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Experience is the best teacher. You
might settle for any CB first time around.
Understandably. A lot of people think
they're all pretty much alike. But you'll
soon discover that, like everything else,
there are exceptions

Ask the pros. America’s long distance
truckers These guys talk CB day in and
day out. And they demand the best.
That's why truckers refer to the Cobra
29 as "The Diesel Mobile”

Listen to Cobra. You'll hear a big
difference. Because the Cobra 29 gives
you features which assure crystal clear
reception. Like switchable noise limiting
and blanking, to cut out practically all
pulse and ignition interference. Add
squelch control and RF gain and you've
got exceptional —adjustable —receiver
clarity Even in the heaviest CB traffic.
You also get Delta Tuning which makes
up for the other guy, because even off-
frequency transmitters are pulled in.
Perfectly.

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

29's over-sized illuminated meter tells
you just how much power you're punch-
ing out and pulling in. For voice modula-
tion the DynaMike delivers at 100%.
Same way with power: The 29 transmits
at maximum power levels.

Sooner or later you'll get a Cobra.
And you'll get engineering and crafts-
manship second to none. Performance
that will make your first CB seem
obsolete. Reliability and durability that
have set standards for the industry.
Above all, you'll get power The power
to punch through loud and clear like
nothing else. Because when it comes to
CB radio, nothing punches through loud

and clear like a Cobra.gj
( obra

Punches through loud and clear.

Cobra Communications Products

DYNASCAN CORPOPRPATION
6460 W. Cortland St., Chicago, llinois 60635

IF YOUR FIRST CB ISN'T ACOBRA
YOUR SECOND ONE WILL BE.
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If you thought a rugged,

professional et

computer didn't exist,

think
IMSAI
S8080.

Sure there are other commercial,
high-quality computers that can
perform like the 8080. But their
prices are 5 times as high. There is
a rugged, reliable, industrial com-
puter, with high commercial-type
performance. The IMSAI 8080.
Fully assembled, it's S931.
Unassembled, it's $599. And ours

is available now.
In our case, you can tell

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

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

The IMSALI 8080 power
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supply produces a true 28 amp
current, enough to power a full
system.

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

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

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

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

Dealer inquiries invited.

IMSA]

IM5 Associates, Inc.
14860 Wicks Boulevard
San Leandro, CA 94577
(415) 483-2093
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You've got four hundred
miles of dotted white line
stretched out in front of you.
And a couple of dozen tons
riding in back.

at’s why you keep the
automnatic CBsitting at your
side. No hassle, no gadget
controls, just the crisp, clean
Johnson sound all day long.
Automatically.

Johnson’s exclusive voice
tailored circuitry automati-
cally drops off unwanted fre-
quencies to give you clear

reception. Our automatic
noise limiter keeps reception
clean and built-in gzin
control prevents “blasting”
and “fading.”

Johnson’s unique elec-
tronic speech compression
automatically selects and
compresses the clearest
voice frequencies to produce

uniform, high-level modula-
tion and maximum transmit
range. All automatically.
When you hit the road,
go with Johnson CB. We
back every Johnson with a
full year parts and labor
warranty and walk-in ser-
vice at more than 850 loca-
tions. See a Johnson CB
cealer and take off on the
great American adventure.

JOHNSON

E F JOHNSON COMPANY. WASECA. MINN, 55093

IrCanada A C. Simmonds & Sons. Ltd

JOHNSON CB. THE GREAT AMERICAN ADVENTURE:
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Editorial

MAJORITY RULES—THE BITTER PILL

The attitudes of hams toward CB’ers have been changing. Many radio
amateurs, for example, have also become CB’ers, recognizing the value of
a two-way radio communication system that can be widely used on all
highways throughout the country at most any hour. Conversely, there are
CB'ers who, *'tasting’’ two-way radio, have become radio amateurs in order
to enjoy the benefits of long-distance communications, video
transmissions, etc., as well as the technical camaraderie that exists in
hamdom.

However, there exists a hard-core minority of hams who begrudge the
easy manner in which citizens can get on the air. This attitude was
underlined by letters | received from some hams in response to the
favorable viewpoint expressed by our CB columnist toward ‘Class E” CB
allocations. In an effort to defend retention of a small slice of the radio
spectrum for hams—and | do not denigrate this view—uvirtually all the
writers focused on one point: The use of the radio spectrum is a privilege
that must be earned!

Well, these radio amateurs are spitting into the wind. According to this
philosophy, taxicab drivers shouldn’t be using two-way radios. Neither
should boating enthusiasts. Obviously, personal communications via radio
without requiring any technical know-how or passing of an examination is
here to stay. So these hams shouldn't rest on this argument. There are
certainly enough more cogent reasons that can be used in defense of
retaining the present 220-MHz spectrum allocation.

It's doubtful, though, if these arguments will be sufficient to withstand
the assaults of a majority group, judging by the way high-quality TV fare is
excised owing to relatively low viewer numbers. In any event, this
judgement is in the hands of the FCC, which must also consider many
other factors.

Hams are an elitist group by any definition. And like elitist groups
everywhere, don't look kindly upon “‘out groups'' that infringe on their
territory. By maintaining high standards, however, their potential
numbers—and "‘political” punch—are limited. Even today, most hams
would prefer to maintain a Morse Code test, based on a 1975 ARRL study
among its 100,000 members.

Moreover, proselytizing efforts over the years have been pathetically
meager. This extends to top management of amateur radio equipment
companies. As evidence, we get very little in the way of press releases on
new equipment from these companies. Unlike CB manufacturers, they
seem to be content to feed upon themselves by reaching people who are
already hams. And that's why the great ham-gear names such as
Hallicrafters and Hammarlund, among others, have gone the way of the
famous great Auk.

There are some faint signs of regeneration for amateur radio in the
matter of expanding their numbers. The American Radio Relay League was
represented by an exhibit booth at last year’s “‘Personal Communications”
CB show, hoping to pick up some CB’ers. And the ARRL's new “Tune in
the World with Ham Radio,”” with a workbook, cassette tape and call-area
wall map for $7.00, is a nice package for beginners

My 12-year-old, in fact, is using the above in his quest for a Novice
license. I'd like him to become a ham because it is an accomplishment he
can be proud of; and it can open the door to a life-long, fruitful hobby. In
view of these opportunities for personal growth, I, for one, would look
upon the weakening of amateur radio as a tremendous loss. We must
make sure there is always room for the good things in life and not
subjugate minority groups to the point of extinction.

// : POPULAR ELECTRONICS



AT NIGHT

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

SELF-CONTAINED LIGHT SOURCE

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

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

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

Replace the battery yourself by just opening

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

A WORRY-FREE WATCH

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

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

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

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

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

=3
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warranty. Each watch goes through weeks of
aging, testing and quality control before
assembly and final inspection. Service should
never be required. Even the laser-sealed
light source should last more than 25 years
with normal use. But if it shauld require
service anytime during the five year warranty
period, we will pick up your Sensor, at
your door, and send you a loaner watch while
yours is repaired—all at our expense.

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

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

———

PLENTY OF ADVANCED FUNCTIONS

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

Sensor's accuracy is unparalleled. All
solid-state digitals use a guartz crystal. So
does the Sensor. But crystals change freq
uency from aging and shock. And to reset
them, the watch case must be opened and an
airtight seal broken which may affect the
performance. In the Sensor, the crystal is first
aged before it is installed, and secondly,
it is actually cushioned in the case to absorb
tremendous shock. The quartz crystal can
also be adjusted through the battery compart-

The new exclusive laser-sealed tritium and
phosphor light source is a thin solid-state tube
that automatically illuminates the display
when the lights dim.
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Announcing Sensor’s new Laser 220—
the first really new innovation
in digital watch technology.

Laser Beam
Digital Watch

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

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

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

STANDING BEHIND A PRODUCT

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

Wear the Laser 220 for one full month If
you are nnt convinced that it is the most
rugged, precise, dependable and the finest
quality solid-state digital watch in the world,
return it for a prompt and courteous refund.
We're just that proud of it.

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

Stainless stee! w/leather strap . . $129.95
{Add $10 for matching metal band)
Gold tone w/leather strap . . . ... .. $149.95

{Add $10 for matching metal band)

0 NATIONAL
o SALES
GROUP
Dept. PE

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

In 1llinois call . . . . {312} 498-6900
©JS&A Groug, tnc., 1976



The Best /
Way'Io Show/
YouWhat *
You'll Get
Out Of An

Into One.|

—J
Al Empire we
make a complete line

of phono cartridges.
Each one has slightly
different perform-
ance characteristics
which allow you to
choose the cartridge
most Com[i)atible to
your turntable.

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

One is less wear on
your records. Unlike
other magnetic cart-
ridges, Empire’s
moving iron
design allows the $
diamond stylus to ’
float free of its magnets and
coils, imposing much less weight on
our record’s surface and insuring
onger record life.

“Another advantage is the better
channel separation you get with Empire
cartridges. We use a small, hollow 1ron
armature which allows for a tighter fit in
its positioning among the poles. So,
even the most minute movement is
accurately reproduced to give you the
space and depth of the original record-
ing.

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

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

Empire Scientific Corp.

Garden City, New York 11530

Already your system
sounds better.
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Letters

WHERE CREDIT IS DUE

In “Buyer's Guide to Antenna Rotators™
(August 1976), the interesting photograph
that illustrates the corrosive effect on an-
tenna rotators should have been credited
to Channel Master.—Daniel S. Roher, New
York, NY

ANOTHER TIM VIEW

I enjoyed reading Ralph Hodges' com-
ments on the never-ending tubes-versus-
transistors debate in the July ‘'Sterec
Scene.” His sober observations were very
refreshing. However, | must disagree with
his comments regarding transient inter-
modulation distortion (TIM); an amplifier's
ability to "*keep up with the music signal’ is
adequately specified by its frequency re-
sponse (for small signals) and its slew rate
(for large signals). The technical papers
written so far on TIM consist of little more
than a rediscovery of slew-rate limiting and
the consequences of this form of overload-
ing. Many U.S. designers of high-quality
amplifiers have routinely provided more
than adequate slew rates in their products,
which may explain why there is a lack of
excitement over TIM here.

The argument thatan amplifier is without
feedback for a “moment” following the
application of a signal is dubious. This
‘moment” is roughly equal to the excess
phase delay (not to be confused with the
open-loop time constant), which is gener-
ally 150 ns. An audio input signal limited to
a 20,000-Hz bandwidth cannot rise fast
enough in this time to overload an input
stage. Finally, the amount of feedback
used, when properly compensated, has lit-
tle to do with susceptibility to TIM if ade-
quate slew rate is maintained.—Robert R.
Cordell, Tinton Falls, NJ

MIXING APPLES AND ORANGES

I built the “Improved Gas and Fume De-
tector” described in the August issue and
am happy to state that it not only detects
carbon monoxide and carbohydrates, but
that it also detects the fats and proteins
that my car produces. Seriously, though, |
believe that the sentence on page 47 should
read: "The major problem with . . . carbon
monoxide and hydrocarbons.” The last
word should not be “carbohydrates'” as in
the article—Michael J. Di Julio, WB2BWd,
Maplewood, NJ

The author meantto imply the equivalent
of “apples and oranges” to indicate dis-
similarity.

A ROUND OF CHEERS

Three cheers for “DX Programs and DX
Clubs on Shortwave™ in the August issue. |
hope you will continue to cover the
SWL/DX field in the future.—Paul E. Kotke.,
St. Paul, MN

FIREFIGHTER SPEAKS OUT

I enjoyed reading the informative article

Lightning and the Radio Amateur"
(“Amateur Radio,” August 1976) but the
last sentence of the second parag raph was
in poor taste and a disservice to firefigh-
ters. What many people do not realize is
that there are times when walls and wiring
must be cut open to check for the exten-
sion of fire. If we did not do this where
indicated, chances are that a “hidden’ fire
would burn ahome or shack down after we
left.—N. Nicastro, Jr., KMD1175,
WDX2HHS, KNJ2AQ, Spotswood, NJ

The author meant no disservice to the
dedicated force of firefighters. All he was
pointing out was that it's better to protect
against the possibility of lightning-induced
fire than to suffer the damage that can re-
sultwithout taking the proper precautions.

PICO NOT MICRO

There are two errors in “'Learning Elec-
tronic Theory With Hand Calculators, Part
Two." In the center of page 64, the second
sentence in the paragraph that begins:
‘Finally, in a series RC circuit . . ."" the X, in
the next sentence should be changed to Z.
The second errorwas in converting the dis-
played quantity 2.780659563 - 11toconven-
tional capacitance notation: the correct
answer should be 27.8 pF—not
0.0278uF.—Ken Gentile, West Palm Beach.
FL.

TUNING IN PHYSICIANS RADIO

In the May 1976 “Letters”” column, you
turned aside an inquiry about the Physi-
cians Radio Network, stating that it was
confidential and available only to physi-
cians. In New York, dedicated hypochon-
driacs can receive the net on the SCA sub-
carrier of WEVD-FM. But believe me, for
non-pro's it wins the Emmy for the
‘World's Dullest Program."—Edward M.
Roberts, Glen Head, NY

In my area at least, PRN is broadcast as a
standard SCA subcarrier on WIOQ (102.1
MHz). An SCA subcarrier can hardly be
called "confidential."—L.S. Huntsinger,
Audubon, NJ

PROGRAMMABLE CALCULATORS
| was pleased with the article ‘'Here Are
POPULAR ELECTRONICS



SAVE UP TO 50%
ON PARTS.

Hobbyist or professional, there
are probably a lot of circuits you
build just for the fun of it. And a lot
you'd like to build, but never get
around to

One reason is the cost of parts.
Parts you buy for one project, but
can't re-use...because you haven't
time to take them carefully apart.
Or because of heat and mechanical
damage that occur when you do.

Now, there's an easier way that
can save you big money on parts
and hours on every project, as well:
Proto-Board" Solderless
Breadboards.

Now, assembling, testing and
modifying circuits is as easy as
pushing in—or pulling out—a lead
IC's, LED's, transistors, resistors,
capacitors .. .virtually every kind of
component . ..connect and inter-

connect instantly vialong-life, nickel-

silver contacts. No special patch

14-PINDIP SUGG OTHER

NO. OF
MODEL TIE-POINTS CAPACITY LIST * FEATURES
Kit — 10-minute

PB6 630 6  $1595
assembly
Kit— with larger

capacity

8 distribution
buses. higher
capacity

Large capacity.
moderate price

Even farger
capacity: only
2.7¢ per tie-point

Largest capacity:
lowest price
per tie-polnt

Built-in 1%-regu -
lated SV. 1A low-
Tipple power
supply

As above plus
separate 'z-amp
-+15V and — 15V
internatly adjust-
able regulated
outputs

PB-100 760 10 19.95

PB-101 940 10 29.95

PB-102 1240 12 39.95

PB-103 2250 24 59.95

PB-104 3060 32 79.95

PB-203 225D 24 75.00

PB-203A 2250 24 120.00

*Manufacturer s suggesied list )
Prices and speciications subject to change withaut notice

cords or jumpers needed —just
lengths of ordinary #22-30 AWG
solid hookup wire.

Circuits go together as quickly as
you can think them up. And parts
are re-usable, so as your “junk box’
builds, you build more and more
projects for less and less money.

Before you invest in your next
project, investin a CSC breadboard.
See your dealer or order by phone:
203-624-3103 (East Coast) or 415-
421-8872 (West Coast) —major
charge cards accepted. You've got
nothing to lose...and a lot to gain.

CCNTINENTAL SPECIALTIES CORPORATION

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

€ 1976. Continental Specialties Corporation




the New Programmable Calculators' in the
May 1976 issue of POPULAR ELECTRONICS. It
is the first article that | have seen in any
major consumer magazine dedicated to
programmables.—Philip Earnhardt, Bur-
lington, NC

FREE SCHEMATIC WOES

PoPULAR ELECTRONICS has left it entirely
up to project kit suppliers to provide free
schematics and pc etching and drilling
guides [when they're too large for
magazine pages). But the May 1976 Editor-
ial states that it is not unreasonable for a
supplier to drop the free patterns after a
period of time. (The period mentioned was
something over a year.) | agree with him.

However, this means that your major con-
struction articles have a built-in "destruct”
feature.—Andrew Oidroyd, Norman, OK

Our new policy for future articles is to
supply directly any artwork that is too large
to appear in the magazine. We will keep
such artwork on file for a number of years,
thus obviating the problem of project ob-
solescence.

“"MUSIC MODULE™ PARTS SOURCES

The Top Octave Generator integrated
circuit, /IC4, called for in the ‘‘“Music Mod-
ules” (June 1976) is a Mostek device that is
also available from AMI. Suitable sources

r-lllIlIIIIIIIIIIIIIIIIIIIIIII

] O Solid-State Color TV Photo Symptom Guice. 224 p. 16911,  $5.95
[ OlBeginner's Guide to TV Repair. 176 p.. 50l $4.95 TAB BOOKS, Blue Ridge Summit. Pa. 17214
H 0!
O Troubleshooting With the Oual-Trace Scope. 224 p., 25211 $5.95 Please send me books checked anove
B TV Troubieshooter's Handbook—3rd ed. 445 p.. over 300if. $4.95 H
B CColor TV Case Histanes lllusirated. 238 p.. 2191 5595 O lencloses — - send postpald H
@ TV Schemalics: Read Between the Lines. 252 p.. 188 il $5.95 Qa Please lovoice on 10-day FREE trial 2
B OtLogical Cotor TV Troubieshooting. 240 p.. 151 il $5.95 0
B OJTVBench Servicing Techniques. 228p.. 177 il $4.95 Name Fhone ]
B (OModem Radio Repair Techniques. 260 p.. 36l $4.95 Co ]
= CJHow to Interpret TV Wavetorms. 256 p.. 250‘il ggg mpany . =
CIXwik-Fix TV Service Manual. 384 p.. 100's 1. Address
B DAll-in-One TV Alignmen Handbook. 304 p.. 145 1t $5.95 o ]
B 07V Tuner Schematic Servicing Manual. 224 p.. 28711 $6.95 City _____ State Zip =
B 5199 Color TV Troubles & Soiutions. 224 p.. 17811, $4.95 SAVE POSTAGE by remitting with order H
= CIHow fo Use Color TV Test instruments. 256 p.. 23011 $5.95 Foreign add 10 .. Pa_ residents add 6° PE-116 H
L LD O L DL L LT T L P LTI L L I TR ) ANNSEEENREREREEA AN ES
8 CIRCLE ND. 27 ON FREE INFORMATION CARD

Checklist of Books for the Libraries
of Technicians, Hobbyists & Students

JUST PUBLISHED

RADIO & TV SERVICIHG
CiColor TV Trouble Factbk—Problems Soluhons 3rd ed. 434 p §5.95

