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COBRA REINVENTS
THE REMOTE CB.

The first remote CBs were nothing
more than a CB transceiver that you
locked in your trunk and an oversized
mike that could barely fit in your hand

Such was the state of the art when the
first remotes were introduced. Which
was why Cobra spent till now improving
the state of the art.

Introducing the result. The Cobra
62XLR. Small enough to go under the
seat or on the firewall as well as in the
trunk  Strong enough to take the
bounces and jolts those early remotes
couldn't. Powerful enough to punch
through loud and clear.

The receiver has automatic gain
control, switchable noise limiting, plus
Dual-Gate Mosfet and Monolithic Crystal
Filter to keep interference to a minimum.
So the voice you hear always comes
through loud and clear.

The streamlined mike puts all the
controls at your fingertips. Speaker,
channel selector and squelch are built
right in. So there's no fiddling around
while you're driving around.

And with Cobra's reputation for
building them right and our nationwide
network of Service Centers making sure
they stay that way, you can be pretty
sure that nobody’s ever going to improve
on the 62XLR

Cobra may not have been the first to

make a remote. But wgwere the first

to do it right. g
( obra

Punches through loud and clear.

Cobra Communications Products
DYNASCAN CORPORATION
6460 W. Cortland St., Chicago, lllinois 60635

Wnte for color brochure

EXPORTERS: Emp re + Plamview, N.Y - CANADA.: Atlas Electr nics © Ontario
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fact:
the

new!

Shure V15 Type IV

SUPER.
Trackl\/

Stereo Dynetic Phono Cartridge

The creation of the new V15 Type |V is a tour de force in
innovative engineering. The challenge was to design a
cartridge that would transcend all existing cartridges in
musical transparency, technical excellence, and uniformity.
The unprecedented research and design disciplines that were
brought to bear on this challenge over a period of several years
have resulted in an altogether new pickup system that exceeds
previous performance levels by a significant degree—not
merely in one parameter, but in totality.

In fact, this pickup system has prevailed simultaneously over
several extremely difficult music re-creation problems which,
until now, have defied practical solutions. Most of all, this is an
eminently musical cartridge which is a delight to the critical ear,
regarcless of program material or the rigorous demands of
today's most technically advanced recordings.

<] SHURE

Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204

IV does more... much more!

THE V15 TYPE 1V OFFERS:

@ Demonstrably improved trackability across the entire
audible spectrum—especially in the critical mid- and
high-frequency areas.

SYSTEM TRACKABILITY *

THEORETICAL RECORDED VELOCITIES
6 ACTUAL MEASURED RECORDED VELOCITIES
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FREQUENCY IN HERTZ

*Carnndge-lone arm system trackability as mounted n SME 3009
lone arm at 1 gram tracking force.

® Dynamically stabilized tracking overcomes record-warp
caused problems, such as fluctuating tracking force, varying
tracking angle and wow.

@ Electrostatic neutralization of the record surface minimizes
three separate problems: static discharge; electrostatic
attraction of the cartridge to the record; and attraction of dust
to the record.

@ An effective dust and lint removal system.

® A Hyperelliptical stylus tip configuration dramatically
reduces both harmonic and intermodulation distortion.

@ Ultra-flat response—individually tested to within = 1 dB.

® Lowered effective mass of moving system results in reduced
dynamic mechanical impedance for superb performance at
ultra-light tracking forces.

For mote information on this remarkable new cartridge, write for
the V15 Type IV Product Brochure (ask for AL569), and read for
yourself how far Shure research and development has
advanced the state of the art.

®

In Canada: A. C. Simmonds & Sons Limited

Manufacturers of high fidelity components, microphones, sound systems and related circuitry.
CIRCLE NO 44 ON FREE INFORMATION CARD
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CSC's done it again.

Eroken the pricerand peérfor-
mance barriers with new MAX-100,
The multimode, professional porte-
ble frequency counte” that gives you
more fange, visibility, accurzcyand
versatility than any compa-zblz unit
at anywhere near its icw, lew grice.

MAXimum performance.
MAX-100isacinchtouse. tg:ves
you centinuous readings from 20Hz
“0a guaranteed 1G0MHz, with 8-
digit accuracy. Fast readings with
1/6-sec.update and 1-sec. samgling
-ate. Precise readings, derived from a
crystal-controlled time base with-
3ppm accuracy. High-sensizivi ty
"eadings from signals as Icw as 30
mV with diode overload pretecticn
Jp to 200V peaks. :

Input signals ove- 100f4Hz auto-
matically flash the most signif.cant
digit. And to indicate low-batety con-
Jditior and extend remainir ¢ battery

ife.tr2 entiredisplay f ashes et 1Hz.

: MAXimum versatility. Wherev-
2r and whenever you nzed acc Jrate
‘requancy readings, MAX czn do the
.ob Lseitwithclip-lead caklesup-
olied.Mini-whip antenna Crlcw-10ss
n-line tap with UHF connectois. For
AMor =M; CB,ham, business radio
and R/C transmitter or receive-align-
ment Monitoring audic anc RFgen-
2rato-s. Checking comr puter c ocks

and other digital circuits. Reparr of
depth sounders and fist spotters.
Troubleshooting ultrasonic remr ote
conzrolz. For these, and hundreds of
otheraoplications, you'll find t ndis-
pensat.e.

MAXimum visibility. MAX-100
features a big, bright 0.6 multip exed
8-d./gitLED display, with lead ngc-
zerc blankirg, So youdan't hevato
squ nt, or work up close. And,MAX's
flip-up stand is built-in.

MA Ximum flexibility. MAX-100
operates fram four power sources, for
usein l2b or field. Internal alkaline or
NiCad batteries. 110 or 220V with
charger/feliminator 12V with auto-
mobile cigarette-lighter adaptes/
charger And external 72-10Vspply.

MAXimum value. \With all its
impressive specs, you'd expect MAX
to cost alot mare than alcw $134.95,
complete with clip-lead cable and
appicetions/instruction manual. But
that's another nice thing about MAX:
though it's accurate enough foriab
use. it's well witkin the reach of wob-

-byists' and CB-ers’ budgets.

Order today. Call 203-624-3103
(East Coast) or 415-421-887 2 tWest
Coast): 3 am.-5p.m. local tire. Major
crecit cards accepted. Or see your
CSC dealer. Prices slightly higher
outside USA,

=g Cortirental Specialbes Corperait

79629455

100MHZ Frecuency, Cawter

Specifications.

Range: 20 Hz to 100 MHz, guananteed.
Gatetime: 1 3ec. Resolution: 1 Hz. Ac-
curacy: *+ 1count + time baseerror: Input
Impecances 1 MSL/56 pF Coupling: AC. Sine
Wave Sensitivity: 30 mVRMS @ 50 MHz. In-
ternal Time Base Frequency: 3575545 MHz
crysta osc. Setability: + 3 ppm @ 25°C.
Temp-Stability: Better thzan0 2 ppm/°C,
0-50°C. Max: Aging: 10 ppm/year. Display:
Eight.5" LEC digits; anti-glare window. Lead-
zero blanking: decimal point apgears between
6th amd 7th digit when input exceeds 1 MHz
Overflow: w:-th signals over 99,999 989 Hz
most significznt Jeft hand) dijit flashes, allow-
ing readings in excess of 100 MHz Disptay
update: 1/6-3econdplus 1 sec.gete time. Low
Battery Indicatar: ‘When powersudply ‘alls
below 5.6 VDT, alt digits flash @ 1 Hzrate.
Flashing dispiay 2xtends battery life. Power: 6
AA Alkaline or NiCadicells (internal); External :
110 0r220/VAC Eliminator/charger; Autaciga-
rette lighter edapter; 7.2-1 0 VOC ext. supply;
Bat. Charging: 12-“4hr. Size {HWD}: 1.75"
563"x7.75"[4.45x14.30x 19€6S cm.;
Weight: Less than 1.5 1b. (0.68 kc) w. batteries.
Accessories Included: Clip-lead input cable;
manuzl.

CONTNENTAL SPECIALTIES CORPORATION

70 Fuitcn Terrace, Bek 1942, New Haven CT 06509
203-624-3103 TWX #10-465-1227

WEST COAST: 351 California St., Sa Framc:sco, CA 34104,
415-421-8872 TWX §10-372-7992

GREAT BRITAIN: CSC UK LTD.

Spur Road, Nortt: Feltham Trading Estate,

Feltham, Middiesex, =ngland.

01-89(-0782 In:1 Telex: £51-861-366¢

CANADA: Len Fiakle~ Ltd ; Ontzric

CIRCLE NO 9 04 fREE NFORMATION CARD
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THE ELECTRONIC CURSE!

An editor from New York magazine telephoned me today and said, "'I'm calling
you because !'m doing a feature story on laziness.” Allowing me a few seconds to
recover from that opening line, she asked if | know anyone locally whose home is
equipped to do most anything at the push of a button or on voice command.

Have our electronic servants made us lazy, as some people seem to believe? |
think not, in the true sense of the word. But others may view this differently.

Many Japanese, for example, feel that some electronic aids can make a person
sluggish, physically or mentally. That's one reason why the use of the abacus or
soroban is so widespread in Japan (some 25 million Japanese use this device to-
day). Interestingly, the abacus is considered to be a valuable aid for increasing
one’'s mental alertness. Of course, the Japanese haven't forsaken electronic cal-
culators. They've simply added a mechanical device to their ownership of an elec-
tronic product, much as many Americans use bicycles as well as automobiles.

The importance that such mental-aleriness training holds for the Japanese is un-
derscored by the abacus instruction giveri every year to some two million elernen-
tary school students. Furthermore, abacus instruction is mandatory for business
administration students (about 300,000), and more than 300,000 Japanese are en-
rolled in special abacus schools. Every year, 1¥2 million Japanese take exams in
the use of the abacus to get a degree in proficiency level. Sort of a “black belt" in
abacus. Local abacus contests are held in Japan, with winners competing in an an-
nual soroban contest.

Primitive product or not (the abacus pre-dates Christ), tests prove that ex-
perienced abacus users can match the speed of electronic calculator users for ad-
dition, subtraction, division and multiplication. More important, though, Japanese
company spokesmen claim that the mental exercise garnered by using an abacus
develops acerebral agility that is beneficial in business. Abacus users are said to
be atle to figure out customers’ change in their heads with amazing speed and ac-
curacy, for example; at Hitachi, Ltd., computer key punch operators are chosen on
the basis of abacus proficiency, etc. To see how you fare against a skilled abacus
user, time yourself with an electronic calculator for answers to 30 problems at the
level of 8546 x 38. (A recent 18-year-old soroban champion required only 12 min-
utes on an abacus to solve 30 such calculations when he entered high school.)

I'm not suggesting that one forget about using an electronic calculator, of
course. But in line with electronics being a possible curse in some respects, let's
not forget the basics of creating and assembling these and other electronic de-
vices. How you approach this makes the difference between a kit builder and an
electronics experimenter. There's nothing wrong with the former, but to really learn
about electronics, don't forget the latter! And in response to those people who think
that electronics makes one lazy, electranics enthusiasts all know that it takes con-
siderable work (and knowledge) to assemble or design electronic equipment so
that we can take it easy.

POPULAR ELECTRONICS

AmericanRadioHistorv Com



ign of Digital System

- Six volumes

The products of digital electronics techno-
logy will play an important role in your
future. Calculators, digital watches and TV
games are already commonplace. Now,
microprocessors are generating a whole new
range of products. Personal computers will
be in widespread use very soon. Your TV,
telephone and computer will combine to
change your children’s education, your job—
your entire way of life.

WRITTEN BY EXPERTS

These courses were written by experts in
electronics and learning systems so that you
could teach yourself the theory and appli-
cation of digital logic. Learning by self-
instruction has the advantages of being
faster and more thorough than classroom
learning. You work at your own pace and
respond by answering questions on each new
piece of information before proceeding.

After completing these courses you will
have broadened your career prospects as well
as your understanding of the rapidly chang-
ing technological world around you.

The courses are designed as much for the
professional engineer as for the amateur
enthusiast. You'll learn about microprocess-
ing as well as personal computing — not to
mention all the other aspects of digital
electronics design.

ADVANCED COURSE
DESIGN OF DIGITAL SYSTEMS

Design of Digital Systems is written for the
engineer and serious hobbyist who wants to
learn more about digital electronics. Its six
large-format volumes—each 11%’' x 8%" are
packed with information, diagrams and
questions designed to lead you step by step
through number systems and Boolean algebra
to memories, counters and simple arithmetic
circuits,and finally to a complete understand-
ing of the design and operation of micro-
processors and computers.

CONTENTS

The contents of Design of Digital Systems
include:

Book 1: Octal, hexadecimal and binary
number systems; representation of negative
numbers; complementary systems; binary
mulitplication and division.

Book 2: OR and AND functions; logic
gates; NOT, exclusive-OR, NAND,NOR and
exclusive - NOR functions; multiple input
gates; truth tables; DeMorgan’s Laws; canon-
ical forms; logic conventions; Karnaugh map-
ping; three-state and wired logic.

Also availsble st leading computer stores:
Computer Mart of New York, | 18 Madison Ave., New York, NY.
Erie Computer Co., 1263 West 8th St., Erie, PA.
Interactive Computers, 7646% Dashwood, Houston, TX.
Interactive Computers, 16440 E} Camino Real. Houston, TX.
C s, 217 W. San F . Sante Fe. NM,
Readout Computer Stores, 6 Winspear Ave., Butfalo, NY.
imperial Computer Systems, Inc.. 2105 23rd Ave.. Rockford. IL.
Hame Computer Center, 6101 Yonge Si.. Willowdale, Un1ano. Canada

and many others, Ask your desler.

JULY 1978

Book 3: Half adders and full adders; sub-
tractors; serial and parallel adders; processors
and arithmetic logic units (ALUs); multi-
plication and division systems.

Book 4: Flip-flops; shift registers; asynch-
ronous counters; ring, Johnson and exclusive
-OR feedback counter; random access mem-
ories (RAMs); read-only memories (ROMs).

Book 5: Structure of calculators; keyboard
encoding; decoding display data; register
systems; control unit; program ROM; address
decoding; instruction sets; instruction decod-
ing; control program structure.

Book 6: Central processing unit (CPU);
memory organization; character represen-
tation; program storage; adaress modes;
input/output systems; program interrupts;
interrupt priorities; programming; assemblers;
executive programs, operating systems, and
time-sharing.

BASIC COURSE

Digital Computer Logic & Electronics

CONTENTS

Digital Computer Logic and Electronics is
designed for the beginner. No mathmetical
knowledge other than simple arithmetic is
assumed, though you should have an aptitude
for logical thought. It consists of 4 volumes—
each 11%"” x 8%'—and serves as an intro-
duction to the subject of digital electronics.

Contents include: Binary, octal and decimal
number systems; conversion between number
systems; AND, OR, NOR and NAND gates
and inverters; Boolean algebra and truth
tables; DeMorgan’s Laws; design of logical
circuits using NOR gates; R-S and J-K flip-
flops; binary counters, shift registers and
half-adders.

Dadinklict o

Personal Computers
& Microprocessing

Here are two inexpensive programmed

learning courses designed to keep
you up-to-date in digital electronics.

NO RISK GUARANTEE

There's absolutely no risk to you. If you're
not completely satisfied with your courses,
simply return them to GFN within 30 days.
We'll send you a prompt, full refund, Plus
return postage.

TAX DEDUCTIBLE

In most cases, the full cost of GFN's
courses can be a tax deductible expense.

HOW TO ORDER

To order by credit card, call GFN’s toll-
free number — (800)331-1000; or send your
check or money order (payable to GFN
Industries, Inc.) to the address below.

Prices include overseas surface mail post-
age. Air Mail: additional costs {10 volumes);
Caribbean $10; Europe $15; Africa, South
America $20; Australia, Asia $25; or write
for exact quote

Write for educational discounts, quantity
discounts and dealer costs.

LOW PRICES — SAVE $5

We ship promptly from stock. There are
no extras—we pay all shipping costs; we even
pay your sales tax where required. And if
you order both courses, you save $5. Order
at no obilgation today.

Design of Digital Systems ........ $19.95
- 6 volumes

Digital Computer Logic .......... $14.95
& Electronics - 4 volumes

Both courses - 10 volumes ....... $29.90

GFN Industries, Inc.
Suite 400—-P

888 Seventh Ave.
New York

N.Y. 10019

Call TOLL-FREE (800)331-1000
{orders only)




Letters

**ROAOMATE " REVISITED

With reference to the *Roadmate” CB con-
verter featured in the October 1976 issue of
PopuLAR ELECTRONICS, an r-f signal can leak
from the antenna through C1, R6, and LED1
to the power system of the vehicle. Moreover,
r-f noise from the ignition system can enter
the converter via the opposite path. Addition
of a 10-mH miniature choke in series with R6
will overcome this problem and result in a no-
ticeably higher S/N for the converter.
—Mark W. Fleming, Watertown, MA.

GETTING THE NAME STRAIGHT

Although the article “"How to Upgrade a Ba-
sic ELF Microcomputer” (February 1978) ap-
pears to be technically sound and proficiently
written, the contention that “Feelin' Groovy"”
was penned by Neil Simon looks very odd
The author of “Feelin' Groovy" is Paul
Simon. —Donald L. Wallace, Dayton, OH.

UFO RESEARCHER

Having researched the UFO (unidentified
flying object) controversy for the past 21
years, | read with interest “Investigating
UFO's and Other Magnetic Phenomena”
(May 1978). | am very pleased to see some
fresh material on the subject. Author George

Lawrence's UFO article was most informative.

—Hayden C. Hewes, Director, International
UFO Bureau, Inc., Edmond, OK.

GREAT TUTORIAL

Thanks for the great article on “How to De-
sign Power Supplies” in the April 1978 issue.
It was one of the best tutorial articles on elec-
tronics | have ever seen. It combined clearly
presented theoretical material, good practical
examples (including diagrams and pictures),
and practical suggestions for determining val-
ues for a given component. —Charles Rag-
land, San Francisco, CA.

ELF USER’S GROUP

I am certain that many POPULAR ELEC-
TRONICS readers will be interested to know
that we are forming a COSMAC-1802 User's
Group for hobbyists who have any of the EIf
versions available, including VIP, Infinite, and
other 1802-based microcomputers. We will
be corresponding, exchanging software and
ideas, etc. Membership is free. interested
readers, please write directly to: Patrick Kelly,
Box 7162, Los Angeles, CA 90022.

A COMPONENT CHANGE

With reference to the “Real-Time Y-
Octave Analyzer” that appeared in the Sep-
tember and October 1977 issues of POPULAR
ELECTRONICS, please be advised that there
has been a component substitution. An
SN76502 was originally specified for IC36.
This particular IC has been discontinued. The
new part number is TL4441CN.

Also, Table | in the article had two errors in
it. The filter capacitors should be labelied C8
and C28 (not C9 and C29) and should be
0.068 pF (not 0.047-wF). —Richard Marsh

Out of Tune

In “Microprocessor Microcourse, Part 2"
(April 1978) the Q and Q outputs of the flip-
flop in Fig. 13 should be transposed.

in “Elf 1l ROM Monitor" (March 1978) the
connection to pin 17 of a 2102 in Fig. 1
should be to a 2101

In “"How to Design and Build Power Sup-
plies, Part " (April 1978), on page 43 under
“Filters,” the second paragraph should read

. . the higher frequency of the full-wave
rectifier’'s output is easier to filter.” Also the
last sentence under the "Filters” heading
should read 8000 pF—not 8000 pF.

A P BROUGHT YOU SOLDERLESS BREADBOARDING.
NOW WE’'VE ADDED POWER.

Introducing POWERACE, the new line of ACE All Circuit Evaluators.

POWERACE—for fast, solderless circuit building and
testing. All models will accept all DIP sizes—plus TO-5's

and discretes with leads to .032" diameter. POWERACE

101 has a variable 5-15 VDC 600 ma Power supply.
POWERACE 102 features a fixed 5VDC 1 amp power
supply; and POWERACE 103 has a fixed 5VDC 750 ma
power supply, a fixed +15VDC 250 ma power supply, and
a fixed —15VDC power supply at 250 ma.

' MODEL #103
C $124.95

il Slle sy Ui
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Order from your A P distributor today. For the name of
the distributor nearest you call Toll-Free 800-321-9668.

Faster and Easier is what we're all about.
AP PRODUCTS INCORPORATED

Box 110 e 72 Corwin Drive, Painesville OH 44077
(216) 354-2101 TWX: 810-425-2250
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Popular Electronics
eprint series

Many important articles covering a variety of interests in the broad field ot electronics are
published in POPULAR ELECTRONICS. Reprints of selected articles and test reports are
now available in the event that you missed some you would like to have for reference or
study purposes—or for projects you wish to build. Reprints are only $1 each, 75¢ for those
marked with an asterisk, $1.50 for those noted. Minimum order is $3.

1+ Denotes new reprints available for the first time!

ECIAL ARTICLES

AUDIO

40854 How The New FTC Hi-Fi Rules Affect You

40855 How To Evaluate Tape Recording Specs

40856 A New Standard For FM Tuner Measurements
140964 Build The Hi-Fi/TV Audio Minder

COMPUTER
40860 How To Select A Microcomputer
40861 Ins & Outs Of Computers For Beginners
+»40966 Introducing Speechlab—The First Hobbyist Vocal
Interface For A Computer —$1.50

COSMAC “ELF” SERIES

40857 Low Cost Experimenter's Microcomputer

40858 Experimenter's Microcomputer/With Hardware
Improvements & More Programming Details

40859 Microcomputer/ How To Expand Memory, Plus
More Programs

40870 Build The Pixie Graphic Display

COMMUNICATIONS

40862 CB Specifications Made Easy

40863*How To Choose CB Base Station Antennas
140965 Build Morse-A-Letter —$1.50

OTHER

40867 How To Design Your Own Power Supplies

40868 The Care & Feeding Of NiCd Batteries

40869 Build A Gas & Fume Detector
140963 *Six CMOS Circuits For Experimenters
+»40967 Programming Calculators For Fun and Games —$1.50
+»#40968*Zap New Life Into Dead NiCd Batteries

LEARNING ELECTRONIC THEORY WITH

CALCULATORS SERIES

40864 Basic Equations and OHM's Law

40865 Reactance, Time Constants And AC Calculations

40866 RC Coupling, Basic Amplifier Calculations, and
RLC Relationship

TEST REPORTS

AUDIO
40871 ADC Accutrac 4000 Record Player
40872*Empire Model 698 Manual Turntable

*REPRINTS ARE $1 EACH, 75¢ FOR THOSE MARKED WITH ASTERISK, $1.50 FOR THOSE NOTED, MINIMUM ORDER $3.00.

40873 Kenwood Model 600 Integrated Stereo Amplifier
40874 *MXR Stereo Graphic Equalizer
40875* Nakamichi Model 500 Stereo Cassette Deck
40876 Onkyo Model TX-4500 AM/Stereo FM Receiver
40877*Ortofon MC20 Moving Coil Phone Cartridge
40878* Pickering Model XV-15/625E Stereo Phono Cartridge
40879 Pioneer Model CT-F8282 Stereo Cassette Deck
40880 Radio Shack "Realistic” Model STA-2000
AM/Stereo FM Receiver
40881 Rotel RX-7707 AM/Stereo FM Receiver
40882 Sansui Model TU-9900 AM/Stereo FM Tuner
40883 * Shure Model M24H Stereo Phono Cartridge
40884 * Sony Model TA-4650 V-FET Stereo Power Amplifier
40885* Spectro Acoustics Model 210 Stereo
Graphic Equalizer
40886* Stanton Model 681EEE Stereo Phono Cartridge
40887 Teac Model PC-10 Portable Stereo Cassette Deck
40888* Technics Model SB-6000A Linear Phase
Speaker System
40889* Thorens Model TD-126C Record Player
1»40969* Akai Model GX-270D-SS Four-Channel Tape Recorder
+»40970 Speakerlab Model S7 Speaker System Kit
+»#40972*Dual Model 1245 Automatic Turntable
+»40973*Burwen Model DNF 1201A Noise Reducer System

COMMUNICATIONS
40890* Cobra Model 29XLR 40-Ch. AM CB Mobile Transceiver
40891 *Drake Model SSR-1 AM/SSB Communications
Receiver
40892*Kenwood Model TS-820 Amateur Radio Transceiver
40893 *Kris Model XL-50 40-Ch. AM CB Mobile Transceiver
40894 * President Model “Washington” 40-Ch.
AM/SSB CB Base Station
40895 Yaesu Model FRG-7 AM/SSB Communications
Receiver
40971*General Electric Model 3-5825 AM/SSB CB Transceiver
40974 * Realistic Model TRC-449 Mobile AM/SSB CB Transceiver

TEST INSTRUMENTS

40928*B&K-Precision Model 280 Digital Multimeter
40929*B&K-Precision Model 1471B Dual-Trace Scope
40930*Ballantine Model 1010A Dual-Trace Scope
40931*Fluke Model 8020A Digital Multimeter
40932*Hewlett-Packard Model 280 Digital Multimeter
40933* Sencore Model DVM-32 Digital Multimeter
40934*Sencore Model TF-70 Portable Transistor Tester
40935*Triplet Model 60 Analog Multimeter

POPULAR ELECTRONICS REPRINTS, Dept. .78
P. O. Box 278, Pratt Statlon Reprint =

Quan

Print Name: —

Reprint = Quan.

Brooklyn, New York 11205

Address_. : R —

Please send the reprints listed.

City.

NUMBER OF REPRINTS ORDERED:
@75¢.__ _______ @§1.00 _ _ @%150

State R Zip.

+Residents of CA, CO, DC, FL, IL, MI, MO, NY STATE, TX,

TOTAL ENCLOSED $ — +

and VT add applicable sales tax. Qutside U.S.A. add $1.00
per order.

(MINIMUM ORDER $3.00)
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New Products

Additional information on new products

covered in this section is available from the

manufacturers. Either circle the item’s code

number on the Free I[nformation Card

or write to the manufacturer at the
address given.

