOL
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2P INSTITUTE

Employed by t

It you have previous training in electronics, check here []

WASHINGTON, D.C. 20016
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BY JULIAN D. HIRSCH

OUR-CHANNEL or quadraphon-
ic sound is an extension of
stereophony, in much the same man-
ner as stereo evolved from mono. By
recording and reproducing through
four program channels, an added
sense of depth and spaciousness can
be imparted to music. Also, itbecomes
possible to write and arrange music to
be heard in different directions with
the listener in the center of the stage.
Although it is not what most of us are
used to hearing, this is a legitimate
musical experience which is made
possible only by four-channel record-
ing and reproduction.

Four-channel tape-recordings have
been with us for many years, although
an insignificant number of commer-
cially recorded four-channel tapes is
available (in open-reel form, at least).
However, a growing number of four-
channel tape decks is appearing on
the market and we can probably ex-
pect new tapes to follow this trend.

Most four-channel tapes are in the
form of Q-8 cartridges, playable on

home or car cartridge decks which are |
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4-CHANNEL
EQUIPMENT

designed for their use. (These canalso
play the more common stereo car-
tridges.) The Q-8 cartridges have all
the advantages and disadvantages of
the cartridge format, but the sonic im-
pact of the four-channel reproduction
often overshadows any deficienciesin
the tape system.

Theoretically, four-channel cas-
settes should be possible, but a com-
bination of technical and patent li-
censing problems has so far blocked
the entry of cassettes into the four-
channel tape ‘market.

Phonograph records dominate the
quadraphonic scene and probably will
continue to do so. Matrix records,
such as Columbia’s SQ and the Sansui
QS system employed by a number of
smaller record companies, can pro-
vide a moderate-to-good quadra-
phonic effect, although the four re-
corded channels are intermingled to a
considerable degree. Special decoder
“logic'" circuits can greatly enhance
the separation of matrixed four-
channel recordings, and anyone with
a serious interest in quadraphony

WWW. atmeidsaanadioRhistery.com

should investin a good logic decoder.
These are available as add-on acces-
sories and are built into new four-
channel receivers and amplifiers. You
should be aware that most four-
channel receivers claiming SQ capa-
bility do not have logic enhancement
and cannot be expected to give a defi-
nite sense of separation.

The other major quadraphonic disc
system is the CD-4 '‘compatable-
discrete” system developed by the
Victor Company of Japan. The major-
ity of CD-4 records in this country is
issued by RCA Victor but other labels
are joining them as the system be-
comes more widespread. Unlike ma-
trix records, which can be played by
any stereo phono cartridge and can be
transmitted over FM radio, the CD-4
system requires a special cartridge,
with a frequency response extending
to 45 kHz, and a separate decoder
modulator. It cannot be broadcast in
four-channel form. On the other hand,
the CD-4 system has superior four-
channel separation, producing a dis-
tinctly different overall effect than
matrixed records, even when they are
played through a full logic decoder.

Fortunately, SQ, QS, and CD-4
discs can be played as stereo discs. In
this sense they are compatible—for
stereo, but not with each other. it
should also be noted that a stereo
cartridge may ruin a CD-4 disc for fu-
ture quadraphonic playback.

If you are planning a complete
four-channel system, or intend to
make a major changeover from an
older stereo system, a receiver is the
most logical choice for the central
component. The better four-channel
receivers have adequate power (25 to

4 50 watts per channel) for most pur-

poses and many of them have decod-
ing facilities for all types of four-
channel records. However, no single
receiver or decoding accessory gives
optimum performance with all three
record types. Each favors one of the
systems to the detriment of the others.
In every case, however, an external SQ
or CD-4 accessory can provide full
flexibility and performance for the
least favored system. Another point to
watch for is the very low audio power
ratings of some lower-priced four-
channel receivers. Often abie to de-
liver between 7 and 10 watts per chan-
nel, these may not be suitable for driv-
ing many popular low-efficiency
speakers exceptin avery small room.

It is easy to convert a stereo system
to four channels without any obsoles-
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cence. Connect a good, full-logic SQ
decoder or CD-4 demodulator to the
amplifier's tape recording outputs.
The decoder front channels return to
the tape monitoring inputs and the
rear channels go to a second stereo
amplifier which drives the rear speak-
ers. The decoder acts as a system con-
trol unit and master volume control;
and its tape outputs, in turn, can be
used for a different type of four-
channel decoder or a tape deck.

If your system is to include the CD-4
facility, check to see that your record
player tonearm has low capacitance
wiring, a necessity for most of the new
CD cartridges if their high-frequency
response is to be maintained. Check
with the manufacturers of the car-
tridge and the record player if you
have doubts. If you simply install a
CD-4 cartridge in your old record
player, you may be disappointedin the
results.

There are no hard and fast rules on
speaker choice or placement for
quadraphonic listening. As with
stereo, the better the speaker, the bet-
ter the sound. It is not necessary to
have identical speakers for all chan-
nels, but they should have roughly
similar sound qualities. Often it is pos-
sible to use smalier speakers in the
rear channels (from the same man-
ufacturer as your front speakers), with
completely satisfactory results.

As for your speaker placement, in
most cases existing architecture or
furnishings will prevent setting the
rear speakers in the corners of the
basic quadraphonic rectangie. This
rarely impairs their effectiveness, but
some experimentation is usually
necessary for best resuits.

There are several four-channel
headphones on the market for use
with four-channel systems. Although
they do not sound like stereo head-
phones, they also do not simulate the
effect of the four-channel speaker lis-
tening. But neither do stereo head-
phones sound like stereo speakers!

Insofar as four-channel FM is con-
cerned, it's being broadcast, spottily,
in matrix form. This can be picked up
with the appropriate matrix decoder,
as incorporated in a four-channel re-
ceiver. Discrete four-channel FM sys-
tems have been proposed too, and are
presently undergoing field tests. Un-
like matrix broadcasts, this system
does notutilize existing broadcast sta-
tion stereo transmission equipment
and therefore requires a change in
FCC Rutes and Regulations. @
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PACE CB 2-WAY RADIOS
FOR RUGGED OUTDOOR USE

CB 133: IDEAL FOR RUGGED USE IN YOUR MOTORHOME,
CAMPER OR TRAILER

m GREATER RECEIVING RANGE:

« Sensitive dual conversion superheterodyne narrow band

receiver for adjacent channel rejection.
- Shaped audio response for more voice clarity.
u MORE TALK POWER:

« Transmitter equipped with rugged silicon output and driver
transistors for conservative delivery of maximum legal power

output.

« 100% modulation to ensure full utilization of RF power and

communications range.
m EXTRA VALUE FEATURES:

« 23 channel synthesized design — no additional crystals to buy.
« Engineered for (4 ) or (=) ground vehicle applications.

« Mini-size —1%” H x 5" W x 77 D.
« 2-year U.S. factory service program.
ONLY $119.95

CB 125: IDEAL TO STAY IN TOUCH
WITH YOUR BASE CAMP

WHEN GOING FISHING, OR HUNTING

« Squelch control for eliminating
background noise.

« 3-position channel switch tor channel
selection.

« Remote speaker and earphone jacks
(included).

« Optional battery charger A adapter.

« Automatic gain control for listening
convenience.

« High performance telescopic antenna.

« 2.5 watts RF power for inzreased
range.

« Optional texon carrying case.
ONLY $59.95

btalcnmununaandaa[dy.mlubtnmhamgandcamﬁmy[naanly. 4179.9C jan the
cambinatian ofthe CB 133 and CRI25. PACE CR radias offer yau dependability

See your dealer today or write for further information. Please specify no. 62

Pace Communications, Div. of Pathcom Inc.

((p)) 24049 S. Frampton Ave., Harbor City, Ca. 90710

Available in Canada.

CIRCLE NO. 26 ON READER SERVICE CARD

12 REASONS YOUR CAR
NEEDS TIGER CDI

Instant starting in any weather - Eliminates
tune-ups - Increases gas mileage - Increases
horsepower 15% - Improves acceleration
and performance - Spark plugs last up to
70,000 miles - Reduces engine maintenance
expense - Amplifies spark plug voltage
to 45,000 volts - Maintains spark plug
voltage to 10,000 RPM - Reduces exhaust
emissions - Dual ignition switch -

Unconditional LIFETIME GUARANTEE
Installs in 10 minutes on any car with
12 volt negative ground - No rewiring - Most
owerful, efficient and reliable Solid State
gnition made.

EAIISFACTION GUARANTEED or money
ac

TIGER 500 assembled . .. ... $53.95
TIGER SST assembled ...... $42.95
Post Paid in US.A.

Send check or money order with order to:

*FH-Star COrporatian

P.0O. Box 1727
Grand Junction, Co|orado 81501

DEALER INQUIRIES INVITED
CIRCLE NO. 38 ON READER SERVICE CARD

WWW. atmeidsaanadioRhistery.com

LARGE-LARGE

DISCOUNTS
LOW - LOW

PRICES

NATIONALLY
ADYERTISED STEREQ EQUIPMENT
AT LOWEST PRICES!

TURNTABLES * SPEAKERS * RECEIVERS
AMPLIFIERS * TAPE RECORDEFS

WRITE FOR QUOTE ON
NATIONALLY ADVERTISED BRANDS GF STERECQ
COMPONENTS. SATISFACTION
GUARANTEED!

Cleford ¢
HI-Fl WHOLESALERS

P. O. Box 809
Kankakee, linois 6C901
{B15)-939-7868

CIRCLE NO. 9 ON READER SERVICE CARD
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Product
Test Reports

ABOUT THIS MONTH’S HI-FI REPORTS

This month we are reviewing two very different products. The growing
trend toward delire, direct drive automatic single play turntables is exem-
plified by Pioneer’s finest model, the PL-71. Outstanding overall perfor-
mance and the utmost mechanical simplicity have earned the direct drive

turntable a place in the product line of almost every major manufacturer of

record players. The new Pioneer unit is a typical example of what is avail-
able to the audiophile who wants the latest and best in record playing
equipment.

Although “new” speakers are announced regularly, few are really sig-
nificantly different from—let alone better than-their competitors. The Phil-
lips RH532 Motional Feedback speaker system is a notable exception. In a
sense, it has no competitors, since nothing else quite like it is available in
this country. As our tests show, this speaker is different from the others on
the market. It may not appeal to every listening taste, and is rather expen-
sive, but it does deliver some of the most natural sound we have heard from
any speaker, and it is unquestionably superior to any speaker of compara-
ble size that we have ever heard.

—Julian D. Hirsch

PIONEER MODEL PL-71 RECORD PLAYER
Servo-controlled, direct-drive turntable for smooth, quiet operation.

comes ready to play as soon as you
install a phono cartridge.

General Description. The record
player’'s 3.5-Ib  (1.6-kg) cast
aluminum-alloy platter measures
12.25 in. (31.8 ¢cm) in diameter. It is
mounted directly on the motor shaft,
whose extension forms the center
spindle for the record being played.
The brushless dc motor is servo-
controlled to operate at either 33%3 or
45 rpm.

A vernier control system permits
each speed to be adjusted by about

The Model PL-71
is at the top of
Pioneer’'s 1975
line of record

: players. It fea-
tures a direct-drive turntable, a high-
qualitytone arm, and ahandsome wal-
nut-finished wood base, fitted with a
hinged plastic dust cover. The system
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+2 percent, and the stroboscope
markings around the edge of the plat-
ter (for both speeds and for 50- and
60-Hz line frequencies) make it easy to
check and adjust the speed while a
record is being played. A neon lamp,
built-in near the platter, illuminates
the stroboscope markings.

Ali operating controls are on a panel

WWW. amedsanradiohistery.com

located to the right of the turntable
platter. Pushing one of the two START
buttons puts the turntable into motion
at the corresponding speed. Two
small knobs nearby are the vernier
controls. A separate pushbutton shuts
off the motor.

The operation of the tonearm is en-
tirely manual and separate from the
turntable drive. The arm is construc-
ted of thin stainless steel tubing,
S-bent to provide the necessary offset
angle for the cartridge. The counter-
weight can balance cartridges weigh-
ing between 2 and 32 grams. It slides
into position for approximate balanc-
ing and rotates for final adjustment.
The counterweight has a calibrated
scale that is initially set to zero. The
entire assembly is then rotated until
the desired tracking force is indicated
on the 0-to-3-gram scale by alignment
with amark on the arm tube. The scale
is graduated in 0.5-gram increments.

The arm has a lateral balance
weight, the function of which is not
made clear in the instruction manual.
(However, the manual does indicate
the recommended settings for the
weight positions.) The antiskating
force knob next to the base of the
tonearm is calibrated on a 0-to-4
scale, normally being set to agree with
the vertical tracking force. The tone-
arm lift lever, also near the base of the
arm, has a rapid lift action but a
slowed and damped descent.

The low-mass cartridge shellis slot-
ted for overhang adjustment. The
45-rpm spindle has rings calibrated at
1-mm intervals from 10 to 18 mm that
are used to locate the stylus when ad-
justing the cartridge overhang beyond
the center spindle. A small pin on the
base stores the 45-rpm adapter when
itis notin use. And a 45-in. (1.15-m)
low-capacitance signal cable supplied
with the player plugs into phono jacks
located on the rear of the base of the
player.

The retail price of the Pioneer Model
PL-71 record player is $299.95.

Laboratory Measurements. We
tested the record player with an Orto-
fon Model VMS-20E phono cartridge
installed in its tonearm. When we set
the overhang to the recommended
14.5 mm, the tracking error was ex-
cessive. But then we used a stylus
protractor to adjust the overhang for
minimum tracking error (which turned
out to be18 mm, corresponding to the
outer edge of the 45-rpm adapter/
gauge). With this setting, the tracking

POPULAR ELECTRONICS


www.americanradiohistory.com

error was less than 0.5°in. at all radii
from 2 to 6 in. (5.1 to 15.2 cm). It was
typically less than 0.33°/in.

The stylus force indications were
accurate to within 0.1 gram. As with
most antiskating devices we have
used, the optimum setting of the con-
trol on this player was siightly higher
than the vertical tracking force setting
by about 1 gram. However, this ad-
justment, made on the basis of equal
distortion in both channels when play-
ing a high-velocity disc, is not critical.

The resonant frequency of the
tonearm/cartridge assembly was dp-
proximately 6 Hz. The pickup tracked
severely warped discs better than
most conventional tonearms that we
have tested, with relatively little tend-

ency to jump grooves on the disc.

The arm lift had to be handled care-
fully, since it was not damped and a
rapid action could cause the arm to
bounce and shift laterally. However,
the descent was slow and damped,
with little tendency to shift outward
under the influence of the antiskating
bias.

Pioneer has evidently designed the
PL-71 for compatibility with CD-4 car-
tridges, most of which require less
than 100 pF of total shunt capacitance
for full frequency response. The
PL-71's total cable capacitance, in-
cluding that in the wiring in the tone-
arm, was about 90 pF.

Once set, the turntable speed did
not change at all with line variations

between 85 to 140 volts. The vernier
range was +3 percent for each speed
(rms unweighted). The unweighted
rumble was 33 dB down and was pre-
dominantly a subsonic 5-Hz compo-
nent. With RRLL ‘audibility weighting,
the rumble was 56 dB down, which is
typical of the best turntables.

User Comment. This was avery easy
player to use. its well-designed finger
lift, feather-touch operating controls,
and total silence and smoothness
conveyed a strong sense O: precision.
The entire base is supported on
vibration-isolating feet that should
make it relatively immune to acoustic
feedback in troublesome installations.
CIRCLE NO. 65 ON READER SERVICE CARD

PHILIPS MODEL RH-532 SPEAKER SYSTEM
Solid-state comparator system and biilt-in amplifier control speakers.

.

Over the years,
a variety of ways
of controlling a
woofercone’s ex-
cursions so that
they conform with its input signals
have been introduced. The Philips
Model RH-532 speaker system exem-
plifies the electronic servo system ap-
proach. It uses a solid-state compar-
ator circuit and built-in bi-ampli-
fiers for a unique '*‘Motional Feed-
back System."”

The three-speaker system's 8-in.
(20.3-cm) woofer is driven by a 40-watt
rms amplifier with an 18-dB/octave ac-
tive crossover at 500 Hz to a 5-in.
(12.7-cm) midrange driver. The latter
and a 1-in. (2.54-cm) dome tweeter are
driven by a separate 20-watt rms am-
plifier that has a 12-dB/octave passive
crossover at4000 Hz. Signals below 35
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Hz are removed by a 12-dB/octave in-
put filter.

The wood, walnut-veneer cabinet
with perforated metal front measures
15 in. high by 11% in. wide by 8% in.
deep (38.1 x 28.6 x 22.3 cm). Retail
price is $365.

General Information. The principle
of the Motional Feedback system is
simple enough. A piezo-electric ele-
ment, mounted at the end of the
woofer’'s voice coil, generates a signal
based on voice-coil motion that is fed
back to a comparator at the bass
amplifier's input. The latter generates
a distortion-correction signal.

Although the system is about half
the size of most "'"bookshelf” speaker
systems, its three drivers in their
sealed compartment actually occupy
only about half of the volume. The
electronic portion of the system is
mounted on a metal panel that forms
the back of the cabinet and doubles as
a heat sink for the amplifiers output
transistors. The pane! is hinged for
servicing.

The amplifiers require only about 1
volt of driving signal to develop ful!
output They can be driven directly
from preamplifier outputs. The
3000-ohm input impedance may be
too low for some preamps, but most of
the better units are compatible with it.
(Philips makes a preamp, the Model
SC102, that is designed to drive the
RH-532 speakers.) The speakers can
also be driven by external power am-
plifiers, since they contain 25-ohm
load resistors and input attenuators

WWW. aknefrieaintadiahigstory.com

suitable for use with amplifiers nomi-
nally rated at 7 to 45 watts into 8-ohm
loads. There's aiso a switch position
for amplifiers with outputs exceeding
45 W. A switching arrangement on the
rear of the cabinet alters the input
characteristic.

Both audio channels can be con-
nected to either speaker, with the sec-
ond speaker plugged into parallel
feedthrough jacks in the driven
speaker in a stereo setup. This ob-
viates the need for fanning out two
sets of signal cables from the amplifier
and makes it easier to hide the
amplifier-to-speaker hookups. A
switch on each speaker connects it to
the right or the left signal channel, as
desired. The power cables have a simi-
lar pass-through feature. Thus, only
one speaker need be located near a
power outlet.

Normally, the speakers are left on. A

Plioto showes electronics
used to control speakers.
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power switch isprovided on the rear of
each speaker system for satety pur-
poses, but it is not used after initial
setup. A sensing amplifier in each
speaker responds to any input signal
that exceeds about 1 mV, such as the
turn-on transient or background noise
level from any amplifier, and switches
on power to the amplifiers.

stant input tevels of 1 volt (rated max-
imum) and 0.3 volt (10 dB down). At
the lower level, the distortion was
about 1% between 80 and 100 Hz. It
increased to 4% at 60 Hz and 9% at 50
Hz. At maximum input—producing a
far greater sound pressure level (SPL})
than normally used for a speaker dis-
tortion test—distortion was naturally
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700-Hz tone hurst.

Low-level stages of the amplifier are
always energized, eliminating speaker
thumps due to starting transients.
About three minutes after the driving
signal is removed, the speakers au-
tomatically shut off.

Laboratory Measurements. Iin a
normal listening room, the integrated
and smoothed frequency response of
the speaker system was within =4 dB
from 50 Hz to 18,000 Hz. Between 65
Hz and about 350 Hz, the output varied
only+0.5dB, dropping off smoothly to
-5 dB at 40 Hz. There was a =3-dB
variation in output between 400 and
2000 Hz, followed by an almost per-
fectly flat =0.5-dB response up to
5500 Hz. The output rose gradually
at higher frequencies to about +5dB
between 12,000 and 15,000 Hz.
Instead of relating bass distortion to
input power, we measured it at con-

6000-H: tone burst.

higher; 5% down to 80 Hz, 10% at 70
Hz, and 25% at 60 Hz.

Although the efficiency of the
speaker system cannot be judged in
the usual manner, a 1-volt input in the
midrange produced a 104-dB SPL ata
distance of 1 meter. With music
sources, a pair of speakers easily gen-
erated SPL's exceeding 100 dB in the
reverberant field of the room some 4
to 5 meters from the speakers. This
is much louder than most people
would use for listening, but there was
no sense of strain or audible distortion
atthis level. High-frequency distortion
was fair, and we could hear the beam-
ing of the highs as we walked past the
speaker at close range. At normal lis-
tening distances, however, this effect
was not noticeable.

User Comment. As the measured
frequency response suggests, the

Philips speaker seems at first to sound
somewhat bright and slightly weak in
low bass performance. After a period
of exposure to the speaker’'s sound,
we switched back to one of our favor-
ite conventional speaker systems. The
A-B comparison astounded us be-
cause the latter sounded relatively
“muddy.”

Some of the difference can be ex-
plained by the fact that the resonant
rise that colors the sound of almost
every dynamic speaker system in its
middle-bass range is totally absent in
the Philips speaker system, where it is
suppressed by the motional feedback
setup. To determine if this difference
in sound character could be due to its
frequency response, we used an oc-
tave-band equalizer to alter the
system'’s response to match that of a
very good conventional system, and
vice versa. The basic difference in
sound quality remained, verifying our
original reasoning.

The RH-532 exhibits a clarity,
complex-passage definition, and
overall natural musical quality that be-
lies measured specifications.

Since the Philips speaker system
sounds so dramatically different from
other systems, it’s likely that most lis-
teners will develop strong pro and con
opinions based on their listening ex-
perience. For example, the virtual ab-
sence of bass ''tubbiness’” may ini-
tially be disturbing to some. It has a
tight bass that is strong and very clean
down to the lowest musical funda-
mentals of most instruments, though
pipe-organ and bass-drum devotees
might find it wanting in the lowest au-
dible octave.

A novel advantage of this speaker
system is its ability to extend the
capability of a good-quality but low-
power amplifier or receiver. The out-
put of a 10-watt amplifier, for example,
becomes effectively 60 watts when it
drives the RH-532 system. The quality
ofthe sound is benefitted accordingly.

There is no doubt that Philips has
developed an exceptional speaker
system whose performance will ap-
peal to many music listeners who seek
convincingly realistic sound and have
limited speaker-placement space. At
$730 a pair, it will likely appeal to those
hi-fi aficionados who do not own
costly amplifiers or receivers. How-
ever, don't forget that the RH-532 can
also be used with high-power am-
plifiers.

CIRCLE NO. 66 ON READER SERVICE CARD
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REGENCY MODEL ACT-C4H

SCANNING MONITOR RECEIVER

(A Hirsch-Houck Labs Report)

Authomatic scanning of 4 channels in 150-t0-174-MHz band.

HE Regency Electronics Model

ACT-C4H Monitoradio is a com-
pact, inexpensive vhf scanning re-
ceiver. It is designed for monitoring
narrow-band police, fire, Civil De-
fense, and other radio service FM
transmissions in the 150- to 174-MHz
band. The fully self-contained receiver
is housed in ahigh-impact ABS plastic
case. A small speakerislocated under
the top surface of the case, and a tele-
scoping antenna screws into the re-
ceiverthrough aholeinthe case top. A
sliding section of the case can be re-
moved for easy installation of the
crystals for the desired channel.

General Information. The front of
the receiver is stepped, with the
operating controls located on the
horizontal portion of the step. The
sloped-back portion contains the dis-
play numerals 1, 2, 3, and 4 that light
up to identify the channel to which the
receiver is tuned.

Two controls are provided for ad-
justing audio volume and the noise
squelch threshold. All other functions
are controlled by slide switches. One
is the power switch that can set up the
receiver for either scanning or manual
operation. In manual operation,
another switch can be used to ad-
vance the tuning one channel each
time it is pressed. Four orange-
colored knobs correspond to signal
lights behind them. Theyenableany or
all of the channels to be selected or
locked out in both the manual and the
automatic scanning modes.

The receiver employs a single-
conversion superheterodyne design,
with the i-f at 10.7 MHz. The local os-
cillator is crystal controlled. (Crystals
are not included with the receiver,
since each user will have his own spe-
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cial requirements. The instruction
manual included with the receiver
provides information for ordering the
crystals for any frequencies in the
receiver's range.)

In the scanning mode, the channels
are switched atarate of approximately
15 persecond. Atwo-pole crystal filter
provides the i-f selectivity, and inte-
grated circuits are used in the re-
ceiver.

The manufacturer's specifications
indicate that the maximum separation
between channels should be less than
8 MHz if full sensitivity is to be main-
tained. A 12-MHz separation is possi-
ble with reduced sensitivity. The rated
sensitivity is 0.6 pV for 20 dB quieting.
Selectivity is rated at +7000 Hz at —6
dB and =32,000 Hz at —50 dB. Trans-
mitter deviations as great as 7000 Hz
around the center frequency can be
accepted by the receiver. Spurious re-
jection, other than images, is 50 dB.

The squelch threshold can be set as
low as 0.5 uV. The rated audio output
power to the built-in 16-ohm loud-
speaker is 0.5 watt at less than 10 per-
cent distortion. The receiver operates
from a105-t0-130-volt, 60-Hz ac power
source and consumes less than 9
watts of power in operation.

The overall dimensions of the re-
ceiver are 67 in. wide by 63 in. deep
by 2% in. high (17.5 x 17.1 x 5.4 cm).
The antenna can extend to 26 in. (0.66
m) above the table top on which the
receiver sits. Overall weight is 1.5
pounds (0.68 kg).

The retail price of the Regency
Model ACT-C4H Monitoradio is
$89.95.

User Comment. Sinhce there are no
provisions for attaching other than the
built-in antenna to the receiver and
there is no access to the audio output,
other than at the speaker, we were un-
able to make performance measure-
ments with a signal generator and
output meter. In spite of notbeing able
to verify the claimed performance
specifications, the receiver's opera-
tion was completely consistent with its
published specifications.

The receiver we used for testing
came supplied with crystals for fre-
quencies between 151 and 156 MHz,
two of which corresponded with
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Anybody
who’s into
electronics

certainly should be getting

the everyday convenience and
family security of automatic garage
door operation...especially

now, with Perma Power’s

great Electro Lift
opener... 7
made to fit i
in the trunk
of your car,
designed for
easy handling
and simple
do-it-yourself
installation.
Available now at a
surprisingly low price from
your distributor.

TR

P.S. Show off your opener to
your friends and neighbors. You'll
probably be able to pay for yours
with what you make installing
openers for them.

¢t Perma Power

Chamberlain Manufacturing Corporation
Perma Power Division
845 Larch Avenue, EImhurst, Illinois 60126
Telephone (312) 279-3600
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Build it yourself...

With a learn-at-home program as fascinating as home
entertainment electronics, reading about it is just not enough!

Once you discover something that really fas-
cinates you, no matter what it is, reading about it is
just not enough. You want to be involved. You want
firsthand experience.

That's exactly how Bell & Howell Schools’
exciting learn-at-home program in electronics
works. You learn by doing, experimenting, trying it
yourself. That's why throughout this unique pro-
gram you get practical “hands on” experience with
some of today's latest electronics training tools.

Throughout your learning adventure
with Bell & Howell Schools, the key word
is build.

It doesn’t matter if you've never had an
training in electronics before. We start you off wit
the basics and help you work your way up one step
at a time. As a matter of fact, with your very first
lesson, you receive a special Lab Starter Kit to give
you immediate working experience on equip-
ment as you are picking up the fundamentals.
It makes the learning process faster and certainly a
lot more interesting.

You'll build and work with remarkable educa-
tional tools as you explore advances in electronics —
“State-of-the-art” equipment that's being used
today—and will be used tomorrow. So the skills and
knowledge you will acquire will be useful for years
to come.

You'll build your own electronics
laboratory!

With Bell & Howell's Electro-Lab® electronic
training system—theor‘y comes to life. And you'll
make it happen! In building each of these modern
test instruments you'll get experience in wiring,
soldering, assembling. Then you'll use the lab for
testing, trouble-shooting and circuit analyzing.

irst, the design console. After you assemble
it, you'll be able to set up and examine circuits
without having to solder them in place.

Next, you'll build a digital multimeter. This
important instrument measures voltage, cur-
rent and resistance, and displays its findings in big,
clear numbers like on a digital clock.

Then comes the solid-state “triggered sweep”
oscilloscope similar in principle to the kind used in
hospitals to monitor heartbeats.

You'll use it to analyze tiny integrated circuits.
The triggered sweep feature locks in signals for
easier observation.

You’ll actually build and work with
the new generation color TV...investi-
gating features you've probably never
seen before!

This 25" diagonal color TV has digital features
that are likely to appear on all TV’s of the future.
Features made possible by the applications of digital
electronics to home entertainment.

You'll probe into the technology behind all-
electronic tuning. And into the digital circuitry of
channel numbers that appear on the screen! You'll
build-in an on-the-screen digital clock and learn to
program a special automatic channel selector that

goes directly to the channels of your choice.

You'll also better understand the exceptional
color clarity of the Black Matrix picture tube, and
gain working knowledge of “state-of-the-art” in-
tegrated circuitry and the 100% solid-state chassis.

After building and experimenting
with this TV, you’'ll be equipped with the
kinds of skills that could put you ahead
in electronics know-how.

Once you've completed this program, your
skills in electronic trouble-shooting cou?d lead you
in exciting new directions. While we cannot offer
assurance of income opportunities you can use your
training: toseek outa jog in the electronics industry,
to upgrade your current job, or as a foundation for
advanced programs in electronics.

Building. Learning. Growing. Without
missing a day of work or a single
paycheck!

Because this is a home study program, you
study at your convenience—without geing a class-
room captive. That means there’ll be no conflicts
with your job or other interests.

And even though you're on your own, we'll be
there to helpif you should ever run into arough spot.
Most schools make you mail in all your questions.
We have a toll-free line you can call when you have
a question that can't wait.

For even more personal attention, Bell &
Howell Schools' “help sessions” are held in 50 major
cities at various times throughout the year, where

ou can meet and talk with your instructors and fel-
ow students.

A school’s reputation can’t be built
on what it is going to do.

...but rather on what it has done and is doin
right now. That’s why Bell & Howell Schools’ 4_9‘}
years of experience in electronics home study is
your best guarantee that our “hands-on” learning
method really works. :

Many tKousands of people each year choose
Bell & Howell Schools’ home learning programs to
start or further their electronics education. Discover
this fascinating program in home entertainment
electronics for yourself.

Mail in the postage-paid card for
details, free!

Taken for vocational purposes, this program
is approved by the state approval agency for
Veterans' Benefits.

If card has been detached, please write to:

An Electronics Home Study School
DeVRY INSTITUTE OF TECHNOLOGY

¥ BELL & HOWELL SCHOOLS

4141 Belmont, Chicago, l1iinoi1s 60641
728
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“Eectro-Lab” is a edk
B2l & Howell Company.

Simulated TV';u
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channels of the New York City Fire
Department and our local parkway
police. Although our lab is located
about 25 miles from mid-Manhattan,
in a below-ground-level room, the
small telescoping antenna provided
with the receiver picked up the fire
department transmissions with full
quieting.

