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Introducing the mokile that can move
you out of the world of the ordinary
and into the world of the serious CB'er.
The Cobra 138XLR Slngle Sldeband
Sidebanding puts = e
you In your own
private world A
world where theres |
less congestion.  §
More privacy.
More time to talk. =

It's all possible because instead of 40
channels you get your choice of 120
channels. Both AM and SSB. And
instead of 4 watts of legal power you
get 12 watts of legal power. So you get
almost double the range of AM.

With the 138XLR Single Sideband
there’s less background noise and less
interference. So there’s cleaner, clearer

reception. Because like all Cobras, the
138XLR SSB is engineered to punch

through loud and clear Even in crowded

metropolitan areas.

And like all Cobras it comes equipped
with such standard features as an easy-
to-read LED channel indicator
Switchable noise blanking and limiting.
An RF/signal strength meter And
Cobra's exclusive DynaMike gain control

You'll find the 138XILR SSB wherever
Cobras are sold Which is almost every-
where. Because Cobra's got a nationwide
network of dealers and Authorized
Service Centers offering sales, installation,
service and advice So come on in.

And move on up. g‘
( obra:

Punches through loud and clear.

Cobra Communications Products
DYNASCAN CORPORATION
6460 W. Cortland St., Chicago, lllinois 60635
EXPORTERS: Empire - Ha\:m\t:\niok{l S101'0 YCtK]?Ii]l‘)‘: Atlas Eectronics + Ontario
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If you think this
is merely the |world’s best

omni-directional | CB base antenna,
THINK/A\TWICE.

STARDUSTER Il. Like its
famous father, outperforms any
s wave omni-directional CB
antenna ever designed. Period.
But that's only half the story. We
also designed it to work
simultaneously on 88-108 MHz
FM. It receives FM
broadcasts right alongside
your CB rig so you get superb
double duty from one great
antenna. FM reception is
vertically polarized for a

$ that punches your signal farther
out on the horizon. Plus a 500 to 1

power safety factor. Installation?
STARDUSTER II's so super
lightweight and compact you

can carry it up a ladder and

still hold onto the ladder. It's

made of aircraft-grade

seamless aluminum tubing,

‘ weighs just 4.0 pounds.
I. You can assemble and put
‘ up this rugged beauty in
minutes, and it'll stay up.

perfect omni pattern. Tuned
traps and phasing coil
for excellent performance
across the entire band. And
in case you're wondering,
you still get the
STARDUSTER’s fantastic
CB performance.
Tremendous 5dB gain.
Our original full aperture design

O"St of Quality”
12435 Euclid Ave., Cleveland, OH 44106 A member of the Allen Group, Inc.
Export: 2200 Shames Drive, Westbury, L.I. New York 11590
Canada: A. C. Simmonds & Sons, Ltd.
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Resists 100 mph winds.
Naturally, we pack in
everything you need,
even the coax splitter

and 300 ohm patch cable.

‘l STARDUSTER II. A great

answer to two antenna
needs. So

mrd”mrl l shouldn’t you

Model M-800 think twice

before you buy any other CB antenna?

3 the antenna
i specialists co.

In 25 years...we've never been outdistanced. Professionol quality antennas and accessories for police, industrial, CB, marine, amateur, aviation.
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C3C's dore it agan.

Broken the price and perfor-
mEance bariers with ne#MAX-100.
Taemuitimode, prcfessicnal porta-
2 =‘requency courter tazt gives you
TOre range, visibilizy, acc uracy-and
verzatility than any zomrpareble unit
ar anywhee near its low, low price.

MAXimum performance.
MAX-100is & ¢ ncr to use 1 gives
yCL centinuaus readinges from 20Hz
ica guaraateed 100Msz with 8-
dig':accuracy. Fast readirgs with
1s3-sec.urdate and 1-se= sampling
Ize Precise reedings, cerived from a

" caystak-controlled time bese with
3ppm accuracy. High-sarsitivity
reacings from s gnzls as Izwas 30
m/,wilh diod= ever oad p-ot=ction
ugE 1o z00V p=aks.

Input signa s over 100MHz auto-
maalically flzsn the mosts grificant
digit. And to indicate lov-battery con-
dilion nd exterd remainiag battery
lif=, the entredispley flesh=s at 1Hz.

MAXimum versatility. Wherev-
erand wheaever yo.ne=d accurate
frequency madings MAX za1dothe
jD3. Use it with clip-.ead cable sup-
pl 2d. Mini-vhipantenna. Jrlow-loss
indine tap with UHF connectors. For
AMlor FM; CB, ham, bus nass radio
erd/C transmitteror recziver align-
m2nt. Moni-oring audio and RF gen-
erators Checking computerclocks

and other digital circ uits. R=pair of
J=pth sounderz and ®ish s otters.
T-oubleshooting ultresonizremote
zontrols. For these, and kurdreds of
2:her applications, you'll f rd it indis-
J2nsable.

‘MAXimum visibility. MAX-100
“€atures a big, tright 2.6" mrultiplexed
B-digitLED disolay, withleading-
Zero blanking. $o you donthaveto
squint, or work ep close. Ad, MAX's
“lip-up stand is built-in.

MAXimum flexibility.MAX-100
operates from. four pewe- 33urces, for
useinlab or fied. Internal 3 kalire or
N-Cad batteries 1102r 222GV with
charger/eliminator. 12V wit1 auzo-
miobile cigarett2-lighzer adapter®
charger. And external 72- 10V supply.

MAXimumvalue. Wichall ts
iTpressive speis, you'd expect MAX
tocostalot morz thar alow $154.95,
cemplete with ¢ ip-lead ceble ard
Zpplications/instruction manua . But
t1at's another nice thing zbout MAX:
Toughit's accu-ate enoug-for leb
vee, it's well within the reecl of Fob-
kyists' and CB-2rs’ badgets.

Order today. Cal 203-824-3107
‘East Coast) or £15-421-8872 (West
Zcast): 9 am.-&p.m. bcal zime. Majo-
Zredit cards acceptec. Or see your
ZSC dealer. Prices slight y nigher
Zutside USA.

pmcslee  Consa Spesiaijies Cow0ialion

79829465

10BMAZ Freqaency Couniér

Specifications

Range: 20 Hz to 100 #1Hz, guaranteed.
Gatezime: 1 sec. Resolstion: 1 Hz: Ac-
curagy: + 1 count + time baseerror. Input
impexlance: 1 MSL/56 ¢F Coupling: AC. Sine
Wave Sensitivity: 3 nVAMS @ 50 MHz. In-
ternzl Time Base Fr2qaerzy: 3.579545MHs
crystalosc. Setability: =+ 3pp @ 25°C
Temg-Stability: Betzerthan 0.2 ppm/°C,
0-50°. Max. Aging: 1C ppm/yzar. Display:
Eight.6" LED digits; ati-glare w ndow. Lead-
zero blanking: decimal oint appears between
6th ard 7th digit wher input excaeds 1 MHz.
Overtlow: with signdls sver99899.999 Hz, _
most significant (left Far3J) digit “lashes, allow-
ing readings in excessof * 00 MI-z. Display
upda-e: 1/6-second plus 1 sec. gate time. Low
Battery Indicator: When powessupply falls
below6.6 VDG, ail digis f as~ @ 1 Hz rate.
Flashing display extends battery life. Power: €
AA Alxaline or NiCad clis (internal); External:
110 00 220/VAC Elimirator/charcer; Auto ciga-
rette | ghter adapter; 72-10 UDCext. supply;
Bat. Charging: 12-1¢hr.Size (HWD): 1.75"x
5.63" < 7.75" (4.45x 13.3) x=9.69cm.)
Weigat: Less than 1.£ It (0 68 kq) wibatteries.
Accessories Included: Clig-fead input cable;
manual;

CONTINENTAL SPECIARTIES. CORZORATION

25—

70 Fultan Terrace, Box 1942 New Heven_ST 06509
203-62=-3103 TWX 710-462-1227

WEST (OAST: 351 California S-, Sz Francisco, CA 94104,
415-423-8872 TWX 910-375-7992

GREAT 3RITAIN: CSC UK LT2.

Spur Read, North Feltham Tradi~g Fetate”

Felthame Middiesex, Englanc.

01-890-3782 Int'l Telex: 851-8E1-3639

CANADa: Len Finkler Ltd.; Cntz-io
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Editorial

ELECTRONICS AT WINTER CES

CB radio was big at the giant Winter Consumer Electronics Show in Las Vegas.
Many CB manufacturers unveiled their plans for the coming year: high-technology
CB transceivers. This means that there will be a greater proportion of SSB models
than before, and more models with microprocessor-based circuitry that makes
possible keyboard entry functions, channel memory storage and scanning.

Furthermore, there were large exhibits of mobile underdash models, remotely
controlled models, and indash models of every description. The latter included
combined CB/AM/stereo FM models, many with a choice of cassette or 8-track
tape players, adjustable shafts, and universal instaliation kits. Of particular note
was the rising number of models with a channel-9 priority function.

A host of sophisticated base stations was displayed, too, extending in price to
about $1000. These included microprocessor-based types with keyboard entry;
models with three large, independent meters; SSB models with a VFO for receive
that include a separate digital frequency readout; a base station with a large, blue
fluorescent/digital display; and so on.

CB antenna manufacturers were not content to simply lead with dressed-up
versions of last year's line, either. For example, antenna specialists showed a
mobile antenna with a solid-state circuit that displayed the traditional loading coil;
GTE Sylvania disptayed an electronic self-tuning trunk-mount antenna that’s said
to automatically maintain minimum VSWR; Avanti's new “Saturn” selectable
vertical/horizontal base station omni floated high in the exhibit area; Shakespeare
displayed its fiberglass “City Stick” for indoor use; American Antenna’s exhibit
showed its K-40 models mounted in a variety of locations on an actual automobile;
and two manufacturers which were formerly OEM-only makers—Harada and True
Temper—entered the consumer area.

Other personal communications highlights at the show included Prime
Electronic’'s PR-1000 variable audio filter with 40-3000-Hz Peak, Notch, Low-Pass
positions; Stoner's matching-cabinet console system that adds a ham radio and an
AM CB adapter to its SSB-only base station; Wilson's WR-500 rotor, with a disc-
type brake; and Panasonic’s 49-MHz “Walkie Talkie” entry.

Rumors were rife, too. They inciuded development of a computer interface
adapter so that CB’ers can communicate computer-to-computer over the air
(there’s a legality question on this, though); an FCC proposal to permit ASCll as
well as Baudot; and illegal use of 27.505 MHz for Morse code practice (as if the
FCC didn't have enough trouble with other violations).

In other product categories, highlights were TV receivers with dual viewing
channels; a raft of high-quality auto-sound products which included power
boosters and graphic equalizers for car use, scanners with microprocessors, an
X/K band radar detector from Convoy that uses a parabolic antenna in a standard
fog-lamp housing; no-solder BNC connectors from Cambridge; innumerable
projection TV systems and VCR's; caiculators with new twists such as Toshiba's
LCD-display pocket notebook that stores names, addresses, and phone numbers;
Cannon’s mini desktop with dual displays to show memory content or calculating
process figures; Casio's pocket calculator/alarm clock/timer; and Sinclair's $34.95
programmable with a library of 290 programs. Computers and games essentially
joined microprocessors at the show. This will be noted next month in our
“Computer Bits.”

In short, this was a most exciting show, with some 550 exhibitors who used more
than 300,000 sq ft of space. (About one third of the show was devoted to hi-fi
equipment, covered by Ralph Hodges in this month’s Stereo Scene.) So it looks
like a good year coming up!

POPULAR ELECTRONICS




Pocket CB

New integrated circuit technology and
a major electronic breakthrough brings you
the world’s smallest citizens band transceiver.

Scientists have produced a personal com-
munications system so small that it can easily
fit in your pocket. It's called the PocketCom,
and it replaces larger units that cost consider-
ably more.

MANY PERSONAL USES

An executive can now talk with anybody in
his office, his factory, or job site. The house-
wife can find her children at a busy shopping
center. The motorist can signal for help in an
emergency. The salesman, the construction
foreman, the traveler, the sportsman, the
hobbyist—everybody can use the PocketCom.

LONG RANGE COMMUNICATIONS

The PocketCom’s range is limited only by its
100 milliwatt power and the number of metal
objects between units. Its power reaches from
a few blocks in the city to several miles on a
lake. Its receiver is so sensitve that signals
sent from stronger citizen band stations
several miles away can be picked up.

VERY SIMPLE OPERATION
To use the PocketCom, simply turn it on,
extend the antenna, press a button to transmit,
and release it to listen. And no FCC license is
required to operate it. The PocketCom has two
Channels—channel 14 and an optional sec-
ond channel. Plugin one of the other 22 citizen

band crystals, and slide the channel selector '

to the second position. Crystals for the second
channel cost $7.95 and can only be ordered
after receipt of your unit.

)
The PocketCom components are equivalent to
112 transistors whereas most comparable
units contain only twelve.

E B EE R EEEEEEEBERGES
A MAJOR BREAKTHROUGH

The PocketCom’s small size results from
a breakthrough in the solid-state device
that made the pocket calculator a reality.
Scientists took 112 transistors, integrated
them on a micro-silicon wafer, and pro-
duced the world’s first transceiver linear
integrated circuit. This major break-
through not only reduced the size of radio
components but improved their dependa-
bility and performance.
E B EEEEEEEEEERAEESR

BEEP-TONE PAGING SYSTEM

You can page another PocketCom user,
within close range, by simply pressing the
PocketCom’s call A beep tone sounds on the
other unit if it has been left in the standby
mode. In the standby mode, the unit is silent
and can be kept on for weeks without draining
the batteries.

APRIL 1978

SUPERIOR FEATURES

Just check the advanced features now pos-
sible because of this new circuit breakthrough:
1) Incoming signals are amplified several mil-
lion times compared to only 100,000 times on
comparable conventional systems. 2) Even
with a 60 decibel difference in signal strength,
the unit’'s automatic gain control will bring up
each incoming signal to a maximum uniform
level. 3) A high squelch sensitivity (0.7 micro-
volts) permits noiseless operation without
squelching weak signals.

4 A
EXTRA LONG BATTERY LIFE

The PocketCom has a light-emitting diode
low-battery indicator that tells you when your
‘N’ cell batteries require replacement. The
integrated circuit requires such low power that
the two batteries, with average use, will last
weeks without running down.

.
LL
A
\JC
POLICE

MOTORISTS
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SHOPPERS HIKERS FOREMEN
The PocketCom can be used as a pager, an
intercom, a telephone or even a security
device.

MULTIPLEX INTERCOM

Many businesses can use the PocketCom
as a multiplex intercom. Each employee car-
ries a unit tuned to a different channel. A citi-
zen band base station with 23 channels is
used to page each PocketCom. The results:
an inexpensive and flexible multiplex intercom
system for large construction sites, factories,
offices, or farms.

NATIONAL SERVICE

The PocketCom is manufactured exclusive-
ly for JS&A and is the unit currently used onthe
hit TV show, Charlie's Angels. JS&A is Ameri-
ca's largest supplier of space-age products—
further assurance that your modest invest-
ment is well protected. The PocketCom should
give you years of trouble-free service. How-
ever, should service ever be required, simply
slip your 5-ounce PocketCom into its handy
mailer and send it to our prompt national
service-by-mait center.

The PocketCom measures approximately %"
x 1% x 5% and easily fits into your shirt
pocket. The unit can be used as a personal
comnunications link for business or pleasure.

GIVE IT A REAL WORKOUT

Remember the first time you saw a pocket
calculator? It probably seemed unbelievable.
The PocketCom may also seem unbelievable,
so we give you the opportunity to personally
examine one without obligation. Order only
two Jnits on a trial basis. Then really test them.
Test the range, the sensitivity, the conve-
nience. Test them under your everyday con-
ditions, and compare the PocketCom with
larger units.

After you are absolutely convinced that the
PocketCom is indeed an advanced product
breakthrough, order additional units, crystals,
or accessories on a priority basis as one of our
established customers. If, however, the
PocketCom does not suit your particular re-
quirements, then return your units within ten
days after receipt for a prompt and courteous
refund. You cannot lose. Here is your oppor-
tunity to test an advanced space-age product
at absolutely no risk.

A COMPLETE PACKAGE

Each PocketCom comes complete with bat-
teries, high-performance Channel 14 crystals,
complete instructions, and a 90-day parts and
labor warranty. Send $19.95 per unit (or
$39.90 for two) plus $2.50 per order for
postage, insurance, and handling, (lllinois
residents add 5% sales tax.) or credit card
buyers may call our toll-free number. But don't
delay.

Personal communications is the future of
communications. Join the revolution. Order
your PocketComs at no obligation today.

NEW LOW PRICE!

Credit Card Buyers Call Toll-Free
519 per
unit
*Sold originally for $40 per unit,

o NATIONAL
0 SALES
e W GROUP

Dept. PE One JS&A Plaza
Northbrook, |Il. 60062 ({312) 564-8000
CALL TOLL-FREE.... 800 323-6400
In Mlinoiscall ........ (312) 498-6900

©JS&A Group, Inc., 1977
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Letters

CHEERS FOR “EXPERIMENTER’S CORNER"

Until | read the February, March, Novem-
ber, and December 1977 “Experimenter's
Corner,” | was in the dark about the digital
IC’s discussed. Now, | see the light. Thanks
PorPuLar ELECTRONICS and Forrest Mims.
Let's have more, more. —C. Britton, Scarbor-
ough, Canada.

INTERNATIONAL LAW ON LICENSING

| take exception to the comments made by
Gil Duddles in the "Letters" column in the Oc-
tober 1977 issue. It is international law—not
the choice of the American citizen—that
gives hams license to operate on the air-
waves. The US is just one of the hundreds of
member countries of the International Tele-
communications Union (ITU) that make up
the rules and regulations by which radio oper-

ations are governed. The suggestion that a
technically competent person who does not
demonstrate ability in Morse Code should be
given a license is covered by Article 41 Sec-
tion 3 Paragraph 1 of the ITU regulations:
“Any person operating the apparatus of an
amateur station shall have proved that he is
able to send correctly by hand and to receive
correctly by ear texts in Morse code signals
Administrations may, however, waive this re-
quirement for stations making use exclusively
of frequencies above 144 MHz.”

Again quoting from the ITU regulations.
Article 41 Section 3 Paragraph 2: "Adminis-
trations shall take measures as they judge
necessary to verify the technical qualifica-
tions of any person operating the apparatus
of an amateur station.”

So according to the ITU, an applicant for an
amateur license must prove technical compe-
tence and ability to send and receive code
before alicense can be granted. —Dr. Jerrold
L. Patz, K1PKT, Wrentham, MA.

LIKES SWL ARTICLES

| was very pleased to discover the SWL
features in the November 1977 issue of Pop-
ULAR ELECTRONICS. Mr. Woods' SWL sched-
ules are accurate and extremely useful. Mr.
Hauser's article is also most interesting. It is
gratifying to see the emphasis placed on the
program material instead of the search for
rare DX. —Arthur Crookshank, New York, NY

Extra Long Range_.

Sight and Sound

Dual Alert System:
Extra Loud Buzzer Alarm
and Signal Light

Test Position:
Adjusts Sensitivity
for City and Highway

On/Off Switch:
Makes Operation Easy

time they picked up radar there was no time to react.
ON/OFF switch.
plugging those units eventually loosened solder joints.

YOU DRIVE SAFER, MORE CONFIDENT

picks up

reliable and best value radar detector we have ever tested!
EASY TO INSTALL
Unit plugs into auto or truck lighter. For
18-wheelers, it has an easy reverse to positive
F‘rgund it also features Visor Clip and Dash "
unt installation.

X and K Band

2-Band Radar Detector

Until now, you would have paid $80, $100, and more for some nT the
important features that are built into our exceptionally sensitive radar
receiver. Thanks to miniature, solid state technology, it is the most ad-
vanced X and K band system available...at an incredibly low price.
We have tested many of the more expensive brands on the market today.
e were large and bulky, some were of such short range that by the
hers had no
aybe that's a small thing, but plugging and un-

The unit has a convenient ON/OFF switch. It also has a Test Position that
let's you know the unit is operational. Reduces false alarms. And enables
you to adj ust sensmwty for city and highway driving. Dual Alert System
K band radar. You hear its Extra Loud Buzzer and
see its chnal Lamp when radar is being used. Long Range Sensitivity
gives you ample time to react, before entering a sudden reduced speed
zone. Without question, the system is the most full-featured, most

CREDIT CARD ORDERS inois:312-595-0461
cALTOLLFREE  800-323-227 21elex orders: 25.5268 1 FErz-o91

Lontem

Effectlve on all Stationary
and Moving Scans

* For Autos and Trucks
* Long Range Sensitivity Alerts
You In Time To React
* Increases Your Driving

Awareness

* Encourages Safer, More

Alert Road Skills
* Guaranteed

53995

DRIVE WITHIT FOR 10 DAYS
AT OUR EXPENSE
If you are not entirely satisfied with your unit,
after 10 days, return it for a prompt refund. The
unit is backed by the manufacturer’s 90 day
parts and labor guarantee.

L L 2 & 3 I 7 |  J]

[ Please sond me ___ Radar Detoctors st $39.95 sa. (item
0068). Add $2.50 per detector for !hi»m( and handling.

Iiinois Residents sdd 5% sales tax 1

O Chech or M.0. Enclosed

O Pleasa Charge My Crodit Cord:

O American Express O Mastercharge

O Bank Amer./¥isa O Diners Club

O Carte
Blanche

Exp. Date

©CMI1978162 I
790 Maple Lane Bensenville, 1. 60106
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ELF ADDITIONS

| would like to add my name to what | am
sure is a long list of satisfied subscribers who
have built the “COSMAC Eif Microcomputer”
(August 1976). Being an experimenter, |
would like to show off my addition to the origi-
nal Elf. The photos shown here are repre-
sentative programs that demonstrate my
32-character oscilloscope display. The circuit
| am using for this display is an adaptation of
the “Scopewriter” featured in the August
1974 issue of POPULAR ELECTRONICS.

Photo 1 is self-explanatory. An ASCH key-
board was the input device for this line write/
edit program. Photo 2 is the word guessing
game “"Hangman” in progress. The secret
word is “COSMAC,” the player has de-

FOR THE "ELF

7 THANKS

pressed “G,"” which is incorrect, and another
letter has been added to HANGMAN. Photo 3
illustrates what | call a memory-map pro-
gram. The eight bytes represent what is in
memory, starting at the displayed address.
This program allows inspection and correc-
tion of any part of memory. —Lynn R. Clock,
Lompoc, CA.

RADAR DETECTOR ADVOCATE

| was quite distressed to read your Editorial
comments in the November 1977 issue of
PopPuLAR ELECTRONICS. There is one impor-
tant point that you didn’t mention, legally re-
ferred to as probable cause. Your home can-
not be searched or your telephone tapped
without a search warrant. A warrant is issued
only if the police can show probable cause
that a crime has been committed. When a
“Smokey" is beaming his MR7 moving radar
at you on the road with it on alt the time and
does not wait for probable cause, he techni-
cally violates your right to privacy.

As used by most states, radar is for rev-
enue purposes. The 55-mph law has not
been effective in saving lives or resources, a
fact documented by the Comptroller of the
United States and various state agencies. If
our police were instructed to go hard on
drunk drivers who account for 40% of all fatal
accidents, reckless drivers, and “junk” cars,
the roads would be safer, especially with a re-
turn to previous speed limits. —Bence D. Bo-
elcskevy, Vice President, BMW Car Club of
America, Inc., Cambridge, MA

POPULAR ELECTRONICS




322 WAYS TO INCREASE YOUR
ELECTRONICS KNOW-HOW!

SEND NO MONEY! We'll invoice you on 10-DAY FREE TRIAL.
ALL BOOKS 100% GUARANTEED. You must be satisfied
or return the books and we'll cancel the invoice.

COMPUTERS, CALCULATORS & MICROPROCESSORS

995—Beginners Guide to Microprocessors 182 p. 1061l $5.95
1000—57 Practical Programs & Games in BASIC 210 p. 64 i.$7.95
985—Programming Microprocessors 280 p. 102 it. $6.95
971—Miniprocessors: from Caiculators to Computers 196 p. $5.95
874—Master Handbook of Digital Loglc Applic’s. 392 p. 287 i.$7.95
952—M/processor Programming for Computer Hobbyists 387 p. $8.95
955 Modern Digital Communications 308 p. 122 il. $6.95
875—The "Compulator” Book—Build Super Calculators &

Minicomputer Hdwe. with Calculator Chips 322 p.227 # $7.95
752—Computer Programming Handbook 518 p. 114 il $9.95
554—Computer Technician's Handbook 480 p. 428 il $£9.95

824—Advanced Applications for Pocket Calculators 304 p. 275 i1.85.95
.95

§38—Computer Circuits & How They Work 192 p. 109 il $5.9

574—Beginner's Guide to Computer Programming 480 p. 364 11 $9.95
785—MlcvoprooessolencroproEramming Hdbk 294 p. 176 il. $6.95
709—Modern Guide to Digital Logic 294 p. 222 1 $6.95

724—Get the most Out of Etectronic Calculators 204 p. 28 il. $4.95
548—Beginner's Guide to Computer Logic 192 p. 17511 $5.95

COMMUNICATIONS & AMATEUR RADIO

BO1—Master Handbook of Ham Radio Circuits 392 p.. 301 1l $8.9
1005— Hdbk of Solar Flare Monitonng & Prop. Forecasling 196 p. $6.95
963 —Home-Brew HF/VHF Antenna Handbook 210 p. 143 il. $5.95
959—CBer's Handy Manual of SSB 80 p. 42 il $2.25
685—The Compiete Shortwave Listener's Handbook 192 p. $6.95
683—Pictonal Gulde to C8 Radio Install. Repalr 256 p. 304 Il $5.95
673—How to Be A Ham—incls. Latest FCC Rules 192 p. 25 il. $3.95
950—1Il. Dict. of Broadcast—CATV—Telecomms. 420 p. 104 il. $8.95
793—CB Radio Operator's Guide-2nd Edition 256 p. 138 il. $5.95
655—Modern Electronics Math 686 p. 424 il $9.95
899—CBer's Handy Manuat 48 p. $1.50
735—The Complete FM 2-Way Radio Handbook 284 p. 1111l $6.95
859—The Complete Handbook of Siow-Scan TV 304 p. 169 il $9.95
954 Practical CB Radio Troubleshooting & Repair 406 p. 169 il. $7.95
608—VHF Projects for Amateur & Expermenter 224 p 282 11. $4.95
§97—RTTY Handbook 320 p. 230 il. $6.95
933-CBer's Handy Atlas/Dictionary 64 p. $1.95
722— Amateur FM Conversion & ConsL. Projects 256 p. 187 il. $5.85
678—Modarmn Communications Switching Systems 276p.171il. $17.95
581—Citizens Band Radio Service Manual 288 p. 84 Il $5.95
621—The 2-Meter FM Repeater Circuits Handbook 312 p. 194 il. $6.95
468—104 Ham Radio Projects for Novice & Tech. 192 p. 104 il. $4.95

HOBBY ELECTRONICS & PROJECTS

841—Build Your Own Working Robot 238 p. 83 il. $5.95
958—Beginner's Guide to Making Electr. Gadgets 140 p. 1131l. $4.95
921—The ABC Book of Hi-Fi/Audio Projects 168 p. 131 il $4.95
909—How to Build Metal/Treasure Locators 140 p. 60 il !
935—Buiid-it Book of Optoelectronic Projects 238 p. 175 il. $5.95
964—Modem Crystal Radios (Make and Use Senes) 64 p 101l $2.50
837—Fun with Electronics 140 p. 50 il. $3.95
836— Optoelectronics Guidebook-with Projects 196 p. 115 il. $5.85
905—Build-1t Book of Digitat Electronic Timepleces 294 p. 209 if $6.95
926—Model Railroad Electronics 308 p. 218 il $595
912—88 Practical Op Amp Circuits You Can Build 140 p. 120 il. $4.95
868—CBer's Handybook of Simple Hobby Projects 168 p. 114i1.83.95
887—106 Easy Electr. Profects-beyond the transistor 224p. $5.95
790—21 Simple Transistor Radios You Can Build 140 p. 12211.83.95
726—Practical Circuit Design for the Experimenter 196 p. 119 il.$4.95
861—Display Electronics 252 p. 195 il $5.!
679—Eiectronics for Shutterbugs 204 p. 109 il.