.
]
]
n
= O Transistor Ignilion Systems. 252 p.. 1621l $5.95
B OHow to Repair Home Kitchen Appliances. 294 p_. 205 il $5.95
B OFun Wilh Elecironlcs. 140 p ] $3.95
M OMowto Hear & Speak CBIn a Short-Short. 172 p.. 8510l $3.50
8 (OThe Compiele Handbook of Model Rallroading. 350 p.. 238il. $6.95
B OTalk-Back TV: Two-Way Cable Television. 238 p.. 64 il $5.95
B Clynderstand Use Modern Sig. Generators. 294 p.. 145 $6.95
= CNumbers: Shortcuts & Pastimes. 336 p.. 80 il. $6.95
] 1106 Easy Electr. Projs...Beyond Translstors. 224 p. 136il. 5 95
a Dusing Modern Elecl. Servicing Tesl Eqpl 252 p.. 177l $5.95
B O Mathematics Unraveled-Building Block Approach. 280 p $6.95
B OMaster Tube Substitution Handbook. 322 p. $4.95
W CIModern Gulde to Oigital Logic. 284 p. 222 1) $6.95
8 [ VHF UHF Fire. Police. Ham Scanners. 250 p..114i) $6.95
= CIOP AMP Circuil Design & Applications. 280 p.. 2391 $6.95
[ Master Handbook ol Digital Logic Applicalions. 392 p..2871i1.57.95
B OCET License Handbook 2nd ed. 448 p.. 381 iI. $8.95
= [ The Etectronic Musical Instrument Manual, 210 p..385il $6.95
H CIMicraprocessor Micropragraming Handbook, 294 p.. 1761l $6.95
H O Sourcebook ol Electronic Organ Circuits 168 p.. 101 $4.95
n OIBuild Your Own Working Robo!. 238p. 8311 $5.9
W OCBer's Handybook of Simple Hobby Projects. 168 p 114il.  $3.95
B OFire & Thett Security Systems 2nd ed. 192p._ 114l $5.95
W (JHow to Repalr Home Laundry Appliances 280 p.. 1370 $5.95
= OPiloling Navigation With Ihe Pocket Calculator 392 p..233il.58.95
DO-1T-YOURSELF, AUTOMOTIVE & APPLIANCES
= D(r:lon'\enwner';cui‘dle 1o 'S;;mg ﬁgar?y 196 p.. 1831l s‘g gg
a ustomizing Your Van. p. i
C)The Woodworker's Bible. 434 p. 1151l $5.95
= CMolorcycle Repair Handbook. 392 p.. 260 11, $6.9
m OJThe Complete Handbook ol Locks & Locksmil q 392p $6.95
& DA About Swimming Pools. 182 p. 127 it $3.95
| DStep-By-Step Gulde: Carburelor Tuneup Overhaul. 224 p $4.95
W OJHomeowner's Guide To Solar Heating & Cooling. 196 p $4.95
W ODo-It-Yourseller's Guide: Home PlanningConstr. 238 p $4.95
B (OStep-By-Step Guide to Brake Servicing. 238 p.. 248 i) $4.95
= CIStep-By-Step Guide: Chrysler Sng. Mainl Rpr 256 p.. 19511.55.95
CISubcontract Your House: Bldg Remodelg. 196 p. 63 il $4.95
8 OAuto Erectronics Simpiified. 256 p.. 20211 55.95
CIThe Complete Auto Electric Handbook. 210p. 139 i $5.95
= OConcrete & Masonry 392p.. 213101 1 $5.95
@ [JHome Appliance Clinic: Controls. Timers . WiringRpr. 195p. $4.95
@ Opractical Home Constr. Carpen!}r&’!dhk 448p. 180l $5.95
8  OHowto Repair Diesel Engines. p.. 2371l $5.95
B [Central Heatlng & Air Cond. Repair Guide. 320 p.. 285 il $6.95
W TSmall Appliance Repair Guide—Vol_ 2. 210p.. 119l $4.95
= OElectrical Wiring Lighting For Home Otffce. 204 p. 155il.  $4 95
ClHow to Repair Small Gasolne Engines. 288 p. 124 il $5.95
= CIHow to Repair Home Aulo Air Cond. 208 p..over 100 $4.95
ELECTROMICS TECHNOLOGY/ COMPUTERS/.CALCULATORS
= O Modern Electronics Math, 686 p AZAEI $9.95
W OIMaster Hdbk of 1001 Prac. Electronic.Circ. 602p.. 1250 1. $9.95
W Otmpedance 196 p.. 90 i .95
8 Ointro to Medical Electronics -2nd ed. 320 p.. 126 1) $7.95
W CIComputer Programming Handbook 518 p.. 114 ] $8.95
B [Computer Techniclan's Handbook. 480 p.. over 400 il $8.95
B Owicroelectronics. 266 p.. 228 il. $5.95
B Dgasic Oigital Electronics. 210 p.. 11711 $4.85
= DISwitching Regutators & Power Supplies 252 p., 128 1. 5 $6.9g
O Advanced Ap for Pocket C. 5.304p. 27511 $5.9!
= Ol Tower's International Transistor Selector. 140 p. (7 10 ) $4.95
m  UElectronic Conversions. Symbois & Formulas. 224 p.. 2521t $4.95
W OEMective Troubleshooting With EVM & Scope 238 p..185il. $5.95
B CIGetting the Most Out of Electronic Calculalors. 204 p. 28l $4.95
B OAviation Electronics Handbook. 406 p.. 227 il $8.95
8 OHow fo Test Aimost Everything Electronic. 16D p. . 144 1) $2.95
B C0igital Logic Electronics Handbook. 308 p.. 226 il $6.95
B OModem Applications of Linear ICs. 276 p-. 301101, $9.95
| O10-Minute Test Techniques For PC Servicing. 216 p.. 1141). $4.95
n CElectr. Unraveled—New Commaonsense Approach 228 p $4.95
= OJHow To Tshoot Repalr Electronc Test Eqpt. 252 p.. 143 il $6.95
a Ound ing & Using the Oscill pe.272p.. 1701l $5.95
| Oindustrial Electronics: Principles & Praclice. 416 p., 380 il.  $8.95
m O Oictionary ot Electronics. 420p.. 487 11 $4.95
[ ]
a
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O Home-Call TV Repair Guide. 144 p..20
CIPinpoint TV Troubles In 10 Minutes. 327 p..39410l

CB, COMMUNICATIONS & HAM RADIO
CB Schemalic Servicing Manuals. each 200 p. $5.95 Vol 1 Kris

$5.95

Browning. Hy-gain. J.C. Penney, (Pinlo) Vol. 2 Teaberry.
Unimetrics. Pearce-Simpson. Siltroniz Vol. 3 E. F. Johnson
(Messenger).  SBE-Llnear. Sonar. Royce Vol. 4 Pace

Fanon Couner Dynascan (Cobra|
)2nd Class FCC Encyclopedia. 602 p. . 445 i)
I The Complete Shartwave Listener's Hdbk. 288 p. 101 i
CICB Radio Operator's Guide—2nd ed 256p 13911
ClPictorlal Guide to CB Radio Instalt Repalr. 256 p. 304 if
IPractical CB Radio Troubleshooling & Repair. 238 p.. 108il $595
I The Compiele FM 2-Way Radio Handbook. 294 p. 111 1) $6.95
C)Amateur FM Conversion & Construction Projs. 256 p. 187l $5.95
ClBroadcasl Annc'r. 3rd Class FCC Study Guide 168 p. 1971 $3 95
CJHow To Be A Ham—Including Latesl FCC Rules. 192 p.. 25il1.83.95
ClCommercial FCC License Hantbook. 444 p. 150 it $6.95

I The 2-Meter FM Repealer Circuits Handbook 312 p.. 194il. $6.95

JRTYY Handbook. 320 p.. 230 i) $6.95
CICltizens Band Radio Service Manual. 228 p. 841 $5.95
AMATEUR RADIO STUOY GUIOES: (I Novice $5.95 D) General §7.95
OAdvanc 2 $6.95 O Incentive $4.95

|
ow to Read Electronic Circuil Diagrams. 192 p.. 14011

C121 Simple Transistor Radlos You Can Bulld. 140 . 122 it
C1Basic Electricity & Beginning Electronics. 252 p. 191 it
CORadlo Control for Models. 350 p. 417il
CIMOSFET Circults Guidebook. 196 p. 104 il
OPraglical Circuit Design lor the Expenimenter 196 p. 119 il
CJ111 Digital & Linear IC Projects. 210 p. 275 il

Radlo Astronomy for the Amateur. 252 p.. 96 il.
CIBuild- Il Book ol Mini Test Measuremenl Instr 238 p. 151 il
CIRF & Digital Test Equipment You Can Bulld. 252p.. 217 1
JMinlature Projects For Electronic Hobbylsts 168 p . 7711
JPractical Triac SCR Projects For The Exp, 192p 146 il $4.95
CIRC Modeler's Handbook of Gliders & Sailplanes. 196 p. 80il.54 95
Olintegraled Circults Guidebook. 196 p.. 119 i $5.95
[ Solid-State Circuits Guidebook. 252 p. . 2271l $5.95
CIMode! Sail Power Boating. .by Remote Control. 192 p. 125i1.54 95
OElectronics For Shutterhugs. 204 p. 10911

JPractical Tes! Instrumenls You Can Build. 204 p. 15711
[*How to Buiid Solid-State Audlo Circurts. 320 p.. 190

7.95
$6.95
$5.95
$5.95
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$5.95

[CJRadio-Electronics Hobby Projects. 192 p. 214 il $4 95
[CIHandbook ot IC Circuit Projects. 224 p . 1361 $4.95
(JSolid-State Projects lor the Experimenter. 224 p. 228 il $4.95

(IElectronic Experimenter's Guidebook 182p 86 il $4.95
3125 One-Transistor Projects. 192 p.. 12511
(1104 Easy Projects for Electronic Gadgeteers, 160 p.. 105l
164 Hobby Projects for Home & Car 192 p. 159l
ALTHE. W-F1 & ELECTROWIC MUS:
LElectronic Music Circurt Guidebook, 224 p. 180 il
|Ouestions & Answers About Tape Recording. 264 p. 10211
ClHandbook of Muitichannel Recording. 322 p. 196 i1
ClAuto Stereo Service & Instatiation. 252 p.. 245 1) $5.95
IServicing Cassette & Cartridge Tape Players 294p. 19611 $6.95
JElectronic Music Production. 156 p.. 791l $3.95
CJExperimenting With Electronic Music. 180 p.. 1031 $4.95
ClCassette Tape Recorders. How Work Care Repalr. 204 p $4.95
O Acoustic Technigues tor Home & Studio. 224 p.. 16811 $5.95
JPictorial Guide to Tape Recorder Repairs. 256 p . 320l $4 95
“JHow 1o Repair Musical Insirument Ampliliers. 288 p.. S0 8595
ClJapanese Radio. Record. Tape Player Srvcg. Manual. 228 p. $6.95
I Servicing Electronic Drgans 196 p.. 158 1t $7.95
Ol Tape Recording tor Fun & Protit_ 224 p._over 200 If $5.95
OWE COLOR & B SCHEMS -
Each vol. has complete service dala. parts lisls. full-size
schematics. and all other into needed. Each 8'z . 11 196, 212
pps. Each only $4.95 unless marked. COLOR TV: Adm. Vol. 1 §5.95
Vol. 286.95 GE Vol. 18595 Vol. 28595 Vol 3 $5.95
Jap.Vol. 18595 Vol.2 Vol.3 Vol.4$5.95 Vol §$5.95
Magnavox Vol. 1 Vol. 2 Vol 3 $5.95 Airline $5.95
Motorota Vol. 1 vol. 2 $5.95 Phlico $5.95 RCA Vol. 1
$5.95 Vol. 285.95 Vol.3$5.95 Vol 4$5.95 Vol 58595
Sears $5.95  Serv. Modular Rec'r. Vol. 1$6.95 Vol.2 Syl
Vol. 1$5.95 Vol. 2595 Toshiba$5.95 Zemith vol. 1$5.95
Vol. 2$5.95 Vol. 38595 Vol 45595 B&W TV Adm
$7.95 GE S7.95 Jap. $6.95 Mag. Mot Philca RCA
$7.95 Syl $7.95 Zenith 5

NO RISK.COUPON-MAIL E

$6 95
$5 95
$795

s595 B
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for crystals include Crystek, International
Crystal, and CTS Knight. The optional
Molex connectors are available from Tracy
Design Corp. and Force Electronics: alter-
natively, any standard 0.153" edge connec-
tor can be substituted.—Don Lancaster,

Author

GIANT STEP FOR UN-GENIUSES

At last! An article on 7400 series TTL IC's
that explains the basic logic, with experi-
menter circuits. We, the un-geniuses of the
IC world, took a giant step, thanks to the
June 1976 “Experimenter's Corner.” We
would like to learn more and be shown
more experiments with TTL devices—F.
Arthur Byington, Birmingham, M|

EUROPEAN TV QUALITY

The July 1976 Editorial titled *Who Killed
TV Picture Quality?” struck me as being
rather incomplete in that it made no men-
tion of the SECAM (Sequential Couleur a
Memoire) TV system used in some 20 coun-
tries nor of PAL (Phase Alternation Line)
used in 22 other countries, including all of
Australia. As of the end of 1974, there were
162-million NTSC, 74-million SECAM, and
70-million PAL TV receivers in use
worldwide. Surely, the higher color stabil-
ity of SECAM and PAL should have been
mentioned.

Because of its superior color rendition
and stability, SECAM 60 equipment was
carried by Pioneer X for its color-TV pic-
tures of Jupiter—J. M. Lagerwerff, Palo
Alto, CA

Having been involved with color TV in
England. | endorse your Editorial com-
ments about the very poor quality here in
the U.S. Principally, the English system
uses PAL transmission, which eliminates
the *“Purple Plague." Drift is cancelled by
integration of adjacent lines by the eye.
Thus, flesh tones are always correct and no
need exists to distort the receiver's charac-
teristics, which permits pure deep satu-
rated tones to be displayed. In addition, the
quality of electron optics seems to be much
better. British engineers demand pin-sharp
convergence, even at the corners of the
screen.

I have the Independent Broadcast Au-
thority Technical Reference Book that
gives Codes of Practice for TV studio and
broadcasting standards for Commercial
(note that this is not BBC) television in the
U.K. The standards call for very elaborate
and complete specifications for every
parameter of audio and video performance
and include very detailed rules for asses-
sing and reporting transmission quality. |
doubt such standards exist in the U.S.

It has been my impression that a well-
adjusted receiverinthe U.K. gives a picture
as good as a Technicolor movie. | think
most Americans are completely unaware
that their TV quality is lousy because no-
body has exposed them to what can be
done. —R.J. Best, Miami, FL

POPULAR ELECTRONICS
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Our new Powerhouse receivers
outpower the competition.

Lafayette’s new Powerhouse receivers have the power, the fea-
tures and the performance you want. And the competition only
promises.

Just check our spec chart. We deliver. With no gimmicks or
technical tricks.

Besides incredible specs our new Powerhouse receivers have
some features you've never had on any receiver before. Stop in at
any of the Lafayette stores or dealers coast to coast and hear what
Dolby® FM noise reduction, mike mixing and detent controls can
do to give you clean, distortion-free sound.

Lafayette performance goes far beyond sound. We back you up
with warranties, in-store service and people who can talk stereo in
plain, simple language.
= Our new line of Powerhouse receivers was built with power and
0 backed up with consumer services to outpower the competition.

ARA niiii“ » Now where does the competition stand?

Specifications LR-9090 LR-5555 LR-3030 LR-2020 LR-1515

Power Min. RMS

20-20,000 Hz 90-4-90 554 55 304-30 20420 15157
4 . Total Harmonic
" ~is " ﬂ# Distortion
o = — (Less Than) B.1% 0.5% 0.5% 0.6% 0.7%

Input Sensitivity:
phono/Aux/Mike

Rl P X

mv 2.5/150/6 2.5/150/6 3.5/150/ 4.0/150/ 4.0/150/
Tone Bass/Mid/ Bass/Mid/ Bass/Mid; Bass/Treble Bass/Treble
Treble Treble Treble
Speakars A, B, C A, B C A, B, 4/ch A, B,4/ch A, B, 4/ch
FM Sensitivity 21.0 dBf 21.0 dBf 23.0 dBt 23.0 dBf 25,0 dBf
(Stereo) (1.8 uV)** (1.8 uV)** (2.0 uV)** (2.0 uV)** (2.2 uv)**
Selectivity 80dB 80dB 70dB 70d8B 60dB
Capture Ratio 1.25dB 1.25 dB 1.5 dB 1.5dB 2,0 dB
Price $599.95 $399.95 $299.95 $249.95 $199.95

*@ 40-20,000 Hz  **IHF ('58) Sensitivity (Mono)

Lafayette

There is no competition.

Eor more information and a free catalog please write: Lafayette Radio Electronics, Box 159, 111 Jericho Tpke., Syosset, N.Y, 11791
Copyright 1976 Lafayette Radio Electronics
CIRCLE NO. 47 ON FREE INFORMATIN CARD
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cost-
effective
signal
generators

100kHz-216MHz
5 hand signal generator

B&K-PRECISION
MODEL E200D—$234

® Built-in 100kHz and 1MHz
crystal calibration system

® 96 dB attenuation in 6 steps
® | eads inciuded

sine/square wave
generator |

B&K-PRECISION
MODEL E310B—$158

® Sine: 20Hz—2MHz

® Square: 20Hz—200kHz

® Constant voltage output

® 56 dB attenuation in 6 steps

Both available from your
authorized distributor, or write
for detailed specifications.

o< PRECISION

PRODUCTS OF DYNASCAN

1801 West Belle Plaine Avenue
Chicago, Iflinois 60613 312/525-3990

In Canada: Atlas Electronics, Toronto

CIRCLE ND, 15 ON FREE INFORMATION CARD

New Products

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

ROYCE IN-DASH CB TRANSCEIVER
The Royce 1-614 is a combination in-dash
CB transceiver and AM/stereo FM radio.
featuring a PLL circuit that delivers
23-channel CB operation from two crys-
tals, a dual-conversion CB receiver sec-

i —

tion, AM/FM lighted slide-rule tuning dial
slide-type tone and balance controls, a
local/distantswitch for FM that is also an r-f
gain switch on CB, and an LED that acts as
a stereo indicator on FM and as a transmit
light on CB. Other features include a 134" x
38" S/r-f meter, pushbutton automatic noise
eliminator, variable squelch control. and a
universal trim plate that is said to match the
decor of most cars. Size is 7/W x 6D x 2"H
(17.8x 15.2 x 5.1 cm). $269.95.
CIRCLE NO. B5 ON FREE INFORMATION CARD

AUOIO-TECHNICA HEAOPHONES
The AT-705 electret condenser headphone
from Audio-Technica features perma-
nently polarized diaphragms that need no
external source of power. The headphones
plug into a small adapter that matches im-
pedance circuits and contains a
speaker/headphone switch. The AT-705
has a claimed frequency response of 20 to
20,000 Hz and has open-back ear cups.
$89.95.

CIRCLE NO. 86 ON FREE INFORMATION CARD

MICROCOMPUTER POWER SUPPLY
Parasitic Engineering offers a constant-
voltage power-supply kit for the Altair 8800
computer. Designed to “make the Altair
almost immune to unreliable performance
due to power line fluctuations, ' the power
supply is said to deliver full output of 8 V at
12Aand +16 V at 2 A “"even when the line

voltage is as low as 90 volts."” It is also said
to provide increased isolation from line
noise and over-voltage protection, with an
increase of less than 2% in output when the
line voltage rises to 130 volts. Heart of the
Kit is a ferro-resonant constant-voitage
transformer, which replaces all three of the
standard Altair 8800 power transformers.
$75.00. Address: Parasitic Engineering,
P.O. Box 6413, Albany, CA 94706.

LAFAYETTE SUPER TWEETER

The Lafayette Model RP-1000 ‘‘Criterion
Polymer™ super tweeter can be used with
existing two- and three-way speaker Sys-
tems. The transducer utilizes a flat polymer
diaphragm with an etched voice coil. When
anaudio signal is applied, the diaphragmis
said to be driven equally at all points on its
surface. No polarizing voltage or energizer
is required. It is housed in a brushed
aluminum case with a stand, and can be
used as a freestanding unit or can be
mounted in a speaker enclosure with the
stand removed. Claimed frequency re-
sponse is 4 kHz to 40 kHz, power handling
capacity 30 watts, and impedance 8 ohms.
Measures (exiuding stand) 412" x 412" x
13%” (11.4 11.4 % 3.5 cm), and weighs
1.125 Ib (0.51 kg). $59.95.
CIRCLE NO. 88 ON FREE INFORMATION CARD

LENCO CASSETTE OECK
Made in Switzerland and distributed here
by Uher, Lenco’s first stereo cassette deck
is the C-2003, with direct drive, two caps-
tans, three heads, and Dolby equalization.
All mechanical functions are solenoid-
operated, and logic controls permit chang-
ing from one function to another without
pressing the stop button. An illuminated
panel shows all functions as selected. Au-
tomatic tape selection is provided for
chrome tapes, with manual selection for
three additional types. A tape-motion sen-

sor automatically stops the tape if the cas-
sette jams. Separate record and playback
heads permit off-the-tape monitoring. Fre-
quency response is 30 to 18,000 Hz ~3 dB
without Dolby, S/N is better than 60 dB with
Dolby, and wow & flutter is less than 0.10%.
$695.50.
CIRCLE NO. 89 ON FREE INFORMATION CARD

HICKOK IN-LINE CB TESTER
Hickok's 388 in-line CB tester provides a
7-digit readout of SWR, percent modula-
tion, and frequency. The SWR and percent
modulation functions use the “‘dynamic
ratio technique,” which permits measure-
ments without a calibrate/set adjustment
regardless of power level. The 388 provides
one-step connection of the coax connec-

POPULAR ELECTRONICS



Tired of garbled voices and CB static?

Now, you can hear better with our <C-3035 KIK=T ® mobile
speaker. Better than you believed possible.

Because AFS offers the first acoustically designed voice
communications speaker. And, that means you get sutstanding
intelligibility across the entire voice range.

AFS — the only company with
the "WORKING WALL" ®
speaker enclosure. Cross-laminated
tubular fiberboard deadens channel
noise, eliminates voice distortion
by controlling rebounding sound
waves. Brings the voice through — clean and clear.

Available at CB dealers everywhere

Speakers are our only business. They have to be better!

Muntz Canada Ltd. 1149 Pioneer Road Burlington Ontario, Canada (416) 639-5373

) World Wide Headquarters
- Acoustic Fiber Sound Systems, Inc. 7999 Knue Road, Suite 116 Indianapolis, IN 46250 (317) 842-0620
a s Exclusive Canadian Distributor

‘ All KRIKET® speakers are manufactured in the U.S A, using American materials and craftsmen.

Copyright 1976, Acoustic Fiber Sound Systems, Inc.



Learn to service Communications /CB
equipment at home...with

NRI’S COMPLETE
COMMUNICATIONS COURSE

Learn design, installation and maintenance of ¥ il . B8
commercial, amateur, or CB communications ' ‘
equipment.

The field of communications is bursting out all
over. In Citizens Band alone, class D licenses
grew from 1 to over 2.6 million in 1975, and the
FCC projects about 15 million CB’ers in the U.S.
by 1979. That means a lot of service and
maintenance jobs . . . and NRI can train you at
home to fill one of those openings. NRI's
Complete Communications Course covers all
types of two-way pra—
radio equipment
(including CB),
AM and FM

special instruction so you can go on the air.

