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] We build quality. That's why Cobra CB radios are

engineered and built to operate at peak performance under all

conditions. But we don’t stop there. Our concern for quality assures
you of performance that makes using your CB more enjoyable. And
our dealers and distributors are concerned about customer service.
1 All this—because, like you, we're serious about CB.

obra

Products of Dynascan

1801 W. Belle Plaine Ave., Chicago, lllinois 60613 (312) 327-7270
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e new Mallory
Intrusion Alamn.

Reliable.

Remote on/off lockswitch
connection.

Standby, instant and
delay alarm settings.

Panic button
connections.

Outlet for remote
lamp, bell, horn or
siren—energized
when detection
occeurs.
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QUYLET
120 VAC 3 AMP
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remuote
RESET

On/off switch for built-in
two-minute horn.

Closed circuit wired
perimeter connection.

Knob control for
slow or fast

oss WORW. oy response to
movement.

N o

MALLORY
INTRYSION
LICLL
MODEL CA

LuSEe 120 VAC 60 n
ures & 3 WATT

SWITCH LO0P

(And inconspicuous.)

This area-and-perimeter device creates and trans-
mits an ultrasonic wavelength field for detection up
to a distance of 20 feet. And because of its modern
design and walnut-grain finish, the CA3 is attractive
and inconspicuous enough to pass as a radio or
stereo tuner.

Virtually any movement by an intruder (or a break
in the perimeter circuit) activates the built-in horn
and the remote outlet for two minutes, An automatic

|
i

reset handles the possibility of a new or renewed
intrusion. And special CA3 circuitry guards against
false alarms from line transients and insects. A
variety of companion indoor or outdoor accessory
devices is available.

The Mallory CA3 Uitrasonic Intrusion Alarm.
From the manufacturer of the most complete line
of do-it-yourself security products. Another sound
reason to see your Mallory distributor today.

MALLORY DISTRIBUTOR PRODUCTS COMPANY

a division of P. R. MALLORY & CO. INC.
Box 1284, Indianapolis, Indiana 462086; Telephone: 317-85668-3731

Bafteries o Capacitors e Confrols e« Security Producls « DURATAPE® e Resistors o Semiconductors o SONALERT™ & Switches o Timing Devices and Mofors

DURACELL® DURATAPE® and SONALERT® are reglstered trademarks of P. R. Mallory & Co. nc.
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Dealers Everywhere Welcome CHROMSTAR "
First New TV Antennas In Years.

Response has been totally enthusiastic because of the
many far-ahead features built into Chromstar models!

® New Standard of Excellence In Construction
and Performance.

e Anodized and Ruggedized for Weather
Protection, Long Life.

® New Tri-Linear UHF Director System Increases
‘Gain Up To 30%

e Models To Solve Every Reception Problem.

GET ALL THE FACTS FROM YOUR WINEGARD DISTRIBUTOR.
FREE SPEC CHARTS ON ALL MODELS. CASH IN WIiTH
CHROMSTAR SALES AND INSTALLATIONS!

g

CH-7080 CH-9085 CH-8096
VHF-UHF-FM UHF only VHF-UHF-FM

3000 Kirkwood e Burlington, lowa 52601
TV ANTENNAS MORE PEOPLE LOOK UP TO.
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Editorial

GOOD NEWS FOR MAIL-ORDER BUYERS

| have recently observed a growing number of complaints about
mail-order purchases—some of them legitimate, some not. Most of them are
concerned with shipping delays, with the seller neither acknowledging an
order nor notifying the purchaser that there would be a delay. Without
doubt, these represent fair expressions of discontent when the buyer has
waited perhaps eight weeks with no word from the seller.

Lamentably, some mail-order sellers do not follow good business
practices in these matters. We have tried to exert pressure on behalf of
complainants, meeting with reasonable success. In one case, a company
president listened well and hired a person just to handle this type of
correspondence. In other cases, however, the seller simply oiled the
squeeky wheel—a shortsighted approach, of course. To be fair, though,
most mail-order companies who advertise in PE provide service in four days
to three weeks.

Now the government has stepped into the picture! The Federal Trade
Commission has set down an amendment to commercial practice rules for
Mail Order Merchandise, effective February 2, 1976. In essence, it says that
if no shipment time is clearly and conspicuously indicated in a solicitation
(such as an advertisement), shipment must be made within 30 days after
receipt of a properly completed order. Furthermore, the seller must have a
reasonable basis at the time of solicitation to expect that shipment will be
made within 30 days (or alternate stated shipping date) of receipt of order.

One assumes, therefore, that (as an example) a legitimate reason for not
meeting a shipping date would be the receipt of a larger number of orders
than anticipated. In such cases, the seller must inform the buyer of a revised
shipping date or that a date cannot be determined—for whatever reason.
This must be done within a reasonable time after the seller first becomes
aware of the delay. Moreover, the seller must offer the buyer an option
either to consent to a shipping delay or to cancel his order and receive a
prompt refund. If cancellation is not received on or before a revised
shipping date (30 days or less delay), it is assumed that the buyer consented
to the delay. if stated delay is more than 30 days or indefinite, the order witl
be automatically deemed cancelled if not shipped within 30 days or unless
the seller receives a response within 30 days specifically consenting to the
delay. When the delay is indefinite, the buyer has a continuing right to
cancel prior to a shipment.

If a notice of further delay is issued, the same rules above apply, but the
seller must send the buyer a business reply envelope or prepaid postage to
exercise the new option.

Prompt refund, by the way, means a refund by first-class mail within seven
days of receipt of such a request or within one billing cycle in the case of
cancelling a renewed option. Part of the new rules does not apply to
subscriptions (such as magazine sales ordered for serial delivery).

In the recent past, | haven't looked kindly upon many new government
regulations. But | do feel that this is a welcome one. In any event, to speed
fulfillment of an order by mail, buyers should use a money order or credit
card. Sending a personal check sometimes causes the seller to wait
weeks for the check to clear before shipping.

POPULAR ELECTRONICS



IT'nd only to the II.

The new Shure M95ED phono cartridge combines an ultra-flat 20-20,000 Hz
frequency response and extraordinary trackability with an utterly affordable
price tag! To achieve this remarkable feat, the same hi-fi engineering team
that perfected the incomparable Shure V-15 Type Il cartridge spent five
years developing a revolutionary all-new interior pole piece structure for
reducing magnetic losses. The trackability of the MOSED is second only to

= the Shure V-15 Type Ill. In fact, it is the new ““Number 2” cartridge in all

FREE! 1976 Stereo Directory & Buying Guide
send us your warranty card with the notation

FEBRUARY 1976

respects and surpasses much higher priced units that were considered
. “state of the art” only a few years ago. Where a temporary austerity budget
' is a pressing and practical consideration, the M95ED can deliver more
performance per dollar than anything ycu’ve heard to date.

‘2 Shure Brothers Inc. ; " ®
222 Hartrey Ave., Evanston, IL 60204 i.! _|_| =
In Canada: A. C. Simmonds & Sons Limited y | S U E

with the purchase of a Shure V-15 Type 111, or the M95 series, M75 Type 1l or M91 series of cartridges. Simply
“Send Free Buying Guide' before March 1, 1976. (Offer subject 1o supply and may be withdrawn at any time.)
CEIRCLE NOL 50 ON FREE INFORMATION CARD 5
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Letters

SETTING THE RECORD STRAIGHT

| read with interest Mr. Frye's article in
June 1975 concerning the taming of static
electricity. We market a static meter identi-
cal to the one pictured, along with a com-
plete line of static neutralization equip-
ment. CMI (mentioned in the article) was
acquired by 3M Company more than a year
ago.—Robert J. Kunz, Sales & Marketing
Manager, Industrial Nuclear Products, 3M
Company, Saint Paul, Minn.

THANKS FOR “HOW-TO" ARTICLES

Many thanks for “How to Design Your
Own Power Supplies” (June 1975). This
was one of the most lucid tutorial articles |
have read on the subject. | would, however,
like to suggest including the following cir-
cuit to provide a simple, inexpensive
means of adjustable current limiting to any
of the basic pass-transistor designs illus-
trated in the article—John Hanson, Den-
ver, Colo.

I enjoyed “A Simple Method for Biasing
Transistors™ (June 1975), particularly be-
cause | needed a simple method for biasing
transistors without having to use lengthy
calculations. One thing | wish to point out
is that if we “‘assume that the bias current
through A7 and R2 is 10% as much as the
collector current” (step 5), the stability fac-
tor, S, which should be about 6 goes up to

10 or more. But if we assume the bias cur-.

rent as 20% of the collector current, the
stability factor will remain about 7.

If you want higher stability and can toler-
ate a bit more current drain, 20% is a good
figure; but where current drain must
be negligible and stability is of only sec-
ondary importance, a 10% figure is
best—Muhammad Bashir, Lahore, Pakis-
tan.

| appreciated the well-written article
"“How to Listen to Out-of-State AM Broad-
casts’ (April 1975). | recently moved to
western North Carolina from Monmouth
County, New Jersey and was amazed at the
change in reception. Here, there are no re-
ally clear channeis, since | can hear the 1-
or 2-Hz beats of the carriers of both clear-
channel assigned stations and small local
stations. Fading is the rule. Our best recep-
tion is generally from Boston (WBZ) and
stations in Pittsburgh and Philadelphia.
When the weather is right, WWL from New
Orleans is exceedingly strong.

Since itis apparent that weather plays an

important role in radio reception, | recom-
mend reading The Weather for Radio pub-
lished by Taylor Instrument Companies
(Rochester, N.Y.)—Paul E. Griffith, Black
Mountain, N.C.

DON'T CHANGE THE EQUALIZATION

In “Matching Tape Decks to Magnetic
Tape' (May 1975), | think that the last thing
to recommend is to alter the playback
equalization curve. This would change the
tonal balance of all tapes previously re-
corded on other decks. Since playback
equalization of most recorders follows,
more or less, the standard NAB or CCIR
curves, it is wise to keep it unchanged.

If the deck has correctly adjusted
playback preamplifiers, some new bias and
recording equalization settings can be
sought out to suit the magnetic properties
of a particular tape.

Thesuccess of the Dolby noise reduction
system indicates that the first thing to aim
for is a high signal-to-noise (S/N) ratio.
Therefore, instead of considering the dis-
tortion and playback output curves versus
the bias level, it would be more interesting
to put together on the same diagram the
curve of the noise and hiss level and give
the playback output obtained from a
1000-Hz signal recorded at the maximum
level that gives the percentage of distortion
(say, 2%) one is prepared to accept.

The bias current can then be adjusted for

IC troubles ? try these high-performance

Super-Grip’

IC Test Clips

FROM THE COMPANY THAT DELIVERS
COMES THE BIGGEST SURPRISE OF THE CENTURY.

TC-16 fits

16-pin DIP’s, etc

SEND

,o

ORDERS

A P PRODUCTS INC,

BankAmencard  —e
AT
cards honored, L

Box 110-H, Panneswlle, OH 44077

Row-To- Part
Model | pow Dim. | Number | Price ble
TC-8 3IN 923695 | $7.35 piecon:
TC-14 3IN 923698 | 4.50
TC-16 3IN. 923700 | 4.75
TC-16LSI | .5/.6IN. | 923702 | 8.95
TC-18 3IN, 923703 | 10.00
TC-20 3IN, 923704 | 11.55
TC-22 AN, 923705 | 11.55
TC-24 5/.6IN. | 923714 |13.85
TC-28 .5/.6IN, | 923718 |15.26
TC-36 5/.6IN, | 923720 | 19.95
TC-40 .5/.6IN. | 923722 |21.00

ary

PART NO.

for fast,

non-shorting access

to all leads on dual-in-line
IC packages

No more shorting across DIP
leads... just quickly clip onan iC
TEST é:LIP to bring DIP leads
out for safe attachment of
scope probes and other leads.
Ideal for signal input, tracing,
troubleshooting, etc. Patented
‘contact comb” de-
sign guarantees no shorting be-
tween DIP leads. Probes can
hang ‘‘no-hands’ free on Test
Clip terminals in card racks
{unique — see photo). Engi
neered Mechanical clamping
glus gold-plated phosphor
ronze \ermmals provide supe-
rior electrical contact. Also un-
equaled as a DIP removal tool.

AP PRODUCTS INCORPORATED
Box 110-H, Painesville, OH 44077
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DEALER INQUIRIES INVITED
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ASSEMBLED
4K COMPUTER

Graphics and Cassette 1/0

$860.00

.. A GRAPHICS CONTROLLER FOR USE WITH YOUR TV.
MOTOROLA 6800 MICROPROCESSOR BASED COMPUTER
HOUSED IN AN ATTRACTIVE DESKTOP TERMINAL. AND
MUCH. MUCH MORE.

PHEHE

CORPORATION

791 South 500 West Dept. 122 Q 909 _R
Bountiful, Utah 84010 (801) 292-8466
WRITE TODAY FOR THE FULL MICRO-SPHERE PACKAGE.
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the greatest distance between the two
curves, representing the best S/N obtaina-
ble with a specific tape on a given deck.
The sensitivity of the VU meters can next be
set to 0 dB for the corresponding 1000-Hz
signal level that yields the maximum allow-
able THD. Only after the bias current has
been set can the recording equalization be
adjusted to give a correct frequency re-
sponse at playback. This can be done by
taking the overall record/playback curve at
a safe recording level (e.g. —20 dB).

it cannot be overemphasized that the
bias oscillator must be as clean as possible
from the odd harmonics.—J.P. Van Dor-
mael, Temse, Belgium

PRO’S AND CON'S OF METRICATION

The November 1975 editorial, titled "' The
Metrication Waiting Game,” was certainly
appropriate. Phono cartridges are an in-
teresting case—tracking force in grams,
stylus overhang in millimeters, reference
velocity in cm/s . . . and a mounting center
dimension of %"

Because we deal in both English and
metric units, we are interested in the metri-
cation cause.—Fred W. Nichols, Marketing
Manager, Audio-Technica U.S., Inc., Fair-
lawn, Ohio

The November 1975 Editorial states that
“there is no serious move in our schools to
teach upcoming generations the system of

weights and measures that must ultimately
be adopted.” | don't know what your criter-
ion of “serious" is, but when the metric
system is taught and used in every chemis-
try, biology. and physics class | ever knew
about or visited in the past 38 years of sci-
ence teaching, | think that you must admit
that there is a definite effort to teach alarge
segment of upcoming generations some-
thing about the metric system.—Paul R.
Doe, Hyde Park, N.Y.

What do you mean by defeated U.S. Met-
rication Bill? Metrication Bill HR 8674 has
passed the House, had hearings in a Sen-
ate subcommittee on October 8 and 9,
anc is now waiting to be voted on in the
Senate.—LeRoy Taraba, Portland, Ore.

Elementary and secondary schools pro-
vide only cursory coverage of the metric
system, quickly returning to the English
system. Unless a student is studying sci-
ence or technology, his chances of getting

involved with metrics are remote.

The reference to the defeated bill was to
an earlier attempt to pass some legislation.
Atthe time we went to press with the Editor-
ial, HR 8674 still hadn't passed the House.
And as of this writing, the Senate has not
yet voted on it.

Out of Tune

In “Build a Preregulated Power Supply,”
p 58. November 1975, the component
placement guide is shown from the com-
ponent side of the board, not the foil side.
The foil pattern on the component place-
ment guide is correct. A corrected half-size
etching and drilling guide is shown below.
Arrows point to areas where changes are
necessary.

ng WESE O T P

new car to get an electronic ignitio@

Let's face it. After 37 years, even a Phantom Il can use a
lift. That's why | put a Delta Mark Ten B Capacitive Dis-
charge Ignition on my Phantom . . . to give her a spark I'd
pit against any '75 model car. | went to Delta because they
aren’'t Johnny-come-latelys. Delta’s been making electronic
ignition systems for over a decade.

Whatever kind of car you drive, you can give it the same great
Delta performance | gave mine.

e Mark Ten B Capacitive Discharge Ignition Systems are
manufactured by Delta Products, Inc., a company with a
conscience, and with a proven record of reliability both in
product and in customer relations.

e The Mark Ten B really does save money by eliminating
the need for 2 out of 3 tune-ups. Figure it out for yourself.
The first tune-up or two saved pays for the unit, the rest is
money in your pocket. No bunk!

e Because the Mark Ten B keeps your
car in bettertune, you actually can
save on expensive gasoline.

e With a Mark Ten B, spark plugs

stay clean and last longer . .. fouling
is virtually eliminated.

-

o T T I s Supe S Rt e s T R S sy )
]
: | want to know more about Mark Ten B CDI's. Send me complete |
1 no-nonsense information on how they can improve the performance 1
1 of my car. :
: Name. L
1 Address :
|
1 City State Zip. :
!
|
! |
| DELTA PRODUCTS, INC. |
| P.O. Box 1147, Dept. PE, Grand Junction, Colo. 81501 :
\ 303-242-9000 1
L S -
Mark Ten B, Standard Mark Ten,
assembled $64.95 ppd assembled $49.95 ppd
Mark Ten B, kit $49.95 ppd Deltakit® $34.95 ppd
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Prepare for a high-paying career in
Complete Communications

Including equipment installation,
and maintenance...in actual practice

b d &

I’.ﬂ-

7
‘pj

The field of communications is bursting out all
over. In Citizens Band alone, estimates predict a
growth in equipment sales from $514 million in
1973 to $1.2 billion dollars in 1982! That means
a lot of openings in service and maintenance
jobs. NRI can train you at home to fill one of
those openings . . . including your FCC license
and solid-state 2-way radio service.

NRI's Complete Communications Course will
qualify you for a First Class Commercial License
within 6 months after graduation or you get your
money back! It covers AM and FM transmission
systems, teletype, radar principles, marine
electronics, mobile communications, and
aircraft electronics.

You will learn to service and adjust
communications equipment . . . using your own
500 channel VHF transceiver and AC power
supply for hands-on experience as well as your
own personal use.

With NRI’s training program, you can learn
this important skill easily, at home in your spare
time. You get 10 training kits, including an

8

Your communications/CB training will be up-to-the-
minute when you experiment with this solid-state
transceiver. Mount it in your car or use it with your
AC power supply as a base station. You get “*hands-on”’
experience that puts your course theory into practice
the practical way.

Antenna Applications Lab, CMOS
frequency ccunter and optical digital
transmission systems. You’'ll learn
from bite-size lessons, progressing
at your own speed to your FCC
license and then into the
communications field of your choice.

POPULAR ELECTRONICS



Only NRI offers you five
TV/Audio Servicing Courses

NRI can train
you at home
to service TV
equipment and
audio systems.
You can choose
from 5 courses,

™ starting with a
48-lesson basic course, up to a Master
Color TV/Audio Course, complete with
25" diagonal solid state color TV and a
4-speaker SQ® Quadraphonic Audio System.
NRI gives you both TV and Audio servicing
for less than you'd pay for either course at
the next leading home study school!

All courses are available with low down
payment and convenient monthly payments. All
courses provide professional tools and ““Power-On”’
equipment along with NRI kits engineered for
training. With the Master Course, for instance, you
build your own 5’ wide-band triggered sweep solid
state oscilloscope, digital color TV pattern genera-
tor, CMOS digital frequency counter, and NRI
“Discovery’ electronics lab. ® Trademark of CBS, Inc.

NRI’s complete computer electronics course gives
you real digital training S

Digital electronics is the career area of the future . . . and
the best way to learn is with NRI's Complete Computer
Electronics Course. NRI's programmable digital computer
goes far beyond any “‘logic trainer’” in preparing you to
become a computer or digital technician. With the IC’s
in its new Memory Kit, you get the only home training
in machine language programming . . . experience
essential to trouble shooting digital computers. And

the NRI programmable computer is just one of ten

kits you receive, including a TVOM and NRI's exclu-
sive “Discovery’ Lab. It’s the quickest and best way to
learn digital logic and computer operation.

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

NRI employs no salesmen, pays no commissions.

q a a APPROVED FOR CAREER TRAINING UNDER Gl BitL
We pass the savings on to you in reduced tui- Check box on card for details.
tions and extras in the way of professional equip-
ment, testing instruments, etc. You can pay
more, but you can’t get better training.

More than one million students in 62 years
have learned at home the NRI way. NRI
NRI SCHOOLS
Y

Mail the insert card and discover for yourself why ! . o _
NRI is the recognized leader in home training. tﬂ MoGraw.Hil Continuing Education Center

No salesman will call. Do it today and get started It.lﬁ .Woshingion, D.C. 20016

on that new career. .

FEBRUARY 1976 B

MAIL THE INSERT CARD FOR YOUR
FREE NRI CATALOG No salesman will call




New Products

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

SANSUI AM/STEREO FM RECEIVER

The Sansui Model 331 AM/stereo FM re-
ceiver, designed for '"budget” audio sys-
tems, is rated at 12 watts rms per channel
minimum output, both channels driven

B

[9 30D ) == v
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into 8 ohms loads with 1% maximum THD
and power bandwidth 40 to 20,000 Hz. Fre-
quency response at 1 watt overall is 25 to
30,000 Hz +2 dB, —3 dB. Other specifica-
tions are: IHF sensitivity, 2.5 microvolts;
S/N, 65 dB; selectivity, 60 dB; and capture
ratio, 1.5 dB. The receiver has a frequency-
linear variable capacitor, MOSFET front
end, two bi-resonator ceramic filters and
high-density IC's. $200.00
CIRCLE NO. 85 ON FREE INFORMATION CARD

HEATHKIT MODULES

The heart of Heath's new *Modulus" line of
audio modules is the AN-2016 Digital AM/
Stereo FM Control Center. This is a tuner
with digital frequency readout and a built-
in stereo/quadraphonic preamp. A match-
ing power amplifier (35 watts rms per
channel or 60 watts rms per channel) may
be added for stereo and a second unit for
4-channel use. Preamp specifications in-
clude: frequency response, 10 to 30,000
Hz, +0, —0.5 dB; THD, 0.05%; input sen-
sitivities, 2 mV and 6 mV; hum and noise,
—80dB; highfilters, —3dB at 7 kHz =1 kHz;

low filters, —3 dB at 30 Hz +2 Hz. For the-

FM section: sensitivity (mono) 1.7 uV IHF,
(stereo) 35 pV for 50 dB S/N; separation, 40
dB at 1 kHz; selectivity, greater than 100
dB; capture ratio, 1.3 dB. it features peak-

MIDLAND MOBILE/PORTABLE CB RIG

Midland's new Model 13-861 is a
23-channel CB transceiver for mobile or
portable applications. It comes with a bat-
tery pack, carrying case, and antenna for
portable use. In this mode up to 3.1 watts of
r-f output are available. When high power is
not needed, a high/low power switch re-
duces transmitter output and extends bat-
tery life. The receiver section features
dual-conversion superhet circuitry, agc.
and anl. A three-way meter monitors r-f
output, received signal strength, and bat-
tery condition. A PTT speaker/microphone
is included, along with a charger jack and
telescoping antenna. In mobile operation,
the antenna and battery pack are discon-
nected, and r-f output appears at an an-
tenna jack. A mobile mounting bracket ac-
cepts the transceiver in or out of its case,
which contains the battery pack (holding
10 NiCd "'AA" or 8 penlight cells). The case
also has an adjustable shoulder strap and

beltloop. Measures 7%" D x 4%" W x 3%4"H -

(17.8 x 11.8 x 8.3 cm). $164.95.
CIRCLE NO. 85 ON FREE INFORMATION CARD

HUFCO FREQUENCY COUNTERS

Two frequency counters, Models TWS-300
(3 digits) and TWS-600 (6 digits), have been
announced by Hufco TWS Labs. Both
counters are said to have 300-mV sensitiv-
ity and they operate through 250 mHz. They
are equipped with 115-volt power supplies,
but will work with 12-V dc through a drop-
ping resistor. The TWS-300 is $99.95 in kit
form and $117.95 assembled; TWS-600 is
$119.95 kit and $139.95 assembled.
CIRCLE NO. 87 DN FREE INFORMATION CARD

FOR AUDIO SYSTEMS

reading meters, tuning and signal-strength
meters, separate bass and treble controls
for front and rear channels, a "tone flat”
button, low- and high-filter switches, and
front-panel tape inputs and outputs.
Pushbuttons light when engaged and
tuner frequencies are displayed by 2" high
LED's. Plug-in modules for the Controt
Center permit adding a CD-4 demodulator,
a full-logic SQ decoder, or Dolby equaliza-
tion. The AN-2016 is 19"W x 14%2"D x 6%2"H
(48 x 37 x 16.5 cm) and costs $599.95. The
AA-1505 (35-W power amp module) and
AA-1506 (60-W power amp module) are 14
21/32"D x 8"W x 5%"H (37 x 20 x 14 cm)
each and cost$159.95and $179.95, respec-
tively.

