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

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

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

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

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

difference. Because the Cobra 29 gives  Above all, you'll get power. The power

you features which assure crystal clear  to punch through loud and clear like
reception. Like switchable noise limiting nothing else. Because when it comes to

and blanking, to cut out practically all CB radic, nothing punches through loud
pulse and ignition interference. Add and clear like a Cobra @\ |
squelch control and RF gain and you've @

got exceptional —adjustable —receiver

clarity. Even in the heaviest CB traffic. ‘ O b o

You also get Delta Tuning which makes

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

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

Perfectly‘ CIRCLE NO 14 ON FREE INFORMATION CARD

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

IF YOUR FIRST CB ISN' T ACOBRA
YOUR SECOND ONE WILL BE.

CDBRA 29

DYILMK: VOLW[ SQlILCH

RF GAIN  DELTA T
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Quality speaker systems distribute the audio toad between a
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AtYamaha,we feel uniquely qualified
tointroduce you to the joys of true sterec
high fidelity sound.

Since 1887, Yamaha has been mak-
ing some of the finest musical instru-
ments in the world. Pianos, organs,
guitars, woodwinds, and brass.

With our musical instruments, we've
defined the standard in the production
of fine sound. And today, with our line of
state-of-the-art stereo components,
we're defining the standard of its repro-
duction.

However, at one time, owning a
Yamaha stereo system tended to be
a rather expensive proposition. Our

ultimate” system, for example, hailed by
the critics for such innovations as
Vertical-FET circuitry and beryllium
dome speakers, carries a suggested re-
tail price of over $7,000.

But now, Yamaha introduces a selec-
tion of new stereo components that let
your Yamaha audio dealer create a high
quality system for a suggested retail
price of around $700.

What you're getting is the same per-
formance and design concept of our
most expensive system, but without the
frills. Also. each component has been
specially selected and matched to en-
hance the performance of the other
components.

The Receiver: There's a lot more
than power to our new CR-450 stereo
receiver.

You'll enjoy brilliant tonality result-
ing from super low distortion—0.1% inter-
modulation and total harmonic distortion.
(These figures are amazing, considering
most other competitive receivers are typ-
ically .5% to 1.0%!)

MAY 1976

Most turntables are driven by the indirect method, whereby the
table is turned either by idler wheels or by a belt device
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(better) connecting the motor to the platter. The most sophisti-
coted umk employ 'he direct drive method which eliminates
tem by coupling the driveshaft of the
i ntable.
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ality. the percentage of wow should
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RODUCTION TO STEREO.

In addition, Yamaha offers a full com-
plement of functional features on the
CR-450. Twin meters for precise tuning.
High and Low Filters to eliminate noise
interference. And two headphone jacks,
s0 you don't have to listen alone. Plus
our own exclusive Variable Loudness
Control, which gives you full tonal bal-
ance—even at low volume levels.

The Turntable: Yamaha's new high-
performance YP-450 shares many of the
features of our “ultimate” system turn-
table, the YP-800.

A low mass tonearm, with adjustable
height and anti-skating, allows the stylus
to track flawlessly at the lightest pres-
sure. And the cue control is viscous-
damped in both directions t0 prevent
record damage.

A handsome walnut-grained base
and a dust cover are standard.

The Speakers: By the careful refine-
ment of proven acoustic and electronic

—--------q

Yamaha International Corporation,
Audio Division, P.O. Box 66C0-L,
Buena Park, Calif. 90620

Please send my free copy of
‘An Introduction to Stereo:

NAME_ _
ADDRESS. —
CITY.

STATE_____ZIP__ -

YAMAHA. .

CIRCLE NO. 71 ON FREE INFORMATION CARD
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engineering principles, Yamaha's NS-2
rivals the sound quality of many larger,
more expensive speakers.

The NS-2's soft dome tweeter and
high compliance, foam surrounded
woofer (the same design principles fea-
tured in our superiative NS-690 speaker)
offer excellent high frequency disper-
sion as well as clean, accurate bass
reproduction.

Underneath the NS-2's removable
grille cloth, quality construction is evi-
dent in the fully finished front cabinetry.

The Headphones: Yamaha's pat-
ented new Orthodynamic design HP-2
combines the smooth highs of the best
electrostatic headphones with the full,
rich bass of the best dynamic types

The HP-2's comfortable, featherlight
styling (by Italian designer Mario Bellini)
is now on display in the New York
Museum of Modern Art.

An introduction to Stereo. Chances
are, when it comes to understanding
terms like watts, dB's and signal-to-noise
ratios, you're probably a little confused.
So we've prepared a booklet that ex-
plains the basics of the world of sound.

Appropriately enough, it's titled
“An Introduction to Stereo”

To get your free copy, just send us
the coupon.

Then, once you know the basics, visit
your local Yamaha audio dealer. His
knowledgeable salesmen and extensive
demonstration facilities can save you a
great deal of time and money in helping
you select a system. And his first-class
service will keep you happy.

Sotalk to your Yamaha audio dealer.
His experience and your ears make the
perfect introduction to stereo.
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AT NIGHT

It's ingenious, it’s simple and it makes
every other digital watch obsolete. Scientists
have perfected a digital watch with a self-con-
tained automatic light source—a major scien-
tific breakthrough.

SELF-CONTAINED LIGHT SOURCE

The Laser 220 uses laser beams and ad-
vanced display technology in its manufacture.
A glass ampoule charged with tritium and
phosphor is hermetically sealed by a laser
beam. The ampoule is then placed behind the
new Sensor CDR (crystal diffusion reflection)
display.

The high-contrast CDR display shows the
time constantly—in sunlight or normal room
light. But, when the room lights dim, the
self-contained tritium light source automati-
cally compensates for the absence of light,
glows brightly, and illuminates the display.

No matter when you wear your watch--day
or night—just a glance will give you the
correct time. There’s no button to press, no
special viewing angle required, and most
important, you don't need two hands to read
the time.

Replace the battery yourself by just opening
the battery compartment with a penny.
Free batteries are provided whenever you
need them during the five-year warranty.

A WORRY-FREE WATCH

Solid-state watches pose their own prob-
lems. They're fragile, they must be pampered,
and they require frequent service. Not the
Laser 220. Here are just five common solid-
state watch problems you can forget about
with this advanced space-age timepiece:

1. Forget about batteries The Laser 220 is
powered by a single EverReady battery
that will actually last years without replace-
ment—even if you keep the 220 in complete
darkness. in fact, JS&A will supply you with
the few batteries you need, free of charge,
during the next five years. To change the
battery, you simply unscrew the battery
compartment at the back with a penny and
replace the battery yourself.

2. Forget about water Take a shower or go
swimming. The Laser 220 is so water-resistant
that it withstands depths of up to 100 feet.

3. Forget about shocks A three-foot drop
onto a solid hardwood floor or a sudden jar.
Sensor’s solid case construction, dual-strata
crystal, and cushioned quartz timing circuit
make it one of the most rugged solid-state
quartz watches ever produced.

4. Forget about service The Laser 220 has
an unprecedented five-year parts and labor
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SUNLIGHT

warranty. Each watch goes through weeks of
aging, testing and quality control before
assembly and final inspection. Service should
never be required. Even the laser-sealed
light source should last more than 25 years
with normal use. But if it should require
service anytime during the five year warranty
period, we will pick up your Sensor, at
your door, and send you a loaner watch while
yours is repaired—all at our expense.

5. Forget about changing technology The
Sensor Laser 220 is so far ahead of every
other watch in durability and technology that
the watch you buy today, will still be years
ahead of all others.

THE ULTIMATE ACHIEVEMENT
Other manufacturers have devised unique
ways to produce a watch you can read at a
glance. The new $300 LED Pulsar requires a
snap of the wrist to turn on the display, but
the Pulsar cannot be read in sunlight. The new
$400 Longine’s Gemini combines both an
LED and liquid crystal display. (Press a
button at night for the LED display, and view
it easily in sunlight with the liquid crystal
display.) But you must still press a button to
read the time. All these applications of
existing technology still fail to produce the
ultimate digital watch: one you can read
under all light conditions without using two
hands. Until the introduction of the Sensor.

PLENTY OF ADVANCED FUNCTIONS

Sensor's five time functions give you
everything you really need in a solid-state
watch. Your watch displays the hours and
minutes constantly, with no button to press.
But depress the function button and the
month and the date appear. Depress the
button again and the seconds appear. To
quickly set the time, insert a ball-point pen
into the recessed time-control switch on the
side. It's just that easy.

Sensor’s accuracy is unparalleled. All
solid-state digitals use a quartz crystal. So
does the Sensor. But crystals change freg-
uvency from aging and shock. And to reset
them, the watch case must be opened and an
airtight seal broken which may affect the
performance. In the Sensor, the crystal is first
aged before it is installed, and secondly,

it is actually cushioned in the case to absorb
tremendous shock. The quartz crystal can
also be adjusted through the battery compart-

The new exclusive laser- sea/ed tritium and
phosphor light source is a thin solid-state tube
that automatically illuminates the display
when the lights dim.

CIRCLE NO. 4 ON FREE INFORMATION CARO
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Announcing Sensor’s new Laser 220—
the first really new innovation
in digital watch technology.

Laser Beam
Digital Watch

Never press another button, day or night,
with Americas first digital watch that
glows in the dark.

Would you do this
with your solid-state
watch? Of course not.
Most solid-state watch-
es require care and pampering but not the
Sensor. You can dunk it, drop it and abuse it
without fear during its unprecedented five-
year parts and labor warranty.

ment without opening the case. In short,
your watch should be accurate to within 5
seconds per month and maintain that accura-
cy for years without adjustment and without
ever opening the watch case.
STANDING BEHIND A PRODUCT

JS&A is America’s largest single source of
digital watches and other space-age products.
We have selected the Sensor Laser 220 as the
most advanced American-made, solid-state
timepiece ever produced. And we put our
company and its full resources behind that
selection. JS&A will warranty the Sensor
{even the batteries) for five full years. We'll
even send you a loaner watch to use while
your watch is being repaired should it ever
require repair. And Sensor’s advanced tech-
nology guarantees that your digital watch will
be years ahead of any other watch at any
price.

Wear the Laser 220 for one full month. If
you are not convinced that it is the most
rugged, precise, dependable and the finest
quality solid-state digital watch in the world,
return it for a prompt and courteous refund.
We're just that proud of it.

To order your Sensor, credit card buyers
may simply call our toll-free number below
or mail us a check in the amount indicated
below plus $2.50 for postage, insurance and
handling. {Illinois residents add 5% sales tax.)
We urge you, however, to act promptly
and reserve your Laser 220 today.

Stainless steel w/leather strap $129.95
{Add $10 for matching metai band}

Gold plated w/leather strap. .. ..... $149.95

{Add $10 for matching metal band!}

1

NATIONAL
o SALES
GROUP

Dept. PE JS&A Plaza
Northbrook, Illinois 60062
CALL TOLL-FREE .. 800 323-6400

In IHfinois call . (312) 498-6900
© JS&A Group, Inc , 1976
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PROJECT KIT SUPPLIERS

When we publish articles about projects that the reader can build for
himself, we often include (in the Parts List) a source from which complete
kits or certain important items can be purchased. This is done for the
convenience of readers who wish to be able to: (a) make a ‘‘one-stop”
purchase of parts, (b) obtain devices not easily available, or (c) have a
source for the completed printed circuit board.

The supplier of these items may be the experimenter who designed the
project and hopes to add a few dollars to the article payment by selling
parts out of his garage. On the other hand, he may be a professional
whose business is selling electronic kits. Often, an experimenter/author
will have a professional package the kit, garnering royalties on any sales.
PopPuLAR ELECTRONICS, of course, does not participate in these sales.
However, our editors often arrange for an experimenter/author and a kit
supplier to get together, in which case, we act as unpaid go-betweens.

As it happens, the integrity of kit suppliers and the quality of material
supplied vary. Some suppliers have provided poor delivery, others deliver
with dispatch. Some issue magnificent assembty instructions, others
simply throw the parts into a brown paper bag. Most, of course, are
somewhere between these extremes. We try to handle things so that as
high a level of supplier performance is maintained as is possible.

Since the mail-order business is now subject to some new Federal
regulations, communications between seller and buyer should be good
from here on. After all, seilers are liable for as much as $10,000 for each
day of noncompliance with delivery, according to FTC rules.

Project kit/parts suppliers are carefully told of our requirements. In
addition to the FTC’s 30-day maximum shipment time (or notice of delay
and option to cancel), they must make the kits available to readers for a
minimum period of three months from the cover date of the issue in which
it appeared, and hold their price for a minimum of 30 days.

One frustrated reader recently complained that he requested a free pc

foil pattern last month from a kit supplier, and was told that the patterns

were no longer available. Well, the project was published more than a year
ago, so we don't believe the supplier was being unreasonable in dropping
the free patterns.

If the rules are broken, however, without a valid reason, we will no
longer utilize the person or company as a supplier of project kits. But
please, readers, we cannot become involved in wrong-part hassles and the
like. There are always some understandable foulups. So one has to be
reasonable, allowing for human error, work overload, etc.

ot et

POPULAR ELECTRONICS
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This scanner doesn
have channel crystals.

It has a brain.

The amazing
Tennelec MS-
Memoryscan.

The MS-2 Saves You
Money. The control
center of this scanner
is a digital brain that
eliminates the need
for channel crystals—
ever. When you think

Take It With You.
The MS-2 is mobile.
It can go where you
go. Simply add the
optional bracket and
mount it in your car.
Your boat. Or keep

of the thousands of
authorized channels,
each requiring the purchase of a channel

crystal (which cost up to $5.00 each), you can
visualize the money-saving potential of the MS-2.

Sophisticated Yet Easy To Operate.

Truly a product of advanced technology, the
MS-2 is highly sophisticated, yet amazingly easy
to operate. Using a simple codebook and two
front panel buttons, you can program any of the
4,000 low, high and UHF frequencies you want
to hear. The MS-2’s panel lights provide exclusive
visual verification of your selections. The super-
selective filter provides crisp, clear reception.
And the MS-2 is ready for the future, with a
capability of receiving some 16,000 channels.

Hear The Action As it Happens.

Police. Fire. Weather. Marine. Highway Patrol.
Rescue Sguad. Be in on the action. Hear the
news as it's being made. Be alerted to conditions
that could affect your family's safety.

MAY 1976 CIRCLE NO. 65 ON FREE INFORMATION CART

it with you at home
or office.

I's The Best-Seller In Crystal-less Scanners.
The Scanner with the digital brain.

The amazing Tennelec MS-2.

Write Today For Complete Information, Free Literature,
and the Name of Your Nearest Dealer.”

Send me full information on the MS-2. Tell me
where | can buy it.

. Name _

Address

*|f there is not a Tennelec dealer convenient to
you, we will send you information on how you
can order direct with full warranty.

TENNELEC

John Sharpe, Marketing Manager
Tennelec Inc.,Commercial Products Div.
601 Turnpike, Oak Ridge, TN 37830

r
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
1
r
[ ]
[ ]
1
]
. .
s City State Zip
| |
[}
[}
[}
L}
L}
L]
L]
[}
[}
L]
1
L}
[
[}
'S

wWWW. americanradiohistorv.com


www.americanradiohistory.com

346 Ways

To Save On
Instruments,
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 on Test
Instruments, Automotive and Hobby
Electronics, Eicocraft Project kits,
Burglar-Fire Alarm Systems 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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Letters

MORE ON CB “BUZZ" WORDS

The articleon CB "'Buzz'’ words (January
1976) was great. The only thing [ would like
to pass on is that many truckers are now
using channel 19. Their main reason for the
change from channel 10 is to avoid inter-
ference with emergency channel 9. Donald
Pogoda, Lebanon, PA.

A NEW PUBLIC SERVICE BAND?

Do you have any information about the
receivers, frequencies, etc., for the Physi-
cians Radio Network. It sounds like an in-
teresting channel to monitor.—Ken
Greenberg, Skokie, IL.

It is a confidential radio channel available
only to physicians, not the general public.

A BUG IN DEBUGGING SOFTWARD

We found the “Computer Bits' column
for September 1975 very interesting, but
we found two errors during the course of
debugging the software. One possible cor-
rection for these errors is:

1. Starting at label WRBST:

WRBST: MOV B, A (missing)
CALL WRTIM
Jz WRFIN
CALL WRTIM
JNZ WRBST +1

(wronglocation)
2. Starting at label RDSYN:

RDSYN: CALL RDCHA
MOV A C
CPI XXSYN
Jz RDSYN (wrong
instruction)
CALL RDCHA*
MOV A C*
CPI XXSTX

With these corrections, the code seems to

| execute correctly. The instructions marked

with an asterisk (*) are superfluous.—John
M. Harrison, Northeast Electronics, Con-
cord. NH

WHERE CAN 1 BUY .. .?

In the November 1975 “"Computer Bits"
column, Jerry Ogdin mentioned the avail-
ability of the new 6501 MPU by MOS Tech-
nology. I've checked all over for a vendor
that handles this chip but had no success
in locating one—Charles Greenwood
Dunedin, FL

The 6501 is marketed directly by MOS
Technology, Inc. (950 Rittenhouse Rd.,
Norristown, PA 19401) for $20. (You might

WWW . americanradiohistorv.com

also be interested in the 6502, which sells
for $25.) Descriptive literature is available
on request to MOS. Also, for §5 each, you
can get the hardware and software manu-
als that go with these chips.

HELP FOR CANADIAN READERS

The unavailability of many of the newer
integrated circuits and components herein
Canada is an ongoing problem. [ have been
fortunate, however, to find a Canadian
supplier thathas most of the latest devices.
The supplieris R.W. McKay, RR#1, Site 21,
Box 6, Creston, B.C. vOB 1G0.—A
Johnston, Invermere, B.C.

RADIO ASTRONOMY REVISITED

As an amateur astronomer with an in-
terest in radio astronomy, | enjoyed “An In-
troduction to Radio Astronomy’ in the
January 1976 issue. | might add that be-
sides being used for noise detection from
extraterrestrial objects, the receiver sys-
tem described can also be used for the de-
tection of meteors entering the earth’s at-
mosphere. Meteors entering the atmos-
phere burn up and disintegrate, and, as
they do, ionize the air around them. Itis this
ionization that can be detected —A.
Brooks, Ottawa, Ontario, Canada

In the radio astronomy story in the
January 1976 issue, theplansin Fig. 2 seem
toindicate that the antenna’s overall length
is in excess of 30'. Is this correct?—Doug
Samuels, Concordia, MO

At 110 MHz, the antenna would be some
31.1' (9.48m) long, as indicated.

MAIL-OROER HOUSE VS THE FTC

| read with interest the February 1976
“Editorial" titled "‘Good News for Mail-
Order Buyers." | think it's about time the
Federal Trade Commission (FTC) put teeth
into any and all mail-order regulations.—
L.A. McPharlin, South Bend, IN

Out of Tune

In “Build ‘Pennywhistie,” The Hobbyist's
Modem."” (March 1976) the test frequency
given at the center of column 2, page 47,
should be 2125 Hz instead of 1170 Hz. The
author informs us that the schematic he is
supplying shows R80 as 680 kilohms and it
should be 6.8 kilohms.

In “How Multiplexed LED Displays
Simplify Circuits” (March 1976, p 62), /C2
should be a 74145 (not 74175) and /C2
should be a 7448 (not 7447).

In “An LED-Readout Audio Power Me-
ter” (March 1976, p 35), diodes D1-D4 are
shown in Fig. 2 with their polarities re-
versed. They should also be numbered D3,
D1, D2, D4 starting from the top. The polar-
ity of C1 is also shown reversed.

POPULAR ELECTRONICS
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IS not just another word

SBE brings compter-age technoliogy to two-way radio
commun cations i1 d2veloging the newest, the most advanced,
~he most exciting pe-sonal Zommunications equipment
available today.

FORMULA D for exarple, is SBE's sophisticated new
23-channel citizens band robile AM two-way radio. With a
single crystal, it cffers adve 1ced digital techniques, combined
with phase-lock-lcop (PLL) circuitry, to synthesize frequencies
covering all 23 transmit and receive channels. Tolerances are
closer. Stability is better. And performance exceeds the best
that crystal-controflied two-way radio could ever provide.

FORMULA D is but the first of a whole new generation
of sophisticated, digitally-synthesized personal communica-
tions equipment being developed by SBE to keep you ahead
in the exciting new advances planned for citizens band
communications.

The same creative approach to technology as exemplified
by FORMULA D is reflected.in other SBE products—a full line
of communications equipment
that includes citizens band,
land mobile, marine and
special application.

Discover how you can
benefit from SBE's advanced
technology.

Better Communications through Creative Technology
®

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

INTERNATIONAL OFFICES: E.S. Gould Marketing Co. Ltd.. Quebec, Canada/Linear Systems S_A. Geneva 1, Switzerland
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Almost half of the successful TV servicemen have
home study training and with them, it’s NRI 2 to 1.
It's a fact! Among men actually making their living repairing
TV and audio equipment, more have taken training from NRI
than any other home study school. More than twice as many!

8 POPULAR ELECTRONICS
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A national survey*, performed
by an independent research
organization, showed that the
pros named NRI most often as
a recommended school and as
the first choice by far among
those who had taken home
study courses from any school.
Why? Perhaps NRI's 60-year
record with over a million
students . . . the solid training
and value built into every NRI
course . . . and the designed-for-
learning equipment originated
by NRI provide the answer. But
send for your free NRI catalog
and decide for yourself.

Two Famous Educators...

NRI and McGraw-Hill.
NRI is a part of McGraw-Hill,
world’s largest publishers of
educational material. Together,
they give you the kind of train-
ing that’s geared for success . . .
practical know-how aimed at
giving you a real shot at a better
job or a business of your own.
You learn at home at your con-
venience, with “‘bite-size”
lessons that ease learning and
speed comprehension. Kits
designed to give you practical
bench experience also become
first-class professional instru-
ments you’ll use in your work.
MAY 1976

MAY 1976

25” Diagonal Color TV...
And 4-channel
Quadraphonic Stereo.
As a part of NRI's Master
Course in color TV/Audio serv-
icing, you build a 25" diagonal
solid state color TV with
console cabinet. As you
build it, you perform
stage-by-stage experi-
ments designed to give
you actual bench exper-
ience. And you get a
Quadraphonic system
with 4 speakers. NRI's
_instru-
f ments are
ia cut
Il above the
average,
including
a transistor-
ized volt ohm-
—— meter, triggered
sweep 5’ oscilloscope, CMOS
digital frequency counter and
digital integrated circuit color
TV pattern generator. They're
top professional quality, designed
to give you years of reliable serv-
ice. You can pay hundreds of
dollars more for a similar course
and not get a nickel’s worth
extra in training and equipment.

A R SCHOOLS
/

",
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Widest Choice of
Courses and Careers.

NRI doesn’t stap with just one
course in TV/Audio servicing.
You can pick from five differ-
ent courses (including an
advanced color course for prac-
ticing technicians) so you can
fit your training to your needs
and your budget. Or, you can
go into Computer Technology,
learning on a real, digital com-
puter you build yourself. Com-
munications with your own 500
channel digitally-synthesized
VHF transceiver. Aircraft or
Marine Electronics. Mobile
radio, and more.

Free Catalog...
No Salesman Will Call.

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

If card is missing, write,

*Summary of survey results upon request.

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue,

‘}. ' Washington, D.C. 20016
H

1
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MK Il with elliptical styli for stereo play.
Each of these induced-magnet cartridges
feature the company’s patented construc-
tion which is said to permit reduction of
mass in the moving system, thus allowing
the stylus tip to track the record groove
with minumum force (as low as 0.75 g).
Prices: $125.00, $100.00, and $75.00, re-
spectively.
CIRCLE NO. 92 ON FREE INFORMATION CARD

KENWOOD PROFESSIONAL PREAMPLIFIER

The Model 700C preamp from Kenwood is
designed with a variety of control and

switching functions. It is said to handle a
dynamic range in excess of 85 dB, referred
to its nominal 1-volt output level and has
low residual noise (50 uV). Phono cartridge

New Hardware

for Learning Digital

Electronics

14

Now there’s a new hardware system for teaching yourself
digital electronics. It's designed to complement our top
selling Bugbook I & II. Bugbooks cover everything from
simple gates to shift registers. And now we're offering all
of the hardware you’ll need to complete the experiments.

You'll get all required “outboards” in kit form, including
the power, logic, switch, seven segment readout, clock,
LED lamp monitor, and dual pulser outboards. A jumper
package and starting IC package. And the E&L SK-50
solderless breadboarding socket. All for only $67.50. If
you need Bugbooks I & I, they're an additional $16.95 for
the set. All postage and shipping is prepaid anywhere in
the continental U.S. Send your check ormoney order today.

CIRCUIT DESIGN, INC. P.O. Box 24

I Division of E&L Instruments Shelton, Conn. 06484

l — Please send me your new hardware package I
i (#15-4K) learning digital electronics. My $67.50 |
i is enclosed. l
Please send me Bugbooks I & II (#1S-SW). $16.95
| is enclosed for them. |
I Name I
I Address |
I City State Zip I

LPlease enclose check or money order. Shipments will be prepaid.

CIRCLE NO. 16 ON FREE INFORMATION CARD
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input impedance is selectable (600, 30,000,
or 50,000 ohms). Selectable low- and high-
frequency filtering, audio muting, and a
two-step loudness control are also in-
cluded. A special 'tape-through’ circuit al-
lows tape-to-tape dubbing to proceed
while the system is simultaneously used to
play any other program source.
CIRCLE NO. 93 ON FREE INFORMATION CARD

PAPER-TAPE-READER KIT

A low-cost paper-tape reader (OP-80A),
made by Oliver Audio Engineering, reads
punched tape as it is pulled through by
hand at speeds up to 5000 characters per
second. It includes a precision optical sen-
sor array, high-speed data buffers, and re-
quired logic; and it will interface with an
8-bit uP I/O port. It can also be connected
across a UART to load programs through a

TTY port. The OP-80A is said to be able to
load 12K extended basic in 30 seconds.
Price is $74.50 for the kit, $95.00 assem-
bled.

CIRCLE NO. 84 ON FREE INFORMATION CARD

ROYCE THREE-PIECE CB TRANSCEIVER

The Royce Model 1-580 Mod-U-Lar mobile
AM CB transceiver consists of a three-
piece ‘‘system’ that includes micro-
phone/channel selector, separate con-
trol unit, and remote power pack/elec-
tronics package. The mike has Royce's
Chan-L-Matic channel selector/readout
that allows a driver to change channels
without taking his eyes off the road. Not
much larger than a king-size pack of
cigarettes, the control unit contains the

volume and tone controls, PA/CB and hi/lo
tone switches, S/r-f meter, and
loudspeaker. It connects to the remote
power pack (which also contains the rest of
the circuitry) via a 9’ (3 m) or optional 18’
(6 m) cable. Placing the control and power
pack unitsindifferentlocationsin acar can
serve as a theft deterrent.
CIRCLE N0. 95 ON FREE INFORMATION CARD
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Miorola CBis he!

intfroducing Mocat—The CB radio
backed by Motorcla’s 40 years
experience in professional radio
communications. Great looks.
Great performance. Everything
vou'd expect from & radio built by
Motorola. Yet it comes at a very
affordable price.

Designed and engineered in the
USA, Mocat is a 100% solid-state
Motorola CB radio with the very
latest in technological advances,
and exciting features.

Motoroia CB means reliability.
A digital phase lock loop synthe-
sizer assures on-frequency perform-

MAY 1976

ance on all channels.

Motorola CB means quality
reception. Automatic gain control,
cross modulation rejection circuit
and optional “Extender” noise
blanker circuit give Mocat superior
receiver perfomance.

Motorola CB means power. All
models feature a rugged plug-in
mike with built-in amplifier for maxi-
mum transmit signal strength.

Motorola CB means good
looks. Contemporary styling across
the line. Selected models offer easy
channel identification-with high-
intensity L.E.D. digital channel read-

CIRCLE NO. 41 ON FREE INFORMATION CARD

out and dimmer.

Motorola CB also means high
performance and atiractively
styled antennas and accessories.

Motorola CB is the biggest news
and greaiest value in personal
communications today. Mocat
fromn Motorola. Now is the time to
own a Motorola CB. For complete
details, write us at Motorola. Inc.,
Dept. CB-700, 1301 East Algonquin
Road, Schaumburg, IL 60172

MOTOROLA
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New Literature

FM SUBCARRIER APPLICATIONS NOTE

EMR Telemetry offers a new 12-page appli-
cations note, "Amplitude Adjustment of
FM Subcarriers.” The note describes fac-
tors determining optimum setup of

amplitudes of subcarriers in an FM multi-
plex system. General setup procedure is
given with specific information on systems
utilizing r-f links, telephone lines, cable
transmissions, and tape recorder. Optimi-
zation methods and typical system perfor-
mance guidelines are provided. Address:
EMR Telemetry, Weston Instruments, Inc.,
Box 3041, Sarasota, FL 33578.

SEMICONDUCTOR FUSE ARTICLE

An article explaining considerations gov-
erning the selection of semiconductor
fuses is available from the Semiconductor
Division of International Rectifier Corp.
The article, reprinted from Electronic

Buyer's News, describes the various

Anatomy of a %’ tape recorder

Hysteresis Electro-magnetic
Automatic . thres-motar braking prevents
shut-off Sodrive tape spiliage
Rugged
o 10" NAB
Neoprene reels
head mount (or5"or7
for good standard)
alignment Only seven
moving
Heavy, parts
3/16” plate
for good One-piece,
alignment 4%2 pound
flywheel-
Presﬁure and'capstan
brusé Computer
reduces: logic
<25 G, permits
improves. any
COmact command
sequence
Plug-in:
electronics Remotabie

for no-thump recording

Two channel record/ playback capability. (Other modeis with
four, two or one channels; ¥, ¥2 or full track; playback only.
Extra performance options available.)

Compare all the features of the Crown CX-824 with any other
reel-to-reel recorder you may be considering. And then compare
the price. Crown represents the real vaiue.

Fast playback coupon

Name
Address

When listening becomes an art,

~) crown

Box 1000, Elkhart IN 46514

Send directly to Crown for
specifications on Crown tape recorders.

PE-2

City
State Zip .
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parameters used to specify fuses, indicat-
ing their relative importance. Copies of the
monograph will be sent upon request. Ad-
dress: Semiconductor Division, Interna-
tional Rectifier Corp., 233 Kansas St., El
Segundo, CA 90245.

SMITH CHARTS

Analog Instruments offer a four-page, illus-
trated brochure of its line of Smith Charts.
All forms have normalized impedance (or
admittance) coordinates, title block and
radial scales. Printed in red ink; green on
negative charts. Also included in the
catalog are computer-plotters, rubber
stamps, mega-rules, vugraphs and lami-
nated charts. Address: Analog Instruments
Co., P.O. Box 808, New Providence, NJ
07974.

