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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.
Pertectly.

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 g
( obra

Punches through loud and clear.

Cobra Communications Products

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

CIRCLE NO. 14 ON FREE INFORMATION CARO

IF YOUR FIRST CB ISN'T A COBRA
YOUR SECOND ONE WILL BE.
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Both of these new hooks get down to
basics —present clear, readable dis-
cussions. Loaded with examples,

references, graphs, tables. Also,
data sheets, bibliography and ap-
pendices. You’re encouraged to learn
—and apply your knowledge to
practical situations.
Software Design for Microprocessors.
Helps you understand the hard-
ware/software relationship of miero-
processors. A convenient, stand-
alone text, suitable for both first-
time users of microprocessors and
the technically advanced.
Beginning chapters deal with
basic terms, basic machine archi-
tecture, instructions and address-
ing. Successive chapters treat the
process of generating software, de-
fining required support and docu-
mentation, and designing a simple
machine to program a problem. Sam-
ple problems at the conclusion allow
you to apply your new knowledge.

*Suggested retail price; subject to change
without notice.

(© 1976 Texas Instruments incorporated

Whether youre a
seasoned practitioner
or astriving beginner...

Here are the
fundamentals.

Basic Electricity and DC Circuits.
A self-teaching course designed to
enable you to predict and control the
behavior of most basic and complex
DC circuits. Each lesson begins with
a listing of objectives —what new
skills and knowledge you should
have upon successful completion.
The text within each chapter is ar-
ranged so that you progress at your
own pace, with answers to common-
ly asked questions presented at key
points.

Examples show you how touse the
principles of basic DC electricity as

Fr—————— == - — — — -

Texas Instruments Learning Center.

Mail checks and maney orders to: P.0. Box 3640, M/S 84,
Dallas, Texas 75285. Postage paid. Add state and local taxes
where applicable. {

|

|

l

|

| Mail company purchase orders to: P.0. Box 5012, M/S 84,

Dallas, Texas 75222. Postage and taxes will be added to

{  yourinvoice.
[

|

1

Please send me____coples of (LCB 1891) Software Design for
Microprocessors at $12.95° per copy. _copies of Basic
Eiectricity and DC Circuits at $19.95° per copy.

Software Design
for Microprocessors.
378 pages

only $12.95.*

Basic Electricity and DC
Circuits. 1,016 pages

only $19.95.*

they are taught. You’ll analyze basic
DC circuit schematics and find your-
self experimenting with your own
designs. Plus, a quiz included at the
end of each lesson allows you to
gauge your progress.

If you’re a hobbyist, student,or
simply interested in broadening
your knowledge of electronics, these
books are wmust ad-
ditions to your library.
Use the coupon below
to order your copies

o

today.
———— — — = — = = — =
| enclose [ check [J money order for § |
|
|
Name |
|
Address |
|
City State Zip |
1A states except: AK, DE. HI, MF, NH, OR. |
e W i i e e | i )

TEXAS INSTRUMENTS

INCORPORATED

AmericanRadioHistorv Com
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IS not just another word

in fact, “innovation” is the word that guides SBE engineers in
their quest for better ways to improve personal communica-
tions equipment.

An example of SBE inrovation at its imaginative best is
OPTI/SCAN. This compact 10-channel scanning monitor
requires no crystals but is capable of scanning over 16,000
radio frequencies between 30 MHz and 510 MHz.

The secret of such electronic wizardry lies in the unique
use of digital frequency synthesis, combined with an exclusive
optical scanner and program card system. The “memory" for
specific frequencies to be monitored is programmed in 10-
frequency groups on a smail plastic card no larger than a
credit card. Frequency bands can be mixed on the same card;
and frequency groups to be scanned can be changed instantly
simply by replacing one pre-programmed card with another.

SBE innovation has transformed the scanning monitor
from a fixed, inflexible unit of limited range and scope into an
infinitely versatile electronic marvel that puts a limitless range
of frequencies at your fingertips,
wherever you are, wherever
you may travel.

Tke same innovative skill and
imagination that goes into OPTI/ SCAN
is reflected in the full SBE line of
communications equipment:
citizens band, land mobile, marine and
special application.

Discover how you can benefit from
SBE's electronic innovations.

Bettaer Communications through Creative Technology
®

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

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

CIRCLE ND. 58 ON FREE INFORMATION CARD
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» Editorial

SOLAR ENERGY

People continually ask me, "What do you think the next hot product will be?"
Of late, I've answered, "‘solar energy devices," mischievously. When
pressed, however, I'll readily admit that it won't really be the next

exciting product for the public, but one day solar energy will surely

have a significant impact on our lives.

Today, there are a few solar-powered homes, most of them experimental
and, without mass-produced solar panels, certainly costly. But Edmund
Scientific Company's catalog devotes three pages to energy-from-the-sun
devices, so there’s obviously a coterie of hobbyists already
experimenting in this field. There’s also a host of recent books published on
solar energy (though nothing approaching the plethora of books on CB radio)
as well as journals, newsletters and industry directories.

in truth, energy from the sun to heat homes and feed electric appliances
is not destined to provide us with a very substantial part of our power
needs in the near future. Estimates of solar power expected to be
supplied in the U.S. are not at all awesome at this time. For
example, projections by the Energy Research and Development
Administration (ERDA) indicate only 0.07% of our energy consumption to
be from solar means by 1985, 5% by the year 2000 and 15% by 2020. But
though percentages are not great, it still adds up to a lot of power
(almost 1%z electrical gigawatts in 1985).

Solar thermal system research is moving along, however, with about
31-million dollars budgeted for 1977 by ERDA (compared to almost
1.1-billion dollars for breeder nuclear reactor and fusion systems). But
the greatest potential for making use of the sun’s energy for electric
power rests with satellite solar stations orbiting the earth. Materials
launched from the earth can then be assembled at zero gravity to
simplify the operation. More importantly, the sun is always shining beyond
our atmosphere and it's a virtually uniimited energy source. The solar
energy would be transmitted to earth by beaming microwave energy
to a receiving station. (Klystron amplifying tubes won't be needed
because space is a vacuum.)

Although the benefits of solar energy for obtaining massive amounts of
electric power will not become apparent to many of us in our lifetime,
low-power needs are today being met by this source. There are
solar-powered wrist-watches in use and solar food-cooking apparatus.
Automatic electric generators that get all their power from the sun are being
produced for army units in Israel. So on a small scale, solar energy is
being used right now; and it shows promise of having much wider
applications even with present technology.

With silicon solar cells and panels widely available to experimenters
at modest cost, we expect more and more POPULAR ELECTRONICS
readers to develop solar power supplies for a variety of needs. We will
publish plans for building an inexpensive, reasonably accurate solar
meter in an upcoming issue. It will enable one to make quantitative

measurements of solar energy. W

POPULAR ELECTRONICS
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ACTUAL-SIZE PHOTO 5.24" x 7.25" x 11.2")
Model 1403A $209

B&K-PRECISION ANNOUNCES

A NEW 5MHz 3" SCOPE

The B&K-PRECISION Model 1403A is & real exam-
ple of taking a good idea and making iteven better.
We've redesigned our most popular 3" scope to
bring you new features and higher parformance
but retained the same uitra-compact cabinet.

The new high-brightness 3" CRT produces sharp
waveforms on a P31 blue phosphor. A smoked
glass graticule helps increase image contrast for
clear viewing in the brightest rooms. The 1403A
is conservatively rated at a 5MHz bandwidth for
10mV/div. vertical sensitivity and will typically sync
on signals at 8MHz. This rugged smali scope has
DC amplifiers on both vertical and horizontal axes
and direct deflection terminals for waveform dis-
play up to 450MHz! Maximum input is 600Vp-p.
Input impedance is 1 megohm for both vertical and
horizontal inputs. A Z-axis is also provided.

Perhaps the most striking feature of the 1403A is
its ultra-compact size, (HWD) 5.24 x 7.44 x 11.2".

This feature, combined with a sturdy integral han-
dle, makes the 1403A ideal for field service appli-
cations. When bench or storage space is at a pre-
mium, you'll come to appreciate the convenient
size even more.

We think the 1403A is the most cost-effective small
scope available. Compare the specs, features, size
and price, and we’'re sure that you'll agree. Avail-
able options include the LC-14 carrying case and
PR-21 isolation/ direct probe.

For immediate delivery, contact your B&K-
PRECISION distributor.

o1 PRECISION

PRODUCTS OF DYNASCAN
6460 W. Cortland Avenue, Chicago, IL 60635 312/889-9087

CIRCLE NO. 15 ON FREE- INFORMATION CARD
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The Phase Linear 400 Power
Amplifier has only one serious
competitor when it comes to
advanced design, superior perfor-
mance, made-one-at-a-time
craftsmanship, proven reliability,

elegant appearance . . . and
incomparable value. And that’s
the Phase Linear 700B. Hear
them both at your dealer soon.

Shase

Yenear
400

THE POWERFUL DIFFERENCE

201 watts per channel, min. RMS at 8 ohms
from 20 Hz-20 kHz with no more than .25%
total harmonic distortion.

PHASE LINEAR CORPORATION

20121 - 48th Avenue S.W.
Lynnwood, Washington 98036

CIRCLE NO. S0 ON FREE INFORMATION CARD
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Letters

BUILDING THE COSMAC “ELF”

Congratulations on “Build the Cosmac
‘EIf' ' (August, p 33). It is refreshing to read
about a project that involves an MPU other
than the 8080 or 6800.—W. J. Haberhern,
Cocoa Beach, FL.

| very much enjoyed *Build the Cosmac
‘Elf' " in the August issue. The price and
complexity were just at my level.—D. Mor-
ris, Midland, Ml.

| really appreciated the Cosmac "“EIf" ar-
ticle. | intend to build it as soon as | have
found suppliers for the parts. in my search
for the parts, | have encountered some
problems:

(1) The article says that the CDP 1802
microprocessor sells for less than $30. The
only supplier that | could find for the chip
sells if for $40.

(2) The memories called for are 2101 (256
x 4). Every 2101 | can find is 256 x 1.

(3) | have been unable to find the 5082-
7340 hex displays anywhere. | realize that
others could be substituted but } would like
to use the one suggested.—David Borgelt,
Kingdom City, MO.

In answer to Dave's questions, we have
the following information: (1) The MPU you
want is CDP1802CD. (The last CD means
4-6-volt operation in a ceramic package.) It
sells for $29.50. RCA tells us that the MPU
has been in short supply due to the heavy
demand, but it should be available again
soon. A list of RCA-appointed distributors
around the country and CDP1802CD data
sheets are available free of charge from:
RCA Solid State Division, Box 3200.
Somerville, NJ 08876.

(2) Despite what some advertisements
may say, the 2101 is 256 x 4.

(3) The 5082-7340 displays are available
from most distributors who carry Hewlett-
Packard products.

A BETTER CURVE TRACER

| would like to make a few comments
about the circuit in “Curve Tracer Checks
Semiconductor Quality” (March 1976).
First, this circuit will not check zener
diodes rated at voltages greater than the
transformer’'s 12.6-voit secondary poten-
tial. Any zener diode rated at greater than
this voltage will produce a trace like an
ordinary pn junction. Secondly, the largest
capacitance that can be tested is 1 pF. Val-
ues greater than this will produce a

AmericanRadinHistary Com

“shorted” trace, while values less than
0.033 pF will produce an “‘open’ trace. The-
limitation here is the 60-Hz line frequency;
a possible answer to this would be to use a
signal generator in lieu of the filament
transformer. Finally, with the base open, a
true picture of the device under test cannot
be represented, since the base-emitter
junction is very important to the operation
of the device. The Beta test circuit can be
enhanced by use of a signal generator to
permit the frequency to be changed and
thus give a better picture of gain.

Below is a circuit | have used quite often
for testing semiconductors, rheostats,
capacitors, and coils. The variable trans-
former allows for a wider range of test volt-
agestosolve the zener test problem. Power

transistors can also be easily tested, using
SQUIEE-WAVE GEN, 4—. VERTICAL
IAIPI/T

£
;l L IN-CiRCum
TesT
IDRIZO'ITA L
s l INPUT

‘ -
S2¢ 1= BASE - EMITTER. '
2 BASE - COLLECTOR 5
3% EmyTER- 1 ANE ‘” 3
COLLECTOR

a calibrated dial to list selected test volt-
ages. Switch S3 can be used to switchinan
external square wave (scope calibrator or
signal generator) for ringing coils. Switch
S§2 provides fumble-free out-of-circuit
testing.—D.D. Dempsey, Fort Gordon, GA.

VIDEO GAME READER NOTES

I've seen two table tennis (April 1976)
games that have the same flaw: The vertical
interval from the vertical sync generator
(Fig. 2) istoo long. I've seen it as long as 28
lines when it's supposed to be only three
horizontal lines. Also, with the components
specified, a 60-Hz vertical rate can’t be ob-
tained. I've discovered that by increasing
the value of C3 to 0.15 or 0.12 uF and de-
creasing the value of R70 to 1500 ohms, the
problem will clear up, and tearing at the top
of the displayed picture will cease.—Cary
Sagady, Lindenwold, NJ

I couldn’t resist building the 'Space
War'’ game (April 1976), but when I gotit up
and running, the space ships remained at
the top of the screen and | had little control
over their positioning. | discovered that the
trailing edge of the 555's output occurred
about 1 ms after the vertical sync pulse. By
changing the values of C14 and C15 to 4.7
uF and inserting a 470-ohm resistor in
series with each position-control poten-
tiometer's wiper, | solved the problem.—
Charles F. Brillowsky, Southgate, Ml

ULTRA-UNIQUE DEVICES

It appears that POPULAR ELECTRONICS is
continuing with construction projects that
contain ultra-unique components. After

POPULAR ELECTRONICS




EVERY PROJECT IN
THIS BOOK IS ANOTHER
REASON TO OWN
CSC’S QI SOCKETS AND
BUS STRIPS.

With QT solderless bread- _ Variety — 10 models from 70 to 590 solderless
boarding sockets and bus strips tie-points feature snap/lock design to expand or

: L = contract your breadboard to fit every circult
you can build twice the projects in and budget requirement
half the time. Because making e lors. aeiaior TETcHons.
connections or circuit changesis DIP's. TO-5's, LED's, transformers. relays.
as fast as pushing in—or pulling pots, etc. Most plug-in directly and instantly,
out—component leads. No special in seconds. No special jumpers required —just
o npq o O'tr? 2 lengths of #22-30 AWG solid hookup wire

PS Or jJumpers requireq, either. Molded-in holes let you mount QT units
When you're building circuits securely on any flat surface with 4-40 flat
just for the fun of it, you can take head screws. or 6-32 s;alf-ta%plr?g gcrewsi.

. : roim behind pane
them apart in minutes —not hours. Economy — Sockets are priced as low as
So you save money by re-using parts, $3.00* Save more money by eliminating
while eliminating heat damage to expensheggaa’r‘g Tgi@?n”écgégqaprgﬁgﬁtf

. . . v . B

expensive components..lnterlockmg - Speed — For fast circuit layouts. QT
QT Sockets and Bus Strips are e
infinitely expandable, too: start small 2 separate rows of interconnecting
and “grow" breadboards as large as g terminals. Both connect and dis-
youwish. LA L sty connect easily, without damage to

For aslittle as $3.00, you can get \ . N et 298 FHe

i5

Sockets have 5 interconnecting tie-

points per terminal: Bus Strips feature

. . el Visibility — All parts are instantly and

a lot more out of your time in electronics : “"“‘ '- easily visible and accessible. for

—so why not treat yourself toa QT 50 quick signal tracing, circuit analysis
Socket today? y - and diagramming
. . #&'_ Durability — Higher-temperature
— T Length — Lengn | Hoe | . g sockets with abrasion-resistant.
4— Hole - to-Hole —)| to-Hole Price § . glass-filled plastic. rated better

than 100°C Screw-down-and-:
interlocked design provides high
mechanical strength

Reliability — Ruggedly designed
to professional engineering
standards. for heavy day-in.

! ars9s| 65 | 62° | 118 {1250
w‘: QT-598 6.5 6.2" 20 2.50

QT-47S| 53" 50" 94 10.00 |
PSSOy QT-47B | 5.3° 5.0° 16 2.25

o day-out use. Non-corrosive
kS - QT-35S8 | 4.1 38 70 8.50 prestressed nickel-silver contacts
pEsmm———— QT-35B| 4.1° 38 12 2.00 insure more secure mechanical
i and electrical connections. Vinyl
& - QT-18S| 2.4° 2.1 36 475 backing prevents shorting when
mounted on conductive surfaces.

- QT-128 | 18" 1.5 24 3.75
. CONTINENTAL SPECIALTIES CORPORATION

Qr-8s | 1.4° 1.1 16 3.25

AllQT units .

are 33" thick QT-78 | 1.3" 1.0 14 3.0C
See your CSC dealer or call - 44 Kendall Street. Box 1942
s A1 New Haven, CT 06509 » 203-624-3103 TWX: 710-465-1227
203-624-3103 (East Coast) or 415-421-8872 (Wes1Coasl) o coast office: Box 7809. San Francisco. CA 94119  415-421-8872
major credit cards accepted. TWX: 910-372-7992
*Manutacturer's suggested list s Prices and specitications subject to change without notice Canada: Len Finkler Ltd.. Ontario

€. 1976. Continental Specialties Corporation
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considerable searching, | have been un-
able to locate a source other than Phoenix
Systems from which to buy the Matsushita
MN3001 shift register IC called for in
the"Audio Delay Line™ article (June 1976).
This IC must be available from another
source for less thanthe $15 price fixed for it
by Phoenix Systems. Having no way to
compare prices, | can’t be sure, however.

—Mark Mitckes, Knoxville, TN

To bring readers sophisticated elec-
tronic projects, it is sometimes necessary
to use devices not widely available to hob-
byists. In such cases, we try to have the
device offered in single quantities at a fair

price, such as the $15 for the MN3001. For
OEM needs, contact Matsushita (Pana-
sonic), One Panasonic Way, Secaucus, NJ
07094.

TIME AND SCORE

I would like to pass on to my fellow hob-
byists the following corrections for *‘Build
a Giant-Size Digital Timer-Scoreboard For
Athletic Events” (August 1975): connect
pin 6 (not pin 5) of IC7 to pin 10 of /IC710;
connect pin 4 (not pin 2) of /IC8 to ground,
reverse the pins 4 and 5 connections of
IC12; connect pin 7 to ground and pin 14 to

rl
]

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

O Master Tube Substitution Handbook. 322 p.
OModern Guide to Digital Logic. 294 p. 222,
D VHFAUHF Fire. Police, Ham Scanners. 250 p.. 114,
DOP AMP Circuit Design & Applications, 280 p., 239 il.
O Master Handbook of Digital Logic Appliuhons 392p..287l.
OCET License Handbook 2nd ed. 448 p.,
DTM Electronic Musical Instrument Mamul 210 p..385il.

OMi M 234 p., 176l
DColor TV Trouble Factbk—Problems/Solutions 3rd cd 434 p.
DO Sourcebook of Electronic Organ Circuits, 168 p., 101 il.
DOBuild Your Own Working Robot. 238 p., 83il.
OCBer's Han k of Simple Hobby ands 168p. 114ii.
OFire & Theft Security Systems 2nd ed. 192p.. 114,
O How [0 Repair Home Laundry Appliances. 280 p.. 137il.
D#roadeast Englnuvl“ & Maintenance Handbook. 532 p.
Olmpedance. 19
DPilollnuMavwlllon With [he Pocket Calculator. 392p,, 233 il.
D Soiid-State Color TV Phato/Symptom Guide. 224 p., 169 il.
O DesignMaintain CATY/Small TV Studio 2nd ed.288p..100 i).$'
D modem Electronics Math. 686 p.. 424 il
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D Customizing Your Vai

OThe Woodworker's Bibie. m p.. 151,

O Motorcycle Repair Handbook. 392 p., 260 il.

OThe Complete Handbook of Locks & Lo:ismulhmg 392p.
DAl About Swimming Pools. 182 p., 127 il

O Step-By-Step Guide: Carburstor Yuneuwﬂvemnul 224 p.
OHomeowner’s Guide To Solar Heating & Cooling. 196 p.
DDo-It-Yourselfer's Guide: Home Planning/Constir. 238 p.
OStep-8y-Step Guide to Brake Servicing. 238 p., 248 il.
OVega 350 p., 265 il.

Ostep-| ly-Slap Guide: Chrysler Eng. Maint.Rpr. 256 p.. 195 il.
O Subcontract Your House: Bldg/Remodelg. 196 p.. 63 if.
OAuto Electronics Simplified. 256 p., 202 il.

O The Complete Auto Eleciric Handbook. 210 p., 139 il.
DOConcrete & Masonry. 392 p., 213il.

OHome Appliance Clinic: Controls, Timers, Wiring/Rpr. 195p.
OPractical Home Constr.. tnmm&t‘dbi 448 p., 180il.
OHow to Repair Diesel Engines 371,
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OHow to Repair Small Gasoline Engines, 288
OHow to Repair Home/Auto Air Cond. 208 p.

p.. 1141
480 p.. over 400 il.

DMIcmaiu‘tmnlu 2669 228 1.
OBasic Digita! Elactronics. 210 p_, 117iil.
Dsmtcnlng Reguistors & Power Snwllu 252 p., 12! il.
for Pocket L. 275 il
Bgmr s Inlomﬂloml Transistor Solemv 140p. (7 X 10"
4p.,252i
Oefective YmuMoMin With EVM & Scope. 238 p.. 185 il.
D Getting the Most Out of Electronic Calculators. 204 p., 28 il.
OAviation Electronics Handbook. 406 p., 227 il.
OHow to Test Almost Everything Electronic. 160 p.. 144l
DOIgllalMulc Electronics Hmdbook 308 p.. 226 i,
o Theory for T 224 p., 16l.
OModemn Applications of Linear IC's. 276 p., 301 il.
810-M|mlo Test Yocnniqm for PC Scmclna 216p., 114 il.
Electr,
gﬂw To Yxhont,ﬂnpalv Elodrnnc Test Eqpt 252 p.. ],:3 'll
272p., 170
Principles & Practice. ns p.. 3801,
D Dictionary of Electronics. 4
RADIO & TV SERVICING
nner's Guide lo TV Repair. 176 p., 501l
O Yroubleshooting With the Dual-Trace Seone 224 p.. 252il.
DTV Troubleshooter's Handbook—3rd ed. 448 p. . over 300 il.
DOColor TV Case Histories Hiustrated. 238 p., 219il.
DTV Schematics: Read Batween the Lines. 252 p.. 1881l,
OLogical t:olovwrmmmowng 240p., 151 ).
DTV Banch Servicing Techniques. 228p. . 7T,
DO Modern Radio Repair Techniques. 260 p., 36 il.
OHow to Interpret TV Wavelorms. 256 p., 250 il
OXwik-Fix TV Service Manual. 384 p. . 1005 il.
OAlt-In-One TV Alignment Handbook. 304 p.
DTV Yuner Schematic/Servicing Manual,
0199 Color TV Troubies & Solutions. 224
DOHow to Use Color TV Tes! instruments,
OHome-Call TV Repair Guide. 144 p., 20
] Pinpaint TV Troubles in 10 Minutes. 327
C8, COMMUNICATIONS & HAM RADID
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Unimetrics, Pum-Simwm Siltronix* 'Vol. 3 E F. Johnson
(Messenger), SBE-Linear, Sonar, Royce °

Fanon/Courier Dynascan (Cobra).

O 2nd Class FCC Encyclopedia. 602 p., 445 il.

D The Complete Shortwave Lislener's Hdbk. 288 p.. 101il.

DCB Radio Operator’s Guide—2nd ed. 256 p.. 139l.

OCBer's Handy Manual. 48 p.

D CBer's Handy Atlas/Dictionary. 64 p.

DOPictorial Guide to CB Radio InstallRepair. 256 p., 304 il.

OpPractical CB Radio Troubleshooting & Repair. 238 p.. 108il.

OThe Complete FM 2-Way Radio Handbook. 284 p.. 111l.

DODirectional Broadcast Antennas. 210 p., 60il.

DOAmateur FM Conversion & Construction Projs. 256 p., 187 il.

OBroadcast Annc'r. 3rd Class FCC Study Guide. 168p.. 19l

OModern 276 p. 1Tl $17.

OHow Yo Be A Ham—Including Latest FCC Rules. 192 p.. 25il.83.

OCommercial FCC License Handbook. 444 p., 150 il.

O The 2-Meter FM Repeater Circuits Handbook. 312 p.. 194l

DRTTY Handbook. 320 p., il,

DCitizens Band Radio Service Mmual 228p.. 84iil.

OHow lo Become a Radio Disc Jockey, 256 p.

AMATEUR RAD{O STUDY GUIDES: O Novice $5.95 DGeneral

DOAdvanced $5.95 D Extra $6.950 Incentive $4.95
HOBBY ELECTRONICS

[JHow 1o lectronic Circuil Diagrams

021 Simy

DBasic Electricity & Baginning Elecironics. 252 p.,

ORadio Control for Models. 350 p., 417 il.

CIMOSFET Circuits Guidebook. 196 p.. 104,

OPractical Circuit Design for the Experimenter. 196 p.. 119.il.

om Dlx‘lﬂ & Linear IC Projects. 210 p. 275il.

DORadio Astronomy for the Amateur. 252 p., 96 il.

O 8Build-It Book of Mini Test/Measurement Instr. 238 p., 151 ii.

ORF & Digital Test Equipment You Can Build. 252 p., 217 il.

OMiniature Projects For Electronic Hobbyists. 168 p., 77iil.

OPractical Yriac/SCR Projects For The Exp. 192 p., 146 il.

ORC Modeler's Handbook of Gliders & Sailplanes. 196 p. 90 il.

DOintegrated Circuits Guidebook. 196 p.. 119 il.

O Solid-State Circuits Guidebook. 252 p., 227 il.

Dmadel SailPower Boating.. by Remolc Contro). 192 p., 125 il.

OElectronics For Shutterbugs. 204 il

OPractical Test Instruments You Can Blmd 204 p., 15711,

DHow to Build Solid-State Audio Circuils. 320 p., 190 il.

ORadio-Electronics Hobby Projects. 192 p., 214 il

DHandbook of IC Circuit Projects. 224 p., 136l

D Soiid-State Projects lor the Elullmellor. 224p., 2281,

OFElectronic Experimenter’s Guidebook. 182 p., 86il.

0125 One-Transistor Projects. 192 p.. 125l.

D104 Easy Projects for Electronic Gadwtuu 150 p 105il.

D64 Hobby Projects for Home & Car. 192 p.. 159
AUDIO, Hi-FI & ELECTRONIC MUSIC

L1Electronic Music Circuit Guidebook. 22: 180

DQuestions & Answers About Tape Recording. 264 p., 102iil.

OHandbook of Multichanne! Recording. 322 p., 196l

O Auto Stereo Service & Installation, 252 p., 245 il.

O8asic Audio Systems. 240 p., 203 il.

OServicing Cassetie & c:nﬂdge Tape Phyers 294p.,1960l.

OElectronic Music Production. 156 p., 79 il.

DFM Stereo/Quad Receiver Servicing Manual 192 p., 130il.

D Experimenting With Eiectronic Music. 180 p., 103 il

OCassette Tape Recorders, How Work/CareMepair. 204 p.

OAcoustic Techniques for Home & Studio. 224 p., 168 il.

OPictorial Guide to Yape Recorder Repairs. 256 p., 320 il.

OHow to Repair Musical Instrument Amplifiers. 288 p., 50 il.

OJapanese Radio, Record, Yape Player Srveg. Manual. 228 p.

DOServicing Electronic Omam 196 p., 158 il.

OTape Recording lor Fun & Profit, 224 p., over 200 i,
ALL-IN-ONE COLOR & B&W TV SCHEMATIC/SERVICING N!h‘l.ll.l.s
ach vol. has complete service dafa, parts lists,

schematics, and all other info needed. Each 8%~ x 11~

" Vol. 2 $6.95 (1GE Vol. 1 §5.95 | \Vol. 2 $5.95 ( ;Jap. Vol. 1
$5.95 'Wol. 2 ~Vol. 3; ol. 4 $5.95 [ 1Vol. 5 $5.951Mag. Vol.
1 [ 'Vol. 2 [ Wol. 3 5.95 [ TAirline $5.95 1) Mot. Vo!. 1 ["Vol. 2
$5.95 | 1Philco $5.95 , 1RCA Vol. 1 $5.95 [ vol. 2 $5.95 [ Vol. 3
$5.95 [CVol. 4 $5.95 [1vol. 5 $5.95 [ISears $5.95 [3Serv.
Modular Rec'r Vol. 1 $6.95 rVol, 2 [ 1Syl. Vol. 1 $5.95 ( jVol, 2
$5.95 | 1Toshiba $5.95 ( 1Zenith Vol, 1 $5.95 [1Vol. 2$5.95 [ “Vol.
3$5.95 Vol 4 $5.95
BaW ' Adm. $7.95 ()GE $7.95 ( Jap. $6.95 | |Mag.
Philco [ IACA $7.95 (1Syl. ! 1Zenith $7.95
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V.. to get power to /C72 through /C22 and
IC24 ifyou're using 14-pin DIP’s (for 16-pin
DIP’s, pins 8 and 16 go to ground and V,,,
respectively); connect pin 4 to V,. and pin
11 to ground to get power to /IC23.— Phillip
Partin, Homestead, FL

INEXPENSIVE ALTERNATIVE

Congratulations on presenting "“A LED-
Readout Audio Power Meter” (March
1976). | have been using asimilar device for
almost a year. While it may not be as accu-
rate as the one presented in POPULAR
ELECTRONICS, it costs only about $12 to

build. The schematic for my “‘poor man’s
LED VU meteris shown below. The trimmer

RVNY 20 ~——O lec

ALL DIODES IN%H0O/

potentiometer and diode between the
transformer and rectifier assembly are op-
tional. If used, however, they will compen-
sate for the initial forward drop of the diode
junctions.

—Bertram A. Thiel, Frostburg, MD.