CIRCLE NO. 90 ON FREE {NFORMATION CARD
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MULTI-TESTER WITH TEMPERATURE RANGE

The SP144 multi-tester from AW, Sperry
Instruments features a —-20 to +300°F
temperature range. Other standard

L E
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+

scales include 10/50/250/500/1000 V ac;
2.5/10/50/250/1000 V dc; .05/25/250 mA dc;
4000 and 400,000 ohms with 35-ohm mid-
scale; and —20 to +62 dB. Sensitivity is
20,000 ohms/V dc and 10,000 ohms/V ac.
Includes fuse, battery and test leads. Mea-
sures 4%"H x 3%"W x 111/46'D (12 x 8 x 4
cm) and weighs 9 oz.
CIRCLE NO. 88 ON FREE INFORMATION CARD

TELEPHONICS STEREO HEADPHONE

The Telephonics Stereo-50 headphone
features an ear cushion that has an inner,
open-air supra-aural section and an outer
closed-air circum-aural portion. The com-
bination is said to provide an unusual
stereo effect. A channel blend control can
be adjusted by the listener. Specifications

include: frequency range, 16 to 22,000 Hz;
THD, less than 0.2% at 100 dB SPL; power
handiing capability, 400 mW per channel.
Weighs 12 oz. $50.00.

CIRCLE NO. 83 ON FREE INFORMATION CARD

UNGAR TEMPERATURE-CONTROLLED
SOLDERING STATION

The ““Ungarmatic’” has preset thread-in
heaters rated and controlled at 600, 700, or
800°F. A closed-loop control maintains the
idling t'emperature during soldering. A
bench-top power supply provides 24 volts
to reduce the effect of ac line voltage
surges. During idling, the iron rests in a
stainless steel holder to control heat loss.
Heavy-duty plug-in tips are available in

POPULAR ELECTRONICS



Solder less.
Design more.

Whether you're
a full-time engineer
or spare-time
hobbyist, there are
only so many hours
aday you can
spend designing
and building
circuits. So why
not make the most
of your time?

Design circuits literally as
fast as you can think. Instead of

The soldering iron.

As a design tool,
it's obsolete.

test your operating circuit.
With Design Mate 1, hooking
up (or changing) a circuit is as
simple as pushing leads into
holes on the breadboard. Rugged
5-point contacts insure reliable,
low-resistance connections
between resistors, capacitors,
transistors...even IC's in TO-5
or DIP packages. And short
iengths of solid #22 AWG wire
make interconnections easy
wherever you need them.

we can fill them. For

larger capacity, save time with
our Proto-Board* series—660 to
3060 terminal points, with or
without built-in regulated power
smaller applica-
tions, use 1 or more
of our handy QT
Sockets and Bus
Strips, locking
them together for
infinite expand-
ability, as you need

Test DIP's with
power on and
hands off —even
on the most
crowded circuit
board with our

Proto-Clip™ series. money. Proto-

At $49.95F complete, it's not
only a time-saver, it's a money-
saver, too.

Larger capacity? Smaller
capacity? Have it your way.
Whatever your pgg
breadboarding
needs,

starting your next project with a
soldering iron, save time by
starting with our Design Mate™ 1.
Inacompact (7)4"W x 6%"D x
3%"H) case with a convenient
sloping top, it offers solderless
breadboarding at its best: 790
terminals; a continuously-adjust-
able regulated 5-15 VDC 600 mA
supply; and a DC voltmeter to
monitor the internal supply or

it. Starting at $2.00.
Other ways to
save time and

Boards, QT Sockets and Bus
Strips are just the beginning of
the many ways we can help make
your life more enjoyable: how
about a foolproof, shortproof
way to test DIP IC's—evenin
operating circuits—for just
$4.50*? A full-featured, preci-
sion function generator for
$64.95*? A professional R/C
bridge for $54.95*? A way to
instantly see and monitor logic levels inan
operating IC, without expensive scopes or
elaborate procedures. And more, to save you
time, money and :
Sy

aggravation. Design Mate 2: B0 Mg
Time is MONEY: generator,only 564.95 .@
Start saving it. Ask .
your CSC dealer Precision R/C
to show you how to solder RIS
less, design more and take the
drudgery out of your electronic life.
Or send for our free catalog and dealer list.

*Manufacturer's recommended retail.

Proto-Board 103.
2250 solderless
terminals save
you time on every
circuit you design.

CONTINENTAL SPECIALTIES CORPORATION

=5 —

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

© 1975 Continental Specialties Corp.
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The S300
alternative.
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] - SAE MARK XVlil
Dual-Channel Equalizer

Your tone controls are just not
designed to compensate for
ORoom acoustics

OSpeaker placement

OOId or bad recordings

We built the Mark XVII Equalizer to

solve these problems and more.

These are some of the ways:

OlIndividual Octave Control for each
channel

OLong throw, oil-damped linear
slide pots for greater accuracy

ODual range operation (controls
operate over either +8dB or
+16dB)

Plus

OCapable of driving any system

OLow distortion—less than 0.03%
THD and IM

OLow noise—greater than 90dB

[J5-year parts and labor service
contract

OSAE's reputation as the finest
manufacturer in the audio field

You’d have to look a long time to
find an EQ that delivers this much
value. SAE innovation has done it.

Components for the connoisseur.

Scientific Audio Electronics, Inc. PE-2-76
P.O. Box 60271, Terminal Annex
Los Angeles, California 90060
Please send me the reasons (including available liter-
ature) why the SAE MARK XVII Dual-Channel
Equalizer is the “$300 Alternative.”

NAME
ADDRESS

CIRCLE NO. 44 ON FREE INFORMATION CARD

nine shapes, and a special tip adapter al-
lows the use of all 19 Ungar %" thread-in
tiplets and nibs. Tip cleaning is achieved
on a sponge and tray, detachable from the
power supply.

CIRCLE NO. 91 ON FREE INFORMATION CARD

SHARP CB AM MOBILE TRANSCEIVER

The Sharp CB-550 is a solid-state, 23-
channel, mobile AM transceiver. It has
squelch control, automatic noise limiting,

delta tuning, and dual conversion receiver
design. $119.50. A $29.95 base station
adapter (AD 111) permits the unit to be
used on ac.

CIRCLE NO. 92 ON FREE INFORMATION CARO

FONE-A-LERT SIGNALING DEVICE

The Fone-A-Lert, from Floyd Bell Assoc.,
produces a loud signal synchronized to the
ringing of a phone or doorbell. A trans-
ducer is attached by means of a suction
cup (no wiring connection) to the frame of
telephone or doorbell. The transducer is
connected by 40 feet of wire to the signal-
ing unit, which can be located outside or
where ambient noise would otherwise

obscure the original sound. The system is’

powered by a 9-volt battery. $14.95. Ad-
dress: Floyd Bell Assoc., Inc., 555 Marion
Rd., Columbus, OH 43207.

COVE-CRAFT CRYSTAL TESTER

The condition of oscillator crystals rated
from 1 MHz to the uhf range can be
checked with the tester made by Cove-
Craft, Inc. Crystal is plugged into a socket

on the front of the tester and an LED indi-

cates whether it is oscillating or not. An
output socket is also available for connect-
ing to a scope or meter for frequency
check. No tuning is necessary. Operates
from a 9-V battery and has a battery check
position. Measures 64" x 3%" x 24" (16 X
10 x 6 cm). $56.
CIRCLE NO. 93 ON FREE INFORMATION CARD

DIGITAL FIELD-STRENGTH METER

With a frequency range of 2 to 1100 MHz,
Infinite’s FS-20 field strength meter can be
used to check the output power perfor-
mance of communication transmitters.
Radiated power is monitored and there are
no connections necessary to the transmit-
ter. Readout is a 6-digit LED. Operates on
battery or external power. Measures 5%2"L
x 3"W x 1%"H (14 x 7.6 x 3.3 cm) and
weighs 6 oz (170 g). $75.00. Address: Infi-
nite Inc., Box 906, 151 Center St., Cape
Canaveral, FL 32920.

RCA VHF/UHF SCANNER

RCA’s new Model 16S400 scanning
monitor has 10-channel capability, and
covers 30-50, 150-174, 450-470, and
470-512 MHz. Additional features are two-
speed scanning, varactor tuning, a scan
delay control adjustable from 0 to 4 sec-
onds, separate lockout switches for each
channel, and a channel selector switch for
manual scanning. Two power cords are
provided for 12-V dc and 117-V ac opera-
tion. Also included are an external speaker
jack, a mounting bracket, and separate
telescoping antennas for vhf and uhf.
Measures 82" D x 73" W x 2%" H (22 x 20
x 7 cm) and weighs 4 Ib, 5 oz (1.96 kg).
$184.95
CIRCLE NO. 94 ON FREE INFORMATION CARO

BASIX 4-CHANNEL SCOPE ACCESSORY

The Mode 4 accessory, from Basix, permits
display of up to four simultaneous analog
and/or digital signals on any single- or
dual-channel oscillosope. Modification of
the scope is not required. The user selects
parallel or serial multiplex modes. Indi-
vidual gain of each channel is X0.01 to

G OO0OCO: o
e e 9 o KBS
X100 in decade steps. Digital signals are
processed as analog waveforms. The in-
strument is said to be compatible with all

logic families, including TTL and CMOS.
$189.
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AMTRONCRAFT EQUIPMENT CABINETS

A new series of six aluminum equipment
cabinets in kit form has been announced
by Amtroncraft Kits, Ltd. They range in
sizes from 9%4"W x 57"D x 5%"H (23.5 x 15
x 13 cm) to 11%"W x 7%"D x 5%"H (29.5 x
20 x 13 cm) and 9%"W x 5%"D x 3%"H
(23.5 x 15 x 9.5 cm) to 11%"W x 7%4"D x
3%"H (29.5 x 20 x 9.5 cm). Prices are from
$12.50 to $17.50. The front panels are of
brushed aluminum with shock-proof plas-
tic escutcheons. Removabile tilt stands and
plastic feet are included.
CIRCLE NO. 96 ON FREE INFORMATION CARD
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The quarterbeck is picking just the
right spot to call a screen pass. He
passes. The running back carries the
ball to a touchdown. Victory!

Pick yourself the right CB
radio. No problems to
tackle when you own a
PACE CBradio.They're
designed to carry your
conversations with
clarity and high per-
formance. The quarter-
back gets total support
frcm his team on the
field. In the same manner
will you get total Pace sup-
port in the field. From our experienced
service centers coast to coast. From our
retailers and distributors. Grant yourself
that victorious feeling and pass along,
“I own a PACE CB”

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

( ( ) ) See Your Dealer Now. Get this super deluxe model to transmit
and receive messages while driving the wintery highways.

BAC‘ C Pickup the weather information you need. Let others know.
Suggested list price $209.95.

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

Available in Canada from Superior Electronics Inc.
Export (all other parts of the world): 2200 Shames Dr, Westbury, N.Y. 11590.
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New Literature

MODULAR POWER SUPPLY CATALOG

Calex offers a new 12-page Power Supply
Catalog describing its line of modular, en-

capsulated power supplies. Described are
single, dual and triple supplies with volt-
ages of 5 V to = 15 V dc, with current
ratings up to 1 A. The supplies are designed
for operational-amplifier, function-
module, and data-conversion applications.
Address: Calex Mfg. Co., 3305 Vincent
Road, Pleasant Hill, CA 94523.

CTS CRYSTAL SELECTION GUIDE

A 72-page guide to crystal selection lists all
standard CB, synthesized CB, monitor and
2-meter amateur crystals available from
CTS Knights, Inc. Includes general infor-
mation about each crystal type, as well as

) ELEC'i*RGAN (u
You can build

a better organ than

you can buy!

A magnificent Schober Electronic Organ

= 2&‘

What a marvelous way to put your special
talents to work! With our Schober Electronic
Organ Kits and your skill, you can build your-
self some very special satisfaction, and a life-
time of great musict

Schober Organs are literally far'superior
to comparably-priced “ready-made" units. You
could actually pay twice as much and get no
better organ...and miss the fun of assembling
ityourself. A PC board at a time, component by
component, you'll assemble your own “king of
instruments.” And when you're done, you'll
wish there was more to do. And there is! For
then, Schober will help you learn to play, even

if you've never played a note before!

Schober Organ Kits range from $650 to
$2850, and you can purchase in sections to
spread costs out...or have two-year time pay-
ments. Combine the incomparabie quality of
Schober components with your talent...and
produce a far better organ than you can buy!
Thousands of others have, ever since 1955.

You can have all the details, without cost
or obligation. Just send the coupon for the
fascinating Schober color catalog (or enclose
$1 for a record that lets you hear as well as
see Schober quality.) Why not clip it right now,
before you forget?

r-------------------------------------- 1
] 0O Please send me Schober O Enclosed please find $1.00 ]
i THE Organ Catalog. for 12-inch L.P. record of

i y Schober Organ music. :

v

i CM% — 8
1 ORGAN CORP. :
] DEPT. PE-64 ADDRESS 1
§ 43 West 61st Street |
1 NewYork, NY. 10023 CITY STATE ZIP 1
L--------------------------------------J
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CB cross-reference charts, monitor and
2-meter equipment vs CTS part number
listings, and frequency charts for standard
and synthesized CB crystals. Available for
$1.00. Address: Distributor Sales Manager,
CTS Knights, Inc. Sandwich, IL 60548.

VIDEO CASSETTE NEWS LETTER

SCAN is a four-page newsletter published
quarterly by Memorex for video tape users.
The spring issue discusses proper han-
dling of the video cassette, storage pro-
cedures, and the importance of cleaning
both tape and machine. It also covers the
adjustments a VTR user must make to
match tape and machine for optimum per-
formance. Address: SCAN, Memorex
Corp., Box 420, Santa Clara, CA 95052

VECTOR ELECTRONICS CATALOG

Vector Electronic’s 16-page catalog lists its
398 most preferred packaging products.
Organized alphabetically, it gives features
and specifications for circuit boards,
cages, card cases, sockets, tern inals, Vec-
torboards and tools. Also listed are a vari-
ety of breadboarding kits, patchboards,
turrets, positive photosensitized boards
and developer. Address: Vector Electronic
Co., Inc. 12460 Gladstone Avenue, Sylmar,
CA 91342.

FOUR-CHANNEL AND CALCULATOR BROCHURES

Two new brochures on four-channel sound
and electronic calculators have been
added to the Electronic Industries
Association/Consumer Electronics Group
consumer information program series. The
complete line of brochures includes ''Tips
on Television Sets,” "Tips on Audio Pro-
ducts,” “Tips on Tape Recorders & play-
ers,” “Tips on Electronic Calculators,”
Tips on Four-Channel Sound,” and “Tele-
vision Safety Tips."” Copies available on re-
quest. Specify desired title(s). Address:
EIA/CEG, Box 19369, Washington, DC
20006.

ALARM EQUIPMENT CATALOG

Mountain West Alarm Supply Co.’s new
catalog A-76 highlights available equip-
ment and includes an alarm equipment ap-
plication guide. Covered are a general
alarm system discussion, installation pro-
cedures, and connection diagrams. Over
500 products are listed, ranging from rela-
tively simple kits to the latest ultrasonic,
radar, and infrared intrusion detectors.
Product categoriesinclude fire and burglar
systems, detectors, control instruments,
remote controls, signalling devices, tele-
phone dialers, lock specialties, tools and
books. Applications, principles of opera-
tion, specifications, and connection diag-
rams are given. Address: Mountain West
Alarm Supply Co., 4215 N. 16th St
Phoenix, AZ 85106.
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Sleeper!

The Realistic ° STA-90 Will Change Your Ideas
About Who’s #1 in Hi-Fi Features, Value and Style!

Quatravox®. Get spacious Dub Out and two
4-channel effects just by Tape Monitor switches.

adding two extra speakers. ~ For versatility — recosd
three tapes at cnce.

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

/

Solid metal knobs.

Walnut veneer case.

Dual-Gate MOSFET FM.
Gets weak stations and
still resists overload. T

Superior to FET designs. AmGer Spece

Power Bandwidth: 17-35,000 Hz
Response: 20-20,000 Hz =2 dB

Phase-locked loop FM: IM Distortion: 0.3% at 30W
stereo demodulator. Phono Overload: 150 mV
For wider channel separation, Hum and Noise (dB):
almost zero distortion. Phono 1, ~60

Aux 1, ~75

FM Tuner Specs

Direct-coupled amplifiers for ity
powerful bass even at 20 Hz. :fgi‘;:;g':s'odgv HF
44 watts per channel, minimum e
RMS at 8 ohms from 20-20,000 Hz, SQpnile B Sk 1T 22
with no more than 0.5% total Total Harm. Dist.: 0.8%
harmonic distortion. Capture Ratio: 2 dB

Selectivity: 60 dB

SOLD ONLY WHERE YOU SEE THIS SIGN:

e ®
Only 359.95 at participating stores and
dealers. Prices may vary at individual Rad IO Ihaek
stores. U.L. listed. Ask for 31-2Q63. See
A TANDY CORPORATION COMPANY

what a Sleeper looks like —today! OVER 4000 STORES e 50 STATES 8 COUNTRIES

FREE 164-Page Catalog. Write to Rarlio Shack. P.O. Box 1052, Dept. 665, Ft. Worth. TX 76101
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Demand for electronics technicians will continue to grow year after TO MOVE
year, according to responsible projections. not only in broadcast control

{shown here), but in hospitals...industry....offices...schools. Electronics

i1s the field for tomorrow.

Choose the one that’s right for
you, now. The one that can
make your future more reward-
ing. more secure. more enjoy-
able. These steps to your better
tomorrow are available from
Electronics Technical Institute
...the finest in electronics home
study courses and programs!

“Building” is a key word at
Electronics Technical Institute.
Whether your goal is to get into
TV Repair and Service, get your
FCC license, move into comput-
ers, advance in your present job
through learning solid-state
technology, or become an elec-
tronics draftsman. you build a
solid future where the action has
to come.

You build that future on a
foundation of learning that is
useful...practical...step-by-
step...hands-on.

You build it from the begin-
ning by a special, simplified,
building-block teaching system
called Aurorexi (exclusive with
Electronics Technical Institute)
that makes learning fun. You
keep building, combining
hands-mind-equipment in the
most practical way. so you can
“talk shop” or present an idea
effectively, and you can aiso do
the job! You've learned by
doing, and you gain all the con-
fidence that comes with it.

You build with the con-
cerned personal help of a li-
censed instructor who knows the
subject and wants to know you.
You build with the reputation of
the school that began as the
Marconi Institute back in 1909.

In many phases of building
your technical know-how, you
use specially developed Project
Kits that move in a logical se-
quence, hands-on, from the first
step through completion of bas-
ic units. There is no surer way to
build solid electronics knowl-
edge and your own confidence
in what you can do.

Choose your future...here,
and now!

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

Electronics Drafting

Learn a vitally needed specialty
that translates new tech-
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ELECTRONICS

nological concepts and develop-
ments to the practical drawing
board. Become a specialist-in-
demand, through ETI’s training.
Learn it at home...get your fu-
ture moving now!

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

Master TV/Radio Servicing
Here is true “master” prepara-
tion 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,
security, success!

Communications
ETI’s communications program
opens up a whole range of ca-
reer development possibilities in
electronics. Solid-state receivers,
solid-state audio equipment,
communications equipment,
CATYV, as well as preparation
for FCC-licensed positions in
commercial broadcasting and
mobile communications. You
can find a real future here!

Industrial Electronics
You open great career opportu-
nities through this program, as
instrumentation technician,
electronic equipment main-
tenance technician, electronic
calculating machine technician
and audio technician. It also
prepares you to move into and
up in communications, automa-
tion and industrial electronics!
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Digital Technology
Join the digital revolution which
is radically altering our lives to-
day and tomorrow. Get solidly
trained in the new digital spe-
cialties that can lead to a real fu-
ture as a digital control tech-
nician, electronic calculating
machine technician, field repre-
sentative, manufacturer’s
representative.

Electronics Technology
Learn electronics across the
board! You’ll be ready for real
career advancement with train-
ing that can lead to technical
positions in communication, au-
tomation and industrial elec-
tronics, 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 devel-
opments are sure to continue.
It’s practical, useful—the step-
by-step ETI way!

Advanced Electronics
Want greater challenges and ca-
reer advancement? This course
is for you. It can be valuable
preparation not only for a tech-
nical career, but also for the
fields of sales, management and
administration. Make your
move now! :

Digital Electronics—
Advanced

Here’s a special course for those
already in the field of digital
electronics, ready to move into
more advanced areas. This is
how to move up in sales, man-
agement and administration.
Here’s your tomorrow!

Black and White TV

Servicing—Advanced
This can be your own “ad-
vance” source to black-and-
white TV competence from A to
Z. You’ll construct a receiver
yourself, if you wish. A key to
life-time success!

Industrial Instrumentation—
Advanced

Move up in the world...the
wonderful electronics world!
This course opens up a whole
range of careers in the industrial
field, as instrumentation tech-
nician, laboratory technician,
process control technician or
electronic calculating 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 learn 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

increasing all the time and the

transistor may be a break-
through comparable in impor-
tance to the development of nu-
clear energy. Solid-state can
mean your solid career develop-
ment, too, through ETI!

FCC License Preparation
Here is real down-to-earth prac-
tical preparation to take your
3rd, 2nd, or Ist class Federal
Communication Commission
Radio-telephone License exam-
inations. Get yourself ready now
for any of the FCC-licensed po-
sitions involving broadcasting,
mobile communications, micro-
wave communications links,
marine communications equip-
ment or in many other positions
in solid-state, communications,
CATYV. Get ready for tomor-
row...today!

And it’s simple to check it all
out right now, with no obliga-
tion—and no salesman will call.
All it takes to get the colorful
new 48-page ETI Career Book is
a card or coupon. If you like
electronics, you’ll enjoy reading
about it. You owe it to yourself
to get the facts.

The Career Book itself may
be worth real money to you, as
you make plans for your future
and consider the many opportu-
nities open to you through
16 different courses and
programs in
electronics.
To build a
future in elec-
tronics, the
first step is to
send for your
free ETI Ca-
reer Book
today!

Electronics
Technical Institute

Division of Technical Home Study Schools

Black and White FCC License
Color Aircrafl
Solid-Siate Marine

CATV Mobite Two-Wav
Closed Circuit Microwave
Video Recorders

Radio

HisFi Stereo
[ Check here for Veterans information.

Name

Electronics Technical Institute, Dept. 2-473-026
Little Falls, New Jersey 07424 l
[ Send me the Electronics Technical Institute Career Book. l

Tell me how | can getahead in Electronics thiough ETI. I've checked the fields of special intesest 1o me. l
[ TV/Audio Servicing [[) Communications [] Computers
Digital E i
Computer Technology
Computer Progr

[ Business and Engineering l
El ics F I

Electronics Draflin
T Elecron .

~ Advanced Electronics

Industrial Instrumentation
Electronics Technology
Medical Electronics

Address.

