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Experience is the best teacher. You 29's over-sized illuminated meter tells
might settle for any CB first time around. you just how much power you're punch-
Understandably. A lot of people think ing out and pulling in. For voice modula-
they're all pretty much alike. But you'll tion the DynaMike delivers at 100%.
soon discover that, like everything else, Same way with power: The 29 transmits
there are exceptions. at maximum power levels.

Ask the pros. America’s long distance ~ Sooner or later you'll get a Cobra.
truckers. These guys talk CB day in and And you'll get engineering and crafts-

day out. And they demand the best. manship second to none. Performance

That's why truckers refer to the Cobra  that will make your first CB seem

29 as "The Diesel Mobile” obsolete. Reliability and durability that
Listen to Cobra. You'll hear a big have set standards for the industry,

difference. Because the Cobra 29 gives  Above all, you'll get power The power
you features which assure crystal clear  to punch through loud and clear like
reception. Like switchable noise limiting nothing else. Because when it comes to
and blanking, to cut out practically all CB radio, nothing punches through loud

pulse and ignition interference. Add and clear like a Cobra
squelch control and RF gain and you've

got exceptional —adjustable —receiver
clarity Even in the heaviest CB traffic. b A

You also get Delta Tuning which makes

up for the other guy, because even off- Punches through loud and clear.
g g Cobra Communications, Products of Dynascan Corp.

frequency transmitters are pulled . 1801 W. Belle Plaine, Chicago, Illinois 60613

PerfeCtly CIRCLE NO 14 ON FREE INFORMATION CARD

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

IF YOUR FIRST CB ISN'T ACOBRA
YOUR SECOND ONE WILL BE.
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Measuring just 11" wide x 11" deep x 5" high, and weighing a
mere 7 pounds, the Altair ™ 680b is a ccmplete, general-purpose
computer.

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

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

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

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

The Altair 680b 1s ideal for hobbyists who want a powerful
computer system at an economic price. Altair 680b owners qualify

NOTE: Altair is a trademark of MITS, Inc.

for membership in the Altair Users Group, and like other Altair
owners, they receive a complimentary subscription to Computer
Notes and complete factory support.

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

ual, operator’s manual, and programming manual . ..$466
Assembled Altair 680b .. . TR ~..%625
Altair 680b Turnkey model kit e .. 395
Expander Card 680MB (required to expand 680).... . . %24
Altair 680BSM 16K static RAM board kit with 680 BASIC. ... $685
Altair 680 BASIC when purchased separately %200
Baudot option T W $ 42
MAIL THIS COUPON TODAY
i_ _______________________ -
| O Enclosed is a check for $ I
O BankAmericard #—— or Master Charge # |
O Altair 680b O Kit O Assembled 0 Other (specify) J
enclose %8 for postage and handling : !
: O Please send free information package ]
| NAME Il
| ADDRESS :
| CITY STATE & ZIP i
| pb '
i S MBS |
|
i 2450 Alamo SE/Albuquerque, NM 87106, 505-243-7821 |
e e e e e o — o o . E— — . — . t—— — — — v — — - -—d

Price. specifications subject to change. Please allow up to 60 days for delivery.

www americanradiohistorv com
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Hey, you ten million CB enthusiasts. We've got an all-weather external mount speaker that looks good inside or outside
any vehicle. Clears up garbled voices, knocks out static. Let you hear what’s on the air -- even if you're away from your
vehicle. Better than you believed possible.

Because AFS offers the first acoustically designed voice communications all-weather P.A. speaker, delivering outstanding
intelligibility and clarity across the entire voice range.

AFS - the only company with the patented “"WORKING WALL" ® enclosure, featuring cross-laminated, tubular
fiberboard construction to deaden static, eliminate voice distortion.

SPEAKERS ARE OUR ONLY BUSINESS.
THEY HAVE TO BE BETTER!

Available to CB dealers everywhere.

World Wide Headquarters Exciusive Canadian Distributor
' ® Acoustic Fiber Sound Systems, Inc. Muntz Canada Ltd.
a's 7999 Knue Road, Suite 116 1149 Pioneer Road
‘ Indianapolis, Indiana 46250 Buriington Ontario, Canada
(317) 842-0620 (416) 639-5373

AFS® /KRIKET®speakers are manufactured in the U.S.A. using American materials and craftsmen.
Copyright 1976 Acoustic Fiber Sound Systems, Inc.
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PLANTING ELECTRONICS HOBBY SEEDS

A hobby is generally described as a pursuit of an interest outside one's
regular occupation. In electronics, however, many hobbyists are on a
busman’s holiday. For example, a recent study revealed that over 44% of
PE readers view electronics as both a career and a hobby, while an
additional 13% note that they pursue the hobby because they're either
employed in electronics or in an area where electronics knowledge is
valuable.

Other interesting PE-reader demographics include: 14.4% have taken
post-graduate work, which is included in 65.7% that are attending, have
attended or have graduated from college. At the other end of the
spectrum, 8.2% are under 18 years old and a total of 16.8% are students.
Play these figures against almost 400,000 paid circulation and you'll
appreciate the depth and diversity of our readership.

Most hobbyists try to get as much as they can out of their avocations.
But electronics hobbyists are among the few that have the chance to give,
which can be equally rewarding. For our readers attuned to education, and
fortunate to have a hobby that can be shared, there is an excellent
opportunity to personally plant the seeds for what might become a
lifelong, fulfilling hobby for many people.

For example, a growing number of electronics enthusiasts take the time
to teach youngsters about electronics—from how to get a Novice license
to wiring a kit. Where can the newcomers be reached? Try churches,
synagogues, local Parent-Teacher-Student Associations (PTSA's), Boy
Scouts, fraternal organizations, and the neighborhood children for starters.
One of our editors, for instance, has a string of neighborhood boys and
girls who visit him (and his home computer) regularly. Interestingly, his is
the only undamaged property in the area when Halloween ends.

Other electronics hobbyists visit veterans’ hospitals to introduce them to
electronics so that the patients can fill their otherwise boring days with
meaningful efforts. And the hobbyists foilow up with other visits to provide
continuing guidance.

Some experienced electronics buffs work with local schools to refine
science, math and vocational curricula, to develop programs for gifted
children, etc. They've discovered that ivory-tower curricula specialists
rarely know “‘where it's at,”" unfortunately, and too often develop "“busy
work'' for advanced students, the equivalent of a fancy way to shoe a
horse or some other useless pursuit.

In contrast, some of our readers have set up microcomputer training
programs to introduce youngsters to computer science, binary,
hexadecimal and octal arithmetic, all at little cost. Moreover, it has been
proved that it's as easy to learn about computers as it is to learn
multiplication. It's a lot more fun, too. Others have arranged for student
trips to their homes to see how a radio amateur operates his rig, how a
home microcomputer can perform astounding feats in print and video, and
how to make professional-type tape recordings.

So the next time you're wondering about which sub-par TV program to
watch, why not give some thought to the art of giving. You've got the
knowledge, the experience, and a stimulating hobby in your corner.

POPULAR ELECTRONICS
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'SBE OPTITSUYN.

The scanner that’s only a light beam away
from 16,000 frequencies.

OPTI/SCAN is, without question, the world's most advanced scanning receiver. It is the only
crystal-less scanner that optically scans any station in the nation by the use of programmed cards
with permanent memory. Simply program and insert the card, OPTI/SCAN does the rest. You can
change cards even while driving without taking your eyes off the road. Built-in AC/DC operation.

Who needs a system as advanced as OPTI/SCAN? Anyone anywhere who wants a digital
scanning receiver that will be ahead of all the others for years to c« 3

VOLUME

orr @ ®

T

SQUELCH MANUAL SCAN

]

Better Communications through Creative Technology
)

For information write: SBE, Inc., 220 Airport Blvd., Watsonville, CA 95076

INTERNATIONAL OFFICES E S Gould Markezing Co L!'d 109Montee de Liesse Montreal, Quebec. Canada H4T 189 » Linear Systems. S A 5 Rue des Alpes PO Box 163. 121t <3eneva 1. Switzerland
CIRCLE NO. 54 ON FREE INFORMATION CARD
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lists for POPuLAR ELECTRONICS construc-
tion articles. | live in an area of the country
where obtaining many parts is almost im-
possible. Without a parts or kit supplier, |
would have to forego building many of the
PE construction projects thatappeal to me.

—Glenn A. Goss, Elon Coliege, N.C.

SWL SPACE INVADERS

I 'am very disturbed with the DX Listen-
ing’ column. As I'm sure you are aware, the
40-meter Amateur Radio band covers the
frequency range of 7.0 to 7.3 MHz. Most
countries acknowledge these frequencies
as belonging to hams and do not broadcast
on them. Several communist countries,
however, insist on transmitting on several

Letters

IN REBUTTAL

In rebuttal to A.D. Acton’s comment in
the April 1976 Letters Column, | for one
appreciate having a source from which to
buy parts and kits listed at the ends of parts

¢ PROFITME

; AUTO ZERO/POLARITY
& 3% DIGIT MULTIMETER KIT
WITH BRIGHT RED LED DISPLAY

$T99>.

LESS TEST LEADS
& BATTERIES

214-369-7309

ALPHA cLecTRONICS TExAS

PO BOX 64683
DALLAS, TEXAS 75206

CIRCLE NO. 68 ON FREE INFORMATION CARD

Micintosh caravoa
And FM DIRECTORY

Get all the newest and latest information on the new Mclntosh Sol-
id State equipment in the Mclntosh catalog. In addition you will
receive an FM station directory that covers all of North America.

MX 113
FM/FM STEREO - AM TUNER AND PREAMPLIFIER

Mcintosh Laboratory, Inc. I

l East Side Station P.O. Box 96 I
Binghamton, N.Y. 13904

| Dept. PE I

I

|

1

| name
| ADDRESS

f you are in a hurry for your catalog please send the coupon to McIntosh.
For non rush service send the Reader Service Card to the magazine.

CIRCLE N0. 43 ON FREE INFORMATION CARD
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frequencies in the 40-meter band, causing
considerable interference to the hams,
who have legal ownership of this band.

| feel that your printing of frequencies of
these illegal broadcasts aids and abets the
invasion of the 40-meter band. | hope,
therefore, that in the future you will delete
any listing of international broadcasts on
amateur frequencies.—Onis Cogburn,
KS5VKQ, College Station, TX.

