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THE COBRA 32X LR.
A TECHNOLOGICAL PUNCHTHROUGH.

Cobra has a reputation for punching through The 32XLR's Digital Channel
loud and clear The new Cobra 32XLR, of course, con- Selector is the very latest. With
tinues the reputatlon And creates another —for large LED numerals — for a
1nnovat1ve design, superb read-out that registers clearly and
| engineering and technical quickly. Plus switchable “pulse block” noise blank-
§ superiority. ing-that rejects short-pulse noise not normally
Start with the illuminated blocked by other systems. Which makes it the most
4-in-1 meter It tells you exactly how much effective in the business. Finally, add automatic noise
power you're pushing out and pulling in. As limiting, Dynamike Plus (with built-in power mike)
well as monitoring your modulation in precise and Delta Tuning.
percentages. And measuring your punch with an The new Cobra 32XLR. It has virtually every-
SWR check. In short, the 32 XLR thing. And it has everything to do just one thing.
lets you keep an eye on your ears. Punch through loud and clear
ScanAlert, Cobra's unique scan- g

ning system, continually monitors CH9

Channel 9 when you're on another b

channel. If an emergency comes up, the ScanAlert O I a
light goes on. And the incoming message automat-

ically locks the receiver on the active channel Punches thl’Ong h loud and clear.

Cobra Communications Products

DYNASCAN CORPORATION
For information on our complete ine write for brochure #CB-2 6460 W. Cortland St., ChiCng, Illinois 60635
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The Simple Answer
ol L
A Complex Solution.

-

combine D3 with the slanted

micro-f bers of the Discwasher (y.
brush—and you have the most E .
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functional, most convenient {
record care system in the world. ¢

At Discwasher dealers l
worldwide. Ve :

é Discwasher Group
Columbia, Missouri




The small wonder

of &

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

The secret to this revolutionary, small computer is its CPU
board. This double-sided board fits along the bottom of the Altair
case and plugs directly into the front panel board. It contains
the new 6800 microprocessor, 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 hoard.

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

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

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

NOTE: Altair is a trademark of MITS, Inc.

CIRCLE NO.

76 ON FREE INFORMATION CARD

for membership in the Altair Users GCroup, 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. ... i ...$625
Aitair 680b Turnkey model kit . -—- 395
Expander Card 680MB (required to expand 680). =9 24

Altair 680BSM 16K static RAM board kit with 680 BAISIC....,.:..$685
Altair 680 BASIC when purchased separately. .. ....%200
Baudot option S . % 42

MAIL THIS COUPON TODAY

; O Enclosed is a check for $
O BankAmericard #

I'D Altair 680b O kit O Assembled

I enclose $8 for postage and handling

I O Please send free information package.

or Master Charge #
O Other (specify)

STATE & ZIP.

S mhEs

2450 Alamo SE/Albuquerque, NM 87106, 505-243-7821

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

TURNING THE ELECTRONICS CORNER

The year 1976 has been a good one for persons deeply interested in electronics.
I think the future might be even better—we are sitting smack in the middle of the
electronics revolution that was promised a few decades ago.

As we turn the comer to 1977, we can see more clearly the fruition of many
research and development projects of the past. Just think. Electronic digital
watches were virtually unknown in 1972. In 1973 they cost a few hundred dollars
when, around Christmas, PE introduced a kit for less than $70. They'’re expected
to sell for less than $20in 1977. Similarly, microcomputers were at the $3000 level
in 1974 when PE published plans for a kit that sold for less than $400.

There are other examples we could mention, but the important thing is that the
imaginations of voracious consumers were captured by these enticing electronic
products. This led manufacturers to increase their production levels of medium-
and large-scale IC’s, thereby lowering their costs. As a consequence, product
sales increased further, and the cycle of decreasing costs continued—to the
benefit of the public.

Integrated circuits are making a host of products “smart.” Just watch things
happen in*77. For example, TV electronic games will be booming, thanks to
inexpensive dedicated microprocessors. It's predicted that this consumer product
area will reach annual sales of 12-million units by 1980. New educational and
programmable caicuiators will bow in '77, taking advantage of lower-cost memory
chips.

In another area, the use of home TV receivers as video terminals will become
more apparent to many people in the new year. For example, the video disc is
promised in '77, and Japanese manufacturers are revving up for production of
video tape cassette units (with a battle looming between JVC’s and Sony's
systems). A video jack, promised by some manufacturers, will lower cost of
attachments. Hobbyist computer buffs already know that graphic display has come
of age right now.

There are also modifications on the audio frontthat could well change the
product mix in the future. These include the new Elcaset system that bridges the
gap between present-day cassettes and open-reel tape. Then there are
40-channel CB transceivers.

Itis anticipated that all major areas of consumer electronics will exhibit greater
growth in the coming year. Of special interest is a market study by Venture
Development Corp. of Wellesley, Mass., which predicts that the hobby computer
market will show a 150 percent sales increase from 1975 (just urider 7500 units) to
1976 (over 18,600 units). The study also indicates that this “promises to be nothing
less than the leading edge of a consumer computer revolution.”

At this time of year, many people dream about some special “breakthrough.” 'm
no exception. One of my wishes is for the acknowledgement from outer space of
the hydrogen atom’s 1420-MHz frequency that earthlings have transmitted to outer
space in a search for extraterrestrial life. The odds are almost insurmountable
against making such a radio contact, of course. But just think of the excitement it
would generate—and the projects we could all build and use. After all, one never
knows what's around the electronics corner.

Best Wishes for a Jopous Holiday Seasgon
and a Happy Netw Pear
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all the best to you

Look at 'em. Aren't they pretty? But, their real beauty is the way they’ll turn your CB on!
Because with a “Kriket®” external CB speaker, you can hsar more clearly than you ever

ht sible. .
thought possi Who else makes a full line . . . to accommodate your

every need? Isn't it about time somebody did?
Give one to a friend you care about.

Priced from $14.95 to $24.95. Kn’ﬁ[k{@ﬁ Cates”

Available at CB dealers everywhere!

<= Kriket. ...

World Wide Headquarters Exclusive Canadian Distributor
Acoustic Fiber Sound Systems, Inc. Persona Communications Ltd.
7999 Knue Road, Suite 116 1149 Pioneer Road
Indianapolis, Indiana 46250 Burlingion, Ontario L7M 1N7
(317) 842-0620 (416) 639-9070

All AFS ®/KRIKET® speakers are manufactured in the U.S.A. using American materials and craftsmen.
DECEMBER 1976 Copyright 1976 Acoustic Fiber Sound Systems, Inc. 5

AmericanRadioHistorv Com



Imagine a microcomputer with ali the design savvy, ruggedness, and sophistication of the best minicomputers.

Imagine a microcomputer supported by dozens of interface, memory, and processor option boards. One that
can be Interfaced to an Indefinite number of peripheral devices including duatl floppy dlscs, CRT's, line printers,
cassette recorders, video dispiays, paper tape readers, teleprinters, plotters, and custom devices.

Imagine a microcomputer supported by extensive software including Extended BASIC, DIsk BASIC, DOS and
a compiete library of business, developmental, and industrial programs.

Imagine a microcomputer that wiil do everything a minl will do, only at a fraction of the cost.

You are imagining the Altair™ 8800b. The Altair 8800Db Is here today, and it may very well be the
mainframe of the 70's.

The Altalr 8800b Is a second generation design of the most popular microcomputer In the fleid, the Altair 8800.
Bulit around the 8800A microprocessor, the Altair 8800b Is an open ended machine that Is compatible with all
Altair 8800 hardware and software. It can be configured to match most any system need.

MITS’ plug-in compatible boards for the Altair 8800b now Include: 4K static memory, 4K dynamic memory,
16K static memory, muitl-port serlal Interface, muiti-port paraliel Interface, audlo cassette record Interface,

vectored interrupt, real time clock, PROM board, multiplexer, A/D convertor, extender card, disc controlier,
and line printer Interface.

MITS’ peripherals for the Altalr 8800b Include the Ailtalr Floppy Disc, Aitair Line Printer,

teletypewriters, and
the soon-to-be-announced Altair CRT terminal.

Introductory prices for the Altair 8800b are $840 for a kit with complete assembly instructions, and $1100 for
an assembled unit. Complete documentation, membership Into the Aftair Users Club, subscription to “Computer
Notes}’ access to the Altair Software Library, and a copy of Charles J. Slppl's Microcomputer Dictionary are
Included. BankAmericard or Master Charge accepted for mall order sales. Inciude $8 for postage and handiing.

Shouldn’t you know more about the Altalr 8800b7 Send for our free Altair Information Package, or contact
one of our many retall Altalr Computer Centers.

mits 2450 ALAMO S.E. ALBUQUERQUE, NEW MEXICO 87106 (505)243.7821
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Redesigned front panel. Totally synchro-
nous logic design. Same switch and LED
arrangement as original Altair 8800. New
back-lit Duralith (laminated plastic and
mylar, bonded to aluminum) dress panel
with multi-color graphics. New longer,
flat toggle switches. Five new functions
stored on front panel PROM including:
DISPLAY ACCUMULATOR (displays con-
tents of accumulator), LGAD ACZUMU-
LATOR (loads contents of the 8 data
switches (A7-AQ) into accumulator), OUT-
PUT ACCUMULATOR (Outputs contents
of accumulator to 1/0 device addressed
by the upper 8 address switches), INPUT
ACCUMULATOR (inputs to the accumu-
lator from the 1/0 devicz), and SLOW
(causes program execution at a rate of

about 5 cycles per second —for program -

debugging).

NOTE: Altair is a trademark of MITS, Inc.

iyt TR
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Ragged, commercial grade Optima
cabinet.

L—-l'.ew front panel interface board buffers
z | lines to and from 8800b bus.

——sTv0, 34 conductor ribbon cable assem-

Elies. Connects front panel board to fromt
ganel interface board. Eliminates need
for complicated front panel/bus wiring.

Full 18 siot motherboa-d.

New, keavy duty power supply: +8 volts
at 18 amps, + 18 volts at 2 amps, -18 volts
at z amps. 110 volt or 220 volt operation
(5G/60 Hz). Primary tapped for either
hign or low line operation.

pracessor and Intel 8224 clock generator
anc 8216 bus drivers. Clock pulse widths
anc phasing as well as frequency are
aystal controlled. Compatible with all
cusrent Altair 8800 software and
hardwaare.

2456 Alamo Si/Albuquerque, NM 87106/505-243-7821

“nces. delivery and specifications subject to change.
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flow often
could you use

il Xcelite
09

it's every
tool you
need 99%
of the time...
an Xcelite original!

it's a screwdriver

-

...for slotted, Phillips, Frearson, Bristol,
clutch head, Scrulox® screws; in inch
and metric size Allen hex and Allen hex
ballpoint socket types; and Pozidriv®
style.

it's a nutdriver
...in inch and metric ==
sizes, regular, stubby,
and magnetic, for hex nuts, screws,
and bolts.

it's a reamer

it's extendable

...for greater reach and torque.

5 DIFFERENT HANDLE STYLES
...regular and Tee, with and without
reversible ratchet; junior, and stubby;
all with Xcelite's unique spring device
for quick blade insertion and removal.
All shockproof, breakproof (UL).

85 INTERCHANGEABLE BLADES

...all the popular types and sizes. All
precision-made, genuine Xcelite qual-
ity. Fit all five handles.

IN SETS, KITS, i}
OR PIECEMEAL

...roll-up service kits,

compact, stand-up, t
plastic-cased sets; or

individually as needed.

in stock at leading
electronic distributors. .. nationwide

Weller-Xcelite
Electronics Division

2l The Cooper Group
COOPER | P. O. BOX 728,

NOUSTRIS ) APEX, NORTH CAROLINA 27502
CIRCLE NO. 71 ON FREE INFORMATION CARD

Letters

1-MHZ COUNTER IC SOURCE

The 14583 Schmitt trigger IC used in the
“Low-Cost 1-MHz Frequency Counter” (Au-
gust 1976) is a Motorola part. it can be ob-
tained from any large OEM dealer that distrib-
utes Motorola parts or for $1.69 plus 25¢
postage from the following address.—Nor-
man Huffnagle, 7511 Village Green Dr., Or-
lando, FL 32807,

DIGITAL SPEEDOMETER COMMENTS

In the article “Build a Digital Speedometer
For Your Car” (September 1976), the open-
ing states that the speedometer cable turns
1000 revolutions per mile travelled. If the
speedometer cable is connected directly to
the wheel, this means that the wheel must
make 1000 revs per mile. The average radius
of a wheel is about 13", which means that its
circumference is 81.86". There are 63,360" in
a mile (5280 x 12). If we divide 63,360" by
81.68", we obtain 775.7 revs per mile. To
have 1000 revs per mile, the diameter of the
tire would have to be 20".—Edward J. Picar-
di, Philadeiphia, PA

The speedometer cable is not connected to
the wheels. It goes to the transmission
through a gearing system. Most cars use
1000 revs per mile, although this may differ
from one make to another. We assumed
1000 revs per mile, but we also stated in the
paragraph on adjustment that you can make
the timing adjustment on a measured mile.

In reading the Speedometer article, |
happened upon several design errors. First,
IC2 through IC7 are TTL devices that operate
only between 0° and 70°C, which means that
during the winter months the speedometer
will have to be warmed up before it will oper-
ate. Secondly, /IC10 regulates the supply voit-
age between 4.70 and 5.30 volts, while the
7400 series IC's require voltage regulation
between 4.75 and 5.25 volts.—Kevin J. Byer,
Sr., Johnstown, PA

TTL devices do not freeze and will operate
below 0°C. The barrier voitage increases
somewhat with temperature reduction, but
the IC’s will operate where a human being
can tolerate the temperature. The operating
voltage range for TTL devices is from about
4.7 to 5.3 volts. The output of the 309 regula-
tor can range from 4.8 to 5.2 volts, with a typi-
cal of 5.05 volts. Once the system is turned
on, power dissipation inside the 7400 IC’s will
heat up the chips; hence, there will not be
much of a "warm-up” time. Of course, if you
prefer better lower temperature devices, you

_AmericanRadioHistary Cam

can use the 5400 series IC's that operate
down to ~55°C.

In the Speedometer article, you mention
two ways to make the final adjustment. How-
ever, | feel that | have a way that is easier and
better. | connected a 4-digit tach to my car
and then started the engine and got it up to
the rpm | wanted for the mph | wanted to go. |
then made my final adjustment, using the for-
mulas rpm = (mph x gr x 336)/td and mph
= (rpm x td)/(gr x 336), where gr is the gear
ratio of the rear end and td is tire diameter.—
Richard Perry, Everett, VA

We have not tried this one, but it looks like
it should work.

AN ELFIN TYPO

| have been very impressed by your careful
editing of the articles on building the COS-
MAC “Elf” (August and September 1976). |
found only one typographical error: In Part 2,
Fig. 1 shows a 4058 IC, whereas the text re-
fers to a CD4508 and Fig. 2 shows 4508's,
whereas the text refers to 4058's.—George
E. Smith, Homell Heights, Onatrio, Canada

The correct number in both cases is
CD4508.

HOME BREW CLARIFICATION

The article "Guide to Home Brew Phono
Preamp Design” (September 1976) is help-
ful, but raises two questions. First, at the bot-
tom of the first column on page 63, reference
is made to A6, R10, and Rz in Fig. 5, which
does not have resistors with these designa-
tions. Secondly, in the second column on
page 63, it is stated that tone controls can
easily be added to the Fig. 7 circuit. Where
should the controls go and what component
values should be used?—Carl Hartman,
Newport Beach, CA

The 240-ohm, 100K, and 2.4K resistors
in Fig. 5 refer to R6, R10, and Rz, respective-
ly. The tone controls can be connected to the
output (wipers of the volume controls). To
prevent impedance problems, unity-gain op
amp buffers can be used with passive RC
networks. Or, active filters can be used.

“EXPERIMENTER’S CORNER"'

| was just rereading parts of the June 1976
PorPuLAR ELECTRONICS and happened to
glance at the Experimenter's Corner. The
article on the TTL NAND gate is the most un-
derstandable | have read in PE.—U. Vandrei,
Ontario, Canada

Out of Tune

In “Build the Ultimate Metronome” (July, p
57), R2 should go to pin 11 of IC2, not pin 10,
and R8 should go to pin 11 of IC5, not pin 10.

In “Power-Failure Alarm” (June, p. 55), Q2
is shown as an npn transistor, whereas the
2N2621 is a pnp device. Any general-pur-
pose npn transistor will work.

POPULAR ELECTRONICS




All SBE

23-channel
CB units

have a

40-channel

With all the talk
about 40-channel
CB units tomorrow,

why should you

buy SBE 23-
channel units
today?

Simple. We just
give you the
chance to buy
today with to-
morrow in mind.
Which is what the
SBE FUTURE-40 CB
UPDATE PROGRAM
is all about. Here’s
how it works: WeTe
including a special

Future-40 Certifi-

cate with all SBE

23-channel units.

It entitles the SBE

buyer to update
his 23-channel unit

to 40 channels

DECEMBER 1976

A Future-40 CB Update Program Certiicote comes packed in each cf th2 following SBE units: Coronado l
(SBE-10CB), Cortez (SBE-21CB), Formula "D~ (SBE-26CB). Catalina i [SBE-29CB). Touch/Com (58E-32CB).
Brute (SBE-34CB), Tinidad {SBE-MCB). Tnidad Il (SBE-30CB). Sidebander Il (SBE-12CB). Sidetxander IV
(SBE-27CB). Console Il {SBE-16CB). Console IV (SBE-28CB)

lSBEl

Better Communications through Creative Technology

Forinformation write: SBE. Inc., 220 Airport Blvd., Watsonville, CA 95076
INTERNATIONAL OFFICES: E.S. Gould Marketing Co. Ltd.. Montreal, Canada/Linear Systems S.A. Geneva 1, Switzerland

CIRCLE NO. 55 ON FREE INFORMATION 'CARD
AmericanRadioHistorv.Com

within 1977.

You send in the
cerificate, we'll set
up the update of
your unit to a full
40 channels. All,
for a reasonable
charge, depending
on the model
involved.

Simple as that.

Allin all, the SBE
Future-40 CB
Update Program is
aimed to hit those
people whod like
to buy now, but are
a bit confused
about what’s
around the cormner.

And thinking
ahead, about
what's around the
corner, that's what
SBE is all about.



Hewlett-Packard Calculators:

The HP-91 scientific portable printing calculator

$425.00* J .

The HP-91 is a completely portable scientific calculator with SOy

integrated printer. Now you can generate a permanent

record of each calculation to document your work, in the

office, or ata job site in the field.

* Lightweight briefcase portability. Operates on battery
power or AC.

+ Full range of scientific and arithmetic functions complete
with printed record.

* Built-in, sophisticated, quiet thermal printer.

* Extra large, easy-to-read display.

* Four dozen built-in functions and data manipulation
operations.

* Pre-programmed for science, mathematics and statistics.

+ 16 addressable memories.

T e

BREWLEYT - PACKZERD 91 CALCULATOR

The HP-21 scientific
$80.00* \
The HP-2! makes short work of
technical calculations. If you
seek a calculator that does more
than simple arithmetic, this is it. \
*32 built-in functions and operations.\
* Performs all standard log and trig
functions (in radians or degrees).
* Performs rectangular/polar conversion
register arithmetic and more. ‘
* Addressable memory. \
* Two selectable display modes: fixed point
and scientific.
* Lowest-priced HP scientific calculator.

The HP-27 scientific/plus

$175.00*

The HP-27 is for the scientist, engineer or business

person responsible for budgets, cost analysis,

resource allocations and more.

[t features a comprehensive set of statistical and
financial functions for planning, forecasting and
analysis. For the first time, they've been added to
HP's complete set of scientific functions.

* 10 financial functions for investment analysis.
NEW —internal rate of return and net present
value for uneven cash flows.

* 15 statistical functions for planning and forecasting.

* NEW —normal distribution and correlation
coefficients.

+ 28 pre-programmed exponential, log and trig
functions for scientific and engineering calculations.

* 20 memories with selective clearing options for
greater flexibility, 10 of which are addressable

memories.