RFI SUPRESSION

“Radio Frequency Interference Suppres-
sion in Switched-Mode Power Supplies' is
the title of a new, 8-page, illustrated report
available from the Ferroxcube Corpora-
tion. The article discusses the main princi-
ples behind the suppression of RFI at the
input terminals of switched-mode power
supplies. These general principles are
applicable to all forms of switched-mode
power supplies. Address: Ferroxcube Cor-
poration, Saugerties, NY 12477.

MODULAR CABINET CATALOG

Insta Fab's Mod-U-Line series of modular
instrument cabinets are presented in its
new catalog. Cabinets are available in
plain, rack-mount, multiple, and handle
configurations. The products are made of
aluminum, but steel units are available on
special request. Various colors can also be
specified. Also covered are various designs
of Mod-U-Box sloping panel cabinets.
Prices and available dimensions are listed.
Address: Insta Fab, Inc., 425 Queens Lane,
San Jose, CA 95112,

JENSEN TOOL CATALOG

“Tools for Electronic Assembly and Preci-
sion Mechanics' is a 112-page handbook
describing over 2500 items offered by Jen-
sen Tools and Alloys. Section headings in-
clude screwdrivers, files. and soldering
equipment, along with other tools and ac-
cessories used by electronic technicians
and engineers. Also, a full-color 16-page
section features Jensen tool kits and cases,
and a solder section lists tin-lead alloys.
Address: Jensen Tools and Alloys, 4117
N. 44th Street. Phoenix, AZ 85018.

POPULAR ELECTRONICS 1975 INDEX

A complete editorial index of the magazine
for the year 1975 (Vols. 7 and 8) is available
for $1.50 from Popular Electronics Index,
Box 2228, Falls Church. VA 22042

POPULAR ELECTRONICS
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state-of-the-art in metering...

SEIES the Johnson
EESll sokd-stat
meter.

clear an
mipmvement

TR — s =iy

-

.‘ﬁe he Vlessenger 123SJ —the first CB

radio witk LEC metar readout! Bright,
ruby-red LEDs let vou read signal strength, transmit power and
modJlation precisely and at a glance. ar use your meteras a
“visual call alert” while keeping your eves on the road. The
Johnson LED meter is all solid-state so it's campletely re'iable,
regardless of temparature, dust and humidi-y. Add the proven 0 . .
performance of bui t-in electronic sp2ech compression, mechanical
“steep skirt” filtering, voice-tailored audio and plus/minus ground

.and you'll know -why it is clearly the most advenced CB rad o

inits class. $169.95.

fYJoHNSON

E I JOWNSON COMPANY, WASECA, M NNESOTA §609.3 e
in Canada: 4.C. Simmonds & Sons, LEd

WA americanradiehistornv:.com
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Stereo Scene

By Ralph Hodges

THE WORLD OF SOUND CONTRACTING

NE OF THE fastest growing

career areas in electronics today
is the field of sound contracting. Pub-
lic consciousness of the importance
of the acoustic specialist has been
raised significantly by (for one thing)
the spectacular sound systems that
have been built for concerts by rock
groups. (It seems top bands are always
cancelling performances because
they're not happy with the available
audio system.) Also to be considered
are such well-publicized acoustic
fiascos as New York's Avery Fisher
Hall. Now, as public spaces grow ever
bigger and more acoustically com-
plex, people are no longer satisfied
with movie-theater sound systems
that blur the dialog, airport PA sys-
tems that are unintelligible or inaudi-
ble, and sports-arena loudspeaker in-
stallations that rumble and bark in-
coherently.

Almost everyone is aware of the
brute power that audio technology
has lately put into our hands. We can,
for example, zap a football stadium
with sound levels sufficient to
traumatize the first ten rows of the au-
dience. But who, it is asked, has the
expertise necessary to apply this
power cheaply, efficiently, and with
quality results? This is the gap that the
better sound contractors are rushing
in to fill.

Designing For Sound. The knowl-
edgeable contractor today is able to
approach his work with a system of
mathematics and—finances permit-
ting—a battery of instruments that
literally put the task on a scientific
basis. His objectives—for a rein-
forcement installation in an au-
ditorium or church, say—are typically
to cover and penetrate the full seating
area with sound that is adequately
loud (a function of the acoustic power
available and the room’'s characteris-
tics), clear enough for unlabored
communication, and natural in its
tonal balance and range. The latter is

18

particularly important if the system is
to be used for music as well as speech.
In addition, it is desirable for the
sound the audience hears to be as-
sociated with the location of the
speaker on stage, not the location of
the loudspeaker(s).

Working With Numbers. What is
impressive about the professional
sound business is that hard numbers
are routinely attached to all these
audio-system qualities, and the num-
bers are plugged into equations that
predict final performance with re-
markable accuracy in most cases. For
example, it has been determined em-
pirically that a signal-to-noise ratio of
at least 25 dB at mid-frequencies is
necessary for unimpaired intelligibil-
ity of speech. The noise level in the
auditorium must of course be deter-
mined by an on-site measurement.

100["ANY FREQUENCY ABOVE HATCH
LINES WILL FEEDBACK

1 L L i 1 1 1
100 200 500 IkHz 2kHz 5kHz I0kHz
FREQUENCY IN Hz

Fiy. 1. Unequalized sound system.

However, with the data from this sim-
ple measurement and the retevant
specifications from the loudspeaker
manufacturer, you can travel via slide
rule to an excellent estimate of what
will happen when the sound system is
installed.

First, working on the assumption

I00["ANY FREQUENCY ABOVE HATCH
LINES WILL FEEDBACK

30p ’ o
EJGOM\
n
@ 70+ T
©

60 1

Ll L Il TH L L
100 200 500 IkHz 2kHz SkHz 10kHz
FREQUENCY IN Hz

50

Fig. 2. Equalized sound system.
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that most of the auditorium’s seating
areawilllie withinthe reverberant field
(which is, by definition, steady and
uniform), the nature of this field can be
calculated once the volume of the
space and the {estimated) absorption
of the materials in it are known. The
result leads directly to the reverbera-
tion time (RT) of the hall in seconds.
(The RT is the amount of time required
for a sound to die away to a level of
—60 dB in the hall.) With RT and the
volume (V) of the space known, they
can be used with the Q or “directivity
factor” of the loudspeaker (gleaned
from the manufacturer's specifica-
tions or from your own tests) to com-
pute the “‘critical distance” or D. of the
speaker. The formula is
D. = 0.03121 V(QV)/RT

The D, is the distance from the loud-
speaker at which the level of the sound
coming directly from it exactly equals
the level in the reverberant field. Then,
if you know the sensitivity of the
loudspeaker and the amplifier power
driving it, the inverse square law will
tell you what the sound level would be
at the critical distance. This is the
sound level that will be achieved
throughout the uniform reverberant
field. If it exceeds the noise level by at
least 25 dB, all is well in terms of the
acoustic output of the system.

Articulation Loss. Beyond signal-
to-noise ratio, there is an additional
factor affecting speech intelligibility. It
is known as “‘articulation loss of con-
sonants in speech,” and it is usually
expressed as a percentage. Believe it
or not, articulation loss {(AL) is quanti-
fiable (15% is adequate, 10% virtually
ideal) and calculable. It relates to the
ratio of direct to reverberant sound for
any given listener in the auditorium.
The general formula is

% AL = 641.81D2RT2/QV, where D
is the distance from loudspeaker to
listener. To adjust for a satisfactory AL
you can specify or design a
loudspeaker with a larger Q, or you
can treat the hall to reduce RT.

The concept of AL was worked out
empirically by two Dutch researchers
who published their conclusions in
1971. From the evidence to date, it
seems to be one of the most powerful
tools for sound-system design ever
developed. In fact, with these two
parameters (the AL and the required
sound levels) under control, the
hardware necessary for successful
completion of the job is virtually

(Continued on page 22)
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The Black Watch kit

At $29.95,its

_-.'f?' =

The Black Watch by Sinclair is unique.
Controlled by a quartz crystal
powered by two ‘hearing aid batteries
. it's also styled in the cool prestige
Sinclair fashion: no knobs, no buttons,
no flash . . . just touch the front of the
case to show hours and minutes and
minutes and seconds in bright red
LEDs.
The Black Watch kit is unique, too.
It's rational-Sinclair have reduced the
separate components to just four.
[t's simple—anybody who can use a
soldering iron can assemble a Black Watch
without difficulty. From opening the kit to
wearing the watch is a couple of hours’ work.

*practical—easily built by
anyoneinan evening’s
straightforward assembly.

*complete-right down to
strap and batteries.

*guaranteed. A correctly-
assembled watch is
guaranteed forayear. It
works as soon as you put the
batteriesin. On a built watch
we guarantee anaccuracy
within a second aday-but
building it yourself you may be
able to adjustthetrimmerto
achieve an accuracy withina
second aweek.

LED display

Complete kit
$29.95!

The kit contains

1. printed circuit board

2. unique Sinclair-designed IC

3. encapsulated quartz crystal

4. trimmer

5. capacitor

6. LED display

7. 2-part case with window in
position

8. batteries

9. battery-clip

10. black strap (black stainless-

steel bracelet optional extra-
see order form)

11. full instructions for building
and use.

All you provide is a fine soldering

Quartz crystal iron and a pair of cutters.

Trimmer

Batteries y . . o
2000-transistor silicon integrated circuit

Take advantage of this no-risks,
money-back offer today!

The Sinclair Black Watch is fully
guaranteed. Return your kit within 10 days
undamaged and we'll refund the cost of
your kit without question.

Please send me ___ Sinclair Black Watch kit(s) at $29.95 (Plus $2.50 per unit,

shipping and handling). Stainless steel band $4.00. Available assembled $49.95.
O Enclosed is my check for

Name

' |
| :
Sinci=ir | oo |
| :
l |
I |

SINCLAIR RADIONICS

375 Park Avenue
New York, N.Y. 10022

City _

State . Zip Code

Mail to: Sinclair Radionics Inc. PE4, 375 Park Ave., New York, N.Y. 10022
l_ N.Y. Residents add sales tax.
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WITH THE MODEL 1040
CB

SERVICEMASTER

IT’S EASY, IT'S FAST

AND

IT'S PROFITABLE.

MODEL 1040 L~
$250

When used with a scope
and signal generator,
you can:

® Measure signal-to-noise ratio
of CB receiver

® Measure audio output power

® Measure audio distortion
percentage

® Measure receiver sensitivity

e Check AGC

o Measure effectiveness of CB
noise limiter or blanker (when

used with an impulse noise
generator)

e Measure squelch threshold

® Measure adjacent channel
rejection

® Measure transmitter AM power
output—even mobile!

® Measure SSB power output
with TRUE peak-reading RF
wattmeter

® Check AM modulation

e Check SSB modulation with a
two-tone test—the only accurate
way!

® Measure antenna SWR—even
mobile!

e Check the transceiver in the
car to determine if the problem
is in the antenna system or
the transceiver

You can save $500—$1,500 in
equipment costs because the

CB Servicemaster eliminates
many of the test instruments you
would otherwise need for CB servic-
ing. These instruments, or their
functions, are built into the unit:

Audio wattmeter

Audio generator

Distortion meter

RF Wattmeter/dummy load
DB meter

SWR bridge

MAY 1976

The B&K-Precision CB Service-
master is designed for rapid pro-
grammed testing and trouble
shooting of any CB transceiver.

It functions as a test center and enabies

you to quickly checx all of the significant
performance characteristics of the transceiver
with one hook-up—in a matter of minutes.

MODEL 1403A—3", 5 MHz
Recurrent Sweep Oscilloscope

Checks CB modulation and
provides viewing of 27MHz CB
waveform when used with the
Model 1040. Small, compact and
inexpensive, it frees other scopes
for more effective use.

Model 1403A $198.

{8

MODEL 1801—
Digital Frequency Counter

To quickly determine the exact
frequency of a CB channel, the
1801 automatically displays it for
you in large, easy-to-read digits.
You can tune oscillators precisely
(to 1Hz, if necessary), conduct
audio frequency analysis tests.
Six digit display is updated five
times per second. Accuracy to
1Hz guaranteed to 40MHz;
60MHz typical.

Model 1801 $240.

For additional information, contact
your B&K-Precision distributor

for our comprehensive brochure
describing the operation of the
Model 1040 CB Servicemaster and
the CB Service Center—or write us
for your free copy.

ﬂhese instruments—which you should have, if you don't own them already,
are all you need to get the maximum use from your CB Servicemaster. And the
B&K CB Servicemaster is compatible with most oscillascopes, frequency
counters, signal generators and power supplies on the market today.

| - -
MODEL 1640—Regulated Power Supply
Designed especially for CB and other mobile
equipment, the 1640 eliminates changes in supply
voltage due to load variations. A stable power
supply is essential to precise testing of the
transceivers. Less than 0.8% variation from zero
to full load, 3 amps continuous, 5 amps surge.
Adjustable to any output from 11 to 15 VDC.
Suppressed zero scale far greater accuracy.
Overload protected.

Model 1640 $100

MODEL 2040—CB Signal Generator

Covers all 23 channels, AM and SSB with built-in
capability of 64 additional channels for future FCC
assignments. Ultra-stable crystal-controlled,
phase-locked-loop frequency generation. Has

10 ppm accuracy. 1 uV to 100 MV output in
calibrated 10 dBincrements for receiver sensitivity
measurements. Includes EIA standard noise test
signal generator to check receiver noise suppres-
sion. Internal 400, 1000 and 2500 Hz modulating
frequencies—can also be externally modulated.
Internal protection against SW RF input.

Model 2040 $475

1€ PRECISION

DYNASCAN CORPORATION
Makers of Cobra CB Equipment
1801 W. Belle Plaine Ave.

Chicago, IL 60613 - (312) 525-3990
in Canada: Atlas Electronics, Toronto

7623
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The SAE 2700B Half-Octave Sterec Equalizer

The 27008 can bring to your system the
clarity & definition you have been look-
ing for. Wayward sounds (booming bass,
missing highs, blaring horns, or stifled
solos) are all put in their place with the
SAE 2700B Half-Octave Equalizer. The
flexibility of 20 controls per channel
only begins to tell the story. Some facts:

*0.02% THD & IM

* -100dB S/N Ratio

* Can drive any system

* FREE 5 YEAR Service Contract
PLUS, long-throw oil-damped slide pots
for better accuracy, precision wound tor-
oid inductors for low distortion & a pink
noise generator for system balance. Built
with SAE quality, the 2700B is value
packed with the capability and perform-
ance you need to control your system.

PRICE: $550.00 (suggested list)

— A E

3 - - N _
Scientific Audio Electronics, Inc.
P.O. Box 60271, Terminal Annex
Los Angeles, Calif. 90060

Please send me more information on the
SAE 27008 Half-Octave Equalizer.

NAME
ADDRESS
CITY.

STATE ZIP,

22 CIRCLE NO. 53 ON FREE INFORMATIDN CARD

worked out for you. There remain only
’ such considerations as the position-
ing and aiming of the loudspeaker (the
| rulesforwhich are notdifficult to mas-
| ter) and the equalization of the sound
system.

Equalization. Most audiophiles are
| aware of the advantages of room
‘ equalization for home high-fidelity
systems, as well as the drawbacks.
The latter include the fact that, in most
listening rooms, you can only equalize
for one particular spot in the room.
Move the measuring microphone a
foot or so away from that spot and the
| system’s response changes drastical-
ly. But in a larger space, such as an
auditorium, this is not true. In general,
if aroom is large enough to provide a
reverberation time of 1.6 seconds or
more, it can support atrue reverberant
field; and the distinguishing charac-
teristic of a reverberant field is its uni-
formity. In such afield, a sound system
will measure the same no matter
where you place the measuring mi-
crophone. This means that you can

| equalize the system and be sure that

the entire audience will be getting the
benefits. In fact, it is not unusual for a
sound contractor to specify uniform
tevel and frequency response within
+1 dB throughout the entire seating
section of an auditorium and meet that
spec. (Along with reverberant sound,
each seat must also receive a certain
amount of evenly distributed direct
sound to provide intelligibility, but this
requirement rarely complicates the
equalization process.)

The means of equalization in com-
mon use are narrow-band filters
spanning one-third octave or even

less. (The Altec Acousta-Voicette is
the equivalent in home equipment.)
The filters may be designed individu-
ally for the specific job, or they may be
incorporated in a ready-made filter set
that covers entire audio range. Aside
from adjusting the ultimate frequency
response of the sound system (which
may be convenient or even necessary,
depending on circumstances), the fil-
ters play an even more important role
in the design of a sound-rein-
forcement system. They maximize the
acoustic output available from the
system before feedback occurs.

In any sound system that employs a
microphone in the same room as the
loudspeakers, acoustic feedback is
inevitable. However, in most au-
ditoriums with unequalized sound
systems, feedback begins at certain

WWW . americanradiohistorv.com

specific frequencies. Often the system
is so ready to “‘take off’’ at these fre-
quencies that the overall level you can
use inthe room is severely limited. But
when you bring a filter set into the
picture, you can frequently raise the
usable level of the system to an as-
tonishing degree. The procedure is as
follows. Gradually increase the level of
the sound system until feedback be-
gins to occur at a certain set of fre-
quencies. Knock those frequencies
back with the appropriate filter. Raise
the level further until another feed-
back mode crops up, and quash thatin
the same way. After you have pro-
ceeded in this fashion through a
dozen or more sets of feedback fre-
quencies, you will beginto approach a
point where you have either run out of
amplifier power or the system is being
driven into feedback by many fre-
quencies simultaneously. This is your
goal. ltis notunusual to obtain a10-dB
or more increase in usable system
level from this process (see Figs. 1
and 2 on page 18).

Does equalizing for feedback con-
flict in any way with equalizing for uni-
form frequency response in an au-
ditorium? The answer is apparently
not; the “‘growth™ of energy in a room
at any one narrow band of frequencies
corresponds to both an aberration in
frequency response and a potential
for acoustic feedback, so that re-
sponse adjustment and feedback con-
trol generally lead to the same result
from different directions. Assuming
the microphone used is “‘flat,” you can
equalize for minimum feedback and
also be assured that the frequency re-
sponse you're obtaining is essentially
flat.

| began this column by inviting you
to contemplate the career possibilities
in sound contracting, and | hope the
above has demonstrated that it is a
craft masterable by anyone who is will-
ing to learn the basic rules. Where do
you learn the rules? | can only recom-
mend the source of my smattering of
knowledge in the subject: Don Davis’
excellent Synergetic Audio Concepts
seminar, or *'Syn-Aud-Con.”

The Syn-Aud-Con seminars are
conducted by Davis and his wife Caro-
lyn in numerous cities throughout the
country each year. They last three
days—8:00 AM to perhaps 10:00 PM
per day—and those days are packed.
For a schedule of the seminars and
information on registration and
charges, write to Syn-Aud-Con, Box
1134, Tustin, CA 92680. ®

POPULAR ELECTRONICS
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When you've got a Pace (B radio,
you've got the world by the ears.

Pace cives you the power to make people listen. With information on the weather
ahead. Reporting emergencies . . . “’boiled over radiator at 18th and Grove” . ..
In cbtaining information . . . “just drove into town, where's the cheapest gas?”’. . .

i

;‘,

) joss

!I’

DIGITA L
BYNTHE

Pace CB 166 is the CB radic with frequency syntazsis and digital logic.
Utilizing Phase Lock Loop circuitry. Or, more ssmply stated: Phese
Lock Loop generates the proper selected frequency and keeps vou b>n
that frequency by utiizing computer technology.

Engineered to give you maximum power. And ask your dealer about the
strength of Pace’s warranty.

PACE...BEST SELLING CB IN THE WORLD"*

((P)) PATHCOM INC. PACEz TWO-WAY RADIO PRODUCTS
24049 S. Frampton Ave., Harbor City, CA. 90710

Availadke n Canada from Superior Electronics Inc. Export (all othe parts of the world): 2200 Shames Di, Westbury, N Y. 11590

*Based on Pathcom estimates.
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A Talking Calculator

A new calculator with a vocabularv of 24 words
enunciates—in  clear electronic speech—cach  key-
stroke as it is made, followed by the correct answer.
Speech Plus™, developed by Telesensory Systems, Inc.
(Palo Alto. CA). enables the operator to know im-
mediately if he has made the proper entry, without hav-
ing to check its 8-digit visual display. The unit has the
four basic functions, plus square root, percent, inde-
pendent memory, and tloating decimal point. The 17-0z
portable comes with an earphone jack and battery
charger. Price is $395.

Device Monitors Operation Time

Scheduling routine calibration checks for sensitive test
instruments on the basis of actual usage rather than
elapsed calendar time is possible with the Sentinel™ a
device offered by Compuline, of Norristown, PA. The
reminder, about the size of a matchbook, consists of a
memory module with associated circuitry and a LED
indicator that turns on when calibration is due. Fur-
thermore, the light goes on and stays on as a constant
reminder. Replacement is as easv as changing a fuse.
Elapsed time of usage can be preset in increments from
20 to 2000 hours =+ 10 percent. The memory module (a
three-element coulometric capsule) operates by elec-
troplating away a specitic volume of metal at a rate con-
trolled by the current flowing through it. Though pre-
sented for an instrument calibration reminder. why not
for an auto oil-change reminder?

A “Neck-Less CRT”

kngineers at the Air Force Svstems Command’s Avi-
onics Laboratory (AFAL) are considering the use of
liquid-crystal displays for cockpit instruments that must
be read in strong sunlight. Unlike conventional LCD’s,
the crystals can be made to vary in several shades of
grav so that, when combined in an array, a TV-like pic-
ture is obtained. Fortv thousand picture elements
("pixels™) can be used—10,000 on each of four 1" chips.
Power requirements are low. Commercial applications
are e€nvisioned on portable electronic equipment and
small computer terminals, where eliminating the neck
of a CRT would be a real space saver.

The Sound Gallery

A futuristic audio-visual environment—The Sound
Gallery—is expected to open at 127 Smith Place in
Cambridge, Massachusetts. Billed as an entirely new
way to educate the public about sound reproduction,
the Gallery consists of two mini-theaters separated by a
space-age control room housing a sophisticated compu-
ter which controls two presentations. Entitled “The
Shiny Vinyl Grand Canvon Tour” and “Speakers and
Spaces,” these presentations guide the listener/viewer

through the world of sound in a new, exciting way,
including an ordinary record groove magnified
thousands of times until it becomes a “Grand Canvon.”
On your next trip to the Boston area plan to stop by for a
visit.

Brighter Green LED’s

Siemens AG of West Germany has developed a new
LED with a luminous intensity of 30 med at 10 mA,
nearly double that of its predecessor. Since the new
green diode (LD 57 C) is rated for up to 60 maA, it is said
to be the first LED which not only makes itself visible as
a light-spot, but can illuminate its surroundings. With
this new brightness, it is possible to enclose the LIZD in
a plastic capsule that is not dyed and has no dittusor.

Updated Glossary of Electronic Terms

A pocket-sized, 40-page glossary which lists over 425
commonly used electronic terms and acronyms ranging
from “ACC” (Automatic Chroma Control) to “GIGO”
(Garbage In, Garbage Out), has just been published by
Lavin Associates, Inc., 12 Promontory Dr.. Cheshire,
Conn. 06410. A handy metric conversion chart has
been included. Write the company for prices on quan-
tity orders.

Computer Systems in the 1980’s

The future is bright for computer systems in the U.S. in
the 1980’s, says Dr. Ruth M. Davis, Director of the In-
stitute for Computer Sciences and Technology of the
National Burcau of Standards. According to Dr. Davis,
the 1980’s,will see computer networks containing com-
puters and computer modules of all sizes, independent
memories, and a large variety ot access terminals and
automated input devices. She sees a burgeoning market
for individual users who want autonomous, dedicated
computer systems which can, when nceded, be inter-
connected to larger computer service networks or other
individual customers. Predicted for the 1980’s are au-
tomated reading or “wand” technology, and solid-state
mass memory devices, such as CCD’s. bubble
memories, and read/write laser memories. Arthur D.
Little, Inc. predicts that 1980 domestic installations of
general-purpose computers will be worth over $60 bill-
ion. It’s forecast that the sale of associated equipment
will grow at a faster rate than that for the computers
themselves.

LSI Chip For Singer Sewing Machine

Singer's Athena 2000 sewing machine uses a 40-pin,
half-inch-square LSI chip to control all stitch and linear
motor movement, including shifting from one pattern to
another. The new unit, which replaces more than 8,000
transistors, can make 36,000 basic decisions during one
hour’s operation. Programmed into the chip are op-
timum stitch width, length and density. A Hall-Effect
sensor is used to locate the needle’s position in the
machine.

POPULAR ELECTRONICS
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When it comes to microcomputers, Altair from MITS is the leader
in the field.

The Altair 8800 is now backed by a complete selection of plug-in
compatible boards. Included are a variety of the most advanced memory
and interface boards. PROM board, vector interrupt, real time clock,
and prototype board.

Altair 8800 peripherals include a revolutionary, low-cost floppy disk
system, Teletype ™ line printer, and soon-to-be-announced CRT terminal.

Software for the Altair 8800 includes an assembler. text editor. moni-
tor, debug. BASIC, Extended BASIC. and a Disk Operating System.
And this software is not just icing on the cake —it has received industry
wide acclaim for its efficiency and revolutionary features.

But MITS hasn’t stopped with the Altair 8800. There is also the
Altair 680 —complete with memory and selectable intertace —built
around the new 6800 microprocessor chip. And soon-to-be-announced
are the Altair 8800a and the Altair 8800b.

MAY 1976

MITS doesn't stop with just supplying hardware and software,
either. Every Altair owner is automatically a member of the Altair Users
Group through which he has access to the substantial Altair software
library. Every Altair owner is informed of up-to-date developments via a
free subscription ‘o Computer Notes. Every Altair owner is assured that
he is dealing witt: a company that stands firmly behind its products.

After all. we didn't become the leader by messing around. Shouldr’t
you send for more information or visit one of our Altair dealers?

__________________________________ =
|r Altair Coupon :
) Please send me the following information: i
| O Your latest catalog and price list :
{ [0 Software information package 1
| O Please include a list of your dealers ]|
I NAME__ = :
| ADDRESS |
i

[l A STATE & ZIP___ !
| I
| | —— - 4
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Hobby
Scene s, 71 .

By John McVeigh

SW RECEIVER LINE FILTER

Q. Isthere afilterIcan make to clear
up the interference on my shortwave
receiver? Whenever a vacuum
cleaner, shaver, or hair dryer is used,
the entire dial is filled with “hash.”
—Mark Papuga, Park Ridge, /L
A. The line filter shown will help. L7
and L2 are 2-inch windings of 16-
gauge enameled wire wound on a
hatf-inch diameter form. C1 through
C3 can be anywhere between 0.001-
and 0.01-uF, 200-V disc ceramic ca-
pacitors (capacitance not critical, but
use the same value for all three). As-
semble the filter in a metal box and
connect it to a good earth ground.
Plug the filter into the wall, and con-
nect the receiver line cord to the filter

METAL BOX

1 1

| i

L — —
EARTH GROUND

socket. If this doesn’t clear up the in-
terference, try to isolate the appliance
generating the noise and install the
filter between it and the wall socket.
Also, ground the receiver chasis.

RECORD STATIC

Q. Ever notice the crackling at your
fingertips when you remove a record
fromyour turntable? What's this static
doing to my system’s performance,
and how do | get rid of it?

—Keith Baumbach, Lodi, CA
A. A record can acquire a static
charge when it rubs against its liner,
when the stylus tracks across it, or
whenyou rub it with a cloth to clean it.
While the static in itself will have no
effect on the cartridge's translation of
the grooves into an electrical signal, it
can (and does!) attract many small
dust particles to the record surface.

26

This dust gets in the way of the moving
stylus, causing pops and other high-
frequency noise. Static is most often a
problem in winter, when we heat our
homes and thereby lower the relative
humidity inside. This inhibits the
bleedoff of static, since the moisture
which normally does the job isn’t
around. Perhaps the easiest way of re-
ducing record static is to wipe the
discs with a damp cloth. Also dampen
the record mat on the platter. Many
commercial record care products also
contain anti-static chemicals. Two of
the best known are the Watts line and
the Discwasher. For an in-depth look
at the static problem, see "‘Mac’s Ser-
vice Shop,” POPULAR ELECTRONICS,
June 1975.

SOLID-STATE VTVM CONVERSION

Q. | would like to replace the 6ALS
and 12AU7 tubes in my HeathkitVTVM
with solid-state circuits. Any sugges-
tions?

—E. Lambert, Cocoa Beach, FL
A. Heath has just introduced exactly
what you want. Its new IMA-18-1 pack-
age consists of two plug-in cans con-
taining FET's and diodes which fit
exactly into the tube sockets. No rewir-
ing is necessary. $16.95.

REMOTE-CONTROL COMMERCIAL CUTOFF

Q. Do you have a simple circuit for a
remote-control audio cutoff for TV
commercials?

—Thomas C. Robinson, Ft. Wayne, IN
A. This scheme will work. When you
want to cut off the sound, shine a
flashlight at LDR71 momentarily. The
transition between the high and low
states (and back again) will cause the
flip-flop (FF7) to toggle. When the Q
output goes high, Q7 turns on and
energizes the relay coil. The relay con-
tacts open the circuit between the
speaker and receiver audio output.

SPKR

dd

X JLDRI

T0
RECEIVER
AUDIO
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When the commercial is over, shine
the light on LDRT1 for a second. The
flip-flop will toggle again, cutting off
Q1. in turn de-energizing the coil and
completing the audio circuit. Parts are
not critical. Select +Vand R7 to give a
logic-one input to the flip-flop when
LDR1 is dark. Almost any photocell,
flip-flop (JK), switching transistor, and
diode can be used. Select a relay with
sufficient dc resistance to keep within
the collector current rating of Q7.
Mount the photocell in a cardboard
tube painted black so that
background lighting won't toggle the
flip-flop.

TWO-BATTERY AUTO SYSTEMS

Q. / want to install another battery in
my camper to run an inverter and
some accessories, but need an isola-
tion circuit to prevent the starter bat-
tery from discharging when the en-
gine is off.

—Kevin Ayers, New London, CT
A. After you've installed a new alter-
nator and regulator to handle the in-

STANDARD
AUTO
SYSTEMS

—.

REGULATOR

CoM

q\g SPECIAL
ALTERNATOR EQUIPMENT
creased current demand, connect

diodes D7 and D2 as shown. They will
prevent the batteriesfromdischarging
through the alternate circuits. Be sure
to choose diodes that can handle the
required currents.