The complete course includes 48 lessons, 9
special reference texts, and 10 training kits.
Included are: your own electronics Discovery Lab
Antenna Applications Lab, CMOS Frequency
Counter, and an Optical Transmission System.
You’ll learn at home, progressing at your own
speed, to your FCC license and into the
communications field of your choice.

b

Transmission and Reception,
Television Broadcasting,
Microwave Systems,
Radar Principles,
Marine Electronics,
Mobile Communica-
tions, and Aircraft Electronics.
The course will also qualify you for
a First Class Radio Telephone Commercial FCC
License or you get your tuition back.

Learn on your own 400-channel digitally-
synthesized VHF transceiver. . ; .
You will learn to service all types of communi- NRI now offers a special course in CB‘ Servicing.

’ . q : n You get 37 lessons, 8 reference texts, your own
cation equipment, with the one unit that is CB Transceiver, AC power supply and multi
designed mechamcally.and electronically to train iBtes . lies fantsan lminingt Alsobnella
you for CB, Commercial and Amateur communi- are 14 coaching units to make it easy to get
cations: a digitally-synthesized 400-channel VHF

: : your commercial radio telephone FCC license—
transceiver and AC power supply. This 2-meter enabling you to test, install, and service com-

unit gives you “Power-On’’ training. Then we munications equipment.
help you get your FCC Amateur License with

NEW CB SPECIALIST
COURSE NOW OFFERED

12 POPULAR ELECTRONICS



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
designed-for-
learning 25" diago-
nal solid state color TV and a 4-speaker SQ™
Quadraphonic Audio System. NRI gives you
both TV and Audio servicing for hundreds of
dollars less than the two courses as offered by
another 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
generator, CMOS digital frequency counter, and
NRI electronics Discovery Lab.

" Trademark of CBS Inc.

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

Digital electronics is the career area of the future . . . and the
best way to learn is with NRI's Complete Computer Elec-
tronics 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
exclusive electronics 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. R 1 4

NRI employs no salesmen, pays no commissions. salesman will call. Do it today and get started on
We pass the savings on to you in reduced tuitions that new career.

and extras in the way of professional equipment,
testing instruments, etc. You can pay more, but
you can’t get better training.

APPROVED UNDER Gl BILL

if taken for career purposes Check box on card for details.

NHI NRI SCHOOLS

More than one million students have enrolled

with NRI in 62 years.
Mail the insert card and discover for yourself why
NRI is the recognized leader in home training. No

NOVEMBER 1976

N " McGraw-Hill Continuing:Education Center
r‘ o 3939 Wisconsin Avenue,
IA.ln .Woshington, D.C. 20016

a
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tors between the transmitter and the an-
tenna or dummy load. Frequency mea-
surements are from 1 Hz to 80 MHz, with
resolution to 10 Hz. Size is 8%2"W x 6D x
4"H (21.6 x 15.2 x 10 cm). The 388 with
standard time base has a frequency accu-
racy of 10 ppm, at $349.00. The 388X, with a
temperature-compensated crystal oscil-
lator, frequency accuracy of 1 ppm and
aging of less than 1 ppm per year, is
$475.00.
CIRCLE NO. 91 ON FREE INFORMATION CARD

TANDBERG AM/STEREO FM RECEIVER
Tandberg's TR-2055 AM/stereo FM re-
ceiver, based on the top-of-the-line
TR-2075, offers most of the same features,

including the same FM tuner. The TR-2055
is rated at 55 watts per channel into 8 ohms
at20t0 20,000 Hz with less than 0.15% THD.
Features include tape contour jacks, elec-
tronic tuning with varactor diodes, two
phono inputs, two tape-monitor inputs
with tape copy, two tuning meters, and
diode switching for all sources. $749.00.
CIRCLE NO. 32 ON FREE INFORMATION CARD

Looking for an ultimate
standard of listening?

Many hi-fi enthusiasts bought a
Crown DC-300A power amplifier
because they were impressed

by its performance specs, and
by the quality of its “listening”
performance. It was, for them, the
“ultimate’” amplifier.

Why not do what they did? Com-
pare the specs for the Crown
DC-300A with those of any other
amplifier. Compare the clean,

DC-300A Stereo Amp
155 watts per channel min.
RMS into 8 ohms
(1-20,000 Hz), no more
than .05% total
harmonic distortion.

D-150A Stereo Amp
80 watts per channel min.
RMS into 8 ohms
(1-20,000 Hz), no more
than .05% total
harmonic distortion.

DC-300A

pure DC-300A sound that comes
from low-distortion circuitry and
plenty of headroom. And espe-
cially compare the DC-300A with
its smaller relatives, the Crown
D-150A and D-60. Same clean,
pure sound, less power, but may-
be just what you need.

Use your own judgment. You
could find your ultimate listening
standard in Crown.

D-60 Sterea Amp
32 watts per channel min.
RMS into 8 ohms
(20-20,000 Hz), no more
than .05 % total
harmonic distertion.

PEB
Fast playback coupon Send directly to Crown for fast info on amps.
When listening becomes an art, e
Address

Al

Box 1000, Elkhart IN 46514

crown ::

® ® 66 0 06 06060060 060 00 0 0 000 0 00 00 0 00 00 0 0
16 CIRCLE NO. 19 ON FREE INFORMATION CARD

B&K SEMICONDUCTOR TESTER
The B&K 530 semiconductor tester fea-
tures measurement of transistor cut-off
frequency up to 1500 MHz in three ranges,
with display on a separate meter. It permits
in-circuit testing and lead identification of
diodes, transistors, FET's (including power
types) and SCR's. For out-of-circuit tests,
transistor beta is measured in two ranges
(20-200, 20-600) and Gm of FET's in two
ranges (0.4-12, 4-400 milliohms); accuracy
for both tests is within 10%. Other mea-
surements include f,, gate leakage and l,,.
of FET's, and BV, ., |, .. and PIV of diodes.
LED displays indicate whether the transis-
tor is good and whether itis an npn, pnp, or
n- or p-channel FET. An audible tone aiso
indicates that the transistor is good.
$250.00.
CIRCLE NO. 93 ON FREE INFORMATION CARD

VALOR CB PREAMP
The Valor VRSC-115 is called a "CB Re-
ceive Signal Preamp,” designed to raise
the strength of weak signals, or to at-
tenuate loud ones, to a usable level. it is
compatible with AM and SSB transceivers.
The preamp comes with a bracket for
under-dash mounting. The front panel in-
cludes a gain/attenuate control and indi-
cator lights for power and transmit. Valor
claims that weak signals can be boosted to
+15 dB, and loud ones attenuated to —-20
dB, on all 23 channels. $39.95. Address:
Valor Enterprises, inc., 185 West Hamilton
St.. Dept. 532A, West Milton, Ohio 45383.

PEARCE-SIMPSON MOBILE CB TRANSCEIVER
Pearce-Simpson’s “Tiger Mark 2" mobile
CB AM transceiver features "Hetrolock,"
which uses three crystals for 23-channel
capability. Features include a delta-tune
control called “‘Receiv-O-Siide,” 12-volt
operation with positive or negative ground,
automatic noise limiter, noise blanker
squelch control, tone control, r-f gain con-
trol, S/r-f power meter, transmit indicator
lamp, external speaker jack. $229.95.

CIRCLE NO. 95 ON FREE INFORMATION CARD

DYNACO POWER AMPLIFIER
Rated at 150 watts per channel into 8 ohms,
with less than 0.25% THD, the Dynaco
Stereo 300 power amplifier kit is designed

POPULAR ELECTRONICS



T 6800-SOFTWARE

another type computer system. We

WARNING — It has been determined that reading this ad may be hazardous to your health, if you own

complications if you persist in reading this material.

will not be responsible for ulcers, heartburn, or other

Full floating point math

* 1.0E-99 to 9.99999999E+939 number range
User programs may be saved and loaded
Direct mode provided for most statements

© Copyright 1976 by Southwest Technical Products

kind is quthorized.

4 K BASIC® — 8 K BASIC®

Will run most programs in 8K bytes of memory (4K Version)

or 12K bytes of memory (8K Version)
USER function provided to call machine language programs
String variables and trig functions—8K BASIC only

COMMANDS STATEMENTS FUNCTIONS
LIST REM END ABS T VAL 1 SIN
RUN DIM GOTO* STOP INT tEXT$ tCOS
NEW DATA ON...GOTO* GOSuB* RND tLEN$  t TAN
SAVE READ ON...Gosug* PATCH" SGN 1 LEFT$ tEXP
LOAD RESTORE |IF.. THEN® RETURN CHR tMID$ 1t LOG
PATCH LET* INPUT t DES USER t RIGHTS$ t SQR
FOR PRINT* t PEEK TAB
* Direct mode statements NEXT t POKE
1 8K Version only
MATH OPERATORS RELATIONAL OPERATORS Your
(unary) Negate =  Equal BANKAMERICARD
Multiplication (> Not Equal wusloome few
/ Division ( Less Than
+ Addition > Greater Than
— Subtraction {= Less Than or Equal
t 4 Exponent >= Greater Than or Equal

Corp. 4K and 8K BASIC Version 1.0 program material

and manual may be copied for personal use only. No duplication or modification for commercial use of any

: ﬁlmﬁfﬁﬂfmuu b

e |

DMpu‘rEﬂ

g 6800 4%

You guys are out of your minds, but who am | to complain. Send —

(O 4K BASIC CASSETTE $4.95 [J MP-68 Computer

(O 8k BASIC CASSETTE $9.95 Kit $395.00
NAME
ADDRESS
CITY STATE ZIP

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

NOVEMBER 1976
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THE STORM ALARM.

IT WARNS YOU ABOUT STORMS THE WAY
_A SMOKE ALARM WARNS YOU ABOUT FIRES.

F ™ dowad

It sounds an alarm.
))))) A built-in alarm that’s set off any time —night or day—when
; severe weather threatens. _
- The alarm is triggered by a signal from your local National
Weather Service transmitter.
Y After it sounds, a complete report on the danger and
survival instructions come on.
When conditions are normal, the Storm Alarm picks up the
weather station’s continuous, up-to-the-minute forecasts.
Unlike ordinary weather radios, which the user must monitor, the
Storm Alarm continually monitors itself. The alarm sounds full blast
- whether or not you have the volume turned up and are

N

X

i)

»11

X

X

X

e BED even when sleeping,
Crystal-controlled and switch-selectable.
Superior reception from as far out as 40-50
miles. Works on AC. Built-in back-up battery g
feature. 25" telescoping antenna.
2Y4" speaker. Unit only 3" x 5” x 1%4".
With all these features, it's no
wonder a leading electronics ‘
magazine called the Storm Alarm a “sensitive weather receiver, and for
a relatiely low price (under $40) an excellent disaster alarm.”
The increase in U.S. weather emergencies has led to the
development of this unit. ., Today, tornadoes, hurricanes,
severe thunderstorms and marine
emergencies are a constant threat
to life and property.
For afree “Tornado Tips”
A\ booklet and the name of your
A nearest dealer, write us at
637 S. Dearborn,
Chicago, Ill. 60605.
Get the Storm Alarm.
 It’s a foul and fair
ther friend.

MALARM

FROM WEATHERALERT

© 1976 by Weatheralert™, Chicago, [l. 60605
18 CIRCLE NO. 77 ON FREE INFORMATION CARD

for'easy rewiring into a 4-channel unit at 75
watts per channel. Except for output
stages. all audio circuits are on two
factory-wired, pre-tested circuit boards.
The circuit is completely coupled (except
the input) with full complementary-
symmetry output and features thermally
tracking bias. Amplifier and speaker are
protected by volt-amp limiting, eight B+
fuses, four speaker fuses. and two thermal
breakers, plus the ac line fuse. Behind the
black panel, provision is made for either
two or four optional rear-lighted output
meters. It measures 18%"W x 14%"D
7%"H (46 x 36.5 x 18.7 cm). $489, kit form
$699.00. assembled
CIRCLE NO. 96 ON'FREE INFORMATION CARD

CHANNEL MASTER CB ANTENNA
Channel Master's "“Power Wing" mobile
CB antenna “will not bend at any speed,
according to the manufacturer, and is said

to provide higher average current and
greater radiating efficiency than induc-
tively loaded CB antennas. From base to
wing, the antenna measures 16" high, plus
an 8" telescoping stub for fine tuning.
$39.95.

CIRCLE NO. 37 ON FREE INFORMATION CARD

MARANTZ STEREO PREAMPLIFIER
The Marantz 3800 combines a stereo
preamplifier with a control console and a
Dolby noise-reduction system. Distortion is
rated at no more than 0.02% THD and
0.01% IMD; frequency response is "essen-
tially flat” from 20 Hz to 20 kHz. The
dynamic range is greater than 110 dB (high
level). Tone controls include detented

straight-line bass, midrange and treble
controls for both channels. Features two
tape monitoring jacks and an EQ switch
that permits equalizing tape-input signals
with the tone controls while recording.

$599.95.
CIRCLE NO. 98 ON FREE INFORMATION CARD
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OnlyTechnics gives you
the world's most precise drive system
all these ways.

Technics direct drive. Radia stations use it. Discos abuse it. And now you can get it in virtually any kind of
turntable you want. Because Technics puts.direct drive into more kinds of turn-ables than anyone else.
" You'll find it in three manuals that startat under $200* with the SL-1500.
Or for a little more money yau can get a lot more convenience with our
newest turntable, the semi-automatic SL-1400. The world’s first turntable
with a one-chip 321 element IC. That gets the platter to exact speed in only
1/3 of a revolution. There is also the fully automatic single disc SL-1300. 3
And the world’s first direct-crive changer, the SL-1350.

Sl-1200F

S1-1100A

But there’s a lot more to Technics disect drive than just more kinds of tu-n-
tablzs. There’s also more precision, better performarce
L~ and grealer reliahility.

' Because in ourdirect-drive system the platter is
an extension of the motor shaft. That means there 7
aren’t any belts, gears or idlers to produce variations  51-1350 [ e, N
Direct Drive in speed. And that means all our turntables have less ) ¥
System than 0.03% wow and flutter (WRMS), (0.04% for .. .
the 5L-1350). i . i .

You'll also find an electronically contrclled DC motor that spins at
exactly 335 or 45 RPM. Regardless of fluctuations in AC line voltage or
frequency. What’s more, un ike high-speed, rumble-producing
motors, our motor introduces so little vibsationinto the system
that any rumble remains inaudible (—70 dB DIN B).

And it doesn’t matter which Technics turntable you choose.
Because they all have the exiras you need. Like variable pitch
controls. A built-in stroboscope. Viscous-damped cueing.
Feedback-insulated legs. Aswell as a dustcover and
integral base.

So if you want a turntakle gaod enough for
professionals, get the turntaoles radio stations use
and discos abuse. Technics directdrive.

*Suggested retail price.

Technics

byPanasonic

CIRCLE KO, 71 OP FREE INFORMATION CARD
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New Literature

CIRCUIT DESIGN CATALOG

E&L Instruments offers a new, 26-page
catalog of electronic circuit design aids.
The illustrated publication, describing over
180 products for experimentation with op-

erational amplifiers, integrated circuit
logic and microprocessors, includes sol-
derless breadboarding sockets, tools,
component kits and a selection of instruc-
tion manuals. Address: E&L Instruments,
Inc., 61 First St., Derby, CN 06418.

CB ANTENNA CATALOG

A new 24-page catalog from Avanti illus-
trates its line of Citizens Band antennas.
Described are seven base-station anten-
nas, including the Moonraker; stacking
kits; mobile antennas and accessories;
marine antennas and accessories;
monitors; switch boxes; and TV filters. All
antennas are illustrated and complete

Eamey

@
THE ANTI-THEFT CB ANTENNA lﬂL’I(

PROTECT YOUR ANTENNA
)
tenna=loc it

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

and an electro-polished,
stainless steel replacement
cup.where needed, for easy,
- quick installation. At $11.95
(approx), it's a steal!
Get one today.
m Choice of
o W models, to fit
- most trunk
mount an-
tennas.
~ m Installs quickly, easily:
seps your antenna secure.
'hrome plated, 5-tumbler,
rroslon proof key lock.
ii Exclusive, turn-proof,
*U-bolt with lock-in stud.
- m Made in US.A,;
patent pending.

See Your Dealer!

By

CIRCLE NO. 75 ON FREE INFORMATION CARO
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specifications are provided. Also, a discus-
sion of the variable conditions that affect
antenna performance and a description of
Avanti's co-inductive principle. Address:
Avanti Research & Development, Inc., 340
Stewart Ave,, Addison, IL 60101.

BUZZ WORD BOOKLET

An expanded edition of “Sherry’'s Guide to
Data Communication Buzz Words'' is
available from ICC. The updated, 24-page,
pocket-sized booklet first published in
1972 is designed to aid the newcomer to
the data communication field. Included are
definitions and terms relating to terminals
and the EDP field. Address: Public Rela-
tions Dept., International Communications
Corp., 8600 NW 41st St., Miami, FL 33166.

ABOUT QUADRAPHONY

‘Spatial High Fidelity Through SQ Quad-
raphonic Recording and Broadcasting,”
by CBS, is a 22-page, illustrated booklet,
that answers questions most often asked
by hi-fi listeners about quadraphonic
broadcasting, recording and home listen-
ing. Included are sections on encoding, re-
cording, decoding and logic systems used
to produce ambient and surround sound; a
technical summary of stereo-to-quad
synthesis; a simple conversion of a home
stereo to a quadraphonic system; and an
explanation of the SQ quadraphonic
system’s compatibility with existing stereo
and mono broadcasting and playing
equipment. Send a stamped, self-
addressed envelope (approx. 8%2" x 4") to
Information Services Dept., CBS Technol-
ogy Center, 227 High Ridge Rd., Stamford,
CN 06905.

ELECTRONICS SYMBOLS HANDBOOK

The Cleveland Institute of Electronics has
available a new 22-page, pocket-sized ref-
erence titled “Electronics Symbols Hand-
book.” Listed alphabetically and divided
into 19 categories, are more than five
hundred of the most frequently used sym-
bols representing electronics compo-
nents. Also featured is an electronics data
guide, including conversion factors and
constants, Ohm's Law formulas, resonant
frequency, impedance, a decimal table and
a color-code chart. Price, 50 cents. Ad-
dress: Cleveland Institute of Electronics,
Inc., Dept. J-103H, 1776 East 17th St.
Cleveland, OH 44114,

CIRCUIT DESIGN RELIABILITY

‘Circuit Reliability is not Semiconductor
Reliability" is the title of “Tech Tips 3-4,
offered by Westinghouse. Using equations
and charts, the 3-page pamphlet illustrates
that total circuit reliability is the product of
the individual reliabilities of each compo-
nent, and explains how to achieve this in
circuit design. Address: Semiconductor
Div., Westinghouse Electric Corp.. Young-
wood, PA 15697.

POPULAR ELECTRONICS



TC-8COGL

Form follows function.

At Yamaha, it’s been that way since 1887, when we began
making music by making the finest musical instruments ir
the world.

Today, the same advanced technology found in our musical
instruments has made Yamaha a leader 1n state-of-the-art
audio components.

For example, we engineered our innovative Orthodynamic
HP-1 and HP-2 stereo headphones to give both the smooth, crisp
highs of the best electrostatic headphones and the rich, clean bass
of the best dynamic types at a surprisingly low price.

But it wasn’t enough to make them the best sounding head-
%hones ever heard. We consulted world-famous designer Mario

ellini to help us make them the most comfortable headphones
ever wom. Because we knew if they were uncomfortable, you
wouldn’t put up with them.

That's why a soft strap distributes the featherlight weight of
the HP-1 and HP-2 evenly over your head. Special foam ear pads
form a supple, compliant seal. Height and angle are completely
adjustable to your head.

Yamaha musical technology is also highlighted in our
superlative TC-800GL and TC-800D stereo cassette decks,
offering cassette convenience with performance rivaling that of
some of the finest open reel decks.

To satisfy the most sophisticated recordist, both the
TC-800GL and TC-800D offer incredibly low 0.06% wow-and-
flutter, Dolby* Noise Reduction, and Variable Pitch Control.
(The TC-800GL can even be used for remote recording.) But, if

you don't like to do a lot of fiddling around, both models offer
automatic convenience features like Auto Timer Start, Auto Stop,
Auto Memory Rewind, and Auto Switching for CrOz tape.

Also showing Mr. Bellini’s touch, the functional wedge styling
and stepped controls of these cassette decks give you easy control
and visibility from any starding, sitting, or reclining position.

If voud like a closer look at some ather examples of form
following function, send for our free catalog of stereo components.
Or see your local Yamaha Audio Specialty %ealer. You'll get a
lot more than just a demenstration.

*Dolby is a registered trademark of Dolby Laboratories, Inc.

r Yamaha International Cerporation 101—.I
Audio Division, P Q. Box 6600, Buena Park, Calif. 90622

Please send my free copy of the Yamaha stereo components
catalog and a list of Yamaha Audio Specialty Dealers.