$125.00*

The HP-22 easily handles the kinds of

calculations most often faced in business

management today. [t can breeze through

business math calculations and build existing

statistical data into reliable forecasts. If you want

a business management calculator, here it is.

+ Combines financial, mathematical and statistical
capabilities.

* Performs complex time-value-of-money including
interest rates computations.

* Performs rates of return and discounted cash flows for
investment analysis.

* Performs extended percent calculations, accumulated
interest, amortization and more.

* 10 addressable memories.

* Full decimal display control.

The HP-22 business management



The First Family.
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[(D] HWEWLETT . PACKARD 97 CALCULATOR

The HP-25C scientific programmable

with continuous memory

$200.00*

The HP-25C is our keystroke pro-

grammable. It can solve automatically

the repetitive problems every scientist

and engineer faces What's more, its

Continuous Memory capability le<s you

retain programs and data even wken it's \

turned off.

» Continuous Memory capability.

* 72 built-in functionsand operations.

+» Keystroke programmability. \

¢ Branching, conditional test and full editing'|
capability.

+ 8 addressable memories.

» We also offer the HP-25 (without the
Contnuous Memory feature) for $145.00%

The HP-80 financial

$295.00*

The HP-80 performs calculations :nvolving the relationship >stweer: time

and money: bond prices and yields, conversions, rend line znalysis,

interest calculations and more. A duilt-in 200-year calendar Jgures
number of days in bond or loan calculations.

+ Financial functions: simple inter=st, payment per period,
number of periods, present and future values, sum-of-the-
years-digits depreciation.

* Bond functions: prices and yields, 200-year calendar.

« Statistical functions: mean, standard deviation, trend line. _

» Mathematical functions: percentages, %" y*serial or chain czlculations®

* Addressable memory.

» Selectable display modes: fixed point and scientific notatior.

*Suggested retail price — excluding applicable state and local taxes — Cont nental U.S.. Alzsica and Hawai

AmericanRadioHistorv Com

The HP-97 & the HP-67 powerful fully programmable
calculators HP-97 $750.00* HP-67 $450.00*

The HP-97 and HP-67 are the most powerful fully program-
mable battery-operated portable scientific calculators you can
buy. In fact, both offer about 3.4 imes** the programm:ng
power of our classic HP-65—the industry standard. Programs
written for either the HP-67 or HP-97 can be run on the other
without modificztions of any kind. The HP-97’s thermal printer
is also remarkable —and unusually quiet.

+ Handles up to 224 steps.

+ All prefix functions and operations are merged.

* Directly records programs or con tents of all 26 data storage

registers onto magnetic cards.
* 10 user-definable keys.

__ * 3 types of addressing — Label, Relative and Indirect.
1 + 3 printing modes —Manual, Normal and Trace. (HP-97 only)

* Standard Application Pac with 15 programs of broad appeal
included f-ee. Optional Pacs in engineering, finance and other
disciplines available at $35.00 each.

**Complete details on request.

Fer more informaton cr any of these
Hewlett-Fackard calc_ratoes anc the name o
P your nearcst dealer, sicply -elephone toll-frce
" 800-648-4711 {in Ne=. 323-27C4 collecd.

Or arrite: Hewlest-Pzckarc, Deptogg =
1000 N.E Circle Blve.. Cavallis, 1Dre. 97 T3,

CIRCL: NO. 36 ON FREE INFOFMSTICN CARD

HEWLETT h3 PACKARD

Sales and service from 172 offices in 65 countries.
Depr.2sa€ . 1000 N.E. Circle Blve., Corvallis. Oregon 97340



New Products

Additional information on new products
covered in this section is availafle 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.

HY-GAIN REMOTE-CONTROL
MOBILE CB

The Hy-Gain 9 (Model 2679) is a 23-channel
AM, PLL-circuit unit with separate transceiver
and microphone/control. The microphone in-

corporates digital channel readout, channe!
selector, and volume and squeich controls. it
also acts as a loudspeaker. A coiled cable
links the control unit to an underdash connec-
tor, from where a cable can be run to the re-
motely located transceiver. Sensitivity is said
to be 0.7 uV for 10-dB {(S+N)/N, adjacent
channel rejection at —40 dB, and full legal r-f
power output. The transceiver incorporates
automatic noise limiter circuitry.
CIRCLE NO. 88 ON FREE INFORMATION CARD

HITACHI RECEIVER

The SR-903 is Hitachi's top AM/FM stereo
receiver, rated at 75 watts per channel with
less than 0.3% THD. The class-G amplifier

circuit is said to increase efficiency by at least
50%, thus eliminating the need for large heat
sinks and reducing the receiver's weight by

12

almost 40 percent. Frequency response of
the FM section is 30 to 15,000 Hz +1 dB, and
the FM tuner has a 1.6-microvolt sensitivity,
80-dB selectivity. A protection circuit shuts off
the speakers in case of an electrical malfunc-
tion and lights an LED. Other features include
a 41-clickstop volume control, simultaneous
tape-dubbing and monitoring capability, high
and low filters, and afc that locks on to the
station when the user lets go of the tuning
knob. Measures 19Y4"W x 153"D x 5%'H
(48.9x 40 x 12.9 cm). $499.95.
CIRCLE NO. 89 ON FREE INFORMATION CARD

40-PIN IC TEST CLIP

Continental Specialties has released the
fourth in its series of IC test clips, the PC-40.
Patterned after the earlier models, the PC-40
is compatible with 0.6” center IC's up to 40
pins. This mini-troubleshooter offers a narrow
throat for bringing IC leads up from high-den-
sity pc boards, thus minimizing accidental
shorts while testing live circuits. It can also be
used to inject signals and wire unused cir-
cuits into other boards. Scope probes and
test leads lock onto gripping contact teeth,
freeing hands for other work. Noncorrosive
nickel/silver contacts provide simultaneous
wiping action and low-resistance connections
to IC leads. Overall plastic construction elimi-
nates springs and pivots. $13.75.
CIRCLE NO. 91 ON FREE INFORMATION CARD

AFS STEREO HUMP-MOUNT CONSOLE

The Kar Kriket KK-1080 is a hump-mount
console from Acoustic Fiber Sound Systems
that mounts a stereo radio, or an 8-track or
cassette system and has storage space for

four cartridges or seven cassettes. The con-
sole requires no fastening devices, but rests
on the driveshaft hump. Polymer “teeth” in
the base prevent movement while driving. By
unplugging the power, antenna and remote-
speaker leads, the entire unit can be taken
out and placed in the trunk. Size is 12D x
8"W x 7"H (30.5 x 19.3 x 17.8 cm). $9.95.
CIRCLE NO. 92 ON FREE INFORMATION CARD

CB SPEECH PROCESSOR

“Talk Power” is an add-on speech processor
from Communications Power, said to provide
a substantial increase in average speech talk

maricanbRadinHictary Com

power for CB transceivers without spillover
and with minimum distortion. This logarithmic
speech compressor plugs into existing 4-con-
ductor microphone receptacles, requires no
other CB-set connections or alterations. The
existing microphone is retained. A solderless
internal patch panel permits easy micro-
phone connections. The unit operates from
vehicle battery or ac power line. Size is 4%"W
x 3%4"D x 2%6"H (12.4 x 8.2 x 6.7 cm). $69.95.
CIRCLE NO. 93 ON FREE INFORMATION CARD

PICKERING PHONO CARTRIDGE

“Stereohedron” is the name Pickering gives
to the new stylus-tip shape featured in the
XSV/3000 stereo cartridge. It is said to in-

crease the area of contact with the groove
wall, and to increase record life because
force is spread over this greater contact area.
Specifications are: frequency range of 10 to
30,000 Hz; channel separation, 35 dB (refer-
ence 1000 Hz), output, 5 mV; resultant track-
ing force, 1 gram +%, —¥% (add 1 gram to
setting with record-cleaning brush). $99.95.
CIACLE NO. 94 ON FREE INFORMATION CARD

PAIA POLYPHONIC KEYBOARD

The latest electronic music kit from PAIA is
0OZ, a polyphonic pitch source for use as a
portable practice keyboard, mini-organ, or
trigger/pitch source for a synthesizer. The

unit is battery-powered and has a built-in
one-watt audio amplifier and speaker. A five-
position range switch transposes the 1l%-
octave keyboard for over 614 octaves of total
range. The switch-selectable step or multiple-
pulse trigger allows a simple synthesizer in-
terface, and a mixing input permits piaying
other instruments through the OZ amplifier. A
tone controf rolls off the normal square-wave

POPULAR ELECTRONICS




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

8080.

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

is available now.
In our case, you can tell

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

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

aluminum.
The IMSAI 8080 power

DECEMBER 1976

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

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

T IMSAI 8080

AmericanRadioHistorv Com

memory protect. For the ultimate
in flexibility, you can design the
system for low-cost multiprocessor,
shared memory capability.

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

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

Dealer inquiries invited.

IMSA

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

PE-12
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Another HeathKit Color TV breakthrough...

There's never been a Color TV System like this before.

A Bold New Concept In TV

The new GR-2001 TV system is the most
sophisticated, best performing color TV
kit we've ever designed, but it is also much
more. It is the heart of a total home view-
ing system — a Computer TV!

Complete Programming Capability

With its optional Programmer, this Com-
puter TV system allows you to program
your set for an entire evening’s viewing.
The top bank of 8 keys [1] accesses the
static NMOS RAM and turns the on-screen
clock display into a computer CRT read-
out which allows you to see your “pro-
gram” as you enter it through the bank of
12 keys below the programmer panel. The
selected time appears in the first four
digits of the clock display, the channel
number appears in the last two. First, en-
ter the time at which you want the set to
change channels. Next, enter the channel
number you want. Then the memory takes
over. While you sit back and relax, the
Programmer automatically changes to the
right channel at the right time. You can
program up to 32 channel changes within
two 12/24-hour periods!

Those two programming periods add
extra versatility. Program the first for your
daytime viewing schedule, the second for
evening shows. Or, program the first for
week nights, the second for weekends.
You can even preselect the programs
young children can watch — once the pro-
grammer is engaged, the manual key-
board is disconnected and can only be
reactivated by the remote control or by
pressing the correct button on the pro-
gramming panel.

You can even program the set to return to
manual operation at a preselected time,
then resume automatic operation at an-
other time. When the iast program you
want to see is over, the set can be pro-
grammed to switch to an empty channel.
This will cause the screen to go blank and
the on-screen readout to flash on and off
indicating that it is time to turn the system
off with the front panel pushbutton or op-
tional remote control.

Convenient Remote Control

The optional wireless remote control (2]
lets you adjust volume, turn the set on or
off, adjust tint, activate the digital read-
out, scan up or down through the pre-
selected channels, and turn the optional
programmer on and off — all at the touch
of a button. This wireless remote control
has improved circuitry for greater range
and reliability and is the best we've ever
offered.

Random Access Tuning

The 3 x 4 keyboard [3] lets you instantly
choose any of up to 16 preselected sta-
tions —up to 24 with the optional eight
channel accessory. Switch from VHF to
UHF, up or down, in any sequence, and
be tuned in instantly without switching
through empty channels. Up and down

buttons or the keyboard also let you scan
all the preselected stations.

Automatic Antenna Rotor Control

A Heathkit exclusive! With the optional
antenna rotor control [4), you can program
the GR-2001 to automatically rotate your
outdoor antenna system as it changes
from one channel to another, for optimum
reception on every channel. No special
knobs to turn, no buttons to push. You
can select up to eight separate antenna
headings with up to three stations per
heading. It's perfect for areas where sta-
tions are in widely separated locations.

Superb Color and Sound

The TV set itself contains dozens of cir-
cuit refinements and improvements de-
signed to give you the best picture and
performance you've ever seen. The Auto-
matic Gain Control circuit, for example,
has been significantly improved to better
resist airplane flutter. And since you build
it yourself, you can be assured of a set
that is free of mass production “glitches”
that show up all too often in other sets
now on the market. Other improvements
are listed below.

Separate Audio IF Stage
The audio circuitry is probably the finest
on any commercial set in the world. The
sound signal has its own separate IF stage
to dramatically reduce the “buzz”
caused by the picture carrier modulating
the sound. You can hear the difference —
especially if you use the output jack to
connect the GR-2001 to your stereoc sys-
tem. The built-in wide-range speaker of-
fers excellent fidelity as well. It's one of
the first sets ever to give you real hi-fi
sound from a TV!

Phase-Locked-Loop Horizontal

and Vertical Hold Circuits

New phase-locked-loop horizontai and
vertical oscillators [6] “lock-in" on any
channel for a picture that's rock-steady
and stable. There are no conventional ver-
tical and horizontal hold controls because
you never need them! There are no align-

[3] Random-Access
Tuning

[1] Programmer
Keyboard .

[4] Automatic
Antenna

{2] Remote Control

Rotor Control

ment problems either, so you get consist-
ently excellent pictures year after year.

Black-Matrix Picture Tube

The GR-2001's 25” (diagonal) ultra-rec-
tangular picture tube provides one of
the brightest, sharpest pictures in the
world. The tube is fully shielded to main-
tain outstanding color purity by eliminat-
ing stray magnetic fields.

Easy To Assemble

Though the GR-2001 is one of our more
complex kits, the average person shouldn’t
have any difficulty in assembling it. A
step-by-step iilustrated manual will lead
you through assembly right up to trouble-
shooting and testing. And if you do hap-
pen to need assistance, help is only a
phone call away. A complete staff of
Technical Consultants will answer all your
questions. We won't let you down.

GR-2001 Specifications

Deflection: Magnetic 90°.

Focus: Electrostatic.

Convergence: Magnetic.

Antenna Input Impedance: VHF: 3009 bal-
anced or 759 unbalanced. UHF: 3009 bal-
anced.

Picture IF Carrier: 45.74 MHz.

Sound IF Carrier: 41.25 MHz.

Color IF Subcarrier: 42.17 MHz.

Sound IF Frequency: 4.5 MHz.

Video IF Bandwidth: 4.08 MHz at 6 dB
down.

Hi-Fi Output: Frequency Response: =+1
dB, 50 Hz to 15 kHz.

Output Voltage: Greater than 1.0 V RMS.
Audio Output: 4Q or 89, 2 Watts.

Power Requirement: 110 to 130 Volts AC,
60 Hz, 200 Watts.

Kit Net Weight: 146 Ibs.

GR-2001 TV kit alone (chassis, picture
tube and one speaker): 699.95

Send for your FREE copy of our new cata-
log containing almost 400 fun and practi-
cal electronic kits.

Heath Company, Dept. 10-24

Benton Harbor, Michigan 49022

5] Separate
Audio Circuitry

[6] Horizontal Black-Matrix
and Vertical Picture Tube
Hold Circuits

_AmoricanRadioHistorv.Cam
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Learn digital computer

NRI is the only

school to train you
at home on a real
digital computer.

16

Learn computer design, con-
struction, maintenance and pro-
gramming techniques on your
own programmable digital com-
puter.

Qualified technicians are
urgently needed for careers in
the exciting new field of digital
and computer electronics . . .
and the best way to learn digi-
tal logic and operations is now
available to you in NRI's Com-
plete Computer Electronics
Course.

This exclusive course trains you
at home on your own digital
computer! This is no begin-
ner's "'logic trainer’’, but a
complete programmable digital
computer that contains a
memory and is fully automatic.
You build it yourself and use
it to define and flow-chart a
program, code your program,
store your program and data
in the memory bank. Press
the start button and the com-
puter solves your problem and

AmericanRadieHistons.Com

displays the result instantly.

The NRI digital computer is one
of 10 kits you receive in the
NRI Complete Computer Elec-
tronics Course. You build and
use your own TVOM, and
experiment with NRI's exclusive
Electronics Lab. You perform
hundreds of experiments, build-
ing hundreds of circuits, learn-
ing organization, operation,
trouble-shooting and program-
ming.

New NRI Memory
Expansion Kit

The Model 832 NRI Digital Com-
puter now comes with a new Mem-
ory Expansion Kit. Installed and
checked out in 45 minutes, it dou-
bles the size of the computer’s
memory, significantly increasing the
scope and depth of your knowl-
edge of digital computers and pro-
gramming. With the large-scale IC's
you get the only home training in
machine language programming

. experience essential to trouble-
shooting digital computers.

W
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NRI offers you five
TV/Audio Servicing
Courses

NRI can train you at home to ser-
vice Color TV equipment and

provide profes-
sional tools and

audio systems. You can choose “Power-On"’
from 5 courses, starting with a equipment along
48-lesson basic course, up to a with NR! Kits
Master Color TV/Audio Course, engineered for

complete with
designed-for-learning

training.
With the

25" diagonal solid state Master
color TV and a 4- Course,
speaker SQ" Quadra- for
phonic Audio System. instance,
NRI gives you both TV you build

and Audio servicing for hundreds
of doliars less than the two
courses as offered by another
home study school.

your own 5’ wide-band
triggered sweep solid
state oscilloscope, digi-
tal color TV pattern gen-
erator, CMOS digital fre-
gquency counter, and
NR! elecironics Discov-
ery Lab.

All courses are available with low
down payment and convenient
monthly payments. All courses

“Trademark of CBS Inc.

NRI’s Complete Communications Course
includes your own 400-channel
VHF transceiver

NRI's Complete Communications
Course will train you at home for
il one of the
e thousands
§ of service
= and mainte-
nance jobs
p opening in
CB; AM and
. B FM trans-
mission and reception; TV broad-
casting; microwave, teletype,
radar, mobile, aircraft, and marine
electronics. The complete pro-
gram includes 48 lessons, 9 spe-
cial reference texts, and 10 train-
ing kits. Included are: your own
“‘designed-for-learning" 400-
channel VHF transceiver; elec-
tronics Discovery Lab™; CMOS
digital frequency counter; and
more. You also get your all

important FCC Radio-telephone
License, or you get your money
back.

DECEMBER 1976

CB Specialist Course
also available

NRI also
offers a 37-lesson course in CB D
Servicing with your own CB Transceiver, AC
power supply, and multimeter. Also included
are 8 reference texts and 14 coaching units
to make it easy to get your Commercial
Radiotelephone FCC License.

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

NRI employs no salesmen, pays no com-
missions. We pass the savings on to you
in reduced tuitions and extras in the way
of professional equipment, testing instru-
ments etc. You can pay more, but you
can't get better training.

More than one million students have
enrolled with NRI in 62 years.

Mail the insert card and discover for your-
self why NRI is the recognized leader in
home training. Do it today and get started
on that new career. No salesman will call.

If card is missing write:

NR' NRI SCHOOLS :
L McGraw-Hill Continuing

:_‘ Education Center
o+a 3939 Wisconsin Avenue
A1l Washington, D.C. 20016

e e e e e
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output to produce a more flute-like sound. Six
LED's indicate range setting and trigger out-
put. The pressure-sensitive pitch-blender
uses body capacitance to chromatically
transpose single notes or whole chords by up
to an octave for vibrato, glissando and trilling
effects. Size is 13"D x 11"W x 4"H (33 x 27.9

x 10.2 cm). $84.95.
CIRCLE NO. 95 ON FREE INFORMATION CARD

0S! MAINFRAME COMPUTER

Ohio Scientific Instruments’ completely as-
sembled mainframe computer, the OS| Chal-
lenger, is designed to accept a number of op-

tions. However, the minimum configuration
comes with a serial interface, 1024 words of
RAM, and a 256-word monitor PROM, all of
which make the machine immediately usable.

Housed in a heavy-duty chassis, the comput-
er has a UL-approved power supply with full
over-voltage and over-current protection. All
major IC's are socketed. The backplane
board accepts eight OSI 400 system boards
for expansion purposes. Measures 17'W x
10"H x 12"D. $599.
CIRCLE NO. 96 ON FREE INFORMATION CARD

McCLELLAN FREQUENCY COUNTER

The pocket-sized 302 frequency counter from
the Gary McClellan Company has a frequency
range of 3 Hz to 20 MHz, better than 30 mv
sensitivity at 23 MHz, and +0.005% accuracy.
Three frequency-measurement ranges and a
four-digit LED display combine to provide up
to seven digits of display. The 302 is powered
by a standard NiCd battery pack; the unit
comes with a charger. $120.00. Address:
Gary McClellan Co., P.O. Box 2085, 1001
West Imperial Highway, LaHabra, CA 90631.