(please print)

City

State. Zip. l
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Stereo Scene

LOOKING TO THE FUTURE

HE 52nd convention of the Au-

dio Engineering Society got off to
a flying start with a number of excep-
tionally interesting papers on disc re-
cording. CBS Technology Center’s
Dan Gravereaux assured us (with the
significant assistance of Jim White)
that the mechanical aspects of certain
widely used disc-cutting lathes are at
least adequate for their intended task.
Steve Temmer of Gotham Audio
suggested that the electroplating pro-
cess (by which the products of the
lathe are turned into molds for
phonograph records) may not be. And
Mr. S. K. Khanna of RCA Records
demonstrated, as exhaustively as he
couldinthe time allotted, that the viny-
lite material from which phonograph
records are molded is a difficult

-

By Ralph Hodges

medium that is little understood, par-
ticularly in terms of its flow properties,
its elasticity, and the effect of tempera-
ture on both these characteristics.

| consider these papers important
because they point out where we
should and shouldn’t be looking for
problems encountered in records we
routinely buy from stores. But the
paper that really brought the house
down was given by Tomlinson Holman
(Advent Corporation) on the subject of
phono preamplifiers.

Phono Prc¢amplifiers. As you're no
doubtaware, a phono preamplifieris a
gain and equalization stage present in
every receiver or amplifier intended to
be used with a magnetic phono car-
tridge. It receives the output of such a

cartridge directly (through an inter-
connecting cable of course) and at-
tempts to turn it into a signal compar-
able to what would be received from a
typical high-level program source,
such as a tuner or a tape deck with
electronics. Usually it's a simple de-
vice, involving as few as two bipolar
transistors per channel and a small
handful of capacitors and resistors.
Ordinarily, nobody thinks too much
about it, as witnessed by the way most
specification sheets give an S/N figure
forthe phono preamplifierbut nothing
else. When you see distortion values
for any electronic audio component
you can depend upon the fact (unless
specifically stated otherwise) that the
phono preamplifier stage has been
bypassed and is not included in the
total. In short, the preamp is an un-
known quantity.

Lest this begin to sound like the
scandal of the year, let me say that
most phono preamplifier sections are
reasonably good by most measure-
ment standards. You won't find too
many of them that test out at 0.01%
total harmonic distortion, but the days
in which you could see 5% THD at cer-
tain frequencies (with input levels that
should be acceptable) are pretty much
past. Still, in the opinion of many peo-
ple, some phono preamplifiers def-
initely sound different from others, and
the reasons for their doing so are evi-
dently not crystal clear.

As one who shares this opinion, |
found Mr. Holman’s data quite arrest-
ing, especially since his subjective
impressions of these audible differ-
ences seem to correspond so well with
my own. He speaks of them as sound-
ing like frequency-response errors,
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Fig. 1. In spectrum analysis of 1-kHz square wave (top),

no even overtones are present.
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Fig. 2. In a poor preamplifier, second-harmonic distortion

is only 13 dB below fundamental (borne out by listening tests).
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The Black Watch kit

At $29.95, it's

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

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.
It'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.

*complete-right down to
strap and batteries.

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

LED display

Complete kit
$29.95!

The kit contains

1. printed circuit board

2. unique Sinclair-designed I1C

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 . . i L
2000-transistor silicon integrated circuit

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

The Sinclair Bltack Watch is fully
guaranteed. Return your kit within

10 days and we'll refund your money
without question.

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

r_"__—____________________"I

unit, shipping and handling). Stainless steel band $4.00.
O Enclosed is my check for

|

! I

I Name |

SiINcCI=r | oo ,

SINCLAIR RADIONICS I cit I
375 Park Avenue y

New York, N.Y. 10022 | |

Tel. 212-688-6623 | State Zip Code |

| |

Mail to: Sinclair Radionics Inc., 375 Park Ave., New York, N.Y. 10022
L N.Y. Residents add sales tax.
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*...most often having the quality of
‘brighter’ vs ‘dulier.” " If they were
frequency-response errors they would
presumably be amenable to simpie
tone-control correction. But | don't
find them always to be so; and appar-
ontly Mr. Holman agrees.

In fact, he notes that it is sometimes
possible to run a frequency-response
test on one of the bright-sounding
preamplifiers (taking care to include
all the relevant characteristics of the
phono cartridge in the measurement)
and find that it actually has a subdued
high end compared with another
preamplifier that doesn’t sound as
bright—a phenomenon that | have
also encountered.

The first part of Holman’s paper es-
sentially dealt with matters that are
pretty much accepted: the compiexin-
terface of preamplifier and cartridge
(which is mentioned in more and
more equipment test reports of late);
the cartridge as a noise source (again
an interface-related factor); and the
potentially harmful effects of permit-

ng subsonic frequencies (from rec-
ord warps and vibration sources) to
lie within the passband of the
preamplifier. In the second part of the
paper, Holman discussed a test de-
vised to rank phono preamplifiers in
terms of listener preference.

The test assumes that all the above
interface factors have been properly
attended to. Then, through a
cartridge-simulating network, an RIAA
pre-equalized 1,000-Hz square wave is
introduced into the amplifier and the
output studied with a spectrum
analyzer (Fig. 1). What Holman ob-
served after doing this with a variety of
preamplifiers was (aside from the ex-
pected sequence of odd-order har-
monics) significant even-order har-
monics that were not present in the
input signal. In the worst case, second
harmonic distortion, down 67 dB in
the input, was down only 13 dB in the
output of the preamplifier (Fig. 2).
Holman also reports that the prefer-
ences of listeners auditioning the
preamplifiers under controlled condi-
tions correlated aimost perfectly with
the absence of these spurious har-
monics.

The interpretation of this test in
terms of circuit design was ques-
tioned by a number of people in the
convention audience. (In fact, Hol-
man’s paper notes several possible
causes for the problem without citing
any one as being prevalent in the pro-
ducts he evaluated.) Some were
24
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openly critical of the test as being no
more than a trivial demonstration of
the various preamplifiers’ overload
characteristics, carried out with a test
signal that is not adequately represen-
tative of a real phono cartridge’s out-
put. | can understand such sincere re-
servations, but | am becoming a little
frustrated with the audio industry’s re-
luctance to look harder at new and
sometimes unconventional test pro-
cedures, particularly when they ap-
parently correlate meaningfully with
listener reactions. In many areas, evi-
dence is mounting that static sine-
wave tests are not unconditionally
representative of the performances of
adevice that will have to handle music
signals. We do not have any really
agreed-upon standards for dynamic
test signals and probably won't for

some time. But | don’t think this is an ~

excuse to ignore the whole matter.

It is becoming rather fashionable to
say, without further investigation, that
any dissimilarities one hears between
preamp A and preamp B have to be the
result of minute frequency-response
and level differences. This is a conven-
ient attitude to take because we
know that such differences can have
profound subjective effects, and be-
cause if we look hard enough we can
always find some slight response dif-
ference between two preamplifiers to
bear all the blame. Undoubtedly this is
the correct explanation in many in-
stances, but people like Holman don’t
believe it holds true always; and | feel
they deserve a better hearing.

Listening to Light. Wireless micro-
phones and headsets are certainly not
new, but so far they have failed to per-
form up to the standards of the serious
audio buff. That situation may have
changed materially if spokesmen for
Beyer (Revox Corp. in the U.S.) and
Sennheiser are correct. The develop-
ment responsible for this is an LED
that, radiating exclusively in the in-
frared region, makes beam-of-light
transmission of audio signals practi-
cal and relatively inexpensive. Both
the aforementioned companies offer
very compact transmitters and even
smaller receivers in pocket-size mod-
ules or built into light-weight head-
sets. The Beyer setup costs just under
$100 for the transmitter and about $75
for a battery-powered receiving mod-
ule. The Sennheiser system will ulti-
mately be made available in stereo ata
somewhat higher price. Apparently
such devices have become popular as

built-in accessories for TV sets in
Europe, although their first U.S. ap-
pearance in commercial form was at
the AES convention.

The especially interesting thing
about the technique is that it is report-
edly interference-free as long as
reasonable distance and line-of-sight
conditions are maintained, along with
suitable lighting inthe environment (il-
lumination that is heavy—particularly
near the infrared spectrum—can evi-
dently saturate the receiving sensors).
Multipath effects could not be in-
duced during my brief trial of the de-
vice, and small infrared sources such
as lighted cigarettes and pipes did not
seem to affect it.

In a typical configuration (Senn-
heiser), the baseband audio frequen-
cy modulates a subcarrier which am-
plitude-modulates a 95-kHz sub-car-
rier that in turn amplitude-modulates
the infrared source. Adding addi-
tional sub-carriers permits multi-
channel transmissions. Naturally,
since the FCC is mute on the sub-
ject of infrared transmissions, there
are as yet no restrictions on band-
width and dynamic range, nor are
there likely to be any. Given this and
the freedom from interference, it
might just be possible—with the right
electronics—to get a true high-fidelity
signal from here to there on a light
beam as readily as we do today with an
audio cable.

Teac and DBX. Late word has it that
the Teac/Tascam group has become
the first equipment licensee for the
DBX compander-type noise-reduction
system. The first consumer tape
machine to contain the system should
be available before you read this. The
marriage was apparently made possi-
ble by the emergence of the DBX cir-
cuitry in IC form.

This looks to be a promising de-
velopment, since several people have
indicated to me.that the excellent re-
sults they've gotten with the DBX sys-
tem has rejuvenated their interest in
live recording. Of course, the Dolby B
system so widely used in cassette re-
cording was received with similar ac-
colades some years ago, and it is also
a compander technique. However, the
Dolby designers wished to maintain
some degree of compatibility with
tape machines not equipped to de-
code Dolbyized tapes, and thus re-
stricted the action of the compres-
sion-expansion cycle to frequencies
above 2000 Hz. By contrast, the DBX
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The Image of Performance
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The
problem
solver

DC300A

The Crown DC-300A power ampli-
fier is at least worth its weight in aspi-
rin as a problem-solver for commercial
sound installers.

Crown rates the DC-300A at 155
watts per channel RMS into 8 ohms
(1Hz to 20KHz). Or 310 watts per chan-
nel into 4 ohms.” Or 500 watts per
channel into 2.5 ohms.* Or 600 watts in
the mono mode into 8 ohms. You can
drive a 70 volt line directly.

Which solves the power problem.

The DC-300A front end long ago
set standards of low distortion and
noise that have not yet been surpassed.

Which solves the clarity problem.

The Crown DC-300A will drive any
speaker load — even totally reactive
ones — with no spikes, thumps or fly-
backs. Each channel has separate con-
trols and circuitry. It acts like two
separate mono amps.

Which goes a long way towards
solving the design problem.

The output protection circuitry
prevents damage from shorts, mis-
matched loads and overheating. its
proven reliability record is a little short
of awesome.

Which solves a service problem.

Price? Again, no problem. We still
think the DC-300A always has been
audio’s best performance value.

Do you have some special prob-
lems on current bids? Call us at
219/294-5571. Our real-life prob-
lem solvers might be able to help.

*(Single channel operating; sine wave
test signal into resistive load; ex-
tended operation or limited ventilation
may require forced air cooling to main-
tain levels described.)

When listening
becomes an art,

crown

Box 1000, Elkhart, IN 46514
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system acts on all frequencies to such
a radical extent that DBX-encoded
material is unlistenable unless prop-
erly decoded during playback.
Intrigued by the reports of DBX's ef-
fectiveness, | duly presented myself at
the DBX demonstration room at AES
and was again taken aback by the
huge, undistorted sounds that can
emerge from an uncannily quiet
background when this processor is
used. The DBX staff had brought
along a tape or two made by en-
thusiastic amateurs in their base-
ments and other unlikely settings, and
the technical excellence of these ef-
forts surpassed anything in my ex-
perience and all my expectations.

Department of Misunderstand-
ings. In the August 1975 “Letters”
column, a well-informed communica-
tion from Mr. M. Howard Lieberman
argued, among other things, for the
importance of maintaining interchan-
nel phase integrity when adjusting the
azimuth of tape heads. My reply,
which appeared with the letter, de-
clared that in this context | didn't think
phase was very important at all. After
this incautious remark | really got the
works from a number of readers, who
took me to task for everything from
advocacy of random phase reversal to
ignorance of the principles of stereo. |
am not guilty, | hope, but | perceive
there is a misunderstanding afoot. An
amplification of my statements (which
were edited to save space) may clear
things up.

To paraphrase Mr. Lieberman's
comment: a tape head that has been
aligned for the best maximum-output
compromise between the two chan-
nels with a 10,000-Hz test signal may
still introduce a phase shift of 180 de-
grees or more between the channels
at that frequency. As far as | know, this
is exactly right, but it is not as serious
as it sounds. A 180-degree phase shift
(indicating a completely out-of-phase
condition between channels) means,
in effect, that one tape-head gap leads
or lags the other on the tape by one
half wavelength, which (at 10,000 Hz
and 7% ips) is a displacement of
0.000375inch. But at 1000 Hz the same
displacement results in a phase shift
of only 18 degrees, and at lower fre-
quencies, where wavelengths get
longer, the phase shift becomes smal-
ler and smaller. This is not, in other
words, a situation in which the tape
machine’s channels can be described
as being out of phase.

Another way of looking at it is to
consider the gap displacement as a
time displacement between channels;
one channel’s speaker emits its output
one twenty-thousandth of a second
later than the other, so that 10,000-Hz
signals from the speakers arrive at a
point equidistant between them out of
phase. Now 10,000 Hz has a
wavelength of roughly aninch in air. If
we move the listening position an ap-
propriate distance closer to the lag-
ging speaker and away from the lead-
ing speaker, their outputs will fall into -
phase and all will be well. In this case,
depending on the geometry of the lis-
tening layout, the required position
shift would be on the order of one
quarter of an inch. But be sure not to
let your head nod so much as one
quarter inch to either side as you sit
there, or you'll be out of phase at
10,000 Hz again.

| don't want to pooh-pooh the sig-
nificance of such phase shifts. Obvi-
ously, when you're just listening to a
stereo tape through speakers, they are
trivial, and even uncontrollable. But if
you had it in mind tomix identical tape
tracks on a machine with this kind of
phase shift you'd run into deep
frequency-response troubles. And in
the professional sphere—particularly
today, when it's necessary to maintain
precise phase relationshipsin the mix-
ing of matrix four-channel tape
masters—phase considerations are
vital (and studio tape speeds of 15 ips
make them easier to deal with)

Actually, it would be ideal if con-
sumer tape machines were designed
so that an azimuth adjustment that
brought the channels exactly into
phase also resulted in optimum fre-
quency response for all channels. Un-
fortunately,itdoesn’tturn out that way
as a rule. With current manufacturing
techniques, it is supremely difficult to
keep the several gaps in a tape head
perfectly lined up. Also, as | under-
stand it, there can be some ambiguity
as to where the magnetic gaps (as op-
posed to the physical gaps) really are.
And then there are also tape-motion
problems.

A spokesman for Tandberg, a com-
pany known for its scrupulous atten-
tion to head alignment, states that, up
to now, they have notbeen able to take
much account of phase in adjusting
their machines. However, he notes
that a new head going into production
should be close enough in manufac-
turing tolerances to permit phase and
response to match up. &
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For a limited time only, you can own an Altair®
8800 Computer Kit with 4,096 words of memory,
new Altair multi-port interface, and revolutionary
Altair BASIC language software, for just $695. A

savings of up to $114!*

Computer. The Altair 8800 is the best-selling general-purpose
computer in the world todayv. It is a parallel 8-bit word/l6-bit
address computer with an instruction cvele time of 2 micro-
seconds. It was designed for almost unlimited peripheral and
memory expansion, using a bus system where all input/output
connections merge into a common line. The Altair 8800 is capable
of addressing up to 65,536 words (hvtes) of memory. Regularly
priced at $439 for a kit and $621 assembled

Memory. The Altair 4k Memory Board provides 4,096 words
of dynamic random-access-memory for the Altair 8800. Contains
memory protect circuitry, and address selection circuitry far any
one ot 16 starting address locations in increments ot 4k, Access
time is 200-300 nanoscconds. The entire 4,096 words of memory
on the board can be protected by switching to PROTLCT. Regu-
larlv priced at $195 for kit and $275 assembled

Interface. Your choice—cither the new Altair 88 2510 sertal
interface or the new Altan 88-4P10 parallel interface The serial
interface can be ordered with either one or two ports anet the
parallel mterface can be ordered with up to Tour ports. Adef $24
for an additional 88-2510 port kit. Add $30 for cach additional
88-4P10) port kit

Lach port ot the new serial interface board is user-selectable
for RS232, TTL, or 20 midliamp current loop (Teletype). The
88-2510 with two ports can interface two serial | O devices,
cach running at a different baud rate and cach using a different
clectrical interconnect. For example. the 88-2S10 could be inter-
faced to an RS232 CR1 terminal running at 9600 baud and a
Teletype running at 110 baud. An on-board, crvstal-contiolled
clock allows cach port to be set for one of 12 baud rates The
88-2510) is regularly priced at $115 kit and $144 assembled.

Each port of the new parallel interiace hoard provides 16 data
lines and four controllable interrupt hines. tach ot the data lines
can be used as an input or output so that a single port can inter-
face a terminal requiring 8 lines in and 8 lines out. All data lines
are TTL compatible. The 88-4PI0) regularly sells for $86 kit and
$112 assembled

Software. Altair 4K BASIC leaves approximately 725 bvies in
a 4K Altair for programming which can be increased by deleting
the math functions (SIN, SQR, RND). This powertul BASIC has
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16 statements (IF . . . THEN, GOTO, GOSULB, RETURN, FOR,
NEXT, READ. INPUT, END, DATA, LET, DIM, REM, RESTORE,
PRINT, and STOP) in addition to 4 commands (LIST, RUN,
CLEAR, NEW) and 6 functions (RND, SQR, SIN, ABS, INT, TAB,
and SGN). Other features include: direct execution of any state-
ment except INPUT: an @ svmbol that deletes a whole line
and a “¢" that deletes the last character; two-character error
code and line number printest when error occurs; Control Cwhich
is used to interrupt a program; maximum line number of 65,529;
and all -esults catculated to seven decimal digits of precision.
Altair 4K BASIC is regularly priced at $60 for purchasers of an
Altair 8800, 4K of Altarr memory. and an Altair 170 board. Please
specify paper tape or cassette tape when ordering.

2% Savings depends upon which interface board you choose.
An Altair 4K BASIC language system kit with an 88-2S10 interface
regularly sells for $809. With an 88-4P10 interface, this system
sells for $780.

NOTE: Offer expires on March 30, 1976.

TS

“Creative Electronics”
MITS/6328 Linn N.E., Albuquerque, NM 87108 505/265-7553 or 262-1951

MAIL THIS COUPON TODAY!

O Enclosed is check for
O BankAmericard #— [ or Master Charge #

O Altair BASIC System Special [ 4P10O interface [0 2510 interface
[0 Cassette tape [ or paper tape

[ Extra 510 port O Extra 4P10 ports

Add $8 for postage and handling

O Please send free literature

NAME
ADDRESS
CITY. STATE & ZIP.

NOTL Personal checks take 2-3 weeks 1or clearance. For immediate processing
send money ocder or use charge card Dehivery. 30 days  Prices, specitica-
tions and delivery subject to change.
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HIGHILIGHTS

Stereo By Satellite

The first intercontinental stereo relay to the UK took
place in late Spring when BBC Radio 3 carried the final
concert of the BBC Symphony Orchestra’s tour of Japan.
The live program was transmitted first to a Japanese
earth station near the southern tip of the main island of
Honshu, then to the Intelsat IV satellite which is in a
geostationary orbit about 35,000 km (21,700 miles)
above the Indian Ocean. Signals were beamed from the
satellite to a British Post Office earth station in Cornwall,
and ultimately through the BBC’s pulse code modulation
(PCM) system to the Radio 3 transmitter network. Re-
ception was reported to be excellent.

1976 Student Computer Fair

The 1976 National Student Computer Conference will
sponsor its NCC Student Computer Fair during its June
7-10 meeting in New York City. Elementary, middle,
and high school students are eligible to enter projects in
the fair. The deadline for submittal of application forms
is April 1, 1976. Itis hoped that students will concentrate
on the social situations they know best. The entry
categories are being broadened this year to include com-
puter art and music, short stories, science fiction, and
poetry. Elementary students, for example, may submit
drawings of a computer. Of course, such projects as
computer games, and computer tools for home or school
use are also welcome. First Prize is an Altair 8800 Com-
puter Kit, plus a two-year subscription to Creutive
Computing magazine. For entry rules, application
forms, etc., write to: 1976 NCC Student Computer Fair,
C.U.N.Y, 33 W 42nd Street, New York, NY 10036

SCA Services For The Blind

To provide blind people with “talking book” entertain-
ment, groups in 11 cities are now using SCA (Subsidiary
Communications Authority) subchannels of FM broad-
cast stations. For example, Radio Information Center for
the Blind (919 Walnut St., Philadelphia, PA 19107),
operates an SCA service for the sightless within
WUHY-FM’s 90.9-MHz allocation. Programming totals
88 hours per week, running from 10 am. to 11 p.m.
Monday through Saturday, and 1 p.m. to 11 p.m. on
Sunday. RICB reports that it has distributed, free of
charge, over 1300 crystal-controlled receivers (tuned
exactly to the subchannel) to blind people in the WUHY
service area.

Interestingly, each night from 10 to 11 p.m., Monday
through Friday, RICB has an “Adult Book Hour” when
books dealing with sexual themes are read. This is done
in response to listener requests, as they want access to
the whole range of literature that other adults have. The
FCC’s obscenity regulations do not apply to these pro-
grams, as they are not available to the general public and
are not lterally “broadcast.”

Such programmijng is available in a number of other
cities, including Columbia, SC; Washington, DC; Seat-
tle; St. Paul (this group operates 5 transmitters across
Minnesota); E. Lansing, MI; Belleville, IL; Lawrence,

KS; Oklahoma City; and Erie and Lancaster, PA. Other
groups are planning similar SCA services in San Diego,
Madison, WI, Salt Lake City, Boston, New York, Harris-
burg, Pittsburg, Knoxville, and Nashville.

14 Hours On Cassette

Answerline Associates, Mt. Vernon, N.Y., using a tape
speed of 3 ips and a “Magnapulse” recording head, has
produced a cassette recorder (Model LP5A) that will
record up 10 14 hours of material on a standard C-180
high-energy cassette. The recorder is expected to be
applied to voice and data recording, physiological infor-
mation storage, etc. An optional voice actuator with a
75-ms start time is also offered.

Computer Museum

The Bicentennial Commission ol Pennsvlvania has rec-
ognized the Computer Museum to be established at the
U. of Pennsvlvania as an official bicentennial project. [t
will be housed in Penn’s Moore School of Electrical
Engineering, site of the development of Eniac, the first
large-scale electronic digital computer, which was dedi-
cated on February 15, 1946. Components of ENiac. on
loan tfrom the Smithsonian Institution, will hold a key
spot in the exhibition area. Also on display will be a
mechanical difterential analvzer developed at the Moore
School in 1935, as well as parts or replicas of other early
computers developed there. Visitors will also see an
operating modern computer, the Univac 70/46, and will
be able to use a hands-on terminal to play simple games,
experiment with displays such as the structure ot atoms,
and ask questions about Museum exhibits. ENtac em-
ploved 18,000 vacuum tubes, 500,000 soldered joints,
10,000 capacitors, and 70,000 resistors. It weighed more
than 30 tons (272,400 kg), occupied 1,500 square feet
(139 m?) of floor space, and could perform 5,000 calcula-
tons per second—spectacular for its time.

The Audio Accessories Market

Americans are expected to have spent over $4 15 million
at retail outlets in 1975 for audio accessories, according
to a Zenith Radio Corp. spokesman. Some $286 million
of the total went for blank 8-track and cassette tapes.
Audiophiles who want to keep their sounds to them-
selves spent $58.5 million for two- and four-channel
headphones. Expenditures of $3.25 million were made
for such items as cable connectors and cables, chemicals
for tape-head cleaning, etc., and speaker wire. External
FM antenna sales added up to $1.3 million.

Joint Group Studies AM Stereo

This Fall, a study was undertaken by three industry
organizations to determine the best method AM radio
stations may use to broadcast stereo programming. The
National Association of Broadcasters, the Electronic In-
dustries Association, and the IEEE have set up the Na-
tional AM Stereophonic Radio Committee at the request
of the FCC, to which findings will be reported.