Name

|
| |
| |
l I
I Address__ I
| |
| |
| |

City. =
State Zip

I SYAMAHA |
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Stereo Scene

MODS AND MODIFIERS

REATHES there a serious audio-

phile who has not at some time
attempted to modify his equipment,
either to personalize it or—if coura-
geous or foolhardy enough—to im-
prove it in some material way? Proba-
bly not many nowadays; given the
complexity of design in modern audio
gear. Interestingly, there are some
people who make a business of
equipment modification, offering cus-
tomized versions of several popular
components.

For a long time I've wanted to bring
some of these business-minded cus-
tomizers into these pages, to find out
what they're doing and why, and to
look critically at some of their pro-
ducts. This will be the first of (I hope)
several columns that will explore the
intricacies of thisunderground and in-
teresting marketplace.

Doubling Dyna’s. Dynaco is a com-
pany that is traditionally tolerant of
unauthorized modifications—an un-
usually enlightened viewpoint. Con-
sequently, the hills are alive with Dyna
modifications. | first became aware of
Jensens Stereo Shop and Frank Van
Alstine because Dynaco tipped me off.

By Ralph Hodges

“He listens,"” said the Dyna spokes-
man, in tones meant to convey a cer-
tain amount of respect. And so | got
involved with the venture.

Van Alstine's flagship product is es-
sentially an augmentation of the
Dynaco Stereo 400 power amplifier,
dubbed the Double 400. A significant
amount of labor goes into the modifi-
cation. First, it is completely ripped
apart to get at the bottom tabs of the
heat-sink assembly, which are drilled
to acceptdouble the number of output
transistors. Then leads from the power
supply are brought out to a side-
mounted socket, into which is
plugged an outboard capacitor box
that quadruples the capacity of the
supply. A front-panel switch is instal-
led that enables you to bypass the
amplifier's front end (including the
gain controls and the patented
“Dynaguard’” protective circuitry). A
number of changes are also made in
the driver boards. And finally Dyna's
optional heat-sink fan is added.

This is not, as you can see, a rede-
sign of the amplifier in any real sense.
What does it buy you, other than the
satisfaction of owning what is proba-
bly the biggest Leyden jar in the his-

The “Double
400" 1s an
augmentation
of Dynaco's
Stereo 400
potver
aplitier.

tory of consumer audio? | can say,
without hesitation or fear of serious
contradiction, that it buys you a
better-sounding amplifier than the
original, for most practical purposes.
And by “most practical purposes’ |
mean the difficult and erratic load pre-
sented to an amplifier by many louds-
peakers.

The reduced impedance of the
power supply and enhanced
volt/ampere-handling capability of the
output stage really do seem to make a
difference. This reminds me of various
learned dissertations that have ap-
peared in the press on the subject of
difficult temporal shifts in the
voltage/current demands placed on
the amplifier during its relationship
with a typical loudspeaker. But with-
out getting into that, | would charac-
terize the audible difference between
the modified and stock amplifiers as:
an appreciable difference in the bass
(you must decide which is better, be-
cause | can’t reliably do so); and a re-
duction in the subjective noise level of
the stock amplifier.

Noise level? Yes, because other lis-
teners and | hear a quietness behind
and within the flow of music that the
stock version seems not to possess.
(There is, | assume, no significant
noise-level difference between them
under non-signal conditions, so this
“noise’ arises from the program.)

There is general agreement on this
verdict among all | have talked to that
have compared the two amplifiers, so |
don't think we're discussing
will-o'-the-wisps here. But it is also
rightly pointed out that the Double 400
modification, while possibly doubling
the pleasure of very critical listeners,
also comes close to doubling in price.

So we have a thoroughly clear pic-
ture. Dynaco, while conceding the
merits of the modification, would have
entirely missed its market by incor-
porating it into its product. The mod-
ification is intended for a much more
specialized consumership willing to
pay the price. It has been established
that the stock Stereo 400 is entirely fit
competition for its peers in cost. It re-
mains to be seen whether the same
can be said about the modification.
But | think it has a good chance.

Pre-empting the Preamp. Van
Alstine's modification of the Dynaco
PAT-5 preamplifier has been an ongo-
ing process. | have been through sev-
eral versions, and l understand there is
a still-newer one that | haven't heard.

POPULAR ELECTRONICS
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ATDISCO!

Here's your chance for a bargain bonanza on your favorite magazines.
You may select as many as four titles at the special introductory rates

shown be ow—up to 50% off! Use the attached card to order or write to:
MAGAZINES AT DISCOUNT, A Division of Ziff-Davis Publishing Co.,
P.O. Box 2703, Boulder, Colorado 80323.

BOATING (01) You pay only $6.00

Reg. Rate: 12 Issues for $10.00
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FAMILY HANDYMAN (51) You pay only $6.98
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Imagine a microcomputer with al! the design savvy, ruggedness, and sophistication of the best minicomputers.

Imagine a microcomputer supported by dozens of interface, memory, and processor option boards. One that
can be Interfaced to an indefinite number of peripheral devices Including duat floppy discs, CRT's, line printers,
cassette recorders, yideo displays, paper tape readers, teleprinters, plotters, and custom devices.

imagine a microcomputer supported by extensive software Including Extended BASIC, Disk BASIC, DOS and
a complete llbrary of business, developmental, and industrial programs,

Imagine a microcomputer that wiil do everything a mini wis do, only at a fraction of the cost.
You are Imagining the Altair™ 8800b. The Altalr 8800b is here today! and It may very well be the
malinframe of the 70's.

The Altalr 3800b Is a second generation design of the most popular microcomputer In the fleid, the Altair 8800.
Bulit around the 8800A microprocessor, the Altair 8800b Is an open ended machine that is compatibie with ail
Altair 8800 hardware and software. It can be configured to match most any system need.

MITS’ plug-in compatible boards for the Aitalr 8800b now Include: 4K static memory, 4K dynamic memory,
16K static memory, multi-port serlal Interface, multi-port paraliel interface, audlo cassette record interface,
vectored Interrupt, real time clock, PROM board, multiplexer, A/D convertor, extender card, disc controller,
and line printer Interface. =

MITS' perigherals for the Altalr 8800b Include the Altalr Floppy Disc, Altair Line Printer, telietypewriters, and
the soon-to-be-announced Altair CRT terminal.

Introductory prices for the Ailtair 8800b are $840 for a kit with compiete assembly instructions, and $1100 for
an assembled unk. Complete documentation, membershlip into the Altair Users Club., subscription to “Computer
Notes’ access to the Altair Software Library, and a copy of Charles J. Sipp!'s Microcomputer Dictlonary are
Included. BankAmericard or Master Charge accepted for mall order sales. Include $8 for postage and handling.

Shouldn’'t you know more about the Altair 8800b? Send for our free Altair informatlon Package, or contact
one of our many retall Aitalr Computer Centers.

mits 2450 ALAMO S.E. ALBUQUERQUE, NEW MEXICO 87106 (505) 243-7821
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Redesigned front panel. Totally synchro-
nous legic design. Same switch and LED
arrangament as original Altair 8800. New
back-liz Duralith (laminated plastic and
mylar, bonded to aluminum) dress panel
with multi-color graphics. New longer,
flat toagle switches. Five new functions
stored on front panel PROM including:
CISPLAY ACCUMULATOR (disptays con-
tents cf accumulator), LOAD ACCUMU-
LATOR (loads contents of the 8 data
switchas (A7-AQ) into accumulator), OUT-
PUT ACCUMULATOR (Outputs contents
of accumulator to 1/0 device addressed
by the upper 8 address switches), INPUT
ACCUMULATOR (inputs to the accumu-
lator fFfom the 1/O device), and SLOW
(causes program execution at a rate of
aoout 5 cycles per second —for program
debugging).

NOTE: Altair is a trademark of MITS, Inc

New, heavy duty power supply: +8 volts
at18 amps, + 18 volts at 2 amps, -18 volts
at2 amps. 110 Jolt or 220 volt operatior
{52/60 Hz). Primary tapped for either
high or low linz operation.

Fall 18 slot motherboard.

Regged, commercial grada Optima
cabinet

— New front panel mterface board buffers :L New CPU board with 8080A micro-
alf lines to and frem 8800b bus. pracessor and Intel 8224 clock generator

and 8216 bus drivers. Clock pulse widths
and phasing as well as frequency are
crystal controlled. Compatible with al
current Altair 8800 software and
hardwarz.

altair 8800=b

@mﬁ@@

2450 Alamo SE,;Albuquerque, NM 87106/505-243-7821
Prces. delivery and speafications subject to change.

b Tyw0, 33 conducter ribbon cable assem-
blies. Connects frent panel.board to front
panel interface board. Eljminates need
fo- complicated front panel/bus wiring.
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The modification has generally
been a study on designing a preampli-
fier in reverse. Mr. Van Alstine takes
out things, and then devises ways to
make the preamp live with the loss.
Most of the process has concentrated
on the high-level section, constructed
around one integrated circuit per
channel. First there was a search for
the “fastest’” IC's available to use as
possible substitutes. (I will not reveal
the devices ultimately chosen be-
cause Mr. Van Ailstine feels that his
laborious efforts have earned him
some right to exclusivity, and | agree.)
Then, when the IC's were obtained,
frequency-compensation compo-
nents around the IC began disappear-
ing. Output capacitors also went, to-
gether with other devices, reducing
the entire output stage to only three
components when the tone controls
are out of the circuit. Changes were
made in the B+ rails, and also in the
supply itself. Then tantalum
capacitors were brought in for
selected spots and now | understand
that metal-film resistors are being
routinely substituted for carbons.

The modified PAT-5 has proved to
be a more controversial product than
the Double 400. There is not even uni-
versal agreement as to whether all the
evolutions have been steps forward
rather than steps backward. However,
| took the sample provided to me and
put it through an exceedingly de-
manding (though not-always-valid)
test: the phase-flipped straight-wire
comparison.

The straight-wire test involves com-
paring the sound of a preamplifier to

the sound of asimple link of cable that
bypasses it, switching from one to the
other. The phase-flipped test com-
bines the outputs of the preamp and
straight wire, while inverting the
phase of one of them. Ideally, the two
signals should cancel completely,
leaving nothing. Anything that's left is,
presumably, an error made by the
preamp in processing the signal.

The phase-flipped test is not a valid
critique of a preamp, becauseé com-
pletely tolerable phase shifts, among
other things, can legitimately occur
within preamps to prevent cancella-
tion. So you can’tindict a preamplifier
for its failure to pass this test. But you
can do nothing but praise a preamp-
lifier that does pass it, and the PAT-5
modification came astonishingly
close.

Most of the time, everything was in-
audible, including hiss generated in
the pre-cancellation stages. On ex-
tremely high-level passages (the prog-
ram chosen was London’'s new re-
cording of Turandot, whose first scene
probably contains every berserk man-
ifestation of musical waveform you're
likely to encounter) there was an oc-
casional soft “tst” of high-frequency
noise. When | find out what this “tst”
is, the modified PAT-5's high-level
section should serve as a useful test
bed for evaluating other products. In
the meantime, the unit has to be con-
sidered above reproach in the areas of
frequency response and phase linear-
ity, and | wouldn't know how to criti-
cize it on noise and distortion.

For those interested in any of the
above, Frank Van Alstine's address is

The Shreve-Rabco tonearm, an adaptation of Rabco’s SL-8E, is
made of 22 pieces of balsa wood. Nine counterweights are provided.
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Jensens Stereo Shop, 2202 River Hills
Drive, Burnsville, Minn. 55337.

Armless. Tonearms are a necessary
nuisance, which is probably why many
of them are designed to look so pretty.
Theirfunction isto serve as arigid and
imperturbable platform for the car-
tridge, and we haven't yet discovered
any practical alternative to them. But
few of them are rigid and all of them
are perturbable, whether from acous-
tic feedback, seismic disturbance, or
gross undulations of the record sur-
face. The only reasonable solution is
to design an arm that interacts with
the cartridge to create a fairly high
(above 10 Hz) resonance. However,
then very close attention must be paid
to pivotbearings, leveling, and the dis-
tribution of mass, because these fac-
tors will now dominate the behavior of
the tonearm.

For various reasons, the straight-
line-tracking tonearm principle, prop-
erly executed, offers great promise.
However not a great many such arms
have been properly executed, and the
principle itself has some intrinsic
liabilities. For one thing, skating force,
which straight-line arms eliminate,
acts as a stabilizing/damping mecha-
nism on rotating arms, as does the
skating compensation device that en-
gages in a constant tug-of-war with it.
So a radial-tracking arm, lacking this
stabilizing set of forces, must be very
good in itself in order to succeed.

The Shreve-Rabco tonearm, a mod-
ification of the discontinued Rabco
SL-8E, is a stab in the direction of
proper execution, and an accurate
one. The arm itself is fashioned out of
balsa wood, (a total of twenty-two
pieces, reportedly), except for a mag-
nesium block that houses the pivot
sockets and a threaded nylon rod that
supports the counterweight. The con-
tact lever for the advance mechanism
has been whittled down to a slim (ad-
justable) wire, and the arm-lift system
has been completely altered. Nine
threaded counterweights are pro-
vided. You pick the one that positions
the counterweight as close as possi-
ble to the pivot assembly with your
preferred cartridge.

All these steps are taken in the in-
terest of low effective mass. For the
bearings, perpetually lubricated
sockets of the best quality are in-
stalled to receive the original Rabco
needle-cones after they have been re-
polished. And the bearings, as well as
the arm cartridge alignment, are ad-
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The Control of Power
by Sansui.

For the aud ophie who wants the finest matchad slereo amplifiers and sterec control areamplifiers.
Sansui offers the answer — its efinition Series. Look al two of ase outstanding components. “he Sansui
BA 3000 is designed with plenty of pawer to handi=those bursts of percussion and those dyramic
» fortissimos tha- give you concart hall prasence. The ZA 3000 confrols and fealunes e a true joy for the
cregtive pro and audigphile who wan's to tailor the music Ic his own personal gre‘erences.
This ext-aord narv pait s designed for the mzst demancing fcsks; recording studios, sound
reinforcement and audiophi e homelistening. The Cefinition Series dffers tre clezrest, cleanest fidelity
available anywhere. Top of the line Sarsui EA 50C0. called the "Morst=r,” is one cfthe Most
powerful amplifiers ava kaole foday: 300 watts per channel min. RMS intc <.
4 and 8 ohrsfrom 2010 2C,C00 Hz with ne mo-e than D.1% THD.
Fc- comrplete irformation on te enfire Defnition Series
I Wisit your ocal Sansui dealer soon or
wiite directly o us.

TheCA 3000 phon»
preamplifie-is within+J.2 |
dB afRIAA equalizaton
cun.e. Offers everyth r
desrable ina prearrplifiar
anc more. Tiple toneon-
trols Left and right incxat
anc output shannd
meters. Tap= controk For
cory and playbacx Ser-
sitivtw controls. Phono nput
capacitance selecto.

The BA 3000 sterea
amp ifier, 170 wattsgce”
chermel, mn. RMS, beth
chernels diven into€
~ ohme from 20to 20 CGD Hz
- witr no mom than 0.06%
* THC. Safetyabound:: 4
jumizo heat sinks (Scrsul
- pattpending): frple

prosection clrcuits for

ncde power protectior;

Front panel LED gow-
tection indicatzr on
ntpanel fo show satfe

Eact Defintion Seres
comoonery comes with a
test data steet, complee
with all perormance
chamcteridics, And<ansui
offers a limted S yea~
warrnty.

SANSW ELECTROM CS CORP.

Woodside, New York 1377 » Gardena, Zal forria 90247
3ANSUI SLECTRIC CO.. LTD. Tokyo, Japan

SANSU AUCIO EUROPE 3.A. Antw3ard, Belgium

’ I Canada: ElectD1iz Distrioutors
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Superb
price?!?

upreme quality!

A counter-offer you can’t refuse! it's
rock-bottom price and sky-high quality
make it your best possible buy! We've
proved itto thousands. Let us prove itto

S
6-DIGIT

FREQUENCY COUNTERS

o5
1S

(30mHz Kit)
'$99.95 assembled
Pertect for: CBers, Hams, Service Techs, & Experimenters!
* HAM, CB, & COMMERCIAL BANDS « WIRED & TESTED AVAILABLE » 100HZ READOUT * 6 DIGITS

* CRYSTAL TIME-BASE * 1Hz OPTIONAL » MASTER CHG. / 8. AMERICARD OK + ADD $2 SHIPPING

(250 mHz Kit)
Incredible counters starting at $45.95are also available!
u co All counters can be factory wired and tested. Write or calitoday!
Box 357, Dept. 52, Provo, UT 84601 (801) 375-8566

$139.95 assembled
CIRCLE NG. 41 ON FREE INFORMATIGN CARD

you!

and FM DIRECTORY

Get all the newest and latest information on the new Mcintosh Sol-
id State equipment in the Mclntosh catalog. In addition you will
receive an FM station directory that covers all of North America.
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MX 113
FM/FM STEREO - AM TUNER AND PREAMPLIFIER

|
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1

Mcintosh Laboratory, inc.
East Side Station P.O. Box 96
Binghamton, N.Y. 13904

lcIntosh caravoc

Dept. PE
I NAME
TODAY! =
STATE ZIP.

If you are in a hurry for your catalog please send the coupon to Mclntosh.
For non rush service send the Reader Service Card to.the magazine.
CIRCLE NG. 48 ON FREE INFORMATION CARD
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justed by ear. You can imagine what a
laugh that idea gave me until David
Shreve stopped in and demonstrated
the process, which | in turn demon-
strated to friends and colleagues the
following night with a similar deflation
of mirth. At least all these adjustments
are readily accessible, so you can fid-
dle to your heart's content.

As to the performance of the arm,
there is no question about its being
superb. When properly leveled it could
probably not be dislodged from the
groove by an earthquake. It tracks at
any force usable with any cartridge,
and it is stable. The sample | have,
playing a commercial pressing of a
very difficult piano recording, can al-
most match a one-off copy of the mas-
ter tape—a phenomenon entirely new
to me. If you pick the proper cartridge
the arm will actually filter out orange-
peel (mold grain) noise, and it will
make rumble a thing of the past.

But note also that the arm is in short
supply, difficult to make and adjust,
and difficult to ship. It is also horren-
dously expensive. If you happen to be
in David Shreve's neighborhood (3402
N. Oakland Avenue, Milwaukee, Wis.
53211) and are prepared to write out a
check in excess of $500, be my guest.
But be sure to have your spouse cradle
it gently in his/her lap on the drive to
your home.

Modify? You might consider mod-
ified components if you are (like me)
an all-out audiophile, as well as a tink-
erer. Of course there are certain
hazards. For example, plugging Van
Alstine’s output-capacitorless preamp
into the wrong power amp could
create unbelievable havoc. if you ac-
quire one of Shreve’s tonearms, be
prepared to follow his written instruc-
tions (which are excellent) down to the
last comma, despite your own ideas.

And there are other drawbacks. At
the manufacturer’s discretion, the
warranty for your modification can
become a worthless piece of paper,
and you may create ili will in him that
could be troublesome when the time
for routine maintenance arises. In
either case, you depend on the mod-
ifier for satisfaction and abide by his
stated policy.

I've mentioned here only people
who, on the basis of fairly long ac-
quaintance, I've discovered to be
completely trustworthy. Certainly
there are other good modifiers out
there. However, considering the
hazards, | would say: caution. @
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Let Walter H. Buchsbaum, one of the nation’s leading electronics experts, show you
how 4 easy-to-use

troubleshooting techniques
can solve 99% of your electronic

~ problems in record time!
Act now. Save $10.97. Publisher’s price: $12.95.

Yours for just $1.98.

Don't spend one minute more than is necessary
on any troubleshooting job!

It's not a question of being lazy. It's just a
matter of knowing a sure and quick way to find
the defect. And that's the way you're going to
know.

Walter H. Buchsbaum, one of the most re-
spected authorities in electronics, has been
collecting surefire troubleshooting methods
for many years. From experts. In all areas of
electronics. Now he's put the best of them,
along with his own proven techniques, into
TESTED ELECTRONICS TROUBLESHOOTING
METHODS.

_ This book is presently selling for $12.95. But,
now you can have it for just $1.98. YOU SAVE
$10.97!

It's our way of introducing you to the
Electronics Book Service, the no-risk book club
which is currently keeping over 50,000 techni-
cians, troubleshooters and hobbyists informed
of the best, more useful new books in the field of
electronics.

TESTED ELECTRONICS TROUBLE-
SHOOTING METHODS is typical of the selec-
tions we offer members. It gives you solid, expert
help on all kinds of troubleshooting problems. 1t
shows you how to save time—money—and work.

This is why we have chosen it to introduce you
to the Electronics Book Service. Join now, as a
trial member, and you'll receive your copy of
TESTED ELECTRONICS TROUBLESHOOTING
METHODS—for just $1.98! This is your only fi-
nancial commitment of membership. For the
Electronics Book Service is a risk-free book
club: As a member, you buy only what you want,
when you want, and always at a substantial dis-
count!

When you receive your copy of TESTED ELEC-
TRONICS TROUBLESHOOTING METHODS.
you'll learn an easy method that reduces the
bulk of electronic repair to the simple applica-
tion of 4 basic troubleshooting techniques. Four
minimum-time, maximum-elliciency proce-
dures that will solve 99% of your electronic re-
pair problems. And with record ease, speed and
accuracy.

