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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
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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
Lot ~
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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.

34

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
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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-

45




RED

M
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
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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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Type 2:
Southwest Technical 6800
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Microcomputer Assoc. JOLT
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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

K

OAD TO

TER GHOICER

Apple Computer Apple-1
Burkeshire Systems EPIC 2
HAL MCEM-8080
Microcomputer Assoc. JOLT

National Semiconductor SC/MP

Pronetics PS-810

AN

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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PARTS LIST

B1—Three AAA cells in series

C1-8-40-pF subminiature trimmer capacitor
(optional, see text)

DIS1-—Common-cathode six-digit calculator
readout stick on 2-in. board

IC1-—720S timer (Intersil)

S1. 82—Spdt subminiature slide switch

$3, S4—Spst miniature pushbutton switch,
normally open

XTAL—3.2768-MHz crystal

Misc.-—Plastic case and cover (Pomona 2104
or similar), 24-pin IC socket (optional),
Molex pins (optional), press- on type or fine
brush and white paint, hook-up wire.

Note—The following are available from AD-
AGE, Box 1004, New Brunswick, NI
08903: kit Kli. consisting of ICl and
XTAL, for $21.95; kit K2, consisting of all
parts, including drilled case, except batter-
ies, for $39.95. Include $1.50 for shipping.
New Jersey residents, add 5% sales tax.

Fig. 1. Complete timing circuit is contained in 7205 IC.

not require external current-limiting re-
sistors. The total average current de-
mand is less than 40 mA so that three
AAA cells or 3-N rechargeables can be
used as the power source for up to 12
hours. When the battery voltage drops
below 2.6, the indicator comes on. Gen-
erally, the timer can still be used for
about 15 minutes after this occurs. The
simplicity of the circuit can be seen in
Fig. 1. A complete description of the cir-
cuit's operation can be found in the Au-
gust, 1976, issue of PoPuLAR ELEc-
TRONICS, p. 73.
Cc Although any type of
construction can be used, to make the
sports timer as small as possible, the foil
pattern shown in Fig. 2 should be used.
Note that components are mounted on
both sides of the board as shown in Fig.
3. The IC is mounted on the blank side
of the board, preferably using a socket
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or Molex pins, or it can be soldered in
place, depending on the cells used.

The LED display is a conventional 2-
inch calculator 6-to-9-digit stick with
flat red lens. In the prototype, an
NSN-66A (National Semiconductor) was
used, but a brighter readout can be ob-
tained with an NSA-1188. Other types of
readouts can be used if the appropriate
jumpers are made from the display pads
on the board. The NSN-66A can be
mounted on the foil side of the board as
shown in Figs. 2 and 3. If the bottom sur-
face of the display stick has exposed
bare copper leads, cover it with a layer
of masking tape to avoid shorting to the
pc foil pattern. Mount the display and
switches so that the tops of the switch
bodies are flush with the upper surface
of the display.

All wire connections to the board are
made through the blank side of the
board using slender flexible insuiated
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wire. The batteries are wired in series
and formed into a small bundle.

For the prototype a small plastic case
was used for the timer. It measured 234"
W x 114"H x 115D, with a fitted cover.
Drill holes for S3 and S4 on one side of
the case with sufficient spacing for the
crystal between them. With the switches
mounted on the case and connected to
the proper points, solder the power
leads to the AAA cells. Then fit the cells
into the bottom of the case and put the
pc board in the case with the display be-
tween the two switches. The edges of
the pc board (and possibly the display)
may have to be trimmed to make a pro-
per fit. Insert the pc board until the upper
surface of the display is just slightly be-
low the rim of the case. The operating
handles of S1 and S2 should stick above
the case rim.

Once the board has been properly po-
sitioned, determine the locations of the
readouts and S1 and S2 and cut the
necessary slots in the cover. Install the
cover and identify all the switches with
a white dry-transfer lettering kit. Using
the same careful techniques, apply a
decimal point on the upper surface of
the display just to the left of the two di-
gits on the right end. Then apply a colon
to the left of the second pair of digits.

If desired, an spst switch can be add-
ed between IC1 pin 19 and the negative
side of the battery. Operating this switch
will permit the display to show the run-
ning clock at-any time.

{BLANK SIDE)  —XTAL-—
© i (BLANK |
A | SIDE) !
J' ¥ . s
: i
ea—1CI
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g 18 = % N§ SIDE)
DIS |
L <t i E
SIDE) t
B ¥ 233 -
T
FOIL ) .
SIDE) J ,‘/‘\/ [ '
g s
y l
(FOIL
ES S4 | ‘sioE)
L‘||.' =
81-B3

i
S
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Fig. 2. Etching and drilling
and component installation guides.
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Fig. 3. Top and bottom of board.

Testing. Place S7' (ON-OFF) in the ON
position and note that the display is .00.
Depressing S3 (START-STOP) should
cause the display to start counting in
hundredths of a second. The IC has
built-in automatic power-on reset and
leading zero blanking so that the other
digits will not be displayed until they are
needed. Depressing S3 again should

. cause the display to stop and indicate
some elapsed time.

if only one digit comes on and it is
very bright, the internal oscillator is not
working. Examine the crystal circuit. If
segments are missing, check the two pc
boards for solder bridges or broken
traces. If a segment and digit-driver line
are shorted, that particular segment will
not glow.

Once the timer operates carrectly, it
can be checked by listening to WWV or
CHU. Place S2 in the sPLIT position and
start the timing on the minute signal.
Check the time against the signal every
few minutes to determine the timer ac-
curacy. If the displayed time is more
than it should be, mount a small trimmer
capacitor (8 to 40 pF) on the pc board as
indicated in Fig. 2. Adjust the capacitor
and continue the timing tests until the
desired accuracy is obtained.

'Using the Timer. The START-sTOP

pushbutton is used as in a mechanical
stopwatch. The RESET button zeros the
counter.

In the SPLIT mode, operate the START-
STOP button at the beginning of an
event; then once more when the desired
interval (half or full lap, etc.) is finished.
The display will indicate the elapsed
time. However, the counter is still oper-
ating, so depressing the START-STOP
switch again causes the display to indi-
cate the total elapsed time since the
start of the event. If desired, operate the
RESET pushbutton to stop the counter
and return it to zero.

The TAYLOR mode automatically re-
sets the counter to zero with each oper-
ation of the START-STOP switch, and the
display shows the time interval between
depressions. This is a useful function
when you want to time each lap in a race
without resetting the timerto zero. &

HE FUEL gauge in most motor vehi-
Tcles is a simple electrical meter-type
movement that constantly monitors a
changing current through a sensor locat-
ed in the fuel tank. Itis a simple matter to
convert the monitoring system to a digi-
tally generated numeric display and

. eliminate the uncertainties involved with
reading and interpreting meter-type dis-
plays. Furthermore, a numeric display is
much easier to read at a glance, which
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adds up to greater driver safety on the
road or highway. .

The digital fuel gauge described in
this article can be installed in just about
any motor vehicle to display the quantity
of fuel remaining in the tank in 10’s of
percent. It uses readily available low-
power TTL logic and linear IC's and
large, easy-to-read seven-segment LED
displays. The entire project can be built
for about $25:

A arErRR adle s e Car

bigital
‘Fuel
Gauge

BY GREGORY BAXES

Replace your old analog meter with a bright
LED display indicating percentage of fuel remaining.

About the Circuit. The biock dia-
gram of the basic gas gauge circuit is
shown in Fig. 1. Note that although the
system is rigged to display three digits
(to represent from empty, or O, to full, or
100%), the units digit is a dummy seven-
segment display that is always powered
to show a 0; it is not driven by the cir-
cuit’s logic as are the 10's and 100's di-
gits. Since only 11 increments are actu-
ally displayed by the system, only 1%z di-
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Fig. 1. Block diagram showing how gauge works.

gits are required. Hence, DIS1 is either
blanked or displays a 1.

Integrated circuit /IC2 serves as the
clock generator for the system, operat-
ing at about 1 Hz. It drives.a convention-
al decade-counting system consisting of
counter IC3, latch IC4, decoder/driver
IC5, and display DIS2. Under normal
conditions, this counter simply cycles,
with the clock puises, from 0 to 9 and
then generates an “overflow” pulse. In
this system, however, the BCD outputs
from IC3 are also coupled to BCD-to-
decimal decoder IC7. The 0-through-9
outputs from IC7 and R19 through R29
generate a voltage that is proportional to
the count at any instant. This voltage
and a second voltage that is determined
by the amount of fuel left in the gas tank
are summed in voltage comparator /C8.
The output of IC8 is either high or low,
depending on the differential between
the two input voltages.

The values of weighting resistors R19
through R29 are selected to provide
10% changes in the display count. If, for
example, the tank is 50% full, when the
IC3 through IC7 circuit “sees” a 5, IC8's
output changes state to activate the IC6
contro! circuit. Dual monostable multivi-
brator IC6 generates a strobe pulse to
cause a 5 to be displayed by DIS2.
Shortly after this, /IC6 generates a reset
pulse to allow the circuit to cycle again.
In our example, the display system will
indicate 50%.
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The only time the system displays
100% is when the gas tank is full. At this
time, /C3 counts through 9 and goes to
0, generating an overflow, or “carry,”
signal. The carry signal passes to the
overflow logic and is used to turn on the
1 in DIST when the strobe pulse ap-
pedrs.

The reset pulse will return the system
back to 0 so that the cycle can repeat.
Thus, the display is updated every sec-
ond or so, depending on the rate of the
clock. The display will not flicker, how-
ever, because the latch in the used 1%
digits will maintain power to the digits
between strobe puises.

Although, with slightly more logic, the
gas gauge could have been designed to
provide a full 100-step resolution, an 11-
step resolution was selected for practi-
cal reasons. A greater than 10% resolu-
tion would have resulted in an annoying
fluctuation of the numerals displayed by
DIS3 as the motion of the vehicle
caused the level of the gas in the tank to
rise and fall.

The complete schematic diagram of
the gas gauge is shown in Fig. 2.

Construction. You can use either a
printed circuit board of your own design
or perforated board to assemble the gas
gauge. In either case, it is recom-
mended that you use sockets for all IC’s
to obviate the possibility of heat damage
to these components during soldering. It
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is also suggested that you use two
boards—one for the display and a sec-
ond for the rest of the circuit. Use color-
coded hookup wire for the interconnec-
tions between the boards.

There are three external connections
to be made for the gas gauge: +12Vvolts
to the vehicle’s electrical system, vehicle
ground, and the “hot” side of the fuel
sensor. This is most practically accom-
plished with the aid of a three-lug screw-
type terminal strip mounted on the rear
of the case in which the circuit is
housed. Additionally, if you prefer, volt-
age regulator /IC9 can also be mounted
on the case, provided the case is metal,
for heat-sinking purposes.

Note in Fig. 2 that the values of resis-
tors R19 through R29 are not specified.
These resistor values must be deter-
mined for the specific fuel sensor with
which the gas gauge is used. To deter-
mine the values of these resistors you
must first locate the “hot” lead of the fuel
sensor going to the meter on the vehi-
cle's dashboard. Break this lead so that
you can measure the sensor's re-
sistance between the lead and ground.

There are two ways to obtain a rela-
tively accurate list of fuel-sensor mea-
surements. First, you can drive your car
into a gas station with your car’s meter-
type fuel gauge still connected and reg-
istering empty. (Do not completely emp-
ty your tank of gas. If you assume an.
empty tank when the gauge reads emp-
ty, you will have a margin of safety when
your tank runs low.) Have the attendant
fill your tank to full and keep a record of
the amount of fuel required to fill the
tank. Divide the number by 10. You now
know gallons at each 10% point. Then
the next time you go for a refill, discon-
nect the “hot” sensor lead from the me-
ter and have the attendant fill your tank
in the previously noted 10% increments
while measuring and logging the sen-
sor's resistance at each 10% point.

The second way is to estimate the
10% marks on your car's meter-type fuel
gauge, marking these points on the me-
ter's faceplate with a grease pencil. Fill
your tank to full, install a switch in the
sensor's “hot” lead, and (with the switch
closed) drive around until the meter's
pointer registers 90%. Pull over, open
the switch, and measure the sensor’s re-
sistance. Repeat this procedure until the
meter registers empty, keeping a log of
your measurements. Again, do not drive
your car until the tank is completely
empty. Remove the switch from the sen-
sor’s hot lead.

The resistance measured for an emp-
ty tank is the value of R19 at pin 1 of IC7,
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PARTS LIST

C1—10-p.F, 10-voit electrolytic capacitor

C2 through C7, C10—0.1-pF, 10-vol capa-
citor

C8, C9—470-uF, 15-volt electrolyiic capa-
citor

Di, D2—1N4454 diode

DIS1, DIS2, DIS3—MAN-52 (Monsznto) or
any common-anode sevea-segmert LED
display

1C1-—74L74 dual D flip-fop

1C2—555 timer

while the resistance measured for a full
tank is the value of R29 at pin 11 of IC7.
All other resistances are the values of
R18through A28 ard fit into the circuitin
consecutive order tetween pin 2 and pin
10 of IC7. (Note that gin 8 of IC7 goes to
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1C2--741.90 decade counter

1C4—74L75 laich

1C5—741.47 seven-segment decoder/driver
IC6— 556 duz! timer

JC7—74L45 BCD-te-decimal decoder/driver
JIC8—LM31 1 voltagz comparator
1C9—LM309K 5-vali regulator

QI, (G2—2N4946 transistor

The follawing resistors are 14 wati, 10%:
R1,R2, R3 R16. R1%—2G00 ohms
R4—75 ohms

R5— megohm

Fig. 2. Caomplete schematic
of the digital fuel gauge.

R6—390 ohms

R7.R17—10,000 ohms

R8 :hrough R15—150 ohms

R30, R3]1-—220 ohms

R1@ through R29—Trimmer potentiometer
(iee text)

R32—-25 ohm, 10%, Y2-watt resistor

Misc.—Perforated or pc board; sockets for
IT's (optional); chassis box; white dry-
transfer lettering kit; red plastic display win-
dow; hookup wire; solder; machine hard-
ware; etc.

ground; skip this- pin when installing the  nect the inputs of IC8to pins Aand A’ as
resistors.) You can use miniature pc-  shown with ajumper. If the tank sensor's
type trimmer potentiometers for R19 resistance decreases as the fuel level

through R29.

decreases, connect the inputs of /IC8 to

If your tank’s fuel senscr resistance Band B’
increasas as the fue| decteases, con- Once the digital fuel gauge project is
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assemblea, mount a red plastic window
in front of the displays. Then, using a
white dry-transfer lettering kit, label the
legends FUEL above and PERCENT be-
low the displays. (If you prefer, you can
paint a white % sign on the wmdow )’

Once the project has been assem-
bled, it can be installed in your vehicle
on top of the dashboard or in any loca-
tion where it provides an unobstructed
view of the displays. Make the three

_connections to the vehicle's electrical

J {

system: (1) +12-volt power input line to
any point in the system that is powered
when the ignition is on and off when the
ignition is off; (2) ground-to the vehicle’s
chassis ground; (3) sensor to the “hot”
side of the fuel sensor. o

AnA/D

Temperature

- Converter

Use your frequency counter

to measure temperature
to 0.1°C resolution.

THIS project is a low-cost analog-to-
digital converter which allows you to
make accurate temperature measure-
ments with a frequency counter. its
range is 0° to 100°C, with a resolution of
0.1°C and an accuracy of 0.5°C.

The circuit uses an inexpensive sili-
con signal diode as a temperature sen-
sor, a dual operational amplifier IC, a
unijunction transistor, and a handful of
resistors and capacitors. Parts cost is
less than $10. No warm-up period is re-
quired, and the project is easily calibrat-

ed. Several sensors can be switched

into the circuit to provide temperature
readings at various locations.

About the Circuit. The converter's
schematic diagram is shown in Fig. 1.
When power is applied to the circuit,
zener diode D1 and resistor R6 set up a
reference 1-mA current through temper-
ature sensor D2, a 1N914 silicon signal
diode. When D2 conducts, it exhibits a
forward voltage drop of approximately
0.7 volt at room temperature (25° C). But
this voltage drop is temperature depend-
ent. For each 1° C increase in ambient
temperature, the forward voltage drop
decreases 2.2 miilivoits. Conversely, for
62
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each 1°C decrease, the voltage drop in-
creases 2.2 millivolts. This voltage sig-
nal is applied to the noninverting input of
IC1A, an op amp integrator. )

When the voltage across integrating
capacitor C1 reaches a certain value,
unijunction transistor Q1 tums on, dis-
charging C1. Potentiometers R2 and RS
set the minimum and maximum charge/
discharge rates, respectively. Each time
C1 is discharged, an output pulse is

generated. This pulse is coupled to the

noninverting input of IC1B, an op amp
buffer whose gain has been selected to
produce a pseudo-square-wave output.
The output signal, appearing at J2, is
then coupIed to the frequency counter
input by a short jumper of coaxial cable.

The conversion ratio of the A/D con-
verter is 10 Hz per degree C when prop-
erly calibrated. That is, when the mea-
sured temperature is 25.4° C, the coun-
ter will indicate a frequency of 254 Hz.

A bipolar (+9-volt) power supply is re-
quired. A line-powered dc source can be
used, but two 9-volt transistor batteries
conr)ected in series are also suitable.

Construction. Circuit layout is not
criﬁpal, so printed circuit or perforated

J
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maricanPadinblictary Cam

board can be used. Etching and drilling
and component layout guides for a suit-

able pc board are shown in Fig. . Trim-
mer potentiometers R2 and R5 can be
fashioned from vertical mounting types.
Slmply bend the three lugs on each so
the controls can be mounted flat against
the circuit board. Be sure to observe
proper ‘polarity and basing on the IC,
and other semiconductors. The use of ;
an IC socket or Molex Soldercons is rec-
ommended.

Temperature sensor D2 should be
connected to a length of shielded cable
terminated with a phono plug. Be sure to
connect the diode so that its cathode is
grounded. Otherwise, false readings will
be obtained. Also, it is recommended
that you dip the diode in clear epoxy ce-
ment after it has been soldered. Allow
the epoxy to cure for 24 hours before us-

" ing the sensor. This will give a protective

coating around the diode.
Connection to the frequency counter
should also be made with a jumper of

" shielded cable terminated with proper

plugs. You may want to use the same
jack for J1 as is on the counter, such as
a BNC jack: Altematively, a phono jack
can be used.
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PARTS LIST J1, J2—phono jacks R8—190 ohms

B1, B2—9-volt transistor batteries

C1—0.0047-.F silver mica or polystyrene ca-
pacitor

C2—620-pF silver mica or polystyrene capaci-
tor

Di—6.2-volt, 1-watt zener diode (IN821 or
equivalent)

D2—1N914 silicon signal diode

1C1—747A dual operational amplifier

PL 1—phona plug

Q1—2N2646 or Radio Shack 276-111 uni-
junction transistor

The following resistors are 10%, Y4-watt un-
less otherwise specified:

R1—5600 ohms

R3—470 ohms

R4—1000 ohms

R6—6200 ohms, 5% tolerance

R7—1.2 megohms

R9—10,000 ohms

R2—1000-ohm printed circuit trimmer poten-
tiometer

RS5—1D,000-ohm printed circuit trimmer po-
tentilometer

S1—Dipdt toggle switch

Mise.—Battery clips, suitable enclosure,
hookup wire, shielded cable, IC socket or
Molex Soldercons, machine hardware, sol-
der, etc.

Fig. 1. In converter circuit, signal diode D2 aets as a linear temperature sansor.
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Fig. 2. Actual-size etching
and drilling guide at right.
Parts placement guide above.
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Cazlibration. Once the circuit has been
built and is operating, it should be cali-
brated at both extremes of its range.
With the converter connected to the fre-
quency counter, insert the temperature
sensor into a bath of boiling water. Ad-
just A5 so that the frequency counter
reads 1000 Hz (100°C). Then insert the
sensor in a container of crushed ice and
adjust R2 for a 0-Hz (0°C) reading. Be-
cause there is a degree of interaction
between the two controls, the procedure
must be repeated several times until
proper readings are obtained at both
temperature extremes.
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Operation. Once the project has been
calibrated, it will exhibit excellent lineari-
ty over its entire temperature range. A
rotary switch can be added if remote
sensing at several locations is desired.
The shortest possible length of shielded
cable should be used with each diode. A
voltage drop in the wire of even a few
millivolts (that has not been compensat-
ed for in calibrating the project) will
affect the converter’s accuracy. If the di-
ode sensor is damaged at temperature
extremes, simply replace it with another.
The cost of signal diodes is low enough
for you to'keep many spares on hand. &
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“That's the third paragraph you've
started with “according to our computer.'”
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Where those ‘‘glitches’’ come from and what to do about them.

OGIC circuits usually behave very
logically. For example, trigger a flip-
flop and its outputs change state; or
drive an inverter and the signal flips
over. What could be simpler?
Unfortunately, “glitches” (undesired
signals) sometimes get into a circuit and
cause it to misbehave. When you look
into the problem, you find that all the di-
gital logic IC’s are good,; the clock is fine
and healthy; the power supply is clean
and well-regulated; and the wired inter-
connections are all OK. But the circuit
still produces erratic results!
if you are blessed with a high-quality
oscilloscope, it is possible to spot mys-
terious glitches wandering around the
circuit, appearing like that shown in Fig.

Fig. 1. Retouched photo of glitch.
64

1. If this signal is applied to a logic cir-
cuit, the circuit will trigger on the glitch
as well as on the leading edge of the real
signal. This produces an erratic result. In
this article, we will discuss the sources
of such glitches and how fo eliminate
them, if possible.

Basic Element. Let's begin by con-
sidering the simplest logic element—the
basic inverter. Although it seems that
the input and output of an inverter occur
in step with each other, this is not the

Ats

1 PROPAGATION
—={ ——DELAY
1

Fig. 2. Inverter output delay.

case. These devices require a finite
amount of time to respond to a signal in-
put. This “propagation delay” is shown
in Fig. 2. Specification sheets for the log-
ic device give the amount of delay to be
expected. Interestingly, propagation de-
lay is not related to waveform rise and
fall time and is different for positive-
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going and negative-going waveforms.
To further complicate matters, many
TTL specifications sheets list both mini-
mum and maximum delay times, with
both specified for a standard resistive
and capacitive load. Any extra capaci-
tance in the load will simply produce
more delay.

For example, if two TTL devices such
as the 7400 quad 2-input NAND gate
and the 7404 hex inverter are combined
in a circuit that depends on propagation

Fig. 3. Making use of the glitch.

delay (sometimes we can make the
glitch work for us), we can observe the
effect of typical and maximum delay
times. The circuit, a propagation delay
one-shot, is shown in Fig. 3 with its as-

POPULAR ELECTRONICS
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Fig. 4. Circuits in (A) should p'ro;iuce wavefoMs at (B). But (C) shows a glitch.

sociated waveforms. The positive-going
edge (A) causes the output to fall one
delay time later (B). At about the same
time the output at (C) falls. One more
delay later, output (D) rises. Finally three
delays after input (A), output (E) drives
output (B) high. The solid lines show an
ideal situation while the dashed lines
show how propagation delay affects the
width of the output pulse. Note that the
output pulse width depends on the com-

. bined propagation delays of the devices
used.

The question then is: which delay fig-
ures should be used? The dnswer is: the
worst-case figures. That is simple
enough, but which is the worst case?
The answer to that depends on the ap-
plication. The designer must decide
what effect a slow or fast (responding)
dévice will have on each part of the cir-

. cuit under consideration.

Predicting Propagation Delays.
Here is one method that can be used to

predict whether propagation delays will
cause an unwanted glitch. Two divide-
by-two circuits are shown in Fig. 4A. In
the circuit on the left, a NAND gate is op-
erated by a flip-flop. In the other circuit,
the gate is a NOR. Theoretically the out-
put waveforms of the two circuits would
be similar and would look like those in
Fig. 4B. However, Fig. 4C shows the ac-
tual output as viewed on a scope, except
that AND and OR gates were used and
the top waveform was inverted from that
shown in the NAND portion of Fig. 4B.
Now, where did that glitch come from?
To answer this question, we will re-
draw Fig: 4B using a time scale of 50 na-
noseconds per division and take propa-
gation delay into account. Fig. 5Ais the
result. Note that the glitch is produced
by the overlap between the clock and
the Q output caused by the propagation
delay in the flip-flop. In the case illustrat-
ed, it was assumed that the flip-flop had
s/
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maximum delay and the gates were typi-
cal devices—which makes the largest
glitch. Fig. 5A does not look exactly like
Fig. 4B because the latter was drawn as
if the waveform transitions were instan-
taneous, which they(are not. The effects
provided by rise and fall times are
shown in Fig. 5B. :

So far we have considered only sim-
ple circuits. Clearly, by choosing the OR
gate in Fig. 4A, we avoid the glitches.
Now, suppose the design requires a
source of timing signals derived from A
counter. In the circuit in Fig. 6A, a 74197
counter drives a 74154 decoder to pro-
duce the waveforms shown in Fig. 6B.
The circuit produces 16 sequential tim-
ing pulse outputs, but anly five are
shown in Fig. 6B. So far, so good. Unfor-
tunately, if you look at the output on a
scope, the waveform in Fig. 7A is the re-
sult. This is not a pretty picture! What
wentwrong? -

The 74197 is a ripple counter. This
means that the input clock toggles the
flirst flip-flop, which in turn toggles the
second flip-flop, etc. Eventually, the sig-
nal propagates to the output. The spec
sheet for this device indicates a max-

[

imum of 60 ns delay, with a minimum of
10 ns for each stage. Next, in the 74154,
the inputs are buffered by an inverter
and then inverted again as necessary
for the final decoding. The interlocking
arrangement of inverters and gates pro-
duces differential delays and thus per-
mits the occurance of glitcthes—even if
the decoder inputs are synchronized. In
this case, the solution is to feed a narrow
clock pulse to the enable inputs of the
74154, then invert the clock to drive the
74197 counter. This ‘“de-glitcher” is
shown by the dotted lines in Fig. 6A. If
the clock pulse is wider than the counter
delay, the output signals become as
clean as those shown in Fig. 7B.

Solutions. We can now summarize
the points covered and learn a little more
about de-glitching:

1. Glitches are caused by unbalanced
propagation delays in the signal path. In
theory, the glitch of Fig: 5 could be'elimi-
nated by adding a delay in the circuit as
shown in Fig. 8. This would require that
both inverters and flip-flop have “typical”
delay specifications.

2. In general, decoding with OR/NOR
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Fig. 5. Expansion of Fig. 4B shows propagation delay.
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Fig. 6. Dotted circuit in (A) is
added to remove glitches.

gates, as in Fig. 4A, eliminates glitches.

3. Some logic devices incorporate en-
able inputs, which, if properly used, can
eliminate glitches. _

4. Some functions can be performed
differently, such as by using synchro-
nous counters like the 74193/74163 in-
stead of ripple counters like the
7490/74197. .

5. Though some logic families such as
CMOS have slow rise times and slow
operation (which should eliminate

(B)

glitches), remember that any logic family .

will respond to glitches produced by that
logic family.

6. In many cases, glitthes can be
eliminated by flip-flop sampling. If you
have a glitched output that comes from a
“black box” that can’t be de-glitched by
simple methods, use the circuit shown in
Fig. 9A. The black-box output is fed to a
D flip-flop that is clocked by the system
clock. Propagation delay of the black
box causes the glitches to fall between
the clock pulses, but the real signal is
available at the correct times. Note in
the Fig. 9B that the flip-flop output is free
of glitches but has been delayed one

'
i

5V KHZ 1000mS

1S

Fig. 7. Enable gating removes
glitches in (A) to give (B).

clock period plus the propagation delay
of the flip-flop. If there are critical timing
path considerations in the circuit, then it
may be necessary to make some delay
adjustment in one of the other "down-
stream” circuits. -

7. An RC delay can be used to combat
narrow giitches using the technique
shown in Fig. 10A. Timing waveforms
are shown in Fig. 10C. By proper selec-
tion of the RC time constant, the delay
across the RC network is longer than the
glitch time and the glitch disappears. For
extra long glitches, it may even be nec-
essary to use two RC networks separat-
edby a logic gate as shown in Fig. 108.

The RC de-glitching method,is just
barely acceptable for TTL logic for two
reasons. The first is that since the TTL
inputs require 1.6 mA drive, the resistor
is limited to about 180 ohms. This re-
quires the use of fairly large-valued ca-
pacitors—on the order of 1000 pF. Even
so, the 180-ohm resistor reduces the
noise immunity of the input it feeds. The
second reason is that the large-valued
capacitors require large drive currents
from the TTL. Since CMOS logic has

R = S
’|‘T’l‘

B
2]

Fig. 10. RCdelay
can be used to
remove narrow
glitches.

~
‘
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Fig. 9. Flip-flop removes glitches.

very high inputimpedance, the RC delay
is very effective as a CMOS de-glitching
method.

8. One particular type of TTL logic that
will tolerate farge values of RC time con-

stants for de-glitching is the TTL Schmitt

trigger. Figure 11 shows circuits and
waveforms using the 7414 (hex Schmitt)
and 74132 (quad 2-input Schmitt) for
_this purpose. It is still necessary to limit
the resistor value to about 330 ohms us-

ing these devices. The CD4093 is a .

CMOS quad 2-input Schmitt trigger de-
vice that is very effective for de-glitching
and delay using resistor values up to
about 100,000 ohms.

9. A CMOS buffer (CD4010, CD4050)
can be used for de-glitching, delay, and
even switch debouncing with the circuit
shown in Fig. 12. Feedback resistor R2
determines the hysteresis of the circuit
(the Schmitt trigger action) while the
time constant of R1/C sets the amount
of delay. '

(a)

SCHMITT
_/E‘\—TNRESHOLD

~——DELAY

(8) ¢

AL

\
Fig. 11. Schmitt trigger solution.

! R2

el
I

Fig. 12. CMOS de-glitcher.
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NEED HARDCOPY?

If you are one of the many computer
users who wants hardcopy printouts,
but can't afford any of the available
machines, your troubles are over. Our
PR-40 is a universal printer that gives
you clear easy to read hardcopy like
the sample on the right with almost
any computer. Qur printer operates
from any eight bit parallel 1/O port.
The printer has it's own character
generator and memory buffer. This
means that the computers only job is
to feed data when the printer is ready.
No special program is needed in the
computer to convert the data to a
form that the printer can use as each
character is printed. The PR-40 is easy
to use, easy to interface and easy to
afford.

Mf///// //////////””ﬂ!lld:..

7 Z4

sl
= W

SHTFC PR-48 ALFHANUMERIC PRINTER *

4@ CHARACTERS / LIME

5 ¥ 7 DOT MATEIX IMPACT PRINT
USES STRMDARD & 78"
7S5 LINE .~ MINUTE FRINT REATE
ARUTOMATIC RIEECON REVERSE

&4 CHARACTER ASCIT CHARACTER SET
48 CHARACTER LINE MEMORY

TTL, SKWTRC &2@e. MITS COMFATIELE

HOW ABOUT PICTURES?

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

GT-6144 GRAPHICS TERMINAL KIT . .$ 98.50 PPd

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

(] 6800 Computer $395.00

[ GT-6144 Graphics Terminal $ 98.50 [] Just data {free)

CALCULATOR FPAFEE

(0 PR-40 Printer $250.00

NAME

ADDRESS

CITY STATE ZIP

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

CIRCLE NO. 61 ON FREE INFORMATION CARD
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if you can see a difference,
Imagine what yow’ll hear.

- s -

You'’re looking at the solu-
tion to one of the oldest prob-
lems in audio—how to protect
records from wear, while at
the same time preserving full
fidelity.

It’s called Sound Guard*
and it’s remarkable.

Independent
- tests show that discs

Sound
Guard

Guard.

Record
Preservative

Record

Preservation

Kit

Guard preservative played
100 times display the same
full amplitude at all frequen-
cies and the same absence of
surface noise and harmonic

Magnified, you can see record vinyl wearing away.

1 treated with Sound

With same magnification, record vinyl shows no wear,
distortion as “mint condition”  in a kit complete with a non-
discs played once. aerosol pump sprayer and

A by-product of dry lubri-
cants developed for aerospace
applications, Sound Guard
preservative is so smooth it
reduces friction, yet so thin
(less than 0.000003") it leaves
even the most fragile groove
modulations unaffected.

Len Feldman in Radio
Electrenics reports “At last!
The long awaited
record-care product
has arrived.
It preserves
frequency
response

B ——

Test record played first time.

Distert:on
GOIT ponents

AN

-

After 100 plays without Sound Guard.

Identical test record after
100 plays with Sound Guard.

while reducing distortion and
surface noise”’ It’s effective and
safe for all discs, from precious
old 78'’s to the newest LP’s.
Sound Guard preservative,

velvet buffing pad, is avail-
able in audio and record
outlets.

Sound Guard keeps your good sounds sounding good.

*Sound Guard is Ball Corporation’s trademark for its record preservative. Copyright © Ball Corporation, 1976.

CIRCLE NO. 60 ON FREE INFORMATION CARD
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BY DON LANCASTER

Filters

Using op amps makes filter design easy and low-cost.

REQUENCY-SELECTIVE filters

(high-pass, low-pass, or band-
pass) can be either passive or active.
The former is traditionally an inductor-
capacitor circuit which, particularly at
audio frequencies, can be cumbersome
and expensive and have a response
shape that is not as selective as desired.
Active filters use conventional resistors
and capacitors and operational amplifi-
ers. They are low in cost, easy to tune,
not sensitive to field and hum, small and
light, and are not influenced by varying
load and source impedances. In addi-
tion, active filters can be easily cascad-
ed, so that a complex filter response can
be broken down into simple factored
blocks that do not interact.

Where are active filters used? Elec-
tronic music is one obviously impor-
tant area. Here, active filters serve as
modifiers of conventional instruments,
to generate new sounds by way of
formant synthesis and vcf (voltage
controlled filter) techniques, and to
DECEMBER 1976

generate the transient responses in-
volved with bell and other percussion
voices.

Biofeedback circuits that monitor
brainwaves use ultra-low-frequency ac-
tive filters to separate the alpha, beta,
delta, and theta response waves. Ac-
tive filters are also used in graphic
equalizers to permit modifying the au-
dio channel response to suit individual
tastes or room acoustics. Micropro-
cessor and computer-related uses of
active filters include cassette tape sine-
wave generators for data recording
and transmission and reception of mo-
dem (modulator-demodulator) systems
that send data over the phone lines.

Laboratory applications are wide-
spread, ranging from ultra-low-frequen-
cy seismic and geophysical signal
processing, to speech and hearing stud-
ies, and Doppler tracking of moving ra-
dar targets. Elaborate, general-purpose
active filters are also available for many
different lab situations where certain fre-

AmericanRadiolistory ConT

quencies must be emphasized and oth-
ers rejected or minimized. These same
circuits can be converted into high-qual-
ity signal sources with external feed-
back.

The biggest users of active filters
are probably engineers at the phone
company. They developed most of the
math concepts behind active filters
and have an incredible variety of uses
for them, ranging from multiplexing of
phone conversations onto a common
carrier to equalization of telephone lines.

Psychedelic lighting systems use
active filters to pick up an audio sig-
nal, break it down into various fre-
quency channels, and modulate colored
lights or lasers on a multicolor dynamic
display.

Actually, today you can use active
filters for just about any frequency
selective task you can dream up, rang-
ing in frequency from a few hun-
dredths of a hertz to several hundred
kHz or more. The most common types
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of filter you'd be interested in are
low-pass, band-pass, high-pass, univer-
sal, notch, and voltage-controlled fil-
ters. Now, let's take a detailed look at
how you can build your own active fil-
ters.

Low-Pass. Active filters are normally
broken down into building blocks that
are simple and easy to tune. For fan-
cier responses, you combine as many
simple blocks as you need to get the
overall desired result. One popular
building block is called a second-order
section. A second-order low-pass is
pretty much flat in response up to a
cutoff frequency. Above that, the re-
sponse drops by one fourth each time
you double the frequency. We say it
has a cutoff slope of —12 dB per oc-
tave. A “mirror image” high-pass se-
cond-order section will have a comple-
mentary slope of +12 dB per octave,
leveling off near the cutoff frequency
and staying uniform for higher frequen-
cies. Each of the second-order sec-
tions uses one or more operational
amplifiers. For most lower frequency
audio work, the 741 op amp is ideal.

Improved 741’s, particularly the duals
and quads (4558 and 4136 are typical)
are now available at low cost. Where
you really need high-“Q” values or
large signal swings at high frequen-
cies, you can turn to a super 741 such
as the LM318, with fifteen times the
bandwidth and 150 times the slew rate
of a stock 741. Or, if you're into very-
low-frequency work, it pays to raise the
impedance levels of your circuit as
high as possible to get by with smaller
valued capacitors. The FET or CMOS
op amps are ideal for this, with the
3140 being a top choice for many low-
cost applications.

A pair of second-order low-pass ac-
tive filters, having a 1-kHz frequency are
shown in Fig. 1. Each circuit is flat to
near 1-kHz and then drops at —12 dB/
octave well above 1-kHz. As the fre-
quency increases, the response contin-
ues to die out.

The first circuit (Fig. 1A) is called the
unity gain Sallen-Key circuit otherwise
known as a VCVS or voltage con-
trolled voltage-source filter. Since the
op amp is used as a source follower
(a noninverting amplifier with a gain of

20K

R R
10K 10K

.Ol6(2/d)yF| I.OIG(d/Z)yF

INPUTO

MUST (a)
HAVE
OC PATH
TO
GROUND

39K

|.Ol6yF |.O|6yF

(B)

Fig. 1. Unity gain (A) and equal
component (B) Sallen-Key low pass

Jilters. See table for values of d.

one, a high input impedance, and a low
output impedance), an ordinary transis-
tor emitter follower can be used just as
well.

How does the circuit work? It looks at
the overall mathematical transfer func-

RESISTOR AND DAMPING VALUES FOR VARIOUS LOWPASS AND HIGHPASS RESPONSES

First Section

Second Section

Third Section

Resistor Damping Resistor Damping Resistor  Damping
R (kilohms) d R (kilohms) d R (kilohms) d

Best Delay Low-pass

~12 dB/octave 7.87 1.731 — — == —

-24 dB/octave 6.98 1.916 6.19 1.241 — ==

- 36 dB/octave 6.19 1.959 5.90 1.636 5.23 0.977
Flattest Low-pass

- 12 dB/octave 10 1.414 — — — —

24 dB/octave 10 1.848 10.0 0.765 — —

~- 36 dBfoctave 10 1.932 10.0 1.414 10.0 0.518
1 dB Peak Low-pass

-12 dB/octave 11.5 1.045 — — — —

—24 dB/octave 19.1 1.275 10.5 0.281 — —

-36 dB/octave 28.8 1.314 13.7 0.455 10.2 0.125
Well-Damped High-pass

+12 dB/octave 12.7 1.731 — — — —

+24 dB/octave 14.3 1.916 16.2 1.241 — —

+36 dB/octave 16.2 1.959 16.9 1.636 19.1 0.977
Flattest High-pass

+12 dB/octave 10.0 1.414 — — — —

+24 dB/octave 10.0 1.848 10.0 0.765 — —

+36 dB/octave 10.0 1.932 - 10.0 1.414 10.0 0.518
1 dB Peak High-pass

+12 dB/octave 8.66 1.045 == — = =

+24 dB/octave 5.23 1.275 9.53 0.281 — =

+36 dB/octave 3.48 1.314 7.32 0.455 9.76 0.125
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Fig. 2. Multiple-feedback bandpass
filter (A) is improved at (B)
to have higher input Hinpedance.

tion for an inductor-capacitor-load circuit
and synthesizes a similar result. So,
while it does not actually replace the in-
ductor, it's a simple matter with some
fancy math to show that the circuit does
everything that can be done with a pas-
sive inductor/capacitor filter and then
some.

If the op amp weren't there, and if
the first capacitor went to ground, we'd
have an old-fashioned two-stage RC
filter. This circuit has unity gain at very
low frequencies (if not loaded), and a
falloff at —12 dB/octave at very high
frequencies. The problem is in-
between where we'd like to have a
sharp passband. Here the RC filter's
response is very droopy and ill-defined.

Now, when the “ground” end of the
first capacitor is connected to the out-
put of the op amp, just enough energy
is fed back from the power supply to
simulate the energy storage in an in-
ductor, and thus bolster the response
as much as we want at the cutoff fre-
quency. Very nicely, this feedback is
localized only near the cutoff frequen-
cy. Why? Because the capacitor has
too high a reactance to feed anything
back at very low frequencies; and at
very high frequencies, the output signal
is too small to be worth feeding back.
So, it's only near the cutoff frequency
that the feedback has any appreciable
effect.

Just how much energy do we want
to feed back? This depends entirely on
how much bolstering of the response

DECEMBER 1976

L—OOUTPUT

we need near the cutoff frequency, and
thus determines the cutoff response
shape. The amount of feedback is
called “d”, short for damping. The larg-
er the first capacitor is with respect to
the second the lower the damping, and
the more peaked the response. Values
of d range from two down to zero. A
damping of 2.00 is what we get with
two cascaded but isolated RC sec-
tions. A d value of 1.73 will give the
best possible transient and pulse re-
sponse while a d of 1.41 gives the flat-
test possible amplitude and aiso a cut-
off frequency that's exactly —3 dB
down (0.707 voltage) from the funda-
mental. If we lower d further, we get a
hump or peaking near the cutoff fre-
quency. For instance, d values of
1.045, 0.895, and 0.767 correspond to
humps of one, two, and three decibels
respectively. If d ever hits zero, we get

" infinite peaking, otherwise known as an

output with no input, or an oscitlator.

To build the Fig. 1A circuit, we must
decide what the damping is going to
be, and then calculate the two
capacitor values. For a flattest am-
plitude filter (also called a Butterworth),
d will equal 1.41, and the left capacitor
will be 0.02 wF and the right capacitor
will be 0.01 wF, rounded off to stock val-
ues.

How do we change icquency? By
changing either the capacitors or the re-
sistors marked “R” or both. The only
thing NOT allowed is to change the
ratio of the two resistors (from
1:1) or the ratio of the two capacitors
(from 4/d2) The product of the resistors
and capacitors sets the frequency. The
ratio of the capacitors sets the damping
figure.

If the capacitor values are doubled,
the cutoff frequency drops to 500 Hz. If
the resistance values are doubled, the
cutoff frequency also drops to 500 Hz.
Do both and the frequency drops to 250
Hz and so on. The capacitors can be
switched in steps and a dual potentiom-
eter used to change resistance for a
10:1 frequency change.

By the way, note that the frequency
varies inversely with the potentiometer
settings. This will give you a dial that's
very cramped at one end and nonlin-
ear. Two ways to beat this problem are
to use pots with reverse log tapers or
to use pots with standard audio log
tapers but put the dial on the pot shaft
and the pointer on the panel, instead
of vice versa. Selector switches and
stepped resistor values provide anoth-
er route to frequency selection and

Radiallicton, Con

usually offer more precise control than
ganged pots. Frequency steps can be
in a linear or log arrangement.

Polystyrene capacitors are excel-
lent for active filter use, but you have
to keep them away from solvents and
be careful not to nick them with a sol-
dering iron. More expensive mica and
Mylar capacitors can also be used. Un-
der no circumstances should a disc or
an electrolytic capacitor be used for fil-
ters.