POPULAR ELECTRONICS




- SBE OPTI/SCAN.

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

OPTI SCAN s, without question, he world's most advanced scannmg recever. 181s the only
crystal-less scannar that optically scans iy station in the nation by the yse of programined cards
with permanent memory, Simply pregrem and insort the card, OPTI/SCAR does the sest. You ¢an
change cards even while driving without taking your eyes ofl the road. Built-in AC D oporation

Who necds a system as advanced as OPTI/SCAN? Anyone aayshere who wanis a diaital
scanning receiver th head of all the others for years to

i 1

VOLUME SQUELCH MANUAL SCAN

Better Communications through Crestive Technology
R

For information write: 38L, lrc., 220 Aliport Blvd,, Walsanwille, CA 076

Q] Mathgting €0, L0 100 Milge de Dasos, MopEoal Oustiee Canadg HE 150 5 Unear Yyeria S0 slieades Alpan 1200 taa 14 120 Qeievat i edan
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The component look.
By design.

Rather than adapt one transport design to fit another need, we
produced a completely new, highly streamlined mechanism. From the
inside out. It’s called the A-400.

Twin rotary levers control the transport functionswith smooth,
positive cam action. Which means unnecessary mechanical linkages
have been eliminated. You get peace of mind instead, because fewer
moving parts assure greater reliability and long term dependability.

Since the cassette loads vertically into the A-400, the adverse effect
of gravity on the cassette package itself is eliminated. So tape jams
are prevented and smooth, even tape packs are predictable.

If new design concepts superbly executed appeal to you, put an A-400
through its paces. Just call (800) 447-4700 toll free for the name and
location of your nearest TEAC retailer. You’ll find that the A-400 delivers:
definitive TEAC performance with the added convenience of a front load
component. All by design. *In Illinois, call (800) 322-4400.

T E AC@ The leader. Always has been.

TEAC Corporation of America
7733 Telegraph Road, Montebello, Calif. 90640
©TEAC 1975
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BY TERRY WALKER,

ROGER MELEN,
HARRY GARLAND

ED HALL

Unique computer accessory

provides alphanumerics

and graphics in full color.

HE TV DAZZLER provides ver-

satile electronic coupling be-
tween a small home computer and
acolor TV set. it can be used to gener-
ate action games, animated displays,
educational learning drills, graphs,
even light shows—all in full color!
The Dazzler is designed to plug di-
rectly into the Altair 8800 computer
(PoPULAR ELECTRONICS, Jan. 1975);
however, since it uses direct mem-
ory access (DMA) to scan the com-
puter memory, it can easily be used
with many cother computers. If a Tele-
typewriter is your only communica-
tions link with your computer, here is
a chance to build this new conceptin
computer peripherals at less than the

3
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BELL & HOWELL
THE “CAMPUS”

ACAMPUS WITH
EVERYTHING YOU NEED
FOR A FASCINATING
LEARNING ADVENTURE

IN ELECTRONICS...

It’s a fact of life that many of
us have to abandon our career
training in order to go out and earn
a living. But it doesn’t have to be
that way for you. Through Bell &
Howell Schools, you can get the
training you want — after work —
right in your own home!

Think what this can mean to
you. You can keep your full-time
job, enjoy the paychecks that come
with it— and pick up new occupa-
tional skills in electronics at the
same time.

And
it’s all
possible
because
we’ll bring
the campus
home to you.

You’ll enjoy the excitement and in-
volvement of a real learning ex-
perience—without attending classes
that use up the best hours of

your day!

A PLACE TO LEARN

On the way to earning your
Diploma in Home Entertainment
Electronics, you’ll need a place to
learn. Scout around — it could be
any old table. Even the kitchen

table will do for your one-man
class.

Just a place to spread out and
experiment with “‘state-of-the-art”
electronic equipment, including a
solid-state color TV with digital
features.

AWELLEQUIPPED LAB

We’'ll send you everything you
need for your own home lab. A one-
man lab where you're free of hurry
and hassle, as you break ground in
the fascinating field of electronics.

You’ll receive the Lab Starter
Kit to get you off and running.
Perform interesting experiments to
master the basic principles.

Then, almost before you know
it, you'’ll be ready for the Electro-
Lab® Electronics Training System.
Piece by piece, you'll build a design
console, plus a digital multimeter
and solid-state oscilloscope of pro-
fessional quality. You’'ll use these
learning tools to investigate solid-
state and integrated circuitry —the
very nerve center of today’s home
entertainment technology.

“Electro-Lab®" is a registered trademark
of the Bell & Howell Company

POPULAR ELECTRONICS




JOOLS BRINGS

TO YOUR HOME!

AN’ILLUSTRIOUS’
FACULTY

Traditionally, a good school is
judged by its ability to give its
students a deeper, more thorough
understanding of complicated
subjects. True to this tradition,
Bell & Howell Schools does not
simply supply you with equipment
—and then abandon you to your
fate. Our “'illustrious’ faculty —a
thoroughly tested, “‘lesson-by-

lesson learning approach’™ —guides
you along at a carefully controlled
pace. This means you'll never have
to plunge into the next lesson be-
fore you’ve understood the one
you’re working on.

Phone-In Assistance—
In-Person“Help Sessions’

While you are building and
learning, it’s possible a question or
two may arise. Perhaps there’s a
principle or technique you're not
quite sure about. If that's the case,
Jjust use our toll-free line and talk to
one of our instructors. He’ll have
the answer you're looking for.

What’s more, Bell & Howell
Schools even arranges for you to
“talk shop’” with instructors and
students face-to-face. Weekend
“help sessions™ are held in fifty
cities throughout the U.S. at
various times of the year. You
may never need to use these
additional services, but it’s
nice toknow they’re available.

Simutated TV test pattern.
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CHEERLEADERS

As advanced equip-
ment takes shape on
your table, your family
will be more than
proud of your prog-

ress. They'll be

delighted at the

idea of having a
confident elec-
tronics
trouble-
shooter in
theirmidst.

A COMPREHENSIVE
PRACTICALEXAM

Books can only take you so far.
You need practical experience, t0o.
That's why we include a 25" diag-
onal color TV for you to build
yourself.

With textbooks, you use only
your eyes and imagination. But
when you actually build equipment,
you are seeing, hearing, touching,
and using it. You not only grasp
electronics faster; you remember
what you learn.

The TV you get is one of the
most advanced available anywhere.
It lets you investigate the solid-
state circuitry behind no-warm-up
operation, automatic channel selec-
tion, on-screen time and channel
digits, and much more. You even
perform **find-the-

defect’ experi-
ments 10 gain

real experience in TV trouble-
shooting! Finally, at the end of the
learning program, you keep your
new skills sharp by continuing to
work with this ultramodern
equipment.

AN INSPIRED
STUDENT BODY

You'’ll be a live-in student on
a ‘‘campus-of-one.” Yet, as one of
over one hundred thousand active
students, you can rely on one of
America’s largest educational
institutions, Bell & Howell
Schools, to help you along the way.

Although no school can guaran-
tee you a job or income opportuni-
ties, you could be equipped
with the knowledge and skills
needed for a position in electronics
—or tomove up in the one you
already hold, or to serve as a
foundation for advanced programs
in electronics.

As an alumnus of Bell &
Howell Schools, you'll be qualified
to test, repair, and install most
models of . .. color TV’s. .. black-
and-white TV’s... AM and FM
radios. .. hi-fi's.. . stereos...tape
recorders . ..and more.

Mail The Postpaid Card
Today For Full Details

Fill out and mail the attached
card for more facts about our
campus-at-home learning program
in electronics. Taken for vocational
purposes, this program is approved
by the state approval agency for
Veterans’ Benefits.

If card has been removed, write:

An Electronics Home Study School
DeVRY INSTITUTE OF TECHNOLOGY

C  ONE OF THE 786R1
¥ BELL & HOWELL SCHOOLS
4141 Betmont, Chicago. lliinois 60641
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INDEPENDENCE
Gutter Mount Antenna
Model 10-245

Low-profile 21” stainless steel
whip antennz with static ar-
restor and flex-matic shock
spring. Fits practically any
vehicle rain gutter. No inter-
ference with door opening or
passenger exit. Heavy-duty
molded clamp bracket insu-

“Breaker . .. Breaker ...”

Break-through with
B REAKER', Conter Joaded ABS load cot

= forexcellent transmission and

The New Freedom Line of CB Mobile and Base Antennas reception. 14’ coaxial cable
and Accessdries made in the U.S.A, for communications be- with solderless connector and
tween people. quick-disconnect PL-259 plug.

" . n f w . _h Complete with corrosion re-

A wide selection of “revolutionary” new CB High Efficiency sistant mounting hardware.
communications antennas of superior strength, electronically
and physically, for all the talk power your CB rig will deliver
—coming and going in the 27 Megahertz frequency band.

Mobile Breaker antennas for cars, trucks, trailers, sports
cars, station wagons, motorcycles, boats. Breaker base sta-
tlon antennas to communicate with mobiles and hand helds
. .. all designed specifically for the outstanding transmission
and reception of CB signals.

The high guality and materials of the Breaker CB antennas
and accessories assure you the maximum in performance for
many years and at reasonable cost. Performance-tested
Breaker CB antennas offer you these advantages plus more:

% Easily aq;iusf for lowest VSWR :
% Long-lite stainless steel and fiberglass whips
% Highest auality coaxial cable with soldarless connections

PAUL REVERE

Roof Mount Antenna
Model 10-215

Special “power-plus” 42" base-
loaded roof mount with long-
life stainless steel whip, rugged
stainless steel shock spring
and high-quality 16-ft. shielde 3
coax cable and solderless con-
nections for fast ‘“on-the-air’
installation. Named after th=

THE PATRIOT
Omni-directional
Va-Wave Base Antenna
Model 11-101

% /nnovative engineering designs

% Packaged fcr quick, easy installation to get you on the air
tast, complete with cables ard hardware

All Breaker antennas are American made in Arlington,
~ Texas. In keeping with the tradition of the Bi-Centennial they
are proudly named after our revolutionary heroes and places.
Red, white and blue are also the colors of Breaker. Chosen
because we too are very proud of our heritage and contribu-
tlon to making exciting products for use by people com-
municating witn people. See and buy the Freedom line of
. Breaker antennas and accessories at your nearest electronic
- distributor. Look for the red, white and blue packaging.

High In quality, perfor-
mance and efficiency,
low In cost. Has three
108" quarter wave tubu-
lar aluminum radials
plus a quarter-wave ra-
diator (vertical element).
Heavy-duty U-clamp fits
mast up to 1%” diam-
eter. Built-in lightning
protector. SO-239 style
connector mount. Mates
with PL-259 plug. Shunt
loaded coil. Heavy duty
insulated molded clamp
bracket. Easy to assem-

famed communicator and hers
of revolutionary era.

ble and dis-assemble.
Flxed construction.

dud 2o

WRITE FOR FREE CATALOG.

2o

GEORGE WASHIN&TON

West Coast Mirror Mount
Dual Truck, RV Antennas
Model 10-200

Vieather resistant duai 57”
stainiess steel whig anten-
nas with static arresior tips.
Secure horizontal or verti-
cal mounting to West Coast
side view truck tyje mir-
rors, Twin antenmas co-
phased for more directional
power and easily ad ustable
for fine tuning. Hermetical-
I» sealed, white oversized
ABS center load. Dual 18’
low-loss coaxial ghasing
harnesses with soilderless
connectors and quick dis-
connect PL-259 plugs. Com-
piete with corrosion resis-
tant mounting hardware.

THE MINUTEMAN
Trunk Mo.rt Antenna Model 10-230

Sturdy. dusable, nc-hole required in
trunk ot veh<le. Super 44” stainless
steel whip, base loaded low-profile an-
terna_with s-ainless shock absorbing
spring, chrome plated brass bell hous-

ing, 18-foot sdielded coaxial cable and
solderless coanections.

"“.‘Iu?s‘é'say it with Breaker!”’

EREAI] =

CORPORATION
1101 Great Southwest Parkway
Arlington, Texas 76011
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HOLD/

disc ceramic capacitor
C10,C11,C26,C27—47-uF,

talum capacitor
C12—330-pF disc capacitor
C13—680-pF disc capacitor
C14,C15,C16—470-pF disc capacitor
C17—9-35-pF variable capacitor
D1—1N914 silicon diode
D2—1N5242B, 12-volt zener diode
IC1,IC37—LM340-5.0, 5-volt regulator
I1C2,IC16,IC17,IC18—SN7410N triple

3-input positive NAND gate
IC3,IC10—SN7473N dual J-K master-

20-volt tan-

slave flip-flop
1C4,IC21,IC56—SN7432N quad 2-input
OR gate
IC5,IC30—SN7430N 8-input positive
NAND gate

1C6,1C23,1C42,1C43—SN7474N  dual
D-type edge-triggered flip-flop
1C7,IC19,1C35,1C40,IC48—SN7404N hex
inverter
1C8,1C22,1C25,1C39,IC51—SN7408N
quadruple 2-input positive AND gate
IC9,IC14,IC15,1C28—SN7400N quad-
ruple 2-input NAND gate
IC11,IC12,IC31,1C32,1C49,1C50,1C52—
SN7493N 4-bit binary counter
IC13,1C27,1C33,IC45—SN74157N quad-
ruple 2-input data selector
1C20,IC29—SN7420N dual 4-input posi-
tive NAND gate

i
HOLD ACK. |
ADDRESS
BUS |
DATA |
BUS |
~ INPUT : 3579+ MHz SYNE
PORT 016 I XTAL 0SC GENERATOR
|
|
-1  ouTPuT : COLOR BURST
PORT 0I7 ] ( ™ cenNERATOR —I
SYSTEM VIDEQ 50N
| —=>-VIDEO
CONTROLLER AMP O
]
-1 ouTteur | ] coLor p/a
PORT 016 | CONVERTER
[
|
|
p>1 HIGH SPEED [ LINE
DMA +] STORAGE Baw C/A
! ,§ CONTROLLER 7’ MEMORY CONVERTER
|
|
BOARD #2 1 BOARD # |
PARTS LIST
C1 through C9,C18 through C25—0.1-uF  1C24—F3342DC 64 x 4 MOS shift register R8,R10—9100 ohms

(Fairchild)

IC26—SN74151IN 8-line to 1-line data
selector

1C34,1C46,1C54—SN74175N quadruple
D-type edge-triggered flip-flop

1C36,1C53,IC55,1C61,IC63,1C64—
SN7475N quadruple bistable latch

IC38—SN7402N quadruple 2-input posi-
tive OR gate

IC41—SN74LS 10N triple 3-input positive
NAND gate

IC44—SN74LS30N 8-input
NAND gate

IC47—SN74LS08N quadruple 2-input
positive AND gate

ICS7—SN7495N 4-bit universal shift regis-
ter

1C58.1C59,1C65,1C72,IC73—SN74LSO4N
register

1C60,1C62—SN7483N 4-bit binary full
adder

1C66,1C67,1C74—SN7405N hex inverter
with open collector

1C68,1C69,1C70,IC71—SN74367 hex tri-
state buffer

Q1—2N3904 transistor

Q2,Q3—2N3906 transistor

Following resistors are 5%,

R1—150 ohms

R2,R3—1000 ohms

R4—470 ohms

R5,R6,R7,R29—1200 ohms

positive

1/4 watt:

Fig. 1. Board 1 of the Dazzler contains an NTSC color TV signal generator with output
through a 50-ohm line. Board 2 communicates with the computer and modulates the TV signal.

R9—18&,000 ohms

R11—7500 ohms

R12—15,000 ohms

R13—62,000 ohms

R14—30,000 ohms

R15 through R20—13,000 ohms

R21—820 ohms

R22—1500 ohms

R23—330 ohms

R24—220 ohms

R25—51 ohms

R26—100 ohms

R27—22 ohms

R28—680 ohms

R30,R31,R32—500-ohm trimmer poten-
tiometers

XTAL—3.579545 MHz

Misc.—IC sockets (74), heat sinks (2),
mounting hardware

Note: The following are available from
Cromemco, 1 First St., Los Altos, CA
94022: complete set of parts less IC soc-
kets at $195; with IC sockets at $215,
assembled and tested Dazzler for $350.
California residents please include sales
tax. Prices include postage for orders
shipped within the U.S. Partial kits are
not available. The schematic and foil pat-
terns are available free of charge by
sending a stamped |(for 3 oz.) self-ad-
dressed 9" by 12" envelope to Cromem-
co, 1 First St., Los Altos, CA. 94022.

cost of a black-and-white terminal;
and you do not need an RS-232 in-
terface. The Dazzler can be built for
less than $200.

If you use your computer for busi-
ness or accounting, the Dazzler can
display multi-colored graphs of stored
data. It can also be used to display a
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picture produced by the Cyclops
solid-state camera (POPULAR ELEC-
TRONICS, February 1975). With the Cy-
clops picture either processed or un-
processed, the system can be used for
security purposes, pattern recogni-
tion tests, and measurement and con-
trol of processes.

How It Works. A block diagram of
the Dazzler is shown in Fig. 1. Most of
the components on board #1 are used
to generate a conventional NTSC (Na-
tional Television Standards Commit-
tee) color video signal. The circuit is
terminated in a 50-ohm, 1-volt output.
This signal can be used to drive the
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QUTPUT PORT 0I6

D? D6 D5 D4 D3 D2 ] Do

ON/OFF] ALS Al4 Al3 Al2 All AlO AS

.

J

STARTING ADDRESS orplcruns IN MEMORY
video amplifier of a color set or to
modulate a class-1 TV device con-
nected to the set’s antenna terminals
(using a locally unoccupied channel).

The components on board #2 are
used to communicate with the compu-
ter, with a high-speed DMA controller

Output Port 017

D7 - not used

1 Resolution X4.
D6{

Fig. 2. Configuration
ALTAIR 8800 of the data bits
switches  at output port 016.

as the basis. The controller issues a
“hold” command when it is ready to
access the computer memory. When
the computerisready, itissuesa‘“hold
acknowledge’ command and the
DMA begins operation.
Communication between the Daz-

Color and intensity set by D4 through DO.

0 Normal resolution (32 x 32 for 512 bytes,64 x 64 for 2K

bytes).

computer memory.

D5

-

Color picture

D4
{ 0 Black-and-white picture
1 High intensity color}
D3
{ 0 Low intensity color
i 1 Blue
D2
0 No blue
1 Green
D1 {
0 No green
1 Red
DO
0 No red

Color and intensity set by 4-bit words in

Picture in 2K bytes of memory

1
O Picture in 512 bytes of memory

------- Most significant bit of

4-bit B/W intensity

*

Least significant bit

Fig. 3. The states of seven data bits at output port 017 determine
resolution of TV picture and either chroma or monochrome parameters.

Memory Location Memory Contents
000 000 076
000 001 200
000 002 323
000 003 016
000 004 333
000 005 377
000 .006 323
000 007 017
000 010 303
000 011 000
000 012 000

Comments
Move immediate into
the accumulator.
Output to port
number 016.

Input

from sense switches.

Output to port
number 017.
Jump to

memory location 000

000.

Fig. 4. A test program to be used on the TV Dazzler.
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zler and the host computer is through
output ports 016 and 017 and input
port 016. One bit of output port 016 is
used to turn the Dazzler on and off,
and the remaining seven bits are used
to set the starting address of the pic-
ture in the computer memory. The or-
ganization of output port 016 is shown
in Fig. 2.

Output port 017, whose organiza-
tion is shown in Fig. 3, is used to set
the format of the TV picture. Note that
bit D7 is not used. Bit D6 is used to set
normal resofution (32 x 32 for 512
bytes or 64 x 64 for 2K bytes) or 4X
resolution (64 x 64 for 512 bytes or 128
x 128 for 2K bytes). Bit D5 sets the
amount of computer memory, starting
at the location given to output port
016, allocated to the picture. When
512 bytes are selected, the computer
memory must have an access time of
at least one microsecond. When 2K
bytes are used, the memory must have
an access time of at least 500
nanoseconds.

Bit D4 is used to select either a
black-and-white or color display. In
the 4X resolution mode (D6 at a 1), bits
D3to DO are used to set the color of the
display when in the color mode or the
intensity when D4 is in the black-
and-white mode. Bits D3 to DO are not
used in the normal resolution mode.

Only two bits of input port 016 are
used. When bit D7 is a 1 (high), it indi-
cates that the Dazzler is enabled (bit
D7 of output port 016 actually per-
forms the enabling), while bit D6 goes
low to indicate an end of frame. This
latter bit is useful when changing
frames in rapid succession.

To generate a TV picture with the
Dazzler, the information that the Daz-
zler reads from the computer memory
must be properly formatted. In the 4X
resolution (output port 017, bit D6
high), each point on the TV screen is
controlled by just one bit in the com-
puter memory. This bit turns its cor-
responding point in the picture on or
off. The color or intensity of that frame
of the picture is set by bits D3 through
DO of the control word at output port
017. To get full color in the 4X mode,
multiple frames of different colors
must be interleaved.

In the normal resolution mode (out-
put port 017, bit D6 low), the color and
intensity of each pointon the screenis
controlled by a four-bit **nybble’ inthe
computer memory. Two points of the
picture are thus encoded in each byte
of the computer memory. For this
reason, a 64 x 64 picture requires 2K of
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THE GAME OF LIFE

One of the most fascinating uses of the
Dazzlerisin playingwhat is known as “The
Game of Life.” (See Scientitic American,
October 1970, p 120; February 1971, p 112;
April 1971, p 116.) The game is started by
entering the program shown below. (A
paper tape of the program is available for
$15 from Cromemco, 1 First St., Los Altos,
CA94022.) Then a colony of cells is entered
to appear on the TV screen on a 64 x 64
grid.

Each celiin the colony has eight possible
neighbors, as shown at right. The evolution
of the colony proceeds according to a fixed
set of rules invented by John Conway at the
University of Cambridge. Every cell with
two or three neighbors will survive to the
next generation. Every cell with four or
more neighbors diesfrom over-population.
Every cell with one neighbor or no
neighbors dies from isolation. Every cell
with exactly three neighbors is a birth
cell—a new cell is born here in the sub-
sequent generation.

In the Dazzler version of The Game of
Life, blue represents life; birth generates a
green cell; and deathis shown in red. There
are many surprises to be found in the
game. Some colonies survive and prosper;
others reach a stable state—neither grow-

DAZZLE-LIFE PROGRAM

OCTAL-LISTING (000 000 = 061,

(LAADS BEGINNING 000 000,

000 001 =

ing norlessening. Other colonies fade from
existence. Some colonies, known as “glid-
ers” sail across the screen and can be de-
voured by other colonies in the process.

The full-color illustrations on the first
page of this article are actual photos of a
TV screen several generations into a Life
program.

The initial colony of cells is drawn on the
TV screen using ASCII keyboard inputs as
controls. Control A deposits a cell of life on
the screen. Controls N, O, P, and H step the
cursorup, down, right, and left, respective-
ly. Once the initial colony is complete, Con-
trol D is initiated to ‘start the game.

+

Each cell has 8 possible neighbors.

Program for Game of Life is below.
RUNS FRGM 000 000)
000,

000 002 = 010 ETC.)