INDUCTANCE FORMULA

Q. I need a formula relating the
number of turns, spacing, and diame-
ter of a home-wound coil to its induc-
tance.

—David Gardner, Baltimore, MD
A. The inductance of a coil is influ-
enced by many factors, including what
type of core itis wound on, its proxim-
ity to other inductors, etc. For single-
layer, air-core inductors, the following
approximation is useful:

L = a’n¥(9a + 10b)

where L is the inductance in micro-
henries, a is the coil radius in inch-
es, b is the coil length in inches, and n
is the number of turns. The use of fer-
rite cores will cause this expression to
be multiplied by a constant.

POPULAR ELECTRONICS
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mail-order pridel...

The new Heathkit Spring Catalog
describes over 400 top-value
electroniC KIts you Can s ve s
build for pride and A s
satisfaction that's

priceless!

Electronics, AC Electronics, Semi-
conductor Devices and
Digital Techniques pro-
vide a detailed over-
view of modern elec-
tronics. Study when you
want...without pressure or
deadlines. Each program
includes text, records and
parts for experiments.

Our GB-1201 Programmable Digital
Stopwatch keeps you “‘on time” for
races, rallies, trips. 7 functions, 8 dig-
L its, resolution to 1/100th of a second.,
typical accuracy to 0.003%!

The NEW CI-1078 digital

electronic Miles-per-
| Gallon Monitor/Speed-
Pl ometer reads 0-99.9 mpg,
0-99 mph in an orange-
amber digital readout. It will
help you drive more efficiently, save
gas and money too!

Our MI-2901 dual-range Depth
Sounder/Fish Spotter helps you
locate the big ones from 0-240

ft.! An important safety aid
too, helps prevent running
aground in strange waters.

Read all about them...PLUS over
400 other easy-to-build electronic kits

MAIL COUPON TODAY!

- .t ...t 1 1 1 11|
Heath Company
Dept. 10-17
Benton Harbor, Michigan 49022

Please send me my FREE Heathkit Catalog.

m Audio Components

m Color TV m Amateur Radio

m Marine and Auto Accessories
m Test Equipment

City State

Zip[
Heath Company, Dept. 10-17 L CL-596
Benton Harbor, Michigan 48022 - (1 1 T < o0 0 1 1 I I 1 1|
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BIG
HELP FOR
SMALL
BUCKS.

Used to be, filling your bench
with really good test equipment
meant emptying your wallet.
Because you had to pay a price
for quality and versatility. A
high price.

Not anymore. CSC's
ingenious new Design Mate™
line of test equipment combines
performance high enough for
most lab applications with the
kind of versatility and economy
everyone can afford. Thanks to
a number of new design
concepts and manufacturing
techniques.

Proof? Check the specs and
prices, then visit your
CSCdealer for a demonstration.
Or write for our catalog and
distributor list.

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

Canada: Len Finkler Ltd., Ontario

© 19786. Continental Specialties Corporation

*Manufacturer's suggested list

Design Mate 1 Circuit Designer 790 solderless
A breadboarding tie-points; adjustable 5-15VDC 1%-
2 regulated supply; 0-15VDC meter. $49.95*

Design Mate 2 Wide-Range
Function Generator 1Hz-
100KHz sine, square,
triangle waves with low
distortion, 100mV-10V P-P
output. $64.95*

Design Mate 3 Precision R/C Bridge
Fast, easy measurements of resistance
(10 ohms-10 meg) and capacitance
(10pF-1uF) within 5%-of-dial accuracy.

Prices and specifications subject to change without notice. $54.95*
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BY FORREST M. MIMS

OMBINE a handheld calculator

with a fully addressable memo-
ry and you have one of the new pro-
grammable calculators. What makes
the programmable calculator differ-
ent from others is that the computer-
like capabilities provide ‘‘learn” and
“remember’” keyed-in sequences that
can be played back on command. This
reduces the number of keystrokes re-
quired to solve the same problem for
different variables. In addition, pro-
grammability (with programs written
by experts) provides solutions to prob-
lems whose complexity would ordi-
narily be beyond your mathematical
training.

As an example of the labor and time
saved when solving repetitious prob-
lems, let us assume that you must cal-
culate the resonant frequency of an
LCcircuit fordifferentvalues of induc-
tance and/or capacitance. The for-
mulafc = 1/(2nVLC) would require the
following sequence of keystrokes on a
scientific calculator: 2, x, m, [, (, at
least one digit mantissa for L, EE, +/—,
at least one digit mantissa exponent,
x, atleast one digit mantissa for C, EE,
+/—, at least one digit mantissa expo-
nent,),Vx,], =, 1/x. Thisadds up tono
less than 20 keystrokes every time you
change the value of L or C on an ordi-
nary calculator. Although, initially,
you have to key in the same number of
keystrokes on a programmable,
thereafter you key in only the vari-
ables, eliminating at least 11 key-
strokes per repetition.

You don't have to be a mathematics
genius to use one of these powerful
programmable calculators. There are
thousands' of programs written by
specialists to be used if you don't want
to develop your own.

Here are some general information
about programmable calculators and
a brief rundown of the various types.

Methods of Entry. Before getting
into what's available, let us review the
two methods of keyboard entry used
in programmable calculators: alge-
braic and reverse Polish notation
(RPN).

Algebraic notation is the most wide-
spread method of entry. It permits a
problem to be entered exactly as it is
written on paper. For example, 2 x 4
would be entered by pressing the keys
in the sequence 2, x, 4, =.

MAY 1976
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Many scientists and engineers pre-
fer to use RPN, which requires that
numerical entries be immediately fol-
lowed by their operators. Therefore, 2
x 4 would be entered: 2, ENTER, 4, X.
Note that there is no need to press an
= key. {There isn't any on an RPN cal-
culator.) Pressing ENTER tells the cal-
culator to total or subtotal immedi-
ately after the operator is pressed.

Let us consider a more difficult
problem toillustrate the difference be-
tween the two methods of entry. If we
were to calculate the result of (4 + 2) x
(7 + 3) on an algebraic calculator, the
keying sequence would be: (,4, +,2,),
x,(,7,+,3,), =. (We could reduce the
number of entry steps by two by
eliminating the first set of parenthe-
ses.) The keyboard entry sequence for
solution of the same problem with an
RPN calculator would be: 4, ENTER, 2,
+., 7, ENTER, 3, +, x.

Both methods of entry will yield the
correct answer, 60. The algebraic ap-
proach appears to be the simpler of
the two, if only because it follows the
familiar method in which the problem
is written. On the other hand, the RPN
approach requires fewer keystrokes,
which can be an important advantage
when writing long programs.

The Litronix Model 2290 feaiures « 10-step progran: memory
and data memory to facilitate complex repetitive problems.

Since RPN requires a learning
period, algebraic-entry calculators are
initially easier to use. However, once
you become accustomed to thinking
in RPN, you will often find it a more
versatile approach to problem solving.

Types of Programmables. There
are some 10 different portable pro-
grammable calculators on the market,
with more to be announced soon. The
programmability of these calculators

can be classified as elementary, in-
termediate, or full, offering the poten-
tial buyer a wide choice in selecting
the one best for him.

All available programmable cal-
culators store (“learn’) keystrokes,
but intermediate and fully program-
mable modeis provide a variety of edit-
ing and decision-making capabilities
that greatly add to their power and
versatility. Fully programmable
machines, in fact, are almost like

PROGRAMMING THE PROGRAMMABLES

Programming a programmable cal-
culator is a relatively simple task,
once you familiarize yourself with the
correct procedure detailed in the unit's
operating manuat. You need no prior
experience to become a proficient cal-
culator programmer. In avery short time,
even a school child can learn to write
simple programs and load fairly ad-
vanced ones.

You can learn simple programming in
an hour or so on any programmable cal-
culator, although fully programmable
models offer more of a challenge than
intermediate and elementary machines
and thus become a continuous learning
experience as you develop new
techniques, routines, and tricks. Of
course, if you don't wish to become a
programmer, you can always use pro-
grams developed by experts to solve
problems of immense complexity. There
are thousands of such programs cover-
ing almost every subject in which
mathematics i1s used, and more are
being added to the list daily.

In this section, we focus on practical
hands-on use of the programmable cal-
culator. To do this, we will detail the key-
ing sequence for four programs, three of
which are relatively simple mathematic
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Step Function

ol 2

02 izd

03 x

04 X

05 GTO 00

Explanation

Square r
Enter pi

" 2 v :
Multiply r” times pi

Multiply h times product
of r® and pi

Return program to initial
address and stop

Fig. 1. Program for determining the
volume of a cylinder on the HP-25.

Step Function
01 1
02 +
03 PAUSE
04 GTO 01

Explanation

Magnitude of incrementation

Add to previous magnitude
(itself)

Pause to see result
{optional)

Do it again

Fig. 2. Routine for incrementing a number

WWW. americanradiohistorv.com
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ultra-compact computers, since they
can use subroutines and read pro-
grams from small magnetic cards. (It
isn't necessary to use the pro-
gramming features. All programma-
bles can be used in the same manner
as ‘“‘ordinary” calculators for one-
time-only jobs.)

Elementary programmables mem-
orize or save keystrokes for later
number processing, but lack such ad-
vanced features as conditional testing
and branching. Typical elementary
models permit you to store from 10 to
100 (maximum) program steps. After
loading a program, you simply key in
the appropriate numerical variables,
press a RUN key, and the calculator
automatically performs the steps in
the program to provide the result. This
type of calculator permits you to solve
a routine equation that must be
worked and reworked for differentvar-
iables. You need enter only the new
variables, rather than the entire equa-
tion, for each calculation.

The big difference between elemen-
tary and intermediate programmable
calculators is the branching and
conditional-comparison capabilities
offered by the latter. Intermediate
machines also offer complete editing

equations and the fourth is a game of
intermediate complexity you can play on
your calculator.

(Note: The following programs are
written for the intermediate level HP-25
programmable calculator, which uses
RPN entry. These programs caneasily be
rewritten for algebraic entry.)

Volume of a Cylinder. Suppose you
have several cylindrical containers and
want to find the volume of each. The
applicable formula for computing vol-
ume is V= h x (rir2), where V is the vol-
ume, h is the height of the container, and
r is the radius of the base of the con-
tainer. The HP-25 lets you enter one and
then another number and multiply the
two after both have been entered into the
calculator. Therefore, a simple way to
solve the formula would be to enter h,
tollowed by r and proceed with the calcu-
lation. The programming procedure for
this formula is detailed in Fig. 1.

To use the program, load it into your
calculator, switch to RuN, enter h and
then r, and press the R/s (run/stop) key
twice to start the program. In less than a
second, the calculator will display the
result and prepare to accept new data.

Counting. Programs for intermediate
continued on page 34
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capabilities. Briefly, here is what all
this means to the calculator user:
Unconditional Branching. This fea-
ture is used for editing programs and
setting up a “‘loop’’ within a program
to permit a calculation to be worked
until specified conditions are met. In
the editing mode, you can order the

TI's SR-56 1is a 100-step,
10-memory key programinable.

Step Function
01 1
02 +
03 x?
04 PAUSE
05 LST X
06 RCL 1
07 x =y
08 GTO 00
09 xy
10 GTO 01

calculator to advance to any desired
step in the program memory by press-
ing a GTO (go to) key, followed by the
appropriate address.

Conditional Branching. This power-
ful feature is what sets intermediate
programmables apart from elemen-
tary machines. In a typical application,
the calculator automatically transfers
operation to a specified program ad-
dress if and only if a logical compari-
son is true or false (your choice).

Conditional Comparisons. This is a
valuable decision-making capability
that permits the calculator to automat-
ically branch to a specified step in its
programifalogical comparison meets
a specified condition. For example,
consider the comparison “x = 0. Ina
typical intermediate programmable
calculator, such as the HP-25, the
program continues sequentially if the
result of this testis true. If the result is
false, the program counter automati-
cally skips the next step and continues
on to the second step beyond the
comparison test.

There are many applications for
conditional comparisons, one of
which is automatically incrementing
or decrementing variables in a pro-
gram. For example, assume you need

Explanation

Input 1

Add to previous number
squared

Square the number
Pause to see result

Recall last number
squared

Recall value for highest
number to be squared

Has program reached
value in R1?

If value in Rl is reached,
go to 00 and halt

If not, replace last number
squared in display register

Go to step 0l and repeat

Fig. 3. Program for squaring consecutive
integers with display of each result.

www.americanradiohistorv.com
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to calculate the squares of all integers
between 1 and 15. Using the compari-
son “x = 0,” we can write a simple
program that squares 15, then 14, and
s0 on down to 0, at which point the
comparison “x = 0" is satisfied and
the calculator comes to a hait.

By far the most exciting, and most
expensive, handheld calculators on
the market are those with full pro-
grammability. They have all the
capabilities of the intermediate cal-
culators plus flags, subroutines,
user-defined keys, and a method of
rapidly loading and storing programs.

If you're familiar with computers,
you can appreciate the value of being
able todo subroutines. A subroutineis
actually a separate program stored in
the memory along with the main pro-
gram. When the main program requires
the use of the subroutine to calculate
an intermediate result or perform
some other useful operation, an ap-
propriate instruction is keyed into the
program. The instruction is followed
by a ‘‘label” that identifies the sub-
routine. The last step of asubroutineis
normally “return,” which causes the
program to resume at the address im-
mediately following the subroutine

call. Subroutines can be labelled with
the user-defined keys on both of the
only two fully programmable cal-
culators currently on the market.
These keys can also be reserved for
any desired routine or function and
used like any other key on the cal-
culator.

Flags are another powerful feature
of fully programmable calculators. A
flag is a simple “yes’’ or *'no’ signal
that can be set by the user or by a
program. The status of the flag can be
used to cause a conditional branch.

What’s Available. So far, the three
manufacturers that make elementary
programmable calculators are: Lit-
ronix, Inc. (19000 Homestead Rd.,
Cupertino, CA 95014); Sinclair
Radionics, Inc. (375 Park Ave., New
York, NY 10022); and the Novus Divi-
sion of National Semiconductor (1177
Kern Ave., Sunnyvale, CA 94086). In
order of increasing cost, here are the
details on the elementary models
available:

Litronix Model 2290. ($29.95). This
low-cost calculator has a 10-step
program memory and data memory,
and comes with a one-year uncondi-

tional guarantee. It is available in a
rechargeable version (Model 2290R)
for $39.95.

The calculator’'s programming is
controlled by three keys that are
labelled L (learn), s (stop/execute),
and E (execute/enter). Although this
calculator’'s capability is rather lim-
ited, it is well suited to solving simple
but repetitious problems at a reason-
able cost.

Sinclair Scientific Programmable.
($79.95). In addition to such common
scientific functions as sin, cos, arctan,
log, 10*, and V/x, this RPN calcuiator
offers a 24-step program memory and
a fully accessible memory register. Its
three major assets are compact size,
large easy-to-read green fluorescent
display, and a generous program li-
brary. The program library consists of
50 cards that contain hundreds of
programs ranging from the routine to
the sophisticated. Program topics in-
clude general arithmetic, geometry,
statistics, finance, radiation, propaga-
tion, electrostatics, electromagnetics,
thermodynamics, and fluid mech-
anics.

An awkward feature of this cal-
culator is the assignment of the all-

Fig. 4. Program for the Hi-Lo game is shown below and on opposite page.

Step Function Explanation Step Function Explanation
01 m

Steps 01-15 generate a 18 1 Steps 18-19: Guess
02 RCL 0 random number between GCountelr

0-99 and store the number
03 + in Rl (the calculator assumes 19 STO+5

honesty on the part of the
04 5 game player; there is no 20 ROLL

. provision for detecting un-

05 y authorized peeks at the 21 X=y Is guess correct?

contents of Rl)
06 FRAC 22 GTO 26 If yes, go to step 26
07 STO 0 23 X<y If no, is guess too low?
08 1 24 GTO 35 If yes, go to step 35
09 0 25 GTO 40 If no, go to step 40
10 0 26 RCL 2 Signal correct guess

("'1111111111. ')
11 X
27 PAUSE Pause to see correct guess
12 INT signal
13 STO 1 28 PAUSE
14 ENTER 29 RCL 5 Display number of
guesses
15 CL X
30 PAUSE Pause to see nummber

16 R/S Input guess of guesses
17 ENTER 31 PAUSE
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The HP-65 (left) and SR-52 are two fully progranusable ha ndheld
caleulators. Both incorporate « mimatire magnetic progran card reader.

important ENTER key to an upper-case
function. Since a special shift key
must be operated before ENTER can be
pressed, entry of a number requires
two additional keystrokes.

Novus Model 4515. ($79.95). Soon
to be marketed as the new National
Semiconductor Model 4615, this RPN
programmable has a 100-step pro-

gram memory. |t features such impor-
tant scientific functions as sin, cos,
tan,sin ', cos !, tan ', y¥, e* In, 1/x, 1,
VX, and log, plus a fully addressable
data register.

[Note: All Novus programmable cal-
culators include DEL (delete), SKIP,
HALT, and START program keys.]

Novus Mode!l 4525. ($99.95). This

algebraic-notation programmable is
designed specifically for common
business and financial calculations.
The 100-step built-in program memory
is ideal for routine but repetitious cal-
culations of simple interest, com-
pound interest, accumulated savings,
terms of mortgages and loans, and
many other common business and fi-
nancial problems.

Novus Mode! 6035. ($99.95). Like
the Model 6025, this calculatoris ded-
icated to a specific type of problem
solving. It features algebraic entry,
and its statistical capabilities are well
suited to a wide range of common
problems. The calculator has a 100-
step program memory and a fully ac-
cessible data register.

o Hewlett-Packard
ridge Ave., Cupertino, CA 95014)
and Texas Instruments, Inc. (P.O.
Box 5012, MS/84, Dallas, TX 75222)
market the only three intermediate
programmable calculators currently
available.

Texas Instruments Model SR-56.
($179.95). This 100-step programma-
ble calculator employs algebraic nota-
tion, a three-level algebraic hierarchy.
seven pending operations, more than

(19310 Prune-

Step Function Explanation
& STOARRT
32 ClL X Steps 32-33: Clear ;.
Guess Counter
33 S5TO 5 START
FUNCTIONAL
34 GTO 01 Prepare for a new CILCUL ATION
game : Rnsggg
NU
ENERATOR
35 RCL 3 Guess too low; display A Ce
0,07
GUESS
36 PAUSE Pause to display COUNTER
inverted L.O
37 PAUSE
GUESS DISPLAY
CORRECT “nonan®
38 RCL 1 Retrieve number to be
guessed and return
B PAUSE
39 GTO 14 to step 14 DISPLAY
".o7"
40 RCL 4 Guess too high; (Lo
i DISPLAY
gty et NUMBER
OF
41 PAUSE  Pause to display D'§IP4L"AY SUESSES
inverted HI (HD)
42 PAUSE PAUSE
43 RCL 1 Retrieve number to be Fig. 5. Standard flowchart symbols (A);
g epuesiand Fefprn and flowchart for the Hi-Lo game. (B). | ciear
COUNTER
44 GTO 14 to step 14
MAY 1976 33
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25 scientific and statistical functions,
10 levels of addressable memory, and
nine levels of parentheses. In the
programming mode, there are three
unconditional and six conditional
branches that include four levels of
subroutines and two loop control in-
structions and full editing capability.

Two rather unique features are in-
corporated in the SR-56. One is an in-
dependent test register that permits
comparisons with the number in the
display at any point in a calculation
without interfering with the process-
inginthe progress. The otheris adual-
function pPause key that allows the
display to be on during program
execution for 0.5 second or provide
for automatic single-step program
operation.

Hewlett-Packard Model HP-25.
($195.00). This is the smallest of the
handheld programmabies on the mar-
ket. It manages to pack all the com-
mon scientific functions, eight condi-
tional comparisons, and a fully edita-
ble 49-step program memory into its
compact 6-oz (170-g) package. Other
features include RPN entry, eight data
registers, and a PAUSE key.

Another important feature of the
HP-25 is merged key codes. Many of

and fully programmable calculators
often require that a specific number be
incremented or decremented by a cer-
tain fixed value until a desired result is
obtained. One simple way to increment a
number by 1isillustrated by the program
in Fig. 2. This routine is useful because it
stores the running total in a data regis-
ter.

Although this program increments by
Y012 a dams n), you can increment by
any fixed value of your choice. You can
count up (increment), count down (de-
crement), or multiply, divide, square, or
perform any procedure you require.

Squaring Consecutive Integers.
Let's suppose you have to make a list of
the squares of each integer from 1 to
100. The program in Fig. 3 shows a typi-
cal procedure to accomplish this. Just
store the maximum number you want
squared (100 in our example) in register
1 and press the R/s key. The calculator
will automatically display eaeh consecu-
tive square for about a second. (You can
increase the length of time the result is
displayed simply by adding extra
“pause”’ commands to the program,
whichmayproveusefulwhenyou'redeal-
ing with numbers that fill the entire
display.)

u

123456 178-259
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The HP-25 is smuallest programmable.
Has 49 prograin steps, 8 conditional
comparisons and full editing.

the functions that require several
keystrokes are compressed into a
single step of program memory, which
results in considerable savings in av-
ailable program memory.

The program will sequence through
every number between 1 and 100. After
the last square is displayed, the
maximum number squared will appear
in the display to notify you that the pro-
gram has been executed.

‘“‘Hi-Lo’” Game. The three simple prog-
rams detailed above illustrate basic pro-
gramming techniques. Our last program
is something fancier—a game that
everyone will enjoy playing. To play
Hi-Lo, you will need an intermediate or
fully programmable calculator. The
programin Fig. 4 is written for the HP-25,
which means that it will have to be mod-
ified to use it in an HP-55, HP-65, SR-56,
or SR-52.

After loading the program, the cal-
culator uses a short routine to select a
number at random between 0 and 99.
You try to guess the number. If your
guess is too high or too low, the display
reads ““HI”" or "“L0" when inverted. You
should be able to /ogically guess the cor-
rect number in four to six tries.

To play the game, load the program
into your calculator and switch to RUN.
Then load the data registers with the fol-
fowing:

RO Any decimal fraction

Rt (used by the calcultor)

WWW . americanradiohistorv.com

Hewlett-Packard Model HP-55.
{$335.00). This RPN calculator has
editing capability, two conditional
comparisons, a full range of scientific
and metric-conversion functions and
a novel 100-hour digital clock. The
crystal-controlled clock (actually a
timer) has an accuracy of +0.01% and
can be used as a storage stopwatch
with 0.01-second resolution. Any
elapsed time indicated in the display
can be stored in a data register for
later evaluation simply by pressing
one of the 10 digit keys. Another valu-
able feature of this calculator is its 20
addressable data registers.

eThe fully programmable models
are in the realm of the most powerful
and sophisticated calculators on the
market. Only Texas Instruments and
Hewlett-Packard are currently supply-
ing this market.

Texas Instruments Model SR-52.
($395.00). Employing algebraic entry,
this calculator offers nine levels of
parentheses, a 224-step program
memory, and 72 labels. According to
Tl, the calculator has an impressive 20
registers of addressable memory, but
it didn't take users long to discover
that the main program is also ad-
dressable. As long as these registers

R2 1111111111

R3 .07

R4 14

R5 (used by the calculator)
Note that any remaining registers are not
used. After you load the registers, press
the R/S key to initiate the game. As soon
as "0.00" is displayed, key in your first
guess and press the R/S key again. Con-
tinue guessing until the display flashes
all 1's and the number of guesses you
took to hit on the correct number. The
calculator then selects a new number to
start a new game.

“Mapping’’ Programs. If you're new
to programming, the Hi-Lo game will
probably appear totally confusing at
first. An easy way to understand the pro-
gram is to follow it through on a flow-
chart, a simple "map" that shows the
logical flow of the program. The symbols
most commonly used on a flowchart are
shown in Fig. 5A and the flowchart for
the Hi-Lo game in Fig. 5B, shown on the
preceding page.

You'll find flowcharts very handy in
developing programs of your own. The
Hi-Lo program is not optimized; you
might want to modify the flowchart to
see if you can write the same program
with fewer steps. @®
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are not loaded with program steps,
they can be used as additional storage
registers. This gives the calculator up
to 49 data registers when used in a
nonprogram mode. (The extra regis-
ters are 70 through 99.)

Other significant features of the
SR-52 include 10 conditional tests and
two levels of subroutines. Another
powerful capability is indirect address-
ing, a sophisticated feature that per-
mits enormous creativity and versatil-
ity in programming. For example, an
indirect instruction specifies one of
the 20 addressable data registers and
the program interprets the number in
the register as a new program address
rather than as data. This may seem a
little confusing and even redundant,
since there is a much more
straightforward way to transfer a
program 1o a new address. However,
because the contents of the memory
register can easily be modified, a
program can dynamically adapt itself
to a problem by modifying its own in-
structions. A logical result of this
capability is so-called “artificial intel-
ligence,” a cybernetic approach to
problem solving and recreational ap-
plications.

Incidentally, Texas Instruments’
Mode! PC-100 desktop printer
($295.00) is specifically designed for
use with both the SR-56 and SR-52
programmable calculators to supply
hard-copy data printouts of instruc-

=

T1's PC-100 desktop cradle was designed

tions and results without halting pro-
gram execution. The printer uses a
2.5" (6.35-cm) wide thermal tape that
allows 20 characters per line. Each
character is formed from a 5 x 7 dot
matrix. The printer is fully controllable
from the calculator keyboard or card
program.

Hewlett-Packard Model HP-65.
($795.00) Introduced about two years
ago, this calculator is still a highly
sophisticated machine. Some of its
pioneering features (motor-driven
card reader, magnetic program cards,
user-defined keys, program storage
slot, etc.) are imitated in TI's SR-52
calculator. As with all H-P calculators,
the HP-65 features RPN formatting. It
has a 100-step program memory, five
user-defined keys, and seven condi-
tional tests.

In many ways, the HP-65 and SR-52
are direct competitors and invite
comparisons. There is, obviously, a
big difference in prices. (Bear in mind

that all prices stated in this article are

manufacturers’ suggested list. Many
dealers offer discounts on all types of
calculators, including programma-
bles. You can get a better feel for ac-
tual market prices by looking through
the ads in your local newspaper.)

In some ways, the SR-52 is a more
powerful calculator than the HP-65,
but a more subtle and equally impor-
tant advantage of the latter is the
availability of extensive software (pro-

for use with either the SR-56 or SR-32 calculators.
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gram library). In addition to selling
hundreds of prerecorded program
cards packaged in various Applica-
tion Paks, H-P publishes a listing of
thousands of user-contributed pro-
grams in its “‘Catalog of Contribut-
ed Programs.” The impressive pro-
grammability of the SR-52 will no doubt
stimulate development of extensive
software backing.

Making a Choice. The only practical
advice to follow when considering
buying a programmable calculator is
to speak to people who own pro-
grammables to get their personai-use
reactions and visit a dealer to make
your own hands-on comparisons. Al-
most certainly, once you decide on the
level of programmability you need,
such things as methods of entry, the
“feel” of the keys, and display legibil-
ity will play important roles in your
selection.

As a rough guide, get only as much
calculator as you currently need. All
calculator prices are dropping, and
new models are being added. If you
buy a programmable calculator now
and “‘useitup” insix monthsor ayear,
you'll find a wider range of prices and
models from which to choose when
upgrading.

An excellent way to keep up with
developments in programmable cal-
culators is to join the HP-65 Users
Club. Originally organized for HP-65
owners, the club’'s monthly newslet-
ter, "HP-65 Notes,” contains lots of
information on other programmables.
For a brochure that describes the
club, send a self-addressed stamped
business-size envelope (plus a sepa-
rate 13¢ stamp to cover the cost of
printing) to Richard J. Nelson, Editor,
HP-65 Notes, 2514 W. Camden Pl
Santa Ana, CA 92704. Include an addi-
tional 13¢ stamp for a sample copy of
the HP-65 Notes newsletter.

Books are another good source of
information on calculators. Four re-
cent ones you might want to get are:
Electronic Calculators by H. Edward
Roberts (Howard W. Sams & Co., Inc.);
Scientitic Analysis of the Pocket Cal-
culator by Jon M. Smith (John Wiley &
Sons); Calculator Dictionary and
Users Guide by Charles J. Sippl (Mat-
rix Publishers); and Advanced Appli-
cations for Pocket Calculators by Jack
Gilbert (Tab Books).

Finally,don’t overlook the manufac-
turers of calculators for in-depth
material on the calculators in their
respective lines. ®
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ITH the introduction of pro-

grammability, a powerful new
dimension has been added to hand-
held calculators. Now you can buiid a
full scientific, 72-step programmable
calculator at low cost.

The programmable calculator pre-
sented here features algebraic entry
with as many as five levels of paren-
theses and 10 ieveis of memory; a 12-
digit display (eight-digit mantissa,
two-digit exponent, and separate
minus-sign displays for mantissa and
exponent); a full range of arithmetic
and scientific functions; and low-
battery indicator. These are supple-
mented by eight programming func-
tions and storage capacity for 72 steps
in the programming section. Power
for the calculator is supplied by a
9-volt battery or ac adapter.

More Details. When used as a basic
problem soiver, without employing
the programming section, the cal-
culator operates like most other scien-
tific calculators, except that it is more
flexible for complex problem solving
as a result of its nested parentheses
and 10-level memory register. Single-
key commands are provided for such
transcendental functions as sin, cos,
tan, sin~!, cos™', tan-', common and
natural logs and anti-logs, and y*.
Convenience functions include 1/x, x2,
Vx, degrees/radians select, factor re-
versal, i, and change sign (+/-). For
maximum flexibility, six keys are as-
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NOW YOU CAN BUILD

Scien gﬁc
“Programmable
Galculator

signed to the addressable memory
section.

The programming keys include: r/s
(run/stop), Go 1O, skP (skip), SST
(single step), and BST (back step). A
separate slide switch provides the
run/clear/load (RN/C/LD) functions. All
together, these functions provide a
very powerful and versatile program-
ming instruction set.

The GO T0 key permits direct
branching in a program, while the skp
key provides a branch on minus.
Hence, programs can make decisions
and cause changes in the program
sequence. Thisis a form of conditional
branching that is very useful for com-
plex programs where decisions must
be made to select aprogram that leads
to the final result.

About the Circuit. Although the ac-
tual circuit for the calculator is ex-
tremely complex, the schematic dia-
gram, as shown here, is relatively sim-
ple. Most of the complexity is con-
tained inside three LS| chips. Cal-
culator array IC1 contains all the cir-
cuits for the arithmetic and scientific
functions, while the 10-level memory
register is in /C3. Key memory array
IC2 provides the programming.