77 1—integrated Circuits Guida%ook 196 p. 119l
667—Miniature Projects for Electronic Hobbyists 168 p. 77 il.
787—OP AMP Circuit Design & Applicatiions 280 p. 239 1!

$5.95
$5.95

$6.95

796—MOSFET Circults Guldebk-with 100 Projects 322 p. 196 il. $4.95
714—Radlo Astronomy for the Amateur 252 p. 86 il. 5.95
730—EHective Troubleshooting with EVM & Scope 238 p. 185l $5.95
571-—Radio-Electronics Hobby Projects 192 p. 214 il 95
591—Solid-State Prolects for the Expenmenter 224 p. 228 it $4.95
780— 111 Digital & Linear IC Profects 210 p. 244 il. $5.95

699— Solid-State Circuits Guidebook 252 p. 227 il $5.95
524—104 Easy Projects for Electronics Gadgeteer 160 p. 105 i1.$4.95
553-—Flectronics Self-Taught with Exp. & Projects 288 p. 191l. $5.95
695—Practical Tnac-SCR Proy for Experimenters 192 p. 146 il. $4.95
486—104 Simple One-Tube Projects 192 p. 104 il. $3.95
629— Handbook of IC Circuit Prolects 224 p. 136 il.
487—64 Hobby Pro]ects tor Home & Car 192 p. 158 il.
537—125 One-Transistor Projects 192 p. 125il.

83—Fun with Electricity 128 p. 94 1l.
647—Stereo/Quad Hi-Fi Principles & Projects 192 p. 100 il.
540— Electronic Expenmenter's Guidebook 182 p. 86 il $4.95
464—Electronic Hobbyst's IC Project Handbook 154 p. 86 il. $4.95
613—New IC FET Principles & Projects 154 p. 60 l. $4.95
462—104 Easy Transistor Prt')Jocls You Can Buiid 224 p. 105il. $595
500—Practical Solid-State Principles & Projects 176 p. 127 il. $3.95
129 New Skill-Building Transistor Projects & Exp. 192 p. 128 il. $4.95
568—IC Projects for Amateur & Experimenter 192 p. 252 il $5.95
542 Transistor Projects for Hobbyists & Students 182 p. 153 il. $4.95
89—Transistor Projects 160 p. 123 il. $2.95
70—Electronic Puzzles & Games 128 p. 75 1. $3.95
112—Leam Electronics by Building 208 p. 214 il. $4.95

AUDIO, RECORDING, Hi-Ft & STEREO

875—Microphones—How Work & How to Use Them 224 p. 97 il. $5.95
646— Acoustic Techniques for Home & Studio 224 p. 168 il.  $5.95
781-—Handbook of Mulichannel Recording 322 p. 196 il. $7.95
934—Photo Guide to AM/FM Stereo Repair 288 p. 261 il $6.95
632—Pictorial Guide to Tape Recorder Repairs 256 p. 320 II. $4.95

756—4-Channel Stereo-From Source lo Sound 252 p. 102 il. $4.95
634—Basic Audio Systems 240 p. 302 il. $4.95
689—Cassette Tape Recorders-How Work/Care/repair 204 p. $5.95
497—Tape Recording for Fun'& Profit 224 p. 171 il $5.95

494 Audio Systems Handbook 192 p. 125 1l. $4.95
681—Questians & Answars About Tape Recording 264 p. 1021.85.95
716—Servicing Cassette & Cartndge Tape Players 294 p. 196 1.$6.95
505—Installing & Servicing Home Audio Systems 256 p. 136 1.$5.95
67—Elements of Tape Recorder Circults 224 p. 145 L. $4.95
642—Jap Radio, Record & Tape Player Service Manual 228p. $6 95
86—Installing Hi-F1 Systems 224 p 152 Il. $5.95
59—Servicing Record Changers 224 p. 173 il. $5.95

528—Handbook of Magnetic Recording 224 p. over 90 it $4.95
APPLIANCES, ELECTRICTY & ENERGY
987—Hearing Ald Handbook 336 p. 224 1. $8.95
913—Complete Hdbk. of Electncal & House Winng 476 p. 196 11.56.95
906—Homeowner's Gutde to Solar Heating/Cooling 196 p. 113 i1.$4.95
962—Microwave Oven Service & Repair 420 p. 210 il. $9.95
903—Gulde to Modern Energy-Efficient Heating/Cooling Sys. $5.95
758 How to Completely Secure Your Home 224 p. 162 il.  $5.95
1030—101 Practical Uses for Propane Torches 140 p. 93 il $3.95
1006—Build-t Book of Solar Heating Projects 196 p. 111 1. $4.95
820— Central Heating/Air Cond. Repalr Guide 320 p. 285 il.
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| 563—Baginner's Guide to TV Repair 176é)
d.

$4
$6.95 | 532—How to Repalr Solid-State Imports 192 p., 8% "x11" 12211.$7.95

T-97—Elecinc Molor Test & Repalr 160 p. 102 1l
515—Small Appliance Repalr Guide-Vol. 1224 p. 100 il.
917—How to Repair Smail Gasoline Engines 382 p. 251 il.
904—Homeowner's Guide to Saving Energy 288 p. 169 il.
745—The Home Appliance Chinic 135 p. 61 il
885—How to Repair Home Kitchen Appliances 294 p. 20511
920—Complete Hdbk. of Locks & Locksmithing 392 p. 348 il
855—How to Repair Home Laundry Appliances 280 p. 137 il
715—Small Appliance Repair Guide-Vol 2 210 p. 119 il
555—Major Appliance Repair Guide 288 p. 278 il. $5.95
671—Electncal Wiring & Lighting for Home & Otfice 204 p. 1551l $4.95
520—How to Repair Home & Auto Alr Conditioners 208 p. t00il.$5.95
295—Refrigeration 160 p. 53 il $3.95

FCC LICENSE STUDY GUIDES

582 Commercial FCC License Handbook 444 p. 150

652—2nd Class FCC Encyciupedia/Study Guide 602 p. 445 i.37.95
893 Third Class FCC Ucense Study Guide 308 p. 88 Il. $6.95
873—Ham Radio Novice Class License Study Gulde 224 p. 571l. $5.95
851—Ham Radio General Class License Study Guide 448p.  $7.35
827—Ham Radio Advanced Class License Study Guide 252 p.$5.95
543—Ham Radio Extra-Class License Study Guide 224 p. 1621l. $5.95
989—Ham Radio Incentive Licensing Guide 154 p. 70 Il $4.95

SEMICONDUCTORS, TUBES & TRANSISTORS

856—Master OP-AMP Applications Handbook 476 p. 320 il.
1016—Towers International FET Selector 140 p.
960—IC Function Locator 224 p.
984—CMOS Databook 280 p. 270 ii.
870—Master Tube Substitution Handbook 548 p. 322 il.
1010—Towers Inter. Transistor Selector 200 p. 179 il.7x10°
970—Master Transistor/IC Substitution Handbook 518 p. 165 il.
717—Transistor Theory for Technicians & Engrs. 224 p. 116 il
938—Linear IC Applications Handbook 280 p. 183 il.
470—Transistor Circuit Guidebook 224 p. 118 il
794—Microelectronics 266 p. 228 il
708—Modern Applications of Linear IC's 276 p. 301 il
501—Working with Semiconductors 224 p. 1851l
75— Transistors-Theory & Practice 160 p. 138 il
513—Understanding Solid-State Circuits 192 p. 104 il.
63— Transistor Clrcuits 160 p. 144 il
116—Getting Started with Transistors 160 p. 90 il.
483—Semiconductors from A to Z 272 p. 300 il.
61—Transistor Techmgues 96 p. 76 il

& éENERAL ELECTRONICS TECHNOLOGY

510—How to Read Electroni Cui g

588—Basic Electronics Course 384 p. 275 il

891—Practical Solid-State DC Power Supphes 196 p. 151 il.
628—Basic Electncity & Beglnning Electronics 252 p. 191 il
830—Introduction to Medical Electronics 320 p. 126 il.
655—Modern Electronics Math 686 p. 424 il.

728—Basic Digital Electronics 210 p. 117 il.
691—Electronics Unraveled 228 p. 96 il.

828—Switching Regulators & Power Supplies 252 p. 128 il.
583 Industrial Electrontcs: Prnciples & Practice 416 p. 380 il
330 Servicing Medical & Bioelectronic Equipment 350 p. 165l
300—Dictionary of Electronics 420 p. 487 il. $4.95
601—Basic Color Television Course 420 p. over 300 il. $9.95
575—Modern Radar—Theory, Oper., and Maint. 480 p. 253 i.57.95
104—Basic Radio Course 224 p. 128 il. $595
638—Marine Electronics Handbook 192 p. 106 1.

528—Pulse & Switching Circuits 256 p. 184 il.

585—Digilal Electronics: Principles & Practice 292 p 191l
105—Basic TV Course 224 p. 128 il.

111—Basic Transistor Course 224 p. 1791l

743—Electronic Music Circuit Guidebook 224 p. 180 il $6.95
843—Sourcebook of Electronic Organ Circuits 168 p. 101 il. $4.95
610—How to Repair Muslcal Instrument Amplifiers 288 p. 50 it. $5.95
718—Electronic Music Production 156 p. 79 il. $3.95
666—Expenmenting with Electronic Music 180 p. 103 il $4.95
546—Eiectronic Musical Instrument 192 p. 121 1l $5.95
832—Electronic Musical Instr. Manual 210 p. 7x10” 385 1l $6.95
503—Servicing Electronic Organs 196 p.8Yax11" 145 il $9.95

ELECTRONIC TEST EQUIPMENT

92— Build-It Book of Miniature Test & Msmt. Instr 238 p. 151.54.95
472—Working with the Oscilloscope 104 p. 183 . 7x8% $4.95
672—Understanding & Using the VOM & EVM 192 p. 187 il $5.95
927—How to Use AF & RF %Ignal Generators 238 p. 162 il.  $5.95
702—Electronic Measurements Simplified 240 p. 217 il $4.95
729—RF & Digital Test Equipment You Can Build 252 p. 217 11.$5.95
877—Under. & Using Modern Signal Generators 294 p. 120 i.$6.95
664—Understanding & Using the Oscilloscope 272 p. 170 il $5.95
577—How 1o Use Color TV Test Instruments 256 p. 230 il $5.95
669—Practical Test Instruments You Can Build 204 p. 157 Il. $4.95
131—Test Instruments for Electronics 192 p. 155 il $4.95
680—How 1o T'shoot & Repair Electr. Test Egpt. 252p. 143 il.  $6.95
777—Under /Using Modem Electr. Svcing. Test Equip. 252 p. $5.95
498—The Oscilloscope-Third Edition 264 p 168 1\ $5.95
48399 Ways 1o Use Your Oscillsocpe 182 p. 327 il $5.95
485—How to Use Test Instr. In Electronics Servicing 256 p. 23411.34.95
627—Basic Electronic Test Procedures 416 p. "‘?B i $6.95
550—Vectorscopes-Scopes-Sweep-Marker Generators 256 p. $5.95

ENGINEERING & REFERENCE

800—Master Hdbk of 1001 Practical Electronic Circuits 602 p. $9.95
742—Pro. ElectricalElectr. Engr's License Study Guide 476 p. $7.95
750—Electronic Conversions, Symbols & Formulas 224 p. 46 (1. $4.95
829—Impedarce 196 p. 90 il . $5.95
774—Digital/Logic Electronics Handbook 308 p. 226 il
116—Electronics Data Handbook 256 p. 149 il

101—Electronic Circuit Dasign Hdbk.—4th Ed. 416 p. 966 1l.

30— Handbook of Semiconductors Circuits 444 p. 317 il
288—Circuit Consultant's Casebook 224 p. 144 | %9.
125—Handbook of Electronic Tables 224 p. 16 il. .95
254—Electronic Engineenng Nomograms 176 p.BYax11" 124 iL.$8.95
110—Electronic Design Charts 128 p. $8.95
121-—Charts & Nomographs for Techs & Engrs. 96 p.BYax11"  $7.95

TV, RADIO & ELECTRONIC SERVICING

901—CET License Handbook-2nd Edition 448 p. 169 i $8.95
819—Color TV Trouble Factbook 612 p. 612 il $5.95
821—TV Troubleshooter's Handbook-3rd Ed. 448 p. over 300 il. $S:,95
50 il .95
956—Fire & Thett Security Systems-2nd 192 p. 108 ik $5.95
876—Color TV Case Histones lllustrated—Vol. 2 352 p. 243 il. $7.95
746—Color TV Case Histones Ilustrated 238 p. 219 il $5.95
809—Photo/Guide: Solid-State Color TV Troubles 224 p. 169 il. $5.95
730—EHective Troubleshooting with EVM & Scops 238 p. 185il.$5.85
772—Troubleshooting with the Dual-Trace Scope 224 p. 252i1.85.95
738—TV Schematics: Reading Between the Lines 252 p. 188 il $5.95
132—How 1o Test Almost Everything Electromic 160 p. 144 il. $3.95
605—Install /Svcing. Elect. Protective Systems 252 p. 1604 $5.95
696— TV Tuner Schematic/Servicing Manual-Vol. 1224 p. 287 il. $6.95
979—TV Tuner Schematic/Servicing Manual-Vol. 2200 p. 374 il. $6.95
633—Simpiified TV Trouble Diagnosis 320 p. 292 ii. 5
690—Logrcal Color TV Troubleshooting 240 p. 151 il.
559—199 TV Tough-Dog Problems Solved 252 p 199 il
580—Modern Radio Repair Techniques 260 p. 207 il.
616—How to Interpret TV Wavelorms 256 p. 250 l.

$5.95
$6.95
$5.95
$4.95
$5.95
$6.95
$5.95

$5.95
$6.95
$8.95
$8.95

$5.95
$5.95
$5.95

.95
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$6.95

$4.95 |

|

| 835—VHFUHF Fire,Police, Ham Scanners Serv. Manual 250p.$6.95

| 694— Auto- Stereo Service & Installation 252 p. 245 il

844—Pictortal Guide to Color TV Circuit Troubles 256 p. 262 il. $4.95
484—TV Servicing Guidebook 176 p. 110 il $4.95
761—Jack Darr's Service Clinlc No. 3 252 p. 122 1l
133—Jack Darr's Service Clinic No. 1 192 p. 125 il.
128—Pinpoint TV Troubles in 10 Minutes 327 p. 334 il.
82— TV Banch Servicing Techniques 228 p. 77 il
588—All-In One TV Alignment Handbook 304 p. 145 1.

3495

517—Home-Call TV Repalr Guide 144 p. 20 1I. 95 .
430—Pingaint Translstor Troubles in 12 Minutes 482 p 243 11.$6.95
595199 Color TV Troubles & Solutions 224 p. 178 il. $5.95

70—Electonic Puzzles & Games 128 p. 751l $3.95
307—101 TV Troubles-From Symptom to Repair 224 p. 170 Il. $5.95
819— T 'shooting Solid-State Electr. Power Suppfies 192 p. 85il. $4.95
778—Small-Screen TV Servicing Manual 240 p. 367 il. $6.95
553—T'shooting Solid-State Wave Gen. & Shaping Circuits  $4.95
336—Instaliing TV & FM Antennas 168 p. 158 it $4.95
593199 Electronic Test & Alignment Techniques 224 p. 130 il.$4.95

860—FM Stereo-Quad Receiver Servicing Manual 192 p. 130 11.$4.95
706—Indexed Guide lo Modern Electronic Circuits 216 p. 92 il. $4.95
558— 125 Typical Elect. Circs. Analyzed & Repaired 208p.160il $4.95
504—How to Fix Transistor Radios & Printed Circs. 256 p. 150il. $4.95
625—Troubleshooting Solid-State Amplifiers 256 p. 95 il $4.95
429—Easy Way to Service Radio Receivers 176 p. 100 il. $3.95
732—Jap Consumer Electr. Serv. Manual 196 p. 36 pBYax11” 25.95

5.95

MODEL RADIO CONTROL

825—Flyimg Modei Aimplanes/Helicopters by RC 192 p. 1401 $4.95
747—RC Modeler's Handbk of Gliders & Sailplanes 196 p. 90il. $4.95
812—Radip Control for Models 350 p. 417 1l 6.95
693—Model Sall & Power Boating by Remote Cont. 192 p. 12511, $4 95
135—Radin Control Manual-2nd Edition 192 p. 158 il. $4.95
122—Advanced Radio Controi 192 p. 181 il.
592—Modal Car Racing...by Remote Control 224 p. 250 il
83—Fun with Electncity 128 p. 94 1l
74—Modnl Radio Conlrol 192 p. 192 il.

BROADCAST, CATV, CCTV & VIDEOTAPE

811—Conmlete Hdbk of Videocassette Recorders 280 p. 160 )I. $5.95
852—B'cast Engr. & Maintenance Hdbk 532 p. 235l $19.95
815—Desig./Maintain. CATV/Small TV Studio 288 p. 100 Il. $12.95
1009—CCIV Installation, Maintenance & Repair 294 p. $8.95
773—Talk Back TV: Two-Way Cable Television 238 p. 64 il. $5.95
833—Complete Broadcast Antenna Handbook 448 p 308 il. $17.95
657—MATV Systems Handbook 176 p. 91 iL. $4.95
523—Guide lo Radio-TV B'cast Engineer. Pract 288 p. 140 il. $1295
298—CATV Systems Engineering-3rd Ed. 256 p. 123 il $12.95
733—Dire:tional Broadcas! Aniennas 210 p. 60 Il $12.95
557—How To Become A Radio Disc Jockey 256 p. 36 il. $12.95
845—How 1o Prepare a Production Budget: Film & Videotape $12.95
541—Videntape Prod. & Comm. Techniques 256 p. 100 il $12.95
793—TV Lighting Handbook 228 p. 230 il. X

COLOF TV SCHEMATIC/SERVICING MANUALS

Each vol. has complete service data, parts lists, full-size schematic
foldout section, and all other info needed. Each 81/2'x11". only
$5 95 unless otherwise marked

662—Svcing. New Modular Color TV Recvr's Vol. 1 176 p.
663—Svcing. New Modutar Color TV Recr's Voi. 2 178 p
545— Admiral Vol. 1 196 p. 12 schematics
641—Admiral Vol. 2 196 p. 11 schematics
741—Awrlive (Montgomery Ward) 196 p. 12 schematics
536—Genzral Electnc Vol. 1 196 p. 12 schematics
609—General Electnc Vol. 2 212 p. 10 schematics
560—Japanese Vol. 1—Sony, Sham, Midiand 212 p.
576—Jap Vol. 2—Detmonico, Hitachi, Panasonic. etc. 212p.
684—Japanese Vol. 3—Hitachi. Sanyo. Coronado 228 p
632 Jap Vol. 4—Sharp, Midland, MGA 236 p. 36 p. toidout
700—Japunese Vol. 5—Sony 196 p. 36 p. foldout
526—Magnavox Vol. 2 196 p. 12 schemalics
589—Magnavox Vol. 2 196 p. 9 schematics
770—Magnavox Vol. 3 196 p. 36 p. schematic foldoul
509—Moturola Vol. 1 178 p. 6 schematics
584—Motwrola Vol. 2 196 p. 9 schemalics
522—Phikzo 196 p. 12 schematics
496—RCA Vol. 1 212 p. 12 schemalics
576—RCA Vol. 2 212 p. 12 schematics
720—RCA Vol. 3 196 p. 12 schematics
721—RCA Vol. 4 196 p. 12 schematics
B822—RCA Vol. 5 196 p. 36 p. schematic section
740—Sears 228 p. 12 schematics
539—Syhania Vol. 1 196 p. 12 schematics
616—Syhania Vol. 2 212 p. 8 schematics
760—Tosniba 160 p. 12 schematics
502—Zenith Vol. 1 196 p. 12 schematics
562—Zenith Vol. 2 196 p. 12 schematics
668—Zenith Vol. 3 180 p. 36 p. schematic foldout
838—2Zervth Vol. 4 196 p 36 p. schematic foldout
918—Sveng Zenith TV Modules 200 p. 200 il

€8 RADIO SCHEMATIC SERVICIN ANU.

uniform coverage of operational theory. complete schemal
diagrams, Iransmitter and recelver alignment instructions. backed up
with step-by-step troubleshooting info. waveform checks, & tips for
isolaling malfunctioning circuits to individual stages. All 7'x10 . Each
only $5.94

826—Vol. 1—Kris, Browning. Hy-gain, Penney's 200 p. $5.95
| 854—Vaol. 2—Teaberry, Siltronix, Pearce-Simpson, Unimetrics $5.95
858—Vol. 3—Johnson, Linear-SBE, Royce. Sonar 200 p. $5.95
862—Vol. 4——Pace, Fanon/Courier, Dynascan{Cobra) 210p.  $5.95
928—Vol. 5—Radio Shack (Realistic), Surveyor, Beftek .95

932—Vol 6—Xtal, Tram/Diamond, Sharp
936—Vol 7—Lafayette. J.I.L., Fanon

TAB BOOKS, Biue Ridge Summit, Pa. 17214
Please send me the books indicated below:

Ol enclose $_— . Send postpaid.
[ Invoice me on 10-day trial (plus shipping)

B Book# Book# Book#  Book # [
i

| i
Name Phone .
Company — l
Addrass .
City State Zip .

Pa_ ada 6% Sales tax All orders outside l
USA must add 10% shipping and be prepaid PE-48
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New I;;oducts

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

Aiwa Stereo
Cassette Deck

Aiwa has developed a mechanism that
measures the reel rotation speed of the
cassette and displays the remaining time
for the tape. This device is incorporated
into the company's Model AD-6550 stereo

cassette deck with built-in Dolby noise-
reduction system. The time is shown in
minutes to the left of the meters. The
deck’s ratings include a wow and flutter of
0.05% weighted rms and a S/N ratio of 65
dB. lts specified frequency responses are:
30 to 13,000 Hz for LH and 30 to 15,000
Hz for CrO2 and FeCr tape. A bias fine ad-
justor is provided for LH/normal tape. A
two-step peak-indicating LED system is
designed to activate at +3 and +7 dB. Ad-
ditionally, there is a memory rewind sys-
tem. $450.
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yield an omni-directional radiation pattern.
The feed system is arranged so that equal
power is applied to each dipole, via sepa-
rate multipurpose balun coils. The method
by which the power is equally divided and
transferred to the dipole radiators is the
heart of the Saturn's design.
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Avanti CB Base-
Station Antenna

The Avanti Saturn CB base-station anten-
na is a coinductive system that combines
four antennas that operate on two polari-
ties in what is claimed to be the most
unique antenna yet devised. The vertical
radiator section is 22' (6.7 m) in height,
giving it the desirable radiation of a $%-
wave design. While using vertical polarity,
the horizontal section automatically serves
as a ground plane for the radiator. The hor-
izontal section consists of three half-wave
dipoles that are electronically co-phased to

Ballantine 80-MHz
Frequency Counter

Ballantine's Model 5720A frequency coun-
ter covers a direct-count range of 10 Hz to
more than 80 MHz. It features an audio
tone multiplier circuit that provides a
claimed resolution of 0.01 Hz in only a 1-
second measurement time. Frequency
and ratio measurements are read out from
an eight-digit jumbo LED display. Direct
readings are in megahertz, kilohertz, or

80740 119, -~

——

hertz as selected by a front-panel switch.
The POWER and range switches are the
only controls required for operation of the
counter. The instrument’s 1-megohm input
impedance is shunted by 25 pF of capaci-
tance. The input is fully protected against
over-voltage to 250 volts rms from 10 to
1000 Hz, decreasing to 10 volts rms
beyond 10 MHz. Sensitivity over the entire
range is specified at 50 mV. $195.
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gimbal suspension. Two mechanical anti-
resonance filters are housed in the coun-
terbalance to attenuate acoustic feedback
and parasitic resonances. The straight-line
tubular tonearm offers what is claimed to
be maximum rigidity with minimum mass.
Other features include: mechanical sensor
to locate lead-in grooves on 12" and 7"
(30.5 -and 17.8 cm) discs; damped cueing
system; automatic tonearm return and

shutoff at end of play; 10% pitch control
and illuminated strobe; and die-cast plat-
ter. Rumble is rated at greater than 70 dB
and wow and flutter at less than 0.03%.
Supplied with low-profile base and dust
cover. $250.
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Dual Direct-Drive
Turntable

Dual's Model 604 semiautomatic turntable
is direct-driven by a dc electronic motor
whose speed is electronically regulated by
a digital reference circuit. The toneam is
mounted in a four-point gyroscopic-type

Philips Portable
Oscilloscope

A portable 15-MHz/2-mV oscilloscope,
designated the Model PM 3211, is avail-
able from Philips Test & Measuring Instru-
ments, Inc. The scope features compre-
hensive display and triggering facilities and
a double-insulated power supply that re-
quires no grounding to eliminate hum and
spurious signals. Triggering can be in
AUTO or level set and multi-sourced, elimi-
nating the need to change probes. Chan-
nel B can be used as an X input to facilitate

X-Y displays with calibrated attenuation of
both X and Y inputs. It can also be inverted
and, with the scope’'s ADD function, can
display A = B. An 18-speed timebase has
a vernier control for simplified phase and
timing measurements. $875, including two
probes.