——— e

061

222
111

002
315
000
105
100
010
043
164
041

001

303
004
000
007
346
311

040
076
333
346
001

041

236
315
346
126
050
002
014
005
220
220
303
315
000

000
000
000
002
324
311
001
014
021
303
002
165
321
105
315
303
007
360
041
312
000
000
002
043
163
001
236
001
353
oo2
016
311
311
001
001
146
052
000

010
315
311

002
000
001

303
271

000
310
301

002
376
001

052
206
007
202
000
170
027
346
312
303
002
346
001

172
315
010
076
076
315
302
301

002
001
303
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315
142
002
002
076
000
257
302
370
000
305
106
000
172
001

002
007
167
010
001

127
040
236
251

315
177
303
276
010
100
002
017
064
157
312
000
303
346

265
000
002
002
100

001

333
002
002
014
315
376
000
(e]e]o]
076
034
200
023
003
315
141

346
172
346
000
170
014
170
315
001

131

002
375
303
011

000
105
365
301

002
000
001

000

315
3717
002
002
271
06 4
012
016
076
000
001
053
00!
300
052
001
017
007
040
004
037
302
323
276
315
310
315
001
346
067
000
001
305
305
361
041
310
000

335
027
002
002
302
001
302
(e]e]0}
000
271
062
116
172
076
001
176
365
007
312
031
365
220
001
000
220
043
102
043
001
002
000
004
076
076
315
011
376
000

001

332
002
oo2
200
376
257
004
272
302

332

163

ono

315
125
002
002
000
011t

000
270
302
354
on2
201

003
303
311

076
141

007
001

346
017
004
106
204
312
002
303
043
001

060
311

076
315
315
001
346
310
000

175
000
002
002
016
302
076
302
316
000
301

127
310
105
325
001

001

127
021

037
137
302
076
323
306
303
166
303
062
002
021

000
105
105
333
177
024
000

000
027
002
002
000
245
004
225
000

305
301

376
001

315
346
321

176
000
007
026
220
000
016
001

236
002
35S
002
013
000
303
001

00!

001

303
311

000

315
332
002
311
004
000
315
000
273
315
014
310
004
005
064

332
346
002
007

001
270
076
333
001
127
001
002
052
000
064
021
021
323
354
315
000

142
106
002
001
270
076
105
311
310
034
315
325
310
303

311
125
017
031
007
031
311
310
260
001
043
227
043
071
002
311
002
370
370

001
276
000

000
000
002
000
302
000
001
041
160
001
034
315
076
176
321
346
001
202
171
0217
361
333
315
323
107
163
276
136
002
015
006
015
370
370
311
026
e [e]e}
000

315
303
002
000
200
315
076
000
023
062
001

064
011

002
376
360
176
167
346
137
311

000
236
017
315
002
312
043
004
056
000
311

315
315
301

000
021
000

memory storage. The lowest order
(DO) bit determines if the display is red,
D1 is green, D2 is blue, and D3 deter-
mines either a high- or low-intensity
color. In black and white, these four
bits are used to determine one of 16
shades of gray.

Construction. The Dazzler consists
of two adjoining pc boards that plug
directly into the Altair-8800 bus con-
nectors. The video output is taken
from a pad on board #1. The schemat-
ics, etching and drilling guide and
component placement diagram for
the boards are too large for reproduc-
tion here. They can be obtained FREE
by sending a stamped, self-addressed
9" by 12" envelope to Cromemco, 1
First St., Los Altos, CA 94022, (These
items are also included with each kit
as mentioned in the Parts List.)

In assembling the pc boards, note
that all components are mounted on
one side of the board, with all solder-
ing on the opposite side. The sides to
be soldered are those on which the foil
marking can be properly read. Plated-
through holes assure contact on the
component side. if desired, sockets
can be used for mounting the IC's.
When soldering, use a low-wattage
iron and fine solder. Inspect your work
to make sure you have no solder
bridges.

Because portions of the Dazzler op-
erate at very high frequencies, itis im-
portant that all components be
mounted close to the pc board. Be
sure to use components that meet the
required specifications—some un-
tested IC’'s may not have the required
switching speeds.

There are 36 IC's on board 1, plus
the color crystal oscillator, and as-
sociated passive components. A heat
sink is used for /IC7, the 5-volt reg-
ulator on board #1. When mounting
the color-burst crystal, use a small
length of wire soldered from the metal
case of the crystal to the ground foil
immediately above the case. This re-
duces noise pickup.

One of the center dual in-line posi-
tions in the bottom row of board #1 is
used for board-to-board interconnec-
tions rather than an IC.

There are 37 IC’s on board #2. One
dual in-line position is left open for
interconnections. To connect the two
boards, use sixteen 8" lengths of insu-
lated wire (or a 16-conductor fiat ca-
ble).

The two boards are attached using
%'’ spacers at each corner hole, with
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ONE BYTE

LsB A MSB Fig. 5. In low-resolution
- E——— . .
mode, four bits of
ReD | BLUE [GREEN| HI/LO | RED | BLUE |GREEN] HI/LO computer memory are used
for each picture element.
— N o
ag Y
ONE ELEMENT ADJACENT ELEMENT
OF PICTURE OF PICTURE
o 15512 527
16

Fig. 6. Memory map of the
Dagzzler picture. Only first
quadrant is displayed in
the 512-byte display. All
four are displayed

496 = 5 |

1008 =i | 0 2 3

in 2K-byte picture.

1024 =i | 0 39

1520 - 1 5 3 5

1536 = | 55|

! 2032 ———————2047

the component side of one facing the
soldered side of the other. The two are
separated by exactly the same dis-
tance as two adjacent connectors on
the Altair bus.

Check-0Out. Check for solder bridges
and proper component orientation.
Facing the component side of a board,
pin 1 of each IC should be at the lower
left. Check the interconnections be-
tween the boards.

Turn off the power to the Altair and
then insert the Dazzler into adjacent
sockets on the bus line. Using a length
of coaxial cable, connect the Dazzler
video output (ground the coax braid to

the adjacent ground foil) to the video
input and signal ground of your color
TV receiver. The connection can usu-
ally be made at the input to the video
amplifier, with a switch to select the
normal input or the Dazzler input.

Tune-Up. The Dazzler is activated
and deactivated by software control.
The simple program shown in Fig. 4
will turn the Dazzler on and display a
picture that is stored starting at loca-
tion zero in memory (DO through D6 of
output port 016 at zero). This short
program also alléws sense switch
control of the word sent to output port
017. The sense switches are labelled

The Dazzler fits in two slots on the Altair bus. Output is video and
can be fed to amplifier of TV set or an FCC-approved class-1 r-f device.

40

A8 through A75 on the front panel of
the Altair.

Load from the program in Fig. 4 into
the Altair from the front panel,
examine zero and run the program
beginning at location zero in memory.
(Be sure all sense switches are down.)

With the color TV set operating and
the Altair ‘‘running’’, raise sense
switch A72 and note that a colorful
quilt-like pattern appears on the
screen. Potentiometer R30 (bias) on
board 1 of the Dazzler acts as a hori-
zontal hold control and should be ad-
justed to obtain a stable picture.

Raise sense switches A70 and A7,
and adjust capacitor C17 on board #1
for the most saturated blue on the
screen. Now put A70 down, raise A9,
and adjust R32 for the most saturated
green color. Finally, set A9 down, raise
A8, and adjust R32 for the most satu-
rated red color.

Dazzler Software. When writing
programs for the Dazzler, it is impor-
tant to remember that the TV picture is
stored as a specially coded sequence
in the computer memory. The Dazzler
simply interprets this code to form the
TV image. .

Two different codes are used de-
pending on whether the Dazzler is in
the low-resolution or high-resolution
mode. This is determined by the con-
trol word at output port 017. In the
low-resolution mode, four bits of
computer memory are used to code
each element of the picture (Fig. 5).
Either a 32 x 32 or 64 x 64 element
picture can be displayed. The latter is
organized as quadrants within the
computer memory as shown in Fig. 6.

In the high-resolution mode, each
bit of memory is used either to turn on

o]
Ls8 | 4 5

7
MSB

Fig. 7. In high-resolution mode,

each memory byte is used to

represent 8 picture elements.

(bit=1) or off (bit=0) a single memory
element. The control word output to
port 017 is used to set the picture col-
or. Figure 7 shows how one byte of
memory is divided up to control eight
elements of the picture. {n this mode,
either a 64 x 64 element picture using
512 bytes or a 128 x 128 element pic-
ture using 2K bytes can be displayed
on the screen. @®
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THE NEW
1976

COLORTV
RECEIVERS

Serviceability and

automatic color
controls are

emphasized in

most lines.

BY ART MARGOLIS

The RCA line of XL-100 recetvers
features ColorTrak, a remote Control

Center which operates all primary controls.
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n the 30 years since television
Ifirst became a serious ertertain-
ment medium, TV receiver design has
come full circle. Some TV receivers
started out in modular form and now
most of them have come back to this
practical method of assembly, promp-
ted mainly by a need for simple, effi-
cient servicing. High on the list of de-
sirable features for modern TV receiv-
ers are modular circuit assemblies,
featuring, in many cases, active com-
ponents that plug in and out for easy
replacement.

Just as the auto industry has be-
come accustomed to introducing new
model cars each year, TV receiver
manufacturers think in the same
terms. Each year sees new features
incorporated into existing models and
completely new models coming on the
market. An example of the former is
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the constant refinements in picture
tuning systems to make them as au-
tomatic as possible. The latest sys-
tems automatically adjust most pic-
ture parameters (brightness, contrast,
color, and tint) with the press of a but-
ton.

Here are some details of what the
major color TV receiver manufactur-
ers are offering for 1976

Zenith. A vertical chassis that con-
tains a number of Dura-Modules® has
been introduced by Zenith. The mod-
ules carry about 75% of the receiver
circuitry. In addition, many of the IC’s
and transistors on the modules are
plug-ins for easy replacement when
only the device and not the entire
module needs to be replaced.
Zenith’s hot new item is.a zoom fea-
ture that blows up the action at the
center of the screen for a close-up
view. You press a bution on the

The Magnavoxr STAR system provides
random-access, one-button tuning.

2

"
\)

s

. O .
Semi-torotd deflection yoke is used in Quasars QMX-1

A

self-converying system to improve efficiency and reduce weight.

hand-held Space Commander 1000
remote control transmitter, and the
center-screen actionblows up by 50%.
(The zoom feature is accomplished by
overscanning during beam deflec-
tion.) When the zoom is on, an indi-
cator on the receiver lights up. When
you press the zoom button on the re-
mote control transmitter again, the
picture returnsto normal and the indi-
cator extinguishes.

The electronic Space Commander
1000 remote control transmitter is a
first’’ for Zenith. In the past, Zenith's
remote-control transmitters used
mechanical ultrasonic transducers.

When the ZOOM button is pressed on Zenith’s Space Command
remote control models, the picture is enlarged 50%.
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GTE Sylvania. GT-Matic™ tuning is
featured in the new line of color TV
receivers from Sylvania. Automatic ad-
justments are builtin to cure problems
involving the horizontal line, a rolling
picture, poor contrast, lack of color,
and incorrect tint. Since almost every-
thing is automatic, the front panel of
the Sylvania receiver contains only
three controls: a combined power
on/off and volume control and the vhf
and uhf channel selectors.

The GT-Matic system is preset at the
factory for a “‘normal’ optimized pic-
ture. If you don't like what you see, a
key provided with the receiver can be
used to open a hidden panel to pro-
vide access to the BRIGHTNESS,
CONTRAST, COLOR INTENSITY, and TINT
controls. You can set these controls as
desired and then lock the panel to
keep others from disturbing the pic-
ture settings.

An afc circuit keeps the tuner from
drifting off frequency, while a Perma
Tint circuit acts as a monitor to main-
tain correct color levels. When the
Perma Tint circuit is activated, the
demodulation angle between the B-Y
and R-Y signals is increased to pro-
vide a wider range of phase angles for
determining the actual color of the
flesh tones.

The usual vertical-hold control has
been replaced with a vertical count-
down IC. In the past, the vertical
countdown circuit required too many
components. However, in IC form, the
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COLOR TV RECEIVER HIGHLIGHTS FOR 1976
Company Chassis Type of Channel Special
Series Tuner Indicator Features
Zenith GC Varactor Digital Zoom (enlarges center-screen
action)
Sylvania GT-Matic | Varactor Digital Key-locked picture control
panel
Sony KV Detent Tuner dial | Optional accessories
Sharp C Varactor Digital & | Flat contacts on tuner
& Detent | Tuner dial | forlonger life
RCA CTC 68 Varactor Digital ColorTrak automatic color con-
trol
Quasar QXM-1 & Detent Digital Slumber Sentry (automatic
QS 3000 shut-off); Power Saver switch
Philco BOSS Detent Tuner dial | Power Guard for greater relia-
bility and longer life
Panasonic CT7552 & Detent Tuner dial | Mini color TV receiver with
GP-3000 41" picture tube
Magnavox STAR Varactor Digital On-screen channel numbers;
STAR control panelonreceiver
Hitachi CT&CB Detent Tuner dial | Extra Strong warranty
GE MB-2,MC-2,| Varactor Digital
YA & YC
Admiral M25 Detent Tuner dial

circuitis practicable and the picture is
locked in even when there are noise
puises that would knock the vertical
out of sync with ordinary vertical-hold
circuits.

The Sylvania receivers also contain
circuits that deal with airplane flutter,
line voltage variations, and even
transmitter-caused problems. Anoth-
er circuit automatically adjusts the
horizontal hold to maintain a stable
picture.

Sylvania uses a modular chassis
approach that features plug-in tran-
sistors in practically all circuits.

Sony. This company is progressing
with its line of high-quality table-
model color TV receivers. The CRT
sizes keep getting larger and the 19"
(48.3-cm) Trinitron picture tube fea-
tures a single cathode. It has a 114°
deflection angle, which permits the
receiver cabinet to have a depth of
only 155" (40 cm). The shorter neck of
the tube also diminishes the distance
electrons have to travel from the
*gun’’ to the screen, which means an
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increase in picture brightness.
Service consideration is a major
Sony goal. Much time and money have
been spent in documenting service
notes, and the service manual foreach

TV receiver model is complete and
well illustrated.

All kinds of optional accessories for
portable receivers are offered by
Sony. They include car battery cords,
sun glare filters, rechargeable battery
packs, earphones, and mobile, boat,
and home antennas.

Sharp. The Sharp Linytron-Plus in-
line, one-gun picture tube is being ag-
gressively promoted. It has good
overall performance characteristics.

The detented vhf turner has a fea-
ture that Sharp claims reduces wear
and tear to provide longer life. Instead
of using the traditional hemispherical
contacts, they are flat so that, as the
tuner knob is rotated, the contacts on
the tuner “turret’” press against flat
stationary contacts. The electrical
connections cover a much larger area
than the point-contact hemispherical
contacts.

The Linytron picture tube is
equipped with a fast-start heater.
When the receiver is turned on from a
cold start, you get sound instantly, fol-
lowed four seconds later by the pic-
ture.

An LDR gives the Sharp receivers
an "'Optimatic” light-sensing feature
that serves as an automatic bright-
ness-level control system. There are a
number of remote-control receiver
models in the company'’s line, plus a
12-pushbutton variable-capacitance
(Varactor) tuner model that eliminates
moving parts.

RCA. This year, RCA is continuing to
market its XL-100 series of color TV

No moving parts are used in Zenith's 18-position tuning system.
Vhf is set at factory with six positions for customer tuning of whf.
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receiver chassis. The XL-100 is 100%
solid-state, and the bottom-of-the-line
hybrid (tube/transistor) receivers have
been phased out.

Ten of the XL-100 receivers (19" and
25" diagonal) now have a color control
system called ColorTrak which relies
on a new solid-state chassis and a new
picture tube employing filtered phos-
phors. The latter are said to reduce the
reflection from ambient light, produc-
ing clearer blacks and more vivid col-
ors. XL-100 consoles with ColorTrak
also have a new remote Control
Center which operates all of the prim-
ary controls and provides for display
of the time of day and channel number
on the screen.

More wood (less plastic) is em-
phasized in the 1976 line, which in-
cludes five main screen sizes: 15", 17",
19%, 21", and 25" (38, 43.2, 48.3, 53.3,
and 63.5 cm), measured diagonally.
The 21" and 25" models have CTC68
chassis and 31-kV high-voltage power
supplies.

RCA also concentrates on ease of
servicing. Twelve smail plug-in mod-
ules and five IC's are used in the circuit
design. The modules are upgraded as
repetitive field troubles are discov-
ered. For instance, if a particular
transistor repeatedly fails in the field,
its circuit is redesigned to correct the
condition. Care is taken to keep the
same plug contacts on the modules
during upgrading.

With 12 modules in the receiver,
each module’s cost is relatively lower

SUPER
INSTA-MATIC

In Quasar color control, room

brightness is sensed by an LDR
behind honeycomb lens. Picture
power is adjusted automatically.
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than a receiver in which fewer mod-
ules are used. Thus, the value of a mod-
ule approaches a throw-away status
which greatly simplifies servicing.
Low power consumption is a con-
tinuing RCA aim, and the company
claims that its new console receivers
require some 48% less power than
comparable tube-type receivers.

Quasar. Quasar is now owned by
Matsushita, which also produces the
Panasonic line of TV.receivers. How-
ever, the two brands are produced by
independent operations.

A new QMX-1 color TV receiver
chassis is featured in the 13" and 15"
(35 and 38 cm) models. This is not a
“works in a drawer’’ chassis. It has an
in-line picture tube with a semi-toroid
yoke, which eliminates the need for
dynamic convergence adjustments,
though static convergence, purity,
and gray-scale adjustments must still
be performed. No dot/crosshatch
generator is needed for making the
required adjustments. The service
technician who sets up the receiver
can “eyeball’ all color adjustments,
which reduces the cost of the service
bill.

Quasaris using the Panasonic Quin-
trix in-line black-matrix picture tube in
its chassis. The tube has an extra pre-
focus electrode for sharper pictures.
Since the deflection yoke is not
cemented to the neck of the tube, if the
yoke fails, only it has to be replaced,
not the entire assembly.

Quasar places a ot of emphasis on
its Super Insta-Matic automatic
brightness control feature. In essence,
this system uses an LDR circuit to
adapt the brightness of the picture to
room lighting.

The QMX-1 chassis contains only
three modules. Two of them plug into
the chassis in the conventional man-
ner. The third includes the picture-
tube cap; to removeit, the cap must be
disconnected from the tube.

The QS 3000 “Works in a Drawer”
TV receiver is being upgraded to in-
clude an energy-saver switch that dis-
connects the picture tube's filaments
to defeat the instant-on feature.
(Otherwise, the filaments consume 4
watts of power.) Remote-controliled
receivers feature a Slumber Sentry
system that automaticatly shuts off re-
ceiver power within 20 seconds after a
station goes off the air. The Slumber
Sentry detects the absence of vertical
sync pulses to trigger the shut-off
mechanism.

3
"
)
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Sharp’s 19" model has 12-button
Varactor tuner with one-button
color tuning system. Solid-state
modular chassis are used.

Philco. Until recently owned by the
Ford Motor Company, Philco is now a
part of GTE Sylvania. However, the
Sylvania and Philco TV receiver divi-
sions are autonomous.

The 1976 color TV receiver line from
Philco contains four portable and 10
large-screen models. In the portable
lineup are one 19, two 17", and one
15" receivers. Each features an all
solid-state BOSS chassis, Philco’s Au-
tomatic Lock Channel Tuning (ACT),
70-position click-stop uhf tuner, in-
line picture tube, and plug-in transis-
tors for ease of servicing.

All large-screen Philco receivers
have 25" black matrix picture tubes.
There are seven consoles, one table
model, and two home-entertainment
center receivers in the line. (The home
entertainment centers are color re-
ceiver and stereo system combina-
tions.) Each large-screen receiver has
the same features as the portables,
plus modular chassis, lighted channel
indicators, and the Philco Power-
Guard System that provides improved
reliability and longer chassis life.

Panasonic. New to the Panasonic
line this year is the 4%2" (11.4-cm)
diagonal-measurement Model CT-552
color TV receiver. Not a toy, this
sophisticated receiver has Pana-
sonic’'s Q-Lock Il automatic tint and
color circuit and a tube that gives
pictures in 4 seconds. It retails for
about $480. The circuit design is all
solid-state and employs several IC’s.
The receiver can be line-powered or
operated from a car or boat (12-volt
dc) electrical system or its own re-

POPULAR ELECTRONICS




TYPICAL ENERGY USE
vs WEIGHT
FOR SOLID-STATE
COLOR TV RECEIVERS

Screen Power Receiver
Size Consumption Weight
(watts) (in pounds)
4" 25 15
9" 60 25
13" 85 40
15" 85 50
17" 95 55
19" 100 65
21" 110 120
25" 130 135 °

chargeable battery pack. When pow-
ered from the ac line, it consumes only
22 watts. The receiver even has a sys-
tem that automatically switches over
to its internal battery pack should ac
line power fail. Available accessories
include earphones, rechargeable bat-
teries, and glare-proof tinted screen.

There are also two new Panacolor
receiver models available, measuring
12" and 19” diagonally. Both use the
Quintrix picture tube and a new
GP-3000 chassis. The number of com-
ponents on the chassis has been cut
by a full third when compared to pre-
vious models. The total wiring length
has also been reduced from 46’ to only
14,

Power consumption is down in the
Panasonic TV receivers. The high-
voltage level in the 12" model is 24.5
kV, with power consumption at 103
watts. The 19" model requires 30 kV
from the high-voitage supply and con-
sumes 120 watts of power.

Magnavox. Last year, Magnavox
made a big splash with its sTAR (Selec-
tive Tuning At Random) remote-
control tuning in its top-of-the-line re-
ceivers. This year, the STAR system is
appearing in lower-priced large-
screen and some 19" receivers as well.
(STAR permits instant precision selec-
tion of any one of the 82 vhf and uhf
channels at random and out of se-
quence. The system goes directly to
the selected channel without having
to cycle through a lot of intermediaté
channels.)

Last year’'s 15-button sTAR control
panel was available on only the hand-
held remote control transmitter. This
year, it's also on the TV receiver.

With the sTAR system, when a chan-
nel is selected, its number isdisplayed
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in 5" (12.7-cm) high numerals at the
top of the picture. The numerals are
displayed for about three seconds, after
which they blank out. The system
never needs fine tuning.

Magnavox is attempting to provide
high-fidelity sound from its receivers.
To this end, larger than average dual-
cone 9" (22.7-cm) speakers, separate
transducers, and speaker pairing are
used.

Hitachi. Although itis primarily in the
portable TV business, Hitachi also has
a consolette with a 21" diagonal
measurement picture tube. Hitachi re-
ceivers start with a 9" model that oper-
ates on ac line power or from a 12-volt
dc car/boat electrical system. Also in
the line are 13", 15", 17", and 19" porta-
ble TV receivers.

The Hitachi TV system is called
SMAGC, which stands for Seven-Merit
Automatic Gain Control. One of the
seven merits, APS (Automatic Picture
Setting), performs the usual preset
control functions for color, tint,
brightness, and contrast. However, it
is combined with a tint stabilizer and
the Automatic Color Control (ACC) to
maintain correct tint and color inten-
sity when changing channels or when
a camera switch is made during a
program.

Hitachi has an "‘Extra Strong'’ war-
ranty. It covers transistors for 10 years
and all other parts, including the pic-
ture tube, for two years.

Portable, model from Panasonic
has a 4'%” diagonal screen.

GE. Three basic types of chassis are in
the GE color TV receiver line for 1976.
The large-screen MB-2 and MC-2
chassis in color consoles have 25" pic-
ture tubes. These are the latest version
of the MB chassis introduced a year
ago. The YA chassis, also a holdover
from last year, is supplemented by the
new YC chassis used in the 137, 177,
and 19" color TV receivers. Small-
screen models continue to use GE's
10HE chassis.

The only major design change in the
GE receivers is in the modular M
series. Last year, the high voltage was
produced by a 7.5-kV flyback trans-
former and quadrupler rectifier that
brought it up to 30 kV. This year, the
flyback circuit develops about 10 kV,
while atriplerrectifierisused to do the
boosting to the required 30 kV.

The GE modules continue to un-
dergo constant updating. For in-
stance, the chroma and vertical mod-
ules have been changed but inputs,
outputs, and plug-pin configurations
remain the same.

The YC chassis has a 29.5-kV supply
(higher than that used in the oider YA
chassis) and top and bottom pincush-
ion correction circuits.

A caddy-size symptom/repair man-
ual is available for recent GE chassis.
Each trouble symptom is listed with a
“*most likely cause.”

Admiral. In Admiral's IM30 chassis,
the power transformer has stable vo!-
tage regulation. The ac line voltage
can vary from about 90 to 130 volts
without seriously affecting the pic-
ture. The power transformer is tuned
to the 60-Hz line by a 3.5-pF filter
capacitor across its secondary. The
inductance of the secondary com-
bines with the capacitor to form a
tuned LC system.