Integrated circuits /C4 and /C5 are
buffer/drivers for the display-enable
lines from /C7. The segment-enable
outputs from/C7 and/C2 go directly to
the segments in the display.

The keyboard consists of a 40-key
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BY MARTIN MEYER

matrix and slide switches for power
ON/OFF, degrees/radians (D/R) select,
and RN/C/LD select. Ten of the keys in
the array are assigned two functions,
the second function under the com-
mand of a special F (shift) key. For
example, the primary function of the
SIN key is to provide the sine of a
number. By pressing F first, the arcsin
(siN~") function is provided instead.

There is a choice of three display
formats. When no special commands
are given, the decimal is fully floating.
Scientific notation is obtained by
pressing the EE (enter exponent) key.
Finally, the decimal location can be
fixed in the dispiay by pressing ps (de-
cimal point select) and then the num-
eral key that corresponds to the de-
sired number of decimal places.

The 10-level memory register is ac-
cessed by operating the sTo or RcL
keys, (depending on whether you want
to store a number in memory or recall
it} and the numeral key that corre-
sponds to the desired memory loca-
tion. Memory l|ocations can be ac-
cessed in any desired order. For extra
versatility, the memory system is
backed up by Mn+, Mn—, Mnx, and
Mn - keys.

Operation. As mentioned earlier, the
basic calculator can be operated in
much the same manner as most other
scientific calculators. However, the
best way to describe the operation of
the programming feature is to give

POPULAR ELECTRONICS
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Schematic diagram
Voo of the calculator
shows how the five
1C’s are connected
(55 i EL) (9 to th(: keyboard -
€ " - and 7-seqinent displays.
DIGITS
PARTS LIST

B1—9-volt battery
DISi—Miniature
display
IC1—7529-216 calculator array
1C2—7543-001 key memory array
1C3—7544 memory buffer array
IC4, 1C5—75492 digit driver
J1—Miniature phone jack for 9-volt dc
battery eliminator (optional)

MAY 1976

seven-segment LED

R 1—22,000-ohm miniature trimmer poten-
tiometer

R2 through R9—100-ohm, Y-watt, 109%
resistor

Misc.—Keyboard with power. mode. and
D/R switches: calculator case with dis-
play filter: printed circuit board;
hardware: solder: etc.

Note: The following are available from
Netronics Research & Development

WWW.americanradiohistorv.com

I.td., Rte. 6, Bethel Meadows, Bethel,
CT 06801: complete kit of parts, includ-
ing calculator case, soft vinyl carrying
case, assembly and operating instruc-
tions, at $65.00 plus $1.50 postage: op-
tional battery eliminator for ac opera-
tion at $4.95; printed circuit board at
$6.00: LED display assembly at $19.50:
keyboard assembly at $15.00. Connecti-
cut residents, please add state tax.
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examples of how the programming
works.

First, when programming the cal-
culator, the last three digits of the
mantissa and both exponent digits are
always active. The mantissa shows the
number code assigned to whatever
key is pressed. The number codes are
different for each key function (e.g. 0
=100, e* = 42, o TO = 93, etc.). The
exponent gives the line number (step)
in the program. The steps are ar-
ranged in numerical order from 00 to
71.

Once you decide on the key se-
quence to use for your program, set
the slide switch to ¢ and press R/s to
clear all program memory lines. Then
switch to LD in the proper sequence.

As an example, let's key in the pro-
gram for the hyperbolic sine, which in
equation form is: sinh(u) = V2(e"
— e"Y). The key sequence for the sinh
program would be.

Enter Display Line
Key Command Key Code  Number
R/S (enter u) 90 00
STO 55 01
0 100 02
er 42 03
- 11 04
RCL 56 05
0 100 06
+/— 62 07
er 42 08
X 12 09
. 70 10
5 105 11
= 80 12
GO TO 93 153
0 100 14
0 100 15
R/S (HALT) 90 16

As each keystroke is entered during
loading, the line number will incre-
ment one step. If you wish to see the
actual key codes and line numbers,
the entire program should first be en-
tered and then return the program to
line 00 after the last entry and single
step through the program with the ssT
key with the slide switch in the LD posi-
tion. Note that the HALT character at
the beginning of the program allows
data (in this case, the value of u) to be
entered.

To execute the program, set the
slide switch to RN and press skp (0or Go
TO 00). Enter the value of v and then
press R/S twice. The calculator will au-
tomatically step through the program
and display the solution.

If you wish to aiter the program—for
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example, remove the HALT from line
00—perform the following sequence.
First, switch to RN and press GO TO.
Switch back to c and press ssT. Switch
to RN and press Go TO 13. Then switch
to LD and press R/s to put a HALT in
line 13. Finally, switch to ¢ and press
ssT twice to remove the GO TO num-
bers. The program can now be exe-
cuted with the only change being that
it will halt at line 13 instead of return-
ing to line 00.

More conditional branching state-
ments can be obtained by using the
SKIP function. SKIP isdefined asx < 0
(negative), where x (and y) is the vari-
able being tested. The following sam-
ple sequence illustrates the basic

" SKIP function:

Key Line
R/S (enter data) 22
LOG 23
SKP 24
GOTO 25
4 26
0 27
SIN 28
TAN 29

If the result at line 23 is a positive
number, the next statement (GO TO
40) will be executed. If theresult at line
23 is negative, the program will skip
the GO TO 40 statement (lines 25, 26
and 27) and execute the following
statement (SiN) next and thereafter
continue the program in sequence.

In the following program, using the
SKIP function, the program will solve
the equation x — 3 =. After each solu-
tion, the value of x will be de-
cremented by 1 until x becomes less
than 3, at which time the resultof x — 3
= will be negative. An incrementing
counter counts the number of times
the equation is solved to the point
where the result is negative (x < 3).
When the negative result is obtained,
the SKIP function branches to display
the number of times the equation was
solved and then stops.

Enter Key Code Line
R/S (enter x) 90 00
STO 55 01
0 100 02
0 100 03
STO 55 04
1 101 05
RCL 56 06
0 100 07
11 08
3 103 09
= 80 10
SKP 96 11
GO TO 93 12

2 102 13
0 100 14
RCL 56 15
1 101 16
R/S 90 17
1 101 18
F, Mn+ 50 19
1 101 20
1 101 21
F, Mn— 51 22
0 100 23
GO 1O 93 24
0 100 25
6 106 26

If x = 5, the program will loop three
times. Lines 00 through 10 compute
the formula, 11 to 15 provide the SKIP
and branching functions, 18 to 20 pro-
vide the incrementing counting, and
21 to 23 decrement x.

In our final example of program-
ming, we’ll use the quadratic equation
x? + 3x + 2 = 0 to solve for x; and x,
wheretherootsare:x1 = (-b + Vb2 -
4ac)/2aandxz = (—b — V' bZ — 4ac)/2a.
First enter the program for x1 as fol-
lows:

Enter Line Enter Line
R/S (enter a) 00 4 19
STO 01 X 20
0 02 RCL 21
R/S (enter b) 03 O 22
STO 04 X 23
1 05 RCL 24
R/S (enter c) 06 2 25
STO 07 | 26
2 08 )3 27
RCL 09 Vx 28
1 10 + 29
+/— 11 2 30
+ 12 X 31
(( 13 RCL 32
RCL 14 0 33
1 15 = 34
F, x? 16 GOTO 35
= 17 0 36
(€ 18 0 37

As written, the program will solve for
x1. To make it solve for x2, you must
changeline 12 to a —. Using the above
programfora=1,b=2andc =3, x;
will be —1 and x, will be —2. You can
verify these results by plugging them
into the quadratic equation. In both
cases, the answer will be 0.

The one way to become proficient at
using a programmabile calculator is to
practice. Practice entering and
executing programs and practice writ-
ing your own programs. In just a short
time, you will find that using this cal-
culator is as simple as using a non-
programmable calculator. ®
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A fascinating and rewarding hobby for SWL's.

BY C. M. STANBURY, Il

Above is souvenir pennant
from Radio Clarin. The
station features every
kind of Latin American
music and is easily

heard throughout daylight
hours on 11.700 MHz.

MAY 1976

HE high-frequency broadcast
bands are literally alive with music

of every nationality. Aside from
just listening to broadcasts of the mu-
sic, a fascinating hobby is to make
tape recordings of it, forming a col-
lection for future listening pleasure
and study of various trends in how
folk music develops. While the re-
ception on most shortwave receivers
is not exactly high-fidelity, it is ac-
ceptable for the simple rhythms and
harmonic structures of folk music.
All you need to know is which sta-
tions and frequencies are best and
have the patience to wait for a signal
free of interference. Then you add a
tape recorder and start your collection.
Folk music on shortwave is particu-
larly interesting because you will hear
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two types. One includes pure, more-
or-less traditional melodies indige-
nous to the country or area from which
you are receiving them (such as music
dating back to the Incas from stations
in western South America). The other
is that same music altered by recent
cultural changes (such as the Latin
American rock featured by the Ven-
ezuelan station, Radio Juventud, on
4.900 MHz). The cultural changes are
similar to those that have produced
folk rock and modern country and
western from pure American folk
music.

Equipment. One thing you should
have if you want to make a collection
of folk music is a phone jack on your
shortwave receiver so that your tape
recorder can be connected directly to
the receiver. It is possible, of course,
to record by placing a microphone in
front of the receiver’s speaker, but this
adds ambient noise. If your shortwave
receiver's phone jack automatically
cuts off the receiver’s speaker, the re-
corder should have its own monitor-
ing facilities so that you can determine
when a desired selection is finished or
if the signal quality has dropped below
an acceptable level.
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There are two qualities of receivers
that are of major importance. One is
good image rejection. There is noth-
ing so frustrating as finding a want-
ed signal on a clear frequency, only
to have reception spoiled by inter-
ference produced within the re-
ceiver itself. For example, during the
period around noon, Radio Iran often
has traditional Persian music, with a
strong, clear signal on 15.084 MHz.
This is just below the 19-meter band
and is thus usually free of interference
(QRM). But if your receiver has poor
image rejection, it may pick up
radioteletype or other noise from
15.994 MHz.

Second, as most of your taping will
be done within the interference-

TABLE 1—FOLK-MUSIC STATIONS

Frequency Station
I (MHz)
3.390 Radio Zaracay (Ecuador)
4890 Radio Senegal
4.900 Radio Juventud

| (Venezuela) (Good for
Latin American rock.)

4910 Conakry, Republic of
i Guinea
4920 Radio Porgreso (Honduras)
§ (Good for Latin
American rock.)
4940 Abidjan, ivory Coast
4.990 Nigeria Broadcasting Corp.
5.041 Radio Bissau
(Guinea-Bissau)
5.047 Lome, Togo
6.195 Nigerian Broadcasting
Corp. (Local station at
Sokoto.)
6.205 Radio Nova International
(Tentative Italian ID.
Might instead operate
from African waters.)
6.250 Radio Malabo (Equatorial
Guinea)
9.022 Radio Iran
9.510 Radio Barquisimeto \
(Venezuela)
11.700 Radio Clarin (Dominican
Rep.) (Plays all types of
Latin American music.) {
11.800 Sri Lanka Broadcasting
Corp.
11.890 HCJB (Ecuador)
11.895 Radio Senegal
11.920 Abidjan, Ivory Coast |
12.005 U.A.R. Broadcasting |
Service
15.084 Radio lran
15180 Brazaville, Congo
15.245 La Voix du Zaire (Also
reported irregularly on
15.350.)
15275 Voice of Malaysia
40
i

clogged SWBC bands themselves, the
more selective your receiver, the bet-
ter. As a general rule, two signals of
equal strength, separated in fre-
quency by 5 kHz, should not interfere
with each other.

The Stations. To list every station
which might conceivably broadcast a
recordable selection of interest would
require atieastasmallbook. However,
you'll probably be particularly in-
terested in relays of home services
which, for one reason or another, put
strong signals into North America.
This simplifies the task of listing sta-
tions.

However, it may just be a matter of
time until all home-service relays from
less-developed countries are forced
off the major high-frequency bands by
more powerful international relay
networks. This makes a regional or
‘tropical,” band such as 60 meters
very important. Here, Radio Senegal is
on 4.890 and Abidjan on 4.940 MHz,
and sometimes, in the late afternoon,
they put good signals into eastern
North America. Another 60-meter Afri-
can opening occurs periodically be-
tween 2200 and 0100 EST (1900-2200
PST). However, by this time of day, a
myriad of Latin American stations wilt
also have appeared on the band. Other
promising African tropical-band out-
lets, as well as a few home service re-
lays on the international bands, are
listed in Table I.

In the second major tropical area,
Latin America, every nation in Central
and South America has its own par-
ticular variety of music. Unlike African
music, however, almost all Latin
American music was drastically al-
tered many years ago by highly
sophisticated European influences —
mostly Spanish. You can hear and re-
cord this for yourself by tuning in
Radio Clarin (Santo Domingo,
Dominican Republic) during daylight
hours on 11.700 MHz. Here again, we
have a home service relay on an inter-
national band—or at least at the edge
of a busy global band. Radio Clarin,
which also can be received with
strong, all-night signals on 4.850 MHz,
often features music from every part of
the Americas.

There is one part of the Americas
where a good deal of pre-Columbian
music remains intact. This inciudes
the strip of the Andes that runs from
Ecuador through Peru and into
Bolivia. Surprisingly, one of the
clearestsignals, on occasion, is that of
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TABLE Il—PERU: FOLK AND INTERNATIONAL
ROCK MUSIC STATIONS

Frequency Station
(MHz)
3.240 Radio America
4.760 Radio Tingo Maria
4.780 Radio Atlantida
4.815 Radio Sameren
4.840 Radio Andahuaylas
4845 Radio Sulana
4.935 Radio Tropical
4995 Radio Andina
5.010 Radio Eco
6.045 Radio Santa Rosa
6.115 Radio Union
9.532 Radio Nacional
9.562 Radio Nacional

All stations normally heard only at
night. More interference east of the Mis-
sissippi than in western U.S.

Radio Zaracay (Ecuador) on 3.390
MHz, in the 90-meter tropical band.
The well-known missionary station
HCJB also features some of this music
on its various Spanish-language fre-
quencies (such as 11.890 MHz).
Finally, to conclude this brief sur-
vey, we turn to Asia where one of the
most interesting transmissions is Sri
Lanka Broadcasting Corporation’s All
Asia Service on 11.800 MHz. it features
the traditional music of the Indian
subcontinent—with sitars, ragas, etc.
— which influenced the Beatles and
other rock groups in the 1960's. Sri
Lanka is best heard before noon EST.
Stations providing other music of the
Far East, Near East, and Arab states of
North Africa are listed in Table I.

International Rock. We have noted
the influence of South Asian music on
modern rock. In that case, the process
was strictly one way, but there are
other instances where rock has had a
considerable influence on folk music.

The easiest way to hear this is by
tuning to stations in Latin America,
such as Radio Juventud. Peruvian sta-
tions, in particular, should be carefully
monitored to find this mix of folk and
rock. See Tabie ll. Interestingly, Simon
and Garfunklie's ‘El Condor Passe”
("I'd Rather Be a Hammer Than a
Nail") was Peruvian inspired.

In Africa, local radio has played in-
digenous melodies alongside rock for
many years, especially in such rela-
tively sophisticated west Africa cities
as Dakar (Senegal) and Lago (Nigeria).
So, the stage is set in Africa for the
emergence of a new "'folk-rock™ mix-
ture. @®

POPULAR ELECTRONICS


www.americanradiohistory.com

b .

off on

’D(. ~ - X

RNy
i\ Y

o

Audio

Detective

oosv ) 5l
osv> ol
sv Nl 7>
sva> @l 7}

DC MICROAMPERES

CALECTRO

BUILD THE

AUDIO DETECTIVE

Here’s a sensitive troubleshooting meter for phono cartridges,

HE Audio Detective is a sen-

sitive ac voltmeter which will
prove to be especially useful in
troubleshooting an audio system. On
its lowest range (5 mV), it can be used
to test microphones and many phono
cartridges. It will also measure poten-
tials up to 5 volts (50 volts, if a simple
modification is made). The response
of the meter is flat within 5% from 15
Hz to 20 kHz.

The instrument is battery-powered
(1 mA current drain) and is conve-
niently small for portable use. A
phono plug is used for the input and
input resistance is 100,000 ohms.

Circuit Operation. The circuit made
up of transistorQ7, R19,C7, and D8 is
a regulated power supply which pro-
vides 14 volts for /IC1 (Fig. 1). Due to
the presence of C7, the supply turns
on slowly to prevent capacitor charg-
ing currents on C2, C3, and C4 from
damaging the meter. Diode D7 pro-
tects the circuit from an accidental re-
versal of battery polarity.

The network consisting of R1, R2,
and R3 sets the quiescent operating
level of 7 volts at the output of ICTA.
The dc interstage coupling through
R4, R7, and R10 maintains thisvoltage
at the outputs of the three following
stages. The high input impedance at
the noninverting (+) input of /CTA
prevents loading of the input atten-
uator. Diodes D5 and D6, in conjunc-
tion with R78, are used to protect /C7

MAY 1876

microphones, and PA systems

BY RALPH TENNY

from excessively high input vcltages,
which might damage it.

Sections B and C of /IC7 amplify the
audio signal from section A with stage
gainsdetermined by the ratios of RS to
R6 and R8 to R9. CapacitorsC2 and C3
couple the ac currents to the common
bus so that the ac output of each stage
swings about the 7-volt dc operating
level.

Section D of IC1 is a precision rec-
tifier and meter driver. The parallel
combination of R11 and R13 estab-
lishes the gain of the stage. Varying
the value of R13 calibrates the meter
so that the meter current is 50 micro-
amperes (full scale) when 5 mV is
applied to the (+)inputof /C1A. Resis-
torR12 and the combination of C5 and
C6 shunt R11 at the higher audio fre-
quencies to adjust the frequency re-
sponse near 20 kHz.

Construction. Circuit layout is not
critical so perforated board and
mounting clips or a printed circuit
board can be used. It is advisable to
use a socket for /C7 to avoid possible
heat damage during soldering.

Because of the low signal levels re-
quired by the measuring circuit, a
single common bus is used. Tie all the
circuit ground points to this bus and
connectthebustothe case atonlyone
point—preferably at the ground lug of
J1. If J7 is mounted on a metal panel,
make no other connections to the
metal portion.
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Whatever the layout and case, the
checkout of the circuit will be easier if
one section is wired and tested before
going to the next. Start with section D
of the IC and the meter circuit. Since
charging currents in C2, C3, and C4
will cause current surges in the meter,
the operating voltage must be applied
slowly to avoid any possibility of meter
damage. The test circuit shown in Fig.
2Ais used to do this. The dc operating
power can be a battery or power sup-
ply between 12 and 15 volts dc. Be
sure the potentiometer is at the zero
position before turning on the power.
The signal generator should be capa-
ble of delivering- a low-distortion,
1-kHz sine wave which can be set to
zero output.

When wiring this first section, con-
nect R10 temporarily to point A of the
test circuit. Turn on the power and
slowly adjust the test circuit poten-
tiometer to bring the voltage to be-
tween 12 and 15. As the voltage is in-
creased, the meter action will be erra-
tic and move upscale. When the power
is fully on, the meter should settle
back to zero.

Turn up the audio generator con-
nected to the test circuit. As the
generator output is increased, the
meter will reach full scale when the
generator is delivering 0.3 volts rms.
Once this section is working properly,
reduce the test circuit voltage and
audio generator output to zero and
remove the connection to R70.
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PARTS LIST

Bl, B2—9-volt battery
Cl1—0.1-uF, 50-V ceramic capacitor

C2.C3—100-yF, 25-V electrolytic capa-

citor
C4—22-yuF, 25-V electrolytic capacitor
C5—100-pF capacitor
C6—47-pF capacitor (see text)

C7—47-uF, 25-V electrolytic capacitor

C8—225-uF. 25-V electrolytic capacitor

D1 to D7—IN4148 diode

D8—15-V zener diode (HEP Z0225)

IC1—Integrated circuit (National
1.M324)

J1—Standard phono jack (RCA)

M1—0-50-uA meter (Calectro DI-910 or
similar)

Q1—2N5449 or TIS9S8 transistor

R1
R3
R4
RS

, R2—47.000 ohms

— 1.2 megohms

, R7. R10— 1000 ohms

. R8, R18— 10,000 ohms

R6, R9—1500 ohms
RI1l, R12—5600 ohms
R13, R19—(see text)

R1

4—91,000 ohms (see text)

R15—9100 ohms (see text)
R16—910 ohms (see text)

Following resistors are Y4-W: R 17— 100 ohms (see text)
S! 2nS449 +14v S1 to 85—Spdt switch
y _Ti Misc.—Suitable chassis (Calectro H4-
e 722). battery holder. mounting
IN4148 s hardware, etc.
#RI93 ey
iR 3 ICI:LM324
£ 5 D8 24— L g 12
- B2 15V 1K
S HEPZOZZ? CT
47uF
L :
ok : : )
.\l’.\l .\1 55?56»( Esgx g.'éx 5R”§§ .RIS:E
\ > < i < b3
SARIRARE T o8 L W -
30 MRS I S 0w oo TS ani~ TTGorr zht T~
N ) RI4 ) RIS ) RI6 . 'R!7 —L *
IN 9IK 9.1K oNn 1000 sy SEE TEXT
Fig. 1. The first three op amps bi IC1 form a sensitive ac amplifier and the fourth dirives the meter.,
Now wire up the rest of the circuit Turn on the power and apply an +isv > alLX: :
(sections, A, B, and C of /C7). Perform  audio signal of about 5 mV rms at 1 oK I . - J
the above test again and note that the  kHz toJ7 to get a full-scale reading on 3
inputs to sections A and B are 5 mV  the meter. When the next higher scale Ic
rms for a full-scale meter indication. is switched in, the meter should indi- \
Assemble the power supply portion, cate about 1/10 of full scale. Bring the
using 150,000 ohms for R79. The time  meter to full scale by adjusting the Com et
constant for R79 and C7 determines audio source. Switch to the next Augsuz——H-_lJpF
how fast the operating power comes  higher scale (0.5 V) and note that the (A)
up. Select the value of R79 so that the  meter goes down to 1/10 of full scale. L. 1% e |
circuit comes into full operation with-  Repeat the adjustment and check the AEeN ) VERT
out violently “pegging’ the meter. On  next range. 990n ¥
the prototype, the meter settled back Either a laboratory calibration ] P o

to zero about seven seconds after
power was turned on.

Complete the assembly, wiring up
the input attenuator. The resistors
used in the attenuator can be conven-
tional 5% types or they can be selected
with a resistance bridge to be as close
to the stated values as possible. The
more accurate the resistor value, the
better the meter readings.

standard or a dc-coupled scope can
be used for final calibration and
frequency-response checking. If a
scope is used, start with the calibra-
tion. Use a new flashlight battery (1.55
volts). Set the scope to 0.2 volts per
division, and connect the battery to
the scope vertical input. Adjust the
scope vertical gain until the trace is
7% divisions from its zero position. If

View of interior

of the Audio Detective
as assembled in the
anthor's prototype.
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Fig. 2. (A) Test circuit for
stage-hy-stage checkout. (B) A
source of 0.005-volt rins.

(C) Measiing speakei impedance.
(D) How to check filters.
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the scope has a different vertical
range, use a range that produces a
nearly full-scale deflection.

Carefully select the two resistance
values shown in Fig. 2B and apply
1.414 volts peak-to-peak at 1 kHz as
shown. Connect the 0.005-volt rms
output of this voltage divider to J1 of
the Audio Detective, with the atten-
uator set for 0.005 V.

Selectavalue for R13 that will give a
full-scale meter indication. Keeping
the output of the audio generator at
this constant level, reduce the fre-
quency until the meter indicates
0.0047 volt. The generator frequency
should be lower than 20 Hz. If a slower
roll-offis desired, increase the value of
C1. In this way, it is possible to bring
the flat response down to 10 Hz. If a
lower frequency is required, it is nec-
essary toincrease the values of C2, C3,
C4, andC7, and lower thevalue of R19.

With the output of the audio
generator held at 1.414 V peak-to-
peak, increase the generator fre-
quency to 20 kHz. If the meter indi-
cates too low a value, the high-
frequency response must be adjusted.
This is done by adding more capaci-
tance across C6. Be careful not to add
too much compensation, which will
result in a “"hump’ near the 20-kHz
point.

Like all ac voltmeters, the Audio De-
tective will respond to almost any
waveform. However, itis calibrated for
a sine wave and other waveforms will
produce erroneous meter readings.
For example, a 9-volt peak-to-peak
sine wave will read 3.2 V on the Audio
Detective. A 9-volt square wave would
show up as 5 volts. However, as long

.0b5V

—  9IK3 210k

05V
=0

1 5V

Fig. 3. To add a 50-volt range to the
Audio Detective use either a rotary
or discrete switches as shown here.
Note the changes in the bottom two
resistors as compared to Fig. 1.
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as the waveform remains the same,
relative measurements of nonsinusoi-
dal waveforms can be made.

Uses. The Audio Detective can be
used to troubleshoot a PA system.
Piug the microphone to be used into
J1 (with the correct adapter) and
speak into the mike. A dynamic mike
should have an output of about 1 mV,
and a condenser (electret) mike

should generate between 4 and 5 mV.

The Audio Detective can then be con-
nected to the mixer output to test that
stage. The procedure is continued
through the audio system to the
speaker outputs. The signal level will
get progressively higher. At the
speaker outputs, five volts on an
eight-ohm line indicates. just over
three watts.

To determine the gain of an am-
plifier, use the Audio Detective to

Components assembled on the perforated board.
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measure the input and output volt-
ages. The gain is simply the output
voltage divided by the input.

To test the frequency response of a
tape recorder, apply a 1-kHz tone to
the recorder’'s auxiliary input and
select a level that gives a comfortable
playback volume with the volume con-
trol set at midrange. Record several
different frequencies at this same
level. Terminate the external speaker
output with an 8-ohm resistor and
monitor the voltage generated across
the resistor at each frequency. (For
component tape decks, monitor the
line output unterminated.) Plot the
output voltage as a function of fre-
quency.

To determine speaker impedance,
use the circuitshownin Fig. 2C. Select
E,, so that 0.5 volt is generated across
the 8-ohm resistor. Switch to the
speaker and measure E,,. The
speaker impedance at that frequency
is (Z,,,/0.5) x 8. For example, if Z,,, is
0.45 volt, the speaker impedance is
(0.45/0.5) x 8 or 7.2 ohms.

You can check the frequency re-
sponse of a filter by using the circuitin
Fig. 2D. Holding the input constant,
vary the frequency and plot E,,, as a
function of frequency. Figure 2D also
shows typical response curves for
both series and parallel resonant cir-
cuits.

Modifications. The schematic in
Fig. 1 shows the input attenuator
spanning four ranges from 0.005 to 5
volts. If you want to extend the upper
limit, use the attenuator shown in Fig.
3. Two versions are shown—one
using five slide switches and one
using a rotary switch. Either will ex-
tend the range to 50 volts. ®

43


www.americanradiohistory.com

ORNADOES, hurricanes, and oth-
er severe weather disturbances
often strike in the middle of the night
or at times when most people are not
normaily listening to the radio or
watching TV. Consequently, they re-
ceive no advance warning and are un-
aware of the impending danger.
Residents of areas where distur-
bances often occur have taken to lis-
tening to transmissions from the Na-
tional Weather Service stations
operating on 162.40 or 162.55 MHz in
most parts of the country. The receiv-
ers used for this purpose generally
range from low-cost battery-powered
units to vhf/FM scanners. There are
also some expensive receivers with
special circuitry to alert police sta-
tions, etc., to a forthcoming severe-
weather announcement by the NWS.
The under-$15 circuit described
here will enabie you to duplicate the
special alert provisions of the costlier
NWS receivers. It decodes the 1050-Hz
warning tone used for the alert (when
it occurs) and automatically activates
the normaliy quiet receiver. This puts
your low-cost unitin the same class as
the professional weather warning sys-
tems.

Circuit Operation. The circuit (Fig.
1) is essentially a controller for relay
K1, whose normally open contacts are
between the receiver audio output
transformer (secondary) and the
loudspeaker. Thus the speaker is
normally disconnected and resistor
R1 provides a substitute load.
Capacitor C17 is used to isolate diodes
D71 and D2, which provide signat clip-
ping to prevent overdrive of IC7.
Capacitor C2 isolates the diode clip-

a4
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Fig. 1. When IC1 receives the alert and

IC2 times out, the SCR tuyns on the speaker.

C1, C2—0.047-pF Mylar capacitor
C3,C9—0.1-yF disc capacitor
C4—10-uF, 15-V electrolytic capacitor
| C5—0.14F Mylar capacitor
C6—2-uF. 15-V electrolytic capacitor
| C7—5-uF. 15-V electrolytic capacitor
C8—0.01-uF disc capacitor
C10—20-pF, 15-V electrolytic capacitor
C11—0.02-pF disc capacitor
D1.D2,D3—iIN914 diode
D4,D5—HEP156 rectifier diode
IC1—567 phase-locked loop
1C2—S555 timer

’ PARTS LIST

per from/C1, since any dc component
at the input to /C7 could cause false
decoding.

Trimmer potentiometer R2, in con-
junction with C5, determines the de-
coding frequency (1050 Hz) while C6
determines the bandwidth and C7 sets
the decoder timing. When not decod-
ing, the output of /C7 (pin 8) is high.
When /C71 receives a tone within its
locking range, the output drops low.
This output is applied to one input of a
gatein/C3. The output is also coupled
through C8 to trigger /C2, a 555 timer.

The timer is required because false
alarms can be produced by random
receiver noise or voice announce-
ments which occasionally are at 1050
Hz. Since the signals producing false
alarms are usually of short duration,
but the real alert tone is transmitted
for at least 15 seconds, some form of
timing circuit is needed.

The output of /C7 is connected to

MAY 1976

GND SPKR TRANS

1C3—4001 CMOS
KI1—6-12-V, S500-ohm coil, spdt
(Radio Shack 275-004 or similar)
R1—10-ohm, 5-W resistor
R2—20,000-ohm trimmer potentiometer
R3—22,000-ohm, ¥2-W resistor
R4—470-ohm, Y2-W resistor
R5—330,000-ohm, Y2-W resistor
R6—22-ohm, 1-W resistor |
R7—27.,000-ohm, “2-W resistor
S1—Normally closed pushbutton switch
TS1—Three-connector terminal strip |
Misc.—Suitable enclosure. power supply
(see text), mounting hardware, IC sock-
ets. etc.

relay

pins 2 and 4 of /IC2. When a pulse ap-
pears, /C2 resets and starts its timing
cycle. Resistor R5 and capacitor C10
set the length of the cycle (about 10
seconds). When /C2 times out, its out-
put {(pin 3) goes low and is applied to
the input of /C3. When (and only when)
the two inputs of /C3 are both low, its
output goes high.