To start the automatic scan mode,
the squelch control must be turned
counterclockwise until the noise is

silenced. The lighted indicators then
flash in sequence as the tuning steps
through the selected channels. As
soon as the signal is received, the
scanning stops. The audio system
then passes the transmission to the
speaker, through which it is heard
with more-than-adequate volume and
excellent clarity. A moment after the
carrier is removed, the receiver re-
sumes scanning.

Regency recommends that the re-

ceiver be operated within =4 MHz of
the 156-MHz design center frequency
However, the r-f section can be
realigned for maximum sensitivity in
othersegments of the vhf communica-
tion band. It is probable that the re-
ceiver can even be realigned to oper-
ate in the 146-to-148-MHz (2-meter)
amateur FM band. If so, it could serve
as a convenient means of monitoring
several repeater channels.

CIRCLE NO. 67 ON READER SERVICE CARD

HEATHKIT/THOMAS MODEL TO-1260 ELECTRONIC ORGAN

Fully solid-state spinet has tiwo manuals, pedal keyboard and 22 voices.

EXT

to guitars, electronic

organs are probably the most
popular musical instruments used in
the home today. Not merely solid-state
versions of pipe organs, they are dis-
tinctive in that they produce a variety
of exciting voices that pipe organs
cannot achieve. (On the other hand,
they do not simulate all the true pipe-
organ sounds or the massive bass
tones exhibited by large church pipe
organs.)

The great attractions of electronic
organs are: compactness, ac line op-
eration, production of rich, wide-
ranging tonal timbre, and sustained
tones when a key is depressed that
—unlike a piano—can mask imperfect
playing technique. Furthermore, elec-
tronic organs often feature automatic
devices to simplify and enhance one's
limited playing ability.

The Heathkit/Thomas organ, Model
TO-1260, reviewed here, is an elec-
tronic music instrument in this genre.
A kit version of Thomas' mid-range-

priced commercial instrument (which
retails for some $1,100 more than the
organ and rhythm kit sections), it of-
fers builders the challenge and re-
wards that only large-scale elec-
tronics projects can. Kit price is $1095
with contemporary cabinet and $1150
with mediterranean cabinet. Cabinet
and bench are supplied preassembied
and finished. Overall dimensions are
44 in. high by 44 in. wide by 23%2 in.
deep. An optional Rhythm Section
TOA-60-1 (to be reviewed in a later
issue) costs $275.95.

Description. The fully solid-state
TO-1260 Heathkit electronic spinet
organ features two medium-power
amplifiers (rated 25 W rms/channel)
and two full-range 12-inch speakers; a
solo manual and an accompaniment
manual, each of which has 44 keys
that can be played separately or in
combination. Twenty-two separate
voices are available, such as Trom-
bone 16, Clarinet 8, Flute 4, Violin 8,
Harpsicord, etc. (Numbers follow
pipe-organ tradition, with 16 being an
equivalent to a 16-foot audio signal, a
32.5-Hz fundamental; 8 a 65-Hz fun-
damental, and so on. Preset voices
such as Harpsichord do not carry
numbers.) The pedal keyboard con-
sists of 13 notes, with pedals arranged
in a radial arc to simplify toe and heel
playing.

Special-effect tabs include “'Wah
Wah' (a crying effect). Accompani-
ment Bright Timbre, Solo Bright
Timbre, Pedal Sustain, Long Sustain,
Automatic Sustenato, (sustains only
last note played), and independent
tremulant and reverberation effects.

Overall volume is controlled by a
foot pedal (expression pedal), with
separate volume controls for pedal
and preset percussion voices. Addi-
tionally, there's a balance control for
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adjusting or emphasizing solo and ac-
companiment voices, contained on
two separate manuals.

Of special interest is a "Color Glo”
system that can light up keys to iden-
tify key music notes, plus some color
markings, for use with a programmed
music-playing course that accom-
panies the kit. Clavier pedals, too, are
marked with colors. An accessory
panel permits easy use of a cassette
tape recorder, headphones for private
practice, plus provisions for an exter-
nal tone cabinet (speaker system).

Construction. Two especially fine
assembly manuals accompany the kit,
with a total of 331 well-illustrated
pages, including tuning and trouble-
shooting sections. Also provided are
special tools: keyboard alignment
tool, nut drivers, Phillips screwdriver,
coil tuning tool and plastic nut driver,
as well as a few spools of solder.

Kit construction time, excluding
tuning and adjusting, is estimated at
100 to 150 hours. Going at a leisurely
pace, it took the reviewer 135 hours.

Though most of the construction
time was put into soldering, there's a
healthy percentage of mechanical
work. The latter is straightforward and
easy to do, butis time consuming. For
example, each of the 88 manual keys
requires snapping on a spring-metal
holder and attaching two elements
into hard plastic keys with a screw.
Two keyboard chassis are assembled
with key guide posts, key rack brack-
ets and terminal boards, ail screwed
onto metal worthy of a battleship's
armor. Additionally, 88 coil springs
must be attached and soidered, felt
strips cut and applied, 88 key-rack
brackets lubricated and 88 keys
mounted in specific positions. But un-
like completion of a pc board, there's
theimmediate sense of satisfactionon
seeing a complete keyboard manual
when construction is finished.

Key switch action is interesting. A

POPULAR ELECTRONICS
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KEYING

TREMOLO

VOICING $

AMPLIFIERS

4

Ml

SPEAKERS

T

12 KEYBOARDS AND
CIRCUIT BOARDS  PEDAL CIRCUITS

Simplitied block diagram shoiws most of main sections and how signals progress.

gold-alloy wire contact is soldered to
each key. The wire contact rests on a
bus bar, with another bus bar about s
inch above it. Whenthefrontofakeyis
depressed V3 to 25 of its travel, the rear
section, where the contact is, con-
nects a +3 -V bus bar to a keyer cir-
cuit, in the case of the solo manual.
These circuits are divided into rows of
4-ft, 8-ft and 16-ft. Tones from one of
12 tone generators couple through
keyer circuit elements, both transis-
tors and diodes. The same mechanical
procedure occurs with the second
keyboard, the accompaniment man-
ual.

Pedal claviers add an octave at the
bass end. Here, too, there is substan-
tial mechanical assembly work. Each
pedal actuates a two-pole, double-
throw switch that is mounted on a pc
board. The board leads to a pedal elec-
tronic memory circuit.

The TO-1260 electronic organ em-
ploys tone generators that are essen-
tially sawtooth waveform generators,
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producing both odd and even har-
monics. These generators are fol-
lowed by frequency dividers to pro-
duce lower-octave frequencies, thus
circumventing the need for individual
oscillators and attendant alignment
problems. However, the dividers pro-
duce square waves, which won't
create sufficient musical richness.
Consequently, accompaniment
tone-generator outputs are connected
to PEC’'s (packaged electronic cir-
cuits) on a distribution board for mix-
ing purposes. Solo frequency-divider
output is mixed directly in the solo
voicing circuits. The voicing filters
(formants) shape the waveforms into
the characteristics of a desired music
tone by passing them through reactive
circuitry. Percussion waveforms to
simulate, say, a drum, are achieved
through use of one-shot multivi-
brators to generate square-wave
pulses. For repeat-percussion, an
astable multivibrator circuitis utilized.

A fully wired tone generator is sup-
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plied as a model, while the builder as-
sembles 11 more pc boards like it (with
some component differences). Most
of these 11 boards are stpplied at-
tached, like Siamese twins, and must
be separated in much the same man-
ner as one breaks a cracker. No prob-
lem at all her=. Special care is needed,
however, wren working on the dis-
tribution board, which measures
about27 inches by 4%2inches. Loaded
with the weight of 44 keyer packaged
electronic circuits and two mixing
PEC's, plus other components, the
board might break if not handled
properly. (We followed irstructions
and, though apprehensive, did not
have any difficulties.)

Connectors soldered te the tone
boards snap into pins on the distribu-
tion board.

Organ voices can be mcdulated to
create certain desirable ef‘ects. For
instance, tremolo effects ar2 generally
available with today's electronic or-
gans. The Heathkit TO-1260 is no ex-
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Oscillator output is rich in harmonics and has steep
negative-going portion to drive frequency divider.

ception. As many readers know, tre-
molo results when a tone is amplitude
modulated at around six or seven Hz.
A 6.7-Hz oscillator signalis used with a
double-shaper circuit to achieve a
Doppler effect. A phase-shifter circuit,
with LDR’s (lightdependent resistors),
provides a stereo tremolo effect.

A waa-waa circuit chassis, actually
an adjustable-frequency bandpass fil-
ter, is mechanically linked to the vol-
ume (expression) pedal. To achieve
this effect, the pedal is rocked, which
varies tHe waa-waa's volume control.
Reverberation, too, is an attractive as-
pect of an electronic organ. To ac-
complish this echo effect, one
channel's output must be delayed in

some manner. The TO-1260 does this
with an electro-mechanical coil-

spring system that gives the impres-
sion the organ is being played in a
larger area. Its operation is simple.
The output from an amplifier ener-
gizes an electromagnet that impress-
es an audio sound wave on a coil
spring. This causes an armature at the
other end of the spring to vibrate,
which induces a voltage in a coil. The
delayed sound signal is then am-
plified.

A host of wire harnesses must be
soldered to pc connection points,
then secured with tie wire (neatness
counts). A hand drill is needed to drill
holes in plastic circuit board mount-
ing strips.

Construction completed, a series of
operational circuit checks are made
that do not require the use of an in-
strument. Thisis followed by tuning of
the organ, again without use of an in-
strument. This is done by ear; a rough
tuning first, followed by a fine-tuning
procedure. The factory-assembled
“C’"-note tone generator, pretuned to
an exact frequency, gives this aural
method the potential for extreme ac-
curacy.

The methodology is simple
enough—the beat principle is used to
tune the remaining 11 tone gene-
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rators, following a chart supplied by
the Heath Company. Using the in-
struction manudl's example, if a
440-Hz reference tone is mixed with
that of a 442-Hz generator, the result
will be abeat note at a rate of two beats
per second. After a rough tuning,
fine-tuning follows. For example, by
depressing the pre-tuned middle C
and G keys, the G slug is adjusted for 9
beats in 10 seconds (26 beats in 30
seconds). Each generator is fine-
tuned in turn, foliowing instructions
on which two keys to press. Though

Output

Master oscillator (M.O.)

First divider
Second divider
Third divider
Fourth divider
OUTPUTS
MASTER
OSCILLATOR MASTER
1/2-1C1
FLIP-FLOP FIRST

1/2-1¢C2
FLIP-FLOP

this procedure works, we found it
much easier to use a chromatic pitch
instrument for tuning purposes (about
$5 in any music supply store).

Final adjustments are made with a
test board/meter that's assembled as
part of the kit. This is used to balance
outputs of the two preampilifiers and
adjust pedal volume, tremolo bias,
speed, etc. Installing the music rack
and 8olo shelf hold-down brackets,
and tightening legs on the bench
complete assembly.

User Comments. The finished pro-
duct justified the time spent in as-
sembling and adjusting the Heathkit
TO-1260 electronic organ. No one
would ever guess this was as§embled
from a kit, considering the Qeautiful
preassembled and prefiHished
cabinetry, and other high-quality ele-
ments exposed to view. There are pro-
visions for the rhythm accessory, not
yet completed, which will add eight
pre-programmed percussion pat-
terns, four preset ones on the lower
manual (piano, guitar, banjo or harp-

Frequency NLte_
2093.003 C6
1046.502 C5
523.251 c4
261.626 C3
130.813 C2

OSCILLATOR
~JUUUUirruyuauu
_
C5

.

SECOND
DIVIDER
— =
ca
1/2-1¢C2
FLIP-FLOP Pl

D‘V'wa
y —
C3

1/2-1C1
FLIP-FLOP FOURTH
DIVIDER
c2 L—

Diagram shows how flip-flops are connected to divide
the master oscillator signal. In this case, the tone is C.
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sichord), and alternating bass pedal
notes.

The Heathkit TO-1260's wide choice
of musical voices on the solo manual;
its good tone quality, special effects,
and impressive overall appearance:
and the “feel” of the instrument can-
not be matched by commercially as-
sembled organs at anywhere near its
kit price. Of course, the organ can be
upgraded by adding a separate tone
cabinet. If we had our "‘druthers” —
which are always expensive — we

VOICES AND PRESETS

Upper Keyboard: (Voices) Flute 16,
Flute 8, Flute 4', Trombone 16’,
Bassoon 16', Trumpet 8’, Diapason
8, Clarinet 8', Violin 8’, (Presets)
Harpsichord, Piano, Accordian.

Lower Keyboard: Tuba 8’, Diapason
8', French Horn 8, Melodia 8’, Cello
8.

Pedal Keyboard: Bourdon 16', Major
Flute 8', String Bass 8'.

would prefer anonmechanical reverb.
We thought that we would miss the
liquidity of a rotating speaker on tre-
molo but the electronic system of the
TO-1260 proved to be surprisingly
good.

By assembling the kit, one can save
up to $6/hour net, while working at
home, at one's own pace. But a kit
builder naturally realizes more than
mere dollar savings. There's pride of
building, and learning how the in-
strument works electronically and
mechanically. The self-servicing and
tuning know-how will also save money
and time in the future. Then too, it is
amazingly satisfying to be able to lift
the solo board and adjust the mando-
lin strumming speed yourself.

Of special noteworthiness is the as-
sist provided by the Heath Company in
building the kit. A missing part, called
in to a local Heath Co. store, was re-
ceived by mail within a few days. Also
each electronic organ kit includes a
name, photo and telephone number of
a Heath Co. technical consultant who
can aid any kit builder who runs into
difficulty. We tried it, and it works.

CIRCLE NO. 5 ON READER SERVICE CAFD

COMING UP IN
THE APRIL

Popular Electronics

Build a:

Portable Analog/Digital
Memory Translator

and

Minivolter With

500 pV Full-Scale

Listening To Distant
AM Broadcasting

TEST REPORTS:

Realistic STA-250 Stereo
Receiver

Kensonic C-200 Stereo
Preamplifier

Stanton 681EEE Stereo
Cartridge

Hy-Gain 623 AM/SSB CB
Base Station

EL Electronics PG-2 Pulse
Generator

ORDER Part No. 923748
WITH FREE TEST CLIP
$18.90

Add sales tax if resident of
Ohio or Califarnla.

F.0.B. PAINESVILLE, OH.
{Shipped post-paid if
payment is with order.)

OFFER EXPIRES
MARCH 31, 1975
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A P Test Clip

%
%
'

Has 840 solderless
plug-in tie-points
on universal matrix

For all DIP sizes and
discretes with leads
010’ to .031" dia.
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_’ MAC’S SERVICE SHOP

HOW TO SERVICE
A CLOCK RADIO

S MAC strode through the
service department dgor, he
stopped abruptly, a foot poiséd in the
air, to keep from stepping on the mid-
riff of Barney, his assistant. The latter
was lying on his back on the floor,
laboriously writing on the bottom of a
small square of cardboard held in
front of his face. He had punched
three pencil holes in the cardboard.

“I'm almost afraid to ask,”” Mac said,
stepping across the prostrate youth,
“but what are you doing?”’

“I'm trying to figure out which re-
placement transistor lead goes into
what hole in that printed circuit board
on the bench,” Barney retorted. “‘I'm
the kind of dude who can't read a map
unless the top of it is pointing north,
even though | have to read the printing
upside down. And these transistors
having three leads equally spaced in a
straight line drive me right out of my
skull.”

“l just don't know about you,” Mac
said, shaking his head. ‘'‘But get up off
the floor and let me tell you about fix-
ing clock radios.”

“What's to know? A radio’s a radio.
What's different about clock radios?"”

“Obviously the clock and timer
mechanism. Electronic reliability has
improved until the clock is often the
firstitem to fail, especially with a tran-
sistorized clock radio. It quitsrunning,
becomes noisy, or develops trouble in
the switch-control portion. Then the
owner makes several disagreeable
discoveries: (1) the electronic techni-
cian considers clock repair a jeweler’s
problem and will not work on it; (2) a
jeweler thinks repairing electrical
motors is a job for the electrician and
will not work on it; (3) the electrician
can't be bothered with such a smalil
job; (4) any of these will order a new
clock, but the price of a new clock,
installed, may run fifty percent or more
of the cost of a new clock radio. In the
past, the answer has been the wasteful
old American practice of junking the
radio and buying a new one, simply
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By John. T. Frye, WSEGV

because no one wants to take the
trouble to fix the electric clock. Now
thatwe’re beginningto see the bottom
of the barrel of our natural resources,
thisis a practice we're going to have to
forego. Instead of 'Junk it and buy a
new one,  we're going to haveto say to
ourselves, ‘Can’t it be fixed? Can't we
make it last?’ "

“I'm ready,” Barney said getting up
and brushing off the seat of his pants.

“Okay. First let’s take the case of a
clock that won’t run although the
radio plays. Youwant to make sure the
motor winding is not open before
going further. This happens once in a
blue moon, probably as a result of a
lightning surge. With the radio turned
off, make a resistance check across
the line plug. A resistance reading of
500 to 700 ohms indicates the winding
is intact. If it isn’t, of course, you’ll get
a reading in megohms. In that case,
you're probably out of luck-with re-
gard to getting a new winding. Neither
the radio manufacturers nor the clock
suppliers are interested in selling
clock parts in my experience. Fortu-
nately, an open coil is rare.

“The first symptom of trouble an
electric clock usually gives is that it
becomes noisy. It develops a rhyth-
mic, grinding ick-ick-ick-ick sound
that is especially annoying when the
cltock radio is by your pillow on a bed-
side table, as many of themare. You're
hearing, in the parlance of the
psychiatrists, ‘a call for help.” The
clock motor is trying to tell you that it's
thirsty for oil and that its gears are
running bare metal to bare metal. If
this condition continues — and some-
times a clock motor will run for a long
time after it first becomes noisy —
eventually the small amount of oil left
inside the sealed rotor-and-gear-train
case of the motor will become gummy
from the high heat and the motor will
stop.”

“Then aill we have to do is squirt a
little oil on the gears and all is well,
huh?”

WWW. atneidsaanadiohistary com - .

‘It's not that easy. Remember | said
the rotating portion of the motor was
enclosed in a sealed case. The trick is
to introduce fresh oil into that case
without destroying the integrity of the
metal enclosure, and it can be done.
The whole rotor unit can be removed
from the rest of the clock rather easily.
Here’s the way a typical clock motor
looks,” he said, sketching on the
cardboard of a broken-open tube car-
ton. ““The rotor unit itself looks like
this. The case is cylindrical and about
1%2" in diameter and possibly 1" or
more thick. This thickness takes in a
round turret about 34" in diameter that
projects from the rear of the case. On
the opposite side, the part of the case
toward the front of the clock, a shaft
projects through the case and carries
a small gear about %" in diameter.
When the rotor is in place, this gear
meshes with another in the hand-
moving gear train.

“To remove the rotor unit, remove
the two long screws at A that pass
down through the laminated pole
pieces and through two spacers that
also carry rotor-holding fingers. This
is the way they look, here at C. Now
loosen the two screws at B just
enough so that you can tilt up the
other ends of the pole pieces enough
to allow the rotor unit to be lifted up
until the little gear is disengaged and
slid out from beneath the pole pieces.

“Now you're ready to put fresh oil in
the case. To do this, rest thelittleturret
of the case on top of alighted 100-watt
light bulb for ten or fifteen minutes
until the case is quite hot — too hot to
handle with your bare hands. The little
gear will be up; and if you watch
closely around the shaft, you will even-
tually see hot oil bubbling up around
it, driven out by the expansion of the
heated air inside the case. When no
more air can be seen bubbling out, use
a glove to lift the motor off the bulb
and set it down on a flat metal surface.
! use an aluminum sheet to conduct
away the heat. Place two or three

LAMINATED
POLE PIECES

? L WINDING ?

GEAR

A =T A HIDDEN)
it 4,
A\ I <
< /-TURN ¢
HoLD Doww SHACING

FINGER & SPACER  CO/L

POPULAR ELECTRONICS


www.americanradiohistory.com

drops of a light oil, such as 3-in-one,
on top of the gear so that it runs down
and surrounds the shaft. Usually the
shaft sits down in a small depression
that will hold a small amount of oil.
Watch closely, the oilcaninyour hand,
and soon you will see the oil disap-
pearing, sucked into the case by the
cooling, shrinking volume of air in the
case. Thatisyour cueto apply more oil
because it's essential that all the suc-
tion be applied to oil instead of mere
air. You must watch closely because
when the oil starts into the case it goes
rapidly. Unless you're ready with more
oil, the supply around the gear shaft
will be exhausted beforeyou knowit.”

“Do you do that just once?”

“l usually go through the heating-
cooling sequence twice to insure get-
ting enough fresh oilinside the case to
last. Near the end of the final cooling,
putting the case on an ice cube or
spraying it with Frost Aid or Circuit
Cooler will insure sucking in the max-
imum amount of oil.”

“Then | suppose you put the motor
back inside the clock.”

“Yes, but before you do that, wrap a
soft piece of glove leather around the
little brass gear and grasp it gently
with a pair of pliers and make sure you
can turn it. Since you're driving a
speed-reducing gear train from the
low-speed end, you'll encounter con-
siderable initial resistance to turning
the gear, but this will lessen as you
apply asteady, lighttorqueto the gear.
You should be able to turn it easily in
either direction.

“The clock is reassembled in just
the reverse of the procedure you used
in taking it apart. Be sure the motor is
properly located with the little gear
meshed with its matching gear and
that the fingers of the spacers are rest-
ing properly on the back of the case
before you snug down the screws at A
and B. Now when the cord is plugged
in, the clock should run smoothly and
quietly, and it should keep doing so for
many months or years.”

"Is that a synchronous motor?"

“Not exactly. It's a hysteresis motor.
The first clock motors were true syn-
chronous motors, and you had to start
them and bringthem up to synchroniz-
ing speed by a disengaging spinning
knob at the rear. They ran equally well
in either direction, depending on
which way you started them. These
hysteresis motors have the same
characteristic of being synchronized
with the line frequency but are self-
starting.”
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“I've noticed these clock motors get
pretty warm. Why is that?”

“The little motors are actually very
inefficient, and most of their input
wattage is converted to heat, with
normal operating temperatures run-
ning around 180-190° F. Yet so little
power is required that the motor still
consumes only two or three watts of
power.Incidentally, their ‘locked rotor
current’ is identical with current con-
sumed when running at synchronous
speed. | probably should tell you not
all electric clocks have the same
mechanical arrangement as the one
I've sketched. For example, some of
the more recent General Time clock
motors have the stator winding right
beneath the rotor section, and the
‘pole pieces’ are in the form of a metal
cage into which the rotor assembly
nests; but the rotor can still be re-
moved by releasing a couple of clips
and lifting it out of the cage.

“Sometimes the switch, which can
be actuated by either the timer or a
manual function knob, develops poor
contacts. You can usually restore
proper operation to this black-
bakelite-enclosed switch by forcing
contact cleaner from an aerosol spray
can in around the projecting sliding
arm of the switch and working it a few
times with the manual function knob.
You may also find one of the actuating
arms of the switch has become bentor
has slipped off an actuating cam
through rough usage. In such a case,
the corrective measure will be obvi-
ous. Thesamething goesforthealarm
buzzer blade that has become bent so
itfails to contact the laminations of the
pole pieces.

“A nasty problem we often see with
older clock radiosisthat the splitends
of the actuating shafts for the On-
Off-Auto, Sleep Switch, or Alarm-Set
functions have one or both sides of the
split ends broken off. In such cases |
have slid a little piece of brass tubing
over the broken shaft and soldered the
shaft and tubing together and used a
small setscrew knob on the new shaft.
Those clock knobs are a poor ar-
rangement. They invariably work
loose and are lost, orthey shear off the
ears that are supposed to engage the
shaft slot.”

“You could glue them on,” Barney
suggested.
“Never!” Mac exploded. “I'm sure

that down in Hades there must be a
special place reserved between Tan-
talus and Sisyphus for the guy who
glues on radio or TV knobs.” @
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ALLISON
“OPTO-ELECTRIC”

Yt The BEST...the ULTIMATE...
of ALL the Ignition Systems'

_ @ {(We challenge ANYONE
to dispute this Fact)

...itgives you Maximum Pawer
with continuous PEAK PERFORMANCE

...while reducing Maintenance
and Operating Costs! .’--

@ The Allison OPTO-ELECTRIC System elimin ates the Ponts
and Condenser, replacing them with an OPTQ-ELECTRONIC
TRIGGER, using a Light-Emitting Diode and Phato transistor
As there are NO moving parts in rubbing contact . .Timing
adjustments are PERMANENT.  The only “TFUE" Electronic
Ignition...that you can buy for under $100
@ Gives 40-Times more Timing Accuracy than ANY system
using ""Mechanical’' Breaker-Points!  UNLIMITED RPM!
‘Electronically-Controlled " DWELL automatic lly supphies
HIGHEST Performance at both Low and High speeds.  Spark
strength does not fall off at high RPM.  POSITIVE SPARK
helps eliminate ““Misfire * for faster acceleration and improved
Engine Performance!  Smoother running {No timing fluctuation
as with Magnetic Units).  Easier Starting und=r any condition!
Sparkplugs LAST 3 to 10-Times LONGER
All SOLID-STATE Components  UNAFFECTED By Temperature .
Moisture, or Vibration!  Highest grade mater als Guarantee
you solid, Dependable Performance

% Perfect Timing and Dwell never change.
Pays for itself'  Eliminates ignition Tune-Ups forever!
INFINITE LIFE"  Once instailed . Never nzeds replacing

@ PERFECT TIMING INCREASES Engine Etficisncy and Gas
Mileage  SAVES Precious Fuel'  Allison giv s you MAXIMUM
Engine Efficiency 100% of the time  and that's the name of

the game for BETTER Gas Mileage and Economy

=4 % PROVEN RELIABILITY!
7y 0L, Dyno Tested up to 15,000 RPM
_a Road and Race Proven.

{Opto-Electric Systems won at
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100

@ QUICK AND EASY INSTALLATION

* i you want the BEST, and SAVE! Thisis IT!

@ ORDER with CONFIDENCE ...
SATISFACTION GUARANTEED! il b4
1-YEAR FACTORY WARRANTY. [ b

® As you can See, you re not taking any
chances at all  Send your Order Tuday
State Make, Year, Engine Size (Calif. Res add Tax)
@ (So New...it's Sold ONLY FROM FACTCRY DIRECT).
You may use your MASTER CHARGE or BANKAMERICARD .
Send us (1) Your Number, (2) Interbank No  (3) Exp Date
@ Before buying any other Type ignition cystem

Send Postcard for our FREE BROCHURE.

Y Ifyou have already installed a C-D ignition system
Modernize and Increase its EH ciency ...
CONVERT YOUR ‘C-D"" UNIT TD BHEAKERLESS!
Opto -Electric “TRIGGER UNIT"".. Only *34.95
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The better the trainin
the better you'

COMPU-TRAINER VoM

IN-CIRCUIT TRANSISTOR TESTER
TROUBLESHOOTER

GR2000
Digital
Solid-State
Color TV
315 sq. in.
Picture

CHL T

SOLID-STATE
OSCILLOSCOPE

(Simulated TV Reception)

ELECTRO-LAB

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

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

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

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

Compare our training; compare our lower tuition.
We employ no salesmen, pay no commissions. You
receive all home-study information by mail only.
All Kits, lessons, and experiments are described in
full color. Most liberal refund policy and cancella-
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and the equipment
equipped.

HIGH FIDELITY
SPEAKEFS

SOLID-STATE STEREO
AM/FM/MULTIPLEX
RECEIVER

COLOR BAR/DOT
GENERATOR/

TUBE & TRANSISTOR TESTER

FET-VOM
e / AM/FM/SW PORTABLE
T AN o . . SOLID-STATZ RECEIVER
: k= ==l 74 sq. in.
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SCOPE B8V TV
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GENERATOR

DIGITAL * SOLID-STATE 2-METER FFM
MULTIMETER TRANSCEIVER & POWER SUPPLY p%%%é‘é}s;ﬁgfo

tion privileges spelled out. Make your own com- PNENA::HM‘%:OLS- - ;2055 L |

[
5" OSCILLOSCOPE

parisons, your own decision. Mail card today, or 4000 South Figueroa St., Los Angeles, Calif. 96037
clip coupon if card is missing. I Please send FREE Color Catalog ard Sample Lesson. I
NO OBLIGATION. NO SALESMAN WILL CALL.
Color TV Servici Electronics Technol
NO OBLIGATION. NO SALESMAN WILL CALL I ) BAW TV and Radio Servicing [ Computer Eleatronics |
[] Etectronic Commurications [] Basic Electronics
APPROVED FOR VETERAN TRAINING [J FCC License Course [] Audio Electronics Servicing
Get facts on new 2-year extension I m
NAME___ AGE
m I ADDRESS _ APT = I
NATIONAL ¢ SCHOOLS B, ‘
'TECHNICAL-TRADE TRAINING SINCE 1905 I Please fill in Zip Code for fast service I
Resident and Home-Study Schools [ GCheck if interested in G.I. Bill information.
4000 So. Figueroa St., Los Angeles, Calif. 96037 [ Check if interested ONLY in classroom training in Los Angel:s. ‘
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EXPERIMENTING WITH LED’S

ENERALLY speaking, readers write to a magazine

editor or contributor only when they (a) have a prob-
lem (“The circuit doesn’t work!"); (b) need additional in-
formation (*'Please send a pictorial diagram for converting
my old Atwater Kent to television™); or (c) wish to contri-
bute an idea or circuit (‘"Here's a terrific solid-state audio
oscillator which can replace a doorbell for only $125.00!")
But recently | had few surprises.

When | discussed LED applications in last October’s
column, | felt that readers might find the topic of passing
interest. Buttheresponse has been overwhelming. Letters,
phone calls and post cards have poured in from all over the
world. Many readers offered circuit applications, such as
Michael Lindsey's dual-LED flasher described last month.
Some asked for additional circuit data. | even learned
about an unusual multicolor LED offered by a small
manufacturer/distributor in Maryland.

A letter from Mr. Scott Gilson (35225 Caryn Drive, Far-
mington, MI 48024) is typical. Scott wrote, in part. . .

Dear Mr. Garner:

Thanks so much for your October column on LED's. The
circuits shown were very interesting, so | built.a few from
somescrap parts | had. | couldn’t believe it when' | snapped
on the battery and it worked! Most circuits | build need a lot
of troubleshooting just to get them to work. ..

! built both of those oscillators right on top of a 9-V
battery clip—just soldered the components on top of it. The
old man thinks it's a pretty neat circuit!

| have one question | think you can answer. Could a UJT
oscillator drivea LED directly? This would be interesting to
pulse a LED this way.

In answer to your question,—yes, a UJT can be used to
pulse a LED. | had, in fact, several UJT flasher circuits
available, but omitted them in my original column because
of space limitations.