The 7.0-to-7.1-MHz segment of the 40-
meter band is allocated to Amateur Radio
onaworld-wide basis (to 7.3 MHz in Region
). In Regions | (Eurasia & Africa) and Il!
(China, India, Iran, and Australasia), the
7.1-to-7.3-MHz portion is allocated to
Broadcasting by the ITU. Many noncom-
munistcountries use the''41-meter" band.

WHERE'S MY CB LICENSE?

After five months, | still haven't received
my license. | am frantic because | can’t use
my CBrigwithout a license for fear of being
caught. As a result, I'm on the verge of
selling my rig.

—Roger L. Triplett, Louisburg, WV.

As mentioned in last month's CB Scene,
there's a new temporary permit that can
putyou on the air legally without delay. The
form to be filled out was also printed last
month. However, the address to which
Form 505 is to be sent (ltem 2, p 98) is
simply: Federal Communications Com-
mission, Gettysburg, PA 17326.

Out of Tune

In “Now You Can Build a Scientific Prog-
rammable Calculator’ (May 1976}, there is
an error in the program for solvingx — 3 =
on page 38. Steps 12, 13, and 14 (GO TO,2,
and 0} will cause the machine to subtract
11 from x instead of 1. It will also cause the
program to “‘not count” the number of
times it goes through a loop, and the ulti-
mate answer to any x with this program will
be 0. The proper instructions should be GO
TO, 1, and 8, respectively.

In "*Space War Game'' (April 1976), type
numbers were inadvertently omitted in the
Parts List for /C7 through /C710. Integrated
circuits /C7 and /C8 are 4023's, /C9 and
/1C10 4001's.

In “Tips and Techniques,” June, 1976,
the circuit for Alan Kong's tip is incorrect.
To add a tail to a seven-segment 9", the
bottom resistor should be connected to the
‘g’ segment output, not the “'d”’ segment
output. The other input is correctly shown
connected to the "'a’’ segment output, and
the collector of the top transistor is prop-
erly connected to the 'd”’ segment driver.
The circuit for adding a top tail to a seven-
segment 6" is correct.

POPULAR ELECTRONICS
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If you thought a rugged,
professional yet affordable
computer didn't exist,

think
IMSAI
8080.

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

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

The 8080 is optionally
expandable to a substantial system
with 22 card slots in a single
printed circuit board. And the
durable card cage is made of
commercial-grade anodized
aluminum. The Altair kit only
provides 16 slots maximum in four
separate sections, each section

AUGUST 1976

requiring 200 solder connections.

The IMSAI 8080 power
supply produces a true 28 amp
current, enough to power a full
system. The Altair produces
only 8 amps.

You can expand to a
powerful system with 64K of
memory, plus a floppy disk con-
troller, with its own on board
8080-and a DOS. An audio tape
cassette input device, a printer,
plus a video terminal and a
teleprinter. These peripherals will
function with an 8-level priority
interrupt system. IMSAI BASIC
software is available in 4K,

| S
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that you can get in

PROM. And a new $139 4K
RAM board with software
memory protect.

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

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

Dealer inquiries invited.

[MSA

IMS Associates, Inc. Dept. PE-8
14860 Wicks Boulevard

San Leandro, CA 94577

(415) 483-2093
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Pace. The best-selling CB in the world.

More people buy Pace than any other

CB. based on estimates by Pathcom Inc.

Maybe it's because:

We wanted to be #1 — and we put our
money & determination on the line to
make the kind of radios that would make
us the leader.

The warranty we offer — just ask
anybody about it.

Our quality control — which means we
don't just test an occasional sample off
the line, we vibrate-test almost every
mobile radio we make.

Our 23 models — the largest CB line in
the world with suggested prices from
$50 to $500. Which makes it easier to
choose the right radio.

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

Write us — Pathcom Inc., (Los Angeles),
Harbor City, CA. 90710.

PACE (B

When you've got a Pace,
you've got the world by the ears.

PACE TWO-WAY RADIOS. PRODUCTS OF PATHCOM INC.

CIRCLE NO. 46 ON FREE INFORMATION CARD
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New Products

Additional information on new products
covered in this section is rnm[faff:.' 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.

SWR/FIELD-STRENGTH METER

Siltronic's Model SWR-3DX SWR power
and field strength meter permits direct
reading of SWR from 1:1 to 3:1 with an
accuracy of 5%. The unit has two r-f power
scales, reading from 0 to 20 watts and 0 to
200 watts with 107 accuracy. Includes an-
tenna for field-strength measurements.
Frequency range is 3.5 to 55 MHz. $27.95.
CIRCLE NO. 84 ON FREE INFORMATION CARD

THORNTON DUAL-TRACE OSCILLOSCOPE

Thornton's Model 4D-10 portable solid-
state oscilloscope features a 10-MHz
bandwidth and dual-trace capability. Built
in is a trace finder circuit that speeds
searching for a lost trace. A singie control
is used for trigger level and polarity. Sen-
sitivity is independently adjustable for the

two input channels over a range of from 10
mV/cm to 50 V/em in 12 calibrated ranges.
A wide selection of sweep speeds (1 us/cm
to 100 ms/cm in 16 ranges) is backed up by
a x5 magnifier. Display size is 8 x 6 cm.
Display modes include A-only alternate
and chopped. Input impedance is 1
megohm, which can be increased to 10
megohms with an optional probe. $445.
CIRCLE NO. 85 ON FREE INFORMATION CARD

EMPIRE MANUAL RECORD PLAYER

Empire’'s new Model 698 manual record
playing system features a newly designed
tonearm, while retaining the belt-drive and
anti-acoustic feedback system used in an
earlier unit. The low-mass tonearm has a
rear counterweight that is decoupled
through a special rubber compound sus-
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pension and a new removable cartridge
shell. Touch-sensitive controls actuate the
cueing system through a damped solenoid
that is said to accurately raise and lower
the stylus in the same groove every time. A
photocell is used to electronically trigger
the tonearm to lift at the end of record play.
The units' antiskating device applies a di-
minishing force as the tonarm moves
closer to the center of the record.

CIRCLE ND. 85 ON FREE INFORMATION CARO

NEW-TRONICS BASE STATION CB ANTENNA

in line with changes in FCC Rules permit-
ting greater antenna heights, New-Tronics
Corp. has announced availability of the
Hustler Model 27-TD ‘‘Super Swamper"
base station CB antenna. The antenna's
design is based on the 0.64-wavelength
principle used in commercial broadcasting
to obtain optimum low-angle signal radia-
tion. In CB, the 0.64-wavelength, 22 (6.7-m)
radiating element of the Super Swamper is
said to substantially improve performance
to extend AM and SSB two-way omnidirec-
tional radio communications over greater
distances. Additionally, the antenna has
extremely low SWR. $52.95.
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MICRO GENERAL CHESS COMPUTER

Micro General Corp. has announced the
introduction of the "'"Micro-80"" chess com-
puter that keeps exact time and move
count for the most popular variations of
time-controlled chess after being pro-
grammed. The computer keeps track of the
type of game being played, as well as time
and moves. The crystal-controlled timer
always displays the time remaining to each
player down to the second as well as the
number of moves yet to be played. It also
automatically adds unused thinking time to
each player's “time bank’ when applica-
ble. A beeper in the lock provides warnings
and end-of-game signals. The clock fea-
tures STOP, CONTINUE, and RESET functions,
a low battery power level indicator, and
display blanking for power conservation.
$245.
CIRCLE NO. 88 ON FREE INFORMATION CARD
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ADVENT BOOKSHELF SPEAKER SYSTEM

The Advent/3 is a two-way acoustic-
suspension speaker system housed in a
walnut-grained, vinyl-clad cabinet that
measures 16" x 10" x 6v2" (49.6 x 25.4 x
16.5 cm). The 8-ohm system requires a
minimum of 10 watts of driving power. Its
frequency range is essentially the same as
that of the original Advent loudspeaker,
with the exception of the lowest half-
octave of bass. Price is $50.
CIRCLE ND. 89 ON FREE INFORMATION CARD

Z0DIAC CB SERVICE MONITOR

The Swiss-made Model U-2 is a CB service
instrument from Zodiac Communications
Corp. It uses a frequency synthesizer for
testing by CB equipment manufacturers
and field service technicians. The portable
instrument is powered by its own 12-voit
battery. On the bench, it can be powered by
an external 12-volt dc source. The instru-
ment features a r-f signal generator, watt-
meter, SWR meter, and field-strength me-
ter. It generates 210 frequencies at 5-kHz
intervals within the 26.49-t0-30.11-MHz
range, including all existing and proposed
CB channel frequencies. It can also be
used to measure sensitivity at the carrier
frequency, passband in kilohertz, and
adjacent-channel selectivity. Power output
up to 5 watts, modulation up to 100%, and
SWR up to 3:1 can also be measured.
CIRCLE NO. 91 ON FREE INFORMATION CARO

NAKAMICHI CASSETTE DECK

Nakamichi's Model 600 cassette “'console”’
features a record-playback head. It's said
to provide a frequency response of 40 to
18,000 Hz -~ 3 dB. (The signal-to-noise ratio
israted at better than 68 dB.) “Intermodula-
tion Suppressor’’ circuitry makes possible
a distortion of 0.5% at 0 dB and increases
dynamic range to permit recording at
levels up to +7 dB at reference 3% distor-
tion. Special peak-reading meters have a

47-dB range. A pulse-controlied dc servo
motor is used. Also included are: built-in
Dolby noise reduction, 400-Hz calibration
tone, MPX filter for FM recording, memory
rewind and equalization switches.

CIRCLE NO. 32 ON FREE INFORMATION CARD

PIONEER AM/STEREQ FM RECEIVER

Pioneer's Model SX-1250 AM/stereo FM
9


www.americanradiohistory.com

Your ears are burning with amplified noise.
Even though your system is delivering
sound accurately, it's also doing an efficient
job of pumping out noise . . . accurately.
Ideally, music should be recreated against a
dead silent background. The Phase Linear
1000 accomplishes just that with two unique
systems: The Auto Correlator Noise
Reduction and the Dynamic Range
Recovery Systems.