As long as the 1050-Hz tone is not
present at the input of /C7, the circuit
idles, with SCR7 not conducting and
the relay deenergized. When the
1050-Hz signal is received from NWS,
the output of /C7 goes low and /C2
starts timing. At the end of the timing
cycle, the output of /C3 goes high and
SCR1 starts to conduct through the
relay coil. Then the loudspeaker is
connected to the receiver’s audio out-
put and the weather bulletin is heard.
Diode D4 reduces the back emf gen-
erated across the coil and D5 prevents
damage due to application of reverse

WWWwW.americanradiohistorv.com

power supply. Pushbutton switch S17
is used to reset the decoder and turn
off the speaker.

Construction. Parts placement is
not critical and the circuit can be as-
sembled on perforated board or a pc
board. Sockets for the IC's are
suggested. Do not install the IC's be-
fore reading the following instructions
on tuning. Any enclosure of suitable
size can be used.

The circuit operates from a 6-12 volt
dc supply. In the nondecoding state,
the current requirement is about 12
mA at 6 V. If your receiver power sup-
ply is in this voltage range, uses a
negative ground, and can tolerate the
current drain, you can power the
alarm circuit from this source. If you
have a battery-operated receiver,
build a low-power dc supply between
6 and 12 volts.

If you have a transformer-operated,
tube-type receiver, consider picking
off the 6.3-volt filament supply (if one
side is grounded) and using a silicon
rectifier diode and a filter capacitor
(about 1000 WF).

Testing. Start with the IC's out and
the circuit not connected to the re-
ceiver.

Install IC7 in its socket and connect
a dc voltmeter between pin 8 .and
ground (positive sideto pin 8). Turnon
the dc power and note that the voltme-
ter indicates close to the supply vol-
tage. Connect an audio signal
generator ground to the circuit
ground and the hot side to the TRANS
terminal on TS71. With the relay
deenergized, you should now have a
signal on the input of /CT.

Set the signal generator as close as
possibie to 1050 Hz. Adjust R2 until the
voltmeter reading drops to near zero,
indicating that /C7 is decoding. Re-
move the signal generator, and the
voitmeter should go back to the sup-
ply voltage reading. Perform this step
several times to make sure that /C7 is
operating with each application of
1050 Hz. Turn off the audio generator
and the dc power.

Remove IC1 from its socket and In-
stall /C2 in its socket. Connect the dc
voltmeter between pin 3 of /C2 and
ground. Turn on the dc power. Con-
nect a jumper to circuit ground and
touch the other end to pin 2 of /C2.
Note that the voltmeter reading is the
supply voltage. After about 10 sec-
onds, the voltmeter should drop back
to near zero, indicating that /C2 has
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Fug. 2. Typical connections to the weather receiver speaker.

timed out. If the timing is too short,
increase the value of R5. Conversely, if
it is too long, reduce the value of R5.
Check the timing cycle several times
to make sure itisin arange of 7to 14
seconds. Turn off the power supply
and remove the jumper.

Remove /C2 from its socket, and in-
stall /IC3 in its socket. Connect one end
of a jumper to circuit ground and the
otherend to pins 1 and 2 of /C3 simul-
taneously. Relay K7 should close and
lock in. Remove the jumper, depress
S1, and note that the relay opens. Re-
peat this operation, ending with the
relay closed. Remove the jumper, and
connect it between the supply and
eitherpin 1 or2of/C3. Depress S71 and
note that the relay opens and remains
open after the switch is released. Re-
move the jumper and the dc supply.

Once all tests have been made, in-
stall all of the IC’s. Apply the dc supply
and put the 1050-Hz signal from the
audio generator on the input. After /C2
has timed out, the relay should close.
Remove the signal input, depress S7,
and the relay should open and remain
open. The circuit is now ready for in-
stallation.

Installation. Connections to the

weather receiver will vary depending
on the receiver. Some typical connec-
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tions are shown in Fig. 2. Note that a
1:1 8-ohm transformer is used for iso-
lation in case the chassis of the re-
ceiver is used as the positive side of
the supply (especially if you use the
receiver power supply for the alerting
circuit). The isolation transformer is
also used in case the circuit is OTL.
If the receiver is used for other than
weather reception, install a switch
across the spPkR and TRANS terminals
on 7S7. Then be sure the switch is
open to use the alerting circuit.

Operation. Turn on the weather
radio. Tune it to your local NWS sta-
tion and allow it to warm up so that it
doesn't drift (assuming itdoesn’t have
afc). Depress S7 and you are ready to
receive an alert warning. Since the
speaker is now silent, you can turn up
the volume to make sure that, if the
alarm comes during the night, the
sound will be sufficientto awaken you.

if you leave the receiver and the
alerting circuit on 24 hours a day, it
will be triggered between 10 and 11
a.m. each weekday when the NWS test
signal is transmitted.

When a severe weather alert is
broadcast, it is repeated every 10 min-
utes until the alert is over. This means
the alarm will sound each time until
you shut down the system. ®
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STABLISHING a good low-

resistance earth ground can
solve many of the problems commonly
encountered with high-frequency
(particularly radio communication)
equipment. For example, proper
grounding can solve the problems of
low sensitivity (assuming the equip-
ment has a high sensitivity to begin
with), harmonic generation, cross-
modulation effects, and detection of
unwanted signals.

As a general rule, an all-metal
cold-water plumbing system is often
the best access you have to a true,
low-resistance earth ground in any
given location. {Don’t count on the
“‘ground” conductor in a three-wire
electrical system as being at earth
ground. As often as not, the “ground”’
conductor is really nothing more than
the “‘common” bus for the system.)

In this article, we will discuss how to
make a good electrical/mechanical
connection to an existing and acces-
sible earth ground, the procedure to
use to establish a good earth ground
where a cold-water pipe isn't availa-
ble, and how to deal with the problems
you might encounter.

MAY 1976

Your high-frequency gear will work better when

you use good grounding techniques.

Making Ground Connections.
Many earth-ground systems are poor
due to the connections made to them.
Unless a ground connection is made
electrically (and mechanically) sound,
it can exhibit resistance, capacitance,
and rectification, as illustrated in Fig.
1. This kind of ground often is the re-
sult of a dirty connection, whose
characteristics change with time,
temperature, and humidity. The rec-
tifier is the result of dirt or rust that
weren't cleaned away before the con-
nection was made.

The rectifier is almost certain to
be the cause of trouble. It can be
the cause of harmbnics, cross-
modulation effects, and detection of

I ;
O ! gLy T

GROUNDING WIRE

EQUIVALENT
CIRCUIT AT
CONNECTION
POINT
Fig. 1. Equivalen! ctrcuit of a
poor ground connection, which
can canse nimerons problems.
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BY HECTOR FRENCH

unwanted signals. A typical example
of such a problem is on a stereo FM
tuner where interference occurs be-
tween two different local stations. If
the interfering station appears at sev-
eral locations on the dial, the ground
rectifier is likely generating har-
monics. If the interference is an all-
the-time problem across the entire
dial, the rectifier could be detecting
the local signal and passing it directly
into the tuner's or receiver's audio
section.

The cure for a poor connection to
ground is relatively simple. First, make
certain that the tie pointis clean (down
to bare metal). Scrub away any dirt
and grease, and use emery cloth or
steel wool to remove rust or other
oxides. Completely dry the cleaned
area.

If you're lucky enough to have cop-
per cold-water plumbing and have a
high-wattage soldering iron or gun,
you can wrap a length of wire mesh (a
length of shield from a coaxial cable,
for example) around the connection
and solder it into place. Completely
“wet' the mesh and tie point with sol-
der to assure an electrically and
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mechanically sound joint. (It would
help if you could shut off the water in
the pipe and drain it to remove the
heat-sinking action of the water and
make soldering easier. Also, do not
attempt to make your connection near
asoldered jointin the plumbing; make
it at least 12" away from any joints to
prevent the possibility of water leaks
when the water is again turned on.)
After soldering the joint and connect-
ing the grounding lead from the
equipment to the mesh, coat the mesh
and both joints with silicone seal or,
better still, silicone rubber to weath-
erproof them.

If your plumbing is other than cop-
per pipe, like galvanized iron, the best
way of making the connection is with
the aid of a grounding clamp or a pipe
strap with slots in it that are turned in
at the edges to bite into the connec-
tion point. Again, start with a clean,
dry connection point. Slip on the
clamp or strap and tighten it enough
toassure good electrical and mechan-
ical contact. Connect the grounding
lead from the equipment to the clamp
or strap, and weatherproof the con-
nection.

‘“Perfect’’” Ground Problem.
There is one situation where even a
“perfect” ground can be a source of
trouble. This is when your high-
frequency gear is an odd number of
quarter wavelengths away from earth
ground. In this case, the odd number
of quarter wavelengths produces a

GROUNDING
POINT
EQUIPMENT

bccp %0

Fig. 2
mcludes Jrom equipment to pipe
and length of pipe to true ground.

. Total distance to g;ound

transformer action that results in a
high impedance to ground. If you sus-
pect that this might be your problem,
try making your ground connection at
a different place or using a different
length of wire between equipmentand
ground connection.

You might have to do some experi-
menting to eliminate the '‘odd-
number’ problem, but it will be worth
it if you clear up the difficulty. Just

48

remember that the total path between
equipment and earth ground is the
length of the wire plus the length of
the pipe between access point and
true ground, as shown in Fig. 2.

Where No Access Exists. If you
must operate your equipment in an
area where no cold-water pipe pro-
vides an access to earth ground, you'll
have to make access. The simple way
to do this is to drive one or more 6’ or
8’ (1.83 or 2.44 m) metal rods or pipes
into the ground and make your con-
nection to it or them. One rod may not
be enough; in which case, you might
have to drivethree or four rods into the
ground 1 or 2 meters apart and tie
them together with heavy-duty wire.

One or several short lengths of rod
or pipe driven into the ground will
usually do the job. If not, the reason is
that the actual soil resistance varies
from one location to another. The fol-
lowing list gives “typical” resistance
figures for various types of soil, based
on 1 ohm as the resistance of sea wa-
ter:

Rich soil, plains 300 ohms

Hills, forest 750 ohms

Rocky, dry and sandy 2500 ohms

Industrial area 5000 ohms

Where poor soil conditions exist,
you'll have to try a different approach
for obtaining a low-resistance earth
ground. A lot of work will be involved,
butit will be worth itif you can solve all
or most of your grounding problems.
The trick here is to bury a few square
feet of copper sheet or galvanized
sheet metal to which are attached one
or more lengths of grounding rod or
pipe.

As a general rule of thumb, the
deeper you bury the metal and/or the
larger the area of the metal, the better
will be the ground. But be practical.
Try for a minimum depth of more than
1 meter (39.7") and a minimum area of
about 0.37 sq. m (24" square) for the
sheet metal. Before lowering the sheet
metal into the hole, line the bottom of
the hole with a mixture of charcoal
and rock salt to a depth of about 15.2
cm (6”). Water down the charcoal/salt
mixture. Then attach therod orrods to
the sheet metal and lower this into the
hole, followed by a layer of the
charcoal/salt mixture. Water the mix-
ture. Then fill the hole with soil, tamp-
ing it down solidly. Water down the
soil, butdon’tturn it to mud, to help in
settling and assure good conductivity.
(See Fig. 3 for details.)

After making your ground connec-
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Fig. 3. Details of how to make

a good earth ground by burying
a metal plate several feet down.
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tion to the rod or rods, water down the
area periodically to preventit fromdry-
ing out and maintain good low-
resistance earth ground contact.

Finishing Steps. Once you have a
good connecting point for access to a
low-resistance earth ground, you
must give some consideration to the
equipment itself and the area in which
the equipment is to be operated. The
first thing you should do, therefore, is
set up the electrical environment.

If your equipment is on a metal ta-
ble, ground the table. For a wood ta-
ble, run a ground wire around the top
or tack a metal screen to the bottom
surface of the table top and connect
the screen to ground. If you're operat-
ing your equipment in an area that's
carpeted, a good practice is to put
some wire screening under the carpet
and ground it. Then connect the ex-
posed metal part of each light fixture
to ground through a separate ground-
ing wire. Don’t hook all fixtures up in
series and run a single wire to ground.
{Grounding lighting fixtures is a pretty
good cure for fluorescent-light inter-
ference.) Finally, ground the frames of
all electric motors that might be close
enough to cause interference. Again,
run a separate grounding wire to each
motor.

The simplest way to ground your
equipment is usually the best. If vari-
ous pieces of equipment are physi-
cally close to each other, a single
length of wire fastened to each of their
chassis and to the grounding point
will do.

Our closing advice is this: Once you
have everything working properly,
periodically check out your grounding
system to make sure thatits integrity is
intact. This way, you'll be sure you get
the most from your ground for many
years to come. ®

POPULAR ELECTRONICS


www.americanradiohistory.com

Everything you neet to know

ahout CB is in this new hook
s hiy Radio Shack

e . ————

$425

NINABOUNE . SPECIAL
B TWO-WAY RADIO MR o

& layman’s plgin-talk gaide to the equipment, rules, and Denefits of low-cost Reg_ $ 1 . 2 5 CB BOOK

citizens tand two-way radio for business, family and personal use

*WITH THIS COUPON

Otfer Good at Participating Radio Shack Stores and Deaters
NONE SENT BY MAIL

9 Plain-Talk Chapters:

B Personal Two-Way
Communications

B Taking the Mystery
Out of CB

B Parts of the System

B How Far You Can
Expect to Talk

B Equipment Selection
W Installation

8Y RADIE SHACK'S EDITORIAL AND TECHNICAL STAFF o 116 FAGES » 1976 EDITION

Our just-published 116-page CB pocket- S|ze book |s .
available now at Radio Shack stores at a “'give-away” B FCC Regulatlons

price of just 25¢, prior to its listing in our catalog at @ CB Tomorrow
$1.25. Ifyou re into CB 2-way radio or getting in (as who

isn’t!) you’ll want this book to avoid costly errors. B Detailed Glossary

Edited oy the folks who started our famous Realistic® — Plus —

CB line in 1959, it's authoritative, very easy toread, and @ 10-Codes B CB Slang
tells all about CB for business, family and personal use.

*Get your $1-off copy—bring this coupon to any nearby B FCC Field Offices
participating Radio Shack store or dealer TODAY! B Over 100 Pictures

Rad IO ’ haeﬁ LEADING THE WAY IN CB SINCE 1959

A TANDY COMPANY CIRCLE NO. 52 ON FREE INFORMATION CARL:
MAY 1976 49

wWwWWw.americanradiohistorv.com


www.americanradiohistory.com

Advanced Electronics

The best way to qualify for top positions

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

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

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

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

1. Convenient Training

CREI brings the college to you.
Through the convenience of home study,
you receive exactly the same level of
training you will find in any college or
university offering programs in elec-
tronic engineering technology. With

ily.

If your career in electronics is limited
without college-level training, take a
look at the advantages a CREI home
study program can offer you.

’ CREI, however. you can “go to college”
whenever you have spare time at home
or on the job.

2. Specialized Programs
With CREI, you enjoy the advantage of
specialized training. That is, your pro-

gram will include only those courses
directly applicable to your career in

| clectronics. We omit such courses as
English, social studies and other sub-
, jects, which are usually required in

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

. teresting and useful part of your train-
ing.

| 3. Practical Engineering
' CREI programs give you a practical
engineering knowledge of electronics.
That is, each part of your training is
planned for your “use on the job.” By
1 a ini using your training, you reinforce the
CREI brlngs co"ege Ievel tralnlng learning process. And by demonstrating
" . . your increased knowledge to your em-
tO you W|th elght educathnal ployer, you may qualify for faster ca-

reer advancement.
advantages, including special , gngineering Degrees

H H CREI offers you a number of special
arrangements for engineering degrees armngememsyfor GaGRiNg, EneineEriE
degrees at recognized colleges and uni-
versities. You can earn college credit
while you are taking your CREI pro-
gram or apply later, whatever is best for
your career plans,

50 POPULAR ELECTRONICS
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5. Unique Laboratory

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

6. Wide Program Choice
CREI gives you a choice of specializa-
tion in 14 arcas of electronics. You can
select exactly the area of electronics best
for your carcer field. You can specialize
in such areas as computer electronics,
communications  engineering, mMicro-
wave, CATV, television (broadcast)
enginecering and many other areas of
modern clectronics.

7. Prepared by Experts

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

8. Industry Recognition

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

Other Advantages

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

MAY 1976

Career Training at Home

FREE Book

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

Qualifications

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

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

programs In electronics

Mail card or write describing qualifications to

CAPITOL

RADIO

ENGINEERING
INSTITUTE

Gl Bill

CRE! prograins
are approved
for raining  cf
veterans ani
serviceinen under
the G.I. Bill.

McGraw-Hill Continuing Education Center

3933 Wisconsin Avenue Northwest
Washington, D.C. 20016

Accredited Member National Home Study Council
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[T ADDS URP=

MP-A processor card. A complete microcomputer system on a single
card. It features the ‘‘Motorola” MCB800 processor. The powerful
memory orientated processor that is rapidly becoming the standard
of comparison in the industry. Also on this board is the MCM6830L7
Mikbug ROM, MC6810 RAM and the MC14411 baud rate generator.
The crystal controlled master clock oscillator and tri-state data bus
drivers complete the board. Everything works from a single 5.0

Volt supply. MPA. . ....... . ..... $145.00

MP-M main memory card. This circuit board contains two
blocks of 2,048 words of memory. Each part has its own
supply regulator and can operate independently of the other
half. The memory chips are the proven reliable 2102 static
type. They are capable of cycling fast enough to allow full
speed operation of the processor at all times. No waiting for
refresh cycles and no problems with “’flakey’” memories. Only
a single 5.0 Volt supply required.

MP-M............... $125.00 MP-C serial control interface. This
programmable interface may be used
to connect the computer to either a
video terminal or TTY current loop
system. Directly compatable with
either system. No hardware changes.

Chassis, mother board
and power supply. Ano-
dized cabinet with perfor-
ated cover for cool operation.
Ten amp power supply will
power fully expanded system of
up to six memory cards and eight
interface cards.

MP-B—Mother Board. . . . . . $40.00
MP-F—Chassis . . .. ...... $30.00
MP-P—Power Supply ... .. $35.00

TO A BREAT Siil¥ 5800

COMPUTER SYSTEM wmmm oo so00

(7 Enclosed is $395 for my SwTPC Computer Kit [ ] Send Data

2 .},m/?///m’mm.

Mikbug® is a registered trademark of
Motorola Inc.

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

¥
]
]
1
i
' OorBAC #
)
]
I Oormc Ex Date
i
]
]
)
1
1
H NAME

q ]
1]

COMPUTER - 1 -
S 6800 svstev f ADDRESS

i
i
! CITY STATE zip
¥
i
1
'
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PEAK INPLIT LEVEL

A New Audio
“ROOM EXPANDER”

Digital Time Delay System produces controllable reverb.

HE AUDIO world has generally

been thought of as purely
analog—about as far removed from
digital electronics as one could get.
There have been some attempts to
produce digital power amplifiers; but,
so far, digital circuitry has made no
inroads on actual signal generation
and reproduction. (The use of digital
peripheral equipment such as level
meters, timers, or counters is not ac-
tually part of the generation or repro-
duction of the audio signal.)

Things may be changing, however,
with the advent of a new approach to
reverberation called a ‘'Digital Time
Delay System'’ (also referred to as an
acoustic room expander) introduced
by Audio Pulse Div. of Hybrid Systems
(Bedford Research Park, Crosby Dr.,
Bedford, MA).

In real acoustic space, the various
reflected sounds arrive at the ear later
than the primary (direct) sounds, and
the largerthe concert hall, the later the
reflected sounds arrive. Obviously,
this concept has been considered be-
fore. Former approaches to reverb
have ranged from the use of mechani-
cal springs to charge-coupled elec-
tronic devices. (Commercial time de-

MAY 1976

BY LESLIE SOLOMON, Technical Editar

lays as used in recording studios are
far too expensive for home use at
present. The Audio Pulse Digital Time
Delay System is $585.)

Digital Techniques. The technique
used in the space expander involves
the equivalent of 150,000 transistors
(in IC form). The operation is ac-
complished by encoding each chan-
nel of a stereo pair into digital form {a
series of pulses) and depositing the
pulses in a shift register. The latter can
be thought of as a long hollow tube in
which different colored balls (repre-
senting the 1's and 0’s of the digital
logic) can be inserted in serial fashion.
If the differently colored balls are in-
serted in a particular pattern, they will
come out the far end of the tube in
exactly the same order. The length of
the tube determines the amount of
time (delay) required for the balls to go
from input to output. In the electronic
shift register, a set of voltage levels
represents the predetermined 1's and
0's, and a clock pulse steps them
along. The number of *'cells” in the
register then determines the time re-
quired for the digital pulses to pass
through the register.

WWW.americanradiohistorv.com

SECONDARY Ot F“J, VEL

l

The technique used is not pulse-
code modulation, in which a group of
pulses represent the instantaneous
amplitude of the input signal. (This re-
quires 10 to 12 pulses per group to re-
produce wide-range musical signals.)
Instead, the space expander uses
“delta modulation” in a circuit that
generates a continuous series of
pulses whose rate reflects the
moment-to-moment changes in the
audio input level. This is an efficient
method of encoding because only
about half as many pulses are required
per second.

A single time-delay system can ac-
curately simulate only one reflected
sound, orasingleecho. To provide the
ambiance created by the many re-
flected sounds in a concert hall and
avoid the single echo effect, the space
expander uses a cross-channel recy-
cling loop technique. Each side of the
stereo pair is not only delayed but re-
cycled back to the opposite side at a
reduced level that corresponds to the
normal attenuation of a sound wave
reflected and re-refiected. Con-
sequently, the composite right and left
audio output signals contain dozens
of delayed signals decaying exponen-
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Fig. 1. Conventional stereo signals are delayed by selected time intervals. then recycled cross-chanmel
to produce a reverberation that simulates the concert hall. No special program sowrce is required.

tially in amplitude—much like the re-
verberant decay of sound in a hall.
Another effect found in a concert
hall is that the reverberant energy ar-
riving at the listener’s ears is largely
randomly phased and seldom exhibits
exact left-right symmetry. To provide
this effect, the space expander has a
phase-shifting network that ensures
that the delayed signals have a non-
localized character typical of rever-
berant field energy in acoustic space.

Recycling Loop. The block diagram
in Fig. 1 shows one of the recycling
loops. The most important element of
the system is the delay-modulation-
with-memory block, shown in more
detail in Fig. 2. Three elements are in-
volved: an encoder to process the
audio input, a shift register to provide
time delay, and a decoder to convert

the digital information back to analog
form.

The input audio is applied to a com-
parator, which is essentially a high-
gain open-loop op amp. The output is
either the full supply voltage or zero,
depending on the relationship be-
tween the two inputs. There is no in-
termediate output. In this circuit, the
second input to the comparator is
from a ramp generator, whose output
can be anywhere between a lower and
upper limit, depending on the input. If
the audio input to the comparator is
greater than that from the ramp
generator, the comparator’s output is
alogic 1. If the audio inputis less than
the ramp generator's the com-
parator’'s output is logic zero.

Thus, the ramp generator'soutputis
compared to the audio input and the
output of the comparator is essentially

- 5 5 _ ' — —
|
RAMP WEIGHTED | [ WEIGHTED RAMP
’ GEN. NETWORK | | neTwork GEN.
REFERENCE ‘
4 Il | | .
DELAY LOW
. — DIGITAL i | DIGITAL R
b0 MEMORY ReciSTER | | | MEMORY FILTER
1 Q oo {
IN |
L ENCODER | L | DECODER ]
cLOCK

AUDIO QUTPUT

Fig. 2. The heart of the system is the delta-modulation
with memory circuit shown heve in block diagram torm.
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an error signal. It indicates whether
theramp voltage is above or below the
input audio voltage.

The output of the comparator is
applied to a short-term digital mem-
ory, formed by a cluster of cells that
canbe settoeithera1 orQstate. Every
few microseconds (as determined by
the system clock), the comparator's
state is transferred into the memory,
which stores the digital data and con-
tains a recent history of the input.

As the clock pulses continue, the
digital data in the memory are fed to a
weighting network that generates a
voltage to control the output of the
ramp generator.

The output of the memory is also
supplied to the shift register. The
same clock pulses that operate the
encoder digital memory also step the
delay shift register. The output of the
register is identical to the input, but
delayed. When the delayed pulses
reach the decoder, they are storedina
memory similar to that in the encoder.
Then, as the clock pulses proceed, the
data is passed to a weighting network
similar to that in the encoder.

The weighting network controls
another ramp generator to recon-
struct the original audio input. A low-
pass filter removes the sharp corners
of the waveform and provides a
smooth replica of the original signal.

Note that, in Fig. 1, the delta mod-
ulator has two outputs. One is the full
delay of the register, while a partial
delay is tapped off the shift register
farther down the memory. ®
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16 ways to move ahead in electronics!

Choose the one that’s just right
for you...the one that can make
your future more rewarding, more
secure, more enjoyable...starun
now! These ways to move ahca
are yours from Electronics Tech-
nical Institute...the finest elec-
tronics home study courses and
programs ever offered!

Fundamental Electronics
Get a solid foundation for enter-
ing the fast-moving world of elec-
tronics where today is great, and
tomorrow will be greater. Learn
it the simple, easy, step-by-step.
programmed way called Auiorexi,
exclusive with ETI!

Electronics Drafting
Learn a vitally needed specialty
that translates new technological
concepts and developments to the
practical drawing board. Become
a specialist-in-demand, through
ETU’s training. Learn it at home
...get your future moving now!

Color TV Servicing
There’s a real future waiting for
the established color television
technician. You become that tech-
nician through this program that
takes you step-by-step to rheoreii-
cal und practical mastery of color
TV. Get your tomorrow started
today!

Master TV/Radio Servicing
Here is true ““master” preparation
for a career that can take you as
far as you want to go into radio
and television servicing, both
black and white, and color. The
helpful, practical ETI way can be
your way to more money, secur-
1ty, success'

Communications
ETI's communications program
opens up a whole range of career
development possibilities in elec-
tronics. Solid-state receivers,
solid-state audio equipment. com-
munications equipment, CATV.
as well as preparation for FCC-
licensed positions in commercial
broadcasting and mobile com-
munications. You can find a real
future here!

MAY 1976

Industrial Electronics
You open %]real career opportuni-
ties through this program, as
instrumentation technician, elec-
tronic equipment maintenance
technician. electronic calculating
machine technician and audio
technician. It also prepares you to
move into and up In communica-
tions. automation and industrial
electronics!

Digital Technology

Join the digital revolution which
is radically altering our lives today
and tomorrow. Get solidly trained
in the new digital specialties that
can lead to a real future as a digi-
tul control techniciamn. electronic
calculating machine technician,
field representative. computer
sales representative. manufac-
turer’s representative.

Electronics Technology
Learn electronics across the
board! You'll be ready for real
career advancement with training
that can lead to technical positions
In communication. automation
and industrial electranics. and can
also help you in sales positions.
management and administration.

Computers

ETI offers training opportunities
in Computer Technology and
Computer Programming. Learn at
home, and get ready to enter a field
where incredible developments
are sure to continue. [U's practical,
useful—the step-by-step ETI way!

Advanced Electronics
Want greater challenges and ca-
reer advancement? This course 1s
for you. It can be valuable prepa-
ration not only for a rechnical
career. but also for the flelds of
sales, management and adminis-
tration. Make your move now!

Digital Electronics—Advanced
Here’s a special course for those
already in the field of digital elec-
tronics, ready to move into more
advanced areas. This is how to
move up in sales, management
and administration. Here’s your
tomorrow!

Black and White TV Servicing—
Advanced
This can be your own “advance”
course to black-and-white TV
competence from A 1o Z. You'll
construct a receiver yourself, if
you wish. A key to lifetime
success!

Industrial Instrumentation—
Advanced

Move up in the world...the won-
dertul electronics world! This
course opens up a whole range of
careers in the industrial field. as
instrumentation technician. labo-
ratory technician. process control
technician or electronic calculat-
ing machine technician. Get ready
...and go!

Color TV Servicing—Advanced
Here is the “graduate™ course in
color TV for those who already
know television fundamentals.
You'll tearn color TV from top to
bottom. build your own set if you
choose. A great way to build
your future!

Solid-State Electronics—
Advanced
Applications of transistors are in-

creasing all the time and the
transistor may be a breakthrough

- F

com;lyarable in importance to the
development of nuclear energy.
Solid-state can mean your soﬁd
career development, 100,
through ETI!

FCC License Preparation
Here is real down-to-earth practi-
cal preparation to take your 3rd,
2nd or lIst class Federal Com-
munication Commission Radio-
telephone License examinations.
Get yourself ready now for any of
the FCC-licensed positions in-
volving broadcasting, mobile
communications, microwave
communications links, marine
communications equipment or
in many other positions in solid-
state. communications, CATV.
Get ready for tomorrow...today!

Get all the facts...free!

Send the coupon now for
ETI’s colorfully illustrated new
44-page cata-
log giving you
all the details.
You owe it to

ourself.

here’s no ob-
ligation. and
no salesman
will call. Send
for yours
today!

Electronics
Technical Institute

Division of Technical Home Study Schools
D NN D N D D S SR N S S R S S A S

Electronics Technical Institute, Dept. 2-473-056

Little Falls, New Jersey 07424

[[] Send me the Electronics Technical Institute Catalog.

Address

(please print)

State Zip

City

Interested in another field? Check the Technical Home Study School
that interests you most. No salesman will call. PLEASE CHECK ONLY ONE.

[ Typewriter and Office Machine Repair

l Name__

[ Upholstery and Decoratin

[] Accident and Insurance CFaim Adjusting

] Qutdoor Careers in Conservation

rogram

[ Locksmithing

[0 Legal Investigation

[ Security/Alarm Business
[ Photographvy

. [ Check here for information on Veterans Benefits.
[7] Check here for information on fearning by cassettes.
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PIONEER HAS
DEVELOPED
A RECEIVER EVEN
THE COMPETITION WILL
ADMIT IS THE BEST.

One look at the new Pioneer SX-1250, and even the
most partisan engineers at Marantz, Kenwood,
Sansui or any other receiver company will have to
face the facts.

There isnt another stereo receiver in the world
today that comes close to it. And there isn't likely
to be one for some time to come.

In effect, these makers of high-performance
receivers have already
conceded the superiority
of the SX-1250.

Just by publishing the
spectfications of their
own top models.