B&K Precision
Portable Oscilloscope

The B&K Precision Model 1432 portable,
triggered-sweep, dual-trace oscilloscope
has a rated bandwidth of 15 MHz and verti-
cal sensitivity of 2 mV/division. Operation
can be from 117 or 234 V ac or 12 V dc.
Features include: channel A *channel B,
19 calibrated sweep ranges from 0.5 us to
1.5 s, 5x magnifier, automatic selection of
chopped or alternate display modes, and
automatic TV line and frame sync selec-
tion. The TTL-compatible Z axis permits in-
tensity modufation of the 3" CRT over a 1-
MHz range. Battery overcharge is prevent-
ed by an automatic charge-limiting circuit.
The Model 1432 is supplied with two 10:1/
direct probes, four accessory tips with car-
rying pouch, ac and dc power cables, and
a viewing hood. Options include a re-
chargeable battery pack. $750.
CIRCLE NO 93 ON FREE INFORMATION CARO

Hustler Quick Mount
CB Antenna

The Hustler “Speedy Seizer” mobile an-
tenna is designed for fast, semipermanent
mounting on such car-panel edges as
doors and trunk lids. A built-in ball joint al-
lows its use on vertical or horizontal edges
requiring only a 4" gap with a %" minimum
return behind the panel for clamping. The
mount grounds directly to the vehicle body,
yet can be readily removed for car washes
or concealment. The 46" long antenna is a

stainless steel center-loaded whip with
screwdriver-adjustable tip rod for SWR ad-
justments. A 17’ RG-58 cable with factory-
installed connectors is provided. $19.95.
CIRCLE NO. 88 ON FREE INFORMATION CARO

Five-Volt
Powered
Breadboard

Designed primarily for TTL logic circuits,
the Continental Specialties PB-203 Proto-
Board includes a 1%-regulated, 5-volt dc
power supply. The breadboard area in-
cludes enough tie points to support four-
teen, 14-pin DIP IC’s. Four binding posts

L
8
g .
E
2
&

provide additional power and signal con-
nections. The power supply is rated at 1 A,
5 =0.25 V, with 10 mV combined ripple
and noise at %2 A out, and is protected
against short circuits. Dimensions are 6%
X 9% x 344 in. (16.5 x 24.8 x 8.3 cm). $80.
CIRCLE NO. 91 ON FREE (INFORMATION CARD

Hidden Radar
Detector Converter

Bel Sales’ “Shadow" converter allows con-
cealment of any radar detector under car
hoods, says the manufacturer. When X
band or K band radar is sensed by the ra-
dar detector, the “Shadow” flashes a red

THE SHADOW

light and sounds a warning beeper. The
new device is powered from the car’s ciga-
rette lighter. Wiring and a waterproofing kit
are included. $49.95

CIRCLE NO. 89 ON FREE INFORMATION CARD

Automatic
Garage Door
Electronic Lock

Here is an electronic combination lock to
activate automatic garage-door openers
without using radio control or a key. The
three-digit combination has a total of 390

possible combinations; wrong digits disa-
bie the system for 30 to 60 seconds. The
lock is guaranteed to operate from —50° to
150°F., and requires only two low-voltage
wires and two screws for its installation.
$19.95. Address: Domino Engineering
Corp., Box 376, Taylorville, IL 62568.

Teac Open-Reel
Tape Deck

Teac's new quarter-track, two-channel
A-6600 is an open-reel tape deck with sep-
arate erase, record, playback, and re-
verse-playback heads. Full IC logic push-
button control is provided, along with auto-
matic reverse (with sensing foil) and auto-
matic repeat play. A two-capstan servo-
tension system moves tape at speeds of

3% and 7Yz ips. The A-6600 also includes
a 20-dB microphone attenuator pad, cue
selection, auto space, large and small reel
tension switch, individual microphone and
line controls for each channel, a master
control, independent two-position bias and

(Continued on page 10)
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equalization controls, large VU meters

which can be switched to read up to +6 VU,

independent input level controls for mike/

line mixing capability, and a separate out-

put level control. Optional accessories in-

clude the RC-80 remote control. $1300.
CIRCLE NO 92 ON FREE INFORMATION CARO

Portable Radio
Direction Finder

The Apelco Marine Electronics DF-10 ra-
dio direction finder receives marine and
aviation radio beacons, the marine band,

and standard AM broadcasts. The DF-10
features a switchable noise limiter and a
bfo. Another tuning aid provided is a sensi-
tivity meter, which doubles as a power cell
strength indicator. The solid-state radio di-
rection finder is powered by eight “D" cells.
Dimensions are 7.5"H x 11"W x 9"D (19.1 x
27.9 x 22.9 cm). Weight is 8.5 Ib (3.9 kg).
$249.
CIRCLE NO 86 ON FREE INFORMATION CARD

and rumble is rated at —65 dB. Turntable
speed accuracy is maintained automatical-

ly but the user can also adjust it by +5.5%.

The 6-g low-mass tonearm has automatic
lift-off and damped cueing. Other ST-8
highlights include a built-in bubble level
with adjustable levelers and touch-sensi-
tive resistance-type switches. Dimensions
are 6.8"H x 16.5"W x 16.3"D (15.7 x 41.9x
41.3cm). $499.

CIRCLE NO 85 ON FREE INFORMATION CARO

Satin Moving-Caoil
Cartridge

The Satin Model M-117G is claimed to be
the only moving-coil stereo cartridge that
offers an output great enough to drive am-
plifiers and receivers directly without the
need for a transformer or pre-preamplifier.
In addition, the Satin is also said to be the
only moving-coil cartridge with user-
replaceable stylus assembly. (It is held in
place by magnetic force.) The key to the
high 3.0-mV output of the cartridge is the
use of aluminum ribbon coils and an
advanced magnetic structure to concen-
trate a high magnetic force in a 250-micron
gap. The cartridge comes with 2a 0.2 x 0.8
mil elliptical diamond stylus. Frequency
range is rated at 20 Hz to 25,000 Hz. Com-
pliance is rated at 12 x 10—6 cm/dyne.
Recommended tracking force is 0.5 to
1.5g.$115.
CIRCLE NO 87 ON FREE INFORMATION CARD

Rabco Straight-Line-
Tracking Turntable

The Rabco Model ST-8 straight-line-track-
ing 33-1/3-45-rpm turntable was recently
unveiled by Harman-Kardon. The ST-8
plays records the same way the master is
recorded; the company claims zero track-
ing error, zero skating force, and zero sty-

lus overhang. A "Hall-effect” servo-con-
trolled dc motor drives the 2.4-Ib (1.1-kg)
turntable via a belt. The platter is brought
to selected speed from a dead stop in only
one revolution, according to the manufac-
turer. Wow and flutter is said to be 0.05%;

Chemtronics Solder/
Desolder System

The Chemtronics SD5 Modular Solder/
Desolder System consists of a pound or

half-pound spool of MIL-spec solder and a
DS Desolder Wick Dispenser Tool

snapped into the core of the solder spool.
The D5 features a 2V2" heat-resistant Tef-
lon probe which is said to allow precise ap-
plication of the flux-treated wick. The probe
tip also aids “webbing™ of the wick, which
is available in 0.06" and 0.10" gauges. The
entire SD5 system is refillable and avail-
able as separate components. Solder
comes in 16-, 18-, and 21-gauge sizes with
63/37, 60/40, 50/50, and 40/60 formulas.
CIRCLE NO 94 ON FREE INFORMATION CARD

Space Byte Modular
Business Computer

Space Byte's new Modular Business Com-
puter is a business-oriented system that in-
cludes the Space Byte SB85-16 Terminal
Mounted Mainframe with 8085-based CPU
and 16K of read/write memory, a Hazel-
tine 1500 video display terminal, and an

iCOM 3712 dual floppy disk drive with
iCOM FDOS |li operating system. All hard-
ware is mounted on an adjustable, roll-
away floor stand. The BIZPAK business-
application software provided is a report-
generating system written in assembly lan-
guage, and features interactive program
modules for accounts payable and receiv-
able, payroll, and general ledger. There is
extensive operator prompting and trans-
parent file maintenance for inexperienced
computer operators. Other software avail-
able includes Disk Extended BASIC,
CP/M, and Fortran-80. Hardware and soft-
ware maintenance contracts are available,
CIRCLE NO 95 ON FREE INFORMATION CARO

Onkyo Digital
Synthesized Tuner

Onkyo's Model T-909 FM tuner uses digital
processing techniques throughout its cir-
cuitry, according to the manufacturer. The
T-909 employs a quartz crystal controlled
oscillator said to provide a tuning frequen-
cy accuracy of =30 ppm. Tuning is accom-

plished in 200-kHz steps, and the T-909
displays the frequency to which it is tuned
on front-panel, seven-segment LED's.
Among the features of the T-909 is its sev-
en-channel, user-programmable memory.
This allows station selection at the push of
a button. Other features include Dolby NR
adaptor plug-in provisions and a deempha-
sis switch, front-end dual-gate MOSFET's,
multipath detector terminals, and a "birdie"

(Continued on page 12)
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ALABAMA
Mobile

ALASKA
Anchorage
ARIZONA
Flagstaff
Fountain Hills
Tempe

Yuma
CALIFORNIA
Bellflower
Berkeley

Cypress

E! Monte
Fontana
Fullerton
Glendale

Lake Tahoe, South
Long Beach
Mission Viejo
Modesto
Monterey
Oceanside
Palo Alto
Palmdale
Pasadena
Sacramento
Sacramento
Sacramento
San Bernardino

San Carlos

San Diego

San Fernando
San Francisco
San Francisco
San Jose

San Luis Obispo
Santa Cruz
Santa Monica
Sunnyvale
Torrance
Vallejo

Van Nuys
Ventura

Walnut Creek
Westminster
COLORADO
Aurora
Steamboat Springs

CONNECTICUT
Bridgeport
FLORIDA
Ft. Lauderdale
Gainesville
Lakeland
Qrlando
Tampa
Tampa
GEORGIA
Atlanta
HAWAII
Aiea
Honolulu
IDAHO
Idaho Falls
ILLINOIS
Carbondale
Evanston
Evanston
Granite City
Groveland
Mount Prospect
Niles
Oak Park

" Rockford
Schaumburg
INDIANA
East Chicago
Hammond
IOWA
Clinton
Indianola
KANSAS
Kansas City

[ e R
iIm-pak co

Lafayette Radio Electronics

Electronics Corp. of Alaska

Jim’s Audio & Stereo Repair

P & C Communications
Computerworld Inc.
Yuma Electronics

Earl’s Hobby Shop

Al Lasher Electronics
SCR Electronics
Kimball & Stark
Fontana Electronics
Orvac Electronics Inc.
Eagle Electronics
CalPine Electronics
Scott Radio Supply Inc.
Tower Electronics Corp.
Computer Magic

Zackit

Electronic Center

Zack Electronics

Radio Shack A.S.C. Palmdale

Dow Radio Inc.

Heathkit Electronic Center
The Radio Place

Zackit

Inland Computer

& Electronics

J & H Outlet Store

Radio Shack A.S.C. Mira Mesa

San Fernando Electronics
Zack Electronics

Zenith Distributing Corp.
Quement Electronics

Mid-State Electronic Supply

Santa Cruz Electronics
Mission Control
Sunnyvale Electronics

SE Electronics

Zackit

Thrifty Electronics Supply
Lombard’s Electronics Inc.

Byte Shop of Walnut Creek

JK Electronics

Com Co Electronics
Norm's TV

& Electronics
Bridgeport Computer

Computers For You
Lafayette Radio

Lakeland Specialty Electronics

Altair Computer Center
AMF Electronics
Microcomputer Systems

Atlanta Computer Mart

Delcoms Hawaii
Integrated Circuit Supply

Audiotronics

Lafayette Radio

Itty Bitty Machine Co.
Tri-State Electronic Com.
Computer Systems Center
Moyer Electronics
Tri-State Electronic Corp.
Computer Land
Spectronics Inc.

Imperial Computer Systems

Data Domain

Acro Electronics Corp.
Quantum Computer Works

Bridge Elec. Computer Center

Electronix Limited

Electronic Surplus Sales

SEE YOUR LOCAL Ji=esk

For Dealer Infarmation, write or phone JIM-PAK®, 1021 Howard Ave., San Carlos, California 94070 (415) 592-8097

One-Stop
mponent Center

KANSAS {(Continued)

Manhattan Communications Specialties Ltd.
Wichita Amateur Radio Equipment Company
KENTUCKY
Lexington Radio-Electronic Equipment Co.
LOUISIANA
Baton Rouge Davis Electronics Supply Co.
MARYLAND
Baltimore Computer Workshop
of Baltimore
Baltimore Everything Electronic
La Vale J & M Electronics
Rockville Computer Workshop
Silver Spring Computers Etc.
Towson Baynesville Electronic Inc.
Towson Computers Etc.
MASSACHUSETTS
Medford Tufts Electronics
North Adams Electronics Supply Center
Waltham Computer Mart Inc.
Worcester AM Electronics Inc.
MICHIGAN

Ann Arbor Airway Electronic Communications

Flint Hobby Electronic Center
Grand Rapids Micro Computer World
Lansing Fulton Radio Supply Co.
Mt Clemens The Computer Store

MINNESOTA

Duluth Northwest Radio of Duluth

Eagan Computer Room Inc.

MISSOURI

El Derado Springs Beckman Electronics

Parkville Computer Workshop
of Kansas City

MONTANA

Billings Conley Radio Supply

NEBRASKA

Lincoln Altair Computer Center

North Platte Scott Radio Supply Corp.

Omaha Omaha Computer Store

NEVADA

Las Vegas Century 23

NEW JERSEY

Bayville A.R.S. Communications Services

Bricktown Radio Shack Associate Store
Cherry Hil The Computer Emporium
Hoboken Hoboken Computer Works

Pompton Lake Computer Corner

af New Jersey

Ramsey Typetronic Computer Store
NEW YORK

Albany Fort Orange Electronics
New York Computer Mart of New York

AUTHORIZED DEALERS

NEW YORK (Continued)

Rensselaer
Rochester
Troy

White Plains
Wiltiamsville

NORTH CAROLINA

Durham
Greensboro
Raleigh

OHIO
Bucyrus
Cincinnati
Columbus
Dayton
Reynoldsburg
OKLAHOMA
Guymon
Oklahoma City
Tulsa
OREGON
Beaverton
Coos Bay
Ontario
Salem

PENNSYLVANIA

Drexel Hill
Erie
Hershey
Murraysville

Phoenixville
Pittsburgh
Wilkesbare
RHODE ISLAND
Cranston
Pawtucket

SOUTH CAROLINA

North Charleston
TENNESSEE
Clarksville
Knoxville
Memphis
Memphis

Oak Ridge
TEXAS
Amarillo
Dallas
Houston
Houston

Com-Tech Electronics
2001 Microsystems
Trojan Electronics
The Computer Corner
Hirsch Sales Co.

Futureworld
Byte Shop
Byte Shop of Raleigh

Mead Electronics
Digital Design

Heathkit Electronic Center

Altair Computer Center
Universal Amateur Radio

Sound Service
Bits, Bytes & Micros
High Technology

Altair Computer Center
Herrick Electronix
Miller Electronics
Computer Pathways

Kass Electronic Distributors

Warren Radio

Microcomputer Systems Inc.

Computer Workshop
of Pittsburgh
Stevens Electronics
Tydings Company
Hamline Electronics

Jabbour Electronics City
Jabbour Electronics City

Technical Services Inc.
Masstronics

Byte Shop
Bluff City Electronics

Sere-Rose & Spencer Electronics

Computer Denn

Computer Encounters Inc.

CompuShop
Altair Computer Center
Interactive Computers

San Antonio  Shermen Electronics Supply Inc.

UTAH

Provo
VIRGINIA
Alexandria
Alexandria
Charlottesville
Hampton
Richmond
Springfield

Virginia Beach
WASHINGTON
Bellevue
Longview
Pasco

Seattle

Seattie
Spokane

WEST VIRGINIA
Morgantown
Morgantown
Ripley

CANADA
Alberta
Ontario
Quebec

PANAMA
Panama City
Panama City

FRANCE
Paris

SINGAPORE

Alpine Electronic Supply Co.

Computer Hardware Store
Computers Plus Inc.
Lafayette Electronics
Lafayette Radio
Computers-To-Go
Computer Workshop

of North Virginia

Heathkit Electronic Center

Altair Computer Center
Progress Electronics
Riverview Electronics
C-Com

Empire Electronics
Personal Computers

The Computer Corner
Electro Distributing Co.
Thompson's Radio Shack

The Computer Shop
Home Computer Centre
Wang's Microcenter

Electrotecnia S.A.
Sonitel, S.A.

Computer Boutique
Inter-Trade (PTE) Ltd.

DEALER TODAY!

JULY 1978
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NEW VERSATILITY ADDED

Xcelite'

SErVICE
master Kiis

all the electronic
service tools you need
99% of the time

Model 99SMW adds new dimensions to
the serviceability of Xcelite's famous and
still available 24-piece 99SM Service
Master Set

Housed handily in the same type of
roll-up, plastic-coated, canvas case, the
27-piece 99SMW adds a Weller WP25
professional, pencil-style soldering iron
with an extra, wider tip, and a No. 100
wire stripper/cutter. These plus the tra-
ditional 99SM tools that thousands of
servicemen and technicians have liked
so much so long” 20 Xcelite Series
99 quick-change, interchangeable blade
tools —popular size nutdrivers, slotted
and Phillips type screwdrivers, exten-
sion,reamer,regularand stubby handles;
diagonal and long nose pliers; thin-
pattern, adjustable wrench The handiest
handful of service tools you've ever laid
your hands on!

in stock at leading electronic
distributors . . . nationwide

TheCooperGroup

Electronics Division

filter. Controls include SCAN UP, SCAN
DOWN, MEMORY, and MUTING. The tuner's
specifications are: usable sensitivity of 9.8
dBf (1.7 uV) mono, 17.2 dBf (4 uV) stereo;
capture ratio, 1.5 dB; alternate channel at-
tenuation, 80 dB; and a frequency re-
sponse of 30-16,000 Hz +0.5, -2 dB.

CIRCLE NO 96 ON FREE INFORMATION CARD

TRS AM/SSB CB
Base Station

The TRS Challenger Model 1400 is its new
top-of-the-line 40-channel AM/SSB base
station CB transceiver. It features LED nu-
meric channel display and a built-in digital

clock. AM and SSB sensitivity is reported
as 0.7 and 0.3 pV at 10dB (S + N)/N, re-
spectively. Selectivity is rated at —50 dB
for +10 kHz (AM) and +2.5 kHz (SSB). PA
audio output is 4 W. Front-panel controls
and indicators include switchable anl and
noise blanker, high and low tone-cut con-
trols, panel-meter dimmer, r-f gain,
squelch, and fine-tune controls, plus S/r-f
and SWR meters. A front-panel head-
phone jack and dual speakers are also
provided. The ac-powered transceiver
measures 5.9"H x 15.8"W x 11.4"D (14.9x
40.0 x 28.9 cm). $549.95.

CIRCLE NO 97 ON FREE INFORMATION CARD

power input is 10-90 W continuous. The
Comptrac crossover network provides uni-
form energy transfer between drivers with
minimum phase shift. High- and mid-range
frequency level controls are hidden behind
the cocoa-colored, free-floating grille. Cab-
inetry is of hardwood. The 550 measures
31"H x 19.5"W x 15.5"D (78.7 x 49.5 x 39.4
cm). $299.95.

CIRCLE NO 98 ON FREE_ INFORMATION CARO

Amateur TV Converter

Science Workshop's Model ATVC-10
amateur TV converter enables one to mon-
itor transmissions in the 420-450-MHz
band on TV channels 2 through 6. It con-
nects to the vhf terminals of a standard TV
receiver. The ac-powered converter fea-
tures Varactor-tuned circuits and adjust-
able r-f gain. Its walnut and beige alumi-
num cabinet measures 1.8" x 4.3" x 4.1"
(4.6 x 10.9 x 10.4 cm). $49.95 factory
wired; $39.95 semi-kit (critical circuits pre-
wired and aligned). Address: Science
Workshop, Box 393, Bethpage, NY 11714.

Jensen Spectrum
Series Loudspeakers

The Spectrum Series is a new line of home
stereo speakers from Jensen Sound Labo-
ratories, headed by the top-of-the-line 550.
The 550 features a 15" woofer with poly-
urethane foam suspension, two 34" direct-
radiating mid-range drivers, and a 1%2” My-
lar dome tweeter. Frequency response is
45-20,000 Hz =3 dB, and recommended

WELLER® - WIS5* - XCELITE®
3 5 CINA 27502, 919/362-7511
CIRCLE NO. 10 ON FREE INFORMATION CARC

3M Instant-Record
Cassettes

3M's new instant-record cassettes (IRC)
eliminate the possibility of program materi-
al loss due to recording on cassette tape
leaders. The new tapes feature leaders of
low-noise recording tape, allowing record-
ing over the entire length of the tape. The
leaders are heavy-duty 1.5-mil tape, with
1-mil tape being used on the IRC-30 cas-
sette. This new tape format should prove
to be handy in all cassette tape applica-
tions, and especially valuable to blind stu-
dents who tape notes. 3M IRC cassettes
are available in C30 ($1.50), C60 ($1.80),
and C90 ($2.50) versions.

CIRCLE NO 99 ON FREE INFORMATION CARO

Shakespeare Digital
Depth Indicator

Shakespeare Marine Electronics’ new
400-D digital depth indicator, packaged in
a water-tight case, offers interesting func-
tions. One is an audio alarm when a pre-
set depth has been reached. Another pro-
vides a sound warning if depth varies from
a user-determined range or “window,” as
might happen when a ship slips anchor.
"Fail-safe” programming of the 400-D is
said to prevent false readings from being
displayed if positive bottom contact is lost.
The 400-D display consists of a 3V-digit
LCD readout, back-lighted for night opera-
tion. $349.95.

CIRCLE NO 100 ON FREE INFORMATION CARD
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Radio Shack’s peranél computer system?
This ad just might make you a believer.

TRS-80 ‘“Breakthru”
® TRS-80 microcomputer
e 12" video display
e Professional keyboard
=% e Power supply

e Cassette tape recorder
~ @ 4K RAM, Level-l BASIC
® 232-page manual
e 2 game cassettes

You can’t beat
the 4K system at

$599

...or the step-up
16K system at

$899

B TRS-80 “Sweet 16"

® Above, except
includes 16K RAM

...or the fast
4K/printer system at

$1198

TRS-80 “Educator”

| o Above, except
inciudes 4K RAM and
screen printer

...or the Level-ll TRS-80 “Professional”’

16K/printer/di3k o Abclwg, eﬁ%iptRAM
System at :;igkud?i?/e, expansion

interface, and
Level-Il BASIC

$2385

So how are you gonna beat the system that
does this much for this little? No way!

... The amazing new |
32K/Level-ll/2-disk/ R includes 32K RAM
line printer system at =S e printer,

$3874 \. - _ b and two disk drives

Get details and order now at Radio Shack stores and dealers in the USA, Canada, UK, Australia, Belgium, Holland, France, Japan.
Write Radio Shack, Division of Tandy Corporation, Dept. C-G53, 1400 One Tandy Center, Fort Worth, Texas 76102. Ask for Catalog TRS-80.

Radio fhaek

Prices May Vary at Individual Stores and Dealers The biggest name in little computers

TRS-80 “Business”
® Above, except
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New Literature

B&K FREQUENCY COUNTER GUIDE

A six-page brochure from B&K-Precision pro-
vides application information and complete

specifications on four B&K frequency coun-
ters. They include models that count up to
520 MHz, universal and autoranging coun-
ters, and portable instruments. A selection of
frequency counter accessories are also de-
scribed, including probes, power adaptors,
carrying cases and an RF signal tap. Ad-
dress: B&K Precision, Sales Dept., 6460 W.
Cortland Ave., Chicago, IL 60635.

EDMUND HOBBYIST CATALOG

Hundreds of new products are listed in Ed-
mund Scientific’s 165-page spring catalog for
experimenters, do-it-yourselfers, hobbyists,
and students. Some of these products in-

KIT#FC-50C . ..........
KIT#PSL-650 .. .. ...

MODEL#FC-50WT. .. ...
MODEL #FC-50/600 WT. .

AUTO BURGLAR
ALARM KIT

AN EASY TOASSEMBLE ANDEASY TO INSTALL
ALARM PRAOVIOING MANY FEATURES NOY
NORMALLY FOUND KEYLESS ALARM HAS
PROVISION FOR POS & GROUNDING
SWITCHMES OR SENSORS WILL PULSE MORN
RELAY AT VHZ RATE OR ORIVE SIREN. XiIT
PROVIDES PROGRAMMABLE TIME DELAYS
FOR EXIT, ENTRY & ALARM PERIOD UNIT
MOUNTS UNDER DASM - REMOTE SWITCH
CAN BE MOUNTED WHERE DESIRED CMOS
AELIABILITY AESISTS FALSE ALARMS &
PROVIDES FOR ULTRA DEPENDABLE ALARM
0ONOTBE FOOLED BY LOW PRICES! THIS IS A
TOP QUALITY COMPLETE KIT WITH ALL PARTS
INCLUDING DETAILED DRAWINGS AND IN-
STAUCTIONS OR AVAILABLE WIRED AND
TESTED

H#ALR-1WT
TESTED

SEE THE WORKS Clock KIt
Clear Plexiglas Stand

#6Big .4" digits
e120r24 hr. time
e3 set switches
ePlug transformer
eall parts included|

Plexiglas is
Pre-cut & drilled

Kit #850-4CP
Size: 6"H. 4% "W,3"0

VARIABLE REGULATED
1 AMP
POWER SUPPLY KIT

o VARIABLE FROM 4 t0 14V
« SHORT CIRCUIT PROOF

e 723 IC REGULATOR

« 2N3055 PASS TRANSISTOR
o CURRENT LIMITING AT 1 Amg
KiT IS COMPLETE INCLUDING
DRILLED & SOLDER PLATED
FIBERGLASS PC BOARD AND
ALL PARTS (Less TRANS.
FORAMER) KIT#PS-01 $8.95
TRANSFORMER 24V CT will
provide 300MA at 12Vand

1 Amp at 5V, $3.50

FND-359

47 Char. Ht,
7 segment LED

93¢ ea, 10/$8.50

SETOF 6
WITH MULTIPLEX
PC BOARD $6.95

KiT #FC-50C 1S comnzvz WITH PREDRILLED CHASSLS ALL HARDWARE AND STEP-BY.STEP INSTRUCTIONS.
WIRED & TESTED UNITS ARE CALIBRATED AND GUARANTEED.

. 650 MHZ PRESCALER [NOT SHOWN] .. ........... 29.95

60 MHZ COUNTER WIRED, TESTED & CAL.
600 MHZ COUNTER WIRED, TESTED & CAL.

WIRED & $19.95

NEW LSt TECHNOLOGY

FREQUENCY COUNTER

TAKE ADVANTAGE OF THIS NEW STATE-OF-THE-ART
COUNTER FEATURING THE MANY BENEFITS OF
CUSTOM LSt CIRCUITRY.