Out of Tune

In “*Learning Electronic Theory With
Hand Calculators, Part One” (July 1976), in
calculating the total capacitance for Fig.
7A, the value for C3 should have been con-
verted from 500 pF to .0005 uF instead of
.005 uF. This makes the display for C;
4.854368932 -04, which rounds off to 485
pF instead of 3850 pF.

For correctigns to “'Build a Giant-Size
Digital Timer-Scoreboard For Athletic
Events"” (August 1975), see letter “Time
and Score” above.

In the Parts List for “Buijld the 'Delta-
Graph' Octave-Band Equalizer’ (Sep-
tember 1976, Q1 should be a D42C1 npn
silicon transistor and Q3 a D43C1 pnp sili-
con transistor.

POPULAR ELECTRONICS




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

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

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

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

The IMSAI 8080 power

OCTOBER 1976

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

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

" IMSAI 8080

e = =
o
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memorv protect. For the ultimate
in flexibility, you can design the
system for low-cost multiprocesscr,
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 one dollar to cover handling.

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

Dealer inquiries invited.

IMIS/A]

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

PE-10



New i;roducts

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

SWL FREQUENCY CALIBRATOR

Gilfer Associates’ Model C-10 calibrator
provides selectable marker signals every
10, 25, 50, 100, and 1000 kHz across the
long- and short-wave regions of the radio
spectrum. A front-panel gating switch en-
ables identification of markers even on
a crowded band. The calibrator uses 3
CMOS [C's and a transistor ampilifier, and
draws low current from an internal 9-volt
battery. Enclosed in a Ten-Tec cabinet.
$54.00. Address: Gilfer Associates, 52 Park
Avenue, Box 239, Park Ridge, NJ 07656.

2-METER FM TRANSCEIVER

Regency Electronics has introduced a new
2-meter FM amateur transceiver, the Model
HR-312. Selection of 12 crystal-controlled
simplex channels or 144 transmit/receive
frequency combinations is made by lock-

ing or unlocking the transceiver's mode
switch. Adjacent channel selectivity is
rated at 75 dB, intermodulation rejection at
65 dB, and receiver sensitivity at 0.15 pV at
12dB SINAD. Transmitter power is rated at
35 watts. Comes with a mounting bracket
and a PTT microphone. $269.00.

CIRCLE H0. 85 ON FREE INFORMATION CARO

SHURE STEREO/FOUR CHANNEL CARTRIDGE

The new Shure Model M24H Dynetic cart-
ridge features low effective stylus mass
(0.39 mg), and a hyperbolic diamond stylus
tip, making it suitable for use with stereo,
matrix, and discrete quadraphonic discs.
Its frequency range is said to be 20 to

10

50,000 Hz, its output 3.0 mV per channel at
1000 Hz with a 5 cm/sec peak recorded
velocity, and channel balance within 2 dB.
Channel separation is rated at a minimum
of 22 dB at 1000 Hz. Typical trackability at
1Va grams in a Shure/SME tone arm is 20
cm/sec at 400 Hz and 25 cm/sec at 30,000
Hz, with a peak of 50 cm/sec at 10,000 Hz.
Tracking force ranges from 1 gram
minimum to 1%2 grams maximum, with an
optimum figure of 1V grams. Net weight is
6 grams. $74.95.

CIRCLE NO. 86 ON FREE INFORMATION CARD

CB BASE MIKE WITH PREAMP

The new Expander 500 from Turner is a
base-station microphone with a built in
preamp. Slide-type volume and tone con-
trols, together with a meter, allow the user
to adjust the microphone output for

maximum intelligibility. The meter also
functions as a battery-condition indicator
when used with a press-to-test button. The
mike head has adjustable tilt and a press-
to-talk bar with a slide lock. Comes with a
six-conductor (one shield) cable. $65.00.

CIRCLE NO. 87 ON FREE INFORMATION CARD

WESTON PORTABLE LCD DMM

Weston Instruments’ new Mode! 6000 is a
portable digital multimeter with autorang-
ing for five measurement functions: ac
voltage, ac current, dc voltage, dc current,
and resistance. Twenty-six ranges cover
voltage measurement from 200 mV to 1000
V, current from 2 mA to 10 amperes, and
resistance from 200 ohms to 20 megohms.
A HOLD input jack provides memory reten-

tion capability for remote measurements.
Automatic zero and automatic polarity are
built-in. Accuracy for the Model 6000 is
said to be 0.35%. The 3%2-digit liquid crystal
display has 0.5-inch high characters, and
blinks on over-range. Uses two 9-volt tran-
sistor batteries. Measures 7" x 5.75" x 2.25"
(17.8 x 14.6 x 5.7 cm); weighs less than 2
ib. $195.00.
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CORDLESS SOLDERING IRON

Wah! Clipper Corp.'s new Model Iso-Tip 60
is a rechargeable soldering iron that is said
to be able to heat up to 125 joints on a
single charge. it can be recharged from
*'dead” to ''full” in one hour, at which point

a LED indicator lights. The iron can be kept
in its recharging stand, where it will be
trickle-charged if the battery is not dis-
charged or fast-charged if it is low. The
standard cordless soldering kit, Model
7800, includes the Iso-Tip 60 soldering
iron, recharging stand, a fine tip, a chisel
tip, and an instruction bookiet. The iron will
also accommodate any of Wahi's 16 snap-
in soldering tips.

CIRCLE NO. 83 ON FREE INFORMATION CARO
BIC MONITOR SERIES LOUDSPEAKER

The new Formula 7 speaker system by BIC
Venturi has a ported bass reflex design
with a 12-inch woofer, a “‘T-slot" horn as-
sembly with a dynamic compression driver
for the midrange and lower treble, and a
piezo-electric driver for the upper treble
range. It also features an amplifier clipping
indicator which glows when the amplifieris
being over-driven. The woofer and
midrangef/treble transducer are protected
by overioad indicator lights and circuit
breakers. Also included are a midrange/
treble level control, a dynamic tonal ba-
lance circuitry, and a series of indicators
which measure the output sound level over
arange of 75to 117 dB. Claimed frequency
range is 20 Hz to beyond 30,000 Hz; power
handling is rated at 125 W rms/channel;
dispersion is 180° horizontal, 120° vertical.
Nominal impedance is 6 ohms. Cabinet

POPULAR ELECTRONICS



The small wonder

Measuring just 117 wide x 11" deep x 5" high, and weighing a
mere 7 pounds, the Altair ™ 680b is a complete, general-purpose
computer.

The secret to this revolutionary, small computer is its CPU
board. This double-sided board fits along the bottom of the Altair
case and plugs directly into the front panel board. It contains
the new 6800 microprocessor, 1,024 bytes of RAM memory, a 256
byte PROM monitor, provisions for 768 bytes of additional PROM
or ROM, and a single Interface port with a Motorola ACIA serial
interface adapter which can be configured either RS-232 or TTY.
A five level Baudot interface option is also available.

The Altair 680b can be programmed from front panel switches,
or it can be interfaced to a video display terminal, or teletype-
writer. Three additional ¢ircuit boards can be plugged inside the
Altair 680b for further memory and interface expansion. The first
of these boards is a 16K static RAM memory board.

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

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

The Altair 680b is ideal for hobbyists who want a powerful
computer system at an economic price. Altair 680b owners qualify
NOTE: Altair is 2 trademark of MITS, Iinc.
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for membership in the Altair Users Group, and like other Altair
owners, they receive a complimentary subscription to Computer
Notes and complete factory support.

PRICES:
Altair 680b kit with complete, easy-to-understand assembly man-

ual, operator’s manual, and programming manual $466
Assembled Altair 680b $625
Aitair 680b Turnkey model kit 395
Expander Card 680MB (required to expand 680). $ 24
Altair 680BSM 16K static RAM board kit with 680 BASIC %685
Altair 680 BASIC when purchased separately $200
Baudot aption $ 42
MAIL THIS COUPON TODAY
i_ _______________________ -
i O Enclosed is acheck far & - !
O BankAmericard #_____ orMasterCharge #p— |
I 'O Altair 680h O kit O Assembled O Other (spectfy) l
! enclose $8 for postage and handling ' |
! O Please send tree information package |
|
| NAME — — ,I
: ADDRESS_ S :
1 CITY o STATEX ZIP |
; = |
i S s |
|
i 2450 Alamo SE/Albuquerque, NM 87106, 505-243-7821 i
e o e c e e — — e —— —— — —— —— e —— — i — — — — -

Price, specifications suhject to change. Piease allow up to 60 days for delivery.
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Three different

schools give you
this 25" hobhy-

DIAGONAL

kit Color TV...

No other home training
school gives you both an ex-
clusive solid state color TV
and an SQ® Quadra-

phonic Receiver complete
with four speakers . . . all in
one course. You get both for
hundreds of dollars less than
the combined tuition cost of
TV and Audio courses at
another school. And only
NRI's Master Course in Color
TV/Audio servicing lets you
train on equipment specifi-
cally designed for training with
exclusive “‘power-on’’ features.

NRI doesn’t give you hobby
kits or commercial sub-assem-
blies. We invested the time
and money to design equip-

- ment with learning in mind.

® Trademark of CBS, Inc.
12

Only NRI gives
you this
designed-for-

learning Color TV...

25"

DIAGONAL

It’s the only way you can (1)
get the feel of typical com-
mercial circuitry, (2) learn
bench techniques while build-
ing complete units from the
“ground” up, (3) perform
over 35 “in-set” exper-
iments during con- §
struction, and (4)
end up with a 25"
diagonal solid-state
color TV with console
cabinet and a 4-chan-
nel quadraphonic
Audio Center.

NRI passes the
savings on to you

NRI can save you money
because our engineering
eliminates the cost of buying
from an outside source. We

pay no salesman’s commis-

sion. Students are enrolled

by mail only. The savings are
passed on to you in the form
of low tuition fees, extras like
the TV's console cabinet and

the four speaker Quadraphonic -

System; a 5 triggered sweep

AmericanRadioHistorv Com

oscilloscope, CMOS digital
frequency counter, and an
integrated circuit color TV pat-
tern generator. Where NRI
supplies a professional color

pattern generator, most
other schools use a TV
set with a built in align-
ment generator of no use for
servicing other sets. Only NRI
designs, engineers, and sup-
plies training kits specifically for
learning and professional use.
You can pay hundreds of dol-
lars more for a similar course
and not get a nickel’s worth
more in training and equipment.

POPULAR ELECTRONICS




More know-how per dollar

That’s what it all boils down
to, the quality of training you
get for the money you spend.
In our 62-year history, more
than a million students have
come to NRI and we’re fully
approved for career study
under the G.I. Bill. We must
be teaching something right.
Some of those “right” things
are bite-size lessons to ease
understanding and speed
learning . . . personal consul-
tation, and prompt grading

of all tests . . . a full-time staff
of engineer/instructors to help
if you need it . . . plenty of kits
and experiments to give you
hands-on training . . .
and fully professional
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...plus compleie
Quadraphonic
Audio Center!

programs oriented to full
or part-time career needs.

Widest Choice of Courses

with Communications,
CB, Digital r—
Computer, and
other careers.

NRI offers not one, but five
excellent TV/Audio servicing
courses so you can tailor
your training to your budget.

il

- ool ..1','.3,_‘(:@::;’. S -

maricanRadiablictan: G,

Or you can study other
opportunity fields like Digital
Computer Electronics, Citi-
zens Band Radio, Commu-
nications,
Aircraft or
Marine Elec-
tronics,
Mobile Ra-
dio, and
more. Send
for our free cata-
log and see for yourself
that no one gives you
more training and equip-
ment for your dollar. There’s
no obligation, and no sales-
man will call.

If card is missing, write to:

NRI SCHOOLS
McGraw-Hill Continuing

r Education Center

:J " 3939 Wisconsin Avenue,

I,}ﬁ ' Washington, D.C. 20016
[ |
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finish is walnut veneer, and front grille is
dark brown. Measures 41%" H x 16" W x
13%" D (104.8 x 40.6 x 34.9 cm), weighs 88
ib (40 kg). $445.

CIRCLE NO. 91 ON FREE INFORMATION CARD

BREAKER CB BURGLAR ALARM

The Model 13-188 CB burgiar alarm from
Breaker Corp actuates the horn of the ve-

hicle in which it is instalied if the ground
connection to either the antenna or the
transceiver is broken. Once actuated, the
horn will continue to sound — even if the
ground connection is quickly restored —
until the alarm is reset. Designed for use in
vehicles with 12-volt negative- or positive-
ground electrical systems, the alarm is said
to be easy to install. $21.95.

CIRCLE NO. 92 ON FREE INFORMATION CARD

CB QUAD BASE ANTENNA

The Avanti PDL il is a cubical quad base
station antenna. It has two elements and a
gamma match which dc grounds the an-
tenna. Front-to-back rejection is rated at 32
dB. VSWR is said to be 1.2:1. Boom length
is 4'10” (1.5 m). Requires a light-to-medium
duty rotor. The quad uses aluminum tubing

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

programable
slide-rule calculator
SR-52

® 10 user defined keys
® 224 program storage locations

® 8 preprogrammed condition stataments

® 20 independent addressable memory registers

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

It took TEXAS INSTRUMENTS to invent the SR-52 calculator. It took C & S
MARKETING ASSOCIATES to offer it at a price you can afford, now only $249.95,
With such versatility and such an affordable price, you can not afford to be without the
problem solving power of card programability. Now solve problems in seconds that would

take hours with are ordinary calculator

or slideruler if they could be done at all.

For more information or the answer to any question you may have about the SR-52

calculator, call toll free (800-251-6771)*.

Tenn. residents call (800.262-6706). Other

TEXAS INSTRUMENT models available from $49.95.

Each TEXAS INSTRUMENT calculator
comes with a 1-year warranty. Should your
unit prove defective within 60 days, just return
it for a new unit! Finally should you be dissatis-
fied with your calculator return it within 15
days for a prompt refund. * COD orders please
add $5.00 shipping and handling.

C & S MARKETING ASSOC.
P.0. BOX 165 ALGOOD, TENN. 38501
| OTY. —————— PRICE 249.95 ea,y

ll:l CHECK O m.0. O cop.|

Nave |
IADDRESS _
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spreaders, cast aluminum hubs, stainless
steel clamps and cadmium-plated
hardware. $108.95.

CIRCLE NO. 93 ON FREE INFORMATION CARD

RF SIGNAL GENERATOR

VIZ Test Instruments Group has introduced
its Mode! WR-50C solid-state signai
generator, a successor to the RCA WR-
50B. It covers fundamental frequencies
from 85 kHz to 40 MHz in six ranges, and
harmonic outputs for higher frequencies.
The range-selection switch also has two

positions for 455 kHz and 10.7 MHz sweep
outputs for AM and FM radio i-f alignment.
R-f output is rated at 75 mV minimum. The
generator has a built-in modulator and a
crystal controlled oscillator circuit with
front-panel crystal socket for markers or
calibration. A two-step 10:1 attenuator
switch is included, as are a vernier attenu-
ation control for sweep output, and a two-
position 7:1 attenuator switch for crystal
oscillator output. Measures 73%" x 57" x
4" (19.7 x 14.9 x 10.5 cm). $117.00.

CIRCLE NO. 94 ON FREE INFORMATION CARD

TECHNICS INTEGRATED STEREG AMPLIFIER

The new Model SU-8600 from Technics by
Panasonic has a rated power output of 73
watts per channel minimum (rms) at 8
ohms from 20 to 20,000 Hz with no more
than 0.08% total harmonic distortion.ltis a
complementary direct-coupled OCL power

POPULAR ELECTRONICS



n you've got a Pace (B radio,

There are millions out there with theair ears other guy’s voice coming back just as clear.
on waiting to talk to you Pace to Pace. To learn more, drop into a Pace place near
And with a Pace CB two-way radio you've got you. The dealer will tell you just how economi
every bit of power the law allows. Power to cal and easy-to-install a Pace is. He'll helo you
cut through interference and “bleeders” choose the one that's just right for you, too.
from other channels. Ask him far the best-selling CB in the world.
What’s more, it's assembled with caomputer- He'll know which one you're talking about.

ized circuitry and it's 100% solid state, so it's
as trouble-free as a CB can be.

It all adds up to your voice getting
out there clearer and with
less distortion, and the

PACE (B

PACE TWO-WAY RADIO PRODUCTS.
BY PATHCOM, INC., HARBOR CITY, CA 90710

OCTOBER 1976 CIRCLE NO. 49 ON FREE INFORMATION CARD 17
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Saving
the best
for last.

The chances are good that when you first bought a stereo
system, it was a “‘package” that included a receiver, 2 speakers,
and a record player with cartridge. But how much time was spent
selecting the cartridge? Most probably it was just a minor
element of the package. Even if it had a famous name, it
probably was not a truly first-rank model.

Yet the cartridge is more important than that. It can limit the
ability of the entire hi-fi chain to properly reproduce your
records. It can affect how many times you will enjoy your
favorite records without noise and distortion. And it can
determine whether you can play and enjoy the new four-channel
CD-4 records.

Consider the advantages of adding an Audio-Technica AT15Sa
to your present system. You start with response from 5 to
45,000 Hz. Ruler flat in the audio range for stereo, with
extended response that assures excellent CD-4 playback if
desired. Tracking is superb at all frequencies and distortion is
extremely low. The sound is balanced, transparent, effortless.
Stereo separation is outstanding, even at 10kHz and higher
where others fall short. Our Dual Magnet design* assures it.

And the AT15Sa has a genuine nude-mounted Shibata stylus.
Which adds a host of advantages. Like longer record life.
Better performance from many older, worn records. Exact
tracing of high frequencies, especially at crowded inner grooves.
And tracking capability —at a reasonable 1-2 grams —that
outperforms and outlasts elliptical styli trying to track

at less than a gram.

We’re so certain that an AT15Sa will improve your present
system that we’d like to challenge you. Take several of your
favorite records to an Audio-Technica dealer. Have him
compare the sound of your present cartridge (or any other)
with the AT15Sa. Listen. We think you’ll be impressed. And
convinced. i

*T.M. Audio-Technica Dual Magnet cartridges protected by
U.S. Patent Nos. 3,720,796 and 3,761,647.

The AT15Sa.

Very possibly the

last phono
cartridge
you’ll ever
need.

UNIVERSAL

BEST FOR 1/2/4 CHANNEL ==

‘@audio-technica

INNOVATION o PRECISION O INTEGRITY

AUDIO-TECHNICA U.S., INC., Dept. 106 P, 33 Shiawassee Ave., Fairlawn, Ohio 44313
Avallable in Canada from Superlor Electronics, Inc.

AmericanRadiaoHistorv. Com

amplifier with differential input stage and
an emitter follower for impedance match-
ing. Italso has a 2-stage phono equalizer. A
current-mirror differential amplifier is
employed in a 3-stage direct-coupled
tone-control circuit. Other features include
a turnover frequency selector, a tone-
defeat switch, a 26-step attenuator-type
level control with loudness switch, -12-
dB/octave low and high filters, a -20-dB
audio muting switch, two speaker system
outputs, two tape monitor loops, a head-
phone jack, and inputs for two phono-
graphs, a tuner, and an auxiliary signal
source. $329.95.
CIRCLE NO. 85 ON FREE INFORMATION CARD

CB CHANNEL BILLBOARD

Controls/Inc. announces its new CB Chan-
nel Billboard Advertiser, which allows a
mobile operator to display which channel
he is monitoring. It is composed of two
units. One is a display box with 2-inch
(5-cm) seven-segment numerais to indi-

cate the monitored channel. it can be
mounted on the rear deck of an automobile
orin any other visible location. The second
unit is a control box with a 24-position rot-
ary switch (1 through 23 and OFF). The two
are interconnected by means of a flat rib-
bon cable. Requires 12 volts dc, and comes
with mounting brackets and hardware. Ad-
dress: Controls/Inc., Box 522, Consumer
Sales Dept. 17, Logansport, IN 46947,

DBX SIGNAL PROCESSOR

The Model 128 signai processor by dbx
contains a two-channel record/playback
noise reduction system similar to the dbx
Model 122, and a 2:1 dynamic range en-
hancement providing linear compression
and expansion. The noise-reduction sys-
tem is said to provide 30 dB of noise reduc-
tion and 10 dB headroom improvement
when used for live recording and to prevent
hiss and noise build-up when copying pre-
viously recorded material off adisc or tape.
The dynamic range enhancement section
offers restoration up to 20 dB of the

POPULAR ELECTRONICS



The Black Watch Kit $19.95

e The Black Watch Kit by Sinclair
CIEL
¢
- m

Sincla
Black Wateh Kit

is unique. Controlled by a
quartz crystal...powered by
two hearing aid batteries.
Styled in understated elegance
the Sinclair way. No knobs

no buttons. To see the exact
time or date just touch the

/ face of the case. A re-set

control is on the back. 'U 2 U

o |
(lIWHIIHIMMMWIINMNIIHHIMHJ#I’I’

batteries . you may be able to adjust the trimmer to
battery-clip gchieve an accuracy within a sacond a waek.
10. black strap (black stainless-stesl

bracelet optional extra — see order form.)
11. full instructions for building and use.

THE KIT CONTAINS Simcimir

printed circuit boards L oS .
integrated circuits B }/;/EU:CL Xy
encapsulated quartz crystals era%; T s wide

RN LWN=

All you provide js a fine soldering iron Ein:lair' (Actual Size)

and a pair of cutters.

T Designing the Sinclair [
Sindoir e Scientific was no small feat
Setentific (okuletor f : : Features of the
pints of engineering, but you Sinclair Scientific
soldering_ don’t have to be an engineer inciair scie
o to assemble it with our kit.
You can put together the world's FUNCTIONS SUMMARY —
most remarkgble scientific cal- Aigebraiclogic
culator from eight groups of com- Five function memory
ponents, using only a soldering Sine, cosine, tangent, arcsing,
iron and a pair of cutters. (Com- arccosing, arctangent
plete instructions are included.) E:gfedes’{fﬂdlﬂmsw'lch
; ) ande
Less than 3/4-inch thin and 3-3/4 Square root, pi and reciprocal
ounces light. British-made Sin- 8digit mantissa, plus 2digit exponent
= clair Scientific isn’t just portable, Automatic constant .,
KIT COMPONENTS it's pocketable. FO({kel-SlZedJ-V:’ XZ'XN/16
i R Weight: 4 ounces.
1. Coil All parts are tested before ship- Battery life. Low-cost, disposable
2. LSlchip ment — and we guarantee any AAA batteries {not included) operate for
3. Interface chips correcly assembled calculator for around 2 hours of continuous use.
4. Printed circuit board one year.
2 [Repbgard o 1. FREE TRIAL OFFER If you decide not to keep and 3. WARRANTY Your correctly assembled kit il be
A you { o ur correcCtly assemaole 1wl 8
g’ Sectronlc Combrionegts p/ac:; . assemble your kit, you may return it undamaged with-  repaired or replaced by Sinclair if it fails to operate
- Battery assembly and on/otf switch in 10 days for a refund of its purchase price. within one yaar of purchase fres of charge {except in
8. Qase mold'mgs, vylth bqt.tons windows 'and the case of misuse).
Ilght-up/dlsp|ay. in posnt.lon. Soft carrying case 2. SERVICE If a problem arises in building your kit, 4. To order your kit, just use the coupon and mail it
9. Com prehen.swe‘lnstructlcl)ns Sinclair Service Department will fix it for you at 8  with your check or money order to: GFN Industries,
10. Assemble time is approximately 3 hours. nominal charge. Inc., 6 Commercial Street, Hicksville, New York 11801.
; To: GFN INDUSTRIES, INC., 6 Commercial Street, Hicksville, New York 11801 }
I
| —_Black Watch Kit(s)at $19.95 ....................cc.ooonnn $. | NAME
|——Black Watch Kit(s) with stainless steel band at $24.95 ... ....
|—Scientific Caiculator Kit(s)at $14.95 ...................... |
|—Assembled Black Watch(es) with stainless steel band at $39. 95 ADDRESS I
|——Assembled Scientific Calculator(s) at $19.95 . e !
Sales Tiax{(N. Y. RESidents) . di. gbseins Wanlad o ack s ol s rhe
} Shipping and handling ($2.00 PER UNIT). . ... ... . ... CITY STATE ZIP. I
| Enclosedislehech/iMO (payab!reot? GEN ladustriestinc.) Quantity discount: For 6 or more units, the total shipping and handling charge is $.00. :
I TOTAL L
L KEY# PE-T0WC :
OCTOBER 1976 19
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FREE!

164-page 1977 catalog. Full color. See what's
| really new in electronics. Get your copy now
} at our stcre near you.

Radio Jnaek

A TANDY CORPORATION COMPANY

OVER 5000 LOCATIONS o 50 STATES ¢ 9 COUNTRIES
*Retail price may vary at mdividual stores and dealers. it 2
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YOUR FIRST
MICROPROCESSOR KIT
SHOULD BE COMPLETE,

UNCOMPLICATED
AND INEXPENSIVE.

THAT'S WHY SCHWEBER
OFFERS NATIONAL'S
SC/MPKIT.

Nobody has to tell you that microprocessor technology is revolutionary.
Trouble is, it's a development with such far-reaching implications, for science,
for business, for you, that it can be a little intimidating.

That's why Schweber Eiectronics wants to introduce to you National's
SC/MP microprocessor kit. It's the newest 8-bit, low-cost microprocessor
system on the market.

SC/MP is ideal for use in those sophisticated calculators, electronic games,
appliance controls, heating and security systems, and mobile communications
units you'd like to design and build.

Schweber has the complete SC/MP Kit in stock right now. So, order yours
today. Be the first to get the very capable, very economical SC/MP Kit from
Schweber — a leader in microprocessor distribution.

What your National SC/MP Kit
from Schweber includes:

e The SC/MP MPU chip.

e Voltage Regulator.

e 256 Bytes of RAM.

e ROM with KITBUG Program.
e 8-Bit Data Buffer.
® 1-mHz Crystal.

e TTY Interface.
Plus: PC Board,
Connector,
Sockets,

Resistors

and Capacitors.

Mail coupon & check to:
Schweber Mait Order Division
P.O. Box #152

Jericho, New York 11753

'----

.'BE THE FIRST
! 70 GET IT?

M Please send me kits @ $99.00 plus $5.00
handling & mailing charges (add sales tax where
. applicable).
l Name
Address

. City State

© 1976, SCHWEBER ELECTRONICS CORPORATION SCHWEBER

Y N P D I I R W B B e ccTRONICS
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"Schweber speaks
Microprocessor’’

Zip

AmericanRadioHictaory Com

New Literature

ELECTRONICS DESIEN AND TESTING

59 Ways to Save Time and Money Design-
ing and Testing in Electronics” is a new,
32-page, full-color, pocket-size catalog
from Continental Specialties. Designed for
electronics hobbyists, technicians and de-
signers, the catalog features some of Con-
tinental Specialties’ new items (a precision
digital pulse generator, a selective-
threshold test instrument that indicates
logic status, and a circuit-powered, multi-
function test tool with memory). There are
also sections with helpful hints on the use
of solderless breadboarding sockets and
breadboards; a section on digital and
linear breadboarding design and construc-
tion; and a block diagram and connection
chart of the most popular digital IC's. Ad-
dress: Continental Specialties Corp., 44
Kendall St., P.O. Box 1942, New Haven, CN
06509. .

ELECTRONIC CIRCUIT HARDWARE

AP Products announces its new 19-page
booklet on state-of-the-art breadboarding
and testing devices. Included are AP’s All-
Circuit Evaluator series, designed to give
greater flexibility and reliability to circuit
building; IC test clips; strips; breadboards;
unicards; pc extender cards; tie-point
blocks; accessories, patch cords; minia-
ture 8-pin connectors; connector pins and
sockets; male and female headers; and dig-
ital test probes. The catalog is fully illus-
trated and technical specifications, dimen-
sion and application information are pro-
vided: Address: AP Products, Inc., Box 110,
72 Corwin Dr., Painesville, OH 44077.

CASSETTE TAPE BOOKLET

Fuji announces a new booklet, “*‘Cassette
Tape and How to Make it Work for You.”
Written on a nontechnical level, the book-
let contains information on the- selection
and use of cassette recorders/players. It
features a section describing the uses of
cassettes as creative aides and explains
the steps to take to ensure optimum re-
sults. Also included is a section on the lan-
guage of cassette tapes, converting tech-
nical engineering language into under-
standable terms for consumers. Address:
Fuji Photo Film U.S.A., Inc., Audio Tape
Div., Empire State Building, New York, NY
10001.

CB ACCESSORIES CATALOGS

Turner announces new catalogs for its
Citizens Band products. A 12-page micro-

POPULAR ELECTRONICS




Royce builds CB’s that ride the roughest roads. Because one loose connection
and your CB is 10-7—out of service. Building CB'’s that can hold up under the
shock of road bumps and wide temperature extremes isn’t easy. It takes mare
than care in construction. It takes advanced engineering design. That's what
Royce gives you. We developed the modular printed circuit for CB’s.
Our modular units eliminate most of the wires normally found in CB’s. By
eliminating these wires, we've eliminated a major source of repair problems.
Then, to make sure your Royce is working perfectly before you buy it, we
electronically check every CB we build. And make sure each one is FCC-type
accepted. Granted, it takes more time and know-how to build a Royce CB.

But we feel the problem of keeping a CB working should be ours, not yours.
That’swhy ...

Everybody’s talking ‘bout

F!oyce =2

©Royce Electronics Corp. 1976

Write for a free brochure to Royce Electromcs Corp., 1746 Levee Road, North Kansas City, Missouri 64116
CIRCLE NO. 56 ON FREE INFORMATION CARD
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Revolutionary!

Sound-shaping taping mike.

Never before — a single microphone that gives you the versatility of
16 microphones! Four tiny frequency filter switches built into the new
Shure 516EQ E-Qualidyne Microphone let you tailor sound for studio
effects m vnrtually any recordmg situation: flick a switch to add sizzle

=5 ; to vocals . . . flick another switch to
~ highlight the sound of a bass drum. You
- can even compensate for the acoustic
' response of a room — right from the
. microphone! In all, the 516EQ creates
16 different response variations that

every tape you make Available singly
" orin pairs for stereo recording. Ask to
hear a recorded demonstration at your
participating Shure dealer.