% Itimproves the overall effective dynamic
range and signal/noise ratio 17.5 dB in any
stereo system with any stereo source.

% The Auto Correlator reduces hiss and
noise 10 dB withcut the loss of high
frequencies and without pre-encoding.
% The Dynamic Range Recovery System
restores 7.5 dB of dynamic range without
pumping and swishing.

% Plus, it removes hum, rumble and low
frequency noises, without the loss of low
frequency music.

% WARRANTY: 3 years, parts and labor

Even the finest stereo systems are limited in
performance by the quality and nature of the
recording. With the Phase Linear 1000,
these limitations are overcome. Added to
any receiver or preamplifier, it gives you the
most significant improvement in sound
reproduction for the money ... more than
any other single piece of equipment you
could add to your system. Ask your dealer
for an audition. The silence is deafening.

7000

Phase Linear Corporation,

20121 48th Avenue W.
Lynnwood, Washington 98036
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receiver is rated at 160 watts/channel (rms)
into 8 ohms from 20 to 20,000 Hz at 0.1% or
less THD. It has twin stepped tone controls
for bass and treble adjustments, step-type
volume control calibrated in decibels, two
tape monitor circuits, pushbutton function
selection with illuminated readout, sepa-
rate access to preamplifier and power
amplifier, five-gang tuning capacitor and
dual MOSFET's in the FM front end,
phase-locked loop IC for stereo FM decod-
ing, and 25-us deemphasis switch for

Dolby-encoded FM broadcasts. Among the-

more important specifications are: 1.5 pv
IHF usable sensitivity in mono (2.9 uV in
stereo); 80dB mono, 74dB stereo S/N; 11.5
(mono) and 36 dBf (stereo) for 50-dB quiet-
ing sensitivity; typically 0.3% maximum FM
distortion; 83 dB alternate-channel selec-
tivity; 35 dB stereo (FM) separation, 30 to
15,000 Hz; 110 dB image and spurious re-
jection; 120 dB i-f rejection.
CIRCLE NO. 93 ON FREE {NFORMATION CARD

TRIPLETT HIGH-ACCURACY MULTIMETR

The Model 60-NA from Triplett Corp. is a
portable precision VOM that features a
large easy-to-read 4%2” (11.4-cm) anti-
parallax mirrored scale. It has a dc accu-
racy of =1.5% full-scale (+3% on ac), plus a
multiplier switch that permits more read-

P
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ings to be taken at the upper portion of the
scale for greater accuracy. Fifty separate
ranges provide measurement capacity of
up to 1000 volts ac and dc, 1000 mA dc
current, up to x 100K ohms, and from -20
to +52 dB. Ac current up to 300 amperes
can be measured when the VOM is used
with the optional Model 10-C adaptor.
Three fuses are used in the meter to pro-
vide burn-out-proof protection and for user
safety. $130.
CIRCLE NO. 94 ON FREE INFORMATION CARO

SCANNER USES MICROPROCESSOR

The Tennelec Model MCP-1 is said to be
the first scanning receiver to use a
computer-like microprocessor that lets the
user tune in as many as 16,000 low- and
high-vhf and uhf band frequencies. Sixteen
different frequencies can be stored in
memory through a calculator-like
keyboard. The microcomputer system op-
erates without channel crystals. Super-
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selective dual filters reduce station overlap
for maximum radio reception. The receiver’s
search mode can be set to go through
256 channels in 5-kHz increments at 10
channels/second. Channels can be quickly
entered into memory or changed by pres-
sing the appropriate keys. The scanner has
a six-digit, 7-segment LED frequency dis-
play.
CIRCLE NO. 95 ON FREE INFORMATION CARO

ESS STEREQ POWER AMPLIFIERS

The Model 500A is one of a new Eclipse
series of stereo power amplifiers intro-
duced by ESS, Inc. It is rated at 250 watts
minimum continuous power per channel,
both channels driven into an 8-ohm load
with no more than 0.25% THD. Frequency
responseis said to be 20 to 20,000 Hz+0.25
dB. Other specifications include: hum and
noise, —102 dB; sensitivity, 0.75 volt; input
impedance, 25,000 ohms. It has two 412" VU
meters with three sensitivity ranges,
pushbutton twin stereo speaker system
selection, and two viscous damped level
controls. Measures 19" W x 13"D x 7%2" H
(48 x 33 x 19 ¢m) and weighs 49 Ib (22 kg).
$826.00. Address: ESS, Inc., 9613 Oates
Dr., Sacramento, CA 95827.

CRAIG MOBILE AM CB TRANSCEIVER

Economy is the key feature of the Model
4101 mobile AM CB transceiver from Craig
Corp. The transceiver has a crystal-
synthesizer network that provides full 23-
channel coverage. Built-in are automatic
noise limiter (anl), voice compression, and
adjustable-squelch circuits. A LED mod-
ulation indicator monitors transmissions,
while an oN AIR legend lights up when in

the transmit mode. A crystal filter system
guards against adjacent-channel interfer-
ence, and automatic protection is provided
for transistor overload. Included are an
external-speaker jack and detachable mi-
crophone. The reversible mounting brac-
ket allows mobile installation from top or
bottom. $129.95.
CIRCLE NO. 97 ON FREE INFORMATION CARD
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If you want an exciting future
like thls, it starts withan F CC

license!

Get that license at
home, the practical, step-.
by-step ETI way!

Just imagine yourself with
the responsibility of running
aradio or TV station. Orin
command of an airport con-
trol tower. Imagine yourself
as a technician on the job in-
stalling, troubleshooting or
getting it all together fora
two-way communications
system at the local police or
fire department. [t’s all great
work and you can get it!

You may find hundreds
of doors opening for you with
that FCC license. An FCC
license is required for thousands
of exciting jobs. You’ll be in de-
mand! You’ll be headed for a
future doing a job you like. And
you’ll be getting a paycheck you’ll
like every bit as much. You'll have
all the security and confidence
that comes with being a licensed
professional in an important
career specialization.

Is FCC-license prepara-
tion hard to learn at home?

No. Sure, there is a lot to learn.
And you'll need a thorough knowl-
edge of the field. But through
ETI’s advanced instruction meth-
ods you can learn at home, ex-
pertly, and step-by-step, getting

you fail to pass, ETI will provide
further coaching, untilyoudopass,
for a period of up to five years.

Expert, personal help!

You get expert, personal help each
step of the way. Electronics Tech-
nical Institute instructors are
chosen for both their technical
competence and their skill as
teachers. They are licensed by the
State of New Jersey. They care
about you, because your success
is their success. Each assignment
you complete is a challenge to
them. They comment. . . help...
suggest...encourage. ..

as well as correct and

simply as possible, to pass
the appropriate FCC
examination. You are
trained, detail by detail.
to satisfy specific exami-
nation requirements for
3rd, 2nd, or 1st Class FCC
Radiotelephone License
examinations. And, by

: m learning the ETI way, you

approach that examina-
tion with confidence. You
know what you need to
know! And, if you want to
combine FCC license
preparation with more
comprehensive electronics
training, you may want to
choose ETI's more detailed
and thorough Communica-
tions Career Program.

Get the facts FREE!

" Don’t cheat yourself out of finding

out more. It’s your future that’s at
stake. The facts are yours free and
with no obligation. No salesman
will call. The time to do it? Now!
There’ll never be a better time! Just
fill out and return the coupon and
we'll tell you
everythingabout a
future that can
mean everything
to you! It’s all
there in a colorful,
fullyillustrated new
44-page catalog!

Electronics
Technical Institute

Division of Technical Home Study Schools
Just what r------------------q

point you to the next
step. They bring
you along quickly!

ahead as fast as your time and am-
bitions permit, because you set
your own pace. Through ETI you
get all the materials you need. You
move ahead without missing a

- . Electronics Technical Institute, Dept. 2-473-086
single day from your present job. you need to B Little Falis, New Jersey 07424 i
an vou expect, you’ll be know. YES! I'm interested in a future with an FCC license. Rush me
ooner you expect, y . crested ina |
: = M g your free career information.
taklng that FCC examination. ETI's expertly l Send me information on these other fields of special interest: l
. perfeCtedy PraC‘ I [J 1V/Audio Servicing [ Computers [J Business and Fngineering I
Exclusive ﬁve'year tical FCC I Blach and W hie Digus Flectrons Electiomies Fundumental I
. r wnzputer Technology cctranies Drafling
coaching agreement. License Prepa- i CAne SRS ivanced { et ]
. . . Closed Cireun Industrial Instrumensation
ETI offers you an exclusive five- ration Course is i Siden Relonden l“udu‘ 1 echnnlogy ]
year coaching agreement! When designed to do Hif Sierea o i
you Complete the ETI FCC one thing: pre_ I N [J Check here for Veterans informatioa, I
. . ame
License Preparation Course, you pare you ade- i Addrew pleane prind 0
should be qualified to pass the quately, as 3 - State Zip
appropriate FCC examination. If quickly and r————1 L T L L T 1 1 1 |
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els, as well as mounting hardware, gutter
clips, coax leads, matchers and phasing
harnesses. Monitor antenna systems de-
scribed include the Monitor Match Model
5M5, which accomplishes the functions of
four separate antennas, and the Discone
Model DCX, a wide-band antenna with
complete coverage from 40 to 700 MHz.
Address: Sales Department, New-Tronics
Corporation, 15800 Commerce Park Drive,
Brookpark, OH 44142.

New Literature

SILTRONIX CB PAMPHLET

A new, pocket-sized pamphlet from
Siltronix lists the popular trucker CB
channels used on the major highways of

HUSTLER CB & MONITOR ANTENNAS

New-Tronics' 20-page, illustrated catalog
of Hustler CB and monitor antennas in-
cludes telescopic and dual antenna mod-

PASS THE WORD...

SWEDEN’S SOLID CB IS HERE

“You've got to hear it to believe it!” Because
Handic is committed to quality . . . not to
gimmicks, frilis or flashing lights. Our 23
channel rigs are designed in Sweden, where
the climate is tough and operating conditions
tougher . . . and where CB is more than just a
convenience, it's a vital communications link!
With Handic, adjacent channel spill-
over problems are minimized — 80dB down
@ 10KHz, not the usual 45dB down. -
Spurious emission is filtered down to 0.2
microvolts — 250% better than our own
FCC requirements. (If all rigs were
Handic, there would be a lot less TVI!}
And Handic is required to .
maintain + .003% crystal i
frequency tolerance in
Sweden — exceeding '
our own FCC specs g i
significantly. From
“"mic'" to antenna, this
is the kind of
sophisticated circuitry foundin
every Handic rig. Remember,
Handic CB's have their own
special orange color . . .
symbolic of CB excellence.