As the chart shows,
when our best is com-
pared with their best
theres no comparison.

To begin with, the
SX-1250 is at least 28%
more powertful than any -
other receiver ever made. Its power output is rated
at 160 watts per channel minimum RMS at 8 ohms
from 20 to 20.000 Hz. with no more than 0.1% total
harmonic distortion.

And, for critical listening, no amount of power
is too much. You need all you can buy.

To maintain this huge power output, the
SX-1250 has a power supply section unlike any
other receivers. with a large toroidal-core
transtormer and four giant 22,000-microfarad
electrolytic capacitors.

But power isn't the only area in which the
SX-1250 excels. The preamplifier circuit has an
unheard-of phono overload level of half a volt
(300 mV). This means that no magnetic cartridge in
the world can drive the preamp to the point where
itsounds strained or hard. And the equalization for
the RIAA recording curve is accurate within

+(0.2dB. A figure unsurpassed by the costliest
separate preamplifiers.

Turn the tuning knob of the SX-1250, and
you'll know at once that the AM/FM tuner section
is also special. The tuning mechanism feels
astonishingly smooth, precise and solid.

FM reception is loud and clear even on weak
FM stations because the tuner combines extremely
high sensitivity with
highly effective rejection
of spurious signals.

Of course, the
Pioneer SX-1250 carries
a price tag commensu-
rate with its position at
the top. But if you seek
perfection you won't
mind paying the price.

It, on the other
hand, youd mind, look
into the new Pioneer
SX-1050 or SX-950. They're rated at 120 and 85
waltts, respectively, per channel (under the same
conditions as the SX-1250) and their design is very
similar. In the case of the SX-1050, virtually
identical.

That means you don't just come to Pioneer for
the world’s best.

You also come to us for the next best.

For informational purposes only. the SX-1250 is priced under
SY00. The actual resale price witl be set
by the individual Pioneer dealer at his option.

WPIONEER

Anyone can
hear the difference.

U.S. Pioneer Electronics Corp., 75 Oxtord Drive, Moonachie, New Jersey (7074,

POPULAR ELECTRONICS
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PIONEER MARANTZ KENWQOD SANSUI
2325 KR-9100 90

SX-1230

VRN M, g i X , ;
o PR 10W+ 60W 1250VH125W  I2WH120W , THOWHI0W
ROLAR NARKIONIC 0.1%, 2.15% 01% 02%

1ONL- OV ER-
HEOOTTEN 5001V 11 mV 26 MV 200mV
IONG/AUNAIC 2/1.2 1“1/no 21/ miring 1/1/wiixing
TAPE WON/IUPL. 2/ves T/ves 2/ves 2/ves
- Twin Tene: Buss-Mid- Hess Mid- Buss-Vid-
BONE, _ Bass-Buss- T-enle Trebie Treoke
_veble-T-¢hle i

IONE DL 51 Yes Yes Yer Yo
SIEARZRS AB.C AB ABLC ARC
ISy 15 18V 1uy 174V
SELECEINITY % dE #)dB 8048 8548
CAPTURE K-TIO 1.0d3 1.25dB 1.3dB8 1.54B

©u. 5. PIONEER ELECTFONICS COR>., 197
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A

SIMPLE

LOGIC
PROBE

HIS circuit was inspired by R.M.

Stitt's “'‘Build a Direct Reading
Logic Probe"” in the Steptember 1975
issue of POPULAR ELECTRONICs. Al-
though the seven-segment display
technique used in that article was in-
triguing, | found that it could lead to
some problems. For example, if a sig-
nal is oscillating between about 0.5
and 3 volts, at a frequency of, say, 100
Hz, the signal would appear to be low,
high and a pulse—all atthe same time!
Eitherthedigit '8" would be displayed

15 volts and draws less than 12 mA. Its
op amp input circuit has high input
impedance and low capacitance.
Further, three LED's display high,
low and pulse levels and the approxi-
mate duty cycle (indicated by relative
brightness). The possible states dis-
played range from all three LED's lit (a
square wave with about a 50% duty
cycle and high and low levels above
and below V/2and V/7, respectively) to
only the puLse LED glowing. This indi-
cates a train of narrow, positive- or

Few parts combined

to provide a

versatile logic
state indicator.

BY ROBERT LEFFERTS

{(/C1C) and high (/C1B) comparators,
with thresholds of V/7 and V/2 fur-
nished by the resistor string R3-R5.
The input signal also drives /IC1D, an
ac amplifier with a gain of 20. This
amplifier triggers /IC2, a 555 one-shot
with a pulse width of about 0.05 sec-
ond. The state-indicating LED's are
current limited by FET's Q7, Q2, and
Q3.

Construction of the probe is a mat-
ter of taste, but most probably you'll
wantto assembleitina cigartube ora

v+
> P 3 :
2RI R3 % 3R8
24.7M 100K 3
1
N 4 8
7
ICIA =
l/ R4 6 e 159
PROBE 3 -
G 68K 2 P g
3 c3|
IpF
+
St
L -——,
1 3 c2
3R2 RS 3
21.5m 33K 3 IuF
PARTS LIST

C1, C2—1-yF, 25-volt tantalum capacitor

C3—1000-pF disc capacitor

1C1—1.M324 quad op amp

1C2—555 timer

LED1-LED3—20-mA
diodes

light emitting

or, if the monostable overrode the high
and low displays, a "P"" would appear.
However, there would be no relative
indication of duty cycle.

The probe presented here not only
solves this problem, but is also useful
with CMOS logic levels, as well as 555
and other timer outputs. It will operate
on supply voltages ranging from 5 to

60

Q1-Q3—-2N5485, HEP F0021 field effect
transistors

R1—4.7-megohm, 4-W, 5% resistor

R2—1.5-megohm, Y4-W, 5% resistor

R3—-100,000-ohm, Y4-W, 5% resistor

R4—68,000-ohm, Y%4-W, 5% resistor

negative-going pulses riding on alevel
somewhere between the lower and
upper switching thresholds, or some
other oscillation with amplitudes be-
tween these two levels.

Voltage follower /C1A, one fourth of
an LM324 quad op amp, isolates the
probe from the rest of the circuit and
passes the input signal to the low

WWW.americanradiohistorv.com

R5—33,000-ohm, Y4-W, 5% resistor
R6--51,000-ohm, Y4-W, 10¢% resistor
R7—1-megohm, %4-W, 10% resistor
R8—51,000-ohm, Y4-W, 10% resistor
Misc.—Probe tip, case, pc or perforated
board, solder, hookup wire, etc.

length of PVC tubing. Either pc or per-
forated board techniques can be used.
LED size and color is left to the indi-
vidual. Choose a distinctive color
combination—possibly red for Low,
green for HIGH, and yellow for PULSE.
After a few days of use, you’'ll probably
agree that a versatile logic probe is
very handy to have around. ®
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ADD SCORING AND

TO
LAST
MONT

This novel, low-cost
circuit will provide

greater interest to your

TV table-tennis game.

O ADD interest to your Pongtro-
nics TV game (described here last
month), you will want to build this op-
tional assembly which provides sound
effects and displays the score. It also
serves the ball from the loser's side of
the game court, with the speed of the
serve determined by the BALL SPEED
control on the main circuit board
Scoring is displayed as two horizon-
tal bars, one for each player,
positioned just below the bottom
courtboundary. Two digital memories
store the point information, while a
simple D/A (digital-to-analog) conver-
ter generates the length-of-bar infor-
mation. Every time the ball is missed,
the loser's score barlengthensin fixed
increments. The game is over when a
loser accumulates 12 misses. When
the loser's bar extends completely
across the playing court and the game
ends, his paddle automatically disap-
pears from the screen. (By using a
bar-graph scoring approach instead
of an on-screen numeric readout for
the scoring, an expensive character
generator is eliminated.)
The sound effects are generated by
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using ball-paddle and ball-wall coin-
cidence signals to trigger an audio os-
cillator that emits a bongo-drum-like
“bonk’ tone. If a paddle misses the
ball and the latter goes off-screen,
another audio oscillator emits a horn-
like 'braap’ sound. These sounds can
be tailored to suit individual tastes by
juggling the component values in
simple RC networks.

Theory of Operation. Figure 1 is a
block diagram of the sound,scoring
system. The scoring circuit is initiated
by depressing the sSTART/SERVE Switch
on the main game board. This resets
two four-bit binary counters which are
right and left memories to zero and
launches the ball.

The voltage that corresponds to the
horizontal position of the ball is
picked up from the main game board
and fed to the right- and left-miss
comparators. When the ball misses
either paddie, the ball-position volt-
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BY MITCHELL WAITE
AND LARRY BROWN

age exceeds the comparator’s refer-
ence voltage, forcing the comparator
to change state. This generates a
count pulse that goes into the appro-
priate point memory.

The outputs of the point memories
are summed in resistor-network D/A
converters that produce an analog
current proportional to the state of the
counter at any given moment.

A seven-stage circuit counts the
number of horizontal scan lines from
the bottom of the lower court wall to
produce the scoring bars at the bot-
tom of the TV screen. After detecting
the seventh scan line, the counter op-
erates an analog switch, or transmis-
sion gate. In one state, the analog
switch passes the left score informa-
tion to a current-controlled com-
parator referenced to the horizontal
ramp from the main game board. The
switch remains in this mode for eight
scan lines, at which point, the scan-
line counter turns it off. The length of
the score bar is proportional to the
currentfrom the D/A network, whichin
turn is determined by the count stored
in the memory.
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TO DISABLE
SERVE RIGHT HORIZ
GATE PAD{OLE RAMP
RIGHT LEFT CURRENT
MISS POINT b CONTROLLED flms YIDEO
coup MEMORY v T COMPARATOR
‘! START
BALL -t
MISS DET ANALOG
woriz—g | N S eRve [PtV o4 DISABLE SWITCH
POS'N CEFT
‘ PADiDLE
LEFT RIGHT O/A SCAN
1 wiss POINT & — LINE
comp MEMORY ONv COUNTER
| HORIZ BOTTOM
—_— SYNC  WALL
3 BOUMCE MISS
e 100 Hz
osc
l 1 SPKR

Fig. 1. Block diagram shaws busic operation
of the logic for the sound and scoring cirenit.

Eight more horizontal scan lines are
counted to generate a space. Then the
scan-line counter toggles the analog
switch so that the right score data is
introduced into the comparator. This
score is also displayed in the following
eightlines. Every 16.6 ms, orevery ver-
tical frame, the counter that controls
the location of the scoring bar is reset,
and the operation repeats.

When a score bar reaches a 12
count, the associated bar will have
stretched across the screen. A gate
then opens to blank out the losing
paddle and lock up the serve gate,
thus signalling the end of the game. To
begin a new game, the SERVE/START
button in the main circuit is pressed to
repeat the cycle.

The hit and bounce “bonk’ sound is
produced by gating a 300-Hz oscillator
for8to 10 ms. The miss “braap’’ sound

PARTS LIST

B2—9-volt battery

C3I8—0.001-pF. 10% Mylar capucitor

C39.C41.C44—0.01-pF. 10% Mylar
capacitor

C40.C 42—0.47-pF . 20%  tantalum
cupacitor

CJ].C47.C48.C49~ 0.1-uF. 10% Mylar
capacitor

C45.C46—100-pF. 16-volt aluminum elec-
trolytic capacitor

IC13—4023 triple three-input NAND gate

IC14.1C19—400]1 quad two-input NOR
gate

IC15—4007 dual transmission gate and in-
verter

IC16—4024 seven-bit binary counter

IC17—4011 quad two-input NAND gate

IC 18—4520 dual four-bit binary counter

IC20—402S triple three-input NOR gate

Q4.Q6—2N4126 transistor

Q5.Q7—2N4401 transistor

I'he following resistors are Ya-watt. 5% to-
lerance:

R66,R84 R85 R87T—22.000 ohms

R67.R68.R69,R71.R99.R100.R102—15.000
ohms

R70.R72.R92.R93—1 megohm

R73—10.000 ohms

R74.R78—820.000 ohms

R75.R79—390.000 ohms

R76.R80.R82.R83—200.000 ohms

R77.R&1.R91.R96—100.000 ohms

R&8.R98—150.000 ohms

R89—4700 ohms

R94.R95,R97—470.000 ohms

R101—100 ohms

R103—33.000 ohms

R86.R90—50.000-ohm Ve-watt trimmer
potentiometer

Misc.—Printed circuit board: sockets or
Molex Soldercons® tor IC’s (optional):
sohid hookup wire tor jumpers: solid or
stranded hookup wire for between-
board interconnections: solder: 34’
spacers: battery clip and mounting
bracket: machine hardware, etc.

2R66 Qs
s 22K 2N4126
R70
I
o3
< 2 ‘-
R67 R69 3
19K 19K 3
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@4 i
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218K

R7I
18K 3

7
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6)ICi48 34

Qs
2N440I
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is produced by gating a separate
100-Hz oscillator for 300 ms.

How It Works. The complete circuit
of the optional sound/scoring subas-
sembly is shown in Fig. 2. Transistor
Q4 and integrated circuit /IC714A make
up a normally on comparator whose
reference voltage is determined by the
values of resistors R66 and R67. Posi-
tive feedback to speed up switching
time is provided by R70. Transistor Q5
and integrated circuit /C13B make up
another normally on comparator, with
R66, R67, and R68 determining the
reference voltage. The inputs of both
comparators receive the voltage that
corresponds to the horizontal position
of the balt from terminal SG on the
main circuit board.

When the ball goes off-screen to the
left, Q4 cuts off and IC14A pulses
IC14B. This is turn toggles and de-
positsa countin score counter /[C18B.
When the ball goes off-screen to the
right, @5 and /C138B toggle left score
counter /C18A.

When either comparator switches
state, the output signal causes miss
gate /C13A to change state. A slight
delay, the result of R73/C38, is intro-
duced into the signal applied to
/{C13C, which controls the serve gate
on the main board. Hence, a miss with
either paddle automatically initiates a
new serve as well as stores a count in
the proper counter.

Resistors R74 through R77 in the
/C18B circuit convert the stored digi-
tal data into an analog current for the
right signal. A similar function is
served by R78 through R87 in the
/C18A circuit as the left score keeper.

Used as an electronic switch to al-
ternately multiplex the two bar scores
on the TV receiver's screen, /C15is a
dual CMOS transmission gate with an
internal inverter. The switch is toggled
back and forth by an output from hori-
zontal scan-line counter [C16. For
example, when one portion of /C15
closes, the current from the right
score resistor network is fed through
R82 to the base of Q6. Simultaneously,

the other portion of the digital switch
is open, disconnecting the left score
information. The Q6/IC14C circuit
forms a programmable comparator
that mixes the resistor network cur-
rent with the horizontal ramp deter-
mined by the current from Q6 in con-
junction with the settings of R86 and
R90. The settings of these trimmer
potentiometers determine the length
of each score increment by establish-
ing the 0 starting and 12 ending
points. NAND gate /C17A inverts the
video score signal and, in turn, is en-
abled at the proper time by the hori-
zontal scan line counter (/C16).

In the sound section, C39 and R917
differentiate the “'miss" pulse and
trigger monostable multivibrator
IC19AJIC17D, which turns on the
“miss'" audio oscillator (/IC19B/IC20B)
for about 300 ms. The circuit gener-
ates the 100-Hz “‘braap” tone. The
pin-5 input of /C20B goes to the
“start” circuit to keep the "‘miss” os-
cillator off when the sTART button is
pressed.

+v +V
IIG R74
A 1 Ao | Fig. 2. Schematic is shoiwen
1 R833 R84 . ¥
-l 1 B3 260K 3 oK here _arzd on opposite page.
= 1 P WA . Q6 Scoring ctrcitt consists of
- of e |, ROk eNgzs a DIA converter for each side,
a—(s )—ce T e alternutely switched into
5 % 100K A s the Q6/HCI14C comparator to
8 R s ;
generate bars. Sound clrciit
is two audio oseillators and
RB823 RB63 . . o
2noi3 S0R3 a comnion wudio amplifier.
T 4 2 12 SETS R85
1 1 22K
LEFT 3 o
PADBOLE
- = 03  RB73 =
2RI 2 -
: 3 +v
10 i 12 <33K 22K3 RE9
c I 1 4.7k %nso
a Y S SV 5o
_ 8] [o 0 SET
RIGHT SERVE S = S REs = HORIZ
PADDLE o 150K = RAM
2l o] (14) i INPUT
T0 1 10 HR
;|Ae< Q RI02
el TOGGLE  {i4 315K
100K ICI7A P
D Xce 12 s qafpi— sE
R8O
1ciea |3 1 200K VIDEO
! 79
= 4 3%k
= R78
7 3 820K
OO R0
Note: The following are available from Cal
Kit. P.O. Box 877. Sebastopol, CA
95472: Printed circuit board No. TV-2
for $8.50; complete kit of parts for
sound and scoring option (less battery)
No. TV-4 for $33.00; IC 13 through 1C20
No. TV-7 for $12.50: Set of sockets for
IC’s in sound/scoring option No. TV-9
for $4.00. All items postpaid and in-
sured. Add $1.00 for handling. Califor-
nia residents. add 6% sales tax.
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layout below. Note thiee
holes that provide access
to main trisimer controls.

WIRING TABLE

The following interconnections are to
be made from one point on the sound/
score board to another point on the
same board:

From To From To
1 2 15 16
3 4 17 18
5 6 19 SPKR
7 8 20 SPKR
9 10 21 B2+
1 12 22 B2 -
13 14

All interconnections between the main
game board and sound/score board
are to be made from pads with letter
legends on the one to the same lettered
legends on the other. For example: SG
to SG, HS to HS, etc.

The following list identifies the func-
tions at each lettered pad:

SG Ball horizontal position
HS  Horizontal sync
ST  Bottom wall of court

H Paddle and wall “hit"
WB  Wall bounce

SW  Start gate

Vv +5.5-volt bus

G Ground bus

SS  Serve gate

SR Right-paddle control
SL Left-paddle control
SV Score video

HR  Horizontal ramp
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Hit and wall-bounce signals come
from pads H and WB on the main
board to toggle monostable pulse
stretcher circuit /C20A/IC19D. When
this circuit triggers on, C43 and R96
generate a pulse that turns on “hit-
and-bounce’ oscillator /C19C/IC20C
for about 10 ms. This oscillator pro-
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duces the brief "bonk’ sound. The
pin-13 input of /IC20C goes to the out-
put of miss gate /C13A to disable this
tone generator when the ball is off-
screen. Resistors R99 and R7100 sum
the two audio signals for delivery to
audio output transistor Q7. The output
circuit is powered by its own separate

POPULAR ELECTRONICS
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9-volt battery (B2), with C45 and R107
providing decoupling.

Construction. The sound/scoring
assembly is designed to mount di-
rectly over the main game board with
3" (1.9-cm) spacers to provide separa-
tion. Shown in Fig. 3 are the actual-
size etching and drilling guide and
component placement diagram.
Whether you make your own pc board
or buy one from the source given in
the Parts List, you'll have to enlarge
the indicated holes to provide screw-
driver access to the main-board con-
trols.

Once the components are installed
on the board, refer to the Wiring Table
to interconnect the sound/scoring
board and the rest of the circuit. Don't
forget to remove the appropriate links
on the main board when making the
interconnections. Refer to last
month’s issue for details.

Checkout and Alignment. The fol-
lowing presupposes that your basic
Pongtronics project is operating
properly. Whenyou turn on the power,
the court should appear as usual, but
you should also see the two scoring
bars near the bottom of the screen. If
necessary, move the bottom boundary
of the court up on the screen to allow
room for the scoring bars.

Play the Pong game for deliberate
misses on one side of the court. Listen
for the distinctive “"bonk™ when the
ball hits the paddle and court walls
and the “braap’ when the other pad-
dle misses and the ball goes off-
screen. At the same time you hear the
“‘braap,’’ the appropriate scoring bar
should lengthen and continue to
lengthen for each miss. Finally, make

sure that the ball serves automatically

to the winner of the last point.

Reset for a new game. The scoring
bars should immediately drop to their
minimum lengths at the left side of the
screen. Now, adjust zero-set control
R0 until the two bars just barely
show. Play the game, making all hits
with one paddie and all misses with
the other, for a count of 12. Each miss
will lengthen that paddle’s scoring bar
one increment. At the end of 12 miss-
es, the bar will be at its maximum
length, and the losing paddle will dis-
appearfromthe screen. Without reset-
ting for another game, adjust 12-set

control R86 until the score bar just |

touches the right side of the screen.
This completes the checkout and
alignment procedure. @®

MAY 1976

Den nya handic
2305 Basstationen
har sensationell
prestanda!

In the USA Ilus mean.s ¢ : 'i‘hb
2305 B&’se»Statmn isa spectacular performer"’ g

#3uilt-in “Priority Channel” can be switched on gpthat a pre-
se ected channel {j.e. Emergency CH- 9) wHI override any o:her
ctnnnel being élsed 4 Ful 23- CH' operatuon op-110VAG or
s A2VDC. w Selecttvuty—QGdB at r\OI{HZ'i_. Sensitivity — 0'€pV
at 10dB S/N. »-Built-in PA Ficility. ' Alifornatic Gain Contrd. i
Agtomatjc Noise Limizer Switch. m: Sefective Call Facility. ",
Built-in SWR Bridge' end Hluminated S/RF Meter” @ Comdlete

= With 'Mic’, AC cable, crystals for 23- Chan's; ;acks ‘fof Selective
Call ebcternar speaker PA speaker -and hand- held .telephcne.

Handic CB radios include: mcbile/tase transceivers; hand-held personal portable C3 systerns;
scanners with FM radio option; antennas: wicrophones: selective call; and a full line of accessorias g

Send For FREE Catalog! b

handic vs» ~

14560 N.W. 60th Ave.. Kennedy Bldg.,
Miami Lakes. Fla. 33014 (305) 558-1522

LM309K 1.00 75150 2.00
v om JADE Co 22 #i
P.O. Box 4246 -Torrance, Ca. 90510 m

Telephone 213-320-1250 L

[fmaster crarge |

in Canada: Scotcomm Radio Inc., Chomedey, Laval, Quebec THE DEPENDASBLE €8 FROM SWEDEN
\L CIRCLE NG. 29 ON FREE INFORMATION CARD
|
EXAMPLES FREE NE 555 V EXAMPLES
TTL IC's [Tlmer] MEMORY IC’s
7400 6/1.00 P1101A 2.25
72493 3/1.00 Give us your name & address. We will P2102A 2.00
74107 3/1.00 send you an NEBS5V & our catalogue with N8223B 3.00
DIDODES 1,000's of the best deals you have seen. TTL Low Power
1N753A 6/1.00 : ; R 74L10 4/1.00
1N914E 157100 Video Game KI‘IS< Hlobby Kits, TTL ITINEAR 74L73 21100
1MN4001 20/1.00 C-MOS-MEMCRY IC's, Hardware, Switches, 74186 2/1.00
C-MOS Resistcrs, & many more. TRANSISTORS
2 1.
o 2ot POTENTIOMETER ASSORTMENT  2N2222h 20100
2518 1,00 10 (each different) for 1.00 2N4402 8/1.00
LINEAR IC'S RESISTORS 1/4 Watt 5% 100/1.95 7500 Series

CIRCLE NO. 35 ON FREE INFORMATION CARD

www americanradiohistorv com

65


www.americanradiohistory.com

A“JUNK-BOX”
5-VOLT POWER SUPPLY

Discrete circuit made from spare parts gives IC-regulator performance.

HEN a breadboard project calls

for a regulated 5-volt supply,
most experimenters instinctively
reach for a 109-type IC. But suppose
you're fresh out of 109's? The circuit
described here can be built from
junk-box parts, offers 0.15-volt stabili-
ty, 5-mV noise and ripple, automatic
current limiting, and an overload indi-
cating light!

No transistor type numbers are
shown in the schematic diagram, as
almost any will do. The pnp series-
pass transistor, Q7, is a power type
with a rated BV, of 15 volts, and a
minimum current gain of about 30 at 1
A. If the power device you have on
hand has a gain a bit lower than 30, R3
can be reduced to compensate.
Enough heat sink should be provided
to dissipate 7 or 8 watts under worst-
case overload conditions. As shown,
the collector is the positive output rail.
A piece of aluminum bolted to the +
terminal will do nicely. If you want to
use an npn power transistor, invert the
entire circuit into its complementary
form. Thus the transistor's case is

conveniently grounded, and the chas-
sis can be used for heat sinking. It’s
even possible to use a germanium
transistor if R2 is lowered to about 22

ohms to allow for the lower Vy,.
The other two transistors are

general-purpose, small-signal silicon
devices. Similarly, resistors are not
critical. A two-watt wirewound com-
ponent should be used for R7. A
length of resistive wire wrapped on the
body of a higher-value resistor can
form R17. Resistor A3 should be a car-
bon half-watt component.

About the circuit. The LED is used
as a reference voltage source with an
output of about 2 V. (The forward vol-
tage drop of most GaAsP yellow,
green, or orange LED’s will vary from
2.0 to 2.2 volts. Select one with a V,
close to 2.0V.)

Feedback action sets the base of Q3
to about one Vg below the reference
voltage on its emitter. So, R5, the
1000-ohm trimmer potentiometer, will
generally be set about 3 of the way
“down” for a 5-volt output. Since the

DI
HEP RO080
o # ..... 01
si RI
.50
12.6v
nzv
Ac
' = R2
D2 470
HEP ROO80) 3

Q2
el
cl )
6800 pF
a o

.......

R4 |
3.3k .
—0
RE
6800
03 +
C2~
3 ; 1060
2R3 RS3
3000 1k vF

5v

LEDI

%’

In this simple circuit, LEDI acts as a voltage reference and pilot light.

PARTS LIST

C1—6800-pF, 15-V electrolytic capacitor

C2—1000-pF, 15-V electrolytic capacitor

D1, D2—HEP RO080 rectifier or equiva-
lent

LED |—See text.

Q1—Pnp power transistor. (See text.)

Q2, Q3—General-purpose silicon transis-
tors

The following fixed resistors can be S or
10% tolerance.

R1—0.5-ohm resistor. (See text.)

R2—47-ohm, 15-W resistor

R3—100-ohm. Y2-W resistor
R4—3300-0hm, Y2-W resistor
R5—1000-ohm, linear-taper potentiometer
R6—680-ohm, 12-W resistor

S1—Spst switch

T1—12.6-volt, 3-A center-tapped trans-
former (Radio Shack 273-1511 or equi-
valent)

Misc.—Perforated or printed circuit
board, machine hardware, hookup wire,
binding posts, solder, line cord. suitable
enclosure, etc.
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BY R. C. FOSS

Vi of Q3 and the turn-on voltage of
the LED usually have similar tempera-
ture coefficients, this simple
reference-comparator combination
works surprisingly well.

The collector provides base current
for Q2. This transistor's collector re-
sistor, R3, together with R7 and R2,
limit the maximum (overload) current
of Q7. As more output is demanded,
Q3 and, in turn, Q2 turn increasingly
“on,” grounding the bottom of R3.
This action sets up a voltage divider,
R2 and R3, limiting base drive to Q7.

A variable resistor in series with R3
can be inserted to set lower current
limits. This is especially desirable
when the supply is feeding easily
damaged, low-power devices. Maxi-
mum current output of the series pass
transistor is set by R7 and R2, and R3
limits the base current into it. Thus,
there is current-limiting action.

Because Q3 and the reference LED
are fed from the stable side of the sup-
ply, the circuit gives excellent rejec-
tion ofripple and inputvariations. If R4
is excluded, complete current shut-off
will occur when the supply is short
circuited. Although this is very desir-
able in protecting the load, it also
means that the circuit will not self-
start! At the specified value, R4 bleeds
enough current into the error
amplifier (Q3) to allow start-up against
a 5-ohm load. If desired, a normally
open pushbutton switch can be
placed in series with A4 to get the best
of both configurations.

The LED also acts as a pilot light—it
will extinguish when the power supply
is shut down by overload trip-out.

Construction. The builder has as
much flexibility in choosing construc-
tion techniques as he has in selecting
semiconductors. Perforated or
printed circuit board can be used. The
project can be installed in any suitable
enclosure. The only adjustment that
must be made is the setting of R5. Ad-
just it so that the output is 5 volts.
Once the setting has been deter-
mined, fixed resistors can be substi-
tuted for both sides of the potentiome-
ter for stability. ®
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AN INCREDIBLY SMALL
ELECTRONIC CALCULATOR...

...at an incredibly small price.

tion. You see,

8-digit display. Fuli zero suppression on
results. Exclusive ultra-violet screen gives
extra visibility in bright light.

last entry.

Fully-floating decimal point. Positions itself
automatically throughout chain calculations.

C and CE button. To clear machine or ciear

ONE-YEAR GUARANTEE

All parts are tested before ship-
ment and we’'ll replace, FREE OF
CHARGE, any defective part in any
correctly assembled calculator for a
full vear from date of purchase
(labor not included).

AVAILABLE ASSEMBLED TOO
The Sinclair Cambhridge is available
in completely assembled form if you
prefer. The SPECIAL LOW PRICE
is only $24.95 — fully guaranteed.
Defective calculators will be repaired
or replaced within one year from date
of purchase, FREE-OF-CHARGE
(batteries not included).

CHARGE YOUR ORDER TO YOUR AMERICAN

EXPRESS, BANKAMERICARD, MASTER
CHARGE OR DINERS CLUB ACCOUNT.

y=
)=
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NOW YOU CAN BUILD

314915927

Cambiige

CCE K B
me
k4 8 3 o
mEEE
3 %

Sinclair’s Do-It-Yourself
Tlectronic Caleulator Kit:
Build yvour own Cambvridge
in less than three hours.
All parts are supplied—
all you need is a soldering
iron and a pair of cutters.
Complete step-by-step
instructions are included
and our Service Department
will help you with any
questions that come up.

The Sinclair Cambridge Electronic Calculator is a model of tidy engineering. It weighs in at a
slight 3% ounces. Measures a mere 4%”
we not only make it small.
funections during mixed calculations. And accuracy that extends beyvond the 8-digit display.
Which means that very large, or very small, intermediate results do not affect final answers.
Today vou expect certain features in a pocket calculator—8 digits, a four-function constant,
algebraic logic—and yet it’s exceptional to find them all in one machine. Particularly one as
handy as the Sinclair Cambridge.

Positive keyboard. Keys operate with an  Constant on all four functions. Battery lite.
audible click - no need to check display  Powerful constant operated by 4 AAA
to see whether an entry has registered. separate ‘K’ button makes batteries

. child’s play of percentages, VAT give weeks
Algs_sbralc logic. Allows complet_ely (sales tax), metric and currency of normatl
straightforward entry of calculations — ERVEEERS use.

even of the type 10 —6—.
calcutators still require you to enter
01 6=o0r10+6-.)