S SHURE |

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

Shure Brothers Inc.
222 Hartrey Ave., Evanston, IL 60204

In.Canada: A. C. Simmonds & Sons Limited

24 CIRCLE NO. 66 ON FREE INFORMATION CARD
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phone catalog features seven new prod-
ucts, including an amplified base-station
mike with tone-control and voice-strength
meter, and an amplifier mobile micro-
phone that uses readily accessible 9-volt
batteries. Also available is the new Signal
Kicker antenna catalog, which has been
expanded to 16 pages, including a section
on recreational vehicle antennas. Address:
Turner Division of Conrac Corp., 716 Oak-
land Rd. N.E., Cedar Rapids, |A 52402,

1976 SEMICONDUCTOR GUIDE

General Electric announces a new 2Q0-
page 1976 edition of its Semiconductor
Guide, ETRM-4311. The revised and up-
dated catalog cross-references GE univer-
sal replacement semiconductors and
supplies application and technical data on
the devices. Included ate 52 new enter-
tainment semiconductor devices for TV,
FM and FM stereo applications, and infor-
mation on five semiconductor kits, 19
experimenter/hobbyist components and
22 accessories such as transistor heat
sinks, sockets and micas, and IC sockets.
$1.00. Address: General Electric, Suite 301,
2001 Gardiner Lane, Louisville, KY 40205.

POLYPHONY

PAIA announces a new quarterly magazine
“Polyphony.” Directed toward the elec-
tronic music enthusiast, the publication in-
tends to be an information exchange be-
tween the related fields of electronic theory
and circuitdesign, music theory, acoustics
and recording techniques. Containing
reader contributions, PAIA staff material
and new product information, the
magazine combines the information into a
usable format for electronic music applica-
tions. Current issue free upon request. Ad-
dress: ""Polyphony,” ¢, PAIA Electronics,
Inc., 1020 W. Wilshire Blvd., Oklahoma
City, OK 73116.

CB CATALOG SERIES

A new, 11-page catalog from Shakespeare
illustrates its line of citizens, marine and
business band antennas with related
mounts, hardware and test equipment. In-
cluded are fiberglass whip, base-loaded,
top-loaded, co-phased, and new 2-foot
stick mobile antennas; half-wave om-
nidirectional CB base station antennas in-
cluding the first fiberglass directional an-
tenna; vhf-FM and SSB marine antennas;
and mobile, base station and ground plane
business band antennas. A section on
mobile CB mounts and accessories and
marine accessories is also included. In ad-
dition, Shakespeare offers a series of illus-
trated minicatalogues, featuring CB
mobile transceivers; CB antennas and ac-
cessories; and marine antennas and ac-
cessories. Address: Shakespeare Co., 2805
Millwood Ave., Columbia, SC 29205.

POPULAR ELECTRONICS
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CREI brings college-level training
to you with eight educational
advantages, including special

arrangements for engineering degrees

AmericanRadioHistorv. Com

Advanced Electronics

The best way to qualify for top positions
and top pay in electronics is obviously
with college-level training. The person
with such training usually steps more
quickly into an engineering level posi-
tion and is paid considerably more than
the average technician who has been on
the job several years.

A regular college engineering pro-
gram, however, means several years of
full-time resident training—and it often
means waiting several years before you
can even start your career. This, of
course, is difficult if you must work full
time to support yourself and your fam-
ily.

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

1. Convenient Training

CREI brings the college to you.
Through the convenience of home study,
you receive exactly the same level of
training you will find in any college or
university offering programs in elec-
tronic engineering technology. With
CREI, however, you can “go to college”
whenever you have spare time at home
or on the job.

2. Specialized Programs

With CREI, you enjoy the advantage of
specialized training. That is, your pro-
gram will include only those courses
directly applicable to your career in
clectronics. We omit such courses as
English, social studies and other sub-
jects, which are usually required in
resident schools. Therefore, with CREI,
you move ahead faster to the more in-
teresting and useful part of your train-

ing.

3. Practical Engineering
CREI programs give you a practical
engincering knowledge of electronics.
That is, each part of your training is
planned for your “use on the job.” By
using your training, you reinforce the
learning process. And by demonstrating
your increased knowledge to your em-
ployer, you may qualify for faster ca-
reer advancement.

4. Engineering Degrees

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

POGPULAR ELECTRONICS



Career Training at Home

5. Unique Laboratory

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

6. Wide Program Choice

CREI gives you a choice of specializa-
tion in {4 areas of electronics. You can
select exactly the area of electronics best
for your career field. You can specialize
in such areas as computer electronics,
communications engineering, micro-
wave, CATYV, television (broadcast)
engineering and many other areas of
modern electronics.

7. Prepared by Experts

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

8. Industry Recognition

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

Other Advantages

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

OCTOBER 1976

FREE Book

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

Qualifications

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

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

programs in electronics

Mail card or write describing qualifications to

CAPITOL
RADIO
ENGINEERING
INSTITUTE

Gl Bill

CREI programs
are approved
for training of
veterans and
servicemen inder
the G.I. Bill.

McGraw-Hill Continuing Education Center

3939 Wisconsin Avenue Northwest

Washington, D.C. 20016

Accredited Member National Home Study Council
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Stereo Scene

By Ralph Hodges

CONSUMER ELECTRONICS SHOW—SUMMER 1976

HIS YEAR'S SUMMER Consumer

Electronics Show was orderly
and level-headed. Among the
majors—Pioneer, Marantz, Kenwood,
Sansui, etc.—there were precious few
introductions of top-of-the-line mod-
els, but there were scads of lower-
price components to continue a series
begun last year with one or two ‘““flag-
ship” products. This was especially
true for receivers and integrated
amplifiers, and even for some
preamplifiers and power amplifiers.
For example, Yamaha's premier intro-
duction was the Model B-2 at 100
watts per channel, It is a V-FET power
amplifier cast from the mold of the
more powerful B-1. The Luxman
5M21, with the same power rating, is
obviously a descendent of that com-
pany's larger power amplifiers. In ad-
dition, both manufacturers intro-
duced companion preamplifiers at
lower prices than heretofore.

Trends & Themes. It was a banner
show for direct-drive turntables—to
the point where it is a rare major turn-
table line that does not include at least
one. The elite among the direct-drives
now derive their reference frequen-
cies from quartz-crystal oscillators,
and their servos employ phase-locked
loops. Technics, JVC, and Sansui all
had brand-new machines with these
features at CES.

Apparently the market for three-
head cassette decks is suddenly com-
ing to life once again. It seems that a

Yamaha B-2 power amplifier.
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serious tape-alignment problem has
balked the widespread availability of
such machines up to now. The prob-
lem has been that any significant spa-
cing between the record and playback
heads gives the cassette's relatively
crude tape-guidance system ample
chance to skew the tape. And since no
cassette is (in theory) exactly like any
other, there was no predicting what
sort of azimuth error the skew would
introduce. Even turning a cassette
over to use its other side would often
significantly alter the alignment.

The Models 1000 and 700 from
Nakamichi, now a few years old, in-
corporated the first practical remedy
for this state of affairs: an alignment
“beacon’’ system that enabled one to
reset the azimuth of the record head
quickly and unambiguously for each
cassette side. Then, last year, Hitachi
presented a deck, the D/3500, with a
wholly new approach—record and
play heads that snuggled against each
other so closely that any tape skew
within the short space separating the
two sets of gaps was a scant possibil-
ity. In fact, the gaps were so close they
could even share the cassette's single
pressure pad. Apparently, this innova-

. tion lent impetus to other cassette-

deck manufacturers who had thought
that azimuth adjustments were a bit
too arcane and expensive to attract an
appreciable market. Fisher acted first,
and now has three models employing
this scheme. Akai has used it for its
new GXC-570D, among other
machines. And now this year, Teac has
adopted it for its long-anticipated
three-header, the 860, which will head
the company’s brand new “Esoteric”
series. In place of azimuth adjust-
ments, the 860 has continuously vari-
able bias and equalization controls on
its front panel, as well as elaborate
mixing facilities.

A few manufacturers have elected to
stick with separate, spaced record and
playback heads. Among them are

AmericanRadioHistorvy Com

Tandberg, whose new TCD 330 has a
record-head azimuth adjustment with
a meter to indicate correct alignment.
The Lenco C-2003 also has spaced
heads, but seems to lack any special
alignment features.

In the world of loudspeakers, the
CES brought a small inundation of
products designed to be phase-
coherent, following the lead provided
(in their various manners) by Ohm,
Dahlquist, and B & O. The most popu-
lar approach is obviously the
staggered-array configuration. In
other words, if the tweeter is a little
“faster’” than the woofer in getting off
the mark, simply locate the tweeter's
diaphragm a little farther from the lis-
tener to even thingsout. Thisresultsin
staggered drivers, each occupying its
own mounting plane. The B & W DM6
from England is a good example, as is
anew floor-standing system from Eng-
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Akai GXC-570D cassette deck.

land’s KEF. From the U.S., the Au-
dioanalyst ‘‘Anthem Array,” the Jen-
nings Research Contrara Vector One,
and the Paradox TA-12 “Time Align"
(highly reminiscent of the B & W pro-
duct in its appearance) are all adher-
ents of this phisolophy. Even Japan
demonstrated interest via the ‘“‘Pro-
fessional Series’” from Technics by
Panasonic. The top-of-the-series
model, the SC-9000, is truly a sight to
behold, with four large woofers and
three enormous mid- and high-fre-
quency horns, looking powerful
enough to be lethal to houseflies and
other frail life forms.

New amps or old? You've probably
noticed a trend to Class A amplifiers
from some manufacturers of the more
esoteric electronic products. This
was continued by new CES products
from Stax, Mark Levinson, and some
other lesser-known companies. The
claimed benefits and the performance
of such devices have been tempting to
consumers and other manufacturers
alike. However, the reduced gain and
comparative inefficiency of Class-A

POPULAR ELECTRONICS
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Form follows function.

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

Today, the same advanced technology found in our musical
instruments has made Yamaha a leader in 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-
phones ever heard. We consulted world-famous designer Mario
Bellini to help us make them the most comfortable headphones
ever womn. 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
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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 CrO2 tape.

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

If you'd like a closer look at some other examples of form
following function, send for our free catalog of stereo components..
Or see your local Yamaha Audio Specialty %ealer. Youll get a
lot more than just a demonstration.

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

L

_____©YAMAHA

a Yamaha International Corporation 101—I
|  Audio Division, PO. Box 6600, Buena Park, Calif. 90622 |
| Please send my free copy of the Yamaha stereo components I
| catalog and a list of Yamaha Audio Specialty Dealers. |
| Name = [
| Address - |
b." b
A |
| State Zip |
l |
N
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operation have made the whole idea
seem impractical in a power-
competitive market. Class AB or
something close to it has therefore
remained supreme up to now. But
CES gave evidence that some design-
ers are out to get the best of both
worlds.

In the SR/903 receiver, Hitachi pre-
sented the first example | have per-
sonally encountered of a Class-G
amplifier. Briefly, the equivalent of two

Audionics PZ3, is also said to use a
bias-shifting control circuit.

The Elcaset. CES served as the offi-
cial debut arena of the Elcaset format,
for which its co-developers, Ma-
tsushita (Panasonic and Technics),
Sony, and Teac, have high hopes. The
Elcaset principally differs from the
Philips cassette in being considerably
larger, using ¥a-inch tape and a 3 %-ips
tape speed. Also, it does not depend

Hitachi SR 908 reciever.

push-pull output sections s
employed. One handles small
amplitude signals and the other is
switched in for large transients. If | un-
derstand the whole business correctly
(details were still sketchy at show-
time), the two sections are biased dif-
ferently, enabling the low-output sec-
tion to approach Class-A operation,
and the high-output section to operate
in a very efficient mode. The idea re-
calls to mind the Sharma circuit from
the Mattes amplifier of the mid 60’s,
although the actual configuration of
the circuitis, of course, different. At 75
watts per channel continuous, the
Hitachi receiver is not a powerhouse
by today's standards, but the power it
does have comes in a competetively
sized and priced package, with some
intriguing technical features.

The Nakamichi 620, a 100-watt-
per-channel power amplifier, is said to
operate—I| am tempted to say “‘nomi-
nally" operate—in the Class-B mode.
Of course Class B, efficient though it
is, can be beset by crossover distor-
tion and other troubles if the designer
is not very careful. But this amplifier
has a 0.005 percent guaranteed dis-
tortion level. Apparently (again details
were few at the moment of writing) the
nastinesses of Class B have been
cured by a carefully designed bias-
control circuit. In any case, the 620 is
certainly compact enough to support
its claims for highly efficient operation
and only two transistors per channel
are used in the output stage. Another
amplifier introduced at the show, the
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on the cassette package itself to pro-
vide tape guidance. Instead, the tape
is drawn out of the cassette in the form
of a loop, so that the machine’s inter-
nal guides and tensioners are solely
responsible for its transport and
alignment.

In these respects, the Elcaset re-
sembles the BASF Unisette an-
nounced last year, but as yet not really
seen in this country. However, while
the Unisette envisioned professional
users, the Elcaset is intended as a
consumer product.

The CES brought forth four
machines that can record and play El-
casets: the Sony EL-7 and EL-5, a de-
luxe Technics, and a Teac prototype.
The Sony decks were three-head
three-motor (the EL-7) and two-head
single-motor (the EL-5). The Technics
extravaganza had four direct-drive
motors (two in the dual-capstan
tape-drive system) and four heads (the
fourth for the narrow control tracks for

Teac 860 cassette deck.

which room is provided in the center
of the Elcaset tape).

No one doubts that the Elcaset for-
mat can measurably outperform the
Philips cassette. But the big question
being asked is: Will this measurable
superiority translate to a significant
audible superiority? In other words, is
it possible that the Philips cassette
format, over its years of refinement,
has become good enough to compete
with any other high-fidelity program
source—the Elcaset and even high-
speed open-reel—for certain types of
program material? And if it hasn't,
isn’t it likely to in the near future, ob-
viating the need for another quality
tape cassette format at this time?

The coming months should yield
some answers to these questions. In
the meantime, itis true thatthe Elcaset
doesn't face the restrictions on four-
channel that have troubled the Philips
cassette. But if this is to be a factor, we
then have to ask whether the appa-
rently waning interest in quad-
raphonics will justify any manufac-
turer’s offering a four-channel Elcaset
machine.

A final question being asked about
the Elcaset format concerns the tape
itself. Who is going to be supplying
Elcasets, and in what form? Sony is
into production already, of course,
and will be offering a low-noise tape

Luxman 5M21 power amplifier.

formulation as well as Ferrichrome
(the first Ya-inch Ferrichrome tape to
appear on the market). The positions
of the other tape manufacturers have
not been clarified, however. Another
matter: the Technics machine has
switch positions for chromium-
dioxide bias and equalization, al-
though Sony has not announced a
chromium-dioxide Elcaset and at the
moment there seems to be some
doubt whether it will. To what extent
might the Elcaset format get em-
broiled inthe chrome-vs.-ferric debate
that is being waged rather briskly right
now?

Whatever happens, the Eicaset
promises to be a superb if rather ex-
pensive tape medium. But certainly it
will not be beloved by all. Some man-
ufacturers are talking about serious
ventures into microcassettes. If they
make a move, things should really be
jumping by this time next year. @
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LR-9080

The new Powerhouse line.

petition

iIsonthispage.

No one can compete with Lafayette’s new Power-
house line of receivers,

And the top of the Powerhouse line is the best
yet. Check the spec chart. Compare it to what you're
listening to now. And to what the competition is
offering. You'll see the Powerhouse line delivers.

The two top of the line receivers have features
you've never had on any receiver before. Advanced
features like Dolby® FM noise reduction system (om
the LR-9090) and a mike mixing feature on both
models. Even features like mid-range freguency
emphasis and tape dubbing controls are included

LR-5555

for your control of the sound. And they share many
of the features of the line like digital phase-lock-
loop circuitry, positive detent controls and con-
venient push/lock speaker terminals.

If the competition could give you all these
features they still couldn’t deliver extras like
Lafayette’s protective warranties, and audio experts
who care about you. Stop in at one of the Lafayette
dealers or stores coast to coast.

You’ll see the cniy competition for Power-
house features and performance is another Power-
house receiver.

Specifications LR-9090 LR-5555
Power Min. RMS

20-20,000 Hz 90+90 55+55
Total Harmonic

Distortion(Less Than) 01% 0.5%

Input Sensitivity:

Phono/Aux/Mike mV 2.5/150/6 2.5/150/6
Tone Bass/Mid/Treble Bass/Mid/Treble
Speakers A, B, C A, B, C

FM Sensitivity (Stereo} 21.0 dBf (1.8 uV)** 21.0 dBf (1.8 uV)**
Selectivity 80 dB 80 dB
Capture Ratio 1.25dB 1.25 dB
Price $599.95 $399.95

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

Lafayette

There is no competition.

For more information and a free catalog please write: Lafayette Radio Electronics, Box122, 111 Jericho Tpke., Syosset, N.Y. 11791
Copyright 1976 Lafayette Radio Electronics
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HIGHI.IGHTS

CB Channel Expansion, Etc.

The FCC will add 17 AM voice channels to the present
23 on the 27-MHz CB radio band, effective January 1,
1977. Technical specification requirements will
change, 100, with spurious response requirements niore
stringent. Receivers with 40 voice-communication
channels won't be available verv soon. however, since
the equipment must be type accepted by the FCC
(which recently rejected 25 applications for certifica-
tion of 23-channel rigs). Then there are production and
distribution 10 be taken care of. Moreover, there won't
be many people to talk to on the 17 new channels for
some time to come. Additionally, truckers are expected
to continue to use Channel 19. while Channel 9 will
remain as the emergency/assist channel. So the 23-
channel CB transceiver promises to be with us for some
time, just as vhf television hasn’t been supplanted by
the addition of uhf stations.

Among other rulings, Channel 11 is no longer the CB
“calling channel.” It will be used just as other allocated
frequencies (except Channel 9, of course). And CB'ers
will not be able to blithely ignore harmonic interference
to a neighbor’s television receiver (Channels 2, 5 or 6)
due to insufficient harmonic suppression. The licensee
causing the interference is now directed to insert a
low-pass filter between his r-f output connnector and
the antenna feedline. Furthermore. a host of proposed
changes were shot down. For example, the present
27-MHz Class C radio control frequencies will not be
reallocated to the Class D band, although the FCC indi-
cated that alternate frequencies must be found at some
time due to the problem of interference to Class C oper-
ations. Also, a proposal to lower the age requirement for
a Class D station license from 18 to 16 has been turned
down for now.

Test Cassette Series

A new series of cassette tapes for test purposes has been
introduced by TDK. The “AC” series consists of 12 cas-
settes for testing crosstalk, recording calibration, head
alignment, {requency characteristics, wow and flutter,
tape speed. and playback calibration with and without
Dolby. Cassettes range in price from $10 to $35 each.

Needle-Fine Solder

Solder with 5 rosin cores, capable of fitting through the
eye of a needle (a one-pound reel of 34 SWG is nearly
one mile long). has been developed by Multicore Sol-
ders of Westbury, New York. Designed for integrated
circuit, minjature component and micro-electronic ap-
plications, the extremely fine solder makes it easier to
control the placement, amount and speed of soldering.

Video Game Chip Shortage

The rising demand for home video game 1C’s and MPU's
was evident this year at the Summer Consumer Elec-
tronics Show. where a number of toy manufacturers and
electronics companies displayed their games. It's esti-
mated that the total number of video games sold this year
will range from two to five million. Most suppliers ex-
pect. however, that the demand will continue to outstep
the supplies, pushing manufacturers farther back in
their deliverv schedules. Though the parts shortage is
expected to be temporary, supplies promise to be tight
through the pre-Christmas season.

Computers At Golf Classic

For the first time, the R and A Golf Club of St. Andrews,
Scotland employed computer terminals to improve spec-
tator information on scores at the 105th British Open
Championship held in Southport, England this summer.
The terminals, supplied by Sperry Univac, automatically
relayed scoring information throughout the club for
printout and scoreboard posting. Ultimately, the goal of
the R and A Club is to use a computer which can provide
detailed information on the progress of the champion-
ship tourneys, as well as historical statistics and analyses
of the players’ performances hole-by-hole.

AM Stereo Broadcasts

Kahn Communications, Inc. has filed a petition with the
FCC to institute proceedings for a change in regulations
which would allow AM broadcasters to operate
stereophonically. The petition stresses that the system is
compatible with standard AM broadcasting, that it cov-
ers large reception areas, and does not contain the noise
bursts found in FM stereo automobile reception, and
that many listeners already own radios that can receive
the AM stereo signal. Reports have been submitied to the
FCC by WFBR, Baltimore and XETRA, Tijuana, Mexico
concerning on-the-air experiments that have been made
over a total of three and a halt years.

PSB Frequency Assistance

To help owners of vhi{/FM monitors and scanners learn
which frequencies are used in their reception areas, the
Electra Company has established a Frequency Assist-
ance telephone line to serve their customers in most
areas of the U.S. It's open each working day fron1 8 a.m.
to 5 p.m., and can be reached by calling. toll free. 800-
428-2326 (in Indiana 800-382-2072).

POPULAR ELECTRONICS
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You put a CBradio in ycur

car, t-uck or camper for a reason.

To know what's happening cn the

highway. And Shzkespeare zeams

power and performance in CB

radiz to give you tae ultimate con-

trol zver what you need to know.
Punching signals through

loud and clear. For em=rgencies.

For direczions. Or

jUSt for fun. ¢ Less than
The same $140.

rugged reliabil-

ity that has set

Shekespeare

marine gear in

a class by itself

stands beside -

every Shakespeare '~ CBradio.
Shakespeare CB units are a

cut above the ordinars. Eng:-

neered better to ke th= best

welcomes you aboard.

And zenableof enduring mile after
mile of challenge on the open road.

Shakespeare’s mighty serious
when it comes to electzonic com-
municatior:s 2quipment. And
you've chosen the best.

Shakespeere GBS 1500

Thss compact bbwcost unit is designed for easy
installatiomand is t=e perfect traveling companion.
For long and shert #rips — monitorroad cenditions
check cn safe anchorages, advise family o your
arrival ime.

Tha G35/150€ sclid-state trarsceiver utilizes
Shakespeare’s advenced circuitry and design to
assure optimumc<clarity with reducad inte-ference.

Sea tough. Highway dependable.
Shakespearz Electronics Group, PO. Box 246, Celumbia, 3.C. 29202 USA
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Swicch to
the CB antenna
tha¢ beats
the Citizens Bandit¢s.

4 Itsnowonder people are worried about
‘A, CBthefts. Allathiefhasto dois spota car
» with a CB antenna and he has his target.
But he can't spot ours.
Because the TennaPower Disappearing
CB Electric Antenna hides inside the
fender when it isn’t being used.

' "ow ou 1@ But there’s no hiding from it when

Seée it. it's up. Because it performs like
gangbusters.
| Oneflick of the switch extends it fully or
drops it out of sight. And even turns your
} transceivers power on or off, automatically,
at the same time.
| Our antenna is center-loaded for better
range. Its unique “skinny"” coil disappears into
‘ the fender. Our motor is lifetime lubricated.
. Our materials are virtually corrosion-proof.
e Andthe antenna is designed to obtain an
T optimum SWR of 1.5:1 or better.
And our Disappearing CB Electric Antenna
gives you this big, exclusive advantage: it's
made by Tenna. We're the world leader in
electric car antennas. Because we've built
over 5 million disappearing electric car radio
antennas for GM, Ford, Chrysler and Rolls
Royce.
So buy the TennaPower Disappearing CB
Electric Antenna at a dealer near you who
sells CB or car stereo. You can ask him about
installation or you may want to do it yourself.
Then beat the Citizens Bandits with the
CB antenna thieves can't see. We think you
can see why.

Tenna

ﬂ Corporation
e

Cleveland, Ohio 44128
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ITH THE high cost of gasoline

and annual increases in new car
prices, it is becoming increasinggly
more important to keep our cars in
perfect tune for maximum economy
and engine life. Unfortunately, most of
us put off periodic checks until our
cars get '“‘sick’ and force us to do
something about them. Hence, what
every car needs is a device that keeps
tabs on ignition performance at all
times and provides a warning of po-
tential problems before the car breaks
down. This is exactly what the full-time
Ignition Monitor described here is de-
signed to do.

The Ignition Monitor lets you make
all the common ignition system
checks simply by flipping a switch and
glancing at a meter. The parameters
the system is designed to check in-
clude: ignition timing angle in degrees
BTC, rpm, dwell angle, and electrical
system voltage. The moniter can be
permanently mounted in your car so
that these parameters can be checked
under all driving conditions—not just
atidle. It can also be built into a hand-
held case for tuning other cars equip-
ped with the necessary sensor.

The system can be used with any 4-,
6-, or 8-cylinder engine equipped with
either conventional {Kettering) or
electronic ignition systems with
breaker-point, magnetic, or optical
switching. It can even be used with
most magneto systems. An inexpen-
sive accessory tachometer is used as
*Tachometer is not included
in kit given in Parts List.
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while you drive.

the system’s parameter indicator,
while the electronics package is
housed in a separate box that mounts
under the dashboard.

Once your car is properly tuned and
the Ignition Monitor is installed, you
will soon get a “‘feel” for detecting
even subtle changes in ignition opera-
tion. By monitoring the timing meter
and driving for maximum advance,
you can stretch your gas mileage and
begin to economize immediately.

How It Works. The timing circuit of
the ignition monitor utilizes an in-
frared LED/phototransistor optoelec-
tronic sensor that senses a reference
position of the engine's crankshaft.
The sensor mounts close to the front
pulley, or harmonic balancer. Once
each crankshaft revolution a small
metal ‘“‘flag’ attached to the pulley
passes through the sensor and inter-
rupts the infrared beam. This gener-
ates a signal that precisely indicates
the position of the crankshaft.

In the circuit shown in Fig. 1, ICTA
forms a flip-flop. Interruption of
crankshaft sensor current causes the
flip-flop to turn on. The subdbsequent
arrival of an ignition pulse from the
distributor terminal of the car’s igni-
tion coil triggers the shaping circuit
made up of /C1B. The shaper output
then turns off the flip-flop via D6 and
resistor R28.

The output of the flip-flop is a series
of pulses with a duty cycle that is in-
versely proportional to the timing an-
gle. A smoothing circuit made up of

AmericanRadioHistorv. Com

Build a CAR
IGNITION
MONITOR

Provides a visual indication of fiming

angle, rpm, dwell, and system dc voltage

Popular Electronics’
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BY WALTER B. HENRY

IC1C conditions the pulse train to
drive the meter movement.

Mast conventional and transis-
torized ignition systems have an initial
positive pulse from the coil. This posi-
tive signal is routed to the /C7B shaper
through a jumper in the /C78 input
circuit. Most capacitive-discharge
systems have an initial negative pulse
output, which is routed through the
C.D. side of the jumper.

The tachometer circuit uses a one-
shot multivibrator circuit formed by
/IC1D. The constant-width pulse out-
put from this stage has a duty cycle
that is directly proportional to engine
speed. The puise output is smoothed
by the inertia of the meter movement.
Transistor Q7 delivers a pulse output
whose duty cycle is proportional to the
dwellangle. A 10-volt zener diode, DT,
allows the meter to function as an |
expanded-scale volt-meter that regis-
ters potentials greater than 10 volts.
Any potential less than 10 volts will not
register on the meter.

Construction. You can assembie the
entire circuit on perforated board or
on a printed circuit board, the actual-
size etching and drilling guide and
components-placement diagram for
which are shown in Fig. 2. There are
two sets of connections to the circuit
board. One set is via terminal strip
TS1, which is for making connections
to the car's ignition coil-and electrical
system, the sensor, and the meter. The
other connections come from mode
switch S1. the circuit board assembly
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PARTS LIST

C1,C6—0.05-uF, 100-V disc capacitor

C2—1-yF, 10-V electrolytic capacitor

C3,C4,C5,C10—0.01-pF, 100-V disc ca-
pacitor

C7—0.005-yF, 100-V disc capacitor

C8—0.001-pF, 100-V disc capacitor

C9—Not used

D1 through D8—I1N914 diode

D9—IN758 10-volt zener diode

IC1—CA3401, LM3900N, or MC3401P
quad operational amplifier

1C2—CA3046, CA3086, LM3046,
LM3086 transistor array

Q1—2N3646 transistor

R1,R2,R4—50,000-ohm upright pc-type
trimmer potentiometer

R3—5000-ohm upright pc-type trimmer
potentiometer

R5—2500-ohm upright pc-type trimmer
potentiometer

The following resistors Y4-watt, 109% toler-
ance:

R6,R8,R9,R14,R16,R17—1000 ohms

R7,R10,R25—4700 ohms

or

Fig. 1. Output of IC1A is smoothed to provide timing signal.
Output of IC1B operates one-shot IC1D to form tach signal.
Transistor QI forms dwell-angle measurement signal source.
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HHR—5k

R11,R27—10,000 ohms

R12,R19,R20,R23,R24,R26—100,000
ohms

R13—330,000 ohms

R15—390 ohms

R18,R28—22,000 ohms

R21,R22,R29,R30—220,000 ohms

R31—680 ohms

S1—Two-pole, four-position nonshorting
rotary switch

Sensor—GE Photo-coupled HI13Al
H13A2 module

TS1—Six-lug screw-type terminal strip

Misc.—Suitable metal enclosure (see
text); control knob; tachometer (see
text); stranded hookup wire for inter-
connections; metal shim stock for flag
(see text); epoxy cement; spacers;
machine hardware; solder; etc.

Note: The following items are available
from Kingston Instruments, 3805
Ashford Ave., Fort Worth, TX 76133:
Etched and drilled printed circuit board*
for $5.50; pc board with components
and sensor for $21.50; complete kit ex-
cept for tachometer for $26.50; sensor
for $3.00. Texas residents, please add
5% tax.

or
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can be mounted inside any metal or
plastic enclosure that will comfortably
accommodate it.

The mode switch can be mounted
on one wall of the circuit board’s en-
closure. Alternatively, it can be
mounted externally, on its own brack-
et, with suitable stranded hookup wire
interconnecting its lugs with the cir-
cuit board assembly.