"

=

Handic CB radios include mobileibase transceivers. handheld portables
scanners with FM radio option, antennas. microphones, selective cail
and a full iine of accessories.

,7 J &
é] handié usA nc Send For FREE Catalog!

14560 N W 60th Ave Kennedy Bidg Miami Lakes Fia 33014 (305) 558-1522
In Canada Scotcomm Radio Inc . Chomedey taval Quebec

THE DEPENDABLE CB FROM SWEDEN
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the continental United States. Listed by
state, the booklet designates the most
common trucker channels, giving specific
exceptions and secondary channels. Also
included is a table of commercial radio
stations that make announcements warn-
ing drivers of weather conditions, detours,
and other obstacles along major routes.
Address: Siltronix, 269 Airport Rd., Ocean-
side, CA 92054.

DISCRETE SEMICONDUCTOR GUIDE

A new 112-page guide from Intersil de-
scribes the company's complete line of
field effect, dual field effect and dual bipo-
lar transistors. Products are grouped by
typical application with complete specifi-
cations and a comparison table of key
parameters for each device. Applications
are illustrated with detailed schematics,
and there's a section on chips and wafers.
A comprehensive cross reference and a
complete listing of parts in alphanumeric
order are also included. Address: Intersil,
Inc., 10900 North Tantau Ave., Cupertino,
CA 95014.

EDMUND CATALOG #762

Edmund Scientific announces its latest
catalog #762. The 172-page, illustrated
catalog describes over 4500 unusual and
hard-to-find items in science, optics, and
electronics, including a variety of tele-
scopes, binoculars, microscopes, photo-
graphic attachments, tools, games, and
puzzles. Solar-Chron, one of the many
items featured, is a solar electronic digital
wrist watch with nine solar ceils that use
the sun or incandescent light to obtain re-
serve power. Another item described is the
pocket-sized Executive GSR Meter, a
biofeedback monitoring device to help you
learn about tension-reduction techniques.
Address: Edmund Scientific Co., 380
Fdscorp Bidg., Barrington, NJ 08007.

BOMAN ASTROSONIX LITERATURE

Boman Industries offers literature on its
line of car sound systems and citizens band
products. A 16-page, four-color brochure
describes its Astrosonix line of in-dash and
under-dash AM, AM/FM and AM/FM/MPX
car radios, cassette and 8-track cartridge
car stereos, speakers, booster amplifiers
and accessories. Also offered is a six-page
flier describing Boman’'s citizens band
transceivers, some featuring AM/FM-MPX
radio. Address: Boman Industries, 9300
Hall Rd., Downey, CA 90241.

VOLTAGE-SUPPRESSION MANUAL

A new 108-page "Transient Voitage Sup-
pression Manual’' from General Electric
has 80 pages of text on transient cause,
detection and protection. Also included
are a selection guide and product specifi-
cation sheets for selecting GE-MOV varis-
tors. Available for $2.50 (plus local tax)
from GE Semiconductor, Electronics Park,
Bldg. 7-49, Syracuse, NY 13201,

POPULAR ELECTRONICS
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Pocket CB

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

SMALL ENOUGH FOR YOUR POCKET

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 considerably more.

MANY PERSONAL USES
An executive can now talk anywhere with
anybody in his office, his factory or job site.
The housewife 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~—as a pager, an intercom, a

telephone or even a security device.

LONG RANGE COMMUNICATIONS

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

VERY SIMPLE OPERATION

To use the PocketCom simply turn it on,
extend the antenna, press a button to trans-
mit, and release it to listen. And no FCC
license is required to operate it. The Pocket-
Com has two Channels—channel 14 and an
optional second channel. To use the second
channel, plug in one of the 22 other citizens
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.

A MAJOR BREAKTHROUGH

The PocketCom'’s small size results from a
breakthrough in the solid state device that
made the pocket calculator a reality. Mega
scientists took 112 transistors, integrated
them on a micro silicon wafer and produced
the world’s first transceiver linear integrated
circuit. This major breakthrough not only
reduced the size of radio components but
improved their dependability and perform-
ance. A large and expensive walkie talkie
costing several hundred dollars might have
only 12 transistors compared to 112 in the
Mega PocketCom.

BEEP-TONE PAGING SYSTEM

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

Just check the advanced PocketCom
features now possible through this new circuit
breakthrough: 1) Incoming signals are amp-
lified several million times compared to only
100,000 times on comparable conventional
systems. 2) Even with a 60 decibe! 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 microvolts) permits noiseless
operation without squelching weak signals. 4)
Harmonic distortion is so low that it far
exceeds EIA (Electronic Industries Associa-
tion} standards whereas most comparable

systems don’t even meet E|A specification. 5)
The receiver has better than one microvoit
sensitivity.

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

HIKERS

MULTIPLEX INTERCOM

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

NATIONAL SERVICE

The PocketCom is manufactured exclusive-
ly for JS&A by Mega Corporation. JS&A is
America’s largest supplier of space-age prod-
ucts and Mega Corporation is a leading
manufacturer of innovative personal commu-
nication systems—further assurance that your
modest investment is well protected. The
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The PocketCom measures approximately %
x 1% x 8% and easily fits into your shirt
pocket. The unit can be used as a personal
communications link for business or pleasure.

PocketCom should give you years of trouble-
free service, however, should service ever be
requjred, simply slip your 5 ounce Pocket-
Com into its handy mailer and send it to
Mega’s prompt national service-by-mail cen-
ter. [t is just that easy.

GIVE IT A REAL WORKOUT

Remember the first time you saw a pocket
calculator? |t probably seemed unbelieveable.
The PocketCom may also seem unbelieveable
S0 we give you the opportunity to personally
examine one without obligation. Order only
two units on a trial basis. Then really test
them. Test the range, the sensitivity, the
convenience. Test them under your everyday
conditions and compare the PocketCom with
larger units that sell for several hundred
dollars.

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

A COMPLETE PACKAGE

Each PocketCom comes complete with
mercury batteries, high performance Channel
14 crystals for one channel, complete instruc-
tions, and a 90 day parts and labor warranty.
To order by mail, simply mail your check for
$39.95 per unit {or $79.90 for two) plus
$2.50 per order for postage, insurance and
handling to the address shown below. {lilinois
residents add 5% sales tax). But don’t delay.

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

53995

Credit Card Buyers Call Toll Free

o) INNATIONAL
OQ SALES
® W GROUP
DEPT. PE

JS&A Plaza
Northbrook, 1llinois 60062
CALL TOLL-FREE .. 800 325-6400
In Missouri call. . . . 800 323-6400
© JS&A Group, Inc., 1976
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Stereo Scene

By Ralph Hodges

THE GREAT TUBE/TRANSISTOR CONTROVERSY

HE STORY. as it was told

to me by a close and reliable
source, goes like this. A few years ago
a highly esteemed manufacturer of
solid-state high-fidelity equipment
was contacted by a talented group of
audio amateurs who challenged him
to equal the performance of their
equipment — to their satisfaction —
using any solid-state techniques he
cared to apply. Their equipment used
vacuum tubes exclusively in its
signal-handling circuits and had been
designed by ear as much as by instru-
ment to satisfy the requirements of the
supremely critical listener.

The manufacturer accepted the
challenge and presented himself at
the appointed time, with a spectrum
analyzer, among other test gear, a
supply of resistors and capacitors,
and his stock, consumer-available
electronics. He was given about a
weekend to complete the test.

First, he analyzed the frequency re-
sponse of the tube amplifier in one-
third octave bands and matched the
response of his own gear to that refer-
ence. Then he altered the noise spec-
trum of his amplifier to conform to that
ofthetube amplifier, adding hiss to his
own designs as required. Finally. he
injected just a touch of hum into his
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electronics — a subaudible amount at
normal listening levels, but enough to
provide the subliminal sense of low-
frequency potency that the tube
equipment’'s hum level suggested.
Reportedly, his manipulations were so
successful that not one of his challen-
gers could consistently distinguish his
solid-state amplifier from their own
specially designed tube equipment,
nor could they say definitely which
sounded better in the long run.

A Mountain Or a Molehill? If no-
thing else, this anecdote dem-
onstrates just how serious the tubes
versus transistors controversy has be-
come in the audio industry. Manufac-
turers of highly advanced transis-
torized gear are beginning to pay
some attention to the experienced au-
diophile's views on the virtues of
vacuum-tube equipment, perhaps be-
cause these preferences are steadily
becoming more widespread.
Vacuum-tube amplifiers and pre-
amplifiers are briskly being sold by
Audio Research, Lux (which has even
developed new output and driver
tubes for its designs), and Dynaco

(which has had so much success with
its Mark Ili power amplifier that it is
now introducing a new tube amplifier,
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the 120-watt Mark VI). These three just
account for the bulk of the market, but
numerous smaller manufacturers are
also making their contribution.

In the midst of all this activity, the
manufacturers most involved are not
overwhelmingly convinced that the
tube itself is more desirable than the
transistor. Dynaco's chief engineer,
Wade Burns, says that the introduc-
tion of the Mark VI, . . . does not con-
tradict our feeling that in state-of-
the-art audio equipment, tubes offer
no distinct technical advantage over
the use of modern semiconductors.”
And Wendell Diller, salesmanager and
spokesman for Audio Research, a
company that deals exclusively intube
equipment, is surprisingly moderate
in his views: “Tubes per se do not
make an amplifier superior. Atube can
be operated in anonlinear fashion just
as a transistor can be operated in a
relatively linear fashion. We are not
trying to start a tube fad. However,
under the best conditions the tube is
more linear than the bipolar transis-
tor.” If the major manufacturers of
tube amplifiers are willing to concede
that transistor designs can be decent
oreven equivalentreproducers, why is
there such a polarization among
amplifier users?