There are one or two details that can
cause trouble if you don't watch for
them. With this circuit or any other low-
pass filter, you have to bias the op
amp’s inputs in some way. This is usu-
ally done through the source, so there
has to be a low-resistance dc return
path through the source to ground. The
source impedance, dc and otherwise,
should be well below 10,000-ohms if
it's not going to change the response.
A second detail is to note that this is a
true lowpass filter, so it also passes
dc. Any bias, dc level, or offset voltage
at the input goes on to the output, and
if too large, can saturate the amplifier
or limit the dynamic range. This effect
can be eliminated by putting a blocking
capacitor on the input, but you still
have to bias your op amp. The 20,000~
ohm resistor connected to the negative
input isn't critical, and usually it is
picked for minimum op amp offset.

While the Fig 1A circuit is simple and
easy to build, we can do better. The ca-
pacitor values are hard to calculate and
tend to spread widely for low d values,
thus damping is hard to adjust. There’s
also no easy way to switch from high- '
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Fig. 3. High-pass filters: unity
gain (A) and equal component (B).
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Fig. §. Unicersal, state-cariable filter has
low-pass, hand-pass, high-pass, and noteh outputs. =

pass to low-pass just by rearranging
components.

If you go through the Sallen-Key
math in detail (a very ugly process), it
turns out that there is one magic value
of op amp gain that solves all these
problems. This is the ultra-simple and
practically unknown equal compon-
ent value Sallen-Key filter shown in Fig.
1B. The magic gain value is 3-d,
which means that you trim the damping
by trimming the gain. The R resistors
and the capacitors are identical values
and are changed in pairs to change fre-
qguency. As an added feature, it can be
changed to a high-pass characteristic
with identical response simply by inter-
changing the resistors and capacitors.

One new detail to watch is that the

feedback resistor must be held lower .

FOR MORE INFORMATION

Here are some good sources of in-
formation on active filters:

The Active Filter Cookbook,
#21168, Howard W. Sams, In-
dianapolis, IN 46206, (1975).

“A Practical Method of Designing
RC Active Filters,” IRE Transactions,
CT-2, March 1955.

“State Variable Synthesis for Insen-
sitive Integrated Circuit Transfer
Functions,” IEEE Journal, SC-2, Sep-
tember 1967.

The first of these has the most de-
tail on circuits, background math, and
tuning techniques (for these and other
circuits), along with many response
curves, rip-off circuits, and detailed
band-pass design information. The
second and third references are
theoretical “horses mouth” source
documents covering the theory be-
hind Sallen-Key and State-Variable fil-
ters.
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than the 78,000-ohm value that corre-
sponds to ad = 0 oscillator. Fortunately,
the d values shown here are normally
well away from this danger zone, and
the gain is easily set by the ratio of two
resistors.

Band-pass. Sallen-Key techniques
don't really make good band-pass filters,
S0 we go to the multiple feedback filters
shown in Fig. 2. Usually, we are involved
with such low d values in a bandpass fil-
ter that we use its inverse or Q instead.
The Q is simply the ratio of the band-
width to the center frequency. The circuit
of Fig. 2A has a gain of —2Q?2 at reso-
nance (the minus means a 180-degree
phase shift), and a resonance frequency
of 1 kHz.

The circuit is tuned by changing
the values of the resistors or the
capacitors, but, once again, both resis-
tors and both capacitors are kept at fixed
ratios.

The op amp gain should be at least
20Q? at the operating frequency, so
this particular circuit works best with

lower Q values and lower resonance fre-
quencies. You also tend to get a wide re-
sistor spread with high Q values so this
circuit is best used for Q values of 20 or
less. At resonance, the gain is very high,
so be sure to limit the size of the input
signals so the op amp doesn't clip or sat-
urate.

The extra resistor added to Fig. 2B
raises the input impedance and drops
the gain. However, it still has a re-
spectable gain of —Q?2/5 and ten times
the input impedance of the earlier filter
circuit.

High-pass. The Sallen-Key circuits
can be used for high-pass by making
them mirror images of the low-pass.
These are shown in Fig. 3. Note that the
unity gain version (3A) now has resistor
ratios set by the damping and 1:1 capa-
citor ratios, so there is no way to switch
the same parts around for identical low-
pass and high-pass responses. The
equal component value circuit of Fig. 3B
doesn't have this problem and we get
from high-pass to low-pass with 4pdt
switching. Since there is an internal dc
bias path, we no longer have to worry
about providing a dc return through the
source.

High-pass filters are inherently nois-
er than low-pass ones because they
emphasize transients, and pass har-
monics of supposedly rejected wave
forms. Certain circuits tend to reduce
the stability margins of the internal op
amp compensation. So, rarely will you
get a really “clean” high-pass output
from a filter, active or passive. Note
also that the op amp sets an upper fre-
quency limit and you have to save
enough “daylight” between the desired
cutoff frequency and the op amp's cut-
off frequency to have a passband left.

Sometimes the capacitor values of a
low-frequency active filter (high-pass or
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Fig. 5. Voltage-tunable, state-variable filter
s ideal for use in electronic music.

POPULAR ELECTRONICS



otherwise) get too large and too ex-
pensive. This can be avoided by rais-
ing the impedance of the circuit suit-
ably. For instance, to raise the imped-
ance by a factor of ten muitiply all re-
sistors by ten and divide all capacitors
by ten. These higher impedance cir-
cuits tend to be more offset-sensitive
and should be used only when capaci-
tor size is a serious problem.

Universal Filters. These are also
called state variable filters, and they
take three or four op amps per second-
order section, often in a quad package,
and use more resistors than the sim-
pler circuits. However, they are vastly
better. Universal filters have three, and
sometimes more, simultaneous out-
puts—low-pass, band-pass, high-pass,
and an optional notch output. They are
easily used with Q values of 500 or
more and don't tax the frequency limits
of the op amps very heavily at all.
They easily realize ultra-low d values
without stability problems, they are
easy to voltage tune, and they are very
easy to switch from high-pass to band-
pass to low-pass. About their only limi-
tation is that a lot of parts are required
in systems with fancy filter responses
and multiple channels.

One universal filter is shown in Fig.
4. It is tuned by changing the R resis-
tors or the capacitors. Once again, the
resistors should be identical and the ca-
pacitors identical at all times. The Q or d
is set with the feedback resistor as
shown, while op amp gain at the cutoff
frequency should be 3Q or better. Note
that Q or d is easy to adjust indepen-
dently. We can also design to different
values of circuit gain, but this involves
some non-obvious resistor calculations
on the first stage. For completely inde-
pendent gain, damping, and frequency
another op amp can be added.

The low-pass, band-pass, and high-
pass outputs are progressively phase-
shifted by 90 degrees at the cutoff fre-
quency. We can build quadrature art
systems by routing the LP and BP out-
puts to a scope or plotter and inputting
interesting audio signals to the filter.
Since the circuit gain at resonance is Q,
be sure to limit input signals to a suitably
small size.

This circuit is really an analog com-
puter that models a rusty pendulum.
With an infinite Q resistor (d = 0), there
is no damping (an oscillator). The Q re-
sistor adds rust, or damping, to the pen-
dulum.

The notch output shown has nothing
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to do with the rest of the circuit and
can be left off if not desired. This out-
put produces a zero output at reso-
nance and a notch width proportional
to the circuit Q. The notch works by
summing the low-pass and high-pass
outputs which cancel at the resonance
frequency. If one of these input resis-
tors is changed, the notch can be
moved either side of the resonance
frequency. This is a powerful class of
fiters called Cauer or Elliptical filters
that strongly reject signals immediately
outside the passband.

Cascading. Two second-order sec-
tions can be connected together to build
a fourth, and three to get a sixth, but the
damping and frequency values must be
watched if a useful overall response is to
be obtained. For instance, we've seen
how a maximally flat second-order sec-
tion is built with a d value of 1.41. But
cascade three of these and what was a
-3 decibel cutoff frequency is now a
very droopy —9 decibels and no longer
flat at all.

The Table shows the correct damp-
ing and frequency values for high-pass
and low-pass filters of second, fourth,
and sixth order. The shapes selected
are for the best delay, the flatest ampli-
tude, and a slightly peaked response.
These are called the Bessell, Butter-
worth, and One Decibel Chebycheff re-
sponses. The cutoff frequency of all
values, defined to three decibels below
peak response is 1 kHz. The circuits
can be tuned to any other frequency
by the previous techniques we've
looked at, but all cascaded sections
must be changed by the same amount.
While five-percent resistor and capaci-
tor values are usually more than ade-
quate for these circuits, values correct
to one percent are indicated in the Ta-
ble.

Voltage Control. To voltage control
a universal filter, replace the fixed or
variable frequency determining R resis-
tors with something that looks like an
electrically variable resistor. One very
good choice is the CA3080 transcon-
ductance amplifier, and a voltage con-
trolled universal filter can be built as
shown in Fig. 5. This circuit provides a
linear voltage versus frequency control;
and frequency ranges of 100:1 and
even 1000:1 are possible with careful
design. One important design detail is
to keep the input voitage on the 3080

positive input to 100 millivolts or less
peak-to-peak for good linearity. O
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The intelligence of your
8080 system is only as greatf
as ifs capacity to communicafe.
Processor Technology's VDM-1
will function as a highly cogent
link to that intelligence. This
ultra-high speed output device
plugs into your Altair or IMSAI
to provide fast, versatile
human inferface. If generafes
16 lines of disL)loy: 64 charac-
ters each, both upper and
lower case. 1024 bytes of
random access memory are
on the card. The VDM-1 scrolls
upwards or downwards, up to
a top speed of 2000 lines per
minute! Any combination of
cursors (up to 1024) car: be
displayed as black-on-white or
vice versa— perfect for video
games. The VDM-1 will work
with any standard video moni-
tor, or your own TV set can be
easily modified. The module
comes with free terminal mode
software, for teletype replace-
ment when used with BASIC

or assemblers.

Our detailed VDM-1
Owner’'s Manual is available
for $4, refundable with
purchase of the VDM-1.

Kit Price: (eff. 7/1/76): $199
(premium grade, low profile
IC sockets included).

Write Us,
about our other
plug-in modules,
compatible with

the 8800 system,

Tech

6200-N Hollis Street
Emeryville, CA 94608
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Product
Test Reports

ABOUT THIS MONTH’S HI-FI REPORTS

Technics’ new line of stereo receivers does not in general represent
any radical departure from the company’s past offerings. However,
judging by the Model SA-5460, receiver performance has been refined
still further, to the point where this $400 receiver is capable of FM
and audio performance that should satisfy the needs of the critical
listener. Our tests revealed that the receiver’s rather impressive spec-
ifications are completely realistic.

The long-awaited CD-4 phono cartridge from Shure Brothers has
finally made its appearance—the Model M24H. It is more than just a
very good CD-4 cartridge, however. It is also a first-rate stereo car-
tridge whose “trackability” matches that of the company’s Model
M9Y5ED stereo cartridge and comes close to rivalling the top-of-the-
line V-15 Type III in stereo performance. Best of all is the fact that
the M24H is moderately priced, costing just a few dollars more than

the better stereo cartridges.

—Julian D. Hirsch

TECHNICS MODEL SA-5460 STEREO RECEIVER
Top-notch performance in medium-priced range.

The Mode! SA-
5460 is one of a
new line of stereo
receivers from

i Technics by Pan-
asonic. lts differential, completely direct-
coupled audio amplifiers are rated at 65
watts/channel into 8-ohm loads with
less than 0.1% distortion over a frequen-
cy range of 20 to 20,000 Hz. The com-
plementary output transistors are also
direct-coupled to the speaker systems
driven by the amplifier section.

The phono preamplifier circuit em-
ploys integrated circuits, with precision
components in the RIAA feedback
equalizing network. The FM tuner sec-
tion has a seven-stage i-f amplifier
whose three two-element filters have
uniform group delay characteristics. The
74

i-f section, in conjunction with a phase-
locked-loop multiplex demodulator, con-
tributes to the receiver's rated channel
separation of 35 to 45 dB across the au-
diorange.

The receiver is furnished with a simu-
lated wood-grain cabinet. It measures
about 1934" W x 162" D x 5%"H (50.2
X 42 x 15 cm) and weighs 31 1b (14 kg).
List price is $399.95.

General Description. The receiver's
styling is quite similar to the Technics
equipment of last year. The pale gold,
satin finished aluminum front panel has
a large dial window. The various con-
trols and switches are arranged in a sin-
gle row across the bottom of the panel.
Half the dial area is devoted to the cali-
brated scales, with the FM calibration

AmericanRadioHistorv.Com

marks linearly spaced at 500-kHz inter-
vals. The lower half of the dial cutout is
finished in black, except for the illuminat-
ed signal-strength and center-channel
tuning meters and a red STEREO indica-
tor light.

At the lower left of the panel are the
POWER pushbutton switch and PHONES
jack, followed by pushbutton switches
for two pairs of speaker systems. The
BASS and TREBLE controls are lightly de-
tented at 11 positions and the BALANCE
control is center detented. The HIGH and
Low audio filters are pushbutton con-
trolled. The vOLUME control is followed
by a row of five pushbutton switches for
LOUDNESS compensation, FM MUTING,
stereo/mono MODE selection, and TAPE
MONITOR functions for two tape decks.
(A tape can be directly dubbed from one
to the other tape deck.) The SELECTOR
switch has positions for AM, FM AUTO,
PHONO, and Aux. Finally, the large TUN-
ING knob operates a very smooth fly-
wheel tuning mechanism.

On the rear apron of the receiver is a 4
CH MPX OUT jack that provides a detect-
ed but unprocessed signal for use with a
future discrete 4-channel FM decoder.
Insulated binding posts are used for the
300- and 75-ohm FM and long-wire AM
antenna input terminals and the speaker
output terminals. Covered fuses protect
the output transistors. There are two
accessory ac outlets on the rear apron,
one of which is switched. The ferrite-rod
AM antenna is inside the receiver and is
not adjustable.

Laboratory Measurements. Fol-
lowing the FTC preconditioning period of
operating amplifiers for one hour at one-
third the rated output power, the receiv-
er's amplifiers clipped at 87 watts/chan-
nel into 8-ohm loads, 110 watts into 4
ohms, and 54 watts into 16 ohms. These
tests were made with a 1000-Hz input
signal. The THD measured 0.01% be-
tween 0.1 and 1 watt. It increased slowly
to 0.02% at 20 watts, was 0.03% at 30
watts, and hit 0.1% at 75 watts. The in-
termodulation (IM) distortion was be-
tween 0.03% and 0.05% from 0.1 to 40
watts. It reached 0.1% at 60 watts.

At the rated output of 65 watts, the
distortion was less than 0.08% between
20 and 20,000 Hz and was typically
about 0.04%. At half and one-tenth pow-
er, the distortion was substantially less.
At any normal playing level and frequen-
cy, the distortion can be expected to be
between 0.15% and 0.02%.

An input of 50 mV at the Aux jacks
drove the amplifier to a reference 10-
watt output, with the noise level 75.5 dB

POPULAR ELECTRONICS
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below 10 watts. The phono sensitivity
was 0.82 mV, with a 70-dB S/N ratio.
The phono circuits overloaded at a very
safe 125 mV input signal level.

The Baxandall tone controls had a
sliding turnover frequency in the bass
range and a treble response hinged at
about 2000 Hz. Atintermediate settings,
the BAsS control could give a substantial
modification of the response below 200
Hz, with negligible effect at higher fre-
quencies. The loudness compensation
became effective only at fairly low set-
tings of the voLUME control and boosted
only the low frequencies. The HiGH and
Low filters had gradual 6-dB/octave
slopes, with the —3-dB responses at
100 and 6000 Hz. The RIAA phono
equalization was accurate to within 0.5
dB from 50 to 20,000 Hz. Unlike the
case with most phono preamplifiers, the
frequency response was boosted slight-
ly at the high end of the range by the in-
teraction with the cartridge’s inductance.
However, the effect was small, amount-
ing to only 1 dB at 15,000 Hz and 3 dB at
20,000 Hz.

4101

The FM tuner section lived up to the
promise of the receiver's specifications.
The IHF sensitivity was 11 dBf (2.0 pV)
in mono, while in stereo it was deter-
mined by the stereo switching threshold
of 23 dBf (8 wV). In mono, 50 dB of qui-
eting was achieved at 15 dBf (3.0 pV),
with 0.7% distortion, while in stereo it
was 37 dBf (40 V), with 0.37% distor-
tion. The S/N at 65 dBf (1000 uV) was
70 dB in mono and 68 dB in stereo, and
the respective distortion measurements
were 0.083% and 0.15%, well below the
rated 0.15% and 0.25%. With the L—R
modulation called for by the IHF stand-
ards, the THD was 0.63% at 100 Hz,
0.14% at 1000 Hz, and it was 0.32% at
6000 Hz.

The frequency response of the FM
tuner was almost ruler flat from 30 to
10,000 Hz and down a mere 0.8 dB at
15,000 Hz. The channel-separation
characteristic was also very flat, mea-
suring 40 dB across most of the audio
range and still a very good 33.5 dB at 30
Hz and 35 dB at 15,000 Hz. The capture
ratio was an excellent 1.1 dB. AM rejec-
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tion was 74 dB at 65 dBf but reduced to
57 dB at 45 dBf. (ltis rated at 55 dB.)

The tuner's image rejection was 54.8
dB, which was close to the rated 53 dB.
Alternate-channel selectivity was 5.3
dB. The muting threshold was 22 to 24
dBf (7 to 9 uV). In spite of the very flat
FM frequency response, the 19-kHz pi-
{ot carrier was suppressed a very good
70 dB (rated 65 dB). The hum was mea-
sured to be 65 dB down.

The AM frequency response was re-
stricted at both ends of the spectrum.
The response was down 6 dB at 160
and 3500 Hz.

User Comment. If this receiver had
been offered for sale only a couple of
years ago, it would have been outstand-
ing at any price. The constant improve-
ment in IC’s and other electronic compo-
nents has contributed in great measure
to the creation of this fine receiver,
whose relationship with its predecessors
must be regarded as evolutionary rather
than revolutionary. This is not intended
to denigrate the new receiver in any
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way. It is an excellent product whose
handling and freedom from undesirable
side effects are only too easy to take for
granted.

The receiver's stereo FM perfor-
mance is so close to ideal that a signifi-
cant improvement would be difficult to
imagine. There are no program sources
whose frequency response, flatness,
distortion, and channel separation can

come even close to those of the Model
SA-5460. Although not quite in the “su-
per-power” category, the Model SA-
5460 is actually a very powerful re-
ceiver, capable of doing justice to almost
any home speaker system in a large lis-
tening room. Obviously, the receiver's
distortion and other characteristics are
consistent with the requirements of a de-
luxe receiver.

Our positive reaction to this receiver
was enhanced by two factors that are of-
ten overlooked in receiver design but
which we consider to be very important:
the FM dial calibration is both legible
and accurate, and the muting circuit is
positive yet free of the noise bursts that
sometimes accompany tuning on and off
a station.

CIRCLE NO. 102 ON FREE INFORMATION CARD

SHURE MODEL M24H ALL-FORMAT PHONO CARTRIDGE
Plays stereo/matrixed and discrete 4-channel.

The Model M24H
is Shure’s first
phono cartridge
designed to pro-
vide high-quality
playback of both stereo/matrixed quad-
raphonic and discrete 4-channel CD-4
records without compromising any for-
mat. The new cartridge is not only de-
signed to be compatible with all modern
record formats, but it tracks at lower sty-
lus pressure and is reasonably priced.

The Model M24H physically resem-
bles Shure's Model M95ED stereo car-
tridge, with a hinged stylus guard at-
tached to its removable stylus assembly.
Price is $74.95.

General Description. The extended
frequency response of the Model M24H
has been achieved in several ways.
First, the winding inductance has been
reduced (compared to stereo car-
tridges). Second, the moving mass of
the stylus has been reduced to 0.39 mg,
which is claimed to be lower than the
mass of any other CD-4 cartridge on the
market. Finally, a new “hyperbolic” dia-
mond stylus with radii of 0.3 and 0.7 mil
was developed, the edges of which are
shaped to contact a larger portion of the
groove walls on the record than is possi-
ble with-a conventional elliptical stylus.
The cartridge is designed to track at
stylus forces of between 1 and 1.5
grams, with 1.25 being the optimum.
The typical frequency response curve
published by Shure illustrates an essen-
tially flat response up to about 10,000
Hz. The curve rises to a broad maximum
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of about +5 dB in the region between
20,000 and 30,000 Hz before returning
to the midrange level at 50,000 Hz.
Channel separation is specified at nomi-
nally 22 dB at 1000 Hz, while the output
is rated at 3 mV at 5 cm/s peak velocity.
Shure’s “trackability” data for the car-
tridge indicates that the Model M24H is
essentially equivalent to the company’s
Model M95ED stereo and not far behind
the top-of-the-line Model V-15 Type llI
stereo cartridges in this important pa-
rameter. The company candidly states
that the stereo-only listener who has no
plans for a discrete 4-channel record-
playing capability might as well choose
the lower-priced Model MI95ED or go to
the V-15 Type |ll cartridge if his budget
permits. However, if there is any possi-
bility of future conversion to CD-4, the
Model M24H is an ideal choice of car-
tridges. It combines the best of both
worlds at a price that is intermediate be-
tween the two top stereo cartridges.
Because of the lower inductance of
the coils, the optimum stereo load capa-
citance of the cartridge is less than that
of other Shure cartridges. Shure recom-
mends 100 to 250 pF of capacitance in
parallel with a 47,000-ohm resistance,
as opposed to the 400 to 500 pF prefer-
able for the Models M95ED and V-15

Type il cartridges. For CD-4 operation,
the optimum load for the new cartridge is
the 100,000-ohm input resistance that is
standard for all CD-4 demodulators, in
parallel with 100 pF capacitance.

Laboratory Measurements. We
tested the cartridge in the tonearm of a
Dual Model 701 record player, using the
recommended loads for measurements
in the audio and carrier ranges. The car-
tridge tracked the high-level, low-fre-
quency test records nicely at only 0.9
gram, but there was considerable wave-
form distortion on the 1000-Hz, 30-cm/s
tones of the Fairchild 101 record at 1.25
grams and still some peak clipping at 1.5
grams. The 300-Hz tones of the German
High Fidelity Institute record were play-
able at the 60-micron level. An increase
to 1.25 to 1.5 grams did not make a sig-
nificant improvement. We used 1.25
grams for our subsequent tests and lis-
tening evaluation.

The output from the cartridge was 2.7
mV at 3.54 cm/s velocity. The vertical
stylus angle measured 24°. IM distortion
was extremely low, measuring 0.6% to
1%, at velocities from 6.7 to 18 cm/s,
using the Shure TTR-102 test record.
The IM rose steeply at high velocities,
reaching 5% at 22 cm/s and definitely
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Results of square-wave
tests with CBS STR-112 record.

mistracking at the much higher levels.

The repetition rate distortion of the
tone bursts on the Shure TTR-103 test
record was also exceptionally low,
matching the Model M95ED cartridge in
this test and surpassing just about every
other cartridge we have tested. The dis-
tortion measured 0.6% from 15 to 22.5
cm/s and only 0.8% at 30 cm/s. The
low-frequency resonance in the Dual
tonearm was at about 9 Hz.

Using the CBS STR100 test record,
our frequency response measurements
in the audio range were flat to within x1
dB up to about 10,000 Hz, rising to +7
dB at 20,000 Hz. Channel separation
was 20 to 30 dB in the midrange. (The
two channels were not identical in this
respect.) One channel maintained out-
standing separation all the way to
20,000 Hz, where it measured 28 dB,
while the other channel was a very good
20 dB at this frequency.

We used the JVC TRS-1005 record to
measure the cartridge’s response in the
carrier-frequency band. It was almost
identical to the curve published by
Shure, flat up to 10,000 Hz and rising to
between +6 and +7 dB in the range be-
tween 20,000 and 30,000 Hz. At 50,000
Hz, the output was the same as at 1000
Hz. On one channel, the separation was
15 to 20 dB all the way up to 50,000 Hz,

while on the other channel it was 8 dB at
40,000 Hz and 2 dB at 50,000 Hz.

in stereo, the subjective trackability
was judged with the aid of Shure’s Audio
Obstacle Course—Era Il test record. At
1.25 grams, the cartridge played every
portion of this record without difficuity,
except for a trace of “sandpaper” quality
at the highest level of the sibilance sec-
tion. Very few cartridges, stereo or
CD-4, can do as well, let alone match
this performance.

We connected the cartridge to a Tech-
nics Model SH-400 demodulator for
playing CD-4 records. Not surprisingly,
the cartridge acquitted itself admirably.
Most of the records that have been
prone to “shattering” distortion with oth-
er cartridges delivered clean, well-
separated 4-channel sound with the
Shure cartridge. In the few instances
where distortion was heard, the same
effect has been observed with every oth-
er cartridge. It can, therefore, be as-
sumed that the record is at fault.

User Comment. Our tests and use of
the Model M24H confirmed Shure’s
claim that this is a “no compromise” car-
tridge for playing stereo/matrixed and
CD-4 records. We could find no audible
fault with the cartridge in our lab and lis-
tening tests. While it does have an ac-
centuated response in the uppermost
audible octave from 10,000 to 20,000
Hz, this does not give the cartridge an
audibly bright sound. Even if the car-
tridge should sound a trifle crisp, most
good amplifier tone controls should be
able to correct the response.

As a CD-4 player, this cartridge is as
good as any we have used. There are
one or two CD-4 cartridges that can
match the performance of the Model
M24H when operated at 1 gram, but the
difference between 1.25 and 1.0 gram is
negligible. Not so negligible is the price
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Instruments,
(itizens Band,
Burglar Alarms,
Automotive &
Hobby
Electronics!

The more you know about
electronics, the more you'll
appreciate EICO. We have a wide
range of products for you to
choose from, each designed to
provide you with the most
pleasure and quality performance
for your money. The fact that
more than 3 million EICO products
are in use attests to their quality
and performance.

“Build-it-Yourself”’ and save
up to 50% with our famous
electronic kits.

For latest EICO Catalog and name

of nearest EICO Distributor, check reader
service card or send 50¢ for fast first
class mail service.

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

Leadership in creative electronics
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difference between the Shure and any
other cartridge of comparable quality.
Based on a list-price basis, the Shure
cartridge saves the user $25 to $100 on

the purchase of a new CD-4 cartridge,
while supplying stereo/matrixed repro-
duction capability. The Model M24H
strikes us as being a fine value as a uni-

\

versal phono cartridge. It certainly
passed all of our tests easily for both 4-
channel and stereo use.

CIRCLE NO. 103 ON FREE INFORMATION CARD

SBE MODEL 32CB FORMULA D TOUCH/COM CB TRANSCEIVER

Mike contains LED channel display and squelch, volume, and channel controls.

HE SBE Model 32CB Formula D

Touch/Com AM CB mobile trans-
ceiver employs the latest in digital fre-
quency synthesis to provide full 23-
channel coverage. What sets this trans-
ceiver apart from most others on the
market is that the SQUELCH, VOLUME,
and CHANNEL selector controls and a
pair of red LED numeric displays are on
the microphone. This puts the
most-used controls right at the opera-
tor's fingertips and permits the trans-
ceiver to be located in an out-of-the-way
place.

Electronically and in its performance,
the transceiver is similar to the SBE For-
mula D reviewed in the October 1975 is-

-sue of PoPuLAR ELECTRONICS. It in-
cludes a switchable automatic noise lim-
iter (NL), audio TONE control, S/RF me-
ter, DELTA TUNE control, DISTANCE/
LOCAL switch, PA operation, and a trans-
mitter-on indicator. Operation can be
from any 11.7-to-15.9-volt, negative- or
positive-ground, dc power source capa-
bie of delivering up to 2.5 amperes of
current. The power-supply section fea-
tures reverse-polarity protection, voltage
regulation, and a line filter.

The transceiver measures 9%" x
634"D x 215"H (24 x 17 x 6.4 cm). Itre-
tails for $289.95.

Technical Details. The receiver sec-
tion employs double conversion to i-f's
at 10.695 MHz and 455 kHz. A dual-gate
FET is used for the r-f amplifier, which is
followed by the first and second mixers,
455-kHz ceramic filter, two bipolar tran-
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sistor i-f stages, diode detector, age,
squeich, series-gate anl, two audio
stages, and a class-B power-output
stage. The last stage is also used for PA
operation and for modulating the trans-
mitter. :

The digital frequency synthesis sys-
tem uses a phase-locked loop (PLL) IC.
(For detailed information on how the fre-
quency synthesizer works, see October
1975 Product Test Report for the For-
mula D transceiver.)

The design of the transmitter section
is conventional. It uses a dual-gate FET
mixer and pre-driver, driver, and r-f pow-
er output amplifiers. A double-pi output
network provides matching to 50-ohm
loads and spurious-response attenua-
tion, augmented by a 54-MHz TVI trap.
Automatic modulation control (amc) is
designed into the circuit. Antenna trans-
fer is accomplished electronically with a
diode switch.

Overall Performance. The perfor-
mance of the transceiver was quite simi-
lar to that of its predecessor, the Formu-
la D. Our measurements indicated a re-
ceiver sensitivity of 0.3 to 0.5 pV, de-
pending on the setting of the TONE con-
trol, for a 10-dB (S + N)/N with 30%
modulation at 1000 Hz. Image and i-f
signal rejection were 80 dB, while un-
wanted spurious-signal responses were
a minimum of 60 dB, except for signals
near 26 MHz, where the figure was 50
dB. Adjacent-channel rejection was
measured at 50 dB.

The agc held the audio output level to

within 7.5 dB with an r-f input variation of
80 dB at 1 to 10,000 pV. At 1to 10 uV,
the output remained within 4 dB. The
meter indicated S9 with a nominal input
signal level of 30 V. The squelch
threshold range was 0.25 to 10,000 uV.

The maximum sine-wave audio output
at the onset of clipping was 3 watts at
7% THD, using a 1000-Hz test signal
and taking the measurement with an 8-
ohm load. The overall 6-dB response,
including that of the i-f passband, was
425 to 3500 Hz. Good sound quality was
obtained from the bottom-facing speak-
er. The effectiveness of the anl system
was fine. It permitted readability of a
0.3-pV signal in the presence, of
1000-1V and more peaks of most exter-
nal noise pulses.

The LOCAL/DISTANCE switch dropped
the r-f gain by about 30 dB when set to
the LOCAL position. However, the good
signal-handling capabilities of the trans-
ceiver made it seldom necessary to use
the LOCAL position in the presence of
strong signals.

Operating the transceiver from a 13.8-
volt source, the transmitter carrier output
measured slightly greater than 4 watts.
Increasing the microphone input level by
10 dB over that required for 50% modu-
lation held the r-f envelope to a sine
wave at 100% modulation with 4.25%
THD while using a 1000-Hz test tone. A
15-dB increase introduced clipping of
both positive and negative peaks with
overmodulation on the latter. The THD
in this case was 12.5% with adjacent-
channel splatter down 50 dB. The over-
all. signal level with voice operation
aliowed full modulation while holding the
splatter to an excellent 55 to 60 dB
down. The 6-dB audio response was
200 to 6500 Hz.

The frequency tolerance on all chan-
nels was essentially the same, holding
to within 0.0001%. The current drain
was a littte higher than usual. On re-
ceive, the drain was between 1.0 and
1.75 amperes, while on transmit-it was
1.7 to 2.25 amperes. The power supply
used during these tests was rated at
13.8 volts.

User Comment. The microphone had
POPULAR ELECTRONICS



the customary push-to-talk switch button
on the left side of its case. The VOLUME
and SQUELCH controls are thumbwheel
types and are located on the right side of
the case. These controls have numerais
on their edges, requiring the user to ro-
tate the mike to observe the numerals.
Two square buttons located at the top
of the mike's housing are for selecting
the CB channel desired. The button on
the left is marked uP for an upward
numerical progression through the
channels. The button on the right, la-
belled DN, is for a downward progres-
sion. Every time either button is momen-
tarily depressed and released, the sys-
tem steps one channel. By holding down

a button, the channels can be continu-
ously advanced up or down automatical-
ly until the desired channel is reached.
When the transceiver is first turned on,
Channel 1 always comes up first. Pro-
gression through the channels can be
made in either direction at any fime.

The seven-segment LED numeric dis-
plays used for indicating the channel are
located at the lower center of the front of
the microphone’s case.

Taken as a whole, the Touch/Com
transceiver provides convenient and
safe handling as well as fine perfor-
mance and the latest in frequency syn-
thesis. Its very up-to-date design is well
suited for any mobile application.
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SENCORE MODEL TF40 PORTABLE TRANSISTOR TESTER
Checks in- and out-of-circuit devices without setup information.

ENCORE'S

new Model TF40

“Pocket Cricket” is a portable, com-
pact in-circuit and out-of-circuit transis-
tor and FET tester. It employs the same
basic test principles used for the compa-
ny's more expensive ac-only Cricket
testers and does not require set-up in-
formation to test any device.

The Pocket Cricket provides good/
bad gain tests, meter-calibrated leak-
age, and transistor basing identification.
Additionally, an audible test tone sounds
if the device under test has good gain.
The tester is equally convenient to use
in the field on battery power and on the
test bench on battery or line power, the
latter with an optional power adapter.
For fast in-circuit tests, there is also
available an optional “Touch Test
Probe”No. 39G85.

The transistor tester measures 6"L X
4'W x 1%4"D (15.2 x 10.2 x 3.2 cm)
and weighs 14 oz (0.39 kg). The Model
TF40 tester is priced at $98; the optional
No. PA202 power adapter and No.
39G85 Touch Test Probe, $9.95 each.

General Description. '|_’he tester is
designed for rapid checking of transis-
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tors and diodes even by persons with lit-
tle or no technical knowledge. The con-
trol complement, therefore, has been
limited to just three function switches
and a rotary thumbwheel potentiometer.
The device condition display is a 215"
(6.4-cm) wide meter movement whose
scale is broken up into BAD and GOOD
sections for gain and battery-check indi-
cations. It is calibrated from 0 to 2500
wV for leakage measurements. A built-in
loudspeaker emits a tone during the
tests when gain is “good.”

A large 12-position ‘“permutator”
switch occupies the major portion of the
instrument’s front panel. Arranged along
the bottom of the panel are the power
ON/OFF and BATT CHECK SWITCH, LEAD
ID control pot, and ID/GAIN/LEAK function
switch. Exiting through the bottom of the
instrument'’s case is a cable whose three
conductors are terminated in color-cod-
ed E-Z Hook® connectors. A single 9-
volt battery, housed in a compartment at

the top-rear of the case, provides the

power necessary for testing.
Connections to the device under test
are made via the E-Z Hooks. It is not
necessary to know the basing or type of
device being tested. You simply connect
the E-Z Hooks at random to the device's
leads. Then, setting the power switch to
ON and function switch to GAIN and rotat-
ing the permutator switch through its po-
sitions will give a good/bad gain indica-
tion and simultaneously identify the de-
vice as being npn (or n-channel) or pnp
(or p-channel). At one or two positions of
the permutator switch, the built-in
speaker will emit a tone, assuming the
device under test is good. Depending on
whether the “good” positions of the
switch are located in the N or the P la-
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The Best
Way'Io Show /
YouWhat
You'll Get
Out Of An

At Empire we
make a complete line
of phono cartridges.
Each one has slightly
different perform-
ance characteristics
which allow you to
choose the cartridge
most compatible to
your turntable.

There are, how-
ever, certain advan-
tages, provided by
Empire’s unique
design, that apply to
all our cartridges.

One is less wear on
your records. Unlike
other magnetic cart-
ridges, Empire’s

movin iron :
design allows the @
diamond stylus to )

float free of its magnets and

coils, imposing much less weight on
vour record’s surface and insuring
longer record life.

Another advantage is the better
channel separation you get with Empire
cartridges. We use a small, hollow iron
armature which allows for a tighter fit in
its positioning among the poles. So,
even the most minute movement is
accurately reproduced to give you the
space and depth of the original record-
ing.

8 Finally, Empire uses 4 coils, 4 poles,
and 3 magnets (more than any other
cartridge) for better balance and hum
rejection.

The end result is great listening.
Audition one for yourself or write for
our free brochure, “How To Get The
Most Out Of Your Records”. After you
compare our performance specifica-
tions we think you’ll agree that, for the
money, you can't do better than Empire.

Empire Scientific Corp.

Garden City, New York 11530

5

Already your system
sounds better.
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belled area of the dial ring, the device is
either an n type or a p type.

Once the gain/type test is performed,
the function switch goes to the LEAK po-
sition and the permutator switch is rotat-
ed through only the six positions of the
identified type. The meter then indicates
the six possible leakage conditions for
the transistor.

Finally, the permutator switch is set to
either of the two “good” positions and
the function switch to ip. Then the LEAD
ID control is adjusted until the test tone
ceases in either position, at which time
the transistor is known to be bipolar and

its basing is identified by matching the
three-letter color code on the dial ring
with the legend on the switch pointer. If
the tone does not cease in either posi-
tion of the permutator switch, the device
is a FET, and its basing is also identified
in the same manner.

Testing diodes is quite simple. Only
the red and yellow E-Z Hooks are used
here. The function switch is set to LEAK
and the permutator switch first to the top
two and then the bottom two positions. A
good diode will cause the meter’s point-
er to deflect far up-scale in either the two
upper or two lower, but not both sets of

handic USA. Inc., 14560 NW 60th Ave.. Miarmi Lakes. FL 33014
THE ORANGE EQUIPMENT KNOWN FOR
PROFESSIONAL QUALITY THE WORLD OVER
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positions. A good diode will cause the
test tone to sound in either the two upper
or the two lower positions of the per-
mutator switch. If the diode is open, no
tone will be heard; if it is shorted, a tone
will be heard in all four positions. For a
good diode, the position of the permuta-
tor switch and color-code identification
of the E-Z Hooks will identify the cath-
ode and anode.

All tests can be performed in- or out-
of-circuit. For in-circuit tests, the optional
Touch Test Probe is a real time saver.
This probe connects to the tester via the
E-Z Hooks according to a color-coding
scheme. At the test end of the probe are
three, also color-coded, sharp test
points that contact the transistor's con-
nection pads. The test points are pivota-
ble to permit use of the probe on a wide
variety of transistor basing and spacing
configurations.

User Comment. The Pocket Cricket
is a delight to use. Its proven gain-test
circuit that detects a device's ability to

| amplify and invert a safe-level test sig-

nal, combined with a leakage test cali-
brated in microamperes, provides the
degree of test accuracy needed by a
service technician or experimenter.
Combined with the in-circuit/out-of-cir-
cuit test capability and no set-up require-
ment, it makes testing transistors, di-
odes, and FET’s easy and fast. In fact,
we were testing and sorting loose tran-
sistors at a rate of one about every 90
seconds or so.

Small size and battery or ac line (with
an adapter) power plus a ruggedized
case add ta the tester's worthiness. Of
course, the Pocket Cricket is not the
type of analyzer that an enginerring
technician or electronics engineer would
be likely to require for complete parame-
ter tests. Nor does it reliably test
high-frequency oscillators. But for what
it does, and at its price, this is an impres-
sive instrument. It is made all the better
when used with the optional Touch Test
Probe and power accessory. The power
accessory can serve hoth as a battery
eliminator and recharger, the latter when
the standard 9-volt battery is replaced
by rechargeable nickel-cadmium cells.

Built into the tester’s case is a swing-
out tilt stand that raises the Pocket
Cricket to a convenient viewing angle on
the work bench. Another nice touch is
the four rubber feet on the bottom of the
instrument case. Made of non-skid plas-
tic material, the feet prevent the instru-
ment from sliding around on a busy elec-
tronics workbench.
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A cartridge in a pear free.

A gift of the Shure V-15 Type 111
stereo phono cartridge will earn
you the eternal endearment of
the discriminating audiophile
who receives it. What makes the

V-15 such a predictable Yuletime

success, of course, is its ability
to extract the real sound of
pipers piping, drummers
drumming, rings ringing, et
cetera, et cetera. In test reports
that express more superlatives
than a Christmas dinner, the
performance of the V-15 Type 111
has been described as “*...a
virtually flat frequency
response...Its sound is as
neutral and uncolored as can be

desired.” All of which means
that if you're the giver, you can
make a hi-fi enthusiast
deliriously happy. (If you'd like
to receive it yourself, keep your
fingers crossed!)

Shure Brothers Inc.

222 Hartrey Ave.,

Evanston, IL 60204

In Canada:

A. C. Simmonds ¢ Sons Limited

TECHNICORNER

MODEL V-15 TYPE U1

Tracking Force Range: % to 1% grams
Frequency Response: 101025.000 Hz

Qutput: 3.5mV perchannel at 1 KHz, 5 cmisec
peak recorded velocity

T ff:icul Tracking (in cmisec peak recorded
velocity at 1 gram in a Shure-SME Tone Arm).

OO I ZIrT s b Ml - e Bl cnent B2 26 cmisec
1,000Hz ... ; 38 cmisec
5000Hz ....... ...35¢cmisec

10,000Hz ... . .. 26 cmisec

Channel Separation (Minimum): 25 dB at

1 KHz; 15dBat 10KHz

Stylus: Model VN3SE Biradial Elliptical, 5 x
18 microns {.0002 x .0007 inches)

Also available: Model V-15 i1l G with the
VN3-G Spherical stylus, 15 microns {.0006
inches)

Model VN78E Biradial Elliptical stylus. 13 x
63 microns {.0005 x .0025 inches) for mono

78 rpm.

S SHURE

Manufacturers of high fidelity components, microphones, sound systems and related circuitry.
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Advanced Electronics

There is no doubt television repair can

be an interesting and profitable career
field. TV repair, however, is only one of
the many career areas in the fast growing
field of electronics.

As an indication of how career areas
compare, the consumer area of electron-
ics (of which TV is a part) makes up less

o than one-fourth of all electronic equip-
ment manufactured today. Nearly twice
as much equipment is manufactured for
the communications and industrial fields.
Still another area larger than consumer

electronics is the government area. That
is the uses of electronics in such areas as

o research and development, the space
program, and others.

Just as television is only one part of

the consumer field, these other fields of

electronics are made up of many career
areas. For example, there are computer
electronics, microwave and satellite

communications, cable television, even
the broadcast systems that bring pro-
grams to home television sets.