Two additional LED flasher circuits are illustrated in Fig.
1. One features a unijunction transistor (UJT), the other a
programmable unijunction (PUT). Both require a minimum

Fig. 1. UJT (A) and PUT (B) LED flasher circuits.
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By Lou Garner

of components, are capable of working over a wide range
of supply voltages, and can be duplicated quite easily in
the home laboratory.

Referring first to Fig. 1A, a simple UJT relaxation oscil-
lator is used to flash a LED in the device’s lower base
circuit. In operation, C7 is charged slowly through R7 by
the power source, then discharged periodically through
R3 and the LED by the UJT. The flashing rate is determined
by the supply voltage and by R7-C7's time constant. The
larger the value of the resistor or capacitor, the slower the
flashing rate.

In bench tests, | used a type 2N4891 UJT, values of from
10 to 50pF for R? and values of from 10to 30 uF for C1. The
resistors may be ' to 1 watt types (non-critical). With a
15-volt dc source, the flashing rate was about once a sec-
ond. The circuit would flash with supply voltages of from
4.5 to 16 volts, although the light output is less with the
lower voltages. Resistor R3 is optional and is used to in-
sure capacitor discharge when low-current LED's are
used. If a high-current LED is used, R3 may be omitted.

The PUT flasher circuit illustrated in Fig. 1B operates in
much the same fashion as the basic UJT circuit, with C7
discharged periodically through the LED as the PUT
switches on. In bench tests, | used a D13T2 PUT and an
MVS50 LED together with a 9-volt transistor battery. The
flashing rate was about 100/minute with the component
values listed.

This circuit is slightly more critical than the basic UJT
flasher, in that the ratio of R2 to R3 must be adjusted for
optimum performance. The proper resistance ratio de-
pends on the PUT’'s characteristics and the supply voltage.

About the unusual multicolor LED. Available exclusively
from the manufacturer/distributor, Electronics Unlimited,
Inc., this special device is designated type MV1. Unlike the
more familiar bipolar multicolor LED, which is essentially
two LED's connected back-to-back in the same case, the
MV1is a singlediode which can supply red, orange, yellow
or green light, depending on the applied voltage (current).
With low voltages (and currents), the output is red, gradu-
ally changing through orange to yellow and green at
higher voltages and at currents approaching 200mA (the
device’'s maximum rated current).

With its unique color-changing feature, the MV1 can be
used in avariety of both practical and experimental display
applications.

One useful practical application is illustrated in Fig.
2A—an extremely simple battery tester. In operation, R1
serves to limit the LED’s maximum current. As higher volt-
ages are applied, the LED's currentincreases and its light
color output changes. Unlike a basic voltmeter, this in-
strument checks the battery under load (to over 100 mA for
a 9-12-volt battery). In tests with a typical MV1 and a

POPULAR ELECTRONICS
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Fig. 2. (A) is a simple multicolor LED battery
tester; (B) a wmiulticolor LED flasher cireulit.

47-ohm, V2-watt resistor, the tester's''calibration” was ap-
proximately as follows:

1.6 - 4.0 volts: RED

4.0 - 5.5 volts: ORANGE

5.5 - 9.0 volts: YELLOW

9.0 - 12 volts: CHARTREUSE

12 - 15 volts: GREEN

Of course, the exact voltages at which color changes
occur vary somewhat from one MV1 to another and the
delineation is not sharp. Each instrument should be *'cali-
brated’ by the individual user.

The battery tester can be assembled conveniently in a
pocket-size probe using an old ball-point pen. In practice,
it may be necessary to experiment with R7’s value to
achieve optimum color variation at different voltages due
to tolerance in the MV’s characteristics. Although a
47-ohm, 2-watt unitis nominal, you may have to use values
as low as 22 ohms to as high as 56 ohms. In a series of
bench tests with several MV1's, | found 39 ohms optimum
for some units, 47 ohms for others.

Another interesting application for the MV1 isiillustrated
in Fig. 2B—a multicolor flasher featuring a standard 555
timer [C. In operation, C7 is charged by /C7 and the battery
through D7. As the voltage across the capacitor rises, the
current through the LED increases and its color output
changes fromred through orange, yellow and green. When
C1 is discharged, the cycle is repeated.

The MV1 multicolor LED is offered as part of a special
LED Designer’s Kit. Two of these devices are included in
the kit, together with 8 miniature and 12 large assorted
LED's inred, yellow and green, a red/green bipolar LED, a
555 timer IC, a 558 dual 741 IC, 10 assorted diodes and
zeners, 20 assorted capacitors, 20 assorted resistors, a4 " x
6" perfboard, and a folder featuring 15 project circuits. The

.complete kit is priced at $8.95, postpaid (plus sales tax,
where applicable), and may be ordered directly from: Elec-
tronics Unlimited, Inc. P.O. Box 91, Otney, MD 20832.

Readers’ Circuits. Frustrated by a relatively poor null
indication when measuring low resistance values on his
impedance bridge, reader Mike McNatt (7707 E. 118 Ter-
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Goodtime
capsule.

Saving fleeting moments requires a quality tape
recorder. But, just as a camera can be no better
than its lens, tapes can be no better than the micro-
phone. Whether it costs $200, $500—even $1,000—
a tape recorder can be significantly improved by
the addition of a Shure unidirectional microphcne
—a mike that can be ““aimed” so that only the tar-
get sounds will be recorded. Microphone misers
who ignore this will never hear the true sound of
recorded music lessons, parties, classes, speech
therapy, sound movies
and rehearsals. With
Shure microphones,
creating tomorrow’s trea-
sures is today’s pleasure.

Shure Brothers Inc.
222 Hartrey Ave.,

Evanston, lll. 60204
In Canada: A. C. Simmonds
& Sons Limited

S SHURE §

Manufacturers of high fidelity components, microphones, sound systems and related circuitry.
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Fig. 2. A nuldl meter amplitier circuit.

race, Kansas City, MO 64134) put on his thinking cap and
devised a solution. He designed and built a meter amplifier.
Mike reports that he can obtain sharp nulls even on the
bridge’'s lowest resistance range (0.1 ohms full-scale)
when he uses the amplifier in conjunction with the
instrument’s standard null meter

Featuring an op amp IC, Mike’s circuit is illustrated in
Fig. 3. In operation, the amplifier and nuil meter can be
switched in and out of the circuit alternately by means of
switch S1, which also serves as a power switch for the
amplifier. Symmetry control R1 serves to “split’ the supply
voltage, permitting operation on a single-ended power
source.

Series |oad resistor R4 was chosen to provide a full-scale
deflection on the 100-0-100-puA meter used in his bridge
and a different value may be required for other instru
ments. The original meter connection, shown dotted, is
opened for amplifier installation.

With neither layout nor lead dress critical, the bridge
amplifier circuit may be assembled on perfboard, on a pc
board, or even on a small chassis.

Suitable for troubleshooting PA systems, intercoms,
phonographs, tape recorders, and the audio sections of
radio and TV sets, the audio signal tracer circuit in Fig. 4
was submitted by reader Bill Roberts (Roberts Electronic
Service, Highway 81, Route 3, Winder, GA 30680). Bill, you
may recall, contributed the stereo preamp circuit dis-
cussed in last December’s column. Featuring readily avail-
able components, the signal tracer can be assembled in
one or two evenings and makes a dandy addition to the
home lab's complement of test instruments.

DI
Ji cl
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Fig. 4. Audio-signal tracer circuit.

Bill has used a 2.5-watt IC as the heart of his instrument.
A shielded test probe connects to input jack J7, while the
output, available at jack J2, may be used to drive any
standard PM loudspeaker.

Gain control R2 is a 100k potentiometer, preferably with
an “audio” taper, and R3, if used, is a 1-to-5-watt unit,
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depending on the power source. The input capacitor, C7,
should be a 600-volt ceramic or paper type, with C2 and C3
100-volt units. Electrolytic capacitors C4, C5and C6 are all
25-volt types.

Any of several construction techniques can be used for
assembling the signal tracer. Although neither parts
placement nor wiring arrangement are overly critical, good
audio wiring practice should be observed when duplicat-
Ing the design, with signal carrying leads kept short and
direct. Bill writes that he designed his original model
arounda 2’ x 2" pc board, provided a socket for the 14-pin
DIP IC, and used a dual RCA-type phono jack forJ7 and J2,
mounting the unitina 2" x 4" Minibox. Standard red and
black binding posts were installed for the power connec-
tions. The shielded input lead shown in the diagram may
not be needed if the input and output jacks are well sepa-
rated

Bill suggests that an 18-20-volt dc external supply be
used as a power source. If a higher voltage supply is em-
ployed, a 20-volt zener diode, D1, and appropriate series
resistor, R3, should be used in a standard shunt regulator
configuration to limit the applied voltage to 20 volts. The
circuit's current requirement ranges from 8 mA at zero
output to 110 mA at maximum output

Device/Product News. GE's Semiconductor Products
Department (Building 7, MD 49, Electronics Park, Syra-
cuse, NY 13201) has introduced a new line of axial lead
GE-MOV™ varistors to complement their standard line of
radial devices. The new line, designated the *“MA’’ series, is
capable of both ac and dc operation, and offers voitage
ratings of 121 to 365 volts dc, 88 to 264 volts rms. Designed
primarily for use in transient suppression and circuit pro-
tection applications, GE-MOV™ varistors are voltage de-
pendent, symmetrical metal oxide resistors which operate
much like back-to-back zener diodes.

A version of the popular 2N3055 power transistor has
been announced by RSM Sensitron Semiconductor (221
West Industry Court, Deer Park, NY 11729). Designated the
2N3055C, the new device offers a maximum I of 30 A as
compared to the conventional 2N3055’s maximum rating
of 15 A, apower dissipation of 150 W comparedto 115 W, a
BV ko of 120 voits, and a hy,; of 10 at 8 A.

Fromthe RCA, Electronic Components Group (Harrison,
NJ 07029), comes news of a line of GaAs single-diode
injection lasers suitable for use in such applications as

SG2000 series, the new units offer minimum power out-
puts ranging from 1 to 20 watts at peak drive currents of 10
to 100 amperes. The peak wavelength of spectral radiant
intensity at 27°C is 904 nanometers. Ranging in price from
$10.00 to $39.00 each in unit quantities, the new devices
are supplied in RCA coaxial OP-3 and OP-12 packages.
In addition to announcing substantial price cuts in its
CMOS product line, the National Semiconductor Corpora-
tion (2900 Semiconductor Drive, Santa Clara, CA 95051)
has introduced a new hybrid instrumentation amplifier
suitable for use in thermocouple amplifiers, active fiiters,
isolation amplifiers, control interfaces and similar applica-
tions. Designated the LHO036G, the new IC features a high
input impedance of 300 megohms and a common-mode
rejection ratio of 100 dB. Its gain can be adjusted from X1
to X1000 with a single resistor, while its output bandwidth
is also adjustable from 350 kHz (small signal) to 5 kHz (full
power) at unity gain. @®

POPULAR ELECTRONICS

WWW. atmeidsaanadioRhistery.com


www.americanradiohistory.com

A Hobby Scene

LOGIC LEVEL GENERATOR

Q. [ am interested in digital elec-
tronics but have yet to find a simple
pulse 1 and pulse 0 circuit for my
breadboard. Do you have a simple
circuit I could use?—D. Michelson. N.
Vancouver, BC.

A. Asimple, manually operated logic
0 and logic 1 generator is shown here.

When S7 is in the “a” position, Q is
logic one and Qislogic zero. When the
switch is thrown to “b" the states
change—Qis logic zero and Q is logic
one. Be sure to use a well-regulated,
five-volt supply for this circuit, which
is really an S-R flip-flop, or you may
not get an accurate logic-one level. A
5.1-volt zener and limiting resistor
used with four “C" cells or with a
6-volt battery eliminator would work
fine.

CHU MARKER

Q. Canyou furnish a schematic for a
7.335 marker generator to allow me to
home in on the time signals of CHU
when WWYV is not copyable. | tried to
modify my 1-MHz marker, but it won’t
oscillate at this frequency.—S.
Bloomsield, Rutherford, N.J.

We really don't think such a marker
is necessary. If your 100- or 1000-kHz
marker generator is even halfway de-
cent, it won't need frequent trimming
against WWV. Use it to locate 7000 or
7300 kHz, set the zero marker on your
dial, and tune upward. During the day

MARCH 1975

and early evening at my location (New
York City) CHU's carrier is very strong
and needs no other means of an-
nouncing itself. At night, as the skip
zone increases, the signal drops out.
Even if | had a marker for this fre-
quency, | stilt couldn’'t copy the time
information.

SYNTHESIZER KEYBOARDS AND CRYSTALS

Q. [ am planning to build an elec-
tronic organ/synthesizer. Where canl
get an organ keyboard, preferably a
split-level plastic type with DPST con-
tacts? Aiso, where can | get a
2.00024-MHz crystal for a top-octave
generator? Can the outputs of non-
synchronous CMOS gates be con-
nected together, or through isolation
resistors?—G. Kim, N.Y., N.Y.

A. See ""How to Select EM Key-
boards’ (POPULAR ELECTRONICS, July
1974). Inquiries on crystals may be
made to PAIA (Box 14359, Oklahoma
City, OK 73114) or Southwest Techni-
cal Products (219 W. Rhapsody, San
Antonio, TX 78216). It is not advisable
to tie nonsynchronous CMOS gate

gz

outputs together either directly or
through isolation resistors since low
outputs will act as current ginks.

TRANSISTOR TESTER

Q. !have anumberofold, unmarked
transistors. Do you have a relatively
simple circuit for a tester that could
tell me if the transistors are shorted,
open, npn or pnp?—pP. Stys, Montreal,
Quebec.

A. The circuit shown here will allow

you to check the polarities and junc-
tion conditions of unmarked or

“‘grab-bag’ transistors. Insert a tran-
sistor in the socket. While depressing
S2, switch S1 between both positions.
Only one LED should light up, indica-
ting the polarity of the transistor. If
both LED's alternately light up when
S1isvaried, the transistoris 2xhibiting
large leakage under reverse bias or
has broken down. If the LED lights up
when S2 is released, the collector-
base junction is shorted. If neither
LED lights when S2 is depressed, the
transistor is open.

o

LTIMETER KIT

ATTERY OPERATED : AUTO POLARITY - AUTO ZERO

AC VOLTS
DC VOLTS
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A WORLD OF NEWS

HE BBC “'World Service'' is

widely recognized as the world’s
foremost news organization. Ameri-
cans can broaden their grasp of world
events by listening to BBC-WS.
Domestic broadcasting networks in-
evitably filter news coverage through
a scale of importance based on
American values. BBC-WS attempts to
project a worldwide system of values,
not just a British one, in its World
News bulletins

BBC-WS sends out nine-minute
newscasts daily at the following times
(GMT): 1100, 1200 (exc. Sun), 1300,
1400 (Sat), 1600, 1700 (exc. Sat), 1800,
2000, 2200, 2300, 0000, 0200, 0300,
and 0500. Voice reports from corre-
spondents around the world are
grouped into Radio Newsreels, at
1500, 1815and 0015. An innovation for
the BBC is half-hour mixtures of news
and voice reports at 0400 and 0600.

Other BBC-WS news programs are
“The World Today'' (examining a
single newsworthy topic in depth)
weekdays at 1645, 2209, 0315, and
0545; “Twenty-Four Hours (a ‘live’
coverage of current events) weekdays
at 0509, 1109 and 2009; "Outlook”
(lighter features with music and
humorous touches) weekdays at 1345,
1900 and 0115; “Commentary’ (usu-
ally delivered by an outside expert)
daily at 1609 and 2309 and weekends
at 2009; and an expanded Radio
Newsreel called “"From Our Own Cor-
respondent’” Sundays at 0315, 1615
and 22089.

BBC-WS offers many other pro-
grams of entertainment including all
types of music and information.
Among them: “World Radio Club,”
Wednesdays at 1330 and 2315 re-
peated Fridays at 2030; "'Letter from
America,” the long-running series by
Alistair Cooke, Sundays GMT at 0545,
1315, and Mondays at 1545 and 2315.
Margaret Howard gives snappy replies
to listeners’ criticisms, on ‘“‘Letter-
box,"” Fridays at 1545, Saturdays GMT
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By Glenn Hauser

at 0515 and 2315, and Sundays at
2015.

We've given times that are applica-
ble when North Americans are likely to
be awake. Remember that, when it is
evening (after 7p.m. EST)intheU.S_, it
is the next day, by GMT. Though
BBC-WS does not beam toward
America all day long, it's usually pos-
sible to pick up some other beam at
just about any hour. For a complete
schedule, ask for “‘London Calling’
from BBC, 630 Fifth Avenue, New
York, NY 10020 (or in Canada, “« Box
500, Terminal A, Toronto, Ontario).
You may have to wait because the
supply is limited, but free.

The Northern Service of the CBC
provides excellent news coverage of
Europe, Canada and the USA (in con-
trast to American networks, which, as
arule, ignore Canada). One outstand-
ing example is “As It Happens,” in
which newsmakers are interviewed in
depth, by phone, weekdays 6:30-8:00
p.m. (ET) on 9625 and 11720 or 5960
kHz. Americans near the border can
hear it on Canadian AM stations, but
thanks to the peculiarities of short-
wave, the Northern Service is also a
“‘Southern Service.” The CBC won't
send you an N.S. program schedule
uniess you're in the Canadian North.

National Public Radio originates an
award-winning news magazine, Al
Things Considered,” which runs 90
minutes on weekdays. Many parts of
the USA are still beyond the reach of
NPR affiliates, and some of those slice
the program down to 30 minutes, or
delay it several hours. But on short-
wave, just about anywhere in the USA
or abroad you can hear 60 live minutes
of AT.C., via the American Forces
Radio & Television Service, weekdays
at 5:00-6:00 p.m. (ET). (We're giving
CBC-NS, and AFRTS schedules in
Eastern Time.

In addition, AFRTS draws news on
the hour from all domestic networks.
Many news feature shows, often

WW\W. akhefrieainiadiahigsiory. com

skipped or relegated to the iniddle of
the night by local network affiliates,
are broadcast as many as eight times
around the clock on AFRTS—usually
beginning 35 minutes past the hour.
The 60-minute news block waekdays
at 7 p.m. combines commentaries
from the big network names.

Sport fans should rate AFRTS
“number one.” If there’s any play-by-
play coverage available, chances are
AFRTS is carrying it, preempting all
other programming. Sports coverage
plans and other program changes are
announced in advance daily at 12:35
and 6:35 a.m. and p.m.

Among the frequencies AIFRTS has
used at various hours of day and night
are 17.765, 15.430, 15.330, 11.790,
11.935, 11.900, 11.805, 11.795, 9.755,
9.700, 6.095, and 6.030 MHz. You can
get a current schedule by writing to
AFRTS-Washington, Room 301, 1117
North 19th Street, Arlington, VA
22209.

DX Programs, such as BBC-WS's
““World Radio Club,” are prepared
especially for DX listeners; conse-
quently, they are usually the most
popular program on eact station.
Radio Nederland’'s "'DX Juke Box' is
on Thursdays, including a report from
yours truly once a month. Radio
Canada International's “Shortwave
Club'" appears every Saturday;
Switzerland’'s “Merry-Go-Round is
on the 2nd and 4th Saturdays of each
month. HCJB's DX Party Line' is a
half-hour of easy-going information
for the beginner and potential convert,
three times a week: GMT Tuesdays,
Thursdays and Sundays at 0230.

Emphasizing DX tips alone are
Radio Australia, Sunday at 1300 or
1200 (they neglected to adjust their
morning schedule for standard time
last October) and Monday GMT at
0215: and Radio Japan, Sunday at
1420 and 2320 and Monday GMT at
0025 and 0210. ““Sweden Calling
DX’ers” has a large following, each
Tuesday. It's the only DX program to
send out printed transcripts, free, to
contributors.

In our last column we talked about
Courtesy Program Committees, which
arrange special late-night test broad-
casts on AM stations. The ‘season’ is
drawing to an end, but you can still try
for WOTT-1410, Watertown, New
York, Monday, Mar. 24 at 2:30 a.m.
(ET) The program was arranged for
the Newark News Radio Club, Box
539, Newark, NJ 07101. ®
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Join “THE TROUBLESHOOTERS”

They get paid top salaries
for keeping today's
electronic world running

Suddenly the whole world is
going electronic! And behind the
microwave towers, push-button
phones, computers, mobile radio,
television equipment, guided

. _ missiles, etc., stand
A THE TROUBLESHOOTERS
A5 — the men needed to inspect,
install, and service these
* modern miracles. They enjoy
{ their work, and get well paid

i for it. Here’s how you can
join their privileged ranks—
without having to quit your job
or go to college in order

to get the necessary training.

POPULAR ELECTRONICS
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Just think how much in demand you would be if you
could prevent a TV station from going off the air by
repairing a transmitter ... keep a whole assembly line
moving by fixing automated production controls . . . pre-
vent a bank, an airline, or your government from making
serious mistakes by servicing a computer.

Today, whole industries depend on Electronics. When
breakdowns or emergencies occur, someone has got to
move in, take over, and keep things running. That calls
for one of a new breed of technicians — The Trouble-
shooters.

Because they prevent expensive mistakes or delays,
they get top pay — and a title to match. At Xerox and
Philco, they're called Technical Representatives. At IBM
they’re Customer Engineers. In radio or TV, they're the
Broadcast Engineers.

What do you need to break into the ranks of The
Troubleshooters ? You might think you need a college
degree, but you don’t. What you need is know-how—the
kind a good TV service technician has—only lots more.

Learn at Home . .. In Your Spare Time

As one of The Troubleshooters, you'll have to be ready
to tackle a wide variety of electronic problems. You may
not be able to dismantle what you're working on — you
must be able to take it apart “in your head.” You’ll have
to know enough Electronics to understand the engineer-
ing specs, read the wiring diagrams, and calculate how
the circuits should test at any given point.

Learning all this can be much simpler than you think.
In fact, you can master it without setting foot in a class-
room . . . and without giving up your job!

For over 37 years, the Cleveland Institute of Electronics
has specialized in teaching Electronics at home. We've
developed special techniques that make learning easy,
even if you've had trouble studying before. Our AUTO-
PROGRAMMED® Lessons build your knowledge as
easily and solidly as you’d build a brick wall — one brick
at a time. And our instruction is personal. Your teacher
not only grades your work, he analyzes it to make sure
you are thinking correctly. And he returns it the same
day it is received, while everything is fresh in your mind.

The Science of the Seventies

To keep up with the latest developments, our courses are
constantly being revised. CIE students receive lessons
in Field Effect Transistors, Digital Switching Units,
Microwave Systems, Lasers, Binary Coding and Com-
puter Arithmetic.

In addition, CIE offers an exciting Electronics Tech-
nology with Laboratory course that includes 161 space-

Learn By Doing...

Electronics Technology
with Laboratory Course
teaches you the funda-
mentals.Using space-age
components and testing

- techniques youwillapply
. | the principles you learn
=W ¥l | .. actually analyze and

troubleshoot modern
“1 electronics equipment.

' b e L .
- mft‘ : i
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age components to let you perform 242 fascinating
electronics experiments. You learn the “how” as well as
the “why” of Electronics . . . the Science of the Seventies.
Many leading companies use CIE courses to train their
own employees who are working on the latest electronic
equipment.

Get an FCC License — or Your Money Back!

Two-way mobile work and many other types of trouble-
shooting call for a Government FCC License, and our
training is designed to get it for you. But even if your
work doesn’t require a license, it’s a good idea to get one.
Your FCC License will be accepted anywhere as proof
of good electronics training.

A good way to prepare for your FCC exam is to take
a licensing course from CIE. Our training is so 2ffective
that, in a recent survey of 787 CIE graduates, better than
9 out of 10 CIE grads passed the Government FCC
License examination. That's why we can offer this
famous Money-Back Warranty : when you complete any
CIE licensing course, you’'ll be able to pass your FCC
exam or be entitled to a full refund of all tuition paid. This
warranty is valid during the completion time allowed
for your course. You get your FCC License — or your
money back.

Mail Card for 2 Free Books

Want to know more ? Then fill out and mail reply card
or coupon today. We'll send you our two FREE books on
opportunities in Electronics. For your convenience, we
will try to have a representative call. Act now, and get a
high-paying job that much sooner.

APPROVED UNDER G.I. BILL

All CIE career courses are approved for educational
benefits under the G.I. Bill. If you are a veteran or in

service now, check box for G.l. Bill information.

Lol
CI Cleveland Institute
of Electronics, Inc.

1776 East 17th Street, Cleveland, Ohio 44114

Accredited Member National Home Study Council

__________________________ =
Cleveland Institute of Electronics, Inc.
1776 East 17th Street, Cleveland, Ohio 44114
Please send me your two FREE books:

1. Your school catalog, “Succeed in Electronics.”
2. Your book on “How To Get A Commercial FCC License.”
| am especially interested in:
[J Broadcast [J First Class
Technology Engineering
[ Electronic O Industrial [J Electronics
Communications Electronics Engineering

[J Electronics Technology with Laboratory

Name

(PLEASE PRINT)
Address

City State Zip
Veterans and Servicemen:
[ Check here for G.1. Bill information.

r
| |
| |
| |
| |
| |
I ]
| |
| |
|

| . |

Electronics

I = FCC l.icense I
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| .

CIRCLE NO. 8 ON READER SERVICE CARD
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= SAVE ON

Brand Name Audio

Gompo _I_‘_‘_‘_T_i__‘__-gg
Write Today forL.(:):u_r__
FREE Audio Catalog

DIXIE 15 one of the oldest and largest audio compo-
nent mail order houses in the country. Qur 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

|Baskame acasn

Master Charge / BankAmericard
honored on mail orders

ﬂl "'.::: SHURE

GARRARD | DYNACO

DINIE HI-FIDELITY

6600 Second St., N. E., Washington, D.C 20011
Phone: 1-202-635-4300

Please rush me your FREE Audio Catalog and

complete information. | understand there s No
obligation

Name
Address
City

'SAVE! |

MONEY © TIME © FREIGHT

QUALITY STEREO EQUIPMENT
AT LOWEST PRICES.

YOUR REQUEST FOR QUOTA.
TION RETURNED SAME DAY.

FACTORY SEALED CARTONS—
GUARANTEEC AND INSURED,

SAVE ON NAME BRANDS LIKE:
A.D.C. KLH h
AR SHURE

| ornNaco KOSS
SONY FISHER

AND MORE THAN 50 OTHERS
BUY THE MODERN WAY
BY MAIL—FROM

ioudio

illinoisr a

Department 217S
12 East Delaware
Chicago, llinois 60611
312-664-0020
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CB Scene

THE BOOM IN CB CHANNELS

HEN FCC proposals for over-
haul of the Class D band ap-
peared recently, | thought of calling a
Philadelphia Lawyer and a couple of
MIT physicists and asking them to ex-
plain the whole thing to me. The latest
from Washington headquarters (see
Editorial, November 1974) is a 13-page
document with enough legalese for a
couple of insurance policies. But a
careful analysis of the Commission’s
proposals delivers a mighty surprise.
Unlike FCC dockets of past years,
which attacked CB as radio's black
sheep, this one (No. 20120) is cause
for celebration. It could more than tri-
ple the number of CB channels and
ease the complaints about CB from
the lawmakers.
The bonanza didn't become entirely
clear until we plotted all the proposed

By Len Buckwalter, K10DH

a whole slew of new frequencies
—channels 60 through 99—are also
tacked on to extend the band. A novel
difference, however, is that these forty
extra channels are spaced every 5 kHz
apart. Further, they are reserved ex-
clusively for SSB signals. To win an
expanded slot in the spectrum, the
Commission is exploiting SSB's
prowess at occupying half the normal
channel width. This explains how
twice as many channels will fitinto the
same bandwidth as before. That's only
part of the proposal. The Commission
is also entertaining the idea of split-
ting the first 30 channels into 60 (SSB)
five years after an effective dateruling.
However, we do not anticipate that a
ruling of this type will be adopted.
Probably the most important voice
heard from—the Electronics Indus-

sy T
enct88 (T TTTTT T T T L I

Fig. 1. FCC proposal to increase CB channels.

changes to reveal, at a glance, the
band as it is today compared to what it
will look like if the proposals become
law. Figure 1A shows the class D band
on 27 MHz and the familiar 23 chan-
nels positioned at 10-kHz intervals.
This spacing accommodates the con-
ventional variety of CB modulation
—AM with double sidebands, al-
though single-sideband signals may
also share the channels.

The first expansion in the band, if
the proposals go into effect, appears
in Fig. 1B. As you can see, seven con-
ventional channels (spaced every 10
kHz) are added to the lower 23 to bring
the total to 30 channels. But note that

WWW. atmeidsaanadioRhistery.com

tries Association (EIA)—has ex-
pressed cogent opposition to it. At a
meeting of the Citizens Radio Section
held recently in Los Angeles, industry
leaders unanimously agreed that the
following actions taken simultane-
ously would provide for the greatest
improvement of the Service:

(1) Assignment of a new spectrum for
CB in the vicinity of 220 MHz (Docket
No. 19759, the earlier Class E pro-
posal). (2) Provide for a program of
faster licensing. (3) Carry out strong
enforcement against sale of illegal
equipment that can be used on 27
MHz. (4) Additional channels should
be assigned for both AM and SSB-only

POPULAR ELECTRONICS
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operation, with permission to operate
SSB either upper or tower, in the AM
portion.

Concerning thelatter, the EIA feelsa
complete changeover to single-
sideband equipment runs against a
basic tenet of CB—encouraging inex-
pensive equipment and therefore al-
lowing the greatest number of citizens
to benefit from two-way radio. Further,
the EIA notes that the economic im-

(A)

Today's band as shown in Fig. 2Ais
generally divided between two groups
of stations; those units of the same
calisign (intra) and units of different
callsign (inter). Units of the same cait

may now speak to each other on any of l

the 23 channels except 9, the
emergency frequency. interstation
channels are limited to 10 through 15
and 23. Under the new proposals,
shown in Fig. 2B, units of the same

}——mTRA (SAME) STATION—=|
23

CURRENT

ON
NTRA (SAME) STATION
F: INTRA (SAME) STATION
r_ ONLY
3

23
INTER

o

CHANNELI L
9 10—
EMERGENCY INTER(mFFERENT)STATION
ONLY STATI
INTER
(DIFFERENT)

(B) 1 STATION €0
PROPOSED L
CHANNEL

USE

9 1
EMERGENCY CALLING

Fig. 2. Current and proposed channel usage.

pact on users—over 90 percent of CB
units are AM—would be unreasona-
ble; virtually all organised public ser-
vice activity is on AM. SSB only is an
unproven mode in the Citizens Radio
Service. These are convincing argu-
ments and we believe the FCC will
recognize their merits.