Defining the Difference. Analyz-
ing the difference between tube and
transistor amplifiers is notas easy as it
first appears. Far from being non-
linear, a good solid-state amplifier is
so linear that it can often embarrass
the sine-wave signal generator used to
test it. Modern tube designs can do
just as well. The difference between
the best of both types of amplifiers
cannot amount to much more than
0.1% distortion of any sort (using
standard measuring techniques). At
any listening level you could stand,
0.1% distortion is lower in level than
the sound of your heartbeat. You'd
never hear it.

Denied any definitive help from their
test gear, amplifier designers have
lately fallen back on theoretical ap-
proaches and listening tests to cope
with the responses from tube-oriented
consumers. Bob Bird, chief engineer
at ESS, neatly summarizes the
listening-test criteria as centering on
(1) sonic clarity, (2) bass definition,
and (3) clipping characteristics. Bass
definition is an area in which almost
everyone, including tube proponents,
feels that much vacuum-tube equip-
ment falls short. Lawrence Niles of
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Switch
the €CB antenna

€0

that beats
the Citizens Bandit¢s.

It's no wonder people are worried about
|

CB thefts. Allathief hasto do is spota car
with a CB antenna and he has his target.

But he can’t spot ours.

Because the TennaPower Disappearing
CB Electric Antenna hides inside the
m ou ~ fender when itisn't being used.

y . { But there's no hiding from it when

ic. — w its up. Because it performs like
; gangbusters.

Oneflick of the switch extends it fully or
drops it out of sight. And even turns your
transceiver's power on or off, automatically,

, at the same time.
] Our antenna is center-loaded for better
i range. Its unique “skinny"” coil disappears into
the fender. Our motor is lifetime lubricated.
Our materials are virtually corrosion-proof.
’?‘ Andthe antennais designed to obtain an
\ optimum SWR of 1.5:1 or better.

And our Disappearing CB Electric Antenna
gives you this big, exclusive advantage: its
made by Tenna. We're the world leader in
electric car antennas. Because we've built
over 5 milliondisappearing electric car radio
antennas for GM, Ford, Chrysler and Rolls
Royce.
So buy the TennaPower Disappearing CB
Electric Antenna at a dealer near you who
sells CB or car stereo. You can ask him about
HOW tl‘e' installation or you may want to do it yourself.
d,nt. Then beat the Citizens Bandits with the
CB antenna thieves can't see. We think you
can see why.

Tenna

ﬁ Corporatlon )
‘

Cleveland, Ohio 44128

#
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Almost half of the successful TV servicemen have
home study training and with them, it's NRI 2 to 1.
It's a fact! Among men actually making their living repairing
TV and audio equipment, more have taken training from NRI
than any other home study school. More than twice as many!

16 POPULAR ELECTRONICS
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A national survey*, performed
by an independent research
organization, showed that the
pros named NRI most often as
a recommended school and as
the first choice by far among
those who had taken home
study courses from any school.
Why? Perhaps NRI's 62-year
record with over a million
students . . . the solid training
and value built into every NRI
course . . . and the designed-for-
learning equipment originated
by NRI provide the answer. But
send for your free NRI catalog
and decide for yourself.

Two Famous Educators...

NRI and McGraw-Hill.
NRI is a part of McGraw-Hill,
world’s largest publishers of
educational material. Together,
they give you the kind of train-
ing that’s geared for success . . .
practical know-how aimed at
giving you a real shot at a better
job or a business of your own.
You learn at home at your con-
venience, with “‘bite-size”
lessons that ease learning and
speed comprehension. Kits
designed to give you practical
bench experience also become
first-class professional instru-
ments you’ll use in your work.

AUGUST 1976

.

25” Diagonal Color TV...
And 4-channel
Quadraphonic Stereo.
As a part of NRI's Master
Course in color TV/Audio serv-
icing, you build a 25" diagonal
solid state color TV with
console cabinet. As you
build it, you perform
stage-by-stage experi-
ments designed to give
you actual bench exper-
ience. And you get a
Quadraphonic system
with 4 speakers. NRI's
instru-

g ments are
a cut

i above the
|average,
| including
a transistor-
ized volt ohm-
meter, triggered
sweep 5" oscilloscope, CMOS
digital frequency counter and
digital integrated circuit color
TV pattern generator. They're
top professional quality, designed
to give you years of reliable serv-
ice. You can pay hundreds of
dollars more for a similar course
and not get a nickel’s worth

extra in training and equipment.

NRI SCHOOLS

+
WWw americanradiohistorv com

Widest Choice of
Courses and Careers.

NRI doesn’t stop with just one
course in TV/Audio servicing.
You can pick from five differ-
ent courses (including an
advanced color course for prac-
ticing technicians) so you can
fit your training to your needs
and your budget. Or, you can
go into Computer Technology,
learning on a real, digital com-
puter you build yourself. Com-
munications with your own 400
channel digitally-synthesized
VHF transceiver. Aircraft or
Marine Electronics. CB, Mobile
Radio, and more.

Free Catalog...
No Salesman Will Call.

Send the postage-paid card for
our free color catalog showing
details on all NRI electronics
courses. Lesson plans, equip-
ment, and career opportunities
are fully described. Check card
for information on G.l. benefits.
No obligation, no salesman will
call. Mail today and see for
yourself why the pros select
NRI two to one!

If card is missing, write,

*Summary of survey results upon request.

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue,
Washington, D.C. 20016
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Epicure has advanced some possible
explanations. The output section of
any amplifier is essentially an
“impedance-translating stage be-
tween the last voltage-gain stage and
the speaker output terminals.” Practi-
cally every vacuum-tube amplifier ever
designed has used an output trans-
former to do this impedance transia-
tion, and, ‘...a transformer
exhibits considerable phase shift at
both low and high frequencies. The
low-frequency phase shift is a likely
explanation for the loss of low-
frequency definition characteristic of
some tube designs."”

AMPLITUDE

B
Fig. 1. Clipped warvetorius in tiube
(A) und transistor (B) equipmeint.

A corollary to this is that the
amplifier's output impedance tends to
rise at low frequencies, which, in turn,
reduces the damping factor at a point
where it should be high, particularly
with a vented-box (speaker system)
design operating below resonance.
This and problems like transformer
hysteresis and core saturation, are the
sources of a tube amplifier's major
performance limitations in terms of
bandwidth, distortion, and power
handling." (Note, however, that a
class-A vacuum tube amplifier can
function without an output trans-
former. A suitably designed, high-
power, wideband cathode follower
could drive the speaker directly. This
would avoid transformer-related prob-
lems. But, to my knowledge, no com-
mercial amplifier has such an output
circuit.)

“Sonic clarity” is a subjective con-
cept that no one knows how to handle
without performing listening tests.
But clipping characteristics, although
not so easy to generalize on as you
might expect, are readily measurable,
and some investigators of the tube-
versus-transistor controversy have
been having a field day with them.

How Does It Clip? As is well known
an amplifier clips on signal peaks
when the output signal voltage

20

reaches the upper and/or lower limits
of the power supply voltage. However,
just before this occurs, the active out-
put devices (tubes or transistors) are
being operated in the nonlinear reg-
ions of their input/output characteris-
tic curves. Itis in such nonlinear oper-
ations that the difference between
tubes and transistors becomes appar-
ent. As illustrated in Fig. 1, the
rounded corners of tube clipping are
quite different from the squared-off
plateaus of a transistorized ampilifier.
This means that a heavy dose of spuri-
ous high-order harmonics is gener-
ated by a transistor amplifier when it
clips, the almost universal consensus
being that these harmonics just don't
sound good.

In May 1973, Russell Hamm pub-
lished a paper in the Journal of the
Audio Engineering Society that is
probably the most complete guide to
the observable conseqguences of clip-
ping available. Hamm, a recording en-
gineer, investigated the differences
between tube and solid-state record-
ing equipment as heard by techni-
cians and musicians. He got such re-
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Fig. 2. Single-stage
amplitier comiparison of total
heavwonic distortion (THD).

sponses as, “With tubes there is a
space between the instruments, even
when they play loud ... Transistors
make a lot of buzzing” and "Transis-
tors give a ‘shattered glass’ sound that
restricts the dynamics.” He stated
further that whenever he or his as-
sociates heard “‘an unusually loud and
clear popular-music studio record-
ing,” they investigated and found in
almost every case that the recording
console involved used vacuum tubes
in its critical circuits.

Hamm delved pretty deeply into the
physics and psychoacoustics of the
situation and discovered, among
other things, that the vacuum tube’s
clipping characteristics are not so
“gentle’” in terms of total harmonic
distortion as is generally believed (Fig.
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Fig. 3. Distortion components for
two-stage triode amplitier (top) and
o a multistage eapacitor-coupled
transistor ainplitier (bottonr).

2). But at the same time, he found
reason to attribute the preference for
tube sound to the spectral distribution
of distortion products (Fig. 3). In a fas-
cinating discussion based on the
techniques for musical instrument de-
sign, Hamm suggested that the
triode’s generation of second-order
harmonic distortion during overload
made the sound fuliler, which would
account for the more satisfying
dynamic range that listeners heard
when tube electronics was used. He
also identified harmonics above the
seventh as the cause for the sharply
defined “'edge’ we hear on tones from
instruments like violins and trumpets.
This ‘edge’ is purportedly a loudness
cue to the human ear. When we hear it
unsupported by a strong second har-
monic (presumabiy the result of trans-
istor clipping), the sound is overly
loud, annoying, and ‘‘glassy.” When
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The world’s largest catalog
of easy-to-build, money-saving
electronic kits

[ TR ELTRTY RN TR L U RTE TR
(0 AR YOS BT

NEW Chart Recording Depth Luvicier Hee Bege VB
I Seuw page 18
mtotar Ses Lage 4F

Redic Roceiver, MPW Smohe/Flre Alnvm. e page 738,
Seo nagh 77, BAVE on smiecied Ham Sheciels) Bee pages 89 11
BAVE on sslected Test Equl Beos pages 2 -85
: PLUS Piogrammabie Olgiat Si e uius
-~ Hi-Fi System, Elecironica Lasinlg me

and more — over 400 kits in aitl

1978 Heath Compeny Heathkil mall order calalog 809
See /Index on pege 3. “Heath” and “Heathait” sre ot et

» Power Supplies ¢ Oscilloscopes ¢ Frequency Counters

* VTVM’'s and VOM's « Ham Radio Gear » Color TV's

« Hi-Fi Components ¢ Electronic Clocks ¢ Electronics Learning Programs
« Auto, Fishing, Marine and Aircraft Accessories — over 400 kits in all!