SONY ELCASET TAPE DECK

The EL-5 is Sony's front-loading tape deck
featuring the new Elcaset system that uses a
cassette shell larger than the Philips-type
cassette, with Ya-inch tape travelling at 3%
ips. During automatic threading, the tape is
pulled out of the cassette for transport. The
EL-5 has two ferrite-and-ferrite heads, Dolby
noise-reduction system, and a dc servo-con-

'
[ aony -

el o6 e
s Ccooeo]n***

trolled motor. Feather-touch operation is pro-
vided by a solenoid-operated logic-controlled
system that permits changing from one mode
to another without depressing the stop but-
ton. Separate EQ and bias switches accom-
modate three types of tape. Other features in-
clude a memory rewind tape counter, line/
mic mixing, large VU meters, and MPX filter
switch. Under $700.
CIRCLE NO. 98 ON FREE INFORMATION CARD

EPICURE PREAMPLIFIER

The Epicure Four stereo preamplifier is rated
at less than 0.005% THD and —85 dB S/N for
the phono section (“C" weighted) and —100

wire-wrapping

center

wire wrapping
center

- e oy 5
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your one stop shopping for quality

electronic parts and tools.

Hobby-wrap
tool

% OKMACHINE & TOOL CORPORATION

CIRCLE NO. 46 ON FREE INFORMATION CARD

AmericanRadioHistorv.Com

3455 Conner St., Bronx, N.Y. 10475 / (212) 994-6600/ Telex 125091
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Do-it-yourself JBL.

Take the guts of what
makes JBL JBL and adapt
it to your own ideas of
what a loudspeaker system
should be.

Mix and match with forty-
seven individual JBL com-
ponents—horns, lenses,
dividing networks, trans-
ducers, everything.

And when you've found
your perfect sound, we'll
help you find somewhere
to put it: The JBL Enclosure
Construction Kit, with com-
plete plans for building
your own loudspeaker en-
closure from scratch.

See your authorized JBL
Loudspeaker Components
dealer for the start of a
great new team in sound:
You and JBL.

Gentlemen:

Send me your loudspeaker components
catalogue and the name and address of my
nearest dealer.

I

I

I

I

| Naime
| Address
|

|

|

|

City
State___Zip___ S

Mail to- James B. Lansing Sound. Inc.
8500 Balboa Blvd . Northridge. Ca. 91329
PE-12

James B Lansing Sourd. Inc 8500 Balboa Blvd.. Northndge. Ca 91329

CIRELE NO. 39 DN FREE INFORMATION CARD
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Can another
portable DNIM
measure up to

our popular

2807?

'

.%-PRECISION

MODEL 280
$99.95

You be
o the judge!

[J ] Completely portable—
uses ordinary C cells or re-
chargeables.

[ [¥] Measures AC/DC voltage,
AC/DC current and
resistance.

[J [ High accuracy. DC accuracy
is £0.5% on all but the
highest range (£1%). Ohms
accuracy is 1% on most ranges.

[(J ] Fult measurement capability,
including current measure-
ment to 1 amp.

O™ 1mV, 1pA, 0.1Q resolution.

[J [ High/Low-power ohms
measurements.

[1[~] Large, bright LED display.

[_] [] Auto-polarity and decimal point.

[1[] 10-megohm input impedance.

[ ][] 0° to +50° C operating range.

] Measures only 6.4 x 4.4 x 2",
Under 2 Ibs. with batteries.

[(J [ Fullline of accessories including,
AC adapter/battery charger,
tilt stand and carrying case.

Compare our features, accuracy
and price and you’'ll see why thou-
sands of buyers have selected the
B&K-PRECISION 280.

Now in stock at your local distributor.

o1 PRECISION

PRODUCTS OF DYNASCAN
6460 West Cortland Avenue
Chicago, Illinois 60635 + 312/889-9087

In Canada: Atlas Electronics, Toronto

22 CIRCLE NO. 13 ON FREE INFORMATION CARD

dB (“A” weighted). Frequency response is
said to be 20 to 20,000 Hz +0.25 dB, high
level. Features two pairs of inputs for phono,
two pairs for tape, one pair each for tuner and
aux. Outputs are for two tape recorders and
two power amps. Controls are slide-type or
pushbutton. Other features include select-
able inflection tone controls, front panel dub-
bing and monitoring facilities, six ac power
outlets, muting relay with 10-second delay at
turn-on, steep-cutoff high and low filters, and
three regulated dc power supplies. Rated
output is 2.5 Vrms. Measures 1814"W x 9%5'D
x 5%4"H (46.4 x 24.1 x 14 cm). Comes with
rack mount or walnut panel ends. $449.

CIRCLE ND. 99 ON FREE INFORMATION CARD

PIONEER DIRECT-DRIVE TURNTABLE
Pioneer's new high-end turntable, the

PL-530, is a dual-motor automatic direct-
drive model. The platter is driven by a brush-

less dc servomotor, and the second motor is
used for fully automatic lead-in and return. A
double-float mounting system is said to be
unique and to absorb all external vibrations,
including feedback. Wow and flutter is rated
at 0.3% Wrms, and S/N at 70 dB (DIN B).
Other features include an S-shaped pipe
tonearm, viscous-damped cueing device,
strobe pattern on platter rim, and speed ad-
justment of +2%. Measures 18 29/32"W x 15
11/32"'Dx 6 11/16"H (48 x 39 x 17 cm). $250.
CIRCLE NO. 100 ON FREE INFORMATION CARD

DYMEK ALL-WAVE OMNI ANTENNA

McKay Dymek’'s new DA 100 all-wave, om-
nidirectional antenna is designed to replace
traditional outside long-wire antennas for im-
proved reception in the 50-kHz-30-MHz
bands. Consisting of a 4-ft collapsible whip
attached to a small weatherproof box, the unit
contains a broadband untuned preamp. Out-
put impedance is 50 chms and is compatible
with any multi-band communications receiver
that will accept an extemal antenna. The
whip-amplifier section is mounted on a pole
or pipe, window frame, ledge, or any high
place. The control module, which operates
from the standard power line, can be placed
in any convenient indoor location. The control
module measures 9W x 5"H x 9"D. Power re-
quirement are 110 or 220 V ac (switch select-
able), 50-60 Hz. $125.
CIRCLE NO. 101 ON FREE INFORMATION CARD

New Literature

PHONO CARTRIDGE DATA

A colorful six-page brochure which describes
the company's “transversal suspension sys-
tem” has been issued by AKG Acoustics on
five models of its “Phonocartridges.” Using
cutaway diagrams and line drawings, the bro-
chure discusses the new system and pro-
vides specifications on the five models in the
new line. Address: AKG Acoustics, 91 McKee
Drive, Mahwah, NJ 07430.

ELECTRONIC CIRCUIT-DESIGN AIDS

A 26-page catalog of electronic circuit-design
aids from sockets and breadboards to com-
plete educational systems is available from
E&L Instruments. The catalog includes more
than 180 products for builders of electronic
circuitry. Described in the catalog are sys-
tems for teaching and experimenting with op
amps, IC logic, and microprocessors. Other
products covered are solderless breadboard-
ing sockets, tools, component kits, and a se-
lection of practical and instruction manuals.
Address: E&L Instruments, Inc., 61 First St.,
Derby, CN 06418,

IEEE STANDARDS CATALOG

The new 32-page catalog of IEEE Standards
lists over 350 standards publications in
numerical sequence and also provides a sub-
ject index to the standards. Many American
National Standards published by the IEEE
are also included. Standards developed with-
in the |EEE cover test methods, practices for
electrical installations, units, definitions,
graphic symbols, and application methods.
The catalog lists important new and newly re-
vised publications on graphic symbols, metric
practice, and instrument interfaces. Address:
IEEE Standards Office, 345 E. 47th St., New
York, NY 10017.

DATA CONVERSION COMPONENTS

A 288-page 1976-77 Engineering Product
Handbook from Datel Systems contains infor-
mation on A/D and D/A converters, sample-
holds, analog multiplexers, operational am-
plifiers, power supplies, dc-dc converters, di-
gital panel meters, digital panel printers, digi-
tal panel instruments, and various data sys-
tems. The data conversion components are
featured in three different technologies: mo-
nolithic, hybrid, and modular. Address: Datel
Systems, Inc., 1020 Turnpike St., Canton,
MA 02021.
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DECEMBER CB SALE

Volume/On-Off

Variable
squelch

LED
channel selector/
pilot light

Speaker/Mike

TIREALISTIC.

One-Hander

i
| i vy

e

saennsc )

The One-Hander is a natural for mobile CB — and Radio
Shack invented it. Ride along with all the safety and
companionship CB offers — without ever having to fumble
around to make adjustments. (The 1%x5%x7" remote section
tucks away under dash, seat or in glovebox for theft
protection.) With all crystals for 23-channel coverage. Built-in
blanker and ANL chop out ignition-type noise. Ceramic filter
cuts station interference. Jack for optional-extra speaker.
Adjustable mounting bracket and power cable for any 12VDC
pos./neg. gnd. vehicle included. Buy during Clecember —
save enough to pay for your (Archer®) antenna!

NEW 1977

F'C?EE CATALOG

e Exciting New 56th
Anniversary Edition

e Qver 2000 Exclusive
Products

e Full Color e 164 Pages

AT OUR 4200 USA STORES AND DEALERS

DECEMBER 1976

TAC-61 C8 TRANSCEIVER SYSTEM

uamostt

 HUGE SAVINGS

THE REALISTIC One-Hander

Coiled cord on
handset extends
to 5’ — lets you
mount rest of
transceiver out
of sight

Rugged handset
with pushbutton
mike, speaker,
channel selector,
on-off, volume and
squelch

Red LED in
handset glows
when set is *On”
and lights the
channel number

SUPERB TRC-55 BASE/MOBILE

The TRC-55 base/mobile unit is packed with convenience
and performance features. Whether you use it for personal
2-way communications or for business, you'll appreciate the
all-pro design. Crystals for all 23 channels. SWR and S/RF
meters. Delta fine-tuning for bringing in off-frequency
stations. Adjustable RF gain and an IF filter optimize both
weak and strong signals. Digital timer/alarm clock turns on
the rig at any preset time. Add an external speaker and it's a
public address system, too. On-the-air and modulation lights.
With plug-in mike, mobile mounting bracket, AC and

DC power cords.

EVERYTHING IN QUALITY CB SINCE 1960

Radioe fhaek

A TANDY COMPANY ¢ FORT WORTH, TEXAS 76107
5000 LOCATIONS IN NINE COUNTRIES

* Retail price may vary at individual stores and dealers
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Stereo Scene

EVALUATING FOUR-CHANNEL

HAVE JUST spent the better part of a

weekend listening to and evaluating
four-channel records. Certainly it's not
difficult to derive considerable satisfac-
tion from many of these discs as musical
diversions. But when you're called upon
to figure out exactly what's going on,
spatially and directionally, then diversion
turns into work. And when faced with an
ambiguity in the sonic positioning . of
some voice or instrument, it's hard to
know whether to blame the recording,
the medium, the listening room, or your
own ears.

| have a sneaking suspicion that get-
ting the most out of four-channel sound,
as the commercial record companies
are presenting it to us, will turn out to in-
volve a gradual learning process. | know
that, over the years, I've gotten better at
ferreting out the producer’s intent in the
“surround sound” type of recording, and
| don't think superior decoders and re-
cording techniques are entirely respon-
sible.

For example, during my first months
of quadraphonic listening | couid play a
surround-sound record three or four
times before realizing that the acoustic
guitar on band 3 was coming—or was
supposed to be coming—from the right
rear. With more practice, | began to find
that | could make such distinctions al-
most instantly in many cases. In short, |
had apparently developed a sensitivity
to certain aural “cues,” and perhaps
even a certain ability to anticipate the
producer's hand on the pan pot. This
was certainly a far cry from my first en-
counters with four-channel, when | often
found myself standing in the middle of a

room, listening to a discrete “ambiance- .

type” quadraphonic tape of a symphony
orchestra, and wondering which direc-
tion was front.

Matrix Anyone? Of course, it is this
sort of ambiguity for which early matrix
systems have been notorious, even
though many discrete recordings have
not been entirely free of it either. Indeed,
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By Ralph Hodges

it is easy to bad-mouth the matrix ap-
proach; a little too easy in my opinion. If
a simple Dynaquad hookup can do so
much to enhance the experience of re-
corded music, then a still-more-elabo-
rate matrix must be good for something,
right?

Well, during this past weekend | finally
got around to assembling the equip-
ment, acquiring the records, and doing
the listening necessary to make or break
the case for matrix in my own mind.

The Equipment. This project was
precipitated by the almost simultaneous
arrival of several key ingredients: CBS
SQ and Sansui QS-encoded versions of
Michael Oldfield’s recording Om-
madawn, the only strictly commercial re-
lease | know of that is available in these
two systems; a freshly checked-out San-
sui QSD-1 QS decoder; and a brand-
new SQL-200 SQ decoder from CBS
Technology Center.

Both of these decoders are logic-
assisted in their own proprietary ways.
The Sansui is the most elaborate of the
Vario-Matrix decoders, functioning in
three separate frequency bands in an ef-
fort to provide maximum aural separa-
tion. The CBS product combines the
gain-riding “corner” logic with the re-
cently developed variable-blend tech-
nique to enhance front-to-back separa-
tion.

With a left-front input, the frequency
response of the Sansui measured up al-
most 2 dB in the mid-bass region, down
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about ¥ dB in the upper mid-range, and
down at least as much above 14 kHz or
so. The CBS device was admirably flat
at low frequencies but rose almost a dB
in the upper mid-range, descending to
about —2 dB above about 9 kHz. These
measurements were made with the CBS
STR 130 test record by comparing a
straight-through signal with the re-
sponse plots obtained when each of the
decoders was inserted into the chain.
And they were made after the comple-
tion of listening to avoid prejudicing sub-
jective reactions.

Ommadawn. This recording, which
served as the standard for comparison
of the two systems, was a reasonably
happy choice in one respect and a poor
one in another. Mr. Oldfield's work is
nothing if not repetitious, and this per-
mitted the same musical material to be
judged at length without constantly
backtracking on the record. This was
good. What was not so good was that
the two records—SQ and QS—were not
equivalent in quality. The QS version,
apparently cut and pressed in England,
tended to be noisy and distinctly “un-
clean” sounding (for lack of a better term
to describe various distortions). The SQ
disc, a domestic product, was head and
shoulders above this mediocre level
(good on you, Columbia, for once!), and
the difference had to be allowed for in
the comparisons.

Nor was this the only difference. Once
I got going, with levels matched and
channels frequency-equalized with the
appropriate test records, it became clear
that | could have easily been dealing
with two separate mixes of the original
master tape. The SQ disc, on first hear-
ing, exhibited much more evidence of in-
tense rear-channel activity than the QS,
which seemed to sneak an instrument
behind you only occasionally.

In this respect, the SQ rendition was
more impressive and satisfying. But
trouble occurred in subsequent playings
when | tried to determine precisely what
was happening, and where, in the SQ
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CBS SQL-200 Decoder.
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You're going to spend $3
for a receiver?
And you never heard of PPR?

Total Harmenic -

Stereo Sugg. Ret.t Min. RMS Power Distzrtion at FM Sensitivity
Rezceivers Price Per Shannel into 8 Ohms Rated Pcwer Max.) IFF'S€  Stere>-50dB*
SA-5760 $799.95 165 Aatts from 20Hz—20kKz 008% .84V 35.74Bf
SA-5560 499.95 85 watts from 20Hz—20kHz 0.1 184V 36 218t
SA-5460 399.95 65 aatts from 20Hz—20kHz 0.1 1.3V 36 B4 = |
SA-5360 299.95 38 aatts from 20Hz—20kHz 0.3 = N4 37.xBf
SA-5-60 229.95 25 watts from 30Hz—20kHz 0.5 1=pV 37.zdBf
SA-5060 169.95 12 aatts from 40Hz—20kHz 0.9 2.3V 38.2dBf

+Technics recommended price, but actual retail price will be set by dealers. *New IHF ‘75 standard

PPR is price performznce relationship. And we feel it's a meaningful way of judgirg a
receiver because it can tell vou how much power, technology and performance yom're
getting for your money.

And when you look at our price perfosmance relationship it's easy ta see why
your next receiver shculd be a Technics.

Of course, we want you to listen to our receivers. Especially since all six have
the reserve power to float through complex musical passages with a minimum
of distortion and clipping. And they all have rugged transformers. Bridged
rectifiers. As well as high-capacitance filtering.

Play a record. You’ll hear it the way it was recorded. Quietly
and with greater dynamic range. Because w2 use an overload-
resistant 3-stage IC in the pkono equalizer sections.

Tune in an FM station. Even a weak one. In addition to
hearing all the music, you’ll also get increaszd stereo
separation. Negligible distortion. And a minimum of noise.
Thanks to flat group delay filters and Phase Locked
Loop IC’s in the tuner sections.

So if you'd like te know a simple way te discover
just some of the reasans why a Technics receiver
is so good...it's as easy as PPR.

e e e g
2o BD DY

All cabinetry simulated wood.

Technics

byPanasonic
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rear channels. Within the thick textures
of Oldfield’s orchestration it was next to
impossible. The sound certainly sur-
rounded one in a flattering wash of aural
color; and, in the few spots where in-
strumentation became simple, the locali-
zation was reasonably good. However,
as a whole the impression was one of
vague zones of sonic identities. Fre-
quently they seemed to shift, but | could
never be sure just where.

what happens as the condition of equal
busy-ness is approached? My guess is
that the SQ “corner” logic is turned off
first, because any attempt to keep its
gain-riding action going will result in a
loss of signal. The variabie-blend should
be able to go on working forever, if
you're willing to accept the loss of left-
right separation it imposes.

The QS Vario-Matrix system would
seem to have an advantage in being
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Sansui QSD-1 Synthesizer Decoder.

By contrast, in the QS rendition the lo-
calization of sound sources was relative-
ly precise, and most of it frontal. Now
and again an instrument would pop up in
the rear, and usually it would stay put.
What the QS cut lacked was the
“spacey” impression of the SQ render-
ing, which was genuinely dramatic al-
though imprecise and undefinable. (The
recording also lacked adequate treble,
which was a severe handicap in the
comparison.)

Logic, etc. As mentioned before, the
records seemed like products of two dif-
ferent mixes, and quite possibly they
are. But if we can legitimately make the
assumption that both were intended to
be faithful to some prior “authoritative”
mix, and if we then ask which of the two
is the more faithful, | think the edge has
to go to QS. it was able to exhibit the
stability of localization that, in general,
enabled you to confirm where instru-
ments were, and one would expect that
to have been a goal of the engineer who
created the four-channe! mix. On the
other hand, every time I tried to focus in
on the specifics of SQ's quadraphonic
image | became more confused rather
than less, despite the enjoyment | de-
rived from the spacious-seeming SQ
“wash” of sound.

Both manufacturers are wont to give
highly impressive separation figures for
their logic-assisted decoders (ranging
from 20 dB to infinity), but these don't re-
flect the changing conditions encoun-
tered in music. Ultimately, when all four
channels get equally busy, any logic ma-
nipulation has to be turned off within the
decoder, and the system reverts to the
separation figures of the basic matrix (3
dB between adjacent channels). But
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able to keep its logic going almost up to
the bitter end. Its action involves no sig-
nal losses, and the logic circuits can be
designed to function speedily and drasti-
cally with no obvious distortions of the
aural image. As far as | can tell, neither
of these systems shines with material
like the steady-state drone of Om-
madawn, but the QS decoder holds on
to its localization deeper into the stew of
sound than the SQ unit, and the princi-
ple of its logic operation is as good an
explanation for this as any.

Other Recordings. On the better am-
bient-type four-channel recordings, | can
find virtually no fault with either of the
matrix systems. Evidently, one of the
fronts on which real progress has been
made in recent years is the miking and
mixing of credible ambiance and rever-
beration. Even the highly touted new
Columbia recording of Carmina Burana
with Michael Tilson Thomas and the
Cleveland Orchestra, nominally a sur-
round-sound or at least wrap-around-
sound production, has its (rather short-
lived) moments in which the evocation of
large spaces is powerful. On the Vox la-
bel, engineers Joanna Nickrenz and
Marc Aubort have captured some re-
markably rich and spacious sounding
reverberation in QS-encoded form. A
particular standout is Ravel’s orchestral
works with the Minnesota Orchestra, al-
though the disc processing does not al-
ways do full justice to the inherent merits
of the recordings.