FEATURES AND SPECIFICATIONS:
OISPLAY: 8 RED LED DIGITS .4 CHARACTER HEIGHT
GATE TIMES: 1 SECDND AND 1/10 SECOND
PRESCALER WILL FIT INSIOE COUNTER CABINET
RESOLUTION: 1 HZ AT 4 SECOND, 10 HZ AT 1/10 SECOND.
FREQUENCY RANGE: 10 HZ TG 60 MMZ, [65 MHZ TYPICAL].
SENSITIVITY: 10 MV AMS TO 50 MHZ, 20 MV RMS TO 60 MHZ TYP,
INPUT IMPEDANCE : 1 MEGOHM AND 20 PF

[DIODE PROTECTED INPUT FOR OVER VOLTAGE PROTECTION.|
ACCURACY: * 1 PPM|[* .0001%1;AFTER CALIBRATION TYPICAL,
stnluvv WITHIN ) PPM PER HOUR AFTER WAAM UP [.001% XTAL|
iC PACKAGE COUNY: 8 [ALL SOCKETED|
INTERNAL POWER SUPPLY: § V DC  REGU!
INPUT POWER AEQUIRED: 8-12 VDC OR 11§ VAC AY 50160 H2.
POWER CONSUMPTION: 4 WATTS

XTAL TIME BASLE:
Power Reg: 5-15V
(2.5MA TP
Easy 3wire hookup
Accuracy: * 2PPM
#7B-1(Adjustable)

Will enable
Digital Clock Kits
or Ctock-Calendar
Kits to operate
from 12V DC.
1"x2"PC Board

Complete Kit 4495  wir & Cal $9.95

PLEXIGLAS CABINETS

Great for Clocks orany LED
Digital project. Clear-Red
Chassis serves as Bezelto
increase contrast of digital

ABINET | displays.
3"H6%" "W,5%"D Black, White or
Clear Cover

Fairchild Super Digit

popular FND-T0.

FND-359

OPTOELECTRONICS, INC.

5821 N.E. 14TH AVE.

FORT LAUDERDALE, FLA. 33334

PHONE (305) 771-2050/ 771-2051
ORDERS TO USA & CANADA ADD 5% FOR SHIPPING,

HANDLING & INSURANCE. ALL OTHERS ADD 10%. BANKAMERICARD
ADDITIONAL $1.00 CHARGE FOR ORDERS UNDER

$15.00 - COD FEE $1.00.

CABINET Il
2%"H.5"W.A"D $6.50 ca
REDORGREY PLEXIGLAS FOR DIGITAL BEZELS
3'x67x1/8"

sILE L=
s WY

12 VOLT AC or
M?:%%t DC POWERED

* 6JUMBO .4 REOLED'S BEWIND RED FILTEA LENS WITH CHROME Rt

* SET TIME FROM FRONT VIA HIDDEN SWITCHES + 12/24.Hr. TIME FORMAT
¢ STYLISH CHARCOAL GRAY CASE OF MOLDED HIGH TEMP. PLASTIC
» BRIOGE POWER INPUT CIRCUITRY — TWO WIRE NO POLARITY HOOK-UP)
* OPTIONAL CONNECTION TO BLANK DISPLAY [Use When Key O1f In Car, Etc.
¢ TOP QUALITY PC BOARDS & COMPONENTS - INSTRUCTIONS.

¢ MOUNTING BRACKET INCLUDED TG,

CoMpLETE KT 42795 i35 $269%, romria?

ASSEMBLED UNITS WIRED & TESTED
ORDER #2001 WT ILESS sv. BATTERY} $3798 "g:z ‘35
i oy ot atl ifieg

FLA. RES. ADD 4% TAX. uvlione how
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clude the Astroscan 2001, the 6-in. {/6 and
the 8-in. /5 telescopes; a Solar Water and
Beverage Heater; a manual on “How to Re-
duce Heating Costs Without Alternative Ener-
gy Sources;" and a Power Miser that makes
use of trapped air in a/c units which is usually
wasted. Other new products featured are: a
low-cost TV projection lens; UFO slide sets;
electronic computers ready to be built, elec-
tronic experiments for youngsters; and a dic-
tionary of scientific and technical terms. Ad-
dress: Edmund Scientific, Co., 7782 Edscorp
Bldg., Barrington, NJ 08007.

SYSTRON-DONNER PRODUCT CATALOG

Systron-Donner Corp. has issued a 20-page
catalog on its test instruments. Frequency
counters from 10 MHz to 24 GHz; universal
counter-timers; digital volt/muitimeters for
portable, bench, and systems applications;
dc laboratory and systems power supplies;
pulse/function/data signal and sweep gener-
ators, time code readers/generators/dis-
plays; spectrum analyzers; microwave com-
ponents and a new instrumentation controller
for IEEE bus applications are included. Ad-
dress: Systron-Donner Corporation, 10 Sys-
tron Dr., Concord, CA 94518.

CONTINENTAL SPECIALTIES
CATALOG

Continental Specialties Corp. has released a
12-page catalog describing its line of elec-
tronic prototyping, development and testing
hardware. New products such as hand-held
logic probes, and a matching digital pulser—
part of CSC's test equipment family called
The Logical Force—the MAX-100 compact
frequency counter are introduced. Other
products included are test sockets, soider-
less breadboards, test instruments and
matching blank cases, and IC test clips. Ad-
dress: Continental Specialties Corp., 70 Ful-
ton Terrace, New Haven, CT 06509.

HEATH INSTRUMENT CATALOG

Heath/Schlumberger has announced availa-
bility of its latest Assembled Instruments Cat-
alog. It contains 32 pages of descriptions and
specifications for Heath oscilloscopes, labo-
ratory-grade Strip and X-Y recorders, power
supplies, signal and function generators,
counters, multimeters (analog or digital), and
a selection of accessories such as probes
and interconnecting cables. A listing of self-
instruction courses in ac and dc electronics,
semiconductor devices, digital techniques,
microprocessors and others is included. Ad-
dress: Heath/Schlumberger, Dept. 57-020,
Benton Harbor, M149022.

WIDL VIDEO CATALOG

“The Catalog of Video Supplies and Acces-
sories,” now available from WIDL, Video,
Chicago, contains over 500 items such as
video tape, audio cassettes, tape labels, mi-
crophones, video and audio cables, connec-
tors and adapters, printed video forms and
other video accessories. Address: WIDL
Video, 5325 N. Lincoln, Chicago, IL 60625.

POPULAR ELECTRONICS



“A sight
oreeqars’’

e

Hard to believe there's one It's the top of the Mid- to the needs and wants

simple solution to the noise, land SSB line, with all the of serious CBers.

range and privacy problems important controls—our 2- In the words of C. W.

of conventional AM/CB. But button “Touch and Run” McCall, America’s Number 1

there is. channel selector that runs CBer: “Do your ears a favor.
It's Midland Power through all 40 channels and See your Midland CB dealer

Single-Sideband CB. stops where you want, SSB now.”

TUNE OUT TROUBLE. clarifier and volume control And while you're there,
Instead of 40 overcrowded —on the mike, as well as ask about the new Midland
channels, Midland SSB splits on the panel. Mobile Audic AM/FM car
each channel into three. And MOST ADVANCED. stereo line, with Micro-
you get more output power Electronically, it's the most Precision™ Tuning.
than your ordinary AM/CB. advanced SSB in Midland’s

As for features, Midland 17 years of electronics
makes SSB as simple or as experience. A "
advanced as you please. result of the M‘dland SSB
Take our Model 79-900, attention )
shown below. Midland pays Run Wlt.h Numbe.r 1.

@

il
- - OFF
MIPLAND \opEL 79-900

AI DLANDCB

A member of the Beneficial Carporation Family.
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Learnto service Communications/CB

RI’s Complete

16

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

There are more than 25
million CB sets out there, mil-
lions more two-way radios,
walkie-talkies, and other
communications apparatus
in use by business, industry,
government, police and fire
departments, and individuals.
That means a lot of service
and maintenance jobs...and
NRI can train you at home
to fill one of these openings.
NRI's Complete Communica-
tions Course covers all types of
two-way radio equipment ...
AM and FM transmission and
reception, television broadcast-
ing, microwave systems, radar
principles, marine electronics,
mobile communications, and
aircraft electronics. And NRI guaran-
tees you will pass the exam for the
commercial FCC Radiotelephone
License you need to perform most
servicing work, or your tuition will
be refunded in full. This money-back

Some designed-for-learning equipment you get.

agreement is good for six months
after completion of your course.

Learn on your own 2-meter,
digitally synthesized
VHF transceiver.

You'll learn to service all types
of communications equipment as you
assemble your own VHF transceiver.
NRI engineers have designed it, not
only as a commercial-quality, high-
performance unit, but as a unique
“power-on” training tool to give you
actual bench experience with the
principles needed to service CB, com-
mercial, and amateur equipment.

Then we help you
get your FCC Amateur License
SO you can go on the air.
The complete course includes
48 lessons, 9 special reference texts,
and 10 training kits. Included are
your own electronics Discovery Lab]"

AmericanRadioHistorv Com
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antenna applications lab, CMOS digi
tal frequency counter, and an optical
transmission system. You'll learn at
home, at your own convenience,
earning your FCC license and the
preparation you need for the com-
munications field of your choice.
Mail the postage-paid card today.

M™Trademark McGraw Hill.

CB specialist course
also offered.

If you prefer, you can concen-
trate on the booming field of CB radio
with NRI's special course in CB servic-
ing. You get 37 lessons, 8 reference
texts and plenty of hands-on training
with your own 40-channel CB, AC
power supply, and multi-meter. Also
included are 14 coaching units to
make it easy to get your commercial
Radiotelephone FCC License. .. required
for you to test and service communi-
cations equipment.

POPULAR ELECTRONICS




equipment at home...

Communications Course.

Orgetinto

TVand audio

NRI can train you at home to
service TV equipment and audio sys-
tems. Choose from five courses that
go up to our 48-lesson Master Color
TV/Audio Course. With it you get
14 kits for practical bench training
and demonstrations, including NRI's
exclusive, designed-for-learning,

25" diagonal solid state color TV,
4-channel audio system complete
with speakers, and professional in-
struments you build and use for learn-
ing and earning. It's proven, effective

servicing

NRI instructor/engineers
Each NRI student is assigned
his own course instructor. He’s there
to help you over any rough spots, ex-
plain problems, and give you the ad-
vice you need as you progress toward
your future. And he knows what he’s
talking about, because he was more
than likely involved in the design
of your course or some of the NRI
equipment you use. NRI instructors
are practical, experienced people who
really know their field and do their
best to pass their knowledge on to you.
You get more
for your money from NRI.
NRI employs no salesman, pays
no commissions. We pass the savings

training that's helped thousands of
pros already. And it's the best value
offered in the field. NRI's bite-size
lessons speed learning, exclusive

Learn computer electronics

As part of your training, you actually
assemble a working digital computer
with expanded memory, define and

on to you in reduced tuition, top-
quality professional equipment, and
reliable testing instruments necessary
for a successful career. You can pay
hundreds of dollars more at other
schools, but you can't get better
training.
Free catalog...

No salesman will call.

Get your free catalog and dis-
cover why NRI is the leader in home

“Power-On” training makes it real.
Send card for free catalog,.

NRI trains you at home
on a real digital computer.
Qualified technicians are

urgently needed flow chart programs, code your pro-  technical training with over a million
for careers in gram, store it along with data in the  students, over 60 years experience in
the rapidly memory bank. It's just one of the 10 helping people build new careers.
growing field hands-on training kits you receive. Mail the card today and get started
of computer You also build and use your own on your new future. If card has been
and digital elec-  TVOM,; experiment with NRI's exclu-  removed, write to:

tronics...and NRI ~ sive electronics lab. It's the quickest
trains you at home and best way to learn and start a new
on the real thing. career in trouble-shooting digital
AWNK computers. Send the card today.

"

C o
Hil

NRI SCHOOLS
McGraw Hill Center

for Continuing Education
3939 Wisconsin Avenue
Washington, D.C. 20016

EEiabedh T
L
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Stereo Scene

By Ralph Hodges

POWER SUPPLIES AND OTHER REVELATIONS

SUDDENLY an enormous amount of
attention is being paid to power sup-
plies in audio amplifiers. To quote from a
technical manual of a major Japanese
manufacturer: “It may fairly be said that
the most important thing in audio amplifi-
er designing is the power supply circuit
as a source of energy, because the fun-
damental function required from amplifi-
ers is to drive speakers.”

The same manual goes on to describe
the “ideal” characteristics of a power
supply: “(1) Low output impedance; (2)
Good transient response; (3) Huge pow-
er capacity and stable energy supply.”
This appears to make good sense.

Some time ago, | wrote in this space
about a modification to the Dynaco
Stereo 400 that would make it a “super”
amplifier. Much of the modification in-
volved augmenting the power supply (to
the tune of several hundred thousands
of microfarads) to improve the amplifi-
er's “audible” characteristics. At that
time | was enthusiastic about the differ-
ence (created by Frank Van Alstine of
the company of the same name) that |
heard between the modified and un-
modified versions of what was basically
the same amplifier. | still am. So is Dyna-
co, to judge by the emergence of the
new 416 amplifier with its add-on option
of zillions of microfarads that can be pur-
chased in a very attractive package,
plugged into the supply rails of the 416,
and set on top of the amplifier to create a
convenient and reasonably compact
duo. And | truly believe it does.

How Does It Work? To observe the
difference between an augmented and
unaugmented power supply you merely
connect a voltmeter across the supply
rails of your amplifier and see (and per-
haps hear) what happens as it's playing
a record or tape. Does the voltage go up
and down? Often it will, and presumably
that's not good. Several amplifier manu-

20

facturers have begun using the term
“dynamic crosstalk” to describe a condi-
tion (in an amplifier utilizing a single
power supply) in which the demands
made upon one channel will effectively
modulate the output of the other chan-
nel, because the power supply feeding
both is pumping up and down. You can
eliminate dynamic crosstalk—if its pos-
sibility concerns you—by building sepa-
rate and well-shielded power supplies
for each channel, or by designing a pow-
er supply that refuses to quit under any
conditions of current drain.

Separate power supplies have been
cropping up in astonishing numbers re-
cently. But anyone who has ever hefted
a power transformer for a truly big audic
amplifier knows that duplicating it (for
the second, third, or even fourth chan-
nel) is not especially cost effective.
Reverting to a single supply and adding
umpteen fllter capacitors can evidently
help to an extent. But note that these ca-
pacitors, although they weigh very little,
occupy a great deal of space. It takes a
lot of capacitors to make any significant
difference in the performance of a power
supply, and this probably accounts for
various manufacturers’ policies of offer-

Fig. 1. Top trace is voltage
variation of switching supply
while playing music. Bottom is
regular supply with same music.

AmericanRadioHictory Com

ing additional filter capacitors as add-on
rather than as built-in facilities.

Enter the presumed great hope of the
future: the switching power supply. This
concept reportedly comes to us fresh
from the world of the computer, and if it's
a little surprising that it's barely reached
into the realm of audio applications be-
fore now, it seems the possible deluge is
finally at hand.

The switching power supply is a
high-frequency device, operating typi-
cally at a frequency between 20,000 and
35,000 Hz. For such frequencies a
transformer can be quite efficient and
compact. Furthermore, it would stand to
reason that the storage capacitors, be-
ing charged at such a high rate, would
not need to incorporate the “extra” ca-
pacitance generally required by a high-
power amplifier with a 60-Hz supply. If
the above suggests the possibility of an
unusually small and lightweight assem-
bly, you're on the right track. Recently |
was shown a supply for a power amplifi-
er worth 120 watts per channel into 8
ohms (and 240 watts per channel—an
honest doubling!—into 4 ohms) that a
group of schoolchildren could have ef-
fortlessly played catch with. And yet this
supply exhibited almost no variation un-
der music-playback conditions that had
a conventional supply's voltages pump-
ing up and down vigorously. (Fig. 1.)

The power amplifier was the M-7070,
anew product from JVC; and by the time
you read this, Sony will have announced
two integrated amplifiers with switching
supplies to the U.S. market. Block dia-
grams for the two designs are shown in
Figs. 2 and 3. Note that in both cases
some form of feedback is used to regu-
late voltages and—in JVC's case—to
lower output impedance.

From all indications American manu-
facturers are hot on the heels of the
overseas companies, although they are
not necessarily in agreement as to the
proper goals of power-supply design. At
least one is unconcerned about main-
taining tightly regulated supply voltages
as long as the necessary voltages are
there when called for. And the speed
(transient response?) of a switching
supply should enable extremes of the
musical waveform to be “tracked” easily
as they occur. At other times the supply
will “stand down” in a much more effi-
cient mode of operation.

A Head That’s Finally Together?
The latest evolution in the Nakamichi
600 Series of two-head cassette decks
has a feature that's a little breathtaking:

POPULAR ELECTRONICS




The XSV/'3000 is the source of
perfection in stereo sound!

Three big features...all Pickering innovations o \ﬁ
over the past 10 years... have made it happen. o
STEREOHEDRON
1976: Stereohedron® This patented Stylus tip assures T
super traceAbility™, and its larger bearing radius offers the /mmw
least record wear and longest stylus life so far achievable. coﬁ%oﬁ\
1975: High Energy Rare Earth Magnet E‘iﬁﬁiﬁi’;

Another Pickering innovation, enabling complete 4, 1o pnical drawing of the Stereohedron shape
miniaturization of the

17 stylus assembly and tip
mass through utilization
of this type of magnet.

P e

FREQUENCY IN CYCLES PER SECOND

© PICKERING 1978

~—

2. Frequency response curve
of the XSV /3000

WITHOUT BRUSH

5 [ 4 1 — = S
|
|

1968: Dustamatic® Brush

This Pickering patented e e o R

invention dynamically stabilizes
the cartridge-arm system by damp-

ing low frequency resonance. ltimproves low frequency tracking

while playing irregular or warped records. Best of all, it provides

record protection by cleaning in front of the stylus.

3. Damping effect on tonearm resonance

For further information write to Pickering & Co., Inc.,
Dept. PE 101 Sunnyside Bivd., Plainview, N.Y. 11803 @ PICKERING
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SWITCHING PULSE CHOKE DC
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Fig. 2. JVC calls l —
its switching
supply D.P.S. CLOCK PULSE WIDTH ERROR
pgryDigitfl OSCILLATOR [ MODULATOR AMPLIFIER
R +
Power Supply. —REFERENCE
~—VOLTAGE
i o

a record/playback head with a 0.9 mi-
cron gap. Now that should—and in fact
does—make a lovely playback-only
head for a three-head cassette deck, but
the common understanding has been
that you just can’'t use such a narrow
gap for recording; flux saturation in the
magnetic gap kills you almost immedi-
ately, driving distortion way up.

Well, perhaps not. According to Naka-
michi, analysis of the flux pattern propa-
gated by such a head (if it is properly de-
signed) shows that the pattern—and
particularly the so-called “critical zone”
where recording actually takes place—
can in fact remain well-defined and con-
trolled, if a little distorted from its familiar
shape. Experts in tape-recording theory
contacted immediately after the Nakami-
chi announcement allowed that the
whole idea was plausible, although they
could not of course vouch for this partic-
ular execution of it sight unseen.

| won't exhaustively detail the specifi-
cations of the new Nakamichi machine
here, except to note that its usable fre-
quency response is claimed to extend
comfortably beyond 20,000 Hz, and that
performance appears to be as much
tape as machine limited. The “distortion
compensating” circuits of the previous
Model 600 have disappeared from the
present machine, but there are phase-
correcting circuits.

Dialing Vertical Angle. Of late I've
had very littie time to spend on the pho-
no vertical-tracking-angle issue, with
which this column has dealt on several
past occasions. (If you recall, the propo-

sition is that vertical tracking angle,
which can be altered by raising or lower-
ing the tonearm or shimming the phono
cartridge in the headshell, is critical to
within a degree or even less for proper
record-player performance. It should
also logically require at least occasional
alteration for different records.) Fortu-
nately, reports continue to come in from
the field; reports that are positive, nega-
tive, and just plain frustrated.

it is extremely difficult to give ade-
quate instructions on zeroing-in on
approximately correct vertical tracking
angle (VTA) to someone who lives at a
distance. The situation is only made
worse by certain cartridge/tonearm/
turntable combinations that assume
somewhat improbable-looking geome-
tries as they approach the optimum set-
ting (although a careful analysis of the

various angles involved usually reveals

that they are not so improbable at all).
But there may be a little help in the offing
for those inclined to pursue the matter.
The story is this: many have found
playing a left-minus-right signal from a
stereo record to be extremely helpful in
establishing at least a ballpark setting
for VTA. The idea makes perfect sense,
and I'm abashed that | didn't think of it
myself. In listening to the L-R, all you do
is try to minimize familiar old distortion
and mistracking effects, which will no
doubt be plentifully evident on vocal sibi-
lants and other demanding high-fre-
quency signals. It is recommended that
several records be used, since in many
cases the vocalist you're trying to focus
on will almost completely disappear in

the L-R mode. (In fact, if on such records
he/she does completely disappear,
that's a good sign.) What you really want
is a record in which a centered vocalist
acquires a distinct distant and reverber-
ant quality. Once you've established an
initial “optimum” setting for this one rec-
ord, you can rest assured that optimum
settings for others won't be far off.

Getting an L-R signal can be as sim-
ple or complex as you'd care to make it.
The simplest way is to reverse the leads
on one channe!l of the phono cartridge
and then switch the amplifier to mono.
Some fiddling with the balance control is
then advisable (the outputs of a phono
cartridge’'s two channels are rarely
matched perfectly) to get as complete a
drop-out of the central performers in the
stereo panorama as possible. An alter-
nate route to an L-R signal is, of course,
the use of a phase inverter somewhere
after the phono preamp to add the two
channels in anti-phase. Whatever takes
your fancy.

It's also been suggested that you use
a mono recording in pristine condition—
if you can find one—for the L-R test. In
this case you should hear nothing but
distortion, and the less distortion the bet-
ter in terms of VT A adjustment.

Again, I'd like to emphasize that I'm
not convinced this adjustment can be
carried out successfully on every record
player. It seems logical that a certain
amount of rock-solid stability must be
there to begin with before such subtle-
ties can be heard. But I'd be glad to be
proved wrong and look forward to further
reports from the field. o
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Interaction

[between cartridge
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and preamplifier]
can modify
response by
several decibels.

CARTRIDGE LOADING AND
PREAMPLIFIER INTERACTION

OR MANY YEARS, it was assumed

that a magnetic cartridge (of the
moving-magnet or moving-iron type)
would perform correctly if it were sim-
ply terminated by a 47,000-ohm re-
sistance. (The adoption of this load val-
ue was one of the earliest instances of
standardization in the hi-fi industry.)
More recently, we have become aware
that matters are not quite so simple. For
instance, the input resistance is shunt-
ed to ground by a capacitance. Part of
this is in the tonearm wiring that con-
nects the record player to the pream-
plifier and part in the preamplifier cir-
cuit itself.

The reactance of the shunting capaci-
tance decreases with increasing fre-
quency, reducing the total load imped-
ance presented to the cartridge. It
might seem that this would reduce the
cartridge’s high-frequency output, but
this is true only when the frequency is
very high. At lower frequencies, the
added shunt capacitance actually
boosts the cartridge’s output, and most
cartridges are designed to be terminat-
ed in a specific capacitance as well as
resistance for flattest overall frequency
response.

To see why this is so, one must real-
ize that the cartridge has a high-fre-
quency mechanical resonance between
its effective moving stylus mass (re-
ferred to the tip) and the compliance of
the vinyl record material. This may oc-
cur at a frequency as low as 10,000 Hz
in lower-priced cartridges, whose styli
are more massive, and as high as 30,000
Hz or more in CD-4 cartridges. Most of-
ten, it falls in the 15,000-to-25,000-Hz
range. The resonance takes the form of
a peak in the cartridge’s output, which
may be more or less damped by me-
chanical means in the structure of the
stylus system.

There is also an electrical resonance,
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between the inductance of the cartridge
coil and the total shunting capacitance
of the load circuit. Here, the damping is
supplied by the 47,000-ohm load re-
sistance and, to some extent, by the
winding resistance of the cartridge.
This resonance produces a response
peak whose frequency is determined by
the L and C values and whose ampli-
tude is controlled by the “Q" of the sys-
tem established by the circuit re-
sistance. However the mechanical reso-
nance and its frequency response char-
acteristics are not affected by any elec-
trical circuits within the cartridge or
external to it.

By proper proportioning of the elec-
trical and mechanical resonances of the
cartridge, the combined response can
be made very flat throughout the audio-
frequency range. By placing the electri-
cal resonance somewhat above the me-
chanical resonance and if both have the
correct “Q" values, the mechanical-
resonance peak will be attenuated and
the rise in frequency will improve the
overall flatness.

This is why a cartridge manufacturer
will usually specify a range of load ca-
pacitance values (such as 250 to 300 pF
or 400 to 500 pF) into which his car-
tridge will deliver its rated frequency
response. These values take into ac-
count the normal wiring capacitance of
the record player’s tonearm and its con-
necting cables (typically 100 to 500 pF
in modern units) and assume about 150
pF of input capacitance in the pream-
plifier. The actual preamplifier capaci-
tance, however, may vary widely, from
nearly zero to many hundreds of pico-
farads. Sometimes, as in the Hafler
Model DH-101 reviewed this month,
the naturally low-input capacitance of
the amplifier has been padded to 250
pF, making the load broadly optimum
for a wide variety of cartridges.

POPULAR ELECTRONICS




The effect of too little capaci-
tance is to produce a peak in the
cartridge response, often at a fre-
quency of 12,000 to 15,000 Hz. Too
much capacitance will often boost
the high frequency output of the
cartridge [in the 10,000-to-
15,000-Hz range] but will attenu-
ate it faster at higher frequencies.
A greatly excessive capacitance
will roll off the output pro-
nouncedly above 10,000 Hz or so.

There is a second factor to con-
sider that is entirely unrelated to
the cartridge load but which also

influences the overall frequency
response. In some phono pream-
plifier stages, the feedback net-
work that provides the RIAA play-
back equalization is not well iso-
lated from the cartridge input.
When the stage is driven from the
resistive source impedance of a
signal generator, the frequency re-
sponse may appear to be an accu-
rate RIAA curve. However, the
presence of the inductance of the
phono cartridge across the input
terminals may modify the amplifi-
er feedback sufficiently to alter its

response at very high frequencies.
In a good amplifier this effect is
moderate, usually less than =1 dB
of variation up to 20,000 Hz. (This
may be a boost or a cut or a com-
bination of the two.) In a few cases,
fortunately becoming rarer these
days, the interaction can modify
the response by several decibels,
which is plainly audible and obvi-
ously undesirable. In the finest
preamplifier designs, there is abso-
lutely no interaction between the
cartridge and the preamplifier
equalization.