Almost any electronic tachometer
can be used for the display. The only
requirement is that the meter move-
ment can be driven to full-scale with 1
mA or less current. If the tachometer
you buy has an electronic circuit in it,
disconnect the circuit from the meter
movement. Then solder a length of red
stranded hookup wire to the move-
ment’'s + terminal and a length of
black stranded wire to the — terminal.
Reassemble the tach's case, and ter-
minate the free ends of the wires to the
terminals labelled + (red) and
(black) METER on TS7.

Different tachometer scales can be
used in this application. For example,
if you buy a tach with a 0-to-6000-rpm
scale, it can indicate timing from 0° to
60° BTC, dwell from 0° to 60°, and volt-
age from 10 to 16 volts. A 0-
to-8000-rpm tach will yield top-end
figures of 80° BTC, 80°, and 18 volis,
respectively.

The sensor must be mounted close

POPULAR ELECTRONICS
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gulide (above) and component placement
guide (below) for printed circuit board.

00

-—

1 e——R8—-e

S
1

o | re
ST &

T+

R+ l
D+/

V4

|
AV
§

*—RI8—p

! CLR""IRL e
9 J'*iel-%
-

*—R22——e
[errryss
IRETEY

-

! oL
g € E>

—R|7—8
o l T RTG

Cf RIS *C2 CT
w1y i)

; J1GE), cwm
Rip

3
) 7

SENSOR
+i2v

l &—D6 —=#$—R268 —a

-

sl
conv & Y &—R29—=

7
S Moo

&—D4 —= +—D5—§

Qo

to the front engine pulley, or harmonic
balancer, as shown in Fig. 3. Fabricate
a stiff metal bracket that will support
the sensor with its gap facing toward
and about %" (6.4 mm) away from the
pulley's rim. This mounting bracket
can be mounted as required on a
water-pump bolt, pan bolt, or any
other rigid mounting point near the
pulley. Make the mounting bracket as
short and stiff as possible to eliminate
any vibration. Then route the three
sensor leads away from any hot areas
OCTOBER 1976

o

in the engine well and pass them
through the firewall at a point near
where the circuit board assembly's
enclosure will be mounted inside the
passenger compartment.

The sensor flag can be fabricated
from thin aluminum or brass shim
stock trimmed to about %" x 3/46" to V4"
(15.9 x 4.8t06.4 mm). Normally, about
%" of the flag's length will be glued to
the rim of the pulley, leaving about 3&"
(9.5 mm) of its length protruding
beyond the rim to pass through the

DRadiollictoas Com.
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sensor’'s gap once with each revolu-
tion of the crankshaft. Anchor the flag
to the pulley with epoxy or any other
strong water- and oil-resistant ce-
ment.

To properly position the flag on the
pulley, refer to Fig. 4 and use a large
wrench to turn the engine so that the
timing mark on the pulley exactly lines
up with the 0°timing point. Measure as
closely as possible a 73° angle from
the sensor in the direction of pulley
rotation and attach the flag at this
point. (Alternatively, use the wrench to
pullthe engine through 73° against the
direction of rotation and cement the
flag so that it is centered in the gap of
the sensor.) The angle can be mea-
sured with a protractor. Another way
to measure the angle is to measure the
circumference of the pulley, divide by
five, and with the engine on the 0°
mark measure the calculated distance
from the sensor to the flag position.
The angle is notcritical, but it must fall
between 68° and 78°.

Installation & Adjustments. The
installation wiring of the system is de-
tailed'in Fig. 5. In conventional igni-
tion systems, the coil lead goes to the
distributor terminal. In electronic sys-
tems, it may be necessary to try both
terminals to locate the ‘‘hot” one. (In
factory-installed systems, it may be
necessary to consult a service manual
to determine the proper hookup point

if the coil is contained in a module or
in the distributor assembly.) Do NOT
under any circumstances connect the
coil lead to the high-tension (spark)
terminal of the coil; if you do, you will
destroy the monitor and introduce a
dangerous shock hazard.

Route the coil iead through the
firewall, spacing it a few inches away
from the bundled sensor leads to
avoid having noise pulses causing er-
ratic operation. Then wire in a ground
lead and a separate +12-volt supply
lead. The +12-volt line should go to a
source in the car's electrical system
that is live when cranking the engine
but off when the ignition is switched
off.

Connect the meter and power leads
to the electronics package. For now,
leave the sensor and coil leads un-
connected. Aiso, leave the electronics
subassembly box unmounted so that

39




the trimmer potentiometers are easily
accessible.

Five adjustments are required for
accurate operation of the Ignition
Monitor. You will need a voltmeter,
tachometer, and timing light. (For a
4-cylinder engine, you will also need a
dwell-meter.) Make the adjustments
according to the following sequence:

1. Setall trimmer potentiometers to
midrange. Connect the meter and the
power leads to the electronics box but
leave the sensor and coil wires un-
connected. Do notstart the engine yet.

2. Set the mode switch to voLTS.
Use the voltmeter to measure the ve-
hicle’s supply voltage and adjust
VOLTS CAL pot R7 to obtain an identical

PULLEY
{HARMONIC
BALANCER)

SENSOR

Fig. 8. Metal flag, % in. by
Ya in. is attached to rim of
harmonic balancer pulley to
pass through slot in sensor
interrupting light beam.

reading on the monitor’s tach meter.
Bear in mind that only potentials that
exceed 10 volts will be indicated on
the tach meter. (If the meter’s pointer
swings below the zero index, reverse
the meter leads.)

3. Set the mode switch to DWELL.
Foran 8-cylinderengine, adjust DWELL
CAL pot R2 for a 45° reading; for a
6-cylinder engine, adjust for a 60°
reading. For 4-cylinder engines, the
adjustment must be made by com-
parison with a dwell-meter with the
engine running. The correct reading
here would be 90°, but most tachs will
not have scales calibrated up to 9.
Therefore, complete step 4 before
making the 4-cylinder dwell adjust-
ment.

4. Connect the reference tachome-
ter and the coil lead to TS7 and start
the engine. For a 4-cylinder engine,
connect the reference dwellmeter and
adjust for an identical dwell reading.
Set the mode switch to TACH and ad-
just TACH CAL pot R3 for an identical
40

rpm reading. Check the calibration at
various engine speeds. (Note: Acci-
dental connection of the coil lead to
the sensor input terminal may damage
the IC’s if the engine is started.)

5. Stop the engine. Connect the
timing light and hook up the sensor
leads to the monitor as shown in the
wiring diagram. Loosen the dis-
tributor, disconnect the vacuum lines,
and start the engine. Using the timing
light, turn the distributor until the en-
gine is timed at exactly 0° BTC. Then
adjust 0° ADJ pot R5 for a meter read-
ing of exactly 0°.

6. Turn the distributor for the
greatest advance that can be read on
the engine timing marker with the tim-
ing light (usually about 16° to 209).
Then adjust TIMING CAL pot R4 for the
same reading on the meter. Recheck
the 0° adjustment, and if it is not right
on 0° repeat steps 5 and 6.

7. This completes the adjustments.
Set the timing back to the factory
specification and reconnect the vac-
uum lines.

0°

PULLEY.

\ROTATION

A
] /
h/

Fig. 4. Flag is positioned
approximately 73 deg. from
sensor when pulley is at
0-degree timing mark.

How To Use the Monitor. Toget the
most from your Ignition Monitor, we
suggest that you make notes of igni-
tion timing under different operating
conditions. Do this when your car has
been perfectly tuned, including a fuli
distributor check. Make a note of tim-
ing at idle (on some engines, this de-
pends on speed, vacuum, and engine
temperature). By developing a feel for
what to expect, you will quickly learn
how to detect even subtle changes in
engine performance.

Ignition timing specifications can
be obtained from your car dealer and
service manuals. Centrifugal advance
and vacuum advance are normally
specified separately. The engine can
be run at various speeds with the vac-
uum lines disconnected to check cen-
trifugal advance against the specs and
then with the vacuum lines connected
to determine vacuum advance. Make

AmeoricanRadioHistan . Cam.

sure that the dwell reading is steady.
Jittery readings or sudden changes
may indicate a worn distributor shaft.
With most of the newer CD electronic
ignition systems, the dwell reading is
meaningless since current does not
have to build up in the coil. In some
systems, the dwell is electronically
varied, depending on engine speed. In
these cases, the manufacturer's
specifications should always be con-
sulted.

Some newer engines may have a
negative timing angle under certain
operating conditions (spark occurs
after TDC). The Ignition Monitor wil!
read down-scale from O under these
conditions, but only until the pointer
comes to the mechanical stop. Some
newer cars, especially expensive
foreign makes, come with voltmeters
rather than the more common amme-
ter. In colder climates, proper voltage
readings with the engine running and
the battery charged should be 14 to 15
volts, while in hot weather, the reading
should be 13 to 14 volts. The voltage
regulator is designed to compensate
for ambient temperature variations.

If you use your Ignition Monitor in
more than one car, the flag must be
properly placed by trial and error in
each car. The 0° adjustment compen-
sates for flag positioning on first car,
so the flag on all other cars must be
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ELECTRONICS
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k SENSOR

Fig. 5. External connections
to the ignition monitor.

positioned in exactly the same man-
ner. Keep in mind that small adjust-
ments can be made by moving the
sensor slightly, instead of moving the
flag. We suggest that you permanently
install a flag and sensor in each car
with which the Ignition Monitor is to
be used.

The Ignition Monitor has been de-
signed for the serious auto enthusiast.
When properly installed and used, it
can help you diagnose engine prob-
lems and obtain optimum perform-
ance and economy. @
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A Digital Clock for Vehicles

Six-digit, crystal-controlled LED clock keeps

LOCKS with digital readouts are

seemingly omnipresent today.
However, you seldom see one in a car,
camper, or boat. The clock project de-
scribed here can change this. You can
construct a low-cost 6-digit clock that
is powered from a 12-voltdc source on
anything from a pick-up truck to a
cabin cruiser.

Obviously, such a clock is required
to keep accurate time in a very hostile
environment (including temperature
extremes) and with a very noisy elec-
trical supply. Also, since the clock
must run continuously to maintain the
correct time, it must require very little
current. To avoid calling attention to
itself when strangers look into an
empty car or boat, the display should
be darkened except when the ignition
key is inserted. The mobile clock dis-
cussed in this article meets all of these
requirements.

The 6-digit, 12-volt clock requires
nominally 13 mA with the display off.
Thus, if a 50-ampere-hour battery is
used, battery life in excess of five
months without recharging can be
expected for the clock.

Circuit Operation. Timing for the
clock (Fig. 1) is derived from a
crystal-controlled oscillator operating
at 6.5536 MHz. This is part of /C2. Also
in /C2 is a 16-stage binary counter that
delivers an output of 100 Hz at pin 1.
Trimmer capacitor C5 is used to adjust
the frequency (hence clock time keep-
ing) for the desired accuracy. The
100-Hz output of /C2 drives a divide-
by-two flip-flop in /C3 whose output at
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accurate time in hostile environment.

pin 1is 50 Hz, the frequency needed to
drive clock chip IC1.

The clock chip contains the count-
ing, dividing, display drive and multi-
plexing, and time-setting circuits.
Some of the outputs energize the
segments of the display, while others
energize Q7 through Q6 to multiplex
the display. Capacitor C7 and resistor
R1 determine the multiplex frequency.
Switch S7 controls the slow setand S2
controls the fast set.

Zener diodes D2 and D3 (with C2
and C3) protect the IC’s from poten-
tially damaging voltage spikes. They
also eliminate false counting due to
noise from the ignition. Diode D7 pro-
tects the circuit from wrong voltage
connection.

Construction. Although any type of
construction can be used, a printed
circuit board (Fig. 2) is recommended
to keep the size down. The IC's are
protected against static discharge,
but care must be used in handling and
installing them.

Install all of the jumpers except for
the one between /C7 pin 16 and /C3
pin 1. Then install all of the compo-
nents as shown in Fig. 2. Be sure to
observe the polarities on capacitors,
diodes, and IC’s. Sockets can be used
for the IC's, if desired.

Solder a short length of bare wire
into each hole in the bottom edge of
the display board. The wire should
protrude from the back side of the
board and, after soldering, should be
trimmed flush with the front side.
Place the main board on a working
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surface with the foil side down. Then
position the display board with the
readouts face up and the bare leads
facing the front of the main board (to-
ward the line of holes). Slip the leads
from the display board into their mat-
ing holes on the main board and bend
the display board up so that it forms a
90-degree angle to the main board.
The two should be just barely touch-
ing. Keeping the display board per-
pendicular to the main board, care-
fully solder all of the interconnecting
leads. Connect the insulated jumper
between /C1 pin 16 and /C3 pin 1. Use
short lengths of insulated wire to con-
nectS7 and S2 to theirrespective pads
on the board. Connect longer lengths
ofinsulated wire to the power, ground,
and display control pads.

Select a small metal case that will
accommodate the assembly with the
digits close to the front. The two set
switches should be installed on the
rear of the case, with the three leads
(power, ground, and display control)
coming out through a grommetted
hole on the rear. If desired, the front |
panel can be cut so that a red plastic
window magnifier (similar to those
used in calculators) can be used over
the numerals. The magnifier can be
cemented in place on the inside of the
front cover.

Checkout and Calibration. Con-
nect the power and ground leads to a
source of 11 to 14 volts dc observing
the correct polarity. The display will
come on when the control lead is con-
nected to the positive supply. Operat-

4

AUTO ELECTRONIC PROJECT



DI
IN4OOI
+I2V-—” $

e
D c2
i—m 7~ |00pF
GND—l IN a 1 |4 6
el 1c3 |3 1§ Icz J8 _
-1 <013 san f, F=XTAL
: c5
3R 2| |5 2 = 7]5-500F
:470K “T™ 5¢F
24 |12 lI0 |6 SEGMENTS DIS|
12 A HRS MIN SEC
3 3 — — — — — —
c,l: I
OOSPF | - £ I l , I l I I I l I l ’
Tl 6 D
| 8 F
— 6 5 4 3 2
18] |7 k2lal l2odie
§ DIGITS
12 34 56
R332 TTol? zorldslgg
10K +|10pF N4746
L —
R23
K2 I J
DISPLAY
CONT.

Fig. 1. Crystal oscillator is counted down by [C2 and IC3 to drive clock circuit in ICI.

C1—0.005-uF 16-V disc capacitor
C2—100-uF, 16-V electrolytic capacitor
C3—10-uF, 16-V electrolytic capacitor
C4—5-pF ceramic disc capacitor
C5—5-t0-50-pF trimmer capacitor
D1—1N4001 diode
D2,D3— IN4746 zener diode
DIS1—9-digit, 7-segment board (only 6
digits used) See Note.
IC1—MMS5314 clock module (National)
IC2—SCL5411 oscillator-16-stage binary

PARTS LIST

divider (Solid State Scientific)
1C3—4013 dual D flip-flop (only one used)
Q1 through Q6—2N5139 transistor
R1—470,000-ohm, Y4-W resistor
R2—1000-ohm, Y4-W resistor
R3—10,000-ohm, Y4-W resistor
S1,S2—Spst, normally open, pushbutton

switch
XTAL—6.5536 MHz crystal
Misc.—Suitable enclosure, red plastic

magnifier, cement, double-sided tape,
mounting hardware, etc.

Note: The following are available from
Alpha Electronics (Texas), Box 64726,
Dallas, TX 75206: complete kit of parts
less case (AC-1) at $29.95 plus $2.50
postage and handling; crystal at $7.50;
aluminum case with cover and magnifier
(C-1) at $4.50; etched and drilled pc
board (140576) at $5.00; assembled dis-
play board (AE-9) at $4.95.

ing the slow set switch, S7, should
cause the seconds to ‘“run” rapidly
and the minutes to operate at a faster
speed than normal. The fast set
switch, S2, causes the seconds to stop
and the minutes and hours to run
rapidly. Operation of both switches
can be used to set the time.
TO DISPLAY BOARD
F i G-4-D 3“E A 2.

i T

To adjust the accuracy, and if you
have a frequency counter, connect the
latter between /C2 pin 7 and ground.
Then adjust trimmer capacity C5 for a
reading of 6,553,600 Hz. If you don’t
have a frequency counter, adjust C5
periodically by trial and error. Even if
C6 is off slightly, the clock should still
keep better time than most standard
automotive clocks.

A
1c3
o Fig. 2. Actual-size
(m ¥ et('(zing qnd drilling
o P guide (vight) and
componant layout (left)
A Jfor digital clock.
sC2e Holes at top of board
Y align with those on
g oo b the display board.
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Installation. The clock can be in-
stalled under the dash or in any other
convenient location. Connect the
ground wire to any ground point on
the vehicle and the +12-voltline to any
point that is fused and is ““live’” even
when the ignition key is removed.
Connect the display control lead to
any +12-volt line that is live when the
ignition key is inserted.

®
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BY DEAN TODD

HE NEXT best thing to having a

CB transceiver in your caris to be
able to listen to any of the 23 CB chan-
nels through your car's AM radio. This
way, you can keep up with the latest
traffic information, know where the
jams are and which roads are open
and closed, etc. The low-cost “'Road-
mate’’ AM-to-CB converter discussed
here lets you listen in for less than $14
in parts.

The Roadmate connects directly be-
tween the existing antenna and car
radio and only requires hookup to the
car's electrical system to complete in-
stallation. You can leave the converter
permanently connected because a
switch allows selection of CB or AM
listening.

How It Works. The schematic dia-
gram of the converter is shown in Fig.
1. The converter, installed between
the antenna and the radio’s r-f input,
serves as an added ‘‘front-end” for the
radio. The antenna plugs intoJ7, while
P1, located at the end of a length of
coaxial cable (the same type used in
car radio antenna installations), plugs
directly into the antenna jack of the
car radio.

When S7 is set to cB, field-effect

OCTOBER 1976

uild the “ROADMATE”
iﬁ’ CB CONVERTER

23 Channe

Compact converter allows you to listen

to all 23 CB channels on any AM radio.

transistor Q7 is used as a mixer that
accepts the incoming 27-MHz CB fre-
quencies from antenna transformer
T71. It mixes these signals with the
26-MHz third harmonic signal de-
veloped by the crystal-controlled Q2
oscillator to produce an i-f of approx-
imately 1 MHz. Since the car radio
tunes from 550to 1600 kHz, the output
of the converter is roughly in the
center of the AM broadcast band. This
means that the car radio can be used
as a ‘'tunable i-f" so that the CB chan-
nels appear spotted along the AM
band. Oscillator-to-mixer coupling is
through C4, while r-f decoupling is
provided by L7, L2, C7, and C8.

With S7 in the cB mode, LEDT is
energized to give a visual indication of
the type of operation.

Setting S7 to RADIO switches LED1
out of the circuit. It also completely
bypasses the converter circuits and
connects the antenna directly to the
radio’s input connector.

Construction. Best results will be
obtained if the converter is assembled
on a small printed circuit board, the
actual-size etching and drilling guide
and components-placement diagram
for which are shown in Fig. 2.
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Pushbutton switch S7 and indicator
LED1 should be mounted so that they

protrude through holes drilled in the *
front panel of the box in which the |

circuit is mounted. (The prototype
project was housed in a 4¥a” x 34" X
1%5"—10.8 x 8.3 x 3.2cm—metal box.)
Suitable mounting holes should also
be drilled to allow the pc board to be
maounted on spacers inside the box.

Mount antenna jack J7 on the rear
panel of the box, with the coaxial
cableto which P71 is connected exiting
the box near the jack. Use red and
black stranded hookup wire for the
“hot™ (+) and ground power leads, re-
spectively. These wires should exit the
box through a rubber-grommet-lined
hole in the rear panel.

Use a pair of small L brackets or
double-sided adhesive foam tape to
mount the converter to the underside
of the dashboard or wherever you feel
it will be convenient to reach.

Installation and Operation. With
the converter mounted as desired,
connect the black power lead to any
metal portion of the car’s chassis and
the hot (red) lead to any 12-volt line
that is “live"” when the ignition or car
radio is turned on. Unplug the antenna
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. 1. Converter circuit puts CB channels near middle of AM dial.

PARTS LIST
C1,C2—0.001-uF disc capacitor
C3,C7—0.01-WF disc capacitor
C4—10-pF disc capacitor
C5—68-pF disc capacitor
C6—100-pF disc capacitor
C8-25-uF, 15-volt electrolytic capacitor
DI1—1IN4001 rectifier diode
J1—Automotive antenna jack
L1,L.2—2.5-mH rfc
LEDI—Red light-emitting diode
Pl—Automotive antenna cable with plug
QI—MPF102 field-effect transistor
Q2—2N4124 bipolar transistor
R1,R3—3900-ohm, Y-watt resistor
R2—100-ohm, Y2-watt resistor
R4,R5—39,000-0hm, %-watt resistor
R6—1500-ohm, '%-watt resistor
S1—Dpst pushbutton switch
TI—R-f transformer (primary 2 turns,

secondary 20 turns of No. 25 enamelled
wire on Y" slug-tuned form)

XTAL—8.69692-MHz crystal

Misc.—Printed circuit board; suitable box
(see text); spacers; red and black
stranded hookup wire for power leads;
rubber grommet; L brackets or double-
sided adhesive foam tape; machine
hardware; solder; etc.

Note: The following items are available
from Bowman Electronics, Inc., 1180
Sylvan St., Linden, NJ 07036: Complete
kit of parts. including case, for $i3.95;
etched and drilled printed circuit board
gor0 $4.00; 8.69692-MHz crystal for

6.00.
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Fig. 2. Etching and drilling guide (top)
and component placement for the converter.
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from the car radio and plug it into J7
onthe rear of the converter. Then plug
P1 attheend of the converter’s coaxial
cable into the radio’s antenna input
jack.

Turn on the car’s ignition (or radio)
and depress S7. This sets the convert-
erupfor CB operation. The LED on the
front panel should glow. Tune the car
radio to about the center of the AM dial
(approximately 1000 kHz) until you
hear a CB transmission. As you con-
tinue tuning, you should be able to
pick up all 23 CB channels. You can
now “peak’ T7 and the car radio’s an-
tenna trimmer capacitor for best re-
ception.

Set S7 to its alternate (RADIO) posi-
tion. The LED should extinguish and
you should be able to tune standard
AM broadcast stations as usual.

Options. By changing the crystal fre-
quency, it will be possible for you to
pick up other frequencies near the
27-MHz CB band, such as hams work-
ing 10 meters (28 MHz). By changing
the windings of 77 and the crystal fre-
quency, it is possible to tune in some
of the popular shortwave bands, in-
cluding WWV. Of course, you will have
to experiment with the windings of T'1,
and you will have to select a crystal so
that one of its harmonics falls within 1
MHz of the desired frequency. ®
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An overview of recent developments in tape decks and formats.

0.0005:
0.008:
0.100:
0.520:
0.590:
0.750:

HAT isn't dialogue from a Cape

Kennedy blockhouse aof course,
but an accountofwhat happens inside
a late model cassette deck in the first
three quarters af asecond afteryou go
from stop to record. However, the re-
semblance to the programmed apera-
tions of Missien Control is both strik-
ing and intentianal and is indicative of
the sophistication in control and per-
formance features found in many of
today’'s recorders. To update you on
such naw developments, let's take a
brief look at the cassette and apen-
reel scene.

Noise Reducticn Systems. The
slow tape speed and narrow track
width of cassettes make some form of
noise reduction necessary if hiss
levels are to be kept competitive with
phono discs arid open-reel tapes. Six
years ago, Dolby-B was about to be
incorporated into a cassette recorder
(the Advent 2C0) for the first time. To-
day, excepting inexpensive portables,
it's hard to find a cassette that isn't
equipped with this valuable system, in
either discrete or IC form. To facilitate
comparison with some of the newer
alternatives to Dolby, a short review of
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its operation is in order. The Dolby-B
record characteristic, shown in Fig.
1A, affects only high-frequency, low-
level signals, which are boosted (pre-
emphasized) by carefully-controlled
amounts before they reach the record-
ing head. All other signals pass
through the Dolby circuitry un-
changed. The recording process will
subsequently add sorme hiss, of
course, but itis now below the level of
the high frequencies which it might
otherwise mask. On playback, the
same frequency-sensitive network
that was used for pre-emphasis now
brings the highs back to their original
levels (de-emphasis), as shown in Fig.
1B. Tape hiss is treated just like any
other low-level, high-frequency sig-
nal, and is attenuated. An overall in-
crease in signal-to-noise ratio (S/N) of
about 10 dB is possible using this sys-
tem.

The JVC “ARNS™ noise-reduction
system is sufficiently close in its oper-
ation to Dolby-B that tapes made on
the one can successfully be decoded
on the other. Recently, however, JVC
has developed a second NR system
called “Super ANRS" which treats the
high-level, high-frequency signals
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that Dolby and regular ANRS leave urn-
touched. Within the upper portion
(about —15 VU and above) of the
dynamic range, the problem that cas-
settes face is not audible hiss, but
high-frequency tape saturation. The
large amount of record pre-emphasis
that is an essential part of cassette re-
cording can boost seemingly law-level
program material, if high enough in
frequency, to a level beyond what the
tape can handle. The Super-AMRS cir-
cuitry detects these dangerously
“hot” high frequencies and ccampres-
ses them to a point that is acceptable
to the tape before they are applied to
the record head. On playback, thess
high frequencies are expanded back
to their original level. This process,
whose record and playback charac-
teristics are shown in Figs. 2A and 28,
respectively, permits a somewhat
higher overall recording level to be
used than would otherwise be possi-
ble, resulting in an increase in S/N.
JVC is not the only company with an
alternative to Dolby-B processing,
however. Dbx has recently annsunced
that henceforth the Teac line will offer
consumers a choice between incor-
porating Dolby or dbx noise-reciuction
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Fig. 1. Dolby-B noise reduction uses level-sensitive pre-emphasis
on vecord (A) and complementary de-emphasis on playback (B).

circuitry. Unlike the systems previ-
ously discussed, the dbx technique,
which has already generated consid-
erable enthusiasm in the field of pro-
fessional recording, does not restrict
itself to portions of the frequency
range and signail-level range. It's an
all-out 2:1 compressor-expander (or
compander) which in theory could
turn a cassette machine with a 45-dB
signal-to-noise ratio into one with a
90-dB S/N! Because a certain amount
of this tremendous increase will be
used to provide additional headroom,
the company's claims are slightly
more modest—an effective noise re-
duction of 30 dB, as compared to
Dolby-B's 10 dB. (Dbx cannot, how-
ever, decode Dolby-B cassettes, or
vice versa.) Furthermore, because it
has so much dynamic range to spare,
the dbx system has no need of level-
calibration tones and matching, which
can make the Dolby system difficult to
use. (If you use a tape with higher or
lower overall sensitivity than that
which was used to calibrate a Dolby
system, frequency response will be al-
tered when the tape is decoded.) To
date, dbx noise-reduction has been
available only as an add-on accessory;
but now that Teac has taken the
plunge, it is probable that other man-
ufacturers will follow suit.

All three systems we have examined
require flat frequency response, be-
cause roughly speaking, any fre-
guency response errors between the

be multiplied by the amount of com-
pression used. For example, assume
you are using the dbx system. (Dolby
or ANRS would be similar, but not as
drastic.) Your overall record/playback
is down 3 dB at 10,000 Hz and you're
recording a tone at this frequency
whose true level is —30 VU. The
noise-reduction circuitry compresses
it by 2:1, and so records the tone on
the tape at —15 VU. The tape, in this
example, however, loses 3 dB at this
frequency, so that, when the tone
comes back for decoding, it does not
arrive at —15 VU, but at —18 VU, in-
stead. The decoder doesn't know
about the error, however, and applies
its 2:1 expansion factor, so the tone is
now reproduced at a —-36 VU level,
representing a 6-dB loss in level.

The attempt to achieve wide, flat
frequency response from the cassette
medium goes beyond the specific
needs of noise-reduction systems, of
course, and today’s cassette record-
ers are responding to the challenge in
two basic ways: more bias and equali-
zation combinations to meet the re-
quirements of improved tapes; and
improved heads.

The New Tapes. For years, every
“quality’’ cassette recorder has car-
ried a two-position switch to change
bias, equalization, and (usually) meter
calibration for ferric oxide and
chromium dioxide cassettes. Indeed,
there has even been considerable

encoding and decoding process will success in getting hardware and
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software manufacturers to use a small
slotin the rear of the cassette housing
for a sensing arm that would make this
switching automatic. But this pre-
supposed that there was one basic fer-
ric bias and equalization machine set-
ting (as there is for CrO,), which, up to
and including development of TDK SD
tape, was essentially true. With the ex-
ception of 3M’s “'Classic’’ cassettes, it
remains true for American and Euro-
pean tapes, which are manufactured
to use "DIN" or ‘‘standard” bias.
(There are, of course, frequency re-
sponse differences among these
tapes, but no one has proposed
adding switch positions to equalize
these). However, to achieve a high-
frequency response as good as (or
slightly better than) chromium di-
oxide, tape formulations from Japan
have been introduced (Fuji FX, Maxell
UD and UD-XL, TDK Audua,
Nakamichi EX and EX-Il, etc.) which
require more bias current and (de-
pending somewhat on the machine)
slight equalization changes as well.
This would mean a three-position
switch—HIGH, STANDARD, and CrO,_
or at least a choice (often unstated in
owner's manuals) as to which *'ferric”
bias was being used. Then, to add to
the confusion, came the ‘‘ferri-
chrome™ tapes (Sony FeCr and 3M
Classic), consisting of a very thin layer
of chromium dioxide on top of a
thicker coating of ferric oxide, which
require still another equalization
characteristic (or, sometimes, a bit of
juggling between bias and equaliza-
tion switch settings.)

To round out the picture, the most’
recent crop of ferric tapes (TDK SA,
Nakamichi SX, and Maxell UD XL-Il)
are designed to work with the
chromium dioxide settings, taking ad-
vantage of the additional signal-to-
noise ratio that they afford. All this
represents progress, of course, but it
adds an element of cost and potential
consumer confusion if decks are to
keep response as flat as possible with

_more and more tape innovations.