Every once in a while, someone
arises to deplore the fact that current
four-channel schemes have no specific
provision for a height dimension; these
remarks are often accompanied by a
proposal for ceiling speakers, or at least

units that are placed higher up the walls
than is customary. Nevertheless, if
memory serves, it was James Cunning-
ham, an eminent name in audio for
many years, who first suggested that
conventional four-channel techniques
can produce a feeling of height, and
then proceeded to prove it with several
demonstrations. He has proved it again
on a record produced with his assis-
tance on Dick Schory’s Ovation label.
The disc serves as a four-channel (QS)
demonstration vehicle and sampler for
the Ovation catalog. In my opinion, the
best moments come in the demo sec-
tion. It includes an all-too-brief excerpt
from a fabulous thunderstorm, a rousing
fireworks bombardment, and a few aptly
designed synthesizer effects.

The Cunningham/Schory thesis is
that a mono signal from all four speakers
will produce an apparent sound source
somewhere over a centrally located lis-
tener’'s head. The technique seems to
work fine. At one point there is an elec-
tronic hailstorm of sound that appears to
rise up from the front speakers, pass
over the listener’s head at a point some-
where about ceiling level, and dive back
down into the rear speakers. Then there
is a brief sea-scape excerpt, where |
hear the cries of a gull hovering on a
thermal about 15 or 20 feet above the
surf. | may be kidding myself in some
way, but | swear that’s where the bird is
to my ears, with very little ambiguity.

I hope this means that four-channel is
making some progress. | confess to be-
ing a fan of the medium—or its potential,
at least—and | certainly don’t want to be
the /ast on my block with four speakers
in his listening room. <

COMING UP IN
THE JANUARY

Popular Electronics’

Morse-to-Alphanumeric
Code Converter Project

Build a Low-Distortion
Audio Generator

Meters for Electronics

Test Reports:
JVC AM/FM Stereo Receiver
Sansui AM/FM Stereo Tuner
Kenwood Audio Amplifier
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Yamaha headphones take the
headache out of holiday shopping.

Every year it’s the same old story. You move
heaven and earth trying to find a gift that’s both
personal and practical. After all, you never were
one to buy just any new thing and call it a gift. It's

'Otdt(') be right. No matter how long it takes to
nd 1it.

So this year, give Yamaha HP-2 Ortho-
dynamic headphones. They're headache-proof.
For both the gift-giver and the gift-getter. There
are just two criteria. You must like someone. And
that someone must like music. Simple as that.
Just buy them and wrap 'em.

Holiday cheer for the ear. Yamaha’s Ortho-
dynamic design offers the crisp highs of the best
electrostatic headphones, and the rich, ciean bass
of the best dynamic types. So all the music
comes through.

What'’s more, the HP-2’s superb tonality,
wide frequency response and low distortion are
comparable to those of headphones costing much
more than our suggested retail price of $45. (In

other wards, your gift sounds more like

a million dollars than a few dollars.)
And there’s comfort to match. Yamaha
consulted world-famous designer

.‘.ﬁ?CLE NO. 67 ON FREc INFORMATION 3ARJ
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Mario Bellini to help us make these headphones
the most comfortable ever worn. A soft strap
distributes the HP-2’s featherlight 8 ounces evenly
over your head. The ear cups, with supple foam
pads, are specially designed to ride lightly on your
ears. Instead of flattening them out. And of course,
height and angle are completely adjustable.

In short, the HF-2s add the convenience of
personal listening to the enjoyment of any stereo
system. They're compatible with anything that’s got
a headphone jack. And make most anything
sound better, too.

A gift that sits on the head instead of the
shelf. And, unlike some things you might give,
Yamaha headphones won't wind up gathering dust
in the corner. They’ll be enjoyed. And used.

Chances are, they’ll spend part of each day on
someone’s head. And you'll spend part of each day
on someone’s mind.

(Or, if you give to yourself, you'll experience
the best of both worlds this holiday season. And,
why not? You don't deserve any headaches either.)

Yamaha HP-2 Orthodynamic headphones.

Only at your Yamaha Audio Specialty
Dealer. Where you'll find lots of terrific ways
-0 say “Happy Holidays”

©YAMAHA
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By John McVeigh

WIDEBAND NOISE GENERATOR

Q. I've heard that a “white” noise gen-
erator is very useful in checking out
shortwave receivers. I'd like to ex-
periment with one, but don’t have a
circuit. Do you?

—Stu Goldberg, Cambridge, MA

A. The circuit shown will produce wide-
band r-f noise. It uses a reverse-biased
diode and has a low-impedance output.
You can use it to align the receiver for
optimum performance.

OUTPUT

%
. 50K 10K i1
= v 3 son
" T ]
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LINE VOLTAGE MONITOR

Q. I'm not sure, but I think that the line
voltage of the commercial power
mains in my area varies a great deal.
Do you have a simple circuit for mo-
nitoring the line? | have used my
VOM to do this, but I'd like to leave
something in the line continuously.
—Phil Poyner, Corpus Christi, TX

A. This circuit can be left in the line as a
continuous monitor. It will give reliable
indications over a limited range up to
about 125 volts. Use an accurate ac
voltmeter to calibrate the unit. An isala-
tion transformer is included for safety
reasons. However, the circuit does not
draw much current, and a low-wattage
transformer can be used.

HEP Z0442
(150V)

50K
CALIBRATE
'MA‘ i ’

RADIO SPECTRUM ALLOCATIONS

Q. Do you know where | can find de-
tailed information on radio frequency
allocations for the various services? |
realize there will be revisions at the
outcome of WARC’79, but for now
any information would be appreciat-
ed. —Richard Collins

A. A fairly complete listing of radio allo-
cations in tabular form is found in Vol-
ume |l, Part Two of the FCC’s Rules and
Regulations. The listing is done by fre-
quency from below 10kHz to above 275
GHz. Allocations are given under the fol-
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lowing categories: Worldwide: Region Il
(the Americas); United States; and Fed-
eral Communications Commission. For
details on getting a copy, write to the
Superintendent of Documents, U.S.
Government Printing Office, Washing-
ton, DC 20402.

CRYSTALS
Q. I'm looking for miniature, low-fre-
quency crystals for the 50- to 250-kHz
frequency range. Do you know where
I can find some?

—&8am Schwart, Nova Scotia

A. | would suggest that you contact the

e R dioHistandEam

International Crystal Manufacturing Co.,
Box 32497, Oklahoma City, OK 73132.
They have a very broad line of crystals
and oscillators for just about any fre-
quency of interest to experimenters and
hobbyists. But | don’t know how small
they can make crystals that oscillate at
such low frequencies.

SURGE CURRENT PROTECTION
Q. My solid state power supply went
dead when | turned it on. There is
nothing wrong with the circuit, and all
components checked out okay be-
fore | assembled the project. But the
rectifier went west. Any ideas?
—John Nagurney, Urbana, IL

A. Apparently the surge current flowing
through the rectifier was more than it
could handle. When you first turn on the
supply, the large filter capacitors are
essentially dead shorts until they start
charging up. This causes a surge cur-
rent of many amperes to flow through
the diodes. Although you can replace
the rectifiers with ones having larger
surge current ratings, it's best to either
insert some resistance in series with the
capacitors or to use a circuit like that
shown here. The power supply is turned

2N3055

TO FILTER

FROM
RECTIFIER CAPACITOR

2200pF

1HK

on as slowly as the 2200-uF capacitor
charges through R1. The greater the re-
sistance of R1, the longer the turn-on
time will be. Experiment with various val-
ues until the delay is suitable for your
application. This circuit is especially ef-
fective in eliminating the “thump” that
occurs in audio power amplifiers. The
transistor specified has a maximum col-
lector current rating of 15 Amperes and
a total device dissipation of 115 watts. A
smaller transistor can be used in low-
power circuits.

Have a problem or question on circuitry, compo-
nents, parts availability, etc? Send it to the Hobby
Scene Editor, POPULAR ELECTRONICS, One Park
Ave., New York, NY 10016. Though all letters can't
be answered individually, those with wide interest
will be published.
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SYMMETRICAL AND
UNSYMMETRICAL PULSES
0.5Hz-5MHz.

CONTINUOUS, MANUAL
ONE-SHOT & EXTERNAL
TRIGGER OPERATION
External triggering to 10MHz

INDEPENDENTLY-
CONTROLLABLE PULSE
WIDTH & SPACING

100 nanosec-1 sec in 7 overlap-
ping ranges 107:1 duty cycle
range

THE L OGICAL CHOICE. Third in a series
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PULSE GENENATOR
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Wory
VErhiEs Sacing
VERNIER

AMPLITUOE

INDEPENDENT CMOS AND
TTL OUTPUTS Fan-outto
40 TTI_ loads

SYNCHRONOUS OUTPUT
GATING

100mV-10V POSITIVE
OUTPUT Less than 30
nanosec rise/fall times

CSC’S DESIGN-MATE 4: $124.95.
NO OTHER DIGITAL PULSE GENERATOR
GIVES YOU SO MUCH, FOR SO LITTLE.

Sounds hard to believe. .. but even a brief look
at Design-Mate 4's specifications proves CSC's
engineers have done it again. Whatever your
application—whether you're looking for precision,
flexibility or just plain economy —this compact
source of fast, clean digital pulses offers the
performanceyou need . .. ata price thatdiscourages

procrastination.

Use it as a clock source, delayed pulse
generator, synchronous clock, manual system
stepper, pulse stretcher, clock burst generator or
in dozens of other applications. Use italone orin

wide range of controls and multiple outputs give
you enormous versatility ... plus compatibility with
all major logic families, for research, design,
development, quality control, production testing,
maintenance, troubleshooting ...you name it.
Now, read the specs that follow...and check
the price again. Or better yet, try DM-4 for yourself

at your local CSC distributor. Once you do, we

think you'll find it's as hard to do without as it is easy

to own.
For more information about CSC's other fine

products, and a list of distributors, please call or

. 0 -
tandem with other DM-4's for gated control. The write.
DM-4 SPECIFICATIONS
Frequency Range: 0.5Hzto5MHz ONE-SHOT pyshbutton tor single pulse
Puise Width 100 nanosecto 1 sec in7 OQutput pulse occurs each
and Spacing overlapping decade ranges. time push-button is pressed
Controls: A single-turn vernier control OUTPUTS:
provides continuous VAR OUT
adjustment between ranges. Amplitude  0.1-10V positive
Duty Cycle: 10'-to 1 Range: adjustable Rise/talt Less than 30 nanosec
over entire pulse width/ time
spacing range, 100 nanosec impedance 400{lmax.
“ON" 1sec "OFF"to 1 sec TTL OUT
“ON"and 100 nanosec "OFF". Fan-out 40 TTL Loads
Operating Modes: Sink 160 milliamps—0 8 V max
RUN . 0.5Hz 105 MHz as per width/ Rise/fall Less than 20 nanosec
spacing and amplitude time
control settings SYNC OUT
TRIG DC to approx. 10 MHz. Pulse width  Approx. 40 nanosec Other
Input requirements: Sine waves 2 VP-P; puises sync pulse spec’s same as
1V peak.>40 nanosec wide, TTL out.
maximum input=10V (Input Pulse lead Sync pulse leads outputs by
Impedance: Approx.10K(IDC time approx. 20 nanosec.
coupled ) POWER 117 VAC = 10%. 50/60 Hz. 5
GATE Synchronous gating. Lead- watts (220 VAC, 50/60 Hz
ing edge of gate signal turns also available, at slightly
generator "ON’ Last pulse higher cost )
iscompleted. even if gate SIZE 75x65x3 25"
i ends during pulse (WxLxH) 191 x 165 x 83 mm
Input requirements. Same as "TRIG™ Mode. WEIGHT 2 Ibs. (0.91 Kg)
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CB Crossing the Border

The Canadian and Mexican governments have recently
been getting tough on incoming motorists with Citizens
Band radios. Unless you have a permit to use your radio
in either country, your set could be confiscated at the
border or sealed against use. To insure against this, send
acopy of your FCC license to any office of the Canadian
Dept. of Communications, at least six weeks before
your trip. Travelers bound for Mexico must write to the
Secretaria de Communicaciones, Mexico City, or con-
tact the nearest Mexican consulate,

Marine Radiotelephone Misuse

A recent nationwide survey made by the Radio Techni-
cal Commission for Marine Services has indicated a rap-
idly growing increase in the misuse of marine radiotele-
phone. Focusing primarily on vhf/FM, which is used by
more than 250,000 boatmen, the Commission observed
that there was unnecessary and excessive use of chan-
nel 16 (the emergency channel), overly long conversa-
tions, omitted callsigns, and excessive use of procedural
words. Unlike Citizens Band, which is intended for
business or personal use, the Marine Band is emergency
oriented. The commission praised the well disciplined
radio communication used by air traffic controllers,
where every word spoken is essential, in comparison to
many marine communications where exchanges are
long and cumbersome.

CMOS For Garage Openers

With the introduction of a new digital radio control by
Chamberlain Manufacturing, in its ‘‘Electro-Lift”’ gar-
age-door openers, the possibility of outside false activa-
tion of automatic garage-door openers has been nar-
rowed. New CMOS integrated circuits built into the ra-
dio’s transmitter and receiver allow homeowners to se-
lect their own exclusive codes. The control, called
“Code Command,” provides up to 64 possible code
combinations for added security.

Electronic Organ Tuning Advance

A new digital IC tone-generator system introduced by
Schober abolishes any need for organ tuning adjust-
ments. The new circuitry uses digital logic technology to
make pitch relationships among the notes of an organ
permanently correct. An oscillating circuit generating a
signal about 250 times as high as the pitch of the highest
organ note acts as a reference source for all the pitches.
A single knob on the front of the organ alters the tuning
so that pitch can be adjusted to match a recording or the
tuning of another instrument. Before the development
of this digital IC generator system, only organs with ro-
tating mechanical generators did not require tuning. The
new system is contained on a single pc board (7V%" x
14”), in contrast to the company’s former requirement
of 12 pc boards.

“10-Four, Good Buddy!”

**10-Four, Good Buddy!"’ is a new board game by Park-
er Brothers. The players act as truckers, driving their
tractor trailers down game board highways, using CB
radio consoles equipped with hi and lo frequency spin-
ners that determine the number of spaces the trucks can
move. The game employs the special ‘“‘trucker lan-
guage;”’ players meet up with ‘‘Smokies’’ and a ‘‘Bear
in the Air,” and can get caught in a **Bear Trap.”’

Operation “Moonbounce”

Amateur radio operator Allen Katz, West Windsor,
New Jersey has become the first person to complete
two-way communication with all six major continents
via radio signals reflected off the moon. On a frequency
band similar to uhf television broadcast, and with a 28-
foot-diameter dish antenna in his backyard, Katz
achieved his goal. He was awarded a ‘“Worked All Con-
tinents’’ certificate by the National Amateur Radio Un-
ion, headquartered with the ARRL.

Electronics for Autos

Tenna Corporation has entered into an agreement with
the Lincoln-Mercury Division of Ford Motor Company
to supply retractable Citizens Band antennas to be
offered as optional equipment on the 1977 Lincoln and
Mark V modeis. The rear-mount, electrically powered
antenna features a thin center-loaded coil, which en-
ables the unit to be retracted completely when not in
use.

Rockwell International has agreed to supply General
Motors with the ‘“Misar’’ spark timing system, which
will be standard on 1977 Oldsmobile Toronado cars. The
new system, the first use of a microcomputer in a pro-
duction automobile, contains two LSI circuits with
more than 20,000 transistors and electronic elements.

AM Stereo Progresses

In response to a request by the FCC in the fall of 1975,
for a committee to study AM stereo, the National AM
Stereophonic Radio Committee was formed. At a recent
meeting, the committee evaluated proposals for AM
stereo systems, submitted by Communication Associ-
ates, Motorola, RCA and Sansui. Transmitter and an-
tenna perimeters for testing AM stereo were examined
and a list of test stations meeting criteria set by the com-
mittee was developed. After these test stations have
been observed, the committee plans to submit its final
report to the FCC for Rule Making. The committee also
opposed a petition submitted by Kahn Communica-
tions, Inc., which is also developing an AM stereo sys-
tem, asking the FCC to deny their petition, and en-
couraging Kahn to participate in the committee efforts
to ensure a standardized test procedure.

POPULAR ELECTRONICS
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FLUKE PROVES AN INEXPENSIVE,
HANDHELD DMM
CAN BE BUILT WITHOUT LEAVING
EVERYTHING OUT.

Let’s face it.

Before now, if you bought an inex-
pensive, handheld digital multimeter
you didn’t get much— they just left
most everything out.

We knew that was no answer.

So we built the 8030A 3%2-digit
DMM. It's a small, portable, inexpensive,
handheld DMM, but it performs like our
benchtop units.

With one basic difference. The
8030A was designed, built and tested to
a size and shape proven best for field
service and laboratory technicians. There’s
a built-in hood that can be slipped forward
to shade the readout in sunshine. It has
rms capability. The best overload pro-
tection. Diode test. [t weighs 2.2 pounds,
and will take a beating without failing.
Finally, we guarantee accuracy specifi-
cations for one year.

And it only costs $235%.

True rms. Fluke
1-year accuracy specs. Fluke
High voltage protection. Fluke
Diode test. Fluke
A full line of accessories offering rf voltage,

high current ac, high voltage dc, and

temperature measurement probes. Fluke

There's only one place to go for all the per-
formance you need in a handheld DMM.

There are measurement functions
in five selectable ranges for dc volts,
ac volts (true rms), dc current, ac cur-
rent (true rms), and resistance. DC volt-
age measurement is from 100 yV to
1100V with basic accuracy of +0.1%,
ac measurement is from 100 pV to 750V
rms with basic accuracy of £0.5%. DC
and ac current is from 100 nanoamps to
1.999 amps with basic dc accuracy of
+0.35% and basic ac accuracy of £1%.

Resistance measurement is from 100 milli-

ohms to 2 megohms with a basic ac-
curacy of £0.4%.

We added true rms response for ac
measurements. Specified accuracy
is still attainable when the measured
waveform is distorted.

“Fluke does the impossible again.’

There is extensive overload pro-
tection. It has been tested with tran-
sients up to 6000V peak across the
input terminals.

Options include two battery opera-
tions: a rechargeable NiCad for 8 hours
operation and throw-away alkaline cells.
Accessories include probes for measure-

ment of tf voltages, high current ac,
high voltage dc and temperature.

80T-150 Temperature Probe
Sensitivity: 1 mV/°Cor 1 mV/°F

Accuracy:

+15°Cto +35°C  £2°C(3.6°F)—-25°C to

ambient: +125°C +3°C(5.8°F)
—50°C to —25°C and
+125°C to +150°C

0°C to 15°C,35°C Add 1°C(1.8°F) to

t0 50°C ambient: _above

You can also get temperature measuring

capabilities with the 8030A.

And because the 8030A gives you
so much in performance, let us remind
you once more of the price.

Only $235*

For the first handheld DMM that'’s
small in size, small in price, but huge
in performance.

For data out today, dial our toll-free
hotline, 800-426-0361.

John Fluke Mfg. Co., Inc., P.O. Box
43210, Mountlake Terrace, WA 98043

Fluke (Nederland) B.V.,P.O. Box 5053,
Tilburg, The Netherlands.
Phone: (013) 673-973 Telex: 52237

*U.S. price only.

A NEW ADVANCE. 8030A DMM. [ELUKE],
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BY KRIS CARROLE

Popular Electronics'

DECEMBER 1976

Roundup

of TV
Electronic
Games

Video games are becoming almost
as popular as pocket calculators,
digital watches, and CB transceivers on
the consumer electronics scene. In fact,
suppliers don't believe they can produce
enough TV games to keep retailers’
shelves filled during this Christmas sea-
son of 1976.