Other points of EIA agreement in-
clude designating channel 11 as a call-
ing channel. They also want one call-
ing and one emergency channel to be
added among channels to be desig-
nated SSB operation only. The Sec-
tion also proposes that the present as-
signment of channels for inter- and
intra-station communication be etimi-
nated and that the proposed one-
minute silence period be a guideline
rather than an enforcement matter,
The group further agreed with the
Commission's proposed reduction of
the age limit for licensing to 16. How-
ever, they oppose a requirement for
station transmitter identification to be
visible from outside a vehicle. As we
view this, such identification would be
an open invitation to thieves.

station may speak on any channel, as

before, while interstation units are re- |

stricted to channels 1 through 30. A
question mark appears between 30
and 60 because the FCC hasn't yet de-
scribed how usage on these additional
proposed channels wilt be assigned, if
at all. Channel 9 in the new station
scheme is again for emergencies.
The frequency expiosion is the most
significant section of the FCC propos-
als, but there are other plums, too. In
response to many outcries to relax the
ban on hobby-type communication,
the Commission appears to be taking
a softer line. It is still against a CB
service “'for those people who wish to
operate a radio transmitter simply for
the purpose of operating aradio.” The
Commission, however, does plan to
eliminate several sections in the law
which deal with the hobby-type activ-
ity. The strongest statement will
merely say that activity must not relate
to the use of the radio. You will not
have to swear, when signing the appli-
cation form that you will notengagein
idle conversation or chit-chat. @

lllinois State Police (2000 units)
Indiana State Police (900 units)

Ohio State Highway Patrol (360 units)

Missouri State Highway Patrol (150 units)

Oklahoma Dept. of Public Safety (50 units}
(Texas) Jones County Sheriff's Dept. (10 units)
Virginia Marine Resources Commission (65 units)

CB CALLSIGNS OF POLICE DEPARTMENTS
(Granted Licenses to Communicate Directly With CB’ers.)

KFT-2177
KFP-2179
KGY-5621
KNN-3083
KFP-2180
KFP-2178
KFP-2181
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Expensive
doesnt
havetobe

Our CHEAP

catalog shows how.

Mail the coupon for your FREE copy of
our 25¢ catalog. With it, you'll save on
over a hundred brands of fine components.
Bonus features—a pull-out “Hifi Primer”
section to get you started, plus articles on
tape equipment and 4-channel. Write for
your copy today.

Midwest Hifi

WHOLESALE ==
and Mail Order Division

wiith COUP O

1626 Ogden Avenue
Downers Grove_ Illinois 60515
[312] 852-5885

3309 €. Carpenter Freeway
irving, Texas 75062
{214] 254-9771

Call for a quote Linesopen 1 4pmCST o

CITY/STATE Zi

(PES-03)
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Tips &Techniques

INTERMEOIATE RESISTANCE VALUES

Many times a circuit design calls for avalue
of resistance notin the commonly available
12 series. A close value may be foundin the

BETTER
THAN A
THIRD HAND!

PANAVISE TILTS, TURNS, AND
ROTATES TO ANY POSITION.

IT HOLDS YOUR WORK
EXACTLY WHERE YOU WANT IT.

PanaVise has great strength yet is gentle
enough to firmly hold delicate objects.

Quite possibly the finest new tool
you will buy this year, PanaVise is
built to exacting professional
standards. We guarantee it!

liustrated is the Electronics Vise
Model 396. Three other bases and
a wide variety of heads are avail-
able. All interchange! Buy a basic
unit, then add on to create your
system.

Available through your dealer.
Write for a free catalog.

pﬂl\lﬂ SE Dept. 22E

10107 Adella Ave., South Gate, CA 90280
In Canada: 25 Toro Rd., Downsview, Ont. M3J 2A6

1*-",
‘L!J A Division of Colbert Industries
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24 series, but many dealers don't stock
them. (Successive values in the 12 series
are related by the factor 1.2, and by 1.1 in
the 24 series). Here is a good rule-of-thumb
for approximating these less common val-
ues. Take the next higher resistance above
the desired value and parallel it with
another ten times larger. For example, if a
24-series 51-ohm resistor is needed, take a
12-series 56-ohm one and parallel it with a
12-series 560-ohm resistor. Net resistance
is 50.9 ohms, or 0.2% off. The error will
never be greater than 3.1%, well below the
manufacturer’s tolerances.

— A.G. Fletcher

AUTO LIGHTS WARNING BUZZER

Leaving your parking lights on all night can
be almost as hard on the car battery as the
headlamps. This simple warning system
uses the ignition key/door buzzer. Only a
diode is required. Install the 50-PIV diode
as shown. If the lights are left on when the
ignition switch is open, the diode turns the

+12¥ -
PARK.
LIGHTS @
PARK.
LIGHTS
/GN. . =
e =, =
DOOR
SWITCH
warning buzzer on. Since most

headlight/parking light switches are

ganged, you will be alerted when the head-

lights and/or parking lights are left on.
—Paul Reckling

CONTINUITY TESTER

When installing a new member of an an-
tenna farm, or trying to do some simple
troubleshooting in a car, it is helpful to
have a continuity tester to trace leads. An
inexpensive door bell and battery can per-
form this function. Hook up the doorbell at
either end of the antenna feedline and
place the battery across the various feed-
linesuntilthe bell is heard. This isolates the
desired line. For auto “‘hot™ wires, ground
one side of the doorbell and search out the
“hot” lead with a test lead attached to the
other side of the bell.

-C. W. Hart, Jr.

NO-COST OCTAL PLUGS

If you need an octal plug but all the stores
are closed, you can make your own. Take a
dead tube with an octal base and carefully
remove the glass envelope and metal tube
elements. Wires can be connected to exist-
ing pin leads, or directly into the pins after
they have been cleaned up. Fill the tube
base with epoxy cement to provide strain
relief.

—Geoffrey Williams

SOLOERING IRON HOLOER

Soldering irons have a habit of rolling
around the workbench, causing accidental
burns to insulation and flesh. An easy way
to make a holder is to notch and bend a

WWW. atmeidsaanadioRhistery.com
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piece of steel strap as shown. Mount a clip
made from springy steel or brass sheet
about ¥2-in. (12.5 mm) from the unbent end.
To use the stand while soldering, rest the
iron on top of the stand. When the job is
done, clip the iron into the stand and it will
help dissipate residual heat as well as keep
the iron stationary.

-Homer Jackson

AOO LIFE TO PILOT LIGHT BULBS

Replacing burnt-out pilot light bulbs in
electronic gear can become tedious and
expensive. Here's a simple way to extend
bulb life many times. Insert a diode rectifier
inthe bulb voltage supply. Pulsating dc will
be supplied to the bulbs, at about half the
current previously drawn. The bulbs will
operate at lower temperatures and last
much longer. Light output will also de-
crease, but this is seldom a problem. If
more brightness is required, use a higher
wattage bulb. Even with these bulbs,
lifetime will be greatly increased.

—Calvin Graf

INEXPENSIVE VOLTAGE BOOSTER

At times of peak demand, power com-
panies drop their voltage 5% to stay within
safety limits of their equipment. This small
voltage drop can be hard on certain
appliances—television receivers, small

"7
VAC
motors, etc. Using a 6.3-V filament trans-
former in the circuit below allows you to
compensate for low line voltage. In the
Boost position, voltage is stepped up about
5.4%. Any device which draws less than the
rated current of the transformer may be
used. For example, a 3-A transformer can
handle 330 W, enough for most color TV
receivers. The fuse should have the same
current rating as the transformer.
-T.R. Fox
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BASIC RADIO (Revised Second Edition)
by Marvin Tepper

This six-volume series carries the reader
through the fundamentals of electronic
communications. It's profusely illustrated,
leaning heavily ondrawings that are largely
self-explanatory. Dc electricity, beginning
with key ideas in electrostatics, current
flow, and Ohm’s taw, are covered in Vol-
ume One. Ac electricity, electron tube cir-
cuits, AM and FM receivers, transistors and
IC’s, and transmitters are dealt with in sub-
sequent volumes. A glossary is included in
each part to acquaint the reader with terms
that are employed. Each volume also has a
subject index, and the sixth volume has a
cumulative index for the entire course.
Published by the Hayden Book Company,
50 Essex Street, Rochelle Park, NJ 07662.
Soft cover. Volumes 1-5, $3.50; Volume 6,
$3.75.

PICTORIAL GUIDE TO CB RADIO
INSTALLATION AND REPAIR
by F. Belt

This book is a guide to the proper installa-
tion, checkout, and limited maintenance of
CB transceivers and antennas. Common
pitfalls of maintenance and installation are
mentioned, and alternatives are given that
allow the reader to avoid such traps. In-
cluded in base-station installation proce-
dures are tips for reducing TV interference,
minimizing possible lightning damage,
and correct wiring of a microphone. A
chapter on antenna setup shows optimum
locations, how to support one, and how to
feed an antenna with coaxial line. Two
chapters are devoted to mounting and ad-
justing mobile equipment. Servicing tips
for SSB gear, synthesizers, and receivers
conclude the book.

Published by Tab Books, Blue Ridge Sum-
mit, PA 17214. 256 pages. $7.95, hard
cover; $4.95, paperback.

ELECTRONIC SERVICE INSTRUMENTS
by Clyde N. Herrick

Describing the basic instruments used to
troubleshoot today's home entertainment
electronic products, this text includes ser-
vice instrument operation and practical
applications. it covers: multimeters, oscil-
loscopes, signal generators, transistor tes-

ters, FM stereo-multiplex generators,
white-dot and crosshatch generators and
color-bar generators, among othzars. It also
has a section on basic logic gates. Ques-
tions and problems at the end of each
chapter can be used for self-study or re-
view purposes. Complemented by useful
schematics and illustrations, the book can
serve well as a reference tool and guide to
modern electronic service instruments.
Published by Prentice-Hall, Inc., En-
glewood Cliffs, NJ 07632. 280 pages.
$13.95 clothbound.

THE RADIO AMATEUR'S HANDBOOK (1975)

This latest edition of the renowned ARRL
Handbook keeps pace with the latest tech-
nical developments, while retaining a solid
foundation of fundamental theory and
practical technigues for radio communica-
tion. Revised and updated information is
included in the areas of receiving tech-
niques, transmitter design, artenna con-
struction, and FM repeaters. Among the
new construction projects are a 160-meter
amplifier, a solid-state SSB/C'W exciter, a
portabie receiver for 20 and 40 meters, a
Unimatch antenna couplerand a 5-element
triband quad.

Published by the American Radio Relay
League, 225 Main Street, Newington, CN
06111. 704 pages. $8.50 hard cover, $5.50
softcover.

* VERIFY DESIGNS QUICKLY
*IDEAL TEACHING AID

damage the circuit.

pact plastic case.
"D’ cells. {Not included in kit)

MARCH 1975

The CMOS Microlab makes it possible to quickly
check, or understand a variety of digital circuits.
Battery operation makes the Microlab super con-
venient. Use it anywhere. Indicator lamps are all LED
types that are rugged and will never burn out. In-
cluded in the Microlab are four (4) flip-flops, four
{4) dual input NOR gates, four {(4) dual input NAND
gates, two (2) four input NAND gate and an inverter.
No external signal sources are needed in most cases.
Connections are made with reliable, easy to use
push-on type connectors on the jumper wires. The
entire instrument is “goof-proof”. No possible com-
bination of connections, no matter how wrong, can

The kit is housed in a b x 7 x 3 break resistant im-
Powered by four (4) standard

#CMOS Complete Microlab Kit........... PO $34.50 PPd

CVIOS MICROLAB

* LEARN HOW DIGITAL CIRCUITSWORK

S

SEGRRERNEE

MICROLAB

CMOS

S )
v o
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Southwest Technical Products Corp.
219 W. Rhapsody
San Antonio, Texas 78216
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ELECTRONICS MARKET PLACE

NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services, $1.80 per word (including name and
address). Minimum order $27.00. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount; 5% for 6
months; 10% for 12 months paid in advance. READER RATE: For individuals with a personal item to buy or sell, $1.10 per word (including name and address.)
No minimum! Payment must accompany copy. DISPLAY CLASSIFIED: 1'' by 1 column (2-1/4" wide). $215.00. 2" by 1 column, $430.00. 3" by 1 column, $645.00.
Advertiser to supply cuts. For frequency rates, please inquire.
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. All copy subject to publisher’s approval. All advertisers using Post Office
Boxes in their addresses MUST supply publisher with permanent address and tetephone number before ad can be run. Advertisements will not be published
which advertise or promote the use of devices for the surreptitious interception of communications. Closing Date: 1st of the 2nd month preceding cover date
{for example, March issue closes January 1st. Send order and remittance to POPULAR ELECTRONICS, One Park Avenue, New York, New York 10016,

Attention: Hal Cymes.

FOR SALE

FREE! Bargain Catalo_g_}.C.'s. L_Eli's.jeadouls, fiber
optics, calculators parts & kits, semiconductors, parts.
Poly Paks, Box 942PE, Lynnfield. Mass. 01940.

GOVERNMENT Surplus Receivers. Transmimers.
Snooperscopes, Radios. Parts, Picture Catalog 25 cents.
Meshna. Nahant, Mass. 01908

LOWEST Prices Electronic Parts. Confidential Catalog
Free. KNAPP, 3174 8th Ave. S.W., Largo. Fia. 33540.

ELECTRONIC PARTS, semiconductors. kits. FREE FLYER.
Large catalog $1.00 deposit. BIGELOW ELECTRONICS,
Bluffton, Ohio 45817,

RADIO—-T.V. Trbes—36 c;nts each. Send for free catalog.
Cornell, 4213 University, San Diego. Calit 92105.

AMATEUR SCIENTISTS, Electronics Experimenters,
Science Fair Students.. Construction plans—Compiete,
inciuding drawings, schematics, parts list with prices and
sources. .. Robot Man — Psychedeiic shows — Lasers —
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignition — Burglar Alarm —
Sound Meter., .over 60 items. Send 25 cents coin (no
stamps) for complete catalog. Technical Writers Group,
Box 5994, University Station, Raleigh, N.C. 27607
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.

MECHANICAL. ELECTRONIC devices cataiog 10 cents.
Greatest Values — Lowest Prices. Fertik's. 5249 "D,
Philadelphia, Pa. 19120.

FREE CATALOG. Parts, circuit boards for POPULAR
ELECTRONICS projects. PAIA Electronics, Box C14359.
Oklahoma City,ﬂ( 73114,

YOU WILL SAVE BiG MONEY! Surplus.f Clearouts.
Bankruptcy, Inventory. Deals. Catalog $1 (redeemable).
ETCOA Electronics, Box 741, Montreal, H3C 2v2. US.
Inquiries.
BURGLAR-FIRE alarm supplies and information. Free
catalog. Protecto Alarm Sales., Box 357-G. Birch Run,
Michigan 48415.

BUGGED??? New locator finds them fast. Write. Clitton,
1500-L N.W. 7th Avenue, Miami, Florida 33168,

TELEPHONE “BUGGED"? Countermeasures Brochure
$1.00. Negeye, Drawer 547, Pennsboro, W. VA 26415.

HEAR POLICE/FIRE Dispatchers! Catalog shows
exclusive directories of “confidential”’ channels, receivers.
Send 10 cent stamp. Communications, Box 56-PE,
Commack, N.Y. 11725,

CONVERT any television to sensitive, big-screen oscilio-
scope. Only minor changes required. No electronic ex-
perience necessary. lllustrated pians. $2.00. Sanders,
Dept. A-33, Box 92102, Houston, Texas 77010.

METERS—Surplus, new used, panel or portable. Send for
list. Hanchett, Box 5577, Riverside, CA 92507.

WE SELL CONSTRUCTION PLANS. TELEPHONE:
Answering Machine, Speakerphone, Carphone.
Phonevision, Auto Dialer, Touch Button Dialer, Central
Diat System. TELEVISION: $35.00 Color Converter, Video
Tape Recorder. $25.00 Camera. HOBBYIST: Electron
Microscope, 96 Hour Tape Music System, Ultrasonic Dish-
washer, Radar-Oven. Piars $4.95 each. NEW ITEM: $75.
Electronic Pocket Calculator, $7.50. COURSES: Telephone
Engineering $39.50. Detective Electronics $22.50,
Integrated Circuit Engineering, $49.50. NEW SUPER
HOBBY CATALOG plus year's subscription to Electronic
News Letter AIRMAILED $1.00. Don Britton Enterprises.
6200 wilshire Bivd., Los Angeles, Calif. 90048.

LOOKING FOR A NEW CHALLENGE?
-« then bulld a TV cameral

ONLY SOLIO-STATE CAMERA AVAILABLE IN KIT FORM

OA FACTORY ASSEMBLED. COMPLETE KIT WITH VIOI-

CON TUBE ONLY $156.00. POSTPAID DELIVERY ANY-

WHERE IN US.A, CANADA and MEXICO. OPTIONAL

AUDID SUBCARRIER $18.95. WRITE or PHONE NOW

FOR COMPLETE CATALDG OF KITS, PARTS and PLANS.
Dist 402-987-3171.

ATV Research  paxora City, nesr. 62721

LEARN DESIGN TECHNIQUES. Electronics Monthily
Newsletter. Digital, linear construction projects, design
theory and procedures. Sample copy $1.00. Valley West,
Box 2119-B, Sunnyvaie, Califernia 94087.

A WARNING!!

Because of our targe voiume. and aggressive buying. our prices are lower than most
manufacturer's 100 pc. OEM prices. If you wish to buy rejects. then buy the cheapest
eircuits you can find. This is sometimes OK tor TTL circuits, but for MOS and CMOS.
watch out! Qur engineers like 0 have their projects work! We hope you feel
the sarme way aboul yours. Is your time worth 20 cents/hour to troubleshoot
marginal 1.C.’s? If your time is worth more than that, then be adwised that
OEMorsco is the enly mail order supplier of certshed and guaranteed 1.C.’s and
that our prices refiect the true costs of buying prime 1.C.’s and testing every
one to insure quality performance.

MOS AND CMOS PRICES ARE COMING DOWN!

{TAKE A LDDK AT DUR DISCOUNT SCHEDULE)

FLOPS
CD4013AE DUAL D
CD4027AE DUAL JK

SHIFT REGISTERS
CDA006AE 18 BIT STATIC

COUNTERS, DIVIDERS
CD4017AE DECADE
CD101BAE  N. PRESETTABLE
CD4020AE 14 STAGE BINARY
CD4024AE 7 STAGE BINARY
CD026AE DECADE WITH 7 SEG

DECDDE. DRIVER

CD4029AE UP. DDWN PRESETTABLE

ADDERS
CDA00BAE 4 BIT FULL

MOS L.S.I. SPECIALS
SINGLE 1024 BIT DYNAMIC SHIFT REGISIER
SINGLE 512 BIT DYNAMIC SHItT REGISTER
DUAL 512 BIT DYNAMIC SKIFT REGISTER
QUAD 128 BIT STATIC SHIFT REGISTER
DUAL 256 BIT STATIC SHIFT REGISTER
SINGLE 512 BIT STATIC SHIFT REGISTER
SINGLE 1024 BIT STATIC SHIFT REGISTER
QUAD 256 BIT DYNAMIC SHIFT REGISTER
DUAL 512 BIT DYNAMIC SHIFT REGISTER
SINGLE 1024 B17 DYNAMIC SHIFT REGISTER
SINGLE 1024 BiT DYNAMIC SHIFT REGISTER
SINGLE 512 RECIRCULATING DYNAMIC
DUAL 50 BIT STATIC SHIFT REGISTER
DUAL 100 BIT STATIC SHIFT REGISTER
DUAL 128 BIT STATIC SHIFT REGISTER
DUAL 256 BIT STATIC SHIFT REGISTER
SINGLE 1024 81T STATIC SHIFT REGISTER
1024 STATIC RAM

0 3Morsco

An OEM Distributor Df
Certified Integrated Circuits

DECODERS
CD4026AE DECADE T0 7
CD4033AE DECADE TO 7
W/RIPPLE BLANKING

MULTIPLEXERS
CD4016AE QUAD SWITCH
CD4051AF ONE 8 CH
CD4053AE TRIP 2 CH
D0B6AE QUAD SWITCH

TIME PIECE CIRCUITS
SCLAS20F
SCL5437F
SCL5440F
SCL5441F
SCL5442F

USEFUL CMOS

The most useful logic family

GATES
CD4001AE QUAD 2 NDR
CD4002AE DUAL 4 NDR
CD4011AE QUAD 2 NAND
CD4012AE DUAL 2 NAND
CD4023AE TRIP 3 NAND
CD4025AE TRIP 3 NOR
CD4071AE QUAD 2 EXDR
CD4081AE QUAD 2 AND

BUFFERS
CD4009AE HEX INV
CD4010AE HEX
CD4049AE HEX INV
CDA050AE HEX

LINEAR SPECIALS

(WE WISH TO REDUCE OUR STDCK)

LM3 11N COMPARATOR 8 PIN DIP
LM311N-14 COMPARATOR 14 PiN OIP
LM311H COMPARATOR 8 PIN TO5
LM324N QUAD OP AMP 14 PIN OIP
LM380ON AUOID POWER t4 PIN DIP
LM380N-8 AUDID POWER 8 PIN OIP
LM555N TIMER 8 PIN DIP
LM741CH MOS! POPULAR DP AMP
LM320K-5. 5.5. 12. 15703
LM308H H! Z INPUT DP AMP
LM308AH

MM5013N
MM5016N
MM5017N
MMS055N
MM5056N
MM5057N
MM5058N
25028
2503v
2504TA
2504V
2525V
2509A
2510A
2521V
2527V
2533v
26028

795

13.85

Please inquire about DM809O0 through DM8880. FI300 series. Signetics 2500 and 8T series. and DTL. etc.
We also otfer burn-in and custom testing (e.q.. LM308AN-0.1mv) to OEM's

DISCOUNTS: S100—7°%. $350—14%0; $1000 —22%: $3500—30%. S10K—36%

OEMorsco
2403 Charleston Road
Mountain View, CA 94043

TERMS: Cash. check. 01 2572 0on C 0.0. mclude post 415-965-4446
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CD IGNITIONS, VH;/UHF monitors, crystals, CB radios,
Siuthland, Box 3591-B, Baytown, Texas 77520.

DISCOUNT PRICES
B & K, SENCORE, LEADER and RCA
Test Equipment

RAYTHEON, ICC/MULLARD Tubes
TELEMATIC Test Jigs

Free Catalog

FORDHAM RADIO SUPPLY CO., INC.
558 Morris Ave. ® Bronx, N.Y. 10451

CALCULATOR OWNERS: Use Your +-x— calculator to
compute square roots, trigonometric functions, logarithms,
and more! Quickly, Accurately, Easily! Send today for the
First and Best Calcutator Manual ... now in use through-
out the world ... still only $2.00 Postpaid with Uncon-
ditional Money-Back Guarantee! Mailmann Optics and
Electronics, Dept. 24A. 836 South 113, West Allis,
Wisconsin 53214,

CRYSTALS, Scanners, $3.88. include make and frequency.
G Enterprises, P.O. Box 461PC, Clearfield, UT 84105.
FREE CATALOG. Kits. Components, audio equipment.
Electronic Supply Pacs, Box 175, Floral Park N.Y. 11001.
ALPHA/THETA BRAINWAVE biofeedback instruments.
Analog instruments from $125; digital processing systems
from $225. BioScan, Box 14168-E, Houston, Texas 77021
SURPRISE! Build inexpensively, the most Unusual Test
Instruments, Futuristic Gadgets using Numerical
Readouts! Catalogue Free! GBS, Box 100A, Green Bank.
West Virginia 24944,

ELECTRONIC IGNITION: Capacitor, transistor. pointiess.

Auburn sparkplugs. Information 10 cents. Anderson
Engineering, Epsom, N.H. 03234
WHOLESALE Scanners. CB, Crystals, Directories,

SSB/AM, Catalog 25 cents. G—Enterprises, Box 461P.
Clearfield, Utah 84105.
FREE 1975 Electronics Catalog. McCord Electronics. Box
276-N, Sylvania, Ohio 43560.

AUTORANGING DMM. deluxe VOM's, logic probes and
more. Lowest prices. Free catalog. Electro Industries, 4201
Irving Park, Chicago, lllinois 60641.

PYROTECHNICAL chemicals, casings. tools, supplies.
fuse. Price List 50 cents. Westech, Logan, Utah 84321.
CARBON FILM RESISTORS. Brand new as low as 2-1/4
cents. FREE samples and specifications. COMPONENTS
CENTER—PE, Box 134, New York, NY 10038.

7.000 SEMICONDUCTORS, 100's Electronic Circuit Kits,
Technical Reports, Energy Conservation. Computers. Cat.
50 cents. E/S Lab. Box 738, College Park, MD 20740.

POPULAR ELECTRONICS
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MICROPROCEIORJ by Poly Palks

8"“8 “THE COMPUTER T o THE SIMPLEST! FINEST! SMALLEST!
ON THE CHIP” ' 2 6-FUNCTION AC-DC @@
Usually called '"Microprocessor’” — it is a p Chag;el} C P cALcULATOR KIT! a

Si gate MOS 8-bit Parallel Central Processor. A

Central Processing Unit on a chip. Features complete o
instruction decoding and control, Capability to address « Lightweight, pocket size - True credl(‘ lvalatlce
16K x 8 bits of memory (RAM, ROM, SR). Build a Extra large display « Simplified indexing

micro-computer system when interfacing with other « 6 functions plus, minus, « Mark up and Mark down

chips, such as 1101, 1103, 2102 (RAMS), etc. With Teansistors | . o
spec sheets. 16-pin dip package. .$79.98 . ;:r;::i.n;e;z:?:‘?le, constant. :::s;:vr::ir:ltlphcahon
2 ‘ "R . A . .
B2 102N 000 b1ty Satel S o " W §M « Chain and Mix calculations <« AC adaptor jack
Designed specitically for Poly I'aks under the Daltone

“ALL LED”” MONSANTO Drivers 80 brand. IMAGINE! only 21 x 1 x 4¥2”. Siides easily
) We

into vour vest pucket, brief case. or haadbag.

READOUTS _ 2 hunted everywhere to find a culeulator kit that can
MAN-1 - be small, do the many functions, with fine sngineering
X . design and SIMPLE TO BUILD' WHY? Because it has

) the fewest parls in a kit. Imagine the p= board only

/ has the chip, 4 resistors, two transistors, two driver

_ic’s with the 9 digit readout. SIMPLE! You bet it is.

i MaN.3 MAN-6. 9P MAN.64 B 8 E6LE > The entire kit is even packed in a multicclor attrac-
CHAR. | SALE Quantity 2oy EEIES \ tively designed box that in itself tells the mini calcula-

EACH o1 . G G Tl e L@EE y tor story. Kit includes: attractive black case with red

scounts INTEGRITY MELX 7 w2 filter: Flex Key (type 208K-66) 18 key hevboard that

$3.50 3tor$ o, 20-Years of Money-Back [OlmA[E] / ' measures only 22 x 27 with 2 switches, cne for ON-
295 | 3forsi ARANTEES | OFF, one for K constant: MAIN pe board: readout
100 | 3 for § — g g board: famous Cal Tech 5030 26-pin calculator chip:
: o 5 20-Years of Economy! £/4 two 75491 ic drivers; Hewlett Packard ¢ digit array:
B 4.50 3 for - LOWEST PRICES! &7 | ac jack: 9 Volt battery connector resistors; two tran-
MAN-64 | . 3.50 3 for g | Keyboard tors: hack protective plate: necessary wire plugs.
MAN-7 = 1.50 3 tor 4 48-HR. SERVICE U . sy instructions. (Less 9 valt standard battery and

Case PC boards AC adapter) EASIEST KIT TO BUILD
BASIC KIT #1 — includes case, all-function Flex Key
NATIONAL 0$5.95 3 for $15 GET KEY THE PARTS! Keyboard, Cal Tech CT5002 calculator chip, 9-digit

DISPLAY CASE Antex LED dispiay with built-on individual iagnifiers.
220 plus sheets. O $16.95

POWER 4 NUMERICAL  Type NDP1252 cold_cath: ==
SUPPLIES odepaMciscinge. s tey BASIC KIT #2 — same as Basic #1 excent ealculator
DISPLAY ment/Sadixit,symbols minve, ///’f = chip is National 8-digit MM5725. O s16.95
] )/

MONSANTO |

overflow and dot. Properly

multiplexed. Like Burroughs e BASIC KIT #3 — same as Basic #1 except calculator
Panaplex-Two. Color: OR- - chip is National 6-digit MM5736 and 75492, (1$16.98
ANGE. Used in calculators, ’,

equipment etc. Anode supply 3 12 DIGIT BASIC #4 — Key parts include: CT5001
voltage 190 vdc. We have e chip, 4-3 digit readouts, factory etched PC board, case,
listed miniature power sup- Tt carrying case, 2-resistor networks, decimal switch.
ply for them. With sche- Wild Rover Keyboard with ON-OFF switch diagrams.
matic. 3 x 1% x 1a” Sale $19.95 [

\ 5 B-DIGIT “TEXAS INSTRUMENT'' BASIC KIT #7 —
3s watT auplo O $3.98 4 < includes Texaskeyboard, 1KS149, standard 4-function.
AMPLIFIER BASIC 2t J With T-I calculator chip TMS-0128, p.c. scard, case,
: ) oY 7 lens. Microswitch (on-off). 9-digit ANTEX array; in-
For Class AB use. Basic includes. Signetic cludes diagram. $16.95. [
T oD 5]4C0 30 lr}i:nsislor hi%h power driver TO-5
3 x pc boar 3 a ‘1C, with a pair of complimentary 35- 7 )
ply wm:lglx;ighmesn c:né?:l w;;iu plastic transistors, i.e. 2N5296 npn 4 Bg:YD 6 & 8 DIGIT
for the or any R £ and 2N6109 pnp. With schematics, printed
ch:"ge “Lube Campletely | circuit and parts board layouts. R MINI CALCULATOR BASICS
wired. As extra feature has X ~ “The key *So small fits In "ur palni!
calculator clock e€ircuit. Th(: BRAND NEW LOWEST PRICES ul [Gatione] -» oy, *Easlest basics arouad!
transformer iy the new | gFNFRAL ELECTRIC 3-WATT $2.50 parts kits’’ *Reauires approx. 6 more parts.
Toroidal transformer US®'"| AuDIO AMP 3 FOR 38.00 Do ] ol
worth our asking price. Only ,, [/l witls continuous. 10 watts peak, With KIT NO. 5030 — 6 functions. Includes mini case,
1/, x Vo, Electrieal SPeCS yo.4 qinke: micro-mini size: YaxVoxl2”. 8 to 30V sup- with lens, HP nine digit readouts with riuitiplex pe
110 vac input. output. With |,y " High  sensitivity. 8 to 16 ohms. op bonrd, main pe board, mini kevboard (with two
spec sheet. RE:':LOEA SLA-1 Zwité‘l}esﬁ,“gircgqt and C(,;);g(é?l) o ncl éulam:_r ]“(_!:(};
cTIVE - - 8N7T rivers, calculator chip wi
= diagram. [1$16.95
CLOCK CHIPS WITH DATA SHEETS LED READOUT KIT NO. 5031 — 4 function, same as 503D0sexce’pt
ON A “DIP” 6-digit 28-Pi . — uses CT5031 chip. 16.95
O mms3t1  e-digie 26-Fin : $2.50 g sed : KIT NO. 5736 — 4 function, like 503 1. Uses Na-
as Low as [] MMS313  6.digit 28-Pin : 3for s 6. ellow tional MM5736 O%12.95
] .,
]
a

MMS5314 6-digit 24-Pin 6. Green
MM5316  4-digit 40-Pin, alarm 6. e —

MMS:HSAATno alarm 3. ‘BEEPER” AND “DATER, “cy, Mos Icys ‘
CLOCK ON THE CHIPS wksozso | _7vee o > 0

i For Class AB use. Basic includes: Signetic

$3.98 0 2fors7 (f o, 530 30 \ransistor high power driver T0-5 | poono e (ke 0250) BEEPER | [ CD4001AE 1 [ CD4023AE
== “IC”, with a pair of comphmentary 35- | R gt ob, e I T 8.50 [] CD4002AE d [0 cpa024aE
35 WATT AUDIO 5 walt 'plastic transistors, i.e. 2N5296 npn | feePi and audive & arm . [] €P400GAE . [ €D402SAE
AMPLIFIER BASIC = and 2N6109 pnp. With schematics, printed others are external. It [m} [0 €D4007 AE ! [0 €D4026AE
circuit and parts board layouts. also features internal bright- ‘ ] €D400SAE ; [ €D4028AE
ness control, The CT-OOI . [] €D4009AE [l ¢D4030AE
requires external triggering [ €D4010AE " [ €D4033AE
8 of alarm, date of the month [ €D4011AE 1 [] CD4040AE
1 val I mndd dnrec{.3 c:‘rlve to LED 5 [ €D4012AE [ €D4042AE

3 readouts. Both require min- " x
Yl STEREOQ | imum curent drain and Hendaidre 5 0 €Da0asar
U voltages, for either 4 to 6 [] ¢T7001 Alarm 1 CD4019AE i [0 6Da04TAE

" __AUDIO AMP- {;Egs"f{’:\d,‘“;'fa P ° 2% and Date....9.98 | [JCD4020AE i [] €Da06KAE

. o8 F 7

) . e
The factory “'snipped’’ most of the cables to this rom- * > ht ST
pact 8 watt stereo unit with aluminum escutchsnn ,n a 'on- [} 'ny [R—— 1

plate. [t's easy to use because we have all the cables &
marked ready to use. With power supply. 115vac. 3 b
controjs, LEFT and RIGHT VOLUME controls for two ;
speakers for balancing and center TONE control. With 4

knobs. 7 x 3V, x 31/2. HookuD spec sheets.