CIRCLE NO. 96 ON FREE INFORMATION CARD

POPULAR ELECTRONICS




Genesis
Speaker System

The Model 3 speaker system from Genesis
Physics Corp. employs three specialized
drivers, each of which is claimed to be en-
gineered for extremely long linear excur-
sion relative to cone size. This approach is
said to provide the large power handling
capability of larger-diameter drivers with
the sonic superiority of small, lightweight
drivers with respect to transient response,
suppression of resonance distortion and

coloration, and full frequency dispersion. A
passive radiator extends the system's
low-frequency limits. The midrange driver
is housed in an acoustically isolated enclo-
sure, and the tweeter is dampad by a vis-
cous magnetic ferrofluid. A specially de-
signed crossover network is said to pre-
serve a high degree of phase integrity.
$299.50.
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SJE Morse Code
Typewriter

S.J. Engineering's Model SMCT simulated
Morse-code typewriter lets an aspiring
ham radio operator learn and send Morse
code simply by touching a built-in probe to
selected letters and numerals. Once a

character is touched with the probe, the
typewriter self-produces and completes
the equivalent Morse-code output for that
chearacter. Speed is adjustable from 5 to 60
wpm. Also adjustable are the volume level
and tone. The typewriter features two out-
puts: audio for learn/practice and reed re-
lay for making on-the-air contacts. Power
for the CMOS circuitry is from two 9-volt
batteries (not supplied). $99.95, wired and
tested; $69.95, kit.
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Heath Electronic
Cruise Control

\,\ RESUME—CN —OFF

JEY

According to the Heath Company, its new
Model CS-1048 electronic cruise control

72 AN
k\Aﬁ) MOTOROLA Semiconductor Products Inc.

APRIL 1978

NOW "EP makes it easy—tro

build your favorite
electronic projects!

HEP puts you in touch with tomorrow through
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exciting electronics projects which

HEp 2

include printed circuit board,
parts list and easy to follow
instructions. HEP's know-how
: goes to work for you in
your own home with
‘ these and other
useful projects:
® Touch
Switch
e Slren/Yelper
o Solld-State
Relay
o Liquid-Crystal
Clock
* Programmable Time
Delay
e Code Practice Oscillator

Available at your nearest autho-
rized HEP Distributor, or for mail
order information write:
Motorola Mail Order Saies,

P.O. Box 27605,
Tempe, Arizona
85282 or circle
your reader
response card
M No. 28




can provide increased fuel mileage and
promote driving safety by reducing fatigue
on long trips. The device is completely
electronically controlled. Accuracy is re-
ported to be within 2 mph of the preset
speed regardless of load and other varia-
bles. A “‘resume” memory holds the preset
speed. In addition, the cruise control is
said to be capable of operation with both
manual and automatic transmissions. It
can also be removed from one vehicle and
reinstalled in another vehicle with a mini-
mum of changes. The device comes as-

sembled, ready for installation in vehicles
having open driveshafts, as most cars do.
Catalog price is $79.95.
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Pioneer AM/Stereo
FM Receiver

The Model SX-1280 AM/stereo FM receiv-
er from Pioneer is rated at 185 watts/chan-
nel minimum into 8 ohms from 20 to

THE BEST EQ KIT
VALUE ANYWHERE!

A Quiet* Announcement, Based

On The Undistorted* Truth
About Equalizers

Popular Electronics September’76 —

Chosen as cover project for “Special
Focus on Audio” issue.

Modern Recording August'77 —

“The EQ-10 met or exceeded its
published specifications™ “. . . excellent
performance of a caliber that lends itself
to professional as well as home audiophile
applications”

Hundreds Currently in Use at major
Broadcast Stations. Recording Studios
and Universities worldwide.

*QUIET. . .90d B below 1 volt input, 20 to 20K, set fiat or
fully boosted *UNDISTORTED . . . Below 0.1%THD &
0.05%IM at any EQ setting . . . below 0.05%THD and
0.0075%IM set flat.

Does the equalizer you're considering offer full ten band control with symmetrical “mirror-
image"” boost and cut responses centered on ISO preferred octave bands? Does it have
permanently-lubricated 60mm metal-cased sliders with metal shafts and center click
detents? Do the specs tell you what to expect at all settings . . . or only at the “flat” setting,
where the critical tuned networks are bypassed? Does it employ advanced hum &
saturation-free “gyrator” simulated inductors on all low and mid-frequency bands? How
about truly differential balanced and unbalanced inputs and outputs for use in any audio
system, amateur or pro? And “fit anywhere” packaging designed for 19* rack, in-wall, in-
console or optional wood cabinet mounting?What about truly fiat response (both amplitude
and phase angle) at the center reference setting?

WE BELIEVE IN OUR PRODUCTS. We want you to see them . . . read our fully il-
lustrated assembly and applications guide . . . inspect the quality of the components . . . at
no risk to you! Simply use the coupon below to indicate the item(s) you want, your name
and address and enclose a check or money order (no COD or bankcards) for the full
amount. Upon receipt of your completed order, we'll rush your kit(s) to you, pre-paid ship-
ping in the U.S.A.

After careful inspection of the kit(s), you may return any or all items in their original
unassembled condition for a full immediate refund if you are not totally satisfied . . . (no
questions asked). And, if you decide to keep and build the kit(s), our normal guarantee on
the specs and parts still applies . . . if your properly assembled kit(s) fail to operate as stated,
we will exchange any defective parts free for the first 90 days.

—— e SOR DERIE NS —
QUAN.ITEM DESCRIPTION PRICE
( ) EQ-10M Single EQ module kit (mono) less power supply $ 65.00
( ) EQ-10SP Two EQ module kits (stero) plus PS-4 power supply kit $150.00
( ) EQ-10QP Four EQ module kits (quad) plus PS-4 power supply kit $275.00
( ) EQ-1082PEight EQ module kits plus two PS-4 power supply kits $540.00
( ) PS4 Power supply kit (open frame) powers up to four modules  $ 25.00
( ) EQ-10WC Walnut veneer (genuine wood) cabinet fits EQ- 10SP kit $ 30.00
( ) RA:2 Rack mount kit $ 6.50

Washington State residents add 5.4% state sales tax. Returns of unassembled kits for refund must be made
within 10 days of receipt and returned items must be packed in original condition, using original packing
materials. Prices and “trial offer” valid for orders postmarked on or before July 31, 1978.

Outside (.S. check reader service card for ordering inforrnation.

NAME
ADDRESS
CITY STATE ZIp

Delta-Graph Electronics Company
P.O. Box 247 Northgate Station ® Seattle, WA, 98125 ¢ (206)525-7196
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20,000 Hz at no more than 0.03% THD. lts
power amplifier section employs a direct-
coupled OCL design, while separate pow-
er supplies are used for the two channels.
The AM/FM tuner uses a MOSFET in the
r-f mixing stage and a JFET in the mixing
buffer stage. FM sensitivity is 9.8 dBf; cap-
ture ratio, 1.0 dB. Two of the four meters in
the receiver are used for indicating power,
separately for each channel. They respond
to output powers from 0.01 to 370 watts
without requiring sensitivity switching. The
volume control is a 32-step attenuator
type. Built-in are high and low filters, audi-
ble multipath switch, 25-us FM deempha-
sis switch, stereo adapter in/out terminals
and switch. $900.
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CPlI AM/SSB
CB Base Station

The Ultra CP-2000B “limited-edition” CB
base station from Communications Power,
Inc., employs a modulator that is said to
provide an unusually high level of moduta-
tion without exceeding FCC specifications.
Spurious response is rated at ~70 dB. The
transmitter is said to have an infinite SWR
mismatch tolerance. Specifications for the
single-conversion receiver include —70 dB
i-f rejection, —80 dB adjacent-channel re-
jection, and —85 dB intermodulation char-
acteristics. Built in are a switchable speech

compressor, switchable anl/noise blanker,
r-f gain control with automatic override,
and microphone gain control. Separate r-f
output power/S and SWR calibration me-
ters are provided. An optional Model
BC-2000 base-station console provides: 7-
digit frequency counter; 6-digit 12/24-hour
clock; FET receive preamplifier; duail an-
tenna tuner; dual antenna switch; and
—50-dB TV filter. $600.
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‘| The New Realistic CB-Fone
+{ ) Communications Console

Real stic® invents the base CB that's also a control center. Perfect

for home, office, small warehouse or dispatcher-type operations. The

_ push-to-talk phone-type handset is great for private listening or noisy
) areas. Add a remote sgeaker —the CB-Fone becomes a paging/PA

: ampl fier that lets you monitor incoming CB calls simultaneously.
) Emergency? Push the red priority button and you're instantly on
Chanre 9. Channel selection is electronic. Two buttons — count-up
R j and count-down — replace rotery switches. Push once to change
. N charn=zls, hold down for rapid movement through alt 40 channels.
Big LED readout displays the channel number and indicates "PA" in
public address mode. Flip-switches fo- delta-tune, blanker, handset
or handset-plus-console speakers, mode selection. RF gain ccntrol.
Ligted SWR and S/RF meters On-the-air and modulation | ghts.
AC and 12VDC versatility, positive or negative ground. U.L. listed. The
CB-Fone — just 249.95% buys you a station that's something else!

R e These two credit cards honored >
at most Redio Shack stores.
masty PICLSE)  #Price may vary at individual

s L
J

A

1=

o o RERNK CARD stores end dealers.
o A DISION OF TANDY CORPORATION o FORT WORTH, TEXAS 76102
OVER 6000 LOCATIONS IN NINE COUNTRIES
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New Literature

TELEX CB MIKE BOOKLET

“The CB Power Mike Fact Book™ explains
and discusses basic points and facts regard-
ing CB power microphones. One important
feature discussed is how a CB noise-cancell-
ing mike keeps unwanted sound out. Other
basic points covered include "“Why the Micro-
phone is a Most Important Part of Your
Transmitter”; “Will a Power Mike Work With
My 40 Channel Radio?”; and “The Special
Advantages of CB Power Mike Headsets.”
The booklet, with drawings and photos, may
be obtained by writing to Telex Communica-
tions, Inc., 9600 Aldrich Avenue South, Min-
neapolis, MN 55420.

JENSEN TOOL CATALOG
A new 144-page catalog of tools for electron-
ic and mechanical assembly is offered by
Jensen Tools and Alloys. It includes over
3,000 tools in categories such as micro-tools,

test equipment, soldering equipment, tweez-
ers, screwdrivers, cutters, drafting supplies,
and power tools. Another section features
tool kits and cases. Address: Jensen Tools
and Alloys, 1230 South Priest Drive, Tempe,
AZ 85281.

SIGNAL TRANSFORMER CATALOG
“Transformers,” a 16-page publication from
Signal Transformer Co., Inc., combines a
short-form catalog and an application guide.
It presents specifications and mechanical
data on the company's line of transformers.
Schematics are included. Among the compo-
nents featured are the conventional power
transformers, filter chokes, rectifier, high-cur-
rent, step-down auto, step-up or step-down
power-isolation transformers and low-cost
Split/TranR and FlatheadR printed-circuit
board transformers. Address: Signal Trans-
former Co., Inc., 500 Bayview Ave, inwood,
NY 11696.

MOTOROLA TWO-WAY RADIO TEST
EQUIPMENT CATALOG
Thirty-one additions to Motorola’s line of two-
way radio test equipment appear in the com-
pany’s new catalog. Featured are the models
R-1200A service monitor, R-1010A signal
generator, and S-1338A FM station monitor.
Other test instruments for the maintenance of
FM two-way radio communications equip-

HOBBYISTS! 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!

SPECIFICATIONS

ELF 1 features an RCA COSMAC
COS/MOS 8-bit microprocessor ad-
dressable to 64k bytes with DMA, in-
terrupt, 16 registers, ALU, 256 byte
RAM., full hex keyboard. two digit hex
output display, 5 slot plug-in expansion
bus. stable crystal clock for timing pur-
Foscs and a double-sided plated-through

C board ptus RCA 1861 video IC to
display any segment of memory on a
video monitor or TV screen.

Use ELF Il to ... PLAY GAMES usin
éour TV for a video display ... CREAT
RAPHICS pictures, alphanumer-

v

RCA COSMAC microprocessor/mini-

computer

A THOUGHTFUL GIFT
FOR ANYONE WHOD MUST

STAY UP TO DATE IN
COMPUTERS AND
ELECTRONICS!

e U 3 e $Gg°%
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ics, animated etfects ... leam how to
DESIGN CIRCUITS using a
microprocessor ... the possibilities
are infinite!

NOW AVAILABLE

ELF 11 explodes into a giant when you
plug the GIANT BOARD™ into ELF's
expansion bus. This powerful board in-
cludes cassette 1/O, RS 232-C/TTY, 8-
bit P 1/O and system monitor/
editor...meaning your ELF I1is now the
heart of a full-size system with unlimited
computing power! $39.95 kit. $2 p&h.
® 4k Static RAM addressable to any 4k
page to 64k. $89.95 kit. $3 p&h.

® Prototype (Kluge) Board accepts up to
32 1.C.'s of various sizes. $17.00 kit. §)

p&h.
OZEx ansion Power Supply. $34.95 kit.
s h

° Gold.pmed 86-pin connector. $5.70
postpaid.
Coming Soon!

. -
Tiny Basic
ASCHHKEYBOARD* CONTROLLER
BOARD * D-A, A-D CONVERTER ¢

CABINET

12

NETRONICS R&D LTD., lxept. PE4
333 Litchfield Road. New Milford. C T 06776 Phone (203) 354-9375 I

* Yes! I want 10 run programs at

lhome and have enclosed:
0O $99.95 pius $3 p&h for RCA
COSMAC ELF 11 kit. Featured
in POPULAR ELECTRONICS.
Includes all components plus
everything you need to write
and run machine language pro-
grams plus the new Pixie chip
that lets you display video
graphics on your TV screen. De-
signed to give engineers practice
in computer programming and
microprocessor circuit  design.
ELF 11 is also perfect for college
and college-bound students (who
must understand computers for
any engineering. scientific or
business career). Easy instruc-
tions get you started right away.
even if you've never used a com-
puter before!

As your need for computing
power grows, five card expan-
sion bus (less connectors) allows
memory expansion, program de-
bugger/monitor, cassette [0, A
to D and D to A converters,
PROM. ASCII keyboard inputs,
L & __§F B ¥ ]

L % K F ]
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controllers, ete. (soon 10 be
available as kits). Manual in-
cludes instructions for assembly.
testing, programming. video
graphics and pames plus how
vou can get ELF Il User's Club
bulletins. Kit can be assembled
in a single evening and you'll
still have time t0 run programs.
including games. video graphics.
controllers, etc., before going to
bed! [0 $4.95 for 1.5 amp 6.3 I
VAC power supply. required for
ELF 1I kit. O $5.00 for RCA
1802 User's Manual, I
0O 1 want mine wired and tested l
with the power transformer and
RCA 1802 U'ser's Manual forl
$149.95 plus $3 p&h,

Conn. res. add sales tax. I

NAME
ADDRESS
[Q1 ) I SR—

STATE ZIP.
[ Send info on other Kits!
Dealer Inquiries Invited
-

|
--—-J

ment are included. Address: Motorola Litera-
ture Distribution Center, 1301 E. Algonguin
Road, Schaumburg, IL 60196.

NATIONAL SEMICONDUCTOR LED
CATALOG

National Semiconductor has prepared a cata-
log describing its line of opto-electronic prod-
ucts. The catalog contains photographs, out-
line drawings, and specifications of red, yel-
low and green light emitting diode (LED)
lamps, multi-digit numeric displays, small cal-
culator-type numeric arrays and watch dis-
play die. An application section is included on
mounting techniques for numeric displays.
The catalog also contains a list of National's
LED segment drivers and digit drivers, with
specifications and ratings. Address: National
Semiconductor Corp. 2900 Semiconductor
Drive, Santa Clara, CA 95051.

MALLORY GENERAL CATALOG

A new general catalog lists over 8,000 elec-
tronic components and related products
made by P.R. Mallory & Co., Inc. Information
on lines of capacitors, controls, switches, se-
miconductors, audible signal devices, securi-
ty products, and cassette recording tape is
provided. Address: Mallory Distributor Prod-
ucts Co., Box 1284, Indianapolis, IN 46206.

OEI COMPONENT CATALOG

The 1978 catalog of Optical Electronics, Inc.,
contains 41 data sheets on 18 operational
amplifiers, 22 fast analog function modules,
and a microcomputer. A selection guide in-
dexes op amp modules by siewing rate, by
gain-bandwidth at X100, and by settling time
to 0.1%. The selection guide for function
modules is arranged by model number and
function: logarithmic ampilifiers, sample and
hold, peak sense and hold, V-F-V, D-A-D,
power supplies and others. Address: Optical
Electronics, Inc., Box 11140, Tucson, AR
85734.

AUDIO-TECHNICA MICROPHONE GUIDE

Available from Audio-Technica, “A Brief
Guide to Microphones,” is an instructional
booklet applicable to all brands of micro-
phones. The 15-page publication explains
microphones through 8 basic terms: dynam-
ic, condenser, omnidirectional, unidirectional
(or cardioid), proximity effect, feedback,
impedance and sensitivity. Address: Audio-
Technica U.S,, inc., 33 Shiawassee Ave.,
Fairlawn, OH 44313.

INTERFERENCE INFORMATION

Interference and power-line surge damage
common to audio equipment and FM receiv-
ers are described in a new flyer from Elec-
tronic Specialists. Problems such as lightning
protection, ac power-line hash, and loud-
speaker interference pickup are included.
Cures for these problems are offered. Ad-
dress: Electronic Specialists, Box 122, Na-
tick, MA 01760.
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Understanding Digital Electronics
New teach-yourself courses

] e p—

Book 2 -

|
e i
Design of Digital Systems is written for the engineer seeking to learn
more about digital electronics. Its six volumes — each 11-1/2" x
8-1/4" are packed with information, diagrams and questions de-
signed to lead you step-by-step through number systems and Boolean
algebra to memories, counters and simple arithmetic circuits, and
finally to a complete understanding of the design and operation of cal-
culators and computers.

The contents of Design of Digital Systems include:

Book 1 Octal, hexadecimal and binary number systems; conversion
between number systems; representation of negative numbers; com-
plementary systems; binary mulitiplication and division.

Book 2 OR and AND functions; logic gates; NOT, exclusive-OR,
NAND, NOR and exclusive-NOR functions; multiple input gates; truth
tables; De Morgans Laws; canonical forms; logic conventions; Kar-
naugh mapping; three-state and wired logic.

Book 3 Half adders and full adders; subtractors; serial and parallel
adders; processors and arithmetic logic units (ALUs); multiplication
and division systems.

Book 4 Flip flops; shift registers; asynchronous and synchronous
counters; ring, Johnson and exclusive-OR feedback counters; ran-
dom access memories (RAMs) and 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 decoding; control program
structure.

Book 6 Central processing unit (CPU); memory organization; char-
acter representation; program storage; address modes; input / out-
put systems; program interrupts; interrupt priorities; programming;
assemblers; computers; executive programs; operating systems and
time sharing.

Digital Computer Logic and Electronics is designed for the beginner.
No mathematical knowledge other than simple arithmetic is assumed,
though the student should have an aptitude for logical thought. It con-
sists of four volumes — each 11-1/2" x 8-1 /4" — and serves as an
introduction to the subject of digital electronics. Everyone can learn
from it — designer, executive, scientist, student, engineer.

Contents include: Binary, octal and decimal number systems; con-
version between number systems; AND, OR, NOR and NAND gates
and inverters; Boolean algebra and truth tables; De Morgans Laws;
design of logic circuits using NOR gates; R-S and J-K flip tlops; binary
counters, shift registers and half adders.
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In the years ahead the products of digital electronics technology wilt
play an important part in your life. Calculators and digital watches are
already commonplace. Tomorrow a digital display could show your
automobile speed and gas consumption; you could be calling people
by entering their name into a telephone which would automatically
look up their number and dial it for you.

These courses were written by experts in electronics and learning
systems so that you could teach yourself the theory and application 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 must respond by answering guestions on each new
piece of information before proceeding.

After completing these courses you will have broadened your
career prospects and increased your fundamental understanding of
the rapidly changing technological world around you.

31 988
31 488
32990

a saving of over: 3500

The six volumes of Dasign of
Digital Systems cost only:

And the four volumes of
Digital Computer Logic and
Electronics cost only:

But if you buy both courses,
the total cost is only:

SEVEN-DAY MONEY-BACK GUARANTEE: If you are not satisfied
with your Cambridge course, return it within 7 days for a full refund.

To order your books, complete the order form below and send it to-
gether with your check or money order to GFN Industries, Inc., 6 Com-
mercial Street, Hickswille, N.Y. 11801,

| To: GFN INDUSTRIES, INC.
6 COMMERCIAL STREET, HICKSVILLE, NY 11801

Please send me:

___Sets of Design of Digital Systems $19.88

___Sets of Digital Computer Logic & Electronics $14.88

___Sets of both courses $29.90
Sales tax (N.Y. residents)
Shipping and handling $2.50 per set

Enclosed is check/mo (payable to GFN Industries, Inc.)

Total $

Name

Address

City/State/Zip

Prices include overseas surface mail postage.



Stereo Scene

By Ralph Hodges

WITH THE HIGH ROLLERS IN VEGAS

OR SOME TIME, the Winter Con-

sumer Electronics Show (WCES)
has been overshadowed by its much
larger summertime brother. If this past
January's installment was any different,
it is probably because a change of
venue from frigid Chicago to the com-
paratively benign climate of Las Vegas
pigued enthusiasm, curiosity, and deep-
ly harbored desires for a brief vacation
after a grueling Christmas. It did not
seem like much of a vacation from this
side of the footlights, however.

The new WCES (it will return to Las
Vegas next year) proved considerably
enlarged in attendance and square
yardage, particularly since it sprawled
well beyond the official Convention Cen-
ter headquarters and into a host of
neighboring hotels and motels in true
summer CES fashion. This raised cer-
tain tactical problems. For security rea-
sons, the hotels refused to divulge room
numbers, so that my search for some
exhibitors simply had to be abandoned
for lack of sufficient time or a competent
wilderness guide. Next year | shall be
more familiar with the territory.

As usual, the show offered no chal-
lenge to its summer counterpart in sheer
numbers of new audio product introduc-
tions, but several of the debuts that did
take place were provocative. A sampling
follows.

Musciemen. Thanks to Pioneer's new
SX-1980, receivers are now up to 270
watts per channel and very probably still
climbing. Happily, the newer super re-
ceivers are not growing much in size
over the largest models of yesteryear.
Instead, the problems involved with
cooling units of this capacity are being
solved on the engineering level. Pio-
neer’s solution is a power transistor with
a new body style that makes more sur-
face area available to contact the heat
sink. Combined with an internal “chim-
ney” that encourages efficient flow-
through of air, the transistors evidently
can throw off heat rapidly enough to ob-
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viate the need for forced-air cooling- an
impressive achievement at a time when
pundits have only half-humorously pre-
dicted that the helium-cooled receiver is
just around the corner. Clearly, the su-
per-power receiver is well on its way to
becoming commonplace. Even Sanyo, a
company heretofore associated with
middle-fi equpiment and clock radios,
has broken new ground with the 120-
watt-per-channel JCX2900K.

In another accelerating trend, receiv-
ers, having been threatened somewhat
by the growing popularity of separates,
are now in the process of becoming sep-
arates themselves. Rotel introduced a
receiver with a “docking” power-amplifi-
er section a year or so ago, and Mit-
subishi applied the same concept to an
integrated amplifier. At WCES, Sansui

joined in with the G22000, the top model
of the G Series at 220 watts per channel.
The forerunners of the G Series ap-
peared at last June's show, and this new
addition continues the interesting styling
that distinguishes the line.

Many of the new amplifier introduc-
tions clustered around the mid-power
level, an example being the Marantz
300DC power amplifier at 150 watts per
channel. The Marantz unit is also indica-
tive of a growing concern about slew
rate and transient intermodulation dis-
tortion; the manufacturer lays heavy em-
phasis on the efforts made to control
these performance parameters. Besides
being augmented by a new 500-watt-per
channel (!) stereo power amplifier (the
Dual 500) and an analog time-delay/
reverberation unit (Model 6000), the
Phase Linear line has been completely
restyled. The restyling included circuit
modifications to virtually all the existing
Phase Linear models, with FET inputs
being mMuch in evidence.

Hitachi has employed MOSFET out-
put devices in two new power amplifiers,
the HMA 7500 and HMA 9500, with 75
and 100 watts per channel, respectively.
The $500 price of the HMA 7500 would
appear to be a bargain for FET amplifi-
ers. The company also introduced a
matching preamplifier, two new three-

(Continued on page 20)
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No. We're not kidding. By 1980, the kind of
performance these new Kenwoods deliver will be
considered commonplace. Here's a summary:

4. The KA-7100 is an integrated DC amplifier with

dual power supplies delivering 60 watts per channel,

minimum RMS at 8 ohms from 20-20k Hz, with no
more than 0.02% total harmonic distortion. Not only
is that the lowest THD of any integrated amp, the
KA-7100 is the lowest priced DC integrated amp on
the market. ($300%*)

2. The KT-7500 marks the next plateau for FM
tuners. For optimum reception under any condition
it has two independent IF bands: the narrow band
virtually eliminating interference when stations are
close together, the wide band for lower distortion
and maximizing stereo separation. In addition, we've
developed new circuitry which eliminates the high
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enwoods.

frequency beat distortion (that is, swishing noises)
thought to be inherent in stereo FM broadcast. Even
we're impressed that it costs only $275*

This combination of separate amp and tuner
not only gives you performance unheard of in other
separate components, it gives you performance
that will remain elusive in receivers for quite a while.

The Kenwood KA-7100 and KT-7500. Solid
evidence that the breakthroughs occurred ahead of
schedule, and available to you now for a truly
remarkable price. $575* for the pair.

*Nationally advertised value. Actual prices are established by
Kenwood dealers. Handles optional.

KENWOOD

For the Kenwood Dealer nearest you, see your Yellow Pages.
or write Kenwood. 15777 S. Broadway, Gardena, CA 90248
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info

The CB boom means
big opportunities for
qualified technicians...
learn at home
in your spare time.
There are more than 25
million CB radios out there,
millions more two-way radios,
walkie-talkies, and other com-
munications apparatus in
use by business and industry,
government, police and fire
departments. And all of this
equipment demands qualified
technicians to maintain and
repair it. In addition to know-
ing what you're doing, you
must have an FCC Radiotele-
phone License to service most
of it. NRI can help you get
both... the training and the
license.

Learn on your own
2-meter, digitally synthesized
VHF transceiver or
40-channel CB.

With NRI, you learn by doing.
You use the NRI Discovery Lab™ to
build and test a whole series of typical
communications circuits, even assemble

Some designed-for-learning equipment you get

your own professional transistorized
volt-ohm meter and a CMOS digital
frequency counter. You test various

types of antennas to gain a firm un-

derstanding of broadcasting principles.

And finally, you assemble your own
2-meter transceiver for experiments
in troubleshooting and servicing,
Then, if you want to go on the air,
we'll help you get your amateur
license. As an alternate choice, you
may elect to receive and experiment
with a 40-channel CB to get more
experience in this booming area.
TMTrademark McGraw-Hill

You learn in your own home,
in your spare time, at your conven-
ience. NRI's bite-size lessons and
carefully matched practical experi-
ments combine theory and bench
work to give you the most effective
training for your money. No need to
quit your job or take night classes,
you move ahead at the pace that
suits you best.

mllllon reasons
i training in

NRI guarantees your FCC license.
The law requires that techni-
cians hold an FCC Radiotelephone
License to work on broadcast equip-
ment. NRI training in Complete
Communications Electronics or our
CB Radio Specialist course is carefully
designed to give you the special
coaching so helpful in passing FCC
license exams. If you fail to pass the
FCC examination for radiotelephone
license after graduating, NRI will re-
Sund your tuition in full. The money-
back agreement is valid for six months
after completion of your course.