Connected to the antenna terminals of
any TV receiver, these new electronic
marvels pit one player against another
or against the machine in a variety of
games ranging from tennis to tic-tac-toe.
Some of the new video games illustrate
the on-screen graphics in color.

Magnavox got the video game market
rolling about four years ago with the in-
troduction of its Odyssey® game. The
original game was basically paddles and
a white square that moved about on an
empty TV screen. The playing field, a
plastic laminate that physically attached
to the face of the picture tube, gave the

game boundaries, markers, and areas
from which to maneuver your “man” on
the screen.

It was not until fairly recently that
video games began to catch on as im-
proved versions were introduced to the
market. Atari, makers of Pong®, is one
company that deserves a lot of credit for
popularizing the video game. Pong, a
game of table tennis, added some sig-
nificant improvements: electronically
generated on-screen colored courts;
sound effects for every hit, miss, and ri-
cochet of the ball; and automatic on-
screen digital scoring. Add to this the
selling expertise of Sears, and you have
a notable contender for the projected
$750-million market by 1980.

There are currently some 35 compa-
nies making video games. At this writ-
ing, however, only 20 or so have had
their games type approved by the FCC
and are marketing games.

32

Magnavox’s Odyssey
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Tennis Anyone? Tennis (actually, ta-
ble tennis) is available in all video
games in one form or another. The first
game of Odyssey gave player control
over the ball in both horizontal and verti-
cal positions. Pong® and the newer
games give player control in only the
vertical position. Competition between
the new game makers has not grown out
of what moves a player can make but on
the games in which he can participate.
The new games still include tennis, but
now hockey and handball are typically
available at the flip of a switch.

The new Odyssey 400 now allows you
to play handball and hockey as well as
tennis and includes on-screen digital
scoring and sound effects. Atari’'s new
Super Pong gives you a choice of the
original Pong tennis game, two-man
team tennis called Super Pong, Catch,
and Solitaire. Catch is unique in that it
allows you to control the position of a
“hole” in the boundary on your side of
the court. Solitaire is similar to a one-
man handball game, but the height of
the backboard wall is adjustable to make
the game easy or difficult. When you
play Solitaire, if you get the ball over the
wall, you make a point; miss on a return
bounce, however, and the machine
scores.

Games designed to pit your skili
against the machine are made by com-
panies other than Atari and Magnavox.
In addition to tennis and hockey, First
Dimension has a clever Robot game

POPULAR ELECTRONICS



that has you trying to score by getting
the ball into a goal that is usually
blocked by a mechanized moving pad-
dle. Coleco’s handball game has provi-
sions for only one player to bounce the
ball off a wall at the far side of the
screen; you can miss, losing a point, but
the wall remains stationary, always re-
turning the serve.

Unisonic gives you a choice of six
games, two of which are Skeet and Tar-
gets. A white block, your target, random-
ly crosses the screen. You shoot at this
target with an electronic gun supplied
with the game. Your score of hits is auto-
matically displayed on the TV screen af-
ter 15 rounds. Skeet and Targets are
slightly different in concept than other
games that merely use the TV screen as
a graphic display; in these two games,
the screen is an active part of the circuit-
ry. A photocell inside the gun senses the
presence (or absence if you miss) of
light from the screen each time you pull
the trigger and updates the score ac-
cordingly.

The Unisonic machine’s sound effects
are different, too. Rather than having the
sound come from a speaker built into the
game itself, the audio is modulated with
the video and sent to the TV receiver.
The sound is then reproduced by the TV
receiver's speaker.

Universal Research has added a but-
ton to give hockey a realistic twist. Or-
dinarily, the puck can only be deflected
by players on the screen as with most

DECEMBER 1976

other games. A special “Puck Control”
switch on the Universal Research game
allows each player to catch and hold the
puck, passing off only when desired.
This is just one of the many switches
now appearing on the more complex
games.

in addition to the usual player position
controls, many manufacturers are incor-
porating other controls to add to the skill
level requirements of their games. Pad-
dle size, speed, and ball angle can all be
changed, either individually or collec-
tively, depending on the switching ar-
rangement provided in a particular video
game. Odyssey 300, for example, has
one switch with Amateur, Average, and
Professional skill positions. In the Ama-
teur position, the paddle is large and the

Atari’s Super Pong

AmericanRadioHistorn-Com

speed and angle of the ball are mild. In
Average, the paddles become smaller
and the angle of deflection is increased,
but the speed remains the same. In
Professional, the paddles again become
large, but only to keep up with the large
deflection angles (40° versus 20°) and
high speed (0.65 versus 1.3 seconds
across the screen) of the ball while it is
in piay.

APF uses three separate switches to
allow the player to tailor the game to the
way he wishes it to be played. First Di-
mension allows just the speed of the ball
to be changed, but each player is provid-
ed with a separate speed control, which
is a bit more practical because each
player can be separately handicapped.
Other switches on some games permit

National Semiconductor’s Adversary



two or four players to participate in the
game and provide automatic and manu-
al serve selection.

The game selector switch sets up the
playing field for the particular game you
wish to play. While the graphics are gen-
erally set up in the same manner by
each manufacturer, there are differ-
ences here, too. National Semiconduc-
tor's Adversary game, for example, al-
lows you to play tennis on a green court,
hockey on biue “ice,” and handball on a
brown “clay” court when used with a col-
or TV receiver.

IC Technology Base. What has
been primarily responsible for bringing

video games down to practical size and
price is the LS| integrated circuit tech-
nology support the industry has re-
ceived. For many game manufacturers,
the General Instruments dedicated n-
channel MOS chip is used. (There are
separate chips available for U.S. and
European TV standards.) The 28-pin IC
contains all the logic required for tennis,
hockey, handball, and practice. With
slightly more outboard logic, this chip
also provides target and skeet game
modes that are played with a remote
electronic gun. Score update and dis-
play for all games are also on-chip gen-
erated for these IC's.

Input programming pins on the Gener-

HOME VIDEO GAMES
Brand Model | Price Games*| Players | Color Remarks
APF 401 80 1,2,34 2,1 no
Atari Pong 80 1 2 yes
Super 4th game, Super Pong, is
Pong 90 1,78 2,1 yes ten. dbls. {4 players)
Coleco Telstar 60 1,24 2.1 no
Telstar same as above except
Classic 70 1,24 21 no cabinet and ac operation
Dyn Paddle 70 1,234 2,1 no
Four
Ralley same as above except
Four 80. 1,234 2,1 no cabinet different
Enterprex Apolio 80 1,234 2.1 no
Entex Tele 60 1,34 2,1 no H-V control on tennis.
Pong 4th game, table tennis
has V-control only
Executive TV 70 1,2 2 no manual scoring
Games Tennis
Hockey/ 360° player movement,
Soccer 90 2 2 no puck control
First 76 70 1,234 21 no
Dimension 76C 80 1,234 2,1 yes same as 76, with color
3000 on-screen moving bar
w 100 1,2,9 42,1 no for score
Heath GD-1380| 50 1,234 2,1 no Video output. Can be used
only with Heath kit TV receivers
Kings Point TG-600 | 60 1234 2,1 no
Lloyds Lioyds 100 1-6 2,1 no
Monte same as above except
Verde 100 1-6 2,1 no cabinet different
Magnavox 200 70 1.2,3 2 no H-V player movement. On-
screen moving bar score
300 70 1,23 2 no
400 100 1,23 2 yes H-Vplayer movement.
English control.
Micro- Ricco- 120 1,234 21 yes var. color, English
electronics chet
National Adver- 100 12,3 2.1 yes time-out button
Semiconductor | sary
Phoenix Video 80 1,234 21 no
Sports
Quadtronics Q-376 70 12,34 2.1 yes second model, $80, same
but with remote controls
Radio Shack 60-3050 | 70 1,2,34 2,1 no
Tele- 4400 70 1,234 2.1 no
Match 7700 90 1234 2,1 no same as above except
cabinet
Unisonic 2000 120 1-6 2,1 no
Universal Video 120 1,29 2.1 yes
Research Action
11}

*1-tennis, 2-hockey, 3-handball, 4-practice, S5-targets, 6-skeet, 7-solitaire, 8-catch, 9-robot.
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Top View
‘ncer  ~ 2pinc
Vss (Ground)[ 2 27 O Hit tnput
Sound Outputd 3 26 [J Shot input
VeeO 4 25 (] Reset input
Balt Angles[] 5 24 [] Score and Field Output
Balt Output [ 6 23 [J Pelota/Practice
Ball Speed (] 7 22 [0 5quash
Manual Serve (] 8 21 [ Hockey/Soccer
Right Player Output (] 9 20 [J Tennis
Left Player Output (] 10 19 [ Rifle Game 2
Right Bat InputC] 11 18 [ Rifle Game 1
Left Bat Input ] 12 17 [ Clock Input
Bat Size (] 13 16 [0 Sync Output
“NCe([ 4 15 ANC*

Pin configuration of General
Instrument’s AY-3-8500 game chip.

al Instruments chip permit direct non-
buffered switch connections for game
selection, ball speed, paddie size, and
four different ball-return angles. Other
inputs provide for automatic and manual
ball serving after each point is scored
and separate resetting.

Separate video outputs from the Gi
chip allow combining for a monochrome
or use with a color generator for a color
picture display. An audio output pin on
the IC can be used to deliver a signal
that can be modulated with the video
signal or buffered through a one-transis-
tor circuit to drive a loudspeaker.

The flexibility of the Gi chip makes it
quite attractive to video games manu-
facturers. Game complexity, which de-
termines the manufacturing cost, is basi-
cally a matter of whether or not a given
pin on the IC is used. All that must be
added to the primary circuit are a 2-MHz
clock generator, r-f modulator for TV
Channel 3 or Channel 4, paddle control
potentiometers, loudspeaker, and power
supply. The power supply is usually a
set of six C cells, which may or may not
be supplied with the game.

The game Adversary is quite naturatly
designed around National Semiconduc-
tor's MM57100 video game and LM1889
video modulator chips. In addition to
providing three selectable skill levels,
Adversary allows an opponent to play
against another opponent, against him-
self, or against the machine. A special
“time-out” feature stops the play instant-
ly, with no effect on the game. (The usu-
al reset function returns all scores to 0
and initiates a new game.)

Texas Instruments has also gotten
into the video-games market, but not
with a finished product that bears its
name. Tl is offering six separate chips
that can be combined in different arrays
to create a range of video games from
simple to complex. The Tl chips current-
ly being offered include: game logic with
automatic random English, horizontal
and vertical sync generator, game logic
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With Mallory
Security
Products on
the job,
intruders \
getthe ¢ =
message
loud and
clear.
Anyplace, anytime. For the few dollars they
cost, here are mighty effective ways to signal
forced entry of a building, home, apartment,
office, automobile.

Put the Mallory CA3 Intrusion Alarm in
your living room, for instance. It'll easily
pass for a radio or stereo tuner
while transmitting a 20-foot
ultrasonic wavelength field.
One that will detect the
slightest intruder movement
and activate an alarm.

This compact area-and-

Mallory CA3 Intrusion Alarm
and ABA1 Car Alarm.

a division of P. R. MALLORY & CO. INC.

J;  perimeter
device
comes with
5 solid-state
: circuitry and big
reliability. And awide variety ofindoor and
outdoor warning accessories to choose from
—bells, horns, sirens, rotating red lights,
tape switches, many more.

For automobile security, install the Mallory
ABA1 Car Alarm with entry sensing and instant
siren alert for doors, hood and trunk. It comes
as an easy-to-install kit, complete with
switches, wire, keys, warning decals.

: From any angle, Mallory
Security Products mean
protection. See your

Mallory distributor. Or

send for our Security
Products Bulletin
No. 9-654.

. ot

MALLORY DISTRIBUTOR PRODUCTS COMPANY

Capacitors « Controls « Security Products « Recording Tapes ¢ Resistors » Semiconductors « SONALERT® « Switches ¢ Fastening Devices
SONALERT® is a registered trademark of P. R. Mallory & Co. Inc.

CIRCLE NO. 44 DN FREE INFORMATION CARD

Box 1284, Indianapolis, Indiana 462086: Telephane: 317-856-3731
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with manual English, wall and ball gen-
erator, character generator, and digital
scorekeeping IC’s. Tl plans to supple-
ment this lineup with other chips in the
near future.

In spite of the wide acceptance of
dedicated video-game IC’s, Fairchild’s
new game (not available at this time)
may set the trend for all video games for
the future. Built around the F8 micro-
processor and four random-access
memory (RAM) chips, the Fairchild
game is unique because it can be exter-
nally programmed with a special “Video-
cart” and a keyboard on the player con-
sole. Similar to a cassette tape, the Vi-
deocart reprograms the system for a
new selection of games other than the
system’s resident tennis and hockey
games. You simply consuit the jacket of
the Videocart for the particular game
you would like to play and use the key-
board to punch in the game number.
Skilt levels and even time limits can be
added at the console.

Fairchild intends to market the Video-
carts for about $20 each. The first car-
tridge contains programming for a tic-
tac-toe game, shooting gallery, and a
doodle game that allows you to draw in
color on your TV receiver’s screen. Fair-
child expects a total of 17 games to be
available by Christmas.

As a point of interest, the use of a
computer-based video-game system,
which is the idea behind the Fairchild
game, opens possibilities for using your
TV receiver as a serious tool for learning
and storing information. One Videocart
might contain a question-and-answer
quiz for students, while another might be
programmed with a host of cooking re-
cipes. The possibilities of such a system
are limited only by the imagination of the
user. Greg Reyes, Vice President and
General Manager of Fairchild’s Con-
sumer Group, sees it as “opening up a
flexible capability for future TV-based
applications.”
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Hooking It Up. Since all video games
contain their own modulator for the
video (and sometimes the audio) signal,
they simply connect to your TV receiver
via its vhf antenna input terminals. Each
game manufacturer supplies a small r-f
switching box that accepts an input from
the game console and another from an
external standard TV antenna. Once the
system is hooked up, you can select
either the Tv or the GAME position of the
switch as desired. A second switch,
which is usually buried inside the game
console, allows selection of the modula-
tor frequency for either Channel 3 or
Channel 4.

Ironically, the simplest section of the
video game’s circuitry has been the
cause of a great deal of trouble for the
game manufacturers. Since video
games are r-f generating devices, they
must meet the requirements of Part 15
of the FCC’s Rules and Regulations.
There must be a minimum of 60 dB of
isolation between the video game and

Hockey game on a
TV screen. Courtesy
First Dimension.

Fairchild’s new game
(mot available at time
of writing) is built
around the F8 MPU
and four RAM’s.

AmericanRadioHistorv.Com

Adversary game.

TV antenna to keep the game signal
from exceeding the 15-uV/m limit of ra-
diation from the antenna set by the FCC.
Unless the Tv/GAME selector switch can
provide the necessary 60-dB minimum
isolation, the game will not receive FCC
type acceptance.

There is an alternative to the r-f prob-
lem that eliminates the need for a modu-
lator—direct video access to the TV re-
ceiver with which the game is to be
used. Unfortunately, there are not many
TV receivers around that provide this ac-
cess. Magnavox, however, plans to offer
a 1977 TV receiver with a built-in video
game. The game will feed directly into
the video amplifier section of the receiv-
er, bypassing the r-f and i-f sections of
the receiver. Once the trend gets start-
ed, TV receivers of the future are likely
to have video input jacks as standard
equipment. Such jacks will not only
accommodate video games, but they
will also accommodate video tape re-
corders and video discs. 0O
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DECODER-SYNT HESIZER

BY ROBERT COLMAN
AND TOSHIAKI OKAWA

Decodes SQ and QS

Y or provides surround

BUILD A

sound or concert hall
enhancement to stereo.

niversal 4-Channel
atrix Decoder

OUR-CHANNEL sound can pro-

duce a new, welcome audio dimen-
sion, approaching a live performance
ambience. Although it has not yet cap-
tured the consumer’s fancy in the man-
ner that stereo did (for reasons such as
higher cost, multiple quadraphonic sys-
tems, and poor separation with earlier
systems), it is slowly but surely moving
into the marketplace.

With more and more matrix 4-channel
FM broadcasts available around the
country and lots of matrix-type records
that use standard stereo cartridges,
guadraphonic sound promises to grow
in importance over the years.

The universal decoder presented here
features the advanced QS vario-matrix

approach used by Sansui, and will oper-
ate with SQ (producing the equivalent of
“half logic” SQ) and other matrix-encod-
ed media. Additionally it can synthesize
four channels from existing two-channel
sources, yielding a choice of simulated
quadraphonic sound or “Surround
Sound,” each with 20-dB separation. A
complete kit is available for $75 plus $12
for an attractive case. As illustrated in
Fig. 1, the circuit employs only four
unique IC's and a handful of transistors.

Circuit Operation. Essentially, the
QS vario-matrix analyzes where the re-
produced sources are coming from, and
adjusts the matrix parameters to cancel
out the inter-channel leakages that are

normally present in simple matrix decod-
ing. This approach is in contrast with the
gain-riding logic that attempts to alter
the gain of the four channels to reduce
the undesired inter-channel crosstalk.

As shown in Fig. 1, the two-channel
audio enters the system via the LT (left)
and RT (right) input jacks. After a stage
of gain (Q071-Q02), the signal splits into
two paths.

One pair of signals (marked A and B
in Fig. 1) is used to drive the two phase
discriminator IC’s (HA 1327) that use the
phase and level signals between the
Ltotar and Ryotal encoded signals to de-
tect the location of the predominant sig-
nal. The outputs of these two IC’s then
become four control signals—right, left,

Whatis QS?

QS is the trademark of Sansui Electric
Company of Japan for its 4-channel matrix
encoding and decoding system. This is a
symmetrical matrix that is totally compata-
ble with any simple matrix decoder (RM,
Dynaco, etc.), or vario-matrix decoding.
What is SQ?

SQ is the trademark of CBS Inc. for its 4-
channel matrix encoding and decoding
system. This is a nonsymmetrical phase
matrix that uses phase-shift networks to
provide the decode function and logic ac-
tion to produce the interchannel separa-
tion. ’
What is a Synthesizer?

This is a circuit that accepts conventional

FOUR-CHANNEL DEFINITIONS

2-channel (stereo) sources from records,
tapes, or stereo broadcasts and creates a
4-channel simulation.

What is the Surround Mode?

This mode uses stereo-to-4-channel simu-
lation so that the sound emanates from all
four speakers to “surround” the listener as
if he were positioned on the conductor's
podium, or almost in the middie of the or-
chestra or group performing.

What is the Hall Mode?

In this mode, the listener is acoustically po-
sitioned “up front and center” with the
stereo stage presented across the front
while the ambience is at the rear with 20
dB separation between front and back.

Does QS or SQ require a special car-
tridge/stylus ?

Only carrier disc demodulation systems
(CD-4) require a special cartridge/stylus.
The QS or SQ system can use any high-
quality stereo cartridge/stylus combina-
tion.

What is the difference between vario-
matrix and phase matrix?

Vario-matrix achieves high separation be-
tween channels by altering the matrix pa-
rameter dynamically during decoding.
Phase matrix achieves its separation by
varying the gain of the channels according
to the loudness of the desired signal, and
uses logic to decrease the effect of un-
wanted crosstalk between channels.
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Fig. 1. Schematic of decoder i shown above and on opposite page.
Parts List includes power supply shown in Fig. 3.