Audio Test Reports
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HAFLER MODEL DH-101 STEREO PREAMPLIFIER

“Plain Jane'' preamp produces exceptionally fine performance.

The Hafler Model
DH-101 stereo
preamplifier is al-
most starkly sim-
ple, but its perfor-
mance is literally “state of the art.” Its
distortion is virtually unmeasurable, and
every effort appears to have been made
to eliminate the various flaws, both ma-
jor and minor, that plague many pream-
plifier designs.

The preamplifier is available in both
factory-wired and kit forms. The kit as-
sembly process is principaily one of me-
chanical assembly and the soldering of
wires from the circuit boards to the
switches and controls. The circuit board
assemblies themselves come complete-
ly wired and tested. The Model DH-101
measures 13%"W x 81%"'D x 3%'H
(34.9 x 21.6 x 8.3 cm) and weighs 8 Ib
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(3.6 kg). Suggested selling price about
$300 factory-wired, $200 kit.

General Description. The front-
panel controls of the preamplifier consist
of three knobs and 10 pushbutton
switches. The faces of the rectangular
pushbutton switches appear in black
when the switches are not engaged (out
positions). Pressing in any of these
switches causes the face color to
change to white (yellow in the case of
the TAPE monitor buttons), clearly in-
dicating the status of the controls with-
out requiring LED indicators or extra
electrical switching.

In addition to the various signal input
and output jacks, the rear apron con-
tains two pairs of phono jacks labeled
EXT PATCH, which are normally connect-
ed together by heavy jumpers. They are
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in the signal path, after the input selector
but ahead of any of the preamplifier's
active circuitry, except for the phono
preamplifier stages. They make it possi-
ble to connect an equalizer or other sig-
nal processor into the system without
sacrificing any of the tape-recorder ver-
satility of the preampiifier.

All the amplifier circuits are on a single
circuit board, onto which the lugs of the
control potentiometers are soldered.
When they are installed on the front pan-
el, the potentiometers are the sole
mounting support for the circuit board,
but they appear to be perfectly adequate
for that purpose. A smaller board con-
tains the power supply circuits (with |IC
regulators for the = 18-volt supplies) and
another board carries the pushbutton
switches. There is a large empty space
in the preamplifier that can accommo-
date a moving-coil phono cartridge
preamplifier (to be made available at a
later date) that will connect to one of the
phono inputs.

The performance specifications of the
Model DH-101 can be summed up quite
simply, although they are extensive. Ali
noise levels are inaudible and, with “A”
weighting, are very difficult to measure.
All frequency-response characteristics
are within 0.5 dB of flat or the specified
equalization response. Ali distortions
are less than the residual levels of any
standard laboratory instruments, up to
the rated output of 3 volts. There is no
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PERFORMANCE SPECIFICATIONS

Specification

Rating

Measured

Rated output

3 volts, 10-100,000 Hz

As rated

Maximum output

7 volts, 20-20,000 Hz

12 volts at 1000 Hz

THD Less than 0.001% Less than 0.0025%
at rated output (instrument residual)
IM distortion Below instrument residual | Less than 0.002%
(instrument residual)
Rise time 2ps 3pus
Slew rate 12 V/ps 7 to 12 V/us, depend-
ing on measurement method.
Frequency response 20-20,000 Hz, 20-20,000 Hz,
+0/-0.25dB +0/0.5dB

Hum & noise

—90 dBV (“A” weighted)

Less than —80dBV

(high level) (measurement limit)
—86 dBV (“A” weighted; |-68 dBV (unweighted)
phono)

Phono Frequency Within +0.5dB of RIAA, |Asrated

response 40-15,000 Hz.

Phono overload (1000 Hz) | 180 mV 180 mV

Phono cartridge inter- Unmeasurable Unmeasurable

action at 20,000 Hz

Phono gain (1000 Hz) 34 d8 35.4d8

High level gain (1000 Hz) |20dB + 1dB 20.0dB

Bass tone control range + 12dB +14.5, —16dB

(50 Hz)

Treble tone controlrange |+10dB +11.5, -17dB

(20,000 Hz)

detectable interaction between the pho-
no preamplifier response and the induc-
tance of a phone cartridge.

User Comment. The basic appear-
ance of the Model DH-101 is so plain
and devoid of gadgetry and styling fea-
tures that it is difficult to credit it with be-
ing quite possibly the most highly refined
preamplifier one can buy (in terms of
sheer performance). Our measurements
convinced us of the accuracy of the
claims for this preamplifier, and we
looked to our use tests to either confirm
or amend the conclusions of our mea-
surements.

Connecting the preamp to a hi-fi sys-
tem revealed what is probably its only
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weak point. The phono connectors on
the rear apron, at least on our early sam-
ple, seemed to be slightly oversize in
their outer diameter, requiring consider-
able force to insert some of the mating
plugs. This would not have been so bad,
but the rear apron itself is a thin, flexible
metal surface, liberally covered with
holes and cutouts. It bent inward, some-
times to an alarming degree, when the
necessary pressure was applied to the
phono plugs as they were inserted. This
did not result in any permanent deforma-
tion of the metalwork, but it did detract
from the overall image of quality which is
conveyed by every other aspect of the
performance and operation of the
preampitself. (Continued on page 30)
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The Hafler Model DH-101 is the first
preamplifier we've tested whose phono
equalization has been designed to con-
form to the IEC characteristic, expected
to be adopted by the RIAA at some future
time. The major effect of the change is to
incorporate a very effective infrasonic
(rumble) filter in the phono equalization.
Instead of the preampilifier gain continu-
ing at a nearly constant value to some in-
determinate frequency below 50 Hz (as
in the present RIAA characteristic), the
response is rolled off at low frequencies.
The difference between the two curves is
3 dB at 20 Hz (and only 0.6 dB at 50 Hz).
Hence, audible differences can be ex-
pected to be negligible. However, the
IEC response curve is down by about 18
dB at 2 Hz, compared to the extended
RIAA curve. Hafler has tailored the
equalization of the Model DH-101 to be a

(Continued from page 26}

There were no switching transients
when any of the pushbuttons were oper-
ated. Although there is no obvious
source of a time delay in the power sup-
ply circuits, there was no sign of a
“thump” when the preamplifier was
switched on, even when connected to
an already energized power amplifier.
The controls operated smoothly and
with a quality “feel.” We were unable to
measure the preamplifier’'s noise level,
which was below the minimum range of
our test instruments. However, even
with the volume set near maximum,
which produced ear-splitting levels from
records, lifting the pickup left a deafen-
ing silence, the hiss being barely audible

Product Focus

compromise between the two, falling
within 0.3 dB of the existing RIAA curve
down to 30 Hz, yet matching the IEC
curve within 1 to 2 dB throughout. A sec-
ond difference in the IEC curve is merely
one of definition; its high-frequency roll-
off, at 6 dB/octave, is extended to 20,000
Hz instead of stopping at 15,000 Hz as
before.

Both the phono preamplifier and the
tone control (output) sections of the Mod-
el DH-101 employ differential amplifiers
with complementary-symmetry output
stages. All the preamplifier circuits use
discrete components, the only IC's being
the power supply regulators. The phono
preamplifier has a very high output volt-
age capability (actually equal to that of
the main tone control amplifier). Its very
low output impedance enables it to drive
an adequate signal into the low imped-

with one's ear against the speaker.
Through the high-level inputs, there was
absolutely no audible hiss or hum, at
any setting of the volume control.

The preamp was designed to termi-
nate most phono cartridges correctly
and to be free of interaction with them.
To this end, each phono input has a
220-pF capacitor wired across it to
ground. With the normal amplifier input
capacitance of about 30 pF and typical
phono-cable and tonearm wiring capaci-
tance of about 150 pF, this loads the
cartridge with about 400 pF (in parallel
with 47,000 ohms). This is an optimum
condition for many cartridges, including
those from Ortofon and many Shure
models, among others. If the cartridge is

CIRCLE NO. 101 ON FREE INFORMATION CARD

ance of the equalizing network in the
feedback loop, even at very high fre-
quencies, without distortion.

In the main amplifier section, the tone
controls are located at the output of the
amplifier and supply a feedback signal to
the side of the differential input that is not
driven by the program signal. In their
configuration, the active circuits of the
Model DH-101 resemble a typical power
amplifier output stage (except for their
power ratings). Hafler credits this circuit
design for much of the exceptional per-
formance of the preamplifier, including its
extremely low distortion, excellent pulse
handling and transient characteristics,
and (especially in the case of the phono
input) a constant input impedance at all
frequencies of interest, regardless of the
reactive nature of the phono cartridge or
other source connected to the input.

meant to be terminated in a lower capa-
citance, such as 250 pF, or the connect-
ing cables have a higher than usual ca-
pacitance, the manufacturer suggests
that the 200-pF capacitors be removed
or replaced with other capacitors of a
lower value. This is not critical in most
cases, but anyone who is convinced that
he can hear the difference may wish to
trim the amplifier input capacitance to an
optimum value for his cartridge.

Although we tested a factory-wired
Model DH-101, we have been informed
by those who have built the kit that it is
very simple, and that even a neophyte
should be capable of assembling a prop-
erly performing preamplifier in a few
hours or so.

TECHNICS MODEL SL-1500MK2 DIRECT-DRIVE TURNTABLE
Quartz-control speed system also operates at each pitch control stop.
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SYSTEM

The Technics
Model SL-1500-
MK2 is a com-

plete direct-drive
system for playing
records. It consists of a turntable that is
directly driven at either 33 1/3 or 45 rpm
by a dc motor whose speed (including
pitch adjustment) is precisely controlied
by a quartz oscillator; a precision tone-
arm with damped cueing, automatic
muting and automatic return; and an
acoustically isolated base. A see-
through plastic dust cover is hinged to
the rear of the base.

The player measures approximately
17 11/16" W x 151/8"D x 511/16"H

POPULAR ELECTRONICS




PERFORMANCE SPECIFICATIONS

Specification

Rating

Measured

Wow and Flutter

0.025% wrms (JIS)

0.05% rms (IRE)

Rumble —50 dB (DIN 45539A) 34 dB unweighted (NAB)
—-73dB (DIN 45539B) —58 dB (ARLL weighted)
Build-up 90° or Va rotation Less than 1 second to

characteristic at 33-1/3 rpm

full speed or stop

Tracking error

+3° (outer groove

As specified (less than

angle of 12" disc); 0.4°/in. throughout)
+1° (inner groove)
Effective tonearm 22 g with 6.5-g 19 g net, less cartridge
mass cartridge at but with shell; measured
1.25-g stylus with 6-g cartridge at
pressure I-g force
Tonearm/cable Not specified. 100 pF to ground; 6.5 pF
capacitance between channels
Antiskating Not specified. Requires approximately I-g
calibration greater setting than
tracking force
Arm cueing Not specified. Very slow; no drift
Base isolation Not specified. Much better than average for

direct-drive turntables;
exceptionally resistant
to jarring.

(14.5 x 45.3 x 38.4 cm) and weighs 26
Ib (11.8 kg). The manufacturer's sug-
gested price, less cartridge, is $369.95.

Technical Description. As exempli-
fied in the Model SL-1500MK2, the di-
rect-drive turntable motors used by
Technics are dc motors with “heteropo-
lar” construction. According to Technics,
dc motors are more efficient than are ac
motors in turntable applications, requir-
ing less power and generating less heat.
The heteropolar motor used in the com-
pany's latest series of quartz-controlled
turntabies has a 12-pole stator, around
which revolves a 16-pole permanent-
magnet rotor that is a part of the platter
itself. This 3:4 pole ratio is claimed to be
optimum for a high-torque, high-efficien-
cy direct-drive motor.

Mounted concentrically with the di-
rect-drive rotor and stator is a frequency
generator (tachometer) that supplies a
feedback signal to the control circuits
that drive the motor. The generator con-
sists of two 91-tooth gears that are
smaller than the motor itself. One gearis
on the platter and the other is fixed and
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has a magnetic coil structure built into it.
The gear teeth do not touch. As the
teeth move past each other, a voltage is
induced in the coils of the fixed gear.
This supplies 91 pulses per revolution of
the platter to the control system.

Current is supplied to the windings of
the motor with precise timing from a bidi-
rectional drive circuit. The drive circuitis
effectively a three-phase, full-wave sys-
tem that produces smaller torque pulsa-
tions and, consequently, less wow and
flutter than the half-wave systems used
to drive some other turntable motors.
The timing of the signals sent to the sta-
tor windings is controlled by three sets of
fixed-position sensing windings and a
separate position detector rotor that
turns with the motor. These elements
perform the commutation function that is
necessary for the operation of a dc mo-
tor. Since all commutation is accom-
plished by means of magnetic induction,
there are no brushes to wear out or be-
come noisy.

The speed of the turntable is locked to
the frequency of a crystal-controlled os-
cillator and is maintained to an accuracy

AmericanRadioHietory Com

of +0.002%. Similar accuracy has been
achieved in a number of other quartz-
locked turntables in recent months, but
only at the 33 1/3- and 45-rpm nominal
operating speeds. For vernier speed
control, the quartz locks of these turnta-
bles are disabled and their speed refer-
ences are then adjustable dc voltages,
as they are in conventional direct-drive
turntables.

In the Technics turntable, however,
the full accuracy and stability of a
quartz-lock system are maintained,
while the speeds can be adjusted over a
+9.9% range in discrete 0.1% steps. The
exact deviation is decimally displayed by
a digitally driven numeric readout, as are
the basic 33 1/3- and 45-rpm operating
speeds. The synthesized quartz fre-
quency generator that makes this dis-
play possible would not have been prac-
tical before the development of large-
scale integrated (LS!) circuits.

At the heart of the system is the syn-
thesizer/counter chip. In it, the frequen-
cy of an external voltage-controlled os-
cillator (vco) is divided by 1000 and
compared with the frequency of a crystal
oscillator, which is also divided by 1000.
The filtered output of the phase com-
parator is fed back to the vco, locking
the latter in frequency and phase to the
crystal reference signal. The divided fre-
quercy from the vco is also counted by
circuits within the IC and converted into
digital display drive signals. A scanning
counter, controlled by + and — pushbut-
tons on the control panel of the turnta-
ble, can be used to change the frequen-
cy division ratio of the vco from 901 to
1099 in integral steps. This changes the
frequency in 0.1% steps from —9.9% to
+9.9%, while maintaining phase lock
with the crystal reference.

A starting signal is applied to the turn-
table's coils when the system is first
turned on. As the turntable speeds up,
the frequency fed back from the fre-
quency generator's gears is converted
to a dc voltage in a frequency-to-voltage
(F/V) converter whose output drives the
motor’'s torque-control circuit. Simul-
taneously, the frequency feedback sig-
nal is compared with the vco signal,
which is already locked to the divided
crystal-oscillator frequency, in a phase
comparator whose output is summed
with the F/V converter’'s output. When
the correct speed is attained, control is
autamatically transferred to the output of
the phase comparator. The strobe mark-
ings under the turntable platter are il-
luminated by LED's and can be seen
from above by a mirror system. The
{Continued on page 34) 31
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Black Knight™
Antenna Style
#4156-1

Base loaded

with graphite tip.

Trunk mounted.

White Knight™
Antenna Style
#4125-1

Base loaded

with fiberglass tip.

Trunk mounted.

Silver Knight™
Antenna Style
#4156-1S
Base loaded
with steel tip.

“Y Trunk mounted.

SHAKESPEARE HAS

Talk power. Some CBers have it. Some
don't.

If you don't have talk power, the odds
are twenty to one the fault's in the
antenna. You're not getting out. You're not
coming through.

'Tis far better
{o transmit _
than to receive

Frankly, you can receive a signal
with almost any antenna. A wire coat
hanger might do.

~  But the name of the game in CB
antennas is transmission (unless you
like talking to yourself).
Taik power is what separates

Knights of the Road from
the weaklings. Your nearby
Shakespeare antenna
dealer will show you how
Shakespeare has everyone
talking...loud and clear!

Nowyoure G
talking!

@ A protective sheath of
high grade resin fiberglass
totally encompassing the metal
radiator. Silver plated
copper radiator lowers resist-
ance and increases efficiency.

Solid brass insert, hand
soldered at the coil termination
(not just crimped) to permanently
seal out moisture.

Strength and elegance in
this polycarbonate housing offer
immediate protection and years
of aesthetic beauty.

Hetical wound tin
plated copper coil on a tapered
low-loss polycarbonate dielectric
core. Molten dipped silver
mica matching capacitor (not the
typical varnished pasteboard).

Solid brass threaded
fitting for positive coupling to
antenna mount.

POPULAR ELECTRONICS




EVERYONE TALKING!

METAL ANTENNA SHAKESPEARE
(TYPICAL) FIBERGLASS ANTENNA
The principle of “skin effect”: A transmitted
signal, in the form of enargy, travels on the
surface of the metal radiator of an antenna. This
occurs regardless of the length, density, or
thickness of the metal radlator. Picture an antenna
surface after it has been bombarded by millions of tiny
particles as it travels through our air day after day. Dust,
dirt, pollutants, salt, chemicals...all of them impinging on
the surface to create obstacles that offer resistance to
your transmitted signal.

The principle of “skin effect”. Within six months
exposure, surface resistance on an exposed antenna can
10b you of up to 20% of your power

DETERIORATION, SEVERE ENVIRONMENT

PERCENT OF EFFICIENCY

NEW 1 2 3
YEARS

A speck of dust?

It's hell in your eye...
even worse on your
antenna!

Like we said, it's the surface of a
metal antenna that radiates the signal. Or
iS meant to.

Metal corrodes. Fiberglass does not
corrode. And the fiberglass surface is far
less susceptible to pollution and
contaminants in the environment.

With a Shakespeare fiberglass
antenna, surface deterioration does not
mar performance because the surface is
not the radiator. Instead, the radiator is
sealed inside the fiberglass sheath, which
is transparent to electronic radiation and
lets the signal through without
interference or distortion.

JULY 1978

Thousands of giass filaments, running parallel the entire
length of the antenna, are molded and cured under
extreme heat anc pressure to provide a structure
amazingly strong durable, and corrosion res stant.

Fibergiass...
the way we doiit.

Shakespeare has created “The Big
Three” in antenna design: The Black
Knight. The White Knight. The Silver

Knight. Each of these great base loaded
antennas is engineered to be the best of
its kind. Each is pre-tuned at the factory.

The Black Knight™ antenna is
Shakespeare’s triumph in a new space
age material, graphite. Providing unheard
of strength and rigidity to keep your Black
Knight antenna erect at highway speeds.

The White Knight™ antenna is
Shakespeare’s fiberglass beauty. The
metal radiator that transmits the signal is
sheathed in enduring fiberglass;
safeguarded for life against moisture, salt,
dirt, dust, pollution, and corrosion.

The Silver Knight ™ antenna is
Shakespeare's metal antenna, just to
prove we're able to take on our
competition at its own game. If it's a
meta! antenna you want, we've got the
best metal anntenna you can buy.

RELAN...the world's largest Fiberglass
antenna plant just made your next antenna.

200,000 square feet devoted entirely to CB and marine antennas and related fiberglass products, complete with
advanced testing facilities and laboratories for research and development.

loe v 20 i S
b paii

ELECTRONICS AND FIBERGLASS DIVISION
Antenna Group/P.0. Box 246, Columbla, S.C. 29202

The Shakespeare Company/Manufacturers of Fishing Tackle, Communication Equipment, Industrial Fiberglass,
Wonderthread and Specialized Monofilaments, Golf Equipment, Automotive Products, Saddlery and Equestrian

Accessories, and Marine Taxidermy.
CIRCLE NO. 43 ON FREE INFORMATION CARD
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i

Motor

Al Drive o
circuit Torque  \_ ’/
Voltage Speed/voltage
comparator converter
4
T Phase .
comparator §

Block diagram shows
how motor rotational
speed is “locked” to

#L)uartz oscillator

The quartz synthesizer
pitch control permits
pitch variation by +9.9%
in steps of 0.1%

by dividing the oscillator
frequency by 1000.

The principal circuit components
of the phase control system

are incorporated in four IC’s.
Shown here also are the

a reference frequency
ortginating in
a quartz osctllator.

P.C

Ve

(Continued from page 31)

markings remain stationary, no matter
what speed the platter is set for, as long
as the phase-lock system is in control.

The motor drive is inherently bidirec-
tional, allowing the speed of the platter
to stabilize rapidly after it has been
changed in either direction. A useful by-
product of this system is the rapid brak-
ing that accompanies the shutdown of
the motor.

The tonearm furnished as part of the
player is a mildly S-shaped aluminum
tube with a lightweight diecast head
shell. Itis fitted with the four-pin bayonet
locked plug that is now used almost uni-
versally with Japanese tonearms. The
precision ball-bearing pivots are claimed
to have less than 7 mg of friction in the
horizontal or vertical planes.

{(Continued on page 40)
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test record eve

Here, at last, is a record that contains everything you need to get
the fuilest, most realistic reproduction from your stereo equipment.

Whether you've spent thousands on your stereo system or have
a more modest setup, the SRT14 is an indispensable tool fcr help-
ing you realize the full potential of your equipment.

Best of all, you don’t have to be an electronics engineer tc use it.
You can actually perform a complete stereo-system checkup by ear
slone.

A test lab in a record jacket

Employing the most edvanced recording, mastering, and pressing
techniques, the Stereo Review SRT14 is produced to strict iabora-
tory standards. Engraved in its grooves are a series of precisely
recorded tes! tones, fraquency sweeps, and random-noise signals
that enable you to accurately analyze and check your stereo system
for:

e Frequency response.

- Stereo separation.

= Cartridge tracking.

» Channel balance.

» Hum and noise, including turntable rumble

= Wow and flutter

» Optimum speaker piacement, and more ... much more,

And you can do it all without any instruments . . . by ear alone.

Step-by-step instructions

Included with the SRT14 is a detailed instruction manual com-
plete with charts, tables, and diagrams. This takes you step by step
through the testing process. It explains the significance of each
test. It tells you what to listen for. It clearly describes any abbera-
tions in system response. And it details corrective procedures.

For professionals too

The usefulness of the SRT14 is not contined to the nontecnnical
listener. Included on the record are a series of tests that call for
the use of sophisticated measuring instruments, such as oscillo-
scopes, chart recorders, and distortion analyzers. These tests permit
the advanced audiophile and professional to make precise measure-
ments of transient response, recorded signal velocity, anti-skating
compensation, IM distortion, and a host of other performance
characteristics.

SRT14 record contents

FREQUEN( (o) T, LEFT AND RI( CHANNELS. Con-
sists of half-octave warble tones that permit testing and adjustment
of frequency response of a sound system over the full audio range.
STEREO SEPARATION. Indicates the amount of signal leakage from
one channel into another using warble tones from 400 to 12,800 Hz.

..... O-CARTRIDGE TRACKING, HIGH ] Consists of a
wo-tone test signal (16,000 and 16,300 Hz) that repeatedly swoops
to a high level and returns to a fixed low level. The level and quality
of an audible "difference tone’ indicates mistracking.

! EREALIEAAY
FREQUENCY.

PS4
1) |

FREQUE

C V A single 300-
swoops indicates mistracking as an

IONO-CARTRIDGE TRACKING, LOW

Hz tone recorded with similar
increase in harmonic distortion.

CHANNEL BALANCE. Separate random-phase noise sources for the
two channels permit baiancing not only of overall channel! levels, but
also of the individual tweeters and mid-range drivers in the speaker
systems.

HASE TEST, SPEAK / F . A low-fre-
quency warble tone is recorded aiternately in and out of phase
several times to establish correct interchannel phasing.

NOISE TEST.

A very low-level recording of a piano provides a
reference playback level by which the low-trequency noise of a
sound system playing an unmcdulated groove can be judged.
RECORD-PLAYER FLUTTER TEST. A passage of piano music is
recorded three times with increasing amounts of flutter. The degree
to which the record-player's flutter “masks’ the recorded flutter
indicates ts relative severity.

FREQUENCY-RESPONSE SWEEP, 10,000 TO 40,000 HZ. The fre-
quency response and channel separation of a phono cartridge at
ultrasonic frequencies can be measured with a voltmeter or other
appropriate instrument to give an indication of the cartridge's
suitability for CD-4 reproduction.

FREQUENCY-RESPONSE SWEEP, 500 TO 20,000 HZ. Similarly, the
cartridge’s response and separation over ths range of important
audible fraquencies can be measured.

SQUARE-WAVE TEST. The high-frequency response, phase shift,
and resorant characteristics oi a phono cartridge can be evaluated
quickly by viewing the reproduced waveform of an RIAA-equalized
500-Hz square wave on an osci loscope.

TONE-BUAST TEST. Tone bursts sweeping from 500 to 20,000 Hz
give an indication of a phono cartridge’'s transient response when
the reproduced signal is viewed on the oscilloscope.
INTERMODULATION-DISTORTION TEST. A phono cartridge's inter-
modulation distortion can be measured directty using a standard IM
meter designed to analyze an SMPTE signal.

ANTISKATIN TE_S‘.‘ A specially designed test signal permits
aqjustment of skating compensation for best raproduction of critical
high-level recorded passages.

1,000-HZ IEFERENCE TONES. Four tones whose recorded velocities
increase by 3-dB steps can be used to determine (by the comparison
method) the recorded signal velocity on a disc recording.

FLUTTER AND SPEED TEST. A 3,150-Hz tone recorded with great
speed—accuracy and stability provides a signal for use with a
flutter meter or frequency counter.

S?.E E')-S“?:!E.‘!D TEST. A series of recorded gun shots provide a
guide to optimum speaker placement for the most subjective satisfy-
ing stered image.

The final step

Start getting the most out of your stereo system. Make the SRT14
your next record purchase. Just complete the coupon and mail it
along with your remittance . . . today!

PR N S P I R T A T R R R I ]

+  Yest Record, Dept. 30013, P.O. Box 278, Pratt Station, Brooklyn, NY 11205

Please send ____ SRY14|Stereo| Test| Records| @| $7.95 each
($9.95 outside U.S.A)).

O Enclosed Is $____
MO, NY STATE, TX and VT add applicable sales tax.