Send for free catalog.

No salesman will call.

Find out all the facts about -
NRI's Communications or CB course.
Or look into other areas of opportu-
nity like TV and audio servicing, digital
computer electronics, mobile commu-
nications, and more. Mail the postage-
paid card today... there are more
than 25 million good reasons why.

PGPULAR ELECTRONICS



why youshouldlook
Communications Servicing.

Orgetinto
TV and audio servicin

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

Learn computer electronics

NRI trains you at home
on a real digital computer.
Qualified technicians are
urgently needed
for careers in

the new field
of computer
and digital
electronics ...
and NRI trains
you at home
on the real thing,
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“Power-On” training makes it real.
Send card for free catalog.

As part of your training, you actually
assemble a working digital computer
with expanded memory, define and
flow chart programs, code your pro-
gram, store it along with data in the
memory bank. It's just one of the 10
hands-on training kits you receive.
You a'so build and use your own
TVOM; experiment with NRI's exclu-
sive electronics lab. It's the quickest
and best way to learn and start a
new career in troubleshooting digital
compters. Send the card today.

fam g
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A e Sl

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 salesmen, pays
no commissions. We pass the savings
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
technical training with over a million
students, over 60 years experience in
helping people build new careers.
Mail the card today and get started
on your new future. If card has been
removed, write to:

Hll

NRI SCHOOLS
McGraw Hill Center

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

19



(Continued from page 14)

head cassette decks, and a novel direct-
drive turntable. Sony's pulse-width mod-
ulation amplifier has now been desig-
nated the TA-N88 and is rated at 160
watts per channel. And among SAE'’s
new introductions is a combined inte-
grated amplifier and parametric equaliz-
er, the Model 2922,

Loudspeakers. Helium-cooled am-
plifiers we may not have, but helium-
cooled speakers may finally be here. A
company called Plasmatronics exhibited
a mid- and high-frequency driver con-
sisting of a small quartz cell with a small
square opening in its frontal surface. A
continuous stream of helium is bled into
the cell in the presence of a high polariz-
ing voltage. An eery violet glow with
tinges of green and yellow promptly ap-
pears; and when an audio signal is ap-
plied (from an internal vacuum-tube
amplifier), what comes out is sound.

The designer, Alan Hill, is not yet able
to be totally specific about the operating
principle (patent considerations are in-
volved, | imagine); but this is clearly an
ionized-gas loudspeaker with an unusu-
ally wide frequency response (down to
700 Hz) and dynamic range. Specuia-
tion about the purpose of the helium
continues. Some believe that it assists in
high-frequency propagation (ever heard
a man speaking in a helium-oxygen at-
mosphere?) while others suspect it is
merely a coolant (the cell radiates an im-
pressive amount of heat). in any case, a
tank of the gas lasts an estimated 300
hours, after which you must return for a
refill. The Plasmatronics speaker has a
conventional dynamic woofer and some
very impressive frequency-response
and impulse-response specifications.
The associated preamplifier offered by
the company is highly recommended; it
has a switch to halt the helium flow.

Acoustic Research has a new top-of-
the-line model, the AR9, standing over 4
feet tall and equipped with dual side-fir-
ing woofers (12 inches each) placed for
optimum acoustic coupling with the
nearest room boundaries. It is a four-
way design with what AR says is the flat-
test response and highest power-han-
dling capability it has ever achieved.

Infinity’s latest speaker system, the
Quantum Reference Standard, is like-
wise a top-of-the-line model, offered on
a custom-order basis at a projected
price of $6500 the pair. They make use
of vertical arrays of the EMIT film-dia-
phragm tweeters, to which the manufac-
turer is now fully committed; and they
have a multi-faceted cabinet that is cer-
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tainly one of the largest ever introduced
to the consumer market.

JBL's new products consisted of the
L50, the lowest-price three-way design
in the JBL catalog, while KLH launched
several additions to its Baron series. In
addition, ESS presented quite a few
modifications to many of its existing
products and unveiled a production-
ready version of the Transar loudspeak-
er with the unique Heil woofer.

And Elsewhere. Kenwood'’s new top-
of-the-line turntable, the KD-750, follows
a number of acclaimed successes in
turntable design by that manufacturer,
and also incorporates a 20-pole dc mo-
tor. (Multi-element motors are becoming
increasingly favored by designers of di-
rect-drive systems as the fight to elimi-
nate any trace of cogging continues.)
The Harman-Kardon/Rabco ST-8 is a
thoughtful redesign of the ST-7, using
the same radial tracking principle but
benefitting from various refinements. AR
has a rather special turntable in the
works as well, but in the meantime the
company offers the AR77-XB, the latest
evolution of its classic AR turntable.

Listeners to older 78-rpm records—
which in many cases were not quite 78
rpm—have long bemoaned the lack of
turntables that are continuously variable
in speed. They will be glad to learn that
the elusive Lenco record players are
now back and firmly entrenched with
Neosonic Corporation of America acting
as importer and distributor. The three
Lenco variable-speed models operate at
anything from 30 to 86 rpm, and can be
bought with and without bases.

Turntables, tuners, and cassette
decks are the areas in which automation
and computer techniques have found
their happiest consumer application so
far, and this tradition continues with a
new cassette deck from Sharp/
Optonica. Incorporating all of the pro-
gram-search features of previous mod-
els from this manufacturer, the new ma-
chine also has a liquid-crystal display
that indicates the operating function and
the time of day, as determined by a 24-
hour quartz-crystal clock with a seven-
segment digital readout. Perhaps need-
less to say, the clock also functions as a
timer. Therefore, the deck can be set to
record any program at any time and then
turn itself off, all without any operator’s
attention,

Another interesting cassette develop-
ment is the re-emergence, of the cas-
sette changer/player. Lenco’'s RAC-10
machine, capable of handling up to ten

cassettes at a timé\ has returned to the
U.S. ltis not a device™for everyone, but it
appears to be the single survivor of a
possible trend that showed promise
some years ago.

Accessories is a product category that
has grown from an afterthought to a ma-
jor center of consumer attention, and
few accessories were as popular at this
show as racks—equipment-holding
racks, that is. Kenwood, Sansui, Mit-
subishi, and Harman-Kardon are a few
of the major companies that have fol-
lowed the lead of Pioneer and Nakami-
chi in introducing vertically tiered equip-
ment cabinets, some with casters, that
will readily accept the 19-inch front pan-
els of much current equipment. Whether
they will accept the varying depths and
heights of different manufacturers’ am-
plifiers, preampilifiers, and tuners is still
an unanswered question, as are such
matters as ventilation and provision for
interconnecting cables. Optonica
showed a variety of other types of cabi-
nets to house hi-fi components. They
feature push-to-open glass doors for the
LP record storing section.

In the meantime, record-care acces-
sories are proliferating beyond any hope
of keeping track of all of them; even tape
companies like Memorex have devised
extensive lines of stylus-force gauges,
record-tracking dust removers, and
hand-held record decontaminators. So
far, none of these new products con-
spicuously demonstrates any new think-
ing about the problem of dirt on record
surfaces, but neither does any of them
seem ill-suited to its purpose.

Many are calling the new ADS 10
Acoustic Dimension Synthesizer the
best of the available reverberation de-
vices for the home user. Itis an entirely
digital processor with a frequency re-
sponse (at —20 dB) of 30 to 13,000 Hz
and a continuously variable decay time
of up to 1.6 seconds. ADS has builtin a
100-watt-per-channel stereo ampilifier,
and includes a pair of L10 speaker sys-
tems for rear-channel use with the pack-
age. The operation of the A-to-D/D-to-A
converter is still classified, but it was re-
vealed that a special circuit is built-in to
limit the reverberation enhancement af-
forded to mono signals when desired.
Consequently, FM programs can be
listened to without the announcer
sounding as if he were speaking from a
cathedral floor.

All of these products should be getting
some attention in these pages in months
to come. And from first appearances,
they will deserve it. o
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ra-Power

(Parametric Equalizers by SAE)

SAE has long been involved in the field of
tone equalization. From our pioneering
efforts in variable turn over tone controls to
our more recent advancements in graphic
equalizers, we have continually searched for
and developed more flexible and responsive
tone networks. From these efforts comes

a new powerful tool in tone equalization —
the Parametric Equalizer. Now you have
the power of precise control.

Our 2800 Dual Four-Band and 1800 Dual
Two-Band Parametrics offer you controls
that not only cut and boost, but also vary the
bandwidth and tune the center frequency

of any segment of the audio range.
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With this unique flexibility, any problem
can be overcome precisely, and any effect
created precisely.

With either of these equalizers, you have the
power to correct any listening environment
or overcome any listening problems that
you are faced with. Whether you need a
third octave notch filter, tailored bandwidth
to resurrect a vocalist, or a tailored cut to
bury an overbearing bass, the control
flexibility of Parametric Equalizers can fill
these needs and many more. And of course,
as with all SAE products, they offer the
highest in sonic performance and quality
of construction.
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Scientific Audio Electronics, Inc.
P.O. Box 60271 Terminal Annex, L.os Angeles CA 90060

CIRCLE NO. 57 ON FREE )NFORMATION
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P Audio Reports

HIR#CH/HOUCK LABORATORIES

T IS EASY to be carried away by the ever-increas-

ing power ratings of today’s receivers and amplifi-
ers. Not long ago, a basic power amplifier that could
deliver 100 watts/channel rated the name ‘‘super
power.” (Such power levels were unheard of in re-
ceivers.) Then amplifiers began to have ratings of 200
to 250 watts, and receivers crept up to 120, 150, 160,
and 180 watts. Last year, the leader in the receiver
power race was a giant from Marantz, rated at 250
watts/channel, but a 270-watt receiver from Pioneer
now threatens its position. In basic power amplifiers,
a 500-watt/channel Rotel amplifier currently leads
the race, but similarly rated amplifiers from Phase
Linear and possibly others are in the offing. Appar-
ently the end of the race is not yet in sight.

The justification for this race to greater and greater
power is multifaceted. Partly, it is merely because
technology now makes it possible, at reasonable cost,
to generate such huge power outputs. Some of to-
day’s power transistors can dissipate hundreds of
watts per device, yet are priced low enough for use in
consumer products. Manufacturers can hardly be
blamed for attempting to convert some of this new
technology into saleable hardware. And the prices of
some of these products are not unreasonable in view
of their performance, though some may find the size
and weight excessive for their homes.

Another side to the question of “how much power”’
is one of need, or at least, utility. No one will claim
that a power level of hundreds of watts per channel is
always necessary for good reproduction. However,
there are convincing arguments that prodigious pow-
er can be used to advantage under some circum-
stances. If it can be utilized and if it can be generated
without prohibitive expense, why not have it avail-
able in our deluxe amplifiers and receivers?

One of the two questions most often posed to me is
what amount of power is needed for a good hi-fi sys-
tem? Even after I narrow down the scope of the ques-
tion by establishing what type of speaker systems
will be used in what size room, etc., the answer is
still necessarily vague and unsatisfying. What it boils
down to is that you need as much power as is neces-
sary to play music as loud as you like to hear it. While
this is the literal truth, it is of little help in selecting
system components. Under most home conditions,
reasonably high acoustic levels can be generated
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THE POWER RACE—WHEN WILL IT END?

with only 1 or 2 watts of amplifier power. It is, there-
fore, difficult for a layman, or even an experienced
audiophile, to understand how a reserve of hundreds
of watts can be beneficial or justifiable. A

The explanation for this “need’’ for high power lies
in two different, though related, aspects of sound.
Most natural sounds, either music or speech, are non-
sinusoidal. They consist of a multitude of frequencies
whose combined waveform usually has a high crest
factor. The maximum instantaneous peak amplitude
is many times the rms value of the waveform, com-
puted through a complete cycle of its fundamental
frequency. (In contrast, the instantaneous peak value
of a sine wave is only 1.41 times its rms value.) The
perceived loudness of a sound is roughly related to
its average or rms value, the two usually being of the
same order of magnitude. Brief peaks that exceed the
rms level by a factor of 10 or 100 times are not heard
as being louder. The effect is familiar to everyone
who has heard the greatly increased apparent loud-
ness of TV or radio commercials, as compared to the
average program levels. The peak modulation levels
are unchanged (any transmitted increase would re-
sult in illegal overmodulation), but the average level
of the commercial is raised by compression so that it
is heard at a much higher volume.

The second factor is the intermittent nature of mu-
sic and speech. Regardless of the wave shape of the
sound, it is characterized by large variations in level
during the program. Musical passages may be very
soft, or there may be periods of complete silence, fol-
lowed by periods of very high program levels. The
average level, over the entire duration of the pro-
gram, is normally very much less than the maximum
level attained during that interval. Thus, to re-
produce either music or speech in a natural manner,
the amplifier must have the capability of delivering
peak outputs many times the average power.

The amount of reserve “headroom” needed in an
amplifier varies widely with the program material,
since all recorded and broadcast programs are limit-
ed to keep their peak levels within the limits set by
the transmission medium. A headroom of only 10 dB
may be adequate in many cases, but for most realistic
reproduction, 20 dB is preferable.

The 20-dB headroom is a power ratio of 100 times.
If the average power during a musical passage is
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Test sem

onductors

without testing your patience.

The real value of using a semiconductor tester
should be time savings. B&K-PRECISION semi-
conductor testers are designed for maximum
speed and reliability to save you more time than
any other testers.

B&K-PRECISION semiconductor testers are
proved as highly cost effective answers to

The B&K-PRECISION Model 530 is one of the most
versatile semiconductor testers available and can
actually perform more tests on more devices than any
insttument in its price class. Features include: Exclu-
sive patented fr measurement circuit...Non-destruc-
tive breakdown voltage testing... Automatic lead and
polarity identification, in- or out-of circuit... Measure-
ment of beta and gm...Aural and visual test indica-
tions...Testing of new power FET's. CSA listed. $310

For value, the Mode! 520B industrial semiconductor
tester is tough to beat. Dynapeak®™ circuitry with high/
low drive allows the 520B to work in-circuit where
others won’t...A complete test takes about 9 seconds
...ldentifies all leads of transistors and SCR’s and
polarity... CSA-listed version available...""Good
device” indicated visually and aurally. $175

fC PRECISION

6460 W. Cortiand Avenue, Ch

the needs of testing discrete semiconductor
devices. Recently, they were evaluated by
America’s best known manufacturer of expen-
sive test instruments and the $310 Model 530
compared favorably with a $30,000 custom
test system! B&K-PRECISION has a model for
most every application.

At only $97, the Model 510 offers Dynapeak™ test
method reliability with pocket-size portability...LED
test result indicators...Tests all types of transistors,
FET's and SCR’s...Digital stability never needs cali-
bration...Complete with case and leads. $97

When applications demand analysis of the charac-
teristic curves of semiconductor devices, the B&K-
PRECISION Model 501A is the cost-effective answer
...Displays characteristic curves for all semiconduc-
tor devices on most any scope...Non-destructive
breakdown voltage tests...Simulates actual operat-
ing conditions...Internal calibration source...Cur-
rent limiting protects device under test. $198

Start testing semiconductors faster now. See your
local distributor for immediate delivery.

DYNASCAN
CORPORATION

icago, IL 60635 312/889-9087

in Canada: Atlas Electronlcs, Ontarlo »  International Sales: Emplre Exporters, Inc., 270 Newtown Road, Plainview, LI, NY 11803

CIRCLE NO. 9 ON FREE INFORMATION CARD
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about 1 watt (it could range from a few milliwatts to
several watts), the amplifier will be called upon to
handle an occasional peak of as much as 100 watts.
“Occasional” here means as infrequently as a few
milliseconds out of a half hour of playing, or perhaps
as often as 10% of the time, but more likely the for-
mer. If the amplifier cannot deliver those peaks, the
result will be clipping, which may be audible.

Most of us manage to enjoy our music systems
without undue distress from amplifier peak clipping,
even with considerably less than 100 watts of power
available to us. Recorded programs rarely have more
than a 10-dB peak-to-average ratio, since they are de-
signed for playback on mass-produced record players
with very limited power capabilities. Some speaker
systems are so efficient that they require only a tenth
as much power as others for the same volume level.

With the foregoing in mind, why do we need “su-
per-power” amplifiers, and what possible justifica-
tion can there be for receivers or amplifiers that can
deliver hundreds of watts per channel? The answer,
or part of it, lies in the logarithmic nature of human
hearing. To make a program sound twice as loud, we
must increase the power ten-fold. Another doubling
of apparent loudness, and we require 100 times the
original average power level (and as much as 100
times that level to handle the peaks).

It might appear that there is no practical solution to
the power ““shortage.” If our hypothetical 1-watt av-
erage program, heard at a comfortable level (and re-
quiring from 10 to 100 watts of amplifier power in re-
serve just to avoid peak clipping) is to be played “just
a little bit lpuder,” we can easily find ourselves run-
ning out of power, even with a 200- or 300-watt
amplifier. This is not as far-fetched as it may seem. I
find it very easy to clip the outputs of an amplifier rat-
ed at 200 watts/channel or more, at levels far below
those that exist at a discotheque or in the vicinity of a
small instrumental combo when using speakers of
average efficiency.

Not surprisingly, the equipment manufacturers’

S

answer to the clipping problem is to make more pow-
erful amplifiers. Unfortunately, this is no answer at
all, since a 500-watt amplifier will play only a barely
detectable 3 dB louder than a 250-watt amplifier. It is
also much more likely to blow out one’s speaker sys-
tems if used carelessly. Speaker systems can not han-
dle unlimited power.

The reason for public acceptance of less-than-ideal
program dynamic range in home music reproduc-
tion, in my opinion, lies in the ready availability of a
knob, usually labelled voLUME or LOUDNESS, and
found on every receiver and amplifier. We turn this
knob clockwise to increase the loudness. Perhaps, if
we are lucky, the program reaches what we consider
a natural level and is free of unpleasant sounds. Well
and good, since this is what hi-fi is all about. Suppose
that before this level is reached, however, we hear ob-
vious and unpleasant distortion. Rather than try for
higher levels, most people react by turning down the
volume until the distortion becomes acceptable.

In turning down the volume, we have adapted the
reproduced program level to the limitations of our
equipment, and are willing to accept a less-than-
natural listening level. In a very short time, most of
us no longer find such levels unnatural, which is very
fortunate, since it is manifestly impractical to gener-
ate concert hall levels in one’s home unless the
neighbors are distant or deaf or both.

The foregoing is why hundreds of thousands of
people are very satisfied with 20-watt receivers, thou-
sands more find the 60 to 80 watts of a good middle-
priced receiver more than satisfactory, and only a few
can justify the considerable expense of the super-
power variety. Personally, I appreciate having 200
watts or so on tap when needed, but recognize that
the listening benefits of even an increase to 300 or
more watts will often be judged too subtle for the
added cost. Of course, that will not stop manufactur-
ers from creating such amplifiers or receivers, or ded-
icated audiophiles from buying them. I can only
say, more power to them!

=)

HARMAN-KARDON MODEL 730 AM/STEREO FM RECEIVER

Medium-power receiver features unusual tuning meter.

Transient perfor-

»  mance has long

- been animportant
. part of Harman-
© Kardon's design
approach to its
high-fidelity products. To this end, the
company has espoused amplifiers with
very wide-band, low phase-shift circuits,
and, as in the latest crop of H-K receiv-
ers, separate power supplies for the two
channels. The Model 730 AM/stereo FM
receiver that heads the current H-K re-
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ceiver line embodies these design aims,
although its 45-watt output power is
barely moderate by present standards.
The styling of the Model 730 is distinc-
tive, with the front panel presenting an
uncluttered, utilitarian appearance. The
most unusual external feature of the re-
ceiver is its tuning meter that, on FM, is
actually a quieting indicator. It indicates
the reverse of the usual signal-strength
meter, with its pointer deflecting down-
scale as signal-strength increases and
noise level decreases. In effect, the me-

ter indicates S/N in a qualitative, rather
than a quantitative, manner. When the
pointer enters a small circle at the lower
limit of its travel, the receiver is fully qui-
eted. For AM reception, the meter's
pointer swings up-scale with increasing
signal strength, as is usually the case
with most of the conventional signal-
strength meters.

Dimensions of the Mode! 730 are 514"
H x 17" W x 144" D (14 x 43 x 37
cm). Suggested manufacturer’s price for
the Model 730 is $399.95.

POPULAR ELECTRONICS



Product Focus

Traditionally, the tuning meters in
FM tuners and receivers indicated re-
ceived-signal strength and/or center-
channel tuning. Harman-Kardon has
made a change from tradition by hav-
ing its Model 730 stereo receiver’'s
meter indicate relative signal quality
so that, when nulled, tuning is as near
perfect as possible for maximum S/N.

The signal-quality meter system
employs a discrete transistor amplifier
and two tuned resonant circuils. Each
resonant circuit is tuned to about 100
kHz. The signal that drives this filter/
amplifier combination is derived from
an amplifier stage that follows the tun-
er’s discriminator.

The amplifier/filter combination am-
plifies the noise that appears at 100
kHz at the discriminator's output. The
100-kHz frequency was chosen to
minimize the effects of audio modula-
tion on the meter's reading. (It pre-
vents the meter pointer wobble com-
mon to multipath meters.)

Since it is tuned to 100 kHz and
“looks” only at that frequency, the me-
tering system is quite selective and is
thus able to give a pretty good indica-
tion of S/N. (If the frequency selected
were more than 100 kHz, the dis-
criminator would roll off the response.)

The system is not a true signal mi-
nus noise meter. Rather, it indicates
noise itself. The circuit employs an
agc system to prevent the meter from
becoming crowded at one erd, which
linearizes the meter scale.
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Inset shows FM quieting indicator also used for AM signal strength.

General Description. During the
past year or so, we have seen several
amplifiers and receivers with separate
power supplies for the two audio chan-
nels, some of which utilized a single
common power transformer and others
with separate transformers. Doing this is
supposed to eliminate interaction be-
tween channels that results when a
common power supply impedance is
used, especially at very low frequencies.
The benefits of such isolation are dif-
ficult to demonstrate by objective or sub-
jective means. Judging from the size of
the power transformers and filter capaci-
tors used in the Model 730, there is
probably little difference in material cost
between the Harman-Kardon approach
and simply making a single, heavy duty
supply with sufficient output capacitance
to provide adequate isolation. Of course,
with separate power supplies there is
absolutely no difference in the perfor-
mance of one channel whether or not
the other channel is driven. The FTC-
mandated preconditioning period of one
hour at one third power, with both chan-

nels driven, is still necessary to bring the
amplifier to a fully heated condition.

Harman-Kardon's wide-band philoso-
phy is illustrated principally in the
low-frequency response of the Model
730, which extends to 4 Hz and below.
Clearly, most of the amplifier stages are
direct-coupled. In a brochure furnished
with the receiver, a 20-Hz square-wave
response with only a 3% tilt is displayed
to emphasize the receiver's extended
low-frequency response.

On the rear apron of the receiver,
there are pushbutton reset circuit break-
ers that protect the speaker outputs and
a control shaft that permits adjustment
of the FM muting threshold over a wide
range. The ventilating slots at the rear of
the top cover run across the width of the
receiver. The output transistors and their
heat sinks extend from front to rear, at
the center of the receiver's chassis.
Thus, the ventilating holes have very lit-
tle direct cooling effect. Even so, despjte
the relatively large size of the receiver
(for its power rating), it runs notably cool
at alltimes.
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“IT CANNOT BE FAULTED!

SA9500 — Stereo Review

"AS NEAR TO PERFECT
AS WE'VE ENCOUNTERED”

TXP500 — Popular Electronics

“CERTAINLY ONE OF THE BEST...
AT ANY PRICE’

TX9500 — Modern Hi Fi
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Last year, the experts paid Pioneer’s integrated amps
and tuners some of the highest compliments ever.

The challenge was obvious: to build even better
amps and tuners. Amps and tuners that would not only
surpass anything wed ever built before, but anything
anyone ever built before. Here's how we did it.

THE NEW PIONEER TX95001l TUNER:
EVEN CLOSERTO PERFECT.

When Popular Electronics said our TX?500 tuner
was “as close to perfect” as they'd encountered, they
obviously hadn't encountered our TX?500QI1. It features
technology soadvanced, some of it wasn't even perfected
until this year.

Our front end, for example, features three newly-
developed field effect transistors that work to let you pull
in beautiful FM reception no matter how far youlive from
the transmitter. And no matter how much interference
there is in your neighborhood.

Where most tuners give you one band for all FM
stations, the TX?500II gives you two. A wide band with
a new surface acoustic wave filter to take advantage of
strong stations, and a narrow band with five ceramic
filters to remove the noise and interference from
weaker ones.

And where conventional multiplex circuits accidently
cut out frequencies that add depth and presence to
music, the multiplex circuit in the TX?500II doesn't. It
features a Pioneer-developed integrated circuit that's far
more accurate than anything else around. So the music
begins to sound as if it's coming live from your living
room, instead of from some radio station miles away.

THE NEW SA95001l AMPLIFIER.
HOW TO GET THE MOST OUT OF THE BEST.

After building one of the world's best tuners, we had
no choice but to create an amplifier that could match it.

The result is the new SA9500I1. An 80" watt
integrated amp that was designedto let you get every-

1

thing out of your tuner. Perfectly.

Our output stage, for example, features a new
parallel push-pull circuit that reduces total harmonic
distortiontoless than O.1%. Well below the threshold
of human hearing.

To all but eliminate cross-talk, the SA9500!1 comes
with a separate power transformer for each channel,
instead of the usual single transformer for both.

And where some amps give you two, or three tone
controls, the SA950CQII gives you four. Two for regular
treble and bass, and two for extended treble and bass.
They're calibrated in 2 dB click stops, which means you
have a virtually endless variety of ways to get the most
out of your music.

Obviously, both the SA950011 and the TX?500QII
are very sophisticated pieces of equipment. But all of
the engineering skill that went into making them has
gone into every tuner and amplifier in our new series I1.
No matter what the price, no matter what the
specifications.

And that's something you don't have to be an expert
to appreciate.

SA9500I1—TX9500I1

POWER MIN. RMS, 80 SIGNAL TO NOISE Mono 82dB
20 TO 20,000 Hz RATIO Stereo 77dB
TOTAL HARMONIC o1 FM SENSITIVITY y
DISTORTION : (IHF '58) 1.5u
PHONO OVERLOAD {wide) 35dB
LEVEL 300mv | SELECTIVITY (cinkiosw) B5cIB
INPUT: PHONO/AUX/ (wide) 0.8dB
TAPE 201/2 CAFAURE RO {nego) 2.0dB

*Minimum RMS continuous power output at 8 ohms,
from 20 to 20,000Hz, with no more than O.1% total har-

monic distortion.
High Fidelitv Components

WPIONEER

WE BRING IT BACK ALIVE.

U.S. Pioneer Electronics Corp., 85 Oxford Drive, Moonachie, New Jersey 07074

©U.S. PIONLER E1ECTRONICS CORP. 1977
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TX950011
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Life-Size
Color TV

projection kit
outperforms

all others!