As you may realize, career oppor-

tunities in these other areas of electron-
ics are mostly for advanced technical
personnel. To qualify for these higher
level positions, you need college-level

®
training in electronics. Of course, while
it takes extra preparation to qualify for
o these career areas, the rewards are
greater both in the interesting nature of

the work and in higher pay. Further-
more, there is a growing demand for
personnel in these areas.
Unlike most other home study schools,
CREI programs are devoted exclusively
to preparing you for careers in advanced
electronics. All of CREI programs are
college level. And CREI gives you both
CREI prepares you at home theory and practical experience in ad-

vanced electronics.

for broader and more advanced Unique Design Lab

A unique feature of CREI training is its

Opportunities in eIeCtronics_ Electronic Design Laboratory Program,
which trains you to actually design cir-

plus Offers you SpeCIal arrangements cuits. It also helps you understand the
theories of advanced electronics and
H i gives you extensive practical experience
for englneerlng deg rees in such areas as tests and measurements,
breadboarding, prototype construction,
circuit operation and behavior, charac-
teristics of electronic components and
how to apply integrated circuits.
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Career Training at Home

Only CREI offers this unique Lab
Program. It is a complete college lab
and, we believe, better than you will find
in most colleges. The ““Lab™ is one of -
the factors that makes CREI training Send for thls FREE BOOk
interesting and effective. And the pro-

fessional equipment in this program be- de Scribing your Opportunities

comes yours to keep and use throughout

your professonalcareerateryou com- - ST 111 I @4 14 D Q) | (o f o) (T
programs in electronics

Engineering Degree

CREI offers you special arrangements
for earning credit for engineering de-
grees at certain colleges and universities
as part of your home study training pro-
gram. An important advantage in these
arrangements is that you can continue
your full time job while “‘going to college”
with CREI. This also means you can
apply your CREI training in your work
and get practical experience to qualify
for career advancement.

Wide Choice of Programs
CREI gives you a choice of specializa-
tion in 14 areas of electronics. You can
select exactly the area of electronics
best for your career field. You can spe-
cialize in such areas as computer elec-
tronics, communications engineering,
microwave, CATV, television (broad-
cast) engineering and many other areas
of modern electronics.

" FREE Book
§ In the brief space here, there isn’t room
to give you all of the facts about CREI
l college-level, home study programs in
electronics. So we invite you to send for
E our free catalog (if you are qualified to
take a CREI program). The catalog has
over 80, fully illustrated pages describ-
ing your opportunities in advanced elec-
tronics and the details of CRE!l home

SIS (RN Mail card or write describing qualifications to Gl Bill
Qualifications CREI programs

> CAPITOL are
} pproved
You may be eligible to take a CREI col RADIO for Irainingd of
veterans an
EN GIN EERIN G servicemen under
INSTITUTE the G.I. Bill.

lege-level program in electronics if you
McGraw-Hill Continuing Education Center

« are a high school graduate (or the true
equivalent) and have previous training
or experience in electronics. Program

, arrangements are available depending
¢ upon whether you have extensive or

1 minimum experience in electronics. 3939 Wisconsin Avenue Northwest
fi Washington, D.C. 20016 ",
'% c,rﬂ
; . Accredited Member National Home Study Council Hill
cC
-
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Inside Basic
Electronics

CAPACITORS AND RF CIRCUIT, Part 2

S WE mentioned last month, a ca-

pacitor exhibits an opposition to the
flow of ac that decreases as the capaci-
tance or frequency of the applied signal
(or both) is increased. This capacitive
reactance is measured in ohms, but is
not a true resistance because it does not
comsume power and dissipate it as
heat. But you might find it helpful at this
point to consider the capacitor as a
“phantom” resistor. The exact amount
of reactance that a capacitor exhibits at
a given frequency is found by using the
equation Xgc=1/(2wfC), where X¢ is in
ohms, f (frequency) in hertz, and C (ca-
pacitance) in farads. For example, a
1-unF capacitor has 159.2 ohms of reac-

Vin T % Vour
O-

Fig. 1. An RC low-pass filter.

Vour
Vin 20 "’_U.Vou'r/Vm

.0 ©

By Sol D. Prensky

tance at 1000 Hz, and 0.1592 ohms at 1
megahertz,

Frequency Response. One of the
key terms used in discussing RC combi-
nations is frequency response. Refer-
ring to Fig. 1, this concept is used to re-
late the input signal to the output signal.
In descriptions of such circuits, we often
come across such terms as the corner
or cut-off frequency, or the break, half-
power or —3-dB point. They ali refer to a

VesVour :0.707

Fig. 2. Voltage vectors.

particular frequency that is a mathemati-
cally convenient reference point.
Viewing the circuit from the input, the
network looks like a series combination
of resistor R and capacitive reactance

Xc. These two behave somewhat like a
voltage divider—the voltage drop across
each element varies with its relative
amount of resistance or reactance. If X
is much greater than R, most of the input
voltage appears across the capacitor.
Thus, the output voltage is an apprecia-
ble fraction of the input. At higher fre-
quencies, less and less voltage appears
across the capacitor, while most of the
input is dropped across the resistor, re-
ducing the output voltage. (Assume
these voltages are measured with a
high-impedance ac voltmeter to avoid
loading down the voltage divider, as dis-
cussed in a previous column.)

When R is equal to X¢, we find that
exactly 1/V2 or 70.7% of the input volt-
age appears across the output. And be-
cause power is proportional to the
square of the voltage, half of the input
power is available at the output. This is
why the frequency at which X¢ equals R
is called the half-power point. Also, a
50% drop in power is 3 dB below the
original level, so this frequency is also
calied the half-power point. (Don't con-
fuse this with a half-voltage point, where
a 50% decrease in volts is —6 dB.)

You might think that 50% of the volt-
age appears across the capacitor, and
the other 50% appears across the resis-
tor. Such a response is correct if you are
talking about a purely resistive voltage
divider. But here, reactance is involved,
complicating the situation. Without going
into a detailed analysis, we'll simply say

Fig. 3. Universal

ERE frequency-response
1 ] curve foran RC

0.707 -3d

low-pass filter.

0.5 -6dB

~9dB|

0.35

0.25 -12dB

0.18 -15480—

0425 -1ganl——11 s ) AR A

0.09 -21d8 . i “‘[I]. i

Z00wRC
0.01f¢

86

FREQUENCY -Hz

AmericanRadiaHistorv Com

POPULAR ELECTRONICS



The better the training and equipment
the better you'll be equipped.

Build and keep some of the finest technical equipment
made when you train with an NTS Project-Method home
study course. And jt's usually the same type of equip-
ment you'll meet in the field and use on the job. 1t will
help you acquire first-hand experience and skill — help
prepare you better for a variety of exciting technical
careers:

ELECTRONICS DIVISION: Courses include professional
equipment like 5" solid-state oscilloscope, transistor
and tube-tester, vector monitor scope, 74 sqg. in. B&W
TV, and solid-state stereo AM-FM multiplex receiver,
speakers. Color TV courses feature advanced NTS/
HEATH DIGITAL GR-2000 Color TV with silent varactor
diode tuning; digital read-out channel selection (with
optional digital clock), big 315 sq. in. screen.

MECHANICS DIVISION: Learn engine diagnostics, mo-
tor overhaul, transmissions, automotive maintenance.
Courses include 9 in. solid-state automotive oscillo-
scope, testers, tools, mechanic’s steel tool box, & more.

AIR CONDITIONING, REFRIGERATION/HEATING DIVI-
SION: Learn servicing of commercial, industrial and
residential heating and cooling equipment. Courses in-
clude hermetic unit analyzer, leak detector, charging
testing-purging manifold set, tools and more.

HOME APPLIANCES DIVISION: Courses cover repair
and maintenance of washers, dryers, ranges, smaller
appliances. Equipment includes NTS Circuit-Trainer and
professional multimeter.
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I {1 Electronics Division

LOWER TUITION FOR YOU: We employ no salesmen,
pay no commissions. You receive all home-study infor-
mation by mail only. Make your own decision, your own
comparisons. Send card today or write for illustrated
catalog in field of your choice, all details.

NO OBLIGATION. NO SALESMAN WILL CALL.

APPROVED FOR VETERAN TRAINING
Get facts on new 2-year extension.

NATIONAL G5 SCHOOLS

TECHNICAL-TRADE TRAINING SINCE 1905
Resident and Home-Study Schools
4000 So. Figueroa St., Los Angeles, Calif. 30037

IR IR I N N IS e -
NATIONAL TECHNICAL SCHOOLS
4000 South Figueroa St., Los Angeles, Calif. 90037 Dept. 205-126

Please send FREE Color Catalog and Sample Lesson.
NO OBLIGATION. NO SALESMAN WILL CALL.

[0 Mechanics Division
[ Air Conditioning/Refrigeration/Heating Division
[J Home Appliances Division

ADDRESS. S—

CITY_ STATE

Please fill in Zip Code for fasi service___ —
[ Check if interested in G.I. Bill information.

[J Check if interested DMLY in classroom training in Los Angeles.

e
NAME AGE I
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that, where a resistance and a reac-
tance are found, we must treat the volt-
age across each of them as vectors. As
shown in Fig. 2, Vg and V¢ are at right
angles to each other. Each has a magni-
tude of 0.707, referenced to an input
voltage of 1.0. By simple trigonometry
(c2 = a% + b?% V|N equals 1.0, which
agrees with our basic supposition. And
the phase angle—that is, the angle be-
tween the Vg vector and the V¢ vec-
tor—is 45°,

The relationship between cut-off fre-
quency fc and the values of R and C can
be summarized by the simple equation

fc = 1/(2wRC) or 1/21T), where Tis the
RC time constant in seconds. This fre-
quency occupies an important point on
the RC low-pass filter frequency re-
sponse curve shown in Fig. 3. In this
graph, the vertical axis represents the
fraction of the input voltage appearing at
the output of Fig. 1. Also given on the
vertical axis is the decibel relationship
between V|y and Vgyt. The horizontal
axis is the signal frequency on a loga-
rithmic scale. This is done so that the
falling response characteristic quickly
approaches a straight line with a con-
stant slope. The slope for the simple

Ennaloc

THE ANTI-THEFT CB ANTENNA LOCK

PROTECT YOUR ANTENNA
[ )
tenna-=loc it!

tenna-loc is the first,
- really positive protection
designed to keep
your antenna intact and in
place — vyear round! Yes,
- you may remove it for car
wash or long term storage
.. but there's no need to
every time you park!
It works like a charm in  [i¢
all kinds of weather and "
keeps on working for
years. .
features a turn-proof
- locking stud integrated
into a specially notched
U-bolt with a 5-tumbler, _
corrosion proof
key lock. We also give
you a heavy-duty
mounting bracket

and an electro-polished,
stainless steel replacement
cup,where needed, for easy,
. Quick installation. At 11.95
- {approx), it's a steall
Get one today.
m Choice of
models, to fit
most trunk
mount an-
tennas.
m Installs quickly, easily:

'flromaplated 5-tumbler,
rosion proof key lock.

| xcruslve turn- proof
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low-pass filter shown in Fig. 1 is —6 dB
per octave (from a given frequency f1 to
2 f1) and 20 dB per decade (from f1 to
10 f1).

This frequency response curve canbe
approximated by two straight lines, as
the dashed region indicates. We can
therefore generalize the frequency re-
sponse by saying that, from dc up to f¢,
there is no attenuation of the input sig- |
nal. At this point, the response “breaks” |
or “corners,” then falls at a rate of —6 dB
per octave.

Low-Pass Scratch Filter. Now let's
look at a practical application of the RC
low-pass filter. Many old-time music
buffs treasure vintage 78 rpm records,
and learn to live with the high surface
noise that has developed on them over
the years. Most of this noise is com-
posed of high frequencies. So if a low-
pass filter is inserted between, say, the
preamplifier and the power amp, and if a
proper cut-off frequency is chosen,
much of the noise can be filtered out
without sacrificing too much of the musi-
cal content.

A cut-off frequency of 8000 Hz is a
fairly good choice. This corresponds to
an RC time constant of 20 mi-
croseconds. Any reasonable combina-
tion of a resistor and capacitor that will
give this result is satisfactory. For exam-
ple, an R of 20,000 ohms and a C of
0.01 microfarads will yield the desired
response. By using the universal curve

| shown in Fig. 3, with 1/(2xRC) equal to

8000 Hz, you can observe how the
high-frequency material will be filtered
out.

High-Pass Rumble Filter. So far,
we've considered low-pass filters which
pass, unhindered, signals below fc, and
increasingly attenuate signals above fc
as the frequencies rise. However, we
can make a high-pass filter which be-
haves in exactly the opposite manner by
interchanging the positions of R and C
as shown in Fig. 4. It has a frequency re-
sponse that is a mirror image or con-
verse of Fig. 3. Accordingly, all frequen-
cies above the cut-off frequency—still

Vour

Fig. 4. A simple RC
high-pass filter.
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Fig. 5. A 555 RC relaxation
oscillator that flashes LED’s.

determined by the formula fg = 1/
(2wRC)—are passed unattenuated. Be-
tow this frequency, the circuit's response
falls off at a rate of —6 dB per octave.

Here's a practical application. Sup-
pose your stereo system is troubled by
acoustic feedback or rumble. By insert-
ing a high-pass filter with a suitable f¢c
between the preamp and power amp,
we can prevent these low frequencies
from reaching the speaker. The cut-off
frequency should be selected so that it
will cause no loss in bass response, but
do an effective job of attenuating the
rumble. A good choice is 16 Hz, corre-
sponding to an RC time constant of
10,000 microseconds. With an R of
20,000 ohms and a C of 0.5 pF, the de-
sired response will be achieved.

If we wanted to go to a higher fc, say,
one octave up to 32 Hz, we need only
modify the RC product so that it is
halved. This could be done by using a
10,000-ohm resistor and a 0.5-pF capa-
citor, a 20,000-ohm resistor and a
0.25-uF capacitor, or any other reason-
able RC combination.

Timers and Oscillators. Last
month, we looked at two RC oscillators.
One was a neon-lamp relaxation oscilla-
tor and the other used a 741 op amp as
a square-wave generator. The RC time
constant appears in the general formula
for the oscillating frequency of these re-
Jaxation oscillators: fo = k/2 w RC. The
value of the constant k depends on
whatever parallel resistance paths ap-
pear in the circuit, and also on the power
supply used.

One very common application for the
RC combination is as a controlling ele-
ment in 555 timer and oscillator circuits.
This versatile IC can function as a
monostable or astable multivibrator. In
the first case, it will generate a single
pulse whose width is determined by the
RC time constant. In the second, two re-
sistors and a capacitor determine the
amount of time the output is high, how
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long it is low, the rate of repetition (fre-
quency), and the duty cycle of the output
waveform. The circuits will work with any
supply between 5 and 15 volts, and the
pulse width or frequency is independent
of the value of the supply voltage.

The astable multivibrator shown in
Fig. 5 will produce square waves with a
period T equal to 0.693 (Ra + 2 Rg)C.
The output frequency will be the recipro-
cal of the period (f = 1/T). And the duty
cycle, which is the portion of the time the
output is high, divided by the entire peri-
od, is given by the expression D = Rg
/(Ra + 2Rg). For the values shown in

Fig. 5, T is 0.525 seconds, f is 1.9 Hz,
and the duty cycle is 33%4%. This can be
verified by watching the LED's flash.
When the output is low, the IC sinks cur-
rent for LED1, a green light-emitting di-
ode. When the output is high, there is no
voltage drop across LED1, and it is dark;
but the IC sources current for the red
LED2. Component tolerances will have
some effect on the nominal frequency.
However, if a tantalum capacitor is used
for C, it should be close to 2 Hz. Of
course, you can slow down the flash rate
by increasing the values of the resis-
tances or capacitance. o

THE BTEST EQ KIT VALUE ANYWHERE!

A Quiet* Announcement, Based On The Undistorted* Truth About Equalizers

e

Does the equalizer you're considering offer full ten band control with sym-
metrical “mirror-image’ boost and cut responses centered on 1SO prefer-
red octave bands? Does it have permanently-lubricated 60mm metal-cased
sliders with metal shafts and center click detents? Do the specs tell you
what to expect at all settings...or only at the “flat’" setting, where the cri-
tical tuned networks are bypassed? Does it employ advanced hum & satur-
ation-free “‘gyrator” simulated inductors on all low and mid-frequency
bands? How about truly differential balanced and unbalanced inputs and
outputs for use in any audio system, amateur or pro? And “fit anywhere’’
packaging designed for 19" rack, in-wall, in-console or optional wood cab-
inet mounting? What about truly flat response (both amplitude and
phase angle) at the center reference setting?

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

After careful inspection of the kit(s}, you may return any or all items in their origi-
nal unassembled condition for a full immediate refund if you are not totally satis-
fied...(no questions asked.} And, if you decide to keep and build the kit(s}, our
normal guarantee on the specs and parts still applies...if your properly assembled
kit(s) fail to operate as stated, we will exchange any defective parts free for the
first 30 days.

*QUIET 90dB below 1 volt input, 20 to 20K, set flat or fully boosted *UNDISTOR-
TED...Below 0.1%THD & 0.05%IM at any EQ setting..below 0.05%THD and
0.0075%IM set fiat. ORDER BLANK

QUAN. ITEM DESCRIPTION PRICE
EQ-10M  Single EQ module kit {mono) less power supply $ 56.00
EQ-10SP Two EQ module kits {steteo) plus PS-4 power supply kit $130.00
EQ-10QP Four EQ module kits {quad) plus PS-4 power supply kit $235.00
EQ-1082P Eight EQ module kits plus two PS4 power supply kits $460.00
PS-4 Power supply kit{open frame)power up to four modules $ 20.00
EQ-10WC Walinut veneer {genuine wood) cabinet fits EQ-10SP kit  $ 20.00

AMOUNT ENCLOSED $

NAME Washington Siate residents add 5% state sales tax.

Returns of unassembled kits for refund must be made

within 10 days of receipt and returned items must

ADDRESS be d in onginal condition, using original pack-

ing materials. Prices and “trial offer” valid for orders

postmarked on or before January 31, 1977. Outside

U.S. check reader service card for ordering
information.
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o W ?ui Solid State

'TIS THE SEASON TO BE SOLID

THERE was a time—not too long ago—when choosing sol-
id-state gifts for the holidays was a really tough task.
Prices were high and selections limited. Today, the job is
more of a cinch than a chore . . . so much so, in fact, that
unless your shopping list is a short one restricted to such
items as diamond rings, fur coats, and caviar, chances are
you'll find it next to impossible not to include at least one or
two solid-state items.

You can spend as much or as little as you'd like because
solid-state gifts are available at prices ranging from less than
five to as high as several thousand dollars.

For many, AM, FM, and combination AM/FM or multiband
radio receivers are excellent gifts, as are portable tape record-
ers. A screw-in solid-state dimmer for table lamps is a nice,
but inexpensive, gift for students, office workers and house-
wives. If your budget permits, you'll find that virtually everyone
will be delighted with a solid-state portable TV set (even more
than delighted if it's a color model).

You might even consider giving a digital calculator to every-
one on your list, selecting types and models appropriate to
each one’s age and interests. If you have a limited budget,
you'll find simple four-function (often called “four-banger”)
models for less than ten dollars. On the other hand, if money
is the least of your probiems, you can spend hundreds of dol-
fars and thrill your friends with magnetic card programmable
calculators such as Hewlett-Packard's HP-67 or Texas Instru-
ment's SR-52. Both firms can supply pre-programmed card li-
braries for their instruments covering virtually every field from
finance to engineering. Tl also offers an optional thermal print-
er accessory which delivers permanent copies of calculations,
including all program steps. Between these two extremes,
you'll find moderately priced specialized instruments suitable
for students, scientists, engineers, accountants, salesper-
sons, mathematicians, and retailers. And there are ultra-thin
models which may be carried in a purse or shirt pocket, mod-
els with non-volatile memories for retaining bank balances,
folding models, and metric converters which housewives
should find handy as the metric system comes into broader
use. There are even special easy-to-use calculators for
youngsters, such as TI's “Little Professor” and National Semi-
conductor’'s *QuizKid” models.

In one sense, the solid-state equivalent of such teaching
aids as flash cards, the educational calculators add new inter-
est and excitement to the learning experience. For family fun,
there are calculator board games, such as TI's “Calculator
Squares” and “Check Out.”

A TV game attachment also makes a fine family gift. Elec-
tronic tennis, anyone? These are covered in a separate article
in this issue.

Digital electronic watches make excellent gifts and are
available at prices to suit virtually every budget. If your wallet
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By Lou Garner

is thin, but you have a special someone who would like a
watch, Tl offers several models in their TI-501 and TI-502 se-
ries which list for less than twenty dollars each. On the other
hand, if you're a lavish giver and have a bank account to
match, you might consider the ultra-limited-edition Pulsar
Time Computer® manufactured by Time Computer, Inc. (Lan-
caster, PA 17604). Priced at a little under four thousand dol-
lars (each, that is), this beauty combines a 6-digit, 5-function
(with memory) calculator and a 5-function digital LED wrist-
watch in a single 18-kt gold case with matching 18-kt gold
bracelet. it comes complete with a combination pen and key
presser tool. A less expensive version is available in stainless
steel for economy-minded individuals who must limit their gifts
to under six hundred dollars.

CB radio is big—and growing bigger every day. Spiced with
colorful language, it is considered as a hobby by many, as a
cult by some, and as a necessity by others. If your gift choice
is CB equipment, you can select a low-cost hand-held “walk-
ie-talkie” (but not the 100 mw or less type that’s being phased
out) or spend hundreds for a complete mobile or base station.
New twenty-three-channel units are available at bargain-
basement prices right now because people foolishly think that
they'll be obsoleted by the introduction of 40-channel types
next year. (They won't!). Check the POPULAR ELECTRONICS
Cimizens BaND HanDBOOK 1976 for help in making your
choice.)

For technically oriented friends who share your hobby inter-
ests, you might select such gifts as project kits, special-pur-
pose IC's, circuit etching, breadboard kits, solder irons, or a
subscription to your favorite electronics magazine (plug). Try
to choose items which parallel your friends’ special areas of
interest—a microprocessor or memory IC for those interested
in microcomputers or control circuitry, for example. Perhaps
you might choose a set of TI's new video game IC's for those
with more general interests. The new Tt IC’s include the SN
76423 game logic with automatic random English, the
SN76425 horizontal and vertical sync generator, the
SN76426 character generator, the SN76427 wall and ball
generator, the SN76428 game logic with manual English, and
the SN76460 0 to W (Win) at 20 Digital Scoring. Supplied in
standard 300-mil wide plastic packages, these new IC’s may
be combined to allow games with multiple balls, muitiple
walls, multiple players, and obstacles, and are suitable for use
in tennis, hockey, racing, battle, pool, and pin ball video
games.

If you prefer to choose more general technical gifts, you
might check into the latest offerings from the Vector Electron-
ics Co., Inc. (12460 Gladstone Ave., Sylmar, CA 91342).
These include two new etched circuit board kits, Models
32X-1 and 32XA-1, and the Model 41X modular breadboard
kit. The etched circuit kits feature positive-resist coated circuit
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boards as well as bare copper clad boards, together with all
the materials needed for fabricating circuits using either the
direct-art-then-etch process or the positive photo-resist tech-
nique. The more complete 32XA-1 kit includes seven circuit
boards and is priced at $28.00, while the smaller 32X-1 kitin-
cludes two boards and costs $11.50. Vector's new 41X bread-
board kit features the firm's patented slit-N-wrap wiring tool,
and includes ten 16-pin DIP sockets, press-in wrap posts plus
an installation tool, bus strips, socket cards, and other hard-
ware, and is priced at a little over sixty-three dollars.

Clocking Your Circuits. Many digital logic and micro-
processor circuit designs require a fixed frequency pulse
source for timing. The circuits supplying these signals, essen-
tially simple oscillators, generally are called clocks, since their
primary function is to provide a timing signal. A number of sim-
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Fig. 1. RC clock circuits.

ple and inexpensive clock generator circuits are illustrated in
Figs. 1 through 3. Designed specifically for use with the Sig-
netics 2650 Microprocessor, the circuits are suitable for use
with any microprocessor or logic circuit requiring single-
phase, TTL-level signals. They may be used, too, as general-
purpose signal sources for various other projects, such as sig-
nal generators, electronic musical instruments, function gen-
erators, or signal injectors if their operating frequencies are
changed to meet the needs of the specific application. All of
the circuits were abstracted from Application Memo MP52,
published by the Signetics Corporation (811 East Arques
Ave., Sunnyvale, CA 94086).

A pair of simple RC oscillators is shown in Fig. 1. The first,
Fig 1A, uses three standard 7400 inverters. Resistor A biases
the first inverter into its linear region while capacitor C pro-

—  AMA————
11 CLOCK OQUTPUT
10uHd f - 1MHz
ot
Cq Cy {Standard 7400 Inverters)

3nF
4 nFI I 2.7 nF parallel with 0.27 nF

Fig. 2. LC clock circuait.

vides the feedback signal from the second stage needed to
start and sustain oscillation. The third inverter serves as a
simple buffer/driver. The circuit's oscillation period is approxi-
mately 3RC or, with the component values specified, about 1
ws, resulting in an output frequency of 1 MHz. In test mea-
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¢ JB 700 Mobile Antennas

¢ Trunk Lid Antenna Mount
e West Coast Antenna Mount
¢ 3-Ft. Jumper Cable
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e Co-Phase Harness

e JB 1000 Dummy Load
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Wattmeter / SWR Bridge

e JB 2000 SW Power Meter /SWR ﬂ
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surements with a breadboarded circuit, the output signal had
a 10-ns rise time and a 7-ns fall time. While the circuit is rea-
sonably stabie, its output frequency will vary with changes in
both temperature and dc source voltage (Veo)-

In a typical circuit, the output frequency dropped from
1043.20 kHz at 0°C to 990.45 kHz at 70°c with Ve held con-
stant at 5.0 volts. When the temperature was held constant at
25°C, the output frequency dropped from 1028.95 kHz with a
4.75-volt source to 1013.63 kHz with a 5.25-volt V. The
second RC oscillator, Fig. 1B, uses a type N74123 monosta-

ble multivibrator and is somewhat more stable with respectto-

temperature variations than the inverter circuit. Here, the fre-
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Fig. 3. Crystal clock circuits.

N7a74

quency of oscillation is determined by the relative pulse width
of each monostable circuit and hence by the external R and C
values. Again, with the values indicated, the operating fre-
quency is approximately 1MHz. As in the first circuit, the out-
put frequency drops slightly with increasing temperature and/
or dc supply voltage.

Having even greater stability with respect to temperature
and voltage variations than the two RC oscillators, the LC

clock generator circuit shown in Fig. 2 uses a pair of 7400 type
inverters, an 82-ohm feedback resistor which also biases the
first inverter into its linear region, and a simple LC resonant
circuit made up of inductance L and capacitors C1 and C2. in
operation, the LC circuit forms a basic Colpitts oscillator in
conjunction with the first inverter, while the second inverter
acts as a buffer amplifier to minimize oscillator loading. The
operating frequency is determined by the L, C1 and C2 val-
ues, and can be calculated using the following equation:

1
2 VvV LC ,

where “C” is the effective series capacity of C1 and C2,
or...

fosc =

C=C1c2/C1+C2.

With the values specified, the f,. as in the previous circuits, is
approximately 1 MHz. In experimental tests, the actual output
frequency of a breadboarded circuit varied from 1017.75 kHz
to 1016.30 kHz as the dc source voltage was raised from 4.75
to 5.25 volts at 25°C. When the dc voltage was held constant
at 5 volts, the output frequency dropped from 1026.62 kHz to
1004.11 kHz as the ambient temperature was raised from 0°C
to 70°C.

In applications where maximum frequency stability is re-
quired, crystal-controlled clock circuits should be used. A pair
of suitable circuits is given.in Fig. 3. The first, Fig. 3A, employs
two inverters in a crystal stabilized cross-coupled multivibra-
tor. In operation, the 820-ohm resistors bias each inverter into
its linear region, while cross-coupling is provided by the crys-
tal and by a 10-nF capacitor. A third inverter serves as a
waveform squarer and output buffer. All three are type 7404
(i.e., half of a hex inverter IC). The circuit's output frequency is
determined by the crystal and a suitable type must be used to
obtain a 1-MHz output signal. The second circuit, Fig. 3B, em-
ploys an inexpensive 4.433618-MHz crystal of the type used
in many European color-TV sets. Again, the crystal is used
with cross-coupled inverters to form an oscillator; but, in this
case, the oscillator's output frequency is divided by four by the
cascaded N7474 flip-flops to develop an (approximate) 1-
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MHz output signal. In both circuits, overall frequency stability
with respect to temperature and source voltage is determined
by the crystals’ characteristics.

When duplicating the clock generator circuits for specific
projects, remember that the series 7400 IC’s specified require
a well-filtered, reasonably well-regulated 5-volt dc source, and
that the power (V) and GND connections must be made to
the specified pins of each device, as indicated by the appro-
priate terminal diagrams. All resistors are Y4- or Y2-watt types,
while the capacitors can be either ceramic, mica, or plastic
film units. Neither lead dress nor layout should be overly criti-
cal but, of course, good wiring practice should be observed,
with signal-carrying leads kept short and direct.

Reader’s Circuit. Submitted by a 17-year old reader, Da-
vid Wang (1490 Waukazoo Drive, Holland, MI 49423), the di-
gital electronic lock circuit illustrated in Fig. 4 features inex-
pensive 7400 series TTL IC’s in conjunction with a pair of type
555 timers. David writes that he assembled his original model
for under five dollars by using an inexpensive surplus “4-
banger” calculator keyboard for his basic switch array. In op-
eration, the lock is opened (i.e., the external sensitive relay is
activated) when a five-number combination is entered within a
specified time limit. No number may be entered twice or out of
sequence. If any number not in the combination is entered, a
“penalty” delay is activated which prevents circuit operation
for, during the penalty period, the lock circuit is held in reset
and not even the right sequence will activate it. The combina-
tion of a limited operational time once the initia! key is pressed
and an unknown penalty time if a wrong key is pressed makes
the lock exceedlngly difficult to defeat by “guess” and mani-
pulation.

The basic circuit consists of four interconnected J-K flip-
flips, with the Q terminal of the last one providing the circuit's
output signal. Operation is initiated when the 555 “enable”
timer is switched to a low state by depressing key 1. Thereaf-
ter, the flip-flips are clocked in turn by depressing keys 2, 3, 4
and 5 in order. After the preset time delay, the enable timer
goes to a high state, triggering the flip-flop chain and providing
an output signal. If any of the penalty keys is pressed acciden-
tally, the penalty timer is activated, applying a signal through
logic gates to hold the flip-fiops in a reset state for a given
time.

The initial (operational) time delay is established at about 3
seconds by a 1-megohm resistor in conjunction with the 1-uF
capacitor, A4 and C3, respectively, while the longer “penalty”
delay is determined by R5 and C4. Capacitor C1, shunted by
R1, serves to reset the final flip-flop when the circuit is first
switched on. In the power supply circuit, R3 and C2 form a
simple keyboard debounce filter. Series resistor A2 in the pe-
nalty timer circuit serves to stabilize the 555 against false trig-
gering.

With neither parts placement nor wiring arrangement criti-
cal, the electronic lock circuit can be assembled on perf board
using point-to-point wiring or on a suitable etched circuit
board, as preferred. All the resistors are %2-watt types, while
the capacitors can be either low-voltage ceramics or elec-
trolytics, as appropriate to their values. The flip-flop IC’s are
type 7473, the logic gates type 7400, and the timers, as in-
dicated previously, type 555. The combination switches are
spst momentary-contact pushbutton types (as on a calculator
keyboard), while the main power switch is a spst toggle, slide,
or rotary type. The lock circuit's output can be used to activate
a sensitive relay or as a control signal for other logic circuitry.

Until next year . . . Happy Holidays! o
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1702A MANUAL EPROM PROGRAMMER

Features hex keypad, two ———=
digit hex address and two
digit hex data display. Con-
trols include load, clear, go!
(step), key/copy, data in/
data out, and counter up/
down. Profile card includes
high voltage pulse regulator, ™.
timing, 8 bit address and 8 :

bit data drivers/receivers. Two 6%’ x 9’ stacked cards with
spacers. Allows programming in 20 minutes — copying in
5 minutes. Requires +5, —9, and +80 volts.

AEHEINEBUEP 00000000000000000000000000000 $299.95
(KT 6000000000000000000000600000000000000 $189.95
NOwW

The best of two worlds. ..
as a manual data/address entry programmer . . .
tO your processor.

IMSAI/ALTAIR computer interface (requires 3 output ports,
+1 input port) and software $49.95
Briefcase unit with power supplies and interface connectors
(assembled and tested only) $599.95

ANNOUNCING
Our NEW 16K Byte Pseudo-Static, IMSAI/ALTAIR compat-
ible RAM. Single card slot. Uses less power than equivalent
low power RAM. All memory chips socketed. Uses all prime,
factory fresh 1Cs. High quality, two-sided, through-hole-
plated circuit board. Crystal controlled, totally invisible
refresh system requires NO software management. Just plug
it in and use like STATIC memory.

Complete kit
Assembled, tested, and burnedin ..............

ASSOCIATED ELECTRONICS
12444 Lambert Circle » Garden Grove, CA 92641
(714) 539-0735

use our 1702 EPROM programmer
or connect it

$349.95
$549.95
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DIGITAL

CAN BE
SURE

MORE TIMES IN
MORE CIRCUITS
WITH SENCORE

MULTIMETERS

SENCORE

A NEW BREED OF DVM's
BACKED BY 25 YEARS OF
ALL AMERICAN CRAFTS-
MANSHIP, WITH SIX EX-
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YOU CAN BE MORE SURE, , Y ——
MORE OFTEN .
AND ALL WITH HI & LO ¢
POWER OHMS FOR MEAS-
URING ACCURATELY IN
SOLID STATE CIRCUITS.

equipment, etc.
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SEMNCORIE DVM38

o

1% DCV accuracy,

15 HONE THIRD LESS CIRCUIT LOADING to make
you sure that you are affecting the circuit being

MEG tested as little as possible for more accurate measure-
ments. Sencore digitals are 15 megohm, others are
10 megohm.

7 Bl 2000 DCV range to make you sure that you can

measure TV boost volts, scope voltages, medical

Other digitals stop at 1000 volts.

High voitage probe extends measuring capabilities to

? 50 KV.

} [El PROTECTED INSIDE AND OUT 50 you can be

4 sure that your meter is working and not in the repair

shop.

"/, load and even apply volts on ohms accidentally and
%’g Sencore digitals keep right on working.

Drop it from 10 feet, apply 1000 volts over-

Scene

By Ray Newhall, KWI16010

MORE ON MOBILE ANTENNAS

OST of us are aware that no real

antenna radiates isotropically
(equally well in all directions). Even if
there were such an antenna, its radia-
tion characteristics would be distorted
by many external physical factors, such
as height, surrounding terrain, mineral
deposits, towers, buildings, etc. In a mo-
bile installation, many of these factors
are constantly changing and cannot be
conjrolled. However, when an antenna
is mounted un a vehicle which is largely
composed of metal, the metal compo-
nents exert the major influence on the
antenna’s directional characteristics.

Radiation Patterns. A convenient
way to describe an antenna's perform-

94

ance and directionality is by studying its
radiation pattern. Ideally, we would like
to display the antenna system'’s signal
strength like contour lines on a map.
That is, we would like to know at what
distance(s) from the antenna we could
expect to see the same signal strength,
just as pressure “isobars” are plotted on
a weather map. Unfortunately, this type
of measurement is very difficult to per-
form. Instead, radiation patterns are de-
veloped by observing the signal intensity
at a fixed radius from the antenna.
These observations are then plotted so
that the distance from the center point
can be interpreted in terms of decibels of
signal strength. (Fig. 1).

Why should we be concerned about

AmericanRadioHistorv.Com

Fig. 1. Typical horizontal
radiation patterns for vertical
whip on roof center (below),
trunk lip (right), and left

rear bumper (far right). Arrows
indicate front of vehicle.

POPULAR ELECTRONICS

3 digit LED display,

battery or AC operated



1799

SENCORR  Ovmas

il

DVM36 $148 bvm32

3% digit LED display,
5% DCV accuracy,
battery or AC operated

Bl BATTERY SAVING FEATURES WHEN INS-
TRUMENT 1S NOT IN USE so you can be sure
that your meter will be ready the next time you
need it. Push the button on the probe on the
DVM35 and DVM36 and only then do you start drawing cur-
rent from your battery. An automatic patented circuit does the
same job for you automatically when you apply voltage to the
DVM32. The DVM38 is AC operated.

Q‘ &, [ 10 DAY FREE TRIAL to be sure that Sencore
<< digitals are all that we say they are. Simply march

V‘ \V» into your Sencore distributor and ask for a free trial
Q & or pay cash with a promise of a 10 day money back
guarantee, if not 100% satisfied. Or, write Sencore, and we will

3198
3% digit LED display,
5% DCV accuracy,
battery or AC operated
with automatic battery saver

SENCORE
o
YOLTS arHM

DvM38

AMFE
A oc

uree w22 agfo-nanding -

DVM38 $348
3% digit LED display,
1% DCV accuracy,
AC operated, auto-ranging,
auto-zero, king size pushbuttons

100% MADE RIGHT LIFETIME GUARANTEE
50 you can be sure your meter was made right. If
at any time you discover that a Sencore DVM was
not made right, Sencore will make it right, parts and
labor free of charge, for the lifetime of the product

Plus other "‘make sure’” features such as - direct reading with no
paralax error - no effect from magnetic fields such as motors &
RF fields - lab accuracy with high resolution auto-polarity

auto-zeroing and auto-ranging on the DVM38 . and you can
see why you can be sure more times, in more circuits, than with
any other multimeter on the market today — and for less money
than old fashioned analog meters.

see that our distributor contacts you.
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S E N C o R E 3200 SENCORE DRIVE
SIO0UX FALLS. $.D. 57107

the directional characteristics of a mo-
bile antenna? Primarily, because as we
ride along the highways, we talk to those
in front of and behind us (assuming the
road is not curved). A directional anten-
na will reduce interference from the
sides as it increases our range in the
needed directions. The efficiency of the
antenna system has a much greater in-

/ >
s

‘_\)/
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fluence upon your range than the power
output of your rig.

There are three important factors to
consider when installing a mobile anten-
na:
® Be certain that the radiation pattern is
either circular, or favors the fore-and-aft
direction.

@ Be sure that it is radiating as much of

AmericanRadioHistorv.Com

the r-f power supplied to it as possible.

@ Keep the primary lobe of radiated en-
ergy as low as possible, closest to the
horizontal plane.

Although we normally examine the ra-
diation pattern by looking “down” onto
the horizontal plane, we should not over-
look the fact that the radiation pattern is
actually three-dimensional. Most anten-
nas have a doughnut-shaped pattern
(Fig. 2). It is important to keep the
“doughnut” as squat as possible and

REDUCED

/ *'_Z‘ \—RADIATION
RADIATION

Fig. 2. Radiation patternofa
half-wave vertical antenna.

thus have the major lobe (most of the
signal) down on the horizon where your
contacts are.

Antenna Types. Most radiation stu-
dies to date on CB mobile antennas
have dealt primarily with classic antenna
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AILUSON
‘OPT0 XR-700°

with the Exclusive...*Built-In"
SOLID-STATE VOLTAGE REGULATOR

* The “XR-700" Is a NEW, redesigned,

R 4 EASIER TO INSTALL version of the
Allison “‘Opto-Electric”", with the New
addition of the Voltage Regulator,
making itthe MOST RELIABLE and Fool-
Proof Ignition System ever invented.

A

8% 3 “XR-700"...Designed for those who want the BEST
'\ in Performance, Gas Mileage, Quicker Starting,
& Eliminate frequent Tune-Ups and Maintenance Costs.

FACTORY-BACKED
10-YEAR WARRANTY.

FREE Unit Repalr or Aeplacement an ANY Defects
ORDER WITH CONFIDENCE...
Remember, even if you PAY
Three Times as much, you
cannot get a better Ignition
System than the **XR-700""!
* SAVE! ORDER FACTORY DIRECT.
Send Check or M.0., Car Make, Year, No. Cyl. {4, 6, or 8-Cyl.)
#* You may use your MASTER CHARGE or BANKAMERICARD.
Send us (1) Your Number, (2) Interbank No., (3) Exp. Date.
# MC or BA Card Holders, ORDER by TOLL FREE PHONE:
{800) 423-6525, Ext. 2. (When in Continental U.S.A.)

Before Buying ANY other Type Ignition System...
Send Postcard for FREE BROCHURE.

I you have already Instalied a **Capacitive-Discharge’ Ignition
¥ Convert Your "'C-D" Unlt to BREAKERLESS!|
INCREASE ITS EFFICIENCY with “XR-CD""...Only $34.95

* America’s Oldest and Largest Manufacturer of Opto-Electronic Ignition Systems. (©

* Allison replaced the mechanical
Breaker-Points and Condenser with
a "Highly Accurate' Optical Con-
trol. A Beam of Light, passing & Foreign
through a specially designed ~ Patents Pending
"ROTOR" precisely triggers a Heavy-Duly "POWER
MODULE" that BOTH *Charges and Fires' the Ignition Coil,
withthe "FASTEST" High Voltage RISE TIME, producing the
MAXIMUM ""HIGHEST ENERGY" SPARK available.

# Since there is NO Mechanical Friction. there are NO Parts to
ever WEAR or need replacing, and ONCE properly Timed, 1t
should NEVER need any Maintenance! DWELL never needs
adjustment, it is PRE-SET to supply the OPTIMUM Perfor-
mance at BOTH High and Low Speeds.  The RPM Capability
of the "XR-700"" is Factory Tested to 15,000 RPM.

# The "High-Energy" SPARK INTENSITY and DURATION. ..
permits the Positive FIRING of Spark-Plugs, even under the
MOST ADVERSE conditions, results in more COMPLETE
COMBUSTION and Eliminates *Engine Mistire’’, hence
fewer exhaust Emissions, IMPROVED Fuel Mileage, a
HIGHER Performance Level...and helps keep Plugs FROM
FOULING, which greally extends the Spark-Plug LIFE!

# Only the Highest Grade (U.S. Made) Solid-State Compo-
nents are used...UNAFFECTED by Moisture or Vibration! The
Allison *XR-700"" was engineered to OUTLAST the LIFE OF
YOUR CAR!

#* “EASY-TO-FOLLOW"” INSTALLATION,

(Not Necessary to Dismantle your Distributor.)

RS: The XR-700 completely ELIMINATES the Major
_— \Cause ol Primary {Ignition Noise) Interference.

U.s

ony S5
COMPLETE

(Calit. Res. add Tax}
That’s EVERYTHING
INCLUDING. ..
Postage & Insurance.

ALL'SON * Our BEST Salesmen. ..are the USERS of our ALLISON Systems!

1267 -E8, East EDNA PI., COVINA, CAL. 91722
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Part ACE Tie DI No. No. Board Size Price

No. Model No. Points Capacity Buses. Posts (inches) Each
923333 200-K (kit) 728 8 (16's) 2 2 4-9/16x5-9/16 $18.95
923332 208 (assem.) 872 8(16's) 8 2 4-9/16x5-9/16 28.95
923334 201-K (kit) 1032 12 (14's) 2 2 4-9/16x7 24.95
923331 212 (assem.) 1224 12 (14's) a 2 4-9/16x7 34.95
923326 218 (assem.) 1760 18 (14's) 10 2 6-1/2x7-1/8 46.95
923325 227 (assem.) 272 27 (14's) 28 4 8x9-1/4 $9.95
923324 236 (assem.) 3648 36 (14's) 36 4 10-1/4x9-1/4 79.95

ACE solderless breadboards feature gold-anodized aluminum base/ground plates,
non-corrosive nickel-silver terminals and four rubber feet.