The transformer is wound in a spe-
cial configuration so that the tuned
secondary produces fixed-amplitude
square waves, with the transformer
operated in saturation. When the input
is 117 volts ac, the output is clipped to
a square wave of fixed amplitude. As
the line voltage varies, any changes
produce inverse changes in the clip-
ping action. The voltage output level,
however, remains the same.

Summing Up. Color TV receivers of
all makes are reaching a high state of
excellence. They are capable of pro-
ducing near-perfect pictures, lasting
longer, and requiring less service than
previous models. @
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Electronics

N0 picNic.

It takes work.

And.a few
sacrifices.

But
it’s worth it!

The mihute 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 career, not just a
job. We'll give you a meaningful, well-
rounded foundation in electronics
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
career which 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 effort,

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 really hot, there’s a tough, college-
level course called “Electronics Engi-
neering’”’ that can make you even better.

Send today for FREE
scheol 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 selection. 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.1. Bill Benefits

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

"""~ Tt q
I c I Cleveland Institute of Electronics, Inc. :
| 1776 East 17th Street, Cleveland, Ohio 44114 |
| Accredited Member National Home Study Council |
I Yes, | want your FREE school catalog and career information package today. :
I | am especially interested in: I
O Electronics Technology O Industrial Electronics PES2

| [ FCC License Preparation O Electronics Engineering |
| O Color TV Maintenance [ Other |
| [ Mobile Communications |
| |
I Print Name I
I Address Apt. |

i |
| City |
| State Zip Age |
: Check box for G.l. Bill information. [ Veteran 0O On Active Duty :
L J

CIRCLE NO. 9 DN FREE INFORMATION CARD



CONSTRUCTION

A HIGH-POWER

MOBILE
'STEREO AMPLIFIER

Provides clean, 15-W [channel audio from a 12-V dc source.

RYING to get high-fidelity
sound in a mobile environment
presents very difficult problems. First
of all, ambient (road and motor) noise
must -be overcome. But the direct-
coupled, complementary output
stages of many tape players and
radios cannot produce more than a
few watts of power. Output transform-
ers could boost the power, but seri-
ous drawbacks such as bulkiness and
high cost make them impractical.
Inthe face of these limitations, many
camper, sports car, and boat owners
still ask, ““How can i getan appreciable
amount of clean audio output using
solid-state circuitry operating from a
+12-V dc source?” This article pro-
vides the answer with the Mobile
Stereo Power Amplifier.
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BY EDGAR BRADEN

The amplifier will provide 15 W
rms/channel of low-distortion audio
into 8-ohm loads (enough to drive
even low-efficiency speakers). Only a
+12-volt dc supply is required, and
with slight modifications, it will oper-
ate from 6-volt supplies. Also, the
amplifier sections for the two chan-
nels can be “bridged” (driven out of
phase) to provide 30 watts monaural
into a 16-ohm speaker, or paralieled
for a 4-ohm load. Parts cost for the
amplifier is about $25. Of course, two
such units can be operated indepen-
dently in the bridged or parailel mode
to provide 30 watts per channel for
stereo.

Among the amplifier's features are
direct-coupled output circuitry, a
high-frequency (20,000-Hz) dc-to-de¢

‘converter,

and a low-distortion IC
audio driver. The converter offers high
efficiency and compact size as a result
of its operating frequency. What's
more, core (magnetostriction) and
pickup noise lie beyond the audible"
spectrum. Above all, both the power
converter and audio amplifier are easy

to build!

About the Circuit. The dc-to-dc
converter shown in Fig. 1 is a fairly
standard design. Its frequency of op-
eration is governed by saturating-core
transformer T7. The winding (points 5
and 6) connected to the bases of tran-
sistors Q3 and Q4 is phased to provide
positive feedback, which sustains os-
cillations. Thus a 12-volt, 20,000-Hz
square wave is applied to the primary
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C8,C9,C10—500-pF, 25-volt electrolytic
capacitor i

C11—0. 1-uF paper or Mylar capacitor

D1,D2—1N4001 rectifier

D3 through D6—MR811 (Motorola) or
IN4933 fast-recovery diodes. (See the
text)

F2—10-ampere slow-blow fuse

Q3,Q4—2N5881 (Motorola) npn power
transistor—(do not substitute)

R7—10-ohm, 2-watt resistor

Fig. 1. Frequency of de-to-dc converter is governed by T1.
POWER SUPPLY PARTS LIST

+20V

Ti
(SEE TEXT)

=20V
D3-D6 =MR8II

R6—1000-ohm, Y2-watt resistor

S1-—Spst switch

T1—See text. Requires a Ferroxcube No.
846T250-3E2A toroid core.

Note: an etched and drilled circuit board is
available from EBCO, 10 Sherwood
Drive, Nashua, NH 03060 for $4.50. The
Ferroxcube toroidal core is available
from Elna Ferrite Laboratories, Inc.,
Box 395. Woodstock, NY 12498, for
$1.75 (first class postage paid).

of T1 (points 1 and 4) via the collector
leads. The stepped-up output of T7 is

- rectified by the full-wave bridge D3-D6
‘and filtered by C9 and C70. A bipolar
(=20 V, referenced to ground) output
is obtained.

A ferrite toroid is used as the core of
T1 because of its high permeability
and residual magnetization (rema-
nence), which aids the switching be-
tween the transistors. Further, the to-
roid’'s form factor keeps core losses
low as there is a minimum of magnetic
material for a large power-handling
capability. Toroids are self shielding
—all magnetic flux remains in the
core. This isolates the switching cir-
cuit from the power amplifier. Also,
fewer turns are required, so heavier
gauge wire can be used, resulting in
lower 2R losses. And, practically
speaking, the toroid is much easier to
wind by hand than the bobbin of a
laminated-iron core!

A Signetics NE540 integrated circuit
acts as the power amplifier's input
stage and supplies base drive to
power transistors Q7 and Q2, which
form a complementary-symmetry out-
put stage (Fig. 2). It also controls the
transistors’ bias current to minimize
crossover distortion.

The 540 IC is a high-fidelity device,
having a bandwidth exceeding
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100,000 Hz. Its output stage candrive a
600-ohm load to 3 dB below maxi-
mum, with a typical distortion figure of
0.5% at 40 dB gain. The circuit config-

uration shown in Fig 2 has a gain of 34
dB, which should reduce distortion to
about 0.25% for high-fidelity listening.
Note that only one channel (Channel
A) is shown.

Construction. The task of winding -
T1 is not really difficult, but care must
be exercised to keep track of the start
and finish ends of each winding to as-
sure proper phasing so the circuit will
oscillate.

Use No. 20 enameled magnet wire
for both the primary and secondary
windings. (No. 22 wire can be substi-
tuted.) Fold in half a 5’ (1.52-m) length
of the wire and wind this around the
toroid for a total of 14 turns. Distribute
the wire as evenly as possible all the
way around the core. Bend the wire
sharply around the corners of the core
to make tight windings. When you are
finished, label the two free ends with
pieces of tape numbered 1 and 3. Snip
through the fold loop. Then use an
ohmmeter to determine which of the
newly cut ends has continuity with
lead 1; label the unmarked end lead 2.
Then label the remaining unmarked
lead with a 4. (Itshould have continuity
with lead 3).

Next, wind the feedback winding.
This consists of five turns of No. 22 or
No. 24 wire, evenly distributed around
the core. Start and finish the winding

JIA
INPUT

cl
R4A _{ Hz

2 RiAZ

* = =
RBAZ 22x3 |5

= 3

+
c3A——
20yF T~

(@)

1

*see TEXT

+ 20V

J2A
OUTPUT

—4 | @
FIA i
3A

SpF SR3a
Seek

—-20v

C1—0.22-uF Mylar capacitor
C2,C6,C7—500-pF disc capacitor
C3—20-uF, 15-volt electrolytic capacitor
C4—>5-pF silver mica or ceramic capacitor
C5—2000-pF (0.002-pF) disc capacitor
F1—3-ampere fast-blow fuse )
IC1—NES540 or SES40 integrated circuit
(see text)
J1,J2—Phono jack
QI1—2N6290 npn power transistor
Q2—2N6109 pnp power transistor
R1,R3—22,000-ohm, ¥2-watt resistor

Fig. 2. First stage of amplifier is an integrated circuit.

AMPLIFIER PARTS LIST

R2—390-ohm, Y2-watt resistor

RA,RB—Input attenuator resistors (see
text).

Misc.—Printed circuit board; fuse holders
(3); heat sink or chassis box; 22,000-
ohm, Y-watt resistor for bridge hookup
(see text); spacers (4); mica and plastic-
film insulators for transistors; silicone
heat sink paste; magnet wire for TI;
silicone adhesive; machine hardware;
hookup wire; solder; etc.
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Fig. 3. Actual-size etching e I —R3IA—0 % %
and drilling guide for pc '_m_'. fe L Y SR
board is shown-above with ;i T EMITTERS

component layout at right.

on the opposite side of the core from
the primary leads 1 and 4 to facilitate
matching the leads with their pads on
the pc board. Label the ends of the
feedback winding 5 and 6, taking care-
ful note that current flowing from 5 to
6 should pass through the hole in the
core in the same direction as current
flowing from 1to 2 orfrom 3to 4in the
primary winding.

The secondary winding comes next.
As with the primary, the secondary
must be bifilar wound to provide tight
coupling between the two halves of
the winding. It also makes the job of
winding easier. Fold in half a 6
(1.83-m) length of No. 20 or No. 22
enameled magnet wire and wind 21
turns of the double strand around the
core. Evenly distribute the turns
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around the core and press them tightly
around the edges to allow sufficient
room within the core’s hole for the en-
tire winding. When all 21 turns are on
the core, label the two free ends 7 and
9. Cut the loop and, using an ohmme-
ter, pair up the wire that terminates
with 7 and label it lead 8. Label the
remaining unmarked lead 10. The di-
rection in which the secondary is
wound is not important.

(Note: For 6-volt electrical systems,
reduce the number of primary wind-
ings to seven bifilar turns and the
feedback winding to three turns.)

An actual-size etching and drilling
guide for the pc board is shown in Fig.
3. After preparing the board, proceed
with circuit assembly. Start by mount-
ing T7 in place as shown in the com-

Q4
E BASE BASE

ponent guide (also shown in Fig 3.).
Do not forget to remove the enamel
coating on the ends of the leads so
they can be soldered to the copper
pads on the circuit board. The leads
will normally hold the transformer sol-
idly against the top of the board, but
it'sa good ideato use a dab of silicone
adhesive between board and trans-
former since the project will be sub-
jected to vibration and other stresses.
Taking care to observe polarities and
IC pin basing, mount and solder into
place the remaining components.

All transistors must be mounted on
a heat sink that has at least 10 sq in.
(6.54 sq cm) of radiating area. Stan-
dard 1/16” (1.6-mm) thick aluminum
plate will do for the 15-W/channel
stereo version of the ampilifier if cut to
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the same size as the pc board. After
machining the heat sink, mount the
transistors, using mica or plastic film
insulators, silicone heat-sink com-
pound, and insulating shoulder
washers under the mounting screws
for the board.

Solder C6 and C7 directly to the
leads of transistors Q7 and Q2, respec-
tively. Similarly, solder diodes D7 and
D2 directly to the leads of transistors
Q3 and Q4, respectively. Or, if pre-
ferred, the capacitors and diodes can
be soldered to the appropriate pads
on the foil side of the pc board. When
this is done, solder interconnecting
hookup wire between the transistor
leads and the appropriate points on
the pc¢ board.

Now, using %" to 1" (19-25.4-cm)
spacers and machine hardware,
sandwich the pc board and heat-sink
assemblies together. The transistors
must be on the side of the aluminum
plate that is opposite the pc board to
provide shielding between the transis-
tors and amplifier inputs.

If desired, connect an SPST switch
(S7) in series between the +12-volt
supply and the appropriate pad on the
pc board. However, the vehicle's igni-
tion switch can be used in place of S7.
It is also advisable to insert F2, a 10-
ampere, slow-blow fuse between the
supply and S1.

If you plan to use a box to house the
ampilifier, select one that measures
6"L x 4"W x 1%2"D (15 x 10 x 3.8 cm).
Mount the transistors on the top of the
box, cases outward and secure the
circuit board assembly with spacers
and machine hardware. Don't forget
to mount the fuse blocks where they
will be easily accessible. When you
mount the project inside your vehicle,
bear in mind that the transistor cases
are electrically “hot.” So, take care
that they do not short out against the
project or vehicle chassis. Iinsulate
them with a layer of electrical tape ora
cardboard shield. Note that we as-
sume a negative-ground 12-volt
source. A positive-ground supply can
also be used, but make sure that the
amplifier pc board *“ground” is not
connected to the vehicle’s chassis
ground.

A word about rectifiers D3 through
D6 is in order here. These are MR811,
fast-recovery devices. If you expect
full sustained output power from the
amplifier, do not substitute devices.
Power supply transistors Q3 and Q4
must be high-frequency devices with
an fr of at least 4 MHz. They should
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have a beta of at least 20 at 6-A collec-
tor current. Lower frequency transis-
tors have atendency to overheat at the
switching frequency employed.

Getting More Power. The amplifier
can provide 30 watts of output power
into a monaural load for 4- or 16-ohm
speakers. For 4-ohm speakers, simply
parallel the inputs and outputs. For
16-ohm speakers, a bridge configura-
tion can be used as shown in the
simplified schematic of Fig 4. Note
that a 22,000-ohm resistor must be
connected from pin 4 of the channel B
driver IC to the junction of C4 and R3
in the channel A circuit. Also, channel
B's input must be grounded at the
input jack J7B. Connect a 16-ohm
speaker directly across the ‘hot”
sides of jacks J2 of both channels.
With the system wired as shown in
Fig. 4., the second amplifier channel is
driven out-of-phase with the /C7
channel. This doubles the voltage
across the speaker load, and thus

QIA /
JIA  ClA
Caml
{
RIAT Qza
\
Q1B l/

JiB

R3B
2 | |
R2BZ €48
3
3

Fig. 4. Additional connection
shown in bold will drive the
amplifier, in bridged mode, giving
30 W rms (monaural) into 16 ohms.

quadruples the power into the load.
However, the output transistors can-
not handle this much power. By dou-
bling the load impedance to 16 ohms,
however, power is merely doubled
to 30 watts. This is well within the
power rating of the audio transistors.

Output power from each channel in
this OTL (output-transformerless) cir-
cuit is limited by the maximum supply

potential rating of +£22 volts for the
NE540 IC. However, if you can obtain
the SE540 version of this IC, you can
raise the clipping power level by about
15%. To do this, the supply voltage
must be increased to +27 volts by ad-
ding four turns to the secondary wind-
ing of T1.

Using the Amplifier. The low-level
outputs of most tape decks and tuners
can directly drive the amplifying sys-
tem. However, if you tap the signal at
the speaker output jack, the at-
tenuator network consisting of R4 and
AR5 must be used on each input to re-
duce signal amplitude to a reasonable
level. A good choice of values for R4
and R5 would be 10,000 and 1000
chms, respectively. These values can
be varied according to the output level
of the tape player or radio used.

If the driving signal is taken from
across a volume control, the at-
tenuator network can be eliminated al-
together. But if the attenuator is used
in this situation, put a coupling
capacitor in the input line to avoid
placing too heavy a dc load on the
source and to prevent upsetting bias
levels.

The pc board for the amplifier (Fig.
2) has provisions for installing R4 and
R5. If you do not need the attenuator,
connect the input line directly to one
of the free holes on the board common
with C7.

Because the amplifier uses feed-
back, it is possible that “‘parasitic” os-
cillations may occur at a few hundred
kilohertz. Although they are inaudible,
these oscillations can affect quiescent
bias conditions, and thus increase dis-
tortion. If you suspect the amplifier is
oscillating, install a suppressor (a
single layer of No. 24 wire wrapped on
a 10-ohm, 1-watt resistor) between the
emitters of the complementary pair,
Q1 and Q2, and the fuseholder for F1.
The suppressor will not affect audio
response in any way.

Much ignition noise pickup can be
eliminated by bolting the amplifier
right to the radio receiver or vehicle
chassis. This will aiso prevent
ground-loop currents from getting
into the amplifier; but it will probably
notbe necessary if a high-level input is
fed to the attenuator network. When
used with an AM receiver, the
a?npliﬁer must be shielded or located
several feet away from the receiver.
Otherwise harmonics of the switching
frequency of the power supply will get
into the receiver's i-f section. @
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SUNBEAM
WITH A“PHOTOPHONE”

Modernized version of Alexander Graham Bell’s sunlight
communicator provides some 1880 electronics nostalgia—that works.

LITTLE-KNOWN fact about
the inventor of the telephone is
that Alexander Graham Bell consid-
ered an eleciro-optical communicator
he called a ""Photophone’ to be his
greatest invention, greater even than
his telephone. In 1880, Bell and
Sumner Tainter communicated by
voice over a beam of reflected sun-
light. This was 19 years before A.
Frederick Collins conducted the first
feeble voice transmissions over a dis-
tance of three blocks in Narberth,
Pennsylvania. So, the first "‘wireless”
voice transmissions were not by radio,
as history would have us believe.

Compared to the power-hungry ra-
diotelephone medium developed 25
years after Bell's discovery, the
Photophone was an elegantly simple
technological marvel.

Bell and Tainter succeeded in de-
veloping more than 50 ways of voice-
modulating a beam of light, including
variable-polarization schemes used
today in sophisticated laser com-
munication systems.

Photophone Details. The simplest
of Bell's and Tainter's modulators
54

consisted of a small flat mirror
cemented to a hollow cylinder. Voice
energy directed into the open end of
the cylinder caused the surface of the
mirror to flex in step with the speech
patterns. By shining a continuous
beam of light onto the mirror's sur-
face, a variable beam impressed with
the voice modulation was produced.

Most of the light-beam receivers
used with the Photophone employed
selenium detectors. (In 1873, it was
discovered that the resistance of bulk
selenium changedinresponse tovary-
ing light intensity.) It was after Bell
had read about selenium experiments
that, in 1878, he conceived his Photo-
phone idea.

One of Bell's detectors consisted of
a circular array, while another con-
sisted of a cylindrical array of sel-
enium cells. The first was designed to
be used with a collector lens, while the
latter was designed to be used with a
parabolic reflector. Both detectors
were connected in series with a bat-
tery and a telephone receiver to make
up the receiving equipment for the
Photophone.

On April 1, 1880, Tainter voice-

L

modulated a beam of sunlight from a
mirror and talked to Bell over a 699-ft
(213-m) range. After this, Bell made
optimistic predictions about the fu-
ture of his Photophone, none of which
materialized during his lifetime. In
fact, shortly after Beli's death, in 1921,
the Photophone was used mainly in a
few military applications. Bell was crit-
icized and even mocked for his opin-
ions and predictions. Today, as we are
poised on the threshold of large-scale
light-beam communication, the inven-
tor has been vindicated. In short, his
predictions after all these years are fi-
nally materializing.

Build a Photophone. Bell’s sunlight
communication experiments can eas-
ily be bettered and duplicated with
modern solar cells and audio amplifier
modules. You can start with Bell's
simple mirror-and-cylinder transmit-
ter. An excellent choice for this pur-
pose is the $1.65 Cat. No. 30,626 mir-
ror from Edmund Scientific Co. (300
Edscorp Bldg., Barrington, NJ 08007).
This mirror measures 25 mm in
diameter and nicely mates with a 1"
(25.4-mm) diameter tube.
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Cut the tube to a length of about 2"
(50.8-mm). Then, use white glue to
cement the mirror to one end of the
tube. Make certain that the aluminized
surface of the mirror is facing outward
to obtain best results. (You can deter-
mine which is the mirror's aluminized
surface by touching both surfaces
with the point of a pencil and observ-
ing the reflections. The side that
shows no gap between the real and
image points is the aluminized surface
of the mirror.) True, the uncoated sur-
face of the mirror is more resistant to
scratches and abrasion, but if this sur-
face faced outward, 5% less light
would be reflected, which means you
would have a shorter communication
range.

The Photophone receiver can be as
simple as a single silicon solar cell
connected across the input of an in-
expensive audio amplifier module
(see Fig. 1). Of course, the larger the
active area of the cell the better the
results.

A convenient housing for a basic re-
ceiver can be had by modifying a fiash-
light, such as the Burgess "“Dolphin.”

BILL OF MATERIALS

Transmitter:

1—25-mm diameter mirror (see text)

1—2"3" length of 1" outer-diameter rigid
tubing

White glue

Receiver

I— 16" diameter parabolic mirror (see text)

I—Audio amplifier module (Radio Shack
No. 277-1240 or similar)

I—Miniature 8-ohm loudspeaker

1—10,000-ohm potentiometer with spst
switch

I—2 X 2-cm silicon solar cell

1—9-volt battery

I—Miniature phone plug and jack

1—17" = 17" piece of 2" plywood (rear
panel)

2—17" = 3" pieces of A" plywood (side
panels)

2—16" x 3" pieces of 2" plywood (top and
bottom panels)

2—3"lengths of 35" x 34" pine (cabinel feet)

23" x 114" pieces of 12" plywood (door

leg’s]

1—12" length of 112" x 3&" piece of hard-
wood lumber (detector arm)

1—3"length of 1¥4" % 34" piece of hardwood
lumber (detector arm)

1—1¥5" length of 114" x 34" piece of hard-
wood lumber (detector arm)

1—6" length of 1" * 1" pine (door-opener
block and mirror retainers)

1—16" length of '4"-diameter hardwood
dowel (door opener and solar cell)

5—Metal hinges (doors and detector arm)

I—Drawer pull (cabinet handle)

1—Hasp and lock or hook and eye

Misc.—Flat black and white enamel paint;
resilient foamed plastic; white glue; #6
machine hardware; 1" finishing nails;
vinyl electrical tape; battery clip and bat-
tery holder; metal spacers (4); stranded
hookup wire; solder; etc.
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Fig. 1. Schematic diagram of a
simple Photophone receiver.

This flashlight's built-in reflector is an
ideal place for mounting a pair of solar
cells because it would reflect far more
light onto the cells than would be pos-
sible if the cells were used by them-
selves.

Mount two solar cells, back-to-back
and connected in series with each
other, by their leads with their plane
lying along the axis of the reflector.
Focus the detector by adjusting the
mounting leads while observing their
reflections. When the dark surfaces of
the two cells fill the entire area in the
reflection, the cell detector is properly
aligned.

Getting Greater Range. The
Photophone receiver described above
will have a range of up to 550’ (168 m).
For really long-range communication
by sunlight, you can use a large Fres-
nel lens or parabolic mirror to in-
crease the optical gain of the
receiver's detector. A 16” (40.2-cm) re-
flector—compiete  with  detector,
amplifier, battery, and loudspeaker
—is shown in a plywood cabinet in
Fig. 2. This receiver can pick up
good-quality voice and music from as
far away as a half mile. Increasing the
transmitter’s mirror as well, will in-
crease the communication range even
more.

You can duplicate this receiver by
following the construction details
given in Figs. 3 and 4. Make the
cabinet from %" (1.27-cm) thick
plywood, but don't install the doors
until later. Paint all inside surfaces of
the cabinet flat black and all outside
surfaces white enamel. The black in
the interior reduces stray light reflec-
tions, while the white exterior makes
for good visibility during alignment.

The 16" parabolic mirror is available
from Edmund Scientific for $14.25 as
Cat. No. 80,097. It is aluminized on its
rear surface, which prevents it from
being a perfect reflector. But its 12"
circle of reflected light at the focal
point is about the same size as the

photocell, which at least partially
makes up for the shortcoming.

Four wood retainers hold the mirror
in place inside the cabinet. After cut-
ting these retainers to size, use white
glue to cement strips of resilient
foamed plastic along one entire nar-
row face of each. Then, while the glue
is setting, locate and drill the mount-
ing holes for the retainers. By this
time, the glue should have set. Paint
each retainer block—not the foamed
plastic—flat biack and let them dry.