. Resldents of CA, CO, DC, FL, IL, M!,

. O CHARGE: [J Amesican Express [0 Master Charge
. O VISA [ Diners Club

: Account # Exp. Date

: Master Charge Interbank # (4 #'s over your name)
: Slgnature.

« Print Name

: Addreas

*  City State. Zip.
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op around.

¢ " r

When you do,you’ll probably pick CIE.
You can’t afford to settle for
less when it comes to something like
electronics training that could
affect your whole life.
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hen you shop around for

tires, you look for a bar-
gain. After all, if it’s the same
brand, better price —why not
save money?

Education’s different.
There’s no such thing as “same
brand.” No two schools are
alike. And, once you’ve made
your choice, the training you
get stays with you for the rest
of your life.

So, shop around for your
training. Not for the bargain.
For the best. Thorough, profes-
sional training to help give you
pride and confidence.

%k kX

If you talked to some of our

g;aduates, chances are you'd
d a lot of them shopped

around for their training. They
pretty much knew what was
available. And they picked CIE
as number one.

Why you should
shop around yourself.

We hope you’ll shop around.
Because, frankly, CIE isn’t for
everyone.

There are other options
for the hobbyist. If you're the
ambitious type — with serious
career goals in electronics —
take a close look at what
we've planned for you at CIE.

What you should look
for first.

Part of what makes elec-
tronics so interesting is it’s
based on scientific discoveries
—onideas! So the first thing to
look for is a program that starts
with ideas and builds on them!

That’s what happens with
CIE’s Auto-Programmed®
Lessons. Each lesson takes one
or two principles and helps you
master them —before you
start using them!

How practical
is the training?
This is the next big impor-
tant question. After all, your
career will be built on what you
can do—and on how
well you do it. :
ere are
ways some
of CIE’s
trouble-
shooting
programs
help you get
your “hands-on”
training. ..
With CIE’s
Experimental
Electronics
Laboratory...

JULY 1978

you learn and review the basics —
perform dozens of experiments.
Plus, you use a 3-in-1 precision
Multimeter to learn testing,
checking, analyzing!

When yon build your
own 5 MHz Triggered-
Sweep, Solid-State Oscil-
loscope you take your first
real professional step. You use
it as a doctor uses an X-ray
machine —to “read” waveform
patterns. .. lock themin...
study, understand and inter-

pret them!

When you get your
Zenith 19-inch Diagonal
Solid-State Color TV you

apply your new skills to some
real on-the-job-type trouble-
shooting! You learn to trace
signal flow. . . locate malfunc-
tions. . . restore perfect operat-
ing standards —just as with any
sophisticated electronics
equipment! T T

T

Solid-State Color
; Bar Generator—
actually a TV signal

up to ten different
patterns onyour TV
screen . . . explore digi-

tal logic circuits. . . observe
the action of a crystal-con-
trolled oscillator!

Of course, CIE offers a
more advanced training pro-
gram, too. But the main point is

AmericanRadinHictory Com

Pattern simulated.

you work with a completely

transmitter—you study

simply this:

All this training takes
effort. But you'll enjoy it. And
it’s a real plus for a trouble-
shooting career!

Do you prepare for
your FCC License?

Avoid regrets later. Check
this out before you enroll in
any program.

For some troubleshootin
jobs, you must have your FC
License. For others, employers
often consider it a mark in your
favor. Either way, it’s govern-
ment-certified proof of specific
knowledge and skills!

More than half of CIE’s
courses prepare you for the

overnment-administered FCC

icense exam. In continuin
surveys, nearly 4 outof 5C
graduates who take the exam
get their Licenses!

Shop around...butsend
for CIE’s free school
catalog first?

Mail the card. Ifit’s gone,
cut out and mail the coupon. If
you prefer to write, men-
tion the name and date
1" of this magazine. We'll

send you a copy of CIE’s
FREE school catalog —
plus a complete pack-
age of independent
home study information!
For your convenience,
we’ll try to have a repre-
sentative contact you to
answer your questions.
Mail the card or coupon —
or write: CIE, 1776 East
17th St., Cleveland,
OH 44114,

r D S M I B S
Cleveland Institute

CI of Electronics, Inec.

41776 East 17th Street. Clevaiand, Onio 44114
Accradited Mamber Netionsl Home Study Councd

0 YES...I'm shopping around
for the right kind of career training
in electronics troubleshooting —and
CIE sounds well worth looking into.
Please send me my FREE CIE school
catalog —including details about
troubleshooting courses —plus my
FREE package of home study
information! PE-66

Print Name

l Address Apt.

City

l State Zip
i - )
l tarca code)

Phone

Check box for G.I. Bill information:
[ Veteran 3 Active Duty

l Mail today?
|
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Performance, beauty, quality
— three attributes that have
always been the hallmarks of
SAE products. SAE systems in
the past have had them, this
system’s predecessor had them,
and the new In The Black sys-
tem has them and much more.

The 2900 Parametric Pream-
plifier offers our new flexible
parametric tone control sys-
tem, full dubbing and tape EQ.
New phono and line circuitry
results in unparalled clarity
and definition with distortion
of less than 0.019, THD & IM.

The 2200 Stereo Power Ampli-
fier with fully complementary
circuitry delivers 100 Watts
RMS per channel from 20-20K
at less than 0.059, Total Har-
monic Distortion, from 250mW
to full rated power.

The 8000 Digital FM Tuner
has linear phase filters, phase-
lock multiplex, and of course,
our famous digital readout
tuning indicator system.

Combine these products to-
gether and you have a system
that ensures superior perform-
ance in all areas, excellent
control flexibility, and the sonic
quality that is typically SAE.

— A =

Scientific Audio Electronics, Inc.
P.0. Box 60271 Terminal Annex, Los Angeles, CA $0060

112{3[4(5(6]|1

Upper row e, e, e | e

Lowerrowl ezl e:l € [ ez]

Position detector signals

Phase A1

Phase A FIEBDAS

Bi-directional drive circuit of
ANG640 IC supplies signals to two
rows of position detectors (A).
Switching passes current through
two sets of drive coils (B) to
provide smooth full-wave drive.
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(Continued from page 34)

The head shell has a calibrated scale
and index marker that can be used to set
the correct stylus overhang for any car-
tridge whose stylus-to-center spacing is
known. The damped cueing system has
a built-in muting switch that silences the
audio outputs as soon as the tonearm is
lifted and does not unmute until after the
pickup had reached the surface of the
record. Another useful feature of the
tonearm is its adjustable height. By loos-
ening a screw on the side of the tone-
arm’s pivot support, the entire arm can
be moved vertically over a 6-mm range
with 1-mm calibrated accuracy. This
makes it easy to set any cartridge paral-
lel with the surface of a record for correct
vertical tracking angle and to avoid me-
chanical interference between the body
of the cartridge and the record.

The turntable’s mounting base serves
more than just a cosmetic function. The
entire record player is supported on felt-
damped feet, and the combined turnta-
ble/tonearm system is floated from the
base on separate resilient mounts. The
goal here was to isolate the turntable
from external vibration and minimize
acoustic feedback, often a problem with
direct-drive record players.

User Comment. We tested the record
player with an AKG Model P8ES phono
cartridge installed in its tonearm and
performed our listening tests with an Or-
tofon Model M20FL Super cartridge in-
stalled. Cartridge installation and setup
were simple and straightforward.

The record player conveys a sense of

AmericanRadioHistory Com

precision in both appearance and “feel”
that is also evident in its performance.
Having the operating controls out front
and accessible even with the cover
closed is a real advantage. The one slip-
up in this respect is that the cueing con-
trol is not accessible until the dust cover
is lifted. We also found the dust cover it-
self awkward to lift with one hand. lits
front surface slopes to the rear and is
difficult to grasp and lift except by its
side or with two hands.

The turntable cannot be faulted. it
came swiftly up to speed and changed
speed so rapidly and in such small incre-
ments that we could hardly believe that
anything was really changing. When we
played the 1000-Hz band of a test rec-
ord and displayed the output on a fre-
quency counter, each touch of a vernier
button changed the displayed frequency
by exactly 1 Hz. The almost instanta-
neous stopping of the platter when the
STOP button was touched was a nicety
we appreciated.

The cueing/muting system is ingeni-
ous, but was too slow for our taste.
Some 10 seconds are required to un-
mute after the cueing lever is lowered,
though the descent time of the tonearm
can be adjusted over wide limits, de-
pending on the height to which the lift is
set. If the descent is too fast, a portion of
the record will not be heard before the
muting is disabled. If the descent is too
slow, the unmuting will occur before it
should and the thump of the stylus con-
tacting the record will be heard. Optimal-
ly, the descent should be timed, by ap-
propriate setting of the lift height, for

POPULAR ELECTRONICS



STiTA 6800 STSRE

sl MULTI-USER SYSTEM

ruIE MINISLOpRY

08k gvarTem

OPERATES - Up to 4 terminals running INDEPENDENT programs
HARDWARE TIME SHARE - Requires no modifications to computer
IDEAL FOR - All multi-terminal applications

The SwWTPC multi-user system converts our standard 6800
single user computer into a multi-user time share system
that may be operated with up to four terminals. The four
terminals operate independently and may be running four
different programs.

No modifications to the computer are necessary, you sim-
ply plug in the multi-user board and add an interface for
each additional terminal.

The multi-user system is ideal for program training, multi-
station business applications and for computer aided in-
struction (CAl). Speed reduction from a single user system
is negligible because all switching is done in hardware.

Multi-user BASIC, suitable for program instruction and sim-
ple business applications, is included with the multi-user

1

board. An 8K disc BASIC is also available for systems in
which disc drives are used. This software has a complete
nine digit floating point math package, full string features
and data files.

For computer aided instruction applications, a full feature
version of PILOT is available. It includes math operators,
misspelling match features and all other proposed for the
ANSI! standard version. The 6800 multi-user system is just
as economical, but far more flexible and powerful than
multiple small machines for CAl applications.

MUB-68 Multi-User Board and BASIC Software
Assembledandtested. . ... ............... $150.00

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216

CIRCLE NO 46 ON FREE INFORMATION CARD
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about nine seconds. This may tax the
user's patience, but will result in ideally
quiet cueing action.

The strobe pattern was always rock
steady during our tests, except for brief
transients as we were making large
speed changes. The only way to make

the pattern move was to place so much
drag on the turntable that it dropped out
of synchronism with the quartz oscilla-
tor. Neediess to say, under a condition
like this, we did not have to look at the
strobe pattern to know that the turntable
was running slow.

CIRCLE NO 102 ON FREE INFORMATION CARD

The Model SL-1500MK2 is certainly
one of the nicest looking pieces of rec-
ord playing machinery we have seen. it
offers a combination of mechanical and
electronic sophistication that is nothing
less than remarkable for a record-play-
ing system of its modest price.

INFINITY MODEL Qb SPEAKER SYSTEM

Three-way system features electromagnetic induction tweeter.

The three-way In-
finity Model Qb
speaker system
features a new
tweeter of uncon-
ventional design, called an EMIT (elec-
tromagnetic induction tweeter). This is
backed up by a 10" (25.4-cm) woofer
whose cone mass is progressively de-
coupled with increasing frequency to im-
prove its performance in the upper-bass
range. The 600-t0-4000-Hz midrange is
handled by a 4" (10.2-cm) cone driver.
The system’s impedance is rated at 4
ohms, and recommended driving power
is 15 to 150 watts/channel.

The fully sealed enclosure is finished
in birch-grain vinyl. It measures 25" H x
145 W x 12"D (63.5 x 36.8 x 30.5 cm)
and weighs nearly 40 Ib (18.2 kg). Al-
though it is no larger than many so-
called “bookshelf” speaker systems, the
Model Qb is meant to be placed on the
floor, preferably on an optional steel
pedestal available from Infinity. The
pedestal raises the speaker about 12”
from the floor and tilts it slightly back-
ward, preferably no closer than a couple
of feet from any room wall.

42

Two small knobs set into the rear of
the cabinet are provided for varying the
outputs of the midrange and treble driv-
ers over a limited range. The frequency
response of the speaker system is rated
at 42 to 32,000 Hz =3 dB, under un-
specified test conditions. The horizontal
dispersion is rated at =60° at 20,000 Hz
for an output-level decrease of 2 dB.

The nationally advertised value of the
Model Qb is $192 and the optional steel
stands are $40 per pair.

Laboratory Measurements. The
averaged frequency response of the
speaker system, measured in the rever-
berant field of our test room, was excep-
tionally flat from several hundred hertz
to the 15,000-Hz upper limit of our mi-

crophone’s calibration. The overall vari-
ation of £2 dB from 450 to 15,000 Hz
places the Model Qb in a very select
group of speaker systems. (Our mea-
surements are made at normal listening
distance in a normally furnished room,
rather than in the unnatural environment
of an anechoic chamber.) The polar dis-
persion was good, although in our test
room, there was about a 5-dB difference
in high-frequency output measured on-
axis and 30° off-axis.

Locating the microphone close to the
woofer, the output of the latter exhibited
a downward-sloping characteristic at
frequencies beyond 65 Hz. It amounted
to about an 8-dB decrease at 600 Hz,

‘where the steeper attenuation of the

crossover network began. Below 45 Hz,
the output fell at the 12 dB/octave rate
that would be expected from a sealed
speaker system.

Splicing the woofer and midrange/
high-frequency curves together was not
as unambiguous as we would have
liked, but our best approximation of a
combined curve revealed a consider-
able low-frequency rise below 200 Hz.
This did not coincide with what we heard
from the speaker system. It is probable
that by installing the speaker on its tilt
stand and locating it well away from any
wall, the bass response would tend to be
minimized, which is in all likelihood why
Infinity recommends the use of the
stand. In any event, it was clear that the
woofer's output down to below 35 Hz,
was at or above the midrange and
high-frequency levels.

The midrange and tweeter level con-
trols had very limited adjustment ranges,
making it impossible to seriously de-
grade the performance of the speaker

Tone-burst responses at 100, 500, and 5000 Hz.

AmericanRadioHicetory Com
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Product Focus

The most unique feature of the Infinity
Model Qb, visually and audibly, is its
EMIT (Electromagnetic induction tweet-
er) speaker. The EMIT is used singly in
the Model Qb (and its lower priced two-
way version, the Qa) and in arrays in the
company's higher-priced speaker sys-
tems. It is meant to provide the essential
advantages of electrostatic speakers,
such as extremely smooth and extended
high-frequency response and excellent
transient response. Unlike the electro-
static speaker, it is rugged, efficient, can
handle considerable power input, and
has superior dispersion.

From the front, the EMIT does not look
at all like a conventional speaker. It is a
flat plate with four narrow slits, behind
which there appears to be a plastic dia-
phragm. This diaphragm is a thin, low-
mass plastic, resembling that of an elec-
trostatic tweeter. Deposited on it is an
etched conductor “winding” that consists
of a number of turns in the shape of a
highly elongated rectangle. The long
sides of the winding are behind the slots
in the front plate, and the conductors are
in the field of two powerful samarium-
cobalt magnets.

The signal current passing through the
conductors on the tweeter diaphragm
produces a deflection of the thin plastic.
The diaphragm is driven uniformly over
its effective radiating surface, like that of
an electrostatic speaker. But the efficien-
¢y and ruggedness of the EMIT give it a
considerable advantage over the electro-
static type. In addition, the EMIT does not
require a power source for a polarizing
voltage. The vertical orientation of the
slots in the front plate gives the driver ex-
cellent horizontal dispersion.

system by careless setting of the con-
trols. The tweeter level could be varied
over about a +1-dB range at frequen-
cies beyond 3500 Hz, and the midrange
control had a range of about =1 dB from
600 to 3500 Hz.

The impedance of the system attained
its minimum of 4 ohms at 20 Hz. A sec-
ond minimum impedance of 4 to 5 ohms
occurred at 120 Hz. Over most of the au-
dio range, the impedance measured be-
tween 5 and 15 ohms. At the 54-Hz bass
resonance point, the impedance was al-
most 20 ohms.

For a fully sealed speaker system, the
Model Qb is moderately efficient. When
driven with 2.8 volts of random noise in
the 1000-Hz octave (2 watts into the rat-
ed 4-ohm impedance), it produced an
89-dB sound-pressure level (SPL) at a
distance of 1 meter. The bass distortion
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at a 1-watt leve! (2 volts) was less than
1% down to 65 Hz. It rose slowly to 4%
at 40 Hz and to 7% at 30 Hz. With a 10-
watt input, the distortion rose more rap-
idly. 1t reached 5% at 56 Hz and 10% at
40 Hz. The tone-burst response was
good at all frequencies.

User Comment. The absence of
peaks or dips in the response of the
Model Qb is immediately apparent from
its sound. The speaker system sounds
smooth and uncolored. The EMIT tweet-
er has a crystalline clarity, with no trace
of stridency. In general, we listened to
the speaker system with its level con-
trols set to their centers of rotation,
which gave us the flattest response in
our lab measurements. In our opinion,
however, these controls could have
been omitted aitogether, since their ef-
fect on the sound is so subtle.

The bass performance of the system
is not as easy to evaluate as that of the
EMIT, since the bass is influenced to a
greater degree by the listening room.
Following Infinity's instructions for setup,
we felt that the balance between lows,
middles, and highs was just right. The
bass was deep and solid when required,
and there was little tendency to exagger-
ate the upper bass, which is a common
fault with many speaker systems. On
powerful organ-pedal notes, the woofer
on one system tended to “flutter” at its
extreme excursion. Investigating this,
we felt an air leak around the tweeter
when the woofer was driven hard. This
was obviously a manufacturing defect
because it did not occur with the other
speaker system in our stereo setup.

The brown grille cloth is attached to a
wooden frame that snaps onto the
speaker enclosure with two plastic fast-
eners, one of which is located at the
center of the top edge and the other at
the center of the bottom edge of the
frame. These fasteners support the grille
about v8" (3.2 mm) from the front of the
enclosure. When the systems were driv-
en hard, the grille assemblies rocked
from side 1o side. This did not produce
any audible buzzing or resonance ef-
fects in our tests, however.

The Infinity Model Qb is competitively
priced with a number of other fine
speaker systems. It is highly listenable,
with @ smooth, uncolored sound and no
detectable audible weaknesses in its
performance. Also, playing the speaker
system for an extended period of time,
we concluded that we would be happy to
live" with it.
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4-for-1 SALE!

Top Quality J.I.L. 4-in-1
IN-DASH
am-Fm CAR STEREO with
CASSETTE or 8-TRACK
PLUS 40-CHANNEL CB!

WHILE SUPPLY

From J.I.L., a leader in car
entertainment canters

compact, first quality 4-in-

price you might pay for a radio only!
Get stereo high-fidelity FM Radio.
AM Radio, Cassette or 8-track, and
CB all for on fow price. Tens of
thousands. sold nationally. Order
while supplies last.

[J #853/102 InDash Combination 8-
Track Stereo, AM/FM/Stereo Radio and
40-Channel Digital Touch-Tuning AM-CB.
Features LO/DX switch, Stereo light, 8-
track program lights, CB standby switch,
LED channel readout, Plus many other

features

-while supply lasts only. .. .$149.00
0 #610/102 In Dash Combination
Stereo Cassette Player, AM/FM /Stereo
Radio and 40-Channel Digital Touch-
Tuning AM-CB. Features cassette eject/
FF button, CB selector, CB standby switch
Plus many other features

-while supply lasts only. ... $1 5900

O #202-ss8 Single Sideband 40-
Channel CB featuring Digital Touch-Tun-
ing AM-SSB CB for 120 effective
channels with greater clarity and reach. All .
functions right on the mike. A top-notch
unit. Choose SSB instead of standard 40-
channel CB with #853 or #610 above. .
Please add ... .u:. iaperams b $50.00
] AM/FM/ CB Retractable Antenna
{mounts like reg. car antenna}
List$639.96........... NOW 829.95
. [ 54" Fuli-tone Coaxial Speakers .
20, oz. magnets.
List 39.95 pr. .. NOW 819.95
J 6”x 9” Full-tone Coaxial Speakers
20 oz. magnets.

u i B H
@

List$69.96pr.. .... NOW 829.95 pr.
I Field Strength/ SWR Meter to test Ant.
List $29495 ... .50 dmiosilsnn s NOW 819.95

CLIP AD AND ATTACH TO LETTER
Pa.Res. Add 6% Sales Tax.

[P/AU[L.&ZE".

ISCOUNT MAILORDER!”

70 James Way, Southampton, Pa. 18966
Phone Orders Call (215) 322-B599

LESLIE

NAME

ADDRESS - -

CITY STATE —___2IP____
BankAmericard/Visa, Master Charge-

Exp.

Date

Card #
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Popular Electronics

July 1978

The latest
mobile sound
components
and how to
match them to
an automobile
environment.

BY PETER SUTHEIM

7
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BOUNTIFUL crop of high-quality

audio components for mobile use
has been introduced this year. Conse-
quently, it's now easier to obtain “hi-fi"
sound in an automobile. Here is an in-
depth look at some of the new car
speakers, power boosters, equalizers,
tape decks and FM receivers and the
special challenges you will face if you
are to take full advantage of the better
sound they offer.

Speakers. The primary problem in-
volved in an audio system for a car con-
cerns the speakers and their placement.
As you know, there is little space avail-
able for normal-size speaker enclosures
in an automobile. Thus, you must use
tiny enclosures or mount “raw” loud-
speakers in already available cavities.
With stereo and quadraphonic sound,
the problem is compounded.

If you have the space, excellent
speaker performance can be had from
several makes and models of small inte-
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gral speaker systems. The ADS Models
2002 and 2001, which include biamplifi-
cation systems, are prime examples of
this type. The enclosures themselves
are about the size of squat milk cartons.
They are made of cast aluminum, and
each contains a 4" (10.2-cm) woofer and
a 1" (2.54-cm) dome tweeter. The in-
dividual speakers in each enclosure are
driven by separate amplifiers, with fre-
quency division for crossover occurring
before the ampilifiers.

ADS produces virtually the same
speaker system without the amplifier as
the Model 200. Itis a 4-ohm system spe-
cifically designed for a car stereo setup.
The Model 200's thrive on hefty
amounts of power, so they will not sound
their best with the typical 3-watts/chan-
nel ElA-rated output of most low-cost in-
dash car stereo units.

Similar to the ADS Model 200 are the
Visonik “Little David” 50, the Braun
“Output C,” the ACR system, Tamon's
Model LB-1030, and the Roadstar Mod-

T
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THE SPARKOMATIC SOUND.
FORTHE TRAVELIN' MAN WHO DRIVES HI$
CAR HIGH FIDELITY HARD.

When you put a lot of listening miles on your car speak-  Power is no obstacle to these speakers and 50 watt peaks

ers you obviously take car high fidelity music seriously. come easy.

It makes sense, therefore, to make sure you travel with The Sparkomatic TriplePlay 3-Wzy speaker systems are
the best car sound reproduction you can get. That means the ~ available in various sizes and shapes for the options of rear
Sparkomatic TriplePlay 3-Way stereo speaker system. deck, in-door and hang-cn installations.

Its horn tweeter, midrange and woofer combine to make So if you’re into driving your car high fidelity hard, the

Sparkomatic’s TriplePlay 3-Way speakers as advanced as one ~ incredible sound reproduction of Sparkomatic’s TriplePlay
can get in car high fidelity, reproducing all the subtle tones ~ speakers are hard to beat.

lost in other car speakers.

The delicate levels of high frequency are crisp and bril-
liant. The bass response is exceedingly clear, practically % 0
distortion-free. And the mid-range is simply magnificent. For the Travelin’Man ™

Car Sound/CB Equipment/Auto Clocks. Shifters/Creepers

For our free complete Car Sound Catalog write: “For The Travelin’ Man”, Dept. PF. , Sparkomatic Corporation, Milford, PA 18337.
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el RS-6040. The foregoing are merely
the smallest high-quality speaker sys-
tems. The ADS Model 300, for example,
is akin to them but it has a 6" (15.2-cm)
woofer and offers correspondingly better
bass and higher power-handling ability.
Advent's Model 400 is a larger design.

If integral speaker systems, with their
properly designed enclosures, appear to
be impractical (for space or safety rea-
sons) or unattractive, you will have to
mount raw speakers into the body of
your car. Unfortunately, the most popu-
lar speaker-mounting locations are not
truly ideal acoustically. These include in
the doors, under the seat, in the sheif
under the rear window, etc. Such loca-
tions might excite low- and middle-fre-
quency resonances in the car's interior
air space or mechanical resonances in
the body structure. Such problems, how-
ever, are usually minimized by ambient
noise and other factors. Also, upper fre-
quencies produced by speakers in such
locations do not get a straight shot at the
listener. However, these locations are
the most likely available ones in a car,
and do serve rather well in this strange
acoustic environment.

Installing Raw Speakers. If you
can accomplish it mechanically, the best
place for a couple of small midrange
drivers is either directly in front of you in
the dashboard or just under the dash.
Here, one driver would be placed at
each end of the dash and aimed slightly
upward. However, because space is lim-
ited and because the open-bottom dash
makes a poor woofer baffle, they should
be supplemented by a woofer system lo-
cated elsewhere. A passive crossover or
an active arrangement with two sets of
amplifiers should be used in this case.
The speakers should be rigidly mount-
ed as nearly flush with the outer surface
as possible. (Shallow cavities created by
rear mounting tend to color the sound.)
Some protection, in the form of a suit-
ably cut slab of soft open-cell foam
(available from electronics and car-
stereo stores), is required for the speak-
ers. If you wish, back up the foam with
aluminum window screening or light-
weight hardware cloth for protection.
With some midrange drivers, espe-
cially smaller ones, you may not need
tweeters. If you do—and you will if you
use 5" (13-cm) drivers—use only one
per channel. Locate the tweeters as
close as possible to the midrange driv-
ers, preferably right next to them. The
tweeters can use their own special am-

plifier or the same amplifier as the mid-.
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range drivers. In either case, a dividing
network is required to protect the tweet-
ers from potentially damaging low-fre-
quency energy. Use a minimum value of
4 uF (nonelectrolytic) capacitance in se-
ries with the tweeter and amplifier for an
8-ohm tweeter or 8 uF for a 4-ohm
tweeter. This provides a 6-dB/octave
rolloff below about 5000 Hz. You can im-
prove on this by adding a low-resis-
tance, 0.25-mH air-core inductor in se-
ries with an 8-ohm midrange driver or a
0.12-mH choke in series with a 4-ohm
driver. Connections are shown in Fig. 1.