PARTS LIST

Ct, C34, C35, C36, C37, C42, C46, C47,
C81, C82—10-wF, 25-volt radial electrolyt-

ic capacitor

C2, C21, C45, C48, C75, C83, C91—3.3-uF,

16-volt radial electrolytic capacitor
C3, C18, C44—0.01-pF, 5% capacitor

C4, C8, C20, C22, C41, C53, C86, C96,
C109, Clili—1-pF, 16-volt radial elec-
trolytic capacitor

Cs, C25, C38, C54, C71, C100, C101—470-
pF, 5%, styrene capacitor

Cé6, C19, C39, C51, C66, C113—0.01-pF ca-
pacitor

C7, C16—not used

AmericanRadioHistorw Com
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C9, C17—1-wF, 16-volts, axial electrolytic
capacitor

C10, C26, C108—0.0068-wF capacitor

C11, C12—100-pF, 10-volt radial electrolytic
capacitor

C13, C24, C28, C33—47-pF, 25-volt radial
electrolytic capacitor

Cl4, C15, C49, C50, C88, C98—0.033-pF
capacitor

C23, C27—100-pF, 5% styrene capacitor

C29, C30, C31, C32—3300-pF capacitor

C40, C110, C112—0.012-pF capacitor

C43—0.0047-p.F, 5% capacitor

C52, C107—0.015-pF capacitor

C55, C59—330-pF, 5% styrene capacitor

C56, C57, C58, C84, C94, C95—0.001-pF,
5% capacitor

C60, C72—0.0039-pF, 5% capacitor

C61, C62, C73, C74,C77.C78,C102,C103,
C116—4.7-pF, 25-volt radial electrolytic
capacitor

C63, C85—0.068-w.F capacitor

C64, C65, C87, C97, C106—0.056-uF capa-
citor

C67, C68, C89, C90—0.0022-puF capacitor

C69, C70—0.033-w.F capacitor

C76, C79, C80, C104—33-uF, 25-volt radial
electrolytic capacitor

C92, C93—0.068-p.F, 5% capacitor

C99, C105—0.018-pF capacitor

C114—0.01-pF, 50-volt, ceramic capacitor

C115—1000-uF, 35-volt electrolytic capaci-
tor

C117—220-pF, ceramic capacitor

D1 through D6—1N914

D7 through D10— IN40O1

-

F1—%-ampere slow-blow fuse and holder

IC1—HA1328 (Sansui)

IC2, IC4—HA1327 (Sansui)

IC3—HD3103 (Sansui)

IC5—723 voltage regulator

J1 through J6—phono jack

LED|—red LED

Q1, Q2—MPSA55

Q3 through Q10—2N3391A

Q! 1—I-ampere npn power transistor

The following resistors are Va-watt, 5%, un-
less otherwise noted:

R1—5600 ohms

R2, R11—47,000 ohms

R3, R13, R60, R63, R73, R76, RI67,
R169—1000 ohms

R4, R14, R20, R21, R62, R65, R75, R78,
R129, R135, R149, R152—100,000 ohms

RS, R6, RS, R10, R12, R15, R17, R19, R27,
R166, R168—2200 ohms

R7.R16, R176—3300 ohms

R9, R18, R31, R38, R39, R40, R4l, R55,
R57, R68, R70, R157—22,000 ohms

R22, R24, R30, R165—1500 ohms

R23, R87, R88, R104, R106—6800 ohms

R25, R34, R35, R105, R107—68,000 ohms

R26—18,000 ohms

R28, R66, R85, R93, R96, R97, R101, R103,
R109, R11t, R115, R116—120,000 ohms

R29, R86, R94—390,000 ohms

R32, R89, R134, R137—33,000 ohms

R33, R175—8200 ohms

R36, R37—27,000 ohms

R42, R43, R44, R45—47 ohms

R46, R47, R48, R49, R131, R132—15,000
ohms

R50, R51, R52, R159, R161—1200 ohms

R53—150,000 ohms

R54, R56, R58, RS9, R67, R69, R71, R72,
R80, R81, R83—220,000 ohms

R61, R64, R74, R77, R150—4700 ohms

R79—3900 ohms

R82, R91, RI00, R102, R108, R110, R113,
R127, R141, R144—330,000 ohms

R84, R92, R122, R125—270,000 ohms

R90, R95, R112, R114—680,000 ohms

R98. R99, R117, R118, R119, R120, R164,
R170, R171—56,000 ohms

R121, R126—1.5 megohms

R123, R124, R140, R145—560,000 ohms

R128, R130, R148, R153—1 megohm

R133, R136—560 ohms

R138, R147—2.2 megohms

R139, R142, R143, R146—470,000 ochms

R151,R154, R177—2700 ohms

R155. R156—12,000 ohms

R158—10,000 ohms

R160, R163—680 ohms

R162—120 ohms

R172—2000 ohms

R173—2.4-ohm, Y3-watt

R174—1500-ohm trimmer potentiometer

S1—12-position, 4-pole rotary switch

S2—spst switch, 3-ampere rating

T 1—30-volt secondary

Misc.—Suitable enclosure, line cord, shielded
cable, hookup wire, hardware, etc.

Note—The following are available from Pho-
tolume Corp., 118 E. 28th St., New York,
NY 10016: kit of IC1 through IC4 with
etched and drilled pc board, #QSP-3 at
$25; complete kit of all parts except case,
#QSK-3 at $75, plus $2 for shipping (Cana-
dian and foreign, add shipping and insur-
ance for 4 Ib); drilled and screened case at
$12. New York state and city residents, in-
clude appropriate sales tax.
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Fig. 2. Actual-size etching and drilling guide above, components placement on opposite page.

back, and front—that are passed to con-
trol IC (HD3103). This IC, containing five
FET's, generates the dc voltages that
are used to vary the parameters of the
phase-matrix IC-HA1328.

The second signal path feeds the
phase-matrix transistors Q03 and Q04,
whose outputs go to the HA1328. In the
matrix IC, the incoming audio signals
are combined with the control signals
from the HD3103 to produce four audio
outputs—Lfront, Rfront, Lback, and
40

Rpack with a better than 20-dB inter-
channel separation. These signals are
then passed through cross-coupled
emitter followers (Q07 through Q10) to
form the actual output signals.

The technigue involving the use of a
symmetrical variable encoding/decod-
ing matrix (vario-matrix), and controlling
it with signals derived from the phase re-
lationship of the two encoded channels,
enhances the separation between any
pair of the four decoded channels. The

AmericanRadioHistorv.Com

same vario-matrix can be used to en-
hance the reproduction of conventional
2-channel stereo signals into an excel-
lent simulation of 4 channels because, in
conventional stereo recording, the ma-
jority of the left and right signals are in
phase with each other. Even when some
of these signals are out of phase, the re-
verse-phase components are minimal
compared to those components that are
in phase. If the reverse-phase informa-
tion could be added to the in-phase,

POPULAR ELECTRONICS
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theoretically it would be possible to pro-
duce 4-channel separation from a con-
ventional stereo recording.

By the addition of some relatively sim-
ple switching, the vario-matrix system
can produce two other synthesized lis-
tening modes—“Concert Hall,” and

DECEMBER 1976

“Surround.” In the “Concert-Hall” mode,
the normal stereo signals are heard from
the front two speakers, while the ambi-
ence information appears at the rear two
speakers. In the “Surround” mode, the
stereo signals are caused to appear
“around” the listener with very distinct

Amerr=reeriotor e om

directional sound coming from all four
speakers. The effect is to place the lis-
tener on the conductor’s podium, or just
about in the middle of the group that is
playing.

The decoder can also be used for 4-
channel reproduction from sources en-

4



F1

an R173

T 07-10 ~ C114

Y

cl1s

L

Fig. 8. Schematic of the power supply.

Components are given in Parts List for Fig. 1.

coded with the CBS SQ system (a
phase-matrix technique). The four out-
puts (LF’, RF’, LB’ and RB’) are equiva-
lent to the outputs from a basic SQ de-
coder with partial logic. This provides a
corner separation of between 3 dB and
infinity. Application of the vario-matrix to
phase-matrix decoding provides a great-
er separation between CF (center front
and CB (center back) than the basic SQ
decoder.

Construction. Although any type of
construction can be used, the complex-
ity of the circuit can be greatly reduced
by using the single-sided foil pattern
shown in Fig. 2, which also shows the
component installation. Because of the
board density, most of the resistors are
mounted vertically. Sockets should be
used for the IC’s. A low-power soldering
iron (25 watts) with small-gauge rosin-
core solder is used to mount the compo-
nents. Check the polarities of semicon-
ductors and electrolytic capacitors. After
component installation, look the board
over for accidental shorts between the
closely spaced copper traces. Note that
a well-regulated power supply (Fig. 3)
using an IC regulator and series pass
transistor (with slip-on heat sink) has
been incorporated on the board and the
+Vcg is connected to the main portion
of the board via a small jumper (J7). Do
not connect this jumper at this time.

To select the four functions—SQ, QS,
Surround, and Hall—a four-position, 12-
pole rotary switch is wired as shown in
Fig. 4. Note that seven components are
mounted on the switch, while all the oth-
er connections are made to numbered
pads on the board. The switch should be
pre-wired with sufficient cable length to
reach the board after the switch has
been mounted on the front panel. Multi-
conductor cable makes for the best ap-
pearance. Power-on LED1 is also
mounted on the front panel with a suffi-
cient length of insulated pair to connect
it to the pc board.

42

The finished pc board without the IC’s
installed (except for the power supply
regulator), should be tested before in-
stalling it in a cabinet. (The prototype
used a Ten-Tec MW-8, having dimen-
sions of 4 3/16" high, 6 5/16" deep by 7
13/16" wide.) Drill suitable holes in the
front panel for the function selector
switch, power on-off switch, and LED1.

The six phono connectors—two for in-
puts and four for outputs, can be mount-
ed on the rear apron and suitably identi-
fied. The power line can exit via a grom-
metted hole on the rear apron.

The system requires only one adjust-
ment—the power supply voltage level.
Using a dc voltmeter connected be-
tween the positive output of the supply
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Fig. 4. Some components are mounted on function switch.
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(jumper J1) and ground, tumn on the
power and note that LED1 glows, then
adjust trimmer potentiometer R174 for a
meter indication of 25 volts. Once this
adjustment has been made, turn off the
power and connect jumper J1 into place.

Install the IC's, identifying each pin 1
by its index cutout and dimple. Take a
last look at the board checking for cor-
rect component installation, then turn on
the power. The front-panel LED should
come on. Using the dc voltmeter, check
the Vg line at each of the points where
the voltage is applied, according to the
schematic. If the dc voltage at any point
is off by more than 15%, there is an in-
correct condition that must be cleared
up before going further. If the power
supply is functioning properly and the
voltages at the IC’s are incorrect, re-
check the wiring and component instal-
lation. Install in the cabinet.

If all dc checks are good, connect the
decoder into an operating system such
as that shown in Fig. 5.

To make a final system check, the use
of a QS encoded test record is suggest-
ed. One of these, the Ovation Records
OvaD 4000, features musical and test-
tone sequences to demonstrate that the
proper channel locations and separa-
tions are being achieved.

STEREO RECEIVER
TAPE TAPE SPKR
out IN L L R
Lo L
PHONO L) O\
R| QR PR
] J:>

TURNTABLE Q—K TSNS SRS SSSSSISSY \q
\ FRONT N
N
Lo LF o) LB/') S :
RO~ RF —0 RB T t \
DECODER N LISTENING S
S LEFT AREA RIGHT )
N
Q N
N N
o) N :
Fig. 5. A typical system 1 N BACK N
arrangement uses the N S ——

decoder with a stereo

receiver and an

outboard stereo amplifier.

Lo SPKR
v’ o do
L R

STEREO POWER AMPLIFIER

To test the SYNTHESIZER mode, a
stereo record such as Pink Floyd's
“Dark Side of the Moon” (SMAS-1163),
using the cut “Money,” will show the
quality of synthesized four-channel mu-
sic that can be obtained from a stereo
disc.

To test the CONCERT HALL mode, any

good classical recording with reason-
ably good ambience will demonstrate
the desired effect.

For SQ testing, either an SQ test rec-
ord, or a musical selection such as the
Bill Chase recording “Chase” (EQ-
30472), using the cut “Open Up Wide,”
can be used. o

The best-selling CDI system of its kind in /
the world—now at discount prices!

System.

Would you like more power? Better mileage?, 1
And could you stand to eliminate 3 out of 4 '
of those expensive tune-ups? Well, that's
what the MARK 10 capacitive discharge
electronic ignition system is all about. Very
simply, it boosts the spark to your engine—
promoting better combustion, and minimizing
combustion contaminants. Spark plug

life is extended, all-weather starts

are insured, and you can feel an increase

in acceleration and overall engine

performance—no matter what kind of

car you drive. Learn more about a

MARK 10 CDI system for your car (and e .
take advantage of year-end discount prices), -
when you write today for a catalog and price list.
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CIRCLE NO, 21 ON FREE INFORMATION CARD

Get More from Your
Car with a_z-Mark10

DELTA PRODUCTS, INC. |

P.O. Box 1147, Dept. PE
Grand Junction, CO 81501

(303) 242-9000

| wand to know more about Mark Ten CDI's.
Send me complete no-nonsense information on
how they can improve the performance of my car.

Name

Address




W - L L4 “Power mikes?" you say, "but two of
ree nwer ml e them look like headsets.” And you're
: right! And if you're a seasoned CBer

ready to move up, take a second look at the aviation-type Telex CB-88

a )
power-mike headset. Your CB listening is private; lets others around you
visit, relax or sleep without a blaring speaker. You hear better and

transmit better. Weighs less than 3 oz. Uniquely, you can wear it

without the headband by attaching it to your eyeglasses (adapter
rnm e ex included). Check out the CB-1200, especially right for high-noise
® cnvironments, and the aviation-inspired Double-Header power

mike. Then move up to Telex, the quality standard of the aviation communications industry, now producing
the most powerful CB gift ideas around. And if you want to drop a loud-and-clear hint, just tear out this ad
and leave it wnere your gift-giver will find it .. or take it to your Telex CB dealer for a gift-idea demonstration.

Boom pivots for
leftiright ear.

Boom adjusts
for precise
mike position.

T
7

N Can be worn
without headband.
Easy-to-use

eyeglass adapter.

"

Fully adjustable ﬁ-i 200

head band.

Fully cushioned
for comfort.

Fully cushioned
to block out

\ highway and
vehicle noise.

Both headsets
include in-line

NolseLcancell_ing push-to-t&k switch.
‘V\‘L_ variable-gain
- \_ Soft earpiece power mike.

$ Y adjusts fo fit.

High quality mike
with fixed-level
FET amplifier.

Use as conventional
power mike
or as superior
noise-cancelling,
power mike thanks

to Double-Header feature. N\ z
" Adjustable mike boom,
310° swivel
CB-73 close to lips.
"— p Built-in variable
gain power amplifier. Style used by
pilots around the
world, fits every hand.
\ Front mount ends
mike fumbling.
Mike comes off bracket
in talk position.
Rear mount aiso included.
Leng-fife H
coil aord The Pilot People

TELEX

COMMUNICATIONS, INC.

9600 Aldrich Ave. So., Minnepolis, MN 55420 U.S.A.
CIFCLS NO. 72 ON FREE (NFORMATION CAR Europe: 22 rue de la Legion d'Honneur 93200 St. Denis, France
oy ¥ PRICARD Canada: Telak Electronics, Ltd.. Scarborough. Ontario.
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Measure the sun’s energy with

A SOLAR RADIOMETER

ITH INTEREST in alternate

sources of energy at an all-time
high, a definite need exists for simple,
reliable instruments to aid the experi-
menter. This project—a solar radiome-
ter—is one such device. it will enable
you to pian and set up solar energy con-
verters with maximum efficiency.

Solar radiometers are by no means
new. Many of us have seen Crookes ra-
diometers, which are partially evacuated
glass bulbs containing rotating vanes sil-
vered on one side and darkened on the
other. When exposed to bright light,
temperature imbalance causes the
vanes to spin. The brighter the light
source, the faster the vanes will move.
But such devices are really “conversa-
tion pieces.” Commercial instruments
which measure solar radiation accurate-
ly are very expensive. But this project,
composed of a silicon solar cell, a mil-
liammeter, and a shunt resistor, will
measure the amount of sunlight falling
on agiven area. It will do so with reason-
able accuracy (about 5% if the specified
components are used).

Circuit Theory. The solar cell used
as a light detector in the radiometer is
really a large pn junction (like a diode)
with one side exposed to light. Leads
are attached to each side of the junction.
In the presence of light of the proper
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BY WARREN JOCHEM

wavelength, a voltage will be generated
across the two leads. When asilicon cell
is placed in bright sunlight, a high-
impedance voltmeter will measure about
0.6 volt across it.

If a resistance (in this case a meter
and shunt resistor) is connected to the
output leads, a current will flow. Reduc-
ing this resistance to a very small value
(0.3 ohm in this circuit) means that the
solar cell is effectively working into a
short circuit. It can be shown that the
short-circuit current is directly propor-
tional to the intensity of the light falling
on the cell. Also, the short-circuit current
is largely independent of temperature.
This is important to the accuracy of the
meter if it is exposed to a wide range of
ambient temperatures. Actually, the cur-
rent does increase slightly with heating.
If the meter is left in the bright sun for a
while, its readings might be a bit on the
high side.

The radiometer is calibrated in “Lang-
leys per minute,” a unit which might be
unfamiliar to some readers. This unit
was chosen because it is the standard
used in most solar research today. Ac-
cordingly, you will find comparisons of
your experimental data with existing re-
cords a very simple process as no con-
versions are necessary. By definition,
one Langley per minute is equivalent to
one gram calorie of energy falling on a

AmericanRadioHistes~&Eom —

surface area of one square centimeter
for one minute. In other words, one
Langley per minute represents enough
energy falling on one square centimeter
in one minute to raise the temperature of
one gram of water one degree Celsius.
This statement is expressed mathemati-
cally by the equation:
1 Langley _ 1 gram calorie
minute ~ cm?2 minute

For those who do not yet want to go
metric, and who are more familiar with
BTU's, the equation is:

1 Langley _ 221 BTU
minute ~ ftZ hour
in words, this means that one Langley
per minute represents the energy falling
on one square foot in one hour required
to raise the temperature of 221 pounds
of water one degree Fahrenheit.

The peak insolation (incident solar ra-
diation) measured at sea level is about
1.6 Langleys per minute. With this max-
imum in mind, the circuit has been de-
signed so that the meter reads 1.7 Lang-
leys/minute full scale in 0.1-Langley/
minute increments. Over the course of
one year at the author's New Jersey lo-
cation, the peak insolation varies from
about 0.7 to 1.2 Langleys/minute. Using
the meter at your location, you can esti-
mate how much solar energy is avail-
able for conversion.

The radiometer circuit is shown sche-
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el 0-50mA

BLK

AAA

A
WWWh

RI
0.50,1%

MI1—0 to 50-mA dc¢ milliammeter (Calectro
D1-914)

PC1—Silicon photovoltaic solar cell (Calectro
J4-800 or Herback & Rademan TM 20K
187)

R1—0.5-ohm, 1% resistor (see text)

PARTS LIST

Fig. 1. The solar cell causes a current to flow through the meter

Misc.—Suitable enclosure (Calectro H4-722
or equivalent), lug-type terminal strip,
hookup wire, 30-gauge enamelled copper
magnet wire, airplane cement or dope, gen-
eral-purpose adhesive, machine hardware,
solder, etc.

matically in Fig. 1. Current from photo-
voltaic (solar) cell PC1 flows through
M1, a 0 to 50-mA meter, and shunt re-
sistor R1. This resistor, consisting of a
length of 30-gauge magnet wire wound
on the body of a 2-watt, 1-megohm car-
bon resistor, bypasses some of the cur-
rent around the meter, thereby expand-
ing the range of light intensity to which
the meter will respond. A new meter
face calibrated in Langleys per minute is
applied over the old one for direct insola-
tion readout. Note that the prototype
was calibrated only for the parts speci-
fied. Do not substitute any others or the
accuracy might be adversely affected.
However, you should have no problem
finding the parts listed because they
were chosen for their availability.

Construction. Begin by carefully re-
moving the cover of meter M1. The cov-
er should snap off. Remove the two
small Phillips head screws that hold the
face plate in place. Cut out the new
scale shown in Fig. 2 and cement it over
the old scale using a general-purpose
adhesive. Then carefully reattach the
plate (after the adhesive has set) to the
meter' body, securing it with the two
small screws. Snap the meter cover
back on the meter assembly, making
sure' to position the cover's zero-adjust
screw in the thin metal slot on the meter
movement. Fashion a 1.75-inch (4.4-
cm) diameter mounting hole on the cen-
ter of an appropriate enclosure’s face
plate and mount the meter in it.