¢ THE SYMPTOM-FUNCTION TECHNIQUE
will quickly isolate the defect to a particu-
lar part of the equipment. Once you iso-
late the trouble spot. . .

e THE SIGNAL-TRACING TECHNIQUE will
help you find the stage—amplifier—logic
gate—or whatever the cause of the trou-
ble.

e THE VOLTAGE-RESISTANCE TECHNI-
QUE will precisely pinpoint for you the
defective component.

e THE VOLTAGE-SUBSTITUTION TECH-
NIQUE will verify the trouble and, in some
types of equipment, find the solution
from among the remaining possibilities.

These 4 basic techniques form the foundation
for all successful troubleshooting. You can use
them singly or in combination. They work like
magic for all the top-level electronics experts.
And they'll work for you!

And these 4 techniques aren't the only sure-
fire troubleshooting techniques you'll find in
TESTEDELECTRONICS TROUBLESHOOTING
METHODS. Buchsbaum bring you a whole
battery of time-saving, work-saving methods

NOVEMBER 1976

—methods which the nation’s most success-
ful electronics experts are using. .

For bonuses, Buchsbaum gives you additional
guidelines for getting the most out of your
equipment. You'll see how to test and calibrate
all standard meters. Even how to get the most
for your money when you select test equipment.

What's more, you'll discover methods for find-
ing and solving intermittent defects—which are
usually hard to find. And for dealing with inter-
ference defects—which are often mistaken for
component failure.

TESTEDELECTRONICS TROUBLESHOOT-
ING METHODS contains over 100 illustrations
that simplify these methods and formulas the
experts use. You'll have the circuit and block
diagrams — tables — charts — schematics —
and checklists that make Buchsbaum’s trou-
bleshooting techniques easy to apply.
~ With this battery of simplified troubleshoot-
ing techniques, you'll be able to handle all
kinds of electronic repair work quickly —
easily—economically. And without wasting
time—doing unnecessary extra work—or
going through endless trial-and-error. For these
reasons, TESTED ELECTRONICS TROUBLE-
SHOOTING METHODS is a perfect introduc-
tion to the ... ELECTRONICS BOOK SERVICE.

The Electronics Book Service does a job
which you don't have time to do for yourself.
We carefully screen the hundreds of books on
the subject, select those which are the most
useful or which bring you the latest informa-
tion on technical innovations and improve-
ments of prime importance.

Your membership is an ideal way to keep in
touch with the onrushing advances in elec-
tronics and its applications—to keep on top of
a rapidly changing technology.

As a member, you can build a professional
library of superb quality and permanent
value—one which will meet your every interest
and requirement, always available for you to
consult for expert help in any need. And you
can acquire this library as quickly or as slowly
as you choose. :

Remember, the Electronics Book Service
has no minimum purchase requirements as do
many book clubs. Once you've paid $1.98 for
TESTED ELECTRONICS TROUBLESHOOT-
ING METHODS, you don't need to purchase
any further selections!

Why delay? Mail the coupon below to get your
copy of this $12.95 handbook for only
$1.98—and to receive all the benefits of mem-
bership in the Electronics Book Service on a
risk-free trial basis. Fill out and mail your coupon
right away.

Here is the practical
and efficient way

in which the Electronics
Book Service operates.

1. When you enroll as a member, you
receive—for only $1.98 (plus postage and
handling, with tax where applicable)—your
copy of TESTED ELECTRONICS TROUBLE-
SHOOTING METHODS. This is the only obliga-
tion you are committed to make.

2. You are under no obligationtoacceptany
minimum number of selections within any
time limit. You can take as many or as few as
you wish. And, you may resign at any time with
no obligation once you have paid for your copy
of TESTED ELECTRONICS TROUBLE-
SHOOTING METHODS.

3- DOn selections you do accept, your mem-
bership entitles you to a discount from the
publisher's list price. This discount is availa-
ble to members only and provides you with
substantial savings. ’

4, Every four weeks we'll send you a free
bulletin describing the current selection. If
you want the selection, no action is required; it
will be shipped to you automatically. If you
don't want it, just return the card enclosed
with the bulletin.

5. You have at least 10 days to decide
whether you want the selection or not. Return
the card so we receive it no later than the date
specified. If you don't have 10 days to answer
and receive an unwanted selection, returnit at
our expense.

6. Each bulletin also describes a number of
alternate or additional selections, also availa-
ble to you at the special discount price for
members.

— == = e = = = = FILL QUT AND MAIL THIS COUPON TODAY. = e oo o s o oo =y

ELECTRONICS BOOK SERVICE
Dept. 6651 P1 (5), P.0. Box 42
West Nyack, N.Y. 10994

tax where applicable).

Name ___

Please enroil me in Electronics Book Service on a risk-free trial basis. | am to
receive announcements free of charge, and will be entitled to full privileges as a
member—without obligation to buy any specific number of club selections. As my
first selection under this trial membership, send me TESTED ELECTRONICS
TROUBLESHOOTING METHODS for only $1.98 (plus postage and handling, with

Address

State

City

f

CIRCLE NO. 60 ON FREE INFORMATION CARD

Offer imited to new members (U.S. and Canada) only.
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Zip____
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Hobby
Scene s, 1 .

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

By John McVeigh

ACOUSTIC FEEDBACK

Q.How do the manufacturers and the
users of commercial PA and sound
equipment reduce or eliminate
acoustic feedback, even at high
sound pressure levels (such as at
rock concerts)? Can | apply the same
techniques at home?

—Richard Lei, Rego Park, NY

A.In his Stereo Scene column in May
1976. Ralph Hodges discussed ““The
World of Sound Contracting.” In that
column he touched upon this particu-
lar subject and showed sample graphs
for equalized and unequalized re-
sponse of a large hall. By means of a
narrow-band equalizer, the sound
contractor can flatten out the fre-
quency response and squash acoustic
feedback. In the home, itis usually the
turntable that is most affected by
acoustic feedback. And in almost
every case, the oscillations are ata low
frequency. The best way to lick this
problem is to physically isolate the
turntable base, using a commercial
shock mount with built-in damping or
a home brew mount constructed from
thick, spongy foam rubber.

FM INTERFERENCE

Q. ! have a 5-band portable radio.
When I switch to Public Service Band |
(30-50 MHz) or PSB Il/Air (108-174
MHz), | receive FM broadcasting sta-
tions. What causes this and how can |
correct it?

—Barry Sheffield, Chester, VA

A. Either the receiver has insufficient
selectivity or the front end is being
overloaded. You did not mention
whether or not you are using the built-
in whip or an external antenna. In
either case, you could try putting a
wave trap atthe appropriate input. Use
either a series LC circuit from the an-
tenna input to ground or a paralle! LC
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circuit between the antenna and the
input to the r-f amplifier. Adjust either
L or C to resonate the circuit and null
out the undesired signal. But I'd sug-
gest making the trap switchable (use a
low-capacitance switch) so that you
can still use the radio on the FM
broadcast band!

COMPUTER RFi

Q. | recently got a Sphere Systems
computer which is causing interfer-
ence to nearby television receivers. (I
amtemporarily operating it outside of
its cabinet.) Apparently, most of the
interference is coming from the CPU
board. Aithough | constructed a box
from window screening and
grounded it, the RF! problem re-
mains. Any suggestions?

—Charles Skeldon,

New Brighton, MN

A. The majority of information signals.

that are generated by a digital system
are square waves. Mathematically, a
square wave can be described as a
summation of sine waves harmonic-
ally related in frequency. The high-
order harmonics can cause RFI and
TVI. The best way to combat the prob-
lem is to button up the case tightly,
making sure that there are clean
metal-to-metal connections. If you
must use the microprocessor outside
its cabinet, try using very, very fine
screening. Also, use a "brute force”
filter on the ac line. Finally, you might
try using ferrite beads on any lead
more than a few inches long.

MIXING WITH A GRID DIP

Q. Recently, | accidentally made a
discovery that has led to many hours
of listening enjoyment. While varying
the frequency of my grid dip meter,
which was placed near an FM radio
tuned off-channel (about 90 MHz), |
found that | could receive many dif-
ferent r-f transmissions. Some of
those I've received are TV sound, air-
craft, police, CB, 2-meter FM, tele-
phone calls, and even WWV. I’'m fas-
cinated! But how does it do it?
—Dennis Cole, Lincoln Park, M|

A. You have created a frequency con-
verter stage. The grid-dip meter is the
local oscillator, and some nonlinear
element inside the receiverisacting as
a mixer. The result is an additional
heterodyne process. Exactly where
the heterodyning is taking place is
hard to determine, because one varia-
tion on Murphy’'s Law states that a -
linear circuit will often behave non-
linearly. Furthermore, just imagine
how many pn junctions there are in-
side the radio’s case, each of which
can act as adiode mixer. Interestingly,
you are receiving AM as well as FM
transmissions. | imagine that is the re-
sult of slope detection. A variation of
your technique has been used by
many shortwave listeners who copy
CW and SSB signals on shortwave
portables lacking bfo's. By tuning a
signal generator or the local oscillator
of another receiver to the proper fre-
quency, they could reinserta‘‘carrier”
for proper detection. Happy Listening!

WINDSHIELD WIPER DELAY

Q.Do yau have a circuit for a variable
delay control for windshield wipers?
—Doug Swart, Plainview, NY

A. The circuit shown is a result of col-

aboration between myself and reader

Jack Rutherford of Burlington, North

Carolina. It will provide a sweep rate of

from one every 5 seconds to one every
+i12v

J:—

37 seconds. An SCR is used for trig-
gering the windshield wiper motor
rather than a relay to avoid mechani-
cal bounce problems. The SCR, a HEP
R1301, will handle 20 amperes of max-
imun forward current, sufficient for
even a hefty wiper motor. The SCR
should be heat-sinked. All resistors
are half-watt carbon, and the 50uF
capacitor should be a tantalum type.

.......
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is not just another word

We at SBE have built our reputation on the quality and
reliability of every single product we sell. To maintain the high
standards we have set for ourselves, every SBE product is
thoroughly tested to insure meeting our stringent guality
control before shipment.

Qur insistence upon “out-of-th=-box performance™ is best
evidenced by the fact that every CB radio, every scanner, and
all land/mobile and marine transceivers are checked and
re-tested before they leave our factory.

Skilled technicians with intricate test equipment insure that
every product manufactured receives this double check-out
before the SBE “Quality-Assurance Personalized Seal" is
affixed to each box. With that seal goes our guarantee, fora full
year, that the SBE product will perform up to its specifications
—from the sophisticated circuitry to the smooth-functioning
controls.

It is just such quality control, coupled with our advanced
technology and innovative engineering, that has made SBE a
leader in the CB field. The Brute is just one more achievement
in this development—a small
but.precision-built 23-channel
transceiver incorporating all the
features and performance of a
fult-size CB.

You can count on every SBE
product and accesscry for
dependable performance and
rel:ability. We have buiit our repu-
tation on that!

Better Communications through Crestive Technology
®

For information write: S8E, Inc., 220 Airport Blvd., Watscnville, CA 95076

INTERNATIONAL OFFICES: E.S. Gouid Marketing Co. Ltd.. Quebec, Canada/Linear Systems, S.A., Geneva 1, Switzerland

Circle 2 on reader service card
CIRCLE KO 63 ON FREE INFORMATIDN CARD
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How to examine the sun safely and use other sources

to determine sunspot activity.

N ADDITION to being the ultimate

energy source for all earthly life, the
sun plays a dominant role in the long-
range propagation of radio waves.
Solar radiation causes atoms in the
upper atmosphere to ionize, resulting
in the formation of the ionosphere, off
which radio waves bounce to return to
the earth and provide long-distance
communications. The density and
height of the ionosphere determine
the wavelength and the angle of the
reflected wave.

There is also a correlation between
the presence of sunspots on the solar
disc and the degree of ionization of
the upper atmosphere. With all we
know about solar activity, however, we
cannot yet predict with a high degree
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of accuracy ionospheric ‘“‘weather’
and its influence on radio.

Records of sunspot activity have
been reliably kept since only about
1750; but this still enables us to de-
velop a plot which shows the so-called
sunspot cycle. The up-and-down na-
ture of sunspot coum is evident in the
plot shown in Fig. 1; but note that ir-
regularities can be detected. Observe,
too, that sunspot peaks have been as
low as 60 and as high as 200.
Moreover, the valleys in the graph
have not always reached the zero
mark, although some have remained
near zero for a year or more. Thus, the
11-year ‘'sunspot cycle” is also an ap-
proximation since there have been
longer and shorter cycles.

A
ll ‘.‘. 2 i

i
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For more than a year now, know-
ledgeable people have been wonder-
ing when Cycle 20 (in the recorded
history of cycles) is going to bottom
out. Have we already passed the suns-
pot minimum? When will Cycle 21
begin to show strength? Is it already
revealing itself? Will it ever? These are
the guestions being asked; and the
answers given differ widely.

Equipment. Active hams, CB’ers
and SWL's have a keen interest in
keeping up with the sun's activity
Most radio communication en-
thusiasts, however, don't realize that
they can do so without setting up

elaborate solar observatories in their
¥ Source of Information: Edward P, Tilton, W1HDQ

l
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Fig. 1. Smoothed sunspot number plotted from 1750 to present. Cyclic variation is apparent.
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Photo (above) of entire sun disc, Jar. 30, 1968,
when sunspot activity was very high. Spots have

dark centers (umbra) and surrounding grey areas
(penumbra). Darkenirg around edge is from
looking through more and more of sun's atmosphere.

View (below) of sun taken with chronograph. The
bright surface (photosphere) is blocked to see
atmosphere next to surface. Red chromosphere is
seen in the light of hydrogen-Alpha wavelength.
Projections from chromosphere are prominences.

Color photos conrtesy Tiara Observatory—Tersch Enterprises
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Fig. 2. Using a 5" reflector telescope and

black box to view projected image of the sun.

back yards. One can keep track of
what’s happening on the sun even at
the bottom of Smog Valley with any
old "'spyglass.” Peopie have used
an antique mariner’s glass, a surplus
military target telescope, bird watch-
ers' telescopes, a $29 zoom-lens tele-
scope, and the 5" (127-mm) reflector
shown in Fig. 2. Whatever you use,
though, be sure youdon'tlook directly
at the sun with the scope (or your
naked eye) except with a filter that is
safe for sun use. The various scopes
mentioned above should be used for
projection viewing only.

In Fig. 3, a Celestron 5 telescope is
shown being used for direct viewing of
the sun with the manufacturer’s full-
aperture solar filter in place. This filter
passes only 0.01% of the light striking
it to the viewer's eye, the minimum

amount of filtering considered safe.
You can make you own solar filter by
mounting a Wratten neutral-density
filter (density No. 4, available from
Eastman Kodak dealers) in a lens-cap
arrangement of your own fabrication.
Be absolutely certain that any such fil-
teristightly mounted so that it doesn't
accidentally slip out of place when
you're looking into the scope's
eyepiece. Incidentally, the Wratten No.
4 filter is also useful with large tele-
photo lenses that can be attached to
single-lens reflex cameras for solar
photography.

With an inexpensive low-power
telescope, a camera tripod equipped
with a pan-tilt head, and a few viewing
accessories, you'll always be ready to
check the sun, evenon long road trips.
To use the equipment, set the scope

Fig. 8. Viewing the sun
divectly tinough Celestron
3 telescope equipped with
full-apertue solar filter-.
Hat brin shields eyes from
s and makes fine details
on s easier to resolve.
(Photos on this page
courtesy American Radio
Relay League, Inc.)

on the tripod and tilt it up in the gen-
eral direction of the sun. Hold a white
card in line with the eyepiece and ad-
just the orientation of the scope until
the shadow it casts on the card is cir-
cular. Slow movement of the scope
will then bring out a bright spot in the
center of the shadow. This is the solar
image. Adjusting the scope for a
sharp-edged solar disc will bring the
sunspots—if there are any—into near
focus.

Better detail and contrast can be ob-
tained by enlarging the shadow area.
Putacard baffle measuring at least 12"
(30.5 cm) square over the body of the
scope to shade the projection surface
from the sun’s direct light. For even
more clarity, project the image into a
‘black box’ (as shown in Fig. 2). An
ordinary cardboard box painted flat
black will do. The viewing surface can
then be good-quality white paper or
any smooth surface inside the box
painted flat white. Better still, put a
cover on the projection box and cut a
hole just large enough to permit you to
look into the box and see the pro-
jected image at the bottom.

You will discover that the more am-
bient light you exclude from the pro-
jection area, the better will be the de-
tail of the image and the larger the
image you'll be able to use effectively.
Bear in mind, however, that any gains
you make must be paid for, which
means that larger images will demand
more precise aiming and tracking ad-
justments.

When you're using a telescope of
more than 20x, an equatorial mount
and rack-and-pinion drive become
very helpful. The better scopes are
usually equipped with these features,
and some have mounted projection
devices and electric clock drives. The
latter two are also available as options
forthose telescopesthatdon’tinclude
them as standard features. A moder-
ately priced 2" or 3" refractor that's
fully equipped with features and ac-
cessories makes an excellent setup
for projection viewing.

Interpretation of what you see is an
involved process that requires a skill
developed through practice and ex-
perience. Correlating what you see
with observed propagation effects can
develop into an absorbing side hobby.
You might find it useful to make two
sketches of each observation; one to
show the locations and general ap-
pearances of any spots and the other
an enlarged view of major spots or
groups of spots.

POPULAR ELECTRONICS
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A LOOK AT SOLAR
RADIATION

Sunspots are visible evidence of solar
activity, wellsprings of the kinds of radia-
tion that affect radio communication for
better or worse. The types of radiation
with which we are principally concerned
are ultraviolet light and atomic particle
emission, As with all electromagnetic
waves, UV travels at roughly 300,000 km
(186,000 miles) per second. Thus, if we
see a sudden change in the appearance
of a sunspot group or detect an increase
in solar radiation by electronic means,
we can expect propagation changes al-
most immediately.

lonization of the earth’s outer atmos-
phere (production of the ionospheric
layers that make long-distance com-
munication possible) is a sudden effect,
much like turning on a fluorescent lamp.
The F layer, located some 140 to 200
miles out in space, is “turned on” by
solar UV radiation and acts as the princi-
ple radio “mirror," reflecting waves back
toward the earth. This ionized layer ap-
pears to build up gradually each morn-
ing and to dissipate each evening.

A sudden burst of UV radiation, such
as that which accompanies the appear-
ance of a solar flare, can change the
state of the ionosphere almost im-
mediately. (It arrives here about eight
minutes after it has left the sun.) The
effect of the UV flash is a rise in the max-
imum usable frequency (muf) which is
the highest frequency that will support
communication over a given signal path.
Also, the received noise level will proba-
bly increase, especially if the antenna is
directional and is aimed at the rising or
setting sun.

Such a burstof UV radiation is accom-
panied by charged-particle emission.
This *'solar wind moves miore slowly,
however, spraying out into space with
what has been called the “'garden-hose
effect.” (For a practical demonstration

Sources of Information. There are
several information sources for pro-
pagation conditions. For example,
annual and monthly forecasts are of-
fered by many shortwave club news-
letters and amateur radio magazines.

The National Bureau of Standards
radio stations WWV and WWVH are
another valuable source of informa-
tion. These stations transmit continu-
ously on 2.5, 5,10, 15, 20, and 25 MHz,
primarily for the purpose of providing
accurate time and frequency stan-
dards.

Propagation bulletins are given at
14 minutes past the hour on WWV and
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of this effect, turn on the water pressure
suddenly in a hose lying loocse on a
lawn.) The solar wind follows devious
paths, which means that the effects of
the particle burst may not be observed
on earth for as long as one to four days
after it left the surface of the sun. When
the particles enter the earth’'s magnetic
field, you'll know about it quickly, par-
ticularly if you live in the Northeastern-
US or Canada. Shimmering aurorae may
appear and signals in the lower portion
of the hf spectrum will take on a wavery
sound. This is sometimes foliowed by
partial or complete loss of communica-
tion. Frequencies above about 25 MHz
(higher in periods of generally higher
solar activity) can open up for short skip.
and signals may also show the typical
auroral “'fuzz,” or distortion, resulting
from multipath scattering in the aurural
regions. The distortion tends to increase
with increasing frequency.

In times of generally lower solar activ-
ity, such as the present, the effects of
particle radiation are mostly mild. Au-
rorae are relatively rare and the distur-
bances associated with solar-flare activ-
ity are much less severe and frequent
than they will be in a few years from now.

A widely overlooked fact about solar
cycles is that, regardless of the current
phase, there are large variations in the
level of activity from time to time. It's rare
to have more than 10 consecutive days
of solar stability. Even near the normal
“bottom” of the cycle, solar activity and
visible sunspots can increase steadily
for several days, reaching peaks more
characteristic of middle or even peak
years. These anomalies often sneak up
on professional forecasters so that even
the newest amateur observer will not
have to wait long to find “official” fore-
casts as far off the beam as local weather
forecasts are at times. High-activity
peaks have appeared in 1974, 1975, and
1976, supposedly the lowest three years
of a dying Cycle 20.

are updated four times daily, usually at
0114, 0714, 1514, and 1914 Coordi-
nated Universal Time. UTC is the same
as GMT, which is equivalent to EST
plus five hours. The following informa-
tion is given: propagation quality
forecast; condition of the geomagne-
tic field; coded forecast for the North
Atlantic path; the K index; and the
2800-MHz solar flux.