S

Salg Mder by type number! Niwee sheers un reduest "ONLY « Factory Marked

Type
[1SN7400 $ .17 .35| []SN7481 1. [OSN74141 1. [0 SN7a191
O SN7401 17 .17| CSN7482 d [0 SN74145 1. i
60-WATT STEREC B SN7402 . ‘5| [ SN7483 . S sN74148 2.
SN7403 3 .95 SN7486 d 74150 .
AM-FM- MULTIPLEX Oenrdon oc| HiN7ass 2.s0 | SN74181 |
TUNER-wiTH B SN7405 1.05 Dg";“‘”} o %g:;:igi i
SN7406 3 1.05 N749 . .
AMPLIFIER 0 sN7a08 ! 1.10 B SN7493 ! O SN74155 1. .
[ SN7409 ! 1.10| []SN7495 . SN74156 1. —_
» All Solld sc;:.-i Printed Circultry 3 . O §N7496 . gN;4157 i BUY
« Siide Rule Dlal ! ! N ) N74158 )
» All Purpose, All Family Systeml A i E SN;::gg ) ESN74‘G‘ 1. ID lc's
* AM-FM- . . []SN7a105 . (J5N74163 1.
MUX-DIAL * 100-Watts| music power . . [ SN74106 . [1SN74164 1.
. i X SN74107 .45 | [ISN74165 1. '|rAKE
Indlcators!  Features: 4-speaker system, built-in ! . CISN7a108 . SN74166 1.
FM untenna, record playver jacks on separate panel. L H [ SN74112 . SN74173 1.
Another external panel consists of provisions for ex- 3 . CISN74113 . [OSN74174 1.
ternal FM and AM antenna, ''satellite’’ speakers to 3 R [0 SN74114 d [ISN74175 1.
provide 4-speaker ground, jacks for connecting a tape o o [JSN74a121 . (OSN74176 1.
recorder to radio tuner or phonc of systems to record. 3 [0 SN74122 . [ISN74177 1.
Lower inputs for connecting tape deck that will play 3 3 [0 SN74123 d [ISN74180 1.
back thru the internal amplifier for aystems. AC jack for SN7430 L .45 | [] SN74125 . [O0SN74181 3.
phono power connection. RED, GREEN and CLEAR in- SN7432 o .55 | [J SN74126 o COsN7a182 L
| dicators for Phono, AM. and FM respectively. [ncludes SN7437 L .61 | []SN74140 2. [0 SN74190 1.
Ired indicator on front panel for STEREQ indical:r.
Has separate input to plug into mike. guitar and other g st
- esicey mserumants T front  oanel contrors . PHONO- INTEGRATED CIRCUIT B e s
STEREO-AM-FM. MONO, FM_STEREO. GUITAR. TAPE, SOCKETS Recails 16o1% Dol Curmine
MIKE muster control switch, LOUDNESS, BALANCE. _ e Water Strea) € O.D
] TREBLE. BASS controls, with power ON-OFF rocker 18-pin. DIP s.as X " e
switeh, and AFC ON-OFF. Designed for all audio-philes ) Lﬁxsip::' gllt;e Mount 1.00 [0 20¢ CATALOG on Fiber Optics, ‘1Cs', Semi’s, Parts
to use as wall unit in DEN or FAMILY ROOM. or con- 0T0'5 s o oiping . 58 MINIMUM ORDER — $4.00
trol unit by easy chair in family room, or for those Buy Any 3 T a ins (Mint DIP] . 2o A
WITH who wish (o design thelr own console or modular sys- Tke 10  13-Pin. Wire Wrap Goe B
tem. Wit t. 5 cord and plug. Only 13 «x iscount! 16-Pin ‘w
ESCUTCHEON 7 % 4Va” deen. With knobs. Shpg. wt. 3 1bs. + Wire Wrap . . 8o, P.0.BOX 942E. LYNNFIELD NASS. 01940
MARCH 1975 CIRCLE NO. 31 ON READER SERVICE CARD 93
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[ & Quality
Electronic Components

SPECIAL SAVINGS DISCOUNT ON LINEAR AND OIGITAL INTEGRATED CIRCUTS

Deduct 4% from the fotat of youw 1 order 1 1 exceeds 52500 based on sgle ot prices 7%
for $50.00 or more, 10 for $100 00 or more Additional korge quontity discounts offered

DIGITAL INTOEGRATED CIRCUITS
.. 42.0c

T40ON. . 25.5¢  743/N. . 42 7480N. . 70.5¢ 74158N. $2.22
740IN. . 25.5c  7438N..42.0c 748N . 99.0¢ 74155N. $1.17
7402N. . 25.5¢  7440N. . 25.5¢ 7483N. . $1.17 74156N. $1.14
7403N..25.5¢  744IN.. $1.40 7485N..$1.40  74157N. S1.11
7404N..30.0c  7442N. . 90.0c 7486N. . 45.0¢ 74158N. $1.53
7405N. . 30.0¢ 7445N. . §1.49 7489N. . $4.47 74160N. $1.50
J406N. . 480c  7446N. . §1.14 T490N. . 66.0c  7416IN. S1.50
7407N. . 48.0c  7447N..$1.1) 749IN..$105  74162N.$1.50
T408N. . 28.5¢ T448N. . §1.22 T492N. . 66.0c 74163N. $1.50
JAON. . 28.5¢c  7450N. . 25.5¢ T493N. . 66.0c 74164N. $1.58
7410N. . 25.5¢  745IN. . 25.5¢ 7494N. . $1.10 74165N . $2.45
741N, , 25.5¢ 7453N. . 25.5¢ 7495N. . $1.14 74166N. $2.00
7413N. . 60.0¢ 7454N. . 25.5¢ T49¢N. . $1.14 74175N. $1.00
7416N. . 46.5¢  7459N. . 28.5¢ 74107N.450c  74180N. §1.17
TAYIN, _46.5¢  7460N. . 25.5¢ 7412IN . 46.5¢ 74181N. $3.42
T418N. .31.5c  7470N. . 33.0c T4122N.49.5c  74182N. §).14
J42N. . 25.5c  T472N. . 36.0c JAIZN. $1.08  74192N. §1.73
742IN. . 25.5c  7473N.. 43.5¢ 74141N. $1.30  74193N. §1.73
J423N. . 72.0¢ 7474N. . 43.5¢ 74150N. $1.53 74198N . $2.75
TA%N. .33.0c  7475N. . 69.0c 74151N. $1.17  74199N. $2.75
7430N. . 25.5c  T476N. . 46.5¢ T4153N. $1.17
LINEAR INTEGRATED CIRCUITS

555V MINIDIP TIMER. ... ... 82.5¢ 558V MINIDIP DUAL AMP . .. 75.0¢
565A DIP PLL 567V MINIDIP DECODER. . . . . $3.38

: . 82.5¢

. 36.0c 723A DIP VOLTAGE REG. . . .
. 97.5¢

709V MINIDIP OP AMP .,

741V MINIDIP OP AMP . . ... 50.0c 747A DIP DUAL AMP. . .

748V MINIDIP OP AMP . . ... 42.0c LM3900 DIP QUAD AMP. . . .. 60.0c
L129 SVOLTREG . .. . .$1.80 130 12 VOLT REG . .. ..31.80
L3115 VOLTREG .. ...... $1.80 [M309K 5 VOLT REG . . 3175

MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS
— AXIAL LEAD TYPE —

=40°C Plus B5°C Tolarunce 10 pIvs 50% (greater Hhan 4.7 UFD}-10 plus 73% (4.7 UFO or less)
11 00

1 UFD/50V. JV4¢ 12 1o 33 URD/lev l‘S( |‘;c l‘?: 330 UFD/16Y 3‘5( 7';: 5:
22UFD/SOV . )4 V2 1ic 33 URV2SV 17¢ 13¢ 12 330 UFD/25V 44 35 3%
JIUFDASY 1k 12 1c 47 WDV 17¢ 4 13 470 UFD/IEV  37c 30c 2%
47 URD/ASV . Ydc 12c 1e 47 URD/2SV. 1% 15¢ 4 70 UFD/2SV . . 8% 3% 35c
10 UFD/16V Mo 120 e H0URDAY 1% 15 14c 1000 UFD/16V 49 3% 35¢
TOURD/2SY. 14 12 11c 100 UFD/ZSV . 24 1Bc 17c 000 URD/2SV 7S¢ 60 55
22UFD/Y6V .. )4 12 11c 220 UFD/TeV 24c 18 17¢ 200 URD/IEY 7% 60c 55
22 UFD/25V 15 13 12 220 UFD/2SY 35 Bc ¢

T AMP SILICON RECTIFIERS

TNADOT 50 PIV 12/51 100/$6 1000/$48  IN4005 600 PIV 8/S1 100/$9 1000/$70{
TN4007 1000 PIV  6/51 100/$11 1000/$88

SILICON SIGNAL & SWITCHING DIODE
INOTAG (IN914 equiv.) 1281 T00/S7  IM/SS0  SM/S220
MOLEX SOLDERCON IC TERMINALS
1005) 5005420 1000/58.20 500053820 50.000/5275
LED 7 SEGMENT DISPLAYS
DATALIT-704 . . $1.00  DATALIT-707 . . $1.50

MACHINE SCREWS, NUTS & LOCKWASHERS

REED RELAYS
2-56 4+ Screw . 90c/c 2-56 2 Screw . 98c/c 6 AMP SPST NO.
4-40 Ya Screw . 96c/c 4-40 1 Screw . 98¢/ CONTACTS
6-32 Ve Screw . 92cic 6-32 2 Screw . 8b6c/c Coil Voltage 1 10
8-323/85crews).05/c  8-325/8 Screw$).35c 5V .$2.00 $1.50
2-56 Hex Nut. $1.45/c 2 Lock Wosher . 45¢/c 6V .$2.00 $1.50

440 Hex Nu1. $1.45/c
6-32 Hex Nut. $1.45/c & Lock Washer 45c/c 12V $2.00 $1.50
8-32 Hex Nut. $1.50/c B Lock Washer . 45c/c 24V $2.00 $1.50

DISC CAPACITORS 1.C. SOCKETS

0 00 1000 U L
.6¢

4 Lock Wosher | 45¢/c

8 pin Solder. 27¢  21c

100 p/S0OV. . . . 55 45 3 g
220 pI/S00V. . 55 45 3.6 14 pinSolder. 9¢  23¢
470 pf/500V. . 55c  4.5¢  3.6c 16 pin Solder. 32¢  25¢
001/500V . . . 5.5  45c  3.6c 18 pin Solder. 34c  26¢

0022/500V . . 55 45c  3.6c 24 pin Solder. 54c  42¢
0047/500V ... 7c 55 45c 36 9o
OUSWOV. .. 10c 7S¢ 63 S0c g unww  3ge 300

/v, s 35 300 24 o0
0BV ... bc  40c s  27¢ MAPINWW.. 50c 39
047/25V . 9% 60c 53¢ 4.2 16pnWW. 54 42

BV % 90c 75 60c 18 pinWW. .88  68¢
24 pin WW. . 99c  80c

Y2 & Ya WATT CARBON COMP. RESISTORS

5 each of the 85 stondard 10% volues (2.2-22M) 'z W Resistors (425 pes.}
Sorted by value $12/set 2.4 ore $11/se1 5-9 ore $10/set.
S each of the 70 stondord 10% values (10-5.6M) '« W Resistors (350 pcs.)
Sorted by volue $12/set 2-4 ore $11/set 5-9 are $10/ser

SILICON TRANSISTORS

e 10-9% oo 19
EN918 .. TO106  21c 185c 6.5
EN930 .. . TO06  21c 18.5c 16.5¢
EN222 .. TO106 21 185 16.5 2N3%04 . T0- 92 2% 19.0c 175
EN2369A.  TO-106  21c 18.5c 16.5¢ 2N3%06  TO- 92 22¢ 19.0c 17.5¢
EN2907.  TO-106  21¢ 18.5¢ 16.5¢ N4124  TO- 92 22c 19.0c 17.5¢
MN2712 . TO-98 & lebc  14.5¢ 2N&126 T0- 92 22c 1900 17.5

2N3645 10105 20c 17.5¢ 16.0c¢
2N3646  TO106  22¢ 190c 17.5¢

2N3391A T0- 98 22¢ 19.0c¢ 17.5¢ 2N4401  .T0- 92 22¢ 19.0c 17.5¢
MN3N2 . TO- 9B 22c 19k 7.5 _J 2M4403 . . TO- 92 22 19.0c 17 5¢
2N3393 ..70- 98 22¢ 19.0c 17.5¢ 2NS087 .. TO- 92 22 19.0c 17.5¢
2N3394 . TO- 98 22c 19.0c 17 5¢ 2N5089 . TO- 92 22 19.0c 17.5¢
2N3%3 . 10106 2 175 17.5¢ 2NS129 .70106  19¢ 17.0c 15.0c
2N3565 .. TO106  20c 175 16.0¢ ONS133 .. T0I06 1% 17.0c 15.0¢
2N3638 .. 10105 20 175 16.0c 2NS134 . TO-106 19 170c 150¢
2N3638A  TO-105  20c 175 160k 2NS137 . 10-106 19¢ 17.0c 150¢
N3640 . TO-106  22c 19.0c 16.0c 2NS138 . T0-106 19¢ 17.0c 150¢
IN3641 . TO-105 175 7% 2N5139 .. 10-106 19 17.0¢ 15.0c
2N3643 . T0-105 17.5¢ 160 2N3055 . TO- 3 91.00 95.0c BSOc

FIELD EFFECT TRANSISTORS

MPFI02  TO- 92 44 380 350 IN5457 T0- 92 47 A0 375

NPN DARLINGTON TRANSISTOR
MPS-AT3. T0- 92 Min DC Current Gom of 5,000 ot 10mA % 30 M
Send for Free Catalog or Mail Readers Service Card
COD ORDERS ACCEPTED FOR SAME DAY SHIPMENT
CALL 218.681.6674
Orders Less than $10.00 add 50c Service Charge —Others Postpoid
“Onls Queddits Compononts Sold!”

DIGI-KEY CORPORATION

\P.O. Box 126 Thief River Falls, MN 56701 /
CIRCLE NO. 13 ON READER SERVICE CARD

UNSCRAMBLERS: Fits any scanner or monitor, easily ad-
justs to all scrambled frequencies. Only 4" square $29.95,
fully guaranteed. Dealer inquiries welcomed. PDQ
Electronics, Box 841, North Little Rock, Arkansas 72115.

TELEPHONES UNLIMITED, equipment, supplies. Catalog
50 cents. Box 1654E, CBsta Mesa, Calif. 92626.

CITIZENS BAND equipment discount prices. Free list. CRS
Communications, 2271 Morris Avenue, New York, N.Y.
10453.
FREE bargain catalog. LED's transistors, IC's, PUT's,
relays, xtals, unique microminiature components, misc.
CHANEYS, Box 15431, Lakewood, CO 80215.

WE SELL MONEY MAKING CONSTRUCTION MANUALS!!!
— Reclaim GOLD, SILVER for EXCELLENT full or part time
money!t! — PLUS, we buy scrap gold & silver — ALSO, we
sell 99.999% pure SILVER BARS!! .— Color Catalog 25
cents — Airmailed 50 cents — Creative Products, Dept.
PE-375, 4913 Northridge NE, Albuguerque, New Mexico
87111,

DIGITAL IC Manual-Latest Edition—1500 types by
types/diagram number $3.95. 32—function digital
computer kit—IC, transistors, instructions, $14.00. IC
applications manual-—numerous circuits—Analog/Digital,
$3.95. Electronetics, P. O. Box 127, Hopedale, Mass. 01747.

COMPUTER countless uses. 8 bit word, powerful instruc-
tion set. Complete $225. Brochure 10 cents. RAECO, Box
14, Readville, Mass. 02137.

QUALITY military and industrial surplus electronics. Sen_d
25 cents for last 3 of our monthly picture flyers. US only.
Startronics, Box 17127, Portland, OR 97217.

COMPUTER SCHEMATICS. 256 bits, expandable to
several K. Many other schematics available. SP
Electronics, Box 5E, Prospect Heights, lllinois 60070.

DIGITAL Transistor Tester, LED Display, plans $2.50.
Photoelectronics, Box 343, Geyserville, CA 95441.

AUTHENTIC, INSTRUMENTED, FLYING ROCKETS for
casual or serious experimenters. Over 80 scale onginal,
multi-stage or ready-to-fly models. Solid-propellant
engines for safe, electric launch system liftofts up to 2,500
feet. Measure altitude, temp. inversions, more. Real
telemetry. electronic tracking, aerial still and movie photo-
graphy with super-miniaturized equipment. New, detatled
tech manual and full-color catalog. 25 cents from ESTES
INDUSTRIES Dept. 18G, Penrose, Colo. 81240.

ALPHA Biofeedback Instruments. DIGITAL: Heart Monitor,
Thermometer, VOM, Frequency Counter, Logic Probe with
readout, etc. Free Catalog. COSMIC ELECTRONICS, BOX
282, Lawrence, NY 11559,

LIFE-GUARD: The finest HEAT-SMOKE-GAS Alarm avail-
able, 100% solid state. COSMIC ELECTRONICS, Box 282,
Lawrence, NY 11559,

ELECTRONIC ORGAN KITS, KEYBOARDS for organs and
synthesizers. Independent and divider organ tone genera-
tors, diode keying. 35 cents for catalog. DEVTRONIX
ORGAN PRODUCTS, Dept. C, 5872 Amapola Dr.. San
Jose, CA 95129

1.Q. TEST Questions and Answers. Send $2.00 to Ruden
Enterprises, Box 944, Frazer, PA 19355,

DIGITAL ELECTRONICS! Highly effective course brings
immediate results, $10.00. Satisfaction or $11.00 refunded!
Plans, Projects, Free Literature. DYNASIGN, Box 60A7,
Wayland. Mass. 01778.

CMOS INTEGRATED CIRCUITS. While they last.
Guaranteed, Tested: 1103 $2.89, 4011 39 cents, 4049 89
cents, 4116 99 cents, Dual NPN like 2N4880 47 cents, more
types. Postage free with $5order. Etectronic Product Asso-
ciates, Inc., Box 80341, San Diego, Calif. 92138.

COMPLETE CONSTRUCTION PLANS—-TELEPHONE:
Answering Device, Automatic Dialing Machine, "Black
Boxes', Call Diverter, Call Limiter, Conference Bridge,
Central Dial Exchange, Melodic Ringing Generator,
Recorder-Actuator, Remote Control, Schematics, Speaker-
phone, Telelink Burglar Alarm, Voice Scrambler, $3.00
each. ELECTRONIC: Biofeedback Conditioner, Horti-
culture Stimulator, Multifrequency Encoder Network
(Speeds tetephone calling 500%!}. $5.00 each. ONE YEAR
SUBSCRIPTION: Telephone Electronics Line (TEL) $3.00.
Super lllustrated CATALOG of pians, many more, 50 cents.
ALL OF THE CONSTRUCTION PLANS ABOVE PLUS A
YEAR'S SUBSCRIPTION TO TEL AND A CATALOG:
$24.95. TELETRONICS COMPANY OF AMERICA, P.O.
DRAWER 3450, HOLLYWOOD, CALIFORNIA 90028.

ALPHA BRAINWAVE MONITOR—Discover your alpha
brainwaves with the world's lowest cost professional brain-
wave biofeedback monitor as featured in Radio-Elec-
tronics Magazine (for January, 1975). Kit, $34.50,
assembled, $59.50 PPD. Reprint of article, 50 cents. Dean
Advertising, Inc., 283 Malta Street. Brooklyn, N.Y. 11207.

CARTRIVISION color video tape recorder $250.00, TV
camera for above recorder $175.00. Close up lens set
$10.00. New blank cartrivision videotapes- fifteen minute
$4, thirty minute $9, sixty m%ﬂe $17, hundred minute $22.
Also have Service Manual, §pare parts, head cleaner, 1/0
plugs, interface. SASE for complete list. Dennis Trimble,
5154 Roeder Road, San Jose, California 95111.
MICROPROCESSORS, MEMORIES, 8008, 8080. 1101A,
2102. UARTS, kits, prime components, surplus prices,
computer accessories, ASCIl keyboards $40, Mini Micro
Mart, 1618 James, Syracuse, NY 13203.

BOOKLETS ABOUT CONNECTING TELEPHONES, new
color tetephones, and accessories. Detalls 25 cents.
Queens Village Telephone Supply, Box 29002-J, Queens
Village, New York 11429.

WWW. aknerieainiadiahigstory.com

POLICE, FIRE Monitors, scanners, crystals. Discount
Priced. Some CB. Box 19224. Denver, Colo. 80219.
BURGLAR ALARM dialing unit automatically calls police.
$29.95. Free literature. S&S Supply, Box 12375A, North
Kansas City, MO 64116.

TRIACS! 8 amp 400 volt. Only 60 cents each. Silicon
Surplus, 38 Whitney Avenue, Southington, Conn. 06489.
LED'S! This month it's 0.6 DIGITS, pin compatible with
Litronix DL-747. $1.95 ea. UNBELIEVABLE? Try our
bargain catalog, 50 cents. DIAMONDBACK ENGINEER-
ING, P.O. Box 194, Spring Valley, lllinois 61362.

FJ SUBSCRIBE NOW: o

LEARN THE SECRETS OF YOUR TELEPHONE
qeeghane Electroni;

4 e
FACTS NEVER PUBLISHED FOR THE PUBLIC
A UNIQUE REFERENCE GUIDE
TO THE INSIDE STORY

FROM THE HOBBIEST TO THE TECHNICIAN
Current News Items e Plans o lllustrations
Stories # History ¢ Comics » Facts ® Games
Code Numbers * Projects ® And Many More

= One year subscription only  $ 3.00 =

comvany SHLRE W WL A 08 00 cu won
St e ] T ] e e
FREE giant bargain electronic catalog listing thousands of
components, tubes, transistors, IC's kits, test equipment.
EDLIE’S, 2700-PA Hempstead Tpke., Levittown,N.Y. 11756.
ELECTRONIC parts, low prices, free flyer: DARTEK ELEC-
TRONICS, Box 2460, Dartmouth, Nova Scotia, Canada.
U.S. Inquiries.

CONVERT any transistorized T.V. Tuner to a Tuner Substi-
tuter. Plans $2.00. $35.00 for completed and tested Super
Substituter. Radio Television Training, Box 279, P-35,
Syracuse, N.Y. 13206.

ot et eSS
o S e S TS

B

===ABOUT YOUR===
SUBSCRIPTION

Your subscription to PopuLARr
ELECTRONICS is maintained on one of
the world’'s most modern, efficient
computer systems, and if you're like
99% of our subscribers, you'H never
have any reason to complain about
your subscription service.

We have found that when com
plaints do arise, the majority of them
occur because people have written
their names or addresses differently
at different times. For exampie, if
your subscription were listed under
“William Jones, Cedar Lane, Mid-
dletown, Arizona," and you were to
renew it as ‘‘Bill Jones, Cedar Lane,
Middletown, Arizona,” our computer
would think that two separate sub-
scriptions were involved, and it
would start sending you two copies
of PopuLAr ELECTRONICS each month.
Other examples of combinations of
names that would confuse the com-
puter would include: John Henry
Smith and Henry Smith; and Mrs.
Joseph Jones and Mary Jones. Minor
differences in addresses can also
lead to difficulties, For example, to
the computer, 100 Second St. is not
the same as 100 2nd St.