For the name of the A P Products
dealer near you, call our toll-free
number: 800-321-9668

Shipping/Handling
Up to $10.00 $1.00

10%Tloz8%0 1 supetio
5001 10, 100,00 2.5 oy g AP PRODUCTS

100.01 to 200.00 3.00

INCORPORATED

Box 110-H
Painesville, OH 44077
(216) 354-2101

TWX: 810-425-2250

Company PO's FOB Painesville
No COD orders

DEALER INQUIRIES INVITED.

Ohio and California residents add sales tax.
Send for our new A P catalog,

The Faster and Easier Book.
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theory as described by Jasik in the An-
tenna Engineering Handbook (McGraw-
Hill). These studies reveal a combina-
tion of factors that strongly favor the
quarter-wave antenna for mobile use.

The half-wave dipole is far too un-
wieldy in size (18-feet) for use on vehi-
cles, although physically shortened ver-
sions are available for use on wood and
fiberglass boats and other vehicles with-
out adequate ground plane surfaces.
However, the metal mass of most vehi-
cles will provide a ground plane, wheth-
er it is needed or not. Even fibreglass
vehicles possess large metal parts
which affect the antenna system.

On the other hand, the quarter-wave
antenna requires a ground plane o re-
flect its mirror-image, making it “look”
like a half-wave dipole. Ideally, the
ground plane should extend at least a
quarter wavelength in all directions from
the antenna base. In practice, the
ground plane is seldom as large (a circle
18 feet in diameter) as it should be. The
ground plane should be a fiat surface
perpendicular to the axis of the antenna.
A sloping ground plane will distort the ra-
diation pattern by presenting the image
of a bent dipole, and it will also modify
signal polarization.

The sloping ground plane, such as
might be encountered on a hatch-back,
will also tilt the major lobe both skyward
in the front and into the ground towards
the rear. The effects of an asymmetric or
incomplete ground plane will normally
tend to extend the major lobe in the di-
rection of the largest ground plane area
and suppress the lobe in the shortest di-
rection of the ground plane.

Antenna Mounts. Ildeally, the anten-
na should be placed at the geometric
center of the highest horizontal metal
surface, normally the roof. However,
many people do not wish to punch holes
in their automobiles, and instead mount
the antenna on the trunk lid, the second
most favorable location.

If the antenna is mounted on the left or
right rain gutter or cowl, the pattern will
be distorted, with the major lobe directed
toward the opposite side of the car. A
centerline location is far more desirable
than either of these asymmetric loca-
tions. Similarly, an 108-inch whip mount-
ed on the rear bumper will suffer the
same deficiency. Even though it can of-
fer a larger area for radiation and greater
efficiency, its effectiveness is lost to the
inadequate ground plane.

Another aspect which is important to
an efficient antenna installation is the
desirability of a “hard ground" directly to

POPULAR ELECTRONICS



the ground plane at the antenna base,
as well as through the coaxial antenna
cable.

Dual Antennas. As more and more
newcomers have joined the CB ranks
this year, | have noticed a proliferation of
dual, co-phased antennas on every type
of a vehicle from 18-wheelers to Volks-
wagons. Why are these twin systems
being installed? | guess the major rea-
son is that uninformed operators feel
that‘, “If one antenna can get my signal
out five miles, two antennas ought to do
twice as well.” Unfortunately for those
who have spent large sums to put two
antennas on their vehicles, it is simply
not true.

Antenna design engineers know that
co-phased antennas mounted on a per-
fect ground plane and separated by a
half wavelength (18 feet) will exhibit
about 3 dB gain (or double the effective
radiated power) over a single antenna.
However, when the spacing between
them is reduced to 10 feet, the gain is
only about 1 dB (the minimum gain de-
tectable). With smaller separations, the
gain is even less and the radiated signal
has about the same strength as that
from a single, properly mounted anten-
na.

There are some circumstances in
which dual antennas serve very useful
purposes. But these situations are very
limited and are difficult to handle in any
other manner. For example, on an 18-
wheeler that has a high metal box be-
hind it, co-phased antennas mounted as
far aparnt as possible on the side mirrors
may be the only viable solution for
“reaching around” behind the vehicle.
Likewise, on a recreational vehicle with
an upper cab entirely composed of fiber-
glass, side-mounted 108" whips might
provide a good answer. However, they
would definitely function most effectively
if mounted as close as possible to the
fore-n-aft center of the vehicle, rather
than at one end. In this case, the reason
for using co-phased antennas is to im-
prove the radiation pattern, and power
gain is not significant.

To be at all successful, dual antennas
must be “co-phased” properly. That is,
the coaxial feed cables must be of the
correct impedance and exactly the cor-
rect length to cause the two antennas to
radiate or pickup signals in such a man-
ner that they will work together additive-
ly. It is imperative that the cables sup-
plied by the manufacturer not be short-
ened, and | suggest that you do not try to
make a harness uniess you are well
versed in antenna theory and practice.
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THINKING -
ABOUI
YOUROWN
COMPUIER?

Join over 50,000 avid readers of BYTE, the maga-
zine with rich, professionally edited articles on micro-
computers . . . for building, expanding and having downright
fun with your own system. You'll reread super articles on .
o detailed hardware/software designs by o reviews of upcommg general purpose systems
successful experimenters and hobbyists o tutorial background and sources full of ideas for
o editorials on the fun of computers . . . electronic home computers and computer science
music, video games, hobbyist control e ads by firms with computer products you want
systems, ideas for ham radio, model o club information and social activities
railroading and lots more

SUBSORIBE TO BYTE NOW! IT'S FUN. . .AND GLITCH-PROOF!

Send this coupon for a trial subscription to BYTE. Get your
first issue by return mail. Read it from cover-to-cover. itit
isn't everything you want, just write "CANCEL" on the bill
and return it to us. The first copy is yours to keep.

I BU‘[ PETERBOROUGH, NH 03458 PE.12 ;
Please enter my trial subscription to BYTE .
O $12 One Year O $22 Two Years O $30 Three Years ]
| understand you will send the first issue by return mail and |

across the invoice and retumn it. | will not be charged.
Name (Please Print)
Address _

I
I
| bill me tater. If 1 don't like BYTE, 1 just write “CANCEL"
I
I
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HEAR-IT-YOURSELF

AMERICA's #1 VALUE LEADER

STEREO CORPORATION OF AMERICA
<P moneer |

AUDIO DISCOUNTING STARTED IN

NEW YORK & NOW WITH THE END OF
FAIR-TRADE WE ARE SURE THAT NO

ONE CAN BEAT OUR PRICES:

@ WE DISCOUNT OVER 60 MAJOR BRANDS
® OVER 10 YEARS OF RELIABLE SERVICE
IN THE MAIL ORDER FIELD.

- ® LARGEST INVENTORY/LOWEST PRICES!
WE GET THE BEST DEALS FROM THE
MANUFACTURERS; YOU GET THE BEST
DEAL FROM US, DON'T DELAY!!

WRITE US NOW FOR LOWEST PRICE QUOTE
WRITE SHOP BY PHONE!

ORCALL (212) 253-8888
FREE N.Y. TIME

STEREO 9-5 MON. THRU SAT.
PRICE CATALOG

Mastescharge/Bankamencard

P-E 1629 Flatbush Ave., [

Brooklyn, New York 11210 ==

This is a Speakerlab 7, a 4-
element acoustic suspension
speaker kit you can assemble your-
self in an hour with simple tools.

It saves you up to 50% over
comparable ready made systems.
Read about the S7 and other sys-
tems and raw speakers we sell in a
new 40 page catalog. lt's a fact-
packed manual with chapters on
acoustic theory, enclosures, choos-
ing drivers and design principles.

And it’s free. Just write us and
ask for the most complete
catalog/manual ever written on
speaker building.

Jecakerla®

Dept. PE10 5500 35th NE Seattle WA 98105
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Autoranging
Frequency
Counting

to 60 ViHz
with
THz

Resolution

B&K-PRECISION MODEL 1801 $240

® For laboratory, production line
or maintenance applications

® Automatic ranging, 20 Hz to
40 MHz is guaranteed...readout
to 60 MHz is typical

® TTL circuitry updates the six-
digit display five times per
second

® Resolution to 1 Hz obtained by
suppressing digits above 1 MHz
when switching to 1 SEC mode

MHz display of
3.579548 MHz input (AUTO mode)

KHz display of overflow of
3.579548 MHz input (1SEC mode)

® Available for immediate delivery,
from local B&K-PRECISION
distributors

e 10-day free trial offer

o1 PRECISION

PRODUCTS OF DYNASCAN

6460 West Cortland Avenue
Chicago, Illinois 60635 - 312/889-9087
In Canada: Atlas Electronics, Toronto
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I was astounded the other day to hear
that some of my neighbors have “found
a way to double their power legally.” It
seems that they have determined that
there is no rule against operating two
rigs from one vehicle each feeding a
separate antenna but, using the same
microphone.

There is only one trouble with their
theory: it won't work. Unless the two
transmitters are driven from a common
frequency determining device (and that
is illegal), they will not operate at pre-
cisely the same frequency. The result
will be a fluctuating signal as the two
transmitters shift in and out of phase.
This would produce unbelievably bad
heterodynes. Also, doubling the output
power will increase the received signal
only 3 dB—about one half of an S unit.
Don'tdoit!

Whips. Quarter-wave mobile antennas
are generally classified in one of the fol-
lowing types:

® full-sized 14-wave whip
(108-inch length).

@ base-loaded

@ center-loaded

@ top-loaded

@ continuously loaded
The last three of these antenna types
are sufficiently similar that they will be
discussed as a single type.

Undoubtedly, the most efficient type is
the full-length whip because it reaches
higher, presents a greater radiation
length than any of its loaded (physically
shortened) cousins, and wastes no pow-
er heating up a coil. Unfortunately, a
nine-foot antenna cannot be mounted in
a position which will provide it with a full
ground plane, as can many of its coun-
terparts. Most of its plausible mounting
locations result in radiation patterns
which are badly distorted. For this rea-
son, the shorter antennas are more pop-
ular and in most cases outperform the
whip.

The workhorse of compact antennas
has been the base-loaded whip. It re-
quires an adequate ground plane and
does not perform well without one. It fea-
tures a low radiation angle, and is usual-
ly made of a slender steel spring shaft
which offers little wind resistance and
stands straight at highway speeds. The
most favorable locations to mount a
base-loaded antenna are the center of a
steel roof or on the trunk lid of a sedan. it
should be mounted on the vehicle’s cen-
terline.

The three final antenna types carry
their loading coils higher on the antenna
shaft. As a rule, the higher the coil is lo-

cated, the more efficient the antenna.
Therefore, they are more efficient than
base-loaded whips. However, these an-
tennas are more prone to damage from
low obstructions than base-loaded ones.
The vertical angle of radiation is gener-
ally higher for these antenna types, but
they perform better in locations where
the ground plane is poor and are better
suited to mirror or gutter mounting. For
this reason, they are usually found in co-
phased arrays. They also work well
where there is a good ground plane, but
if their loading coils are bulky they will of-
fer more wind resistance. However,
some of the newer continuously loaded
fiberglass antennas are nearly as slen-
der as a base-loaded steel whip.

Other Considerations. Antennas
that sway in the wind usually produce
varying signal strengths at the receiver.
Antennas which bend over backwards at
highway speeds radiate obliquely polar-
ized signals which are not well received
by vertically polarized antennas. What-
ever the antenna type, it is strongly rec-
ommended that it be well grounded at
the antenna base as well as through the
coax.

Now that 40 channels have been au-
thorized for Class D, the bandwidth is in-
creased to 0.405 MHz. Some antennas
might not give adequate performance
across the entire band. There should be
no trouble with antennas in excess of
three feet in length; but the shorter the
antenna, the more critical tuning be-
comes. The center frequency of the ex-
tended band will fall between channels
20 and 21, whereas the band center is
now at channel 13. If you get a 40-chan-
nel rig, retune the antenna for optimum
performance at the new center frequen-
cy. However, if you have a mini-whip,
you might find it difficult to achieve an
acceptable SWR across the entire band.

Speaking of SWR, it should be
checked when the antenna is installed,
and checked again periodically to insure
that the antenna is still functioning prop-
erly. The SWR should be held under 3:1;
and unless the rig is SWR protected, a
higher SWR might severely damage
your transmitter.

Following the guidelines given here,
you should be able to plan an efficient
mobile antenna’ system and select the
proper antenna for your vehicle. You
should buy a commercially available an-
tenna of proven performance. If the
mounting instructions are followed care-

- fully, anyone who can handle a screw-

driver should be able to install an anten-
na properly. o
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LAMP CIRCUIT QuiZ

TO TEST YOUR ABILITY TO
TRACE OUT LAMP CIRCUITS,
WRITE THE DIGIT 1 INSIDE
EACH CIRCLE REPRESENTING }
A LAMP IF IT LIGHTS TO | i
ITS MAXIMUM POSSIBLE

BRIGHTNESS, A 2 IF IT HAS
ANYTHING LESS THAN FULL

|
BRIGHTNESS, AND A3 IF IT D '
DOESN'T LIGHT AT ALL. '

ASSUME THAT ALL OF THE
LAMP FILAMENTS AND RESIS-
TORS HAVE THE SAME VALUE
OF RESISTANCE.
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If you want success in electronics. . . if you want the skills people
are glad to pay for ... find out about CIE training.
It’s a terrificidea that can get you on your way to success
in electronics troubleshooting.

Let’s face it, learning valuable new’
skills isn’t something you just breeze
through. Especially in a modern
technological field like electronics
troubleshooting. You’ve got to really
want success if you're going to build
your skills properly.

But, oh boy, the rewards when you
do! In today’s world, the ones who
really know electronics troubleshooting
find that people .. .even industries. ..
look for their help.

What about you? How much do you
want the thrill of success. .. of being in
demand? Enough to roll up your
sleeves and work forit?

Why it pays to
build troubleshooting skills .

Suppose the automated production
controls on an assembly line break
down. Imagine how much money the
manufacturer can lose when help
doesn’t come fast! And it takes a
skilled electronics troubleshooter to
move in...locate the problem...solve
it...and get the lines moving again.

Or take a TV station. Breakdowns
are costly in broadcasting where time is
money. Viewers won't sit forever
waiting for sound or the picture to come
back. Before they change channels, the
station needs to get back on the air
again— with the help of a skilled
troubleshooter.

No question about it. Building new
skills in electronics troubleshooting is
an investment in your future. It’s well
worth the effort.

Why you should
get CIE to help you do it.

Troubleshooting starts with ideas . . .
principles. CIE’s Auto-Programmed®
Lessons help you get the idea—at your
‘s own most comfortable pace. Step by
step at home, you explore each principle
—each theory — until you understand it
thoroughly and completely. Then you
start to use it.

How CIE helps

you turn ideas into reality .
If you're a beginner, you start with
i CIE’s Experimental Electronics
i Laboratory. You actually perform over
} 200 experiments to help you grasp the
} basics. Plus you use a 3-in-1 Precision
! Multimeter to get your first taste of the
| testing, checking, analyzing steps you
H take in troubleshooting!
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How 3 practical steps help you
build troubleshooting skills .

You’ll take your first practical step in
professional troubleshooting when you
build your own SMHz triggered-sweep,
solid-state oscilloscope.

As atrained troubleshooter, you’ll
use your oscilloscope the way a doctor
uses his X-ray machine. As a student,
you learn how to “‘read”” waveform
patterns on a big, 8cm. x 10cm. screen
... how to “lock them in” for closer
study ... how to understand and
interpret what they tell you.

Your second practical, skill-building
step begins when you get your Zenith
19-inch diagonal, solid-state color TV
— featuring nine removable modules!
Now's your chance to apply the new
skills you learned with your
oscilloscope!

With CIE’s guidance, you perform
actual service operations —the kind
you'd handle on the job as a trained
troubleshooter! Using the TV, you
learn to trace signal flow . .. detect and
locate malfunctions . .. restore perfect
operating standards . . . just as you
would with any sophisticated
electronics equipment.

Finally, step three rounds out your
experience as you work with a
completely solid-state color bar
generator —actually a TV signal
transmitter that produces ten different
display patterns on your TV screen!

You study a gated color bar rainbow
...crosshatch lines .. .dot patterns.

AmericanRadioHstans.Com I

You explore digital logic circuits.. ..
observe the action of a crystal-
controlled oscillator!

This practical, “hands on™ training
takes concentration and effort. But it’s
enjoyable and rewarding. And it’s a
great way to prepare for a
troubleshooting career!

Why it’s important
to get your FCC License.

For some troubleshooting jobs, you
must have your FCC License. For
others, employers often consider it a
mark in your favor. It’s government-
certified proof of specific knowledge
and skills!

Almost 4 out of 5§ CIE graduates who
take the exam get their Licenses. More
than half of CIE’s courses can prepare
you for it .. . and the broadest range of
career opportunities!

Free catalog!

Mail the card. Ifit’s gone, cut out and
mail the coupon. If you prefer to write,
mention the name of this magazine.
We’ll send you a copy of CIE’s FREE
school catalog— plus a complete
package of independent home study
information! For your convenience,
we'll try to have a representative call to
help you with course selection. Mail
the card or coupon. .. or write: CIE,
1776 East 17th Street, Cleveland,
Ohio 44114.

. 1 fr 1 5 B B |
Cleveland Institute

. CI of Electronics, Inc.

1776 East 17th Strest. Cleveland, Ohio 44114
Accredited Member National Home Study Council

D YES + « « | wanttosucceedin

electronics. Send me my FREE CIE school
catalog — including details about
troubleshooting courses — plus my FREE
package of home study information!

NAME (please print)
ADDRESS APT.
CITY

STATE Z\p
AGE PHONE (area code)

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

Mail today!

PE-22
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Take your world with you...
by land or by sea.

=

| Computer Bits

BOOKS ON PROGRAMMING

ERHAPS the manual that came with

your microcomputer kit is a little light
on the software side, and doesn't tell
you what you want to know about pro-
gramming in assembly language. Or
maybe there was no manual at all with
the BASIC interpreter you bought, and
you're not familiar with that language.
So you start looking for a book. But first,
a few words about both languages.

In talking with a number of computer
hobbyists about what programming lan-
guages they use, it turns out that only a
few are really into heavy assembly-lan-
guage programming; most of them use
BASIC. Assembly language, to quote
from a Scelbi book, “is by far the most
efficient method for packing a program
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By Stephen B. Gray
Senior Editor

into a small amount of memory,” and for
that reason is widely used in business,
where there is a demand for highly effi-
cient programs. But since the average
person is more interested in what can be
accomplished with a program than in the
program itself, or in its efficiency, BASIC
is in much greater use in schools, col-
leges, and among computer hobbyists.
However, since there is an interest in as-
sembly language, and because a com-
puter with a minimum amount of memo-
ry can be programmed only in assembly
language, let's look at some books on
that subject.

Assembly Language. Although
there are several excellent books on as-

AmericanRadioHistorv.Com

sembly language, there isn't one I've
seen so far that's meant for the average
electronics hobbyist—that is, a book that
assumes the reader knows nothing at all
about programming. Perhaps this is be-
cause assembly language is a rather dif-
ficult language for programming, as far
as most hobbyists are concermned. | don't
mean the “"Computer Freaks,” who en-
joy working down at the machine-lan-
guage level. | mean a person who
knows little or nothing about computers,
and who in fact may not even know what
assembly-language programs are. Writ-
ing such programs requires a great
amount of attention to tiny detail, as well
as a great deal of time, in comparison
with writing a program in BASIC (or oth-
er high-level language) to perform the
same task.

The ideal {but nonexistent) book on
assembly language should assume the
reader is starting from zero. After a
chapter or two on the elements of pro-
gramming and flowcharting, it should in-
troduce him to instructions such as LDA,
MOV and STA, in small groups or one at
a time, explain them thoroughly, and
give a variety of short programs using
them. It should fully explain how each
program works and what it does.

POPULAR ELECTRONICS




Four great RCA product lines that let you enjoy
yourself wherever you are, through TV reception,
stereo radio or tape, scanners and CB .. . foryour
boat or RV.

RCA Mini-State TV Antenna System — housed in
a weather-resistant 21" diameter case, this
compact, rotating antenna pulls in VHF and UHF
TV up to 35 miles over land or water.

RCA Stereo Radio and Tape Players — take your
choice from RCA's full line of AM/FM radios and
cassette or stereo-8 especially suitable for boats
and RV's.

RCA CB Co-Pilot Two-Way Radios — top
performance, transmitting or receiving. A *must”

system.

for emergencies or travel information. Can he
installed in any boat or vehicle with 12 volt

RCA Scan-Aire Scanning Monitors — hear the
real-life drama of public service broadcasts, as
well as important information aired on weather,
police or marine channels.

See your RCA dealer for detailed information,
and start taking your world with you. Or contact
RCA Distributor and Special Products Division,
Bldg. 206-2, Cherry Hill, N.J. 08101.
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The problem with creating such a
book is that, in order to be as all-encom-
passing as it should be for the beginner,
going into detail for each of the 78 in-
structions for the 8080 MPU, or the 158
for the Z-80, the book would have to be
an inch or two thick. It's much easier to
assume, as most of the current books
do, that the reader is a programmer or
an engineer, or at least has had quite a
bit of exposure to computers and pro-
gramming. This is similar to a manual on
jet-engine repair that assumes you know
all about tools and techniques.

Osborne. The best book | know of for
learning about microcomputers won't tell
you as much as you may want to know
about programming, but it does an out-
standing job of going into the hardware
and software of seven of the top micro-
processors. An Introduction to Micro-
processors, published by Adam Os-
borne and Associates at $7.50, starts
out with six chapters on the fundamen-
tals, going into binary arithmetic and
Boolean aigebra, microcomputer organi-
zation, what's in an MPU (microproces-
sor unit) and how it works, CPU logic,
and the elements of programming
(memory addressing, stacks, and in-
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struction sets); in meticulous detail.

The programming chapter ends by
creating a “complete, but hypothetical,
microcomputer instruction set,” and
showing why each instruction is re-
quired. This hypothetical set becomes
the standard to which the seven real
sets are compared, those ot the F8,
PACE and SC/MP, 8080, 6800, PPS-8
(Rockwell), and 2650. A meaty 138-
page chapter has a “look at the way in
which a variety of manufacturers have
chosen to implement the basic concepts
which have been described in Chapters
1 through 6.

For each MPU, the book goes into the
registers, addressing modes, status
flags, pins and signals, interfaces, inter-
rupts, DMA (direct memory access), and
instruction set. This is not an easy book
to read because a great deal is packed
into it, in rather small type, and it moves
at a very fast pace. But no other book
available today contains so much infor-
mation about microcomputers in such a
small package—only a little larger than
most paperbacks. It's included with ev-
ery Imsai computer as part of the sup-
port documentation. IMS calls it “an ex-
cellent 460-page book that teaches how
a computer is programmed and pre-
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sents an overview of microcomputer
technology.”

The second edition of the Osborne
book has been revised and expanded to
two volumes, at $7.50 each. Volume 1,
“Basic Concepts,” covers the first six
chapters of the first edition, with new
sections on chip-slice products and seri-
al 1/0. Volume 2, “Some Real Prod-
ucts,” which expands on the original
Chapter 7 to include more microproces-
sors, was due to be published late in Oc-
tober, as of this writing.

Scelbi. Scelbi was an early producer of
a hobby computer kit. It later dropped
out of the hardware business to concen-
trate on software. To date, Scelbi has
produced half a dozen software manu-
als, on an assembler, editor and moni-
tors for the 8080 MPU, and several oth-
ers. They've just come out (at this writ-
ing) with a new book, a small paperback
called Scelbi 8080 Software Gourmet
Guide & Cook Book, at $9.95. The book
has eight chapters, on the 8080 stack,
general-purpose routines, conversions
routines, decimal arithmetic routines,
floating-point  routines,  input/output
processing, and search and sort rou-
tines plus a number of helpful appen-
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dices for the computer enthusiast.

The book is meant for people with
some knowledge of programming, as it
goes right into a discussion of the in-
struction set, breaking up the 78 instruc-
tions into small groups and discussing
them in moderate detail. From chapter
two on, dozens of programs and subrou-
tines are presented, with a full set of
comments for each program. Flowcharts
are provided for over 20 of the pro-
grams. Most of the programs are quite
shont, although several run to a couple
of pages, such as the floating-point pro-
grams for add, multiply, and divide. This

bt " i -

book shows, better than most, the com-
plexity of having to load a group of as-
sembly-language programs into your
computer, such as decimal-to-binary in-
put, floating-point normalization, float-
ing-point multiplication, binary-to-deci-
mal output, operating program, etc. Of
course, if you're interested only in sim-
ple programs, without decimals, for
games or for control applications, then
you don’t need all those routines. How
much simpler to work in BASIC, where
all the necessary routines are included
in one program!

This new Scelbi book, on the 8080, is

Noise in the form of hiss,
hum and rumble—all the

ll. t
Is en things that effectively

tothe

Noise Reduction and Dynamic
Range Recovery.

PHASE LINEAR 1000

ATiET

other systems.

cloud the clarity of records,

tapes and FM broadcasts.

Ideally, music should be

heard against a silent
background. The Phase
Linear 1000 achieves just
that with two unique
systems: AutoCorrelator

The AutoCorrelator
reduces noise by 10dB
without the loss of high
frequency music and
without-pre-encoding.

The Dynamic Range

Recovery System restores
s 7.5 dB of the overall dynamic range,
without the pumping and swishing associated with

The Phase Linear 1000 represents the most significant
improvement in sound reproduction for the money...
more than any other single piece of equipment you

could add to your system.

stereo receiver or
preampilifier.

Ask your dealer for an
audition, and listen to
the music.

It is easily installed to any

e@fllaéw r_g ?)h@ﬂ(l e

The Powerful Difference

Manufactured in the USA. Distributed in Canada by H. Roy Gray, LTD.
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bound to become better known than
their first best-seller, Machine Language
Programming for the 8008 and Similar
Microcomputers, at $19.95 (twice the
price as well as twice the size). This
larger book (814" x 11"} has been recom-
mended to me by several computer-kit
manufacturers, and can be found on the
shelves of many computer stores. It has
nine chapters. They cover the 8008 in-
struction set, initial steps for developing
programs, fundamental programming
skills, basic programming techniques,
mathematical operations, input/output
programming, real-time programming,
PROM programming considerations,
and creative programming concepts.
The first chapters of the two books are
pretty much the same, except that the
8080 book covers 78 instructions to the
8008 book's 48, but most of the remain-
ing material is very different. The float-
ing-point programs are almost identical,
because the 8008 instruction set is a
subset of the 8080 set. An 8008 pro-
gram will run on an 8080 machine with-
out having to be changed. For the 8080
book, the author has improved on the
8008 programs by taking advantage of
some of the more powerful 8080 instruc-
tions, such as those for double-precision
operations, not found in the 8008 set.

BASIC. Over 40 books about program-
ming in BASIC have been written, and
most of them are fairly good. The au-
thors write with varying degrees of en-
thusiasm, ranging from “BASIC is
great!” to “BASIC is OK, but let me tell
you a little about FORTRAN.” A small
handful of these books is outstanding.
Here are two of them.

Kemeny and Kurtz. The best book
on BASIC is a classic, the standard by
which ail other such books must be
measured. It was written by the origina-
tors of the language, John Kemeny (now
president of Dartmouth) and Thomas
Kurtz (Dartmouth’s Director of Academic
Computing). BASIC Programming, pub-
lished by Wiley at $8.50, pays very care-
ful attention to every detail, taking great
care that the reader will have as littie dif-
ficulty as possible in learning BASIC.
The first chapter presents and explains
a five-line program that divides one con-
stant by another.

The second program, although 17
lines long, is quite simple, and converts
meters and centimeters to feet and
inches, with a page and a half of expla-
nation. An entire chapter is devoted to
loops, the heart of many programs. The
concept of rounding off numbers with
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ber.One in Iow cost computing.

Altalr from Mits, is the number one name in microcomputers for
home, business, personal and industrial applications.

Because the Altair was first, it has set the standard in the industry.
More Altalr 8800’s are now operational than all other

- mlcrocomputers combined.

lgy 1'$395 complete computer kit* or a multi-disk

system for under $10,000; Mits will provide you with thorough and
lasting support. Satisfied Altair users include schools, corporations,
small businessess students, engineers, and hobbyists.

Altair hardware includes three microcomputers; the Altair 8800a,
8800b, a;ad 680b. Mits has a complete selection of Altair plug-
compatible memory and interface options, including the new Altair
16K Static board and Altaitr multi- -port serial and parallel I/0 boards.
Also availablé is @ compléte line of Altair peripherals including line
printers, CRT's, and multiple disk systems.

Altair software is by far the most complete and best for any
microcomputer. Our Extended BASIC and Disk BASIC have
received industry wide acclaim for programming power and
efficiency. Appllcatlon packages are available at many Altair

. Computer Centers:*
a The Altair computer isa revolutlon in low cost computing. Shouldn’t

you write for more information including our free, color catalogue.

*The Altair 680b turnkey model.
**Retail Altair computer outlets now opened in many large cities.

a0 ogmrﬁ@

MITS, Inc. 2450 Alamo S.E./Albuquerque, New Mexico 87106
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the INT statement is not simple, yet the
authors, by going through each part of
such a statement, have found what must
be the simplest way of explaining it.

The chapter on simulation contains a
baseball program that simulates the bat-
ting of one side in a nine-inning game,
and one on the Knight's Tour problem.
The section on harmony in music gives
a long program that writes four-part har-
mony for a given melody.

Each chapter on applications provides
a couple of projects, more complicated
than the chapter exercises, that should

provide the reader who has a terminal
with a very thorough workout of his
knowledge of BASIC. Not all the chap-
ters are easy to understand, since sev-
eral go into areas such as vectors and
matrices, statistics, and calculus. Al-
though most of the book can be under-
stood “with a background of three years
of high school mathematics,” these
three math areas “are normally taught at
the college level.” Not everybody will dig
into these chapters, but they're there for
those who want to, and for those who
will eventually learn the requisite math.

NOW FROM TEXAS INSTRUMENTS ...
three machines in one.

prngfamahle
slide-rule calculator
SR-52

® 10 user defined keys
® 224 program storage locations

® B preprogrammed condition statements

® 20 independent addressable memory registers

® 23 preprogrammed key functions ® Permanent program storage on magnetic cards

It took TEXAS INSTRUMENTS to invent the SR-52 calculator. It took C & S
MARKETING ASSOCIATES to offer it at a price you can afford, now only $229.95
With such versatility and such an affordable price, you can not afford to be without the
problem solving power of card programability. Now solve problems in seconds that would
take hours with are ordinary calculator or slideruler if they could be done at all.

For more information or the answer to any question you may have about the SR-52
calculator, call toll free (800-251-6771)*. Tenn. residents call (800.262-6706). Other
TEXAS INSTRUMENT models available from $49.95.

Each TEXAS INSTRUMENT calculator
comes with a 1-year warranty. Should your
unit prove defective within 60 days, just return
it for a new unit! Finally should you be dissatis-
fied with your calculator return it within 15
days for a prompt refund. * COD orders please

add $5.00 shipping and handling.

C & S MARKETING ASSOC.
P.0. BOX 165 ALGOOD, TENN. 38501

QTY. —  PRICE 229.95ea,|
O cHECK O m.o. O c.oD.|

ME |
|ADDRESS |
|CITY, ST, ZIP i
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Dwyer and Kaufman. The best of
the introductory texts, bright and spark-
ling, recommended for any young per-
son, or in fact for anybody, is A Guided
Tour of Computer Programming in BA-
SIC, published by Houghton Mifflin at
$4.40, and written by Thomas A. Dwyer
and Michael S. Kaufman, who do their
best to make learning fun.

The book is in four parts. “Getting
Ready for the Journey” covers the ba-
sics and LET, PRINT and END. Six
more statements are introduced in “The
Economy Tour.” “Techniques for the
Seasoned Traveler” brings in nine more
statements plus library functions. Nine
applications programs are presented in
“Far Away Places.” The book covers 20
statements altogether, all you'll need for
most applications. Although it's meant to
be used with a terminal, this book
doesn't have to be.

As an indication of the book’s ingeni-
ous variety, the applications programs in
Part 4 include those for a hotel reserva-
tion system, generating brand names for
soap, slot-machine games (cherries,
lemons, oranges), monthly installment
payments on a loan, and payroll.

One of the most important features is
the many callouts to the programs, out-
lined in red, with a red line pointing to the
line or lines they explain. Each of the
four parts is divided into sections. At the
end of each section is a review of the
material covered, and there are several
sets of exercises in each of the parts.

This fine book is mainly for young
people, but it will be of value to anyone.
It is full of detail, with many examples
and much thought given to the use of
graphics in teaching.

Your Favorite Book. If your favorite
book on assembly tanguage or BASIC
isn't one of the five mentioned here,
please don't fret. There are many other
fine books, out of the 60 or more on the
two languages. The ones discussed are
among my favorites, given limited edito-
rial space. However, future columns will
refer to other books of interest, on both
programming and applications. (ol

ADDRESSES

Adam’ Osborne and Associates, Inc.,
2950 Seventh St., Berkeley, CA 94710

Scelbi Computer Consulting Inc., 1322
Rear Boston Post Road, Milford, CT
06460

John Wiley & Sons, Inc., 1 Wiley Drive,
Somerset, NJ 08873

Houghton Mifflin, Wayside Rd., Burling-
ton, MA 01803. Attn. College Order
Dept.
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Electfonics Library

ARRL ELECTRONICS DATA BOOK
Edited by Doug DeMaw, W1CER

Here is a compilation of data useful to the
electronics experimenter, regardiess of his
level of experience. It contains ten chapters,
and among the subjects treated in depth are
r-f circuit data, L, C, and R networks, broad
and narrow band transformer design, filter
design, antennas and feed systems, and a
catalog of practical solid-state circuits. All
chapters include pertinent simple equations
with representative solutions. Toroidal de-
signs are emphasized in the transformer
chapter. Modem filter design covers two- and
three-pole Butterworth derivations for most of
the frequencies of interest to amateurs, and
tables of practical filter values are included.
Published by the American Radio Relay
League, 225 Main Street, Newington, CT
06111. 128 pages (8%2" x 11") $4.00 soft
cover.

AUTO ELECTRONICS SIMPLIFIED
by Clayton Hallmark

Applications of electricity and electronics—
from the basics of alternators to digital com-
puter automotive analysis—are examined in
this book. Topics discussed are electronic
charging and ignition systems, safety appli-
ances, emission and performance devices,
radios and tape players, comfort and conven-
ience systems, automotive test equipment,
computers and cars today, computer basics,
and advanced automotive technology. Both
theory of operation and troubleshooting infor-
mation are included. Schematics, line draw-
ings, and illustrations supplement the text.
Published by Tab Books, Blue Ridge Summit,
PA 17214. 266 pages. $5.95 soft cover.

RCA SOLID STATE REPLACEMENT GUIDE

The updated RCA Solid State Replacement
Guide, SPG-202R, lists more than 103,000
industry types which are replaceable by only
250 RCA SK devices, including 32 new
types. Significant ratings and characteristics
are given for each device to aid selection of
the optimum replacement semiconductor. Di-
mensional outlines of device packages and
terminal diagrams are given, as well as a re-
vised hardware replacement directory.
Published by RCA Solid State Division, Box
3200, Somerville, NJ 08876. 156 pages.
$3.00 soft cover.
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MtIntosh caraoa
nd FM DIRECTORY

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

MX 113
FM/FM STEREO - AM TUNER AND PREAMPLIFIER

NAME

Mclntosh Labonatory, Inc. I

| East Side Station P.O. Box 96
E N D Binghamton, N.Y. 13904
| Dept. PE

TODAY! =

If you are in a hurry for your catalog please send the coupon to Mcintosh.
For non rush service send the Reader Service Card to the magazine.
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where the
ACTION’S

CB

Millions of 2-way CB radios are in
use—millions of new ones are being sold an-
nually to new CBers and for replacing old
units—what a market for repair service. It's the
biggest thing in electronics since color TV.
There's only one thing wrong with CB
growth—the lack of technicians capable of
servicing CB radios. That's why many TV
shops are expanding into CB and why new CB
shops are opening up all over the country.
Going CB servicing rates run from $12 to $24
per hour.

To get into CB radio servicing, full-time or
part-time, you need test equipment, an FCC
operator license and to learn how. To learn
how, you can buy the CB RADIO REPAIR
COURSE for cash, on a monthly paymentplan,
or charge the cost to your BankAmericard or
Master Charge account.

To make it easy to study, this 70-lesson
course employs the PROGRAMMED teaching
technique and sticks to the target—CB radio.
Study at your own pace as you receive the
self-examining lessons. We can’t guarantee
that you will become a CB expert since that
depends on you.

Togetthe facts about this course,
write a letter or card or mail the coupon below
today. No salesman will call.

CB RADIO REPAIR
COURSE, INC.

531 N. Ann Arbor
Oklahoma City, OK 73127

Please send information about your Course to:

Dept. P-126

Name
Address
City _

______State Zip
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The PB-100 is only one of our
family of solderless Proto-Board
breadboarding units, designed to
help you assemble, test and modify
circuits as fast as you can push in or
pull out a lead. Preassembled
sockets with durable 5-point
terminals provide low-resistance
interconnections you can arrange
and re-arrange at will.

Resistors, capacitors, transistors,
DIP's, TO-5's, LED's etfc. plug in
without damage to leads. And
jumper connections, where required.
are lengths of #22 AWG solid wire.
Models from 630 to 3060 tie-point
(6 to 32 14-pin DIP) capacity
available. For more information, see
your CSC dealer, or write for our
catalog and distributor list.

NTTOHOOK UP
A CIRCUITQUICK?

continental specialties

Proto—Board® 100. 760 solderless
tie-points. Kit, $19,95*

CONTINENTAL SPECIALTIES CORPORATION

EASY DOES IT
44 Kendall Street, Box 1942

New Haven. CT 06509 ¢ 203-624-3103 TWX: 710-465-1227
West Coast office: Box 7809, San Francisco. CA
94119 ¢ 415-421-8872 TWX: 910-372-7992

© 1976 CSC
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Canada: Len Finkler Ltd.. Ontario

*Mfrs. sugg. list
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Operation Assist

you need information on outdated or rare
equipment—a schematic, parts list, etc.—another reader
might be able to assist. Simply send a posteard.to Opera-
tion Assist, POPULAR ELECTRONICS, 7 Park Ave., New York,
NY 10016. For those who can help readers, please re-
Spond directly to them. They'll appreciate it. (Only those
items regarding equipment not available from normai
sources are published.)

———— e —

Hammarlund Model CB 212 transceiver. Need alignment in-
structions. Johnny "K," 267 Portion Rd., Lake Ronkonkoma.,
NY 11779.

Bendix Radio Facto Meter, Model 847 S, Field Test Receiv-
er/AM and FM. Schematic diagram needed. Bill Coleman,
Jr., 114 Circle Drive, Rocky Mount, NC 27801

Crosley Model 146CS all-wave and FM 200-300-MHz re-
ceiver. Also BC342. Schematics needed. Monroe Penick,
509 St. Johns Dr., Sherman, IL 62684.

GE Mode! {-70 Radio, Atwater Kent Model 47, Watterson
Radio Mfg., Dallas TX, 5-tube table radio containing 2-6D6,
2-5L6, 2-575, L55F. Schematics and/or service manuals
needed. 8.D. Canup, 902 S. Goliad, Rockwall, TX 75087.

Vespa Model 400 AM/FM/MPX receiver circa 1963. Sche-
matic needed. Tom Sayen, 200 E. Montgomery A-1, Ard-
more, PA 19003.

Knight-Kit Safari | CB transceiver clrca 1965. Schematic
and parts source needed. Andy Higgins, 915 Beechwood,
Waukesha, WI53186.

Hammarlund HQ-110C receiver. Schematic, alignment, and
any other information. Mark D. Kokstis, R.R. 2, Box 329
Camp Point, IL 62320.

CG Electronics Corp. Model TR-2 Junction Transistor Test-
er. Schematic and/or operations manual, or address for the
company (formerly Albuquerque, NM). Paul Van Auken,
23433 Friar St., Woodland Hills, CA 91364,

Any schematics or Information on voice synthesizers or
voice command switches. Craig Boyce, 176 E. 77 St., New
York, NY 10021.

Heathkit Model OP-1 oscilloscope. Operating manual {not
assembly manual) needed. Douglas Paradis, 807 Pembroke
Ave., Columbia, SC 29208.

Superior Instruments Model TV-11 Tube and Condenser
Tester, Lafayette Micro P 100-A police radio. Schematics,
operations manuals, or any available info. Also interested in
schematic for any type of electronic coin cleaner. Philip Haw-
kins, 124 Summer St., Central Falls, Rl 02863.

E1CO Model 400 oscilloscope serial 3789. Manuals and any
other info. David Altfeld, 142-20 84th Drive, Jamaica, NY
11435,

Signal Corps detector plate choke, stock No. 3C317-3, 450
henries + 20%. -10%, Type 7447 for Frequency Meter
SCR-211-T. Reference TM11-300T page 39. Source need-
ed. Henry B. Gratton, R.D. 1, Box 140, Elliotsburg, PA
17024,

DeVry Tech. Inst. 5-inch scope with SUP1 CRT, Model No.
unknown. Need operating manual, schematic, and calibra-
tion data. A. Garvelink, Box 88, Lawton, MI 49065.

Sylvania Model 19TC11CA color TV, chassis No. DO3200.
Need source for the color flyback, part No. 50-17314-1
(294-6539, or replacement. Joseph M. Nowinsky, PSC Box
4559, Howard AFB, APO New York 09020.

IBT mini-manual for PBX installations. Latest edition need-
ed. T. Schweig 500 H. St., NW, Washington, DC 20013.

Cherry T-47A/ART-13 transmitter with CRC-813 final.
Schematic and any available info. Richard Caprarella, 550
Lynnfield St., Lynn, MA 01904.

Monsanto Mode! 6270A dual trace scope. Schematic and
operations manual. Richard Bellnier, Tech., Auburn Board of
Education, 130 South St., Auburn, NY 13021.

Tektronix Model 512 oscilloscope. Schematics and parts
list. H.A. Ashdon, 108 Plymouth St., Holbrook, MA 02343,

Norelco Mode! 2401 cassette recorder. Parts source. Wes-
ley Godfrey, 1022 SE Dogwood Lane, Milwaukie, OR 97222,

Hallicrafters Model S-40 receiver. Need a circuit with values
for an S meter. A. McGinnis, 55 Patton St., Iselin, NJ 08830.

POPULAR ELECTRONICS



TRROTARRY

Experimenter’s
Corner

THE NEON GLOW LAMP

n this day of solid-state technology,

the humble neon glow lamp still has
much to offer to the experimenter. Be-
sides its luminescence, the glow bulb
displays negative resistance behavior.
Because of this, it is often found in volt-
age regulator and relaxation oscillator
circuits. Best of all, glow lamps are inex-
pensive. You can purchase them from
advertisers in the Electronics Market-
place for as little as a nickel each in
quantities of several dozen.

Before we look at some interesting
glow lamp circuits, let's review some of
the basic operating principles of this ver-
satile component. Knowledge of its op-
erating characteristics will enable you to
design your own circuits.

An outline view of a typical glow lamp
is shown in Fig. 1. Few electronic com-
ponents are as structurally simple—a
glow lamp consists merely of a gas-filled
bulb and a pair of electrodes to which
wire leads have been attached.