Propagation quality is given in one
of nine degrees, ranging from “use-
less’ to “excellent.” Geomagnetic ac-
tivity is given as “‘quiet,”” “unsettled,’
or “disturbed.” The coded forecast is
a simple quantized statement of prop-

agation quality. The K index is, in ef-
fect, a numerical statement of
geomagnetic activity. It reflects an ac-
tual reading taken just before bulletin
time and is a direct indication of likely
propagation quality on high-latitude
paths and on frequencies where
geo-magnetic field effects are critical
(mostly below 15 MHz at times of low
solar activity). The solar flux index is a
measure of solar radiation. It corre-
lates well with the muf (maximum us-
able frequency) for F-layer propaga-
tion and reasonably well with long-
term sunspot numberinformation.ltis
much more useful in planning radio
communication than the sunspot
number, because it is essentially cur-
rentinformation. Both the Kindex and
the solar flux are given with the ex-
pected direction of change, making
them very valuable for short-term
forecasting and planning when to use
different frequencies.

A typical bulletin sounds like this:
“The radio propagation quality fore-
cast for 1900 UTC is fair to good. The
gecmagnetic field is quiet. The coded
forecastis November five. The K index
for 1800 UTC is two, expected to re-
main the same. The 2800-MHz solar
flux index is 72, expected to rise
slowly.”” What does all this mean?

Since a steady K index of two or less
means generally low geomagnetic ac-
tivity, it can be assumed that there is
no abnormal amount of charged-
particle emission from the sun enter-
ing the earth’'s magnetic field at the
moment. And a low, but rising, solar
flux indicates a somewhat higher
F-layer muf will develop. If the bulletin
is correct as to these trends, the prop-
agation forecast will be right —
conditions will be above average and
the muf will rise. The *'"November™ part
of the coded forecast stands for N, or
‘normal,” and ‘‘five’’ means fair to
good conditions.

A fast-rising K index means in-
creased absorption of radio signal
energy in the ionosphere and reduced
signal levels or perhaps loss of com-
munication entirely. The effects are
generally more pronounced in the
higher latitudes; hence the forecast
for the North Atlantic path — a busy
circuit traversing high latitudes from
most of the United States. The
operator will do well to get his mes-
sage across as soon as possible since
conditions are changing rapidly.

If the K index rises above three,
there will be a marked deterioration in
communication. At five or six, total
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loss of contact will probably result. An
index of seven means that a really se-
vere disturbance is under way, affect-
ing all but transequatorial paths, even
those at the low end of the hf range.
However, it's good news for vhf en-
thusiasts because auroral openings
are almost certain in the northern US.

Rising solar flux means increased
UV (ultraviolet) radiation. The reading
broadcast over WWV is derived from
information taken on 2800 MHz in Ot-
tawa, Ontario, Canada, at 1700 UTC
(noon Ottawa standard time). The
1914 WWYV bulletin reflects the 1700
Ottawa observation. Although the
language appears to imply that the
reading is updated with each bulletin
change, this is rarely the case. So, if
you can't copy four bulletins each day,
concentrateontheoneat1914.It'sthe
best of the lot for fresh solar flux in-
formation.

As with the K index, the trend in
solar flux is important. So is the rate of
change. A slow, steady rise in solar
flux — say one point per day — with
perhaps no rise at all on some days
within a generally upward period
means gradually improving condi-
tions on all frequencies, particularly if
the K index remains low and fairly
constant. The muf will increase per-

ceptibly with each rise in the solar flux.
A week ofthis can meanagreatdealto
amateur radio operation on the
15-meter band during the fall and
winter of 1976-1977 and SWL's
monitoring the 16- and 13-meter
shortwave bands. A really marked rise
can even bring the region above 27
MHz, including the Class D Citizens
Band and 10-meter amateur radio
band back to life briefly as F-layer DX
territory.

Beware of a fast-rising solar flux. If it
rockets up at a rate of three or more
points per day, there will be short-lived
gain, even a spectacular improvement
in muf, but communications disaster
isn’t far away. When the solar flux
peaks out, the K index will surely rise
and then up goes the ionospheric ab-
sorption of hf signals. High-latitude
circuits will fade out first, and the 160-
and 180-meter amateur and 120-, 90-,
and 75-meter shortwave bands will
quickly go to pot. This can be followed
by deterioration and blackout of the
60-, 49-, 41-, 40-, and 31-meter bands.
Even 25 and 20 meters can go under.
But be sure to watch the transequator-
ial circuits at such times. They may
become extraordinarily active some-
where along the line, at least for a brief
period of time.

Summing Up. Every change in the
solar flux can be related to what can
be seen onthe sun by direct viewing or
by projection. If your eyesight and
viewing equipment are good and you
get frequent looks at the sun under
good viewing conditions, you'll be
able to keep up with the propagation
guessing game about as well as the
pro’'s do. With some experience and
understanding of the factors involved
in charting WWV information and
matching it with sketches of the visible
variations of activity on the face of the
sun, you'll discover a hobby-within-
a-hobby that can be pursued at many
levels of sophistication.

This is the time to start tracking the
sun, when solar activity is generally
low. Spots and groups of spots are
presently well spread out. The signifi-
cance of whatis seenisfar more easily
grasped now than it will be in a few
years, when the sun will likely be freck-
led with spots. ©

Editor's Note: As this article was going
to press, there appeared evidence that
the entire WWV propagation bulletin
service might be terminated. Should this
happen, ARRL has plans to air such bul-
letins over W1AW.

IN WIRE-WRAPPING ©KC) HAS THE LINE...

HOBBY-WRAP-30

OK MACHINE & TOOL CORPORATION
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. CBANTENNA

/, by FAMOUS ARCHER

Flip its switch, and the Archer electric antenna

__/ \ extends to its full 33" length and turns your CB
radio on. Flip again, and it retracts into the fender
and turns your radio off. Nobody will know you've
got ears — it's Archer’'s automatic answer to CB
rip-offs. A top performer that ends the bother of
removing your antenna. Adjustable SWR.
Center loading coil, excellent for mobile use.
Quality materials and workmanship.
Installation hardware and instructions
included. Our “disappearing act” is
another reason why a million CB'ers will
choose Radio Shack's Archer brand
this year. Get 21-970 and you'll have
something to hide and nothing to
lose. Only 59 .95*

NOW you seeit.
now you don't.

ASK FOR OUR '77 CATALOG =
— g LEADING THE WAY IN QUALITY CB SINCE 1960

TRl Radie S haek

color, 2000 exclusive
items. Come in for your
o copy today! A TANDY COMPANY » FORT WORTH, TEXAS 76107
e | 5000 LOCATIONS IN NINE COUNTRIES
[P0 - e
‘Price may vary at individual stores and dealers
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A CB/Ham
Selective

-s0) paidde swaied ubjaio) pue ‘s'n .

Calling Project

e CODED TONE ACTIVATES RECEIVER
o SILENT CHANNEL UNTIL WANTED

HE ever-increasing activity on the
radio communication channels
has created an urgent need for a de-
vice that will alert you to only those

BY MARTIN MEYER

calls specifically directed at you. Ideal-
ly. the device would keep your re-
ceiver siient, turning on the audio only
when a specially coded signal is re-

ceived. This is exactly what the “Call
Selector™ described here is designed
fo do.

The Call Selector eliminates the
need for you to monitor the constant
*chatter’ on the channel to which you
are tuned while waiting for a call. The
basic one-way Call Selector system
consists of an encoder and a decoder
{(More elaborate arrangements are de-
scribed later.) The calling party trans-
mits a coded signal on a previously
agreed upon channel. You (at the re-
ceiving end) ieave your transceiver
wrned on at all times, but you do not
hear anything until the special signal
is decoded. Then you simply establish
contact with no fuss or bother.

The encoded signal consists of a
tone whose exact frequency and dura-
tion is keyed to the decoder at the re-
ceiving end. This tone can be trans-
mitted over any AM, single sideband
{SSB), or FM transmitter, making the
system usable by CB’ers, hams, and
commercial radio operators. There
are about 100 combinations of time
and frequency that can be selected,
ensuring a minimum of false calls
even in busy traffic areas. The system
is also immune to extraneous noises
and voices to further sa‘eguard
against false triggering.




+9V (BATTERY)

OR +10V (REGULATEOQ}

czo
220 4F }
. b Raz
= IK
R39 3 ! 4Raa ]
50k 3% M | | [ f
D9 3 4 o 14 131
3 TRa3
INSCo2 R40Z Ci2 315K
12K 3
R4IS 50K
Y opel 1C4 a4
2 556
o X L 2
atgr T~ TV Sfmeeng
b 3 n cs]
|CI3 |CI4 _o|2pr:|

%IuF ’IBIuF
L

Fig. 1. The encoder uses a timer to generate a tone.

Any number of transceivers can be
equipped with the system and tuned to
the same frequency/time signal to
communicate with each other. For ex-
ample, you can equip a number of
mobile transceivers with only an en-
coder to allow a base-station operator
to listen to only those calls in which he
is interested.

About the Circuit. The encoder,
shown schematically in Fig. 1, con-
sists of dual 556 timer /C4, a small
dynamic loudspeaker, and supporting
components. Half of IC4 is used as a
monostable, or “one-shot,” multivib-
rator, which allows the other timer to
free run for a given period of time
when activated by closing S3. The
output of the second timer is an audio
tone with a frequency between 1000

and 4000 Hz. The actual operating fre-
quency is determined by the setting of
R41. The width of the monostable
multivibrator’'s output pulse (and thus
duration of the audio tone) is con-
trolled by R39 over a range of 1 to 4
seconds. The output of the free-
running timer is coupled by R45 and
C16 to the speaker.

The encoding tone is acoustically
coupled to the microphone of the
transmitter with which the Call Selec-
tor is being used. This is accomp-
lished by pressing the microphone’s
housing down on S3 and holding the
mike's push-to-talk switch closed for
the fuil duration of the tone. Because
the encoder draws no current until S3
is closed, a 9-voit transistor battery is
suitable for the power source. How-
ever, if a two-way encode/decode sys-

tem is desired, the encoder can be
mounted on the same circuit board as
the decoder and power can be drawn
from a common +12 voit dc or ac
supply. (If an on-board encoder is
used, C20 should be omitted.) The
encoder’s output will be the same with
either power supply and will be stable
over a wide temperature range.

The decoderisshown schematically
in Fig. 2. The encoded signal from the
receiver is coupled into the circuit
through C7 and sensitivity control /7.
The signal is passed through C19 and
R3into the inverting (—) input of IC7B.
This operational-amplifier stage has a
voltage gain of 10 and operates from a
single-ended dc power supply, as do
all succeeding op-amp stages. Resis-
tors A2 and R4 set the noninverting
input of IC71B at approximately half the
supply voltage.

The output of IC1B goes to the
inverting input of /IC1A, which is a
very selective bandpass filter whose
cutoff frequency can be varied be-
tween 1000 and 4000 Hz by R8. When
the receiver's audio output contains a
component at the center frequency of
the filter, a signal appears at the out-
put of IC1A. This signal is coupled by
C4 to D1 and D2, which can detect
(rectify) it, and the rectified waveform
is smoothed by R12, R13, C5, and C6
into adc voltage. When thisdc voltage
is applied to Q17, the Darlington tran-
sistor conducts and cuts off Q2, at
which point, C9 starts charging
through R77 and the base-emitter
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junction of Q4. The voltage across C9
drives Q3, the output of which is ap-
plied to the noninverting (+) input of
IC2B and the inverting input of /C2A
through R22 and R26, respectively.

Normally, the base of Q6 is positive,
and the transistor conducts. However,
due to the comparator action of /C2A
and /C2B, the voltage at the base of Q6
will drop to zero after C9 begins to
charge and then go positive as charg-
ing continues. The exact point at
which the momentary drop in voltage
occurs is determined by the setting of
R20. Also, Q5 is always conducting
except during the "“window™ period
generated by the charging of C9.

Transistors Q4 and Q5 are normally
conducting as a result of current de-
livered to their bases through R29 and
R31. Both transistors are driven into
cutoff only when two conditions are
simultaneously satisfied. Transistor
Q5 must be cut off by the drop in the
voltage at the output of window
generator /C2. Transistor Q4 will be
momentarily cut off when the trailing
edge of the tone signal discharges C9.
If these events occur simultaneously,
the outputs at the collectors of Q4 and
Q5 go high and trigger on SCR1,
which, in turn,energizesreed relay K7,
closing its contacts. The SCR con-
ducts and the relay remains energized
until RESET switch S2 is closed.

The contacts of K7 close only when
a tone of the proper frequency and
time duration is applied to the input of
the decoder. Any voice or low-
frequency signal that passes through

the active filter will constantly dis-
charge C9. This makes the system in-
sensitive to heterodynes, voice com-
ponents, and noise. For stability, the
decoder circuit, except for K7 and
SCR1, is powered by voltage regulator
IC3. If an encoder is mounted on a
decoder’s circuit board, it will also re-
ceive its power from the regulated
output of IC3.

Construction. The encoder and de-
coder can be assembled on perforated
board, using sockets forthe IC’s, oron
a single or separate printed circuit
boards. The actual-size etching and
drilling and components placement
guides for the system are shown in
Fig. 3. If you plan to build the encoder
and decoder on the same board, use
the larger board and install the en-
coder components in the shaded area
of the components placement guide.
(Do not forgetto omit C20 in this case.)
Alternatively, if you wish to have the
encoder and decoder in separate
boxes, use both boards, but eliminate
the components in the shaded area.
Wire the board or boards as shown,
starting with installation of the fixed
resistors and nonpolarized capaci-
tors. Then install the electrolytic
capacitors, diodes, transistors, and
IC's, paying careful attention to
polarization, basing, and orientation.
Finally, mount the potentiometers,
reed relay, and switches. In the au-
thor's prototype, Ss was formed
from No. 4 machine hardware and a
1%” x %" (3.5 x 1,3 cm) piece of

springy brass shim stock. The brass
shim was formed to take advantage of
its natural resilience to keep it from
touching the machine screw contact.
A short length of wood dowel or plas-
tic rod can be used as the pushbutton
for the switch. If you prefer, you can
use a standard normally open push-
button switch, connecting it to the pc
board via short lengths of hookup wire

Mount J1, /1, 12, SPKR, and the
dowel or plastic rod for S3 (or S3 itself)
on the top of the box in which you
house the encoder/decoder. If you are
housing the encoder and decoder in
separate boxes, install the 9-volt tran-
sistor battery for the encoder off the
board where it will not interfere with
the board, speaker, or S3. In either
case, mount the activating button of
S3 close to the speaker.

The numbers of the contacts on
terminal strip TS7 on the
encoder/decoder components
placement guide refer to the same
numbered points in Fig. 1 and Fig. 2.
This terminal strip provides a conve-
nient means of connecting the system
to its power supply, an external
speaker, and any otherwarningdevice
you might want to use, such as a
Sonalert, LED, etc., when a properly
coded signal is received. The decoder
board will also accommodate a Sigma
No. 77RE2 dpdt relay in the event the
spst reed relay will not provide a suffi-
cient number of contacts.

Aligning the System.To get the Call
Selector system to operate properly,
the decoder must be made to respond
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to the selected frequency/duration
characteristics of the encoder’s out-
put signal. To align.a system consist-
ing of separate encoder and decoder
you will need a shielded cable termi-
nated at one end in a plug that mates
with jack J7 in the project. Connect the
‘hot” lead of the cable terminal 8 and
the shieid to terminal 7 of TS7. For a
system in which the encoder and de-
coder are on the same board, simply
connect a jumperbetween terminals 4
and 8. This allows the system to be
calibrated by direct interconnection,
rather than by transmitting test tones
on the air.

Connect power to the system. Set
R1 in the decoder and R39 in the en-
coder to maximum clockwise and RS,
R20, and R41 for center of rotation.
Depress S3 and hold it down for the
full duration of the test tone while ad-
justing R47 until /7 glows. This sets the
encoder for the maximum 4-second
tone duration. it may be necessary to
repeat this procedure several times
before R471 is properly set.

44

DECODER PARTS LIST
C1.C6,C7,C19—0.01-pF disc capacitor
C2.C3—0.0082-uF, 10% Mylar capacitor
C4.C5—0.02-yF disc capacitor
C8—2.2-yF, 25-volt electrolytic capacitor
C9—1-uF, 25-volt, 5% tantalum capacitor
C10—100-pF disc capacitor
C17—220-pF, 25-volt electrolytic cap-
acitor

C18—500-pF, 25-volt electrolytic cap-
acitor

D1 through D6—1N4148 diode

D7,D8—1N4002 rectifier diode

11, I2—6-volt, 100-mA lamp and assembly
(Radio Shack No. 272-1535 or similar)

IC1, IC2—747A dual operational amplifier
IC

IC3—723A voltage regulator IC

K1—12-volt spst reed relay (or Sigma No.
77RE2 dpdt relay—see text)

QI1—2N5306 npn Darlington transistor

Q2 through Q6—2N5232 npn silicon trans-
1stor

R1,R20—50,000-ohm trimmer potentiome-
ter

R8—1500-ohm trimmer potentiometer

Following resistors are !4 watt, 5% toler-
ance:

R2,R9,R16—6800 ohms

R3,R12—22.000 ohms

R4,R10,R22,R23,R24,R26,R33—10,000
ohms

R5—220,000 ohms

R6,R27—120,000 ohms

R7—68 ohms

R11—330,000 ohms

R13,R29—470,000 ohms

R14,R28—82 ohms

R15,R31—47,000 ohms

R17—3 megohms

R18-2.2 megohms
R19,R21—12.000 ohms
R25—82,000 ohms
R30.R32—4700 ohms
R34—1000 ohms
R35—560 ohms
R36—4.7 ohms
R37—820 ohms
R38—2200 ohms
S1—Dpdt pushbutton switch
S$2—Spdt pushbutton switch
SCR1—C106BI1 silicon controlled rectifier
T1—12-volt, 500-mA transformer
TS1—8-contact screw-type terminal strip
Misc.—Perforated or printed circuit
board; suitable chassis box; hookup
wire; machine hardware; solder; etc.
Note: The following items are available
from Netronics Research & Develop-
ment, Rte. 6, Bethel, CT 06801. Com-
plete kit of parts with instructions for
one-way system which includes sepa-
rate encoder and decoder, wood case
for decoder, and plastic case with visor
clip for encoder (Kit N5000), $44.95 +
$1.50 postage; Separate encoder kit
with plastic case. visor clip and in-
structions (Kit N6000), $14.95 + $1
postage and handling; Combination
encoder/decoder for two way system
which includes all parts. instructions, a
wood case and built-in heavy-duty
speaker (Kit N7000), $49.95 each +
$1.50 postage and handling. Also avail-
able separately: decoder pc board,
$5.25; encoder pc board, $3.95: reed
relay, $2.60, 12-volt transformer,
$2.75; S3 encoder switch and plunger,
$1.30. Add $1 postage and handling for
separate parts orders.
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OPTIONAL ON-BOARD ENCODER
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Fig. 3. If you want encoder and decoder together, use

hoard on opposite page and install all components as above.

For separate units, leave off components in shaded
area above and build separate encoder board shown below.

ENCODER PARTS LIST

C11—47-pF  tantalum  electrolytic
capacitor

C12.L13,C14—0.01-uF disc capacitor

C15—0.012-pF. 10% Mylar capacitor

C 16—47-uF, 25-volt electrolytic capacitor

C20—220-uF, 25-volt electrolytic cap-
acitor (see text)

DI9—1N4002 rectifier diode

1C4—556 dual timer IC

J1—Miniature phone jack

R39,R41—50.000-ohm trimmer poten-
tiometer
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Once /1 comes on while S3 is de-
pressed, /2 should blink about half
way through the tone burst. Adjust
R39 so that /7 turns off just after /2
blinks. Once this adjustment has been
made, depress RESET switch S2.

Connect an ohmmeter between
terminals 2 and 3 on 7S7. The meter
should indicate an open circuit. With
power switch S1 off, the ohmmeter
should indicate short circuit (zero
ohms) with S7 on. Depress S3 for the
full duration of the tone burst; /71
should turn off immediately after /2
blinks and the meter should indicate a
short circuit. Depress S2; the relay’'s
contacts will open and the meter
should indicate an open circuit. f you
do not obtain the proper results, re-
peat the alignment procedure until
you do.

In Use. You can recalibrate the Call
Selector system for any frequency be-
tween 1000 and 4000 Hz and for any
tone duration between 1 and 4 sec-
onds. Sensitivity control R1 can be set
for any desired signal level threshold.
In practice, you use the microphone to

Following resistors are Y% watt, 5% toler-

ance:

R40—12,000 ohms
R42—1000 ohms
R43—15.000 ohms

R44—1 megohm
R45—10 ohms
S3—Spst switch
SPKR—8-0hm,
speaker

Misc.—Perforated or pc board: suitable
chassis box tif assembled separately):;

machine hard
der; etc.