So, please, when you write us
about your subscription, be sure to
enclose the mailing label from the
cover of the magazine—or else copy
your name and address exactly as
they appear on the mailing label.
This will greatly reduce any chance
of error, and we will be able to ser-
vice your request much more
quickly.
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- -
CMOS Waveform Generator Kit - - .
R c LED
1-9 10up " 1 XR205K Only $28.00 $7.90 o s
4000AE § .50 .48 &2 Here's a highly versatile lab Calculator S 125'di
4001AE 49 a8 instrument at a fraction of 9-Digit D|sp|ay . dia.
4002AE .49 .48 the cost of conventional unit. l.iMiTEd 209 Red s .25
4004AE 585 5.85 Kit includes two XR205 IC's, ' o * 1/8"" character height 209 VYellow .35
4006 AE 385 3.75 data & applications, PC board s compact, thin PC 209 Green .35
4007AE 60 .55 (etched & drilled, ready for QUANTITY package "
4008AE 3.55 3.25 assembly) and detailed instruc- * wide viewing angle
4009AE .80 .89 o tions, . .
4010AE .90 .89 - e 519.00 Di la .160"dla.
4011AE 49 .48 FM Stereo Demodulator W splays
4012AE 49 4 M=ot buaL LO SLA1 Red $2.05 216 Red 25
4013AE 1.10 1.00 : NOISE SLA11 Green 428 216  Yellow .30
4014A€ 3.65 3.20 Y 216 Green .30
375 365 A d A . SLA21 Orange 4.25
4015AE ; ; udio AMpPsS or Ame Memories M| sca2 %1 mea 225
4016AE 1.10 1.00 M 12 1Gm 228
4017AE  2.85 2.65 | \;357 G165V, 1.15W, 8(2 1.60  LM331IN: MG 86T « | IR
4018AE 3.16 3.00 | \354A; 627V, 2.80W, 802 250 Vio = 6mV SR MG SLA3 Red  7.50 200"cia
4019AE 1.26 195 7611812 6-15V, 1.15W, 802 1.60  1je = 1000nA o 8.9 SLA4 Red 750 - .
4020AE 385 326 TAAG21A12 627V, 1.40W,8§22.00 I, = 2000nA oo o0 XAN72 Red  2.50 220 Red .25
4021AE 3.75 3.55  7BAG41B11. 6-18V, 2.20W 452 3.00  Noise = 1.5dB Ao Es0 XANG52 Green 2.50 220 Yellow .30 .
4022AE 270 250 71gaggo: 5-30v, 470w, 8()  2.20  $2.20 i . 220  Green .30
4023AE .49 .48 TBAB10AS 4-20V.2.50w,4{) 3.00 ng%éo 5430 Optmsolator - : \
4024AE 2.26 1.95  T1BA820. 316V, 0.75W, 4 1.70 MM N5 ! LOW PROFILE
4025AE .49 .45  TCAB830: 520V, 2.00W, 452 2.20 MMES6IN  5.00 MCT2  1.45 | e
4026AE 9.75 7.05  TCA940: 6-24V, 650w, 8{) 4.40 DM8599N  5.00 226 &0
4027AaE  1.30 1.17 ' . 93403 5.00 v\ 226 vellow .30
4028BAE 2.90 2.70 T [ 2cheiesy -gg
4029AE  6.35 4.55 ) HYBRID " MV50  Red  $ .30 226 Orange -
4030AE ;.gg 1.0g Power Transistors o
=] AMPLIFIERS
40404E 455 435 BU204 3A 1300V $4.14 0 Decoded Read/ voltage 5053 fed §.35
4041AE 3.25 3.15 BU205 3A 1500V 4.95 Write RAM ‘! g
4042AE 2,90 280 BU206 3A 1700V 594 $1-10106 10w  $ 6.90 R ulators 5053 Green .40
4043AE 290 2.80 BU207 6A 1300V 5.86 SI1-1020G 20w 9.90 P1103 $6.20 eg 5053 (drange .40
4044AE  2.90 280  BU208 64 1500V £.9% ol O Bis LM100H $6.50 216 = MV'5024
4047AE 3.65 3.55 BU209 6A 1700V 8.64 - W ) (o 520 5053 = MV5053
4048A€ 1.45 1.35 .
2N512B $3.00 LM105H 5.10
4049AE 1.30 1.00 . -
4050AE 1.30 1.00 gmlgg }.gg PREMIUM QUALITY COMPONENTS tmgg; g-gg Llneall' Ics
“gggAE g‘:'g 3'3; 2N1534 1.00 We've been buying and selling top quality components for nearly LM109K 6.30
4060A ) H o UNi2008 LM114H  TO5  $ 3.00
4066AE 315 2.91 2N1540 1.10 ten years. Our annual volume exceeds $3 million. We handle o 3.80 LM301A 58 90
4069AE .80 .70 gz;ggg gg only original parts, from the world’s leading manufacturers and tmzos: gég LM301AM Mini-dip .75
s h ttk 3N23055 .95 our customers include some of the largest and most quality- LM209H 350 LM301AN D 1.10
<nNO' y 2N3375 5.50 conscious caompanies. LM209K 3.70 tmggg: 10—?5 133
TTL 2N3442 2.20 LM300H 90 SIS LR
2N3730 1.70 Now you can take advantage of our component LM300N 1.40 LMggGH 3-5 50
2N3731 2.00 buying skills and power and select from a broad FIRST LM304H 1.40 e, SO R L
A . GRADE LM307M Mini-dip 90
SN74S00N $ .80 2N3732 1.50 range of advanced circuits. QUALITY LM305H 1.10 -
2N3771 2,20 GUARANTEE LM305AH  1.40 NS00 LN 65 =l
SOy 80 2N3772 2.30 LM305N 1.0 IR lal IR
SN74S03N .80 ¥ SSSS! - LM310H TO-5 1.40
2N3773 3.40 LM309H 1.75 VR oer 0
SN74S04N -:g 2N3789  3.00 IC k LM309K 1.95 LM318H 158 260
SN74508N : 2N3866 .95 sockets Tefion LM340-05K 2.60 LM555CM  Mini-dip .90
SN74S10N .80 2N4347 1.60 ; LM340-06K  2.60 LM709CH T35 45
SN74S11N 80 2N4348 2.00 Solder 3pin TOS5 55 LM340-08K 2.60 ; :
2N4395 1.30 . 4pin TO5 .65 IVEATEr: citts LM709CN  Dip ‘45
SN74S20N -80 . 8pinDIL .22 6 pin TOS5 90 1024 Bit : : LM710CH TO-6 .60
SN74S30N .80 gm‘s“;gg e 14pinDIL .26 8pin TOS 110 VLR e LM710CN  Dip 75
SN74S32N .80 SN b 16pinDIL 29  1g9pin 1os 140 MN-Channel LM340-18K 2. LM715CH T25 4.30
: ! LM340-24K 2.60 .
SN74S 40N 80 el o 24 pinDIL .75 o M 26028 $21.00  Lmoaon 2.60 LM725CH  T25 5.00
SN74564N - 5 : 28pinDIL 110  WireWrap RA . . LM733CH T2.5 1.50
: N6099 .80 36 pinDIL 170 ) 260218  26.00  1m723D  3.90 LM733CN  Dip 1,50
SN74S74N 1.50 2N6101 .80 20 pinDIL  1.90 14pinDIL .40 7552CPE  21.00 LM723CH 80 LM741CH T35 ‘45
SN74S85N  6.10 2N6103 .90 ’ UG 7552-ICPE 25.00  LM723CN .75 LM741CM  Minidip .44
SN74S86N  2.90 L129 150 LM747CH  T25 1.90
SN74S112N  2.50 i 150 LM747CN  Dip 90
SN74S113N  1.50 7400N $ 16 JHOON TTL 74150n  s$114 LOW 93L00 1.50 . LM748CN  Dip .40
SN74S133N  1.00  7401N 23 T 74151N 75 POWERTTL 23491 19 Sgasoir 220 LNS0aSCHIgDID 1o
SN74S138N 450  7402N 22 74152N 2.25 T 320 XA WS tedls :
SN74S139N  3.90  7403N 22 74153N 112 93L10 280 COMPUTER Phase Locked Loops
SN745140N  1.00  7404N 25 74154N 163 L.io0n § 34 93011 420 IMTOREACE
SN745151N  3.30  7405N 29 7474N 38 74155N 149 L gan 34 93012 180  pueaon AT LMS67CM  Mini-dip 2.10
SN74S153N  3.30  7406N 38 7475N $ -65 74156N 149 20 0an S 93C14 1.70 Dmsazozw 5o
SN745154N  3.40  7407N a8 Ta7oN o9 14157N 119 Saloun 39 93116 320 pusaion 450 IC Power Regulators
SN74S157N  2.70  7408N 24 g . : 93118 :
onvas o - T Eh] 154 g4 108 34 g3, 150 DM883IN 5.00 LM335K: 5V, 600mA  2.40
N74S168N  3.00  7409N 54 N 01 7a160N 150 24 0N 39 1’8o  DMB8832N  5.00 LM338K. 12V, 500mA .90
SN74S160N 660  7410N 24 7484N 3.01 74161N 135 .daN 162 g3Las 280 9800 el LM337K: 15V, 450mA  2.90
SN74S161N  6.60  7411N .29 7485N 2.49 74162N 1.50 ’ 9601 1.30 ’ :
74L51N .34 93L28 3.70 2.00
SN74S174N 475  7a12N 51 7486N .49 74163N 150 473N o 9334 400 9602 Sion
SN74S176N  4.00  7413N .78 7489N 2.99 74164N 189 Jaran e o338 420 9614 oo Pulse
SN74S181N  11.50  7414N 2.81 7490N .75 74165N 189 J4 90N 1.62 93L40 g.gg 2616 4.50 .
SN745189N  5.10  7416N .46 7491N 1.40 74166N 1.98 i 93La1 ©. 9617 3.00
SN74S194N  3.30  7417N .64 7492N 84 74170N 255 ;:tggz :';; anes 300 9620 350 Generator
SN74S196N  4.40 7420N 19 7493N .84 74173N 1.79 . : 9621 3.00 Interdesign 1101: 0.1Hz-2MHz,
SN74S251N 4.20 7421N 51 7494N 1.29 74174N 1.52 0-5V Qutput, var. w dth, line or
SN74S253N 420 7423N .49 7495N 88 74175N 150 Model 4440 battery operation. $159.00.
SN74S275N 320 7425N .39 7496N B8 74176N 1.69 A PORTABLE
SN7452568N  3.70  7426N .29 74100N 1.45 74177N 1.69 4'a DIGIT . . .
SN74S260N .90 7427N .35 74105N 54 74180N 2.49 '\'F\gh"ﬁgiggﬂ Recirculating 512 Bit
SN74S280N  5.70  7428N 51 74107N .48 74181N 3.85 A losMHz' Dynamic Shift Register
SN74289N 5.00  7430N .22 74108N 91 74182N 119 COUNTER OPTION .
93510 6.80  7432N 28 74109N 91 74184N 2.89 FOR $50. 1-24: $4.00 /25 up: $3.90
93816 6.80  7433N 61 74110N .71 74185N 2.29 .
93521 3.50 7437N .44 74111N 91 74190N 2.89 lnler!al:e Mndules Shl ,3“
93522 3.20  7438N .44 74114N 91 74191N 2.89 . SERIES
93548 370 7439N 1.01 74118N 91 74192N 149  CY1010 instr. Amp.. Bipolar Input t 29.00 Reglsfers
H'GH 7440N .19 74118N 1.50 74193N 1.39 g::g;(‘)‘\ :nstﬂ :"‘D-' gg’g'f' '"f“‘ g%gg . gggﬂsg 51-28
7441AN 1.16 74119N 81 7419aN 1.35 e aas : ia02° U } 1lc
7442N 98 74121N 54 74195N 99 Cyi021% tnstr. Amp., FET Input 49.00 1403A 6.00 9304PC 1.50
SPEEDTT . 0 . CY1021A  instr. Amp., FET Input 59.00  1404A 6.00 93Q6PC 6.90
7445N 98 74122N -89 74196N 239 cy2018 DAC, 8 Bit, 2 Quad Multiplying  99.00  1405A 450 9308PC 2.50
74HOON .34 s 1.50 74123N 95 74197N 239 cvy2137 DAC, 10 Bit, Low Drift 39.00 1406 6.00 9309PC 2.50
74HOIN .49 7448N 1.29 74126N 1.39 74198N 2.59 Cy2218 DAC, 12 Eit, 2 Quad Multiplying 149.00 1407 6.00 9310PC 1.50
74H04N .36 7450N .23 74126N 1.39  74199N 4.48 CY2236 DAC, 12 Bit, Fast Settling, 1506 3.00 g9311PC 2,50
74HO5N .38 7451N .28 74128N 1.21  74200N 5.06 Low Drift ) 89.00 1507 3.00 g312pc 1.20
74HO8BN .44 7453N .26 74132N 2.05 74122N 1.75 Cy2237 DAC, 12 Bit, Low Drift 69.00  2505K 4.00 9314PC  1.30
74HION 44 7454N 26 74136N 91 74251N 175 CY2735 DAC, 4 Digit BCD, Low Cost 79.00 2512k 5.50 9316PC 1.50
74H1IN 44 PTIIN Sy SRRV 15 e Sen cy2737 DAC., 4 Digit BCD, Low Drift  139.00 2524V 4.00 9318PC  2.30
74H15N .38 : : CY3035 ADC. 8 Bit, Sect. Counting, 2525V 6.50 9321PC  1.20
74H20N .39 7470N -30 74145N 1.79  74293N 92 Low Cost 89.00 2533V 10.90 9322PC  1.30
74H40N .36 7472N -39 74147N 2.95 74293N 92 Cv3635 ADC, 3 Digit BCD. Sect. Count, 2807 4.00 9324PC  2.00
74H74N .69 7473N .46 74148N 355 74298N 2.55 Low Cost 119.00 2808 5.50 9328PC 2.50
2814DC 8.20 9334PC  2.95
iI-Amp Rectifiers MINIMUM ORDER: $10.00 MMS5 055N 5.00 9338PC  3.30
10 100 1000 Add $1.00 to cover postage and handling S OSeh 5.00 9340pC  5.00
1N4001 $ 100 7.00 60.00 L gto 9 MM5057N 5.00 9341PC 4.10
1N4002 110 800 70.00 SEND CHECK OR MONEY ORDER (NO C.0.D.) TO: MMS5 0S8N 10.90 9342PC 1.15
1N 4003 1.20 9.00 80.00 TMS3114) 9.50 9360PC 1.75
1N4004 130 1000 9000 TMS3133NC  10.90 9366PC  1.75
1N4005 1.40 11.00 100.00 TWO PHASE MOS CLOCK DRIVER
1N4006 1.50 12.00 110.00 . “6.60
1N4007 1.60 13.00 120.00 MHO026CN  $5.
SPECIFICATION SHEEETS: $.25 ea. P.0. Box 2208P, Culver City, CA. 90230 Calitornia residents add 6% sales tax.
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TIME DELAY

RELAYS

We have 2 time delay relays, similar, except that one has a

detay of 10 seconds, and the other has a variable delay from

3 to 10 seconds. Each relay is enclosed in a clear plastic case,
with an octal base. We provide the octal socket. Relays operate
from 24 to 60 volts. The relays are DPDTJ, Potter & Brumfield
KA series, with 10 Amp contacts. Time delay is solid state

with Unijunctin circuitry, all built into the plastic case. Provision
is made for adding external capacitance or resistance to change
or increase the time delay Data sheet provided.

STOCK NO.P5229 Fixed delay (10 sec.)
STOCK NO.P5230 3-10 second delay

gl

a quadraphonic amplifier.
intercom. The transformer for above is available.

STOCK NO.P5228
STOCK NO.P9713, Transformer for above.

controls. 6'x2" " x1%""

$9.95 ea.

I iil LIFIER is complete, except for

'2/19.00

@ 32 volts 8 amp,
STOCK NO. P9905 wt. 10 Ibs.

HIGH POWER TRANSFORMERG4 volts ct @ 8 volts, tapped
. 18 volts ct @ 8 amp. ,
9.95 Ea.

Include sutticient postage; Excess refunded. Write for new
catalog 13, just of the press & loaded.

A DEL

TA ELECTRONICS CO.

BOX 1, LYNN, MASSACHUSETTS 01903
Phone (617) 388-4705

CIRCLE NO. 11 ON READER SERVICE CARD

{J Change address only.

year $6.98

2.05 o eto0 {J Bill me later
.95 ea. .
3.95 ea. 2/7.00 CAFFIX LABEL3
I3 1|8
STEREO AMPLIFIER s P ps
0
24
Small 10 transistor STEREQ AMP- I 2 ;I
— N
S
speakers and small AC transformer. Ig '
Contains tone, balance and volume lQ
. 2 units make —d I
Makes a good basic unit for an IS - I
£ R z
& | | .
$1.50 2z 2 g
l c G ' o
s a
400 volts @ .15 amp. l_
11.95 ea. 2/22.00 3 |
I8
B I
@
| I
= = '
3 @ o o
I NLRERE g
= I ‘_l gl & »
L -, N 2 3 7

(] Payment enclosed (1 extra BONUS issue)

Plogrend?

Let us know 8 weeks in advance so that you won't
miss a single issue of POPULAR ELEGTRONICS.
Attach old label where indicated and print new
address in space provided. Also include your mail-
ing label whenever you write concerning your sub-
scription. It helps us serve you promptly.
Write to: P.0. Box 2774, Boulder, CO 80302 giv-
ing the following information:

[ Extend subscription. ] Enter new subscription.

zip
code

state

Add'l postage: $2 per year outside U.S., its poss. & Can.

TTL CMOS *MARCH SPECIALS
;28?. 6/$1_g° 7233‘ 4.00 CD4001 $ .55 1101 256 Bit Ram Mos $ 2

. 7 2.25ea i
7402 23 7380+ 15003 G390 1:38| 2102 1024 Bit Ram 8-00 ea.
7403 6/1.00 7491 '1.00 CD4009 1.40| 8008 8 Bit Processor 60.0
;28151 %i ;23:2; .gg CD481(1) ‘60 Mmmture1 AIugmnum Electrolytic Capacltors
7406 50 7494 97 CD4012 58|MFRVOLTs of 99100 mMrD-vorTs Y 96 100
7304 501495 gscpdoil 1is0|] YERISAN., 145130 11c 190 UED/IEY 19c 15¢c 14c
7409 28 74100 1799 SD4916 1491373 UFD/25V 14c 120 116 220 UFD/16Y 24c 188 19¢
7410° 6/1.00 74107 .47 CD4019 1.25|37 WFD/28VY 14c 12c 11c 220 UFD/25V  35¢ 25¢ 24c¢
7411 .30 74121 55 CD4020 150|190 UED/16V 14c12c11c 330 UFD/16V 35¢ 25¢ 24c
7412 40 74122 47 CD40%2 280|190 UED/25V 14c12c11c 330 UFD/25V 44c 35¢ 32¢
7413* .75 74123 1.05 CD4023 55|22 UFD/16V 14c12c11c 470 UFD/16V 37¢ 30c 27¢
7416 45 74125 60 CD4025 85|22 UFED/25V 15¢13c12¢ 470 UFD/25V  49¢ 39¢ 350
7417 45 74126 80 CD4 1.25|33 UED/16V 15¢c12c11c 1000 UFD/16V 49¢ 39¢ 35¢
7418 25 74141 1.15 CpD4030 .60|33 UED/25V 17c13c12¢ 1000 UFD/25V 75¢ 60c 55¢
;2%? %3 731‘5;8 1.15 CD4035 2.75 2; 8;85122\6 }gg]g 13 2:00 UFD/16V 7LScd6$_c 55¢

. 741 .95 CD4049 1.25 c 14¢ xial or Radial Lead Type
7423 .
7428 35 13181 1.20CD4050 1.25 50 VOLT CERAMIC DISC CAPACITORS
el i 74154 1.25 74C02 45| 001 mi. e 3.6 N 033 mf. 6c 4o 3.5¢

X i : ] .5c d m
7429 40 74156 138 ;2828 ng .01  mf. 5¢ 3.5¢ 3¢ A mf.122 € ?gg
;232 33 74157 1.5574C74 1.15| 022 mf. 6c 4c  3.5c 100 pr_ 6¢c_4c_ 3.5c
7439 25 12189 183745189 325ImPs-a05  5/$1 TRANSISTORS 2N3905 4/$1
7438 ‘50 74163 2,50 74107 1.50[2N918 25 2N2906A  4/$1 2N3906 4/$1
7439 50 74164 580 74G151 2.90|2N2219A  3/$1 2N2907A  5/$1 PN4249 4/$1
7440 23 74185 580 74¢124 350|2N2221A  4/$1 2N3053 2/$1 PN4250 4/$1
7441 1.10 24166 1'75 74C163 3'25 2N2222A 5/$1 2N3724A 2/$1 2N4409 5/%1
7442 1.05 74170 3.0074C164 3.50|2N2369 1 2N37256 2/$12N5129 .19
7443 1.10 74173 1.75 24¢1 5:90/2N2369A  4/$1 2N3903 5/$12N5139 19
e 1.15 74174 1:8574C195 3i00|2N2484 4/$1 2N3904 231 £10681-5CR-2/
e oy ;ﬁ;g 1.85 Zonor — CALCULATOR & CLOCK CHIPS w/data
7447 89 74175 .85 {ODES 1 LSI 40 pin DIP 4 funct $3.95
2448 158 M0 .85 {Rectifier) 5005 LSi 28 pin DIP 4 funct w/mem 6.95
4450 741 1.00 5030 28 pin - one Ch|p Calculator 7.95
e -25 74181 3.75(IN456  6/$1) MM5311 28 pin bed 6 dig M 5.95
7451 .27 74182 1.00|IN458  6/$1| MM5312 24 pin 1 pps BCD 4 dlg mux 5.95
iz B e i o v EA LR

. 5 1 n 6 dig mu 5.95
7459 25 74187 7.00fiN753  4/%1| MMS3i6 40 pingsise ers 6.95
7470 ‘45 74191 1.50|IN1184 1.70| Satisfaction Guaranteed. All Items 100% Tested
7472 41 24192* 1.26[IN1186 1.80 $5.00 Min. Order — 1st Class Mail — No Charge
;3;3‘ -33 74193+ 1.25]|IN3600 6/$1 California Residents — Add 6% Sales Tax
piips 22 ;3}3; ng :mgg; -?g Wholesale Outlets — Write for Special Discounts
7476* 40 J4198 1°92|iN4004 10| Write for FREE 1975 Catalog — Data Sheets .25¢ each
7480 .50 74197 1.05{IN4148 15/$1
7482 1.76 74198 2.25[IN4154 12/21
7483 1.15 74199 2.75(IN4734 .28c
7485*  1.10 74200 700IN4735 .28¢
7486 .47 5.00 IN5232 .28¢
20% Discaunt f¢ f9r1°° e s . BOX 822, BELMONT, CA. 94002

(except Spoc-als) IN5282 5/%1 PHONE ORDERS — (415) 592-8097
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LM300 LINEAR $ .79
LM301H/N* 3/1.00
LM302H Volitage Follower .79
LM304H Negative Volt Reg .89
LM305H Positive Volt Reg 1.00
LM307H/N Op Amp (Super 741) .35
LM308H/N Micro Power Op Amp 1.15
LM309K* 5 Volt Regulator/Amp 1.25
LM310H Imprd Volt Follower 1.19
LM311H/N Hi-performVoltComp. 1.00
LM318N Hi-Speed Op Amp 2.00
LM320K -8V 5.2V 12V 15V-24
Neg. Reg. 1.75
LM324N Quad 741 Op Amp 1.90
LM339N Quad Comparator 2.35
LM340K +5V 12V 15V 24V
Pos. Reg. 1.89
LM340T +5V 12V 15V 24V
Pos. Reg. 1.75
LM370N A 6 C - Squelch Amp 1.15
LM373N  AM/FM $$ B Strip 3.15
LM380N* 2 Watt Audio Power Amp 1.25
LM380-8N* .6 Watt Audio Amp 1.00
NES3IT OP Amp 3.00
NESS50N Volt, Reg. .79
LM5E55V"* Timer .75
NE565H* Phase Lock Loop (TO5) 1.75
LM565N* Phase Lock Loop(DIL) 2.00
LM566CN* Function Generator 2.00
LMS67H* Tone Generator (TO5) 1.75
LMS67CN Tone Generator (MINI) 2.00
LM703H RF/IF Amp .45
LM723H/N* Volitage Regulator 55
iLM741H/N* Comp. Op Amp 3/1.00
LM747H/N Dual Compen.Op Amp .90
LM1310P Stereo Demodulator 4.10
LM1458N Dual Comp.Op Amp .65
LM1556N"* 5 Times Faster 741 1.85
LM2307P CurrentControtled 3.15
LM3065N T.V.-FM Sound System .75
LM3900N* Quad Amp .50
LM3905N"* Precision Timer .65
PROJECTS| LEDS [8000 Series
8263 $ 7.00|MV 10 5/1|8090-98 .55
8267 4.00MV 50 6/1|8123 1.50
2513* 11.0 Vv 5024 5/1|8223 »* 3.00
2518 7.00|MAN-1 1.95(|8263 7.00
2519 4.00|MAN-3 95[8267 4.00
2524* 5.00|MAN-4 1.95(8280 .75
2525 7.00 [MAN-7 1.50(8281 85
2529* 4.00|DL 33 1.95|8288 1.15
4024P* 2.25iDL747 2.5018880 1.35

v wvemrvvw
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Altaj Electronic Bargains

PRICES SLASHED! WE WANT YOUR BUSINESS. SATISFACTION GUARANTEED ON EVERY ITEM

CALCULATOR BASIC KITWITH TI CHIP
Includes case with matching all function
keyboard, and 9 digits of LED readouts
pius a Texas Instruments TMS 103 NC
calculator chip. {Same style chip as in TI
Datamath calculator). All the basics for
building your own hand held calculator.

s
S

TR ARLRLAWY
BURROUGHS PANAPLEX I

#BR13251 Neon 7 segment reacout.
Latest design for calculators. etc. Re-
quires 160 VDC Right hand decimals.
Brand new. factory fresh. We include
mating socket FREE. $4.95
NOTE: With purchase of above readout
array we offer motorola 2N5401 PNP High

LM309kK
TO-3 Case, 1 AMP 5 VDC
Voitage Regulator. Brand New

Quantity Limited.

12 DIGIT READOUT

Voltage dniver transistor tor 10¢ eac

h. By National 95¢

Special — $9.95
&7, 7>~ 3DIGITLED READOUT
fiud O Like Litronix DL-33. 3 MAN-
W\ outs (n one package. Faclory new units
k * »Designed for calculators.
i = $1.19 (3 Digsts)

ARRAY
3 style read-

Special —
$.95 ea.

OPCOA SLA-1 LED READOUT
.33 In. character. Left decimal pt. Uses
7447 driver. Easier to read than MAN-1.
Factory prime units. Best Price in USA!

R

Pl

MAN-3 LED REAJOUTS
Brand new. factory prime units. .12 in.
character Common cathoce. Perfect for
calculators. 3 FOR $1 Best Price Any-
where!

CALCULATOR CHIP BONANZA
PRICES SLASHED!
The newest and easiest to use chips
available today. Made by tamous US mfg.
All are 28 pin DIP. Features: direct LED
segment drive, low power consumption.
internal keyboard debounce. internal
clock oscillator, single supply voltage,
internal keyboard encoding, and floating
decimal point. Does not require many
external components as do older types
like CT5001, 5002, 5005, etc. We offer the
most sophisticated functions for the

DIGITAL ALARM CLOCK IC
The newest and easiest to use alarm chip
on the market today. Features:

1. Single supply voltage.

. LED Intensity control
. Simple time set.
4 or 6 Digit LED Display
AM-PM Indication
. 24 Hr. Alarm.
. 10 minute snooze.
. Outperforms MM5316
Order #70250 — $6.95 (2 FOR $12)

DN EWLRN

MINI CORE MEMORY SPECIAL
Mtfg. by DATARAM. Stores 180 words of
18 bits each. With sense amps and
associated drive circuits. A compiete
memory system. We include 50 pages of
data and schematics. Data only $2.50
Brand New. Special $24.95

SOLID STATE MEMOAY ARRAY

Brand new. MFG by Monolithic
Systems Corp. Consists of 16-1101
(256 Bit Ram) and associated drive
circuits  Drive circuits include 24
assorted 7400 series Jevices and
varnous transistors, ciodes, etc.

lowest price anywhere.

Chip #1 — 8 Digit, Constant. Six Func-
tion{(—, -, x, +, %,~/) —$3.95

Chip #2 — 8 Digit, Memory, Six Function

(=.- %+~ ) — $4.95
Chip #3 — 8 Digit, Memory, Six Function
(=, %X +, %, 1/x) — $4.95

MM5314 NATIONAL CLOCK CHIP
The most popular clock chip around. We
made a huge special purchase of factory
fresh, prime units. Lowest price in USA.
24 Pin DIP. 4 or 6 Digits. With Specs.

$4.95

FE

A

PTG

N,

N DIGITAL WRIST

ot WATCH CRYSTAL
Brand new, mig. by CTS-KNIGHT. 32.768
KHZ. Standard. most popular type
Special $1.95

Array s mounted on two stacked 6 x
8 in. PC boards. Originai cost $300

ea. With schematic. These are
recommended for experienced
hobbyists only. Limitsc quantity —
$29.95 ea

Ni-CADBATTERY SPECIAL
Two cell battery packs 2 75V capac-
ity 1s 250 MA HRS Two of these make a

MOS 4 DIGIT COUNTER IC
An ALTAJ exciusive These are the
latest. state of the art. MOS chips By a
famous US mfg Contains a complete 4
digit counter including 4 decade coun-
ters, latches. multiplexing circuits. dis-
play decoders. etc Featlures 5 VDC

CT7001 BY CAL-TEX
Digital alarm clock chip with calender
feature. 4 or 6 digits. Also has timing
circuitry for radio ON-OFF control fac-
tory fresh
$6.95

COLOR ORGAN CONTROL MODULE
Completely selt-contained Has SCR
circuitry  AC line ccrd. etc From a
close out by a mfg of color organs
New unused

$1.95

great power pack for TTL Special 95¢
Fe

operation, 25 MW power consumption
both 7 segment and BCD outputs
Perfect for making DVM s frequency
meters, tachometers, stopwatches or
any other device requinng 4 or more
digits Complete with specs 28 PIN
DIP QTY Limited
Special — $12 50

JUMBO LED READOUT
Twice the size of regular readouts. .85
inches. Like Litronix DL747. Outperforms
and easier to read than SLA-3. only 20
MA per segment. Our best readout for
digital clocks.
$2.95 ea (6 FOR $15) Common Anode

GE POWER
TRANSISTOR ASSORTMENT
Plastic power devices Includes NPN and
PNP. darlingtons. high voltage. high
current. and various other types Cases
are color coded for easy sorting Un-
tested but includes many useable units.

SPECIAL — 20 FOR $1

POWER
SUPPLY

REGULATED DC PO'NER SUPPLY
Brand new by wanlass. CC output 17 to

FREE SPECIAL BONUS
With purchase of any of our clock or calculator chips we will include a
free 28 pin IC socket. A $1 value Free.

ELECTROLYTIC CAPACITOR SPECIAL
220 MFD at 25 WVDC. AXIAL Leads by
Gl. Brand New 8 FOR $1

MINIATURE SWITCH
Rocker style. Small size. SPDT. Perfect
for use on digital ciocks.

Digital Wrist Watch
by Gruen

Complete. factory new units Not a kit
Sold nationally at $225

Features One minute a year accuracy.
easy to read LCD Display. heavy goid
stylecaseandband Factoryboxed. fully
guaranteed We offer this Name Brand
unit at less money than the off-brand
watches sold by others Limited guan-
tity Soldonatirstcomebasis $89 95

(add $3PostageandHand!ling)

30 V Rated 60 WATTS out. Our tests
show these units will put out 12 VDC by
changing one resistor. #OEM 60-3. Origi-
nal cost $57.50. In origira factory boxes,
with specs Special $14.95

7805 STYLE REGULATORS
T0-220 Plastic Case HvDC Regulator.
Brand New by National — B89

FACTORY NEW LED'S
Jumbo Red-Like MV5024-8/$1
Jumbo Green-Like MV5222-5/$1
Jumbo Yellow-5'§1
Mini Red-Like MV30-10/$1

4 FOR $1
PRIME TTL DIPIC's 8038 FUNCTION GENERATOR

7400- 16¢ 7448-85¢ 74157-1 19 | Brand new voltage con-
7402-16¢ 7473-39¢ 74161-1 15 | trolled oscillator. Has sine,
7484-1& 7474-38¢ ;4122“1 ég square wave, and triangular out-
7406-24¢ 7475-69¢ 4165-1 uts. $4.50
7408-16¢ 7476-42¢ T LR RV CE P i
7410-16¢ 7483-88¢ 74175-31 50
7413-49¢ 7490-75¢ 741815295 | IN4148 DIODES
7420-16¢ 7492-85¢ 74192-81 25 | High speed switching diodes.
7430-16¢ 7493-85¢ 74193-$1 25 | Brand new units. however, leads
7437-39¢C 74121-38¢ 74195-95¢ are cut and bent for PC board
7438-39¢c 74123-75¢ 74197-$1 25 | insertion, still plenty long. 30 For
7440-16c 74150-70¢ $1
7442-69¢ 75151-75¢

74153-95¢
VN kvt POLAROID FILTERS

MOTOROLA POWER
TRANSISTOR
MJ3029 — T0O3 Case — NPN
Silicon High voltage — VCEO
— 250V Used in horiz. and vert.

ZENERS
IN746 — 400MW — 3.3V
IN752 — 400MW — 5.6V
YOUR CHOICE
8 FOR $1

TV Circuits. Regular Price $4. Our
Price 85¢c

The real thing by Polaroid Corp.

TiP-3055 BY TI
Plastic version of 2N3055. NPN Silicon

89¢

Pale green in color. 2.3 x 12
inches. Use with various readouts
or for optical experiments,
limited Qty. 2 For $1.

ELECTROLYTIC CAPACITORS
1OMFD 25WVDC —

TTLIC ASSORTMENT
Vartous types. Most are marked. Our best
selling assortment. Untested but in-
cludes many useable devices.
200 PCS FOR $3.95

Upright — 7c¢

50MFD 15WVvDC —

gg,{/;gg 1_5\/\}3%0 _ Qur lower prices and superior quahty

Axial 10¢c have made ALTAJ one »f the fastest
. growing electronic suppliers in the USA.

T00MFD 15WVDC — Put your trust in our unconditional

Upright — 14¢

1 AMP SILICON RECTIFIERS
IN40D2 — 100 PIV — 8¢
IN4007 — 1000 PIV — 3¢

MOTOROLA AUDIO AMP
MFC 4000. 4 lead mini DIP. 250
MW. 9 volt operation. Hobbyist
Speciat

53¢

PLASTIC SILICON
TRANSISTORS
Use for drivers in clock or calcu-
lators.

MPs22224 — npN _YOUR
MpS2714 — NPN  CHOICE
MPS3704 — NPN 6 FOR 81
2N 3904 — NPN  ALL NEW
2N 3906 — PNP UNITS

2N 4249 — PNP

money back guarantee.

ALTAJ ELECTRINICS
P.0. BOX 38524
DALLAS,  TEXAS 75238

TERMS: Check or money order. No COD.
Add 10% Pstg and Hdlg. Tex Res. add
5%

MARCH 1975
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RECEIVING TUBES. popular tubes 75% + OFF current
list. Top makes. brand new, factory cartoned, tully
guaranteed. Ceco, 2115 Avenue X, Brooklyn, N.Y. 11235,
{212) 646-6300

JAPANESE TRANSISTORS, Kit only $23.44 including 14
powers. 10 others. Many types available, Free catalog
west Pacific Electronics, Box 25837, W. Los Angeles,
Calit. 90025

MONITOR RECEIVER, Preamp, Scanner, UHF Converter
kits. Hamtronics, 182 Beimont, Rochester, NY 14612.