Remove the solar cell and padding
from the small plastic box it comes in
and drill two small holes in the black bot-
tom of the box. Position the holes to
allow the leads from the solar cell to
pass directly through the box when the
cell is centered in it. Then center the
box—black side down—on top of the en-
closure (see photo). Drill two holes on

46

the top of the enclosure to line up with
those in the photocell box. Replace the
foam padding and feed the output leads
of the solar cell through the small plastic
box into the project enclosure. Center
the solar cell—blue side up—making
sure it is level. Then close the transpar-
ent lid of the box. Glue the bottom of the
box to the top of the enclosure, making
sure that it is centered and that the cell
leads pass freely into the case.

Mount a lug-type terminal strip on the
left inside wall of the enclosure.

You now need a 0.5-ohm, 1% resistor.
If you can find a commercial component,
you can use it. If not, you can make one
yourself. Prepare a 57-inch (144.8-cm)
length of 30-gauge enamel-covered
copper magnet wire, scraping the insu-
lation from both ends so the wire can be
soldered. Then solder one end to a 2-
watt, 1-megohm carbon resistor. (Actu-
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cell leads to the lugs observing proper
polarity. The red lead from the cell is
positive and should be connected to the
lug holding the wire attached to the +
terminal of the meter. Secure the lug
connections by soldering them. Reas-
semble the enclosure by attaching the
front panel to the enclosure body, secur-
ing it with the hardware provided.

Checkout and Use. The solar radi-
ometer is now complete and ready for
testing. Position the project near an in-
candescent lamp. The meter needle
should move upscale. If it deflects down-
ward, the meter leads are reversed.

Using the radiometer is easier than
using a light meter. To measure the
peak solar radiation at a particular mo-
ment, aim the cell directly at the sun and
record the maximum reading. This value
represents the energy one square centi-
meter of a solar panel would receive if it
were pointed directly at the sun. But very
few solar panels are built to track the
sun—most are pointed south and tilted
upward at an angle approximately 10°
greater than the local latitude. By posi-
tioning the radiometer in this manner,
you can measure how much solar ener-
gy a panel would receive in practice.

To calculate the total energy reaching
this type of installation over the course
of a day, mount the radiometer on the
top surface of the panel. Take meter
readings frequently throughout the day.

Plot the radiometer readings (L) ver-
sus time (f) on Cartesian graph paper.
The L axis should be scaled with 0.1-
Langley/minute increments, and the t
axis should have 10-minute increments.

Fig. 2. Cut out this
scale for the meter
and attach it to

the meter faceplate.

ally, any 2-watt, carbon resistor greater
than or equal to 100,000 ohms is suit-
able.) Coil the wire around the body of
the resistor and solder the free end to
the other side of the resistor. Coat the
wire with model airplane dope or glue to
hold it in place.

When the dope is dry, attach the re-
sistor leads to two lugs of the terminal
strip. Connect short lengths of hookup
wire from both sides of the resistor to the
meter terminals. Then attach the solar

if these scaling factors are used, one
block on the graph paper represents one
calorie per square centimeter. To deter-
mine the amount of energy per square
centimeter that reached the solar panel
in the course of the day, you must “inte-
grate” the curve by finding the total area
under it. The simplest way to do this is to
count the number of boxes and fractions
of boxes lying under the curve. This total
will be all the energy faling on one
square centimeter of the panel for that
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day. To find out how much energy was
available to the entire panel, multiply the
area under the curve (in calories/cm?2)
by the total area of your solar panel (in
cm?),

It should be stressed that the total
available energy is not the total energy
output of the solar energy converter. So-
lar heating panels are never 100% effi-
cient, but average 70 to 80% for flat-
plate water heaters. Any good physics
or solar energy book will outline steps to
measure actual efficiency. Remember
that, due to variations in components
and measurement techniques, your
measurements will be accurate to about
+5% at best. This is fine, however, for
“backyard experiments.”

Other Uses. There are several other
applications for this project. It can be
used as a transmittance/reflectance
meter to measure the percentage of so-
lar energy transmitted or refiected by a
particuiar material or surface. The radi-
ometer can also be used as a pyranom-
eter to measure radiation from the sky.
Simply point the solar cell straight up.
Readings taken over the course of the
day should now correspond with stand-
ard meteorological data.

Relative efficiencies of famps and oth-
er light sources can be determined. You
can easily measure the electric power
input (or use manufacturer's data), and
the radiated output power can be cal-
culated using this relationship:

1Langley _0.0698 watt
minute~  cm?2

From this data, efficiency (power out/
power in) can be obtained. _

Another interesting experiment uses
the radiometer as an air poliution indica-
tor. Record direct readings of solar ener-
gy as the sun is setting. On a pollution-
free day, a plot of this data versus time
should fall off smoothly as the length of
the sun’s rays’ path through the atmo-
sphere increases. However, if a large
cloud of smog is hanging over a city to
the west, the readings might dip sharply
as the sun goes “behind” the smog
cloud. This is only a relative indication,
but comparisons over a period of days
might point to some sort of pattern. By
determining the angle above the horizon
at which the readings start to dip and the
distance to the city, you should be able
to calculate the approximate height of
the smog cloud by trigonometry. The
technigque will also be applicable looking
east in the moming.

With a little imagination, you will sure-
ly find other applications for this useful
project. o
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Our
Synergistic
System

We make one of the finest tone arms in the world
(ask the editors of AUDIO magazine) but how well
it performs is dependent—at least partly— .
on the cartridge.

We also make one of the finest phono
cartridges in the world (ask almost
anyone about the AT20SLa) but how
well it can perform is governed at
least in part by the tone arm.

But even the finest combination

of cartridge/tone arm isinfluenced

by how clean the records may be...
and how clean the stylus is. So we
have both a superb manual

and automatic record cleaner,

and a fine stylus cleaner.

And of course the whole system
works best only if it is free from such
things as acoustic or mechanical
feedback (especially with a cartridge
having subsonic capabilities like
ours), and excessive cable capacity.
We solve these problems neatly
and effectively with our

AT-605 Audio Insulator and
AT-610 Low Capacity
cable set.

Finally, we also make one of the
finest headphones in the world
(ask Len Feldman) our incredible
AT-706 that makes all the care
that went before audibly
worthwhile.

Any one of these components in your
system can assure you of the very finest
standard of performance— from that component.
All of them together provide an unparalleled listening
experience.

Start anywhere in our system. You'll soon find that as
you add Audio-Technica products, you muitiply enjoyment.

@audio-technica.

INNOVATION o PRECISION 2 INTEGRITY
AUDIO-TECHNICA U.S., INC., Dept. 126P, 33 Shiawassee Avenue, Fairlawn, Ohlo 44313

Radiallictan, O,
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HOWTO

PREDICT

CB RADIO

RANGE

Antenna height, ERP, noise, and sensitivity
influence effective communication range.

BY IRA S. GERSON

F MAJOR concern to most CB'ers

is the effective working range of
their communications equipment. Here
we explore a method of accurately pre-
dicting range for base-to-mobile and
mobile-to-base radio links. Since CB
communications are limited by FCC re-
gulations to 150 miles, we'll focus our at-
tention on ground wave rather than sky
wave signals.

Radiation from an antenna follows two
routes. One component travels parallel
to the earth’s surface. This is called the
ground wave. The other component
goes up into the sky, sometimes reflect-
ed back by the ionosphere as “skip.” Al-
though the range of skip signals can be
hundreds or thousands of miles, skip is
a transient phenomenon at best. Apart
from legal considerations, skip is pres-
ently very rare because solar activity is
low, and will remain so for at least a few
years in the future.

Range Predictions. By limiting our
consideration to the ground wave, we
can arrive at a good estimate of the con-
sistent range of a two-way radio system.
To come up with a meaningful result,
three basic quantities must be deter-
48

mined. They are defined as follows:
®ERP or effective radiated power—a
function of the r-f power output of the
transmitter, losses in the connectors and
transmission line, and antenna gain or
loss.
®Propagation loss—a function of the
heights of the.two antennas, the dis-
tance between them, and the terrain
loss for a given communications reliabil-
ity above the median of 50% level.
®Receiver Environmental Loss—a
function of ambient noise in the vicinity
of the receiver, the receiver antenna
gain or loss, losses in connectors and
the transmission line, and the receiver's
signal plus noise to noise ratio (S+N/N).
A convenient way to relate these three
quantities is with the graph shown in Fig.
1. ltis called a “Power Level Diagram.”
To use the diagram, simply find the pow-
er level which is equivalent to your base
or mobile receiver’s sensitivity in dBm or
microvolts. Then add a quantity called
the “J factor” and the propagation
losses (both of these will be thoroughly
developed). You can now determine the
required ERP for the distance covered,
or the distance that can be reached for a
given ERP.

 AmericanRadioHistorv.Com

The J Factor. This is the difference
between the receiver's sensitivity and
the signal level required for effective
communications. Studies indicate that a
signal level greater than the receiver's
sensitivity rating is necessary for good
results. This signal level, V3, is principal-
ly influenced by the ambient r-f noise in
the vicinity of the receiver. (Note that the
noise considered in an S+N/N mea-
surement is generated by the receiver it-
self.) However, receiving antenna,
transmission line, and connector losses
will also affect the value of V.

To determine the J factor, you must
either assume a value of ambient noise
in the service area of the base or mobile
transceiver or measure the noise level
with the unit's signal strength meter. if
you are going to estimate the noise lev-
el, you can use the following generaliza-
tions: 1wV for rural areas; 3 to 10 uV in
the suburbs; and 10 to 40 pV for most
urban areas.

On the other hand, the transceiver's S
meter can be used. Keep the squelch
wide open, and note the meter reading
on a clear channel. Then check the op-
erations manual of the transceiver, a
product test report, or write the manu-
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facturer, requesting the actual signal
strengths in microvolts that correspond
to meter readings from S1 through S9.

Once the value of r-f noise has been
determined, refer to the graph of Fig. 2.
Note that two curves have been plotted.
These correspond to receiver sensitivi-
ties of 0.3 uV and 1 pV, which are the
approximate lower and upper limits for
state-of-the-art transceivers. Find the
proper value of noise on the horizontal
axis, and then determine the value of
Va. This value is then inserted in the fol-
lowing formula:

J factor (dB) = 20 log10 (Va/receiver
sensitivity).

Propagation Losses. These relate
the ERP of the transmitting portion of the
link to the fraction of the output recover-
able at the receiver. Here, propagation
losses over plane (flat) earth were cal-
culated based on a base antenna height
of 60 feet (18.3 m) above average
ground level and a mobile antenna
height of ten feet (3.05 m). One very im-
portant assumption here is that the in-
tervening terrain is relatively flat with no
high hills, deep valleys, and a few man-
made obstructions. Also, additional
losses of 4 dB are added to achieve a
greater margin of reliability.

In many areas, the terrain is hardly
ideal or flat. Accordingly, you can expect
to have range decreased or increased,
depending on whether the mobile is at
one point on top of a steep hill or in a val-
ley, or near the base of a tall building.
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Fig. 2. Plot of Vg versus ambient r-f noise.

There are other factors besides contour
that can make the terrain non-ideal. One
such factor is ground resistivity. Al-
though the plane earth is described as a
flat, perfectly conducting surface, real
earth acts as a resistance. it has been
found that at frequencies near 30 MHz,
vertically polarized signals passing over
“good” soil (clay, loam, marsh or
swamp) are affected by the contour of
the surface and soil resistivity if the an-

Vo (pVv)

r ]
MBIENT NOISE (pv)

Fig. 1.

Power level diagram shows relation between

ERP, propagation losses, J factor and sensitivity.
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tenna heights are less than 30 feet (9.13
m) above average ground level.

Mobile antennas fall into this catego-
ry, and as a result a decrease in propa-
gation loss of as much as 10 dB can oc-
cur. In addition to affecting propagation,
earth ground can also influence the
impedance of a mobile antenna and
thus affect the efficiency figure of the an-
tenna system.

Range Predictions. Having deter-
mined the J factor, you can now proceed
to estimate the range for a given com-
munications link. Referring to the Power
Level Diagram in Fig. 1, the “padding”
effect of the J factor is readily apparent.
In Fig. 2, the influence of the J factor on
Vg for given noise levels and receiver
sensitivities can also be seen. The J fac-
tor and propagation losses have been
considered in setting up Fig. 3, which re-
lates ERP to distance. To simplify its
use, a family of curves was plotted for
the two receiver sensitivities (0.3 and 1
wV for 10 dB S+N/N) and for four levels

of r-f noise (0.3, 1, 3, and 10 pV).
Suppose that omnidirectional cover-
age from a base station with an antenna
of 60 feet (18.3 m) is desired. Assume
that the ERP is four watts or 36 dBm.
(This condition occurs when the trans-
ceiver r-f power output is four watts—the
legal limit—and when antenna gain ex-
actly compensates for connector and
transmission line losses.) Further as-
sume that the service area is suburban
with a 3-pV noise level, and that the re-
49




The
POLY 88
Microcomputer
System

The POLY 88 Microcomputer System
brings to the user, in one compact
package, the capability of developing
programs and hardware as well as
enjoying the interaction with computers.

The POLY 88 System uses a video
monitor for display, a keyboard for input
and cassette tape for storage. The
system will also connect to a hard-copy
terminal. Poly 88 hardware consists of an
8080 based CPU circuit card with on-
board memory and I/O, video display
circuit card with keyboard input port
and graphics capability, and mini-cards
that connect to the CPU board via
ribbon cable for cassette or serial
interface.

The Firmware Monitor is integral to the
POLY 88 System. This 1024 byte
program in ROM allows the user to
display data on a TV screen, enter data
into memory using a keyboard, read and
dump data to the cassette interface in
Kansas City format, and single step
through a program while displaying the
contents of each of the 8080’s internal
registers.

Prices: Basic kit including chassis, CPU
and video cards — $595, $795
assembled. Cassette option — $90 kit
and $125 assembled. 8K of RAM — $300
in kit form or $385 assembled.

Dealers: This system will sell itself.
All prices and specifications subject to change without
notice. Prices are USA only. California residents add

6% sales tax. Prepaid orders shipped postpaid.
BankAmericard and Master Charge accepted.

PolyMorphic
Systems

737 S. Kellogg Avenue, Goleta, Ca. 93017
(805) 967 2351
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Fig. 3. Effective radiated power versus distance for
two sensitivities and various r-f noise levels.

ceiver sensitivity is 1 uV for 10 dB
S+N/N. Here's how the range is pre-
dicted.

Locate the 36-dBm line and proceed
across until the 3-pV curve is reached.
Then read the corresponding distance.
In this case, it is five miles (8 km). Of
course, you can work backwards and
determine how much ERP is required for
5-mile coverage. Proceed down the 5-
mile line until the 3-uV curve is reached,
and then read the corresponding ERP
value (36 dBm or four watts).

Further Comments. Mobile anten-
nas are less efficient than base anten-
nas, so it is obvious that mobile range
will be more limited. It will typically be
three miles (1.8 km). From Figs. 2and 3,
it can be concluded that, for ambient r-f
noise levels above 1 wV (which is usual-
ly the case on the Citizens Band), an in-
crease in receiver sensitivity of 333V4%,
say, from 1 pV to 0.3 pV for 10 dB
S+N/N, reduces the required ERP only
10%. Only in extremely quiet r-f environ-
ments (under 0.5 pV), which probably
don't exist on the Citizens Band in even
the most rural areas, will there be any
significant reduction in ERP required for
a given distance.

In other words, a sensitivity of 1 wV for
10 dB S+N/N appears to be adequate
for most applications. However, whether

an S+N/N of 10 dB is sufficient for good-

intelligibility is altogether another ques-
tion. If a more sensitive receiver (0.3 pV
for 10 dB S+N/N) is used, providing a
better ratio, say, 15dB at 1 uV, the oper-
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ator has a definite advantage in terms of
audio quality or intelligibility.

Another area for consideration is the
relative merit of a beam over an omnidi-
rectional antenna. Unquestionably, a
beam will allow you to reduce interfer-
ence (and thereby improve intelligibility)
from stations in other directions than the
desired station. But let’s limit this discus-
sion to the relative merit in terms of
range. The maximum permissible height
for an omni is 60 feet (18.3 m) above
ground, natural formation, or man-made
structure. For a beam, the maximum
allowable height is 20 feet (6.1 m). ltcan
be shown that if the antenna height is
halved, you will require 6 dB more power
to reach the same distance.

Therefore, if you now have or are
planning an omnidirectional antenna
with unity gain mounted at 60 feet (18.3
m), and want to weigh the advantages of
installing a high-gain beam and rotor
system, consider this. You must subtract
6 dB from the beam'’s gain because of its
lower height. In terms of the graph of
Fig. 3, start at 36 dBm ERP, add the
beam’s gain, subtract 6 dB, and proceed
across the graph until the appropriate r-f
noise curve is reached. Then note the
predicted range. If the gain of the beam
is 6 dB, the range will be the same for
the omni and the beam. If gains of 9 dB
or more are not avaitable, or if the beam
will not be mounted considerably higher
than 30 feet (9.15 m) above average
ground level, the omnidirectional anten-
na at 60 feet (18.3 m) above ground lev-
el is the better choice. o
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How to Select
aHobbyist
Microcomputer

BY STEPHEN B. GRAY ¢
Senior Editor

ECIDING which microcomputer to

buy is quite a challenge. Not only
are there several dozen on the market,
but they're available in a wide range of
prices, with a variety of features and per-
ipherals, and with several different
MPU's (microprocessor units), such as
the 8080, 6800, 6502, F8 and 6100,
among others.

One of the easiest ways to narrow
down your choice of a microcomputer is
to decide which basic type is best for
your own use. To do this requires a
breakdown of microcomputer types, as
in the foltowing paragraphs.

1. Box With. The best-known type
of microcomputer looks very much like a
minicomputer: a box with a bunch of
switches and lights on the front panel.
Two hobby computers of this type are
the MITS Altair 8800b and the Imsai
8080. This microcomputer type is the
most widely used among hobbyists, with
the widest choice of peripherals and
memory expansion boards.

2. Box Without. The second type of
computer is also a box, but with a bare
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minimum of switches and lights. An ex-
ample is Southwest Technical Products’
6800, which has only two switches, for
power and reset. Only the power switch
has a light.

There are two main differences be-
tween Type 1 and Type 2 computers,
First, with a Type 1, you can load short
programs and operate the computer
manually, reading the results on the
LED display. Obviously, you can’t do
this with a Type 2 machine. The second
difference is in loaders. When you turn
on any microcomputer, you can't put a
program into memory until a bootstrap
loader is inserted first. This acts as a set
of signs to guide the program to the right
places in memory. With most of the
Type 1 computers, you have to load the

bootstrap instructions by hand, using the .

front-panel switches. With. most of the
Type 2 computers, which have stored
loaders, all you do is press RESET and
the loader is inserted automatically.

However, just because a microcom-
puter has a full set of switches and lights
isn’t always a sign that the loader must
be inserted by hand. The MITS 680b is a
good example of a micro with switches,
lights, and a bootstrap loader in perma-
nent memory which doesn’t “drop out”
when the power is turned off.

Note too, that not all micros have the
same internal expansion capability. This
sometimes accounts for .differences in
size and, naturally, influences price too.

3. PC Board.The third main type of
microcomputer consists of a printed-cir-
cuit board without input or output. These
were first introduced for use in commer-
cial products, or for engineering evalua-
tion, and many are still sold for such pur-
poses. Several recent ones are being
sold mainly to hobbyists. The best-
known of Type 3 are the Joltand SC/MP.

All the computers described up to this
point have neither separate input nor
output. So unless you enjoy loading pro-
grams via front-panel switches (if your
microcomputer has them) and reading
out the program results from the front-
panel lights, you'll need some more
hardware. This means a keyboard for
putting data into the computer, and a
more sophisticated readout for checking
that the program is correct and for read-
ing the results. There is already a wide
variety of keyboard terminals available,
and the most common readout today is
aTV screen.

4. All-On-One-Board. For those

who want a complete computer with less
sophisticated inputs and outputs than
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teletypewriter and video monitor, there
are many everything-on-one-board mi-
crocomputers. This type includes a
small keyboard and some form of read-
out. The readout is sometimes individual
LED's, but is usually segmented al-
phanumeric display. The KIM-1 is the
best known of these, although several
others are coming up fast. Two units
come with a case, the Infinite UC 1800
and the Hamilton/Avnet Pacer. They
have built-in power supplies, whereas
most of the others don't.