Every Heathkit product comes with a fully- SERTE | S S N S S S R S

illustrated, step-by-step assembly manual that Heath Company, Dept. 10-20
tells you everything you need to know to make Schlumberger Benton Harbor, Michigan 49022

kitbuilding fun and easy. Thousands of people
have discovered the satisfaction—and sav-
ings —of handcrafting a fine piece of electronic

Please rush me my FREE Heathkit Catalog

equipment. You can build it better...let us NAME
snow you how.
ADDRESS
Send for your FREE Catalog today! p = -
Heath Company, Dept. 10-20, 3enton Harbor, Michigan 49022 ciry STATE
CL-601A 2IP
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SAVE

ACOUPLE
OFHOURS
ON YOUR
NEXT
PROJECT

e & 4 ey

When you consider all the solder-
ing, desoldering and resoldering
done on every circuit you design
and test, it adds up to a good portion
of the time spent on most projects.

We have a better way. CSC QT
Sockets and Bus Strips* The
expandable interlocking solder-
less breadboarding system that
provides dozens to thousands of
plug-in tie-points for easy con-
nection—and interconnection—

and IC's. As fast as you can push
aleadinto a hole...almost as
fast as you can think...you can
wire, test and modify all kinds

of circuits.

Next project, why not do it the
easy way? Save time. And save
money too, because QT Sockets
and Bus Strips won't destroy com-
ponent leads either. Ask your
electronics dealer about CSC's
many helpful breadboarding aids...
of all types of components. From or contact us for our catalog and
resistors and capacitors to LED'’s distributor list.

EASY DOES IT.

CONTINENTAL SPECIALTIES CORPORATION

44 Kendall Street. Box 1942
New Haven, CT 06509 » 203-624-3103 TWX: 710-465-1227
West Coast office’ Box 7809, San Francisco. CA
94119 © 415-421-8872 TWX: 910-372-7992

Canada: Len Finkler Ltd., Ontario *U.S. Pat. No. D 235,554
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the distortion products include a
prominent second harmonic (as in the
output of a clipping triode amplifier),
the sound is naturally loud, rich, and
full-bodied.

Hamm's descriptions of transistor
behavior read like a tube enthusiast’s
critique of transistor amplifiers. But
who, besides recording studios, oper-
ates hisequipment in a state of almost
constant overload? Also, most audio
enthusiasts don't object to amplifier
overload when they recognize it as
such. They do object to poor sound on
relatively quiet musical passages
when the amplifier can’t be close to
exceeding its specified power output.
And, apparently, they are hearing ef-
fects from transistor amplifiers that
sound remarkably like Hamm's clip-
ping symptoms — but without any ob-
vious possibility of clipping in the
amplifier.

TIM Again. Although the concept of
transient intermodulation distortion
(TIM) is being taken very seriously in
Europe and elsewhere, it gets almost
no attention here in the U.S. Perhaps
that's because it's not widely under-
stood that TIM (like any type of distor-
tion) can arise from numerous causes,
and therefore it's tricky to isolate.
Also, the mechanism of TIM is so obvi-
ous that you'd not expect an amplifier
designer to overlook it. Also, it's pos-
sible that TIM has been misnamed,;
maybe it should be called “'feedback
inertia,”’ because it invariably arises
when there are high-speed events
within the amplifier that are too short
in duration for the feedback to affect
properly.

Most transistor amplifiers use large
amounts of negative feedback. They
use it for various reasons, such as to
extend frequency bandwidth and
maintain stability and to convert 0.5%
distortion figure to 0.005%. which
looks very good in the test labs. But
the test labs employ a steady-state
sinusoid signal to evaluate amplifiers,
and they allow the amplifiers to cope
with the signal for a finite period of
time before measurements are made.
It's just possible that the amplifier
under test could go crazy at the first
moment the test signal is applied to it,
and then settle down to a comfortable
accommodation a few milliseconds
later. But music almost never stands
still, and TIM devotees claim that an
amplifier that can't keep up with the
music signal is not suitable for audio

POPULAR ELECTRONICS
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reproduction of the highest quality.
If the amplifier under test goes crazy
in these critical first few milliseconds,
it has TIM. What does this mean? First
of all, it means that a small fraction of
the input signal gets through without
being ‘‘corrected” by negative feed-
back. Maybe that will result in 0.5%
distortion rather than 0.05%, for that
instant. This is trivial. What is not triv-
ialis that the feedback-receiving stage
of the amplifier is desigred to work
with a lot of negative feedback, and for
a moment it's not getting it! Overload
is a likely result — not overload of the
output stage, which might coast ef-
fortlessly through the whole process,
but overload of a preliminary driver
stage. If you consider the possibilities
of such a situation — poor overload
recovery in the stage affected or in
other parts of the amplifier, current
limiting in subsequent stages, etc. —
you'll begin to realize why some
people describe all amplifiers as hav-
ing special characteristics of their
own. They may not always do so for
the right reasons, but they do have
justifiable cause. The audible
symptoms seem to point to overload,

justas Russell Hamm describes it. The
measurable symptoms point to driver
or pre-driver stages as being respon-
sible.

Why are tube designs comparatively
free of this effect? | suggest it's be-
cause tube amplifiers don't employ a
lot of negative feedback. And if you
use a minimal amount of feedback,
you'll get a minimum of TIM.

The Overall Outlook. Lots of people
have theories why tubes sound differ-
entfrom transistors. Many others have
theories why they don't. | believe that
amplifiers, tube or transistor, can
sound different from one another, for
reasons essentially unrelated to the
inherent characteristics of the active
devices they employ. In support of my
argument, I'll quote Tom Jelsing of
Bang & Olufsen:

“When complete knowledge of the
waveform at all stages in an amplifier
is essential, it is not adequate to
analyze the total transfer function
from input to output in an amplifier
with feedback. The transfer function
must be analyzed at all points in the
circuit, or atleastatall possibly critical

points. Some of these (analyses) are
more straightforward than others, but
the analysis must be made if the de-
signer is to be certain that the signal
amplitudes do not exceed the
dynamic range available at every
point.”

I'll also quote Tomlinson Holman of
Advent:

“In 1976, tube technology must be
considered to be very mature; transis-
tor technology should be considered
to be approaching adolescence. A
comparison of the average tube unit
with the average transistor unit would
certainly demonstrate a lopsided bal-
ance in favor of the tube unit, simply
because only a few high-quality tube
units remain on the market at this
time.

“l see no inherent advantage with
any of the possible technologies:
bipolar transistors, field-effect transis-
tors, tubes, or integrated circuits.
Tubes have frailties and can definitely
age. Transistors can be nonlinear if
tube-based designs are translated to
solid state. Yet very fine transistor de-
signs have evolved by treating transis-
tors as what they are.” Amen! @

3 GOOD REASONS
FOR BUYING AN
EMPIRE CARTRIDGE

1- YOUR RECORDS WILL
LAST LONGER. Unlike ordi-
nary magnetic cartridges,
Empire’'s variable reluctance
cartridges have a diamond
stylus that floats free of its
magnets.This imposes much
less weight on the record
surface and insures much
longer record life.

2- YOUR RECORDS
WILL SOUND BETTER.
Empire sound is spectacular.
AUGUST 1976

Distortionat standard groove
velocity does not exceed

.05%. Instruments don't

waver; channel separation
is razor sharp.
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3- MORE CARTRIDGE
FOR YOUR MONEY. We use
4poles,4coilsandthreemag-
nets in our cartridge (more
than any other brand). Each
cartridge must pass rigid
tests before shipment.

For more good reasons
to buy an Empire cartridge
write for your free catalogue:
EMPIRE SCIENTIFIC
CORP, Dept. Z, Garden
City, N.Y. 11530.
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Hobby

Have a problem or question on circuitry, compo-
nents, parts availability. etc.? Send 1t to the
Hobby Scene Editor. POPULAR ELECTRONICS.
One Park Ave.. New York, NY 10016. Though all
letters can’t be answered individualily. those with
wide interest will be published.

By John McVeigh

ALARM EXIT DELAY

Q. ! want to add an exit delay (about
30 seconds) to my 6-volt alarm sys-
tem. Any ideas?

—Scott Goldman, Great Neck. NY

A. We've received a number of simi-
lar requests, some of which sought a
circuit to turn off an alarm siren, say,
five minutes after it was enabled. The
circuit shown can perform either func-
tion. As an exit delay, push S7 to acti-
vate. Then T seconds later (T = 1.1RC),

10X P
" L
1 4 8
2 7
I 555 |
6
- [+
- pr— 3 | 5
—e]i7 3 |
+V ¢ ’
-
ot RLI
o > T0
ALARM
” oL ENABLE

relay K71 will be deenergized. Use the
relay contacts to activate the alarm
sensor circuit (however this is done in
your alarm system). To turn off a siren,
K1's contacts can simply interrupt the
siren power supply. To activate this
circuit, pin 2 of the 555 must be
momentarily brought to ground —
through an inverted one-shot, or simi-
lar means. Use a momentary pushbut-
ton for S7, a general-purpose diode
for D7, and a low-voltage (6-18 V, de-
pending on supply) dc relay for K7. Be
sure to select a switching transistor
(Q7) which can handle the relay coil's
current.
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REFRIGERATORS AND TURNTABLES

Q. Whenever my refrigerator turns
on, | hear a loud pop through my
speakers. Butthis only happens when
I'm using my turntable. The problem
isn’t due to noise on the ac line, be-
cause it still happens with the turnta-
ble power cord unplugged.

—Tom Russell. Providence, R/

A. The noise could be due to one of
two things. First, a physical vibration
could cause a transient movement of
the stylus. (You didn't mention
whether or not you removed the tone
arm from the disc when you removed
the cord). Shock-mounting the turn-
table with foam rubber should take
care of that. The more probable cause
is the strong magnetic field generated
by the compressor motor at the instant
it turns on. It could induce a transient
signal on the cable to the preamp, and
thus be amplified and fed to the
speakers. Alternatively, the field could
induce a signal on a lead in the phono
preamp itself. Such problems have no
easy cure. But you'd best start by slip-
ping the phono signal leads into a
length of tubular copper braid, which
should be grounded to the amplifier
chassis. In turn, the chassis should be
connected to a good earth ground. If
the problem persists, you might have
to shield the entire phono preamp cir-
cuit with fine screening bolted to the
chassis. Finally, rotating the amplifier
so that the lead picking up the signal is
parallel to the field's line of force will
weaken any residual induced signal.