(see text)
2V4"-diameter dynamic

ware: hookup wire: sol-
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Fig. 4. Ways to wse the system: with external speaker (A); with transceiver's speaker (B),;
and with the combination encoder/decoder’s internal speaker (C).

depress S3, holding the mike’s pickup
element directly over the Call
Selector’s speaker for the entire dura-
tion of the tone burst. This keeps the
activating signal modulating the car-
rier at a constant level because the
mike will be stationary with respect to
the speaker.

There are several different ways to
connect the system to your trans-
ceiver, three of which are illustrated in
Fig. 4. If you plan to use the decoder
with an external speaker and do not
want to touch the “insides” of the
transceiver, follow the wiring scheme

detailed in Fig. 4A. Use a length of
shielded cable to transfer the audio
signal from the receiver's external-
speaker jack to the decoder's terminal
strip. Terminate the cable with a plug
that mates with the transceiver’s jack.

You can wire the system to the
transceiver’'s internal speaker as
shown in Fig. 4B. This connection re-
quires a slight rewiring of the
transceiver’s circuit. Break the con-
nection between the audio output
stage and the speaker. Rewire the cir-
cuit as shown, using shielded cable.
When the relay contacts close, the

audio path to the internal speaker will
be completed.

The diagram shown in Fig. 4C is for
systems in which the encoder and de-
coder are assembled on the same
board. This wiring scheme allows you
to use the decoder/encoder’s built-in
speaker as an encoder transducer and
as the transceiver’s external speaker.

For all three interconnections de-
tailed in Fig. 4, the decoder can be
bypassed by placing S7 in the OFF po-
sition. The receiver’s audio signal will
then be applied directly to the internal
or external speaker. ®

Fix it Quick...

~ with an
Ungar Cordless Quick-Charge
Soldering Iron

Cordless portability

Quick 4-hour charge

Holder automatically charges
high performance NI-CD battery
Rigid coaxial tip rotates to
desired working position
Easy-touch switch, tunnel light
Quick heat-up

HURRY!

SPECIAL OFFER
Free Micro-Spade Element Tip

Present this coupon to your local participating
Ungar electronic distributor and receive a FREE
#195 Micro-Spade Element Tip worth $1.99 with
your purchase of a #200 QUICK-CHARGE
CORDLESS SOLDERING STATION.

Offer EXPIRES December 1, 1976.

Divislon of Etdon ind., Inc. » Compton, CA 90220
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N INCREASINGLY important part
of amateur radio operation these
days is the vhf/uhfrepeater (automatic
relay station) and its common acces-
sory, the autopatch. A repeater is usu-
ally located on top of a high building. a
tower, or a mountain and in many
cases it is able to increase the usual
3-to-10-mile range of low-power
equipment to more than 100 miles.
An autopatch is an automatic tele-
phone patch that enables repeater
users to initiate and dial telephone
numbers from a vehicle or hand-heid
transceiver without assistance from a
phone operatar or other amateur sta-
tions. An autopatch is legal as long as
itis nat used to avoid toll charges and
approved interface equipment con-
nects the repeater to the phone line.
Most repeaters operate under re-
mote control (not legal for CB radio
use) and many of them have autopatch
provisions. There must be a way of
remotely turning these systems on
and off in case of equipment malfunc-
tion or illegal use. Also, the users of
autopatch must have a way of con-
necting or disconnecting the tele-
phone line to the repeater phone
patch and dialing the desired number.
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Crystal-controlled Touch-Tone®
pad for initiating telephone
calls from vehicles.

BY JOE JARRETT

One of the easiest ways to accomplish
these jobs is by using the Touch Tone*
approach.

The Touch Tone system uses eight
different audio tones at frequencies
carefully selected not to be harmoni-
cally related. The keyboard is ar-
ranged in rows (horizontal) and col-
umns (vertical) so that, when aparticu-
lar key is depressed, two tones are
generated—one for the row and the
other for the column. These tones are
then transmitted to the remote decod-
ing equipment that ‘‘recognizes’’ the
tones being transmitted as one of ten
digits or six specialcodes (*, #,A, B, C,
D). The four letters are extra keys and
are not the same as those on conven-
tional number keys. They are used in
military systems and some computers.

Recently, the Mostek Corp. an-
nounced two dual-tone, multi-fre-
quency (DTMF) generators, MK5085
and MK5086, that can be used to build
a low-cost (under $25) Touch-Tone
encoder. The only difference between
the two IC’s is in the method of
keyboard entry. In the MK5086 (used
in this project), the row and column
keys are switched to the positive sup-
ply when a key is operated. The

MK5085 uses a calculator-type scan-
ning technique that allows the use of
single-pole switches on the keyboard.

Circuit Operation. The complete
circuit is shown in Fig. 1. The refer-
ence frequency is determined by a
conventional 3.579 MHz color-TV
crystal, with /5 used as the bias resis-
tor. Operating one of the pushbuttons
on the keyboard starts the oscillator.
(See box for details of IC operation.)
The TONE output of IC/ (pin 16) is
coupled to modulation level poten-
tiometer R3, whose rotor is connected
through R4 and C3 to the transmitter
microphoneinput. The circuit consist-
ing of IC2, an audio power amplifier, is
used to drive an internal loudspeaker
for monitoring the tones, while R2
determines the speaker volume.
Operational amplifier IC3 is used as
a 0-4-second timer for the transmit
hold-on delay. The MUTE output (pin
10) of IC1 is held to ground when no
key is depressed. Thus capacitor C4 is
discharged through R6 to cause the
non-inverting (+) input of /C3 to be at
ground. The inverting input (—) is ata
voltage level determined by the setting
of hold-on time potentiometer R7
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Since the voltage at pin 5 is lower than
the voltage at pin 4, the output of /IC3
(pin10)isatground so both Q7 and Q2
are turned off. These two transistors
are connected in a Darlington config-
uration and are used to key the push-
to-talk (PTT) line of the transmitter
when they are turned on.

When a key is depressed, the MUTE
output of /C7 is pulled up to the posi-
tive supply. Diode D7 becomes for-
ward biased and C4 is charged (within
several milliseconds) to the positive
supply less the diode drop of D7. The
(+) input of IC3 is now at a higher
voltage than the (—) input so the out-
put of /C3 switches to the positive
supply. Resistors R8 and R9 reduce
the drive to the transistors. When Q7
turns on, so does Q2 and the PTT line
is pulled down to the ground level.
This causes the transmitter to key and
transmit the tone signal.

When the key is released, the MUTE

Wby,

View of the inside
of the author'’s prototype.

output drops, D7 becomes reverse
biased, and C4 begins to discharge
through R6. As this happens, the vol-

tage on the (+) input of /C3 decreases
until it is no longer greater than the
voltage on the (—) input. At this time,
the output of /C3 switches to the
ground level, thus turning off the two
transistors and stopping the transmit-
ter. Capacitor C4 will notdischarge far
enough for this to happen however as
long as the keys are operated reason-
ably fast. Complete discharge will
occur after the last key entry and de-
pends on the setting of R7.

The value of resistor R4 is the coarse
adjustment of the tone level. Depend-
ing on the transmitter used, the value
of R4 can range from 1000 to 100,000
ohms.

Some older types of equipment may
require high currentfor keying, or may
key the positive supply instead of
ground. In this case, a low-current
relay can be used in the PTT line (con-
nected to the 12-volt supply), with the
relay contacts keying the transmitter.

XMIT(N.C.)
|2
14 9

Fig. 1. Outputs of IC1 drive audio amplifier
and operate transmitter PTT circuit.

D2—1IN758, 10-V zener diode

1C1—MK 5086, DTMF generator (Mostek)

1C2—1LM380 audio power amplifier (Na-
tional)

1C3—741 op amp

KEYBOARD-—Digitran Corp. KL54 (12
keys); KL0049 (16 keys)

13 5 +H(
c2l\
68uF
£ . L SPKR
MK5086
1l 3
7 16 TONE s Y M
(coa%soﬁong V) [ 8 10 muTE BNACE —© inpuT
2 ApF
3.58 Mz =3 §»rosm , | 5
1 R62 IN9I4
~-TO IC2,PIN I4 270K3
Q3 >
| 2N2222
+
< o
10pF
800 16KE
........ HOLD ONZ
foro TIMES
IN758
GND % L
= &
= PARTS LIST
C1—0.01uF, 50-V disc capacitor. Q1. Q2. Q3—2N2222 transistor (or simi- SPKR—8-ohm. small diameter loud-
C2—68-UF. 25-V electrolytic capacitor lar) speaker
C3—0.1-yF, 50-V disc capacitor R1—I-megohm resistor XTAL—3.57 9545 MHz color-TV crystal
C4—10-yF, 25-V electrolytic capacitor R2—100,000-ohm pc potentiometer (see MISC.—Suitable chassis 43" x 21" x
DI1—IN914 diode text) 112" (Vero Co. #90-20-087). 4-lead flex-

R3—5000-ohm pc potentiometer
R4—47.000-ohm resistor (see text}
R5—10-megohm resistor
R6—270,000-ohm resistor
R7—10,000-ohm pc potentiometer
R8. R9—4700-ohm resistor

R 10—180-ohm resistor

ible cable. mounting hardware, etc.

Note: The following is avaiable from S. D.
Sales, Box 28810. Dallas, TX 75228: kit
of all parts except chassis, speaker. and
interconnecting cable at $22.50 plus
$0.75 for postage.
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IC OPERATION

As shown in the block diagram of the
MK5086, the row and column select keys
are switched to the positive supply in the
standard 2-of-8 format. (One key oper-
ates both the selected row and column.

The output of the crystal oscillator is
divided by two counters—one for the
rows and the otherfor the columns—and
the amount of frequency division is de-
termined by the keyboard entry switch-
ing.

OQutput of DIA converter.

ROWS Block diagram of MK5086.
PR s A :
| ~vkB
KEYBOARD LOGIC SINE
D/A
gﬁ"\f ] CONVERTER
COUNTER Hd
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0sc !
0osc1 . -
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SINE A
; o/A —
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KEYBOARD LOGIC
L_} TRANSMITTER
[ ‘ SWITCH
R e MUTE
COLUMNS

Each sine-wave synthesizer is formed
by a 5-bit, 32-state counter, decode
ROM, and R-2R ladder netwark D/A con-
verter. The output of each D/A converter

Construction. The entire circuit can
be assembled on a small pc board. An
etching and drilling guide and com-
ponent placement are shown in Fig. 2.
Observe the polarities of diodes and
polarized capacitors. Sockets for the
IC's are optional. Note that /IC7 is a
CMOS device and must be handled
with the usual precautions. The IC
comesin ashorting carrier and should
be kept in the carrier until time for
installation. Handle it only by the

8010-2337-00

et R AeTIE Ry Ny Y

ABAROAXA

£
z

is the 26-step sine wave shown in the
waveform diagram. Six steps are miss-
ing out of the possible 32 to give the
best-fit, least-distortion sine wave.

edges of the plastic package. In sol-
dering the CMOS IC, use a clip lead
between the soldering iron tip and the
positive foil pattern on the board. Note
also that volume control R2 is
mounted on the control board. If re-
mote control is needed, use an out-
board potentiometer and run the con-
necting leads to the R2 pads on the
bpard.

After all components are installed,
connect the leads for the keyboard

: £ el
T |
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— R4} L
st ) (P2~
T 69 CE

Fig. 2. Etching and drilling guide (left) and component placement.
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The two waveforms (row and column)
are mixed in an op amp (on chip) to pro-
duce a true dual-tone signal. This is fed
to a bipolar transistor (on chip) that sup-
plies enough current to drive a
1000-ohm load to a typical 450 mV for the
row tones and 640 mV for the column
tones. {Telephone specifications require
that the column tones be 2%z dB greater
in amplitude than the row tones.)

Besides the TONE output, the MK5086
has outputs called xmMiT (pin 2) and MUTE
{pin 10). The xmiT output is an npn bipo-
lar transistor that is turned on and pulls
to the positive supply when no keys are
operated. It is an open circuit when any
key is depressed. The MuTE output is a
standard CMOS circuit that is at the
negative supply (when used) and
switches to the positive supply when a
key is depressed.

and accessory cable. The latter should
have four leads (PTT, microphone,
ground, +12 V) and should be as long
as necessary for the installation. The
physical size of the keyboard will de-
termine the finished size of the project
and the case used to hold it. The 9-pin
connector shown in the photograph
was used to connect the project to an
IC-230 transceiver.

Operation. After assembly, power up
the system and determine the correct
value for the combination of R3 and
R4 to produce the required modula-
tion level.

The dialer enables hands-off opera-
tion without annoying carrier drop be-
tween each dialed digit. The amount
of hold-on time can be set by adjusting
R7. The speaker volume is adjusted by
R2.

The dialer should produce no r-f in-
terference. A 5-watt rig has been
keyed with its antenna resting on the
dialer box with no discernable effect.

Because each section of the country
has different rules regarding how to
use repeaters, you must check your
local repeater group for details before
using the dialer.
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PIONEER HAS
DEVELOPED
A RECEIVER EVEN
THE COMPETITION WILL
ADMIT IS THE BEST.

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

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

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

Just by publishing the
specifications of their
own top models.

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

To begin with, the
SX-1250is at least 28% _
more powerful than any =
other receiver ever made. Its power output is rated
at 160 watts per channel minimum RMS at 8 ohms
from 20 to 20,000 Hz, with no more than 0.1% total
harmonic distortion.

And, for critical listening. no amount of power
1s too much. You need all you can buy.

To maintain this huge power output, the
SX-1250 has a power supply section unlike any
other receivers, with a large toroidal-core
transformer and four giant 22.000-microfarad
electrolytic capacitors.

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

+(.2dB. A figure unsurpassed by the costliest
separate preamplifiers.

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

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

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

If, on the other
hand, youd mind, look

= into the new Pioneer
SX-1050 or SX-950. They're rated at 120 and 85
watts, respectively, per channel (under the same
conditions as the $X-1250) and their design is very
similar. In the case of the SX-1050, virtually
identical.

That means you don't just come to Pioneer for
the worlds best.

You also come to us for the next best.

For informational purposes only, the SX-1250 is priced under
$900.The actual resale price will be set
by the individual Pioneer dealer at his option.

WPIONEER

Anyone can
hear the difference.

U.S. Pioneer Electronics Corp., 75 Oxford Drive, Moonachie. New Jersey 07074,
CIRCLE NO. 73 ON FREE INFORMATION CARD
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PIONEER
SX-1250°

MARANTZ
2325

KENWOOD
KR-9400

SANSUI
090

POWER, MIN. MS,
20 TO 20,000 HZ

160W-+ 16V

125W+125W

1220W+H120W

e H10W

TOTAL HARMIONIC
DISTORTION

1%

0.15%

0.1%

AO.Z%

PHONO OVER-
LOAD LEVEL

500 mv

100 mV

210 mV

2 mV

INPUT:
PHONO/AUX/MIC

2/1/2

1/1/no

2/1/mixing

1/ 1/ mixing

TAPE MON/DUPL.

2/yes

2/yes

2/yes

TONE

Twir Tonez
Eass-Bass-
Treble-TreHle

Bass-Mid-
Treble

Bass-Mid-
Treble

TONE DEFEAT

Ves

Yes

Yes

SPEAKERS

/\3QC

AB

FM SENSITIVITY
(IHF'58)

LSuV

SELECTIVITY

83dB

CAPTURE RATIO

1.0dB




PROTECTING

YOUR

POWER SUPPLY

Components in modern power supplies cost too much
to leave them unprotected from shorts, overloads, etc.

HE COST of modern sophisti-

cated power supplies is high
enough to warrant as much consider-
ation for their protection as that given
to their rectification and regufation
circuits. While fuses and circuit
breakers have been the traditional
means of protecting power supplies,
they are often not fast enough to pre-
vent solid-state devices in newer
supplies from destructing due to over-
loads and the like. The devices most
able to protect semiconductors are
other semiconductors.

Here are ways to protect a power
supply from the three primary causes
of failure: shorted output; shorted fil-
ter capacitors; and excessive current
through the load. There are two gen-
eral methods of protection. The firstis
the control of the transformer’s pri-
mary circuit. The second is the re-
moval of base drive from a transistorin
series with a load.

In either case, we will assume that
the protection circuit is part of a more
complex power supply. High-current
power supplies are used in some
examples simply to indicate that the
methods of protection are not limited
to low-current applications. Obvious-
ly, devices with lower current and
power ratings can be used where pos-
sible.

Primary Circuit. The block diagram
in Fig. 1 shows a basic method of
power supply protection. Characteris-
tic of this arrangement is the triac in
series with the primary of the trans-
former. During normal operation, the

TRIGGER
CONTROL

TRIGGER
CIRCUIT

F1ig. 1. A triac controls
voltage across primary.
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AC LINE
VOLTAGE

BY ROBERT C. ARP, JR.

trigger control allows the trigger cir-
cuit to apply a brief gate signal to the
triac for every alternation of the ac line
voltage. After the triac is turned on by
the gate signal, it remains on for the
complete half cycle until the zero-
crossing point is reached at the end of
the alternation.

If the trigger control inhibits the
trigger circuit while the triac is con-
ducting, the triac cuts off when the
line voltage approaches zero. It re-
mains off until another gate signal is
applied. Hence, the ac input to the
transformer can be removed within a
half cycle of the line voltage by design-
ing the transformer’s secondary cir-
cuittoinhibitthe trigger circuitwhena
filter-capacitor short or supply output
overioad occurs.

The circuit shown in Fig. 2 is one
type of controf technique used in the
primary circuit of a power supply.
Under normal conditions, the gate of
triac Q7 receives a brief gate signal
from the /C2 zero-voltage switch at the
beginning qgf each line alternation
while the line voltage is near zero. Re-
sistor R1, in series with the MT2 termi-
nal of Q7 and gate terminal of Q2,
permits a continuous flow of alternat-
ing current through the gate of Q2.
The primary of 71, in series with Q2,
receives the full ac line voltage under
these conditions.

Zero-voltage switch/C2 can be used
to provide pulses that are syn-
chronized with the time of zero vol-
tage in the ac cycle to the gate of a
triac. Triac firing can be inhibited by
the application of a positive (TTL-
compatible) voltage to pin 1 of /C2.

The triple 3-input NAND gate used
for IC1 converts short-circuit logic-0
conditions to a logic-1 condition for
inhibition of /C2. (A 5-volt dc supply
was used for the IC’s power and, con-
sequently, for the inhibit signal.)

The inhibit signal appears at pin 1 of

IC2 when points A or B (at Q3) are
shorted to point O (common). With /C2
inhibited, Q7 cannot provide ac to flow
through the gate of Q2. When the line
voltage falls to zero at the end of the
aiternation, during which the short
occurs, Q2 will cut off and remain off.
After the short condition is removed,
Q7 turns on with the next gate signal
from /C2 and the system returns to
normal operation.

If no filter capacitors were used (as
in a simple battery-charging circuit),
the self-resetting action would take
place within one alternation of ac line
voltage. Unfortunately, the inclusion
of filter capacitors in the secondary
circuit causes a resetting time fag on
the order of one second for each 1000
unF used. If the resetting time is of no
concern, no other consideration need
be given this point. If you desire quick
resetting time, you can do one of two
things: First, include a dpst reset
switch to momentarily break the con-
nections between points A and B ana
IC2. Secondly, you can omit the con-
nection between point A and /C1 and
include an isolation diode in the sec-
ondary circuit (Fig. 3); /C2 will not,
however, be inhibited by a shorted fil-
ter capacitor.

The circuit in Fig. 2 will notreset if a
short occurs across the output termi-
nals while aload is connected. In such
a case, the load must be removed, ora
reset switch must be used as ex-
plained above.

Although Q2 will remove power
from T1’s primary immediately when
the output terminals of the supply are
shorted, a spark will occur. The am-
plitude of the spark can be considera-
bly reduced by incorporating the
transistor stage shown in Fig. 3.

Removing Base Drive. If a transis-
tor is placed in series with the output
terminals of a power supply, an ar-
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115vac
60 Hz
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Q3
SOLITRON
10K
aw P
IC1 1C2
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2 12 ®]
e 25A -
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—26V —— 200V —
0
—— 8 W

Fig. 2. One type of control technique used in the primary circuit.

rangement commonly used in series
voltage regulators, the secondary cir-
cuit can be turned off by any action
that removes base drive from this
transistor. This can be done by shunt-
ing the base to ground with an SCR,
optical coupler, or another transistor.

A method of removing base drive
with an SCR when a desired maximum
flow of currentis exceeded is shownin
Fig. 4. By varying R, and R, the tran-
sistor can be cut off at any desired
level of current flowing through the
output of the supply.

Under normal operating conditions,
the transistor is biased on by R,,. The
current flowing through the output
develops avoltage drop across R,. Be-
cause a very low amplitude gate vol-
tage is needed to trigger on the SCR,
the resistance and power rating of R,
can be relatively small for high-current
applications. The voltage drop across
R. is used to provide a gate signal for
the SCR that is proportional to the
level of the current flowing through
the load. If the resistance of R, is high
enough, the level of load current at
which the SCR shunts the transistor's
base drive to ground can be varied by
R.. When the voitage drop across R, is
sufficient to trigger on the SCR, the
transistor cuts off within micro-
seconds. (A reset switch must be pro-
vided as shown to return the circuit to
normal operation.)