Just about the least expensive Type 4
microcomputer for the hobbyist who
wants to learn the basics is the Elf, fea-
tured as a construction project in the Au-
gust and September 1976 issues of
PopuLAR ELECTRONICS. This hardware
and software trainer, with RCA COS-
MAC MPU, toggle-switch input, hex LED
display, 256 bytes of RAM, four input
lines, and a latched output line, costs
about $80 to build. Memory is expand-
able at minimum cost.

Nearly all the computers of this type
are on a single pc board; two exceptions
are the Mike 3 and Mike 8, from Martin
Research. Each is a stack of several
boards, separated by spacers, with the
keyboard and display on the console
board at the top, CPU on a second
board, memory on a third, etc. This mod-
ular - approach permits using different
CPU boards, either for the 8080A MPU,
Z-80, or 8008.

The keyboard aimost always has 16
hex keys for entering programs inma-
chine language plus various control
keys. These boards are popular among
people who want to learn what comput-
ers are all about, at minimum cost. For
those who want to go further, more
memory can be added, as can be peri-
pherals such as a full keyboard and/or a
printer, to start with.

5. All-In-One Box.Another type of
computer that doesn't require buying a
keyboard or TV set has a built-in key-
board and CRT, such as the various
models of the Sphere. Although this type
of computer is expensive, it does have
everything you'd need for almost any
type of programming. However, you are
locked into the integrated input/output
system much as you are for an FM tuner
when it's built into an FM receiver. A
printed output can be added on, as it can
to almost any hobby computer. The cost
of a simple printer has decreased sub-
stantially. - For example, Southwest
Technical offers one in kit form for $250,
and Electronic Products Associates has
an assembled printer for $450.
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Among the computers of this type, the
Intecolor 8001, with an 8-color CRT, is
unique. This adds an extra dimension to
graphics and to just about anything you
want to put on the screen.

Intelligent Terminals. A step up
from most hobby terminals, which can
be used only as input/output devices, is
the intelligent terminal. With one of
these, you can write, edit and store pro-
grams for transmission to a larger com-
puter directly, or to a time-sharing com-
puter over a telephone line (using a mo-
dem device).

Any hobby computer with a keyboard,
RS-232 or 20-mA current-loop interface,
and enough memory can be used as an
intelligent terminal, of course. All you
need are the right programs. The sol’
terminal from Processor Technology
provides these programs in the form of
pre-programmed PROM'’s, called “Per-
sonality Modules,” at three levels.

One module allows simple terminal
operations. A second-level module
makes SOL an editing terminal. The top-
level module transforms it into an intelli-
gent terminal as well as a stand-alone
computer.

Programming. An important factor
in choosing a hobby micro is to decide at
which level you want to program. How
much memory your computer has will
determine its price and also what kind of
programming language you can use.

With only a few hundred bytes of
memory, you'll usually be restricted to
programming in machine language, or to
short programs in assembly language.
Some people enjoy working in machine
language, down at the bit level, using in-
structions such as 00111010, which is
the 8080 code for “load the accumulator
with the contents of the specified memo-
ry address.”

But working with machine language
may be boring to all but real “computer
freaks.” Also, you can easily make mis-
takes that aren't at all quickly apparent
when working with only zeroes and
ones. With a little more memory, though,
you can program in assembly language.
In order to do this, you must load an as-
sembler into your computer's memory.
This is a program that translates the as-
sembly-language instructions, such as
LDA, into machine language; in this
case, 00111010.

In assembly language, you use mne-
monic names for program instructions;
these are easy-to-remember abbrevia-
tions, such as LDA for “load accumula-
tor” and MOV for “move the contents of
the accumulator to register B.” To add
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one number to another in 808G assem-
bly language takes eleven steps, includ-
ing five mnemonics and three pairs of
address codes. Address codes are in
pairs because addresses take up two
bytes; that is, groups of 8 bits. (An 8080
machine can address 26 memory loca-
tions.)

The program for adding two numbers
consists of these steps: load the ac-
cumulator with the number to be found
at, say, memory address 128. Then take
what's in the accumulator and move itto
register B. Next, load the accumulator
with the number to be found at address
129, and add the contents of register B
to what's in the accumulator. Take the
sum that's now in the accumulator, and
store it at address 130. If you've previ-
ously stored numbers at addresses 128
and 129, this program will add them
together and put the sum in 130. Actual-
ly, you can use any memory addresses
you want, instead of 128, 129 and 130,
as long as you don't select an address
that's higher than the maximum address
in your system.

If you'd rather write programs with
mnemonics such as LDA, MOV and
STA, then you need, as previously not-
ed, an assembiler program, which is also
stored in memory along with your own
program. For example, the MITS Altair
8800b assembler takes up 5500 bytes of
memory, so if you're going to be writing
programs of any real length, you'll need
at least 8k bytes of memory.

But suppcse you're not really interest-
ed in programming for programming's
sake, but rather in what the pragram will
do for you. If so, then you might prefer
BASIC, a high-level language that will
do in a single instruction, LET C = A
+B, what requires eleven assembly-lan-
guage instructions to do. That single BA-
SIC instruction will store the sum of A
and B in memory location C, which is de-
termined by the BASIC interpreter all by
itself, thus taking care of much
housekeeping. Should you want to show
the answer on your TV screen, or print it
out, simply write PRINT C. Or you can
combine beth steps by writing a single
BASIC instruction, PRINT A+B.

Just about all high-level-language
programs written for hobby computers
are in BASIC (there are several varieties
of BASIC, each with minor differences).
You can get several BASIC interpreters
for some computers, requiring 4k, 8k or
12k bytes of memory. The 8k and 12k
versions offer more features than the 4k
BASIC. The 8k BASIC interpreter, which
turns LET C = A+B into machine lan-
guage, takes up 5.7k bytes of memory in
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the Altair 8800b, for example. MITS spe-
cifies it as requiring 8k bytes of memory
so that you'll have 2.3k bytes for your
own use in writing programs. Incidental-
ly, although many serious computer
hobbyists will be satisfied with 8k or 16k
of memory, many hobby computers can
be expanded to 65k.

Hobbyist Bus. The MITS Altair
8800 microcomputer was the first to be
sold in large volume, and set a bus
standard that some other micro manu-
facturers have followed, This standard is
based on the 100-pin bus, to which all
the Altair 8800 boards are connected in
common. Consequently, many other
manufacturers of CPU boards, memory
boards, and peripheral boards have tail-
ored their designs so they will plug into
the Altair 8800, and also into the busses
of several other computers that use the
Altair bus structure, including the Imsai
8080, the PolyMorphic Poly-88 and
Processor Technology's SOL. As a re-
sult, there are more boards for CPU and
memory, and for peripherals such as
printers, disk drives, graphics devices,

cassette memory, etc., available to own-
ers of computers using this bus.

There are other bus lines, of course.
For example, the Southwest Technical
6800 computer utilizes a different bus,
with a growing number of boards for it.

Price. Of the five basic types of hob-
by computers, the cheapest is the pc-
board-only, with which you need a pow-
er supply, an input, and an output. The
complete-computer-on-a-board follows,
and usually requires the addition of only
a power supply. Next is a box-type com-
puter with which you'll need input and
output peripherals. With a box-with-CRT
type, which gives you the most equip-
ment at a minimum cost, on a one-shot
basis, you already have the peripherals,
unless you also want a printed output.

Let's look at what it costs to buy a mi-
crocomputer with enough memory for
the various levels of programming, tak-
ing into consideration several of the
best-selling micros. The basic computer,
without memory can range from $212 to
$840 in kit form, $500 to $1100 assem-
bled. These wide ranges are due to
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Apple Computer Apple-1
Burkeshire Systems EPIC 2
HAL MCEM-8080
Microcomputer Assoc. JOLT

National Semiconductor SC/MP

Pronetics PS-810
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some of the computers being full:
featured models, others being “bare-
bones” types. Not many 1k memory
boards are being offered any more; they
used to be about $120 kit, $160 assem-
bled. Using just a basic 8-bit computer
and 1k of memory, you could write pro-
grams containing up to about 500 in-
structions, if you don't mind flipping
switches for hours and hours.

Stepping up to assembly language,
you'll need two 4k memory boards, each
of which run from $125 to $167 kit, $279
to $325 assembled. If you buy the Altair
8800b and the two 4k boards at the
same time, you get a “software pack-
age” for $75, which includes the assem-
bler and several other programs. The
Southwest Technical 6800 editor/
assembler package is $14.95.

You'll need some sort of input/output,
of course. To connect your computer to
your TV set requires an interface that
can cost from $40 to $148 kit, $60 to
$180 assembled. For keyboard input,
you may be able to use the same inter-
face if it can handle two serial /O de-
vices. You'll also need a keyboard termi-

e
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All-On:One-Board
Applied Microtechnology AMT 2650
Comp-Sultants Micro-440

COSMAC EIf

EBKA 6502 Familiarizor
E&L Mini-Micro Designer

EPA-68

Hamilton/Avnet Pacer
Infinite UC 1800
Intersil Intercept Jr.

Martin Research Mike 3, Mike 8

Monolithic Systems MSC 8080 +
MOS Technology KIM-1
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nal, such as a Model 33 Teletype. - This,
however, is expensive, costing between
$769 and $1500 new, depending on
what features you select. With an
ASR33, you can enter a program from
either the keyboard or punched paper
tape. Or you could get a hobby unit,
such as Southwest Technical’'s CT-1024
terminal. With this, the program is en-
tered via the keyboard. The CT-1024 kit,
less cabinet and power supply, is $175;
there are various options available.

Programs can be entered into the
computer much faster by using a cas-
sette. To enter the 8k BASIC interpreter
into the Altair 8800b takes 12 minutes
from paper tape, 4 minutes from cas-
sette. Typical cassette interfaces range
from $35 to $138 kit, $65 to $195 wired.
You can buy a 4k BASIC interpreter for
$4 to $60 depending on manufacturer.
The 8k BASIC interpreter ranges in price
from $8to $75.

Which to Pick? A major question to
answer is: will you be satisfied with pro-
gramming in assembly language, or do
you want to program in BASIC? if you're

sure you'll be happy with assembly lan-
guage, you have two types of computers
to choose from. The least expensive is
the all-on-one-board computer, Type 4,
such as the KIM-1 or 6502 Familiarizor,
where the only extra to buy is a power
supply except for a couple that have it
built in. The other choice is Type 3, the
pc board with no 170, such as the SC/
MP. To use one of these, you'll need a
power supply, keyboard, and some sont
of output, either a printer or a TV receiv-
er or video monitor.

If you're more interested in programs
than in computers, and want BASIC, you
have three choices. The Type 1 comput-
ers, including the Altair 8800b and Imsai
8080, require interfaces and peripherals
for input and output, as do the Type 2
machines, such as Southwest 6800 and
Poly-88. You can add these at any time.
You'll need no additional hardware if you
buy a Type 5 computer, which has both
CRT and keyboard.

Summarizing, you must decide what
you plan to do with the microcomputer
now and in the future, as well as what
your bankbook can tolerate.

Are you determined to be an experi-
menter, more interested in hardware
and/or learning the fundamentals of
computers? If so, a Type 3 or 4 unit
might be your best bet.

If you're more interested in “talking” to
your computer and getting results easier
and faster, but wish to add peripherals of
your own choice at some future time, a
Type 1 or 2 could be the way to go.

Should you want an all-in-one type of
micro, with peripherals already incorpo-
rated, then perhaps a Type 5 should be
considered.

There are other factors to weigh, of
course, including language availability
(do they have assembler or BASIC?),
reputation of the computer manufacturer
(how good are their computers and how
long will they stay in business?), wheth-
er or not you plan to join a computer club
for sharing ideas and trading information
on software, and so on.

More Help. In addition to asking a
manufacturer to send information on his
micrccomputer for performance details
(see address listing), there are many
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other ways to help you decide which to
buy. There are over 90 computer clubs,
many with membership-in the hundreds,
where you can talk with people who are
using various hobby computers. Dozens
of computer stores around the country

and answer your questions in detail.

Magazines and club newsletters devot-

" ed to the computer hobbyist are also ex-

cellent sources of information. And if you
get to a hobby-computer convention,
such as the ones that were held in New

can check out dozens of computers and
penpherals in a single day, as well as lis-
ten to talks about hardware, software
and applications. .
Whatever choice you make, you'll find
yourself in a new, exciting field that will

will show you how their products work, Jersey (Trenton and Atlantic City), you addto your knowledge and fun. <
: - /
- ’ DIRECTORY OF MICROCOMPUTER AND PERIPHERAL MANUFACTURERS
Apple Computer Co. Hamilton/Avnet Electronics National Semiconductor Corp.
770 Weich Rd., Palo Alto, CA 94304 18950 West Washington Bivd., Culver City, CA 90230 2900 Semiconductor Dr., Santa Clara, CA 95051
Applied Microtechnology IMS Associates, Inc. Ohio Scientific instruments

100 N. Winchester Bivd., Santa Clara, CA 95050

Burkeshire Systems
P.0. Box 512, Mountain View, CA 94040

Comp-Sultants
P.O. Box 1016, Huntsville, AL 35800

Cromemco
One First St., Los Altos, CA 94022

Digital Group, The

Box 6528, Denver CO 80206
-Dutronics

P.O. Box 9160, Stockton, CA 95208

E&L instruments, inc.
61 First St,, Derby, CN 06417

EBKA Industries, inc.
6920 Melrose Lane, Oklahoma City, OK 73127

Electronic Control Technology
P.O. Box 6, Union, NJ 07083

Electronics Products Associates, Inc.
1157 Vega St., San Diego, CA 92110

Electronic Tool Co.
4736 El Segundo Bivd., Hawthore, CA 90250

Gnat Computers
8869 Balboa Ave., Unit C, San Diego, CA 92123

Godbout Electronics
Box 2355, Oakland Airport, CA 94614

Hal Communications Corp.
P.O. Box 365, Urbana, IL 61801

L

14860 Wicks Blvd., San Leandro, CA 94577
Infinite Inc.

P.O. Box 906, Cape Canaveral, FL 32920
Intelligent Systems Corp.

4376 Ridgegate Dr., Duluth, GA 30136
Intersil, Inc.

10900 N. Tantau Ave., Cupertino, CA 95014
Lear Siegler Inc.

714 N. Brookhurst St., Anaheim, CA 92803
M&R Enterprises .

P.0. Box 1011, Sunnyvale, CA 94088
Martin Research

3336 Commercial Ave., Northbrook, IL 60062
Microcomputer Associates

2589 Scott Bivd., Santa Clara, CA 95050
Micro Peripherals, Inc.

P.0. Box 22101, Salt Lake City, UT 84122
Mikra-D, Inc.

30 Main St Ashland, MA 01721

MITS

2450 Alamo SE, Albuquerque,.NM 87106
Monolithic Systems Corp.

14 invemess Dr. East, Englewood, CO 80110
Mos Technology, Inc.

950 Rittenhouse Rd., Norristown, PA 19401

National Multiplex Corp.
3474 Rand Ave., So. Plainfield, NJ 07080

11679 Hayden St., Hiram, OH 44234

PCM Company

Box 215, San Ramon, CA 94583
PolyMorphic Systems

737 S. Kellogg, Goleta, CA 93017
Processor Technology

6200 Hollis St., Emeryville, CA 94608
Pronetics Corp.

P.0. Box 28582, Dallas, TX 75228
RCA Solid State Division®

Box 3200, Somerville, NJ 08876
Scientific Research Instruments Co.
P.O. Drawer 2096, Ashland, VA 23005

Southwest Technical Products Corp.
Box 32040, San Antonio, TX 78284

Sphere Corp.

P.0. Box 213, Bountiful, UT 84010

Tarbell Electronics

144 Miraleste Dr., #106, Miraleste, CA 90732
Vector Eiectronics Co., Inc.

12460 Gladstone Ave., Sylmar, CA 91342
Veras Systems ]

P.O. Box 74, Somerville, MA 02143

Wave Mate -

1015 W 190th St., Gardena, CA 90248

Wintek Corp.
902 N. 9th St., Lafayette, IN 47904

Digit
Probe

VER SEE a logic probe that was so
Ecompact that it could fit over the tip
of your finger? Although there is such a
device (see photo), don't look for it com-
mercially—you have to make it yourself.
We call this ultra-compact little gem the
“Digit Probe,” mainly because in use it's
like an extension of your index finger.
Used in this manner, the Digit Probe
‘makes it easy to trace pulses around
crowded IC assemblies and pc board fouI
traces that all look alike.

As shown in the schematic diagrams,
the circuits for the Digit Probe are basic
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Technical Editor

Compact, easy-to-use Ioglc probe

fits your finger.

The D1igit Probe fits on finger.

\
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Use either a LED

readout or audible signal.

HI/LO indicators. Circuit A provides a vi-
sual indication of conditions existing in
the circuit under test via light-emitting di-
ode LED1. Circuit B provides an audible
indication via the Mallory Sonalert ®. Cir-
cuit A is convenient for tracing pulses in
an operating system, while circuit B is
more convenient when you have to look
away from the system under test to
make equipment adjustments and can't
monitor a LED.

All components (except the Sonalert)
in both circuits should be kept as small
as possible so that the assembled circuit
can be mounted on an ordinary plastic
guitar/banjo pick. Use a miniature gen-
eral-purpose npn transistor for Q1 and

Ls-watt resistors for A1 and R2. Any size
of color discrete light emitting diode can
be used for LED1.

Construction. The Digit Probe circuit
mounts directly on the outer surface of
the guitar/banjo pick and is held in place
with quick-setting clear epoxy cement.
Assembly is very easy and non-critical,
but you will have to take care to keep the
physical layout as compact as possible.

Start construction by trimming both
leads of the two resistors to ¥4” (6.4 mm)
and bending the lead stubs into hooks.
Pre-tin the head of a straight pin with
solder and solder the head of the pin to
one lead of R1. Solder the other lead of
R1 to the base lead of Q1. Solder the
cathode lead of LED1 to the collector
lead of Q1 and the anode lead to one
end of R2. Solder separate 36" {about
1-m) lengths of small-diameter stranded
hookup wire to the free end of R2 and
the emitter lead of Q7, using red and
black insulation, respectively. Terminate
the free ends of the hookup wire with
miniature alligator clips. Finally, loosely
twist together the hookup wires.

If you're planning to make the audible
version of the Digit Probe, eliminate R2
and LED1. Wire the circuit as described
above, locating the Sonalert about 10"
(25.4 cm) from the alligator clip end of
the twisted-pair power cable.

Liberally coat the area of the guitar/
banjc pick on which the Digit Probe cir-
cuil is to mount with epoxy cement.
Press the circuit into the cement, orient-
ing it as shown in the photo. Slip over
the projecting straight pin a length of
plastic sleeving, leaving about '&" to
3/1¢” (3.2 to 4.8 mm) near the point of the
pin exposed. Coat the circuit with more
epoxy cement to assure a firm mechani-
cal anchor. Then allow theé cement to
cure for at least 24 hours before using
the probe.

In Use. Slip the Digit Probe over the in-
dex finger of the hand you would nor-
maly use to hold a probe during tests.
Clip the alligator clips on the black and
rec twisted-pair hookup wire to the -
and + supply lines of the circuit under
test. Then, using the probe is as simple
as pointing your finger. o
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iniature

Digital

Stopwatch

Times from 1/100 s to 59 min, 59.99 s

in split or Taylor modes.

HERE have been many sports timer

construction articles, but never one
for a project as small as this. Although
this six-digit LED readout timer can
measure time intervals from one 1/100
of a second to 59 minutes, 59.99 sec-
onds, it can be held easily in the palm of
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BY WAYNE KASHINSKY

the hand and stored in a shirt or jacket
pocket. Timing can be in either the split-
cumulative mode (display frozen when
START-STCP pushbutton is depressed
and total elapsed time with each succes-
sive switch operation) or the Taylor-
sequentiak mode (time interval displayed

AmericanRadioHistorvy Com

between successive switch operations).
The single IC used in this timer has a
built-in crystal-controlled oscillator, a

jow-battery indicator (decimal points
come on), and internal digit and seg-
ment drivers. The output transistors can
handle up to 20 mA per segment and do
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