Heads and Transports. As long as
cassette machines weren't expected
to have a frequency response beyond
about 12 kHz, a combination record/
playback head with a gap width of
about 2 microns (78 millionths of an
inch) was considered an acceptable
compromise. But many of today's
decks go well beyond this, which
means using a head with a narrower
gap, such as 1.5 microns (60 mi-
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Fig. 3. Structural features of the new Elcaset. Format
includes procisions for automatic switching of bias, ete.

croinches). Unless a special head de-
sign (for example, the ‘focused gap”
Nakamichi technique) is employed,
there is no way the head is going to be
able to penetrate the full depth (about
5 microns) of the oxide coating on the
tape during the record cycle.

The inability to “monitor off the
tape,” which requires separate record
and playback head gaps, represented
the final point of resistance in accept-
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ing the cassette as a full-fledged high-
fidelity recorder. The Nakamichi 1000
(and 700), with a separate record (5-
micron gap) and playback (0.7-micron
gap) heads, and an alignment system
to optimize adjustments for each cas-
sette (frequency response on many
premium cassettes goes beyond 20
kHz), settled anybody's lingering
doubts, but at a price very few au-
diophiles could even consider.

__Positioning Hde

" Reel Lock Release Button

_-Tape Type Identification

/)‘__ -~ Holes (Side 1)

Dolby NR Detector Hole (Side 1)

Reel Lock Device

Tape Type Identification Holes (Side 2)

In today's market there are several
“three-head’’ cassette machines to
consider (Technics, Fisher, Sony, and
Hitachi), and this is clearly the direc-
tion more manufacturers will take. The
Hitachi is particularly interesting in
this connection, for its 1.2-micron
playback head and 4-micron record
head actually share the same shell, re-
ducing the need for *‘fine tuning” the
record azimuth (a la Nakamichi) for
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each cassette. As to whether heads
should be made of ferrite or permal-
loy, each partisans’'s choice is much
clearer than his argument. If wear is
the principle concern, the nod goes to
ferrite; but for very narrow gap appli-
cation or very high record currents,
permalloy appears to have the edge.

The transport mechanisms of many
of today’'s cassette decks have taken
full advantage of developments in
semiconductor control circuitry.
Servo-control capstan drives, which
are now common, have contributed to
the lowering of wow and flutter figures
generally. Another important step in
this direction is the dual-capstan
drive, which isolates the length of tape
actually crossing the heads from any
eccentricities in the supply and take-
up spools. Two-motor transports have
further simplified the drive mech-
anisms and provided greater reliabili-
ty. Logic circuits operating solenoids
have made possible such features as
automatic rewind and even selectable
“memory rewind,” in which the cas-
sette will return to a specified point
and “play it again, Sam."” If the au-
tomatic reversing feature is of interest
to you, you'll find it in decks by Akai
and Dual.

Cassettes began their meteoric rise
to popularity simply as battery-
operated dictating devices; but after
acquiring “hi-fi"" status, scant atten-
tion to truly portable operation was
paid. Happily, among today’'s models,
that oversight has been corrected. If
you need a quality machine capable of
being battery powered, you can
choose models from Sony, Nakami-
chi, JVC, Uher, and Yamaha.

New Cassette Sizes. The only
troublesome cloud on the horizon for
today's cassettes is the fact that the
once standardized cassette package
is now being threatened by two new
cassette sizes. On the one hand,
Philips (originators of the standard
cassette format) has been experiment-
ing with another portable dictating
device, which is even smaller and op-
erates at slower speed than the ‘‘cas-
sette.” In all likelihood, this mini-
cassette package will remain confined
to voice recording applications,
though one never knows!

Of greater immediate threat to the
standard 17s-ips cassette as we know
it is a recent announcement made by
three tape deck manufacturers—
Sony, Technics by Panasonic and
Teac. The three have reached an
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Fig. 4. Elcaset has four audio
and two control tracks on
quarter-inch wide tape.

agreement on the ‘‘standardization”
of a tape package which they call the
Elcaset. The Elcaset system realizes
both the convenience of the more
compact cassette (the new Elcaset
package is approximately as large as
an 8-track cartridge), but from all pre-
liminary indications will be able to
offer further improvements in sound
quality and consistency of tape mo-
tion.

For example, the Elcaset will house
quarter-inch tape, the same width
used in open-reel machines. This,
combined with a tape speed of 3% ips,
should provide much wider dynamic
range (or improved S/N) than is possi-
ble with regular cassettes. In addition,
the tape itself is pulled out of the El-
caset shell for transport across the
tape heads, so that precision of shell
construction (or lack of it) will have
little effect on the running of the tape.

A diagram of the new Elcaset’s con-
struction is shown in Fig. 3. Note that
several “‘detection holes” for a variety
of automated features are built right
into the cassette shell. These extra
holes can provide for automatic selec-
tion of proper bias and equalization to
match at least three types of tape. A
notch will also detect whether or not
noise reduction circuitry is to be
switched on for playback of a given
Elcaset, which side is being played,
etc.

Compatibility between mono and
stereo tapes will be retained (just as it
is in standard cassettes) and the track
pattern, at least as far as audio tracks
areconcerned, will be the same as that
of standard cassettes, as illustrated in
Fig. 4. Note, however, that there are
two additional narrow tracks running
along the center of the tape. These are
intended as control tracks—one for
each direction of tape travel—which
could be used to record synchronizing
pulses (for film or slide presentations,
etc.) and may also serve for other con-
trol purposes not yet imagined.

Sony has already produced at least
two tape decks designed for use with
the new Elcaset package and others

are sure to follow. The three sponsors
of the new package indicate that Aiwa
and the Victor Company of Japan, Ltd
(JVC) have also agreed to adopt the
new Elcaset format in products they
will manufacture for consumer use. It
is difficult to predict what impact the
Elcaset will have on the presently ex-
panding standard cassette market;
but certainly with many important
companies behind the new project,
the Elcaset bears watching in the fu-
ture. At the very least, its potential for
better fidelity is sure to appeal to the
really demanding audiophile, who,
until now, would settle for nothing less
than a high-quality, open-reel tape
deck.

Open-reel Tape Decks. These
machines have always enjoyed their
greatest popularity among serious re-
cordists, whose frustrated desire all
along has been to own the genuine
studio article. They accepted the
quarter-track format only with reser-
vations. After all, the pro’s gain 3dB in
S/N by using half-track, and if you ex-
pect to be doing a certain amount of
editing, there's not even a tape saving.
How about 3% ips? Suitable for
background music perhaps, but
surely not for anything serious! The
very inconvenience of tape threading
is turned into a ritual to be performed
with practiced ease to conjure up the
closest approximation to the live per-
formance. And now that cassettes
have all but completely driven the low
and middle priced open-reel
machines from the market (there seem
to be more decks for over $1000 than
for under $500, though most are in
between), the open-reel enthusiast
can survey the current offerings with
the satisfaction of having been right
all along. The studio goodies, right
down to multi-tracking, are simply
pouring forth.

For starters, 10%2" reels and a 15-7 12
ips option are in almost everyone's
line, and anything less than three
heads and three motors has virtually
disappeared. The higher tape ten-
sions, rotational forces encountered,
and greater demands on the braking
systems that go with the big reels have
had the salutory effect of forcing re-
corder manufacturers to pay more at-
tention to the design of their transport
mechanisms. In addition to heavier
motors, one result has been the wide-
spread introduction of ‘logic-
controlled” decks, whose solid-state
circuits sense tape motion and speed,
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and prevent the accidental execution
of commands (e.g. to go directly from
rewind into play without first coming
to a full stop) that would fill the room
with flying tape bits. And once logic-
actuated solenoids are in place, full
remote control, automatic reversing
(Akai, Sony, Teac), and memory re-
wind (Teac and Revox) are relatively
easy to provide.

Quite a number of open-reel man-
ufacturers turned to dual-capstan,
“closed-loop"” drives (Akai, Revox,
Sony, Teac) to insulate the tape from
any shocks that might be transmitted
from the supply reel. The Sony TC-880
and Revox A700 take advantage of this
to provide acounterthatreads directly
in minutes and seconds rather than in
arbitrary revolutions. The Revox goes
even a step further by providing a
sensing device that servo-controls the
supply and take-up reel tensions even
when reel sizes are intermixed. The
Sony, forits part, boasts what is surely
the most advanced metering system
made available to the home recordist:
a 55-dB range, light-actuated meter
whose characteristics can be set
either for VU, for peak-reading, or to
hold the highest peak encountered.
Again, to control tape speed both in-
stantaneously (i.e. to ensure against

wow and flutter) and over a period of
time (for variable pitch, for example), a
number of machines have gone to
servo-controlled capstan motors.
Several, too, utilize plug-in head block
assemblies, so one can select be-
tween half-track and quarter-track
formats, and many provide front-
panel bias adjustment (by switching,
continuous control).

While 4-channel sound in general
has not taken the country by storm,
response to 4-channel recorders with
a multi-sync capability (Akai, Crown,
Dokorder, Otari, Teac) has been ex-
tremely strong, underlining the desire
of many recordists to copy the studio
technique of multi-tracking, or
‘‘over-dubbing.’” If this sounds
strange to you, consider that in pro-
ducing a typical pop hit, 8, 16, 24, or
even 32individual sound tracks will be
recorded—often over a period of days
or even weeks—all of which must ul-
timately be combined (‘‘mixed down"’)
into conventional stereo. Each track
must nonetheless be recorded in per-
fect synchronization, or the mix-down
becomes an impossibility. To achieve
this, each successive performer lis-
tens (via headphones) to a playback of
what has been previously recorded.
But this playback must not come from

the normal playback head, or his own
efforts would be displaced by the
amount of time it takes the tape to
move from the record to the playback
head. Instead, a “multi-sync’’ switch
(knowr by various trade names) is
thrown to temporarily convert part of
the record head (where a track has
already been laid down) into a
playback head. The fidelity of this kind
of playback isn't as good as the regu-
lar playback head will later provide,
but it keeps everything together.

A home 4-channel recorder doesn't
have the full flexibility of the studio
machine, of course, but surprising
things can bedone. iftracks1,2,and 3
are recorded individually, they can
then be combined (adding still a
fourth live part, if desired) onto track 4.
If the mix is satisfactory, tracks 1, 2,
and 3 can be erased and re-used, after
the same fashion. This tends to meet
the needs of most groups, allowing
them to work out their arrangements
so fully that if they have to go into a
studio at ail, they will requireminimum
studio time. Given what studios
charge today, the savings can pay fora
4-channel machine rather quickly. But
maybe even more important in the
long run, is the fact that it's fun to be
your own engineer! ®
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ANAMIX is a stereo/mono mixer

|
that can handle up to five inputs
UI atonce, and has full panning capabili-
‘ ty. Unlike many other mixers, it will

allow you to position each program

source at full left, full right, or any-
where in between.

All controls, including input and
master level controls, are slide poten-
tiometers, giving the project the look

and ‘‘feel” of a studio-type mixing
panel. Panamix also uses readily

A lOW-COSt, 5-input available components, such as 741-

. . type op amps. Current drain is so low

StereO/monO audlo mixer . that 9-volt transistor batteries are a

. . practical and economical power

Wlth full pannmg source. Total parts cost is only about
$30.

About the Circuit. Referring to the
BY JAMES BARBARELLO schematic diagram (Fig. 1), three dis-
tinct sections can be identified. The
first is the input level control section
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Bl. B2—9-volt transistor battery

Cl, C2—1-pF, 16-volt electrolytic capac-
itor

IC1—747 dual operational amplifier

R1, R3, R4, R6, R7, R9, R10, Ri2, RI13,

CHANNEL | CHANNEL 2 CHANNEL 3 CHANNEL 4 CHANNEL 5
INPUT|
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Fig. 1. Schematic diagram shows how five input channels
are mived down to a steveo output by an op amp summer.

PARTS LIST

R15, R32, R35—10,000-ohm slide poten-
tiometer (Radio Shack 271-223)
R2, RS, R8, R11, R14, R16 through 31,
R36—10.000-ohm, 5%, Va-watt resistor
R33, R34—1000-ohm, 5%, Va-watt resistor
S1—DPDT toggle switch

OUTPUT, c2 A

Misc.—Battery clips: 10" X 7" printed cir-
cuit board: 7 miniature phone, RCA
phone. or Ya-inch phono jacks; hookup
wire; solder: wood and sheet metal
screws: etc.

(R1 for Channel 1), a 10,000-ohm
potentiometer. It presents a constant
resistive input impedance of 10,000
ohms and provides a variable
amplitude signal to the second sec-
tion, the panning circuit. For the input
Channel 1, it consists of R2, R16, and
potentiometer R3. As the wiper of R3 is
moved upward, less and less signal
appears at the right output, while
more and more appears at the left out-
put. If the wiper is then moved down-
ward, the apparent position of the sig-
nal source moves from left to right.
Although the position of the panning
control does affect the total output of
the panning section, the variation is
not audibly noticeable.

The left and right outputs of the
panning section are then processed
by the third section, which performs
output summing and level control
functions. For the left channel output,
it is composed of R27, R23, R25, R27,
R29, R31, R32, R33, C1 and ICTA.
These components form an op amp
summer whose gain, allowing for
losses in the panning section, is about
15 dB over the input signal level. The
output impedance of each section of
IC1, a 747 dual op amp, is about 75
ohms. Thus it will drive aimost any
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preamp or power amp with a medium
to high input impedance. Each output
is capacitively coupled to dc-isolate
the output stage of the op amp from
the output jacks.

Construction. ''Panamix’’ is best as-
sembled using a 10" x 7" (25.4 x 17.8
cm) printed circuit board. Figure 2
shows the etching and drilling and
parts placement guides. Start by in-
serting all fixed resistors and solder-
ing them into place. Then insert and
solder /€71, using an IC socket or
Molex Soldercons, if desired.

The slide pots have three terminals
(one at one end and two at the other)
and two tabs near the center. Insert
each potentiometer carefully, so that
the two tabs are touching the circuit
board and the body of the potentiome-
ter is perpendicular to the pc board.
When you have correctly positioned
each potentiometer, solder it in place.
Then install C7, C2, R33 and R34 on
the foil side of the board. This is done
so that the board can be mounted in a
custom enclosure. Attach leads forthe
input and output jacks and for S7, also
using the foil side of the board. These
leads are connected to the foil side to
prevent any interference with the mo-

maricanDadinblictarny Com

tion of the slide pots. Ali input and
output leads should be shielded. The
choice of connectors is optional. The
author used miniature phone jacks for
input and output connections, but
RCA phono or standard Ys-inch phone
jacks can also be used.

Because the circuit draws only =
4mA, two nine-volt transistor batteries
are used for a power source. You can
power the Panamix from a line-
operated supply, of course.

With all parts and connectors in
place, Panamix is electrically com-
plete. However, you will probably want
to build an enclosure for the mixer. So
a custom cabinet plan is included.

Layout of the front panel, which is
formed froman 11” x 8%2" x %" (27.9 x
21.6 x 0.32 cm) piece of Masonite is
shown in the photo. Twelve 2" x 4"
(57 x 3.2 mm) cutouts shouid be made
to accommodate the control slides. A
Ya-inch (6.4-mm) hole is for power
switch S7. Assembly details for the
case are shown in Fig. 3. Hardwood is
suggested for all sections except the
circuit-board supports, which should
be pine. White glue and Vs-inch (6.4-
mm) dowels can be used for mechani-
calrigidity and a pleasing appearance.

When the case and front panel have
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Fig. 2. The actual size etching and drilling guide for the
printed cirenit board is shown on the opposite page.
Layout of componants on the board is above.

been assembled, mount the panel and
secure it to the support, with wood
screws. Then turn the case upside
down, and insert S7 into its mounting
hole. Position the printed circuit
board so that the slide controls move
freely in their front panel slots. It might
be necessary to bend the controls’
solder lugs slightly to obtain smooth

motion, but be careful not to damage
the pots, the board, or its foil. When
the board has been properly aligned, it
should be secured to the pine sup-
ports with self-tapping sheet metal
screws. Press knobs down on each
slide control.

A rear panel should be fabricated
froma 12" x 1%2" (30.5 x 3.8 cm) piece
of 16-gauge aluminum stock. Bend

the piece of aluminum at right angles
Y2" (1.27 cm) from each end to form a
stubby “'U" shape. Then attach the
pane! to the case, sinking sheet metal
or wood screws through both arms of
the ““U"". Drill mounting holes for the
connectors you wish to use along the
rear panel, and secure the jacks to the
panel. Situate the batteries in any con-
venient location that will allow easy
replacement. A retaining bracket for
the batteries can be fashioned from a
scrap of aluminum stock and should
be secured to the case with a sheet
metal or wood screw.

Using the Mixer. You can perform
many different mixing functions with
Panamix, such as converting a four
channel “'master’ of a musical per-
formance into a stereo format, mixing
a multiple microphone conference
setup into one or two tracks for re-
cording or PA purposes, etc. You need
only remember that panning position
integrity with respect to the front
panel markings is maintained only
when both master level controls are
set for equal volume. A significant dif-
ference between the levels of the out-
put channels will shift the apparent
“center’’ to one side. Experiment with
alt controls to get used to their “feel.”
Formono use, place all PAN controls to
one side and use the appropriate out-
put channel. @®

SUPPORT —(PINE)
172" X 1/8" x 7-3/4"
(1 REQ'D)

Fig. 3. A customn case for
the Panamix can be made
using this guide.

I

Bill of Materials

|—piece of Masonite |1" x 812" x 4"
2—pieces of hardwood 934" x 3" x "
|—piece of hardwood 11" x 2" x 1"
|—piece of hardwood 11" x 45" x 15"
|—pine support 73" X 148" x 15"
|—pine support 3" X 148" x 15"
l—pine support %" X 12" x 14"
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78" 1/2%

BEVELFL'

2"

1

=

LONG | CROSS

ALL LUMBER HARDWOOD EXCEPT AS NOTED

0| et
SECTION

1" f—
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SUPPORT

172" x 1-178" X 3"
MOUNTED IN CORNER

SUPPORT
2" x 172" x 172"
MOUNTED IN CORNER

ENDS
NX 3" x 9-3/4"
(2 REQ'D)
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FORTHE BEST CAR SPEAKERS AROUND
THIS ISWHATYOU SHOULD LOOK FOR

For the past eight years we've had
more speaﬁers on the road than any-
one else. So even though you may

not have heard of the Sparkomatic
name, you’ve probably been listening
to the Sparkomatic sound.

Our SK-250 stereo speaker set un-
doubtedly helped make us number
one. When we first engineered this

“dual” speaker con-
| cepteight years
|| ago, it wasthe
; A only car speaker
S that could pro-
duce anything close to the
£ high fidelity sound of
@* home speakers.
Since then everyone’s
®: beentryingto
imitate us.
. After breaking that
. . sound barrier for
el the car, we soon

. /H U went even further

- . and engineered

L our coaxial speakers.

We mounted the woofer and the
tweeter on the same axis (to deliver
more natural bass and treble
reproduction) and connected a
capacitor crossover network to
allow each speaker to operate at its
peak level. Now our coaxial stereo

6x9

The Gr@e e e
e

I 52.’;"2'.5”& i

O IN-G00t Sltareo Speaker Sot Weth 10202 Magnets. i 1

ANDTHIS ISWHY.

speaker line-up includes the
SK-620C which is a trim in-door
model, the SK-520C, an easy-to-

i

=

install hang-on and the SK-6920C,
arear deck mount designed to fit
most existing rear deck cut-outs.
All have twenty ounce magnets,
well worth their weight to produce
the best there is in car sound.

Our SK-355 stereo set is another
example of Sparkomatic engineer-
ing know-how. We kept it small _
in size so it would be very much &9 »@

at home in compacts and mini (m M’.‘\

imports. It has respectable five
ounce magnets and air suspen-
sion cones so you can have b1
sound in small places. The

303 “tach” style s eaker is also
designed for small car apphca-
tion with the ease of hang-on
installation.

Nomatter what size or price
our speakers are, we put the
same Sparkomatlc expertise
intoeveryone of them.

Like our SK-510 stereo speaker
set. Moderately priced, yet, with

SPARKOMATIC

hard working ten ounce magnets
and excellent range and dellve1 y.

It’s an easy hang-on sy, v,

mstallatlon Or, if 2 22 §
BmsS Ut

you’re looking for gy g

the same character- .
istics in an in-door ‘
application, our
SK-6101i is the one.
Ifyou’re still into monaural
sound we have a wide range of indi-
vidual high fidelity speakers.(We're
perhaps the only company that
does.) These rear decﬁ speaker Kkits
come complete with a dash mount-
ed switch for adjusting the sound
from front to rear or fora
combination of both. They're
available in two sizes, 6 x 9 and
5x 7, and they fit the eXIStmg

: \,\ cutouts in the rear decks

@

of most cars.

We make all of our speakers
easy to install—most people do
it themselves. All are quality
engineered forevery kind of car
radio and tape deck there is.
With Sparkomatic speakers you
can fill your car with a world of
sound that is comparable to

what you hear at home. And now
you know why Sparkomatic makes
the best car speakers around.

Sparkomatic Corporation, Milford, Pa. 18337, CB Equipment O Automotive Speakers (] Car Radios [J Competition Shifters (J Mechanics Creepers
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ELECTRONICS

OLS

EXPERIMENTERS

require-some special tools- and techniques.

ODAY'S hobbyist/experimenter

must cope with many problems
thatnever existed before the advent of
printed-circuit technology, integrated
circuits, and other microminiature de-
vices. In the old days, you could get
along with a set of screwdrivers,
longnose pliers, diagonal cutters, and
a soldering iron or gun. Now, without
the aid of suitable tools, and technical
aids, you will find it difficult—if not
impossible—to build a complex IC
project.

Printed circuit boards alone have
created a number of problems. Spe-
cial tools are required to cut the
boards to size, drill numerous tiny
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holes with bits that can’t practicably
be chucked into a massive electric
hand drill, and solder components
without lifting the copper or scorching
the board material.

Even solid-state devices place de-
mands on tools that the old tool lineup
can’t begin to meet. Heat-sensitive,
and now even static-electricity-
sensitive, transistors and integrated
circuits can be permanently damaged
by old-fashioned tools. Obviously,
then, you need special tools to work
with modern electric devices and
technigues. Some of these tools are
highly specialized; butif youdo alot of
experimenting, they’ll pay for them-

AmericanRadioHistorv Com

selves. Other tools can be used for a
broad range of jobs. The main pointis
that if you need a special tool for a
given job, you can’t make do as you
could in the past.

First, let’s review some of the basic
tools every hobbyist/experimenter
must have. Then we'll describe a few
tools that aren’t essential but will be
great time savers when you do a lot of
experimenting. Finally, we'll discuss
how to judge tool quality to make your
investment pay for itself in long tool
life.

Pliers and Cutters. At the very
minimum, you will need longnose
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pliers, wire cutters, and slip-joint
pliers. These three plier-type tools will
see the most service in assembling
kits and projects. Start with standard-
size longnose pliers and diagonal cut-
ters. Then, if you anticipate doing a lot
of work with miniature components,
you can add miniature longnose pliers
and diagonal cutters. As your budget
allows, you might consider adding
tip-cutting, end-nipping, and round-
nose and flatnose pliers. Each tool you
add can be used for special types of
jobs, and most are interchangeable.
One type of plier tool that most
people in electronics often overlook is
the plier-wrench, commoniy called
“vise-grips.”” Not only is this tool ex-
celient for applying brute torque for
turning bolts and nuts, it also can
serve as a "third hand" for holding
small parts, printed circuit as-
semblies, and small circuit as-
semblies. For a light grip, you close
the jaws on the work by turning the
adjusting screw. Used with C clamps

©

to serve as legs, the visegrip plier will
allow you to elevate and position the
work as required.

Pliers should never be used on nuts
and hex or square-head screws. At
least that was the rule before Brook-
stone Co. came out with a plier spe-
cially designed for nuts. Resembling
standard linesmen’s pliers, this tool
has two large sets of notches in its
jaws that afford a slip-proof grip on
nuts and screws.

The Brookstone, Jensen Tools and
Alloys, etc., catalogs list several diffe-
rent kinds of plier tools of various

o

grades and functions. There are
carbide-edged cutters, round- and
box-nosed pliers, pliers with brass in-
serts in their jaws for mar-proof work,
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and even pliers made from surgical
steel. Needless to say, you don't need
all—or even a majority—of the pliers
and cutters mentioned, but if you add
a few of the special items to your tool
lineup, you'll find your project and kit
building a great deal easier.

Drivers and Wrenches. A minimum
list of screwdrivers should include V"
(small with pocket clip), 3/1¢", and V"
slot-type and No. 1 and No. 2 Phiilips-
type drivers. Although you won’t have
as frequent a call for them as for
standard-size drivers, a set of jewel-
er's screwdrivers is generally inex-
pensive enough to include in your
basic list. Many shaft coupler and
control-knob setscrews and the
hardware on variable capacitors, etc..
are so tiny that only a jeweler's
screwdriver is safe to use with them.

Much of the machine hardware in
commercial electronic equipment and
the setscrews in about haif of all con-
trol knobs use hex-head hardware.
For these, you'll need a hex-key set.
You can buy a set consisting of indi-
vidual keys, individual keys in
screwdriver-type handles, and even in
fold-up “jacknife” sets. Prices range
from very inexpensive to relatively in-
expensive.

Nutdrivers are used in electronics
work almost as often as are screw-
drivers. Nutdrivers are available in
both solid- and hollow-shaft config-
urations, as individual drivers with
separate handles, individual drivers
that plug into a common handle, and
separate sockets that plug into a univ-
ersal handle/shaft combination. The
least expensive and most convenient
way of putting together a set of nut-
drivers is to buy one of the plastic-
cased assortments sold by such com-
panies as Xcelite, Vaco, X-acto, etc.

Stubby nutdrivers, such as Xcelite's
No. PS-120 set, are handy to have
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when you must work in tight places:
they even have an extra-large slip-on
handle for increased turning torque.
Large-size “‘nut” drivers for volume-
control and rotary-switch hardware
allow you to install the large hex nuts
without the danger of marring the con-
trol panel. Supplement your nutdriver
lineup with a set of miniature preci-
sion drivers. These are the nutdriver
equivalent of the set of jeweler's
screwdrivers.

Vaco has an interesting all-in-one
self-adjusting nutdriver that fits
hardware ranging from %" to 7/;¢" (6.35
to 11.11 mm). You simply press the
driver head against the nut to be dri-
ven, and the proper ‘‘socket’’ automat-
ically fits over the screw. This tool can
save lots of time that might ordinarily
be wasted as you hunt through a sepa-
rate assortment to find the right driver
for a given nut. it also has the advan-
tage of requiring the space of only a
single driver in your tool kit.

You'll find thata 6” or 8" (15.2 or 20.3
cm) adjustable wrench will suffice for
most of your nut and bolt turning op-
erations. However, there always
comes a time when your working
space is so restricted that the adjusta-
bie wrench proves useless. In this
case, you'll really come to appreciate
an assortment of ratchet box
wrenches. In general, you'll need only
two rachet wrenches %"-5/1¢" and %"-
7he" (6.35-7.94 and 9.53-9.94 mm). You
can, of course, buy individual box/
open-end wrenches, but there is really
no call for the added expense and the
space and weight they will take up in
your tool kit.

Soldering Equipment. Although
it's not the only method of mechani-
cally and electrically assembling a cir-
cuit, soldering still ranks as the most
practical for the great majority of as-
sembly projects. Since most modern

POPULAR ELECTRONICS



electronic components are smail and
either heat-sensitive or static-
electricity-sensitive or both, the most
practical soldering tool is a low-
wattage soldering iron or pencil with a
grounded tip. (If you have, or antici-
pate having to do, heavy-duty solder-

ing, figure on buying a 100/140-watt
dual-heat soldering gun.)

Your soldering iron or pencil should
be rated at 25 to 50 watts, with a good
average rating of about 35 watts. Make
certain that it is UL approved for safety
insurance. Modular soldering pencils,
with separate power handles, heat
elements, and soldering tips, offer
maximum flexibility. They allow you to
change heat-element cartridges
and/or tips to suit the work in hand.
And if any one piece goes bad, only
that piece need be replaced, which
adds up to good economy.

Soldering tips are available in raw
copper, iron-clad copper, and nickel-
plated copper. The raw-copper tip is
the least expensive but is prone to
rapid pitting and wear and must be
replaced fairly frequently. The plated
tips, although initially quite expensive,
last a long time and need little mainte-
nance to keep them in good condition.
Needless to say, plated tips are more
economical and less troublesome in
the long run than are raw copper tips.

Soldering tips are also availablein a
wide variety of configurations, rang-
ing from a blunt pyramidal shape to a
wide chisel to a very fine needle-like
point. The blunt tips are best for
heavy-duty soldering, using a 50-watt
heat element. For more general sol-
dering jobs, a medium chisel-point tip
on a 35-watt element is best. But when
you're dealing with IC projects where
foil traces on the printed-circuit board
and the component leads are very
close, a fine chisel or needle point is
best to minimize the possibility of sol-
der bridges.
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A starter soldering tool should in-
clude a 30-to-35-watt heating element
and medium-chisel and needle-point
plated soldering tips. You canbuildup
a heat element and tip assortment as
the need for them arises.

Most soldering irons and pencils do
not have the grounded tips required
for safe soldering of static-electricity-
sensitive MOS devices. (Ungar's
““Condensed Line"” does.) However,
it's a simple job to ground the tip of
any soldering iron. Tightly wrap
around the tip—away from the work-
ing point— a strip of 20-to-24-gauge
copper and fasten to it with machine
hardware a length of heavy-duty
stranded hookup wire. Terminate the
free end of the wire at earth ground,
using a cold-water pipe.

Although the great majority of sol-
dering irons are designed to be used
on line power, there are now availabie
anumber of cordless irons. These sol-
dering irons are powered by built-in
rechargeable nickel-cadmium cells,
which allows them to be used any-
where, even when line power isn't av-
ailable. The cordless irons have small
tips that heat up rapidly (5 to 10 sec-
onds) and provide 100 or more solder
connections, depending on the sizes
of the connections. Although the tips
attain a high temperature, the rela-
tively small heating unit and tip greatly
reduce the chance of lifting fine cop-
per traces and pads from pc boards.
Most cordless irons are equipped with
a built-in work light and offer a limited
variety of tip configurations.