For Home—For Office—For Bars

Tomorrow’s TV is here today!

The Q-12 Projection TV kit, with an
exclusive adjustable lens system
projects to any size screen with
exceptional sharpness and clarity.

The Q-12 kit consists of:

12" Quasar Color
TV set adapted
for projection.

Quasar
100° » Solid Sate
SetviceMiser

CHASSS

Giant f1.3
proprietary
adjustable lens
system with hood.
Attaches to TV
set with only 4
screws which

are atready
mounted.

3 (sttxsr:gm _l:ﬁsigned
and wi
casters. Woodgrain ——
finish stand
adjustable to
different
positions.

ALL FOR ONLY $

COMPLETE

HIGH-EFFICIENCY SCREENS
Made of specially treated sheeting
laminated to a curved frame reflecting
almost all its incident light back to the

viewer.

307 X 40/ v supamens e i
40”7 X 527 soaywssme g one
Stands ................

SEND FOR COMPLETE INFORMATION

MIAMI FLOCK
EQUIPMENT CO.,INC.

(Optical Division) 304 N.E. 79th St.
Miami, Florida 33138 e 305-759-3124
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PERFORMANCE SPECIFICATIONS

Specification
Power Output
(8 ohms, 20-20,000 Hz)

Rating

Clipping Power N/A

(1000 Hz)

Frequency Response 4Hz-140kHz
(1-watt output) +0.5dB

Rise Time 15us

Slew Rate N/A

IM Distortion 0.12% (@ 40 W

(60/7000 Hz, 4:1) 0.15% @ 1 W

Hum & Noise
(unweighted)

—60dBre40W

Input Sensitivity
(for 40-watt output)

150 mV (AUX)
2.5 mV (PHONO)

Phono Overload 95 mV
(1000 Hz)
RIAA Equalization +1dB
Accuracy
FM Sensitivity:
IHF MONO 1.9V
—50dB MONO 3.5uV
—-50 dB STEREO 35 uVv
Ultimate S/N 70dB
Capture Ratio 2dB
Image Rejection 80dB
AM Rejection 60 dB
Alternate Channel Select.§ 80 dB
Adjacent Channel Select. | N/A
Stereo Separation 40dB
(1000 Hz)
FM Distortion 0.2% MONO
{1000 Hz) 0.3% STEREO
Pilot Carrier N/A
Leakage

User Comment. The RIAA phono
equalization is not only very accurate
over the defined range of 30 to 15,000
Hz (it falls off somewhat at the lowest
frequencies), but it is totally unaffected
by cartridge inductance. The audio dis-
tortion of the receiver was quite insignifi-
cant, and the clipping power of about 50
watts should be adequate for most

40 W @ 0.1%THD

Measured Comment

40W, 0.05%THD

51 W (8 ohms)
64.8 W (4 ohms)
33.6 W (16 ohms)

5Hz-220kHz
+0.5dB

5 Hz is lower
test iimit

1.5 us
9V/ns

0.056% @i 40 W
0.065% @1W °

—83.6 dB (AUX)
—81dB (PHONO)

136 mV (AUX)
2.2mV (PHONO)

1000 Hz

105 mV

+1dB 30-15,000 Hz

1.85 wV (10.6 dBf)
2.4V (13dBf)
30 wV (35 dBYf)

68.5 dB (MONO)
68 dB (STEREO)

1.76 dB
85dB
70dB
71.4dB
7.8dB
47dB

0.11% MONO
0.29% STEREO

65 dBf

75dB

home installations, with speakers of nor-
mal efficiency.

Although the tone controls have a sat-
isfactory range and choice of turnover
frequencies, the high-cut filter is essen-
tially useless. (It virtually duplicates the
response of the treble tone control near
its minimum setting.) A 6-dB/octave fil-
ter with a —3-dB response at 3000 Hz is

POPULAR ELECTRONICS
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really not worth the control space allot-
ted to it on the panel. The low-frequency
filter, although not ideal, is considerably
better; it has a 12-dB/octave slope and
a —3-dB frequency of 50'Hz. The loud-
ness compensation boosts only low fre-
quencies, to a moderate degree, yet
manages to sound undesirably heavy
because it affects almost the entire
range below 1000 Hz.

The FM tuner section was excellent,
handily meeting or surpassing almost
every specification. The quieting meter
proved to be a very accurate tuning in-
dicator. Although this point is not men-
tioned in the instruction manual we not-
ed that the meter's pointer fluctuated
with multipath distortion and gave a
steady indication on signals free of that
effect. This represents the first triple
function FM tuning meter we have used
(center channel, as shown by a definite
minimum  reading; relative signal
strength; multipath distortion). its only
drawback, compared to conventional
meters, is that one must tune quite
slowly through a station to establish the
minimum reading, and then tune back to
that point—again, slowly—since the me-

ter seems to respond with a lag. In con-
trast, a typical center-channel meter al-
lows one to stop tuning as soon as the
pointer reaches the indicated center.

Aithough the FM tuner had a ruler-flat
frequency response to 15,000 Hz, the
19-kHz pilot carrier leakage was a very
low —75 dB. This speaks well for the de-
sign of the multiplex filters in the tuner
section. The stereo channel-separation
characteristic was unusual, with a very
wide separation of more than 60 dB at
30 Hz, which decreased smoothly to 24
dB (still good) at 15,000 Hz. As a whole,
the tuner's FM performance was excel-
lent. The AM tuner was as limited in its
frequency response as most we have
used, but was exceptionally quiet and
free of the buzzes and noises that usual-
ly accompany a scan of the AM broad-
cast band.

In listening tests, the Mode! 730 did a
first rate job. Like most good receivers, it
sounded as good or as bad as the pro-
gram material allowed. When we trans-
mitted a high-quality signal to it through
our laboratory signal generator, it left
nothing to be desired. The muting circuit
has a slight delay that allows the dial to

FREQUENCY IN Hz (CYCLES PER SECOND}

Harmonie distortion at three power levels.

be twirled from one end of the FM band
to the other in perfect silence; about a
second after a station is tuned in, its
modulation appears. In slow tuning
through a station, we heard only a faint
click as the muting operated.

One of our two criticisms of the Modei
730 (both relate to its FM tuner section)
concerns a basic design factor and the
other is certainly due to a faultin our test
sample. The pointer of the tuning meter
is not illuminated or even colored white
for contrast against the black and dark
green background of the meter scale. As
a result, it can hardly be seen, except at
point-blank range. On our test unit, the
FM dial calibration was poor, showing
the result of a misalignment. It was ac-
curate below 94 MHz but had an error of
300 kHz at 96 MHz, and 700 kHz at 106
MHz. As a result, tuning was approxi-
mate over much of the band.

The Harman-Kardon Model 730 is
convincing evidence that a medium-
priced receiver can deliver top-quality
sound, combined with all the operating
fiexibility most people will ever need and
an altractive appearance.
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SHARP MODEL RT-3388 FRONT-LOADING CASSETTE DECK
Built-in ‘‘computer control®’ system and LCD display are featured.

The Sharp Model
RT-3388 is a ba-
LAB: sic cassette deck
T s .., of conventional

el design and good
quality. Where it differs from other cas-
sette decks is in its built-in "computer
control” system that gives it an operat-
ing flexibility and convenience previous-
ly unavailable in a consumer deck. The
cassette deck proper is a two-head, sin-
gle-motor transport with a servo-con-

APRIL 1978

trolled dc motor. The front-loading
mechanism provides excellent visibility
of the entire cassette through its clear
plastic window that makes up almost the
entire cassette compartment door. The
door can be removed by loosening two
thumbscrews to provide complete ac-
cess to the tape heads for cleaning and
adjustment. The operating controls are
mechanical “piano-key” levers that are
solenoid assisted for certain functions.
The cassette deck measures 17 38"W

x 12 W'D x 5 3"'H (44.1 x 32.7 x 13.7
cm) and weighs 20 Ib (9.1 kg). Its nation-
ally advertised retail value is approxi-
mately $350.

General Description. The deck has
separately switchable bias (HIGH/LOwW)
and equalization (70/120 ps). The man-
ual that accompanies the deck lists rec-
ommended settings for most popular
tape brands and formulations. Unlike the
case with most recorders, the manual
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also identifies the specific tapes for
which the deck was adjusted at the fac-
tory. They are Maxell UD (normal), Max-
ell UD-XL Il (HIGH/70 p.s), and Sony Fer-
richrome (LOW/70 us).

The recorder has built-in Dolby noise
reduction, separate microphone and line
inputs that can be mixed, and large il-
lJuminated level meters supplemented by
a PEAK LED indicator. While this is con-
ventional, the rest of the deck is far from
conventional, as is immediately obvious.

A “computer” keyboard and display
panel dominate the center of the front
panel. The “computer” that controls the
operation of the deck provides memory
functions for stopping the tape at a pre-
selected point, either in normal or fast
speeds. It also supplies the tape index
counting function usually performed by a
belt-driven mechanical counter. it con-
trols Sharp’s Automatic Program Loca-
tor Device (APLD) that can be set to skip
any number of separately recorded se-
lections {up to 19 in all) on a tape, stop-
ping and playing a preselected piece
that occurs later in the tape. The APLD
contains a quartz controlled digital clack
that is constantly in operation. When the
machine is plugged into the power line,
the clock is powered whether or not the
recorder is turned on. Internal batteries
can power the clock for up to a year
without recourse to the ac power line.
The clock can turn the deck (and any-
thing plugged into its single switched
outlet) on and off at preset times with
split-second accuracy and time the run-
ning of a tape in minutes and seconds. It
also provides the usual index-counter
function. As a timepiece, it can be set for
a 12- or a 24-hour format and automati-
cally provides AM and PM identification
in the 12-hour mode.

30

All the display functions appear on an
LCD (liquid-crystal display) panel locat-
ed above the keyboard. When the re-
corder is turned off, the display automa-

tically reverts to its clock function. Sec-
onds are indicated by the blinking of the
colon that separates the hours and min-
utes digits. When the deck is turned on,

SPECIFICATION RATING MEASURED REMARKS
Wow & Flutter 0.06% wrms 0.065% unweighted rms
Frequency 30-13,000Hz +3dBj] 25-14,200Hz +1dB
Response (normal) UD-XL | (Low/120 us)
30-15,000 Hz +3dB | 24-14,600 Hz =1dB
(UD-XL 1) UD-XL [l (HIGH/70us)
30-16,000Hz +3dB § 22-15,000 Hz +3dB
(FeCr) Sony FeCr (HIGH/ 120 ps)
Playback N/A 40-12,500 Hz =2 dB
Response TDK AC-337 (120 ps)
40-10,000 Hz +0.5dB
Teac 116SP (70 ps)
S/N Ratio 55 dB (normal) 47.4dB UD-XL | 3% playback
45.3dB UD-XL Il distortion,
44.7 dB Sony FeCr unweighted
56.0dB UD-XL | CCIR/ARM
58.8dB UD-XL Il weighted
56.0 dB Sony FeCr
65.6 dB UD-XL | CCIR/ARM
66.5dB UD-XL I weighted,
64.4 dB Sony FeCr with Dolby
Noise Increase +6.5dB MIC input at
maximum gain
Sensitivity 50 mV (LINE) 54 mV
0.2 mV (MIC) 0.2mv
Output Level 775 mV at 0 dB (LINE) Varies with tape; Phones not
89 dB (8-ohm PHONES) 700 to 800 mV measured
Playback N/A 0.45% UD-XL | 1000-Hz test
Distortion (O- 0.25% UD-XL tone
dB record level) 0.80% Sony FeCr
Crosstalk (L — R N/A —51 dB TDK AC-352
at 1000 Hz)
PEAK indicator ON N/A +6.5dB
METER BALLISTICS N/A 10% overshoot 0.3-s, 1000-Hz
tone bursts
METER CALIBRATION N/A within 0.5 dB
FAST FORWARD AND N/A 94 s C-60 cassette
ReEwIND TIME

Note: Manual specifies Low bias and 70-u.s equalization for FeCr tape. These settings yield-
ed sharply rising high-frequency response; flattest response was obtained with HIGH

bias and 120-u.s equalization.
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Better stereo records are the result
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Scanning Electron Beam Microscope photo of Stereohedron Stylus;
2000 times magnification. Brackets point out wider contact area.

Enter the New Professional
Calibration Standard,Stanton’s 8815

The recording engineer can only produce a product as good as his
ability to analyze it. Such analysis is best accomplished through the use
of a playback pick-up. Hence, better records are the result of better
playback pick-up. Naturally, a calibrated pick-up is essential.

There is an additional dimension to Stanton's new Professional Cal-
ibration Standard cartridges. They are designed for maximum record
protection. This requires a brand new tip shape, the Stereohedron®,
which was developed for not only better sound characteristics but also
the gentlest possible treatment of the record groove. This cartridge pos-
sesses a revolutionary new magnet made of an exotic rare earth com-
pound which, because of its enormous power,is
far smaller than ordinary magnets.

Stanton guarantees each 881S to meet the
specifications within exacting limits. The most
meaningful warranty possible, individual calibra-
tion test results, come packed with each unit.

S e Al Whether your usage involves recording, broad-

. “While maintaining the Cal:bration Standard, the 8815 i . "
:2{: new levels for trackigng and high frequency response. (I's  casting or home, entertainment, your choice
an audible improvement. We use the 881S exclusively for ~ Should be the choice of the professicnals. .. the
calibraticn and evaluation in our eperation’ STANTON 881S.

For further information write to Stanton Magnetics, Terminal Drive, Plainview, New York 11803
APRIL 1978 CIRCLE NO. 60 ON FREE INFORMATION CARD &
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Stanton Magnetics, Inc., 1977
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Mike Reese of the famous Mastering Lab in Los Angeles
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the display becomes a tape counter, al-
though any of its other functions can be
selected at that time by pressing the
proper buttons. Arrows in the display in-
dicate direction of tape motion and tape
speed (the latter by blinking on and off
when a fast speed is selected). A Dolby
trademark symbol appears in the display
when the boLBY switch is on. Short bars
above each column of keys indicate
which function has been selected, and a
letter M appears above a bar when spe-
cific memory data has been entered for
a given function.

The computer-controlled functions of
the Model RT-3388 are so diverse that
most of the very comprehensive instruc-
tion manual is devoted to them, with the
aid of copious illustrations and photo-
graphs. Only nine of the 36 pages in the
manual deal with normal tape recording
functions. In general, the desired infor-
mation, whether it be an index counter
reading or a time, is fed into the comput-
er by sequential operation of the keys,
followed by a touch of the s (set) key.
Previously set functions, which are_not
incompatible with the new one, remain
unchanged and in use. Thus, one can
switch between index counter, seconds
counter, and actual time display at will
while the tape is running without mis-
counting or affecting the operation of the
machine. When the recorder is turned
on, the LCD panel is back lit for full visi-
bility. With the power switch off, a sepa-
rate switch can be used to activate only
the display lights so that the clock can
be used at any time.

The “‘computer” section is physically
very similar to a hand-held calculator in
its size and configuration of keyboard
and display. It extends only about 12"
(12.7 mm) behind the panel and cannot
be seen without extensive disassembly.
According to the manual, a single LS}
chip supplies all computer functions.
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Most of the remaining electronic circuits
are on a single large circuit board thatis
very clearly labelled with individual cir-
cuit reference symbols for all compo-
nents and the function of each section of
the board (Dolby, Preamplifier, etc.). A
second large board contains the power
supply and control circuitry. The tape
transport occupies only a small fraction
of the internal space of the recorder.

User Comment. This is a most im-
pressive product, largely because it of-
fers so much for such a moderate price
without appearing to have sacrificed any
significant aspect of its performance.
The tape saturation characteristics at a
0-dB recording level, compared to the
—-20 dB response, suggest that the
heads are of only ordinary efficiency,
neither better nor worse than one would
expect on a machine in the $250 to $300
price range. On the other hand, the
measured wow and flutter were about as
low as we have measured on any cas-
sette recorder and are better than we
would expect to find at this price.

The recorder delivered excellent
sound quality, both from prerecorded
tapes and from recordings we made off
the air and from records. We also re-
corded FM tuner interstation hiss at a
—10-dB level and compared the play-
back to the original sound. This test si-
multaneously checks frequency re-
sponse and tape saturation effects and
reveals even slight deviations from an
accurate recording. With Maxell UD-XL |
tape, the results were good, but not
quite perfect; we could hear a slight duli-
ing of the highest frequencies. The
“chrome equivalent” Maxell UD-XL I,
on the other hand, yielded pertfect repro-
duction of the highest frequencies. in the
case of ferrichrome tape, we are not cer-
tain how to judge the machine's perfor-
mance. With the HIGH bias and 120-ps

Product Focus

The unique feature of the Sharp
Model RT-3388 cassette deck is its
one-chip microcomputer/liquid crystal
display (LCD). Commands and num-
bers for the memory are activated by -
a 24-key matrix.

The microprocessor chip that con-
trols the deck is a single, square 60-
pin CMOS LS device. It has a built-in
clock, 54 commands, 2268 bytes of
ROM, and 96 words of RAM. A crystal
oscillator supplies energy for the
clock, timer, and counter that indi-
cates tape time in seconds.

The timer serves as an alarm clock
and sleep-time indicator. It also per-
mits unattended recording and can
switch on and off the tape deck and a
device plugged into the deck’s acces-
sory outlet. The timer features two-
stage operation: one for independent
timer stop; the other for switching from
timer start to timer stop and vice ver-
sa.

When the tape counter is set, the
deck plays to the present point and
automatically shuts off. Also in fast
forward and rewind, the deck automa-
tically stops at the preset point.

The tape counter keeps track of the
tape passing the heads but cannot ac-
curately register absolute values. A
second counter is provided for more
accurate indications.

Setting the number of a selection on
the tape puts the deck into fast for-
ward or rewind to locate the desired
selection. This automatic locating de-
vice can be keyed for as many as 19
program steps ahead of or behind the
desired selection.

equalization that gave flattest frequency
response, we could hear a slight differ-
ence between the input and output of
the recorder. Using the recommended
settings of LOw bias and 70-us equaliza-
tion, the results were audibly perfect, as
good as with UD-XL I, in spite of the
measured low-level frequency response
being far from flat. Obviously, some user
experimentation would be in order if
FeCr tape is to be used. We also ob-
tained completely acceptable results

POPULAR ELECTRONICS



with a number of comparable tapes of all
kinds, using the appropriate switch set-
tings. The tapes chosen for testing were
those specified by Sharp; they gave the
flattest response in our tests.

The computer functions were fas-
cinating to use. Space does not permit a
full account of what this machine can do
(many pages of the manual are devoted
to that), but we were continually im-
pressed by the accuracy with which it re-
sponded upon reaching a preset point
on a tape, whether in a memory mode or

on the APLD function. The latter counts
the silentintervals between recorded se-
lections to locate the desired point, so it
cannot be “foolproof”’ in its operation
(when making one’s own recordings, an
EDITOR switch cuts off the program while
a short blank section is recorded be-
tween program segments). All in all, we
found that the APLD worked correctly in
the vast majority of cases, even with
commercially recorded tapes. To fully
utilize the capabilities of the deck, one
must only study the manual carefully

and practice extensively with its controls
to become familiar with it.

In sum, the Sharp Model RT-3388 is
an above-average tape recorder for its
price in all basic performance aspects
and is unique at this time in its operating
features. It is as much fun to use and to
look at as it is for listening. Once you
have been exposed to the comprehen-
sive LCD panel, mechanical counter and
function display indicators on other re-
corders appear old fashioned.
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WHARFEDALE MODEL E50 SPEAKERSYSTEM

High-efficiency system produces crisp sound and tight bass.

Wharfedale has
re-entered  the
U.S. hi-fi market
... after an absence
- wiletd®  of several years
with a new line of highly efficient speak-
er systems. The British Company’s new
Model E50 speaker system resembles
some of the recent products from Japan
with its drivers surrounded by machined
aluminum rings set against a flat black
speaker board. The grille is an open-
mesh plastic that appears to be equally
transparent to light and sound. Cutouts
provide access to the two level control
switches, labelled HIGH and Low, even
with the grille in place.
The Model E50 speaker system
measures 32"H x 14"D x 1312"W (81.5
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x 36 X 43.2 cm) and weighs 70 Ib (32
kg). Nationally advertised value is $390.

General Description. The Model
E50 (“E” stands for efficiency) is de-
signed to deliver high acoustic levels
without dynamic compression or other
distortion when driven at moderate pow-
er levels. Its 10” (25.4-cm) woofer oper-
ates in a vented enclosure, the 4" (10.2-
cm) port of which has been designed to
operate as a fourth-order, maximally flat
Butterworth system. At 800 Hz, there is
a crossover to a 4” (10.2-cm) cone driv-
er, while at 7000 Hz, there is another
crossover to a horn-loaded compression
driver that has a 1”7 (2.54-cm) dia-
phragm. The frequency response is rat-
ed at 55 to 18,000 Hz +3 dB.

The system’s level controls are five-
position switches, with their 0 (max-
imum) settings providing the flattest re-
sponse. The frequency ranges affected
by these switches do not correspond ex-
actly to the range of any single driver.
For example, the Low control, which
should really be called mip, varies the
output between 200 and 2000 Hz, with a
maximum reduction of 5 dB. The HIGH
switch produces a shelf in the response
above 2000 Hz, with a maximum range
of 5 dB. The system impedance is nor-
mally 8 ohms, and it has been designed
to be greater than 6.8 ohms at all audi-
ble frequencies.

Laboratory Measurements. We
measured the low-frequency response,
up to about 300 Hz, with a closely
spaced microphone. We separately re-
corded the response of the port and the

woofer cone and combined the two to
obtain a single reading. The highs were
measured in the reverberant field of the
room, using a swept warble tone signal
and averaging the curves obtained from
the two speakers in a normal setting for
stereo listening.

With due allowance for the very differ-
ent measurement techniques used by
Wharfedale and ourselves, it was clear
that the speaker system easily met its
response rating. A moderate high-fre-
quency peak was the only part of the
composite response curve that exceed-
ed the =3-dB limits. From 45 to 8000
Hz, the response was smooth and uni-
form, within =3 dB. It rose to about +5
dB at 11,000 or 12,000 Hz. The woofer's
response, from 50 to 300 Hz, was ex-
ceptionally flat, attesting to the success
of the computer design employed.

The low-frequency distortion at a 1-
watt input was a mere 0.5% or so down
to 60 Hz. It rose to only 5% at 30 Hz. Ata
10-watt drive level, the distortion was
less than 2% down to 50 Hz, rising to
6.7% at 35 Hz. When the input was ad-
justed to maintain a 90 dB SPL at 1 me-
ter with changes of frequency, the result
was similar to the 10-watt measurement
except that the distortion rose more rap-
idly below 50 Hz.

The level controls had approximately
the specified effects. (Typical response
curves as well as fairly complete system
specifications are on a nameplate
affixed to the rear of the cabinet.) The
HIGH control began to take effect at
about 1000 Hz, overlapping the Low
control, which modified the response be-
tween 150 and 1500 Hz. The system
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No easier, better way to learn electronics
than with the HEATHKIT
Self-Instruction Program!

It's true. Thousands of aspiring individuals just like
you are moving ahead with the knowledge
they’ve gained from these invaluable courses.

\1 " < : Thousands more are updating what they already
- know. Start now on what could be a whole new
. — world for you — the world of electronics. Learning
.‘r ' has never been easier (or more thorough) than with
g . .
If Heathkit Self-Instruction Courses.
m 'ggﬂ;& i 9
(o,mnll”“ NK_

00

000000000000000000000000000000000000000000000000¢

Money Back Guarantee

The outstanding effectiveness of these courses
is expressed in the Heathkit guarantee: If for
any reason you're dissatisfied, Heath Company
will refund the full purchase price of the course
text material (less trainer).

SANOULIITE Da

ANOULIT DV

Digital Trainer Kit
4 and Course

For use with Heathkit Electronics Courses
Famous 1 through 4, this optional trainer helps you perform all
the experiments that are supplied with the courses

HEATHK]T quickly and easily. Has solderless breadboarding sock-

ets, dual variable power supply for positive and nega-
tive voltages, sine and square wave signal source, cen-
EXPERIMENTER/ ter-tapped line transformer. After you complete the
course, the trainer is ideal for experimenting and bread-

TRA]NER boarding with your own circuit designs.

Kit ETe3100/ g . . .o . qu - i@ oo - e omys - poea's- - ovE 8 $59.95

TRIPLE BONUS!
When you order promptly.

Buy Any Buy Courses | Get This

What you should know
about these courses

The courses and the optional trainers may qualify for a Federal Tax

Deduction. Treasury Regulation 162-5 permits an income tax deduction for S'n_gle Co_urse 1 thru 4 with Pencll-T_ype
educational expenses undertaken to: (1) maintain or improve skills required with Trainer Trai d Soldenng
in one’s employment or other trade or business, or (2) meet express and — rainer and — iron Worth

requirements of an employer or a law imposed as a condition to retention
of employment, job status or rate of compensation. In many instances,
your employer may re-imburse you in part or in total for taking these courses.

$795
SAVE(SAVE

WITH YOUR ORDER




Learn electronics at your own pace — at the lowest cost.

COURSE 1: DC Electronics

The first step toward a complete understanding of a fascinating and reward-
ing field of endeavor. As you'd expect, Course 1 is simply and logically
arranged and assumes no prior electronic knowledge. It begins at basic
electron theory and goes on in detail with nothing omitted. Course 1 comes
with everything you need for successful completion and, most importantly,
a high degree of understanding. The only materials needed are a record
player, a few basic hand tools and a VOM. Progressing at your own estab-
lished pace, you learn in an unhurried environment free from pressure. Like
all Heathkit courses, learning is easy with simple, step-by-step ‘‘pro-
grammed” instructions. Audio aids help emphasize the text material and an
optional final exam lets you test your overall comprehension.

Essentially, Course 1 covers current, voltage, resistance, magnetism, Ohm's
Law, electrical measurements, DC circuits, inductance and capacitance. In
short, a complete foundation in basic electronics. Included are texts, rec-
ords, and 56 electronic components for 20 different experiments. Also avail-
able is the ET-3100 Experimenter/Trainer that helps you perform projects
and experiments quicker. The average completion time for Course 1 is 20
hours.

If you choose to take the optional final exam and score a grade of 70% or
better, you will receive a Certificate of Completion and 2.0 Continuing Ed-
ucation Units (CEUs). CEUs are a nationally-recognized way of acknowledg-
ing participation in non-credit adult education.

Course EE-3101 ... ...ttt iiiiinrereieornneoenoeennnranns 39.95

COURSE 2: AC Electronics

The second of the Heathkit basic electronics courses which coupled with
Course 1, forms the foundation for all the courses that follow. The same
straightforward, simple format is utilized to teach you the theory of alternat-
ing current. Course 2 includes all the necessary material for best under-
standing and successful course completion. The only other materials re-
quired are a record player, a few basic hand tools and a VOM. Like the other
Heathkit Self-Instruction Courses, AC Electronics is designed to let you
progress at your own pace moving up when you're ready. Step-by-step, "pro-
grammed"’ instructions make it a rapid, easy process. Records reinforce the
text material. An optional final exam lets you evaluate your understanding
of the material.