24V to 12V

Q. | have a 24-volt, 1 ampere dc
power supply. | would like to step
down the output to 12V dc so | can
power my auto tape player and CB
mobile transceiverin the house. What
do | need to accomplish this task?
—P.C., New Jersey

A. Three simple options come to
mind. First, you could insert a 12-volt
zener diode in series between the 24-
volt ouput and the +12-volt lead of the
tape player. However, at one ampere
maximum, you would need a zener
with a dissipation of 12 watts. That
could be done by paralleling two
matched 12-volt, ten-watt zeners. But
high power zeners can be expensive.
Alternatively, a 12-voit, low power
zener, limiting resistor, and pass
transistor could be used. A cheaper
solution would be to use a 12-voit IC
regulator. The Radio Shack No. 276-
1771 is a suitable regulator in a T0-3
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can. The INPUT pin should be con-
nected to +24 volts (itisrated at +30V
max.), the OUuTPUT pin to the +12-V
lead of the player, and the case to an
adequate heat sink and both chassis
grounds. The regulator costs only
$1.59as listed in the 1976 Radio Shack
catalog. However, due to limitations of
your power supply, only 1 Amax. at 12
volts can be obtained. Many tape
players and transceivers draw about
1.5 A. Getting more current output
would mean modifying the power
supply’s transformer and built-in reg-
ulator.

HIGH-PASS FILTER

Q. Do you have a simple circuit for a
high-pass TV filter for use with 75-ohm
coaxial lines?

—Murray Becker, Brooklyn, NY

A. Here's afilter that can be used with
coax-fed TV and FM receivers.
Capacitors are silver mica types, rated
in picofarads. The inductors are three

100 50 100
ANTENNA RECEIVER
O— 0

turns of No. 14 wire, 3" (19.05-mm)
diameter, spaced eight turns to the
inch. It will attenuate all signals below
40 MHz, but will pass TV and FM sig-
nals. For best results, the filter should
be constructed in a shielded enclo-
sure, but shielding will not always be
necessary.

MOBILE STEREO AMPLIFIER

Q. ! want to build the ‘‘Mobile Stereo
Amplifier’’ in the February issue, but |
can't find the NE540 or SE540 driver
chips. Do you know of any sources?

—Michael McMahan, Urbana, Ohio

A. Surprisingly, I've received a large
number of similar requests. | really
didn’t expect that to happen, because
the 540 is offered by many surplus
dealers in the back of PE. Some of
them even sell a 540 and the com-
plementary output transistors as one
package. At any rate, referring to the
June issue, you will find the following
dealers offering the 540 driver IC:
Solid State Sales (P. 108); James Elec-
tronics (P. 111); Quest Electronics (P.
117); and Digi Key (P. 118). In some
recent issues of PE, I've counted as
many as ten dealers offering the NE
540 or SE540!
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NEED HARDCOPY?

If you are one of the many computer
users who wants hardcopy printouts,
but can't afford any of the available
machines, your troubles are over. Our
PR-40 is a universal printer that gives
you clear easy to read hardcopy like
the sample on the right with almost
any computer. Our printer operates
from any eight bit parallel |/O port.
The printer has it's own character
generator and memory buffer. This
means that the computers only job is
to feed data when the printer is ready.
No special program is needed in the
computer to convert the data to a
form that the printer can use as each
character is printed. The PR-40 is easy
to use, easy to interface and easy to
afford.
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Ewl? 6800 %=y

SWTFC PRE-48 ALPHANUMERIC PRINTER *

4@ CHARACTERS / LIME
3 ¥ 7 DOT MATRIX IMPACT FPRINT
ISES STAWDARD 2 7/8" CALCULATOR FARFEE
73 LINE # MINUTE PRINT RRTE
RUTOMATIC RIBEON EEYERSE
&4 CHARACTER ASCIT CHARACTER SET
48 CHARACTER LINE MEMORY
TTL. SWTRC &€&@&., MITS COMPRTIELE
PR-40 LINE PRINTERKIT................ .$250.00 PPd

HOW ABOUT PICTURES?

Games are more fun with pictures. Now you
can add graphics displays to your game pro-
grams and on any type computer. OQur GT-
6144 operates from any eight bit parallel 1/0
port. It has it's own self contained memory,
so memory space for the display is not robbed
from your computer. The 9% x 13 circuit
board contains all you need to produce a
graphic display like the one of the starship
"Enterprise" shown on the left. Kit is less
power supply, or chassis.

GT-6144 GRAPHICS TERMINAL KIT. .$ 98.50 PPd

| know a bargain when | see it. Send the following:

] 6800 Computer $395.00

[JGT-6144 Graphics Terminal $ 98.50 [] Just data (free}

) PR40 Printer $250.00

cCITY STATE ZIP

Southwest Technical Products Corp.
Box 32040, San Antonio, Texas 78284
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The better the trainin
the hetter you'

COMPU-TRAINER

NTS/HEATH Y\
GR2000
Digital
Solid-State
Color TV
315 sq. in,
Picture

IN-CIRCUIT TRANSISTOR TESTER
TROUBLESHOOTER
vom

SOLID-STATE
OSCILLOSCOPE

\

(Simulated TV Reception)

ELECTRO-LAB

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

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

26

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

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

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

POPULAR ELECTRONICS
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and the equi ment

b ' vy

e equipped. /=%
AND | £

= ~ea : HIGH FIDELITY
SPEAKERS

— " SOLID-STATE STEREO
\  AM/FM/MULTIPLEX
RECEIVER

COLOR BAR/DOT
GENERATOR

FET-JOM ~

AM/FM/SW PORTABL= i
SOLID-STATE RECEIVER e
-

74 sq. in.
Solid-State
B&W TV

N
VECTOR MONITOR
SCOPE

|  SIGNAL
| GENERATOR

1 ;
5" OSCILLOSCOPE DIGITAL SCLID-STATE 2-METER FM SOLID-STATE

MULTIMETER 3RANSCEIVER & POWER SUPPLY  pOGKET RADIO

tion privileges spelled out. Make your own com- rn-mom-uecu-mcm_ S-CHOOL-S . - D-ep' 20-5 =

parlsons, YOUT own decision. Ma” Ca"d tOday’ or I 4000 South Figueroa St., Los Angeles, Calif. 90037

clip coupon if card is missing. Please send FREE Color Catalog and Sample Lesson.
NO OBLIGATION. NO SALESMAN WILL CALL.

[J Color TV Servicing [J Electronics Technology

NO OBLIGATION. NO SALESMAN WILL CALL I O B & W TV and Radio Servicing  [] Computer Zlectronics
[J Electronic Communications [J Basic Electronics .
APPROVED FOR VETERAN TRAINING [ FCC License Course O Audio Electronics Servicing
Get facts on new 2-year extension I
NAME _ _ - _ AGE_____
m ‘ ‘ l ADDRESS . APT =
NATIONAL G SGHOOLS .. e
TECHNICAL-TRADE TRAINING SINCE 1905 l Piease fill in Zip Code for fast service
Resident and Home-Studv Schocls [J Check if interested in G.1. Bill information.
4000 So. Figueroa St., Los Ang‘e]es Calif. 90037 [J Check if interested ONLY in classroom training in Los Angeles.
L I I N BN OB NN BN BEE .
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TV Rivals Phones & Cars

It has taken only 30 years for television to rival both the
telephone and motor vehicle in worldwide popularity,
according to RCA. Based on latest available statistics, itis
estimated that there are 364 million TV receivers
worldwide, compared with 360-million phones and
300-million cars and trucks. The U.S. leads in all
categories, with approximately 120-million TV receivers,
144-million phones, and 130-million motor vehicles. The
U.S S R. comes in second with 50-million TV receivers,
15.8-million telephones, and 7-million vehicles, while
Japan is third with 25.5-million, 41.9-million and 25-
million respectively. The size of the worldwide TV mar-
ket is impressive, considering that the industry growth
began only in 1946, whereas the telephone is 100 years
old and the car is almost 80 vears old.

RCA Tube Business To GTE

RCA Corp. has sold machinery. parts, raw materials,
work in process. and technical data related to the man-
ufacture of Nuvistors and certain other receiving tubes
produced at its plant in Harrison, N.]J. to GTE Sylvania,
Inc. On January 13, 1976, RCA announced its decision
to cease manufacturing operations at its Harrison plant
by July 30 and that efforts were being made to sell the
manufacturing tools and equipment. With all receiving
tube manufacturing ending in April, RCA stated its in-
tention to close the Edison, N.]J. warehouse and distribu-
tion center by the end of” June 1976.

LED Watch Circuit Extends Battery Life

Gruen Industries, Inc.. has announced a new electronic
circuit that increases battery life by 65% in LED digital
watches. The circuit was developed through Gruen’s
efforts to produce thinner, more fashionable solid-state
watches for women without sacrificing the battery life.
Batteries rated at 6600 cvcles operated on an average of
25 cycles per day yield a life of 264 days in conventional
LED watches. With Gruen's new circuit, the battery is
said to last an average of 11,000 cvcles. or 440 days. The
new circuit will be used only in the company’s Telstar
lady’s watches, but men’s modules are slated for early
development.

MDS Threatens Cable TV

Although it has been around for more than half a decade,
Multipoint Distribution Service (MDS) has during the
past year or so become a widespread concernin the cable
TV world. Since mid-1975 when multiple system
operators entered into agreements with the largest MDS
owner to provide pay-TV service to communities via
MDS technology, cable-TV operators have seen it as a
growing threat to them. The cable-TV people feel that

MDS will “skim the cream oftf the urban market” by
providing pay services to multi-dwelling housing units at
costs far below those of wiring for cable. Others view
MDS as a communication “link” with the potential for
expanding the scope and flexibility of a cable system by
providing a new means of delivering programming to
cable headends.