Door Mounting. If you cannot find a
suitable location for the speaker drivers
up front, you will have to put them in the
doors or somewhere to the rear. Doors
are not the very best choice for me-
chanical and acoustic reasons. For ex-
ample, some speakers are too deep to
fit into such shallow locations. Moreover,
without adequate damping material, the
outer sheet metal tends to reflect short-
er-wavelength energy back through the
cone. But given limited auto interior
space, doors are deservedly popular
speaker-mounting locations.

There are some precautions to ob-
serve when installing speakers in doors.
For example, damping material is dif-
ficult to install unless you can prevent it
from interfering with the window and
latch mechanisms. For the same rea-
son, it is risky to cut into the interior door
panel just below the window, which is
the best acoustical location. Door-
mounted speakers are, therefore, usual-
ly installed far down, where some of the
upper frequencies are radiated into up-
holstery and carpet.

The proper way to install a speaker in
a door is to remove the entire interior
trim panel, which means removing at
least the window crank as well. Then ex-
amine the exposed mechanical setup to
determine if there is clearance for a
small 3" to 5" (7.6 to 12.7 cm) driver as
high and as far forward as possible.

Once this has been determined, cement
as large a square of %"-thick felt or
sound-deadening board as possible to
the inside surface of the outer sheet-
metal panel at that location; use roofing
cement or silicone-rubber adhesive.
Crank the window up and down to be
sure the damping material does not in-
terfere with any mechanism. Do not cut
any holes in the interior panel until you
have determined what you plan to do.

Rear-shelf Mounting. Another pos-
sible location for mounting raw, unen-
closed speakers is the shelf under the
rear window. Though there are several
drawbacks to this location, too, most can
be overcome. The most serious draw-
back is that the speaker backs “look”
into a trunk that's a large, rather reftec-
tive resonant cavity common to both
speakers. This will tend to reduce stereo
separation and promote boomy bass. In
small cars that are nearly airtight, you
may even run the risk of rupturing the
trunk-speaker cones if you slam the
door with all windows rolled up. Some
manufacturers such as Acoustic Fiber
Sound have made a bid to solve these
problems with enclosed speaker sys-
tems.

If the speakers face upward, sound
will be reflected and dispersed by the
rear window of the car. This is an effec-
tive way of throwing the sound into the
car, but it further reduces stereo separa-
tion and stereo imaging, which is al-
ready somewhat peculiar because the
speakers are behind the listeners.

Finally, the sun tends to roast any-
thing on the rear shelf. Therefore you
must protect the speakers with a foam
grille. The grille itself will likely have to
be replaced after a year or so when it
crumbles. For mobile stereophiles who
like robust sound with lots of bass and
“hot” highs, the rear shelf is the place to
put multiple-driver assemblies with 6" x
9" woofers and separate tweeters (and
even separate midrange drivers in some

-

\

Fig. 1. Simple
passive crossover
for use with
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Advent EQ-1 self-amplified
6" x 9" speaker is equalized
for rear-deck mounting.

AUTO SPEAKER SYSTEM SAMPLER

Unorthodox door mounting of Radio
Shack “Minimus 0.5” aims sound at
listener’s ears, but could use
separate wooler for deeper bass.

oWt~

panels has low-mounted 5%"
woofer, and surface-mounting
mid-high module.

Bi-amplified

ADS 2002 speakers
are designed to
operate with
Nakamichi's high-
quality Model 250
cassette player.

ci

models). Since the midrange drivers and
tweeters in such systems often have
closed backs, channel-to-channel cou-
pling via the trunk at middle frequencies
is less of a problem. At low frequencies,
most of the material on commercial pop
recordings is essentially monophonic
anyway, so there is no loss.

Advent has announced its Model
EQ-1twin 6” x 9" (15.2 x 22.9 cm) pow-
ered speaker system that is equalized
especially for rear-deck mounting. Also
worth noting is the Polk Mini-Monitor,
which may be too large for most cars,
but not for some vans.

Coaxial speakers or preassembled
systems with a woofer and a tweeter
make sense if you keep in mind the gen-
eral principles stated here. Jensen
Sound Laboratories and KLH, among
others, even have 3-way coaxial types.

Your vehicle may offer unique mount-
ing possibilities. Some van owners, for
example, have been happy with speak-
ers mounted into the seats themselves
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or into the roof. A few general hints may
help. First, low frequencies are essen-
tially nondirectional, and the ear is easily
fooled into placing the origin of the bass
frequencies at the source from which the
middle frequencies are emanating.
Therefore, you are free to work with
small drivers, leaving the bass from as
high as 200 Hz and down to be repro-
duced by other speakers located under
a seat or on the rear shelf. Also, small
drivers are far easier to install in near-
optimum locations.

The second hint is to aim the mid-
range drivers and accompanying tweet-
ers, if any, so they have a clear path to
your ears. The larger the cone, the lower
the frequency at which uneven disper-
sion begins: for a 3” driver, it is at about
4000 Hz; for a 4" driver, at about 3000
Hz; and for a 5” driver, at about 2500 Hz.
This means that for any place you sit,
off-axis output from the driver will be er-
ratic and not easily predictable beyond
those freguencies. In a high-quality sys-
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tem, this is the chief reason for crossing
over to a tweeter at those frequencies.

The third hint is to mount the mid-
range driver, where possible, in a rigid
airtight box filled (but not packed tightly)
with fiberglass or other insulation. An in-
ternal volume of 180 cu in. (9" x 5" x
4"), for example, will allow smooth re-
sponse down to about 120 Hz with a
suitable 3" or 4" high-compliance driver.
The box need not be rectangular; in fact,
an irregular shape will reduce cavity-
resonance problems.

Finally, protect all drivers with an
acoustically transparent foam or screen
grille.

Speaker Connections. Phasing
multiple drivers can be a challenge. With
loudspeakers close together and wired
in series or parallel, they are eitherin- or
out-of-phase. In-phase hookups are pre-
ferred, for better bass response and
clearer stereo imaging. Therefore, with
identical parallel-connected speakers,
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wire “like” terminals together (one termi-
nal is usually identified with a spot of
paint or a "“+"); with identical speakers
in series, wire opposite terminals togeth-
er as shown in Fig. 2.

If you mix dissimilar speakers, you
must first establish the correct phasing.
You can do this with a single flashlight
cell by temporarily connecting it across
the speaker's terminals and observing
the direction of cone travel. If the cone
moves outward, mark the speaker termi-
nal to which the positive terminal of the
battery is connected with nail polish. If
the cone moves inward, mark the speak-
er terminal to which the battery's nega-
tive terminal is connected. Do this with
every driver you plan to use, whether or
not they are already marked.

It's not as easy when crossover capa-
citors and inductors are involved. With a
simple 6-dB/octave circuit like that
shown in Fig. 1, there is a 90° phase dif-
ference between the low (midrange) out-
put and the high (tweeter) output. The
usual practice is to connect the tweeter
in a way that would be out-of-phase if
there were no crossover network. Try
making connections both ways. If you
hear a difference, connect it the way that
sounds best to you. With a properly
phased set of drivers, the sound is more
coherent than with improperly phased
speakers.

A separate woofer system calls for a
more sophisticated crossover. Because
of the low frequencies involved, this is
best handled with a separate amplifier
and an active crossover network. Alter-
natively, you could use a passive net-
work, of course. However, inductive val-
ues become large and the coils are
therefore costlier. Additionally, there is
some loss of power. If you want a pas-
sive woofer network, however, the cir-
cuit in Fig. 3 works well. it requires two
12-mH iron-core chokes of less than 1-
ohm resistance (available from TSR En-
gineering, 5146 W. Imperial Hwy., Los
Angeles, CA 90045 for $7.50 each).

An active-filter circuit for one channel
is illustrated in Fig. 4. The “low" outputis
intended to feed a separate power
booster. More economically, a single
crossover can be used for both chan-
nels, feeding a common bass amplifier/
speaker channel as shown. This re-
quires only one bass amplifier (Setton
makes a single-channel one), and one
woofer. The main speakers then each
receive a full-range signal.

A cluster of four §” or 6” woofers
makes sense at low frequencies if you
can find the space for them. Use two 8-
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Fig. 2. For correct phasing in
multiple-speakerinstallations,
wire “unlike” terminals

in series as at (A), “like”

ones in parallel as at (B). J

ohm units in parallel across each power
booster output. Unlike typical power am-
plifiers, boosters generally “like” 4-ohm
loads. Be sure to check the manufactur-
er's instructions on this, though.

If you listen mostly to classical music,
you can “fake it,” if it is more convenient,
by taking the bass from only one chan-
nel with a below-100-Hz dividing net-
work (Fig. 3).

Finally, you may wish to consider a
neat trick to give a sense of expanded
space without expensive reverberation
or delay devices. Simply connect two
small (3" is fine), inexpensive drivers,
wired in series and out-of-phase, from
the “hot” side of one channel to the
“hot" side of the other channel. (See
Fig. 5.) Locate the drivers someplace to
the rear of the car, on either side of the
rear window, for example. The type of
enclosure used is unimportant.

A 25-ohm speaker level control poten-
tiometer wired in series with the drivers
will allow you to experiment with the lev-
el of the rear ambience until it satisfies
you. Also, a nonpolarized 8- or 10-uF
capacitor connected across the speaker
pair attenuates the upper couple of oc-
taves to make the ‘“recovered ambi-
ence” sound more like actual reflected
sound. The effect of this hookup is very
similar to some matrix quadraphonic
schemes at nowhere near the expense.
(For true 4-channel sound, an eight-
track tape deck would be required.) It
also does wonders for stereo; rear-seat
passengers will enjoy it, too.

Amplifiers. A single transformerless
class-B output stage working with a 12-
volt supply (actually about 13.8 volts)
cannot produce more than about 2 watts
of continuous power into an 8-ohm load
or 4 watts into a 4-ohm load without be-
ing overdriven. Since this is what most
low-cost car stereos use, you can see
that the output power claims for some of
them are wildly optimistic. Hence the
market for power boosters.

There are several ways to obtain
more power from a 12-volt source. The
most common and least expensive is
limited to a theoretical maximum of four
times the “simple” power output. How
this is done is shown in Fig. 6. Two iden-
tical amplifiers are fed the same input,
both out-of-phase. The speaker load is
connected between the “hot” outputs,
neither side of which can be grounded.
One amplifier “pushes” as the other
“pulls.” The net effect is to double the
supply voltage, which produces four
times the power in the same resistive
load. This works out to about 8 watts into
8 ohms and 16 watts into 4 ohms.
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Fig. 3. Sophisticated
passive crossover
for 3-way systems.
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Unscrewing carpet-retaining plate
provides handy channel for wires
feeding signals to amplifiers

or to the rear speakers.

T |

Reinstalling the door panel, a snap-in

gritle mounting plate is secured.

With some makes, a grille snaps onto th2
speaker or is held by speaker-mount screws.

TECHNIQUES FOR AUTO SPEAKER INSTALLATION

Removing front door panel shows where
this “Kriket” speaker can mount.

(Here, there’s a pre-cut hole.)

Attach wires before securing speaker..

Sound-deadening board, secured with
roofing cement, suppresses rattles
and resonances which may occur
with sheet-metal door panels.

Cut speaker hole in rear deck with a sharp
blade ar sabre saw. Many trunks have oval
stampings underthe deck that can be used
as guides when cutting 6” x 9” holes.

Add speaker grilles to protect

cones and to enhance appearance.

Use bolts, not screws, to fasten grille.

One of twe speakers on back dack is shown.
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to separate amplifiers. Crossover frequency
Uepends on value of capacitor. Summing network

NAMA +i2v \
Ril

+] I
DESIRED * 68n
CROSSOVER c V] 100pF ApF
FREQ (Hz) (uF) 16V 25v
70 0.28 3
8o 0.25 m3 o R7 g2
100 0.20 1.5M% 3ism
120 0.16 T #C  WMC IpF
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oG R3 3R4
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Fig. 4. Electronic crossover feeds highs and lows (dashed box) lets you use one crossover and one
bass amplifier to feed a common woofer. Other-

wise, 2 crossovers and 4 amplifiers are required.
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A variation of this technique uses an
autotransformer to step up the voltage to
the speaker. Since almost unlimited cur-
rent is available from the car’s electrical
system, it is possible to use high-current
output transistors to swing as much as 3
or 4 amperes into a transformer winding.
In effect, the speaker’'s impedance is
stepped down to 2 ohms or less by the
transformer. Since output power is in-
versely proportional to load impedance,
it goes up accordingly.

A third way is to use a dc-to-dc con-
verter to raise the supply voltage. The
output power available with this tech-
nique is limited only by the current that
can be drawn from the car’s electrical
system without taxing other functions it
must also serve. This approach makes it
possible to adapt the power-amplifier
circuits from home audio components to
mobile service. All that is necessary is to
design a switching-type dc converter
with sufficient voltage, current, and reg-
ulation to feed the desired amplifier.

A fourth method you can use is biam-
plification. By dividing the audio spec-
trum into two or more parts, with corre-
sponding numbers of amplifiers in each
channel, each feeding a suitable speak-
er, you effectively parallel the amplifiers
across the 12-volt supply. The combined
output from this scheme is several times
greater than you would expect, thanks to
the uneven distribution of energy in mu-
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sic. (This is the technique employed in
the ADS Model 2001 and 2002 systems
and some Sanyo stereos.)

Unless a specification sheet expticitly
mentions “FTC ratings,” car-amplifier
output power figures should be taken
with a large grain of salt. Copy writers
can come up with amazing power fig-
ures by ignoring clipping, assuming a
14- or 15-volt supply and a 4-ohm or
less impedance, using “peak” power,
etc. Read before you buy, and be pre-
pared to pay reasonably high prices for
good amplifiers. The $20 power boost-
ers are likely to be disappointing.

Most boosters are designed to oper-
ate from the speaker outputs of a com-
plete in-dash or under-dash radio re-
ceiver and/or tape player. Since the out-
puts of such a unit generally include a
large series dc-blocking electrolytic ca-
pacitor, the boosters usually have a low-
value resistor (10 to 100 ohms) across
their inputs. This reduces the ill effects
of dc leakage through the capacitor. Un-
fortunately, the low input shunt re-
sistance also makes it impossible to
drive the boosters like normal power
amplifiers, directly from the volume con-
trol of the main unit. It is usually possible
to snip one lead of this input shunt to re-
move it. Bear in mind, however, that by
opening the booster’s case you will in alil
likelihood void its warranty if tinkering is
noticeable.
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Once you remove the shunt, you have
a two-channel power amplifier that can
be used directly from the volume or tone
controls of your main unit or with the ac-
tive crossover described in this article.

Some power boosters have a trans-
former input and no shunt resistor.
These can definitely not be used from
high-impedance internal feeds.

One manufacturer hopes to standard-
ize the industry on a 1000-ohm source
impedance and 10,000-ohm input, with
typically 250-mV input levels. But until
that occurs, you are on your own.
Impedance matching is not the issue
here. However, a 50,000-ohm volume
control will not take kindly to a load of
100 ohms from its wiper to ground. The
output leve! will be severely reduced,
and there may be distortion at the top
end of the volume control. If you mate
components from different manufactur-
ers, you will have to obtain schematic
diagrams from each manufacturer and
examine them to determine if the units
you plan to use are compatible. How-
ever, most units are compatible, with mi-
nor modifications.

You can solve some mating problems
by using a pair of emitter-follower cir-
cuits, as shown in Fig. 7. (The maximum
source impedance at a volume-control
wiper is one-fourth the value of the con-
trol if the control is fed from a low imped-
ance. It occurs at the setting where the
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output level is 6 dB down from max-
imum.) Assuming a 50,000-ohm control,
the highest source impedance will typi-
cally be between 10,000 and 15,000
ohms, depending on what precedes the
control. It is unwise to drive more than
10’ to 15’ (3 to 4.6 m) of shielded cable
at this impedance. if you do, high-fre-
quency losses may become audible.
However, you may need greater length
than this in a large car if the power am-
plifier is located in the trunk. This is
where an emitter-follower circuit can
prove useful!

The outputs of mobile booster ampilifi-
ers usually float with respect to ground.
Hence, use separate c.nductor pairs for
connections to all speakers. If either
side of a speaker output is grounded or
a common lead between outputs is
used, the booster amplifier can be dam-
aged. Use nothing smaller than No. 18
wire for dc supply leads and speaker
wiring. In fact, No. 16 is better, especial-
ly with 4-ohm speakers and speakers
wired in parallel.

Booster amplifiers can usually be lo-
cated anywhere. Some have power
switches, but you can avoid the need for
accessing them by using the circuit in
Fig. 8. This allows all accessories to be
turned on and off from the switch on the
main dashboard receiver or player. If the
dash receiver you choose has a connec-
tion for a power-driven antenna, you can
use that to operate a relay like the onein
Fig. 8. The contacts of the relay can then
switch the boosters and other devices.
Be sure, however, that the relay can
handie at least half of the maximum cur-
rent drawn by the booster amplifier at full
output.

Avoid mounting boosters (or any elec-
tronics, for that matter) near heater out-
lets or where they will be exposed to di-
rect sunlight or engine heat. Some
boosters are quite heavy, which neces-
sitates the need for secure mounting.
The heavier ones are best laid flat on a
sturdy surface and then bolted down
with No. 8 or No. 10 machine screws,
lockwashers, and nuts.

You are on your own when it comes to
connectors. Only a smail number of mo-
bile electronics gear uses the familiar
phono jack and plug. With the manufac-
turer’'s instructions and a schematic dia-
gram, which is often but not always sup-
plied, you will usually be able to identify
the various leads and attach suitable
connectors if needed. Do not expect one
manufacturer's booster amplifier to in-
terface with another’s dashboard unit
without connector modification.
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Tape Units. Most serious audiophiles
have a strong preference for cassettes
over the eight-track tape format. Cas-
sette tapes are small and improving con-
stantly. Furthermore, there is a greater
variety of home-recording cassette
hardware enabling one to use the same
tapes in an auto cassette machine. Also,
tape winding and rewinding are much
faster, and Dolby noise reduction is
available. Moreover, some manufactur-
ers produce mobile cassette machines
with recording provisions. At least two of
them (Sanyo and Blaupunkt) make in-
dash systems with AM and stereo FM
receivers and cassette decks that allow
recording of cassettes in stereo from the
receiver or in mono via a microphone.
But if you want eight-track cartridge ca-
pability, several manufacturers will
oblige you with in-dash and under-dash
models.

The top-of-the-line cassette tape units
at this writing are from Nakamichi and
Uher, both of which are quite expensive
but can also be used as self-powered
portables. The Nakamichi Model 250 is
a player only, while the 350 aiso re-
cords. Both have buiit-in Dolby NR cir-
cuits. The Uher Model 210 is a recorder/
player sans Dolby. Some better-than-
average players have begun to appear
in in-dash combination systems with
stereo receivers. Examples of these in-
clude the Concord Models HP-100 and
HP-350, Motorola TC876AX, Sanyo

Model FT1490A with Dolby, Kraco
KID-588 with auto reverse, and Pioneer
Model KPH-9000, among others. Dy-
nascan Corp.’s Cobra 50XLR in-dash
combo also incorporates a CB trans-
ceiver.

When you are out shopping, read the
specifications carefully and check out
missing entries. And don't always be-
lieve that a low price indicates a bargain.
Somre run-of-the-mill cassette machines
exhibit inordinately high flutter, especial-
ly with thinner C-90 and C-120 tapes. A
special nuisance is “"warble” on a bumpy
road, caused by a poorly designed or
adjusted tape transport.

FM Receivers. Until recently, the best
mobile FM tuners were poor performers.
Then Pioneer spearheaded a change in
this image a while back with its “Super-
tuner” line. More recently, Sanyo with its
*Audio Spec” line, Concord, and others
have joined the ranks.

If you want absolutely everything in
your car stereo, now you can almost get
it. The latest in car-stereo units incorpo-
rate stereo cassette with auto-reverse,
plus AM/FM-stereo radios with digital
tuning and readouts (that double as
clocks) plus three tuning modes: auto-
scan, preselect, and manual.

The first three of what promises to be
a new wave of high-end, do-all stereo
units are the Fujitsu Ten ETX-41B
($275), the J.l.L. 634E ($350), and the
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Sanyo underdash cassette player
comes with slide-in/out bracket.

\i

The Pioneer “Supertuner” underdash TP-900
has easy-to-read circular FM dial, 8-track tape.

Separate components—cassette deck, tuner and
amplifier—make up this Panasonic stereo system.

MOBILE RECEIVERS AND TAPE EQUIPMENT SAMPLER

Cassette, CB and AM/stereo FM are
combined in this 5"-deep Cobra 50 XLR.

4

Panasonic Q8520 ($399.95). Their tun-
ing facilities differ somewhat: the J.I.L.
has only 4 station-select buttons (which
bring in 8 stations—4 AM and 4 FM), but
auto-scans in two modes, either stop-
ping at the first station found, or pausing
there unless instructed to stop. The Fu-
jitsu unit can preselect 5+5 stations
(with a rotary switch instead of pushbut-
tons), and only has the stop-until-restart-
ed auto-tuning mode. The Panasonic
has similar auto-tuning, but preselects
6+ 6 stations and has an unconventional
“manual” tuning mode: a pair of buttons
which scan the dial up or down until re-
leased.

As to tape features, the Panasonic of-
fers Repeatrack, which automatically re-
starts the tape after rewinding, the Fuijit-
su has Dolby, and the J.l.L. is also avail-
able in an 8-track version, the Model
874E.

On the presumption that you'll use
amplifiers or boosters with them, all
three have low power—about 15 watts
per channel at 10% distortion for the
J.I.L. and Panasonic, and zero watts for
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the Fuijitsu (it has no power amplifier
stage at all).

If the other features don't impress you
that much, but the digital tuning does,
less feature-laden digital stereo/clock
units are available from Audiovox, Bo-
man, Craig and Sanyo.

Though still not on a par with fine

home component FM tuners, the new
breed of high-quality car radios packs a
lot of performance capability into a small
package. When you are shopping
around, read the manufacturers' specifi-
cations for their receivers very carefully.
The published specifications for the bet-
ter receivers are quite comprehensive.
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Motorola equalizer/booster has 30-W rms
power output, LED power indicators.

acs

CONTROL AMPLIFIER

SparkOmatic GE-500 40-W rms equalizer/
booster displays illuminated response curve,

Trunk-mounted 7-inch Isophon woofer “speaks”
into rear-seat back below 120 Hz.
Driven by one channel of Jandy booster.

Fujitsu Ten preamp has 5
inputs, including mike mixing.

POWER BOOSTER AND EQUALIZER SAMPLER

features front-rear fader control.

Fosgate 200-W amp has preamp
with source selector, power
LED’s, 3-way equalization.

/

They give figures for sensitivity in stereo
as well as mono, capture ratio, alter-
nate-channel selectivity, etc. Always
look for a complete statement for a
specification. For example, a "2-pV"
sensitivity rating is meaningless if the
background noise suppression is not

stated. It might take 50 .V or more to
give you a listenable sigral in stereo.

FM reception in a moving vehicle is
difficult at best, of course. An unaided
vertical whip antenna does not capture
much signal, especially from stations
that transmit only a horizontally polar-
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ized signal. (More and more FM stations
are going to circular polarization, how-
ever, which includes a vertical field com-
ponent that maintains its strength near
the ground.) The single omnidirectional
whip antenna is also vulnerable to mul-
tipath interference (delayed reflections
combining with the direct signal), which
severely distorts the signal and causes
drcpouts and noise bursts in the sound.
Horizontally oriented windshield strip
antennas eliminate the polarization
prcblem, but tend to favor the fore and
aft directions. The best antenna at pres-
ent is still a single front-fender-mounted
317 (78.7-cm) stainless-steel whip, con-
nected by a short length of coaxial cable
directly to the antenna input of the re-
ceiver. The coax shield should be well
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Amplifiers, Boosters,
Equalizers—
Who Makes What?

If you're searching for an amplifier or
booster for your car stereo, it helps to know
who has products in your desired power
range. Here's a quick run-down of the pow-
er ranges available from each company, in
watts per channel for 4 ohms, at less than
1% distortion. Power figures with higher or
unspecified distortion levels are marked
with asterisks. Figures marked "E" are for
booster/equalizers.

Company Watts/Channel
ADS 25
Audiomobile 20-75, E20
Audiovox E16®

Boman Astrosonix 25"

Clarion E10-20, 12.5
Concord 18

Craig 12-25, E36
Fosgate 20-50

Fujitsu Ten 20

Jandy Car-Fi 30-80, E20-30
Kraco 20", E25-30"
Kustom Kreations 37.5°

Laser Acoustics
Linear Power

65-175, E65-175

(Shmeagq) 15-125
Mega 25
Motorola 12-20
MetroSound 20-35, E20
Muntz 15-20*
Panasonic 10
Pioneer 12-20
Prime E10
Pyramid 20-40, E22
Royal Sound 10-30%, E25
Sanyo 15-25
Sanyo biamp 23+5W @ 3%
Setton 40
Sonic Boom 12.5-45
SparkOmatic 15, E20*

grounded to the vehicle's chassis at the
antenna end. Telescoping designs that
can be extended to several feet may be
somewhat better for AM reception. But
they.may be a source of noisy or erratic
reception as they age and contact be-
tween the sections deteriorates. They
are also more easily broken.

FM boosters are of questionable use-
fulness. With a low-grade FM receiver in
a weak-signal area, they can be helpful.
But in urban areas where signals are
strong and multipath reception is a prob-
lem, such a preamplifier can make
things worse by increasing crossmodu-
lation distortion. The best mobile tuners
are the least likely to benefit from an
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auxiliary preamp, and their performance
may actually be degraded by one unless
its noise figure, almost never published
for these devices, is better than that of
the r-f stage in the receiver itself.

Accessories. A variation of the power
booster amplifier that includes tone con-
trols or a “graphic” equalizer is a grow-
ing and popular addition to a mobile
sound system. It can be very useful, but
bear in mind that even a relatively small
audible boost in some parts of the fre-
quency spectrum can demand signifi-
cantly more power from your amplifiers.
Also, don't apply excessive boost at very
low frequencies since small speakers
may reach the limits of their cone excur-
sions, resulting in distortion and possible
damage.

Though a graphic equalizer may help
even out a vehicle's peculiar acoustics,
the typical five-band unit will not provide
enough compensation to wholly flatten
out the overall system response. But it

-may alter the sound’s tonal balance to

reduce some of the masking caused by
noises in a moving vehicle. There is at
least one seven-band car equalizer,
from Jandy Car-Fi. Moreover, there are
nongraphic equalizers available from
Laser Acoustics. These have provisions
for screwdriver-adjustable frequency
settings which can’t be misadjusted by
curious passengers.