Course 2 basically covers alternating current, AC measurements, capacitive
and inductive circuits, transformers and tuned circuits. For best understand-
ing, Course 2 requires the completion of Course 1 (or equivalent knowl-
edge). Included are texts, records and 16 electronic components for 8 dif-
ferent experiments. The optional ET-3100 Experimenter/Trainer kit enables
you to perform projects and experiments quicker. The average completion
time for Course 2 is 15 hours.

If you choose to take the optional final exam and score a grade of 70% or
better, you will receive a Certificate of Completion and 1.5 Continuing Ed-
ucation Units (CEUs). CEUs are a nationally-recognized way of acknowledg-
ing participation in non-credit adult education.

Course EE-3102 . .......coiitriiinnnireneasnreneieoernanernans 39.95

For advanced learning;
DIGITAL TECHNIQUES

One of our most advanced courses in Digital Techniques prepares you for the world
of computers and microprocessors, with particular emphasis on circuit design, Cov-
ers digital fundamentals, semiconductor devices for digital circuits, digital inte-
grated circuits, Boolean algebra, flip-flops and registers, sequential logic circuits,
combinational logic circuits, digital design and digital applications. Discusses TTL,
ECL, CMOS, PMOS, NMOS; integrated circuits; SS1, MS| and LS1; ROM's, PLA’s,
microprocessors, computers and more. Assumes completion of Heathkit courses 1
through 4 above, or equivalent knowledge. The optional digital techniques experi-
menter/trainer helps you perform all the experiments in the course, and when you
complete the course, build and design your own circuits. Course includes text, rec-
ords and 44 parts for 24 different experiments. Average completion time, 40 hours.
4.0 Continuing Education Units and a certificate for passing final exam,

COUISO EE-3201 o uamrwmsnsimeorm:s s 6/ sime i 60 i i 5ueo i g o niwon iniwiermnin e e 54.95
EEA-3201, Optional Cassettes ....i.cisacrsansasasisessasisssssasssssnsssss 6.95
Kit ET-3200, Digital Trainer Kit .. ....... ...t iiiiiiniiiiiiiiiiiiann. 79.95

Recommended Test Equipment

You need a quality multimeter like the Heath-
kit IM-5284 to complete these courses. Tests
and experiments are quicker and more precise
with this solid-state VOM that measures AC
and DC volts, ohms and DC current. The IM-
5284 is easy to build and operate even for the
first time kit builder and will continue to be
very useful long after you've completed your
Heath courses.

KitIM-5284 ................ .00t 37.95
CIRCLE NO. 5 ON FREE INFORMATION CARD

Having completed the above courses, you will be ready
to move up to our other advanced courses; Microproces-
sors and Computer Programming — the super technology
of tomorrow.

NOTE:

COURSE 3: Semiconductor Devices

One of the most important of the Heathkit Self-Instruction Courses and the
one that reveals the technology you must know to stay ahead. What you'll
learn in this course is absolutely necessary for understanding the solid-state
devices prevalent in nearly everything electronic. Course 3 covers every
aspect of a fascinating subject in simple, easily-understood terms. Every-
thing is included except a few basic hand tools, a record player and a VOM.
Progressing at a self-established pace, you move through the material as
you are ready. Step-by-step ‘‘programmed” instructions make it a short,
easy process. Records reinforce the text material. An optional final exam
is available upon request if you wish to test your overall comprehension of
the course material.

Course 3 covers semiconductor fundamentals, diodes, zeners, bipolar tran-
sistor operation and characteristics, FETSs, thyristors, ICs and optoelectron-
ics. Included are texts, records and 27 electronic components for 11 difer-
ent experiments. Also available is the ET-3100 Experimenter/Trainer Kit that
enables you to perform projects and experiments quicker. Prerequisites for
the semiconductor course are Courses 1 and 2 or equivalent knowledge.
The average completion time for Course 3 is 30 hours.

If you choose to take the optional final exam and score a grade of 70% or
better, you will receive a Certificate of Completion and 3.0 Continuing Ed-
ucation Units (CEUs). CEUs are a nationally-recognized way of acknowledg-
ing participation in non-credit adult education.

Course EE-3103 .. .......c ittt ieninereseerasaraienneniaans 39.95

COURSE 4: Electronic Circuits

This course lets you utilize what you've learned in Courses 1 through 3 to
understand the operation of complex electronic circuitry. 1t’s just as easy
to follow as the first three courses and also includes ali the materials you
need except the small hand tools, VOM and record player. Like the other
courses, you work at your own pace aided by the records (or optional tapes)
and may test yourself with the optional finat exam.

Course 4 covers basic amplifiers, typical amplifiers, operational amplifiers,
power supplies, oscillators, pulse circuits, modulation and demodulation
with emphasis on integrated circuits. Iincluded are texts, records and more
than 110 electronic components for 18 different experiments. The ET-3100
Experimenter/ Trainer Kit is &so available as an option. Course 4 requires
the completion of Courses 1 through 3 or equivalent knowledge. The aver-
age completion time for Course 4 is 40 hours.

If you choose to take the optional final exam and score a grade of 70% or
better, you will receive a Certificate of Completion and 4.0 Continuing Ed-
ucation Units (CEUs). CEUs are a nationally-recognized way of acknowledg-
ing participation in non-credit adult education.

Course EE-3104 . ..........c0ititinirunrnneneaeananananansasons 49.95
Keep learning and growing —
order today!

Prices are mail order net F.O.B. Benton Harbor, Michigan,
Prices and specifications subject to change without notice.

Tl Order Form/Agreement
Heath Company, Dept. 010-402

ED-114 Benton Harbor, Michigan 49022

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

value Soldering lron.

Send one course (checked below)with the Experimenter/Tralner
(ET-3100) at the special price of only $89.95 plus $3.00 shipping
and handling.

JoC (EE-3101) OAC (EE-3102) [ Semiconductors (EE-3103)

[ Send me the Electronic Circults Course (EE-3104) with the Exper-
imenter/Trainer (ET-3100) at the special price of only $99.95 plus
$3.00 shipping and handling.

O Send all four of the courses above (EE-3101, 3102, 3103, 3104) with
the Experimenter/Trainar at the special price of just $199.95 plus
$4.50 shipping and handling.

In addition, please send the following courses (less trainer):

goc . (EE-3101) O AC (EE-3102) [0 Semiconductors (EE-3103)
for just $39.95 plus $1.50 shipping and handling each.

O Electronics Circuits (EE-3104) for just $49.95 plus $1.50 shipping
and handling.

O Send me the Digital Techniques Course (EE-3201) with Its Exper-
Imenter/ Trainer (ET-3200) for only $124.95 plus $3.00 shipping and
handling.

O Also send me the 1M-5284 VOM kit for just $37.95 plus $1.50 ship-
ping and handling.

Michigan residents add 4% sales tax.

| enclose [J check [] money order for §.

O BankAmericard Acct. [] Master Charge Acct.

; or, Ch}arge to my:

No Exp. Date.

If Master Charge, include Code No

Signature: X

(necessary to send merchandise)

NAME (please print)

ADDRESS.
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L--------------
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1 Your records will last
B longer. Empire car-
tridges are designed to track at
lower forces. This imposes less
weight on the record insuring
longer record life.

2 Your records will sound
m better. Distortionis a
mere .0005 at standard groove

velocity. Therefore, reproduc-
tion is razor sharp with no

wavering or fuzziness.

3 More cartridge for
| your money. We use
4 poles, 4 coils and 3 magnets

in our cartridges (more than
any other brand).

4 Inspection from head
B to toe. Every Empire
cartridge, regardless of price,
is fully inspected both visually
and technically. Tests include
frequency response, output
balance, channel separation
and tracking.

5 Diamond control.

8 At Empire we cut,
grind, polish and mount the
diamonds to our own exacting
specifications. We insure total
quality of the product from
start to finish by buying only
the highest quality gems.

For more good reasons to buy
an Empire cartridge, write for
your free catalogue:

EMPIRE SCIENTIFIC CORP.
Garden City, N.Y. 11530

ws vs ENPIFE
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Tone burst responses at frequencies
(left to right) of 100, 1000, and 7000 Hz.

impedance varied considerably with fre-
quency, with a maximum of about 40
ohms at 22 Hz and a minimum of about
6 ohms at 200 and 1500 Hz.

The tone-burst response was excep-
tionally good, with nearly perfect burst
shapes at most frequencies. The high
efficiency of Wharfedale's computer-
designed speaker system was dramati-
cally illustrated by the Model ESQ's abili-
ty to deliver a 95-dB SPL at 1 meter
when driven by 1 watt of random noise
in the octave centered at 1000 Hz.

The simulated “live-versus-recorded”
listening test confirmed that the mea-
sured smoothness and range of the sys-
tem’s frequency response was quite
real. The chief difference between the
sound of our “live” source (a reference
speaker system that reproduced a spe-
cially taped program) and the sound of
the Model E50 attempting to imitate it
was an added brilliance in the sound of
the latter. This could have been inferred
from its slightly rising high-frequency re-
sponse characteristic. Its effect was to
add “sizzle” or “bite” to the sound of
wide-range program material that con-
tained appreciable high-frequency ener-
gy. The most accurate reproduction was
with the HIGH switch at its minimum set-
ting, but the highs were still “hot.”

User Comment. The sound of the
Wharfedale Model ES50 might appeal
more to the pop or rock music listener
than to the classical enthusiast, espe-
cially since it can produce prodigious
levels of very clean sound when driven
by a modestly priced receiver or amplifi-
er. It lacks the deep bass response fa-

vored by some people (although it is by
no means shy of bass). However, it is
outstandingly flat and true over most of
the audio range.

The speaker system seemed to us to
have a razor-sharp, almost clinical qual-
ity. This may be related to its notably
good transient response, as confirmed
by our tone-burst tests, as well as to its
accentuated top-end response. As a
rule, we prefer to set a speaker system’s
balance controls only once, upon instal-
lation. In this case, we found it desirable
to readjust the HIGH level control accord-
ing to the program content. With most
FM broadcasts and records, we found
that one or two steps of high-frequency
reduction gave the best results. With
programs  containing  exceptionally
strong high-end content, such as the
Sheffield direct-disc recordings played
with a good moving-coil cartridge, we
had to cut the speaker system’s highs all
the way down. (The Low switch was left
at maximum.)

We found the Model E50 to be an ex-
ceptionally clean and easy-to-listen-to
speaker system. Since its emphasis was
principally at frequencies above 10,000
Hz, its high-frequency response was
never audible as stridency or even as
“presence.” Instead, it gave a crispness
or edge to the sound that seemed well
matched to the very tight and non-
boomy bass reproduction of the speaker
system. The ability to operate effectively
at any usable listening level from anam-
plifier rated at, perhaps, 20 watts output
is a major advantage of this speaker
system over most of its competitors.
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tomorrow’s computer here today ...

thembyitemaste!

only from the Digital Group

 Digital tape based starts at $1995 kit. . For details writ2 o call today.
! b i

P.O. Box 6528 Denver, | €O 80205 203) 777-7133

Delivery within GO-da?s.- RS < ’
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VERSATILITY = UNMATCHED

by any other

micro-computer
system

A ALFHANUMERIC
PR-40 erivTER

PY
MINIFLOP
ETII'IE sk sYSTEM
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COMPUTERS
TERMINALS

TAPE SYSTEMS

DISK SYSTEMS PROGFAMMABLE REAL TIME CLOCK
PRINTERS GRAPHICS

MEMORY — 4K, 8K, 16K & 32K

CALCULATOR INTERFACE
SOFTWARE

PROM PROGRAMMER A-D CONVERTER

Write, or circle our reader reply number for a catalog describing our complete line of computer hardware
and software.

NOW AVAILABLE IN BOTH KIT AND ASSEMBLED FORM.

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
m 219 W. RHAPSODY

SAN ANTONIO, TEXAS 78216
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HEN YOU design or build proj-

ects, particularly large-scale de-
signs in which many transistors and/or
IC's are used, most of the effort goes
into creating the final circuit and the
printed circuit board. All too often, the
power supply is just an afterthought.
This is unfortunate because even a well-
designed and assembled project may
operate borderline if the power supply is
not delivering the correct voltage at the
required current. This problem is com-
pounded when the supply must deliver
large amounts of current, as in multi-iIC
digital circuits, especially microcomput-
ers. Hence, the power supply deserves
special attention, since it is often critical
to the success of an electronic project.

In this first of a two-part article we will
discuss power supply basics, some de-
sign concepts, etc. By the end of Part Il,
you should be able to design low-volt-
age, high-current power supplies that
can perform as required for just about
any project.

Transformers. The transformer is
generally a voltage converter. It reduces
the standard 117-volt ac power line po-
tential to the lower voltages required in
solid-state electronics. Most discrete cir-
cuits operate with potentials in the 1.5-
to-28-volt range; linear IC systems oper-
ate in the range from =45 to =
18 volts; CMOS circuits require between
4 and 18 volts; and TTL requires the use
of a tightly regulated 5-volt supply line.
Because a transformer is very effi-
cient, stepping the line potential down in
the secondary winding increases the
current available for any given voltage
level. The primary VA (volts times am-
peres) rating is very nearly equal to the
VA rating of the secondary. Simply stat-
ed, Epn X |p|r| = Esec X |sec, where
Epri is the potential in the primary wind-
ing (117 volts ac); Ipri is the primary cur-
rent; Egec is the voltage in the second-
ary; and Iggc is the secondary current.

Rectifier. The rectifier converts the al-
ternating current from the transformer’s
secondary into pulsating direct current
(dc). The simplest of rectifiers is the half-
wave circuit shown in Fig. 1.

All rectifiers operate on the same prin-
ciples, whether they are solid-state or
vacuum-tube types. They conduct cur-
rent in only one direction. When an ac
sine wave is applied to the input of this
circuit, current passes through the rec-
tifier only when its anode is more pos-
itive than its cathode, as in Fig. 1A. On
the other half of the ac cycle, the rectifier
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Fig. 1. Forward-biased diode (A) conducts current while
reverse-biased diode (B) does not. In (C), upper trace
is ac input, lower trace is pulsating dc across load.

Fig. 2. At (A) is fullwave rectifier. Ac in primary
of T1 is upper trace in (B), pulsating dc is at bo’tom.

T

Fig. 8. A full-wave bridge rectifier. Broken lines
show current flow during each half of the ac input cycle.

is reverse-biased (Fig. 1B), thus pre-
venting the flow of current through the
external load, R|.

The waveforms associated with the
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haif-wave rectifier are shown in Fig. 1C.
The top waveform is that of the ac sine
wave applied to the input, while the bot-
tom waveform shows the rectified pul-

sating dc output across R|. Note that
the pulsating dc output exists only when
the input waveform is in its positive alter-
nation. Because half of the input wave-
form is not used, the half-wave rectifier
is very wasteful of electrical energy. And
half-wave rectification presents difficul-
ties in filtering the output to pure dc with
no ripple component.

The half-wave rectifier has an aver-
age output potential of approximately
0.45 times the applied rms potential and
its ripple amounts to 120%. To add to
the problems of this design, the trans-
tormer used must have a primary VA rat-
ing 40% greater than is required if full-
wave rectification were used.

A basic full-wave rectifier using a cen-
ter-tapped transformer is illustrated in
Fig. 2A. At any given ac peak, one end
of the transformer's secondary is pos-
itive, while the other end is negative.
The center tap is at a potential that is
half that across the entire secondary.
Therefore, if the center tap is used as
the common reference, equal and oppo-
site polarity potentials will be found at
either end of the secondary with respect
to the center tap.

Let us consider the case when the top
of the secondary is more positive than
the bottom. Current flows from the com-
mon center tap through R and for-
ward-biased rectifier D1 (whose anode
is more positive than its cathode) and
then back to the transformer. During this
period, D2 is reverse-biased due to the
negative potential atits anode so thatno
current can flow through it.

On the aiternate half-cycle, D1 be-
comes reverse-biased and D2 conducts.
Current then flows from the center tap
through R and forward-biased D2 and.
back to the secondary of the transform-
er. Note that, in both cases, the current
flows through the load in the same direc-
tion. This produces the “double-
humped” waveform across R|_ shown in
the lower trace of Fig. 2B. In essence,
the negative-going portion of the applied
ac sine wave has been “folded up” to
produce the double-frequency wave-
form shown in the figure.

The bridge circuit shown in Fig. 3 is
another type of full-wave rectifier. It em-
ploys a diode “ring” (D1 through D4) for
rectification. The secondary of the trans-
former is not center tapped; the diode
ring provides the negative (sometimes
ground) reference point. The two “cor-
ners” of the bridge labelled “+" and “-"
and go to the positive and negative
sides of the filter capacitor.

Since the bridge rectifier circuit em-
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Fig. 4. Simple power supply
with capacitance filter (A).
Waveforms in (B) show how
capacitor fills in between
humps to smooth ripple.

ploys the entire secondary potential, it
produces an output potential (pulsating
dc) of twice that of the ordinary full-wave
rectifier using the same transformer.
There is one catch, however. The bridge
rectifier supply delivers only half the cur-
rent of the full-wave rectifier for a given
primary VA rating. There are occasions
when it is possible to exceed this and
draw nearly the full rated current from
the transformer’'s secondary without
causing damage, but this is not depend-
able in all cases.

The average dc output potential in an
unfiltered full-wave supply is approxi-
mately 0.9 times the applied rms poten-
tial, or about twice the voltage obtained
with the half-wave rectifier. Both types of
full-wave rectifiers have an output ripple
component of about 48% and, thus,
need filtering to produce the dc required
by the electronic circuits. Also, the ripple
frequency in the full-wave rectifier circuit
is 120 Hz, which is twice the frequency
of the line power.

Filters. The filter smoothes out the pul-
sating dc output from the rectifier to cre-
ate the nearly pure dc required by the
electronic circuitry load.

The half-wave rectifier produces one
dc pulse for each ac cycle (Fig. 1C),
while the full-wave supply produces two
dc pulses per cycle (Fig. 2B). These
waveforms illustrate the difference in rip-
ple frequency—60 Hz for the half-wave
and 120-Hz for the full-wave rectifiers—
and implies that the higher frequency of
the half-wave rectifier's output is easier
to filter.

The usual high-value capacitor found
in power supplies is shown in Fig. 4A. In
this circuit, the bridge rectifier is shown
in block form, since it is most often a
bridge-rectifier assembly rather than a
set of four discrete rectifier diodes. Filter
capacitor C7 is connected directly
across the rectifier.
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The value of Cl is critical to the perfor-
mance of the power supply. It should be
no less than 1000 p.F per ampere of out-
put current; many authorities claim that
2000 u.F per ampere should be the mini-
mum. In any event, it is good practice to
use not less than 1000 wF in projects
that draw 1 ampere or less current. A
typical 5-volt, 4-ampere dc power supply
for a small digital computer would re-
quire not less than 8000 microfarads for
a good filtering.

The waveform shown in Fig. 4B illus-
trates how the filter capacitor reduces

the level of the pulsations in the rectified
output waveform. Capacitor C/ charges
up as long as the pulsating dc applied to
it is rising. Once the peak potential has
been reached and the rectified wave-
form begins to drop toward zero, the ca-
pacitor dumps its charge to fill up the
spaces (shaded area in Fig. 4B) be-
tween the pulses. Obviously, the greater
the charge dumped, the smoother will
be the top of the output waveform from
the filter. The five waveforms shown in
Fig. 5 were obtained from a low-voltage,
5-ampere  supply using different
amounts of filter capacitance. The circuit
employed was that shown in Fig. 4, us-
ing a transformer rated at 13 volts and
10 amperes.

The Fig. 5A waveform shows the unfil-
tered output across the load resistor.
The base line represents the 0-volt level,
while the peak of the pulsating dc wave-
form is just short of 19 voits. The result
of connecting a 150-uF capacitor across
the load is shown in Fig. 5B. Note that
the ripple has been reduced and has
taken the shape of the filtered output
shown in Fig. 4B. A dc voltmeter con-
nected across the load indicated
approximately 13 volts when there was

D

Fig. 5. How capacitors smooth waveform. Lower trace is
zero volts. (A) is full-wave dc without filter; (B) has
150-uF capacitor; (C) 2000 uF; (D) 5000 u F; (E) 18,000 u F.
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Advanced Electronics

The best way to qualify for top positions

and top pay in electronics is obviously
with college-level training. The person
with such training usually steps more
quickly into an engineering level posi-

tion and is paid considerably more than
the average technician who has been on
the job several years.

, A regular college engineering pro-
gram, however, means several years of
full-time resident training—and it often
means waiting several years before you

can even start your career. This, of
course, is difficult if you must work full
time to support yourself and your fam-

ily.

If your career in electronics is limited
without college-level training, take a
look at the advantages a CREI home

study program can offer you.

1. Convenient Training
CREI brings the college to you.

Through the convenience of home study,
you receive exactly the same level of
training you will find in any college or

university offering programs in elec-
tronic engineering technology. With
CREI, however, you can “go to college”
whenever you have spare time at home

o
or on the job.
2. Specialized Programs

With CREI, you enjoy the advantage of
specialized training. That is, your pro-
gram will include only those courses

. directly applicable to your career in
clectronics. We omit such courses as
English, social studies and other sub-
jects, which are usually required in

resident schools. Therefore, with CREI,
you move ahead faster to the more in-

: (] teresting and useful part of your train-
ing.

_— 3. Practical Engineering
’ CREI programs give you a practical
g engineering knowledge of electronics.
That is, each part of your training is
planned for your “use on the job.” By
H - H .- using your training, you reinforce the
CREI b"ngs co"ege Ievel tralnlng learning process. And by demonstrating
. M . your increased knowledge to your em-
tO yOU WIth e|ght educatlonal ployer, you may qualify for faster ca-

recr advancement.

advantages, including special , gngineering Degrees
arrangements for engineering degrees (o, You ° number of specia

degrees at recognized colleges and uni-
versities, You can earn college credit
while you are taking your CREI pro-
gram or apply later, whatever is best for
your career plans,
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5. Unique Laboratory

Only CREI offers you the unique Elec-
tronic Design Laboratory Program. This
complete college laboratory makes learn-
ing advanced electronics easier and it
gives you extensive practical experience
in many areas of engineering. including
design of electronic circuits. No other
school offers this unique program. It is a
better “Lab” than we have found in
many colleges. And the professional
equipment included in the program be-
comes yours to keep and use throughout
your professional career.

6. Wide Program Choice

CREI gives you a choice of specializa-
tion in 14 areas of electronics. You can
select exactly the area of electronics best
for your career field. You can specialize
in such areas as computer clectronics,
communications engineering, micro-
wave, CATYV, television (broadcast)
engineering and many other areas of
modern electronics.

7. Prepared by Experts

Experts in industry and technical orga-
nizations of government develop CREI
programs. Each part of your training is
developed by a recognized expert in that
area of electronics. That means you get
the most up-to-date and practical in-
struction for your career.

8. Industry Recognition

That CREI training is recognized by in-
dustry and government is evident from
the fact CREI provides training to ad-
vanced technical personnel in over
1,700 technical organizations. Many sub-
sidize the training of their employees
with CREIL If there is any question
about the advantages of CREI training
for you, ask your employer or any engi-
neer to evaluate the outlinc of a CREI
program for you.

Other Advantages

Of course, there are many other ad-
vantages to CREI training. For ex-
ample, throughout your training, CREI's
staff gives you personal instruction for
each step of your program. And in
many industrial areas, both in the U. S.
and abroad, CREI Field Service Repre-
sentatives provide a number of impor-
tant personal services for your training
and your career.
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Career Training at Home

FREE Book

There isn’t room here to give you all of
the facts about career opportunities in
advanced electronics and how CREI
prepares you for them. So we invite
you to send for our free catalog (if you
arc qualified). This fully illustrated, 80
page catalog describes in detail the pro-
grams, equipment and services of CREL

Qualifications

You may be eligible to take a CREI
college-level program in electronics if
you are a high school graduate (or the
true equivalent) and have previous
training or experience in electronics.
Program arrangements are available de-
pending upon whether you have exten-
sive or minimum experience in elec-
tronics.

Send for this FREE Book
describing your opportunities
and CREI college-level

programs in electronics

Mail card or write describing qualifications to

CAPITOL

RADIO

ENGINEERING
INSTITUTE

Gl Bill

CRE!l programs
are approved
for training of
veterans and
servicemen under
the G.1. Bill.

McGraw-Hill Continuing Education Center

3939 Wisconsin Avenue Northwest
Washington, D.C. 20016

Accredited Member National Home Study Council
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no filtering. With the 150-wF capacitor
installed, it indicated 16.8 voits.

Connecting a 2000-uF capacitor
across the load produced the Fig. 5C
waveform. The ripple is substantially re-
duced and the average dc potential has
risen to about 18 volts. The situation is
even better in Fig. 5D, where the capaci-
tance is 5000 uF. The ripple has less-
ened to the point of aimost disappear-
ing. The dc potential has risen only an
additional 0.7 voit, to 18.7 volts. In the
Fig. SE waveform, an 18,000-uF capaci-
tor is across the load, which results in
less ripple but no increase in the dc out-
put potential. Bear in mind that this is for
a 4-ampere power supply in which the
formula capacitance should have been
8000 picofarads.

Voltage Regulators. Circuits that
maintain their output potential constant
over a wide range of load variations are
termed “voltage regulators.” Most com-
puters and all TTL circuits fare better on
such regulated power supplies.

Voltage regulators for low-current lev-
els are reasonably simple. Up to 5 am-
peres, conventional low-cost three-ter-
minal IC regulators can be used. The cir-
cuit of a power supply in which a three-
terminal regulator is used is shown in
Fig. 6A.

Several different but essentially simi-
lar families of three-terminal IC regula-
tors exist. Probably the most familiar is
the LM309 series, the LM309H being a
100-mA device in a TO-5 package and
the LM309K a 1-ampere device in a
TO-3 case.

There is also the LM340 series in
which the output voltage is indicated by
a number suffix added to the basic se-
ries number. For example, the LM340-5
is a 5-volt regulator, while the LM340-12
is a 12-volt device. These devices are
available with outputs up to 24 volts.
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Flig. 6. Circuit at (A) is typical
low-current, positive regulated
supply. In negative regulator
(B), note pin number difference.

They come in two package styles—the
K package for 1-ampere and the T pack-
age for 750-mA capacity.

The LM320 devices are essentially
the same as the LM340 devices, except
that they are designed for negative out-
put voltages. Note that the pinouts for
the negative regulator shown in Fig. 6B
are different than for the positive regula-
tor. Failure to observe this fact can result
in catastrophic damage when the power
supply is turned on.

Another well-known regulator family is
the 7800 (positive) and 7900 (negative)

Fig. 7. Bottom waveform shows
how a regulator “limits” peaks
on rectified pulsating dc.

series. The output potential is given by
the last two digits in the type number
(7805 for +5 volts and 7812 for +12
volts output, for example).