Because of R,, the transistor must
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operate in the active region. if the re-
sistance of R,, is too low, the SCR will
be required to handle a large current.
Conversely, if the resistance of R,, is
too high, the transistor wilk be forced
to dissipate considerable power. Usu-
ally, a value for R, must be chosen to
keep the transistor's power dissipa-
tion and the current through the SCR
at reasonable levels. The necessary
current rating of the SCR can be de-
termined (after R, is chosen to provide
the desired transistor power dissipa-
tion) by dividing the input voltage by
the value of R,,.

Assume you're working with the fol-
lowing components and conditions:
Vi, = 34 voltsdc, C = 18,300 uF (40 V),
R, = 30 ohms (50 W), R, = 1780 ohms,
R, = 2.2 ohms (220 W), SCR = 2N682,
and Q = HEP S7000. Here, the SCR will
trigger on when the current reaches
10 A. You can also measure the follow-
ing parameters: V., = 11.5Vdc, V. =
1.5V dc,l; =350 mA, and lyx = 1.1 A.
And the power dissipation of the tran-
sistor can be found by using the for-

ISOLATION
DIODE

mula P, = Vl., which would yield 115
watts.

Light-emitting diodes can be
switched on and off in nanoseconds,
and optical couplers with transistor
detectors can switch at speeds of 2 to
5 us. ltislogical, therefore, to consider
a protection system based on these
high-speed devices. A typical optical
coupler protection circuit is shown in
Fig. 5.

It is not necessary for the series
transistor in Fig. 5 to dissipate large
amounts of power because this tran-
sistor (Q1) can be operated in or near
the saturation region. Heavy base
drive is applied to Q7 through Q2 ac-
cording to the formula lyqimin = lewn
IPian, where lygymin 1S the minimum
base currentthat assures saturation of
Q17,11 isthe maximum expected col-
lector current, and hy.., is the

minimum expected hy. Transistor Q2
is used to supply base drive for Q7 so
that only Q2's relatively small base
current need be shunted to ground to
turn off Q7.

Fig. 3. Isolation diode

between filter capacitor
and transistor permits

instantaneous reset.
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Q- Paralleled
HEP S7000s

Rs=0250

INPUT OuTPUT
TERMINALS TERMINALS
RESET SWITCH
e : O

Fig. 4. A gate signal for the SCR is
developed by the current through R,

There are many variations of the cir-
cuit shown in Fig. 5, but we will limit
our discussion to this specific circuit
configuration. It should be noted that
Rs can have avalue much lower than 1
ohm, which results in a lower wattage
rating for this resistor. The optical
coupler should consist of an infrared
LED and a silicon transistor detector.

After assembling the circuit as
shown, disconnect the anode lead of
the LED from point A. Power up the
supply, and monitor Iy, and Vi,
while decreasing R, until Q7 goes into
saturation. Then adjust R, until Q7 is
operating in the active region, just
short of saturation. (This speeds up
the cutoff action of Q7 and keeps the
photodetector current low.) When ad-
justing Ry, monitor |, to make sure
you don't exceed the current rating of
the photodetector.

Connect the LED's anode back to
point A and short the output of the
supply. Adjust the R, ., control for an
Iy Short-circuit current of 15 mA.
(Actually, the short-circuit current can
be set to about 1 mA, but the adjust-
ment of R, ,.,, becomes critical for cur-
rents below 15 mA))

With the adjustments performed as
described and a 5-ohm value for R,,
Iy would be 640 mA. Reducing R, to
3.33 ohms would drop l¢q, to 27 mA
and Vg, to 4.4 V. This yields a
0.195-W P,,,;,. This current-limiting
circuit produces an |- versus R, curve
with a very steep slope, which results
in very little overshoot of the desired
maximum current.

With R, and R, properly adjusted,
Q7 will operate in or near the satura-
tion region with a heavy base drive
supplied by Q2. If the current through
Ry exceeds the maximum for which
the circuit is adjusted, determined by
the resistance of Ry, Ry, and R, the
LED will emit enough light to reduce
the resistance of the photodetector.
The result is that Q2's base drive will
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be shunted to ground and the transis-
tor will be cut off.

Because this circuitisvery tempera-
ture sensitive, a reset switch must be
provided as shown. When power is
first applied to the system, no current
flows through Q2 until the reset switch
is operated to momentarily discon-
nect R, from ground. After a few min-
utes warm-up, the system is self-
resetting.

A Current Limiter. The self-
resetting circuit shown in Fig. 6 lacks
some of the advantages of the previ-
ous circuits. Transistor Q7 is again in
series with the load, while Q2 supplies
sufficient base current to keep it
operating in the saturation region fora
significant range of loads.

In the following discussion, we will
assume that a wide range of loads will
be applied to the output of an unregu-
lated power supply rated at 40 am-
peres. (If the load is to be fixed, circuit

lro1aL

+5V

components can easily be chosen so
that Q3 provides asharp turn-off of Q71
if l..n increases beyond a chosen
maximum. However, if the load is vari-
able, R, must be selected so that Q7
passes the desired range of currents,
with Ry and Ry chosen to provide rapid
turn-off for the loads that will cause
excessive current to passthrough Q1.)

The graphs shown in Fig. 7 are plots
of I versus R,_for the circuit shown
in Fig. 6. From plot A, it can be seen
that as R, is decreased (increased
load), the current through Q7 in-
creases to a maximum of 14.5 A when
R.. is 0.3 ohm. Decreasing R, further
yields areductionin |, instead of an
increase. This I, decrease with in-
creasing load continues until R, is
0.25 ohm, at which point the circuit
becomes unstable. When a load of
0.25 ohm is connected to the supply's
output, |.,,;, momentarily goesto 12 A,
after which Q7 turns off and I, re-
duces to zero. For load resistances
less than 0.25 ohms, Q17 is in the cutoff
region and |, is zero.

Plot B, an expanded view of |, for
small values of R,, shows how the Q7
collector current varies when ioad re-
sistance approaches zero. When R, _is
0.3 ohm, I, is atthe maximum 14.5-A
value. For loads between 0.3 and 0.25
ohm, |, decreases almost linearly.
Load resistances of lessthan 0.250hm
are a virtual short circuit at the output
terminals of the supply and cause Q3
to keep Q2 at cutoff.

The operation of the circuit is quite

% SEE TEXT 01

=5V

ouTt

OPTICAL COUPLER o

RESET
SWITCH

Fig. 5. Opto-coupler controls Q2 on basis of current in Q1.
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+16VDC R straightforward. However, the ad-
justment of Ry and value of R, that

3000

w3

15Q
15W

allow self-resetting are critical. Before
R; and R; can be adjusted to the
proper values, R, must be chosen to
allow the desired maximum . TO
select R, disconnect point 1 of Ry
from junction A. The minimum value
0 Of lyy to keep Q7 in saturation can be
estimated from the formula lyn;, = ¢
/hy. For a maximum of 16 A for I,
o using a GE14 transistor (hy; = 45) for
Q7, lgmin would be 0.333 A. The
minimum value of Iy, is found by
using the lygmn Value for l . Hence,
using an MJES21 transistor whose hyy;
is 40 for Q2, we obtain lyqsmn = 0.33/
40 = 8 mA. Then, determining the
value for R, we have R¢ = V, Ay =
15/0.008 = 1875 ohms.

You can select a potentiometer for
Ry by using the formulas given in A
Simple Method For Biasing Transis-
tors” (June 1975). Let the base voltage
TABLE |—CIRCUIT PARAMETERS FOR DIFFERENT LOAD RESISTORS of Q3 be approximately 0.7 V, l¢qn =
Ilh()!) = 8mA' and ll»ius =0.1x l('t():n =0.8
(A) R, = 15 ohms (B)R.=0 mA. Assume that R, consists of two
resistors, R1 for the portion of the pot
Parameter al Q2 Q3 at Q2 a3 above the wiper and R2 for the lower

Ver 0.61V oV 1.49V 16V 158V 0.25 V portion. Now, B2 = Vyu/lye = 0.7/

Ve —0143V 074V 13V 158V 15V —0.35V -
Vi 075V 0.74V 017V 042V 0385V 065V 0.0008 = 875 ohms. Then for R7, con-

I 1.09 A 38 mA 23 mA 14 YA 48 MA sider the output of the power supply to
Iy 9 mA 46 MmA 15 pA 9 pA 0.7 mA be shorted and determine R1 from the
|R|“ 32 uA b 1 mA — — fOfmU'aR1 = (Vin - Vhasc)/lhias = (15 -
lin2 32 pA —_— 0.3 mA —_— —_— 0.7)/0.0008 = 17,875 ohms. Adding the
Vin 16V —_— 16V —_— — results obtained, we end up with a

Vv, 159V —_ oV — total resistance of 18,750 ohms. A
Py 0.7 W ow 0.37W 2x107*W 0.012 W ,

ouTt

*

¢ Rg: 15.36K
Ry, 4.64K

o

Fig. 6. A self-resetting current limiter
with short-circuit protection. :

o
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3
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o T2 3 4 3 ¢ 7 % s oonomon ouom 'o T3 A 4 A . 4 8 5 o vz 1h va s e v e
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Fig. 7. In (A) load varies from 15 to 0 ohms; (B) load approaches zero.
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standard 20,000-ohm potentiometer
can, therefore, be used for R,,.

The adjustment of Ry is accom-
plished by connecting point 1 of the
potto junction A and installing a resis-
tance decade box set to zero ohms as
Ri. With a 15-ohm load connected to
the output of the supply, I, should
measure 1 A. (The collector current for
Q1 should be monitored during all ad-
justments. Also, the power supply
should be shut off when installing and
removing ammeters.) Start with a
0-to1-A ammeter and adjust R, until
lygp 1S nearly zero. Continue in this
manner, using a more sensitive amme-
ter, until l,,, is exactly zero.

Remove the ammeter from the sup-
ply and connect the base of Q3 as
shown in Fig. 6. The decade box in the
emitter leg of Q3 should still be set to
zero. Short the supply’s output termi-
nals; lgq, should drop to zero. If the
current through the collector of Q17
doesn’tdrop to zero, Iy, or R, has not
been set to zero. Remove the short
from across the supply’s output, leav-
ing only the 15-ohm load. The coliec-
tor current of Q7 should remain at
zero; if it doesn’t and the circuit self-
resets, no R,. is needed. (This is not
likely to occur.) With no self-reset, in-
crease Ry in 1-ohm steps until I,
goes back to 1 A. Short the output of
the supply again; I, should go to
zero and the circuit should restart
when the short is removed.

The higher the resistance of Ry, the
greater will be the off current of Q7.
With repeated trimming of R, and R,
the collector current of Q7 when the
supply's output is shorted can be
brought down to 5.4 mA. The circuit
can be made much less dependent on
the setting of Ry, and R,. can be zero, if
a reset switch is used to return the
circuit to normal operation after an
overload. In this case, R,, would be ad-
justed as before, and a reset switch
would be operated to momentarily
break the R, connection to junction A.
The pot could then be trimmed to yield
a minimum collector current in Q7.

The capacitor shown across the
input of the circuit in Fig. 6 is not part
of the protection system. It is simply
representative of the filter capacitorin
the power supply. Under normal con-
ditions, Q2 supplies the base current
to Q1. Both Q7 and Q2 operate in the
saturation region to assure that full
power is delivered to the load. The A
section of Table | shows the measured
and calculated parameters for Q71, Q2,
and Q3 for the 15-ohm load, R,.

If R, is reduced to zero (shorted out-
put terminals), Q3 will conduct and Q7
and Q2 will be driven into cutoff. The B
section of Table | shows the para-
meters forthetransistorswhenR, = 0.

For intermediate values of R,, the
transistors pass through all three re-
gions of operations. These regions
and the loads that cause the transi-

Fig. 8. Power vs load for Q1 (A) and Q2 (B).
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TABLE 11—OPERATING REGIONS
FOR DIFFERENT LOAD RESISTORS
R, (Ohms) Region Of Operation

Qat Q2 Q3
15 saturation saturation cutoff

1.66 saturation saturation active

0.296 active active active

0.25 unstable unstable unstable
0 cutoff cutoff saturation

tions are listed in Table Il. When R, is
reduced to 1.66 ohms, enough for-
ward bias is applied to the base of Q3
to bring it out of cutoff. As R, is further
reduced, ly., increases until, finally,
when R, is 0.296 ohm, Q3 is shunting a
large enough portion of Q2's base
drive to ground to cause both Q2 and
Q17 to come out of saturation and
begin operating in the active region.
Eventually, when R, is reduced to less
than 0.25 ohm, Q3 is driven into sat-
uration and Q2 and Q7 go into cutoff.

Because Q7 and Q2 must operate in
the active region, even for so narrow a
range of loads as from 0.296 to 0.25
ohm, the voltage drop across these
transistors over this range causes the
power dissipation of the devices to in-
crease tremendously while they are
operating in the active region. Plots of
P\, versus R, for Q7 and Q2 are shown
in Fig. 8. Piot A shows that, for
maximum protection, Q1's P, rating
should be greater than 80 watts at the
desired operating temperature. Plot B
shows that Q2's P, rating should be
greater than 5 watts.

Although the P, ratings of Q7 and
Q2 must be much greater than is
necessary while the transistors are
operating strictly at saturation, they
need not handle the power dissipation
that would be necessary in an unpro-
tected series voltage regulator. For
example, with a 14.5-A I,,,, and a 16-
volt V,, the P, rating of a transistor
used as an upprotected series reg-
ulator would have to be 232 watts at
the operating temperature under
shorted conditions. This would re-
quire a very expensive transistor.

Conclusion. We have proposed only
a few of the many possible ways of
protecting the more expensive and
fragile components found in modern
power suppligs. Proper utilization of
the proposed circuits, individuatly or
in combination, will produce protec-
tion systems that are relatively inex-
pensive and reliable. @®
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HERE ARE digital electronic

clocks with all sorts of
variations—alarms, radios, calendars,
etc. Now, here is one for the music
lover. It plays the famous Westminster
chime tune. On the quarter-hour, the
first va of the tuneis played; on the half
hour, %2 of the tune; on three-quarters,
% of the tune; and the full tune on the
hour. On the hour, the tune is followed
by a monotone chiming of the hour. By
using ‘“‘surplus’ parts, you can build
this clock for a very low cost, though it
does have 191C’s.

How It Works. The complete circuit
of the clock is shown in three parts in
Figs. 1to 3. The clock element is /C79
an MM5316 IC that drives conven-
tional fluorescent readouts DIS7
through DIS4. This clock IC was
selected because it has continuous
outputs that minimize the chime cir-
cuit interface requirements. If you
select a clock IC that has multiplexed
outputs, additional circuits will be re-
quired. The fluorescent readouts are
used because they can be driven di-
rectly by the MM5316 and they require
very little operating power.

In Fig. 1, IC7 and /C2 decode the
conditions of the 15, 30, 45, and 00
minutes. The outputs are OR'd by part
of /1C4, whose output then initiates a
one-shot circuit formed by C7, R712,
and part of IC3 (Fig. 2). The pulse from
this one-shot sets a flip-flop formed by
two elements of /C5, which in turn,
activates the tone output through part
of IC9. The one-shot pulse also resets
the remainder of the chime circuits.

The Westminster chime sequence
uses four different tones. Instead of
having four different frequency oscil-
lators which may be difficult to keep
correctly tuned, a single tone oscil-
lator formed by /C15 (Fig. 3) is used,
with its output divided down to form
the four required tones. In this way,
even if the basic tone oscillator fre-
quency were to vary, the relationship
between the four Westminster tones
will be maintained and a harmonious
melody is ensured. The frequency di-
vision is performed by /C77 and IC72,
with portions of /IC73, IC14, IC15, and
IC4. The output of counter /C3, pin
12 (Fig. 2), consists of narrow pulses.
These are used to toggle /IC9, which
divides the frequency by two and pro-
duces a square-wave output. The lat-
ter is filtered by R20 and C7 and is
used to drive Q7, which is the audio
output stage.

The tone sequence is programmed
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The famous ‘‘Big Ben’’ tune
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is played every hour with

portions every 15 minutes.

by a 10-stage Johnson counter formed
by IC8 (Fig. 3). This counter is driven
by the 1-Hz output from /C79 so that
each tone has a 1-second duration.

Since the first half of the melody is
identical to the second half, a single
10-stage counter is adequate to pro-
gram the eight tones and two pauses
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in half of the melody. Portions of /C6
and /C7 are used to reset the flip-flop
formed by part of /C5 after the proper
operation of the sequence has been
completed, thereby disabling the out-
put tone.

On the hour, a series of tones to
count the hour is provided by /C78. It
is reset to 1 at one o’'clock and ad-
vanced one count each hour. When an
hour countis called for, the content of
IC18 is transferred to /C77 which then
counts down until it reaches zero. In
this way, one output tone is produced
for each count. The tone may be al-
tered by chaging the values of R74-C5
in the /C15 oscillator circuit.
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Construction. The prototype was
constructed on perforated board hav-
ing 0.1" hole centers, with sockets
used for all IC’'s and “'flea clips’ for
other components. A wiring pencil (or
other means) can be used to make the
various interconnections. Handle all
CMOS-PMOS IC's with care to avoid

Y n—qtzov | 8
[ LA '
2% v
I } T\ ™
c8 1av I | i 4] 1cI c . )
SouF ] T —" Fig. 1 (left),
I ~7 Fig. 2 and
v, o .
ss L% Tee 10 fo Fig. 3 (opposite)
B I ) 2 ke up the
: 10 13 complete clock
L L} zc! > 2 schematic.
D [ 12 f—r= me )
“T~10004F | | | vss 5| 1c4 Do—e
DI < S Vss py |
...... (] ! 1 sl | m 7—vss
Tl R7 I 1 3} 1c2 F
470K 9 1 5
! o PARTS LIST
gov ! S\ (4] VoD C1 through C4—0.001-pF capacitor
T el 10 13 C5.C6—180-pF capacitor
1 IC2 C7—0.01-pF capacitor
D2 I I I I 12 C8—22-uF, 15-V electrolytic capacitor
1I7VAC C9—1000-pF, 25-V electrolytic capacitor
1 DI1.D2—1N4004
=3 |3 |22 o3 RLR2,R3,R4,RS,RE=470K D3—14-V zener diode
6.3y 3 =3 |22 [« RIO,RII=I00K DISt through DIS4—Fluorescent 7-
‘ = b % I E 2 segment display (Tung-Sol DT1704 —
23 |02 |3 | Zhi DT1705
V) @ 3 2 200K 2
s 3 2 IC1.1C2,1C4—4002 CMOS dual 4-input
9 L4 22 28 NOR gate
5 1Ll 12 o 1C3.1C15—4049 CMOS hex inverter .
3 [ I 1 20 Si 1C5.1C10,1C14—4001 CMOS quad 2-input
ois1 L8 1101 I 9 35 —l_ NOR gate
1 s —* IC6.1C13—4011 CMOS quad 2-input
PR R W N T Sspv DRIND) 303 .
a 5 1 1 T 1o Ly 1 1C7—4012 CMOS dual 4-input NAND
-9 o— gate
: o | Il s ICRICI1,IC12—4017 CMOS decade .
3 1§ 1 T counter/divider .
s 1 1 "1 13 0 1C9.1C16—4013 CMOS dual D flip-flop
s 1 i T IC17.1C18—4029 CMOS presettable up/
DIS 2 L ) s3 down counter
M I ’ I 1 cie | R C19—MMS5316 clock IC
4 11 IMM5316 RUN® THOLD Il —General-purpose silicon npn transis-
[3 2 1 4 0 29 tor
R s | n | R1 through R9—470,000-ohm. Y5-W resis-
Vss tor
7 1 8 39 A
5 | 7
s | 6
ois 3 2 : T— .
4 ] | 4 D
[3 2 | I 3 VDD ;'3%
E—L I 2
Fig. 1 64 DIS4 I8
H
R10 through R15—100,000-0hm, ¥%5-W re-

sistor
R16—270-0hm, ¥2-W resistor
R17—100-ohm, ¥2-W resistor
R18—10-megohm, %2-W resistor
R19,R20—2000-0hm, %-W resistor
51,82—Single-pole normally open push-
button switch
$3.84—Spst switch
SPKR—8-0ohm (or more) speaker
T1—20-V CT at 100-mA: 6.3-V at 50-mA
transformer
Misc. Perforated board, flea clips, IC
sockets, suitable enclosure, mounting
hardware, etc.

static damage, although they do have

internal protection. Note that, for all
CMOS devices, any unused inputs
must be connected to either supply
voltage—not left “floating.”

Operation.

With the clock com-
pletely assembled, recheck all wiring
forpossibie errors. Then supply power

to the clock and check the operation
of

HOLD, FAST, SLOW. The display
should be cycled through a complete

the function switches—RUN,

“day” to ensure that the proper count-

ing takes place. Then the clock should
be cycled to 1:00 PM. At this point, the
chime circuit should work.
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