Meanwhile, mount a pair of pine
legs on the bottom of the cabinet. In-
stall the carrying handle on the top of
the cabinet, and use white glue to ce-
ment a 1"-square piece of resilient
foamed plastic in the center of the in-
side rear wall of the box.

Mount the hinges on the cabinet’s
doors. Carefuily align the doors with
the front edges of the side, top, and
bottom panels, and mark the locations
of the remaining hinge holes. Remove
and set aside the doors and drill the
holes at the points indicated.

Now, lifting the mirror only by its
edges, carefully position it in the
cabinet. Mount the four retainer
blocks in place with their foamed sur-
faces against the mirror's edge. The
foamed plastic should be lightly com-
pressed, holding the mirror firmly but
gently in place, when all four retainers
are fastened down with machine
hardware. Once the mirror is in place,
exercise care when working around it.
Always place a thick bath towel or a
blanket over the mirror when you are
working on the cabinet.

The detector used in this receiver
should be a single 2 x 2-cm silicon
solar cell mounted at the end of a
hardwood dowel (see Fig. 4) that plugs
into a two-section arm made from

Fig. 2. This receiver can pick up
good signals as far as Y% mule.
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COMPU-TRAINER

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.
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{Simulated TV Reception)

IN-CIRCUIT TRANSISTOR TESTER
TROUBLESHOOTER
VoM

SO.ID-STATE
OSCILLOSCOPE

GR2000
Digital
Solid-State
Color TV
315 sq. in.
Picture

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

Choose from 12 NTS courses covering a wide range
of fields in electronics, each complete with equip-
ment, lessons, and 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-
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and the equipment
be equipped.
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wood stock and hinged at the

. (The arm is in two sections so
t at it can be folded to permit the
doors to close without obstruction.)

Strike a pencil line down the length
of the long arm section, centeringiton
the wide side. Then strike cross lines
1”from one end, and three more lines
spaced 1%" (32 mm), 2" (51 mm), and
3%" (83 mm) from the first cross line.
At each line crossing, driil a 3/16"
(4.76-mm) hole through the wood.
Then use a router, coping saw, or
wood chisel to remove all the wood
between the firstand second and third
and fourth holes, making the slots
only as wide as the diameter of the
original holes.

Butt together the two arm pieces as
shown and mount a small hinge at the
joint. Use glue and finishing nails to
mount a square wood block at the free
end of the short arm section. Paint the
entire arm assembly flat black. When
the painthasdried, drillahole through
the block and arm section, connect
12" (30-cm) lengths of stranded
hookup wire to the lugs of a miniature
phone jack, and mount the jack in the
hole.

After painting an 8%" long by %"
diameter (21 cm x 6.35 mm) hard-
wood dowel flat black and allowing it
to dry, mount the 2 x 2-cm silicon
solar cell at one end with white glue.
Solder stranded hookup wires to the
cell's contacts at one end, and con-
nect and solder the free ends of the
wires to the lugs on a miniature phone

178" PHONE
PLUG

plug. Cut a groove in the side of the
dowel to permit the plug’s plastic cap
to slide over the wire teads. Remove
enough wood from the dowel at the
end opposite the cell to permitit to be
force-fitted into the end of the plug’s
cap. With alittle care, the dowel will be
locked into place when the cap is
screwed onto the plug. Use black elec-
trical tape to bind the wires to the
dowel in a couple of places.

Mount the dowel-and-block assem-
bly that holds the door open at the top
of the right door. Position it so that it
will not interfere with door closure,
and use glue and finishing nails, the

'Li{ f\s-lla"

MIRROR

3.

Fig. 3. Dimensions of the plywood cabinet for the
Photophone. Mirror is held in place by wood blocks.
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1/4'D DOWEL

SOLAR CELL
{(2X2c¢m)

Fig. 4. Construction of final
section of detector arm, which
is folded to permit door closing.

latter driven through the door panel
into the block. Make sure the nails do
not interfere with free movement of
the dowel and the dowel moves freely
in the block.

Locate and drill the holes for the
detector arm as follows: First, strike a
line across the panel midway between
the top and bottom of the panel.
Mount the door on the cabinet via its
hinges. Slide the dowel in the block
forward to lock the door open. Directa
strong beam of light on the mirror's
surface. Now, plug the detector dowel
assembly into the arm assembly and
place the arm against the door panel.
Center the slots in the arm over the
line on the door. Standing out of the
way of the light beam, move the arm
closer to or farther from the mirror
until the reflected light from the mirror
just fills the detector cell’s active sur-
face area. Indicate on the door paneil's
line the points that mark the centers of
the siots in the arm. Remove the arm,
unplug the detector dowel assembly,
and set both aside. Finally, drill a hole
at each location indicated. Make the
holes just large emough to require
that you use a screwdriver to drive a
pair of No. 6 x 12" screws into the
holes.

Remove the door panel from the
cabinet. Mount plywood legs on the
front of both door panels. Then paint
the panels, flat black on their inside
surfaces and white enamel on their
outside surfaces. When the paint has
thoroughly dried, drill perforations for
the speaker grille, and mount the
speaker on theinside of the panel. Use
a metal L bracket for the switched
potentiometer and spacers for the
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amplifier module when mounting
themin place. Then refer back to Fig. 1
and interconnect all components.

Anchor the detector arm to the door
with large flat washers and wing nuts.
(The wing nuts will facilitate easy
focusing of the receiver during field
operation.) Bolt the doors to the
cabinet with No. 8 machine hardware.
Use large flat washers under all screw
heads and nuts. Finally, install a hook
and eye or lockand hasp on the doors
to keep them closed when the receiver
is not in use.

Range Testing. Start your testing by
fastening the transmitter mirror as-
sembly directly over the speaker of a
small portable radio receiver. Aim the
beam from the transmitter down a
range of several thousand feet where
it will not be obstructed. Take the re-
ceiver several hundred feet down-
range and align its mirror with the
transmitter’s reflected beam. Plug the
detector dowel assembly into the arm
on the door and adjust the focusing
for the best possible received signal.
With proper beam alignment and re-
ceiver focusing, you should be able to

hear good-quality voice and music.

Continue to move the receiver away
from the transmitter and make recep-
tion tests every 50’ (15 m) or 100’ (30
m) until the signal becomes too weak
to ‘“‘copy.” Bear in mind that the
earth’s rotation will cause the sunlight
reflected from the transmitter’s mirror
to move away from your original
alignment point. So, you will occa-
sionally have to adjust the
transmitter's orientation to assure
proper receiver/transmitter align-
ment. It helps if you can recruit one or
two friends for the alignment proce-
dure as distances can become quite
great.

The maximum range of your system
is dependent on the areas of the
transmitter’'s and receiver's mirrors,
overall gain of the receiver’'s amplifier,
atmospheric condition, and angle of
the sun in the sky. The last is of par-
ticular importance because high an-
gles yield far more light intensity than
do low angles. Offsetting this is the
fact that at high angles, less of the
transmitter's mirror surface is utilized
that an the lower angles. Conse-
quently, there is no way of predicting,

with absolute assurance, what the
range of your system will actually be.

Some Modifications. The Photo-
phone can be modified in a number of
ways to make it perform better. For
example, you can increase sensitivity
by using light shields and baffles to
cut out extraneous light reflections, or
you canuse apreamplifier toboost the
signal level from the solar cell. A large
Fresnel lens can also considerably
improve receiver operation. Edmund
Scientific's No. 70,717 ($32.00) 243" x
19%4" (63 x 49 cm) lens has more than
twice the collecting area and yields a
smaller blur circle of light at its focus
than does the 16” mirror.

By using an amplifier module, mi-
crophone, and 49-mm-square mirror
(Edmund Scientific No. 41,619 at $1.50
each) cemented to the cone of a 2"
miniature speaker with white glue, you
can put together an excellent voice
transmitter that will greatly increase
the range of your system.

There are many more possible mod-
ifications you can use. With a little in-
genuity, you ean push the range of
your system out to several miles. @

From:

SystemsResearch,Inc.

A MODULAR MICROCOMPUTER SYSTEM THAT
EVERYONE CAN AFFORD!!!

— THE SRI-500 SERIES —

SRI-F8 Microprocessor Board (Complete with 1K Words, RAM TTY
Interface, and a special DEBUG program in ROM called FAIRBUG)

SRI-PWR Power Supply (+5V., +12V,, -12V. Regulated)
SRI-CAS Casette Interface Board
SRI-SER-C RS-232, Keyboard Interface and System Control Board

SER-VI-A Video Interface Board (32 char. x 16 lines, R. F. and
Video out)

SER-KBD Keyboard Assembly
SER-RAM-2 2K Words RAM Board (Additional Memory)

SRI-ENC Enclosure (Complete with main board, switches and
rear panel connectors)

NOT A KIT - COMPLETELY ASSEMBLED AND TESTED

We supply complete software support and offer many options . . .
CALL OR WRITE FOR FREE INFORMATION

(801) 942-1093

SystemsResearch,Inc.

$ 325

$ 55
$ 45
$ 35
$ 175

$ 100
$ 100
$ 100

P O. Box151280 - Salt Lake City, Utah 84115 - (801) S42-1083
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elECTRONIC
—SWITCHING
with
TRANSMISSION
GATES

CMOS device provides ‘“bounceless’’
switching at speeds to 10 MHz.

BY ROBERT D. PASCOE

OW-LEVEL analog or digital sig- In such cases, a simple electrome-  avoided because of the inherent con-
nals must often be switched be- chanical switch, such as a relay or tact bounce and long switching time.
tween various circuits at high speed. reed switch, must generally be The practical answer to electronic

switching requirements can be found
in the type 4016 “bilateral switch’ or
transmission gate (TG). This is a

INO=—a T G =0 0UT

unique form of logic found only in the

tlcora'rﬁm. CMOS family of devices. A high-

(A) speed, solid-state electronic spst

switch, it can transfer ac or dc volt-

L it Fig. 1. Symbol (A), ages or currents in either direction. It

L — mechanical analog (B), can switch at speeds up to 10 MHz,

CONTROL and schematic (C) of a which is compatible with most mod-
ﬁ i’;a?:;f:; ?}f;ﬂﬁ ?:aiei.ghWhen ern digital systems. Although the TG's

i ; b “on” resistance (300 ohms) is not the

= switeh is turned on.

- ideal short-circuit condition, its “off"
(B)

resistance is extremely high. With a
characteristic input resistance of 1072

) i o e At .

% _Ell Hgsst 4 Wi ohms, it will not load down the switch-

R, b ing source.
| | A

o 1 Theory. The symbol for a transmis-
e i i SR sion gate is shown in Fig. 1A, while
Rk H Voo Fig. 1B illustrates the basic action of
\"s? . the device, similar to a relay contact

c

which is closed when the CONTROL
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input is high. The actual circuit for the
TG, using enhancement FET's, is
shown in Fig. 1C.

Note in Fig. 1C that, between the
input and output terminais of the TG,
there are an n-channel and a
p-channel MOSFET. The gates of
these MOSFET's are connected to the
input and the output of an inverter. To
turn on the TG, the CONTRoOL voltage
should approximately equal Vy,. Con-
versely, to turn off the TG, the CONTROL
voltage should be approximately Vss.

The 4016 contains, in a 14-pin DIP
assembly, four spst-type switches.
Each switch has an “‘on" resistance of
about 300 ohms over a 15-volt input-
signal range, dependent on the values
of Vpp and Vgg. The leakage current
when the switch is off is about 10 pA,
which is a result of its very high “off"
resistance. The 4016 has an allowable
control (clock) rate of 10 MHz, with a
turn-on time of approximately 20 ns.
As the recommended dc supply volt-
age is 3 to 15 volts, the input signal
level must not exceed these values.

The 4016 can be used toswitch posi-
tive dc or bipolar voltages as shown in
Fig. 2. A peak potential of 15 volts
(maximum) can be switched by the
circuit shown in Fig. 2A. In this cir-
cuit, a single supply is required, with
the V., terminal connected to ground.
The Fig. 2B circuit illustrates how
bipolar signals can be switched. Here,
a split supply is used with the V,,, ter-
minal at +7.5 volts and the Vgg termi-
nal at —7.5volts. In this case, the max-
imum input signal level can be 15 voits
peak-to-peak. Note that in both cir-
cuits of Fig. 2, the control voltage is
equal to Vpp for the “on” condition
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and to Vg for the “off” condition.
For most applications, the load resis-
tance should be 10,000 ohms or greater.
A maximum input signal frequency re-
sponse of 40 MHz is attainable with
V), at +5 volts and V,, at —5 volts.

Switch Configurations. Because
the 4016 contains four independent
bilateral switches in one package, the
individual switches can be arranged to
function as a variety of switch types
similar to the electromechanical
switches for which they can be substi-

tuted. Two such arrangements are
shown in Fig. 3. A pair of TG's can be
wired to form a spdt switch as in Fig.
3A. Two such switches can be ob-
tained from a single 4016. The control
signals are out of phase as denoted by
the line over one. This permits a con-
ventional flip-flop to drive the
switches.

The diagram in Fig. 3B illustrates
how four TG's can be arranged to act
as a dpdt switch. Again, the control
inputs are driven out-of-phase in
pairs, permitting the same flip-flop
hookup.

Dual-Trace Converter. A dual-
trace adapter for single-trace oscil-
loscopes is shown in Fig. 4. Besides
the TG's, the circuit employs a 4001
quad-NOR IC as a multivibrator and
phase inverter and a 536 operational
amplifier IC.

This is a version of the principle of
‘time division muitiplexing” in which
each input of a two-channel system is
coupled to the common output for a
specific period of time, with the other
channeal shut off. The two channels al-
ternate in supplying the output de-
pending on the rate of the two-phase
clock driving the multiplexer.

The op amp in this circuit is ar-
ranged as a summing amplifier. When
one pair of TG's is on, it sums both the
signal and the dc level determined by

b 2 out
T6 f—oouT
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lconrnoc. b et our
CONTROL
B
76 f—o0ouT
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i = 00Ut

Fig. 3. Spst gates can
be ganged for more
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complex switching
circuits, such as

spdt (A) or dpdt (B).
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Fig. §. In variable-gain
amplifier, turning one
of the TG's on sets the

feedback resistance and,
thus, gain of the op amp.

AA

the PosSITION control. This level deter-
mines where on the face of the scope’s
CRT that particular trace will be dis-
played. This basic approach is very
similar to that used in commercial
dual-trace scopes. You can vary the
frequency of the clock oscillator so
that it is not related to that of the input
signal, thus avoiding a broken pattern.

Variable Gain Amplifier. Another
application for the bilateral switch is
shown in Fig. 5. The circuit is a basic

p amp whose gain is determined by
he ratio of the feedback to the input
resistance. With none of the TG's on,
the only feedback is through the 10-
megohm resistor, to provide a gain of
100. (Note: This circuit is a phase in-
verter.)

IfTG7isonand TG2 and TG3 are off,
the total feedback resistance is 10
megohms paralleled by 1 megohm,
producing a gain of 10. With TG2 on
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and TG7 and TG3 off, the total feed-
back resistance of 500,000 ohms pro-
duces a gain of 5. Hence, the gain of

Fig. 6. A sufficiently
strong signal in squelch
circuit will cause the
comparator to turn on the
TG, to drive amplifier.

0.5pF

the op amp is determined by which
TG’s are on and which are off.

Squelch Circuit. A simple squelch
circuit can be built with the aid of the
bilateral switch as shown in Fig. 6. The
audio input signal is peak detected by
D1, whose output drives a voltage-
follower op amp. The output of the
follower is averaged by the parallel RC
circuit (5 uF and the 1-megohm poten-
tiometer) and drives the noninverting
(+) input of the second op amp con-
nected as a comparator.

The level of the squelch is deter-
mined by the setting of the SQUELCH
ADJUST potentiometer. if the voltage at
the inverting (—) input of the com-
parator is greater than the voltage on
the noninverting input, the com-
parator’'s output is almost at the max-
imum negative supply voltage. This
signal keepsthe TG off so that the aud-
io input signal will not pass through
to the audio amplifier.

If the averaged signal produces a
voltage at the noninverting input of
the comparator greater than that sup-
plied to the inverting input, the output
of the comparator swings to the max-
imum positive power supply level. This
action turns on the TG and allows the
received audio to pass to the amplifier.
The off delay (up to several seconds) is
determined by the time constant of the
RC circuit.

Closing Comment. In this article,
we have covered only a very smalil frac-
tion of the possible applications for
the versatile transmission gate. With a
knowledge of what the TG can do, you
can create many new applications for
this unique solid-state switch. @

SQUELCH
ADJUST

AUDIO
IN \ <
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DUMMY ANTENNAS FOR HAMS AND CB’ERS

& & EY, boss, what are you doing
with that crazy paint buck-
et?” asked Barney as Mac came
through the door of the service de-
partment carrying a shiny black gallon
bucket with printing, a diagram, and a
chartemblazoned in white on the side.
“Watch your tongue,” Mac said,
“you're speaking of my new, almost-
finished Heathkit ‘Cantenna,” Model
HN-31, RF Load Resistor."

“Pardon me!" Barney replied with
exaggerated contriteness, “but |
thought you used a foot-long, war-
surplus, noninductive resistor for a
dummy load.”

“| do, but I'm already overloading it
with just the hundred-watt key-down
output from my ham SSB exciter. |
don't dare put the output of the linear
amplifier, which runs about seven
times that, to the resistor. It would go

up in smoke. This cantenna, however,

is rated at a kilowatt ICAS and will take
the 700 watts continuously for fifteen
minutes—plenty long enough to meit
down the final tubes in a SSB transmit-
ter. Any owner of a SSB transmitter
who sits on the key for even a tenth of
that time is just plain stupid.”

“You really think a dummy antenna
is needed, huh?”

“Do Il | believe no ham or CB
operator should be issued a license
unless he possesses and uses a
dummy antenna to load up his trans-
mitter for testing. Putting an unmod-
ulated carrier on the air for minutes at
atime or performing unidentified test-
ing is not only illegal but it stamps the

Heathkit Cantenna presents a 50-ohm
resistive load to the transmitter.
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By John T. Frye, WOEGV

perpetrator as a ‘lid of the first water,’
who has a total disregard for others.”

Why Use a Dummy Load? “There
are other sound reasons for using
a nonradiating load resistor. For one
thing, almost all service literature re-
quires that the transmitter be con-
nected to a good dummy antenna at
the proper impedance when testing.
Results obtained with a mismatched
or reactive load are at best meaning-
less and, at worst, quite likely to cause
damage. Moreover, with a good
dummy antenna you can establish a
reference standard of performance.
Assoon as | finish the Cantenna, | plan
to feed it with the exciter barefootand
then through the linear amplifier at a
selected logged frequency on each
band. In each case, I'll tune for
maximum output and then log grid
current, plate current, tank and load
capacitor settings and relative voltage
reading as indicated by the Canten-
na's monitor circuit, which I'll discuss
later. If | question performance at
some future date, | can compare new
readings with those | logged to see if
anything has changed. If it has, I'll
have some very helpful clues as to
where the trouble lies.”

“What makes a good dummy an-
tenna?”

“First, it should present an accu-
rate, unchanging, purely resistive
ioad—usually 50 ohms—to the trans-
mitter under a wide range of frequen-
cies and power outputs. The load re-
sistor should be shielded to prevent
radiation, and capable of absorbing
the maximum output of the transmit-
ter at 100% duty cycle for a reasonable
length of time. AM and full-power
tune-up represent 100% duty cycle;
CW, 50%; SSB, 33%. The dummy an-
tenna should connect to the transmit-
ter through coaxial cable and a coax-
ial antenna switch so the transmitter
can be switched quickly from the an-
tenna to the dummy load, and vice
versa. Finally, it's helpful if the dummy
antennaincorporates some method of
indicating at least relative r-f input.
Ideally, it will indicate actual wattage

being absorbed and dissipated by the
resistor.”

“Those requirements eliminate a lot
of things,” Barney observed. “For in-
stance, a 100-watt incandescent bulb
can take a full 100 watts of r-f indefi-
nitely and translate it into radiated
light and heat, but its resistance
changes from 10 ohms when cold to
about 144 ohms at its normal operat-
ing temperature. You can imagine
what happens to the resistance when
you're pumping an SSB signal into the
filament. Carbon resistors are very lim-
ited in the power they can absorb
without damage. Wirewound resistors
have inductance. But hey, how about
giving me a peek at that grandaddy
kitowatt resistor inside the bucket? |
don’t think | ever saw anything bigger
than a couple of hundred watts
wirebound.”

Smiling, Mac pried up the bucket lid
with a screwdriver and set it upside
down on the bench. Barney saw a 5" X
111" aluminum tube fastened verti-
cally to the bottom of the fid with two
brackets that held the top of the tube
about 112" (3.8 cm) below the bottom
of the lid. Inside the tube was a 5" (2.7
cm) film-type resistor on a hollow
ceramic form 3" (1.9 cm) in diameter.
Silver-plated copper contact straps
were bolted around the silvered ends
of this resistor, which was centered in
the bottom of the tube by four triple-
nutted brass bolts. The bolts also
made firm contact with the bottom
strap. The top strap clamped the open
ends of a U-shaped silver-plated brac-
ket against the silvered contact sur-
face. The center of this bracket was
connected to a porcelain feed-
through insulator that went through
the lid into a metal box on the top.

“You mean to tell me that little resis-
tor can dissipate a kilowatt?" Barney
asked in disbelief.

“It can and will when | fill this buck-
et with non-conducting, high-tem-
perature transformer oil. Much of
the heat of the resistor will be trans-
ferred to the oil circulating around
and through the resistor, effectively
increasing the dissipation capacity
at least a hundred fold.”

“Why is the resistor inside the metal
tube?”

“Two reasons: first, the diameter of
the tube is proportioned to the diame-
ter of the resistor so the combination
submerged in oil has a surge imped-
ance equal to that of a 50-ohm coax
line. What we then have is a continua-
tion of the coaxial cable with the resis-
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erving as the center conductor of

e ast five inches of the cable. Inci-
dentally, if this were a solid bar instead
of afilm type resistor, the r-f resistance
would increase with frequency be-
cause the current would concentrate
on the surface. That's why film resis-
tors are used almost exclusively in
dummy loads.

‘“The second reason for the
resistor-in-a-tube combination is that
it forms a ‘thermal siphon’ in the oil.
Oil heated by the resistor expands,
rises, and flows out the top of the tube.
This pulls cool oil from the bottom of
the bucket into the bottom of the tube.
Heated oil rising to the surface
spreads out radially and contacts the
air-cooled walls of the bucket, where it
gives up some of its heat and sinks to
the bottom. All this creates a “'closed-
loop fountain™ in the oil that aids in
cooling the resistor.”

“What's inthatlittle box on thelid?"”

"It carries the fitting for attaching
the coax cable from the transmitter
and also houses the components of
the relative voltage monitoring circuit
shown on this diagram on the side of

[*]+
(RELATIVE)
OUTPUT

- r—-———j9-"- bl —

INPUT DI

AAAAAA
""""

OIpF

Power is dissipated by resistor
in oil bath, while other components
Jornt a de sampling circuit.

the bucket. A voltage divider across
the r-f load resistor feeds asmall frac-
tion of the r-f voltage to a germanium
diode for rectification. The 0.01-pF
capacitor smooths the rectified signal
which can then be measured with a
VTVM or other high-impedence meter
connected to the phono jack on the
end of the box. Any change in r-f
across the load resistor is reflected as
a change in dc output. This permits a
transmitter to be tuned for maximum
output.”

Output Wattage. “'Can’t you calcu-
late transmitter output wattage from
the meter reading?”’

“No, because the resistive voltage
divider is frequency sensitive. The
reading goes up with frequency. This
occurs because the carbon composi-
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Bird’s small dummy load can handle up to 100 watts
Sfrom dc to 2 GHz, when heat-sinked to equipment panel.

tion resistors in the divider tend to
exhibit stray reactance. A capacitive
divider, on the other hand, remains
purely capacitive for a wide frequency
range, and most Bird Termaline®
wattmeters are designed with capaci-
tive dividers.”