As shown in Fig. 6A, all three-terminal
regulators should have noise bypass ca-
pacitors (C2 and C3) across their input
and output terminals. Various manufac-
turers specify different values for these
bypass capacitors, the most common
being between 0.33 and 2 uF. These
noise filters should be wired as close to
the terminals of the regulator as possi-
ble. if you use the lower value, the capa-
citor should be of ceramic disc construc-
tion. If the higher value is used, select a
tantalum capacitor.

Capacitor C4 is optional but desirable,
especially where output current de-
mands are very dynamic. The capaci-
tance usually specified is on the order of
100 pF per ampere, or about a tenth of
the value of the main filter capacitor.
This added capacitor is not specifically
used for filtering but to provide a
“hedge” against output voltage droop
under transient load conditions.

It is necessary to use a filter capacitor
before a regulator; and Fig. 7 reveals
why. The upper trace is the pulsating dc
obtained from the rectifier, while the low-
er trace is the output of the regulator
when filter capacitor C/ is disconnected
from the circuit. The unfiltered but regu-
lated output waveform rises in each cy-
cle until it reaches the cutoff point of the
regulator, at which point it clips. Now,
examine the waveform shown in Fig. 8.
Although these waveforms appear to be
similar to those shown in Fig. 5, they are
different. In Fig. 5, the lower trace was
used to indicate the O-volt base line,
while in Fig. 8 they illustrate the input
(upper) and output (lower) of a three-ter-
minal regulator. These traces are ac-
coupled to the oscilloscope so that the
dc component is suppressed and to per-
mit the 5000-u.F ripple component to be

NAVAVANAVAVAN

Fig. 8. Waveform at top is
before regulator. Lower trace
shows how ripple is eliminated.

shown on a larger scale. The preregula-
tion waveform of the upper trace was
taken using a 0.2-volt/cm sensitivity in
the scope's vertical channel, while a
0.0l-volt/cm sensitivity was used for the
lower trace. Even at 20 times sensitivity,
no apparent ripple appears in the output
waveform on the scope.

Overvoltage Protection. Unfortu-
nately, there are occasions when
“something happens” in the regulator
that permits the output voltage to rise
above the required level. This potentially
disastrous situation can be averted with
an overvoltage protection circuit like that
shown in Fig. 9. This circuit is called a
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Fig. 9. Crowbar overvoltage protection circuit ‘“fires”
when 5-volt line exceeds breakdown voltage of zener diode.

“crowbar” because it operates by short-
ing the output to ground in the same
manner as a conducting metal crowbar
would if it were actually connected
across the supply.

Normally, the supply potential (in this
case +5 volts) is too low to allow zener
diode D1 to conduct. Consequently, the
SCR presents a high impedance that
makes it “invisible" to the dc line. When
the potential on the supply line exceeds
5.6 volts, D1 conducts and generates a
voltage across R2. This voltage is then
applied, via R7, to the gate of the SCR,

which triggers on. When this occurs, the
short circuit that results causes fuse F1
to blow and shut down power. Although
this circuit appears to be a little crude, it
is extremely effective and can prevent
damage to an expensive system con-
nected to the power supply.

If you decide to use the crowbar pro-
tection circuit shown in Fig. 9, select an
SCR that can handle about twice the
current normally delivered by the power
supply. Also, use a conventional fast-
blow fuse for F1.

Some of the circuits we will discuss in

Part Il employ commercially available
overvoltage protection devices, such as
the OV-1 shown in Fig. 6A.

Current Limiting. This feature is usu-
ally found in supplies that employ more
sophisticated voltage regulator circuits
than those described above. Essentially,
a small-value resistor is connected in
series with the output lead of the regula-
tor and the current drawn by the load
generates a small voltage drop across
this resistor. This voltage is applied to a
comparator/amplifier that shuts down
the power supply if excess current is
drawn by the load.

Coming Up. In Part Il of this article, we
will discuss further design criteria. We
will also present four construction proj-
ects: a +8-volt, 15-ampere power sup-
ply for Altair (5-100) bus microcomput-
ers, +5-volt, 4-ampere power supply;
+12-volt, 1-ampere power supply;
and a sophisticated 5-volt, 10-ampere
power supply with overvoltage protec-
tion and current-limiting shutdown. o

STRAIGHTEN PINS
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Micro-
PROCESSOR

BY FORREST M. MIMS

PART 2. BASIC DIGITAL LOGIC

MICROCOURSE

The Basic Logic Gates. All digital

logic circuits, from the simplest counter.

to the most sophisticated microproces-
sor, are made from interconnected com-
binations of simple building-block cir-
cuits called logic gates. There are four
basic gates, and they are designated ac-
cording to their function as YES, NOT,
AND, and OR circuits. Each of these ba-
sic gates has one or more inputs, a sin-
gle output, and a couple of power supply
terminals.

Various combinations of the binary
bits 0 and 1 can be applied to the inputs
of a gate by allowing a low voltage to
represent logic 0 and a high voitage log-
ic 1. This is called positive logic. In nega-
tive logic, the definitions are reversed.

The YES gate transmits the logic state
(0 or 1) at its single input directly to its
output. It's often used to interface logic
circuits that are otherwise electronically
incompatible. For this reason it's often
called a buffer.

The NOT gate inverts or complements
.the fogic state at its single input so it's of-
ten called an inverter. The NOT function
is often indicated by a bar or vinculum
over the symbol for an input or output
that's been inverted. Thus if Ais 0 and B
is 1, then A = B . (The B is read and
sometimes written “not B.")

The AND gate is a decision making
circuit with two or more inputs. The out-
put of the AND gate is logic O unless all
the inputs (inputs AandB andC . . . )
are logic 1. T

The OR gate is also a decision mak-
ing circuit with two or more inputs. Its
output is logic O unless any or all of its in-
puts (input AorBorC . . . )are 1.

The operation of a gate can be de-
50

fined by a table that shows the combina-
tion of input bits that produces a particu-
lar output bit. Such a table is called a
truth table. The truth tables and stand-
ard symbols for each of the four basic
logic gates are shown in Fig. 1.

Compound Logic Circuits. Com-
bining two or more of the basic gates
into a compound logic circuit can pro-
vide some very important operating fea-
tures. The two.most important com-
pound logic circuits are the AND-NOT
and OR-NOT combinations. These are
called the NAND and NOR gates and
their symbols and truth tables are shown
in Fig. 2.

- As shown in Fig. 3, various combina-
tions of NAND (or NOR) gates alone can
simulate YES, NOT, and AND circuits.
This is important, but the most fascinat-
ing characteristic of the NAND and NOR
functions is their logic equivalence.
Thanks to a rule known as DeMorgan’s
theorem, a positive logic NAND gate is
equivalent to a negative logic NOR gate
and vice versa.

You can prove this for yourself by writ-
ing the appropriate truth tables and find-
ing that they are indeed identical. De-
Morgan’s theorem simplifies digital logic
to the point where combinations of only
NAND gates or NOR gates can imple-
ment any logic function. Figure 4, for ex-
ample, shows how NAND gates alone
can implement both the OR and NOR
functions. Notice how NAND gates are
used as inverters to change the inputs
from positive to negative logic.

Complex Logic Systems. Simpie
and compound gates can be tied togeth-

er to implement a countless variety of
logic functions. Some of the resuiting
logic systems contain only a handful of
gates; others may use dozens or even
hundreds of gates. All of these complex
logic systems can be divided into two
broad categories: combinational and se-
quential.

Combinational circuits are character-
ized by their fast acting operation. Exclu-
sive of the brief time delay required for
its gates to react to an incoming logic 0
or 1 (the propagation time), the output(s)
of the most complex combinational cir-
cuit instantaneously reflects the pattern
of 0’'s and 1’s atits input(s).

Sequential circuits include storage or
delay elements that permit the logic re-
sult of a previous input to directly influ-
ence a new input. This makes sequen-
tial circuits slower than combinational
circuits. But it also makes possible im-
portant applications such as memory
registers, counters, dividers, sequen-
cers, and microprocessors.

Combinational Logic Circuits.
The simplest combinational logic circuit
is the Exclusive-OR gate. The symbol
and truth table for this circuit are shown
in Fig. 5.

Look at the Exclusive-OR truth table
for a moment. The Exclusive-OR func-
tion is just that; it gives a logic 1 output
only if one or the other of its two inputs is
logic 1. Otherwise the output is 0. This is
identical to'the binary addition rules with
the exception of the carry output needed
for1 + 1.

It's easy to generate the carry output
bit needed to use the Exclusive-OR cir-
cuit as a binary adder. Look at the logic
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circuit for an Exclusive-OR in Fig. 6. If
you'll study the operation of this circuit,
you'll find that the output of AND gate 1
provides the carry output we need. In
the other circuit in Fig. 6, we use this
carry output to form a circuit that can
add any two binary bits. It's known as a
half adder.

A half adder is useful, but it can only
accept two input bits. To complete the
binary addition rules, we need an adder
circuit that will accept a carry bit as well.
The circuit that accomplishes this goal is
the full adder. As you can see inFig. 7, a
full adder can be made from two half
adders and an OR gate.

it's possible to connect a string of add-
ers together to form a binary adder ca-
pable of adding multiple-bit binary
words. Figure 8, for instance, shows a 4-
bit adder that will sum two words applied
to its inputs. Try adding 1101 + 0101 us-
ing this adder to prove to yourseif it real-
ly adds.

A binary adder forms part of a micro-
processor's arithmetic-logic unit (ALU),
a combinational circuit that performs ad-
dition, subtraction, and various logic op-
erations upon two incoming words. The
ALU is instructed what operations it is to
perform by binary signals applied to its
control inputs. We'll learn more about
the ALU later in this course.

Encoders and Decoders. An en-
coder is a combinational network of OR
gates that converts or encodes a nonbi-
nary input into binary. For example, an
octal-to-binary encoder has eight inputs
(one for each octal digit) and three out-
puts (one for each binary bit). A logic 1
at one of the inputs produces the binary
equivalent at the output.

Encoders can provide other conver-
sion operations, too. Keyboard encod-
ers, for instance, convert individual key
positions into their assigned binary
words. An example is the ASCII (Ameri-
can Standard Code for Information Inter-
change) encoded keyboard, which gen-
erates the 7-bit word 0100101 when the
% key is pressed.

A decoder is a combinational circuit
that converts a binary number at its in-
puts into a logic 1 at one or more of its
outputs. In digital electronics it's often
necessary to convent a binary number
into some other format, and one com-
mon decoder application is the conver-
sion of binary numbers into the format
required to activate the appropriate seg-
ments in a 7-segment decimal display.

Decoders are also used to decode bi-
nary instructions in a microprocessor,
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Fig. 6. How an
Ezxclusive-OR can
be wsed to make

Fig. 5. The
combinational
circuit at top
provides an
Exclusive-OR,
as shown in
the middle.
The truth
table is below.
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B -
}cmnv
Fig. 7. Two half adders and an OR gate
can be used to make a full adder circuit.
INPUT WORDS
B3 A3 BZ AZ i Al io Ao
C C C C
FULL ADDER FULL ADDER FULL ADDER HALF ADDER
CARRY D C A
Sum
C=CARRY

Fig. 8. A string of full adders
connected together can be

used to form a binary adder,
capable of adding binary words.

52

EXAMPLE: HOI = WORD A
=3 010} = WORD B

10010=SUM

assist in the production .of sequential
timing signals for advanced logic cir-
cuits, and convert binary numbers into
their octal, decimal, and hexadecimal
counterparts. Figure 9 summarizes the
operation of encoders and decoders.

Multiplexers and Demultiplex-
ers. The multiplexer is the digital logic
equivalent of a multiple-position rotary
switch. A typical multiplexer is a combi-
national logic circuit that selects one of
several input lines and applies any data
on that line to a single output. A special
set of address inputs determines which
input line is selected.

One typical multiplexer has eight data
inputs, three address inputs, and a sin-
gle data output. When the address 101
is applied to the multiplexer, input 5 is
connected to the output.

A common application for multiplexers
is driving the readouts of pocket calcula-
tors to reduce the number of pin connec-
tions on the calculator's chip. The multi-
plexer lets all the digits in the readout
share a common set of terminals. It acti-
vates each digit or one segment in all
the digits in rapid succession to fool the
eye into thinking the display is continual-
ly illuminated.

The demultiplexer transfers the binary
data at its input onto one of two or more
output lines. Like the multiplexer, an ad-
dress input controls the output.

Demultiplexers are used with multi-
plexers to convert multiplexed data back
to its original form. They can even func-
tion as decoders by applying a logic 1 to
the single input and using the address
inputs as data inputs. Figure 10 summa-
rizes the operation of multiplexers and
demultiplexers.

Sequential Logic Circuits. Unlike
combinational logic circuits, sequential
circuits have memory. Their output(s)
can reflect the effect of an input that oc-
curred seconds or even days earlier.

The simplest sequential circuit is the
flip-flop. A microprocessor together with
a read/write memory incorporates doz-
ens—perhaps thousands—of flip-flops.

There are several different kinds of
flip-flops, but all are capable of storing a
single binary bit. This makes possible
such applications as counters, dividers,
memory registers, and others. Here are
the four basic kinds of flip-flops.

The RS Flip-Flop. The simplest flip-
flop is made from two NAND or NOR
gates with crisscrossed inputs and out-
puts as shown in Figure 11. This basic
circuit is called a reset-set (RS) flip-flop

POPULAR ELECTRONICS
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Fig. 9. An encoder is a combinational network
that converts a nonbinary input to a binary
output. A decoder does just the reverse.
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ADDRESS INPUT

e
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MULTIPLEXER

OUTPUT SELECT
ADDRESS INPUT

.

" DATA
l—p- OUT

DEMULTIPLEXER

Fig. 10. A multiplexer is the equivalent of a
multiple-position switch. A demultiplexer
converts multiplexed data back to original form.
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Fig. 11. Simplest flip-flop is made from two
NAND'’s or two NOR’s with truth tables as shown.
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Fig. 13. A data, or
D, flip-flop is
made by adding an
inverter to input
of one flip-flop.
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Fig. 12. A clocked
RS flip-flopisa
sequential circuit
with truth table
as shown here.

DATA
IN

ST

ol

O
- o
o= Q|

L3
9

or simply a latch. Figure 11 also shows
the truth tables for NAND and NOR gate
versions of the RS flip-flop.

Notice that the two outputs of the RS
flip-fliop complement one another. When
Qs logic 1, the flip-flop is set. When Q is
logic 0, the flip-flop is reset or cleared.

Ciocked RS Flip-Flop. The basic RS
flip-flop is asynchronous; it responds to
inputs as soon as they occur. A way to
synchronize the operation of the RS flip-
flop with other logic circuits is to gate its
inputs so they can respond only when
activated by a logic 1 from a clock. A
clock is a sequential circuit that pro-
duces a stream of alternating 0's and
1's. Fig. 12 is a clocked RS flip-flop.

The Data or D Flip-Flop. The D flip-
fiop is a further modification of the
clocked RS flip-flop. As shown in Figure
13, aninverter is added to one of the two
inputs of the flip-flop and the remaining
input and the inverter's input are tied
together. This guarantees that the inputs
to the RS section of the flip-flop will al-
ways complement one another. And it
insures that the logic state of the Q out-
put will always correspond to the logic
state of the D input.

The JK Flip-Flop. The JK flip-flop is a
clocked RS flip-flop with a refinement
that allows a logic 1 to be simultaneous-
ly applied to both inputs. Figure 14
shows the logic circuit and truth table for
this flip-flop. The JK flip-flop can easily
simulate any of the other kinds of flip-
flops, so it's commonly used in sequen-
tial logic circuits.

The JK flip-flop can be used to make a
toggle or T flip-flop. The J and K inputs
are tied together and called the T input.
When a logic 1 is applied to T, the flip-
flop changes state or toggles each time
a clock pulse arrives.

Storage Registers. A string of D flip-
flops called a register can be used to
store a binary word. A register like this
can be made far more useful by adding
some combinational logic to simultane-
ously clear all the flip-flops to 0 when a
logic 1 is applied to a clear input. A load
input can also be added to force the reg-
ister to ignore incoming data. When the
load input is logic 1, the input data will be
accepted by the register when the next
clock pulse arrives.

Data storage registers like this are
sometimes called buffer registers.
They're used in logic circuits and in mi-
croprocessor units to temporarily hold a
data word.

Shift Registers. Considerably more
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Fig. 14. The JK flip-flop is a clocked RS
flip-flop that allows a logic 1 to be
simultaneously applied to both inputs.
Shown here is a NOR gate version with
truth tables for @ =0and Q = 1.
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Fig. 15. This shift register made from
D flip-flops accepts data a bit at a time
and has a serial output as well as
parallel outputs from each flip-flop.
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CLOCK(T)
Fig. 16. A four-bit counter made from

T flip-flops that will count from
0000to 1111 and then recycle.
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versatile than the buffer register is the
shift register shown in Fig. 15. This par-
ticular register accepts data a bit at a
time (serial input) while making available
the contents of all its flip-flops simultane-
ously (parallel output). The data bits in
the register are shifted right a bit at a
time by clock puises to make room for
incoming bits.

Universal shift registers that can ac-
cept and output data as serial bits or
parallel words as well as shift the data
left or right are available. The various
operations of a universal shift register
are selected by applying logical 0's and
1's to an array of control inputs. Micro-
processors incorporate at least one shift
register to perform some of the data ma-
nipulation required to multiply and divide
binary numbers.

Counters. Remember the toggle or T
flip-flop we discussed earlier? The Q
output of this flip-flop alternates between
logic 0 and 1 for each incoming clock
pulse: 0...1...0 ..1.. . 1In
other words, the Q output is logic 1 for
half the incoming clock pulses. This
means a single flip-flop can be used to
divide an incoming stream of bits by two.
The Q output of a toggle flip-flop also
counts! Thus, 0 ... 1 .. .0 ...
1 . . .is the same as counting from O to
1in binary over and over again.

Higher capacity binary counters (and
dividers) can be made from a string of T
flip-flops. Just connect the Q output of
one flip-flop to the clock input of the next
flip-flop. Figure 16, for instance, shows a
4-bit counter made from four T flip-flops.
This -counter will count from 0000 to
1111 and then recycle.

There are many different kinds of flip-
flop counters. The modulo of a counter
specifies the maximum count it reaches
before recycling. Modulo 10 counters
are very popular because they recycle
after the tenth input pulse and therefore
provide a convenient way to count in
decimal. They are often called BCD (bi-
nary coded decimal) counters. Their

count sequence is 0000 (0,,) . . . 0001
(130) . - . 0010 (24) . .. ... 1001
(940) . . . 0000 (Oyg) . - . -

Counters can have a variety of control
inputs. A typical counter, for example,
can count up or down. It may also have
control inputs for clearing the count to all
0's, presetting the count to any desired
value, and enabling the counter to
count. Finally, since counters store the
accumulated count until the next clock
pulse arrives, they can be considered
storage registers. o
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Examines noise generators, instrument dynamics, and voltage control.

HE ELECTRONIC music synthesiz-
er has changed the face of recorded

music and live rock-band performances.
This “instrument” can produce a myriad
of unconventional, sometimes weird or
eerie sounds. Yet it can also emulate the
sounds of any conventional instrument.

There are two basic types of synthe-
sizers: studio and performance. Modern
studio synthesizers are made up of
modular sections that consist of voltage-
controlled amplifiers, filters, oscillators
and noise generators, modulators and
other devices. These modules can be in-
terconnected in virtually any order by
plugging their inputs and outputs togeth-
er with “patch” cords. The output of al-
most any given module can be used
either as part of the tone you eventually
hear, or as the control voltage for anoth-
er module. It all depends on how one
‘patches” the elements together.

Synthesizers designed for live perfor-
mances do not use patch cords, as the
time lost in changing patches during a
performance would ruin the musical
continuity. Here, the various modules
are hard-wired together and the sounds
are changed by a host of conveniently
56

located switches and potentiometers,

used much as stops are on an organ.
Since a player can handle only a limited
number of controls efficiently, perfor-
mance synthesizers can't be made as
flexible as the studio type.

How It Works. A synthesizer's outpui
waveforms and control signals can be
considered as a vast kit of parts from
which musicians can assemble any de-
sired sounds. The different parameters
of each note—pitch, overtone structure,
attack time, duration, and decay—are, in
conventional instruments, fixed within
narrow limits. In the synthesizer these
parameters are independently, and al-
most infinitely, variable.

The modules that control those pa-
rameters are shown in Fig. 1. Pitch and
overtones are controlled by the voltage-
controlled oscillator (vco) and by the
voltage-controlled filter (vcf). The note's
attack, sustain, decay and release—its
“envelope” in time—are controlled by
the voltage-controlled amplifier (vca),
which in turn is controlled by the en-
velope generator. The latter is some-
times calied ADSR, the initials of the

four parameters it governs—attack, de-
lay, sustain and release. The musician’s
control input for these modules is usual-
ly a keyboard.

Normally, pitch is governed by the
voltage-controlled oscillator. As the
name implies, its frequency varies with
the control voltage fed to it. But the vco
also has an effect on overtone structure,
or timbre. Its output can, on most syn-
thesizers, be a pure sine wave, with no
overtones at all, or a ramp, triangle,
pulse, or square wave (see illustrations
in Fig. 2), each of which has a different
mixture of overtones.

Conventional instruments have some-
what similar overtone structures. A violin
note, for instance, begins as a ramp
waveform, the bow grabbing the string
and deflecting it until the string’s tension
overcomes the friction of the bow, and
the string snaps back again. A saxo-
phone reed's opening and closing
makes the equivalent of a square wave.

Don't think that these waveforms fully
represent the sound of the instrument.
They don't. The actual sound produced
depends on the instrument’'s reso-
nances, which accentuate or attenuate

POPULAR ELECTRONICS



VCF & TO AMPLIFIER

e SRV T S o) \j Fig. 1. “Classic”
: l synthesizer consists of
KEYBOARD 1 [ ] keyboard controller,
, T } 1 | T ] Jl J T ____ aosk |- vco, vef, vea, ADSR
l (envelope generator).
AUDIO PATH = = am e CONTROL PATH

individual harmonic components in the

raw waveform. The sound of a saxo-
/\/\/\f\ phone may begin as a square wave, but
after passing through the instrument, it
appears rather like the "rirging” wave-
form shown in Fig. 3.
The synthesizer's voltage-controlled
filter has a similar effect to that of the
saxophone's bell or the violin's hollow
body. Whereas the resonators of me-
/ chanical instruments are reasonably
fixed, a synthesizer's equivalent module
] (its vcf) can be used as either a low-

pass, band-pass or high-pass filter over
a frequency range of many octaves,
while its “Q" (curve sharpness) is ad-
justable, too.The vcf can also give pitch
to the output of an unpitched signal
source, the ‘noise generator.’ At first it
may seem odd to include such a module
in a synthesizer, since so much attention
is paid to eliminating noise in electronic
systems. There are many applications,
though, as illustrated in the next section.

Fig. 2. Typical veo waveforms.

Fig. 3. Filter modifies timbre.

VCF ’ch\ TO AMPLIFIER
l/< Fig. 4. “Tuning” noise

b . :
e -~ Y generator output with vef
! : can produce such affects
KELBOARD S ] as musical wind and
J

chromatic high-hat eymbals.
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e e
ENVELOPE
TRIGGER =
ATTACK  DECAY SUSTAIN RELEASE ~
F ( @ @ @ @ CONTROL VOLTAGE
KEY KEY g
DOWN  UP AOSR

Fig. 5. The combination of a vea and ADSR.
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The Noise Generator. The noise
generator is used in simulating such in-
struments as the snare drum and the
high-hat cymbal, or such natural sounds
as wind, surf, explosions and thunder-
claps. Using the synthesizer's other re-
sources, it's also possible to create
sounds that a real drum or real surf
could never make. Let's try, for example,
to invent a new musical instrument, with
a voice like the wind. With enough ex-
perimentation, I'm sure that would
sound much like the wind—perhaps a
pipe with a plugger of some kind in it.
With enough practice, we might even
learn how to play it so that we were on
pitch (and so that it didn't break into os-
cillation, which would ruin the effect).
But it would take some work.

With a synthesizer, this type of task is
almost ridiculously simple. First, we sub-
stitute a noise generator for the vco (Fig.
4). Then we recover pitch information
from the noise (which contains all possi-
ble pitches) by passing it through the fil-
ter. To play this new instrument, we ap-
ply the keyboard'’s output voltage to the
vcf's control input. Now, each keystroke
will shift the filter's frequency range,
controlling the pitch of the note.

Since the wind usually builds and dies
away slowly, we'll want our instrument to
have a slow attack and decay, and to
sustain as long as we hold down the
key. This is where the attack, delay sus-
tain and release, or envelope generator,
comes in.

Instrument Dynamics. Every instru-
ment's note varies in amplitude over
time. This variation—the instrument's
“dynamics”—is one of our chief clues to
which instrument we're hearing. (Note
how odd most instruments sound when
recordings of them are played back-
wards, even though pitch and overtones
are the same.) In some instruments, the
sound of each note builds up (attacks)
quickly, and dies away (decays) slowly.
In others, the attack may be slow, and
the decay rapid. Some instruments’ out-
puts begin to die away as soon as a
peek is reached; others "“sustain” for a
time before decay begins.

Though it may not be immediately ap-
parent, all of these characteristics are
functions of the way energy is added to
each instrument's mechanical system.
In instruments where the energy is add-
ed all atonce (whether by hitting it with a
stick or strumming it with a plectrum),
the note's volume will be at a peak im-
mediately after striking; and since all of
the energy goes in at once, there will be
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Fig. 9. Varying control
voltages from vco or ADSR
produce unusual effects.

none left over to sustain the sound—it's
downhill all the way until the next note is
playe '. This gquick attack and moderate-
to-slow decay is typical of instruments in
the percussion family: guitar, piano,
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Fig. 6. By varying
its ATTACK, DECAY,
SUSTAIN and RE-
LEASE, envelope
generator can
produce different
output waveforms.

OUTPUT

Fig. 7. Anintegrator adds
glissando to a voltage
controlled oscillator (vco).

OUTPUT WITH
VIBRATO

Fig. 8. Summation of
control voltages
results in special
effects like vibrato.

drums, xylophone, the heads of contest-
ants on the “Gong Show,"” and such.

It would be natural to assume that we
similarly “strike" the oscillator somehow
to simulate this type of sound. But natu-
ral as this may seem, that's not how it's
done. There's an easier way.

In a synthesizer, the oscillator runs all
the time. Whether we hear it or not de-
pends on whether the voltage-controlied
amplifier (the last element in our “clas-
sic” patch) is on or off. And we control
the dynamic shape of the note we're
building by controlling the rate at which
that vca turns on or off.

What controls the vca is the envelope
generator or ADSR (Fig. 5). When it re-
ceives a trigger signal (usually from the
keyboard), the ADSR's control voltage
rises to a peak at a rate determined by
the setting of the ATTACK control.

After reaching this peak, the control
voltage begins to decrease at a rate set
by the DEcAY control. It doesn't fall all

the way back to zero, though, just to a
level set by a third control, SUSTAIN,
where it holds for as long as the original
triggering signal is present. Only when
the trigger signal goes away (usually
when the key on the keyboard is re-
leased) does the control voltage fall from
the sustaining voltage to zero, and then
at arate set by the RELEASE control.