LIQUID CRYSTAL. 3-1/2 digit wristwatch display. New.
with Instructions for building wristwatch. Final closeout
Less than original. factory wholesale price. $5.50 each
Two for $10. Tricounty Winslow. Inc.. Box 5885. Grand
Central Station, New York, NY. 10017

NOVEL INNOVATION in sécunly alarm systems. and
intruder detection. Send $1.00 to cover cost of brochure to
W. B. Ramsey. 125 Delaware Street. Newcastie, Delaware
19720

PC Boards—From magazine page: original: magic marker;
art, 1/2:1 - 1.1 2.1 Size. $3.30 up. BECO, Inc. Box 686PE
Salem, VA 24153.

RECONDITIONED Test Equipment. $0.50 for catalog
Wwalter, 2697 Nickel, San Pablo. CA 94806.

COMPONENTS. 8038CC $5.75, AY5-1013A UART $13.95,
AY5-1008 Recelver $7.95. Crystal Time Base Kit, 5VvDC
input, B0H2TTL output $9.75. Postpaid. Latest Flyer, 10
cents stamp. TRI-TEK, 6522 N. 43rd Ave.. Glendale,
Arizona 85301

ALTAIR 8800 programming. Write assembly lanquage
receive ready-to.load program. Easy' Details, sample. 50
cents. Dodd. 234 Waples Park, Fairfax, VA 22030.

m-

WEIRNU Spec'al Sale 1.%0 8811 .90
uﬂui 1845N 5095 .40 8812 .40
25 7528w ?.oo 7”’ 35 8097 a0 8830  Iso
wu (80 Tse82m o 47 R 8123 1,10 883L  2.40
J0SH .80 T8:N .70 74122 .60 8210 2.7% 8832 2.40
JOINM 2% 10 Ta12) .90 @21y 190 88)) 240
3084 85 jor 1.so T4l 130 8220 1128 8838 .40

5$5H .80 5013 4.75 J414% 1. 8230 1.75 8836 or
1om .28 6260 3.75 14133 1.28 8288 2,00 'SP 380 .40,
28 <728 3.00 74160 1,25 8820 1.00 8837 1.:%
12)n .40 €738 328 74162 1.2% 8599 2.50 88$) .60
IR : 822y i.90 18173 1.7%  B51) 30 4a9s .78
‘ulcn/n M Bz25 2.7% 74193 1.2 8810 .40 8880 1.25

All paTte Ruarantesd. 74193 .90 Spec Sheete .2
Send check or MO to WEIRND. P.0. Box 1307. Colton.

Sond #clf addressed stamped envelop for derantin flyer

ELECTRONIC COMPONENTS for the hobbyist. IC's.
LED's. resistors, capacltors, etc. First quality and fast de-
livery. Send 25 cents for catalog. DIGI-CRAFT ELEC.
TRONICS, P.O. Box 94, Brookline, MA 02146

INTEL 8008
4 BIT PROCESSING
CHIP (PRIME CONDITION) $79.50
MINIATURE TRIM POTS
5K, 10K, 25K, 50K, 100K,
75 €

! _3/82.00 |
MULTI-TURN TRIM POTS
Similar to Bourns 3010 style 316" x

1% 50, 100. 500. 2000. 5000. 10.000
onhms. $1.50 ea. 3/%4.00
PRINTED CIRCUIT BOARD t
42" x6Y2" single sided EPOXY
board, 1/16" thick, unetched
$.50 ea. 5/$2.20
LIGHT ACTIVATED SCR's,
TO-18 200V 1A $1.75

NIXIE TUBES

Similar to Raytheon 8650

tubes, with socket & data
|_sheet $2.25 3/$6.00 | :—

4 WATT IR LASER
DIODES

2N6109 PNP Si
2N4898 PN

" CAPACITORS

$7.95

TIS73 NFET $.50
2N4891 WIT $.50

TRANSISTOR SPECIALS
2N256 PNP GE TO-
2N404 PNP GE TO- 5

| 2N1137B PNP GE T0-3 S
| 2N1016A NPN Si TO-82

2N3904 NPN Si T0-92
MPS3393 NPN Si T0-92
2N3906 PNP Si T0-92 ..
MPS A13 NPN Si T0.92°
2N3767 NPN Si TO-66 .
2N2222 NPN Si T0-18
2N3055 NPN Si TO-3
2N5296 NPN Si TO- 220
Tog

2N3919 NPN s. 103 RF'
2N3638 PNP Si 105 .
2N2218A NPN Si TO-5

6V 30 UF TANT. 5/%1
1 20V 4.7UF TANT. 5/51 MAN-1, RED OR YELLOW
6.8UF 35V TANT. 3/$1 LED READOUT
50V 100UF ELECT $.40 MAN-3 READOUTS $1.75
25V 30UF ELECT 4/$1.00 MAN-4 READOUTS $2.00
1103 1024 bit RAM $4.75
NEC 6003 2048 bit RAM 39 50
1101 256 bit RAM 1.75
8225 64 bit-write RAM $2 75
8223-PROGRAMMABLE

ROM .$4.75
MM5203-2048 BIT ERASABLE
PROM

C/MOS (DIODE CLAMPED)
74C 02 % .55 CD 4019
|74C 10 —3% .60 CD 4022 -
74C 157--%2.15 CD 4023
74C 165--$3.50 CD 4024
CD4001—-% .53 CD 4025
CD 4002--% .53 CD 4026
CD 4006—$3.60 CD 4027--%1.
ICD 4007-—-% .60 CD 4028—$2.75

.50
Y Sl 00
.95
$1.95

$1.00
1.00

0 Wabh!
20
&5

B AAB A A AP AP A

CD 4009—$ .80 CD 4029—3%4.80
CD4010--$ .65 CD4030 $ .65

D4011--% .53 CD 4035—-52.30
€D 4012--% .53 CD 4042—32.75
CD 4013--$1.00 CD 4046 $3.75
ICD 4015 $3.25 CD 4047-%$3.60
£D 4016—$1.05 CD 4050—%1.05
D 4017-%2.70 CD 4055—%3.20

_Full Wave Bridges
PRV 2A
200 | .95
400 |1 15
1600 ]1.3
5311—CLOCK CHIP 6 DIGIT BCD
HOLD COUNT OuTP
STROB

314—CLOCK CHIP 6 DIGIT HDLD
COUNT, OUTPUT STROBE $6.75
S316—ALARM CLOCK CHIP . $6.75

2513 64-7:5

SONOVNOD N
[sgstetetitor=YaTs1

& o

$2.50 1.25/$3.00

1so|saoo

$23.95

ER900 TRIGGER DIODES 4/$1.00

2N6027 PROG. WJT $.75

VERIPAX PC BOARD R e 35

This board 15 a 1 16" single

sided paper epoxy board, off on switch.

] Conduchve Elastometer low |
1 profile calculator keybc‘ard. A

lQSK 6 keyboard havmg 0-9.
| . . K+Cbuttonswith

CHARACTER GEN
251664 - 6 <8 STATIC
| CHARACTER GEN .. . ...$9.95
SANKEN AUDIO POWER AMPS
Si 1010 G 10 WATTS . ..$ 6.40
Si 1025 E 25 WATTS | $17.95

.$9.95

flex key.

$6.00

‘x6!>" (standard veripax)
DRILLED and ETCHED which
will hold up to 21 singie 14 pin
IC’sor8. 16 or LSI DIP IC's with
busses for power supply con
nections. Is also etched for 22
pin connector $5.25

FLV 100 VISIBLE LED $.50
ME-4 IR LED

MT-2 PHOTO TRANSISTOR

GREEN GAP OSL-16 LED

RED GAP 0SL-3 LED

14 PIN DIP SOCKETS
16 PIN DIP SOCKETS

10 WATT ZENERS

39.470R56V

4 WATT ZENERS
956 680R12V

_Silicon Power Reclmers

3A [12a T 508
14

TOR CHIP

$.75 EA
S.30EA |

PDWER SUPPLIES
P15VDC AT 100 ma, 115VAC
IN
5VDC AT 1A, 115VAC
INPUT

Y

REGULATED MDDULAR ‘

7447
74481
7450
7472
7473-
7474-
7475

IN 4148

CT5005-12 DIGIT CALCULA-
$7.95

TTI. IC SERIES
7476
7480
7483

75491

| Si 1050 E 50 WATTS .. .$24.95

LINEAR CIRCUITS

LM 309K 5V 1A REGULATOR

| 723 -40 +40V REGULATOR
301/748 -Hi Per. Op. Amp.
LM 320 -5 or TSV REGULATOR
LM 376 -V to 37V POS REG
741A or 741C 0P AMP
709C OPER AMP
3407-5, 12, 1518, 2av
PQOS. REG. TD-220
101 OPER. AMP . HI PERFORM
LM 308 OPER AMP. LOW PDWER
747--DUAL 741
711 COMPARATOR
537--PRECISION OP AMP
LM 3900-—QUAO OP. AMP
LM 324—QUAD 741
560—PHASE LOCK LOOP
561—PHASE LOCK LOOP
565—PHASE LOCK LODP
567—TONE DECODER
703—RF-IF AMP
LM 370—AGC SQUELCH AMP
5552 uys — 2 HR. TIMER
1458 DL’/‘\L OP. AMP
1456 OPER. AMP
LM 380—2wW AUDIO AMP
LM 377—2wW STERO AUDIO AMP
LM 381—STEREQ PREAMP
LM 382—DUAL AUDID PREAMP
LM 311—HI PER. COMPARATOR
LM 319—DUAL HI SPEED COMP

47 $1.65

.65
1.00

14
AD.

=N OB GOV 0000 00U = Oy
cnBdonmOSooOTMENno o0

LSRR ST | R B R

Terms: FOB Cambridge Mass.
Send check or Money Order. Include
Postage. Minimum 6rder $5.00

{8038C IC

P.0. BOX 74A

VOLTAGE
TROLLED OSCILLATOR

Send 20c for our catalog featuring Transistors and Rectifiers;

SOLID STATE SALES

10

_ SCR S
e
110

168 | 6A
.$4.95 170

a0 50
1.000.20 |
145 HAMPSHIRE ST. Cambridge, Mass.
WE SHIP OVER 95%

OF OUR ORDERS THE
DAY WE RECEIVE THEM

[«
o
P-4

SOMERVILLE, MASS. 02143 TEL. (617) 547-4005
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| 686PE, Salem, VA 24153.

FREE Catalog p.c. boards and kits. Counters .99-1.79; Kits
3.99-5.49. Jeft Rose, 3015 Eaton, Cleveland, Ohio 44122

DIODES, Matlory 2-1/2A. 1000V 10/;2.00, 50/$8.00.
100/$15.00. 1000/$120.00. BECO. Inc., Box 686PE, Salem,
VA 24153,

BURGLAR-FIRE ALARM components, hardware. Free
catalog. Information. Silmar. 133 S.W. 57 Ave.. Miami,
Florida 33144

READ AND USE MICROCOMPUTER Hardware/Sottware
ideas in ECS monthly. Write for free catalog and subscrip-
tion inf. MP Publishing Co. Box 378P, Belmont. Massa-
chusetts 02178.

LASER CATALOG. 60 cents. CO, Plans $1.50, Hologram
$10.00. Moynihan, 107 Brighton, Atlantic City. New Jersey
08401

Electronics
Enclosure

$17.95

discounls for
quantities

size. approximately
IHx6Dx7W

Tracewell Electronic Enclosures will give your project
hat look of a thoughtfully designed commercial product
Tracewell Enclosures are beautiful blue textured. W ABS
plastic with black knobs and handle Front and rear panels
are flat /1" anodized aluminum for easy punching and silk
screening. Extra panels are available

Features include molded-in vertical grooves and stand-
ofts for PC board mounting. I'ght weight and ventila-

| tion siots

To order, send $17 95 pius $2.00 shipping and handling
n check or money order to Tracewell Enciosures. Inc

Teiephone and mail COD orders also accepted. Ohio
residents add 4% sales tax TRACEWELL

Tracewell Enclosures. Inc
200 Montrose Way
Columbus. Ohic 43214

phone’ 614/263-3702 ENCLOSURES .

PLANS AND KITS

ATTENTION AUDIO FREAKS!! Audio Processing Cir-
cuits ... designs, kits, units. Laboratory tested designs for
hobbyist through professional use—limiters, compressors,
equalizers. phasers, mixers and more! Send now—$1.00
(refundable} for complete catalog—CIRCUIT RESEARCH
LABS, 3920 E. indian School. Phoenix, AZ 85018.
FREE CATALOG 200+ unique electronic projects. Bio-
feedback, acupuncture, more! Cimarron Labs. 4183A
Springfield St.. Burton, Michigan 48509

AMAZING ELECTRONIC PRODUCTS—Pocket Laser, See-
In-The-Dark, Scramblers. Penlight Strobe, Energy Devices,
TV Disruptor. Many More. All New. Catalog $1.00
INFORMATION UNLTD . west St . Milford, N.H. 03055.
CONSTRUCTION PLANS: Telephone, Surveillance, others
Catalog and free circuit, $1.00. Alley, 233 Laurelton.
Rochester. N.Y. 14609

TESLA COIL—40" SPARKS! Plans $7.50. Intormation 75
cents. Huntington Electronics, Box 2009-P. Muntington,
Conn. 06484.

DIGITAL ALARM CLOCK KITS. Complele kit of electronic
parts for four digit. LED display alarm clock—$22.30 post
paid. Send for free flyer, bargain kits. components. Digitex,
Box 4731. Dallas, Texas 75247 -
FREQUENCY counter, Digital Clock, Logic Probe and
more to come. Complete kits or PC Boards. reasonable
priced full details $3.0C. Refundable. East Coast Elec-
tronics. 50 Scott. Hamburg, New York 14075
AUTOMOTIVE vollage regulator, IC construction. (PE Aprll
1971) $16.95-519.95. Lab Power Supply, 0-30V. 0-1.2A.,
02% Regulation (PE Feb. 1972) $79.40. BECO, Inc., Box

HIGH FIDELITY

OIAMONO NEEOLES and Stereo Cartridges at Discount
prices for Shure. Pickering. Stanton, Empire. Grado and
ADC. Send for tree catalog. LYLE CARTRIOGES, Dept. P
Box 63, Kensington Station, Brooklyn, New York 11218
SHOTGLASS. As seen in Esquire. Glasscone Column
Speaker. $129.50 each. F.O.B. Moneyback Guarantee.
TACHYON™, Box 1012. Roselle. lllinois 60172

SAVE 50%. Build your own speaker systems featuring Nor-
elco, Eminence and CTS. Famous brands from world’s lar-
gest speaker factories at lowest wholesale prices. Write for
free catalog of speakers and electronic accessories
McGee Radio Company, 1901 McGee Street. Kansas City,
Missouri 64108

POPULAR ELECTRONICS


www.americanradiohistory.com

IC SOCKETS PBC Mounting

E p1n——$ 2z

24 pin---$.75
40 " --§1.25

&
BRUMFIELD

Type KHP Relay 4 PDT 3A Contacts.
24 VvDC (650 coil) ea. $1.50 10/$14.00
120 VAC (10.5 MA coil) ea. $1.75 10/$15.75

CARBON RESISTORS

Carbon Resistors %-Watt 5%-full prime,
all values in stock.10 per value (min-
imum quantity) ten for §$.45

FAIRCQILD “TRIMPOTS”

t]o MEsas;
ea. only §$.89 10 for $7.50
Brand new 20 turn precision trimmers.These
are prime parts mostly individually packed
in sealed envelopes.These values in stock:
50 OHM 1K 5K 25 K
500 OHM 2K 10 X

DIODE ARRAY m

10 1IN914 Silicon Signal Diodes in one
package.20 leads spaced .1"; no common
connections. ea. §$.25 10 for $2.25

8270 DIP 4-BIT SHIFT REGISTER

4-Bit Shift Register---parallel and

serial input and output;data entry

is synchronized with clock pulse
ea. $.50 10 for $3.95

2N3055 NPN TRANSISTOR

2N3055 Transistor (power):PD-115W,
VCE-60V; HFE-50; FT-30K; Case-TO0-3
ea. $1.15 10 for $6.95

TUBES

RADIO & T.V. Tubes—36 cents each Send for tree
Catalog Cornell, 4213 University, San Diego. Calif. 92105,
RECEIVING & INDUSTRIAL TUBES, TRANSISTORS, All
Brands — Biggest Discounts. Technicians. Hobbyists.
Experimenters — Request FREE Giant Catalog and SAVE!
ZALYTRON, 469 Jericho Turnpike , Mineola, N.Y. 11501%.

TUBES 60% OFF LIST PRICE. McCord Electronics, Box
?76-1’, Sylvania, Ohio 43560.

CASH PAID FOR OBSOLETE RECEIVING TUBES
WE300B, WE300A, WE350B, WE252A, WEZ274A/B,
WE284D, RCA45, RCAS50, Small and large quantities, and
movie theatre equipment, amplifier WE86A, WES9A,
WE30A, WES1A/B, pick-up WESA, WE10A, etc. Contact: M.
Takabe, 303 Fifth Ave., N.Y.C. 10016. Tel: (212) 679-1970.
TUBES receiving, factory boxed, low prices, free price list.
Transleteronic, Inc, 1306 40th Street, Brooklyn. N.Y.
11218A, Telephone 212-633-2800.

TUBES "Otldies™, latest. Steinmetz,
Maplewood, Hammond, Indiana 46324,

Lists free. 7519

ELECTRICAL SUPPLIES & EQUIPMENT

PLATING Equipment, Portable Platers., Supplies and
“Know-How.” Build your own tanks for nickel, chrome,
etc. Easy-to-install PVC liners. Rectifier components-—all
sizes Schematics, parts lLists, formulas, operating
instructions for all plating Guaranteed to save you 25%-
75% . Some good units for sale Write for details Platers
Service Company, 1511-PE Esperanza, Los Angeles, Calif
90023

TAPE AND RECORDERS

RENT 4-Track (En reel tapes—all major Iabets-r 3,000
different — free brochure Stereo-Party, 55 St. James Drive,
Santa Rosa, Ca. 95401

HEWLETT PACKARD
1-SEGMENT READOUT

7 Segment,Man-1_Pin Compatable,
Super-Bright .33" W/LH decimal
ea. $1.75 10 for $16.00

7400 DIP TTL SPECIAL

7400 DIP TTL Special Signetic/House
Numbered. ea.$.17 10 for $1.50

7404 DIPTTL

7404 DIP TTL Special Hex Inverter,
Signetic/House Numbered.
ea, $.17 10 for $1.50

SEND FOR i
FREE FLYER! AcéEéTéDTgTS e

All parts surplus and tested;leads plated

with gold or solder.Orders for $5 or more

are shipped prepaid;smaller orders add

55¢.California residents add Sales Tax.
shi d withi 4

ICs ipped within 2 hours_P. 0. Box 41727

BFIB‘I'LDn Sacramento, Ca,
841

ELECTRONICS (916) 334-2161

CIRCLE NQ. 43 ON READER SERVICE CARD

LISTEM T SPECTACULAR 4-CHANNEL SOUND!

Expand your stereo to quadraphonic Hi-Fi.

Build the VISTA Full Logic “SQ" Decoder.
Latest CBS ticensed circwtry using 3 IC's 1o provide Full Logic and Wave
Matching.
Exclusively ours. Xit SQ-1 $37.50. Shipped prepaid in USA & CANADA

Send for information.
PHOTOLUME CORPORATION
114 East 2lab Sieest, Mew Yook, BY |DOIE

WANTED

QUICKSILVER, ?’Iat|nu:S|lver. Gold, Bres Analyzed
Free Circular Mercury Terminal. Norwood, Mass 02062

MUSICAL INSTRUMENTS

UP TO 60% DISCOUNT. Name brand instruments catalog
Freeport Music, 455N Route 110, Melville, N.Y. 11746,
WHOLESALE' Professional Guitars, PA Systems, Aitec
Speakers, 240W RMS Amplfiers. Free Catalog, Carvir.
Escondido, Calif. 92028.

MARCH 1975

1930-1962 Radio Programs. Reels, $1.00 Hour! Cassettes,
$2 00 Hour! .Mammoth Catalog, $1.25. AM Treasures,
Box 192F, Babylon, N.Y 11702

CASSETTE LABELS

Plain white cassefte labefls. Norelco cassetle cleaners famous brand cassettes  Lik

new' 10172 melat reels Send for open reel and cassette discounl calalog
10M
Cassette Labels (Muttiples of [0) 02 015 ] 007
Noreico Cassette Cleaner 60 95 50 45
Scotch Cassette SCIOHE. Buy 10 get 5 FREE 325 30 295 280
10 172 Melal, NAB Reel Used 100 90 80 75
Plus Postage by Weigh! and Zone Mimmum Order. $500
SAXITONE TAPE SALES 1776 COLUMBIA ROAD, N.w
WASHINGTON, 0.C. 20009

WE have a few competitively priced used Revox A77 decks
avatlable. These have been completely reconditioned by
Revox, are virtually indistinguishabie from new and have
the standard Revox 90 day warranty for rebuilt machines
Satisfaction guaranteed. One example is an A77 Dolby for
$675 plus shipping. Please write stating your requirements
to ESSI, Box 854, Hicksville, N Y. 11802 (212) 895-9257

GOVERNMENT SURPLUS

GOVERNMENT Surplus How and Where to Buy in Your
Area Send $2.00. Surplus 30177-PE Headquarters Bldg
Washington, D C 20014

MANUALS for Govt Surplus radios. test sets, scopes. List
50 cents {coin) Books, 7218 Roanne Drive, Washington.
D.C 20021

PERSONALS

MAKE FRIENDS WORLDWIDE through international
correspondence. IHlustrated brochure free Hermes, Berlin
11, Box 110660/2D. Germany

INSTRUCTION

INTENSIVE 5 week course for Broadcast Engineers. F C C
First Class ficense. Radio Engineering Incorporated, 61 N.
Pineapple Ave., Sarasota, Florida 33577

PASS FCC EXAMSI| Memorizs. study —“Test. N

Arwwers’ tor FCC 15t and 2nd clam Radio |
Tetsphone licensss Newly revissd multipls '
choics questions end disgrams cover all srses
tasted in FCC axams plus “Self-Study Abihty
Tast™” $0.96 postpaid Moneyheck Guarsntes.

eLH PO BOX 36248-F
SAN FRANCIICO, CALIF. 94124

TR MLART PRCIDU

WWW. aknefrieainiadiahigstory.com

DATA SHEETS
WITH EVERY ITEM
739/749 ICWITH
EVERY $10 ORDER

FREE

e REDUCE YOUR PROJECT COSTS
e MONEY-BACK GUARANTEE
e 24-HOUR SHIPMENT

e ALL TESTED AND GUARANTEED

e TRANSISTORS (NPN):

2N3563 TYPE RF Amp & Osc to 1 GHz {pl.2N91E) 6/$1.00
2N3565 TYPE Gen. Purpose High Gain {T0-92/° 06} 6/$1.00
2N3567 TYPE High Current Amphfier/Sw 500 A 4/$1.00
2N3866 TYPE RF Pwr Amp 1-2 W @ 100-600 ¥ H? $1.50
2N3903 TYPE GP Amp & Sw to 100 mA and 3¢ MHz 6/$1.00
2N3904 TYPE GP Amp & Sw to 100 mA (T0-92/"06) 5/$1.00
2N3919 TYPE RF Pwr Amp 3-5W @ 3-30 MH:z $3.00
2N4274 TYPE Ultra-High Speed Switch 12 ns 4/$1.00
MPS6515 TYPE High-Gain Amplifier hpg 250 3/$1.00
Assort. NPN GP TYPES, 2N 3565, 2N3641, etc. (15} $2.00
2N3638 TYPE (PNP) GP Amp & Sw to 300 mA 4/$1.00
2N4249 TYPE (PNP) Low-Noise Amp 1 uA to £0 mA 4/$1.00
e FET's:

N-CHANNEL (LOW-NOISE):

2M4081 TYPE RF Amp & Switch {TO-18/106) 3/$1.00
2N4416 TYPE RF Amplifier to 450 MHz (TO 72} 2/%1.00
2N5163 TYPE Gen. Purpose Amp & Sw (T0-106) 3/81.00
2N5486 TYPE RF Amp to 450 MHz (plastic 2N4416} 3/$1.00
E100 TYPE Low-Cost Audia Amplifier 4/$1.00
ITE4868 TYPE Ultra-Low Noise Audio Amp. 2/$1.00
TIS74 TYPE High-Speed Switch 4052 3/$1.00
Assort. RF & GP FET's, 2N5163, 2N5486, etc. {8 $2.00
P.CHANNEL:

2N4360 TYPE Gen. Purpose Amp & Sw (TO-106) 3/$1.00
E175 TYPE High-speed Switch 125¢2 (TO-106) 3/$1.00

MARCH SPECIALS:

2N2222 or 2N2222A NPN TRANSISTOR GP Ama & Switch  5/$1.00
2N3563 TYPE NPN TRANSISTOR GP Amp & Swatch 4/$1.00

741 Freq. Compensated Op Amp (OIP/TO-5/MINI DIP) 3/$1.00

2N3906 TYPE PNP TRANSISTOR GP Amp & Switch 5/81 00

MM5316 Oigital Alarm Clock-Snooze/Alarm/Times

Hrs, Mins, Secs, 4 ar 6 Digit ~ with Specs/Schema ics $795
MM5736 6-Digit 4-Function Calculator 18 PIN 01 $3.95
e LINEAR IC's:

308 Micro-Power Op Amp (TO-5/MINI-DIP) $1.00
309K Voltage Requlator 5V @1 A (TO 3) $1.50
324 Quad 741 Op Amp, Compensated {DIP} $1.90
380 2-5 Watt Audio Amplifier 34 dB (DIP) $1.29
555X Timer 1 us-1 hr, Dif. pmaut from 555 {DIP $ 85
709 Poputar Op Amp (DIP/T0O-5) $.29
723 Valtage Regulator 3-30 V @ 1-250mA (DIF/T0-5) $ .58
739 Oual Low-Noise Audio Preamp/Dp Amp (CIF) $1.00

1458 Dual 741 Op Amp (MINI-DIP} $ .65

2556 Dual 555 Timer 1 usec to 1 hour {DIP) $1.55
e DIODES:
1N3600 TYPE Hi Speed Sw 75 V/200 mA 6/$1.00
1N3893 TYPE RECTIFIER Stud Mount 400 V/12 A 2/$1.00
1N914 or IN4148 TYPE Gen. Purp. 100V/10mA 10/81.00
IN749 ZENER 4.3 Voit (£10%) 400 mW 4/$1.00
IN753 ZENER 6.2 VoIt (+10%)} 400 mW 4/$1.00
1N755 ZENER 7.5 VoIt (+10%) 400 mW 4/$1.00
1N757 ZENER 9.1 Volt {+10%) 400 mW 4/$1.00
IN758 ZENER 10 Valt (+10%) 400 mW 4/$1.00
1NS65 ZENER 15 Vot {10%) 400 mW 4/$1.00
1N968 ZENER 20 Volt (+10%) 400 mW 4/$1.00
D5 VARACTOR 5-50 W Output @ 30-250 MH., 7-70 pF $5.00
F7 VARACTOR 1 3 W Output @ 100-500 MH:, &-30 pF $1.00

*MAIL NOW! FREE DATA SHEETS supplied with every item from
this ad. FREE 739 or 749 Low-Noise Dual Op amp included ($7 00
value) with every order ot $10 or more, postmarked prior 1o 4/30/75

ORDER TODAY-All items subject to prior sale and Prices subject to
change without notice

WRITE FOR FREE CATALOG oifering hundreds of semiconductors
not hsted here Send 10¢ stamp.

TERMS: All orders must be prepaid We pay postage. $1.00 handling
charge on orders under $10. Calif. residents add §% sales tax.

ADVA.......

BOX 4181-Z, WOODSIDE, CA 94062
Tel. (415) 851-0455

CIRCLE NO. 1 ON READER SERVICE CARD

SCORE high on FCC Exams  Over 3(0 questions and
answers. Covers 3rd, 2nd, 1st and even Radar Third and
Second Test, $14 50, First Class Test, $15.00 All tests,
$26 50. R.E.l, Inc ., Box 806, Sarasota, Fla 33577
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 caree: in e ectromics
enabling you to earn as much as $16.00 a1 hour in your
spare ime For more information write GE Radio Repair
Course, Dept. PE-0275. 531 N Ann Arbor Oklahoma City.
Okta 73127

LEARN WHILE ASLEEP, Hypnotize! Strange catalog free
Auto-suggestion, Box 24-ZD. Olympia, Washington 98501
DEGREE IN ELECTRONICS through correspondence. Free
catalog. Grantham. 2000 Stoner Avenuz, Los Angeles
Cal»torma 90025 -

FCC License, electromcs deS|gn sa(ellnte communica-
tions, through correspondence. Free catalcg. Genn Tech,
5540 Hollywood Blvd., Los Angeles, Calif. 90028.
UNDERSTAND Digital Electronics Calcu ators, Clocks.
Microprocessors New programmed-learning courses. De-
sign of Digital Systems, 6 parts, only $14.95 Digital
Computer Logic. 4 parts $9.95. Both $19.95 Unconditional
refund if dissatisfied. Cambridge Learning, Box 2301,
Santa Clara, Calif. 95051.
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LEARN ELECTRONIC ORGAN SERVICING at home all
makes inciuding transistor. Experimental kit—troubie-
shooting. Accredited NHSC. Free Booklet. NILES BRYANT
SCHOOL, 3631 Stockton, Dept. A, Sacramento. Calif.
95820

BUSINESS OPPORTUNITIES

I MADE $40.000.00 Year by Mailorder! Helped others make
money' Free Proof. Torrey. Box 318-NN, Ypsilanti
Michigan 48197

FREE CATALOGS Repair air conditioning, refnge(ahon
Tools. supplies. full instructions Ooolin. 2016 Canton.
Dal\as Texas 75201 - N
PIANO TUNING LEARNED QUICKLY AT HOME!
Tremendous field’ Musical knowledge unnecessary Gl
approved Information free. Empire School. Box 450327.
Miami 33145

$200.00 DAILY In Your Mailbox! Y0ur opportunity to do
what mail-order experts do. Free details. Associates. Box
136-J. Holland, Michigan 49423

FREE BOOK 2042 unique proven enterpnses
home! Hayling-B. Carisbad. CA 92008

Work

HIGHLY

PROFITABLE o NE'M AN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings
facts about this unusual opportunity. Write today!
Barta-DP, Box 248, Walnut Creek, CA 94597,

MAILORDER MILLIONAIRE helps beginners make $500
weekly. Free report reveals secret plan! Executive (1K3),
333 North Michugan, Chicago 60601

ﬁwa/%MCIT'ZENS BAND

DEALER-DISTRIBUTORS
Send this Ad to:

PAL ELECTRONICS CO.
P. O. Box 778 e Westminster, Ca. 92683

TERNATIONAL ELECTRONICS UNLIMITED
MARCH SPECIALS

12 DIG 4 funct fix dec
Same as 5001 exc btry pwr
12 DIG 4 funct w/mem

8 DIG 4 funct chain & dec
18 pin 6 DIG 4 funct

8DIG 5 funct K & Mem

9 DIG 4 funct {btry sur}

28 pin BCD 6 dig mux

24 pin 1 pps BCD 4 dig mux
28 pin 1 pps BCD 6 dig mux
24 pin 6 dig mux

40 pin alarm 4 dig

$2.95
495
6.95
225
4.45
4.95
4.95
4.95

1103
5260
6261
5262
2102
5203
HP50827414

256 bit RAM MOS
1024 bit RAM

1024 bit RAM

2048 bit RAM

1024 bit static RAM

UV Eras.