For electronics work, use only 60/40
(percentage of lead to tin) rosin core
solder. Select 16-guage solder for
general-purpose and 18- or 20-guage
solder for fine pc work. When solder-

L~
i}

ing any semiconductor device or
heat-sensitive component, heat sink
the component leads with spring
clips, longnose pliers, locking forceps
or tweezers, or alligator clips. Keep
handy soldering aids with pointed,
slotted, chisel, and brush tips.

For removing solder from crimped
connections and pc boards, you can
use a rubber-bulb-type solder sucker
or a plunger-type sucker. The latter is
generally the more efficient tool,
though it is also the more expensive.
The most thorough device for remov-
ing solderis the solder “wick' made of
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finely stranded untinned copper braid.
When the wick is placed over a con-
nection and heated, the capillary ac-
tion, or “wicking,” that occurs be-
tween the fine strands takes up virtu-
ally all solder and eliminates most of
the risk of delaminating fine copper
pads and lines on pc boards.

Tools For PC Boards. The wrong
way to drill the fine holes required in
pc woark is with a standard hand-type
power drill. You'll only succeed in
breaking the fragile bits and possibly
gouging the board. An excellent tool
for drilling holes in pc boards is the
Micro Electronics Systems Mini Drill
that can be either AA-cell or line pow-
ered, the latter with an ac adapter. The
tool accepts bits ranging from No. 80
to No. 54 (0.343 to 1.4 mm).

Another good tool for pc board work
is the Dremel Moto Tool high-speed
drill and grinder, which comes in

(

models ranging from the 0.5-ampere
Model 260 to the heavy-duty variable
0.9-ampere Model 380. Light in
weight, it is easy to manipulate and
accepts drill bits ranging from No. 80
to No. 30 (0.129 to 3.26 mm), depend-
ing on which of three chuck collets are
used. For maximum working conveni-
ence, you can convert the Moto Tool
to a deluxe pc board drill press by
mounting it in the No. 210 drill stand.
Used in this manner, the Moto Tool
will permit you to spot the bit on the
smallest of copper pads with perfect
accuracy. '

An interesting new tool from Dremei
is the Model 232 Moto-Flex, a high-
speed drill and grinder with[ a 34"
(0.86-m) flexible shaft and handpiece.
This tool affords very precise control
over hand-machining operations on
the pc board. Its 233" (18.4-mm)
diameter handpiece has ball bearings
and accepts all Moto Tool collets and
accessories.

With many accessories, these tools
permit you to cut, score, or notch cir-
cuit boards using steel saws; cut off
potentiometer and rotary switch
shafts and screws with the cutoff
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Tools for a well-stocked electionics workbench.
Both conimon and special tools ease project construction.

wheel; and grind, debur, and polish
other items. You can, for example,
make inexpensive ground-plane
boards using the No. 9909 router bit
and Vector No. P138C circle pad cut-
ter. (See '‘Perfboard Wiring Tech-
niques,”” POPULAR ELECTRONICS, April
1976 for details.)

Special Tools and Aids. The fastest
and lowest-cost perforated-board wir-
ing method is with one of the wiring
pencils, which eliminates wire cutting
and stripping. You can interconnect
any nimber of terminals with a single
unbroken run and cut off the wire with
the tip of the tool. You simply solder
terminals through the insulation,
which instantly vaporizes when heat is
applied.

Automatic wire cutters/strippers,
although rather expensive, can be a
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real time saver when you have a lot of
point-to-point wiring to do. These
tools come with steel blades that do
the cutting and stripping. If you don't
mind first cutting your wires to size,
one of the best strippers there is is the
Alpha Model STRP-25 with plastic
stripping blades. The plastic material
is easily deformable to cut through in-
sulation without nicking the wire. You
can get thousands of strips from a
single pair of blades. As the blades get
used up on one size wire, they're still
good for larger sizes. When the blades
are finally used up, you simply inject
new blades and start over again.

For holding and positioning pc
boards and small electronic circuit
modules, you can get a work-holding
jig from X-acto or Brookstone. For de-
tailed work, you'll want a work-
inspection magnifier, preferably with
a built-in flourescent lamp, like the
Luxo Model LFM-1.

You can easily damage the pins on
DIP IC's when inserting or removing
the devices from sockets. To play it
safe, you can use either the GC Elec-
tronics No. 9481 Pul-N-Sertic
insertion/removal tool or No. 9227 re-
moval tool. For round transistors and
IC's, use the No. 9216 Quick-Pick
sleeve-type grippers from GC. (inci-
dentally, the Quick-Picks also serve as

GC Electronices Quick Pick Tools
(left) and IC remover (right), with
Pul-N-Sertic semiconductor inserter
and remover (center)-all very handy.
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excellent heat sinks for transistors
and IC's during soldering operations.)

Among the handiest of tools, the
locking forceps serve as both
needle-nose pliers for light work and
heat sinks when soldering. The GC
Electronics tweezer forceps come in
two lengths, with either curved or
straight jaws. Three assorted tweezers
are included in the GC No. 7960 kit,
two of which are locking types to allow
their use as heat sinks.

Building a project from scratch re-
quires a number of tools not so far
mentioned. These include a bench
vise, set of drill bits, combination
square, assorted files, hole reamer,
center punch, nibbling tool, hacksaw,
etc. Unusual tools, such as a pin vise,
small hand vise, and razor saw, also
come in handy. Many common and
specialized tools are listed in the
catalogs of Sears Craftsman; GC Eilec-
tronics; Brookstone Co. (13
Brookstone Bldg., Peterborough, NH
03458); and Jensen Tools & Alloys
(4117 N. 44 St., Phoenix, AZ 85018).
Hobby centers are also good places to
look for fine-quality precision tools.

Sle=——=7

A Word About Quality. Price and
appearance are not always related to
tool quality. High-grade hand tools are
drop forged of various alloy tool
steels, hardened and properly tem-
pered. In the case of pliers, the tools
should open smoothly and without er-
ratic binding or looseness. Sight
through and along closed jaws and
cutting edges for proper alignment.
Most pliers are made with the com-
mon lap-joint pivot that eventually
loosens. You'll make a much wiser in-
vestment if you look for plier-type
tools constructed with box-joint
pivots that retain jaw alignment.

At all costs, avoid buying “bargain”
pack tools or tools that are extremely
low priced. Good and top-quality tools
are rarely ever bargain priced; only
tools that will fall apart or quickly wear
out ever go on “‘bargain” racks. if you
buy the latter, you'll only have to re-
place themin short order. It's better to
buy the best when you can afford them
than to build up a tool kit that will fail
to do the job. A good rule of thumb is
to stay with brand names that you
know are of good quality. ®
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Herb takes his future senously Without worrymg about it.
He knows his CIE training is giving him valuable skills in electronics.
Skills a lot of people will be glad to pay for. And that’s good reason
for all the optimism in the world. How about you?
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Learning new skills isn’t
something you just breeze through.
Especially in electronics. You’ve
got to really want success if you’re
going to build your skills properly.

Herb knew that right from the
start. But he also knew what
rewards he could earn if he took
some time and did it right. He knew
that, in today’s world, people who
really know electronics find a lot
of other people . ..even whole
industries . .. looking for their help.

How about you? How much do
you want that thrilling feeling of
success. . . of being in demand?
Enough to work for it?

Why it pays to build
skills and know-how.

One of the things that got Herb
interested in electronics is that
electronics seems to be something
just about everybody needs. Almost
everywhere you look these days—
in a business office...a
manufacturing plant...a
department store . .. a doctor’s
office...acollege...even your
own home you'’ll find all kinds of
electronic devices.

That spelled *“‘opportunity’ to
Herb. Plus he liked the idea of
having a set of skills that might
lead to jobs in places as different
asa TV station...a hospital...an
airport . ..a petroleum refinery.

But what Herb liked most about
electronics is that it’s just plain
interesting. Even though it takes
time and effort to learn, the subject
is so fascinating it almost doesn’t
seem like “‘studying’ at all!

How CIE

keeps you interested.
CIE’s unique study methods do
alot to keep you interested. Since
electronics starts with ideas . . . with
principles...CIE’s Auto-
programmed® Lessons help you get
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the idea—at your own most
comfortable pace. They break the
subject into bite-size chunks so
you explore each principle, step by
step, until you understand it
thoroughly and completely. Then
you start to use it.

How CIE helps you
turn ideas into reality.
Depending on the program you

choose, CIE helps you apply the
principles you learn in a number of
different ways.

If you're a beginner, you'll likely
start with CIE’s Experimental
Electronics Laboratory. With this
fascinating workbench lab, you
actually perform over 200
experiments to help you grasp the
basics! Plus you use a 3-in-1
precision Multimeter to learn
testing, checking, and analyzing.

In some programs, you build
your own SMHz triggered-sweep,
solid-state oscilloscope —and learn
how to “‘read’” waveform patterns
... how to “lock them in” for closer
study . ..how to understand and
interpret what they tell you.

To help you develop practical,
skill-building knowledge you then
receive a Zenith 19” diagonal

solid-state color TV featuring nine
removable modules. You learn
how to trace signal flow . .. how to
detect and locate malfunctions. ..
how to restore perfect operating
standards.

What to do first.

Get all the facts. Send for CIE’s
FREE school catalog and career
information package TODAY.
Check all the CIE programs —and
see which one’s right for you. Do
it now.

Why it’s important

to get your FCC License.

More than half of CIE’s courses
prepare you for the FCC License
exam. Infact, based on continuing
surveys, better than 4 out of 5
CIE graduates who take the exam
get their License!

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

Free catalog!

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

Cleveland Institute of Electronics, Inc.

1 ClI

1776 East 17th Street, Cleveland, Ohio 44114

l Accredited Member National Home Study Council

. I:I YES o o o | want to succeed in electronics. Send me my
FREE CIE school catalog—including details about all electronics courses—
plus my FREE package of home study information! PE-16

. NAME
ADDRESS

(please print)

APT. _

l CITY

ZI1P __

l STATE

AGE - PHONE (area code)

Check box for G.I. Bill information:

I Mail today!
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[ Veteran [ Active Duty
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BUILD THIS LOW-COST

CAPACITANCE

METER

Five linear ranges

to 10,000 UF

HEN a capacitor is connected

to a constant-voltage source
through a resistor, the charge on the
capacitor increases exponentially. If
the source supplies a constant cur-
rent, however, the charge on the
capacitor increases Jinearly. This
linear charging principle is used here
in the design of a capacitance meter
which will measure values outside the
range of most such meters. By using a
constant-current source, the meter
determines the time it takes to match
the charge on the unknown capacitor
to a known reference voltage. The
meter has five full-scale ranges of 1,
64
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10, 100, 1000, and 10,000 pyF. On the
1-uF scale, values as small as 0.01 uF
can be read easily.

How It Works. As shown in Fig. 1,
D1, D2, R6, Q1 and one Pfthe resistors
(R7 through R5) selected by S71A pro-
vide five decades of constant current.
With S2in the position shown in Fig. 1,
this current is shunted to ground via
S2A.When S2 is placed in its alternate
position, the constant current will be
pumped into the unknown capacitor
connected across BP1 and BP2, forc-
ing it to charge in a linear fashion.
Op amp /C17 is connected as a cam-

AmericanRadioHistorv.Com

parator, with its noninverting (+) input
connected to R8, which determines
the reference voltage. When the volt-
age developed across the unknown
capacitor, connected to the inverting
input (—) of /IC7, becomes a few mil-
livolts higher than the preset refer-
ence voltage, the comparator output
will switch from +12volts to —12volts.

The output of the comparator drives
a constant-current source consisting
of D3, D4, D5,R10,R11, and Q2. When
S2A was switched to ground, so was
S§2B.This action shorts across storage
capacitor C7, therefore the voltage
across this capacitor is zero.

POPULAR ELECTRONICS
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Fig. 1. The meter
determines the time it
takes to match the charge
on capacitor under test

to known reference voltage.

Hav

When S2 is opened, the constant
current flowing into C7 causes the
voltage across it to rise linearly. When
the voltage across the capacitorunder
test causes the comparator to switch,
diode D6 becomes reverse biased,
preventing C7 from charging any
more. Since C7 only charges until the
comparator switches, the voltage
generated across it is directly propor-
tional to the capacitance value of the
unknown capacitor.

To prevent C?7 from discharging
while measuring its voltage, a high-
impedance buffer, formed by IC2, is
used. While this buffer draws very little
current, it does draw some, and this
results in a very slow downward drift

Sie

BN

of the meter—but this drift is actually
too slow to cause any problems. Re-
sistor R73 and meter M7 make up a
simple voltmeter readout of approxi-
mately 1 volt full scale. If desired, an
external voltmeter can be used as long
as it has a full-scale range of less than
8 volts. (If you use such an external
meter, set R8 on the 1-puF range, so
that a known 1-uF capacitor indicates
1 volt.) CapacitorC2 is used to prevent
oscillation of the Q7 constant-current
source, while R9 and R72 protect the
op amps in case the power is turned
off while the test capacitorand C71 are
charged, otherwise they might dis-
charge via the op amps, causing dam-
age.

+i2v

Fig. 2. Power supply

=12y

Hrv

delivers sufficient
currvent for meter.
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PARTS LIST

BP1, BP2—Five-way binding posts (one
red, one black)

Cl1, C4-22-pF,
capacitor

C2—0.01-pF ceramic disc capacitor

C3—220-uF, 35-volt electrolytic capacitor

D1 to D6—IN914 diode

D7, D8—50-volt, 500-mA silicon rectifier

D9, D10—12-volt zener diode

IC1, 1C2—741 mini-DIP case

M1—0-1-mA meter (Radio Shack 22-052
or equiv.)

Q1, Q2—2N3638 transistor

R1—4.7-megohm, Y2-w 5% resistor

R2—470,000-ohm, ¥%-w 5% resistor

R3—47,000-ohm, %-w 5% resistor

R4—4700-ohm, Y%-w 5% resistor

R5—470-ohm, Y2-w 5% resistor

R6, R10—22,000-ohm, %2-w resistor

R7—100,000-ohm Y%-w resistor

R8—1000-ohm, pc-type trimmer poten-
tiometer

R9, R12—10,000-ohm, ¥2-w resistor

R11—33,000-ohm, Y2-w resistor

R13—1000-ohm, ¥%5-w resistor

R 14—560-ohm, ¥2-w resistor

R15—470-ohm, Y4-w resistor

S1—Dp 6-pos. rotary switch (Radio Shack
275-1386 or equiv.)

S2—Dpst or dpdt pushbutton or rocker
switch

T1—Transformer, secondary 12-V, 300
mA (Radio Shack 273-1385 or equiv.)

Misc.—Suitable enclosure (Radio Shack
270-627 or equiv.), line cord, insulated
wire, spacers, rubber feet (4).

35-volt electrolytic

The power supply whose circuit is
shown in Fig. 2, can supply sufficient
current to power the meter.

Construction. The circuit can be
built on the pc board whose foil pat-
tern is shown in Fig. 3, along with the
component installation on the nonfoil
side of the board. Be sure to observe
the polarity of the two electrolytic
capacitors and the various diodes.
ThelC's are identified by a notch code.

The prototype was assembled in a
6v4" by 3%" by 2" plastic box having a
metal cover. The cover was drilled to
accept M7, range switch S7, switch
S2, and the two binding posts (BP7,
BP2). Note that ared binding post was
used for BP1 as this side is to be con-
nected to the positive lead of the
capacitor under test. The line cord
exits through a small hole in the side
of the plastic box.

Meter M1 is linearly calibrated to 1
mA full scale. Carefully open up the
meter and using press-on type, or
other printing medium, mark the scale
“MFD" or "“uF.”

The accuracy of the capacitance
meter depends on two factors; the
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Photo shows how
author’s prototype
was assembled in box.
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Fig. 3. Actual-size etching
and drilling guide is above,
component layout at left.

basic accuracy of the meter move-
ment used and the accuracy of resis-
tors R1 through R5. In most cases, the
meter accuracy wiil be 3%, and ex-
perience has shown that, with 5% tol-
erance resistors, the overall accuracy
is about 3%. Although this may sound
strange, it is due to the fact that most
5% resistors made by the same com-
pany tend to be off tolerance by the
same percentage, thus reducing the
effective percent error between the
resistors. Using 10% resistors yields
about 6% accuracy.

Calibration. Before applying power
to the capacitance meter, use a small
screwdriver to set the meter pointer
exactly to the zero mark.

Select a capacitor between 0.5 and
1.0 uF at 5% or better. This will be the
““calibration standard.” Connect this
capacitorbetween BP7 and BP2 (posi-
tive side to BP7). Set range switch S7
to the “1"" position (meter indicates
1-uF full scale). Operate S2 to remove
the ground lead from the two circuits
(Q1 collector and C7). The meter
should start upscale and stop at some
value. Reversing S2 should cause the
meter to drop to zero volts. Flip S2
again and note the upscale value of
the meter. Alternately flip S2 and ad-
just R8 until the meter indicates the
exact value of the 5% calabration
capacitor. The one calabration will
suffice for all the other ranges. @
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BY MATTHEW FITCHENBAUM

A Strobe Flasher for Night Cycling

Uses a high-voltage xenon flash tube and dc/dc converter.

LL BICYCLISTS and car drivers

are aware of the need for visibility
when riding a two-wheeler at night or
in fog. However, providing & clear in-
dication of a cyclist’'s presense can be
areal problem. Blinking incandescent
lights can be used, but they put out
only small amounts of light. The light
described in this article uses a xenon
tube to generate a bright flash that can
be seen from a great distance—but is
not intense enough to dest-oy a driv-
er's night vision. Simple circuitry al-
lows the project to be built ak low cost,
in a lightweight, compact package
that can be secured to the bicycle or
the rider’s belt.

68

Principles of Operation. The
light-preducing element is a sealed
glass tube contzining two electrodes
and filled with the inert gas, xenon.
Whenr a high vol:age is applied to the
tube, the gas ionizes. That is, some of
the electrons are stripped frcm the

xenon atoms. When the electroas and

xenonions recombine, the energy that
caused themto s=parate is given up as
light. If many atoms are ionized, the
light output is intense.

Xenon flash lamps are usually oper-
ated in a pulsed mode. The intensity of
their flashes gives good visibility, and
their short duration keeps the average
power applied tc the tube low. How-

AmericanRadiaHista am

ever, the flash tubes require high vol-
tages. In this circuit, a dc-to-dc con-
verter supplies this high voltage, draw-
ing power from two AA batteries. A
capacitor stores charge which is
needed for the large instantaneous
flash current. To initiate ionization in
the tube, a potential difference of
about 4000 volts is required. This is
developed by a trigger coil, or puise
transformer, which steps up the con-
verter output.

About the Circuit. Transistor Q7,
transformer T7, and their associated
components comprise an oscillator
which is the heart of the dc-to-dc con-

POPULAR ELECTRONICS



verter. When power is first applied,
collector current builds up until the
ferrite core of T1 saturates. At this
point, base drive is removed from Q7,
the transistor cuts off, and flux in the
core decays. Then the cycle repeats
itself again.

On the other side of T7, high voltage
pulses developed across the second-
ary are rectified by D7, and charge C2
to +250 volts. The voltage divider
composed of R2, R3, and R4 charges
C3 to 90 volts and C4 to 200 volts. The
time constants associated with these
capacitors are small, so the voltages
across C3 and C4 can be assumed to
be proportional to that across C2.

When the potential across C3
reaches approximately 90 volts, neon
lamp /7 fires and discharges C3
through the gate of SCR1. This causes
SCR1 to turn on, and the charge
stored in C4 is dumped into the pri-
mary of T2, the trigger coil. Because of
T2's high step-up ratio, this surge of
current induces a potential difference
of several thousand volts across the
secondary. In turn, the flashtube fires,
creating a bright flash of light as the
charge stored in C2 flows through the
tube. When C2’'s charge is depleted,
the tube stops conducting and goes
dark. Then the rectified pulses from
D1 start to charge up the capacitors,
and the cycle begins again.

The flasher requires only two or
three volts to function. Two penlight
(AA) cells make a lightweight power
source, but since current drain is 250
to 300 mA, carbon zinc cells should be
used only if the flasherisintended as a
back-up safety device in extreme cir-
cumstances. However, two alkaline
AA cells should provide about six
hours of intermittent operation. If the
flasher is to be used frequently, re-
chargeable nickel-cadmium batteries
should be installed. They will give
about two hours’ use to a charge. (Of
course, rechargeable or nonre-
chargeable C or D cells can be used if
more extensive use in contemplated.

Most of the components can be ob-
tained from any electronic parts store,
including flash tube FT7 and trigger
coil T2. However, the converter trans-
former T7 must be wound on a Ferrox-
cube 2616-F1D bobbin and uses two
Ferroxcube 2616-PLOO-3C8 pot core
halves. These parts are available from
some industrial distributors, and a
mail-order source is included in the
parts list.

Construction. The flasher can be
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PARTS LIST

B1—Two 1.5-volt cells in series (see text)

C1—4.7-uF, 10-V electrolytic capacitor

C2—4-yF, 450-V electrolytic capacitor

C3—0.005-pF, 500-V disc ceramic capac-
itor

C4—0.02-pF, 500-V disc ceramic capac-

itor

D 1—IN4005 diode

FT1—Xenon flash tube (Radio Shack
272-1145 or equivalent)

11—NE-2 neon bulb

QI1—TIP-29, HEP S5000 npn plastic
power transistor or equivalent

The following are Y4-watt, 10% tolerance
resistors:

R1—390 ohms

R2—2 megohms

R3—3.3 megohms

Two 1.5-V batteries power the converter
which drives the flashtube and SCR trigger circuit.

o o4
(BOTTOM VIEW)

R4—3 megohms

R5—1000 ohms

S1—SPST switch

SCR1—400-volt silicon controlled rectifier
(Radio Shack 276-1000 or equivalent)

Tl—see text

T2—4000-volt trigger coil (Radio Shack
272-1146 or equivalent)

Misc.—Printed circuit or perforated
board, solder, hookup wire, No. 34
enamelled wire, No. 28 enamelled wire,
machine hardware, circuit board spac-
ers, suitable enclosure, battery holder,
standoff insulator, silicone cement, sol-
der, etc.

Note—The Ferroxcube 2616-F 1D bobbin
and two 2616-PLOO-3C8 ferrite pot
core halves are available for $3.00 (first
class postage paid) from Elna Ferrite
Laboratories, Inc., Box 395, Wood-
stock, NY 12498.

built on a printed circuit or perforated
board, and housed in any enclosure of
sufficient size. The prototype was built
in a small piastic box with a transpar-
ent top which protects the flash tube
without obscuring its light output.

No matter which arrangement is
chosen, the first step in constructing
the flasher is to assemble T7. It is
wound on a nylon bobbin that will be
inserted into a two-piece ferrite pot
core. Begin with the secondary. Allow
a few inches of No. 34 enamelled wire
to extend from a slot in the bobbin,
and attach a “‘flag’’ of masking tape to
the end of the wire. Mark the tape with
an “S."” This will allow you to keep
track of the start of the secondary
winding, which is essential to proper
phasing.Secure the wire to the bobbin
with a piece of electrical tape, and
then wind 350 turns, keeping each
layer even. When you have finished,
cover the winding with electrical tape,
and leave a few inches of wire free to
serve as a connecting lead for the
“finish” end of the secondary.

The primary will be wound next,
using No. 28 enamelled wire. Use a
masking tape flag marked ‘P’ to iden-
tify the start of the winding, and wind
16 turns in the same direction as you

did for the secondary. When the pri-
mary is completely wound, cover it
with a layer of electrical tape. As be-
fore, leave a few inches of wire free at
both ends of the primary. Finally, wind
the five-turn feedback winding in the
same direction as the other two. Use
No. 28 enamelled wire, identify the
start of the winding with a tape flag
marked “‘F,” and cover the completed
bobbin with a layer of electrical tape.
Again, leave a few inches of lead
length on each side of the winding.
Insert the bobbin between the two
pot core halves, and mount the trans-
former on the project board using
#6-32 machine hardware. The ferrite
core is very brittle, so the mounting
hardware should be no more than
finger tight. Use a daub of silicone
cement to secure the nut to the board.
The flashtube should be mounted
so that it can be seen and is somewhat
protected from shock. The author
mounted his flashtube on the circuit
board using its leads and a standoff
insulator. Note that the electrode
composed of wire mesh is the
cathode. Trigger transformer T2
should be positioned near the
flashtube. The rest of the components
can be mounted in any convenient
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‘0PT0 XR-700°

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

3¢ The “XR-700" is a NEW, redesigned.
EASIER TO INSTALL version of the
Allison *‘Opto-Electric'’, with the New
/ addition of the Voltage Regulator,

making itthe MOST RELIABLE and Fool-
Proof Ignition System ever invented

‘.’ Allison replaced the mechanical

Breaker-Polnts and Condenser with S B
a “Highly Accurate" Opticai Con- us

trol. ABeam of Light, passing & Foreign
through a specially designed ~ Patents Pending

“ROTOR" precissiy triggers a Heavy-Outy “POWER 3% “XR-700"...Designed for those who want the BEST
MOOULE" that BOTH **Charges and Fires" the Ignition Coil, J  in Performance, Gas Mileage, Quicker Starting,

with the “FASTEST" High Voitage RISE TIME, producing the g
MAXIMUM “HIGHEST ENERGY" SPARK availabie. Eliminate frequent Tune-Ups and Maintenance Costs.

# Since there is NO Mechanical Friction, there are NO Parts to FACTORY-BACKED o S g5
ever WEAR or need replacing, and ONCE properly Timed, 1t 1\ | nl 5 9
should NEVER need any Maintenance! DWELL never needs mg! g..{.%ﬁﬁﬂﬁmﬂnmm y .
adjustment, it is PRE-SET to supply the OPTIMUM Perfor- ORDER WITH CONFIDENCE. ..

COMPLETE

mance at BOTH High and Low Speeds.  The RPM Capability
of the **XR-700"" is Factory Tested to 15,000 RPM

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

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

#* “EASY-TO-FOLLOW" INSTALLATION.
{Not Necessary to Dismantle your Distributor )

#| +c8" USERS: The XR-700 completely ELIMINATES the Major
- \Causa of Primary (ignition Noise) Interference.
A

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

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

1f you have already installed a *'Capacitive-Discharge" Ignition
# Convert Your “'C-D"* Unit to BREAKERLESS|
INCREASE ITS EFFICIENCY with “XR-CD”...Only $34.95

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

ALLISON € 0urBEST Salesmen...are the USERS of our ALLISON Systems!

AUTOMOTIVE CO. 1267 -E8, East EDNA PI., COVINA, CAL. 91722
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manner. It is wise to leave the trans-
former leads long, as a mistake in the
direction of a winding, or improperly
identifying the start of a winding, will
require a phasing change involving
the reversal of one or more windings.

Checkout and Troubleshooting.
When you have completed building
the project, double check all wiring,
and then turn the unit on. The
flashtube should flash about once
each second, and an audible whistle
should be heard near 77 as the dc-to-
dc converter oscillates.

If no whistle is heard, measure the
battery voltage and current with a
high-impedance multimeter. If no cur-
rent is being drawn from the battery,
check the wiring to T7, Q71, R1, the
battery, and switch S7. If current is
being drawn, try reversing either the
primary or feedback winding of T7, but
not both!

The converter might oscillate but
the flashtube won’t flash. In that case,
measure the voltage across C2. Al-
though current is limited, the
capacitor's voltage can give you an
unpleasant shock, so be careful! A
reading of 250 to 300 volts is normal.
But if the voltage is below this level,
disconnect R2 and the anode of FT71
from the positive plate of C2. If the
voltage is now correct, the problem is
located in the trigger circuit for the
flashtube. If the voltage is low but not
zero, try reversing the secondary
winding of T1. Zero voltage points to
incorrect wiring or a defective D7 or
C2 component.

When the voltage across C2 is cor-
rect but there is no flash, the trigger
circuit must be examined. Measure
the voltage between the anode and
cathode of SCR7. You should obtain a
reading of 200 volts or so. If you do,
short these two points with a jumper.
The tube should flash as you do this. If
it doesn’t, either it or the trigger coil is
defective. Other possibilities are a
faulty SCR or trigger component (/7,
etc.) or incorrect wiring of that part of
the circuit that generates the trigger.

Final Thoughts. |f desired, small
leather straps can be secured to the
flasher enclosure to serve as belt
loops. The unit is small enough to be
mounted either on the bicycle or on
the cyclist's arm or leg. It can also be
taken along for hikes on dark country
roads. You will probably find many
other applications for this handy little
bicycle flasher. @®
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tronics words, acronyms, or pre-
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forward, backward, up, down, or SCRHDRESONANCEYZMETPT
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circled to give you an idea of how to
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Product
Test Reports

ABOUT THIS MONTH'S HI-FI REPORTS

The ADC Accutrac 4000 is something completely different in record
plqyers—it’s computerized! It combines a deluxe direct-drive record player
with a microprocessor in a system that does some remarkable things in a
totally “hands-off” manner. It even has full remote-control facilities. This
player must be seen and operated to be believed.

Phono cartridges from Micro-Acoustics are unlike any other cartridges
we know of in that they use electrets as transducing elements. The electret
combines the advantages of magnetic and piezoelectric cartridges, with few
of the disadvantages of either. The new Model 2002¢ cartridge is an updated
version of the Model QDC-13 introduced a couple of years ago. Our tests
proved it to be an outstanding cartridge in almost every respect.

The latest entry into the Phase Linear line of power amplifiers is the
Model 200. This new “baby” amplifier is rated at a mere 105 watts/channel.
It has the same styling, construction, and quality of performance of other
Phase Linear products.

—Julian D. Hirsch

ADC ACCUTRAC 4000 RECORD PLAYER

Microprocessor provides unique automatic control.