:
==

x 27 x 3;". And holds its own against heavier competi-

We make it better—with a flexible constant that

{Many

Pocket-sized. 41" X 2" X 3, ”.
Weight: 35 oz. Trim-fit plastic
carrying case.

O OO HOR HOHC I HOHH O CHOHCHOHHO CHOHOHCHOCHC CHOHCE

CONSUMER SERVICE DIVISION, 595 Broadway, New York, N.Y. 10012

Please send the following: PE-576

Camblldg"e Calculator Kit(s) @ $19.95% plus $2.00 ea. post-
age, hdndllm., & insurance.

O _ Cambridge Calculatm(s) Assembled @ $24.95% plus $3.00
ca. postage handling & insurance.

#Residents of Calif., Colo., Fla., Ill,, Mich., Mo.,
add applicable sales tux.

[ Enclosed is $

N.Y. State, D.C. and Texas

. Offer not valid outside U.S.A.

[ CHARGE: 1 American Express [] Master Charge
[J BankAmericard [0 Diners Club

Account = Exp. Date

Master Charge Interbank #

(4 numbers ahove your name)

Signature

Print Name

Address

City State Zip
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Electronics
no picnic.

It takes work.

And a few
sacrifices.

But
it’s worth it!

The minute you start your CIE course
you'll see why CIE is different than
other home-study schools.

Because as a CIE student you'll get
the kind of electronics training that
prepares you for a carcer, not just a
job. We'll give you a meaningful, well-
rounded foundation in clectronics
theory and practice. And with our
special Auto-Programmed” Lessons,
we'll make sure you grasp the key
theories and methods of modern Elec-
tronics. No “‘fun and games” frills. No
time-wasting, superficial lesson material.
No *‘snap” exams.

We'll challenge your thinking.

We have to. Because after you grad-
uate, employers will expect you to really
know how to analyze and troubleshoot
virtually all kinds of electronics equip-
ment. Some employers of electronics
personnel have told us that our gradu-
ates have what it takes.

That’s why we’re so thorough. We've
got a 40-year reputation to uphold and
we're going to keep it by giving our
students the best independent home-study
training we can.

Sure, some of our weaker students
drop out. (Learning Electronics with
CIE is no free ride.) But you can bet on
this . . . the ones who do make it are
ready! Ready to go out and make it in
the rewarding world of Electronics. And
that’s the reason you want to learn,
isn’t it?

You can have attractive
job opportunities

There have already been many exciting
developments and breakthroughs in
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Electronics and some people might as-
sume there will be no new frontiers . . .
no new worlds to conquer. Not so.
Electronics is still growing. In nearly
every one of the new and exciting fields of
the Seventies you'll find electronics skills
and knowledge in demand. Computers
and data processing. Air traffic control.
Medical technology. Pollution control.
Broadcasting and communications.

Importance of an FCC License

If you want to work in commercial
broadcasting . . . television or AM or
FM broadcasting . ..as a broadcast
engineer, federal law requires you to
have a First Class Radiotelephone Li-
cense. Or if you plan to operate or to
maintain mobile two-way communica-
tions systems, microwave relay stations
or radar and signaling devices, a Second
Class FCC License is required.

But even if you aren't planning a
careerwhich involves radio transmission
of any kind, an FCC *ticket™ is valuable
to have as Government certification of
certain technical skills. It's a job creden-
tial recognized by some employers as
evidence that you know your stuff.

A good way to prepare for your FCC
License exam is to take one of the CIE
career courses which include FCC Li-
cense preparation. We are confident
you can successfully earn your license,
if you're willing to put forth an cffort,

because the vast majority of CIE stu-
dents have. In fact, based on continuing
surveys, close to 9 out of 10 CIE
graduates have passed their FCC exams!

So if you are serious about getting
ahead in Electronics . . .if you are
willing to put in the extra work . . . get
in touch with us.

We have many career courses for you
to select from. If you already have some
electronics training, you may want to
skip our beginner-level courses and en-
roll in an intermediate program. Or, if
you're reaily hot, there's a tough, college-
level course called “Electronics Engi-
neering’ that can make you even better.

Send today for FREE
school catalog

Send today for our FREE school
catalog and complete package of inde-
pendent home-study career information.
For your convenience, we will try to
have a representative call to assist in
course sclection. Mail reply card or
coupon to CIE ... or write: Cleveland
Institute of Electronics, Inc., 1776 East
17th Street, Cleveland, Ohio 44114.

Do it TODAY.

G.I. Bill Benefits

All CIE career courses are approved for
educational benefits under the G.1. Bill.
If you are a Veteran Or in scrvice now,
check box for G.1. Bill information.

e i e e a
: CI Cleveland Institute of Electronics, Inc. :
| 1776 East 17th Street, Cleveland, Ohio 44114 |
| Accredited Member National Home Study Council |
: Yes, | want your FREE school catalog and career information package today. !
I | am especially interested in: I
{J Electronics Technology 0O Industrial Electronics PE-O1

I O FCC License Preparation [ Electronics Engineering |
| O Color TV Maintenance { Other |
| {0 Mobile Communications |
| |
| = |
| Print Name |
| Address Apt. |
| |
| City |
i State Zip Age |
| Check box for G.l. Bill information. O Veteran 0 On Active Duty l
| i
e e e e e e e e e —————— . —————————— ——— — a3

n
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Sansui

Power Amexifiee

The new BA 5000 Power Amplifier from Sansui

The-mos™ cramrctic comnponent in Scnisui's
new "DEFIN TION” 3e-ies, the BA 5020 sclid-state
rower amg-ifier 13 2Tpab e of 300 watts min rms per
channel into 8 ohms. bot chenels driven, friem 20
to 20,0C0 Hz, with e mors thar 0.4% hamonic dis-
tortion :n e sterec Mode What's micre the BA 5000
can be stapped wcr Moo op=raton to deliver 600
watts rms urder the scme concitio=s.

A true monstar amplifier.

But -har's nat all. Unlike othar solid-state
amclifiers the BA ECA0 hxs a huge, Ilaboratory-
quality outcut trensfarmer, enabling it to deliver
rdted power into 2 4 ar € ohms plus 25 volt line

SANSUI ELECTRONICS CORP.

Woodside, New York 11377 e Sardena Calikomia 90247

SANSU ELECTPIZ= CO ITD. Tokyo Japan e SANSUI AUCIO EUPOPE 5.A Antwers, Ee gium
ELECTRCNIC DASTRIBUTORS (Carnada)} B.C.

ouDutinsereo a~d4.3 or16 ohms pus 7J volt i ne
oudut i mono. A -arirg of 600 watts iro ¢ 16 ofmr
distortion, 20 to 22 D00 Hz, is simply unprececentec
in hansister 2quip—en.

The "DERNTION” series also includes the-EA 300C, our
JunorMorster, and the CA 3000 a vers high quality.
low distartion precmiplifier

~or orofesciondls, sophisticated audiophiles
and monst=r lovers everywhere. See it a-d rouck

if it you wds1 ot your nearest Sansui frarctised
dealeror write fo- comziete literature.

Sarnsur

CIRCLE NG. 56 ON FREE INFARMATION CARD
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Product
Test Reports

ABOUT THIS MONTH’S HI-FI REPORTS

Electrostatic headphones, like loudspeakers of similar destgn, have long
been recognized as accurate, wide-range devices. Their acceptance has been
limnited by the fact that most electrostatic headphones have been relatively
bulky, heavy, and exrpensive, compared to dynamic phones. The Stax SR-5
electrostatic phones (“ear speakers,” as St calls them) have eliminated at
least two of these objections by virtue of their very light, comfortable con-
struction. This has entailed no sacrifice of andio quality. The price is inod-
erate, too.

The delure Model Four preainplifier from E picure offers just about every
perforinance featwre one expects in a top-quality control center. The state-
of -the-art performance of the Model Four s combined with an unconven-
tional, yet extremely simple and logical, control layout.

—Julian D. Hirsch

STAX MODEL SR-5 ELECTROSTATIC HEADPHONES
Light weight, high performance.

ted with soft, fluid-filled cushions that
completely surround the ear.

The phones are designed tc be used
with their companion Model SRD-6
adaptor, which contains a polarizing
power supply and a step-up trans-
former in a7%" x 3%2" x 2%2" (19.4 X 9
x 6.6 cm) box that weighs 2 Ib 11 oz
(1.2 kg). Lacking a power switch and
consuming only about 0.1 watt from
the power line, this adaptor can be
safely and economically left powered

all the time.
The adaptor connects to the
speaker output terminals of an

amplifier or receiver. It has outputs for
both the Model SR-5 headphones and
the speakers it replaces. The phones

connect into the adaptor’s front panel
via a plug at the end of a 7%z’ (2.3-m)
cord. Aswitch on the front panel ofthe
adaptor has positions for routing the
output from the amplifier to the
phones or the speaker systems.

The published specifications for the
headphones and adaptor are listed
separately. As aresultitisabitdifficult
to interpret the signal drive and distor-
tion figures for the phones/adaptor
system. However, the input to the
adaptor is rated at 8 watts maximum
continuous power at 1000 Hz, with
momentary peaks to 30 watts. The
maximum sound-pressure level (SPL)
from the phones is listed at 110 dB,
while the rated frequency range (no
tolerance stated) is 30 to 25,000 Hz.

The distributor recommends that
the phones be used with only the
finest tube or transistor amplifiers for
best results. Also, the user is
cautioned against using the phones
with amplifier output power levels
substantially greater than 15 watts.

The Model SR-5 electrostatic head-
phones and Model SRD-6 adaptor
come as a single package for $130.

Laboratory Measurements. Just
as the measured frequency response
of a loudspeaker is strongly influ-
enced by the surrounding environ-
ment, the “response’’ of a headphone
is a critical function of the coupler, or
“artificialear,” on which itis mounted.
There are usually severe irregularities
in the measured response of a phone,
even with a standard coupler, in the
mid- and high-frequency ranges when
the internal dimensions of the air cav-
ity approach the wavelength of the
sound. However, since couplers are
more or less standardized, it is rela-
tively easy to compare headphone re-
sponses measured in the same way.

We use a slightly modified ANSI
coupler for our headphone measure-
ments. The Model SR-5 phones were
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American Audioport, have received

high marks for sound quality. In the N }‘_‘_H_
middle of the Stax line is the Model { [ EEE

SR-5 ‘“ear speaker,” a very light, i it | 4 .r,iej
comfortable-to-wear headset that pet s L

weighs only about 14 oz (390 g). For
wearing comfort, the earcups are fit-
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FREQUENCY (Hz)

driven with a constant 2.8 volts
through the Model SRD-6 adapter,
corresponding to 1 wattinto an 8-ohm
load. The frequency response was ex-
tremely flat from about 70 to 600 Hz.
There were moderate irregularities at
higher frequencies and a low-
frequency drop of about 7 dB before
changing to a flat response between
40 and 20 Hz. Overall, the response
was =6 dB from 45 to 20,000 Hz, a
rather good performance for head-
phones measured in this manner.

The average midrange SPL was 102
dB at 1 watt, from which we can see
that the rated 110 dB maximum could
be developed with an input of just
greaterthan 6 watts. Thisis consistent
with the 8-watt rating of the system.
Into the input of the adaptor, the im-
pedance was about 30 ohms through
the midrange and dropped off to 15
ohms at 20 Hz and to 8 ohms at 20,000
hertz.

The acoustic output harmonic dis-
tortion from the phones was very low,
especially when compared with the
finest loudspeaker systems. At 1000
Hz and with a 1-watt drive signal, the
THD was 0.25% and principally third
harmonic. At 10 watts, it actualily de-
creased to 0.19% and was evenly di-

vided between second and third har-
monics. At 50 Hz, the distortion was
higher—1.6% at 1 watt and 12.75% at
10 watts. The latter figure probably re-
flects the excessive diaphragm excur-
sion needed to develop a large output
at 50 Hz. This condition would almost
certainly not be encountered under
normal listening conditions.

At high frequencies, the measured
THD varied somewhat with frequency.
This is because of the response ir-
regularities. It was between 0.23% and
1.45% in the range between 5000 and
10,000 Hz at a 1-watt input drive.

User Comment. Just as with a
speaker system, a headphone is best
judged by listening to it. However, an
A-B comparison is difficult to make
with phones, primarily because only
one set can be worn atatime. Also, no
comparison with a ‘“live"” reference
program is possible. However, we did
compare the Stax phones to a high-
quality electrostatic phone and a
number of excellent dynamic phones
while using a sufficient variety of
program material to draw some defi-
nite conclusions about sound quality.

We were immediately impressed by
the exceptional comfort of the Stax

while listening. Unlike most electro-
static phones, which tend to be heavy
and bulky, these were like true feath-
erweights. Even though cushions en-
tirely surround the ears, they do not
exerta tight pressure seal, nor do they
entirely exclude outside sounds. In
this respect, they would seem to be
midway between tightly sealed and
so-called "‘open-air’” phones.

The sound quality is unequivocally
excellent. Even at high listening
levels, the phones retain their clarity
and transparency. The drop in low-
frequency response revealed by our
coupler measurements may or may
not exist in normal listening situa-
tions. Of course, below 50 Hz, sounds
are as much sensed by the rest of the
body as they are heard, which is an
effect no headphones can duplicate.
On the other hand, the subjective
sound of the Stax phones appeared to
be both wider and smoother than that
of some of the finest speaker systems.

The only rival to the Stax phones
with respect to sound quality were the
other electrostatic phones to which
we compared them. The sound of the
Stax phones was distinctly more
“open’ and at least the equal of the
other phones in clarity and definition.
The Stax phones were so much more
comfortable to wear that there was lit-
tte contest between them and the
other phones.

We would not hesitate to recom-
mend the Model SR-5 phones to any-
one who wants to hearin minute detail
whatis really on his records and tapes.
Be forewarned, however, that these
phones are merciless in exposing dis-
tortion and noise in the program. We
therefore agree wholeheartedly with
the distributor's recommendation to
use these phones with only the finest
high-quality equipment.

CIRCLE NO. 80 ON FREE INFORMATION CARD

EPICURE MODEL FOUR PREAMPLIFIER
Solid construction, high performance, and control flexibility.

The Epicure
Model Four
presents a strik-
ing and unusual
appearance for a

hi-fi preamplifier. Its panel and case
are satin black, and the edges of the
panel are accented with vertical wal-
nut strips. All controls on the front
panel are either slide-type poten-
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tiometers or pushbutton switches.

The preamplifier measures 18Va"W
x 9Y2"D x 5%"H (46.4 x 24.1 x 14 cm)
and weighs 91b (4.1 kg). Price is $450.
A 19"W (48.3 cm) rack mount kit is
available.

General Description. The vertical
siiders for the preamp’s bass and tre-
ble controis, each consisting of a pair
of controls, are located on the left side
of the front panel. Their center posi-
tions, labelled FLAT, are lightly but
positively detented. On the right side
of the panel are the two voLuME and
channel-balancing controls.

POPULAR ELECTRONICS
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All other front-panel controls are
pushbutton switches that are ar-
ranged in functional groups. The FIL-
TERs and TONE CONTROLS grouping
includes switches for the 50- and
7500-Hz low- and high-cut filters that
have characteristic 12-dB/octave
slopes. The tone control circuits can
be completely switched out of the sys-
tem by pressing in the BYPASS button.
Alternatively, the turnover frequencies
and maximum boost/cut can be al-
tered by a button marked 9 dB/18 dB.

Below the first group of buttons are
the four tape recorder controls, also
pushbutton switches. Two tape decks
can be connected to and controlled
from the preamp. The playback from
either deck can be monitored by push-
ing in the corresponding TAPE
MONITOR button. In addition, the
playback from either deck can be
dubbed onto the tape on the other
deck with the TAPE CoOPY buttons,
simultaneously permitting the user to
monitor from either deck.

The PROGRAM SOURCE buttons (to
the right of the tape control buttons)
are for selecting inputs from TAPE 1,
TAPE 2, PHONO 1, PHONO 2, AUX, Of
TUNER. These are followed by the
POWER switch. (The “Epicure’ logoon
the frontpanellights up when poweris
applied.) The last group of switches
are the PROGRAM MODE selectors, of-
fering a choice of STEREO, REVERSE
stereo, MONO (L+R), and either Lor R
input appearing in both channels.

In addition to the various input and
output jacks, there are four small con-
trol knobs for adjusting the phono
sensitivity for each phono-input
channel over a range of about 7dB on
the preamp's rear apron. These con-
trols allow the playback levels from
two different cartridges to be matched
and permit balancing out any level dif-
ferences between the two channels of
each cartridge. Two of six accessory
outlets on the rear are switched.

The published specifications for the
preamp are quite comprehensive, in
general reflecting state-of-the-art per-
formance. The frequency response is
stated at +0.25 dB from 20 to 20,000
Hz through the phono and from 10 to
100,000 Hz through the high-level in-
puts. Phase shifts at 20,000 Hz are 2°
through the low-level and 5° through
the high-level inputs, and the
A-weighted noise level is stated at bet-
ter than 100 dB below a 10-mV phono
input or a 1-volt high-level input.

Although the rated output is 2.5
volts, the maximum available output is
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greater than 5 volts. The phono-input
overload is rated at 150 mV, while total
harmonic distortion (THD) is rated at
0.05%orlessinthe audio rangeupto a
2.5-volt output. Even the input capaci-
tance is specified—37 pF for the
phono and 47 pF for the high-leve!
input sections.

A time-delay relay allows 2.5 sec-
onds pause for the power amplifier to
stabilize before the preamplifier's
outputs are activated.

Laboratory Measurements. As
might be expected from the published
specifications, measuring the per-
formance of the preamp taxed the
capabilities of our most advanced test
instruments. At a 2.5-volt output, the
THD was 0.03% at 20 Hz, 0.016% at
1000 Hz, and 0.042% at 20,000 Hz.
However, our THD measurements in-
clude noise and hum that, low as they
are, become comparable to the ex-
tremely low harmonic component
levels and affect the meterreadings. In
addition, at 20 Hz, the residual distor-
tion of our test generator is 0.02%, so
that most of the measured distortion
was present in the input signal.

With the aid of a Hewlett-Packard
Model 3580A spectrum analyzer, we
determined that the actual distortion
present at 20 and 1000 Hz was the re-
sidual of the signal gererator at 0.02%
and 0.0025%, respectively. The high-
frequency distortion, measured at
15,000 Hz so that the third harmonic
could be included in the 50,000-Hz
range of the spectrum analyzer, was
0.025%. The output clipped at 8 volts,
but even at 7 voits output, the distor-
tion did not increase beyond. the
points at the 2.5-volt output level, ex-
cept at 20,000 Hz where itwas 0.14% at
7 volts output.

The intermodulation (IM) distortion
was about 0.006% to 0.007% between
1 and 2.5 volts output. It was a mere
0.02% at 7 volts. At low outputs, it in-
creased slightly to 0.09% at 80 mV.
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At maximum gain, a 0.1-volt high-
level input produced areference 1-volt
output. The wideband noise mea-
surement, which included some r-f
pickup from local broadcast stations,
was 64.5 dB below 1 volt. With A
weighting, the output noise was below
our minimum measurement threshold
of 100 pV, or better than 80 dB below 1
volt. Measurements through the
phono inputs were identical to the
high-level S/N measurements. The
spectrum analyzer showed the
power-iine hum through the phono
inputs (loaded by a magnetic car-
tridge) to be 65 dB below 1 volt. At
minimum gain, the hum was 84 dB
below 1 volt.

The phono sensitivity for a 1-volt
output was between 0.65 mV and 1.5
mV, depending on the settings of the
phono-sensitivity controls. The cor-
responding overload inputs were 85
and 190 mV. The measured crosstalk
between channels was 70 dB down at
1000 Hz.

The frequency response, as rated,
was flat to within =0.25 dB from 20 to
20,000 Hz through the high-level and
phono inputs. The phono equalization
was virtually unaffected by cartridge
inductance, with less than 1 dB of
change up to 17,000 Hz. Through the
high-level inputs, the frequency re-
sponse was flat to the 5-Hz lower limit
of our signal generator, down 1 dB at
58,000 Hz, and down 3 dB at 110,000
Hz. The slew rate of the preamp, rated
at 4.8 volts/us, was approximately 5
V/us, making transient IM distortion
an unlikely possibility.

Depending on the settings of the
tone controls, the turnover frequen-
cies could be varied from about 40 to
350 Hz in the bass range and from
1500 to 3000 Hz in the treble range.
The filters had 3-dB down response
frequencies of 65 and 6500 Hz.

User Comment. Listening tests are
generally inconclusive where an elec-
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A UNIVERSAL LIGHT EMITTING DIODE

F YOU think of light emitting diodes (LED's) only as

indicators, a new breed introduced by the National
Semiconductor Corporation (2900 Semiconductor Drive,
Santa Clara, CA 95051) may change your mind. Unlike
standard LED’s, which are useful only in dc circuits and
require currentlimiting, the new type NSL 4944 can be used
with dc or ac, will operate over a wide range of voltages
without external limiting devices, and can be the principal
active device in a variety of interesting and useful projects.
Compared to an incandescent lamp, the new LED might
well boast, “anything you can do, | can do better.”

Represented symbolically as a constant current source
in series with a light emitting diode, Fig. 1A, the NSL4944
comprises an integrated circuit chip and a GaAsP high-
intensity red LED in a single plastic package. The IC in-
cludes (Fig. 1B) a pnp pass transistor, a voltage reference
network, a voltage comparator, and a series current refer-
ence resistor. Since most of the regulating circuitis not in
series with the LED, the complete device requires only
about 300 mV more than a standard red LED. Further,
because all of the current is through the pnp transistor’s
emitter, the device can serve as a medium level rectifier
and a constant current source in addition to its role as a
lamp.

Physically, the NSL4944 is no larger than conventional
LED's and, with only two leads, can be interchanged with
these in most applications. Its cathode lead is identified by
a flat area on the circular base. Equipped with a diffused
lens, the device can be panel mounted by means of a
standard two-piece plastic adaptor or can be installed di-
rectly on circuit boards for wrapped or soldered connec-
tions. It can be mounted vertically, or horizontally, as
shown in Fig. 1C. The rated operating and storage temper-

VOLTAGE
REF

COMPARISON
AMPLIFIER

NEGATIVE LEAD
WIDER AT BASE
OF PACKAGE B P

==

Fig. 1. (A) Schematic syntbol for NSL4944.
(B) Internal circuit. (C) Mounting methods.
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By Lou Garner

ature range is —55 to 100°C., but with linear derating of
0.125V/°C above 25°C.

The new device has an operating voltage range of (ap-
proximately) 2.0 to 18.0 volts and also can withstand re-
versevoltagesup to 18.0 V. The light output remains essen-
tially constant at (typically) 0.8 mcd from about 3 volts to
maximum rated voltage. With a power dissipation rating of
300 mW at 25°C, the forward current varies from 12 to
about 14 mA over the full voltage range. The device will
operate at reduced intensity with sources of 1.6 to 1.9 volts
capable of furnishing atleast 8 mA, and can be switched on
and off by any circuit capable of supplying 10 to 20 mA and
a voltage swing of at least 1 volt. Typically, an applied
voltage of 1.3 volts will result in little or no light output,
while anincrease to 2.3 volts will develop 70% to 90% of full
light intensity.

National Semiconductor's specification sheet for the
NSL4944 and a 4-page application note AN-153 suggest a

number of practical circuits for the device.
+5VDC

-
NSLa%44

TODTHER
SUPPLIES

C

Fig. 2. NSLi94 applications: Low (A) and high (B)
logic indicator: on ac (C) and de (D) sonices.

As a simple indicator, for example, the unit is ideal for
applications ranging from digital logic designs to conven-
tional pilot lamps. When driven by standard TTL devices,
the NSL4944 can serve as a low or high status indicator, as
suggested in Figs. 2A and 2B, respectively. The unit's abil-
ity to operate on ac as well as dc sources allows it to be
used as a pilot lamp when powered by the low-voltage
filament winding of a standard power transformer, as
shown in Fig. 2C. When operated on ac, the unit's actual
light intensity is halved, but the output level is more than
adequate for most applications. The NSL4944 can also be
used on unfiltered and unregulated dc sources, either
alone or in conjunction with other components, such as
switches, relays, or other solid-state devices (Fig. 2D).

POPULAR ELECTRONICS
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Fig. 3. Curvent sourvee tor LEDs (A) and zeners (B).
Load for live diiver (C) and Schinitt lamp diiver (D).

Another broad range of applications for the NSL4944 is
when itis used as a constant current source. With a 15-volt
dc supply, for example, it can furnish a controlled current
forsix or seven series-connected conventional LED's, (Fig.
3A). Shorting any number of the LED’s in the string with
switches, relay contacts, or other means will not affect the
remainder, nor the NSL4944. Such an arrangement might
be used, typically, to indicate relay, switch, or circuit-
breaker closures. The device’'s constant current charac-
teristic also is useful for operating a zener diode in voltage
regulator circuits (Fig. 3B). If used in the coliector circuit of
an emitter follower preamp or line driver, as in Fig. 3C, the
device will limit the output transistor's total current with-
out affecting signal voltage swing, thus protecting the
stage against damage due to line, cable or load shorts.
Another applicationisshown in Fig. 3D. Here, the NSL4944
serves as an active load for alamp driver circuit, increasing
Q17'suseful voltage gain, but still permitting nearly fuli base
bias on Q2. Substituting an LM195 for Q2 and adding a
4.7-kilohm series base resistor will allow this circuit to
handle 12-volt lamps rated at 1 ampere.

Several useful, easy-to-build projects featuring the
NSL4944 are illustrated in Fig. 4. They include an ultra-
simple ""HI-LO™ logic probe for TTL circuits, a time delay
relay, and asmall trickle charger for batteries (from 1.5t0 6
volts). The logic probe uses a pair of series-connected
devices and is intended for use on standard 5-volt dc
sources. Theupper LED lights when the circuit test pointis
low, the lower LED when the TTL level is high. With a time
delay of approximately six seconds, the relay circuit re-
qguires only two additional components, a large electrolytic
capacitor and a sensitive high-impedance electromagnet-
ic relay. The NSL4944'sconstant-current feature limits the
timing variation to about 3% over a supply voltage range of
14 to 18 volts (much less than the variations due to temper-
ature and capacitor tolerances). Finally, the simple trickle
charger utilizes all three of the NSL4944’s unigque
characteristics—as an indicator, arectifier, and a constant
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Mark Ten Electronic
Ignitions put
lightningunder

the hood.
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It's like having a bolt of lightning under the hood of your
car whenyou feel it burstinto action. And that's not all you'll
feel with one of Delta’s three HOT, HOT ignition systems.
You'll feel the contentment of knowing your car will start
INSTANTLY no matter how hot or cold the weather,
the relief of fast, safe entry onto teaming freeways with
POWERFUL ACCELERATION, and the satisfaction of
pocketing all that money you’ll save, not only from
INCREASED GAS MILEAGE, but from all the TUNE-UPS
you can forget about (at least 2 out of 3). And that’s just
for starters. Send today for free, color brochure jam-packed
with helpful facts on how Delta’s Mark Ten, Mark Ten B and
Mark Ten C Capacitive Discharge Electronic Ignitions can
help make driving a better experience for you.

[_I want to know more about Mark Ten DCI's. Send me complete no-
nonsense information on how they can improve the performance of my car.

Name B — _

___ State

|
i
DELTA PRODUCTS, INC. ;

Zip

P.O. Box 1147, Grand Junction, Colo. 81501
(303) 242-9000
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Fig. 4. Simple NSL944 prajects: (A) TTL probe;
(B) time-delay relay; (C) trickle battery charger.
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current source. Supplying a trickle charging current of 10
mA or more, the design requires only ong additional elec-
trical component—a smail step-down transformer.

The circuit applications we've examined, although rep-
resentative, are but a fraction of those possible with the
versatile NSL4944. In addition, National Semiconductor
suggests that the device can be used as a shorted SCR
indicator in low-voltage circuits, a constant-current load
i precision amplifiers, a reverse-voltage monitor for
power supplies, a current limiter, and a regulated current
source for voltage dividers or transducers, such as ther-
mistors.

Right On! Although the bicentennial year has not yet run
even half its course, a number of the predictions made in
last January's column have materialized. At the Consumer
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FOR FASTER, MORE
RELIABLE MEASUREMENTS

A NEW STANDARD IS BORN HI and LO ohms and a 50KV DC range
Migh accuraty you tan trost . . . with accessory Hv probe.

Versatile measuring capabilities . . . A NEWSTANDARD IN SPEED
An efficient, easy to operate meter . . . AND EASE DF OPERATION

All at an attordable price & g L
g arge pushbuttons and callouts — no
That's the DVM38 . . . The complete P s T

gvr vlh:lksets new performance stan- L.E.D.s with direct readout, down to
BECS IV HARE VI (0] V and mV indicators. SINGLE STEP
A NEW ACCURACY STANDARD AUTO-RANGING for maximum resolu-

The 3% digit, .1% accuracy is backed by tion and efficiency. 2KV DC protection
2 15 meg © input impedance, compared minlmizes downtime.

to 10 meg Q input of conventional
DVM's, which guarantees up to 50% THE AFFORDABLE STANDARD
There are few .1% DVM's less expensive—

greater accuracy with 1/3 less circuit ] €
loading on every measurement for high there are none as complete in this price
range, plus backed by a LIF ETIME guar-

accuracy you can trust. Y 4
ASTANDARD IN CAPABILITIES antee against factory workmanship errors,

The DVM38 1s more accurate in MORE
circuits with  these versatile ranges:
1004V to2000V DC, 1KV AC; 01 @
t0 20 meg 2 ; 0.1uAto2A Plus

BACKED BY SENCORE'S 100%
MADE RIGHT LIFETIME GUARANTEE

s E N‘ C o R 3200 Sencore Dave, Swoua Falls, $.0. 57107

Phone: 1605 339 0100 TwX. 910 660 0300

THE DVM38 . . . . . . . ANEW
STANDARD IN DVM's FOR SPEED,
VERSATILITY ANO ACCURACY.
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Electronics Show in Chicago, Texas Instruments, Inc. (P.O.
Box 5012, Mail Station 84, Dallas, TX 75222) introduced a
line of electronic digital watches at suggested retail prices
starting at $19.95, thus fulfulling my prediction of digital
electronic watches retailing for less than $25.00. The
watches TI-501 and TI-502, feature a five-function elec-
tronic module in black, brown, beige or white polysulfone
cases (the impact-, heat- and abrasion-resistant material
used in the visors of the Apolio Astronauts). A metal-cased
version offered in chrome and gold tone, the TI-401, lists at
prices starting at $29.95.