4 digit common cathode
Fits 14 pin DIP — .11 bubble lens
Red 7 seg .270"

Red .6" spaced seg

Red .6" solid seg

8 bit CPU prime quality

$2.95
295
2.95
7.95
6.95
19.85

2.75
.99

MAN 7
MAN 66
MAN 6
8008

3.560
4.25
64.50

LINEAR CIRCUITS

Hi perf. op amp
Op amp

Micro pwr op amp
5V reg 1A

V follr. Op Amp
Hi perf. V comp

7485 S1. 39
7486

7489

7480

7491

7492

7493

7494

7495

7496

74105
74107
74121
74122
74123
74125
74126
74141
74145
74150
74151
741563
74154
74155
74156
74157
74161
74163
74164
74165
74166
74173
74175
74176
74177
74180
74181
74182
74190
74192
74193
74194
74195
74196
74197
74198
74199

Data sheats supplied on request
Add $.50 for items less than $1.00

Neg. regulator
(5V,6.2V,12V. 15V}
Quad op amp
Quad comp

AG-IF strip det
Pos V reg

2 w stereo amp
2w audio amp
.6w audio amp

Prec. V reg

Timer

Phase locked loop
Phase locked loop
Phase locked loop
Function gen

Op amp

Hi speed V comp
Volt reg.

Dual hi pert amp
Comp. op amp
Dual 741

Freq adj 741

FM mux st demod
FM mux st demod
Dual Comp op amp
Quad amp

Prec. timer

Dual prl. driver
Dual prl. driver
Dual prl. driver
Quad seq driver
Hex dig. driver

Data shests supplied on request
Add $.50 for items less than $1.00

219

5001
5002
5005

74C154
74C157
74C160
74C161
74C163
74C164
74C173
74C195
80C95

80C97

74C00
74C02
74C04
74C08
74C10
74C20
74C42
74C73
74C74
74C76

MM 5314 24 pin 6 dig mux

Hi-speed dual comp

Pos V reg (5V, BV, 8V,
12v, 15V, 18V, 2av) T0-220

Lo noise dual preamp

Core mem sense amp
Core mem sense amp
Core mem sense amp

CALCULATOR & CLOCK CHIPS w/data
12 DIG 4 funct fix dec
Same as 5001 exc btry pwr
12 DIG 4 funct w/mem
MM5725 8 DIG 4 funct chain & dec
MM5736 18 pin 6 DIG 4 funct
MM5738 8 DIG 5 funct K & Mem
MM5739 9 DIG 4 funct (btry sur}
MM 5311 28 pin BCD 6 dig mux

MM 5312 24 pin 1 pps BCD 4 dig mux
MM 5313 28 pin 1 pps BCD 6 dig mux

MM 5316 40 pin alarm 4 dig

MICROPROCESSOR KIT

Basic kit provides a very versatile 16 bit
microprocessor. Optional memory hoards
are available allowing possible expansion of
the basic system to microcomputer or
minicomputer proportions.

mDIP
mDIP
mDIP
T0-3
mDIP
mDIP
DIP

Basic Kit Includes:

A printed circuit boards (compatible with
22 pin edge connectors — not supplied)

B microprocessor chip sets

C gates, interface elements, clock drivers,
etc

D transistors, diodes, capacitors

E 75 page data package which inciudes an
introduction to microprocessors. all ne
cessary data sheets and extensive data on
the workings and applications of micro-
processor chips.

PRICE (basic kit}

TO3
Dip
DIp

DIP
mDIP
Dip

$349.50

Available Options

Power supply component pkg
(P.P. or UPS)

Memory board B4 8-1101

Memory board B5 4-1101 4-5203
Memory board B6 space for 16
memories

DATA PACKAGE REFUNDABLE

WITH PURCHASE OF BASIC KIT 7.50

MEMORIES
256 hit RAM MOS
1024 bit RAM MOS
2048 bhit eras. PROM
1024 bit RAM low power
64 bit RAM TTL
8223 Programmable ROM
74200 256 bit Ram-tri-state

LED’S AND OPTO ISOLATORS

MV10B Red TO 18

MV50 Axial leads
MV5020 Jumbo visible red
ME4 Infra red diff. dome
Red 7 seg. .270"
Red alpha num .32"
Red 7 seg. .127"'
Red 7 seg. .127" claw
Red 7 seg. .190""
Green 7 seq. .270"
Red 7 seg. .270""
Yellow 7 seg. .270”
60" high dir. view
Red 7 seg. .3"
Opto-iso transistor

3.95

7a5 | mant
8,

MAN2
MAN3A
MAN3M
MAN4
MANS
MAN7
MANS
MANG6
DL707
MCT2

ON ORDERS OVER $25.00 DEDUCT 10%

4000 SERIES RCA-EQUIV.
CD4001 $ 55 CD4017 295
CD4009 .85 CD4019 1.35
CD4010
CD4011
CD4012
CD4013  1.20
CDA4016  1.25

CD4023
CD4025
CDA4027
CD4035

(408) 659-3171

102

A mail
CD4022 - days from receipt of order. Minimum order —

residents add sales tax.

All items are new, unused surplus parts — tested functional.
Satisfaction 1s guaranteed. Shipment will be made via first class

postage paid — in U.S., Canada and Mexico within three
$5.00. California

INTERNATIONAL ELECTRONICS UNLIMITED
P.0.BOX 1708 MONTEREY. CALIF. 93940 USA
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CAPITAL CONTACTS. We reach underwriters who
consider companies having net earnings to go public or
private placement. Write for helpful information
Confidential Consultant, 817 51st St., Brooklyn. N.Y 11220
GET AHEAD! Buy College Degrees
Free details. Counseling. Box 1162-PE3. Tustin
92680.

MAIL OUR HIGH PRQOFIT paying circulars under your
name! No postage or mailing envelopes to buy! Circulars
furnished FREE! Send stamped addressed envelope.
Wright, 949 Broadway, 602-PE, New York City 10010

MOVIE FILMS

without studying!
Calif.

8MM-SUPER 8-16MM MOVIES! Biggest Selection! Lowest
Prices! Free Catalog' Cinema Eight, Box PE. Chester
Connecticut 06412,

INVENTIONS WANTED

CASH-ROYALTIES for patented. u;wpélej\led inventions.
Global Marketing Service, 139-P Lake Merced Hill South.
San Francisco. California 94132

INVENTORS: Protect your ideas! Free "Recommended
Procedure = Washington Inventors Service, 422T
Washington Building. Washington. D.C. 20005

FREE PAMPHLET "'Tipson Safeguarding Your Invention
Write: United States Inventors Service Company, 708-T
Carry Buiiding Washlngton D.C. 20005

MR. INVENTOR: Manufacturers need inventions. For de-
velopment assistance. patent searches. sales for cash or
royalty. free "Proofof Invention forms and other important

information. write: Charles S. Prince. Invention Consultant.
509-E 5th Avenue, NYC 10017

Ny
Manufacturers Need
New Products

If you have an idea for a new product, or a way to
make an old product better, contact us, “the idea
people.” We'll develop your idea, introduce it to
industry, negotiate for cash sale or licensing.

Send for our FREE “Invention Kit.” [t has a

I special "Invention Record Form,” an important
brochure, "“Your Invention — its Development, Pro-
tection & Marketing," and a Directory of 500
Corporations Seeking New Products. You'll learn
B how ideas become a reality! I

RAYMOND LEE ORGANIZATION
230 Park Avenue, New York. N.Y. 10017 I

I'd like to find out how to take action on my
idea. Send Free “Invention Kit No.A-112""

Prease Print I

I Name

Address

City’

SAN FRANCISCO LOS ANGELES TORONTO VANCOUVER DENVER CHICAGD

STAMPS

200 WORLDWIDE s?amps only 10 cents. Inexpensive
foreign approvals included. White Company, Box 24211-
TC, Indianapolis, Indiana 46224

BOOKS

FREE catalog aviation/electronic/space books. Aero
Publishers. 328PE Aviation Road. Fallbrook, California
82028

FREE book prophet Elijah commg before Christ. Wonderful
bible evidence. Megiddo Mission. Dept 64, 481 Thurston
Rd.. Rochester, N.Y. 14618

BOOKS‘Eousands titles, bar;ins.
Cassiano, 82.-27 New York Bivd., Jamaica,
11433.

POPULAR ELECTRONICS INDEXES. Detailed and
complete subject indexes now available to both 1972 and
1973 magazines. Hundreds of subject references to help
you quickly find that special project, article, or product
test. 1972 and 1973 editions $1.00 each. INDEX, box 2228,
Falls Church, va. 22042

Cataiog 7Fvee
New York

INSTRUCTION MANUALS Thousands available for test
equipment. military electronics. Send $1,00 (Refundable
first order) for listing. A service of Tucker Electronics, Box
1050. Garland, Texas 75040.

POPULAR ELECTRONICS
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Popular Electronics
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ADVERTISERS INDEX

READER PAGE
SERVICE NO. ADVERTISER NUMBER
42 AP Products, inc ... ... ... L 71
1 Adva Electronics ... ........................ 101
2 Allison Automotive Company ................... 73
Alpha Electronics .. ............... ... ... 81
3 Altaj Electronics .. .. ... ... ..o 99
Ancrona Corp
7 B&K Precision, Products of Dynascan . ............. 1
43 Babylon Electronics .. ... 101
Belt & Howell Schools ............... 64, 65, 66, 67
CREI, Capitol Radio Engineering
Institute .. ........ ... ... 54, 55, 56, 57
8 Cleveland Institute of
Electronics ............... ... .. 84, 85, 86, 87
9 Clifford’s Hi-Fi Wholesalers 59

10 Continental Specialties Co

11 Defta Electronics Co 9

12 Deita Products, Inc

13 Digi-Key Corporation
Dixie Hi-Fidelity ........... ... ... ... . ..., 88

14 EICO .................
15 Edmund Scientific Co
16 Electronics and Control Engineers’

Book Club ... ... ... .. 5
G CElectronics .......... . ... 13
5 Heath Company ................... 44, 45, 46, 47
17 Winois Audio ... ................ . ... ....... 88
18 International Electronics Unlimited .. ............ 102
19 International Hi-Fi Distributors . ................ 89
20 James ... . 98
33 Johnson Co, EF. .. ... ... 25
21 Lafayette Radio Eiectronics . ................... 14
22 Mcintosh Laboratory. Inc ... ... L 23
23 OMITS o 7
24 Midwest Hifi Wholesalers .. ......... ... .. ..., 89
NRI Schools . ......... ... ... ... 8 9,10, 11
National Technical Schools ........... 74,75, 76,77
25 OEMOTSCO ... oo 92
26 Pace Communications . ....................... 59
27 PAIA Electronics, fnc ... 13
28 PanaVise .............. ..ol

29 Perma Power ....................iiiiiiiin.
30 Phase Linear Corporation . . L
31 PolyPaks . ...

32 Radio Shack .. ... D

35 ShureBrothersInc .............. .l
36  Solid State Sales
37 Southwest Technical Products Corp

38 Tri-Star Corporation ......................... 59

U.S. Coast Guard .................. 18, 19, 20, 21

39 U.S. Pioneer Electronics Corp .. .. . .SECOND COVER

4 United Audio Products, Inc ... ........ FOURTH COVER

41 Weller/Xcelite Electronics Division ............... 26

CLASSIFIED ADVERTISING .. ... .. 92, 94, 100, 101, 102, 103
MARCH 1975

HOME ENTERTAINMENT FILMS

SAVE A BUCK ($1.00) IN '75! Order the '71 NFL Highlights,
200" Standard 8. B&W only, $7.95 each Postpaid: or see Ali
get beat in the Ali-Norton (first fight), 200" Super 8, B&W,
$7.95 each. Both titles subject to prior sale and only while
supply lasts. Or. choose your own titles from revised
Castle, Columbia or Sportlite catalogs. 30 cents each
{coins or stamps — no checks. please). SPORTLITE, Elect.
Dept.-3, Box 24-500. Speedway. Indiana 46224.

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUN-
ITIES. Report on jobs now open. Details FREE. Aviation
Employment Information Service, Box 240, Northport, New
York 11768.

TREASURE FINDERS

FREE FACT-FILLED CATALOG! World's largest selection!
Metal detectors starting at $79.50. Two year guarantee!
Three factories. U.S.-Capada. 1,200 dealers - Setvice
Centers nationwide. Finest instruments at any price!
Budget Terms. Dealer inquiries invited. Write: White's
Electronics. Inc. Dept. PD5Q. 1011 Pleasant Valley Road,
Sweet Home, Oregon 97386.

TREASURE FINDER locates buried gold, silver, coins,
treasures. 6 powerful models. Instant financing available.
Write or call for free catalog. Phone (713) 682-2728 day or
night. Dealer inquiries invited. Relco, Dept. AA20. Box
10839, Houston, Texas 77018.

REAL ESTATE

BIG.. .FREE...CATALOG! Over 2500 top values in 40
states coast to coast! UNITED FARM AGENCY. 612-EP
West 47th St., Kansas City. Mo. 64112.

MINICOMPUTERS

WILL Buy, Selil or Trade homemade ana otheripenpheral
devices, software programs, eic. AL COVE. 230 Main,
North Reading, Mass. 01864.

POPULAR

: I ELECTRCNICS

.Tha ideal way to save your valuable copies, keep
them well protected and make it easy for you to
refer to any issue at any time. Bot1 decorative and
attractive enough to enhance the deccr of any room
each case holds a full year's copies. Constructed of
reinforced fiberboard, these durable cases are
covered in a rich-textured leatherette. The gold
embossed back adds to its elegance and makes
each case a welcome addition to our bookshelf
or cabinet.

Cases are available for your favorite magazines.
Only $5.95 each, 3 for $15.50 in ary combination
of titles, including all postage and hardling charges.
Qutside U.S.A. add $1 per case.
CHARGE YOUR ORDER TO YOUR AMERICAN
EXPRESS, BANKAMERICARD, MASTER
CHARGE OR DINERS CLUB ACCOUNT.

Ziff-Davis Serv. Div., Dept. 13, 595 B 'way, N.Y. 10012
Please send the Magazine Cases indicated below:
TITLE QUANTITY

CHECK: 7 All Black (] Maroon Back, Black Sides

[J ENCLOSED IS § PE-35
[] CHARGE: [ BankAmericard [] Master Charge
[J American Expres: ] Diners Club

__ Exp. Date oy

Account #

Master Charge Interbank # —
(4 numbers over your name)

Signature S

Print Name =

Address —

City State Zip

Residents of Calif., Col., Fla,, IIl,, Mich., Mo..

N.Y. State. D.C. and Tex. add applicable sales tax.

MAGNETS

MAGNETS. All types. Speciais-20 disc. or 10 bar, orz stick.
or 8 assorted magnets, $1.00. Magnets. Box 192-H.
Randallstown, Maryland 21133.

RECORDS

OLDIES. 45rpm. Free Catalog. éomy's RecoTﬂ Shop. E!ox
166TD, Mason, Ohio 4_50407,

RUBBER STAMPS

hUBBER add_ress stamps. Free catalog. 45 type styles.
Jackson's, Box 443G, Franklin Park, {ll. 60131

PLASTICS

CASTOLITE pours like water, hardens like glass without
heat. Crystal clear, colors. Embed flowers, seashells,
mementos, anything. Make fine gifts. Form flexible molds
over patterns of any shape, size. Reproduce your own
designs in plastics, candlewax, metal, plaster, cement.
Free Brochure. Or send $1.00 for illustrated Manual,
Catalog. Profitable. CASTOLITE, Dept. 75C/PE, Wood-
stock. Ill. 60098,

HYPNOTISM

SLEEP learning. Hypnotic method. 92;/., effectnv;. Detalls
free. ASR Foundation, Box 23429EG, Fort Lauderdale.
Florida 33307. ~

FREE Hypnotism. Self-Hypnosis. Sleep Learning Catalog!
Drawer H400, Ruidoso, New Mexico 88345. )
AMAZING self-hypnosis record releases fantastic mentai
power. Instant results! Free trial. Wnite: Forum (AA3), 333
North Michigan, Chicago 60601.

MISCELLANEOUS

WIBHEMAKERS: Free iIIustrategaalo?yeastsjc?uiém?\?
Semplex, Box 12276P, Minneapolis, Minn. 55412,

WWW. akhefieainiadiahigstory. com

RETAIL DISPLAY PLAN

All magazine retailers in
the United States and Can-
ada interested in earning
an allowance for the dis-
play and sale of a mini-
mum of five publications
of the Ziff-Davis Publish-
ing Company, to be paid
quarterly on the bas:s of
ten per cent of the cover
price of each sold copyv, as-
suming that all terms and
conditions of the contract
are satisfied, are entitled
to do so and are invited to
write for full details and
copies of the contract to
Single Copy Sales Direc-
tor, Ziff-Davis Publishing
Company, One Park Ave-
nue, New York, New York
10016.
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LIVE IN THE WORLD

OF TOMORROW...TODAY!

And our FREE 180 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

TEST YOUR DEGREE OF ESP!

Which light comes on when you push the
button—Star. Square. Triangie or Circie? if
you've got ESP you or your subject will guess
nght. significantly. Solid state ESP Tester
has guaranteed random circuit for
accuracy—you can't beat the machine by
memorizing! Run ciassic ESP. precognition.
Probability, telepathy experiments. Portabie.
Req. 4 “D" batt.

No. 72,090AV . . (6%x3%x2).................. .......... WSS $29.95 Ppd.
EXTRA PADS TO RECORD 250 EXPERIMENTS

Stock No. 72,092AV . ............... ... ..

- U — $3.50 Ppd.
0 0600000000 ODQGOESOOOEOEOS OO

“FISH” WITH A MAGNET

-

Go treasure huntingon the bottom! Fascinat-

ing fun & sometimes profitabte! Tie a line to

our powerful new specially designed 150 Ib.

pull PVC coated Magnet—drop it overboard in

bay, river, lake or ocean. Troll 1t along ,
bo{tom —your “‘treasured" haul can be out-

board motors, anchors, other metal valu-

ables. Has 6 stacked ceramic magnets. Lifts

over 150 Ibs. under water!

No. 71,135AV . .. (3-1/4x3-7/8') ..................oinna
75-LB. PULL (1 LB) W/ 3 CERAMIC MAGNETS

No. 71,150AV . . . (1-11/16x3-1/4") ...................c,ovee.o......$11.00 Ppd.

NEW! KIRLIAN
PHOTOGRAPHY KIT!

Experiment in the fascinating new
field of **Kirtian electrophotography—"
images obtained on film without
camera or lens by direct record-
ing of electric charge transmitted by

.......$17.50 Ppd.

Easy to build low-cost kit needs no
technical knowledge. Completed unit
has 3 bands of audio frequencies to mod-
ulate 3 independent strings of colored lamps
(1.e. “lows"-reds, “middles”-greens, “highs"-
blues. Just connect hi-fi, radio, power
lamp etc. & plug ea. lamp string into
own channel (max. 300w ea.). Kit features 3 neon indicators, color intensity
controls, controlled individ SCR circuits: 1solation transtormer: custom plastic
housing: Instr.

Stock No. 41,831AV ... $18.95 Ppd
OO0 000000000 OOOOCOOEOOSNOSOSOS

WAR SURPLUS
ELECTRIC GENERATOR

Brand new Signal Corps Model. Up to
90 volts by turning crank. Use in high
impedance relays. Charge ground &
bring up night crawlers for bait or
study. 2 Alnico Magnets alone now
"""" ) worth more than original $15 gov’t cost.

No. 50,225 AV (2 tbs.) $8.50 Ppd.

00000000000 00000000000
KNOW YOUR ALPHA FROM THETA!

For greater relaxation, concentration, listen to
your Alpha-Theta brainwaves. Ultra-sensitive
electrode headband slips on/off in seconds-
eliminates need for messy creams, etc. Atch'd
toamplifier, filters brainwaves, signals beep for
ea. Alpha or Theta wave passed. Monitoring

- pa——— e button stimulates Alpha sound; audio & visual
(L.E.D.) feedback. Reliable, easy-to-use unit comparable to costlier models. Com-
pletely safe. Comprehensive instruction booklet.

No. 1635AV (8x3x4 ; 24.02.) ..... AT, LIS AT BEADE IR $134.50 Ppd.
LOW COST “STARTER" UNIT
No. TIBOGAY 4. . o cam e cms mms e s B s s e e s o o ....$55.00 Ppd.

DELUXE "“ON" TIME MONITOR—Measures and records %
No. 1652AV .. .. (15x10x6") .. $349.50 Ppd.

0000000000000 000000000
WHICH ARE YOUR
CRITICAL DAYS?

Can Bio-rhythm tell you? We're not sure. but
we're told that vast mood shifts are caused by
your body's Internal Time Clock whose
rhythms can be charted ahead to possibly
warn you of “critical” days. Some are great.

3-CHANNEL COLOR ORGAN KIT

some blah. Maybe it’s your physical, emo-
tional & Intellectual rhythms converging at
the right or wrong time. Compute your cycies
with our Bio-rhythm kit and judge for your-

animate & inanimate objects. Each
“aura” differs--animate aura said to
change corresponding to physical changes. Kit incls. portable darkroom. double
transformer isolated from power source: instrs.

Stock No. 71,938AV ................... ..., $49.95 Ppd. SEE self. Incls Charting kit, metat Dialgraft Calc.,
“HIGH VOLTAGE PHOTOGRAPHY" by H.S. Dakin instrs.

No. 9129AV. (60-PG. PAPERBACK BOOK) . ..... .. $5.00 Ppd. FEATURE ARTICLE Stock No. 71,948AV ... . .. $11.50 Ppd.
DELUXE KIRLAN PHOTOGRAPHY SET T YR. PERSONALIZED REPORT BY COMPUTER

No. 72,053AV . ... $399.00 Ppd. JANUARY 1975 Stock No. 19,200AV . . . (send Birthdate) .. ................ccoovvn.... $15.95. Ppd.

BUILD A P
SOLAR ENERGY FURNACE

0000000000000 000000000
R 3" ASTRONOMICAL
: REFLECTING TELESCOPE

See stars, moon, planets close-up!
i' 30 to 90X. Famous Mt. Paliomar Type.
/

Aluminized & overcoated 3" diameter
/10 primary mirror, ventilated cell. Fork type
equatoriai mount. Durable PVC tube. n-
cludes 1" F L. 30X Ramsden. Barlow
lens to triple power, 3X finder
telescopes. hardwood tripod. FREE. “STAR CHART”, "HOW TO USE" book

Stock No. BS,240 AV . .u sps waiw aos v mme vm s v oo s sms w5 anuein $49.95 Ppd.

Fascinating new field. Harness the incredible
heat of the sun for experimentation - many
practical uses. Easy! Inexpensive! Use scrap-
wood. We furnish instructions. This sun pow-
ered furnace generates terrific heat - 2000° to

3000°. Fuses enamel to metal. Sets paper aflame in seconds. Use our Fresnel lens - D,ELPXE PEREELECTOR TECESCORFes a1 62AV B $79 oJGnd]
11" square, 1/16" thick, 19" Focal length, effective speed of f/1.9. e REFLECTORYS 1ol 35X, LAY -----$149.50 FoB
Stock No 76 533V IR I $6.00 Ppd. 4% REFLECTOR W/CLOCK DRIVE ... .#B5,107AV . .. .$189.50 FoB
TR ey 6" REFLECTOR (48X to 360X) .. .. .#85,187AV . P ..$249.50 FoB

6" REFLECTOR W/CLOCK DRIVE . #85.086AV......... ...$285.00 FOB

H CHECK OR M.O.

MAIL COUPON FOR

GIANT FREE EDMUND SCIENTIFIC CO. 300 Edscorp Building, Barrington, N J. 08007 1
I How Many stock NO Description Price Each Total I
= 180 PAGES oll\.:IONR'E ;Hlﬁi\l\.- I (] PLEASE SEND I
— 450 BARGAINS | GIANT FREE |
l Completely new 1975 edition. New items, categories, lustrations. Dozens CATALUG “AV”
of electrical ond electromognetic ports, accessories. Enormous selection of I |
croscopss. Binoeulors vagninrs MEaRDS, s BIoSC s, M- :
surplus bdrgums |ngér\>0ugs screntific vgots,'WOOO’s of components - I 0 UAY AddIHandlinglOhe s 31°0040rders]Undedts 3700-50¢0r0ersI0verds 5100 l
EDMUND SCIENTIFIC CO.
300 Edscorp Building, Barrington, N. }. 08007 I MONEY-BACK | enclose ] check [J money order for S TOTAL $ |
i Please rush Free Giant Catalog “AV" | GUARANTEE NAME |
S P\ | |
Address I FOR FULL REFUND ADDRESS, i
I—c,ly State. 2ip. i CITY. STATE 2IP.
.1
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== New 1975
Radio Shack Catalog
OVER 2000 PRODUCTS

EXCLUSIVES ON EVERY PAGE
BEAUTIFUL FULL COLOR

Ster2o ¢ Quadraphonic  Phonographs
TV Antennas ¢ Radios ¢ Citizens Band
Kits ¢ Amateur Radio » Tools
Auto Tune-Up = Batteries ® Wire
Test Instruments ¢ More!

164 pages of the finest in home and hobby electronics.
Respected nameslike Realistic, Micronta, Archer, Science
Fair—and they're available only at Radio Shack stores and
dealers nationwide' See what's really new in electronics
by sending for this exciting catalog.

TR
AP DSOS R

SEND FOR
YOURS TODAY!
FILL OUT
COUPON
BELOW

1975 Mail to Radio Shack, P. O. Box 1052, 489
Catalog  Ft. Worth, Texas 76101. (Please print.)

|

: Name Apt. No.

| street =

: City .

| State . ZIP D |

including 29.95-vzlue walnut veneer case

The Realistic® STA-250 delivers 44 watts RMS per cnanr 2l
at 8 ohms (202 watts IHF +1 dB total). Izs THD at half pcwer (1
kHz) is actually less than 0.1%. Obviously the STA-250 keeps
music pure even at “live performance” volume. With triple-ganged
tuning, two FET's in the front end and two IC’s, the FM is
exceptional too. Muting eliminates tuning noise and a center-
channel meter assures lowest distortion. Even the AM s triple-
ganged and has a signal strength meter. Other features inciude
high and low filters, inputs for two changers and a mag/ceramic
switch. When you're ready, exclusive Quatravox® lets you add
a second speaker pair for synthesized 4-channel. U.L. listed.
#31-2052. A great value, that's for pure. There's only one place
you can find it . . . Radio Shack.

Complete Realistic STA-250 System

|

save 7985 o
regular 579.80 ‘

49995

e Realistic STA-250 Receiver

e Two Optimus-1B Speaker Systems [

e LAB-36A Changer, Base,
$22.95-Va ue Elliptical Cartridge

o
1 "

T " g

"1 v

A TANDY CORPORATION COMPANY

OVER 3000 STORES ¢ 50 STATES « 8 COUNTRIES

Retail prices may vary at individual stores.

Mastercharge or
Bank Americard at
participating stores

CIRCLE NO. 32 ON READER SERVICE CARD
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Belt, rim, or direct drive?

Some reasonably unbiased comments from the people who make all three.

Manufacturers of turntables
with just one type of drive system
—belt, rim, or direct-drive—
naturally favor their own. Dual,

fully agree with Julian Hirsch
who said: "It would make little
difference if the platter were
powered by well-disciplined
hamsters on a treadmill. It is the
end result that counts!”’

The belt-drive system.

The main benefit of the
belt-drive system is its 3
effectiveness in filtering out motor /'
vibration. It is a simple system
that can be used with light duty
motors and platters, and lends
itself to low-cost manufacture.

The belt-driven Dual 601 is
not compromised. It employs a
high-torque 8-pole synchronous
motor which drives a 4.5 pound
dynamically-balanced platter,
taking full advantage of a heavy
platter’s flywheel effect to filter
out speed variations.

Thus, music lovers who
prefer belt-drive single-play
design can now enjoy the
precision and performance of a Dual.

The rim-drive system.

In the rim-drive system, the platter is driven by an
idler wheel which disengages when not in play. Since
each part must be machined and carefully quality-
controlled for perfect concentricity, this system is not
inexpensive to make. When correctly made, it will
perform not only precisely, but reliably and durably.

More audio experts— hifi editors, record reviewers,
engineers and music/equipment magazine readers —
own and continue to purchase Duals (with this system)
than any other make of quality turntable.

The direct-drive system.

In direct-drive systems, the motor rotates at record
speed and drives the platter directly, without need for
intermediate coupling. The result is a somewhat quieter
and smoother platter rotation than is achieved with any

The belt-drive Dual 601. Fully automatic, single play. $270,
including base and dust cover.

The rim-drive Dual 1229Q. Fully automatic plus multi-play.
$259.95, less base and dust cover.

The electronic direct-drive Dual 701. Fully automatic,
single play. $400, including base and dust cover.

B other system. But direct drive motors
b\ require a much more expensive
|\ technology.
. The most advanced of all
| direct-drive systems is in the Dual
701. Among the exclusive features
of its electronic motor: two sets
of overlapping field coils that
provide a totally gapless magnetic
field that eliminates the successive
B pulses common to all other motor
B designs. Result: almost total
L elimination of wow and flutter.

How drive system
performances compare.

As measured by the highly

conservative European standard
(DIN), the performances of the
rim-drive 1229Q and the belt-
drive 601 are identical: weighted

rumble: -63dB; wow and flutter less

than 0.06%. The direct-drive 701

does even better: weighted rumble,
-70dB; wow and flutter, less than

0.03%.

Although the 701
specifications are more impressive
than those of the 1229Q and 601,
you are not likely to detect any

difference unless your other
components also meet the highest
possible performance standards and
you are an exceptionally critical listener.

So much for drive systems.

We now suggest you forget about differences
among drive systems and simply decide which turntable
best suits your requirements for total performance
and convenience.

With a reasonable amount of bias, we also suggest
your decision can be made quite happily from among
the three types of Duals now available: Our automatic
models with provision for multi-play, priced from $129.95
to $259.95. The belt-drive 601 at $270. Or the
direct-drive 701 at $400.

® United Audio Products
120 So. Columbus Ave.,
Mt. Vernon, N.Y. 10553

£ xelusive U.S. Distribution Agency for Dual
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