Normally, the resistance of the gas
between the two electrodes is so high
that the lamp can be considered an
open circuit. But when the voltage
across the lamp is raised to the critical
initial breakdown voltage, the gas ion-
izes and becomes highly conductive.
The ionized gas glows with a character-
istic color. Neon, the most common filler
gas, glows orange. Argon, which is
sometimes used, has a blue glow.

By Forrest M. Mims

Figure 2 shows the |-V characteristics
of a typical neon bulb. Until the break-
down voltage Vg is reached, current
through the lamp is very small. (This
voltage will vary between 55 and 150
volts for commercially available bulbs.)
When the bulb fires, it enters the normal
glow region of its |-V curve. In this re-
gion, the soft, luminous glow is confined
to the negative electrode, and the glow
area increases directly with lamp cur-
rent. The voltage-regulating properties
of the neon lamp are self-evident in Fig.
2. A nearly constant voltage drop Vg ex-
ists across the lamp even though the
current varies over a wide range.

When current is so high that the entire
surface of the electrode is covered by
the glow, the voltage across the lamp
rises. The neon lamp has then entered
the abnormal glow region. If lamp cur-
rent further increases, the lamp is oper-
ating in the arc region. Here, the voltage
across the lamp drops and the orange-
colored discharge becomes a bright
point of bluish-white light centered on
the cathode (negative) electrode. Pro-
longed operation in the abnormal glow
region, and even a brief incursion into
the arc region will destroy the lamp.

Although neon lamps operate at fairly
high voltages, they consume small
amounts of power, and most commer-
cial devices are rated at a continuous
current of 0.1 to 10 mA.

V woits Fig. 2. Neon lamp’s I-V characteristic.
foo
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Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

Earn Your

DEGREE

by correspondence, while continuing your pres-
ent job. No commuting to class. Study at your
own pace. Learn from complete and explicit
lesson materials, with additional assistance from
our home study instructors. Advance as fast as
you wish, but take all the time you need to master
each topic. Profit from, and enjoy, the advantages
of independent study.

The Grantham electronics degree program
begins with basics, leads first to the A.S.E.T.
degree, and then continues through the B.S.E.E.
degree level. Our free bulletin gives complete
details of the program itself, the degrees award-
ed, the requirements for each degree, and how
to enroll. Write or phone (no collect calls please)
and ask for BULLETIN E-77.

Grantham School of Engineering
2000 Stoner Ave., Los Angeles, CA 90025

® Telephone (213) 477-190] @

Worldwide Career Training thru Home Study
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Build a Microcomputer System
With This $7.95 Handbook.

At last, a practical, step-by-step
approach to building an operational
microcomputer for a bargain price.
The lasis Microcomputer Applications
Handbook will guide you through all
phases of actual design of a working
8080 microcomputer system
including writing a system monitor
program. Both development and OEM
systems are covered in detail.

P S. | the M.cwcompuur

Applications k isn‘t
¥ P Handbook lvnvthmg we say it is, re-

turn it within 15 days for a
full refund.
o

. ORDER BEFORE JAN. 14,
197 7AND WE'LL SHIP
5 YOUR HANDBOOK POST.
R PAID.

r————————————

I [1 Here’s my check or money order for $7.95. Add $.50 for
postage and handling it ordered after Jan. 14, 1976, I
{California residents please add $.52 state sales tax.}

Overseas shipments will be made surface unless $5.00 I
shipping is added.

I {J Charge to the credit card number below: I

I BankAmericard No. 'l

i

Master Charge No. ['|

Faor Master Charge, add 4-digit number from right above

name. 1tas: I
Here’s my Si [ |
I re's 14 l
I Credut card date =
IFIRM !
INAME !
IADDRESS I
oy |
STATE/2IP l
MAIL YOUR ORDER TO 1ASIS, INC. |
815.W. MAUDE AVE., SUITE 13
SUNNYVALE, CA 94086 l
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( N
We have
400,000 reels

of great
recording tape
to unload.

$30.00 gets you thirty reels
($225 value); or $12.50 gets you ten
reels ($80 value). Call for quantity
prices. These are government surplus,
and fully guaranteed, professional
quality mylar tapes on 10%
plastic reels, 4" wide, 1 MIL with
3600 feet per reel.

Sounds crazy? We can sell
brand name tapes at these ridiculous
prices because we're the only
supplier who bought up 400,000 reels.

Mail your order, name and
address, with check or money order
(N.Y. residents: add tax) to:

AMERICAN
SURPLUS TRADING

Dept. P

332 Canal Street
New York, N.Y. 10013
(212) 966-5650
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Some Precautions. Neon glow
lamps are simple to use, but you should
be aware of a few special restrictions.
First, these lamps are subject to what is
called the dark effect. That is, ionization
of the gas is much more easily accom-
plished in the presence of ambient light.
In total darkness, the glow lamp oper-
ates erratically, and its breakdown volt-
age increases significantly. To over-
come this problem, many neon lamps
contain a minute amount of radioactive
gas, which stimulates ionization.

A second operating restriction is the
necessity to avoid excessive operating
voltages. Too much voltage will cause
the lamp to operate in the abnormal
glow or arc region. The third considera-
tion is current limiting. It is necessary to
place a resistor in series with a continu-
ously operated glow lamp. This ballast
resistor limits the current through the
lamp to a safe value. If we assume that
an ionized glow lamp has practically no
resistance but a voltage drop of 80 volts,
Ohm’s and Kirchoff's Laws dictate that a
100,000-ohm ballast resistor will allow a
safe 200 pA to flow through a glow lamp
connected to a 100-volt dc source.

Glow Lamp Circuits. Now that
we've covered some of the basics of
glow lamp operation, let's examine sev-
eral practical circuits. You can use the
miniature dc-dc converter described in
last month’s column or a pair of 67%-volt
batteries connected in series as a power
supply.

* 100 =15 Y.

*#60—/‘,’3 voc -
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M <4
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. . 3
Fig. 3. Relaxation 100K

oscillator.

——

Fig. 4. Astable
multivibrator.

The simplest circuit is the glow-lamp
relaxation oscillator shown in Fig. 3. In
operation, C1 charges through R7 until
the breakdown voltage of the neon lamp
is reached. At that point, C1 discharges
through the lamp and produces an
orange flash. When the voltage across

A Logical Solution to
your Digital Logic

Problems!
,-—4""'" "?"'. , “?;')h\\‘.\“'

THE NEW

CATCH-A-PULSE®
LOGIC PROBE!

o Multi-family o Pulse stretching
* Open circuit detection + 60 Nsec pulse response
o High input impedance + Replaceable tip and cord

Compatible with RTL, DTL, TTL, CMOS, MOS, and Micro-
processors using a 3.5V to 15V power supply. Thresholds
automatically programmed for multi-logic family opera-
tion. Automatic resetting memory for single or multi-pulse
detection. No adjustment required. Visual indication of
logic levels, using LEDs to show high, low, bad level or
open circuit logic and pulses. Highly sophisticated, shirt-
pocket portable (protective cap over tip and removable
coiled cord). Eliminates need for heavy test equipment.
A definite plus in time and money for engineer and
technician,

Plus 1.25 shipping & handling

Calif. residents add 6% sales tax

AVR Elecironics

P.0. Box 45167

San Diego, Ca. 92145
(714) 566-1570

Dealer inquiries invited

ELECTRONICS

Pat. Pend.
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C1 drops below the voltage necessary
to keep the lamp conducting, the lamp
goes dark. Then C1 begins to charge
and the cycle repeats.

To see the glow-lamp flash you will
have to use at least a 1-megohm resis-
tor. Otherwise the flash rate will be fast-
er than the 18 pulses per second dis-
cernible by the human eye and the lamp
will appear continuously on. Also, use
200-volt capacitors in this and the fol-
lowing circuits because of the high volt-
ages present.

You can connect an oscilloscope
across C1 to verify that the circuit is 0s-
cillating if you choose to operate it at au-
dio frequencies. Alternatively, you can
connect an 8-ohm speaker between the
glow lamp and ground or place the cir-
cuit near a radio to actually hear the os-
cillation frequency or its harmonics.

If you're familiar with neon-lamp relax-
ation oscillators, you probably know that
several circuits like the one shown in
Fig. 3 can be cascaded to produce a
pseudo-random flashing effect. These
circuits are often seen flashing away in
electronics labs and are called “do-noth-
ing boxes” or “idiot lights.”

An astable multivibrator made from
two glow lamps is shown in Fig. 4. If we
assume /1 has a lower turn-on voltage
than /2, 11 will turn on first after power
has been applied. This permits C1 to
charge through R2 and /1. When the
voltage across C1 exceeds the turn-on
voltage of 12, 12 turns on and /1 turns off.
Now C1 charges through A1 and /2 until
its charge fires 11. Lamp [2 then turns
off, C1 begins charging through A2, and
the cycle repeats.

The circuits described here incorpo-
rate a relaxation oscillator, and you can
easily vary the repetition rates of the os-
cillators by altering the values for the re-
sistor and capacitor which, together with
the lamp, form the oscillator (R1 and C1
in Fig. 3, etc.). Higher values of re-
sistance or capacitance will slow the
repetition rate. But try to keep R above
100,000 ohms, and C1 below 1uF.

If you do experiment with any of these
circuits, be sure to observe standard
safety precautions. Even a 67%2-volt bat-
tery can deliver a sharp shock, and if the
shock itself doesn't affect you, the re-
sulting reflex action may dash your wrist
or elbow into your work bench or chair.

For best results and optimum safety,
stick to batteries or miniature high-volt-
age power supplies like the one de-
scribed in last month's column. If you
must use line power, never operate a
glow-lamp circuit from the ac line without
using a 1:1 isolation transformer. O
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LBO-506A
5' Dual Trace/Dual
Channel Automatic
Triggered Scope
Highly accurate —
sync's to 35MHz. Auto
trigger includes TV-V,
TV-H, with variable
h'Z't'l sweep and
vertical input
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sw. mode; X5 mag; X-
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LBO-502
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w/Graded Scale
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LBO-511

5" Solid State
General Servide Scope
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sweep w/automatic
sync and calib vert’l
input — has 140° phase
control; and TV-V &
TV-H w/4 sweep
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across the 10MHz
b'width. Complete with

probe, leads and adapter.
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Turning the Electronics Corner ..
English-Language Shortwave Bmadcasls (Wood)
March and April
May thru August
September and October ..
November 1976 thru February
Experimenter’s Corner (Mims)
Using an Optoisolator
TTL Sequence Generator ..
Percussion Instrument Synthesizer ..
Pulse Modulation and Phase-Locked Loops ..
Applications for the TTL NAND Gate
The Avalanche Transistor ..
The 567 Tone Decoder ...
The LM380 Power Amplifier ..
High-Voltage DC/DC Converters .
The Silicon Sotar Cell ..
The Neon Glow Lamp .
Inside Basic Electronics
Fixed and Variable Resistors ....
Inside Basic Electronics (Prensky)
Using Resistances
Capacitors and RC Circuits
Capacitors and RC Circuits, Part 2
Solid State (Garner)
Prophecies for Next Year .............. S Jan. 79
A Dandy Circuit
Opting for Op Amps
A Versatile New IC
Qut of Tune Correction ...

A Universal Light Emitting Diode .. May 78
Programmable Schmitt Trigger . June 82
Build Your Own Sonar System .. July 81

Simple Stopwaltch Splits Seconds



An IC That Is Also Dandy ...
Rara Avis
'Tis the Season to be Solid ..........cccvviirniinsinnanns
Stereo Scene (Salsberg)
Audio Potpourri
Stereo Scene (Hodges)
Looking to the Future
Tone Controls, Plain and Fancy ...........cceeeiicene
Hi-Fi Upgrading Tips
The World of Sound Contracting ............coeeveeensenes
Dateline 1976
Perfecting Phono
The Great Tube/Transistor Controversy .
Greetings From Nihon ...
Consumer Electronics Show—Summer 1976
Mods and Modifiers
Evaluating Four-Channel ............c.cvueomeininnisiens Dec. 24
Test Equipment Scene {Solomon)
Making Good Use of Noise
Can Test Equipment Be Wrong? ..
Using Your Oscilloscope

FEATURES AND TUTORIALS

Active Filters, Understanding (Lancaster)
Antenna Rotators, Buyer's Guide to (Carrole)
Audio Electronics Today, The State of

(Feldman) Sept. 57
Audio "Room Expander”, A New (Solomon) ............. May 55
CB Base Station Antennas, How to Choose

(McVeigh) Apr. 50
CB Bicentennial Highway Buddies, Your

(Sweeney)

CB Equipment Terms Made Easy for Buyers
CB Radio Range, How to Predict (Gerson) ...

CB Transceiver and Antenna Manufacturers . . Apr: 64
Collecting Shortwave Fok Music (Stanbury) .. . May 39
Color TV Receivers, The New 1976 (Margolis) . .

Computer Codes, Introduction to (Robbins) ..............
Designing Optimum-Q and Small Inductors

(Martin)
Digit Probe (Solomon)
Diodes, What Do You Know About (Balin) ........
Dummy Antennas for Hams and CB'ers (Frye) ......... Feb. 65
DX Programs and DX Clubs on Shortwave (Wood) .. Aug. 53
Electrical Grounds for Electronic

Sept. 101
Dec. 56
....Feb. 73

Equipment {French) May 47
Electronic Switching with Transmission

Gates (Pascoe) Feb. 62
Envelope Generators & Sequencers for

Electronic Music (Lancaster) . Jan.
Find the Hidden Electronics Words (Sear) . ..Oct. 71
Fusing Quiz {Balin) Sept. 32

Guide to Choosing TV & FM Antennas (Green)
“Home-Brew" Phono Preamp Design, Guide to

(Bohn) Sept. 60
HP-45 Calculator As a Stopwatch or Elapsed-
Tirme Indicator, How to Use the (Miller) .........

12L — A New Transistor Logic Family (Haffner)
In's and Out's of Computers for Beginners

(Mitchell)
Install a CB Mobile Transceiver, It's Easy

to (Davis)
Lamp Circuit QUIZ (Balin) .........cccocvmrienneririrsninneranne
Leaming Electronic Theory with Hand

Calculators, Part | (Noll) ...

Out of Tune Correction ....
Learning Electronic Theory with Hand

Caiculators, Part H (NOI) .....c......civuemiernninininnnnacs Aug. 58
Learning Electronic Theory with Hand

Calculators, Part 11l {Noll) ........
LED Bargraph Readouts (Mims) .
Microwave Ovens for the Home (Eva) ...
Minimize Scope/Probe Combination Errors,

How to (Sear) Mar. 54
Mobile Communications: CB Vs. 2-Meter FM

(Frye) July 79
Multiplexed LED Displays Simplify Circuits,

How {(Delaney) Mar. 62

Out of Tune Correction May 6
NiCd Batteries, The Care & Feeding of (Burr) ........... Mar. 39
Perf Board Wiring Techniques for

Experimenters (Mangieri) ...

“Photophone”, Talk Over a Sul with (Mims)....
Power Supply, Protecting Your (Arp) ....
Professional Vs. Consumer Tape (Zide)
Programmabie Calculators, Here Are the New

(Mims)
Propagation Delay—The Logic Gremilin (Tenny) ...... Dec. 64
Propagation Forecasts for Radio

Communicators Nov. 34
Radio Astronomy, An Introduction to

(Heiserman) Jan. 41
Recording for Stereo with Four-Channel

Tape (Linkletter) Sept. 64

Select a Hobbyist Microcomputer, How to (Gray) ..... Dec. 51
Tape Recorders, What's New In (Feldman) .
Temporary Permit Form 555-8 for CB Radio
Ten Speaker Enclosure Fallacies (Weems) ....
Tips on How to Choose Speaker Systems (Sisk) .....
Tools for Electronics Experimenters (Mangieri) .........
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TV Electronic Games, Roundup of (Carrole) ............ Dec. 32
Universal Interface Between Low-Power Logic

and Load Drivers (Gregory) .........uauereescreisescsons June 94
PRODUCT TEST REPORTS

ADC Accutrac 4000 Record Player
Alpha Wire Model STRP-25 Wire Strippers ...
Bang & Olufsen Beogram Model 1900

Record Player Aug. 68
B.1.C Model 980 Muttiple Play Manual Record

Player Jan. 68
B&K Precision Model 280 DMM ..............c.ccocceeennennins May 77
Browning Golden Eagle Mark IIl AM/SSB Base

Station Feb. 82
Continental Specialties "Design Mates" ..... .. June 80

Craig Model 4104 Mobile AM CB Transceiver
Crown Model IC-150A Preamplifier
Dual Deluxe C Deck
Dual Model 1249 Automatic Record Player
Epicure Model Four Preamplifier .............
Handic Model 2305 AM CB Transceiver .
Heathkit Model AN-2016 “Modulus” Cont
Center, Heathkit Models AA-1505 and
AA-1506 "Modulus” Power Amplifiers
Heathkit Mode! GB-1201 Digital Stopwatch ...
Heathkit Model TD-1006 4-Channel Color
Organ Kit
Hewlett-Packard Model 34 76A Automatic DMM .
Hickok Model 370 Analog Multimeter ..............c.cceeeeee
Jensen Model OPC-21 Speaker System
Jerrold Model TRC-12 VHF TV Remote Control
Accessory
Kris Victor Il AM Mobile CB Transceiver ....................
Lafayette Com-Phone Mark Il AM CB Base
Station
Luxman Model T-310 AM/Stereo FM Tuner .... .........
Marantz Model 5220 Stereo Cassette Deck ... .
Micro-Acoustic Model 2002e Phono Cartridge .........
Midland Model 13-882B Mobile AM CB
Transceiver
MXR Stereo Graphic Equalizer
Nikko Model 7075 AM/Stereo FM Receiver ..
OAE Model OP-80A TTY Paper Tape Reader ..
Onkyo Model TX220 AM/Stereo FM Receiver -
Onkyo Model TX-4500 AM/Stereo FM Receiver ......
Pace Model 145 AM CB Transceiver .........
Pickering Model PP-1 Phono Preamplifier
Pickering Model XV-15/625E Phono Cartridge
Pioneer Model RG-1 Dynamic Processor .....
Pioneer Model SF-850 Electronic Crossover
Phase Linear Model 200 Basic Power Amplifier
Processor Technology Model VDM-1 Video
Display Module 8
Realistic Model TRC-57 Navaho CB Transceiver ..... Aug. 70
SBE Model 12SM Opti/Scan Digital Scanning

Receiver July 76
SBE Model 32CB Formula D Touch/Com CB

Transceiver Dec.78
Schober Theatre Organ Nov. 86
Sencore Model CR31 CRT Tester & Restorer ..

Sencore Model DVM32 Portable DMM .............
Sencore Mode! TF70 Portable Transister Tester ......
Shure Model M24H All-Format Phono Cartridge ...... Dec. 76
Siltronix Mohawk AM CB Mobile Transceiver .
Sound Concepts Model SD-50 Delay Unit ....
Spectro Acoustics Model 210 Graphic
Equalizer
Stax Model SR-5 Electrostatic Headphones
Technics Model SA-5460 Stereo Receiver
Tram XL AM CB Transceiver ...
Triplett Model 60 Multimeter ...
Tri-Star “Tiger SST” CD Ignition System ..

TEST EQUIPMENT AND TV
SERVICING

A/D Temperature Converter, An {(Prudhomme) ........ Dec. 62
Audio Detective, Build the (Tenny) . .
Automatic Diode Checker (Stitt)
Capacitance Meter, Build this Low-Cost

{McGahee)
Color TV Receivers, The New 1976 (Margohis) ......... Feb. 41
Curve Tracer Checks Semiconductor Quality

{Lyle) Mar. 58
Digit Probe (Solomon) Dec. 56
High-Frequency Voltmeter, Build a $25 (Sear) .......... Jan. 46
1-Hz to 1-MHz Frequency Counter, Build a

Low-Cost (Huffnagle)}

“Junk-Box" 5-Volt Power Supply, A (Foss) ..
Logic Probe, A Simple (Lefferts)
Measure the Sun's Energy with a Solar
Radiometer {(Jochem)
Minimize Scope/Probe Combination Errors,
How to (Sear) .
Temperature Meter, Build a Low-Cost (Russo}) ......... Feb. 70
Update Your Muttimeter with a CMOS Millivotter
{Dage)

mericanRadigHistanaCam

Without our
software,
we’re just

another

flasher.
7 _"\s

Let's face it. No microcomputer is
worth a dime if you can’t make
it work. Even E&L’s Mini-Micro-
designer would be just a “light
flasher” if it weren't for our soft-
ware system.

But the fact is that our tutorial soft-
ware is the best in the business.
Not just a pathetic rehash of chip
manufacturers’ specifications. But
a clearly written, step-by-step in-
struction that teaches you all about
the microcomputer. How to pro-
gram it. How to interface it. How to
expand it.

The teaching material is written by
Rony/Larsen/Titus (authors of the
famous Bugbooks). It's called Bug-
book V. And it teaches through ex-
periments designed specifically to
get you up to speed on our Mini-
Microcomputer (MMD-1). And you
don't need any prior knowledge of
digital electronics!

The bestnews? E&L's MMD-1 costs
only $380 in kit form, inciuding all
sottware and teaching material.
Send your check or Money Order
today (or complete BankAmeri-
card/Master Charge information).
We'll pay shipping charges any-
where in continental US.

I S BN NP BN GE S

CIRCUIT DESIGN, INC.
Division of E &L Instruments, PO. Box 24,
Shelton, Conn. 06484 l

| believe you, | am ready to order at $380.00
for the MMD-1 Kit. Enclosed find my Check__
Money Order__ or charge information for
BankAmericard__ or Master Charge
(Make sure you sign the order blank)

Name:

Address:
City:
Signature:
Circuit Design will prepay shipping charges
anywhere in the US. Contact the factory for l

additional charges elsewhere.
PS: If you want an assembled and tested I

State: Zip Code:

unit order the MMD-1/A at $540.00.
NN I D IS N BN
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NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services, $2.25 per word (including name and
address), Minimum order $33.75. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount; 5% for 6
months; 10% for 12 months paid in advance. READER RATE: For individuals with a personal item to buy or sell, $1.35 per word (including name and address.)
No minimum! Payment must accompany copy. DISPLAY CLASSIFIED: 1" by 1 column (2-1/4" wide), $260.00. 2" by 1 column, $520.00. 3" by 1 column, $780.00.
Advertiser to supply film positives. For frequency rates, please inquire.
GENERAL INFORMATION: First word in all ads set in caps at no extra charge. All copy subject to publisher’s approval. All advertisers using Post Office Boxes
in their addresses MUST supply publisher with permanent address and telephone number before ad can be run. Advertisements will not be published which
advertise or promote the use of devices for the surreptitious interception of communications. Ads are not acknowledged. They will appear in first issue to go to
press after closing date. Closing Date: 1st of the 2nd month preceding cover date (for example, March issue closes January 1st. Send order and remittance to
POPULAR ELECTRONICS, One Park Avenue, New York, New York 10016, Attention: Hal Cymes.

FOR SALE

FREE! Bargain Catalog—!.C.'s, LED’s, readouts, fiber
optics, calculators parts & kits, semiconductors, parts.
Poly Paks, Box 942PE, Lynnfield, Mass. 01940.

SOUND SYNTHESIZER KITS—Surf $12.95, Wind $12.95,
Wind Chimes $17.95, Electronic Songbird $6.95, Musical
Accessories, many more. Calalog free. PAIA Electronics,
Box J14359, Oklahoma City, OK 73114.

BUGGED??? New locator finds them fast. Write, Clifion,
11500-L N.W. 7th Avenue, Miami, Florida 33168.

GOVERNMENT Surplus Receivers. Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog 25 cents.
Meshna, Nahant, Mass. 01908.

LOWEST Prices Electronic Parts. Confidential Catalog
Free. KNAPP, 3174 Bth Ave. S.W., Largo, Fla. 33540.
ELECTRONIC PARTS. semiconductors, kits. FREE FLYER.
Large catalog $1.00 deposit. BIGELOW ELECTRONICS,
Biuffton, Ohio 45817.

RADIO—T.V. Tubes—36 cents each. Send for free catalog.
Cornell, 4213 University, San Diego, Calif. 92105.
AMATEUR SCIENTISTS, Etectronics Experimenters,
Science Fair Students...Construction plans—Complete,
including drawings, schematics, parts list with prices and
sources. . .Robot Man — Psychedelic shows — Lasers —
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignition — Burglar Alam —
Sound Meter. . .over 60 items. Send 50 cents coin (no
stamps) for complete catalog. Technical Writers Group,
Box 5994, University Station, Raleigh, N.C. 27607.
METERS—Surplus, new, used, panel or portable. Send for
list. Hanchett, Box 5577, Riverside, CA 92507.

YOU WILL SAVE BIG MONEY! Surplus, Clearouts,
Bankruptcy, Inventory, Deals. Catalog $1 (redeemable).
ETCOA Electronics, Box 741, Montreal, H3C 2v2. U.S.
Inquiries.

HEAR POLICE/FIRE Dispatchers! Catalog shows
exclusive directories of “confidential” channels, scanners.
Send postage stamp. Communications, Box 56-PE,
Commack, N.Y. 11725,

SURPRISE! Build inexpensively, the most Unusual Test
Instruments, Futuristic Gadgets using Numerical
Readouts! Catalogue Free! GBS, Box 100A, Green Bank,
West Virginia 24944.

TELEPHONES UNLIMITED, equipment, supplies. Catalog
50 cents. Box 1654E, Costa Mesa, Calif. 92626.
UNSCRAMBLERS: Fits any scanner or monitor, easily ad-
justs to all scrambled frequencies. Only 4" square $29 95,
tully guaranteed. Dealer inquiries welcomed. PDQ
Electronics, Box B41, North Little Rock, Arkansas 72115.
RECONDITIONED Test Equipment. $0.50 for catalog.
Walter's Test Equipment, 2697 Nickel, San Pablo, CA
94806.

MECHANICAL, ELECTRONIC devices catalog 10 cents.
Greatest Values — Lowest Prices. Fertik's, 5249 D",
Philadelphia, Pa. 19120.

POLICE, Fire monitors, scanners, crystals, CB
Transceivers, New Crystal-less scanners. Discount priced.
Box 19224, Denver, CO 80219.

other components at factory prices.
INTEGRATED CIRCUITS
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Digital Alarm/Clock Kits
6-.50 LED Displays

Same day shipment. First line parts only. Factory
tested. Guaranteed money back. Quality IC's and

60 Hz Crystal Time
Base Kit $5.95

P.0. Box 4430C Santa Clara, CA 95054
(408) 988-1640

ELECTRONICS
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Calculator Module$2.95
Complete module minus
keyboard case and transformer.

Battery operated, beautiful stainless finish, quartz crystal
accuracy. Excellent for mounting on wall of any boat
camper, etc. One year g ilable fully
RVC-4  digital clodk Kt (no alarmi
RVC-6A digital clock kit with alarm and radio or
tape player hookup plus snooze option

Converts digital clocks from
ACline frequency to crystal time
base. O ing accuracy

Kit includes: PC board,
MM5369, crystal, resistors,
capacitors and trimmer

IC UPDATE
MASTER MANUAL
Complete IC data from

all Manufacturers. 14,000
cross references. $30.00
with update service
Limited quantities available.
Domestic Postage, add
$2.00, Foreign, $6.00

FREE: Send for your copy of our 1976
QUEST CATALOG. Include .13¢ stamp.

MODEM $79.50
Used Vadic modems in excel
lent condition, 103 type, 0 to
300 Baud. 202 type also avail
able, 0 to 1200 Baud. $175.00

COSMAC ‘ELF’

RCA Miciocompygg;  COP1822 $39 O
s S S CoPieze § 900

COPiouc $2950 COPIES2 5102

COPIB21 S3000 50827340 S 4 5

Cosmac users manual $7.50
Complete kit of additional parts
minus power supply and
board $40.00

hladl

$36.95
54.95

Not a Cheap
Clock $17.45
includes everything
except case

2-PC boards. 6-.50 LED
Displays. 5314 clock
chip transformer, all
components and full
instructions

TERMS: $5.00 min. order U.S. funds
Calif. residents add 6% tax.

Mile Per Gallon Circuit
Digital Flow Sensor  $29.50
Speed Transducer 8.00
(Specify car make and year)
CMOS Rate Multipliers 19.95
2-.50 in. Displays 2.50
(orange or red)
includes circuit description.
PC Board not included

CIRCLE NO. 53 ON FREE
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TELETYPE EQUIPMENT for sale for beginners and exper-
ienced computer enthusiast. Teletype machines, parts,
supplies. Catalogue $1.00 to: ATLANTIC SALES, 3730
Nautilus Ave., Brooklyn, NY 11224. Tel: (212) 372-0349.
JAPANESE TRANSISTORS, all transistors original factory
made. Free catalog. West Pacific Electronics., P.O. Box
3879, Torrance, CA 90510.

YOU WANT TO BUILD IT: WE WANT TO HELP. WE SELL
CONSTRUCTION PLANS with an Engineering Service.
TELEPHONE: Answering Machines, Speakerphones, Car-
phones, Phonevision, Touch Button Dialers. TELEVISION:
VTR, 1" Color TV Set, PONG, $25.00 Camera, COLOR
PROJECTION TV. HOBBYIST: Electron Microscope, $75
software programmable computer. BROADCAST: Special
Effects Generator, Chroma Key, Audio Board, DA's.
COURSES: Telephone Engineering $52.00, Detective
Electronics $29.50, 1C Engineering $65.00, PLUS MUCH
MORE. NEW Super Hobby Catalog PLUS year's sub-
scription to Electronic News Letter AIR MAILED $1.00. Don
Britton Enterprises, 6200 Wilshire Bivd., Los Angeles,
Calif. 90048.

SEMICONDUCTOR AND PARTS Catalogue, $1.00 refund-
able, from the semiconductor specialists. J & J Electron-
ics. Box 1437P, Winnipeg, Manitoba, Canada. U.S.
inquiries.

ELECTRONIC ignition: Capacitor-Discharge, pointless.
Auburn Sparkplugs. Wheel Stabilizers. Information 20
cents. Anderson Engineering, Epsom, N.H. 03234,
DESCRAMBLERS: Several Professional Models that work
with all Scanners. Tone Encoders/Decoders, Scanmate,
AAPP, Radar Detectors, Big Ears, Alarms, Books, Kits,
parts. Catalog 25 cents: KRYSTAL KITS, Box 445, Benton-
ville, Ark. 72712.

CARBON FILM RESISTORS. Brand new as low as 1.7
cents. Discounts of 20%. Prompt delivery. FREE
samples/specifications. COMPONENTS CENTER, Box
134P, N.Y., N.Y. 10038.

WHOLESALE C.B., Scanners, Antennas, Catalog 25 cents.
Crystals: Special cut, $4.95, Monitor $3.95. Send make,
model, frequency. G. Enterprises, Box 461P, Clearfield, UT
84015."

: Send for your
information
packet today -

which also includes circuit
functions, component line-up,
and accessories. (nformation
Packet $1.00 (refundable
with ordor)
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COMPUTER HOBBYISTS! Bargain hunt and sell via
ON_LINE. 18 issues/year — $3.75. Free Sample. ON_LINE,
24695 Santa Cruz Hwy,, Los Gatos, CA 95030.

PLANS—Video Pong...$2.00. Laser...$2.00. Projection
V...$2.00. Catalog 50 cents. Technologic, Box 5262,
Orchard Lake, Michigan 48033.
NEW ADJUSTABLE THREE OUTPUT REGULATED
POWER SUPPLY, plus 900 parts worth $400.00 list. Solid
state CARTRIVISION television recorder electronic unit.
Schematics, parts cross reference, HEATHKIT television
transistor substitutions. Power CB radios, MICRO-
PROCESSORS. $17.95 plus $3.50 S&H. USA. Free
Brochure, Master Charge, BankAmericard. Satisfaction
guaranteed. MADISON ELECTRONICS COMPANY, IN-
CORPORATED, Box 369, D55, Madison, Alabama 35758.
LOW cost digital/analog test equipment. Exceptional
values. Free catalog. Salen Electronics, Box 82, Skokie,
lllinois 60076.
DON'T LET VOLTAGE TRANSIENTS ZAP YOUR HI-FI,
Solid state equipment protector plugs into outlet protects
any transistorized equipment. $6.95. Kopp Electronics,
1650 William St., Buffalo, N.Y. 14206. Free Brochure.
LEARN Design Techniques. Electronics Design News-
letter, Digital, linear construction projects, design theory
and procedures. Annual Subscription $6.00, sample copy
$1.00. Valley West, Box 2119-B, Sunnyvale, CA 94087.

POPULAR ELECTRONICS
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DIGI-KEY CORPORATIONT ™ NATIONAL SEMICONDUCTOR CLOCK MODULES

Double-Digit Discounts

Save You Even More MAI010A 12 Hour (AM'PM) Version oo $] 3.00
8080A | LM3909 /V MA1010C 24 Hour Version..........$13.00
69° /'

MA1002A 12 Hour (AM-PM) Version. . ... ... $10.50
MA1002C 24 Hour Version. .. ............$10.50

NATIONAL

Special transformer and 6 switches
when ordered with module add $3.45

Special transformer and 6 swltches,
when ordered with module add $3.45.

i *
‘ Hobby-Wrap-30 $5.95 /7 MAT002 & MAT010 Series
Strips, Wrops and Umwraps 30 go. wire on stondord wire wrapping pins 0
UNWRAP (Y. Electronic Clock Modules
The MAI002 & MAI010 Series Electronic Clock Modules The MA10024 ond MA10104 have a 12 hour displey with on
ore assembled and prefested modules which combine o AM ond PM indicator. The MA1002C and MAI010C hove o
monolithic MOS-LS! integrated clock circuit. 4-digit LED 24 hour display.
display. power supply and other ossociated discrete com- . P . .
ponents on g single printec circuit board 1o fo-m o complete Features include olorm “on” and “PM" indicators, “sieep
electronic clock movement: The user need odd anly o trans- °"f’ ““snooze’” fimers und variable brightness control capa-
former and switches to construct a digital clock for applica- bility. The modules are extremely compoct, the MA1002
tion in clock-radios, oform or instrument panel clocks. Time- meosuring 1.375 by 3.057, the MA1010 measuring 1.75
keeping may be from 50 o~ 60 Kz inputs ond 12 or 24 hour by 3.75". This smoll size is achieved by bonding the 1.C.
display formats moy be chosen. Direct LED drve eliminates to the bock of the circuit board.
RF interference. Time setting is made easy flwough use of )
“Fast” ond "'Slow” sconning contrals, It is highly recommended thot the transformer be obtained
with the clock module os it is o specicl duol secondary
= type not otherwise readily avoiloble.
Sy
. .
Double Digit Discounts Save You Even More!
ACE201-K WIRE WRARPINGIWIRE SLIDE SWITCHES | BISHOP GRAPHICS Printed Circuit Drafting
$24.95 ‘ Fed or Block Kynox hvloted precur ond irmed S0 0. wie. | Single Pl Single Throw Alds are now available from Digi-Key
1513010 10.00/C
1,032 SOLDERLESS PLUG-IN TIE POINTS l, Insulation Price por
CAPACITY: UP TO 12 14-PIN DIP's rr ’-ﬂ b ]Loo.wm uo.ll.auvkg. «r.| Double Pde Double Throw RADIAL ELECTROLYTICS
WO Swny hlndnry posts 20" 100 B 200110 19.00/C A7/50V.. 08 .65/10 22/50V.. .12 1.00) 330/25V. . 23 1.86/10
Size: 4.9/16 2 10¢ X i/50v.0 08 6510 | 100/6.3V. 09 751 470108 171 171110
Kit form 3 106 . 22/5v.. 08 510 | 100110V.. 10 7 470018V. 123 181710
3 10¢ Fi] BATTERY HOLDERS JEKE AR 100/16v . 1185/ 470/25V. .29 2.35/10
4 106 ; 47/35V.0 08 6510 | 100/25V.".13 1.0/ 1000/10V - 24 198110
4 100 08  .68/10 100/50V. . 21 17171 1000/16V. 29 2.35/1
s 100 1076V .. 08 6510 | 220/10v..13 1.081 1000725V 42 3331
[ 50 10725V 008 6510 | 220716v.715 116N 2200/10V . 42 3.33/1
7 1050V S0 7510 | 20125V 17 2200116V . 54 43071
g $0 2206V .. 08 81 220/ 29 2351 2200/25V . 58 4.67/1
9 50 225 .09 70n0 | 330/10v .15 1160 330016V 89 72/
1 50 3016V, .21 1660
1 0
AXIAL ELECTROLYTICS
INTEGRATED CIRCUITS — TTL, CMOS, LINEAR & MOS WIRE WRAPPING WIRE IN BULK _PERF BOARD ANV T 90N0 | 32V, 18 ). 30N6V. .29 2350
7400 .21 776 3 | 1481 215 402 .23 520 114 fed or Siock}Sipa: Ly Bl o fatmeer i ETVERY 10 PR 3?8?1’2533 330
¥ ! 2 4 p ) i i e .3/35V 957 oo ¥ . i
700 | 70 70 | rae 7 | w3 w0 | s 1268 [100° 52.00 500" $8.50 1000° $15.00 UL 3350V 012 100710 17 {1 a70/25v |37 30071
e = e lmmy dle i e D i % 1
] | i 4015 9% | 5 2 473V 12 95y ] /
7400 21 7485 89 | 74188 3150 a6 40 | n021 1B OEN"" ROCKWELL.CALCIH ATORTLINE 4750V .12 10010 1000725V | 36 4.50/1
7405 21 28 74189 3.50 4017 1.05 8080A  24.95 § ON DISCOUNT IN OUR LATEST CATALOG TERMINALS V25V, .. 12 1.00/10 2200/10V 3.96/1
7406 25 | 7489 279 | 74190 123 4018105 | CAjss 75 - for Sove ineriTboard 10/50v. - 114 111510 2200116V . 62 4.95/1
7407 125 490 44 74191 1.3 019 23 IM2IIN 1225 or guove [pertiboar 26V, .12 100710 2200125V . 79 6.36/1
7408 21 [ 11 70 | 7492 88 4020178 | MK 180 $1.50/C 22/25v. 13 10510 | * 3300/18V . 95 7.63/)
a5 2 awow | oras s | o | a1 7 1Ine kN aevioy 8100
410 | 493 a4 4194 | 4 o | IM3a0Ts 12 112 1007 R 10V 115 9.
a0 2 | 7a0t 70 | 74195 83 | 4023 23 | LmM34016 125 LED LAMPS 330110V, .14 1.
def | 4| s B | iR Gl LT
413 : 497 ] 2 1. p ]
) ;A}K; 1.§°s T ‘8%‘7’ 1.% | m3soT-15 1.25 NSL30S6 T-1 % 18 $15/C WIRE-WRAPPING TOOL 1.C. SOCKETS
416 25 4107 . 4199 1.4 027 IM340T-18 125 8 Pin Solder 17 1.60/10
3| Ta 33 | v 100 | am s | Gioras 125 LED DISPLAYS $5.95 1a ::: Sg:d:r 20 19010
420 2 ] ] ] 5 raps 16 Pin Solder 22 210/10
74125 | 74122 a1 | 7435 67 | 430 23 | M3 9 AT e el WiopsiUnw "v';'” & 18 Pin Solder 20 275/10
742335 | 74123 61 | 74366 67 | 4033151 | mClasev 100 EAD SOr IR o S Strips 30 ga. Wire 24 Pin Solder 38 3,60/10
| e 2| k| fie i 5| S ] LR G4 BESE R 1o
g y g ] M ] e 32 40 Pin Solder 63 6:00/1
TR | TMm m | G a0 | dom 70 | NeaaL  3se MOLEX PINS ROB07)CAL 500 . 55.50 Ya & Y2 WATT 5% 8PN WW 28 23010
3 414 . B [ NES40L . 14 Pin W-W 26 2.50/10
oD | s o | WS a7 | M@ 73 | NS4 Make your own IC sockets on PC board CARBON FILM RESISTORS | [ oluw % 28500
432 25 | 74147 163 6 043 7 NESS6A .88 Sc each in mulfiples of § | 18 Pin WW 0 570110
703°% | 74148 1 8097 67 | 4044 70 | NESi0B 383 |85/C  B20/M  IBIO/SM 275.00/50M O \RLS 1207 00 aTkarmervaien 2 Pin W % siono
7437 25 | 74150 Ve | 8098 .67 4045 186 | NESSIB 383 : 28 Pin WW 1112 10.00/10
7438 25 74150 70 7550 1.0 4049 40 NES628 383 SILICON DIODES 1 ohm thru 1.0 megohm 40 Pin W-W 91 8.75/10
Al | AR e | EE ) EE Bhee e amc g
4 1 : 6 | NES&6V 1. k i .
743 63 | 74185 70 | 73832 6 4052 126 | NESery 136 |1N40Z oo e s HARDWARE DOUSLE DIGIT DISCOUNT SCHEDULE
7445 70 % 70 | 7483 s 4053126 | uATOeCy a4 |IN4003 a0 320 o
7486 70 14157 70 75454 6] uA2i0CA .44 / -931C P 256 174 Screw 99/C 7.20/M [ Mecchondiva  Discaumt  Morchandisn  Discaser
747 70 | 74160 B8 | 75491 81 6 79 | wA7TIICA 53 |1NAOCS a9 10e o 256 172 Screw 99/C 765/M [l $000524% €T $100.005499.99 Less 15%
7448 70 74160 88 7492 B4 071 23 | uAz2CA 60 |INaOOE e HEs e 430 1/4 Screw 55/C 3.60/M $500.00-5990.99 Less 2%
7450 g} ;ﬂ:g .% ;Sszgi H)g | :g;g gg uA;HCA 75 ]::fl’% '40510 3.5{);( %29;"\ ;.;gm zmw .215)95 :.%m $2599-599.99  Less 10% SI00000& Up Less 5%
] . A7OCY 4 : - crew 3 . N
AR LA R A HUEE L | e
7454 .21 [ 3 UAT 48 .49 crew | .B5/M
ERE TR A R R O e EREBAET TE TN | et e et e
1 4170 2.6 . : 47806C0 1. .36 Hex Nut . . g
7470 30 | 74173147 | 4006 12 ORIl Sove You Even Morel 420 Hex Nt 55/C 375/M [l 50005 4% k200 3 5000509 o 5025
7472 30 1 98 T 42}1 ;gg uATBI2CU 125 632 Hex Nut .w/g d.gxs)/m SSOILR o INoIERe o
7473 417593 4 4514 2. VATBISCU  1.25 132 Hex Nut  60/C_ 4.15/ - -
7478 30 76 19 4 44 4515260 | uA7BIBCU 125 |, EE‘?',STORNA_sfomMENTf 4 DATA BOOKS No. 2 Lockwasher 88/C  5.75/M nciodes shipplng and insurance to USA L Canada
7475 .49 0177 79 | 4010 .44 4516 123 | uA7B2ACU 125 [ 1o e T e s e e i No. 4 Lockwasher .45/C  3.00/M [
74180 .70 an 23 | 4818 via i eI ] TTLIC!s 595 p $4.06[f No. 6 Lockwosner 45/C 3.00/M
! “ e A No. 8 Lockwosner .45/C  3.00/M COD ORDERS ACCEPTED FOR SAME DAY
2 WATT ZENER DIODES Linear IC’s 957 p.  $5.08 SHIPMENT — CALL 718-681-6674
SILICONITRANSISTORS INS206B 3.3v 15 S11/C  1¥5236B 7.5v 15 511, | CMOS IC's 256 p. $3.00 —
wessis, MPsIs. M%%gs M;gggz; mPST;g mPgﬂ;gA Mzasgm INID8 3oy B A11/C  INSIAZB 62w 13 411/C | Trunsistors 288 p.  53.06/ s L
z 8 N 9v. N il ., or m o - = A
NPoaads MPSIoA. MPSioes, MP3oss. MPsaas,  oNas0, oN3ooe, ona1za, NINGZZE8 28v-101/E  NEZ00 810 ]gg}}/,g :“‘:'"r:"i 'fcf 592 p. ::N it Only Quality Components Sold!
7”‘}%‘} m;‘??\ P;rm%a P&w;o?@]agesmgygu mlsgag] ;sN/%”mPsg)lzozé TNS230B 47v 15 S11/C  1NS2408 10v 15 $11 v"oﬁ ;ce 152;64 P Sa.oog DON'T FORGET TO APPLY DISCOUNT SCHEDULE
PN5134, PN N i INeTNB v IS SIViE  INaand 10y 13 Shire - Regs. 128 p. j
P iEsmefport ey INSZ328 56 13 S11/C 15228 12, 13 $11/C | Linear Appl. 1 432p. 400 DI G- IMMEY COR PORATION
MPFI02 .35 $30.60/C 2NS4S7 .48 $41.00/C MPSA13 28 $24.00/C 2N3055 .99 }H?%éi%gg: }ﬁ”,ﬁ mggﬁg }3: }ggmg Linear Appl. 2 246 p. $3.00 o
$85.00/C 1N5235V 6By 15 $11/C  IN52458 15 15 511/C | Audio 196 1p. $3,00| Box 677, Thief River Falls, MN 56701 218-681-6674
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ARIES brought you the first calculator kit, and the
first digital clock kit .. . and now brings you three
of the most innovative electronic kits ever made.
The System 300 Electronic Music Synthesizer kit is
the most advanced in the world today, regardless of
price. The AR-781 is a space-age beauty for any
decor. And the wholly solid state AR-830 does
the work of a $400.00 tape memory unit.