By adjusting these four controls—
ATTACK, SUSTAIN, DECAY and RELEASE—
we can cause the ADSR to generate a
control voltage which, when used to de-
termine how much signal passes
through the vca, simulates the dynamics
of any natural instrument (Fig. 6). It can
also produce dynamics that would be
difficult to produce with a mechanical in-
strument. An example would be combin-
ing the percussive attack of a drum with
the sustaining properties of an oboe.

A synthesizer's oscillators and filters
operate over an impressively wider fre-
guency range than their mechanical
counterparts, and have more modes of
operation. A single electronic unit can
even simulate a number of properties
that might be mutually inconsistent in a
mechanical device. But that's only part
of the story.

Voltage Control. The real story is
voltage control. A synthesizer's oscilla-
tor and filter frequencies and amplifier
gain are all functions of the control volt-
ages applied. That's more significant
than it may look at first.

The keyboards used with most syn-
thesizers are nothing but switch-selecta-
ble voltage dividers. Press a key, and a
voltage that represents that key appears
at the keyboard's output. Press another
key and the voltage instantaneously
changes to a new level. If the voltage
from the keyboard is being used to set
the pitch of the oscillator, the output in-
stantly steps from the first note to the
second. There will be times, though,
when it will be desirable to produce a
sound that doesn't instantly change from
one pitch to another, but rather glides
(glissandos) between notes. Because of
voltage control, a simple integrator
(nothing more than a register, capacitor
and buffer amplifier) placed in the key-
board-to-oscillator control voltage path
will produce this effect by slowing down
the change (Fig. 7).

Other special effects can be added
easily by summing control voltages from
several sources. Vibrato, for example,
which is a slow-speed modulation, is
realized by summing a slowly varying
(7-12 Hz) control voltage into one of the
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control voltage inputs of the vco (Fig. 8).
Applying this same modulating voltage
to the vca produces tremolo, a slow vari-
ation in the output amplitude.

Since the center or corner frequencies
of the filters used are also functions of
summed control voltages, several vastly
different acoustical instruments can be
simulated simply by changing the
source of the control voltages that we
apply to this element.

If the voltage comes from a fixed
source, the output would simulate an in-
strument with a fixed resonator such as
a guitar or piano. However, changing the
control voltage allows one to instantly
change the properties of the resonator
(try that with a piano). Moreover, if the
control voltage comes from the same
source that is supplying pitch informa-
tion to the oscillators, we can simulate
the properties of instruments with vari-
able resonators, such as reed and wind
instruments (Fig. 9).

Filter control voltages that vary with
time can vary independently of the volt-
age that controls the oscillator, allowing
the filter to sweep the harmonic content
of the oscillator's output cyclically (a
cross between tremolo and vibrato that
is rare among natural instruments). Or,
the control voltage can be derived from
an ADSR, for a “waa-waa" effect.

Getting back to our “wind"” instrument,
the desired sighing quality can be easily
attained by simply adjusting the en-
velope generator for a slow attack and
decay, a high sustain level, and a slow
release. Tiring of that, one need only
change the settings of the ADSR to fast
attack, no sustain, and moderate decay,
to set up an entirely new “instrument.”
This one will sound like a “chromatic
high hat cymbal,” one that is played
from a keyboard. This would not be only
for rhythm, but also as a lead voice in a
composition. (Try that with your pipe and
plugger!) The pitch and range of the filter
can be changed, too. Bring an oscillator
in, and begin simulating snare drums
that can be played in pitch. There's no
end to the possible variations achieva-
ble with patch-cord type synthesizers.

If you have access to a synthesizer,
you’'ll have instrumental and other sound
available for recording right at your fin-
gertips. And if you think that you don't
like synthesizer sounds, perhaps you
should begin listening more carefully to
modern pop, jazz and rock recordings.
The next time you hear what appears to
be a chorus of violins, read the album's
liner notes—they might not be real vi-
olins at all! <
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Build a

COMPUTER
MUSIC BOX
PERIPHERAL

UDGING from the many commer-
cial plug-ins available, computer-
generated music appears to be the “in”
thing today. If you have found the single-
bit method is too limited and the digital/

analog converter approach too expen-
sive, the low-cost (less than $30) Music
Box described here may be just for you.

The Music Box has a 12-note, four-
octave range. It can be used with any

BY MARTIN SMAHA

Low-cost, 12-tone,
4-octave music generator
also produces

test signals.

computer that has a parallel output port.
And to simplify its use, no strobes or oth-
er handshake signals are required.

The Music Box circuit is not limited to
making music. It can easily be pro-
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As bits O through 3 from computer change, the vco changes frequency.
Other four bits (4 through 7) determine the octave of the audio output.
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grammed to generate a mix of tones, up
to a total of 16, for use as test and re-
mote-control signals.

Circuit Operation. The circuit (see
schematic diagram) can be broken
down for discussion purposes into three
major subsections: note decoder/selec-
tor, voltage-controlled oscillator (vco),
and octave decoder/selector.

The note decoder/selector consists of
integrated circuit IC1, a 4-line to 16-line
decoder. As the four control bits from the
computer (bits 0, 1, 2, and 3) are en-
tered into IC1, one of the 16 output lines
is driven low. When the output line goes
low, it allows its associated diode (D1
through D12) and series potentiometer
(R1 through R12) to control the voltage
and, hence, the frequency of the vco
made up of IC2, Q1, and their associat-
ed components. Since only 12 tones per
octave are used in music, output lines
13, 14, and 15 of IC1 (pins 15, 16, and
17) are not used. (These three lines can
be used to control an external device, as
we will discuss later.) When IC1’s output
0 at pin 1 is low, the vco is cut off to pro-
vide a no-note condition.

Timer /C2 is configured as an oscilla-
tor, with transistor Q1 serving as a volt-
age-controlled resistor that works in
conjunction with frequency-determining
capacitor C1. By varying the bias ap-
plied to the base of Q7, the output fre-
quency of the vco system can be made
tovary.

Resistor R18 determines the low- and
R16 and R17, the high-frequency ends
of the range. Capacitor C?7 can be

TABLE I—
THE WELL-TEMPERED
MUSICAL SCALE
Control bit Frequency Note
76543210 (Hz) 5th Octave
10000000 0 Off
10000001 523.25 c
0010 554.37 C#
0011 587.33 D
0100 622.25 D#
0101 659.26 E
0110 698.46 E#
0111 739.99 F
1000 783.99 G
1001 830.61 G#
1010 880.00 A
1011 932.33 A#
1100 987.77 B

changed to select the desired frequency
range. The output of the oscillator at pin
3 is fed to the flip-flops in /C3 and IC4 for
octave generation.

The four octaves of square waves
generated by IC3 and IC4 are summed
with the four octave-control bits (bits 4,
5, 6, and 7) by the four AND gates in
IC5. The resulting selected octaves are
mixed in A21 through R24 for applica-
tion to an external audio system. Any
combination of four octaves can be se-
lected simply by changing the status of
bits 4 through 7. If all octave bits are low,
no tone appears at the output. Note that
no status signals are required.

Since the audio output consists of
square waves, it is not difficult to in-
troduce various types of filters to create
different sounds.

Construction. The entire circuit can
be assembled on any prototyping board
that can be connected to the parallel
output port of the computer in which the
Music Box is to be used. The power for
the Music Box can be taken from the
+5-volt and ground lines in the comput-
er. Alternatively, you can use an exter-
nal power supply rated at 100 mA mini-
mum. In either case, a common ground
must be used between the Music Box
and computer.

You can use sockets for the IC’s if you
wish and small board-mounted trimmer
potentiometers for A1 through R13.

Calibration. Although the Music Box
was designed for use with a computer, it
does not require a computer for calibra-
tion. All you need is a 5-volt dc power
source and an audio system. A frequen-
cy counter will simplify calibration but is
not a necessity.

Before applying power to the Music
Box, set R1 through R12 to their max-
imum series resistance and R13 to its
center of rotation. If you have a frequen-
cy counter, connect it to the TEST POINT.
Otherwise, connect the output of the
Music Box to an amplifier/speaker com-
bination so that the pitch of the output
signal can be compared with the sound
of a known musical instrument.

Using temporary jumpers to the + 5-
volt (1) and ground (0) lines, set the con-
trol bits to the values given in Table | and
adjust the corresponding trimmer poten-
tiometer (R1 through A12) to obtain the
indicated frequency (or the correct tone
when compared with the sound from a
musical instrument). If the entire range
cannot be obtained, readjust A13 and
perform the above procedure again.

TABLE II-TEST VALUES

Note Number value (n)
Off 0

C 1

C# 2

D 3

D# 4

E 5

E# 6

F 7

G 8

G# 9

A 10

At 11

B 12

Octave Number value
5 n+ 128

4 n+ 64

3 n+ 32

2 n+ 16

Note: Bsis the highest note (n=140)
Czis the lowest note (n=17)
Csis middle C
Ay is Asso

Operation and Use. Since there is
no data latch, the Music Box tracks the
data that appears at the parallel output
port. Connect the common ground and
eight data lines between the Music Box
and the output port. To test the system,
execute an output of the number value
that corresponds to that note as given in
Table Il

The software program you write will
depend on the music requirements. Ar-
rays can be used to store melody infor-
mation and loops can be used to control
the length of the note.

The four-octave range of the circuit
can be shifted by halving the value of C1
to raise the pitch one octave or it can be
doubled to lower the pitch one octave.

Other Uses. The three decoded out-
puts from /C1 at pins 15, 16, and 17 can
be used to trigger a percussive device
(such as the “Cabonga’ featured in the
August 1977 issue of POPULAR ELEC-
TRONICS) or to fatch an external control
device. These decoded output signals
are TTL level. If music is not what you
want, you can use the circuit to provide
16 preadjusted tones for use in testing
or remote-control applications (see
“Computer Bits,” August 1977). To ob-
tain ali 16 tones, you must add diodes
and potentiometers to the circuit as
shown for the other outputs. (o
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You meet the nicest people on the upper 17,

The most serious CB’ers were the first to move from 23
to 40 channels. And the upper17 are still their uncrowded
province.

President Electronics never made a CB with fewer than
40 channels. We set out fresh to meet the FCC’s tough
new standards with new electronics and new ideas.

That’s why every President has one of the most sophis-
ticated compression circuits in CB—to assure consistent
100% modulation.

And why every President has power output circuits
that are vastly improved over many old 23- channel
designs.

Sowhen you move up,
move up to President.

And if you want to
move all the way up,
move up to the Madi-
son—the most base sta-
tion your money can
buy.

Madison not only
gives you 40 AM channels. ..

it also gives you 40 upper

and 40 lower sideband channels. And it gives you the
extra range and performance you get only from superb
SSB, with 12 watts of peak envelope power.

And it gives you all the controls you need for complete
command of everything that comes out of or goes into
the radio...And a digital clock with alarm to remind you
of scheduled QSO's...

And a separate speaker for improved sound and im-
proved convenience... And more.

We did, however, leave off the automatic ice maker.

Today, owning a 23-channel CB is like
owning a mono record
player—great nostalgia,
but out of touch.

So getin touch with the
upper17.

There”s room.

PRESHIENT

Engineered to be the very best,
President Electronics, Inc.

N F N ATION 14691 Hale Avenue - Irvine, CA 92714 - (714) 556-7355
CIRGLE| N0y 150 O FREEs WEDRMATION; FARD In Canada: Lectron Radio Sales Ltd., Ontario
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XAMINING a CB radio mobile hand-

book published in 1962 under-
scores how far this low-cost, two-way ra-
dio communications system has trav-
eled . . . and how much the same it is
today. One striking sentence published
“fully 16 years ago in this book (four
years after the CB band was moved to
27 MHz from higher frequencies autho-
rized in 1947) was: “. . . the Commis-
sion never envisioned the CB'er who
owns one set and talks to other licen-
sees!” That was the reason given then
for the FCC's initiation of the famous
five-minute conversation limit rule. ,

The Cltizoan Band Today? It's a -

more meaningful form of short-distance
radio communications than ever for the
general public. There are said to be
some 25-million CB transceivers spread
around the U.S., creating a viable local
network for
tions, informational assistance for mo-
torists, and social conversations. And
it's got a new name—the Citizens Band
‘Radio Service, which is a subdesigna-
tion in the Personal Radio Service.

| a -
emergency communica-

The new 17 CB channels added last

year will most certainly be used more
and more since the FCC banned sales
of new or used 23-channel transceivers
as of January 1, 1978 (excepting hand-
held types, which may be marketed
without 40-channel capability until Au-

gust 1, 1978). Although there was anin-

crease of 74 percent in channel avalla-
bility that now stretches from 26.96 to
27.41 MHz, channel 9 remains the
emergency calling channel.

A host of modified rules and decisions
over the past year or two has changed
the complex:on of CB for the better. For
example, one can get on the air legally
without waiting/for ,a station license by
using Form 555-B packed with each
new CB transceiver; subpart D of the
FCC's\Part 95 Rules and Regulations
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has been broken out as a separate pub-
lication to be packaged with new trans-
ceivers; there is no charge for a CB li-
cense; new 40-channel transceivers
must meet more stringent technical re-
quirements; and, most rece\nﬂy, pro-
ceedings on creation of a Class E
(224-225 MHz) CB band have been ter-
minated.

Other decisions attest to CB radio’s
growing importance in ‘our lives. The
U.S” Coast Guard, for instance, an-
nounced it would install CB gear at
Coast Guard Search and Rescue sta-
tions throughout the U.S. in time for the
1978 recraational boating season. Fed-
eral funds are now issued to states with
organized CB programs, with the Na-
tional Highway Traffic Safety Adminis-
tration stating that the “Citizens Band of-
fers the only existing method convenient
to the public by which the motorist can
enter the emergency response system
from his/her vehicle.” As a conse-
quence, it will be progressively easier to
reach a highway patrolman for aid as
time goes on. Right now, in fact, CB ra-
dio public safety programs have been
established by 94 percent of the nation’s
state police organization's, with CB ra-
dios already installed in 48 percent of
the police vehicles in 34 states. Support-
ing the federally funded NEAR (National
Emergency .Aid Radio) program,
REACT, the largest voluntary CB emer-

[ daycgswm.-e It's G

gency service organization, was recent-

ly awarded a contract to develop a CB
channel-9 monitor training program \for
public safety officers and volunteers.
The foregoing does not mean that CB
radio is cleansed of all its problems.
There are still violators of FCC rules, the
most important being: (1) Out-of-band
communications; (2) Overpowered
transmitters; (3).Indecent language; (4)
Communication over 150 miles away
(skip); and (5) Failure to identify by call-

sign. Furthermore, CB-caused TV and
/ rd
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O An introduction to a special 16-page report. .

audio interference is still a challenge.
The CB industry itself is in the process
of stabilizing. The problems it had ap-
pear to have been precipitated by the
FCC's announcement in July 1976 that
40-channel CB transceivers could be
S(\)ld as of January 1977. While people
waited for the introduction of new 40-
channel models; 23-channel inventories .
mounted. The result was a drastic re-
duction in prices of 23-channel models
that proved irresistible to the public,
which, in turn, caused discounted prices’
on 40-channel models. The upshot was
that most CB manufacturers lost money
during this period, while the public was
getting the best values in memory. With
a more mature market, you can antici-
pate that selling prices will edge upward.

Where Is CB Going? In the short
term, more and more single-sideband
and increasingly sophisticated AM CB
transceivers are likely to be purchased.
The reasons are multifold. For one,
advanced technology presents prospec-
tive users with a better rig, both in raw
performance ‘and in convenience fea-
tures: electronic digital readouts, cal-
culator-type control keypads, memory,
automatic channel scan, separate VFO
for receive-only with a second digital
channel display, improved front-end
overload circuitry, superior selectivity,
precision SSB tuning, remotely con-
trolled mobiles, and so on. Secondly,
many millions of CB’ers are ripe for up-
grading their present equipment, having
tasted the benefits of two-way radio
communication. (It's also expected that
many CB’ers in this group will turn to
amateur radio, expanding their com-
munication horizons while maintaining
CBrigs for emergencies.) | \
Technological developments do not
necessarily mean exhorbitant cost, ei-
ther. For example, National Semicon-
ductor's single-chip frequency synthe-
\
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sizer/programmer for CB radio, use is
claimed to reduce component count by
as much as 60-70 percent. Features in-
clude two-speed-slew, up/down chan-
nel seiection capability, busy or clear
channel scan, channel memory, LED
blanking control in the event an auto
clock circuit is added, channel 9 selecta-
bitity, and more. ECL and I2L transistors
are fabricated on the same chip.

You can expect standardization of se-
lective calling signals somewhere down
the road for CB radio. A technical com-
mittee of the EIA is already working on
this for add-on to existing models and in-
corporation into future ones. There wifl
be ongoing efforts to reduce interfer-
ence on TV sets, too. CB radio manufac-
turers have already suggested that CB
harmonic emissions be limited to —-75
dB as compared to the present —60 dB.
Further, FCC Commissioner Lee toid TV
manufacturers to get ready for an FCC
drive to upgrade interference capabili-
ties of TV receivers.

with few FCC enforcement person-
nel, it's expected that self-regulation ef-
forts will be pursued to minimize com-
munication violations by CB'ers. The

FCC may well utilize the services of vol-
unteers .in a program of first-level
screening and offender identification, a
proposal already being considered.
Also, a new series of radio Public Ser-
vice Announcements has been pre-
pared to remind CB'ers on proper usage
of personal communications equipment.
The on-again/off-again ATIS (automatic
transmitting identification signal) gro-
posals appear to be shelved for now.

There are many spectrum alternatives
being analyzed to cover future growth of
personal radio services. None seem im-
minent at this itime, but somewhere
down the road such a decision would
have to be made to avoid channel
congestion. Right now, though, the new
17 channels are essentially clear and
clean, providing users with farther-
reaching signals than they got with the
older channels

At some distant time, one may also
expect a cB rig to perform as a true mo-
bile telephone. Interestingly, Internation-
al Resource Development Inc., a market
research company, does indeed project
a future, merger between CB and the
telephone, as well as skyrocketing

growth in personal radio use after a
short pause. Among other prospects is
the use of repeaters in'sparsely populat-
ed areas to extend a CB radio’s range.

It would seem appropriate, too, in fu-
ture planning to carve out SSB-only
channels. To take full advantage of the
spectrum-saving function of SSB, even
at present, would require tighter techni-
cal specifications so that both lower
(most popular) and upper sidebands on
one channel can be used optimally.

Clearly, CB radio is no longer a fad.
The over-riding reason for purchasing a
CBrrig, in fact, is to handle distress situa-
tions, as borne out by a recent study by
the International Trade Commission.
This isn't surprising since more than 40
million emergency and assistance re-
quests are reported to be handled annu-
ally by the CB Radio Service. Equally
impressive, the' former Superintendent
of the Missouri State Highway Patrol’
advised that lapsed time between occur-
rence and notification of accidents was
almost halved when reported by CB ra-
dio as compared to conventional)means.

See “Editorial” for report on CB at the
1978 Consumer Electronics Show. <&

Features and spemﬁca’uons of top-of-the- ||ne

models for comparison before buying.

NEW breed of super mobile CB

transceivers has been introduced to
the marketplace this year. They feature
higher performance capabijities than
ever before, lower interference emission
and more convenience features. Each
CB manufacturer's best AM/SSB and
AM model is listed in the buyer's guide
on the following pages.

Specifications. All of the top-of-the-
line-SSB and AM mobiles listed in our
chart cover 40 channels and virtually all
manufacturers claim 100% modulation
and the maximum power that the law al-
lows: 4 watts on AM, 12 watts PEP on
SSB. All have squelch, on-off-volume
knobs and external speaker jacks; near-
ly all (except most of the control-in-the-
mike remote-mount models) have S/r-f
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metering, and virtually all have digital
channel displays. Because of these si-
milarites, you won't find those features
in the table. Sensitivity figures for about
90% of these rigs are 0.5 nV for 10 dB
(S+N)/N on AM and 0.25 pV for SSB,
and most makers rate audio power out-
put at the 10%-distortion point. Excep-
tions to these specifications are noted
under “Remarks.”

Two specifications measure a CB rig's
ability to reject unwanted signals. Adja-
cent Channel Rejection, as the name
implies, tells how well the rig can reject
signals of channels on either side of the
tuned-in one. It's measured at =10 kHz,
of course. The higher this number, the
better. Selectivity here is the bandwidth
or i-f “window” at which the receiver’s
response falls by 6 dB. The narrower

BY /VAN BERGER Senior Editor

this frequency range, the greater the im-
munity to “splatter’’ from overmodulating
stations on adjacent channels. If it's too
narrow, however, voices will sound un-
natural and that's not good either.

Image Rejection-measures the receiv-
er's ability to attenuate an undesired im-
age signal generated by the conventer
stage. Spurious Response Rejection
measures the transceiver's resistance to
spurious signals created by the interac-
tion within the tuner front end of strong
external signals. The higher both fig-
ures, the better.

Most mobile sets will operate on both
negative-ground cars (the most com-
mon type) and positive-ground ones.
Where the manufacturers supplied the
information, we show the permissible
ground polarities as either “x" or “—".

" POPULAR ELECTRONICS



lthough the CB mobile transceiver

illustrated on our front cover doesn’t
exist, most of its features are available in
one .or another of the new CB models
available today. With more and more CB
manufacturers limiting much of their de-
velopment and manufacturing efforts to
“high-end” models, it would not surprise
us to find all the features in our imagi-
nary model combined on one chassis at
some future time.

Like virtually all of today's top CB tran-
sceivers, our dream model has electron-
ic tuning and LED digital channel read-
out. This permitted us to include several
tuning options that are currently avail-
able (though not all on the same model),
plus a few practical approaches we
haven't seen yet.

The up and bOWN buttons (duplicated
on the mike) let you scan manually to
any desired channel, whilte the keyboard
lets you jump to any channel directly. If
you're trying to hold a conversation, but
find the channel is crowded, press our
dream rig's SCAN VACANT rocker switch.
(It's one of the controls in the group la-
belled sCaN on our drawing—detailed
switch designations aren’t shown.) This
will find and display the nearest vacant
channel number. After you tell the party
with whom you were modulating what
channel is vacant, pressing the switch
the other way, to TUNE VACANT will move

Maximum current drawn by the rig is
shown in the chart, too.

Listed Features. In addition to the
basic features found on virtually all CB
transceivers, there are several fairly
common extras noted here. (For rarer
ones, see “Remarks”.) The Automatic
Noise Limiter (ANL) circuit clips noise
pulses that ride in on the received sig-
hal, but not noise which was part of the
signal as it was transmitted. The Noise
Blanker circuit momentarily squelches
noise within the signal. It is more effec-
tive than ANL on AM, and quite a bit
more effective on SSB. Where manufac-
turers have specified that their ANL or
noise blanker controls are switchable,
we’ve marked them with an “S”. Switch-
ing out the ANL will usually increasevol-
ume and decrease distortion slightly.
Switching out the noise blanker shouid
have no audible effect (save for an in-
crease in noise.) All too often, howevet
this will increase the receiver’'s apparent

APRIL 1978

About This Month’s Cover

youy directly to that channel. If you're
looking fer a conversation, the SCAN Ac-
TIVE button will find it for you. SCAN MEM-
ORy looks for activity, too, but only
among the stations you've programmed
into either of the two memaries: M1 for
the channels you use within your normal
dnving ar2a, or M2 for channels you use
when driving elsewhere.

SELECTIVE CALL facilities like our
dream rig’s should be available soon:
one button, under the numerical keypad,
programs in the selective-call number to
be transmitted; the button beneath it is
used to transmit that calling code. Two
other keys work with the number pad to
set your own call number and the chan-
nel or channels you expect to be called
on. After that, any properly coded calls
on any of those channels automatically
take prionty over the one you're using.

ON-OFF and VOLUME controls are sep-
arate, so you needn'’t reset the volume
control whenever you turn the rig on.
The VOLUME, SQUELCH and AM/SSB se-
lector settings can be determined by
touch, for safety, and the two SSB con-
trols—the sideband selector and the cla-
rifier—are grouped together. SQUELCH
control sstting can be determined by
touch, as can that of the Am/sSB selec-
tor just below it. The CLARIFIZR control is
to the aAM/ss8B selector’s left.

Grouped under QUALITY are: an ANL

sensitivity, rather as it the squeich had
been turned down a bit.

Some rigs have R-F Gain controls to
prevent strong-signal overload; an “S”
here means a two-position switch
(sometimes labelled LOCAL/DISTANT) in-
stead of a variable knob. Mik2 Gain con-
trols, assure maximum legal modulation
even if you're speaking softly—on most
sets, automatic level controls perform
this function). Next comes a Tone con-
trol, followed by Up/Down Tuning (as in
our dream rig).

Remote-mount means that the bulk of
the transceiver circuitry is in a feature-
less, concealable box, with most.or all
controls on the microphone. {Some sets
have a few controls or indicators on a
separate speaker box.) PA switches are
found on virtually all CB rigs; where the
makers specified a Separate PA Speak-
er Output, that column is checked. A
LED Dimmer brightens the channel
numbers for daytime viewing and dims
them at night to prevent glare.

* practical.

switch; a two-position NOISE BLANKER
(for a choice of blanking time), a wHIs-
TLE FILTER and a BROAD/NARROW i-f se-
lector. To the left of the foregoing are RF
GAIN and MIKE GAIN knobs; to the right is
a TONE control. Still further right is the
TALK TIMER It squawks when you've ex-
ceeded the statutory 5-minute limit on
talking time, and its surround ring blinks
as you approach that limit.

The optional clock module counts
down from 5 minutes whenever you
press the talk switch on the mike. It also
tells you the time of day, between trans-
missions; and has an elapsed-time
made, too. A separate HOURS reset but-
ton simplifies resetting when you drive
from one time zone to another. An inter-
lock button prevents accidental resets.

The meters, of course, are as large as
In addition to the switch-
selectable SWR metering, there's an
alarm LED to warn you when the SWR
approaches limits that could damage
your transmitter—if the antenna is dam-
aged, for example.

if our dream rig looks unusual, it's be-
cause we paid more attention to human
engineering than to styling. Hence, the
wide variety of controls' shapes and
sizes (for easy touch identification) and
the angled keypad (a more natural angle
for the driver's hand with center buttons
recognizable by touch.

Many sets today have various Priority
Channels, allowing you to switch in-
stantly to channel 9 for emergencies, to
channel 19 for traffic advisories, or per-
haps to some other channel or channels
of your choice. (These are given only in
the table for AM rigs.) Some will also
scan the priority channels ("S" in our
chart). Switching to one when there's
activity. Others will, like our dream rig,
scan for active channels (“Sa™) or for va-
cant ones (“Sv"). Since this feature is
rare on SSB rigs, we've used Clarifier
Range for that column in the SSB ta-
ble—priority and scan features, if any
4re also under “Remarks.”

Indicators for Percent Modulation and
SWR may be either meters (“M") or
LED's (“L"). Modulation meters differ
from the usual “RF” meters primarily in
bemng calibrated in percentages, rather
than in arbitrary units. If LED’s are used
for SWR, they usually serve only to warn
when SWR has become high enough to
possibly damage the transmitter. o
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