At this writing, the power amplifiers
built into most graphic-equalizer acces-
sories are not particularly distinguished,
some being rated at as much as 10%
distortion. This picture will undoubtedly
change. Again, remember to read and
interpret all published specifications.

Finishing Up. ignition noise is not the
problem it once was. Most recent cars
are equipped by the factory with interfer-
ence-reducing ignition wiring. Older cars
factory-

and cars ordered without
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installed radio receivers may have to be
fitted with resistor-type spark plugs or
add-on resistors or be rewired with re-
sistive ignition cable.

Alternators are not usually prime
causés of FM interference. If yours is,
you can get-suppression kits from, say,
Radio Shack, Lafayette Radio and other
sources to eliminate the interference.
Too, if your car has the older type of dc
generator, you might have to install a
suppressor. The kit should include coax-
ial capacitors rather than the more com-
mon axial- or radial-lead capacitors.

Coaxial capacitors can also aid in re-
ducing noise from fan and wiper motors
and electric fuel pumps. A single
0.25-uF coaxial capacitor connected
very near the offending device, and sol-
idly grounded nearby through its mount-
ing lug, will often render the interference
inaudible. Sometimes you will have to
add inductance in series with the supply
lead to the motor. A value of 1 mH or
thereabouts should do nicely. Be sure
that the inductor and coaxial capacitor
are rated to handle the current drawn by
the motor when it is operating at max-
imum speed.

If you run into persistent electrical in-
terference in your car, the Mobile Manu-
al for Radio Amateurs contains much in-
formation that is useful for combatting
the problem. ltis published by the Amer-
ican Radio Relay League (ARRL) and is
available from most electronics parts
and equipment stores.

In Conclusion. With careful selection
of mobile audio components, installa-
tion, and interfacing, you can easily ob-
tain good high-fidelity sound in your car,
van, or RV. The hints presented here
should help you tailor your system to the
peculiar acoustical and electrical envi-
ronment of your vehicle. Then you and
your passengers can enjoy more realis-
tic music reproduction. o
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VOLTAGE

Build an
ELECTRONIC

REGULATOR
FOR
YOUR CAR

NTIL recently, all automotive volt-

age regulators have been electro-
mechanical devices. As a result, they
exhibit all the disadvantages associated
with relays and breaker points—wear,
chatter, changes in spacing, and pitted
contacts due to arcing. The latest model
solid-state regulators are inherently
more reliable. Now, with the introduction
of a new IC from Motorola, it's possible
to build one at low cost to replace me-
chanical or costly discrete component
solid-state regulators.

In addition to the new IC, the full-fea-
ture, solid-state voltage regulator pre-
sented here employs only a handful of
discrete components. It is easy to con-
struct and install, and offers selectable
temperature coefficient, overvoltage
protection, as well as automatic shut-
down in case of loss of battery voltage.

About the Circuit. A typical automo-
tive charging system is shown in Fig. 1.
The alternator differs from a generator
with a fixed field in that the magnetic
field is derived from dc flowing in the ro-

tating field winding. Field current, usual-
ly aoout 3 amperes, is supplied via the
voltage regulator. The alternator stator
windings are usually connected in a
three-phase wye (Y) configuration pro-
ducing an ac output. Six silicon diodes
form a three-phase, full-wave rectifier
which converts the ac to dc.

The output of the alternator is a func-
tion of both shaft speed and magnetic
field strength. Variations in load re-
sistance and shaft speed can be com-
pensated for by changing the amplitude
of the field winding current and hence
the strength of the magnetic field. That's
exactly what the voltage regulator does.

An electromechanical regulator ac-
complishes this task by “chopping” the
field current or inserting into and re-
moving a fixed resistor from the field cur-
rent loop. The contacts of such a regula-
tor can be opening and closing more
than 200 times each second. Solid-state
voltage regulators, including this project,
govern the ampiitude of field current
electronically. A voltage-dependent cur-
rent source is used to drive a power

y__o/.._._
= + 1GNITION
AMMETER SWITCH
T BATTERY i :
: Flig. 1 Block diagram
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A VOLTAGE sharaing s
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BY L. STEVEN CHEAIRS

Solid-state system
uses new IC to achieve
high reliability

at low cost.

transistor whose output current excites
the field winding. Stock regulators typi-
cally employ a zener diode, several fixed
resistors, a thermistor which sets the
regulator's temperature coefficient, a
driver transistor and a power output
transistor.

The internal structure of the Motorola
MC3325 monolithic silicon IC, upon
which this project is based, is shown in
Fig. 2. The integrated circuit can be
viewed as composed of four separate
sections—a temperature coefficient cir-
cuit, a battery-voltage loss detector, an
overvoltage detector and an output drive
amplifier. Each of these sections can be
biased independently by the addition of
a few passive components. The IC is de-
signed to drive an npn Darlington tran-
sistor which in turn controls current
through the field winding.

Shown in Fig. 3 are the three basic al-
ternator types commonly used in auto-
mobiles. The regulator presented in this
artide can be used with the floating field
(A) and pulled-up field (B) alternators.
However, the regulator cannot be used
with a grounded field alternator (C) un-
less the output stage of the regulator is
modified. Alternatively, the aiternator
canbe modified to make it a floating field
type. The project has not been tested
with this type of alternator, but provi-
sions for the required regulator modifica-
tions have been included on the pc-
board foil pattern.

Some automobiles employ alternators
with integral voltage reguiators. That is,
the voltage regulator is enclosed in the
alternator housing. The project can be
used with such an alternator if the hous-
ing is removed, the voltage regulator by-
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Fig. 2. Schematic of the internal structure
of the Motorola MC3325 automotive voltage regulator IC.

PARTS LIST

Cl, C2—0.01-pF disc ceramic

D1—1N4003 rectifier

IC1—ME3325 auromotive voltage regulator
tMotorola)

Q1-—2N6059 npn Darlington transistor

The following are Ya-watt, 5% carbon-compo-
sition resistors:

R1—13.000 ohms

R2—1000 ohms

R3— 1600 ohms

R4—2200 ohins

R5—2000 chms

R6—1500 ohms

R7—3000 ohms

Misc.—Printed eircuit board, suitable metallic
enclosure, heat sink, power transistor sock-
et, silicone thermal compound, terminal
strip, IC socket or Molex Soldercons. pe
board standoff, machine hardware, etc.

Note: The following are available from Que-
star Engineering Co., 50 South McDonald
Street, Mesa, Arizona 85202: Etched and
drilled glass-epoxy printed circuit board for
$5.25; 2N6059 npn Darlington transistor for
$5.85: MC3325 IC for $1.75. Arizona resi-
dents add sales tax.

Bl »l
L | Lt |
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O
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overvoltage of the charging system is
rﬂ I limited by R6.
I 20 T'Ll ALTERNATOR
outeuT Construction. Printed circuit con-
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of "*“‘Z'm“tg_’is found for the assembly of the voltage regula-
FIELD tnautomooutes: tor. Etching and drilling and parts ptace-
(ROTOR) 3 .
—_F—_OGROUND ﬂoclxltt;zg ﬁeldlff)l’g)_ ment guides for a suitable board are
- g}r‘ozfn&tgﬁzld gC)’ shown in Fig. 5. All components except
) Q1 are mounted on the printed circuit
= ——O FIELD

- (c)

passed, and the alternator rewired so
that the field winding and rectifier output
are connected to the external terminal
block. The exact modifications required
vary with each charging system.

The schematic diagram of the IC voit-
age regulator is shown in Fig. 4. Very
few external components are needed.
Darlington transistor Q7 drives the alter-
nator field coil. The fixed resistors are
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used to bias the various sections of IC7.
Resistor A3 functions as a current limit-
ing resistor in case an overvoltage con-
dition occurs at the output diodes of the
alternator. The magnitude of the reg-
ulated voltage is determined by R5. Re-
sistor R1 establishes the current in the
IC’s diode string. The magnitude of this
current determines the regulator's tem-
perature coefficient. The maximum

AmericanRadioHietory Com

board. Use a minimum amount of heat
consistent with the formation of good
solder joints and pay close attention to
polarities and pin basing of semiconduc-
tors. An IC socket or Molex Soldercons
will facilitate the installation of IC1.

The Darlington transistor should be
mounted on a heat sink attached to the
metallic project enclosure. A power tran-
sistor socket, a mica insulating washer,
silicone thermal compound, machine
hardware and shoulder washers should
be employed. A suitable terminal (pre-

POPULAR ELECTRONICS
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For use with grounded-field alternator, use dashed lines.

ferably of the barrier block type) should
be mounted on the enclosure to provide
convenient points for the ground, battery
sense, field and alternator output con-
nections. Interconnect the pc board,

transistor socket and terminal strip using
No. 16 or heavier insulated, stranded
copper wire. Mount the pc board in the
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enclosure using metallic standoffs and
machine hardware.

Adjustments. The key circuit param-
eters can be optimized for use in a par-
ticular charging system by changing the
values of certain fixed resistors, namely,
R3, R5, and R6. Before changing any of

Fig. 5. Etching and
drilling guide for

pc board is at left,
with parts placement
guide shown below.

Q
COLLECTOR\
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the values specified in the parts list, con-
sult your automobile’s specifications.
Then use the following information to
determine the resistor values.

Resistor R3 limits current through the
zener diode internally connected to pin 3
of IC1. In operation, the voltage between
pin 3 and ground (the sum of the zener
voltage and the voltage drop across the
transistor's base-emitter diode) will be
about +7.5 volts. The value of R3
should be chosen so that the current
flowing through the resistor, internal
zener, and base-emitter diode at max-
imum overvoltage is between 2.0 and
6.0 milliamperes.

The following equation is used to
compute the value of R3: R3 = (V. .«
- V,)/1,, where Vis the zener voltage,
+7.5 volts, 1, is the current flowing into
pin 3, between 2.0 and 6.0 mA, and
V. ermax 1S the maximum output voltage
of the alternator. The specified value of
R3is 1600 ohms. If the alternator output
varies between 13.0 and 16.0 volts, |,
varies between 3.4 and 5.3 mA. Thus,
over the full range of voltages anticipat-
ed, the zener current is less than 6.0 and
greater than 2.0 mA.

The magnitude of the regulated volt-
age is determined by the value of R5,
which is defined by the following equa-
tion: V = (1 + R5/R1) (8.4) + (n +
RS/SOOO% (0.7), where n is 3 for the cir-
cuit shown in Figs. 4 and 5 and R71 is
chosen so that the current in the battery
sensing diode string is between 0.5 and
1.0 mA. This current in part establishes
the regulator's temperature coefficient,
which can be varied from approximately
—9.0 mV/°C to —13.0 mV/°C by chang-
ing the number of diodes in the string.

The approximate temperature coeffi-
cient of the zener diode is +3.0 mV/°C,
and that of the string diodes and transis-
tor base-emitter diodes is —2.0 mV/°C
each. Starting at pin 1 (refer back to Fig.
2), and counting upward, we add —-2.0
mV/°C for the first base-emitter diode,
—2.0 mV/°C for the second, +3.0 mV/
°C for the zener, and —10 mV/°C for the
five diodes between pins 8 and 6. This
results in a total temperature coefficient
of =11 mV/°C.

The voltage between pin 8 and
ground should range from +7.9 volts
minimum to 8.8 volts maximum. The re-
sistance of R71 should be greater than
7800 ohms and less than 16,600 ohms,
whereR_ =V_ /I ~andR . =V,

max min min min
/ k. If @ typical voitage of 8.35 volts
and a current through the diode string of
0.64 mA are assumed, the resistance of

R1 should be 13,000 ohms. This resuits
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Hobbiests! Engineers! Technicians! Students!

Write and run machine language programs at home, display video graphics
on your TV set and design microprocessor circuits—the very first
night—even if you've never used a computer before!

ELFII...
RCA COSMAC

microprocessor/mini-

computer
$QQO5 L SHiHEHE

$99.95. Then, once you've mastered computer
fundamentais, expand ELF ft with low cost add-ons and
you've got an advanced personal computer powerlul
enough to solve business, industrial or scientific
prohiems.

Learning Breakthrough!
A Short Course On
Microprocessor And
Computer Programming
Written for anyone! Minimal background needed!

Using advanced compulers IS now as easy as dnving a
car with an automatic transmission We will teach you, step
by step. instruclion by instruction, how to use an RCA
COSMAC computer

Not only does our short course exp/ain computers. it
helps anyone write and run piograms and solve complex
problems requiring 3 computer Knowing how 3 computer

ELF Y

by NETRONICS
as featured in
POPULAR ELECTRONICS
shown with optional 4k
Memory Boards. GIANT
BOARD™  Kluge

2‘5’3:’ and works can help you )
bonid (1) Spot situations where a computer czn assist you in
Keyboai = business. industry, personal applications. etc: (2) Select the

most economical computer (or microprocessor) and related
hardware for your specific needs; (3) Wite and run the
programs you need; and (4) Keep your computer costs down

This course was written for ELF Il users but itsa
blockbuster for every RCA COSMAC user or owner!

Stop reading about computers and get your hands on one ELF §l 1s an outstanding trainer
for anyone who needs to use 3 computer to maximize his of her personal effecliveness But ELF It
15n't just 3 trainer. Expanded. it becomes the heart of a powerful computer system

For $99.95 You Gel All This—

No other small personal computer offers video output and ELF II's expansion capabilities
for anywhere near $99.95 ELF Il can create graphics on your TV screen and play electronic
games! It pays for itself over and over again in the fun it prowides for your whole family
Engineers and hobbiests can use ELF Il 1n microprocessor-based circuits as a counter, alarm.
lock, thermostat. timer. telephone dialer, etc. The possibilities are endless!

The ELF 11 Explodes Into A Giant!

Once you've mastered computer f als, ELF ) can give you POWER! Plug i the
GIANT BOARD™ and you can record and play back your programs, edit and debug programs.
communicate with remote devices and make things happen in the real world. Add Kluge Board to
solve specific problems such as operating a more complex alarm system or controlling 3 printing
press 4k memory units let you write longer programs and solve even more sophisticated
business, industrial. scientific and personal finance problems

Add ELF 11 Tiny BASIC And Keyboard!

To make ELF 11 easier to use. we've developed ELF Il Tiny Basic. It lets you program ELF II
with simpte words you can type out on 3 keyboard such as PRINT RUN and LOAD ELF Il responds
by displaying answers on your printer, video monitor or TV screen
Write And Run Programs The Very First Night!

SPECIFICATIONS

ELF |l fealures an RCA COSMAC COS/MOS 8-bit
microprocessor addressable to 64k bytes with DMA,
interrupt, 16 registers, ALU, 256 byte RAM, full hex
keyboard. 1wo digit hex output display, 5 slot plug-in

bus (less ), stable crystal clock
for timing purposes and a double-sided,
plated-through PC board plus RCA 1861 video IC 10
display any segment of memory on a video monitor or
TV screen.

EXPANSION OPTIONS
¢ ELF 11 GIANT BOARD™ with casssette 1/0,
RS 232.C/TTY 1/0. 8-bit P 1/0, decoders for 14
separate  1/0 instructions and a system
monitor /editor. Tums ELF 1l into the “heart of a The ELF Il kit includes afl components and everything you need to write and run your own
full-size system with massive computing power! | prog plus the new Pixie Graphics chip that lets you display any 256 byte segment of memory
$39.95 kit. on 3 video monitor of TV screen. No wonder ELF 11 is now being used as a trainer in many high
* 4k Static RAM. Addressable to any 4k page to 64k. | schools and universities. .
Uses low power 2102's Chip select circuil allows Easy instructions get you started right away, even 1f you've never used a computer before
original 256 bytes to be used. Fully buffered. | The newly expanded ELF Il Manual covers assembly, testing, programming. video graphics and
Onboard 5 volt regulator. $89.95 kit. games.
* Prototype (Kluge) Board accepts up 10 36 1.C.’s ELF 1l can be assembled in 3 single evemng and you'll still have time to run programs
including 40, 24, 22, 18, 16, 14 pin. Space available | including games, video graphics. etc. before going to bed!

for onboard regulator. $17.00. r e eewss SEND TODAY! = s mn s ﬂ
N

* Gold plated 86-pi tor. $5.70.
< ELF 11 Full ASCII Keyboard. Upper and lower ETRONICS R&D LTD., Dept,PE7 203 354-9375
| 333 Litchiield Road, New Milford, CT 06776

case. $64.95 kit

* S amp Expansion Power Supply. Powers the O YES! | want to run programs at home and have enclosed: [ $99.95 plus $3

entire ELF 11 (Not required unless adding 4k RAM p&h for RCA COSMAC ELF I hit. ©$4.95 for power supphy, required for ELF Il kit

"0""5”’ $34.95 kit. N ) ) O $5.00 for RCA 1802 User’s Manual.

i fl': :{ "',fs.‘{',h,:',;"f'c BTl (A LG (i 0 $4.95 for Short Course on Microprocessor & Computer Programming.

pansion bus. O ELF Il connects to the video input of your TV set. If you preferto connect ELF Il to your
antenna terminals instead, enclose $8.95 for RF Modulator

0$39.95 plus $2 p&h for ELF GIANT BOARD™ kit.

— 4k Static RAM kit, $89.95 ea. plus $3 p&h

0$17.00 plus $1 p&h for Prototype (Kluge) Boarg

£1$34.95 plus $2 p&h for Expansion Power Supply kit.

— Gold plated B6-pin connectors at $5.70 ea

0 $64.95 plus $2 p&h for ASCII Keyboard kit.

0 $14.95 for ELF Il Tiny BASIC cassette.

O | want my ELF || wired and tested with the power transformer, RCA 1802
User's Manual and Short Course on Microprocessor & Computer Program-
ming for $149.95 plus $3 p&h.

Total enclosed (Conn. res. add tax) §

ELF I TINY BASIC
Communicate with ELF Il in BASIC! ELF |l Tiny
BASIC is compatible with either ASCIl keyboard and
TV screen or standard teletype/video terminal
utilizing RS 232.C or 20 mil TTY interface.
Commands include SAVE and LOAD for slonng

on dard c: .aplot¢ d to
dlsplay graphic information and special commands
for controlling ELF Il 1/0 devices. 16-bit integer
arithmetic, =, x, +, (). 26 variables A-Z. Orher
commands include LET, IF/THEN, INPUT, PRINT,
GO TO. GO SUB, RETURN, END, REM, CLEAR,

0 Check here if you are enclosing

LIST, RUN, PLOT, PEEK, POKE. Comes with Money Order or Cashier's Check to expedite shipment. I
maintenance documentation and excellent user's
manual that allows even beginners to use ELF 11 for NAME
sophisticated applications. (4k memory required.} l
$14.95 on casselte tape. ADDRESS
Coming Soon . . . D-A, A.DConverter » Controller I
Board » Cabinet » Light Pen (Lets you write or draw an
anything on a TV screen. Imagine having a “magic I
wand" that writes like a crayon') STATE up

mm wms wew mm Dealer Inquiries Invited! s wms s e el
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in a minimum current of 0.61 mA and a
maximum of 0.68 mA for the specified
range of voltages between pin 8 and
ground. In most charging systems, the
normal charging voltage will be between
13.3 and 15.3 volts. Accordingly, 14.0
volts is a good choice for Vieg: SOlving
the equation previously given for a Veg
of 14.0 volts results in an R5 resistance
of 2333.3 ohms. A 2000-ohm resistor
will cause V,__ to be 14.3 volts.

The value of R6 is more easily deter-
mined. This resistor limits the maximum
overvoltage, which can be expressed
as: V_max = [(R3+R6)/R6)(7.5). We
have previously calculated the resis-
tance of R3 to be 1600 ohms, so we can
simplify the equation: Vo vermax = (1600 +
R6)/R6 ] (7.5). If the maximum overvolt-
age is chosen to be 16.0 volts, then R6
should have a resistance of 1411.8
ohms. The closest “standard” value,
1500 ohms, will limit Vo vermax 10 15.5
volts. Because this 88.2—ohm change in
resistance varies the maximum overvolt-
age by 0.5 volt, a 5% (or closer) toler-
ance component should be used for R6.
In fact, it's a good idea to use resistors
with such tolerances for all three biasing
resistors (R3, RS, and R6).

If a Darlington transistor other than
the type specified in the schematic and
Parts List is used as Q7, it might be nec-
essary to change the value of R2. Check
the data sheet of the Darlington transis-
tor for the beta of the device. Then se-
lect a value of R2 that will provide
enough drive when the alternator output
voltage is at its minimum level. An ex-
pression you can use to determine the
required resistance is: [, = (V . -
2.8)/(R2 + 50).

Installation. The project should be
mounted at or near the location of the
voltage regulator that is being re-
placed—except if the existing regulator
is an integral one. In any event, the reg-
ulator should be positioned near the bat-
tery for good thermal tracking. All inter-
connections between the regulator and
the rest of the charging system should
be made with flame-retardant, oil-resist-
ant insulated stranded wire. Use No. 14
wire for the battery, ground, and field
connections and No. 10 wire for the con-
nection to the alternator output terminal.
Most, if not all, of the wires needed
should be already present. If not, add a
required length of suitable wire, keeping
the gauge requirements just mentioned
in mind. Finally, be sure the regulator is
firmly secured in place to prevent possi-
ble damage caused by vibration. <o
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BY DOUGLAS KOHL

| OW-COST LOOP ANTENNA

EXTENDS AM

RADIO RECEPTION

Easy-to-build air-core loop helps pullin
distant stations on inexpensive radios.

VEN IF you're vacationing too far

from home for normal AM reception,
you can still pick up home-town broad-
casts with an ordinary AM radio. Alterna-
tively, if you're staying at home, you can
receive out-of-town sports broadcasts to
keep tabs on your favorite team. Using
an inexpensive external loop antenna
will do the trick. Here's why it works and
how to build one.

Because portable and desk-top AM
receivers employ relatively small, inter-
nally mounted ferrite-core loop anten-
nas, they can deliver only enough signal
for good reception of local stations.
However, if an external loop with a larg-
er effective cross-sectional area is sub-
stituted for the internal one, or used in
tandem with it by mutual coupling, the
working sensitivity of the receiver is in-
creased in direct proportion to the ratio
of the loop areas.

If the loops are used in tandem, no
connections or modifications to the re-
ceiver are necessary. Signals will be
coupled to the small internal loop induc-

fife~<TuniNG
CAPACITOR

~~

How to
construct
a loop antenna
on wall of a room.

tively when the two loops are placed in
proximity to each other. If your home is
of wood-frame construction and the
walls do not have metal lath, you can
mount the large loop on a wall or even
conceal the loop behind it. The loop can
then be a source of fun as a mystery
spot where your neighbor's $5 transistor
radio will work better than ever before!

Constructing a Loop. A typical large
loop antenna is shown in the figure. It is
made simply by winding a series of turns
of wire on some supporting structure.
The loop is tuned by a variable capacitor
connected across it. The antenna can
be supported by wooden pegs inserted
into the wall or by a free-standing wood-
en cross frame. Insulated copper wire,
No. 20 or larger, should be used. Bell
wire or even No. 14 house wire will yield
excellent results. Such a loop can be
concealed if other members of the family
consider it unsightly.

Plan to make your loop square, or at
most, slightly rectangular. This makes it
easy to compute the area inside the
loop. Construct your loop so that it is as
large as possible. A 7-ft x 9-ft (2.1-x
2.7-m) loop, for example, is suitable if
you have 8-ft (2.4-m) walls. If possible,
mount the loop on a wall which is in line
with the distant radio stations you want
to receive. The antenna is most sensi-
tive to signals parallel to the plane of the
loop, and least sensitive to signals pro-
pagating in directions perpendicular to it
(striking the antenna broadsides).

To calculate how many turns of wire
are needed, compute the area of the
proposed loop and use the following for-
mula: N = 242.3/\/A where N is the
number of turns and A is the area in
square inches (1 square inch = 6.45
cm?). For example, suppose the
planned loop will measure 6’ 9” (2.1 m)

AmericanRadioHistary Com

on each side. lts area will be 6,561
square inches (4.2 m2 or 42,330 cm?)
and the number of turns required will be
three. For your convenience, here are
the loop sizes corresponding to an inte-
gral number of turns:

4

Length of each side

80-11/16" (2.05 m)
60-5/8" (1.60 m)
48%" (1.23 m)
40-3/8”(1.03m)
34-5/8" (88 cm)
30-5/16" (77 cm)
26-7/8" (68.3 cm)
24-3/16"(61.4 cm)

O W oO~NOOUM e W
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Incidentally, you can make a small, port-
able loop on a wooden frame to take
along on picnics, or on a boat. A loop
two feet square (0.3716 m2 or 3716 cm2)
will provide good results with a “pocket
portable" receiver.

Connect the loop ends to each side of
an ordinary air dielectric variable tuning
capacitor (one loop end to the rotor
plates and the other to the stator plates).
The capacitor, which can be removed
from a junked AM receiver or purchased
new (or surplus), should have a max-
imum capacitance of at least 360 pF.
Multisection capacitors can be wired in
parallel to extend the loop’s tuning
range. Be sure to solder all connections
using rosin core solder.

Using the Loop. A loop antenna will
provide some improvement in reception
of all stations, not just the one at the fre-
quency to which it is tuned. However, for
best results the loop should be resonat-
ed. Tune the receiver to the desired sta-
tion's frequency and place it in the vicin-
ity of the large loop. Orient the receiver
so that its internal ferrite bar is perpen-
dicular to the plane of the loop. Then ro-
tate the shaft of the antenna'’s tuning ca-
pacitor until the signal peaks.

Enhanced reception will be ex-
perienced when the receiver is placed
up to approximately one side dimension
of the loop in front of, or behind the wall
on which the loop is mounted. Experi-
ment with the placement of the receiver
to determine the location that gives best
results. The closer the receiver is to the
loop, the more signal coupled to the in-
ternal ferrite antenna. For casual listen-
ing, as opposed to chasing weak DX sig-
nals, the degree of coupling between the
loop and the receiver will not be critical,
thanks to the large measure of improve-
ment the loop provides. <
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Shortwave
DX “CATCHES”

AFRICA

OME people tune the shortwave

bands to keep closer tabs on what's
happening in the rest of the world. Oth-
ers seek distant, rarely heard DX sta-
tions. It's not often that one section of
the world can offer exceptional oppor-
tunities for both categories of SWL's, but
Africa certainly can. There are numer-
ous stations to challenge your skills as a
dial-spinner, while at the same time of-
fering the politically-aware news-orient-
ed SWL some of the most potentially ex-
plosive listening excitement to be found
anywhere.