WARNING . .. if you're interested in a music syn-
thesizer, don't make a move until you see our cat-
alog first. It's more like a handbook than a catalog,
with hundreds of in-depth photographs and descrip-
tions to explain electronic music principles, and to
show equipment to do the job. ARIES now offers
acomplete complement of modules, key boards, and
cases, matched to the most rigorous professional
standards. Starter systems priced as low as $395.00.

Tips on top €B/Ham operation

.] 2 Channel 51 magazine includes tips, articles,

and step-by-step guidelines to improve your

= CB/Ham operation. More meaty editorial per
4 page than leading CB/Ham magazines! Learn
to build, repair, and professionally operate

| your own unit. And more! For your Channel 51,
——. send name, address, and $1.50 now to:
HUf€O  5ox 357, 0epr. 51, Pravo, iiah 84501 801/375-8365

BLING ‘N BOODEN

IS HERE!"!
The Memory { Concentration? 1 Timing Game.

Send $1.00 {refundable with order) for
illustrative information packet . . . includes technical descrlption
circuit functions, component line-up, and game dynamics,

VISUIEX P.O. Box 4204P  Mountain View, CA 94040

cs RADIO—S monitors, crystals, CD ignitions. Southland,
Box 3591-8, Baytown, Texas 77520

FERRIC CHLORIDE ETCHANT 1/2 gallon $5 50 Gallon
$9 50. Postpald CIRCOLEX, Box 198, Marcy, N.Y. 13403
DESIGNER MOTOR SET lncludes 1/40, 1/70, 1/150 1/250

1/500 horsepower. 3000 RPM. 115 VAC. $27 postpaid.
CIRCOLEX Box 198, Marcy, N. V 13403

DIAGRAM SERVICE MANUAL, Television- Radno slxteen
volumes, regular $62.50 value, only $19.95, postpaid.
Supreme Publications, 1760 Balsam, Highland Park. IL
60035.

10, 7 Mc 15 KHz Filtec miniature xtal filters, unused, $5
each. Polar Electronics, N3191 Horten, Norway.

130 PAGE detailed catalogue of European Electronic Parts
many not otherwise available, send $1 redeemable to: W.
A. Components, 65 Granby Street, Toronto. Ontario.
Canada MSB 1H8. U S. Inqumes welcomed

Bllllll YOUR OWN SPEAKERS AND
SAVE UP 10 50%

You can assemble your own high quality,
mutti-glement stereo speakers in a few
hoiurs and save up to half the cost of
comparable speakers. Send for our Iree
32-page catalogue of speaker kits, raw
speakers and accessores
SPEAKERLAB
Dept PE-8, 5500-35th N €
Seaitle. Washingion 98105

A clear, ruby-red cylinder
shows off all six digits of
this modern calendar clock.
Easy-to-read numbers show
the hours, minutes, and sec-
onds, as well as the month ¥
and day every ten seconds. <
Red LED 7-segment numerals are 0.33" high, ina
sturdy cylinder 2-1/2" in diameter and 4-3/4" long,
with finished hardwood ends. Time and calendar
are controlled by 60 Hz line frequency, with a 12-
month movement. Separate time and calendar adj-
ustments. Includes all the components, PC boards,
housing, and instructions. Shipping weight 2 Ibs,
AR-781 Clock Kit $34.50

PR DUCT

@ NEW MOS/LSI TV GAME CHIP
GI's AY3.8500-1 In Stock
6 TV Games on » single IC

@ ALTAIA/IMSAI COMPATIBLE 8K
LOW POWER STATIC RAM MODULE
All the latest features at affordable
arices.
Includes: 500 n3 access ime requirting
o wart siates, fully botiered,
memory write protect,

Send .50 forinfo pack
{refunded with purchasel

battery back-up. addressable
on 1K boundarfes se. 0-8K,
1-9K, 210K etc., nove
rejection circuiry, dip switch

NEW PRODUCTS

Special Intreductory Price Only  $259.00

JUST LIKE TNE OTHER GUYS BUT
LESS MONEY

@ AM) EVK 99 6800 based Mn:nxomnuur Kit $149.00

RATORKIT 27.50

Unit Qty: 39,95 @ FUNCTION GENE
Qty {5} 33.95
Qry {10} 29.95

@ TV K 1°PCB, Chip Instructions.  42.95 @ MULTITEL ¥IT

Video composite output

PCB, function chip, instructions, 3
and extirnal components €xpandable to provide, EPR
50.00
PCB, wn-tructions plus selectable DMA, 5V
G1 AZ5.8100 puth bution dialer
A¥5.9200 repertory draler
A¥3.9400 Muiti Freq. gen

. Also Available
AYS 9500 CMOS clock gen

Coming Soon . .. 16K RAM

Tlny Basic for 6800
Add-on memory

programming, 1024 Bytes RAM 2048 Bytes A
ROM, 2048 Bytes EPROM, hines, TTY

. Kit consists PCB,
G800, 6850, 6820 {2) 6830, (4} 6810 1
operating manual and complete instructions.

Add finger-touch operation
to your old-fashioned dial
telephone with an ARIES
AR-830 Automatic Digital
Telephone Dialer. This has
the same layout and con-
venience as Ma Bell, plus other features she doesn’t
offer yet. For instance . . . AR-830 always remem-
bers the last number you dialed, in case the line was
busy and you want to try again later. Not only
that, but the Dialer's memory can store as many as
ten of your favorite numbers for one-touch dialing.
AR-830 uses standard dialing and muting contacts;
consultlocal tariffs before connecting. Sh. wt. 2 lbs.
AR-830 Dialer Kit womcvenvnreiiencnncnen... $69.50

ARIES INC.

119 Foster Street
Peabody, Mass., 01960
(617} 532-0450

CIRCLE NO. 10 ON FREE INFORMATION CARD

ORGAN KITS
KEYBOARDS

THE ULTIMATE IN DESIGN
AND SOUND
FREE LITERATURE

Wurlitzer reproductions
1 DEVTRONIX ORGAN PRODUCTS, Dept. C
| % 5872 Amapola Dr.e San Jose, CA 95129

SURPLUS °SMART' TERMINALS, components, serious
music synthesizer kits, plans, parts, and more. Send SASE
for FREE INFO Package. CFR Associates, POBF, Newton,
N.H. 03858.

CANADA'S electronics bargain centre. Free Catalogue.
North American and offshore inquiries welcomed. CAN-
MOS, Box 1690, Peterborough, Canada K9J 784.

FREE CATALOG. Calculators $4.95 each, Ultrasonic De-
vices, Digital Thermometers, Strobe Light Kits, Memorles,
Photographic Electronic Flash Units, Rechargeable Bal-
teries, LEDS, Transistors, 1C's, Piezoelectric Crystals,
Toroidal Cores, Unique Components. Chaney's, Box
27038, Denver, Colo.. 80227.

118

@ TV Kit 2 *PCB, Chip, Switcher. .. 59.95
Caps, pots, speakes, crystal,
etc. and ali parts required
for video output, Instructions
@ TV K1 3 The ultimate in TV 99.95

Games, inc, chassis. AF anverts dial ph

madulator, battery operation.
pacually sssembled

® RAYTHEON ® AMmi
RCA ® INTERSIL ®
eMMI @ EAIM

@ TOUCHTONE CONVERTER

completely, assembled.

Note: our products have been designed by people like you. |F vou have any ideas, drop us a line and we will show you how to participate.

ADVANCED MICROCOMPUTER PRODUCTS

I C MARKETPLACE™ "™ "™

Wrlte for More Details.
@ 8080A Chip Set Speceal
Al

1. AMD B080A
32 - AMO 91L 02 APC {500ms} Rams

§54.95

79.95
anc ta touchtone

®Ti ® FSC ® NSC ® Gi
o SIEMENS ® AMD

7400 TTL L

MICROPROCESSOR
CRDRHOCESSORS  20.95 | GENERAL INSTRUMENTS ;E:‘;g?ﬁm;f”_‘cs“_',{gs QUAD/DUALS/SPECIALS
AMD 2901 . 31.00 | AY5-1013A Vart . $ 5.25 | 1488 145 | RC1458 .89
AMI 6800 . 24.95 | AY5-1203 Clockchip 9.95 1489A | 145 RC1556 CN 99
GI CP1600 . 59.95 | AY5.2376 Keyboard encoder. 15.00 7405138 150 RC3403A0 2.30
R0O3-2513 Character Generator 10.95 8820N 1.95 RC4131CN .99
6800 SUPPORT DEVICES Also available organ circuits, telephone, 8830N 1.95 ;gg;gg ('?N 133
$6860 Modem . . $15.95 |iimers, radio, TV, TV games, calculator 8831 195 | gca151 oN 650
gggfg :'QAM 1é-gg and printing calculator chips. 8832 195 | L e cnscp ios
: ‘ - T268 i
$6850 ACIA 9.95 Srass) 2351 XR 22a0CP 295
52350 USRT . 7.95 3602PC 138 | xR 13109 2.95
S1883 UART . . 5.00 MEMORY DEFARTMENT SeTiEe 150 | xr 2206cP 395
$6834.1 EPROM 2295 | 2102APC (500ns.) . .S 1.70 Saiehe 1a8 | XR 2207CP 375
$6800 Prog. Manual . . . 15.00 | 21L02APC (500n:.) 1.89 eHapC 425 | XR 1800 2.95
$6800 Hardware Manual . 15.00 2112:0. N g.go ReTTRe 258 | xR s67CP 1.95
8080 SUPPORT PRODUCTS B 0:50 9620PC 350 | sense anps
82121/0 Port . . . 375| p3q00 Aioe 9621PC 3.50 | SED00 R0
8224 Clock . 5.00 | 4202 (4K Statlc) 1295 o1 2.25 | 752308 210
8216 Driver 3.95 1 4200 (4K Static) 13.95 N -2 | DHa725CN 2.50
8226 Driver 5.95 AMD9130 13.95 75109 2.05
8228 Controller a0/l avgetao ; e 75110N 2.05 | CLOCK DRIVERS
9551 Prog. Interface . 19.95 ] d 75207N 2.05 | MHo026CN 450
9555 Prog. Interface . 5 i

CIRCLE NO. 4 DN
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SN7400N 14 SN7483N 16 SN74153N 85 TO NDIP CNMINIDIP DCERDIP K YOI| CD4000 24 CDA4015 120 T4C1ON 65
14 SN74a5aN 16 SN74154N  105JLM105H 150 M311D a LM709CN 40 | CDs00Y 24 CD4040 2,45 T4C20N 85
AL} SN7459A 25 SN74155N 99 JLM108H 350 LM3IICN 175 EM710CH 70 | CDa002 24 €CDA042 120 24C30N 65
1 SNT460N % SN 74156N 99 [LM114H 300 LM312H 168 LM710CN 70 | CD4006 250 CD40a4 a5 7aCa2N 1.9
16 SN7470N A5 SN74157N 89 | LM300H 120 LM218H 150 LM71ICH 40 | CD4ao00? 24 CD404E 250 T4CTIIN 1.35

21 SN7472N 3% SN74160N  1.00 |LM3CON 120 LMI1BCM 240 LM7VICN 40 | €D4009 50 CD4pd7? 200 74C74 1.10
20 SN74TIN 39 SNT416IN 99 [LMI01AH 45 LM19N 130 LM7I5CH 350 | CD4010 €D4049 60 74C90N 250
22 SN74T4N -39 SN74V163N 99 [LMI01ACN 45 LM32aN 165 LM723CH 55 | CO401) 24 CD4050 56 74C950 1.90
24 SN7475N 50 SN74164N 110 {LMI0TAN 95 3N 60 723CN 55 | €042 24 CD4051 150 74C107N 126
24 SN2a76N 39 SN74165N 1,10 [LM302N 125 LMI205T 225 LM752CH 150 | CD4g1d 30 €DAps3 140 74C 15 250
16 SN7480N S0 SN74166N  1.10 [LMI02H 125 LM320 12K 250 tM733CH 130 | CO4015 110 CDAGGO 140 74C154 250
26 SN74B2N 98 SN74167N  5.00 JLM30aH 120 LM320 12T 2,25 LM733CN 100 | CD4016 56  CDA066 85 74C157 2.0
a3 SN7483N 70 SN74170N 2,00 { LMIOSH 85 LM340-5K 1.95 LMJI41CH 35| €D4017 1.0 CD4069 a4 14C160 295
45 SN7485N 89 SN741728  B.00 [LM305AH 1.05 LM340-6K .95 LM741€0 ) 25 | CDA018 120  cD4o? L) 74C161 295
70 SN7486N 38 SN74173N 150 306N 95  LM3408K 195 LM74ICN 35 | €Dag19 60 CD4072 4 74163 295
35 TJ489N 188 SN74174N 100 [LMIOTH 60 LM34012K 195 LM74ICH 75 | CDa020 145 CD408)Y 44 '4C 164 29%
35 SN7490N A9 SNT74175N 89 [LM307CN 85 LM340 15K 1,95 LM742CN CDa022 130 CDas11 00 74C173 2.60
19 SN7491N 75 SN74176 90 JLMIOIN 1.60 LM340-18K 195 L(M748CN % | co4023 28 CD4512 130 71C193 260
30 SN7492N 55 SN7417IN 90 JLMI0BMH 85 LM340 24K 195 LM3046CN ™ | CDa022 150 CD4515 500 74C195 260
A9 SN7493N SN74180N 99 [LM30BAH 420 LM555CN 5 LM3054CN 150 | CO4025 24 CDa4Y16 1.7%
ar SN7494N 79 SN74181N 2 49 JLMI0BD 225 LMS56CN 1130 SGASO1T 240 | CD4027 69 CD45)8 110

SN7495N 79 SN74182N 95 JLM3I08CN 1.00 LM567CN  1.70 SG4501IN 240 | CD4028 1.10 35
29 SN7496N 79 SN74184N 195 JLM309H 1.10 LM709CH 40 S5G3v24 895 [ €DAD29 120 74C02N AS
;g gN;ngS‘N 400 SN74185N 2 20 JLM309K 1.00 1Ca194 795 | CDA030 65 14CDAN 65
F NT41 100 SN74186N 500 JLM310H 115 RCa195 7.95
31 SNZ4WOIN 39 SN741BIN 600 [UM3olCN 1015 =
27 SN24121N 39 SN74190N 119 JLMI1IM %0
27 er‘ZZN 39 SN74191N 119
16 SN74123N SN?4192N 89
85 SN74125N 60  SN74193N 89 SEND FOR OUR NEW CATALOGUE it cantans all
59 SN74125N 60 SN74194N 125
75 SN74I32N 82 SN74195N 75 popular part types at competitive pricing
.75 SNT4136N .85 SN74196 025
75 SNT414IN 115 SNI1ewN 1 We are not a :‘umlus dealer al:\d you will appreciate
75 SN74145N 1.0 SN74198N 140 T Serva when yol et to know us
75 SN74147N 2135 SN7A19N 140 o0 £ you g
75 SN74148N 200 SN74200N 540
18 zz;:‘-:(‘zx 190 SN7a2g %0 TERMS: All shipments first class in U.S. for

SN7azan 808 orders undes $25.00 add $1.00 for handling
Also 74L_74LS, 74H. $300. 8200 SN74285N  6.00 Minimum order $10.00.
Take 10% off over 100pes. (omix) California Residents add 6% tax

P.O. BOX 17329
IRVINE, CALIFORNIA 92713

FREE
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KITS

€ THE

BARREL

AND CHOOS!

11%Free

\

EvEry kit Carries

a "!oney bdck
Lharaiteer

BARREL KIT #202
PLUGS, SOCKETS,
RECEPTACLES

100 for $1.98
Distributor _unloads! In-
cludes AC, DC, RF, aydio,
4-9 pin, all kinds. Wt. 1 Ib,
Cat No. 12€3527

CALCULATOR
KEYBOARDS

10 for $1.98

It's true! 20-key, 4 func-
tion keyhoards at ridlcu-
lous give-away. Wt. 12 ozs.
Cat. No. 12E3524

Zo
-~
.

oy

A

BARREL KIT 7201
6V INDICATORS

BARREL KIT 200 — _
5 DIGIT READOUTLOCCL

w/leads MODULES .“__ -
15 for $1.98 S for [‘Tiirhi
Test lamp manutacturer (BL D Bwith calculator &
dumps inventory! Worth ldriver cuips beneath epoxy.
69¢ en. Like grain-o-wheat. |How good? Who knows!
Cat. No. 12E3526 Cat. No. 12E 3515

BARREL KIT £198
TRANSISTORS &
DARLINGTONS

50 for $1.98

Motorola dumps 1,000,000
TO-220 in harrels, NPNs
& PNPs. Al color-coded.
high yield. 6 ozs, 12E3%33

MYLARS

7S for $1.98

Top grade, asstd values,
some preformed. Marked
with  iaternal  numbers.
100 % . Cat. No. 12E3476

BARREL KIT 185 BARREL KIT #191 BARREL KIT 7188 BARREL KIT 186 MRREL KIT £184 BARREL KIT §182 BARREL KIT #163

RESISYORE CARROULY =0 Parts Q XEYBOARD CHIPS VoW aaT MEYAL FiLm| JUMBO RED LEDS MINI TRIM POTS
o} il 1 oz.

eenins * for $1,98 | 21,98 < W |10 for $1.98 '1|| 150 for TSiforS1.00 g | 90 for

75 f $1.98 2V, pound. approx. Ve Ve | transformers, rectifiers, di- | Truthfully we cant téat 100 % materfal, user can- .98 -

» for . wattors. “Nest Tvalues. Un: | odes. ete. for .p.c. work. | #m, MM6740%s, keyboard| §1 .98 cellation  from  factory | Asst. values 10N to 1 meg
millions. Lo & Hi values,| marked, but with ohmmeter | Preformed, dumped into | encoder chips. How good umps, 3V 10 mils. For | ‘em. What a buy. Single
T Y Seatt, 5%, 109 | pen eun raparate urselion. | bacrcia by Inctories, 100 % . | they are wo don't know. | 100% metal fim resis | 100°s ‘of proiects, red lens. | tura. Ve W. Wt 8 oz,
tol. All marked. 100%. | savelCat No. 12E3445 | Cst. No. 12E3401 Cat. No. 12E3414 tors. Long leads. 12€3413] Cat. No. 312E3369 Cat. No. 1263345
BARREL KIT 160, BARREL KIT f159 BARREL KIT 7158 /I BARREL KIT f157 BARREL KIT #1524 BARREL KIT j149 ARREL KIT 4147

MODULAR SWITCHES | MAGNIFIED § ;. MOLEX CONNECTORS |CLOCK CHIPS ——<" ol ROCKER Evsn_no y
. C >
for f//:ﬂ’m‘" r$1.98 100for 20 for P SWITCHES FLUORESCENT
$1.9 # 15 for$1. 8Tt 5 $1.98 (il or NIXIES
. ““Famous style -y - ) 12 ozs. . < i 1 98 Gyors
XC T T Centralab 7 J¥sex readout, with built-on | Nylon, white cable connec- | We gathered an assortment s . N X 5 for $1 98
LM309 0-3 ki ar- | Switches. TV-makers ex- |'magnifier. Factory discon- | tors, asst. factory over-run. | of clock chip, alarm, calen-| Barrels 'n barrels, so many, =
raled. Bot by the pound.|soss: Dpdt, 8pdt. etc. Brand | tinued line, 100% mate- | NO PICKEE! Mixed in bar: [dar, beepers, who kmows,| our-customers should get [ns discharge type color:
No. 12E3330 new Cat. No, 12E3150 rial. Cat. No. 12E3328 rels. Cat, No. 12E3324 |ali"mixed.Cat. No. 12E3308| the deal. No, 12E3302 Blue. Cat. No. 12E329b

BARREL XIT f144
RCA PHONO PLUGS

40 for $1.98

1,000,000 RCA phono plugs
for this one. You hi-fi-ers
know wut they
100 % material.

are . .
123293

BARREL KIT #142

BARREL KIT f141

BARREL XIT 140

BARREL KIT /138

BARREL KIT #134

BARREL KIT #131

BARREL KIT {130
CRYSTALS!

12 for$1.98 7.

Large U.S. maker dumped
frequency marked 11/60
crystals in_barrels. Same
worth $5. Precision. Manv
in B mc areas. 12E3250

réa
5

BARREL KIT #128
MINI DIP ICS

75 for $1.98 //7,

Large migr dumped 100's of|
ths into barrels. Includes|
7415, LM-380-8, 703, 567,
566, 668—but who knows?
We. 1 1b. 12E 3245

BARREL KIT #127
AXIAL ELECTROS

40 for
$1.98

Asst. capacities and
voltazes. Cap. No.12E3227

BARREL KIT #126
UPRIGHT ELECTROS

s1.95 =

im{ to 300m{ in mixture
of voltages. 100 % marked
‘n  good. 123226

BARREL KIT #115
MOLEX
S

SOCKET
200 iOrc.c.m{.
$1,98 1263142

Gatcufator maker aump! We
gut a zillion of 'em. Used
or IC sockets, ete.

good -

100 %338 oot

BARREL KIT #112
MICRO MINI LEDS

40 for

§1 98=

Al the tiny leds, axial, up-
right of Monsanto, Litrenix,
variéty of calors. Yield
50 % or better. 12E 3138

BARREL KIT #110
SUPPRESSOR DIODES
00for

$1.98

Reeps Ignilion Roises out
axial. Untested, but the
of your eqpt., car. indus-
trial, ete. 12E3137

BARREL KIT y109
TERMINAL STRIPS

100 for $1.98

Wide nsst. of terminal strip
connectors,. from 1 contact
up. Strip manufacturers
barrel dump is your gain.
Wt 1 1b. Cat.No 12E 3136 |

BARREL KIT $9p3
HALF WATTERS

200 for $1.98

Resistor factory tried to
tool us by mixing 100
color-coded resistors in
barrel. But value is there.
4 o7,  12E3046 Untested

BARWEL KIT §932

3 AMP EPOX”
RECTIFIERS

100 for $1.98
Cosmetic rejects, clectri-
cally fine businessl You
check 'om, it's not for us.

Asst, voltages. Untested
12E3204

'BARREL #eog _|
SILVER MICAS
100 for $1.98

Axial, red case, variety of

BARREL KIT /88
LITRONICS LED
READOUTS

10 for $1.98
T4T's, T
ples, etc.
rom factorv.
bave fun!No.

singlex, tri-
to 0.G. Hot
all mised;
12E 2861

BARREL XIT §121

DARLINGTON 10 WATT ZENERS LAMPS, INDICATORS | PANEL SWITCHES CALCULATOR CHIPS |TANTALUM
TRANSISTORS 15 for 20 for 30 for A 15 fOr /» One |ELECTROS(omsmms
40 for $1.98 $1.98 $1.98 $1.98 “°NG | &7 o8  #77777730 for $1.98
TO-92, a Motorola dump, | Mtr dumps to prepare fot | Precisions mini lamp aul. | Did you hear of OAK? an-| \iyionay ~¢ i 44/ [Mixed, marked prime, tof
unknawn numbers, but high | new styling, woltages all | metal, panel, with mtg | other eapt maker barrelled| M\t5736, 38 erc. Un. |grade asst. values, valt-
yield to good darlingtons.| over the place. Good yield. | hardware. lamp maker's | all types of rotaries. elec- Oy -E,,g;, ages. t. No. 12E3255
12F 3285 Cat. No, 12£329 overstock. No. 12§3297 | tric, slides, etc. 12£3268 | tested.  Cat. No.12E32 — e

COMINI’ MAGNETS,

100 for g RESISTOR

$1.98 .o, W, |100 for $1.98
Magnet circular and rec- | PREFORMED! Dexigned for
tangular cuttings from | printed cireuit work. By,
mojor maker — barreled| . w. Murked va'pes, 1 aml
to save space. 12E3168] 17 vulues.2 0z3. 123205

BARREL KIT #1172
OPTICAL FIBERS ozs.4
20-MIL’ /

x
12E3206 "y

. .
Fiber optles factory bank.
ruptey purchasel High qual-
ity, most-commonly used
alze (20-mil}, CLEAR.

BARREL XIT {108
TO0-5 PLASTIC
TRAMSISTORS

BARREL KIT 104
SLIDE VOLUME

CONTROLS
4
l?.;fﬁﬁ;:%;’;’i? 8 4 10 for
NP, NPN, 2N’
3638, 2N3641. 2K5000 $1.98
series, etc. Untested, but

uaranteed to a 60 % yield.

Cat.No.12E3057

BARREL KIT 499
PHOTO ELECTRIC

CELLS 7
10 for $1.98

Asst. GE types, CDS types.
Mixed by factory. Big job]
for us to separate,
g00d. cat.No.12E3052

BARREL KIT #87
NATIONAL IC BONANZ
100 for
$1.98

Tvpes BOUO, 7100 series,
DTLs, ROMs, registers, cloek
& calc. chips. linears, ete,
Cat.No. 12E2860 Untested.

BARREL KIT ¢86

ds of mixed discrete
LEDS, shapex, colors good
poor, ete, 12E2859

AHOBBY LEDS 5 for $1.9
40 for -~ LM-3a0T
$1.98 -Goesteq |VOLT REG
Wow! A Litronics dump of Factory rrjected “them ror|

annn ®IT 283
1

length of leads, May Include
6, 6,8,12,16,1R.24 volts
Power tah. Cat.12E 2635

-

BARREL XIT 81
SUBMINI RESISTORS

200 for
$1.98

PC, upright type, color cod-
ed, Ya watt. Asst values.
Came to us in a barrel.

Cat.No12E2746 100 % good.

BARREL KIT s76
1-WATT ZENERS

100 for $1.98

Factory sume as 100-mw’s,
Never-to-see-again offer. 6,
N 0, 12, 15V. under
glass. Dovhle plug,
Cat.No.12E 2741 Untested.

physical sizes & values.
Cat.No.12E 3018

BARREL XIT /75
400MW ZENERS ‘
150 for$1.98
Factory out of bizl Amazin
offer: 6, 8, 10, 12 to 15V
You test. Hermeticaily sealed
glass pak. Double plug.
[Cat.No.12E27 40

o

BARREL XIT :73
TRANSISTOR
ELECTROS

SO for $1.98

We don't wisu 10 separate
wide asst voltages & values
up to 300 mf.Cat12E2747

BARREL KIT §71
CAPACITOR SPECIAL

100 pcs.

$1.98

micas, muldeds, nlastics,
ceramics. disrs, ete. Nifty

100 % good. Cat.No12E27 36|

$1.98

100 % good.

BARR;%E:';’ s68
2 WA
100 for Q‘ﬁ

All marked. Cat.No 1 2E2735

BARKEL KIT 165
MIXED READOUT

10 for $1.98
Fuctory  ruturns EY
numbers as MAN-3's, MAD
T's. MAN-3'5, 11 harrels &
no time ta sevarate.
Cat.No.12E 27 33Untested.,

BARREL KIT /61
POLYSTYRENE CAPS

BARREL KIT 758
SLIDE SWITCHE

s%bow:ns! POWERS!
30 for $1.987 | 100 fO[é’

BARREL KIT #56

BARREL KIT 54
8 DIGIT READOUTS

BARREL XIT 246
G.E. 3.5 WATT

BARREL KIT 40
PNP HIGH-POWER

BARREL KIT 239
2N3055 HOBBY

100 for 10 for |t~;" T )| AMPLIFIERS TRANSISTORS TRANSISTORS
$1.98 All shapes. sizea, Soat, opat, $1.98 $1.98'"° ‘| 25 for 20 for 15 for

Finest caps made. A8 n gam. | momentaries, ete. Tremen- | Large distributor cleaned |Bargain of a llfctime! All

ble we bought 10 barrelsjduus shop pak for 100's of | nouse. Barrels of power | we got was 1 barrel — the $1 -98 $1'98 $1.98 1

from fuctory. mixed values: | switching projects. resistors 3 to 7 watts. “"blisdor digit" types. Multl- | Hobby type, Iactoryt7fall.| Popular germéinium ° TO-3 lFullouts of the famoun
atl Kuod. Cat,No.1 262729  |Cat-No 1262726100 % g0od | Cat No. 12E 2724 plexed. Cat. No. 12£2722 | outs, 12E2624 Untested | €25 12E2618100 % good (12N3055.1262617  100%

BARREL KIT 537 BARREL KIT §36 BARREL KIT 135 BARREL KIT /31 BARREL KIT ;30 BARREL KIT /26 BARREL KIT 25 3

1 AMP “‘BULLETT'’ GERMANIUM NEON LAMF 5 METALLIC PREFORMED PLASTIC METAL CAN

RECTIFIERS Untested ;"mi? 30 for RESISTORS P RESISTORS TRANSISTORS TRANSISTORS

100 for $1.98 00 fOr “vicies | $1.98 007 soa. | 200, fOr $1.98 | 200 for $1.98 | 100 for 100 for $1.98

Famous_style, asstd. voit- | B1.98 Frmone NE-2's. Al prime, | oo papont 1, 02 Corming: | We gor barrels of 0 ann] §7 .98 Untested. | Includes TO.a. .

ages. silicon. 'axial includes [Tnis 13 tne way the RE.|bul factory made milllons | Mostly ¥: watters. 1% to e o & vl (Tyne (TOC9Z (O 1EY. un P Vel asueted 2npum

all types of voltages t0 | TESTERS buv ‘em from the | and barrei’ed "em, Your ad- [ 5% tol. a barrel of il S 4oy 3| mnufacturers. varlery’ ng | hers ummarked ot

1KV.Cat.No,12E 2615 tories. Car NgA2E2614 | vantage Cat.No 12E2613 | values. Cat No. 12E 2609 No.12£2608100% §00d) 3N ;s cat.No.12E2604 Cat.No. 1 2E2603 Untested.

Poly Paks C-R-
'lvl lm Priees
TAKE 15%
B Cowrasan 781 CAVAEN 20
442N .53 1 SN7 95| 1ean 7o
povaeiais| guasm 53| DSuEE 3| JHinen 3
| ‘le | 0 SN7ad6N .79 8| DsnTatesy 53
D SN7402N .16 | [J3R7,a7N (69 | O SN74106N - a173N 1.39
Dsnrsoan 2213 2 | O sn7a107N .33 | O SNT Y
MTaeen 1 65 | 0 sN7a17SN .89
8 e e | 8 N7450N 16 a GN74112N . 4
NTA176N .7
2 SNTaoen AR =N7451N 16 SN74113N .65 O st £
74177N .7
0 SN7406N .20 | LISNIRZ L 16 | O sN7a1laN .62 g sNTaizTn 79
OsNTa0in 28 2 an 1o | Dsn7a1zin 38 | O SNTAIEIR 300
Aament 12| dimael 9| amiin 53| oswhmie
: NTaTIN 3 9 SN74190N 1.15
DaNTalIN 25 H 3¢ | Osnra12zen 59| O) 15
‘5 s:?’:g: 22 é?rﬂl:;:: i) 8 sn;::ﬁ: 1.00 8 2:;:::;: 108
H ] SN R
N7475N .49 . 2 SNTa193N £
GenNTatTn 32 | H2N747eN 31 SNT4145N . a193N 83
g SNTazin 38 2R SN74148N 1.29 [ SN7 3
NTALIN oo 99 SN74196N .88
o T 3 g SN7483N 69 O SN74150N . 8] 3
" 73198N 1.
CoNTazIN 37 E 2 N .86 oNTA151N .70 | O SN 143
: g:;:—‘;:: 32 8] 2:;::3N 1.95 SN’:{?:NN lgg 8 2:;:;33: 52
3 s 7490N .44 | DO SN7 2 SNTa200N 308
[ sN7a37N .26 | DSNTAOOR 53 | (sN7a1ssN .70 | D
. 74284N 5.95
Csnrasen 22 | 2N B eN74157N .70 | SN
1 SN7492N .47 2 e Nnsto5
H 2:;::2: e s} gmasan 47 | Dsn7a1sen .85 | OSNT
d B
+resCat. NO. 12E1981M

©Poly Paks inc® waketield, Mass., U.S.A. 1976
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BARREL KIT 20
LONG LEAD DISCS

100 for
$1.98
“raucuon sale’™, Prime.
marked only, Long leads

Cat.12E2598 100 % good

BARREL KIT 19
DIPPED MYLARS

60 for $1.98

Finext  capagitors  mad
shiny finlsh. Imagine fucto-
ry dumping ‘em in barrels,

(Cat.No12E2597 100 % good

BARREL KIT #15
MOSFET
TRANSISTORS

60 for $1.98
All 4 leaders TO-18 case.
includes  UlIF  transistors
too! Cat.No, 12E 2429

BARREL KIT {14
PRECISION RESISTORS

200 for
$1.98 D~

.
12E2428

Murked and unmarked
V5, 2 watts.No.

BARREL KIT 212
POWER TAB
TRANSISTORS

PNP, plastic 10220
Assorted 2N numbers.
Cat.No. 12€ 2426 Untested.

type.

BARREL KIT 511
POWER TAB

TRANSISTORS,

40 for

$1.98

NPN, plastic TO220 type.
Assorted nunibers

Mo. 12E2425%5 Untested.

BARREL KIT ;10
ROMS-REGISTERS

75 for %

$1.98
2N to 40 pin devices,
marked, Internal fretorv

numbers.¢1012E 2424 Untest

BARREL KIT 27
VOLUME CONTROL
BONANZA! ., Ajp.

Wl
$1.98 106% good
Singles, duals, varlety of
values, styles, hig ones —
Lmall ones. Cat.No12E242 1)

BARREL KIT j4
14000’ RECTIFIERS

100 for —en-

- Untested.
IN1000 series. May in-
elode 25, 50, 100, 200

400, 600. 800 and 1000
volters. 12£2417

BARREL KIT ?

3 9—
1N4148/914

SWITCHING DIODES
100 for $1.98
Imagine famous  awitching

dindes at these prices!
Cat.No.12E 2416 Untested.

BARREL KIT 72

LINEAR OF AMPS,
BIPS'TS tor J
tested $1,.98 '

May include 709°s. T4 ‘s,
704's, 560 series. 565 in-
cludes Cat.No.12E2416

BARREL KIT -1 G
SN7400 DIP IC'S

75 for $1.98

Marked 14 and/or with 16
pin dips, may include gates,
registers, Alp flops, count-.
ers. Cat.No.12E2415 Untest]

BARREL KIT #5

SCRS, TRIACS.
QUADRACS é
40 for A4
$1.98 T nuctory

stock! All the 10 amp types.
Cat.No. 12E 2419 Untested.
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BUILD YOUR OWN TV CAMERAI
o Jideal for home & BuSINESS ==

THE ECONOMICAL ANSWEHR TO

. HOME MON-
| ITORING  OF  NURSERIES, ENTRANCES,

INDUSTHIII.

R PLUS

THER APPLICATIONS.

MOOEL XT-1A, SERIES 0 - KIT FORM §IBS;

ASSEMBLED _$375, ‘SOLID-STATE. WORKS 0"
ANY TV SET. OPTIONAL SOUND KIT $28.95.

PHONE or WRITE for catalog, Dial 402-981-; 311l
1301 sroapway ATV Research paxora city, NE 68731

NON SEMI SURPLUS. Monlhly piclure 1Iyer. Quality. Low
prices. Send 25 cents. U.S. only. Startronics, Box 683,
McMinnvitle, OR 97128.

MICROCOMPUTER $90. Uses surplus components. Key-
boards, 1K RAM, LED readouts. Information $1. NBL-E,
Box 1115, Rlchardson Texas 75080.
DESIGN your own power supply and regulator cnrcuns
Twenty pages of circuit analyses and design examples.
8-1/2 x 11, $2.00. Midwest Design, Box 367, Harbert, Michi-
gan 49115

CB THEFT ALARM Furnace thermostat timer. Random nite
light timer. Plans $2.00 each plus stamped. addressed
envelope. Don Hopman, 6537W Paradise Lane, Glendale,
Arizona 85306.

| DNWEWAVS . BUSINESS and
| SI.IHVEII.LANGE ITVY...AMATEU
REOS OF 0O

FREE FLYER from Colorado’s fastest growing electronic
parts distributor. Our second big year with outstanding
buys on kits, parts, semi's, scientific items. Visit our retail
outlet. J.B. Saunders Company, 3050 Valmont, Boulder,

CO 80301. - B
). DIl l' [11) l“l l 1 )
) 1 )

SCARE THIEVES AWAY, PROTECT CB GEAR

AND PROPERTY! Bcautxful full color designs, Av
made from weather resistant mylar, looks
like smokies! Use for; car, truck, boat,

home, v, ect. te CB ID. kit of
ten decats-ONLY $6.95! Wnlc dccal
Dept. P 0

CB CRYSTALS over 20,000 standard and specials In stock
from 6.0 MHz to 45.0 MHz. Cali or write for information
package. Dealer inquiries invited. Roberts Electronics
Sales, 73563 29 Paims Highway. 29 Palms, Callfornia
92277 (714) 367-6235,

COMPUTERS-CALCULATORS: Parts, kits, interfaces, ter-
minals, schematics, applications, programs, theory. Cata-
log 50 cents, refundable. COMTEK, P.O. Box 401462D,
Garland, Texas 75040.

IC BONANZA

*Data Sheet Included on these items

Data Cassettes, Used,

Good Condition $ 98

*2102 1K Static RAM 1.49
*5203Q Eraseable PROM 2K 10.95
*MM5330 National DVM Chip 9.95
*50310 Slide Rule Calculator Chip 395
*50250 Alarm Clock Chip 4.45
304H Neg. Regulator 95

309K 5 Voll Regulator 95

7805 5 Volt Pos. Reg. (TO-220) .79

7812 12 Volt Pos. Reg.(TQ-220) .79

7815 15 Volt Pos. Reg. {TO-220) 79

MAN 7 (HP-7730) 7 Seg. Display 1.15

MAN 3 7 Seg. Display 51.00

MCA 8 Monsanto Opto Switch 75

LED .2 Red 6/1.00

LED 2 Yailow 5/1.00

LED .2 Green 51,00

LED 2 Red-Right Angle 5/1.00

LED 12 Red 7/1.00

LED 12 Yellow 6/1.00

LED 12 Green 6/1.00

L Pertorator Tape, per roll 2.75

7 Roli Carton 17.50

SEND FOR FREE CATALOG
Minimum order $5.00, data sheets 25 cents each.

SURPLUS TUBES

All guaranteed for

THIS MONTH'S SPECIALS!
TTL

1 full year. I 7400 18¢ [ 7446 80¢
0 7401 18¢ [ 7447 80¢
ANY 3 FOR $1.49 [ 7402 22¢ [ 7448 80¢
Acquired from U.S. Defense depots or % ;:82 %g" B ;g;g :g‘r
removed from equipment (new and | - < b
1 O 7405 23¢ O 7475 85¢
used). These are laboratory tested and ] 7406 23¢ O 747 53¢
guaranteed for one full year, Most are of | O] 7410 23¢ O 7490 79¢
BO NANZA such standard makes as RCA, GE, etc. B ;gg %@ 8 7443% ggc
C ¢
A AQ7 6CG7 T8 0 7420 23¢ [ 7495 79¢
gg?qs 2;{?5 6CM7 ng J 7430 23¢ [ 74121 57¢
0 7440 30¢ [ 74122 57¢
ONLY DG4 6AUG  6DE4  BSNT | 5 9457 g1y O 24123 ene
3KT6 6AV6 6DR7 10EW7 LINEARS k
3Q4 6AX4 6DW4  12AE7
HIGHEST QUALITY [FSi el e = RS
4BC5  6AY3 6EM7  12AU7 O 556 Dual 555 1.00
4BN6  6BA6  6GF7 12AV6 [J 566 Function gen. il.75
PRODUC S 4BU8  6BG6  6GHS  12BH7 D 567 Tone decoder 1.95
56  6B)8  6KE  18FW6 g %g{f"cﬁgi . ggg
S:E‘é 2806 6K11 2516 O 8038 volt cont osc 425
BZ6 6LB6 35EH5
6ALs 686  6SN7  3gam3 | CLOCK CHIPS WITH DATA
] &MM5314 6 dig clock $4.95
I FLAT WIRE RIBBON EIED’TSNOI Alarm & Date $5.95
CABLE
: O (1P223) 10 Asst LEDs $1.00
ooy anection | O (IP242) 5 Jumbo Green LEDs $1:00
O (1P017) COPPER CLAD BOARDS! 01 (IP155) TUBE BONANZA! 51.00 O (IP242) 5 Med Yellow LEDs  $1.00
Copper on one side, 1/16"" thick. Ex- (20 ) ; i O (IPO01) 5 Jumbo Red LEDs  $1.00
cellent quality for either production asst. popular tubes, untested. O (IP011) 5 Med Red LEDs  $1.00
[ or experimental work. O S:SII“S%’)O:(; PRECISION $1.00 8 :Q;%%L%n; Red LED; $1.00
%x17" . equiv.) 7 se
6%"'x17Y; $1.19 ea. 3/32.99 Al 1%, Yow and 1w, low and high b o ch(arq coanm g
O Copper on both sides, 1/16" thick. ohmages. anode $1.50

Size 12"'x18"
(1P018) $1.99 ea. 3/34.99

[0 (1P134) 8 ROTARY SWITCHES
Some multiple gang. $1.00

[ (1P128) 13 MINIATURE ELEC-
TROLYTIC CAPACITORS $1.00
Axial & upright, popular values.