Another major manufacturer, Fairchild’'s Consumer
Products Group (4001 Miranda Ave., Palo Alto, CA 94303)
also has introduced a line of low-cost digital LED watches.
Fairchild’'s new line Timeband™ features all metal cases
with either gold or chromium finish, single-button five-
function operation, and list prices starting at $29.95.

Another prediction, a substantial drop in the prices of
microprocessors and memory IC’s, has been fulfiilled not
only by substantial price cuts in older modeis but by the
introduction of new devices at lower prices. Already within
the budget limits of many hobbyists and experimenters,
microprocessor and memory IC prices probably will drop
even further before year's end.

Reader’s Circuit. With potential applications as adigital
logic clock, electronic metronome, wide-range test oscil-
lator, harmonic generator, relay pulser, time marker
generator, scope sweep oscillator, and frequency divider,
the astable pulse oscillator circuit in Fig. 5 requires only
two transistors, yet provides nine octaves of frequency
coverage with a single control. Easily duplicated at home,
the design was submitted by Peter Lefferts (1640 Decker
Ave., San Martin, CA 95046).

Timing capacitor C7 is charged slowly by the d¢ source,
B1, through voltage-divider R7-R2 until Q71 is forward-
biased and starts conducting. When this occurs, a forward
base bias is applied to Q2 through Q7's split collector load
R3-R4. As Q2 starts conducting, a pulse is developed
across its collector load, R6, which, coupled back to Q7's
base through capacitor C2 and series resistor RS, drives
Q17 to a heavily conducting state, rapidly discharging C7
Then the cycle starts over. In essence, Q7 and Q2 form a
high gain amplifier with C2 providing positive feedback.
Diode D7 reduces feedback capacitor C2's recovery time,
while potentiometer R8 establishes Q7's base bias level
and thus the point at which timing capacitor C7 charges
before feedback and capacitor discharge is initiated. The
lower Q1’'s initial base bias, the higher the circuit's repeti-
tion rate. Potentiometer R8, therefore, serves as the cir-
cuit’s frequency control. Circuit power is supplied by dc
source B1, controlled by a spst power switch, S7.

The circuit can be assembled using any standard con-
struction method, provided good wiring practice is ob-
served. Transistors Q7 and Q2 are types 2N1304 and
2N1372, respectively, while D7 is type 1N34A. Except for
the 10-kilohm potentiometer, R8, the resistors can be
either 1/4 or 1/2 watt. Capacitors C1 and C2 are low-voltage
ceramic, paper or plastic film units. Power switch S7 can
be any spsttype. The circuit will operate with dc sources of
5 to 25 volts, but a 12-volt dc source is optimum.

Although designed primarily as a pulse generator, other
waveforms may be obtained at various points in the circuit,
including the D71-C2-R5 junction and at Q7’s collector. A
sawtooth signal suitable for use as a linear scope sweep IS
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Fig. 5. Reuder’s pulse generator civeuit. oy

available across C1. For frequency-divider, sweep-
generator, and time-marker applications, synchronization
pulses can be applied to Q7's base through a small cou-
pling capacitor. The circuit's frequency range can be
shifted by using other values for C1 and C2. With values of
100 uF for C71 and 3 uF for C2, the circuit will operate down
to approximately 1/20 Hz. Lower values than those given in
Fig. 5 will permit operation at ultrasonic frequencies, but it
may be necessary to reduce resistor values to 1/10 of those
listed, except for R3, which should not be less than 100
ohms.

Device/Product News. In addition to its versatile
NSL4944 universal LED, the National Semiconductor Cor-
poration has introduced a number of new devices of in-
terest, including a family of four Tri-State octal buffer IC's.
The buffers, types DM81LS95, DM81LS96, DM81LS97 and
DM81LS98, offer typical power consumptions of under 80
mW and propagation delays of less than 14 ns. Each device
provides eight 2-input buffersin asingle package, withone
of the two inputs to each buffer used as a control line to
gate the output into a high-impedance state and the other
to pass data into the buffer. Types DM81LS95 and 97 pre-
sent true data at their outputs, while the DM81LS96 and 98
invert the data. In the DM81LS95 and 96, all eight Tri-State
enable lines are common, with access gained through a
two-input NOR gate. In the DM81LS97 and 98, four of the
eight buffers are enabled by one common line, the other
four through another common line.

A TTL-compatible NMOS digital frequency synthesizer
for use in CB, marine and avionics transceivers as well as
digital TV tuners has been announced by Nitron, a division
of the McDonnell Douglas Corporation (10420 Bubb Road,
Cupertino, CA 95014). The new IC, type NC6400, requires
only a reference oscillator, a VCO, an appropriate data
input and an optional prescaling counter to torm a com-
plete digital frequency synthesizer system. The device is
internally programmable to provide up to 80 channels with
different transmit and receive frequencies available for
each. The frequency desired is called up by keying the
appropriate channel number into either a 3 x 4 matrix
keyboard or by presenting it in BCD code on a four-line
data bus. Decoded seven segment (or 4-line BCD) outputs
are provided to display the number of the channel called
up, plus three additional outputs which can be pro-
grammed to indicate illegal channel entry, emergency
channel, or similar information. @
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over the long haul

N
One reason Antenna Specialists’ CB I'l,
antennas arethe world’s most popular &t
is that they take all the punishment |
your rig dishes out and still deliver '
top performance. Like our model i
MR315 dual “‘Minnie-Momma’’ truck
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vibration and shock. . . but releases
in seconds when switching rigs.
Re-tuning with the new static ball
tuning tip means no whip trimming.
And the pressure-molded loading
coil and 17-7PH stainiess steel whip
form a weatherproof unit that sheds
water like a rubber duck. You need
an antenna that can makeitina
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FREQUENCY MEASUREMENT

HE search for frequency ac-

curacy on a shortwave receiver
involves a number of steps. First, you
find the right meter band—perhaps a
bit offset from where it should be on
the receiver dial. Then you reach the
stage where it's important to separate
frequencies to the nearest 5 kHz—the
standard spacing of SW stations.
Once you're deeply involved in DX lis-
tening, you're concerned with “‘split-
ting” frequencies down to 1 kHz, or
even a fraction of 1 kHz. Even direct
frequency readout receivers are not
precise enough for this.

Building or buying a frequency
counter is the best—but not the
only—solution. Operating a frequency
meter requires laboriously con-
structed calibration charts. Crystal
calibrators give markers at 10, 25 or
100 kHz intervals; the circuit is simple
and plans are frequently published.
But there are other, devious ways to
measure frequencies with equipment
you may already have!

Let's begin with the big steps and
refine them as we go. It could be that
your receiver is so poorly calibrated
that you're not sure which MHz is
which—especially toward the top end
of the dial. Any two receivers will in-
teract with each other, and we can put
this seeming liability to good use.

Any old AM radio will do—even a
portable. We assume the intermediate
frequency is 455 kHz. If not, the princi-
ple still applies, but the figures will be
different. Place the AM radio near your
DX receiver, and tune the AM radio to
545 kHz. This means it is oscillating
(and radiating) at 545 + 455 kHz =
1000 kHz. You can tell when it's
exactly on 545 by zero-beating it
against a 1000-kHz station on the DX
receiver. Now, use the AM radio as a
'1000-kHz calibrator’ on up the dial
every 1000 kHz (1 MHz). Or, go even
higher in 2-MHz steps by tuning to
1545 kHz for 2000 kHz oscillation.
Check the accuracy of your setting
against WWV. Once you're satisfied,

82

By Glenn Hauser

mark in the true MHz steps on the dial
for future reference.

Now, say you're hearing a SW sta-
tion whose frequency you wish to de-
termine. If you know your way around
the AM dial, and there's a station on
almost every channet (especially at
night), start at the top end of the AM
dial and work downward till a beat first
crosses the SW signal. Tune back and
forth carefully till it's zero-beat. Now
read off the AM frequency as accu-
rately as possible, add 455, and multi-
ply by aninteger. One of the products
(which one should be obvious) wiil
give you the SW frequency—not with
great precision, but perhaps more
exactly than you could have deter-
mined it otherwise.

Depending on the stability of the AM
radio, the "‘calibration carrier" it pro-
duces can also serve as a BFO to de-
modulate CW or SSB signals. If you
have a second SW receiver, you can
get a more stable but much stronger
beat (perhaps too strong) by tuning
455 kHz away from the BFO frequency.
This same principle of beating one re-
ceiveragainst another applies in many
other combinations. For instance, be-
fore detent uhf tuning was available,
one could easily tell TV channel 82
from 83 by beating an FM receiver
against TV!

You can also turn the annoying
“double i-f images” to an advantage.
These occur 910 kHz above or below
the true frequency in single-
conversion receivers. Say you're hear-
ing a ham station just between Spain
and Switzerland’s images on the
14-MHz band. You know the true fre-
quencies are 15130 and 15140
kHz—so the ham must be 910 kHz
lower, or at about 14225 kHz.

A conventional way to measure fre-
quencies is to construct a calibration
chart using known stations. By graph-
ing the known frequencies on one axis
against dial readings on the other, you
can interpolate and extrapolate where
other frequencies should appear.
Most tuners are not linear. If your re-
ceiver is general-coverage, but with
bandspread calibrated only on the
ham bands, you can adapt it to broad-
cast bands by assigning different val-
ues to the bandspread’s interval
markers.

At a much more precise level, if you
know the frequency of one station,
and another is heterodyning it (pro-
ducing an audible tone—usually less
than 5000 Hz), you can easily compute
the frequency of the off-channel sta-
tion by measuring the tone on a musi-
cal instrument, such as a piano, guitar
or pitch pipe. Be sure you're on the
right octave and interpolate if neces-
sary on the accompanying table. The
separation between the two frequen-
cies is exactly the same as the pitch of
the audio tone they produce. This
method is known as inferential fre-
quency measurement by heterodyne
analysis. Certain risks and limitations
apply; the reference station must be
one known to stay very close to its
nominal frequency. Sometimes the
two are so close that it is hard to tell
which station is on which side.

Musical Notes and Corresponding Heterodyne Frequencies

A 110 .22 44
B 17 .23 47
B 123 .25 .49
Cc A31 .26 52
C# 139 .28 .55
D 147 .29 .59
= .156 31 .62
E 165 .33 .66
F 1758 .35 .70
F# 185 .37 .74
G 196 .39 .78
G# .208 .42 .83

.88 1.76 3.52
.93 1.86 3.73
.99 1.98 3.95
1.05 2.09 4.19
1.1 2.22 4.43
1.17 2.35 4.70
1.24 2.49 4.98
1.32 2.64
1.40 2.79
1.48 2.96
1.57 3.14
1.66 3.32

Frequencies are in kHz; based on standard tempered scale wherein A above middle C
equals 440 Hz. Notes other than A are not precise, but rounded. The third digit in the first
octave explains the rounding in higher octaves.
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Now to the most precise level
—subaudible heterodynes (SAH),
produced when two signals mix within
15 Hz of each other. Unlessthey are on
exactly the same frequency, the dif-
ference causes the S-meter to oscil-
late at regular intervals. Sometimes
you can hear this regular “swish” but
not the audio pitch involved. The SAH
is strongest when two signals are of
equal strength. Sometimes there is
too much propagational fading over-
riding the effects of the SAH. With a
stopwatch, or one eye on the clock
and the other on the S-meter, count
the number of fluctuations in a one-
minute period, and then divide by 60.
This gives you the number of cycles
per second (Hz) of separation between
the two signals.

One application of this is in deter-
mining which of two audibly hetero-
dyning signals is ‘on’ frequency. It is
extremely improbable that two signals
will happen to land within “SAH
range’’ of each other if both are drift-
ing off their nominal frequency. So if
there’s a noticeable SAH (even with-
out bothering to measure it or identify
the sources), it's a very good bet that
the SAH-ridden station is ‘on’ fre-
quency and can be a realiable refer-
ence when measuring an audible
heterodyne as described previously.

When dealing with such problems,
you soon notice that some signals vary
in frequency—some so rapidly that in-
stead of a clean heterodyne tone, you
hear an oscillating frequency. Others
vary significantly over a period of
hours or days. On mediumwave, some
stations are slightly off-frequency and
are so steady that, with the aid of pre-
cise frequencies published by the
European Broadcasting Union, North
American DX listeners can make avery
reliable guess at what two stations
they are receiving on a European
“split’” channel—simply by determin-
ing the SAH between them, even with
little or no audio detected.

The exact frequency of a station is
one of its most distinctive characteris-
tics. Some ‘'splits” are so well-
established and steady that once you
pin them down, no further re-
identification is necessary. When re-
porting to DX bulletins or to a station
for QSL, the more precisely you can
specify the frequency, the better for
the station and other listeners.

Video Signals Heterodyne Too.
Figure 1 shows two channel 13 signals
within 1 kHz of each other. Since one
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Fig. 3. WTVT, ¢h 13, Tampa.
Interterence with KETA, Okla. City.

Fig. 4. WJHG, ch 7, Panuema City.

of the stations was nearby and its
exact frequency known, the other DX
station could be identified, since no
others were operating on the same
“offset” in the area affected by the un-
usual propagation.

Sporadic E is the intense skip
phenomenon (usually in the summer)
that bounces CB, PSB, TV and FM sig-
nals all over the continent. Seldom
does it reach much above the FM band
(108 MHz), but on very rare occasions,
it can hit the high vhf TV band of chan-
nels 7to 13(174-216 MHz). Figures 1 to
4 show the results of sporadic E | saw
last summer in Oklahoma. It's too
much to expect such rare openings to
peak during ID times, but | was able to
identify the stations based on circum-
stantial evidence (local programming,
offset interference, etc.).

A careful watch on the highband
channels during intense sporadic E
openings this summer might reward
you with such rare DX'ing. @
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InTroducing The

MICRO-ALTAIR

POLTMOARAC SvaTesn

~ALTAIR™

i

The complete Computer System
that requires just a keyhoard
and TV monitor for use.

The MICRO-ALTAIR is;
The hardware — video terminal interface board. CPU/ROM/
RAM board. backplane power supply and cabinet
The software — video drver. debugger. operating kernel
supplied on ROM
The personal computer system — complete. expangdable. no
loose ends — a complete and powertul toul
THE SOLUTION BOX FRDM PDLYMORPHIC SYSTEMS.
Apphications include smart terminals, data acGusition systems
games accounting. front-end for a larger computer-anywhere a
Iittle processing 1s required
COMPLETE SYSTEM [EXCEPT FOR MONITOR AND ASCII KEY-
BOARD| $575.00 KIT. DELIVERY 60 0AYS — SERIAL 1/0 AND
CASSETTE OPTIONS AVAILABLE.

Upper ond lowsr seve (?u9 '-Q.)
W‘GM pors on boerd
Graphios ‘sepabil 1ty (40x84 or 139,

POLYRORPHIC SYSTENS

Go to your local computer store and compare

Video Terminal Intertace — characters are stored (v un-board memory
Entire screen may be read or written in 20 milliseconds SoHware includes
a text editing system with scrolling and nsert and delete by character or
line

vTI/32 32 character line 5160 00 kit §230 OC assembled
VTI764 64 character line $185.00 kit 5260 00 assembled
VTI/SK Socket kit tar VTI kit § 15.00

Denvery — 30 days

Analog interfate — 1 or 2 channels of analog output wkh 10 bits of reso-

lutions 0-10¥ or - 5V with bipolar optien|. 6 bits of Iat:hed digitat output
and 8 anaiog comparators for software conteolied A/B vonversions

ADA/Y 1 analog output 5135 00 kit 5475 0( assembied
ADA/2 2 analog oulputs $185 00 kit $235 00 assembied
ADA/SK Sockel kit for ADA kit S 10 00

Delvery — 30 days

Al prices and specifications subject to change without notice. Prices are USA only
Calif residents add 6. sales tax Ad® 5°. shipping haugting, amd insurance

POLYMORPHIC SYSTEMS

737S Kellogg. Goleta, CA 93017 1805) 967-2351

BankAmericard and Master Charge Accrpted
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mobhile
antennas

offer:

» Quality construction

* Long range

o Mounting versatility |

This is the Avanti Racer
27 mobile antenna. A
first quality instrument,
it is one of the most pop-
ular antennas in the en-
tire CB field. That's
because experienced
CBers appreciate the
benefits of a good, de-
pendable long-range
antenna that offers
quiet performance.

\\=

The Racer 27 is readily \
adaptable to a wide variety ‘
of mounting assemblies:

®3 fold-over mount for
campers and vans

®a no-hole trunk mount
(no drilling into your car)

®a mirror bracket mount
for trucks

®3 dual assembly for
increased performance
on all vehicles

» Avanti makes the famous
MOONRAKER CB BASE
ANTENNA

The Racer 27 is Avanti
Model AV-327. Suggest-
ed retail . . . . . $23.95

This is only one of many
Avanti antennas for car,
boat or home. Send to-

day for FREE full-color
catalog. g

D\ \“‘\\

RESEARCH AND DEVELOPMENT, INC.
340 Stewart Ave., Addison, lllinois 60101
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MAY-AUGUST ENGLISH-LANGURGE SW B'CASTS by Richard £ Wood

TIME-GMT STATION

TIME-EDT
6:30 a.m.-8:00 p.m.

7:00-7:25 a.m.
7:00:9:15 a.m.
7:00-10:00 a.m.

7:15-8:15a.m.
7:15-8:45a.m.
8:00-8:30 a.m.
8:00-8:55 a.m.
8:15-8:30a.m.

8:30-9:00 a.m.
8:30a.m.-12:30 p.n1.

9:15-9:45 a.m.
9:15 a.m.-4:00 p.m.
10:00-10:30 a.m.

11:00a.m.-12:15 p.m.

1:00-2:00 p.m.

1:00-2:15 p.m.
2:45-4:00 p.m.
3:45-6:30 p.m.
4:00-4:30 p.m.
4:00-4:55 p.m.
4:00-5:00 p.m.
4:00-5:15 p.m.
4:45-5:00 p.m.
5:00-5:50 p.m.

5:15-6:45 p.m.

5:30-6:50 p.m.
5:45-7:00 p.m.
6:00-6:15 p.m.
6:00:9:20 p.m.
6:30-7:00 p.m.

6:30-7:20 p.m.
6:45-8:30 p.m.

7:00-7:30 p.m.
7:00-7:50 p.m.

7:00-8:30 p.m.

7:00-9:00 p.m.
7:45.8:00 p.in.

7:45-8:45 p.m.
8:00-8:25 p.m.
8:00-8:30 p.m.
8:00-8:55 p.m.

8:00-9:00 p.m.
8:00-10:00 p.m.

8:00 p.m.-1:05 a.m.
8:15-8:30 p.m.

8:30-8:55 p.m.
8:30-9:00 p.m.

1030-2400

1100-1125
1100:1315
1100-1400

1115-121%
1115-1245
1200-1230
1200-1255
1215-1230

12301300
1230-1630

1315-1345
1315.2000
1400-1430

1500:1615
1700-1800

1700-1815
18452000
1945-2230
2000-2030
2000-2055
2000-2100
2000-2115
2045-2100
2100-2150

21152245

21302250
21452300
2200-2215
22000120
2230-2370

2230-2320
2245-0030

2300-2330
2300-2350

2300-0030

2300-0100
2345-0000

2345-0045
0000-0025
0000-0030
0000-0055

0000-0100
0000-0200

0000-0505
0015-0030

0030-0055
0030-0100

*“Montreal, Canada
{Northern Service)
Tirana, Albania
London, England
**VOA,
Washington, U.S.A.
Montreal, Canada
Melbourne, Australia
Jerusalem, Israel
Peking, China
HCJB, Quito,
Ecuador
Stockhoim, Sweden
HCJB, Quito,
Ecuador
Berne, Switzerland
**London, England
Helsinki, Finland
Stockholm, Sweden
London, England
“*Paris, France

London, England

" " Abidjan, lvary Coast

** Oelhi, India

*"Tehran, Iran

Jerusalem, Israel

**Brasilia, Brazil

**London, England

' "Valletta, Malta

**Johannesburg, South
Africa

London, England

Hilversum, Holland
**Cairo, Eqypt
**Belgrade, Yugoslavia
“*Ankara, Turkey
Vilnius, U.S.S.8.

Johannesburg, S. Africa
London, Engfand

Stockholm, Sweden
Helsinki, Finland
**Buenos Aires,
Argenting

Moscow, U.S.S.R.

Montreal, Canada
**Voice of the Orq. of
American States,
Washington, U.S.A.
Tokyo, Japan
Tirana, Albania
Oslo, Norway
Peking, China
Sofia, Bulgaria
** Luxembourg
**VDA,
Washington, U.S.A.
**Montreal, Canada
{Northern Service)
Athens, Greece
Prague, Czechoslovakia
Kiev, U.SS.R.
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FREQUENCIES, MHz

9.625,11.72
(includes French, etc.)
9.48, 11.985

16.07

9.955,9.73

5.97, 9.655

9.58

11.655, 16.10, 15.487, 17.685, 17.815
11.685

11.745

16.305
11.745, 15.115 (Sun. 1600)

15.14

15.07

16.185

15.308

17.84 (via Ascension)

9.74, 11.705, 11.89, 11.93, 11.965,
15.21, 15.30, 15.36, 15.425, 17.72,
17.80, 17.82, 21.62

15.365 (via Sackville)

11.92 (Mon.-Sat.)

9.525,9.912, 11.62

9.022

9.815, 11.645, 15.487

15.24

11.79,15.07, 15.26

9.755 (Sat.)

5.98,7.27,11.90

9.58 (via Ascension), 11.78, 15.26
{via Ascension)

9.715, 11.73 {Sun.: Dutch)

9.805

9.62

9.515,11.88

9.685, 9.735,9.745,11.75 11.77,
11.79 (Sat./Sun.)

5.98,9.585, 9.695, 11.90

5.975, (from 2300), 7.325, 9.58
(via Ascension), 11.78

6.12, 9.605, 11.705

15.185

11.71 (Mon.-Fri.)

5.905, 7.10, 7.11, 7.33, 9.635,
9.665, 9.685, 11.72, 11.75, 11.87,
12.00, 12.05, 15.21, 15.245, 17.72,
17.76,17.90

6.085 (Mon.-Fri.)

9.64,11.74, 15.16

15.27, 15.30

7.065, 9.78 (varies)

9.645, 11.86, 15.175 (Sun.)
11.945, 15.06, 17.673
9.70

6.09

6.13,9.65,11.83

5.96,9.625

(includes French, etc.)

9.52

6.055, 9.94

6.02, 9.50, 9.54, 9.60, 9.665,
9.72,11.69, 11.72, 11.735, 11.85,
12.00, 12.05, 15.21, 15.245, 17.72,
17.76, 17.90 (Mon./Thur./Sat.)

POPULAR ELECTRONICS
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8:30-11:30 p.m.
9:00-9:15 p.m.
9:00-9:20 p.m.
9:00-9:45 p.m.

9:00-9:55 p.m.

9:00-10:00 p.m.

9:00-11:00 p.m.
9:00-11:30 p.m.

9:00 p.m.-3:00 a.m.

9:30-9:50 p.m.

9:30-9:55 p.m.

9:30-10:25 p.m.
9:45-10:15 p.m.
10:00-10:30 p.m.

10:00-10:45 p.m.
10:00-10:55 p.m.
10:00-11:00 p.m.

10:00-11:20 p.m.
10:00-11:30 p.m.
10:30-11:00 p.m.

11:00-11:30 p.m.

11:00-11:35 p.m.

11:00-11:45 p.m.
11:00-11:55 p.m.
11:00-12 mdt.

11:30-11:55 p.m.

11:30-12:30 a.m.
11:30-12:50 a.m.
12 mdt.-12:15 a.m.

12 mdt.-12:25 a.m.
12 mdt.-12:30 a.m.
12 mdt.-1:00 a.m.

12 mdt.-2:00 a.m.
12:30-1:00 a.m.
12:50-2:00 a.m.
1:00-2:00 a.m.
1:00-4:00 a.m.

MAY 1976

0030-0330
0100-0115
0100-0120
0100-0145

0100-0155

0100-0200

0100-0300
0100-0330
0100-9700

01300150

0130-0155

0130-0225
0145-0215
0200-0230

0200-0245
0200-0285
0200-0300

0200-0320
02000330
02300300

0300-0330

0300-0335

0300-0345
0300-035%
0300-0400

0330-0355

0330-0430
0330-0450
0400-0415

0400-0425
0400-0430
0400-0500

0400-0600
0430-0500
0450-0600
0500-0600
05000800

Vilnnius, US.S.R.
HCJB, Quito, Ecuador
London, England
Vatican City

Rome, Italy

Berlin, Ger. Dem. Rep.
Madrid, Spain

Peking, China

Prague, Czechoslovakia
Montreal, Canada
Moscow, U.S.S.R.

Melbourne, Australia
Havana, Cuba
HCJB, Quito, Ecuador

Cologne, Ger. Fed. Rep.

Tirana, Alhania
Vienna, Austria
Bucharest, Rumania
Berne, Switzertand
Budapest, Hungary

Lisbon, Portugal
Dsto, Norway
Warsaw, Poland

Madrid, Spain
Peking, China
Moscow, U.S.S.R.

Hilversum, Holland
Cairo, Egypt
Beirut, Lebanon
Lisbon, Portugal
Tirana, Albania
Budapest, Hungary

Kiev, U.S.S.R.

Warsaw, Poland

Madrid, Spain

Peking, China

Buenos Aires,
Argentina

Prague, Czechoslovakia
Moscow, U.S.S.R.

Tirana, Albania
Vienna, Austria
Londoan, England
Havana, Cuba
Budapest, Hungary

Jerusalem, Israel
Bucharest, Rumania
Sofia, Bulgaria
Moscow, US.S.R.

Montreal, Canada
**London, England
Havana, Cuba
**London, England
**Kuwait, Kuwait
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9.685, 11.77, 11.79 (Sat./Sun.)
956, 11.915

5.975, 7.325, 9.58 (via Ascension)
5.995, 9.605, 11.845

9575, 11.81

9.13

6.065, 11.88 (Mon.-Sat.)
7.12,9.78 {via Tirana}, 9.94,
11.675, 11.945, 15.06, 17.855
5.93,7.345,9.54,9.74, 11,99
6.085, 9.655

5.905,7.10, 7.11, 7.33, 9.53,
9.60, 9.635, 9.665, 9.685, 9.70

(via Sofia), 11.72 (from 0130), 11.87,
12.00, 12.05, 15.21, 15.245, 17.72,

17.76, 11.90

16.32, 17.795

11.725,11.93

6.095, 9.56, 11.915

{includes some Eskimo)

6.01, 6.04, 6.10 (via Malta),
9.56%, 9.69, 9.745, 11.86%

{via Malta)

6.20,7.30

6.155,9.77

5.99,9.57,9.68, 11.775, 11.94
5.965, 6.135,9.725, 11.71%
6.00, 6.115, 9.585, 9.833, 11.91,
15.22 {Ex. Sun.)

6.025, 11.935

6.18, 9.645, 11.86 (Sun.)
6.095, 6.135, 7.27, 9.675,
11.815, 11.84, 15.12

6.065, 11.88 {Mon.-Sat.)

9.94, 11.675, 15.06, 17.855
5.905,7.10, 7.11, 7.33,9.53,
9.60, 9.635, 9.665, 9.685, 9.70
(via Sofia), 11.72, 11.87, 12.00,
12.05, 15.21, 15.245, 17.72,
17.76, 17.90

6.165 {via Bonaire)

9.475

9.67

6.025, 11.935

6.20, 7.30

6.00, 6.115, 9.585, 9.833, 11.91,
15.22

7.1%,9.61,9.72,11.69, 11.72,

11.77, 12.00, 12.05, 15.21, 15.245,

17.72,11.76

6.095, 6.135, 7.27, 9.675, 11.815,
11.84, 15.12

6.065, 11.88 (Mon.-Sat.)

7.12, 9.78 (via Tirana)

9.69 (Mon.-Fri.)

5.93, 7.345, 9.54,9.74, 11,99
5.905, 7.33, 9.53, 9.665, 9.685,
9.70 (via Sofia)

6.20, 7.30

6.155,9.77

5.975, 9.58 (via Ascension)
11.725,11.76, 11.93
6.00,6.115, 9.585,9.833, 11.91,
16.22 (Tue./Fri.)

5.90, 7.412, 9.009, 12.025
5.99,9.57,9.68, 11.775, 11.94
9.70

5.905, 7.33, 9.53, 9.60, 9.665,
9.685,9.72,11.735, 11.717
6.135, 9.655

6.009, 9.58 (via Ascension)
11.725,11.76

6.005, 7.27, 9.60 {via Ascension)
15.345

This OnesOnUs

with a single 1/O card
that could very well meet
all the input/output needs
of your 8800 system.

™

r terminal
I [taPe punch

3P+S [ paper tape
o reader

103

modem
| keyboard phone
line

F xercise incredible op-
tions like these with just one
3P+S card. It has two 8-bit
parailel 1/O ports, with full
handshaking logic, and one
serial I/O, with a data rate that
can be set between 35 and
9600 Baud. Our descriptive
59 page owner’s manual is
available for $4.00,fully re-
fundable with purchase of the
3P+S. Kit Price, $125.

Get afull 8080 implemen:
tation of 8K FOCAL ( “Digital
Equip. Corp.), including the
game of Lunar Lander, now at
your Processor Technology
dealer. Object tape available
for the copying charge only;
source listing complementary
with a minimum purchase.

Write Us.
For details on cur
other compatible
8800 plug-in

modules.

6200-H Hollis Street
Emeryville, CA 94608
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The better the trainin
the hetter you’

ELECTRO-LAB

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

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

86

COMPU-TRAINER

Digital
Solid-State
Color TV
315 sq. in.
Picture

(Simulated TV Reception)

IN-CIRCUIT TRANSISTOR TESTER =
TROUBLESHOOTER

SOLID-STATE
OSCILLOSCOPE

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

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

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

POPULAR ELECTRONICS
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and the equipment
2 equip
be equipped. /=
AN

HIGH FIDELITY
SPEAKERS

~ SOLID-STATE STEREO
\  AM/FM/MULTIPLEX
RECEIVER

COLOR BAR/DOT
GENERATOR

b &b x K U8
TUBE & TRANSISTOR TESTER FET-VOM

AM/FM/SW PORTABLE
SOLID-STATE RECEIVER

74 sq. in.
Solid-State

|  SIGNAL
GENERATOR

DIGITAL SOLID-STATE 2-METER FM
MULTIMETER TRANSCEIVER & POWER SUPPLY pooser nADIO

{
5" OSCILLOSCOPE

tion privileges spelled out. Make your own com- [ji il EE<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>