The ADC Accu-
trac 4000 is the
most unusual
record player we

“ have seen in
years. In essence, it is a combination
of the digital computer technology
that made possible the electronic cal-
culator and a deluxe direct-drive,
two-speed record playing system. It
comes with a high-quality tonearm
that is fitted with a modified top-of-
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the-line ADC Model XLM MkIl phono
cartridge.

On the front panel of the player's
base is a row of 23 buttons similar to
the keys on a calculator and four small
rotary controls. The controls are for
turning on and off the power, vernier
adjustments of the 33%s- and 45-rpm
speeds, and setting the sensitivity of
the player's unique sensor system.
The buttons control all speed, record
indexing, and track selection opera-
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tions. In addition, the system comes
with a remote-control facility that du-
plicates most of the controls on the
player itself.

The Accutrac 4000 comes ready to
play, mounted on a walnut base and
with the cartridge installed. It mea-
sures 18%2"W x 17%"'D x 6"H (47 x
441 x 15.2cm) and weighs 20% tb (9.2
kg). It sells for $499.95.

General Description. The record
player has 14 TRACKS buttons labelled
from 1to 13and ALL. To play adisc from
the beginning, the ALL button is
pressed to start the platter revolving.
(Normally, the player comes on at 334
rpm and is indexed for a 12" disc when
power is applied. The buttons need
not be touched unless 45-rpm discs
are to be played or you desire to play
tracks out of sequence.)

The control buttons have the light,
positive tactile “‘feel” of the keys on a
good pocket calculator. When the
PLAY button is pressed, the tonearm
moves to the lead-in groove of the
disc, pauses, and slowly descends to
the surface of the disc. After playing
through to the end of the disc, the arm
lifts and returns to its rest position,
shutting off the motor.

Where the Accutrac 4000 differs
from other record-playing systems is
in its ability to allow you to play the
various bands on adisc in any desired
sequence and to repeat bands on
command. When the PLAY button is
pressed, the tonearm moves inward
until it comes to the beginning of the
first band selected, pauses for a few
seconds, and lowers to the disc's sur-
face. After playing the band, the arm
lifts and returns to rest and again
scans inward until it locates the be-
ginning of the second band selected.
The process repeats until all selected
bands have been piayed. Then the
player automatically shuts off.

The memory of the control system
can store up to 24 program com-
mands. Hence, bands can be' repeated
as desired up to a total of 24 times.
Even the ALL button can be pressed 24
times, if that is what you want.

The REJECT button allows you to
bypass any selection to go on to the
following selection. The REPEAT but-
ton allows any selection being heard
to be played again. If you wish to hear
a band again from its beginning be-
fore it is ended, you press REPEAT and
REJECT. The Cue button alternately
raises and lowers the tonearm. (The
audio outputs are muted whenever the
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pickup is off the surface of the disc.)
To stop play at any time, you press
CLEAR, which wipes the memory clean
and returns the tonearm to its rest po-
sition as before.

The manner in which the player lo-
cates the programmed bands is as in-
triguing as its control system. Built
into the special Model LMA-1 car-
tridge are a LED and a photocell. The
LED focuses an infrared beam on the
record’s surface, while the photocell
intercepts the reflected light. The light
is scattered by the grooves so that lit-
tle of it reaches the photocell. How-
ever, the dead band between selec-
tions on the disc reflects sufficient
light to the photocell to signal the
computer circuits that the pickup has
passed from one band to another.

The number of times the signal is
received is compared with the infor-
mation stored in the memory system.
When the pickup reaches the begin-
ning of the next programmed band, it
stops and holds its position for a few
seconds to average out any record ec-
centricities. The tonearm then de-
scends to the record’s surface. Since
the dead bands can vary considerably
in width from one disc to another, it
may be necessary to adjust the sen-
sitivity of the positioning system with
the SENSOR control.

The system can also be played man-
ually. When the tonearm is raised, it
can be moved laterally, against some
friction from the drive clutch, to any
desired position. Pressing cue then
starts the turntable and lowers the
tonearm. CUE can also be pressed
while the arm is in its rest position,
which then frees the arm to be moved
and cued without resistance. ADC
stresses that the tonearm is com-
pletely free while it is playing a disc
because the servo-motor drive is dis-
engaged by a clutch when the pickup
is lowered.

Transparent and translucent discs
cannot be played automatically be-
cause they do not reflect enough light
to the photocell to trigger the auto-
matic circuits. These discs must be
played either manually or from the be-
ginning in the ALL mode. Discs that
have a raised and tapered rim can
cause the pickup to overlook the first
band and set down one track fartherin
than desired. If this occurs, it is neces-
sary to make allowance for the fixed

error when programming the
mechanism.
The remote-control system is a

unique feature of the Accutrac 4000
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player. A small spherical optical sen-
sor can be placed anywhere within 12
(3.7 m) of the turntable, into which it
plugs. The small hand-held transmit-
ter has buttons on it that duplicate all
the TRACK and CONTROL buttons on the
player itself. When the transmitter is
pointed atthe sensorand any buttonis
pressed, a coded ultrasonic signal is
sent to the receiver. The program is
entered intothe memory system,and a
red light on the sensor winks to indi-
cate that the command has been re-
ceived by the system.

Laboratory Measurements. The
turntable had the low rumble and flut-
ter one would expect from a good
direct-drive system. Rumble was 42 to
44 dB down unweighted and 62 dB
down with ARLL weighting. Wow and
flutter were each 0.04% unweighted
rms. The speeds were exact when the
built-in strobe pattern was stationary.
They could be varied over a range of
+2.6% to --2%. The speeds did not
change when the line voltage was var-
ied between 95 and 135 volts.

When set to the recommended
1-gram mark, the tonearm’s tracking
force measured 1.05 grams. The lat-
eral tracking error was less than 0.5°/
in. for radii between 3" and 6" (7.62and
15.24 cm). It rose somewhat at smaller
radii but remained within acceptable
limits throughout the record area.

The antiskating dial had to be set
considerably higher than the tracking
force (typically 3 grams for a 1-
to-1.5-gram tracking force) to provide
equal playback distortion in both
channels. The descent of the tonearm,
under control of the cueing system,
required 2 to 3 seconds. There was no
lateral drift. The time required for the
pickup to begin playing any selection
after the PLAY button was pressed was
about 7 seconds, almost half of it in
the descent phase.

The cartridge was able to play most
music records at a 1-gram tracking
force without difficulty. The tracking
at velocities exceeding 18 cm/s was
poor at 1gram. It was greatly improved
by using the maximum recommended
1.5-gram force. At this low force, the
IM distortion of the cartridge, at less
than 2%, was about as low as any we
have measured, even at the 27.1-cm/s
maximum velocity of the Shure TTR-
102 test record. The 10.8-kHz tone
burst test of the Shure TTR-103 record
indicated low distortion up to 20 cm/s
and acceptable levels even at 30 cm/s.

Our other tracking test records
(Fairchild 101, Cook 60, and German
High Fidelity Institute) confirmed the
importance of using a 1.5-gram track-
ing force. (On the German record, only
the 60-micron band could be played at
1 gram, while the 80-micron band
could be played at 1.5 grams.) The
output of the cartridge was 4.1 mV on
one channel and 3.55 mV on the other
channel, measured at a 3.54-cm/s ve-
locity. The vertical stylus angle of 28°
was somewhat greater than we have
measured on other cartridges. The
bass resonance of the tonearm and
cartridge was at 9 Hz at an amplitude
of 9 to 10 dB. Since the cartridge is
fairly massive, this indicates that the
arm is commendably low in mass.

The frequency response of the car-
tridge was flat within =1 dB up to
10,000 Hz. It rose at higher frequen-
ciestoabout +5to +6dB at 20,000 Hz.
Channel separation was an excellent
30dB in the midrange and 12to 15dB
at 20,000 Hz. When we played the
Shure “'‘Audio Obstacle Course—Era
" record, it was necessary again to
use a 1.5-gram tracking force to en-
able the cartridge to track all sections
except the highest level of the sibi-
lance test.

User Comment. Our measurements
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and listening tests confirmed the ex-
cellence of the Accutrac 4000 as a
record player. The rising high-end re-
sponse of the cartridge is not likely to
be heard as a brightening of the
sound. Most speaker systems are not
strong performers in the uppermost
octave, and many amplifiers lose 1 or 2
dB of top-end response in phono op-
eration due to interaction with car-
tridge inductance. To our ears, the
ADC cartridge sounded clean.

The computer control system
worked exactly as claimed, exhibiting
all the strengths and weaknesses
pointed out in the instruction manual.
We expect that with at least 95% of the

records we have seen, the optical
track locating system will work per-
fectly. With most of the rest, only a
simple readjustment of the SENSOR
control will be required.

Since the tonearm need never be
touched, especially when it is in a po-
sition to contact the record, it would
seem well nigh impossible to damage
arecord with this player. Furthermore,
the servo-controlled tonearm sets
down more accurately and gently than
would be possible by hand. The
remote-control system also worked
perfectly. The spherical remote re-
ceiver survived a 3' (1-m) drop to a
concrete floor without suffering either
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functional or physical damage.

It used properly, this record player
can greatly enhance both the safety
and convenience of playing records,
with none of the compromises inher-
ent in record changers or some other
semiautomatic turntables. Consider-
ing what this player does, even the
price is reasonable. A good semi-
automatic, direct-drive player would
cost at least $300, and the ADC car-
tridge costs $100. This means that
with the Accutrac 4000, you get the
computerized memory and remote-
control systems for a mere $100. All
things considered, we feel this player
gives good dollar value.

MICRO-ACOUSTICS MODEL 2002¢ PHONO CARTRIDGE

Improved electret transducer features low cartridge mass.

Cartridges from
Micro-Acoustics
are noted for
their use of elec-
. trets as transduc-
ing elements. (The electret isa perma-
nently polarized plastic capacitor
whose capacitance is varied by
mechanical flexing to produce a
change in voltage across its termi-
nals.) As used in the Model 2002¢ car-
tridge, the stylus cantilever is coupled
to a pair of electrets as a '‘resolver”
(yoke) so that stylus deflection by
either stereo channel acts on only the
corresponding electret.

The cartridge uses a beryllium
stylus cantilever, which results in a
very-low-mass, rigid moving system.
Mounted on the free end of the can-
tilever is a 0.2 x 0.7-mil diamond
stylus. Among the specifications for
this cartridge are: frequency response
within %1.5 dB from 5 to 20,000 Hz;
30-dB nominal channe! separation at
middle frequencies; and 3.5-mV/
74

channel output at 5 cm/s recorded
velocity. Therated tracking force is 0.7
to 1.7 grams. Any load resistance from
10,000 to 100,000 ohms and capaci-
tance from 100 to 1500 picofarads is
satisfactory.

The retail price of the cartridge is
listed as $115.

General Description. As with
ceramic elements, the electrets used
in the cartridge are amplitude-
responding devices and have very
high electrical impedance. Loading
with a relatively low resistance—on
the order of a few thousand ohms—
reduces the cartridge’s output voltage
to that of a typical magnetic cartridge
and converts its amplitude response
to a velocity response. This makes the
cartridge fully compatible with the
input requirements of any magnetic
phono preamplifier.

One of the advantages the electret
has over the magnetic system is its
inherently low mass. Since there is no
heavy magnetic structure, the stylus is
not required to move a piece of
magnetic material. Because the car-
tridge has no internal coils, magnets,
or pole pieces, it weighs much less
than the typical magnetic cartridge. In
fact, extra plastic had to be added to
the cartridge’s housing so that it could
be balanced by existing tonearms.
Nevertheless, the cartridge's 4-gram
weight is considerably less than that
of the magnetic cartridge, which usu-
ally weighs about 7 grams.

Several other advantages result
from the use of the electret. With no
coils, the cartridge is not susceptible
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to magnetic hum pickup. Although the
very high impedance of the electret
might appear to make it subject to
electrostatic hum induction, it is in-
ternally loaded with a 4000-ohm resis-
tor so that hum can be induced only
when the finger lift is being touched
on tonearms that have unshielded
heads for the cartridge.

The frequency response of the car-
tridge is virtually unaffected by exter-
nal loading, including long signal ca-
bles. Unlike most magnetic cartridges,
which rely on coilinductance and load
capacitance to compensate for the
high-frequency resonance of the
generating system and to flatten the
frequency response, the Model 2002¢e
achieves its flat response by reducing
moving mass. This places the reso-
nance far above the audible range.
Mechanical damping is built into the
cartridge to control the resonant rise.

Finally, it is claimed that the con-
stant load presented to the amplifier
input reduces high-frequency noise in
the phono system. (The impedance of
a magnetic cartridge rises with fre-
guency and can cause an emphasis in
high-frequency noise.) Also, the
purely resistive output impedance of
the cartridge cannot interact with
preamplifier equalization to modify its

Output from square-wave test.
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high-frequency response, as occurs
with most magnetic cartridges and
amplifiers.

Laboratory Measurements. Using
the CBS STR100 test record, we plot-
ted a frequency response of within 1
dB over the 40-to-20,000-Hz range of
the record for the new cartridge. The
channel separation measured 20 to 25
dB at the middle frequencies, 15 to 20
dB at 10,000 Hz, and 5 to 8 dB at 20,000
Hz. The output of the cartridge at 3.54
cm/s was 3.25 mV on one channel and
2.8 mV on the other channel. The ver-
tical angle of the stylus was 20°, which
is the industry standard.

We played a number of high-velocity
test records to determine the optimum
tracking force for the cartridge. Under
most conditions, 1 gram was suffi-
cient; at this force, the 70-micron level
of the German Hi-Fi Institute record
could be tracked. However, at 1 gram
tracking force, the IM distortion mea-
sured with the Shure TTR-102 test
record was slightly high, between
1.5% and 3% up to about 19 cm/s. It
rose abruptly at higher velocities,
where the cartridge mistracked. An
increase to a 1.2-gram force allowed
the cartridge to track all levels of this
record, with distortion typically about
1% up to 25 cm/s and only 2% at the
record's maximum of 27.1 cm/s. The
80-micron level of the German record
was playable at 1.2 grams tracking
force.

The 10,800-Hz tone-burst tracking
test of the Shure TTR-103 record re-
vealed low distortion even at 1 gram
(only 1.7% at 30 cm/s), but an increase
to 1.2grams dropped thisto avery low
1% figure. These tests were confirmed
subjectively with the Shure ‘“‘Audio
Obstacle Course—Era lii"’ record. At 1
gram, there was slight mistracking of
the highest levels of the sibilance and

bass-drum sections, but at 1.2 grams,
the cartridge tracked the entire record
without difficulty.

Tests with the CBS STR112 test rec-
ord produced a good square-wave
output, with low-level ringing visible
over most of the top of the waveform.
The ringing occurred at about 35,000
Hz, which is the mechanical reso-
nance of the moving system. This is
about an octave higher than that of
most other fine phono cartridges.
With the cartridge installed in the rel-
atively massive tonearm of a Philips
record player, the low-frequency re-
sonance was in the safe 7-to-8-Hz re-
gion. (Many cartridges resonate as
low as 6 Hz in this tonearm.) Inawidely
used Dual record player, the reso-
nance was at 9.5 Hz, an aimost ideal
frequency. These measurements
clearly illustrate the advantage of iow
cartridge mass, since tracking of
warped records can be severely im-
paired by a tonearm resonance below
7 Hz or so.

User Comment. The Model 2002¢ is
an improved version of Micro-
Acoustics’ Model QDC-1e cartridge,
which it replaces. The principal
changes inherent in the new cartridge
are an increase in stylus compliance
and reduction of its moving mass (be-
ryllium is used instead of aluminum
forthe cantilever) and reduction of the
total mass of the cartridge.

Having used a Model QDC-1e for
some time, we were in a good position
to appreciate the improvement in the
Model 2002e cartridge. The new car-
tridge tracks at a slightly lower force
than its predecessor’s 1.5 grams. The
Model 2002e can actually be used with
excellent results at 1 gram, where it is
the equivalent of the Model QDC-1e
operating at 1.5 grams. However, we
feel that an increase to 1.2 grams is

R
CROSSTALK

RESPONSE

g ICRO-ACOUSTICS 2002¢
£ CBS STR 100 f
w '..:1 ESEECE
: b

o B
o

w

w

x

t
5d8

i

’ 3 2
1000 0000 20000

FREQUENCY (Hz)

Left-channel response and left and right crosstalk.

OCTOBER 1976

AmericanRBadioHistory Cam

‘ other magnetic cart-

The Best
Way'Io Show
YouWhat
You'll Get
Out Of An =
Empreg b [/
Phono > L

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

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

One is less wear on
your records. Unlike

ridges, Empire’s
movin iron .
design allows the &
diamond stylus te =4
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 1is
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) for better balance and hum
rejection.

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

Empire Scientific Corp.

Garden City, New York 11530

Already your system
sounds better.
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worthwhile, since it makes the Model
2002e one of the best tracking car-
tridges on the market.

The flat response and low distortion
of the new cartridge are outs.anding.
The channel separation is more than
adequate, although it does drop off
considerably at the very high frequen-
cies. We listened carefully to the audi-
ble amplifier hiss with this cartridge
and several fine magnetic cartridges
with inconclusive results. When the

gain was set for equal volume from
both cartridges, the hiss was some-
times less with the Model 2002e,
sometimes, the same, but never was it
greater than that of the magnetic car-
tridges that we tested.

We were struck by the total absence
of hum pickup. Hum is not always au-
dible as such, but with magnetic car-
tridges; it is usually present to the ex-
tent that its removal can be detected.

All in all, the sound of the Model

2002¢ cartridge was smooth and un-
strained. The cartridge can track just
about anything on today's records at
1.2 grams and will play warped rec-
ords that might prove too much for
some cartridges in a given tonearm.
Finally, the cartridge is quiet. Even at
the highest listening levels, lifting the
tonearm from the record results in
total silence from the speaker systems
driven by most good amplifiers.
CIRCLE NO. 81 ON FREE INFORMATION CARO

PHASE LINEAR MODEL 200 BASIC POWER AMPLIFIER
High-quality, moderately high power at *‘popular’’ price.

Phase Linear’s
high-power au-
dio amplifier
» technology, as
—_—_ used in the Mod-
els 400 and 700 amplifiers, has been
applied to a more popular price and
power range in the new Model 200.
The new ampilifier is rated to deliver
105 watts/channel with both channels
driven into 8-ohm loads from 20 to
20,000 Hz at less than 0.25% total har-
monic distortion (THD). A signal level
of 1.5 volts across the 18,000-ohm
input drives the amplifier to its rated
output power. The output transistors
are protected by current-limiting cir-
cuits, and a fast-acting relay discon-
nects the speaker systems during
start-up and turn-off and in the event
of an internal failure that could dam-
age the speakers.

The amplifier matches the styling of
other Phase Linear amplifiers. It has a
light colored brushed-gold front panel
that measures 19"W x 5%2"H (48.3 x 14
cm). Overall depth is 8%" (22.2 c¢m),
much of which is taken up by the large
heat-sink fins. The power transformer
is at the right rear, but the lightweight
16-Ib (7.3-kg) amplifier prevents the
off-center weight distribution from
causing handling problems.

The retail price of the Model 200
amplifier is $389.00.

76

General Description. On the left
side of the rear apron are insulated
spring-clip connectors for hooking up
the speaker systems, two phono-jack
inputs, and two slide switches. One
switch is for increasing the sensitivity
of the LED power display on the front
panel by 10 dB. The other switch is
identified as a VELOCITY FEEDBACK
switch with NORMAL and IN positions.
According to the instruction manual
that comes with the ampilifier, the IN
position reduces the current feedback
in the amplifier by some 5 dB and
raises the overall gain by the same
amount. (Phase Linear's oniy explana-
tion for this feature is that ‘‘'some lis-
teners may prefer’' to hear sound with
less feedback.)

Across the center of the front panel
is a plastic-covered cutout about the
size of the dial window of a tuner. Its
only apparent purpose is to provide a
means for placing the identification
“Phase Linear 200 Solid State
Amplifier’” on the unit. On each side of
the window is a graduated peak-
responding power indicator system
made up of six LED’s for each chan-
nel. The LED’s are labelled PEAK, -3,
-6, -9, -12, and -20 dB. PEAK corres-
ponds to the maximum rated power of
105 watts or to 10.5 watts if the sen-
SITIVITY switch on the rear apron is set
to its —10 dB position. The manual

gives the power equivalents (across
an 8-ohm load) for each channel for
the other LED's in the display. The
table contains some inconsistencies
—the sensitivity increase is given as 10
dB for the two highest levels and 6 dB
for the others—but the LED's are
adequate for monitoring the approxi-
mate power output of the amplifier.

Laboratory Measurements. When
we operated the amplifier at one-third
its rated power for an hour, it became
quite hot to the touch. However, this
did not affect its operation. Fuily
heated, the amplifier delivered 162
watts/channel at the clipping point
into 8-ohm loads with both channels
driven simultaneously at 1000 Hz. The
16-ohm output power was 100 watts,
and the 4-ohm output power, due to
the current-limiting circuits, was mea-
sured to be 115.6 watts.

The 1000-Hz THD was about 0.01%
or less at most power levels between
0.1 watt and 75 watts. It reached 0.02%
at the rated output and 0.25% at 140
watts output. The IM distortion was
between 0.01% and 0.05% from a few
miiliwatts to the rated output power. It
was 0.24% at 130 watts.

At the rated 105-watt output, the dis-
tortion was well below 0.1% from 20 to
20,000 Hz. It measured about 0.02% at
most frequencies. At reduced-power
outputs,3and 10dB down, it was even
less, measuring typically about 0.01%.
An input of 0.52 volt drove the
amplifier to a reference 10-watt out-
put, where the hum was a very low —93
dB, referred to 10 watts. When velocity
feedback was switched in, the gain in-
creased so that about 0.38 volt at the
input produced a 10-watt output, but
the noise level rose slightly to —82 dB.
The distortion was only slightly af-
fected by the feedback change. The
gain of the left channel, on which
these measurements were based, was
1.4 dB greater than in the right chan-
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Ovur computer

There is simply no point in trying to
hide it, everyone is going to find out
sooner or later anyway. The Southwest
Technical Products 6800 computer is
a big bore. Discussions with customers
and dealers have confirmed our worse
suspicions.

At first people thought that perhaps
owners of our system were just a bit
shy because they were outnumbered at
local computer club meetings. But then
as the number of owners rose it be-
came clear that this was not the pro-
blem. And it wasn't that they were un-
sociable or anything like that; they
were simply just bored because they
had nothing to talk about.

Here they were, just sitting there while
all the other members with other
brands of computers exchanged data
on circuit board errors, secret schemes
of adding extra bypass capacitors to
make the thing reliable, tricks to keep
the clock phases from overlapping, cor-
rections to manual errors and other fun
subjects. Can you imagine the frustra-
tion this caused? AN our customers
could do was to sit and be bored. They
had nothing to talk about.

QOur 6800 has an internal monitor

ROM that automatically puts the boot-
strap loader in memory and refers con-
trol to the terminal, when you power
up. This feature deprives you of the
chance to tell sad stories of how many

PUTER

sr"Té 6 800 coaTEm

S (D QUES

is a bore—

times you had to go back and flip the
console switches before you got the
loader program in right. Since you can
do machine language programs direct-
ly from your video terminal or teletype
in hexidecimal form, you will not have
a chance to exchange horror stories
with your friends about how you for-
got the last zero when you entered
10100110 from the console on your
374th Byte and messed up the program
that had just taken you two hours to
put into memory. It just isn‘t fair.

Since we use full buffering on all data,
address and control lines on all boards
in our system and since we use low
power 2102 static memories in our
system, there are no noise sensitivity
problems that can lead to hours of fun
trying to figure out why a program
"bombed’’. Dynamic memories that
some others use can drop bits, fail
to refresh random cells, cause programs
to do crazy things by going into
a refresh cycle at the wrong moment
and all kinds of interesting things. Our
poor customers will never have a chance
to have these interesting experiences.

Even our documentation and software
is no help. Not only do we have the
most complete and thorough set of
instructions available for any system,
we are supplying software either
free, or at crazy low prices. Our big
documentation notebook for instance

is just full of information on the sys-
stem. There are complete sections on
software with sample programs and
information on programming. We have
no assembly instructions in that big
yellow notebook. They are packed
with the kits themselves. The note-
book is completely devoted to instruc-
tion on using your computer system.
You are therefore not going to be
spending day after jolly day trying to
find out how to put a program into
your machine; researching all available
outside literature in an attempt to dis-
cover just how you write software for
the beast. Sorry about that folks, we
didn’t mean to spoil all your fun.

So please, have a heart, when you see
those poor lonely souls that have pur-
chased our systems say “hello”. All
they have to keep them interested in
computers is writing and running pro-
grams. Our editor, assembler, 4K and
8K BASIC programs work so well that
even this is quick and easy. So be kind
to thcse poor bored SwTPC-6800
owners, it's not their fault that they
have nothing to talk about.

Swlr 6800

Computer System
with serial interface and 2,048 words
of memory. . ............ $395.00

ing”’ computers.

NAME

[J 1 don't like puzzles anyway and have no free time to be bored so
send information on your 6800 computer system and peripherals.

(3 Thanks for warning me. Send names of manufacturers of “interest-

ADDRESS.

CITY

STATE ZIP,

Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284
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EXCITING NEW PRODUCTS IN
NEW!

REMOTE TOUCH-SWITCH WITH ON-OFF-DIM CONTROL

Adds low-cost lighting versatility anywhere in your home. Pto-
vides on-off-switch control for incandescent lamps to 150 watts,
from anywhere you choose! Eliminates the bother and expense
of wall boxes, extra outlets and rewiring. Consists of a control
unit you plug into an AC outlet (plug lamp into control unit)
and a touch-plate you mount anywhere by means of a fine wire.
Then simply touch for instant half-bright, hold for full-on, and
touch again for off. Kit GD-1187, only $12.95

P

y

NEW!

PORTABLE ELECTRONIC MEGAPHONE/YELPER L T ____'_:5% =
Make yourself heard above the crowd! This power megaphone provides a full A e .

& o

T

20 watts voice power and a useful yelp alarm that really gets attention.
Battery operated for use anywhere. Kit GD-1818, only $79.95

e

DELUXE AC VOLTMETER
The one you NEED for audio servicing
and it's the only one we know of that
gives you LINEAR voltage and dB
scales. Measure phono cartridge,
amplifier and tuner outputs, power
supply ripple and noise, audio

generator outputs, gain, line volt-
age, much more. Easy to use and accurate.

Kit IM-5238, only $89.95

TOTAL HARMONIC DISTORTION ANALYZER

Offers professional-quality at a super low price! Accurately
measures harmonic distortion to as low as 0.03%, so you can
check state-of-the-art amplifier specs, maintain peak per-
formance from amplifiers and receivers. Features an automatic null
circuit, usually found only on analyzers costing $1000 and more, and a
built-in AC voltmeter. Kit 1M-5258, only $219.95

Prices and specifications subject
to change without notice.

18 POPULAR ELECTRONICS
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THE FREE HEATHKIT CATALOG

“SHIRT POCKET SIZE” COLOR ALIGNMENT GENERATOR

. The TV “service shop” you take with you anywhere! Provides 16 differ-

ent display patterns — horizontal and vertical lines, crosshatch, dots,
rainbow and gated rainbow, even a raster — for complete, thorough
color TV convergence and alignment. Has crystal-controlled chroma
and RF carriers and master timer, special battery-saver circuit for
extra efficiency. Kit 1G-5240, only $64.95

DIGITAL CLOCK-INDOOR/OUTDOOR THERMOMETER WITH ALARM

Two of our most popular and practical kits combined in a single, hand-
some unit. Full-feature electronic clock with alarm and snooze button;
an accurate indoor/outdoor temperature indicator with a special alarm
that sounds if the temperature goes above or below a preset temperature.

F & Includes cables for custom mounting the temperature sensors just about
/ o T 4 anywhere. Kit 1D-1490, only $124.95
% s ] T
Y 7 ,/f'/“g 3
f/, - :: o
o =
> 4

.-','

b Read abesut these and the nearly
LSty T = i 400 other kits you can build your-

. = self for fun, savings and satisfac-
tion in the new Heathkit Catalog.

SEND COUPON TODAY!

Heath Co., Depi. 10-22, Benton Harbor, Ml 43022

HEATH

Heath Company, Dept. 10-22
Schlumberger Benton Harbor, Michigan 49022

l Please send me my FREE Heathkit Catalog.

| am not on your mailing list. I
81

Name.

Address.

City. State.

it to test and service the most modern audio equipment.
Offers specifications and performance comparable to units
costing far more. Use with the IM-5258 and 5238 for a complete,
professional audio service center. Kit IM-5248, only $169.95

GX-326 Zip.

Measures IMD as low as 0.01% (plus residual) so you can use I
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nel. There are no gain adjustments.

The low-level frequency response
was flat from our measurement limit of
5 Hz to beyond 10,000 Hz, dropping to
—0.9dB at 100,000 Hz and to —3dB at
slightly beyond 200,000 Hz. The
square-wave risetime was 1.5 us (rated
at less than 1.7 ps). Paralleling a 2-uF
capacitor across the 8-ohm load pro-
duced a single cycle of ringing on the
square wave, at a frequency of about
50,000 Hz.

The peak power indicators came on
rather gradually so that it was difficult
to decide when a LED was on or off. In
spite of this uncertainty, we found the
LED’s to be fairly accurate, with the
PEAK indicator coming on at 109 watts
and the others within 2 dB of their cal-
ibrated levels. The —10-dB switch ac-
tually increased the sensitivity of the
display by about 5 dB.

The protective relay provided a time
delay of several seconds when the
amplifier was turned on before it con-
nected the speaker systems to the
outputs of the amplifier. [t worked well
on ordinary overloads, such as
shorted speaker outputs, but when we
attempted full-power operation at fre-
quencies beyond 20,000 Hz, the line
fuse blew before the relay acted. When
we shut off the amplifier, the relay dis-

SINE-WAVE POWER QUTPUT PER CHANNEL IN WATTS

connected the speaker systems in-
stantly, preventing any transient
thumps from reaching them.