2" Dx3%

[ (IP150) POWER TRANSFORMER
Primary 117 voits. Sec. 1-11.1 volts;
Sec.2 17.7 volts; Sec.3 15.9 volts; LED,
Sec.4 27.7 volts. Each winding
approx. 750 mils. Size 2Y+''H x

mounting centers. $1.95

m] (IPl75) 70 1/2w CARBON

] BIPOOG) DL 704 (equiv.) same as
L707 except comm cath $1.50
] (IP007g DL747 7 seg red
char., comm anode $2.25
m] (IP013) MAN 5 (equiv.) 7 seg
green LED, .27 char.
comm. anode
IC BREADBOARDS & TERMINALS
Boards have .042 holes. Made of 1/16"

[J (IP164) 4 ROLLS OF WIRE  $1.00 |
Approx 25 ft, per roll, 20-28ga,

O (1P202) 99¢ ea

RESIST $1.00 | polyester glass.

| O (IP184) TRANSISTOR e dloes. Some B &7 (BBE63) 312 5116
REPAIR KIT ~ $L18| [ (IP154) 150 CUT LEAD O (BB664) 3''x6” $1.34
}Ianqus parts used to repair trans. | RESISTORS $1.00 D (BB665) 4''x6"" $1.65
istorized devices. Carbon, all leads long enough for &88666) 4x8" $2.12
O (1P336) T0-3 TRANSISTOR ackier’ng B’ S(lrlgsile{%')alsk 20/90
-20) pkg ¢
SOCKETS 12 for $1.00| ) {|P145) 20 POLYSTYRENE TOP £ (IP6601-100) phg 100/52.98

GRADE CAPACITORS sLoo| ) OREEHL 109) phe
T S 0 (IP132) 20 DUAL POTS $1.00( O (885502%0) e 20/90¢
FOR ALARMS SR=2) 200 o1 Auwent | © %BBGGIOZ 100) pkg 100/$2.98
99¢ ea. 6 for §5 \__ I | TRANSFORMER 1/28. P“S(Bg““';f 2o 297050
WITH 150v. TAP. 01 (BB6603-100) pkg 100/$2.98

6 for $4.99 D (B008) 14 pin DIP sockets 3 for §1

[ (IP140) TAPE RECORDER
SPARE PARTS KIT $2.95
Parts for repairing most tape record-

MONEY BACK GUARANTEE
Terms: Minimum order $5.00. Include
postage. Either full payment with orderi

EIPIIOd) IC REMOVAL AND
NSERTION TOOL $4.95

Pul-n-sertic” extracts and inserts
ICS without damage.

15U, NPQ, N750, etc.

EDLIE ELECTRONICS, INC. 2700-IP HEMPSTEAD TPKE.,

122

ers; capacitors, meter, pilot lamp, | or 20% deposit, balance C.0.D.
jacks, and MUCH MORE. - BONUS

O (IP167) 10 MINIATURE FREE CAPACITOR KIT
POTENTIOMETERS $1.00 With Every $5 Purchase

O (IP182) 2 MISC. METERS  $1.00 | 5 WRITE FOR FREE 1976
D ] VALUE hPACKEdD CI}TALOG LTS

[ (IP156) 60 DISC isting thousands of compo- O (IP203 spsy 1zv 1000 oh |
CAPACITORS $1.00 | nents, tubes, transistors, IC's, .55 orrruncsec7°s'a¢
Asst. from .0001 to .1, most 600v. kits, test equ|pmem Prices are subject to change without

notice.

LEVITTOWN, N.Y. 11756

CIRCLE NO. 26 ON FREE INFORMATION CARD

AmericanRadioHistorv.Com

Include 5% of order for postage and handling.
Texas residents include 5% state sales tax.

BONANZA ELECTRONICS

P. O. Box 24767 Dallas, Texas 75224
JUST ONE OF

TANK| THE 16 GAMES

] 3 YOU CAN PLAY WITH OUR NEW

INCREDIBLE HAND HELD ELEC-
TRONIC GAME. SPECIAL
INTRODUC TORY
PRICE ONLY: 5895

sursmcnoo; ggAg::BeTego

i
INTERFAB 2UEL KPS

REGULATED Power Supplies. New. Fixed and adjustable
one thru four outputs, T03 IC’s. Single 1A $14.95, Triple 2A
$27.95. Send $2.00 for brochure refunded on first order.
Mechelect, Inc., Box 911, Plymouth, Mass. 02360.

NE W 60/600MHZ PORTABLE COUNTER

® Large .3" 7-d1git LED cxsphy
© C-MGS LS constructio:

@ Smell-1deald for rhu uss

® Portable battery operated

» With NiCad battsries & cherger

# Internsl crystal time bsse ONLY
» Inputs overload ‘protacti
« 1772 resslvel e $299

on on low renge
© 1 meg input-sensitivity 50
* S0 ohn tnput- sunlﬂ.ivlty 100 e k
* Size: 2"H X 2.75"W
A 600 MHz PllEqUENCY COORTER TiAT CAN G0 ANYWHERE --- NOT A KIT
Dealor Inquiries Invited
CBS ENTERPRISE  P.0, BOX 1356 COCOA PEACH  FlA,

32931

SURPRISES GALORE! Projects. ham radio, music synthe.
sizers, etc. IC's, pots, hardware, crystals, keyboards, re-
sistors, etc. Send 13 cents stamp for catalogue. UTEP, Box
262318, Salt Lake City, Utah 84125,

$79.95 LIMITED TIME SPECIAL
B & K Model 280 Digital Multimeter
Regularly $99-9%5
===l ® 15% Discount on all other B & K items.
e FREE shipping in continental U.S.
® FREE 40 page catalog.

SPACETRON
_BOX 84-P + BROADVIEW, ILL, 60153

REVOLUTIONARY new electronics motor. 100 horsepower,
24V power source. Digital-pulsed” and time-phased-pro-
grammed. Motor block diagram and test data included. 550
mile range prototype test electric car. Information, $3.50.
Wendell L. Daniels, Engineering Consultant, 8450 Anthony
Wayne Ave., Cmcinnati, OH 45216.

[llgnal Clock for Vshncles

As described in
Popular Electronics
October 1976.

COMPLETE
KIT
LESS CASE

Kit includes all resistors, capacitors, transistors, diodes,

I1C’s, crystal, etched and drilled PCB, assembled display

board, switches, and step-by-step assembly instructions.
OPTIONAL CASE WITH LENS: $4,50.
COMPACT SIZE: 257w x 1.2"h x 2.8"d

Outside U.S.A.: Add $3,00 P&H ordinary mall, $5.00 Air.

ALPHA ELECTRONICS (TEXAS), P.O. BOX 64726-P
DALLAS. TEXAS 75206. PH: (214) 369-7309

POPULAR ELECTRONICS
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MODULAR SCIENTIFIC
INSTRUVMENTATION

THE KING OF ALTAJ
25,50

6-01IGIT ALARM CLOCK
THE XING FEATURES:

6 digit , 12 . 50 cycle or 24 tu
50 eycle alarm cloc!

Time sharing capabliity los dis
ptay ol additional inlormation
Sircite 12v. supply and a mini
mum ol ierface components N

Now you con build sore of the most advanced pital electronic ity
mests with our new secves of low-cost mardulat scientihic kits. These kits
walt expand the range of your electromic auphcalions enurmously--and all
at w surprisingly low wost

The heart of the system s our 4 cupt Decade Counter [Kit 0121 which
a lull 4 digit LED readaut {you chovse the size best suited {0 your

Kit No. 70250-1R {red readouts}
Kit No. 70250-1G (Green u.-aaouul

leatus

and au " m i Jated power supply (Kit 0301
a M PM » apphcation), Comhine this with & S-volt requl

0. 70D ToReTy $29.5 J :re mmcanonsm"m oyt anct you hawe the hasis ol 8 wirle range of sovhisticaled clectromc insiri
Kit No. 70250-2R 10L727 vudouu) 5, 0 5 e B nliay

6 lntensity chnon o LEDs Kir 017

Kit 016 - Twme Base
Kil 020 - Kih 018

Kit 012 » Kit 030 -
Kit D¥2 + Kot 030
Kit 012 + Ku 030 -

A Digitat Votimeter {OVMI
Frequeney Counter.
FPM Counter

AU kits inct wts, PC Boanls Teusianmer, case, a

wi construction manial

THE KING'S HAREM

e
-
FATIMA a.giciT TEMP. KIT o DECADE KIT D16 FREG. CAUNTER
s 94,95 @ COUNTER KIT Features FET wput t-ont ent witl trager ciecunt for
At 1 Ly lareohit 0 contigrae, a @ ; $519.°2° nessaring comples wacetorms. Measores fron
Bt PUES tuy BRI g e = 10MHz e r D1 a [
splete CMm auphicanon, uses 7002 4 dwy: Ly KlT QOIS (?m:':: ng 3.« ‘\‘,‘wg'sw:n 3»(3 :I;'“Z'S c’t‘vy;‘
Kit inclurtes all comwpnnents, PC Board ant imstrucimns ntesd aeing §23 50
with THE KING 6 digu giaren etnck Aidtion Pumbe 1 One chip 4 dhgit decade counter
0 awARE . il. with both 7 segment and BCD
outpu

1. Chip features Internai oscillator
for scanming sp
2. Overflow und count extent out

DELILA APPLIANCE STARTER

{Exa our alaem tor 1. am ds
for 15 min, A1 exactly m... the safiice -
will searl; at 715 your clock aiarm will wake 3. Transter. reset. count, blanking
¢ and true comakiment conrol bn
puts.

£9.95

KIT D30 POWER SUPPLY

Kit incluries alt components. PC Boasl andd rtacing with THE KING 4, PC Boanis can be cascaded 1o » Outis
& digit larm clock. Addittan Numee 2 81216, etc. digits
wawn 5. Kit inchudes counter chip, drive wn, 01 |
circuit loe 4 cathode type drs. 555
plays amml PC Board. (For cead o 15 e wstormer

out board ser (FND70 FND5S0)

4TI
Al

TANYA

ADDITIONAL FEATURES
1) Low Powrer Consumist
2.) Directly Intestaces with King MOS Ctock Tl
3.) 60 Hz output with crystal time hase accutacy
A tieal for Cars, Boats, & Camuers.

BD HZ CRYSTAL TIME BASE

*5.95

Kit snclues all components, PC Board and nsiruetions for inter facing with THE KING
6-Digit Alarm Clock,  Addiion Numbier 3.

KIT D'l7 DvmM
1 999V

1y o
FNO 70 oL7a27 o
RED, .25 In, Char

\

$16.50

)

One of our hest rea

- 15mA per segment. < . ;
Common Cathode L 20mA o
P C
2 s1.75 i o . e e S
TIME BASES
-
. FNO 800 catHone O 1 Wihe erystal chan time hase dveler Ontputs
! " BURRDLGH 1Mz 100Kh2 10KAZ-1KN7 100H;: 10H, 1H2 9 117
o e A 2 o Gl;"f o Accutacy better than 005 with proper adiustment
fore
o s Kiz 013 complete CMos vath PC bowrd s1878 ————————— -
¢ 160y o Bulter Circuit for TTL interiacing e e e e e =
i SEQIS K1t 014 Same as Kit 013, but with TTL 305 o ot R
M \H
15 Ki 015 50Hz or 60H; cnan tme base using line oD

] Ireapence as ceference. Accuracy 0.1 0.06%. Gulbuts
| » OL33 1017 1H7-0.1Hz. Campslete with CMos shaprg cir
arvay v, cutt and PC Baard! s97s

= .' s he “@“ we hawe i1 Com
ated. I g A o Ssoug Kir 019 Same 25 K1t 035, bt wah TTL s 50H7

10y B CLd 8715 Sernd or vour membershug eand t@ e Mol

it Insteunentation Clul and receive
big W% all on futune wrchases of MS 1 kit
Send $3.00 with your namw and aditress We

Kit 08 60H/ chain time hase using line Ireqaence
1as Kil 020 RPM counter

Wil grompity s your very own feqistered
TTL BEOARDS GE TRANSISTOR ASSORTMENT c B wembrerstuge card. Don't sy out on th
) T098 cases Dartong., SCAS. Cutpuis 6 sce. 1001 of RPM L U savimgs Wirte oo
:::A"‘I’?.:\E:: chemits howrss vt TTL's Droies ﬂ NPN_PNP, ec; I e 10w of APW
E A 60sec - ull revotution SSEU5) Musmdeeshaps [ o
5 Boards contaiming 150-260 1C" 100 for $2.50
$4.50 300 tor $6 00
-] L]
Sl inTecRaTION 26.
MME3I6 46 digt alsrm clock 40 jam ol w s 426 é a4-0IGIT ALARM CLOCK
7002 A iyt counter atch decotr: 7 seament and @
7 8CO autputs. 28 pin dip wispec $12.50
7005 o coume /i, decacr. 3 seqment et P~ v N $13.25
only 24 pn dlip w s 9.50 6
007 ST e o e BT i porCar. Dost. C'; =18 (il PC Buard)
only. 16 jn din 't $ 7.00 with Built-in Back-up Ml pp y.
f“..-" vc Bm‘a lole?deq" atarm clock 28 pin di wispec. § 550 s A NE FEATURES:
4 dhant non muhtiplexed radu alarm clock "
featuring drect drive display outiut 40 4 SIGITAUTAKIDEILE O h >
in div> v//%pee $4.50 FEATURES: s B IVACCT )
#C Buard lor 703680 5375 1.5 5" inch Displays
i 8 bit parallel CPU 51950 2} AC-OC Oparated s200
1oz 1K static RAM lor 8008 522 3} Automatic Cut-ln and Recharging
MM5203 2K UV eraseabile PROM $12.25 of Back.up Power Supply
75491 seqraent driver $035 4.) Able 10 Keep Time While Changing NO 2
75492 it dhrives s 045 trom House to Car or Car to Boat " oC e
N 1020 6 lunction calculator chip woth dienc Using Burlt-In Backup Pawer Supply \ : o
ant drive $ 225 5.0 Protected From Noise and Voltage a h
Spikes in Car snd Boat .
6} Ouect Orive Outputs KIT NO.3
7. Non-Mulupicaed Output Circurtry . -
KIT INCLUDES e b 1t Miow. I t eonaet =
T | MM S COMPONENTS, #C BOARD, s22.50 =
T C (@] S d Crwmpmreniss 100 Kit No. 2 or Kit No, 3 sloeq «afin feare, akt $95
TRANSFORMER, and
7400 21 7448 94 74151 8 4000 .24 4018 149 CONSTRUCTION MANUAL.
7400 21 7a53 21 24353 a4 | a0or 24 smi9 50
708 .21 1473 42 79154 100 | 4007 24 4020 1959
7406 20 7478 4z 14181 4006 149 4021 149
Ja08 20 7475 g0 74163 124 )07 24 4022 .19 TRANSISTORS-DIDDES
10 2 776 aa 41640 4008 116 4023 24 LINEARS
J413 B4 JAgs mp 74165 164 lagoe 69 an2s 99 RCA200V 1153 T05 NPN 125
720 3 e zse 11170 13¢ | 4010 55 4025 24 T GE D40C1 NPN D 025
7427 2 ji00 70 ;‘:;5" - T 4 4027 | 50 P e IN4443SCR A00vBA 10220 065
4 . 4012 24 40 99 m smer Mun i 6 2N2222 NPN Gen Ampl 0.2
;:gg Z’l‘ 7492 80 24192 130 2013 I 40773 ES U SIC 60 waTT COLOA GAGAN 8038 Functional gererator 4.5 2N 3004 NPN Driwer " 015
7% 4% 1493 80 24193 130 | dovs 149 a0z s ACA 3043 FM 1f, Ard Preamp 1.20 2N3906 PNP Compl, ZN3902 015
Taan 31 4% B0 4195 B4 | 4015 119 03 225 Comptetely selt contamed unit with sssmm- Lock Loow 195 N300 NPN Low fevel auwsn 0.20
7422 24 7496 RO 4016 9 35 139 “20 voti power rord inciuried 567V Tone Decoder 1.50 2N5401 PNP Nixie trives 025
7417 04 74121 A3 an? 29 9035 1. $2.00 sza P-m Vo, Rey 055 INA004 15 lor 1.00
74123 A0 . LM30 5v. 1 amp Rey 110 IN4GO7  A000PIY 10 for 1,00
LM3B0 2w. Audio A, 8 pw din 1.00 / IN246 3.3 Zen 4 t0r 1.00
LM747 Operational Amg. 025 £ 1N4148 Switeh 20 for 1.00
a&6 DIGIT A l T A '
PC BOAROS 3
. s o & 0
2 . 4 LAAGK
s S P.0.BOX 38544 Dallas, Texas 15238 G T B T
AN o w7 %‘% TERMS Chert ar maney otier Nt COD. N
E Telephane (214) 276-3561 . PRramsti oD Sivalnt i, Rel
0503 g equiatior D05’
4 - Trnas Reaions Acd 5% Lot M50V

* * Call Your Bank Americard or Master Charge Order in on aur Kit incluries Conyponents, PC Baard, Trimst

Continental United States TOLL FREE WATTS: 1.800 627-4553. o 1 $6.50

DECEMBER 1976 CIRCLE MO. 7 ON FREE INFORMATION CARD 123

AmericanRadioHistorv.Com



7400N TTL

CONSUMER ELECTRONICS

=e| MINIATURE '

SN7400N | SN7459A on | osp| _ou | [2.9502 -1 1
SN7401N 16 SN7460N 22 SN74154N  1.00 PO N G sé:m'z $55 00 ! 1 e by TOGGLE
SNZOZN 21 SNITN 45 SNj1ssN 99 ME . 04 |vove] ow | 222 [ 2951 2.15}1 50 .3
SN7A0N .16 SNTATIN 39 SNTAISEN .99
SNZAUN 18 SNT47IN a7 SNZAISTN 99 s U PE R PO N G 4 GAMES 79 95 - 1 |
SN74OSN 26 SNTATAN 32 SNTAIBON 125 . IN ONE . on fore | on |, (238 fies [raa 030
SN7406N 20 SNT475N 50 SN74161N 9 FOR YOURHOME TV { f | | |
SNTAOIN 28 SNTAZEN 32 SNT41BIN %9 A - on [04 NJ 108 res fra 100
SNTAOBN 25 SNM4TON  5.00 SNTAGAN 110 GA!“)ENSGINCLUDED IN s(l;J:TEgHPONG ARE: m'nN L i - el )
SNT40N .25 SN74BN 50 SNT416SN 110 ° . + —
SNTAION 18 SNT4BN 98 SN74166N  1.25 SUPER PONG HANDBA i a7 - senies e, o1
SN741IN 30 SN7483N 70 SNTAI67N 5 50 . i BALL ] .
SN7412N R SN7485N 89 SNT4170N 2,10 FEATURES OF PONG AND SUPER PONG, PB'123 $175
SNT41IN 45 SNT486N 3 SN74i72N 895 ® Incremental speed on volleys (ncreases excitement
SN741aN 70 SN7483N 3.50 SNTAITIN  1.50 W Playing fieid adjusts to any S@e screen.
gx;ﬂg: 35 55:;:53": 2 52 SNZ4ITAN  1.25 W Game appears in color ot in black & white, depending on television set PB '1 26 $1 5 75
oy 35 eNEIN SN74175N .99 B Unmstakable “PONG" sound accompanies each volley. ”
SN742|0N g SNngzu :.; 2:;::;?: z Digital scoring fiashes on the screen between each pomt. 3AME RATINGS L5
- 2 payet chailenge ot Solntalre
i:;:gij" -43 S:;:m ;99 SNT41BON .99 Hooks up smply 1o any model television set: the screen actually bacomes the playing lield THUMBWHEEL SWITCHES
smazs: »gg S i ;x;:‘ﬂx 249 B Englsh and ather techniques can be used lo make any member of the tamily 2 Pong champion. v::vnwum SWITCH ONLY Ordering. Ocder drmved switeh o swilches
] P NN i SN74‘|:5N ‘-gg ® Battery operated by 4 sue D" flashlight datteries included with the Unit ATARI W %617 | Siogie Pote 10 Pomitnsss 153 and v accessorses for your
SN7427N a7 SNT49TN 400 SN74185N  2.20 AC Adaptor (Eliminates Batteries)  $9.95 0l BR S
SNTAZN 42 SN74100N 1,00 SN74188N  15.00 1 1 S -
SN743N 26 SNTAIOIN 39 SN741BIN  6.00 125" dia ot SERIES S5 Front Mani Amombty S A
SNT432N k1l SNTOZIK %9 SN7418ON  3.95 X209 Red 10581 e Ty
SNTAITN 27 SNTa12ZN 39 SNTAI9N 1,19 XC209  Green s :g:“ mn b :
SNP43N 27 SNTAIZIN .70 SNZAI9IN 125 X ’
:nmgr« 25 SN74125N .60 SN7A19N 89 =Dl o DISCRETE LEDS ;21': ] ;7:2:: :g:
N7440N 15 SN74126N 50 SN74193N " 5
SNTA4IN 5 SNTATIZN 108 oy ‘gg 200" dia 185" dla. 200" dia. 085" dla.
SNTMN 59 areiliss brisl o Xt22  Red 10551 XC526  Red 051 XCS%6  Aed 1081 M0 ! o8 -
SNT443N 75 SNZA14IN  1.15 SNTA1GEN 125 XC22 Green 4781 XC526 Green 481 XC556 Green s 085" dia Micro ACCESSORIES ACCESSORIES
SNT4aN 75 SNTOMN 400 L XC22  Yelow 4551 XC526  Yeow 4581 X556 Yelow 781 fed LED Baoprion Y = =
SNTA4SN 7 SiaN, a5 S i X622 Orange /51 XC526  Ornge 431 X(55  Ornge 781 6781 i s I 2 E LX)
SN744EN 81 SNT41EN 450 ST o SsL-2z AT 481 X052 Clear 451 XC586  Clear 81 sFen = e i) %)
SN7447N 69 SNT4145N. 1,15 SN74200N 5,50 SPHE T Wil Body laschl A9 [ oo @ody eseh . 46
éz;:;g: 272 SNPAIIN 235 SNT42TN .90 . 1
SN74148N 2,00 SNTZSIN - 1.79 L707
SN745IN 27 SN74150N 1.0 SNT4284N  6.00 D'SPLAY LEDs L OIP SWITCH
SN7453N 27 SN74151N .79 SN74285N  6.00 These swiches feature seven SPST siide swilches i a
SNT454N .20 SN74153N 89 SN74367N 75 TYPE POLARITY HT TYPE POLARITY NY mokded dip. They are wieally suted for microprocessor
MANY OTHERS AVAILABLE ON REQUEST MAN 1 Common Anode 270 2.95 MAN 3620  Common Anode-pfange 300 175 pphcations. $1.95
20% Oiscourt for 100 Combined 7400°s MAN2 57 Dot Matrux 300 4.9 MAN 3640 Common Cathode-orange 300 1.75 :
| DN - b mx 3 ‘C:nmmon gmme 125 39 MAN 4710 Common Anode-Red 400 1.95
04000 2 74004N 75 ommon Cathode 187 195 DL7O1 Common Anade-rec = 300 1.85
a5100] e 0OS [remes & MAN 7 Common Anode 00 125 DL704 Comman Cathode %0 150 CLIPLITE 4//$| 0
01002 2 04035 185 24020N 65 MAN 76 Comman Anode-green 00 195 0L707 Common Anode 300 150 NEW LED
oM006 25D COM40 245 gacann 85 MAN 7Y Common Anode-yellow 300 195 DL728  Common Cathode 500 2.95
Co4007 25 (D402 190 oy g MAN 52 Common Anode-green 0 175 OL74  Common Anode 80 225 MOUNTING SYSTEM = |5
04009 5 04044 150 pac7in 150 MAN 64 Common Anode-red 400 175 oL 750 Comman Cathode 800 2.49 @ CLIPLITE mounts from the front
CDa0t0 59 €D4046 251 acra hits MAN 72 Common Anode 00 125 DL 338 Comman Cathode 10 .99 of the Panel in a .250 hole on 3/8"
04011 25 D407 275 7aceon 200 MAN 74 Common Cathode 00 150 FND70 Comman Cathade %0 75 centers. Panel thickness from 1/16* to 1/8".
Cp4012 25 04049 9 7atesN 200 MAN 82 Common Anode yellow 300 175 D503 Common Cathoge 500 1.00 ¢CLIPLITE anc the brightness of
CDa013 a7 €D4050 79 cwmN 125 MAN 84 Common Cathode-yellow 300 175 FND50? Common Anode 500 100 commonly used wide beam LEDS.
£04016 56 €04051 295 44159 2.90 ®CLIPLITE is 1o be used with XC556 LEDS,
04017 135 gg“ggg ;2955 74C154 400 IC SOLDERTAIL — LOW PROFIL (TIN; KET:! ‘z:’:g:xg colors—red, green, amber, or yellow when
04018 55 - 746157 2
e i (4085 17 "&éo i , 1 3; Bds 540 124 7549
T B T T ! - 0 ZENERS—DIODES—RECTIFIERS
04023 740163 300 £ VOLTS W PAICE TYPE  VOLTS W PAICE
Cod024 150 CD4GBY 45 qaCien 325 1°0p 2 gl 2 %opin 60 59 INT45 33 400m 4100  IN400S® S0g

Bpn 29 2 2 0pn 8 52 0PV 1 MR- 10/1:00
04025 2% 04511 250 7173 260 i g INTSIA 5.1 400m  41.00 4006*

22 gin £ % 35 §OLOERTAIL ST, INAOE® 800 PIV 1 AMP  10/1.00
€04027 69 CD4518 250 740193 275 RTAIL STANDARD (TiN} 752 5.6 400m 4100 1N4DO7* 1000 PV TLAMP  10/1.00
CDi028 165 CD456 300 740195 275 Won  s27 2% ol A s® & W53 6.2 40m 4100 1N3600 S50 200m 61700
Coa2s 20 G0N B woow 4% won a0 21 2 - ” Boh 13 s qgs P VS 62 MOm 4100 s 75 tm 15100
04030 65 74CON S5 MC14016 56 18 pin 35 2 0 40 pin 1.59 1,45 1.30 INGS§ B2 ¥00m 8100  TNéIS4 35 10m 12100

ey - e 2 pin 19 s @ TNGBSB 15 W00m 4100 INA30S 75 %M 20/1.00
LM301H 3 IMIBIN 165 SOLOERTAIL STANDARD (GOLO) pisace, 560 goiom AT Uy 28
IMI0IEN 3 L|N EA R . > INS234 6.2 500m 28 NI 62 w 2
LM302H 75 w8 Elpk sk a 2, - 20m s 70 6 o Ml Ns235 68 500m 8 1M76 6. w »

14 pin 35 32 29 INS236 75 500m 8 INT38 8.2 1 28
mgg;: ‘-gg mg;g: ‘i‘ég tmgggv ¥ gg 18 pin 3 35 32 VITr §§ ;’: ";2 :‘.’S f ?2 IN4SE 25 4Om 6100 INTA2 12 i 2
(M307CN 35 LM3TIN 400 LM2IIIN 195 Bk = & 43 hd TP fas) 1| S8y 150 Im o Gh N 15 i &
B e g R (1 WIRE WRAP SOCKETS (GOLO) LEVEL # WA SoPv i h0p  NISH b0y AW 1o
LM308CN 1.00 LM330CN 1.05 LM3065N 69 10 pin $45 4 37 - 24 gin $1.05 95 85 N2 100 PIV 1 AMP 12100 IN1185 150 PIV 35 AMP 1.50
(MISH 110 IM3BIN 179 (MIGON 55 14 pin 33 38 3 1 : g

28 pin 1.40 25 110 N4003 200 PIV § AMP  12/1.00  IN1186 200 PV 35 AMP 1.0
LM309K % LM3BN 179 LMISOSN 60 t6pin A3 a2 ] B/pn 159 145 130 M 1ND04 400 PV 1 AMP 12100  INTISB 400PIV 35 AMP 300
mecn 1.15 :Eg?s: g.g LM3309 125 18 pin 75 58 62 40 pin 175 1.55 1.40 - -
(M31IH % 00 (M3sseN 185 — - SCR AND FW BRIDGE RECT
LMINN ) NESIIH 3000 MCSSsev 1.0 = RECTIFIERS
LM3IBCN 150 NES36T 600  LM7525N ‘%0 m s WIRE WRAP TOOL Part Number WSU-30 $)95 ea. €350 154 @ 400V SCR 5195
LM319N 130 NES40L 6.00  LM7SISN  1.25 @ HSERT Wizl INTD (3 WEOSKUANGIWIRE] n = c38M 354 @ 200V SCA 1.95
vezKs 135 :Egggc 72 a&a:a .95 sl Mo ‘. = 2N2328 1.6A @ 200V SCR 50
K-5. 1 A LM75450 49 MDA 980-1 A FW BRIDGE R
M320k12 135 NEsos 5w s s O memesonwm f mm' MDA 980-3 ;:p@@z?o\c FW BRIDGE REE% : ::
LM320K-15 135 NESE1B 500  75452CN 39 @ LA v T @ INSIRT WG 4pPRO. | / p
LM320T5 175 NESGZ8 500  75453CN .39 rumw qocuwst | Pial fo0k ! :
M320T-52 1,75 NES65H 125  75454CN 39 A30UT 10 TURNS @ UL GOWN INTD 5101 @ o TEMNaL ,S ::éws zs;‘m TRANSISTORS ':::;;3 x:g
LM320T-8 175 NESESN 1.75 75491CN 79 3] PH3SST 3100 Me200 4181 00
LMI20T12 175 NESSSCN 125  75492CN 69 @ CONNECTION HimStD @ i win ¢ @ fusw 100, ﬁv 2 [ PHISES 48100 W01 430
LM320T 15 1.75 NESETH 195  75404CN 89 ekl ;om0 i s, B T
2N4402 45 0
LM3207-18  1.75 NESETV 1.50 RCA LINEAR WIRE WR ;:gggg‘ :5: % . W75 53100 M 58100
LM320T2¢ 175 LM703CN 45 CA3OI3 215 . . i W6 9400 w085 43100
LM323K5 895 LM709H 29 cA0a 2.56 30 AWG —25ft. min. - $2.10 50 . -$2.75 100 ft. - $3.50 1000 f. - $24.00 nows  adr o0 ool AL 2087 st
LM32iN 180 LM709N 29 CA303  2.48 Sp " ot T T ] noe 4310
| T LM710N 79 CA0X 135 — 0 = maigol e ot e s e s s
LMM40K-5 1,95 LM71IN 39 CAIME 1.30 Mos 510
2§03 58100 285138 51 00
Wiecs 1% s % oo sk |50 PCS. RESISTOR ASSORTMENTS $1.75 Perasst. | 58 & O T
CMSIORCE = 1y v S ss GO0 325 T00HM  120HM  150HM  18.OHM 22 OHM WiEss 5100 G 2 Ao
LM340K-12 1,95 LM733N 1.00 CA3080 85 A A 2955 3906 4531 00 2N8951 55100
LM340K-15 195 L7398 100 cAIa 20 @ SST. 1 581 270HM 330HM 390HM 47 OHM 56 OHM 74 WATT 5% = 50PCS. o = : W01 3100 C106815CR 2181 00
M348 1,95 LM74ICH 35 CA30B2  2.00 63 CHM B2 DHM 100 OHM 120 OHM 150 OHM M S$100 SAE ks el S0
Wi s don % ool t ASST. 2 Se 1800MM 2200KM 2700KM 230 OHM 390 OHMM 144 WATT 5% = 50 PCS. —
LM3OT6 175 LM747H 79 CA30Ee 375 470 OHM 560 OHM 630 OHM 820 OHM P CAPACITOR 5 vour cenamc CORNER
M30T.8 175 LMT4TN 79 Cca30at 10.20 ASST. 3 Sea 1.2k 1.5€ 1.8% 2.2 27K 174 WATT 5% = 50 PCS. DISC CAPACITORS
t:g:gng s m;:g: 8 Eggz z;g 3.3k 3K a7 5.6K 6.8K . “1-9 10-49 50-100 12 1049 50-100
3 a - ! ASST. 4 Sea. 82K 10K 12K 14 - ! 100" . 04 03 001uF 05 04 035
LM340T-18 1,75 LM13038 80 CA3140 1.25 h 3 IR CINa1 €23 50 pes 2p 05 04 03 W;yf 05 04 035
LM340T-24 175 LMI304N 119 CA3500 1.75 z2K 2% 3y oK Cis 47 ot 05 04 03 OWF 05 .64 .03
LM35ON 1,00 (MIOSN 140 ACA1S4 595 ASST. 5 Sea 56K 68K 82K 100K 120K 174 WATT 5% = 50 PCS. 100 pt 05 04 03  Q22uF 06 05 .04
LM3510N 65 LMIC7N 85  RCA195 325 150K 180K 2208 270k 330K 220 pf 05 .04 .03 .047uF o6 .05 .04
740500 % 74LS00 TR ASST.6  Sea 300K 47k 560K B8OK 820K 174 WATT 5% - 50 PCS. (oc T A 2 U
741502 39 T T L 74151 155 ™ 1.2M 1.5M 18M, 22M 001mt q 10 07 .022mt 13 1 08
740803 %] 74L874 85 7415153 1.89 ASST. 7 Sea. 2.7M A 3.9M 4™ 5.6M 14 WATT 5% = S0PCS. 0022 A2 10 .07 047 2 17 13
741504 45 ;:tg;g il TaLS157 1.55 0047mt 12 10 07 mf 27 23 17
£ ) ]
ss s T 65 ousee 228 ASST, 8R Includes Resistor Assortments 1-7 (350 PCS.) $10.95 ea. om 2 0 @ o@m %27 2
741508 39 L83 2.19 M3 225 +20% DIPPED TANTALUMS: (SOLID) CAPACITORS
740510 3 %LSss  2.49 8164 2.2
41813 % 740586 5 7418175 1.95 x zzuﬁKA K' s17 9 EXAR . ‘|l35Vv 28 23 17 1.5/35V 30 26 21
sl Tk His% o5 st 3ol R- it .85 XR-2260KB Kit §27.95 i) 8 2 a7 22y N 2 2
i ‘3 s 1 ATsTod s TIMERS PHASE LOCKEQ LOOPS ~ WAVEFORM GENERATORS  STEREQ DECODERS  MISCELLANEOUS I DU .
741526 49 761583 1.25 7415191 285 [l XR-SS5CP 5 B9 XA-210 5.20 XR-205 8.40 XR-1310CP §320  XP-2211CP  6.70 3?655‘, §§ ;g "; g;’;‘;‘,’ gg ]
71527 P Huisss 218 7415192 25 [l XRWP 155 xA215 660 RR2ReCE) & XR=IGIEES 320, JaRisy 200 P R <A T
ok 5 74586 180 215199 295 ] XRSs6CP 185 xR-se7CP 195 XR-2207CP  3.85 XR-1800P 320 XR-1468 385 1.onsv j
741530 35 745107 65 7418194 2.25 i XR-2556CP 3.0 XR-567CT  1.70 XR-2567 299 XF-1488  5.80 { 28 s 15/25v 83 50 40
e e L Tusies 2ol Wmazale 325 XR1480 480 M:mlﬂfdnumnuu ELECTROLYTIC g::::!l:llms
XR-2208 5.
;:gge @ ;:g:;g & ;:tgzzéé 189 i AT5V 15 13 10 a2V 95 A3 10
e 5 e o & orpesss = All Advertised Prices Good Thru Oecember L0 R R AuSV 16 14 N
741573 65 7415138 189 7ALS670 5.5 Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds. ity % Gy 0 D -
475V 16 14 12 1.0/25V 16 14 n
DATA HANDBOOKS California Residents — Add 6% Sales Tax — Data Sheets Z5¢ each Wy 15 3 10 1050V 16 14 1(;
7400 Pin-out & Description of 5400/7400 ICS $2.95 Send a 24¢ Stamp (postage) for a Free 1977 Catalo posty b1 B8 0y Wy b
CMOS Pin-out & Description of 4000 Series ICS $2.95 P (postage) J - A D . B
Linear Pin-out & Functional Description $2.95 42 ppv 4 % i Sagv K § 1
ALL THREE HANDBOOKS $6.95 O T U (R
100 PER STRIP 0025V 24 20 A8 105V 16 .4 12
MOLEX PINS 100/50v B k) 28 47/50v .24 21 19
Intended for use as an inexpensive substitute tor IC 220125V 32 .28 25 10016V 9 s 14
P11 11]] sockets. Also pertect for use as board connectors 1021-A HDWARD AVE, SAN CARLDS, CA 94070 33;;& ;35 ';; g; :,?gZS,Y §§ ;g ';g
and In subassembties. 1000116V 55 50 45 2200 nm 17 e
SPECIAL — 1060/1.49 — 1000/12.00 PHONE OHDERS WELCOME —_— (415) 592'8097 220016V .70 62 .55 41025V M 28 26
e —

AmericanRadioHistorv.Com



("~ @ |CRYSTALS

Fraguency Case/Styls Price

MICROPROCESSOR COMPONENTS
8080 SUPPORT DEVICES

CB RADIO

WETED 5w
@RS 0y 0 (05630

23-Channel Synthesized CB Transceiver
SIZE: 6% (W) x 2" (H) x 8%

POWER INPUT: 5 Watts/12-Volt Max.
POWER OUTPUT: 4 Watts RMS

=y

95

MOBILE CB ANTENNA

BASE LOAD - FIBERGLASS WHIP
Meunts on Hood or Trunk Lid

$24.95
KA-2401

AMTEX 8 TRACK AM/FM STEREO
raunes $69.99

B § track stereo player L) S

W MM mpx radio o ]

& &dvanced IC consiruction L

@ [%ial on door and shde-bar switch type

& Kompact — only 1-25/32" (45mm) high, 4-13/16” (122mm) deep, B-11/16
170mm) wice and 5 position adjustable shatt distance

@ { omplete 1n-dash type design

' Lasiy adjustadle antenna tnmmer for best performance

KRACO CAR SPEAKERS __ $14.95

Fiush Mount 10 Oz. Mag./8 ohm  Model $ST-101F

VECTOR WIRING PENCIL

i 1200 e Mg e 8080A 8212 8 BT INPUT/OUTPUT PORT FOR 8080 s 595 8080
g 4 -85 8216 NON INTERRUPT BI-DIRECTIONAL BUS ORIVER 7.95 4,
ovsh AR S $34.95 854  CLOCK GENERATOR AND DRIVER FOR 8080 1295 924.99
: 2 X 8228  SYSTEM CONTROLLER AND BUS DRIVER FOR 8080 12.95
Cy12a 10.000 MHz HC181 $4.95 oo ik
CY14A 14.31818 MHz - HC18U $4.95 2008 88T CPY §19.95 0 26x1 Stauc 522
CY194 18.000 MHz HC18/U $4.95 808 Super 00 295 103 W24x1  Dyname 24w 1.00
Cy224 20.000 MHz HC181Y §4.95 80804 Super 8008 3495 201 2561 1 Stati 595
CY308 32.000 MHz HC18/U $4.95 SA'S 212 024 11 Stauc 175
2504 1024 Dynamee §900 007 096 x1 Oynamic 595
CLOCK CHIPS — CALCULATOR CHIPS gg:: ko 33 g‘: Y gg g 2608 B Skl -
jex 40 BI 4 7010 W21 MNOS 2995
MM5309 6 Digit. BCD Qutputs. Reset PIN. $995 2524 512 Dyname¢ 2.49 7489 1Brd Stang 249
MM5311 6 Digit, BCO Outputs. 12 or 24 Hour 495 §2525 1024 Bynavc 600 8103 25608 Stanc 6.95
MMS31Z 4 Digt. BCD Outputs. 1 PPS Output as5  |eser Dual 256 861 395 e 26x4  Statc 6.95
MM5314 6§ Digit. 12 or 24 Hour. 50 o 60 Hz 195 2529 Dual 512 BT 300 8599 54 Stane 349
MMEIE 4 Digil, Alm. 19PS Outout pos |22 Qua 80 Bt 395 902 1024 ¢ Statc 2.25
MM5318  Vigeo Clock Chip. For Use Wiin MMSBa1 9gs |83 1024 Sute 795 73200 25601 Starc 695
cTr00t 6 Digt, Calander. Alan. 12 o 24 Hour T G 695 93421 256 1 Stane 295
7415670 164 ﬂuquH 395 MM5262 ZK x1 Dynamc 99
CALCULATOR CHIPS Ul PAOMS
MHSTZS 80 Four Functon Less Decma sales | AT H1030 dou e EEES ;;gg‘ il ::::: 5:3 gg
MMS738  8Oige. 5 Function + = 795 lagy har Gen 595 s
4 T 23 3218 Open € 500
£15030 12 Digit. & Funchion and ®s 795 2596 Char Gen 10.95 ?ﬁ}ﬁ? ’3‘5;45 5"“'"' 500
< o 195 tat 795
25_P| N CO N N ECTO RS 745387 1024-Bdt Pragrammable 3604 26 x & Fist 395
BIPGLAR PROM SPECIAL
: 6330-1 256 Bt (32 » §) Open Collectyr  2.95 6306-1 2048 B (512x4) Three State 995
D-Subminature g%: igg‘sg (3:525) Ymoee s:acu z;gs %w-v‘ %ag B {512 x 8) Open csaneum 18.95
- 1 {256 x 4) Open Collector  3.49 49 48 Bt (512 x 8 Three State 1995
63011 1024 Bt {256 x 4) Three Statz 34 6352-1 4096 BA (102 x 4] en Collect 19.95
nggg FMEAI\V'l_ELE 22 gg eac: S305.1 2048 81 (512 x 4) Open Colctor 5 95 63531 4096 B 51024 o Pres S 1998
eac
Continental Specialties
32 DIGIT DVM KIT}] _Proto Board 100 $19.95 mewn. % BRR
. i ¢ BREADBOARD 2
BUDGET KIT R B ¢
. Jr— P
o oy
- v9- 15 wee 29.95 s iy
2 Pag s 102 ] g~ :
: 4 Nl TR 3995 - p
This 0-2 VOC .05 per cent digital voltmeter features the Motorola 3% digit § »= e 3 L4 o [~
DVM chip set. It has a 4" LED display and operates from a single + 5V Reelpert 0l 1 39 = ‘
power supply. The unit is provided complete with an infection molged black § ¢ 0 7 ¥ .o- »s .., it 1
plastic case complete with Bezel. An optional power supply is available 9.95
which its into the same case as the 0-2V DVM allowing 117 VAC operation. comPLETE T P38 59_95 -~ e
A. 0-2v DVM with Case $49.95¢p o s cons
A T Ty v
B. 5V Power Supply $14.95] omiiasen RiminRny - O
L W ol Soe o2 ANG e ':ﬂi‘::oc:;‘n CRCAy ot o ey 04 At
» L wsnse e

o Gvrs 8 1VDC w0 1o
prosbe A
p

o,
-
-
L

§ FUNCTION ELECTRONIC CALCULATOR
RADOFIN MOOEL 8P
FEATURES:

$8.95

& 5 Functions cons sts of addtion. sudteaction. mul-
pHCANON. JVSION. DArCANtage with constant gn
atl functions. with full ligating deceat ot

o Power source & 1 pece 9V OC Battery 00 GP.
jack for AC agapter

a Black superfine grained hnsh plastic capnet

5 FUNCTION ELECTRONIC CALCULATOR WITH
WALLET-NOTEBOOK AND POCKET CHECKBOOK
RADOFIN MODEL 1710
FERTURES:

‘ $19.95

o 5 Functions conssts of 200N, sudtraction. Mt
Iphcalon dwson percentage with conslant on
3 functions with fult 1i0ating gecemal goint

» Power source & 6 ARA ceis 9 vV OC
o Wallet & 2 lone texon

cabinet & black plastic

DIGITAL ALARM
CK

This 4 digit Novus Alarm Clock
is a very relfable ang smartly
styled unft, It provides such
features as an alarm settable
to any minute of the day. a 7
rainutes snooze alarm, a power
failure indicator, and even an
AM.. P.M_ indicator

$17.95

Novus

NOT A KIT

s s
P an e ~
E : 3 - LS o
c [4 o
TR 5
n k s el S Proto Board 6 $15.95
L L e = m LOGIC MONITOR
Vector Wining Pencl P1T3 consists of a hang held teatherweight {under one ounce) v = - y Simultaneously dispiays static and
100l which «§ used 10 guide and wiap insulated wire. tec off a seit-contained replaceable - rom K . H gyeamic logic states ot DTL. TTL
bobbin. onto component ieads or terminals instaliec on pre-punched P Patiern e SPECIAL! § HTL or CMOS DIP ICs
Vectorbord®  Connections between the wrapped wire and component leads pads of i 5 F Pocket sire 584,95
tetminals are made by soidering. Complele with 250 FT of red wire $7 95 - OT - :’Mm!! o, QT Proto Strips.
il U!N\Hw “IARRERRS - O 155 QTiype sl piice
REPLACEMENT WIRE — BOBBINS FOR WIRING PENCIL * Q1398 e QU595 590 50
W36-3-A-Pkg. 3 250 f1. 36 AWG GREEN  $1.95 AR - o o m_m 125 ouse  bmaro ‘m
W36-3-B-Pkg. 3 250 1t 36 AWG RED $1.95 'IWI«BWW “dam QT478  bus snp
W36-3-C-Pkg. 3 250 1. 36 AWG CLEAR $1.95 o g L < 0T 478 e grass 0
W36-3-0-Pkg. 3 250 It. 36 AWG BLUE $1.95 4 . gv:?g "’g" = H
S <5 B oo g 3
: 8
1/16 VECTOR BOARD ey g g w3
01" Hole Spacing P-Pattern Price
- DIGITAL WATCHE
6P DRXXXP TAL s
169913 02XXXP ] 2
P1: 067 o f
B4P31 06 Ladies Watch EXELAR Mens Watch
169P11 06 1 « 6 Function « 5 Function

o Bracelet Sty(ing o Quartz Crystal

JE700 cLock

The JE700 15 3 low Cost digital clack. but
15 2 vety high quanty unit The unit fea

tures 2 simulated walnut case wilh d:

mensions of 6 x2'7 x1 It uthzes 2
MANTZ high biightriess teadout. and the
MM5314 dlock chp.