“How did the birds get into this con-
versation?”

“The Bird Electronic Corporation of
Cleveland is aleading manufacturer of
coaxial load resistors, r-f absorption
and directional wattmeters. Their
dummy antennas, called Termaline
Coaxial Load Resistors, come in sizes
all the way from 2 watts to 50 kilowatts.
These are precision, laboratory-grade
instruments and are priced according-
ly. While the low-cost Cantenna—
which | consider adequate for most
ham and CB use—is claimed to have a
VSWR of less than 1.5 up to 300 MHz
and less than 2.0 up to 400 MHz, a
comparable air-cooled, liquid-
dielectric Bird unit rated at 1 kW con-
tinuous duty, hasaVSWRof 1.1upto 1
GHz and only 1.25 up to 2.5 GHz."”

“How does Bird do it?"”

“They start with a special high-
precision film resistor that will main-
tain its 50-ohm value through all rated
temperatures and frequencies. In-
stead of being a cylinder, the resistor
shell tapers in a logarithmic fashion
from the full diameter of the line at the
top to only the diameter of the resistor
at the bottom, where the two meet. A
wave traveling down the line sees 50
ohms at the top of the resistor, 25
ohms at the center, and 0 ohms at the
bottom. To insure a frequency-

independent termination, the shell
must be matched to the resistor at any
point along its length. The shell is
filled with a heat-conducting dielec-
tric and is equipped with external
heat-radiating fins. By combining a
form of r-f.voltmeter calibrated di-
rectly in watts with a coaxial load re-
sistor, Bird forms their series of Ter-
maline R-F Absorption Wattmeters.

“Bird makes load resistors that are
dry-air cooled, air cooled with a liquid
dielectric, cooled with forced air, and
water cooled. Their absorption
wattmeters operate from 2 to 500 MHz.
They have Thruline® directional
wattmeters that will read forward and
reflected power at any point in a feed
line.

“Now let me tell you how you can
measure transmitter output with a
Cantenna or similar dummy load.
Connect the vertical deflection plates

. of ascope (already calibrated in peak-

to-peak volts per inch deflection)
across the line feeding the dummy
load. Once you know the sine-wave
p-p volts across the dummy load, con-
vert this to rms volts by multiplying by
0.3535. Square this, and divide by 50
ohms to get the power in watts. For
example, my exciter gives me 200 volts
p-p, or 70.7 volts rms. The square of
this is 4998—let's call it 5,000—and
5,000 divided by 50 is 100 watts. It's no
coincidence this is the rated output of
the exciter.”

“I've just reached a conclusion,”
Barney announced with a sigh;
“there’'s nohing dumb about dummy
antennas!” @
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T BATTERY

MULTI-CHARGER

Inexpensive circuit rejuvenates four types

HE Multi-Charger described here

can often rejuvenate carbon-zinc
batteries used in radios and
flashlights. It handies between one
and six cells charging four different
types simultaneously.

The rejuvenating process used is
not recharging in the strict sense.
Though there is a very limited amount
of reversible electrochemical activity
(such as occurs in nickle-cadmium
and lead-acid storage batteries), the
action is primarily one of driving hy-
drogen bubbles from the anode rod. In
this way, internal cell resistance (the
common cause of cell “'failure”) is re-
duced and operating lifetime is ex-
tended.

About the Circuit. The Multi-
Charger consists of a bridge rectifier,
two silicon diodes, six resistors, a

FEBRUARY 1976

of carbon-zinc cells simultaneouslty.

BY RALPH TENNY

potentiometer, and a monolithic tran-
sistor array. The heart of the circuitis a
constant-current source, two versions
of which are shown in Fig. 1. Assume
that a constantdc voltage is applied to
the V+ bus (Fig. 1A). Current flows
through D71, D2, and R2, generating a
reference voltage at point X. Since the
magnitude of this voltage is less than
that at V+, Q7 is forward biased and
collector current flows through the
milliameter. The amount of current
through the transistor can be set by
potentiometer R7 to bias Q7 in an
equilibrium condition. If the gain of Q7
is very high, this current will be well-
regulated. So, if a potentiometer is
placed between Q7 and the milliame-
ter, a more or less constant current
will flow, regardless of the potentio-
meter’s setting.

A similar constant current source is

shown in Fig. 1B. [fa reference current
(l.«) is applied to the base and coliec-
torof Q2, it will flow through this trans-
istor and R3, establishing a voltage
drop across R3 and the base-emitter

Fig. 1. In (A) reference voltage
at X produces constant current
in Q1. In (B) output I depends
on reference current, R3, and Rj4.
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PARTS LIST

D1, D2—Silicon signal diodes (IN914) or
equivalent)

Fl1—Y-amp fuse

l1—Neon panel lamp assembly (Radio
Shack 272-705 or equivalent)

IC1—CA 3083 monolithic transistor array
(RCA)

Q1—2N5447. HEP S0019, or equivalent

R1—10,000-ohm linear taper potentiome-
ter

R2-—4700-ohm resistor

R3, R7—1000-ohm resistor

R4—510-ohm resistor

R5—220-ohm resistor

R6—100-ohm resistor

R8—10,000-ohm resistor

RECT|—I-amp, SO-PIV full-wave bridge
rectifier (Radio Shack 276-1151, HEP
RO80! or equivalent)

S1—Spst power switch

Ti—12.6-volt center tapped,
transformer

Misc—Printed circuit or perforated board,
hookup wire, solder, suitable enclosure,

100-mA

Fig. 2. Circuits in Fig. 1 are combined in the charger.

junction of Q2. Thisvoltage serves as a
reference voltage like that at pointAin
Fig. 1A. Assuming that Q2 and Q3 are
closely matched, as transistors
formed on a monolithic block of sili-
con would be, and that R4 is one-half
the value of R3, then Q3 will source a
current (I) twice that of .. If we
employ a five-transistor array, four
such current sources can be set up,
with their outputs governed by the
ratios of their emitter resistors. This is
exactly what the Multi-Charger is. Its
current sources can handle the four
common (YA, “C,” "D,” and 9-voit
transistor) cells.

In the actual circuit, whose schemat-
ic is shown in Fig. 2, the dc source is
not a constant value, but rather the
unfiltered output (at point A) of afull-
wave bridge. Its waveform is shown in
Fig. 3A. Accordingly, D7 and D2 don’t
conduct all the time, so Q7’s collector
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mounting hardware, fuseholder,
machine hardware, etc.
current will have a ‘‘clipped”

waveform. Reference current for Q2,
and the charging current outputs of
Q3, Q4, Q5, and Q6 will pulsate in the
same manner. Emitter current (at
Point B in Fig. 2) of Q2 is shown in Fig.
3B. Since the output and reference
currents in a circuit like that in Fig. 1A
(or the transistor array Q2, Q3, etc. in
Fig. 2) are alike when R3 and R4 are
equal, the circuit is called a "‘current
mirror' or “‘current reflector.”

The Multi-Charger will work simul-
taneously with any number of each
type of cell, up to 9 volts total. Readily
available battery holders for two, four,
or six cells can be used across each
set of charging terminals.

Construction & Use. Fairly simpie
circuitry allows flexibility in assem-
bling the Multi-Charger. Printed cir-
cuit board, perfboard, or wire-wrap

techniques can be used. If battery
packs are used, bring out the charging
terminals through the case (using
grommets) for quick connection.

When construction is complete, set
potentiometer R71 for maximum resis-
tance and attach a milliammeter a-
cross the 9-voit transistor battery ter-
minals and set R1 so that 1 mA flows
through the meter. Then check the
other output terminals—charging cur-
rents should be 2 mA (“A” cells), 5 mA
("C” cells), 10 mA ('D” cells). Observe
the 9-volt limit when using battery
packs. Although an 8-cell pack (12
volts) will not damage the Multi-
Charger, the charge rate would be
prohibitively slow.

Since the required charging time
will vary with cell usage, keep arecord
of the charging time compared to
operating time. Make it a practice to
check cell voltage, and recharge be-
fore it dropstoo low. A good recharge
point is 1.4 volts per cell for “A,” “C,”
and “D" cells, and about 8.8 volts for
9-volt transistor batteries. Mark each
battery (scratch the case paint) each
time you charge it to keep track of the
number of charging cycles. Examine
each cell carefully before a new cycle,
to make sure that the case is not de-
teriorating. After a while, your records
will enable you to predict the end of
useful life for cells from each man-
ufacturer.

2ms

—f—soow

(B)
20mV

Fig. 3. Waveform (A) is output
of a full-wave bridge rectifier.
Outputs of Q2 through Q6 pulsate
as shown by waveform at (B).

Finally, keep these ideas in mind
when using the Multi-Charger:

e Use only good-quality batteries
with heavy metal cases. It's false
economy to buy cheap cells that will
probably damage the appiiance
through electrolyte leakage.

e Never leave run-down batteries in
any appliance.

e Avoid leaving cells with several
completed charging cycles in any de-
vice, since the charging process
accelerates any tendency of the cells
to leak. ®
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THINKING A
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GCOMPUT

It seems that a great many people
came to the same conclusion that we
did here at SWTPC. The M6800 is an
outstanding processor and makes a
great computer — “"BUT"” — Not all
computers using the M6800 pro-
cessor are the same. May we suggest
that you consider the following fea-
tures when you make your choice.

IT IS A COMPLETE
6800 SYSTEM?

You cannot get all of the advan-
tages of the 6800 system with only
the processor chip. Unless the whole
6800 family of chips is used you can-
not possibly get all of the versitility
and superior performance that the
system is capable of providing. If for
instance the design does not use the
MC6820 parallel and the MC6850
serial integrated circuits for interfac-
ing, you lose the programmable inter-
face feature that makes it so easy to
interconnect the computer system
with outside devices such as termi-
nals, printers, disks, etc.

IS THE SOFTWARE
COMPATABLE OR UNIQUE?

If the design does not use the
""Motorola” Mikbug® ROM, then the
software and programs that will run
on the system are probably unique to

amMPUTER

Sail 6800 =vsrev

.

SQUT A

that particular brand of computer.
SwTPC uses the standard Motorola
MCM6830L7 ROM. This provides
automatic loading and an operating
system that is compatable with other
systems using the standard widely
sold Motorola evaluation set. As an
owner of our 6800 computer system,
you are eligible for membership in
the Motorola Users Group. If you
join you have access to a library of
programs that will run on your sys-
tem. Editor and assembler programs
are available directly from SwTPC.

CAN THE SYSTEM BE EXPANDED
AT A REASONABLE COST?

Some of the limited systems be-
ing offered at lower prices can be
expanded only with difficuity. Check
the amount of memory that can be
added and at what cost. How many
additional interfaces can be added, if
any. How much of the above can be
run off of the power supply provided
with the system? The SwTPC 6800
can be expanded up to 16K words of
memory in the standard cabinet and
with the power supply provided. |t
may also be expanded up to eight
interface (1/0) boards for external
devices by simply plugging in the
cards. Memory is $125.00 for each
4,096 words of expansion and inter-

E
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face cards are only $35.00 for serial
or parallel types.

Memory expansion will be essen-
tial if you ever intend to use a resi-
dent assembler, or higher level lan-
guages such as APL or BASIC on
your system. Assembler programs
typically require a minimum of 4,096
words of memory and higher level
languages require even more.

HOW DO YOU ENTER
AND READ DATA?

Let’s hope it is by way of a TTY,
or video terminal. No one with a
serious computer application would
consider attempting to enter data
from a switch and status light con-
sole. These may be educational, but
they sure aren’t practical. Calculator
keypads and digital readouts are not
much better. There is no substitute
for a full alphanumeric keyboard and
terminal system display for serious
work.

Mikbug® s a registered trademark of
Motorola Inc.

Sl 6300

Computer System
with serial interface and 2,048 Words
ofmemory ............. $450.00

Oor BAC

[J Enclosed is $450 for my SwTPC Computer Kit
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Southwest Technical Product§ Corp., Box 32040, San Antonio, Texas 78284
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OLID-STATE devices are notori-
ously heat sensitive. They tend to
self-destruct if certain operating
temperatures are exceeded for even a
short time. Hence, keeping tabs on
component temperatures can often be
critical. The only way to distinguish
accurately between a power transistor
operating at arelatively cool 90° C and
one ready todestructat 120°Ciswitha
fast-acting thermometer. The elec-
tronic thermometer described here,
which you can build for about $15
worth of parts, fills the bill nicely.
The thermometer is useful for a
number of different temperature-
measuring applications. Aside from
keeping tabs on component tempera-
tures, it will measure the thermal resis-
tance of a heat sink and tell you how
well thermal grease improves the heat
transfer from a component to the sink.
Furthermore, it can tell you if the
movement of the air inside the chassis
of an expensive projectyou justbuiltis
sufficient to maintain the temperature
below the recommended 70° C com-
mercial limit.
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BY WILLIAM A. RUSSO

As designed, the electronic ther-
mometer can measure the tempera-
tures of noncorrosive liquids and
gases as well as the surface tempera-
tures of solids. It has an approximate
measurement range of 20°C to 110°C
(in two switch-selectable ranges) and
an accuracy of roughly £5° C. The
temperature probe has a low thermal
mass to assure virtually instantaneous
metering indication. Finally, the pro-
ject is battery powered for both bench
and field use and to eliminate the
danger of electric shocks.

About the Circuit. The schematic
diagram of the thermometer is shown
in Fig. 1. It consists essentially of a
resistor (thermistor) connected in
series with a meter movement (M7)
across battery B7. As the resistance
of the thermistor, RT, varies with
changes in temperature, the current
through the meter varies in step with
it, changing pointer deflection. With
the thermistor specified, as tempera-
ture increases, RT’s resistance de-
creases and more current goes

BUILD A LOW-COST

TEVMIPERATURE NMETER

Identifies hot spots in your electronic equipment.

-
——WW—e _——
S| R4 s3
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SET 3 s2
SET® ]
R2 3
+ 5000 3<+—=8
Bl CAL 3 HI RT

Fig. 1. Probe RT senses temperature.

PARTS LIST

Bl—1.5-volt D cell

M1—0-to-50-uA dc meter movement
(Radio Shack No. 22-051 or similar)

R1—500-ohm linear-taper potentiometer

R2—500-ohm trimmer potentiometer

RT—Thermistor (50,000 ohms at room
temperature)

S1—Spst switch (part of R1)

S2—Spdt switch (center off)

S3—Normally open spst pushbutton
switch

Misc.—Suitable box (614" X 33" X 2")
with cover; battery holder; cable for
probe; terminal strips; control knob;
mounting hardware; heat-shrinkable
tubing; hookup wire; solder; etc.

Note: The thermistor is available from
Delta Electronics, P.O. Box 1, Lynn,
MA 01903 as part No. B5160 for 50c
each. Minimum order is $5.00. Also, a
comglete insulated probe assembly with
5’ of cable is available for $3.75 (post-
paid USA) from William A. Russo, 5
Main St., Acton, MA 01720.

POPULAR ELECTRONICS




TRANSISTORS AND HEAT

High junction temperature is the
main culpritin the premature failure
of semiconductor diodes and tran-
sistors. Since the semiconductor
case is sealed, the actual junction
temperature cannot be measured
directly, but you can measure the
case temperature T.. This can then
be related to junction temperature
T, using the formula

Ty = T¢ = PpBye

where P is the power dissipated in
watts and 6, is the junction-to-case
thermal resistance in degrees
C/watt. The former is roughly equal
to I x Vi (dc or the rms ac values)
for a transistor. You can find 0,
listed on manufacturers’ data
sheets either explicitly orin the form
of a dissipation derating curve such
as that shownin Fig. 3(whichisfora
2N3789). In the curve, 6, is equal to
the magnitude of the curve's slope
from the knee (at 25 degrees C here)
to the point at which P+ = 0 (200
degrees here.) Thus 6, = 175 de-
grees + 150 watts = 1.17 degrees/
watt. Another way to present this
data is in words. The 2N3789 data
sheet, for example, says: ''Continu-
ous device dissipation at or below
25 degrees C case temperature =
150 W; derate linearly to 200 de-
grees C case temperature at the rate
of 0.855 W/deg.” The figure *0.855
W/deg” is the reciprocal of ;.

Do not confuse 8, with 8,,. The
latter is the junction-to-ambient
thermal resistance and is always
much lower than 8,.. It is useful for
calculating T, when no heat sink is
used:

T, — Ta = Py8y,
When a heat sink is used, the

above formula applies with 8,, re-
placed by 6, + B(_ys + 8,;5_, Where
the last two terms characterize heat
sink performance and are specified
by heat sink makers. These heat sink
parameters, however, are very de-
pendent on heat sink orientation
and air flow, and the most useful
data in any particular usage can
best be obtained from direct tem-
perature measurement.

Suppose you are using a 2N3789
in a voltage regulator circuit with
Vg = 8 volts rms, with | = 5 amps.
The metal front panel of your case is
doubling as a heat sink. Is it
adequate? To find out, first estab-
lish thermal equilibrium at full load
current and measure T,. If equilib-
rium can't be reached (the tempera-
ture just keeps rising) the heat sink
is too small. Assume we measure T
= 100 degrees and T, = 25 degrees
at equilibrium. Calculate Py = 8V x
5A = 40 watts. Referring to the
curve, Py (max) at 100 degrees case
temperature is around 85 watts,
more than double the power we're
using, so we know the heat sink is
OK. it is easy to find 6, too:

B¢a = (T¢ — TA)/Py = (100 — 25)/40 =
1.875°C/W

which can be filed for future refer-

ence and used for finding T in

projects using the same heat sink.

In this example, we assumed a T,
of 25 degrees C on both sides of the
heat sink, but this is not always the
case. The temperature on one side
may be much higher due to compo-
nent heating inside the cabinet. This
will be reflected in a higher T,.

For maximum reliability, transis-
tor and rectifier case temperatures
should notexceed 100 degrees C for
silicon devices and 75degrees C for
germanium units.

through M7 to produce an up-scale
pointer deflection.

Potentiometer A7 is used during ini-
tial setup to compensate for variations
in battery voltage due to aging and
power consumption. Potentiometer
R2 is used to set the proper scale fac-
tor for the Hi temperature range.
Switch S3 and resistor A4 substitute
for AT (S2 in SET position) when ad-
justing R71. Long life can be expected
from B1 because the drain is on the
order of only 6 mA or less.
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Construction. With the exception of
the thermistor, the entire circuit can
be quickly point-to-point wired inside
a small box. Access to trimmer poten-
tiometerR2 is required only during ini-
tial setup. Switched potentiometer
R1/S1, switches S2 and $3, and meter
M1 mount on one wall of the box.
Exercise care when preparing the
probe assembly because excessive
soldering heat or mechanical stresses
on the thermistor can permanently
damage it. Atthe thermistor end of a 6’

{about 2 meters) tength of thin, flexible
two-conductor cable (such as the type
used for intercoms), slit and remove
about a 2" (5-cm) length of the cable’s
plastic jacket. Save the removed
piece. Next, cut off 1 (2.5 cm) of one of
the cable’s wires and strip 1” of insula-
tion from the longer wire and 2" (1.27
cm) from the shorter wire.

If you examine the body of the ther-
mistor, you will note that the end con-
taining the thermistor is sealed with a
metal cap and the other end looks like
the point of a ballpoint pen. It is to this
latter end that the cable leads will be
soldered. Use a sharp knife to care-
fully scrape the solder coating around
the tip. Then use the knife to clean a
shiny band about ¥4” (6.4 cm) wide and
about ¥s" down from the tip on the
main shank (nearthe indented bands).

Wrap the stripped end of the cable’s
longer wire around the cleaned band
on the shank and the shorter wire
around the tip of the thermistor. Do
not twist the probe tip! Bend the cable
to thedesired cable/probe angle. Now,

_using a cleaned, hot, tinned, low-

wattage solderingiron and fine solder,
quickly but carefully solder the cables
to the probe.

To give it more mechanical
strength, wrap around the probe’s
soldered joints the piece of reserved
plastic jacket. Slip a 2" long length of
heat-shrinkable insulation over the
assembly and shrink it into place.

At the free end of the cable, prepare
the ends of both conductors and soi-
der them to the appropriate points in
the circuit. The cable can enter the
box through a small hole lined with a
rubber grommet.

Fig. 2. Use this scale with the
meter specified in Parts List
to obtain an accuracy within 5°C.

Setup and Use. With an ohmmeter,
you should measure about 50,000
ohms across the circuit ends of the
probe cable. (The measurement will
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be slightly lower if the probe has just
been handled.) An ohmmeter reading
that differs sharply from this may
mean that the thermistor has been
permanently damaged during assem-
bly. Ifthe reading is infinity, don’t jump
to the immediate conclusion that the
thermistor is at fault, however. First
check the cable and soldered connec-
tions at both ends to determine if the
circuit is complete. On the other hand,
if the thermistor yields a low-
resistance reading at all times, it must
be replaced.

Install B7 in its holder. Place S2 in
the LO position and rotate R7 until S7
closes. Adjust R7 until the meter's
pointer deflects about half way up-
scale. If the meter operates erratically,
dirty or poorly adjusted battery holder
contacts are usually the blame. Rectify
the problem before proceeding by
cleaning and/or bending inward the
battery contacts.

Temporarily connect a 2000-ohm,
5% tolerance resistor (or any resistor
whose value is between 1900 and 2000
ohms) across the thermistor cable. Set
S2 to HI and adjust R2 for full-scale
pointer deflection. Set S2 to s, de-
pressand holddown 83, and adjustR1
for a full-scale meter pointer deflec-
tion. Release S3. (Repeat the adjust-
ment of A7 and R2 until there is negli-
gible error in either the Hi or SET posi-
tions of S2.) Remove the 2000-ohm
resistor from across the cable.
Trimmer pot R2 is now properly ad-
justed and should not have to be dis-
turbed again.

From this point on, before each use,
switch S2 to seT, depress S3, and ad-
just R1 for a full-scale meter deflec-
tion.

For initial calibration, set S2 to Lo.
Insert a mercury thermometer whose
accuracy is known and about 2" of the
probe tip into a container of cold wa-
ter. Once the mercury thermometer
has stabilized, you can make a table of
°C versus meter scale indications.
Calibrate the Lo scale from 20° C to 60°
C and the Hi scale from 60°C to 110°C
in 5% intervals, setting S2 to the proper
range as necessary. If you prefer, you
can use the scale shown in Fig. 2 with
the meter specified in the Parts List to
obtain an accuracy within 5° C of the
reading indicated by the meter's
pointer.

To use, first adjust R?7 as de-
scribed above. Then, after selecting
the high or low meter range, touch the
probe tip to the component whose
temperature is to be measured. Allow

a few seconds for the probe tip to
come up to temperature. Then read
the temperature directly off the meter.
For added accuracy, coat the tip of the
probe with heat-sink grease to prom-
ote heat conduction. Do not attempt
to measure temperatures greater than
150° C or you will destroy the thermis-
tor. Note also that you must wait afew
seconds when measuring air tempera-
tures for equilibrium to be reached.

For liquid temperature measure-
ments, immerse about %" of the
probe’s tip in the liquid. The meter's
response will be almost instantaneous
because of the high-efficiency heat-
transfer characteristics of a liquid
medium.

When probing around in an elec-
tronic circuit, keep in mind that the
probe’s tip is metal and must be han-
dled in the same manner as you would
handle any other probe. With a little
experience, you will develop a “feel”
for the correct operating tempera-
tures of various components, which
you can mark on schematic diagrams
for future reference. (See Fig. 3 for
typical transistor case temperature
versus device's continuous power
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Fig. 3. Temperature vs power
dissipation for 2N3789 transistor.

dissipation.) As a starter, many silicon
devices (not thyristors) frequently are
operated at temperatures in excess of
100° C, as are many power resistors.
For best results, germanium and sili-
con thyristors should be operated at
temperatures below 100° C. In well-
designed circuits, passive compo-
nents and IC’s should be operated so
that they generate maximum tempera-
tures of about 70° C.

When transporting the electronic
thermometer,itisagoodideatosetS2
to HI to damp the meter movement and
prevent pointer damage. @®
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