Major DX'ing fireworks are provided
by the rapidly escalating radio war be-
tween the white minority regimes in
South Africa and Rhodesia, and the
black nations that surround them in
southern Africa. More interesting listen-
ing comes from the numerous former
colonies struggling to achieve stable na-
tionhood, undergoing various internal
upheavals in the process. Such instabili-
ty makes extracting a QSL from many
African outlets an even greater chal-

QSL card sent by the Ghana Broadcasting

Corporation verifying reception.

Dear Sir/Madam,

lenge than hearing the station! Yet such
situations can provide supreme DX sat-
isfaction when overcome, resulting in
the arrival of a highly prized verification.

South Africa’s Big Voice. There's
no question as to which nation has the
biggest signal in Africa: The Republic of
South Africa puts a thumping signal into
all parts of the world with its external
service, Radio RSA. In addition, it has
an extensive network of domestic short-
wave services which can be easily
heard throughout North America.

Radio RSA currently broadcasts in
English to North America at 2230-2320
GMT on 9585, 11800, and 11900 kHz.
Programming is typical of most govern-
ment-operated broadcasters: news, edi-
torials, features, music, and mailbag
programs. For the SWL interested in
African affairs and politics, Radio RSA
can provide insights into South African
foreign policy that cannot be obtained
through conventional American news
media.

GHANA BROADCASTING CORPORATION

P.O. BOX 1633

ACCRA, GHANA

Thank you for your reception report of our transmission(s)

11850

2100

ke/s heard at
JG.M.T. on

R, -

1z 5: 68

We have pleasure in verifying your report which is much appreciated.
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BY HARRY L. HELMS, JR.

Broadcasts from a
changing continent
can be informative
and interesting.

The governmental body responsible
for domestic broadcasting services is
the South African Broadcasting Corpo-
ration (SABC), which provides program-
ming in English, the Dutch dialect Afri-
kaans, and various tribal vernaculars.
SABC's English service is widely heard
on 4875 kHz from 0300 GMT sign-on
until fade out at sunrise in South Africa.
Programming is pop music and a gener-
ally subdued announcing style. Some-
times telephone call-in shows are fea-
tured, and these are among the most
fascinating programs you're likely to find
on shortwave.

Private broadcasting stations are not
allowed in South Africa, but SABC pro-
vides its own commercial service known
as Springbok Radio. This service oper-
ates all through the South African night
and offers the same pop music and mel-
low style of SABC's noncommercial
service. You will recognize many of the
brands mentioned in the commercials,
since many American firms market their
goods in South Africa, while some
brands, such as “Jungle Oats” cereal,
are clearly unique to South Africa!l

In the summer of 1977 SABC opened
yet another domestic service, this time
featuring rock and roll music in a style
similar to that of American “Top Forty”
stations, although with fewer suggestive
lyrics and songs than heard on Ameri-
can radio. This service is known simply
as Radio Five and best reception is on
3388 kHz from 0300 GMT onward.

The Rhodesia Broadcasting Corpora-
tion can be heard on 3396 kHz from
0355 GMT sign-on in English. Program-
ming is mainly news, pop music, and ad-
vertising, delivered in a sedate style that
seems oblivious to the explosive situa-
tion facing the nation. But SWL's have
heard items warning Rhodesians to pre-
pare for the “war sacrifices” that might
lie ahead. If the guerrilla campaign
against the lan Smith regime isn't settied
in some peaceful manner, Rhodesia
might provide some of the mostdramatic

POPULAR ELECTRONICS



listening available to the SWL. This sta-
tion is a good verifier, by the way, and
the wise SWL should secure a QSL now
before any future political changes.

Voices of Opposition. None of the
black-ruled nations of southern Africa
opposed to the regimes in South Africa
and Rhodesia have the commanding
shortwave signals possessed by South
Africa. This makes them better DX, yet
none are extraordinarily difficult. Most
are audible, at varying levels, through-
out North America on average receiving
equipment.

Perhaps the most virulent opposition
voice belongs to Radio Tanzania, which
can be heard in English from 1730 to
1915 GMT on 15435 kHz. A regular pro-
gram at 1800 GMT is “Liberation for
South Africa and Liberia,” consisting of
stinging, barbed commentary directed
against those two nations. Also occa-
sionally heard at 1830 GMT is the
“Voice of Namibia” program, calling for
the liberation of the territory of South
West Africa, which is controlled by
South Africa, Radio Tanzania’'s news-
casts are similarly peppery. Radio Tan-
zania allows the American SWL to di-
rectly hear the views and opinions of the
more militant nationalist groups. More-
over, the American news media often
fail to capture the impassioned nature of
the nationalist movements which comes
across so clearly over Radio Tanzania.

Zambia is a nation which is also
steadfastly opposed to the regimes of
South Africa and Rhodesia, yet it main-
tains a more moderate radio voice. Ra-
dio Zambia transmits its general service,
consisting of English and local vernacu-
lar languages, on 3346 kHz from 0350 to
0530 GMT and on 7250 kHz from 0630
GMT until fade-out due to sunrise in
Zambia. Reception of either frequency
cannot be termed easy, but Radio
Zambia does manage to put a readable
signal into the United States most days.
Newscasts feature extensive coverage
of African nationalist activities but with-
out the stridency of Radio Tanzania.
Much African music is played, making it
a listening treat even for those uninter-
ested in politics. One distinctive charac-
teristic of Radio Zambia is the practice of
referring to areas under white rule by
their nationalist or native names. For ex-
ample, Rhodesia is always called “Zim-
babwe” by Radio Zambia. Zambia can
also often be heard sending greetings to
listeners in white-ruled areas.

Amin Speaks to the World. Few

JULY 1978
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Radio Senegal’s QSL card gives the station’s frequencies
and power outputs. Note that it is in French.

leaders in world history can compare in
notoriety and controversy with Idi “Big
Daddy” Amin of Uganda. Listeners who
wish to keep up with his latest es-
capades can do so by tuning in to the
external services of the Uganda Broad-
casting Corporation. It is on the air in En-
glish from 1880-1830 GMT on 15325
kHz (although with interference from Ra-
dio Canada International) and from
2030-2100 GMT on 9730 kHz. Trans-
missions are to Africa, but Uganda's
powerful 250-kilowatt transmitters often
deliver strong signals to North America.
Uganda's broadcasts are not as excit-
ing as one might expect, given Amin's
pyrotechnics. Programming is a varied
hodge-podge, seemingly spontaneous,

with musical selections running the
gamut from traditional African music to
Judy Garland and American country and
western. Yet interspersed are various
features and commentaries, giving first-
hand glimpses into Uganda and its poli-
cies. Uganda's newscasts are often the
means by which Amin springs his sur-
prises on the world. The first news of
Amin's “post-operative coma” came
from UBC's external services, for exam-
ple. Thus, Uganda always has the po-
tential for exciting and dramatic listening
as long as Amin remains in power.

Other English Voices. Not all Afri-
can broadcasters are as heavily politi-
cized in their English programs as the

Verification card from the Nigerian Broadcasting Corporation.

NIGERIAN BROADCASTING CORPORATION
BROADCASTING HOUSE -

Thank you |for| m1 ﬂ ﬂ m ......
at..Qb38 pleasure in

confirm 'nq“ .

LAGOS - NIGERIA

...kes

FOR CHIgF ENGINEER
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stations we have discussed so far.
Some offer relatively balanced news
coverage and much interesting African
music. For those seeking a more moder-
ate perspective on African affairs, the
Voice of Nigeria is a listening must. Best
North American reception is on 7275
kHz at 0600 GMT sign-on and on 11770
kHz from 1800-1930 GMT. These are
external services intended for foreign
audiences. Also easily heard is the do-
mestic service, Radio Nigeria, on 4990
kHz. Listeners in the East will find this
frequency audible from fade-in around
2130 GMT until sign-off at 2305 GMT.
Listeners throughout North America can
try for their sign-on at 0430 GMT. Pro-
gramming consists of authentic African
music, news, and interviews. Both the
Voice of Nigeria and Radio Nigeria are
very friendly verifiers.

Ghana is an African nation which has
of late curtailed much of its international
broadcasting activity. Once a station
which rivaled Radio RSA as Africa's
leading radio voice, Radio Ghana is now
restricted to one frequency, 6130 kHz,
where it is heard until its 2300 GMT
sign-off in English. It now uses the slo-
gan, “The Voice of the Revolution,” and
bears watching as this nation attempts
to stabilize its internal situation. SWL's
in the West will find Ghana easier to
catch via their domestic shortwave serv-

ice, the Ghana Broadcasting Corpora-
tion, which signs on at 0600 GMT on
4915 kHz. Plenty of African music and
commentaries are featured. If you send
a reception report to either station, don't
be surprised to receive letters from Gha-
naians wanting to be your pen-pal—
numerous SWL's have received them
for several years. Apparently many let-
ters from the United States are opened
in Ghana by local postal employees!

A station completely different from the
norm in African broadcasting is the Sier-
ra Leone Broadcasting Service, operat-
ing from a nation established by the Brit-
ish for much the same purpose as Lib-
eria: as a home for former slaves. Lis-
teners in the East can hear it on 3316
kHz at 2335 GMT sign-off, usually with
religious programming, while listeners
further west can listen for their 0600
GMT sign on. Programming then is rock
and pop music, commercials, and a
DJ—all sounding rather like the radio
voice of another former British colony,
Radio Belize in Central America! Yet
even this relatively tame station had
many interesting news items during a
coup attemptin early 1977.

Those who seek a true challenge
should try to hear and verify the English
service of Radiodiffusion Television lvoi-
rienne broadcasting from Ivory Coast.
English is scheduled around 2000 GMT

Thank you for your report on the reception of our
Domestic English Service/Afrikaans Service/
Commercial Service (Springbok Radio) from the

H.F. Verwoerd Shortwave Station

DATE: ... 19. 0ctober..1975.........

TIME: ...0350 GMT

FREQUENCY: ..3980 kHz

MR, H,_, HELMS JR

SOUTH AFRICAN

Lo wlt w04 et
BROADCASTING CORPORATION
SUID-AFRIKAANSE C U oy LT
UITSAAIKORPORASIE
U.S,.A.

P.0. Box 4559, Johannesburg, South Africa

Suprsme

AY
T

for: DIRECTOR: TECHNICAL SERV.

South African Broadcasting Corporation
QSL card verifying reception on 3980 kHz.
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on 11920 kHz, and programming fea-
tures American soul and African pop
music. You're likely to hear a variety of
station identifications used, but the two
most common are Radio Abidjan (after
the name of the national capital) and Ra-
dio Ivory Coast International. Signals
are often good throughout North Ameri-
ca, and the real challenge starts after
you've heard the station. Their QSL poli-
cy is sporadic and totally unpredictable.
Some listeners receive a verification
with their first report. Others cannot get
a reply despite numerous reports. Your
author falls into the latter category, hav-
ing sent several reports since 1969 with
nothing to show for the effort!

Non-English Stations. For those
more interested in QSL’s than program
content, or for linguists, don't ignore
non-English broadcasts, as follows.

Since many African nations were for-
merly French colonies, it is hardly sur-
prising that French is a very common
language over the African airwaves.
Thus, you'll have to resurrect your high
school or college French to follow the
news programs and commentaries on
these stations. But if you don't know
French, you'll find that you can follow the
programming well enough to prepare a
reception report, and these stations will
usually verify a reception report written
in English.

Benin is a new name for the former
nation of Dahomey, and its La Voix de la
Revolution Beninaise is a most unusual
experience for North American listeners.
Programming is in French, with local
music, frequent excited political
speeches and slogans, and repeated
mentions of Cuban troops in Africa. It
operates on 4870 kHz, and is scheduled
to sign on at 0415 GMT although at the
time of this writing it is sometimes oper-
ating all night. English has been report-
ed in the past around 2030 GMT by Eu-
ropean SWL'’s.

Another all-night operation is Radi-
odiffusion Nationale in Guinea, operat-
ing on 7125 and 4910 kHz. Although it
identifies as La Voix de la Revolution on
occasion, its programming has toned
down over the years. French is used
along with local vernacular languages,
and much African music is featured.

The Congo is well-heard in North
America via Radiodiffusion Television
Congolaise on 4765 kHz at 0400 GMT
sign on. Tribal rhythms and drumming
are often featured, and are a delight if
you haven't heard them before. Listen-
ers in the East might want to try for their

POPULAR ELECTRONICS



English programs scheduled for 2130
GMT, although these are presentedon a
somewhat irregular basis.

Chad is heard well throughout North
America on 4905 kHz via the programs
of Radiodiffusion Nationale Tchadienne.

Sign-on is at 0430 GMT in French with
pop and rock music mixed with more tra-
ditional native flute and drum music. If
you are proficient in French you will also
find the numerous political commentar-
ies to be of interest.

ENGLISH BROADCASTS FROM AFRICA

Times in GMT
Frequency Station
hannesburg. Same schedule as
3250 South Africa, Springbok Radio, 9585.

Johannesburg.  Approximately
2215-0300 sign-off. Pop music
and commercials.

Sierra Leone, Freetown. 0600
sign-on with pops and rock mu-
sic, advertisements.

Zambia, Lusaka. General serv-
ice. Sign on at 0350-0530 in En-
glish and local languages African
music and news.

South Africa, Radio Five, Jo-
hannesburg. Audible 0300 until
sunrise fade-out. Rock music.
Rhodesia, Salisbury. Sign on
0355 in English. Pop music and
ads. Low-key generally but in-
creasingly reminding listeners to
prepare for possible wars with
neighboring states.

South Africa, SABC, Johannes-
burg. Sign-on 0300 with pop mu-
sic. Identifies as Radio South
Africa.

Ghana, Accra. Domestic service.
Sign-on 0600. News, commen-
tary, African music.

Nigeria, Lagos. Fade approxi-
mately 2130 until 2305 sign-off,
also at 0430 sign-on. Authentic
African music, news and fea-
tures.

Ghana, Accra. International ser-
vice, until 2300 sign-off.

Zambia, Lusaka. General serv-
ice. Sign-on 0630. Similar pro-
gramming as 3346 kHz outlet.
Nigeria, Lagos. Voice of Nigeria
international  service. News,
commentaries, and music from
0600 sign-on.

South Africa, Radio RSA, Jo-
hannesburg. international serv-
ice beamed to North America
2230-2320.

Uganda, Kampala. External ser-
vice. Varied programming and
unpredictable news 2030-2100.
Nigeria, Lagos. Voice of Nigeria,
similar to 7275 kHz, 1800-1930.
South Africa, Radio RSA, Jo-
hannesburg. Same schedule as
9585.

South Africa, Radio RSA, Jo-

3316

3346

3388

3396

4875

4915

4990

6130

7250

7275

9585

9730

11770

11800

11900
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11920 Ivory Coast, Abidjan. African
and U.S. soul music around
2000.

Uganda, Kampala. External ser-
vice, 1800-1830.

Tanzania, Dar es Salaam. Anti-
Rhodesian and South African
programming 1730 to 1915 sign-
off. Often stinging in its criticism
of white minority regimes.
Mozambique, Maputo. Por-
tugese talks and music from
0315.

Congo, Peoples Republic of,
Brazzaville.  Sign-on  0400.
French with much native music.
Also before 0000 sign off along
East Coast.

Angola, Luanda. All night. Best
after Latin American stations
clear the frequency after 0500.
Portugese talk and local and pop
music.

Benin, Cotonou. French lan-
guage revolutionary speeches
and slogans. Many mentions of
Cuba and local music. 0415 sign
on, occasionally all night.
Senegal, Dakar. 0600 sign-on
French and native languages
with much exotic local music.
Mozambique, Maputo. 0400
sign-on. Portugese with talks and
instrumental music, some En-
glish identifications.

Chad, N'djamena. 0430 sign-on.
French with African music. Also
audible in East at 2200 sign-off.
Central African Empire, Ban-
gui. French talks with native and
pop music untit 2300 sign-off,
also at 0430 sign-on.

Togo, Lome. French talk and
music like Bangui-5038—be
careful not to confuse the two! In
East until 2300 sign-off. Also at
0530 sign-on.

Guinea, Conakry. French and
vernacular languages with Afri-
can music all night.

Angola, Luanda. Sign-on 0500.
Portugese with chanting, African
and pop music, and talks.

15325

15435

3210

4765

4820

4870

4890

4895

4905

5038

5047

7125

9535
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Senegal's Radiodiffusion du Senegal
puts good signals into North America on
4890 kHz at its 0600 GMT signon. They
sign on with a melody played on a native
instrument known as the "khora"” and
feature its distinctive sound on many of
their musical selections. Much exotic
chanting can be heard as well, along
with some native languages. French an-
nouncements are likely to be the only
things familiar to most listeners.

Two stations often confused by new
SWLs are Radiodiffusion du Togo on
5047 kHz and La Voix de L’'Empire Cen-
trafricane (from the former Central Afri-
can Republic, now called Empire) on
5038 kHz. Both stations program in
French with African and pop music. Both
sign off at 2300 GMT and put powerful
signals into the East Coast at that time.
Togo signs on at 0530 GMT, however,
while the Central African Empire starts
operations at 0430 GMT.

Portugal’s Former Colonies. The
shortwave stations of Angola and Mo-
zambigue were exciting listening a few
years ago as they gained independence
from Portugal and were racked by inter-
nal conflicts. SWL's could tune in live
political rallies with excited speakers
and crowd shouts. Programming slants
varied as different factions gained con-
trol of the broadcasting stations.

The situation is more stable now. An-
gola's Radio Nacional can be heard at
0500 GMT sign-on in Portugese with
African and pop music, certainly a
change from their former all-night politi-
cal harangues.

Mozambique is also heard in Por-
tugese with much guitar music on 4895
kHz at 0400 GMT sign-on. Fortunately
for SWL's, Radio Mozambique also has
some English station identifications.
DXers seeking a challenge can shoot for
Radio Mozambique's 3210 kHz outlet,
which is sometimes heard past 0315
GMT with similar programming. Both
Angola and Mozambique are quiet now,
but alert SWL's should keep abreast of
African events which could offer excel-
lent listening possibilities

The above advice could be applied
equally well to any station in Africa. Not
only does shortwave allow you to hear
news direct from the source, but it also
sometimes permits you to hear news in
progress. There have been cases where
SWL's have heard live gunfire in the
background of African shortwave broad-
casts! And given the highly explosive
nature of certain sections of the conti-
nent, that sound might be heard again.
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DETECTOR

Listen to a

NEW WORLD OF
SOUNDS WITH
ULTRASONIC

EXPLORING the world of ultrasonic
sound—which lies above approxi-
mately 20 kHz—can be exciting and
educational. Here is a frequency spec-
trum beyond human hearing where
many insects and rodents communicate
with each other, where sounds from
leaks in pressurized gas lines occur, etc.

The inexpensive circuits presented
here convert these ultrasonic sounds to
audio frequencies, enabling anyone to
hear them. Also included is a simple ul-
trasonic transmitter circuit that will en-
hance your ability to probe this interest-
ing electronics area.

An Ultrasonic Receiver. The sche-
matic diagram of a heterodyne-type ul-
trasonic receiver is shown in Fig. 1. This
receiver hyterodynes ultrasonic signals
~with those from an internal oscillator,
converting them to audible frequencies
for reproduction by a dynamic speaker.
Thus, it allows you to “hear” any signals
it detects.

e
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Piezoelectric transducer TR1 con-
verts ultrasonic waves impinging upon it
into ac waveforms which are applied to
the noninverting input of operational am-
plifier IC1A. Because a single-ended
power supply is used, resistors R1 and
R2 bias the noninverting input to one-
half the supply voltage. Resistor R3, ef-
fectively connected across TR1 by elec-
trolytic capacitor C1, damps the trans-
ducer's resonant response and broad-
ens its bandwidth. At dc, RS provides
100% negative feedback to stabilize the
operating point. At signal frequencies of
interest, the gain of IC1A is 60 dB for the
values given in Fig. 1.

i

AmericanRadioHistorv Com

BY BRIAN DANCE

Inexpensive detector
converts ultrasonic

sounds from insects,
compressed gas leaks, etc.,
to an audio output.

The output of IC1A is directly coupled
to op amp IC1B, a similar amplifier
stage. The voltage gain of IC18B, about
43.5 dB with the component values
specified, is somewhat lower than that of
the preceding stage. Signals at the out-
put of IC1B are capacitively coupled by
C5to diodes D1 and D2.

Aiso applied to the diodes is the out-
put of an ultrasonic oscillator comprising
IC3 and its related components. The fre-
quency of this oscillator is determined by
the setting of potentiometer R12 and the
capacitance of C9, which is chosen so
that the oscillator output corresponds to
the resonant frequency of the transduc-
er. (Transducers are readily available
from surplus dealers with resonant fre-
quencies ranging from 22 to 44 kHz.)

The two diodes form a nonlinear net-

POPULAR ELECTRONICS
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Fig. 1. An ultrasonic receiver, where incoming signals heterodyne
with those from the local oscillator to produce an audible output.

C1.C8—10-pF. 25-V tantalum
C2.C4.C6.C7—0. 1-p.F disc cecramic
C3—0.01-pF disc ceramic
C5-—0.005-pF disc ceramic
C9—180-pF (or 330-pF) disc ceramic, poly-
styrene. glass or silver-mica (see text)
C10—0.003-p.F disc ceramic
C1[—0.05-pF disc ceramic
C12—50-pF, 25-V electrolytic
D1.D2—1N914 signal diode
IC1—TBA231 dual op amp (see note)

work. Hence, when signals from the os-
cillator and the op amp are applied, they
heterodyne with each other. If /C3 oscil-
lates at a frequency fairly close to that of
an ultrasonic wave detected by TR1, an
audible beat signal will appear at the
cathode of D2 at a frequency equal to
the difference between the two ultrason-
ic frequencies. The process is similar to
that performed in a conventional super-
heterodyne r-f receiver. The beat note,
which can be tuned by adjusting R12, is
amplified by /IC2, an audio IC, to a level
sufficient to drive the dynamic speaker.
Potentiometer R9 serves as an audio
gain control.

An Ultrasonic Transmitter will
help you explore the ultrasonic region
more fully. A suitable design is shown
schematically in Fig. 2. The circuit is
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PARTS LIST FORFIG. 1

1IC2—LM386 audio amplifier

1IC3—CD4001 quad 2-input NOR gate

The following fixed resistors are
10% carbon composition:

R[,R2.R5—150.000 ohms

R3— 1000 ohms

R4 R6-— 150 ohms

R7.R11-—22.000 ohms

R8—330.000 ohms

R10—470.000 ohms

R13-—10ohms

Va-W,

similar to the local oscillator stage in the
receiver, but the previously unused
fourth gate in the 4001 is employed to
provide push-pull drive for transducer
TRZ2. The output frequency is variable by
means of R3. The capacitance of C1
should be chosen so that the nominal
oscillating frequency corresponds to the
resonance of the transducer. As was the
case with C9 in the receiver, C1 should
be 180 pF if 44-kHz transducers are
used, or it should be 330 pF for use with
22-kHz transducers.

Construction. Either printed circuit or
perforated board can be used to dupli-
cate the transmitter and receiver cir-
cuits. Parts placement is not especially
critical. The use of sockets or Molex Sol-
dercons is recommended when mount-
ing the IC's on the boards. Be sure to

AmericanRadinHictory Com

R9—10.000-ohm linear-taper potentiometer

R 12—20.000-ohm linear-taper potentiometer

SPKR-—8-ohm dynamic speaker

TR 1—Piezoelectric ultrasonic transducer

Misc.—Printed circuit or perforated board:
suitable enclosure: hook-up wire: dc power
semarce: machine hardware: etc.

Note—The TBA231 dual op amp is imported
from the U.K. by SG-ATES Semiconductor
Corp., 435 Newtonville, MA 02160 (Tel:
617-969-1610).

observe normal precautions when han-
dling the CMOS devices. Install polos
ized capacitors and semiconductirs
with due regard for polarity and pin bas-
ing. Batteries are well suited to power
the transmitter and receivar circuits.
Note that, when transmitter switch S7 is
in the oFF position. the output stetes of
IC1's gates are frozen. The quiescent
curient drain of the circuit is so small
that no power switch is necessary. If a
battery supply is used with the receiver,
however, an spst power switch should
be used to disconnect the circuit from
the supply when it is not being operated.

Use. Receiver potentiometer R12 tunes
the circuit across a limited portion of the
ultrasonic frequency range. Apply power
and adjust audio gain control R9 until
some noise is heard through the speak-
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UNDERSHANDING

CH{

CULTPUTERS

AND SMALL COMPUTER

SYSTEMS
Here, at last, is a profusely illustrated,
easy-reading, “must” book explaining funda- |
mental concepts behind operation of
almost all microcomputers .. .in simple
English . .. giving you that extra knowledge
to read and understand computer magazines
and manufacturer's literature . .. and feel
“at home” around computers. Things like:
MW How a CPU is organized; how it follows
sequences of orders to solve problems
M lllustrates basic instructions from
almost every microcomputer B Discusses
common memory addressing modes —
illustrates typical uses What to know to
tell a computer what to do when using
machine language programming Hl Use of
flow charts; program worksheets; hand
assembly of source codes into object codes;
memory maps; purpose of Editor,
Assembler, Monitor.

| Hardcover $14.95. Paperback $9.95 |

M How a computer communicates
B Commonly used I/O devices and
operational concepts B Practical aspects of
selecting a small computer system Plus, [
hundreds of other practical facts and
information! If you're curious about small
computers, you must own this 300 page '
no-nonsense easy-reading text. Includes
easy-to-use glossary of key microcomputer-
oriented words.
UNDERSTANDING MICROCOMPUTERS. The
name says it all! Only $9.95
Order your copy today!

v SCELER COMPUTER
CONSULTING INC.

P.0. Box 133 — PP STN, Dept. PE

Milford. CT 06460
Prices shown for North American customers.
Master Charge, VISA, Postal and Bank Money
Orders preferred. Personal checks delay shipping
up to 4 weeks. Pricing, specifications, avail-
ability subject to change without notice.
IMPORTANT! Include 75¢ postage/handling for
each book delivered by U.S. Mail; or $2 for
each book shipped via UPS.

CIRCLE NO. 41 ON FREE INFORMATION CARD
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er. Then rub the palms of your hands in
front of TR1. The receiver will detect the
ultrasonic energy from the rubbing.

You will notice that TR1 has a very di-
rectional response. This is due to the
fact that ultrasonics have very short
wavelengths (compared to those at au-
dio frequencies) and are thus subject to
less diffraction at the edges of large ob-