$17.95

12 or 24 Hout

115 VAC

W' Semi-Flush Cul Fine Diagonal

=)

$5.95  Light Blue Handle
§3.75 Each  A9TMS

Nigbling Tool

Replacement Punch 58,50 e

o e @ o Year Guarantee o Black Leather Band
. « Model 900 « Manufacturer Guarantee
B HEAT SINKS 2 Speciy 6o « Speciy God
or Chrome or Chrome
205-CB Berytwum Copper Heat Sink with Black Finish for 10.5 .25 $2995
291-.36H  Aiumium Heat Sink for 10-220 Transislors & Reguiators .25 $69.95
6B0-.75A  Biack Anoduzed Alumutum Heat Sink tor 10-3 1.60
NIBBLING TOOL DIAGONAL CUTTER DIGITAL QGUARTZ CAR CLOCK

Campiete kit from mountng tirackes of the injection mokdid case.
down to the hree conductar power €ord and all components in-
cluding MM5314 clock chup. Features quartz accuracy of .01%,
six digil, .35 hgh LED display. and P.C. Boards. Works on
any 12 valt system — motorcycles, boats, vans, motorbomes,
autos. and trucks

DIMENSIONS' 3% x4 x 2" — 12 OR 24 HOUR MODE

Kit: $29.95 Assembled: $39.95

This large digit clock (.6 hours &
minutes. .3 seconds) features the
MM5314 clock chip. It operates
from 117 VAC. and will operate in
either a 12 or 24 hour mode. The
clock 15 complele with 2 walnut
grain case, and has fast set. stow
sel. and hold time set featyres

KIT - ALL COMPONENTS & CASE $34.95
WIRED & ASSEMBLED $39.95

This keyboard teatures 63 unen
coded SPST keys. unanached to
any nd of P C B A very sokd
molded plastic 13 x 47 dase
suits most apohcalions

$19.95

§7.95

63 KEY KEYBOARD

£
HD0165 16 LINE TD FOUR BIT PARALLEL KEYBOARD ENCODER

DIGITAL CLOCK KIT — 32 INCH DIGITS

This clock featutes big 3% tigh digits
for viewng in offices. auditormms, etc
Each digil 15 tormeg by 31 dnght 0.2
LED's The clock operates trom €17 VAC
has either 12 o 24 hi operalion The &
digiversion1s 27 x3% x 1% andthe
4 dignis 187 x 3% x 1% KS come

JOYSTICK

These [oysticks feature four ®
potentiometers, that vary re-
sistance proportional to the
angle of the stick. Sturdy metai
construction with plastics
companents only at the mova-
ble joint. Perfect for electronic
games and instrumentation

*5K Pots $6.95
*100K Pots $7.95

complete with all components. #ase ang
transtormer
Specify 12 0r 24 Hr, When Dirdering

4 DIGIT KIT $49.95 4 DIGIT ASSEMBLED $59.95
6 DIGIT KIT $69.95 6 DIGIT ASSEMBLED $79.95.

JE8O3 PrOBE b

The2.0gic PrODETS 3 unit AP 1S for the most part
nEspensidie n troulile ShOONNgG \0QI fames
ML DIL ATL CMOS It denves the power
wels 1o opetate directly ot of the crcu urder
251 Orawing a Scant 10 MA ma. it uses a MAN3
eaCoUl 10 NdiCate any of the foliowng slates by
hem: Symbais (H) - 1{LOW) 0 1PULSE) - P The
Pro'e can cetect nigh hequenty Duises 10 45 MHZ
11 c.nt be used al MOS lever: Tt aamage
will “esult

~
~/

-v.h,.!

$9.95 Per Kit

printed circuit board

T2L 5V 1A Supply
Thss 1s 8 standard TTL power Supply using the wetl known
LM3D9K regulator IC 1o provxie a solid 1 AMP of currentat 5
volts. We try to make things easy for you Dy providng
g you need package. mcluding

$9.95 Per Kit

for anty

+35 VOLT POWER SUPPLY

Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds.
Calilornia Residents — Add 6% Sales Tax — Data Sheets 25¢ each
Send a 24c Stamp (postage) for a FREE 1977 Catalog

IAMES

1021-A HOWARD AVE., SAN CARLOS, CA. 94070

PHONE ORDERS WELCOME — (415) 592-8097

$39.95

Compietely Assembled
» +5 Volts @ 6 Amps
Regulated Output
e —5 Volts @ 6 Amps
Regulated Input
o 6.3Volts @ 5 Amps
Unregutated Output
Length 8% x Width 6%
X Height 4

Limitea
Supply

DECEMBER 1976

CIRCLE NO. 40 ON FREE INFORMATION CARO

AmericanRadioHistorv.Com
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HAPPY HOLIDAYS HOBBYISTS

s A GREAT GIFT IDEA:=;

Z“Electronic Projects
g for Musicians” $6.95

BY CRAIG ANDERTON; now in 2nd printing. This
book has shown thousands of people how to as-
semble electronic projects. 73 says 'a dandy
book. fantasnc music gadgets'. Popular Elec-

8 pin Minidip Io-profile sockets 10/$1.60

' 25V

I IOOO uF

! 100F 430V F‘_

10uF, 450V

3/$1

S/s1

Standard a2,
phenolic b |
type. C |I
LTD QTY

T0-3 Sockets

tronics says ‘"gets it all together". Electro
notes says “highly recommended...it gives the
essential information". Tells how to build 19
musician/audiophile projects. With soundsheet

100 PIN EDGE CONNECTOR--NEWI|
Specify wirewrap (illustrated)

PRICE [F1G
225°C|@ 2 GHz

3.5W 1
5™
21w
19w

$4.95 | A
$5.95 | B
$6.95 | B
$7.95 | B

.OW
SW
1l\- |1

.

o

QZGH

|PD mxroumm PIN EFFICIENCY REMARKS

si0mw | 304
| 300mw

33%
33%
33%

25W
W

or soldertail. Perfect
for

IMSAT
machines.

% @@I@Uﬂ

$5 EACH
L GODBOUT ELECTRONICS

BOX 2355 OAKLAND AIRPORT, CA 94614 E

Add 50¢ handling to orders under
$10 Cal res add tax. No COD; to place
BankAmericard® or Hastercharge‘ orders,

call (415) 562-0636, 24 hours

LR

@
»

edge connectors 2/1‘!

Sim. to RCA 2NS470
Sim. to RCA TA8407
Sim. to RCA 2N6269
Factory selected
part--2N6269

CIACLE NO. 32 ON FREE INFORMATION CARO

Right angle, 24 pin card edge connector Q?)

for .062" (single-sided) cards. 0.156"

.s.p.n;m.g _betucen leads. ._LINIT!D QrY, < '-\_y_.«_‘_% B
- 3

UHIFISEVISY DA

1-8080A and 8-2102L1s. lises LOW power &

memories, guaranteed 450 ns over full

comm. temp range. Factory new parts, u H F

2102L1 available separately....... $1.95 -

8080A available separately....... s20.0s] transistors

S@%WW%M%MMMM@

For
fastep
service

USE

ZIP

CODE

NEW TS1755/GRM test sets for PRC25. $30 shipped in U.S.
Free catalog. BRAND X, Rt. 3, Box 223-11, Ontario, OR
97914. Dealers Inquiry.

FLYING heimets, headsets with boom microphones,

adapted to CB's. Amplifier, 10139 Apache, Richmond. VA
23235.

PLANS AND KITS

FANTASTIC—Solderless breadboard kit with all parts for
fascinating experiments with Flasher / Oscillator / Siren
chip $12.95 less battery. Catalog 50 cents (refundable).
Satisfaction Guaranteed. Ego, Box 1331-pb, Thousand
Oaks, California 91360.

FIVE OCTAVE Touch Sensitive Electronic PIANO KIT.
Components $229 airmail U.S.A., Canada. Clet Products,
31, Mountfield Road, Bramhall, Cheshire, England SK7
ILY.

RECHARGE dry celis without electricity, batteries or solar.
Simple-inexpensive. Send $2.00 for plans. Thayer, 2775
N.E. Wiberg Lane, Portland, Oregon 97213.

TAPE-SLIDE Synchronizer, lap-dissolve. multiprojector,
audiovisual plans, $8.50. Sampler, $1.00. Millers, 1896 May-
wood, S. Euclid, OH 44121.

TIGER SST
SIMPLI-KIT

A }
VFoR

= THE DO- IT—YOURSELFER
N(m!a high quality CD Electronic

Ignition System in kit form.
Contains all components and solder to
build complete Solid-State Electronic
CD lIgnition System for your car. As-
sembly requires less than 3 hours.
® Increases MPG 15% ® Eliminates 4 of 5 tune-ups
® Increases horsepower 15% ® Instant starting, any
*Plugs and Points last weather
50,000 miles #Dual system switch
Fits only 12 volt  neg. ground . .. Onily $21.95 postpaid

——— In' Star Corpo(auon —
P.O. Box 1727 Grand Junction, Colorado 81501

CB SPECIALS-R.F.DRIVERS-R.F. POWER OUTPUTS-FETS

5.85 25C1449-1 1.60 40081

25C481
25C482
25C495

1.85 2SC76715. 75 2$C866
1.75 2SC77 SCO13
1.10 25C774 1. 75 2$ClOl
3.7525C775 2.75 2SC101
4.75 25C776 3.00 2SC101
3.80 25C777
3.90 25C778
4.15 28C797
4.25 25C798
4.75 25C781

.70 25C789

.70 2SC796

BWBWrWWNWSL
8\“\)'—‘08'—'0\!\)\1
[LIVIT 2 1SY- T ]
N
1
0
-
=
~
w

2SC76! 50 2§
25C766 10 15 25C839

)

5 25C1449

2SA52 .60 258187
.75 2

SC
2SC1226A 1.25 2$Cl816

1.50 2SF8 8
2SC1306 4.75 HEP-S 3001
25C1306-14.90 2SD235
2SC1307 5.75 MRF8004
25C1307-16.00 4004
2SC1377 5.50 4005
1.30 40080

JAPANE E TRANSISTORS

.70:125C815

1.50
3.00
4.85
2.15

N
w«

83 I8

NN e
NN N
oo O

o8

25C1569 1.25
258C1756 1.25

o8
1.60 25D30 .95
1.60 25C839 .85 25D45  2.00
.80 25C945 .65 2SD65 .75
.75 25C1010 .80 25D68 .90
65 2$C101 .80 2sD72 1.00
2.50 25D 1.50
1.65 2SD151 2.25
3.75 2SD170 2.00
1.20 28D180 2.75
1.15 28D201 1.95
2.75 25D218 4.75
2SA6 1.30 .70 2SD300 2.50
25A699A 1.75 4.00 28D313 1.10
2SA705 . 4.25 2sD315 .75
2SA815 .55 2sD318 .95
2SA816 75 25D341 .95
2SB511 1.25 2sD350 3.25
25822 o 1.50 25D352 .80
2SB54 .70 25C206 1.00 .85 2SD380 5.70
2SB56 .70 25C240 1.10 4.75 2SD38 .90
25877 .70 28C261 .65 .70 25C1347 .80 25D-3%0 .75
25B128 2.25 25C291 .65 .70 25C1383 .75 2SD437 5.50
25B135 .95 2SC320 2.00 1.75 25C1409 1.25
25B152 4.50 2§C352 .75 1.90 25C1410 1.25 C106B1 .50
25B173 .55 2SC353 .75 1.00 25C1447 1.25
2SB175 .55 2SC371 .70 2SC784 .70 Cl448 1.25 MPS-U31 4.00
2SB178 1.00 25C372 .70 25C785 1.00 25C1507 1.25 MPS-80001.25
2SB186 .60 2SC394 .70 2SC793 2.50 2$C1509 1.25

POWE

ANSISTORS HIGH-VOLT. TV. TYPE

BU204  1300v 3.90 BU207 1300V 5.40 2SC1172B 1100V 4.25
BU205 1500V 4.70 BU208 1500V 6.25 2SC308 1100v 4.95
BU206 1700V 5.90 2SC1170 1100v 4.00 2SC1325 1100V 4.95

126

OEM SPECIALS

IN270 .10 2N960 .55 2N2219A . 2N2913 .75 2N3740 100 2N4401 .20
IN914 .10 2N962 .40 2N2221 .25 2N2914 1.20 2N3771 1.75 2N4402 .20
2N967 .50 2N2221A .30 2N2916A 3.65 2N3732 1.90 2N4403 .20
2N173 1.75 2N1136 1.35 2N2222 . 2N3019 .50 2N3773 3.00 2N4409 .20
2N178 90 2N1142 2.25 2N2222A .30 2N3053 .30 2N3819 .32 2N4410 .25
2N327A 1.15 2N1302 .25 2N2270 .40 2N3054 .70 2N3823 .70 2N4416 .75
2N334 1.20 2N1305 .30 2N2322 1.00 2N3055 .75 2N3856 .20 2N4441 .85
2N336 .90 2N1377 .75 2N2323 1.00 2N3227 1.00 2N3866 .85 2N4442 .90
2N338A 1.05 2N1420 .20 2N2324 1.35 2N3247 3.40 2N3903 .20 2N4443 1.20
2N398B .90 2N1483 .95 2N2325 2.00 2N3250 .50 2N3904 .20 2N4852 .55
2N404 .30 2N1540 .90 2N2326 2.85 2N3375 6.50 2N3905 .20 2N5061 .30
2N443 1,75 2N1543 2.70 2N2327 3.80 2N3393 .20 2N3906 .25 2N5064 .50
2N456  1.10 2N1544 .80 2N2328 4.20 2N3394 .17 2N3925 3.75 2N5130 .20
2N501A 3.00 2N1549 1.25 2N2329 4.75 2N3414 .17 2N3954 3.50 2N5133 .15
2NSO8A .45 2N1551 2.50 2N2368 .25 2N3415 .18 2N3954A3.75 2N5138 .15
2N555 .45 2N1552 3.25 2N2369 .25 2N3416 .19 2N3955 2.45 2N5198 3.75
2N652A .85 2N1554 1.25 2N2484 .32 2N3417 .20 2N3957 1.25 2N5294 .50
2N677C 6.00 2N557 .15 2N2712 .18 2N3442 1.85 2N3958 1.20 2N5296 .50
2N706 .25 2N1560 2.80 2N2894 .40 2N3553 1.50 2N4037 .60 2N5306 .20
2N706B .40 2N1605 .35 2N2903 3.30 2N3563 .20 2N4093 .85 2N5354 .20
2N711 .50 2N1613 .30 2N2904 .25 2N3565 .20 2N4124 .20 2N5369 .20
2N711B .60 2N1711 .30 2N2904A .30 2N3638 .20 2N4126 .20 2N5400 .40
2N718 .25 2N1907 4.10 2N2905 .25 2N3642 .20 2N414]1 .20 2N5401 .50
2N718A .30 2N2060 1.85 2N2905A .30 2N3643 .15 2N4142 .20 2N5457 .35
2N720A .50 2N2102 .40 2N2906 .25 2N3645 .15 2N4143 .20 Cl03Y .25
2N918 .35 2N2218 .25 2N2906A .30 2N3646 .14 2N4220A .45 C103D .40
2N930 .25 2N2218A 30 2N2907 .25 2N3730 1.50 2N4234 .95 C106Bl 0
2N956 .3 2N2907A . 2N3731 2.75 2N4400 .20 C106D1

SILICON UNIJUNCTIONS INTEGRATED CIRC. RECTIFIERS

2N2646

o 2N2160

.60 2N4870 50

.55  2N4871 .50

.70 2N4891 .50

.25  2N4892 .50
2N4893 .50
2N4894 .50
MU 10 40

100
UA703C —
709C OP. AMP. 25 IN4001 .60 5.00
741C OP. AMP. .25 IN4Q02 .70 6.00
7400 .15 iN4003 .80  7.00
TA 7061P 3.50 IN4Q04 .90  8.00
TA 7205P 10.00 IN4OO5 1.00 9.00
UPC 1001h2 6.00 IN4Q0O6 1.10 10.00
NE 555 1.25 iN4007 1.20 11.00

et

ALL PARTS GUARANTEED AND TESTED ON PREMISES.

New-Tone Electronics
P.O. Box 1738 A
Bloomfield, N.J. 07003
Phone: (201) 748-6171, 2, 3

N.J. residents add 5% sales tax. Minimum order $5.00. All orders
add $1.00 postage. Dealers write or phone for discount prices.
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6 Digit LED Clock Kit - 12/24 . | CABINETS

QTy.
399e§ OR M:)zRE ’1095 0.11’1

KITINCLUDES 6-1.ED Readouts(FND-359 Red, com. cathode}

$1 195 QTY / Great for Clocks

orany LED Digital
& project. Clear-Red

: Do Chassi
«INSTRUCTIONS rransisors ¢ aroe " DIGITS! CABINET | Repto haisase.

eQUALITY COMPONENTS  2-3witches

6-Capacitors ORDERKIT #850-4 3"H,6‘/4"W,5 %"D contrast of digital

#50 or 60 Hz OPERATION 5-Diodes AN INCR

e120r24 HR OPERATION gfrfn%féﬁ';finsfor IC socket

“Kit #850-4 will furnish a complete set of clock compo
The only additional items required area 7-12 VAC trans
board and a cabinet, if desired.”

Printed Circuit Board for kit # 850-4 (etched & drilled fiberglass) ...
Mini-Brite Red LLED's (for colon in clock display) pkg. of 5..

Molded Plug Transformer 115/10 VAC {with cord)

NOTE: Entire Clock may be assembled on one PC Board

Kit # 850-4 will fit Plexiglas Cabinet Il

MOBILE LED CLOCK

120R 24-HOUR OPERATION
12 VOLT AC or DC POWERED FOR FIXED
OR MOBILE OPERATION.

SIX JUMBO .4" DIGITS!
KIT OR ASSEMBLED

—____ MODEL
-, 2001

N ETIED,

WITH ADJUSTABLE
XTAL TIME BASE

BATTERY BACK-UP

Approx. Size: FOR POWER FAILURE

OR TRANSPORTING

1% "Hx4 ' W x 4% 'D  rrom House 10 caR. eTC.

e 6 JUMBO .4° RED LED'S BEHIND RED FILYER LENS WITH CHROME RIM.

e SET YIME FROM FRONT VIA HIDDEN SWITCHES « 12/24-Hr. TIME FORMAT

e STYLISH CHARCOAL GRAY CASE OF MOULDED HIGH TEMP. PLASTIC

« BRIDGE POWER INPUT CIRCUITRY — TWO WIRE NO POLARITY HOOK-UP

o OPTIONAL CONNECTION TO BLANK DISPLAY (Use When Key Off in Car. Etc.)

o TOP QUALITY PC BOARDS & COMPONENTS - EXCELLENT INSTRUCTIONS
KIT #2001 3

115 VAC
COMPLETE KIT ol sojus poge: pack $2¢%0

{Less 9V. Battery}

ASSEMBLED UNITS  WIRED & TESTED {:}.4 3 0R $3795 Assembled Units

ORDER #2001 WT |LESS 9v. BATTERY) $39 MORE EA. May Be Mixed With
Kits for Qty. Poce

displays

EDIBLE VALUE! CABINET 1l Black, White or
nents as |i§teq. 2%"H'5"w'4"n Clear cover

former, a circuit
anvsizeicolor  $6.50 e 2/*12.

RED ORGREY PLEXIGLASFOR DIGITAL BEZELS

3"x6"x1/8" 95¢ .o 4/%3
6 Digit-LED Clock-Calendar-Alarm Kit

This is acomplete, top of the line, Kit ror the person that wants the
best. Some of the many features and options are: 12/24 time,
28-30-31 day calendar, alternates time (8 sec) and date (2 sec) or can
display time only and date on demand, 24 hr alarm - 10 minute
snooze, alarm set indicator, 50/60 HZ. line operation or use with Xtal
time base (#TB-1), builtin OSC for battery back-up / AC failure, Aux.
timer. Large digits.

Kit #7001B &-.4" Digits Man-64 $39.95

Kit#7001C 4- .6 Digits & 2-.3” (seconds) $42.95
Kits are complete (less cabinet) including PC boards, power supply,

IC socket, 9 switches, 16 transistors and all parts required for above
features and options (ldeal fit in Cabinet | above).

60 HZ PRINTED CIRCUIT BOARDS for CT-7001 Kits sold
separately with assembty info. PC Boards are drilled
XTAL TIME BASEKIT Fiberglass, solder plated and screened with component

layout. Specify for # 7001B or # 7001C {Set of 2) $7.95
Will enable Digital Clock or

Clock-Cal. Kits to operate JUMEO DIGIT CLOCK KIT

from 12VDC. Uses MMS5369} A complete Kit {less Cabinet) featuring: six .5 digits,
and 3.58MHZ. XTAL. Rea.| MM5314 1C, 12/24 Hr. time, 50/60 HZ., Plug-Transformer,
5-15VDC/2.6 MA. 1"x2" PC] Line Cord, Switches, and all Parts.

Board. Easy 3 wire hookup Y p $1Q95 s
Accuracy: +- 2 PPM u?::;:,"dig_cab'"et"] 1993_ 2/438.

2 JUMBO RED LED’s 12/$1.00 50/$3.95

geTe-1 ladustablel | ™" jMBO DIGIT CONVERSION KIT

Wired & Cal. $9.95ea | Convert small digit LED clock to large .57 displays.Kit

includes 6-.5" LED"s, ,Multiplex PC Board & easy hook-up info.

SCHOTTKY TTL DTL UART

74S00 § 35 | 930 | AY5-1013 $ 6.95 XR 2556
74501 40 | 932 I XR 2567
| DIODES e
60 LED DRIVERS IN 4002 1A 100PIV 12/51.00
453 T 5 96 IN 4003 1A,200PIV 12/51.00 IN22228,
a IN 4005 1A, 600PIV  11/51.00 2N3415
gg o] 55 IN 4007 1A, 1000 PIV  10/§1.00 2N3704
30 15y RECTIFIER 2.5A, 1000PIV 4/$7.00 2Na249
42 RECTIFIER  3A, 1000PIV 3/$1.00 2N4400
IN 5400 3A.50PIV 5/$1,00 2N4437

45 REVG%LJ:TGOERS INS14 SIL. SIGNAL  20/$1.00 2N5089
gg IN4148  SIL.SIGNAL 20/$1.00
o |LM303H TO.5 s 95 |DIAC 28V, 4/$1.00 Sw

125

85

7805 TAB d 12VAC at 150 MA $ 2.50 MINI-SL|
7812 TAB 12VAC at SO0 MA 3.50 REG. SL

@

7815 TAB LINEAR

7824 T0-3 - 556 DUAL TIMER

723 YO-5 J 566 FUNCTION GEN.

745139
745151
748153
745155
745156
745157
745158
745174
745175
745181
745182
745251

MM 5312
MM 5314
MM 5375 AB
CT-7001
CT-7002

«»

$.25

NwBNWwa
BRERRRE

50
80
75

XTAL MEMORY 75234

MM 5
21021 IK RAM 51,95
3579545 MHZ. § 1.95 | 2102 5238

50380
MM 5369

FREBEBRYLREIFFRES RS

NANRNNRN = - o o

)
A

LM30SK To3 125 | pLyG TRANSFORMERS ROCKERSPOT  6/s1 | JUMBORED | Pre.cut & drilled

7815 T0-3 a PUSHBUTTONN.0O.3/$1 100/$7 50

EXAR OP AMPS Kit#JD-1CC Forcommon Cathode
$1.75 i Kit#JD-1CA Forcommon Anode ‘99,’2_ 2/‘1 9,
$ 195

301 i -
NSISTORS 301 TO Fairchild Super Digit SEE THE WORKS Clock Kit

7 :
To-1 55100 | 901 FND-359 Clear Plexiglas Stand

T0-92 5/51.00 741 M- A Char, Ht o
T0-92 6/51.00 74t - 7 segment LED | #6Big .47 digits
T0-92 5/51.00 747 “%'f;';‘-pf:“‘v e12 0r 24 hr.time
1O 2 S0 i) ze8 TOM replacement for | 3 set switches (back)
T0-92 5/51.00 SCRET popular FND-70.1 4P|y g transformer

o1 E gﬁf ea, 10[3850 eall parts included

ITCHES LED's 100/$79.00 Plexiglas is

IDE SPDT  5/5) SETOF6 FND-359 | Size: 67H.4% "W 37D
DEDPDT 6/81 ;5423& WITH MULTIPLEX
PC BOARD $6.95 A SUPER LOOKING
CLOCK!

s To5 75 | 555 TIMER % | TRANSISTOR SOCKET 25 AMP BRIDGE
{ 50
23 oe o’y 10-5/18 GOLD piINg | PC TRIM $1.95 ea. | Kit#B50-aCP 3% 2/*85,

5/$1.00 POTS

DIGITAL 567 TONEDECODER NYLON WIRE TIES 25K 6/$1.00 \. 3/$500 7 SEG LEn
CLOCK IC's IC SOCKETS 8 TIEWRAP 100/s1.95 | 47K /8100 100 PIV ﬂ «
PINS 124 47 TIE-WRAP  100/51.75 SPECTROL

MOLEX PINS 10k 10TURN  [TELEPHONE FORMAT

SRGEE O OFD P KEYBOARD COLOR  HT.DEC PT.PR.EA.

& STRIPOF 100 125 : BY Chomerlcs FND-359 RED 4" RHDP $ .95

COMMON CATHODE

. FND-503 RED 5" RHDP $1.35
MISCARRIMENCIS 2174"x3" | DL-750  RED 6" LHDP $2.95

FAIRCHILD 9316_(74161) $ 95 XAN-654 GREEN 67 NDP  $2.95

DUAL CORE SENSEAMP  1.50 5/32" thlck | XAN-664 RED 6 NDP $2.95

12H TO-5SHIFT REG .95 5
$4 95 COMMON ANODE
s DL-747 RED 6" LHDP $2.95

BUY 100 OR MORE IC's [Any Mix] TAKE 10% DISCOUNT. 6/.28 XAN-72 RED .3 LHDP $1.26

OPTOELEGTRONIGS. inc.

BOX 219 e HOLLYWOOD, FLA. 33022 e (305} 921-2056

WE PAY ALLSHIPPING INCONTINENTALUSA — OTH

DECEMBER 1976 CIRCLE  NO.

XAN-81 YELLOW .3” RHDP $1.75
T T T XAN-351 GREEN .3 RHDP $1.50
COD DRDERS WELCOME XAN-361 RED .3 RHDP $1.50
T T ($1.00 CHG.| XAN-362 RED 3" LHDP $1.50

Handling XAN-692 RED .67 NOP $2.50

B  Orcers Under $15 Add $1.00  ReGARZaLiiaY] 6" NDP  $2.50
BANKAMERICARD

Fla. Res. Please Add 4% Form Inexpensive MOLEX c

Sales Tax. Sockets PINS Sk'«?
100 for $1.25

ERSADD5% (10% FORAIRMAIL] Reel of 1000- $8.50

48 ON FREE INFORMATION CARD

AmericanRadioHistorv. Com

i

127



umm\u\\“

Under-Dash

LOCK MOUNT

AU-344
Reg. 99
s3]
Locks player in place. Slides in &

out. 6 x 13/16 x 7". 6 or 12 VDC.
Shipping weight 2 Ibs.

Reg.s17

1

Converter

o Covers Channels
1 Thru 23

radio

monitor.
neg. grnd. Styles
may vary. Shpg.

Converts AM auto

to CB
12 vDC

CB-417 w1 2 Ibs.

mm| 8-TRACK|T5:v:
60-Minute B
i <
40-Minute | Blank L ol
Recording | Cassettes R,
Tape TA-907 TA-879
Reg. Blank tapes.| Reg. 180 minutes
Erased, not c of recording
690 used. Shpg. 149 time. Shpg.
Ea.wt % Ib. wt. V2 Ib.
PARTS & COMPONENTS REG. SALE
Ya RPM Timing Mator, 117 V. AC M0-277 49 30
1 RPM Timing Motor, 117 V. AC M0-289 .49 .0
8 RPM Reversible Motor, 117 V. AC M0-393 2.50 .99
Tubular Capacitor Kit, 100 Pcs. CC-229 2.00 1.29
Ceramic Capacitor Kit, 100 Pcs. CC-211 149 1.19
100 Ceramic Capacitors, values clearly marked cc-210 1.29 .80
50 Asst. Electrolytic Capacitors, Axial/Radial CD-407 5.00 2.00
100 Asstd. Carbon Resistors, Va-Y2-1. Watt Sizes RR-077 1.719 1.00
5 Asstd. SCR's, 15 V. and Up, 100 MA to 1.6 AMP TR-298 1.79 1.00
500 MW Zener Diodes, 4.3-6.3-9.1-12 & 15 Volts DI-052 1.00 .50
3 Unijunction Transistors, 40 V. 375 MW. 4 ON/S TR-441 129 .50
L.E.D. Pkg. of 5 Red, 2 Voit.- 5 MA PL-233 1.19 .60
Ultra-Mini L.E.D. Pkg. of 5 Red, 2 V. 5 MA PL-288 1.29 .70
Tl Calculator Key Board, 20 Keys XM-523 5.00 1.60
3% Digit Liquid Crystal Display XM-371 10.00 3.00
Oartington Amp. Transistor Kit, 6 Transistors TR-507 2.00 1.50
Photo Transistor, 5 Pieces - Epoxy Type TR-502 1.00 .60
6 Amp. Full Wave Bridge Rectifier 50 PIV DI»057 1.20 .80
6 Amp. Full Wave Bridge Rectifier 400 PIV DI-058 1.90 1.00
PNP Transistor Assortment Pkg. of 10 TR-445 1.00 .60
NPN Transistor Assortment Pkg. of 10 TR-446 1.00 .60
7-Segment L.E.0. Display .3 In. Green XM-341 269 1.00
7-Segment L.E.D. Display .3 In. Red XM-370 2.00 1.00
7-Segment L.E.D. Oisplay .3 In. Yellow XM-342 248 1.00
Micro Type Switch Kit, 7 Assorted SW-430 1.89 1.49
Knob Kit, 25 Pcs. Assorted KN-030 1.00 .69
Hobby Motor Kit, 3-6 V. DC, Pkg. § M0-333 .59 .49
TOOLS — SPECIAL AND PRACTICAL
Wire Wrap Tool, 30 Ga Wire on .025 Post TL-845 2.60 2.00
IC Insertion/Extraction Tool TL-846 125 1.00
IC Plug-in Test Adapter TE-396 2.60 2.00
12 Volt OC Soldering Iron, Pencil Tip TL-793 4.00 3.00
Tuner/Contact Cieaner, 6 0z. Can TL-459 1.49 .80
Dymo Label Maker. Uses %s In. Tape TL-752 1.88 .80
Double Face Foam Tape % x 52 In. TA-903 1.00 .80

8 8§ F  Roov:o¥
OLSON ELECTRONICS, 250 S. FORGE ST. © A

DEPT IS AKRON, OHIO 44327 Va @
Y ¢

NAME %
ADDRESS
Cy______ STATE ZIP
O SEND OLSON CATALOG O FREE PA CATALOG
O SHIP THE FOLLOWING

HOW STOCK PRICE

MANY NUMBER DESCRIPTION EACH | TOTAL

ENCLOSE POSTAGE AND.SALES TAX
L7 B ____§ |
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i IC Prices :
[] * SPECIAL PRICES * 1
] MEMORIES 74152 %0 HIGH SPEED 4007 16 1
Rams 74155 ‘20 73H00 20 :g““" 12*
« 74157 -60 7aH01 20 5
[ ] 2102 1.50 e e _— - 4012 165 1
l Proms 73161 75% 7aH10 20 4013 30+ l
825235123 1.953 74162 75 TanT 20 :g:g gg
74163 75 74H40 20 -35:%
1 Hl';o e 74165 80 2R 20 4019 70 ]
] o & 74173 125 74HS52 20 :g;? -»:g 1
2403 a4 74z 75 74H74 40 §
] | =1 e 74175 754 74H103 50 B 165 1
1= i 74177 70 74H106 50 4024 75
5 200} 74180 80 4025 20
1 Mo 123 74181 150 LOW POWER 4027 a0 1
7420 12% 74190 85 SCHOTTKY 4028 60

[] 7427 25 74191 85 741500 29 4030 35 1

i ;::3 jg 74192 705 741502 29 4040 95 1
s F 74193 70 741508 29 4042 .60

I &2 o 74194 85 74L510 29 4043 75 1
o e 74198 1.25 741527 30 pos 70

1 A o 9602 50 740573 45 4049 35 * ]
iR Bs 9300 75 74L875 65 4050 38 %

1 e = 9312 70 74L5151 1.10 4066 -85 ]
e 4 7415153 110 056 35

1 - o SCHOTTKY 7aL8187  1.10 4069 16 ]
7473 2 74501 25 74L5161 1.50 % 4071 16

I 7472 e 74502 25 74L5163 1.50 4073 16 l
a7s D 74537 a0 74LS164 1.50 4075 16

I > Ko 74538 50 74L5174 1.10% 4516 -85 .
= ol 74585 2.00 74L8175 1.50 4528 7%

I 7493 0 748113 80 74L5193 1.50 4585 -85 I
R 3 745138 150 748221 1.50% LINEARS

1 74107 20 745140 50 ZgLs2spT .50 NES36T 275 1
74109 30 745153 250 74LS253  1.50 NE555V 43

1 74TE 5 745172 450 74L8257 150 NESS6A x 1
74123 P 745174 2.05 74Ls258 1.0 1456V 75

1 73141 803 745175 205 cMos 1458V 52 1
78145 75 745181 450 4001 16 566V 1.25

] 74150 60 745197 220 4002 o 567V 1.35 1
24151 5 745257 1.50 4006 20 540L 2.00

I Oraer Minimum $10 00 Adad $1 00 shipping and hanutng charge per order Caiforma residents add 6°. sakes I

' tax Al orders stipped First Class within 24 hou! I

l Order the tamous lasis & volume Programmed Learring Course ~'Microcomputer Design 1s a Snap” for [ ]

$99.50 and receive a special $10.00 credit on any group of IC's.

: Satistaction 100% guaranteed. €.0.D. Orcers: Phone (day or night} 408 354-1448 :

! I Sunnyvale, CA 94087 !

L Free monthly catalog—Just send us your name and address yV ’ J

R R T N SN S BN G G GD B B G SN SN BN G S S Ss Ee
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===ABOUT YOUR===
SUBSCRIPTION

Your subscription to PopuLAR
ELecTrONICS is maintained on one of
the world's most modern, efficient
computer systems, and if you're like
99% of our subscribers, you'll never
have any reason to complain about
your subscription service.

We have found that when com-
plaints do arise, the majority of them
occur because people have written
their names or addresses differently
at different times. For example, if
your subscription were listed under
“William Jones, Cedar Lane, Mid-
dletown, Arizona,’”” and you were to
renew it as "“Bill Jones, Cedar Lare,
Middletown, Arizona,” our computer
would think that two separate sub-
scriptions were involved, and it
would start sénding you two copies
of PopuLar ELECTRONICS each month.
Other examples of combinations of
names that would confuse.the com-
puter would include: John Henry
Smith and Henry Smith; and Mrs.
Joseph Jones and Mary Jones. Minor
differences in addresses can also
lead to difficuities. For example, to
the computer, 100 Second St. is not
the same as 100 2nd St.

So, please, when you write us
about your subscription, be sure to
enclose the mailing label from the
cover of the magazine—or else copy
your name and address exactly as
they appear on the mailing label.
This will greatly reduce any chance
of error, and we will be able to ser-
vice your request much more
quickly.

For
faster
service

USE
LIP
CODE

on
all
mail

POPULAR ELECTRONICS

AmericanRadioHistorv.Com



S.D. SALES CO.

P.0.BOX 28810 D
DALLAS, TEXAS 75228

4K LOW POWER RAM BOARD KIT
THE WHOLE WORKS
$89.95
Imsai and Altair 8080 plug in compatibie. Uses low power static
21L02-1 500 ns. RAM’s, which are included. Fully buffered,
drastically reduced power consumption, on board regulated, all

sockets and parts included, Premium quality plated thru PC
Board.

HUGE SPECIAL PURCHASE!
NOT FACTORY SECONDS
AS SOLD BY OTHERS

Stick It!

IN YOUR CLOCK!
IN YOUR DVM, etc.

4 JUMBO .50 INCH DIGITS

ON ONE “STICK"!

(with colons and AM/PM Indicator)
BOWMAR

4 DIGIT LED READOUT ARRAY

The Bowmar Opto-Stick. The best readout bargain we

have ever offered. Has four common cathode jumbo

digits with all segments and cathodes brought out.

Increased versatility since any of the digits may be used

independently to fit your applications, Perfect for any

clock chip, especially direct drive units like 50380 or

7010. Also use in freq. counters, DVM’s, etc. For 12

$3 95

BUY 3 FOR $10.00

JUMBO $76,9
LED Kir 5
CAR

cLoCK

You requested it! Our first DC operated clock kit. Profession-
ally engineered from scratch to be a DC operated clock. Not a
makeshift kluge as sold by others, Features: Bowmar 4 digit
5 inch LED array, Mostek 50252 super clock chip, on board
precision time base, 12 or 24 hour real time format, perfect
for cars, boats, vans, etc. Kit contains PC Board and ali other
parts needed (except case). 50,000 satisfied clock kit custo-
mers cannot be wrong!
FOR ALARM OPTION ADD $1.50
FOR XFMR FOR AC OPERATION ADD $1.50

50 HZ CRYSTAL TIME BASE KIT — $6.95

All the featues of our 60HZ kit but has S0HZ output. For use
with clock chips like the 50252 that require 50HZ to give 24
hour time format.

UP YOUR COMPUTER!
21L02-1 1K LOW POWER 500 NS STATIC RAM
TIME IS OF THE ESSENCE
And so is power. Not only are our RAM's faster than a speeding
buliet but they are now very low power. We are pieased to offer
prime new 21L02 — 1 low power and super fast RAM's. Allows
you to STRETCH your power supply farther and at the same
time keep the wait light off, 8 for $12.95

1000 MFD FILTER WESTERN DIGITAL UART

CAPS No. TR1602B, 40 pin DIP
Rated 35 wvDC. Up- This Is a very powerful and
right style with PC popular part.

NEW-$6.95 with data

leads. Most popular val-
/ LIMITED QUANTITY

ue for hobbyists. Com-
pare at up to $1.19

or 24 hour format. each from franchise
0, ACEEls (A C&K MINI TOGGLE SWITCH
MICROPROCESSORS AND THINGS S.D. Special No. ”ogesgfo’,;",;’_‘” SPDT
8080A By AMD. Outperforms INTEL $24.00 4 for $1.00 SPECIAL — 99¢
8008—1 High Speed 8008 6.95 SLIDE SWITCH
8212 1/0 PORT ow C oST _ 350 ou ASSORTMENT | MOTOROLA POWER
8224 Clock Generator L vALUE 4,95 minlature and’ standard LRI el ]
8820 Dual Line RCVR H] H 1.75 % ;l(z,:lshosrl‘nglne"sa.ng"lﬂnuel\tp(l: Like MJ3001. NPN 80V. 10A,
8830 Dual Line Driver 1.75 first ~ quality, name| HFE 6000 TV TO>3 o
i . prand, Try one package include a free 723 C volt
8838 Quad Bus Transceiver 2.00 and  you'li  reorder | 'e9. with schematic for power
MC1488 RS232to TTL 150 more. SPECIAL 12/$1.| Supply. SPECIAL — $1.99
mMC1489 TTL to R§232 1.50 RESISTOR SALE ON CUT LEAD
2513 . Chara;ter Gen. 10.00 ASS%E,QTME(,NEO% . dSEMICONDUtCTfORspcB
1/4 W an B eads were cu or
MMS5204 4K E Prom 12.00 P/C jeads, A good mix Insertion, Stili very useable.
TT