Walkie-Talkies Move From 27 MHz

Acting on Docket 20119, the Federal Communi-
cations Commission has shifted the 100-mW
walkie-talkie that can be operated without a
license from the 27-MHz Citizens Band to 49.82
to 49.90 MHz. Manufacture of the 100-mW (27-
MHz) CB transceivers is permitted to continue for
ayear, and their use will be permitted until 1983.

Calculators For The Blind

The American Foundation for the Blind has introduced
two calculators—one braille and the other an audible
unit—for blind and visually handicapped persons. The
braille calculator was adapted by AFB’s engineering di-
vision from a standard portable calculator. It is a five-
function unit with floating decimal point, mounted in a
box and equipped with a single braille cell. The cell,
which uses four dots of the basic six-dot braille notation,
is activated by depressing the “read” button at the front
of the instrument. The digits and decimal point dis-
plaved on the visual readout are presented in sequence
in the form of small pins which pop up to form a braille
digit. The audible version has a 24-word vocabulary
which announces every entry and result. It has six basic
functions, accumulating memory, automatic constant,
change-of-sign key, tloating decimal point, and 8-digit
displav. The speech key can be pressed repeatedly to
announce what is on display without initiating further
calculations. The speaker is loud enough for small class-
rooms and there is an earphone for private listening
AFB’s catalog, “ldeas for Better Living,” describes these
units along with several hundred other devices designed
for the blind. Write to Aids and Appliances Division,
AFB, 15 W. 16th St., New York, NY 10011, for a tree
copy.

Magnetic Recording Tape to Smithsonian
A piece of the world’s first magnetic recording tape has
been presented to the Smithsonian Institution by BASF

Wvandotte Corporation. The company developed
magnetic tape in Germany in 1932 and began commer-
cial production in July 1934 at BASF’s plant in Ludwig-
shaten, Germany. The 1934 tape was made of cellulose
acetate, coated with carbonvl iron powder. It could be
played on one side onlv and was further limited by a
playing speed of one meter per second. Even so, this was
an improvement over the steel wire which had been used
until then since the magnetic tape was lighter than steel
and could be cut and spliced.

POPULAR ELECTRONICS
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Sleeper!

The Realistic®° STA-90 Will Change Your Ideas

About Who'’s #1 in Hi-Fi Features, Value and Style!

[
5 RIS

Quatravox®. Get spacious Dub Out and two

4-channel effects just by Tape Monitor switches.
adding two extra speakers. For versatility — record
three tapes at once.

Functional beauty. Blackout
dial with color-changing
pointer/FM stereo indicator.

\ Solid metal knobs.
\ Dual-Gate MOSFET FM. Walnut veneer case.
Gets weak stations and
still resists overload.
Superior to FET designs.

Phase-locked loop FM Amplifier Specs

stereo demodulator. A Power Bandwidth: 17-35,000 Hz
For wider channe! separation, Response: 20-20,000 Hz =2 dB

almost zero distortion. IM Distortion: 0.3% at 30W

Phono Overload: 150 mv
Hum and Noise (dB}:

Direct-coupied amplifiers for
powerful bass even at 20 Hz.

v Phono 1, -60
45 watts per channel, minimum Aux 1, —-75
RMS at 8 ohms from 20-20,000 Hz, MT s
with no more than 0.5% total uner Specs

harmonic distortion.

Sensitivity: 2.0 uV IHF
Reprinted by permission of e liog (9 €12
Stereo Review Magazine, March, 1976 issue. PP IEE) CETE L]

Total Harm. Dist.: 0.8%
“The total harmonic distortion (THD) Capture Ratio: 2 dB
was less than 0.025 per cent from under Selectivity: 70 dB
1 watt to 50 watts output, reaching 0.46
per cent at 55 watts.” SOLD ONLY WHERE YOU SEE THIS SIGN:

Radio fhaek
Only 359.95 at participating stores and a IO ae

dealers. Prices may vary at individual A TANDY CORPORATION COMPANY
stores. U.L. listed. Ask for 31-2063. See OVER 4600 LOCATIONS ¢ 50 STATES ¢ 9 COUNTRIES
what a Sleeper looks like — today!
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FREE 164-Page Catalog. Write to Radio Shack. P.O. Box 1052. Dept. #759 Fort Worth, TX 76101
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HERE are basically two ways in

which you can get involved with
microcomputers on the nonprofes-
sional level. You can buy one of sev-
eral reasonably priced hobby compu-
ter kits, add a TV or typewriter termi-
nal, and learn to use high-level lan-
guage. On the other hand, you can
build your own inexpensive system
from scratch. This permits you to ex-
periment with simple applications that
do not require an expensive terminal
or alarge memory. You can communi-
cate with the computer in a relatively
simple language.

The “EIf'" microcomputer project
gives you the latter category of com-
puter system—for about $80. It is an
excellent hardware and software
trainer that uses machine language
and can be easily expanded to do just
about anything a full-blown micro-
computer can. Packaging, however, is
up to you.

The basic EIf has toggle-switch in-
put, hex LED display, 256 bytes of
RAM, four input lines and a latched
output line. It can be used to play
games, sequence lights, control
motors, generate test pulses, count or
time events, monitor intruder-alert de-
vices, etc. You can do all these things
while learning how to program in
order to produce a ‘‘real’’ output to
determine whether or not the program
you designed works. If you prefer not
to control or time things, a simple LED
can be used to indicate whether or not
your program works.

Our focus here is on the construc-
tion of the low-cost computer and
some simple examples of program-
ming.

Design Details. The heart of the Elf
microcomputer is the new RCA
CDP1802 COSMAC microprocessor
chip that sells for less than $30. The
chip can use any combination of stan-
dard RAM and ROM devices and can
address up to 65,536 (65 k) bytes of
memory. It has flexible programmed
I/O and program-interrupt modes, an
on-chip DMA (direct memory access),
four 1/O flag inputs directly tested by
branch instructions, and a 16 x 16
matrix of registers for use as multiple
program counters, data pointers, or
data registers.

Other features of the 1802 chip in-
clude voltage operation between 3
and 12 volts dc at very low current
drain, TTL compatibility, built-in
clock, and simplified interfacing.
There is also a built-in program load-
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BUILD THE

COSMAC ““ELF”

A LOW-COST
EXPERIMENTER’S
MICROCOMPUTER

PART 1
o
Simple-to-build computer trainer

can be expanded

Jor advanced applications.

BY JOSEPH WEISBECKER
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CLOCK
XTaL 'I[I H
e0> 4 INPUT LINES
CONTROL
e Ulns Q OUTPUT LINE
LN swircw
L
ADDRESS
=
16
GENERAL
PURPOSE BYTE HEX
REGISTERS JUNPUT QUYPUT
R@—RF n ﬂ SWITCHES DISPLAY

256
BYTE
RAM

Fig. 1. Block diagraw of basic computer.
1 instructions, and caried 110 ports can

B—B1T DATA Busz

ing capability that allows you to load a
sequence of bytes without having to
toggle in a new address for each byte.
No ROM is required for the minimum
trainer system described here. The
multiple program counters permit
some interesting programming
“tricks,”’ and the many single byte in-
structions keep programs short.

A block diagram of the Elf system is
shown in Fig. 1. The pinout for the
1802 microprocessor chip is shown in
Fig. 2.

Basic Operation. The key to under-
standing the computer is the method
used for addressing the memory. At
first, the procedure may appear to be
complicated, but you will soon see
that it is not difficult.

The 1802 chip contains 16 general-
purpose registers, each holding 16
bits (two bytes) of memory addresses
or data. The registers are labelled RO
through RF to conform to the
hexadecimal numbering system, as
shown in Fig. 3. (In the diagrams, and
in computer technology in general, a
Danish zero—a zero with a slash
through it—is used to distinguish zero
from a capital letter O.) Hence, if we
refer to the low-order, or least-
significant, byte of R1, we can call it
R1.0, while the high order byte of RF
would be called RF.1.

There is also an 8-bit D register that
is used to move bytes around. In the
instruction set shown in part in the
Instruction Subset Table, note that the
8N (8 with a digit) code will copy a
low-order general register byte into
register D. Writing this instruction as
81 in a program will cause R1.0 to be
copied into D when the instruction is
executed. We can then use instruction
34

I/0 l
4

Up to 65K bytes of memory,
be added as the system grows.

BF (BN in the table, with B and a digit)
to copy the D byte into RF.1. It takes
two bytes, 81 BF, to transfer a byte
from R1.0 to RF.1 via temporary hold-
ing register D. The byte in D can also
be used in arithmetic operations per-

0012. M3 would mean the memory lo-
cation specified by the contents of R3,
and M(0012) means memory location
0012 directly. MX means the memory
location addressed by the contents of
the general register selected by the
current digitin X. If X = 3, MX = M3; if
R3 = 0012, MX = M3 = M(0012).

Since the basic computer has only
256 bytes of memory, we use just the
low-order bytes of the general regis-
ters to address the memory. In
expanded-memory systems, you can
use the high-order bytes of the
general-purpose registers to select
individual 256-byte pages of random-
access memory (RAM).

The memory contains both instruc-
tions and data bytes. Instruction bytes
tell the computer what to do with the
data bytes. One-byte instructions have
two hex digits, where high-order bits
7,6, 5, and 4 tell the computer what
type of operation to perform. Low-
order bits, 3, 2, 1, and 0 are usually
placed in the N register when a new
instruction is fetched from memory.

cLock —0df 22 VoD
CONTROL{ WAIT EL XTaL
CLEAR — e DMA TN
4 37 —— ) I/0 REQUESTS
Q OMA our)<—
STATE copes' °C! 2 55\ ERRUPT
'scg e e MWR
— 7 34
MRD TPA
i, ] TIMING PULSES
.14 ig. 2. Pin out BUS 7 —8 33 g’
tfor the CDP 1802 R (e 32 -
COSMAC wicro- sus 5 —9 31 MAS
il 1802 [30
Processor. Us 4 —— Mas
DATA BUS o 12 29 MAa
13 28 /MEMORY ADDRESS
BUS 2 — = MA3 r
BUS | — MAZ
BUS ¢—X5 [ECI— MAl
6 25
vee magd
N2 = = EFI
8 23 e
I/0 COMMANDS ¢ Nt EF2' Lo rLacs
19 22
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formed by the ALU (arithmetic logic
unit) circuits.

There are three other<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>