User Comment. In spite of its light
weight and compact dimensions, this
amplifier proved to be very powerful
and conservatively rated. Its 140 and
160 watts of actual, as opposed to
rated, output power over most of the
audible range should be enough for
most people, even when fairly ineffi-
cient speaker systems are connected
to the amplifier.

The protective relay encouraged us
to use the amplifier to drive some
small bookshelf speaker systems that
were rated at much less peak power
than the amplifier can deliver. In use,
the speaker systems were never sub-
jected to excessive levels during any
normal switching operation. (Phase
Linear recommends, and we concur
with, fusing the speaker system lines if
the speakers are not rated to handle
the full output power of the amplifier.)

The power-indicator LED’s rarely
glowed; even peak powers are not
likely to exceed a few watts with such
speaker systems at normal listening
levels. However, their presence served
as a constant reminder to prevent us
from turning up the volume too far. We

Distortion vs power output. -

always expected to see the center
panel between the display indicators
light up when we turned on the power;
but in normal operation, there is no
pilot light or other indication that the
amplifier is “live.”” Obviously, we
would like to see a power lamp in-
stalled behind the cutout window to
provide some indication when power
is turned on.

So far as we could tell, this amplifier
was as free from any characteristic
sound quality as the Phase Linear
Model 400 amplifier, which we have
used for some time. In fact, we doubt
that one could distinguish between
the two at any power level within the
capability of the Model 200.

We experimented with the veLocITy
FEEDBACK switch. Except for a small
change in gain, we could hear no dif-
ference when it was switched in and
out of the system.

This amplifier permits the au-
diophile of modest means to enjoy the
benefits of Phase Linear’s justly de-
served reputation for clean, undis-
torted, and powerful sound. With its
matching companion Model 2000
preamplifier from Phase Linear, it
makes an attractively styled high-
quality amplifying sound system.

CIRCLE NO. 82 ON FREE INFORMATION CARD

PACE MODEL 145 AM CB TRANSCEIVER
Mobile rig features nwo extra channels for weather.
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HE Pace Model 145 crystal-

synthesized 23-channel CB trans-
ceiver offers two additional receiving
channels for monitoring U.S. Weather
Bureau broadcasts on 162.400 and
162.550 MHz. This mobile rig has all
the usual features: Delta tuning, r-f
and audio gain controls, squelch, S/r-f
meter, automatic noise limiter (anl),

POPULAR ELECTRONICS



noise blanker (NB), PA operational
mode, external-speaker jacks, and re-
ceive and transmit indicators. It is de-
signed to operate from a nominal 12-
volt dc, negative- or positive-ground,
power source. Built into the dc power
input circuit are reverse-polarity pro-
tection and a line filter.

The transceiver measures 10"D x
7V2"W x 2Va"H (25.4 x 19.1 x 5.7 cm). It
retails for $239.95.

General Description. A double-
conversion design is employed in the
receiver section. One of six crystals in
the 16.965-t0-17.215-MHz range, de-
pending on the CB channel to which
the transceiver is tuned, is used to
provide a first i-f of between 10.000
and 10.040 MHz. The second conver-
sion is to a 455-kHz i-f, using one of
four crystalsin the 9.545-t0-9.585-MHz
range.

The diode-protected r-f stage is fol-
lowed by two mixer stages. Then, i-f
selectivity is obtained with a 455-kHz
ceramic filter, which is followed by
two i-f stages, the first of which is
bandpass coupled. A voltage-
doubling detector is followed by the
audio anl circuit. The agc circuit is a
voltage-doubling affair that also acti-
vates the squelch. The audio section
ends up with the usual class-B
power-output stage that doubles as
the modulator for the transmitter.

The noise blanker picks up the
impulse-noise pulses from the output
of the first mixer and uses the pulses
to gate the input of the i-f section by
means of a diode switch.

The appropriate r-f and mixer cir-
cuits are provided for reception of the
Weather Bureau broadcasts. The
weather channels are labelled wx1and
wx2 and come equipped with 50.6166-
and 50.5666-MHz crystals. These crys-
tal frequencies are tripled for hetero-
dyning to provide afirsti-f of 10.7 MHz,
which is then mixed with a 10.245-MHz
crystal-controlled signal to produce a
455-kHz second i-f.

The signal is then set up for best
clarity by operating the Delta-tune
control to place the second i-f signal at
the side of the ceramic filter curve that

permits ‘‘slope’ detection of the FM®

signal. The standard CB antenna is
used for reception of the Weather
Bureau broadcasts.

On transmit, the required 17-MHz
synthesizer crystal signal is mixed
with one of four crystal signals in the
10.000-to-10.040-MHz range to pro-
vide the on-channe! carrier. Spurious
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responses are minimized by bandpass
circuits following the transmitter mix-
er. Buffer, driver, and power-output
amplifier stages make up the rest of
the transmitter section. The output
circuit consists of a triple-section filter
for matching to 50-ohm loads. In-
cludedin the filter sectionisa TVl trap.

Transmit/receive antenna change-
over is performed electronically with a
diode switch. Automatic modulation
control (amc) takes over the gain of
the audio section.

Test Results. Our measurements
indicated areceive sensitivity of 0.5 pV
(as rated) for 10 dB (S + N)/N when
using a 1000-Hz test tone with 30%
modulation. The maximum sine-wave
audio output at the start of clipping
was 3 watts at 10% THD, using the
1000-Hz tone and an 8-ohm load.

Unwanted spurious-signal rejection
was a minimum of 50 dB, exceptin the
area of 24 MHz, where it measured 30
dB. Image rejection was greater than
60 dB. Adjacent-channel rejection and
desensitization were nominally 40 dB
onthe lowand 60dB on the high sides,
which indicates the possibility of an
assymmetrical shape of the ceramic
filter's response or the response of the
bandpass circuits. The overall 6-dB
audio response was 350 to 3500 Hz.

The agc held the audio output to
within 10-dB with a 20-dB r-f input
change at 1 to 10 pV and to 14 dB with
an 80-dB r-f variation at 1 to 10,000 pV.
The S meter registered S9 with a nom-
inal 100-pV r-f input signal. The range
ofthesquelch control was from 0.35 to
400 pV.

We did not measure the sensitivity
on the weather channels, but the
manufacturer rates it at 2 uV for 20 dB
(S + N)/N. This translates to less than 1
MV for a 10-dB ratio. During our listen-
ing tests, we obtained fine reception
over a wide signal radius.

Operating the transceiver from a
nominal 13.8-volt dc source, we mea-
sured a carrier output of 4 watts.
Sine-wave modulation was available
up to 100% with 7.5% THD. The amc
had little control over preventing
overmodulation, resulting in heavy
squaring of both positive and negative
peaks. Using a 1000-Hz test tone and
raising the speech level by 10 dB
above that required for 50% modu-
lation slightly overmodulated the
transmitter, with adjacent-channel
splatter down 50dB. Similarly, a 15-dB
increase deteriorated the splatter fig-
ure to 40 dB down. Splatter with nor-

IMSAI

announces
a unique
4K RAM

board
for just

$139.

Nobody has a 4K RAM board
that gives you so much for your
money. It’s fully compatible with
the Altair 8800.

Through the front panel
or under software control, you
can write protect or unprotect
any 1K group of RAM’s. Also
under software control you can
check the status of any 4K RAM
board in 1K blocks to determine
whether it’s protected or not. The
board has LED’s that clearly show
you the memory protect status
of each 1K block and which
block is active. And there’s a
circuit provided that will let you
prevent the loss of data in the
memory if there’s a power failure.
This low power board has a
guaranteed 450 ns cycle time -
no wait cycle required. There’s
nothing like the IMSAI 4K RAM
board around.

Dealer inquiries invited.

VIS

IMS Associates, Inc.

[ s pcocos e PE

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

Order Your IMSAI 4K RAM Board For
Only $139. Use BankAmericard,
Master Charge, personal check or
money order.

0O Send 4K RAM boards today.
O Charge to my credit card.

0O BAC No.
O MC No.

Signature

Name
Address
City/State/Zip
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mal voice operation was 45 to 50 dB
down. The overall frequency response
at the 6-dB points was 550 to 5000 Hz,
and the r-f tolerance on any channel
was within 0.002%.

User Comment. This transceiver is
nicely styled in its black case accented
by a brushed-aluminum front panel
and chromed control knobs. Minia-
ture toggle switches are used for
switching between the Pa and cB op-
erational modes and for engaging and

disabling the noise blanker. (Accord-
ing to the schematic diagram, the anl
is also simultaneously switched in
when the noise blanker is engaged.)
The effectiveness of the noise-
suppressing circuits was slightly
below what we have come to expect.

A separate control knob is used for
selecting any of the 23 CB or two
weather channels. Indicators identify
which mode isin use. The frequencies
for the wx1 and wx2 weather channels
are listed at the rear of the manual that

accompanies the transceiver. In most
cases, only one of these channels can
be received in a given region.

The S/r-f meter, which is illuminated
edgewise, has blue scales on a black
background. This can make it a bit dif-
ficult to interpret under most condi-
tions. Although the 2%2" (6.4-cm) oval
speaker is bottom-facing, it puts out a
hefty audio signal with an excellent
response that makes for easy intelligi-
bility and readability.

CIRCLE NO. 83 ON FREE INFORMATION CARD

PROCESSOR TECHNOLOGY MODEL VDM-1
VIDEO DISPLAY MODULE

Plugs into busline to provide 16 lines, 64 characters wide.

HE TYPE of computer busline

used in the Altair 8800 and Imsai
8080 has become one of the most
popular elements in the area of hobby
type minicomputers. A number of de-
vices have been designed to plug di-
rectly into this bus, a very useful one
being the Processor Technology
Model VDM-1 video display module,
which occupies a single slot in the
computer.

Thevideo display module generates
a page of text consisting of 16 lines by
64 characters wide. It provides the full
128 upper- and lower-case and control
ASCll character setin a7 x 9 dot ma-
trix format and has an on-board mem-
ory system consisting of 1024 8-bit
bytes of RAM. The two-port memory
permits random read/write access to
the screen from the CPU.

The VDM offers a choice of white-
on-black or black-on-white switch-
selectable for the entire screen or
separately program controlled for
each individual character; switch-
selectable horizontal and vertical dis-
play position; switch-selectable text
blanking for the CR control character
to the end of the line or from the VT
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character to the end of the screen;
program control for scrolling in in-
crements of one to 16 lines without
rewriting memory; and ‘“‘window-
shade’ blanking of the text above the
desired starting location under pro-
gram control.

The Model VDM-1 is available only
in kit form through most computer
stores for $199.

General Information. The output of
the video display module is a standard
video signal. It couples directly to a
video monitor or converted TV re-
ceiver via a coaxial cable that comes
with the kit. (The assembly manual
provides an extract from the Howard
W. Sams book TVT Cookbook by Don
Lancaster to illustrate some methods
of converting TV receivers into video
monitors.)

The assembled VDM can be in-
stalled and tested in an operating and
running Altair-8800 or Imsai-8080
minicomputer without a language. All
you need to get the system running is
the computer and a video monitor.
The manual illustrates some simple
programs that can be fed into the
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computer with front-panel switches to
completely test the video display
module and provide some familiarity
with using it.

Processor Technology provides two
types of software. The first is a
machine language VDM driver that re-
quires 512 bytes located anywhere but
at the beginning of the computer’s
memory. (The company recommends
the use of the last 512 bytes of the
memory block.) All documentation is
provided for this program. If you have
BASIC, you use the BASIC-VDM driver
tape. In this case, you also use the last
512 bytes of memory and run the tape.
In essence, the BASIC program peeks
and pokes around the language, de-
termining the status and I/O values
and patch points and loading the
software into memory.

Once the driver software is loaded
into the computer, everything thereaf-
ter is automatic. Following a brief
pause, the system is coupled to the
VDM. You then have a choice of out-
put to either the VDM or the original
input port for hard copy. To make your
choice, you simply set switch A8 on
the computer up or down.

One very interesting command that
the VDM provides is ‘‘speed control.”
Simply by pressing any numeral key
on the keyboard, you can control the
speed of the program. Hitting the 1 key
introduces no delay, and the charac-
ters on the screen whiz by at a rate of
2000 64-character lines/minute. As
you proceed upward in numbers, the
speed slows down until at 8, the
characters move by at a rate of about
1.5/second. To stop the display at any
time, you press the space bar. The
space bar also lets you single-step
through the program.

User Comment. The VDM is entirely
assembled on a single, very large
printed circuit board that has conduc- -
tors on both sides and plated-through
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holes. The top of the board is silk-
screened to show component loca-
tions. Mounted on the board are 49
IC’s, including the voltage regulator,
plus a number of resistors and
capacitors, two miniature poten-
tiometers, a crystal, a couple of tran-
sistors and diodes, and a miniature
DIP switch. The finished board, need-
less to say, is rather crowded.

Assembly itself is quite straightfor-
ward if you use a low-wattage solder-
ing pencil oriron and fine wire solder.
The manual is so well written and well
illustrated that the VDM can be as-
sembled and put into service in a
single evening. The kit is complete,
right down to the solder. The only
things you need to putittogetherarea
soldering iron, longnose pliers, and
wire cutters.

The basic kit comes without IC
sockets. However, Processor Tech-
nology offers an optional IC socket
package that we decided to use
with our VDM and highly recommend
to anyone else who plans to build the
video display module.

The board is wired according to a
set sequence, as described in the
manual. Initially, all parts except the
IC's are mounted and soldered into
place. Then, the IC’s are installed in
groups in a specific order. After the
first group is installed, a test is per-
formed. If the results of the test are
correct as described in the manual,
you go on to install the next set of IC’s
and perform the test for them, and so
on until all IC's have been installed
and tested. In this manner, if any prob-
lems develop, you can quickly pin-
point where they exist. If all IC's were
installed before any tests were made
and a problem cropped up, trou-
bleshooting the VDM would be a frus-
trating, time-consuming procedure.

We have been using the Model
VDM-1 for a couple of months and
have had flawless operation from it
during the whole time. Having used
32-character-wide terminals in the
past, we always had to rewrite pro-
grams originally written for TTY to get
them to run in our computer. Now that
we have a 64-character-wide VDM, we
do not have to go through the
painstaking rewriting of programs.

If you have a compatible operating
computer system or are planning to
buy one, we highly recommend a
Model VDM-1 to use with it. For the
performance it provides, the VDM-1 is
very inexpensively priced.
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THE STORM ALARM.

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

t

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.

R 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
wea listening. You're warned 5
s even when sleeping.

The unit was developed in support of the
National Weather Service’s new reporting
system. Now, more than ever, tornadoes,
hurricanes, severe thunderstorms
and marine emergencies present a
constant threat to life and property.

Crystal-controlled and switch-
selectable. Superior reception from as far out as 40-50 miles.

Works on AC. Built-in back-up battery feature. 25" telescoping
antenna. 2%" speaker. Unit only 3" x 5" x 1%".

No wonder a leading ., electronics magazine called it a

; “sensitive weather receiver, and for a
relatively low price (under $40) an:
excellent disaster alarm.”
For afree “Tornado Tips”
booklet and the name of your
nearest dealer, write usat
637 S. Dearborn,
Chicago, Ill. 60605.

Get the Storm Alarm.
It’s a foul and fair
weather friend.

STORMALARM

FROM WEATHERALERY

i

-
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© 1976 by Weatheralert™, Chicago, Ill. 60605
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CB Scene

By Ray Newhall, KWI16010

THE LONG AND THE SHORT OF ANTENNAS

N INEFFICIENT CB antenna sys-

tem can easily waste more than
half of the total power your transmitter
pumps into it. Such losses could re-
duce your range by 50% and eliminate
much of the punch you should get
from your CB rig. To help you under-
stand why, here are the most impor-
tant antenna concepts described in
plain language that doesn’t require an
engineering degree to understand.
You should be able to use this infor-
mation to improve your own antenna
systems.

The maximum legal output power at
a CB transceiver's antenna jack is four
watts. Most modern transmitters ac-
tually produce an acceptable 3.5t0 3.9
watts when properly installed. it
should be evident that all possible
steps must be taken to minimize
transmission line and antenna losses
so that most of that power is trans-
formed into the electro-magnetic
radiation we call radio.

The antenna must be ‘‘tuned” to
resonate at the proper frequency and
the transmission line must be
“matched” to the input impedance of
the antenna. Otherwise, some of the
power will be reflected back along the
transmission line towards the trans-
mitter and be dissipated as heat. In
fact, if enough of the power is re-
flected, the transmitter may actually
be damaged.

Standing Wave Ratio. The most
common measure of antenna effi-
ciency is expressed as a ratio of the
power supplied to the antenna divided
by the power reflected back to the
transmitter. This measurement is call-
ed the Standing Wave Ratio (SWR).
The Standing Wave Ratio of the per-
fect antenna system would be 1:1, but
no antenna is perfect and any SWR of
2:1 orlessis excellerri. Aratio of 3:1 or
less is acceptable. f the ratiois 10:1 or
. more, there is probably a short or an
open circuitsomewhere in the system,
the antenna needs tuning or you are
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not using the proper type of transmis-
sion line. Radio-frequency power is
difficult to measure accurately and
those meters that can separate the
forward and reflected power and then
measure them accurately are prohibi-
tively expensive. But we get a fairly
accurate relative indication of SWR by
measuring either the voltage or the
current at a particular point in the
transmission line, and displaying the
peak value on a low-cost dc mic-
roammeter. A reflectometer or SWR
bridge is a low-cost meter which al-
lows you to make such measurements
readily. It should always be used when
the antenna is installed, and again at
intervals of six months or so. This will
insure that your antenna continues to
operate at top efficiency. The SWR
bridge should be accepted for what it
is, but many people place absolute
faith in its readings. Most of these de-
vices measure only the relative voltage
peaks at the point in the line where
they are inserted. When an r-f trans-
mission line is mismatched and an
SWR exists, the voltage and current in
the line vary with line length. Accord-
ingly, the SWR bridge can give diffe-
rent readings at different points along
the line.

So when your CB buddy tells you
that you can improve your SWR by in-
stalling a 12-foot transmission line, he
is actually telling you how to improve
your meter reading. But the actual
SWR cannot be affected by changing
the length of the coax. However, due
to an entirely different effect, a trans-
ciever will work better with some line
lengths than with others if there is a
high SWR on the line! In any event,
both these conditions are symptoms
of a mismatch.

To use the SWR bridge, its terminal
marked “‘transmitter’’ should be con-
nected to the transmitter’s antenna
terminal through a short piece of coax
with the proper coax connectors on
both ends. The “‘antenna’ terminal on
the bridge is connected to the trans-
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mission line. With the ‘‘forward-
reverse’’ switch in the FORWARD posi-
tion, key the transmitter and adjust the
SENSITIVITY control so the meter
needle is at the full-scale position.
Now switch the bridge to the REVERSE
position and key the transmitter again.
Most SWR bridges are calibrated to
read SWR directly, but no matter—you
should tune your antenna for the low-
est possible REVERSE reading. The
reading you get is only relative and
probably does not represent an accu-
rate SWR.

However, if the reading is much
above 2:1, turn off the transmitter im-
mediately before it is damaged. Dis-
connect the transmission line at both
ends and use an ohmmeter to check it
for continuity and for no shorts be-
tween the braid and inner conductor.
If the line is OK, the problem is most
likely in antenna tuning. Check the an-
tenna and be certain it is properly in-
stalled. (Unless you really know what
you are doing, you should always buy
a commercial antenna.)

Take SWR readings at several
different frequencies across the band.
Determine, if possible, at which fre-
quency it appears the lowest. Iif the
SWR is at its lowest at one of the low
channels (1 or 2), the antenna is too
long and should be shortened. (Most
mobile antennas have provision for
adjusting the length somewhat.) If the
lowest SWR appears at the highest
channel number, the antenna is too
short. The antenna should be tuned
until the lowest SWR appears close to
channel 13, the center of the Class D
band.

If you have checked all connections
and tuned the antenna carefully yet
still cannot get the SWR less than 3:1,
it is probable that you have failed to
establish an effective ground plane for
the antenna. Ground planes are dis-
cussed later on in this column.

Coax. Another problem sometimes
encountered is in the transmission
line you are using. The standard
transmission line for CB radio is
RG-58/U or RG-8/U (50 ohms imped-
ance). Be careful not to use 75-ohm TV
coaxial cable (RG-59/U) because it will
not match accurately to the antenna.
(There are exceptions to this rule; but
in such a case, the manufacturer will
provide the proper cable cut to the
exact length required). If the transmis-
sion line can be less than 30 feet in
length, then the smallier RG-58/U cable
is probably adequate. But if the cable
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must be longer than 30 feet, the larger
RG-8/U (or equivalent) should be used
to prevent excessive power losses.

The transmission line should be as
free as possible from splices, and care
should be taken to avoid bruises and
protect it from moisture. All splices
and connectors should utilize uhf
coaxial fittings of the PL-259/S0-239
type. The Ampheno! Division of
Bunker Ramo has recently announced
a new solderless model of the PL-259
for RG-58/U, which they have named
83-58FCP. It gives a physically strong,
electrically superior connection, in a
fraction of the time required to as-
semble a soldered connector. It is
about the same retail price as the
commonly-used PL-259 (see photo).
Only a pocket knife and a pair of pliers
are required.

Ground Plane. By the time you have
installed the proper type of CB an-
tenna and tuned itas described above,
you should have achieved an SWR of
2:1, or less. If not, the chances are that
it doesn’'t have an adequate ground
plane.

To understand the concept of the
ground plane antenna, we'll have to
discuss a little more antenna theory.
The basic dimension for an antenna is
one half of a wavelength, and
wavelength is tied directly to the
operating frequency. For the Class D
Citizen's Band, the wave length is
about 11 meters (36 feet). A half-wave
vertical antenna extends 18 feet into
the air, and is normally fed at the
center point to form a “‘half-wave di-
pole.”

But for most applications, an 18-
foot antenna is unwieldy, especiaily
for mobile applications. Fortunateiy,
when mounted on a "‘ground piane,”
the antenna need only be half as long,
with the missing quarter wavelength
appearing as the reflected electrical
image in the ground plane. At 27 MHz,
a quarter-wave ground plane antenna
has an electrical length of about 108
inches, but it may be shortened physi-
cally by incorporating a *‘loading coil"”
into its length. A ground plane an-
tenna will also resonate at five-eighths
of a wavelength and provide some
power gain. Although 22 feet isusually
too long to be practical for a mobile, it
is used for some base stations.

The most effective ground planeis a
flat conductive surface perpendicular
to the axis of the antenna at its base,
but isolated from it by a high imped-
ance to r-f current. When the antenna
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Amphenol FCP connector
with RG-381 coax cable.

is fed by coaxial cable, the center con-
ductor is connected to the antenna
and the braid is connected to the

above the ground, natural formation,
or man-made structure. Beam anten-
nas can also be used on CB, but the
height restrictions are more stringent.
Any antenna which features distinct
directional qualities may not be
mounted more than 20 feet above
ground, etc. Beam antennas are com-
plex and may assume many forms in-
cluding Yagis, Quads and phased ar-
rays. The principles discussed above
apply to all antennas. If you follow
them carefully, you should be able to
install an efficient antenna system,
and keep it working efficiently. ®

ground plane. The ground plane
should extend for at least a quarter
wave-length in all directions from the
antenna. In practice, a ground plane
may be formed by three or four radial
elements extending from the base of
the antenna, or by the metal body of a
vehicle. The radials used on base sta-
tion antennas are often allowed to
droop somewhat to provide a better
impedance match to 50-ohm cable.
When the body of an automobile
forms the ground plane, it is generally
not large enough to extend nine feetin
all directions, so the ground plane is
not symetrical. Under these cir-
cumstances, the radiation pattern of
the antenna may be warped some-
what. The strongest signal will be
radiated in the direction of the largest
portion of the ground plane, and the
signal will be diminished in the direc-
tion of the smallest portion. However,
the total radiated power will remain
constant except in extreme cases
where the antenna is detuned and will
not load properly. In short, the size
and shape of the ground plane will
have a major effect upon the symmetry
of the horizontal radiation pattern.
The ground plane antenna is by far
the most popular for use on CB be-
cause its dimensions make it useful
for both base and mobile applications.
However, on wood or fiberglass boats
and campers it may not be possible to
use a ground plane. For these applica-
tions, there are vertical half-wave di-
pole antennas available. These too
may be physically shortened by use of
loading coils. Such antennas are re-
ferred to as "marine’ or ‘‘coaxial” an-
tennas, and they cannot be used inter-
changeably with ground plane anten-

nas.

All antennas discussed thus far have L
been of the ‘‘omni-directional” type.
They can be used on CB without |
height restriction, except that theyl
may not extend more than 60 feet
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Hot soldering irons can be murder
on delicate electronic components
such as IC's. That's why the DIGI-
DESIGNER will become your bugs'
best friend. It's a solderiess bread-
boarding instrument that can save
you time and burned out parts.

DIGI-DESIGNER comes complete with
clock, dual pulsers, iogic monitors,
voitage switches, built-in 5 volt
supply, binding posts for external
power, input/output BNC's, and
more. Everything you'll need for
fast, efficient circuit design.

Use the coupon below to order your
kit today. U.S. price - $70.00

CIRCUIT DESIGN, INC. I

Division of E & L Instruments . PO. Box 24,

Shelton, Conn. 06484 I
Please send your model DD-1K
DIGI- DESIGNER in kit form({price
$70.00).

Name I

Address l

city State I

2ip Telephone

Enclose check, money order or num- I

bers from BankAmericard or Master

Charge. We will ship post paid any-
where in continental U.S.
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Computer Bits

COMPUTER MUSIC—PARTII

AST MONTH we discussed com-

puter music techniques in general
and simple timed-loop techniques
specifically. Some short, illustrative
programs for an 8080-based mic-
rocomputer were given. Also a circuit
for a simple 8-bit digital-to-analog
converter was shown. Now, we will
delve a little deeper into computer
music techniques that have the poten-
tial for producing complex, serious
musical results.

1.0

)

Fig. 1. Sampled sine wave.

The Sampling Theorem. Any
waveform, no matter how simple or
complex, can be represented as a
series of discrete voltage values such
as might come from a digital-to-
analog converter (DAC). Figure 1
shows a sine wave as it might appear
at the DAC output. This is termed a
“sampled representation” because
the sine-wave voltage is sampled at
discrete points in time and held until
the following sample point. Obviously
this is a very poor sine wave, a fact that
is easily demonstrated with a distor-
tion analyzer.

Before giving up, let us look at the

FIG. 3
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By Hal Chamberiain

frequency spectrum of this staircase-
like wave on a spectrum analyzer. To
be specific, the sine-wave frequency is
approximately 1.1 kHz, corresponding
to 0.909 milliseconds per cycle. The
sampling frequency, often called
sampling rate, is 20 kHz or one sample
every 50 microseconds. The spectral
plot shows a strong frequency com-
ponent at 1.1 kHz, which is the desired
sine wave we are trying to synthesize.
Also shown are the distortion product
frequencies caused by the sampling
process. Since all of the distortion
components are much higher in fre-
quency than the desired signal, they
may be attenuated or removed with a
sharp low-pass filter. After filtering,the
distortion analyzer will confirm that a
smooth, pure, sine wave is all that re-
mains.

What will happen if the sine-wave
frequency is increased but the sam-
pling frequency remains the same?
With fewer samples on each sine-wave
cycle, the waveform from the DAC will
appear to be even more distorted.
Close examination of the first pair of
distortion components in Fig. 2 will
reveal that they are very much like
sidebands of a 20-kHz suppressed
carrier “modulated” by a 1.1-kHz
“signal.” The lower sideband fre-
quency is the carrier (20 kHz) minus
the signal (1.1 kHz) or 18.9 kHz. The
upper sideband frequency is the sum,
or 21.1 kHz. There are also sideband
pairs at harmonics of the sampling
frequency. If the sine-wave frequency
is increased, the lowest distortion
component will move downward to-
ward it, leaving less room for the low-
pass filter to do its work. The limit oc-

TOUCH-TONE TRANSMIT SUBROUTINE

curs when the desired frequency and
the lowest distortion frequency actu-
ally meet each other at 10 kHz and can
no longer be separated with the filter.
The rule is that the highest frequency
that can be reproduced with a sam-
pled waveform is one-half of the sam-
pling frequency. Actually achieving
this requires an infinitely sharp filter; a
more practical figure is ¥4 or Vs,

Of course a real digital-to-analog
converter cannot generate voltages
that are exact samples of the sine
wave. An 8-bit converter, for example,
has only 256 possible output voltage
values. When a particular voltage is
needed, the nearest available value
will have to be used. This *‘round-off”
error gives rise to another type of dis-
tortion in sampled waveforms called
quantization noise which is spread
throughout the frequency spectrum.
The theoretical signal-to-quantization
noise ratio is easily computed as 6N +4
dB, where N is the number of bits in
the DAC. Actually this assumes an
ideal DAC; a realistic figure is about 5
dB less. Still, an 8-bit DAC yields
nearly 50 dB, as good as many tape
recorders. With a 12-bit DAC, the
quantization noise is negligible.

Ofr---.
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Fig. 2. Spectrum of Fig. 1.

Waveforms From Tables. With this
background, it is apparent that a sam-
pled representation of a waveform may
be stored in the memory of a compu-
ter. A simple way to do this is to store
one cycle of the waveform in a small
block of memory as a ““table.” Now the
waveform can be reproduced by hav-
ing a program scan through the table
in memory and send the samples to a
DAC. The frequency of the waveform
is a function of the sample rate (time
between sending out successive sam-
ples) and the number of points tabu-

ENTER WITH DIGIT TO SEND IN A, 4 BIT BINARY CODED DECIMAL

EXITS WITH ALL REGISTERS DESTROYED

ASSUMES 2 MHZ CLOCK AND NO MEMORY WAITS
SENDS TONES FOR 200 MILLISECONDS, SILENCE FOR 100 MS

ORG 200Q

(Subroutine continued on page 91)
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MASK OFF EXCESS BITS IN A
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LAFAYETTE RADIO ELECTRONICS CORP.
DEPT. 600
111 JERICHO TURNPIKE, SYOSSET, L.I,, N.Y. 11791
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mes!!

These dependable, long-life, AA 1.25 volt penlite batteries really
standup to the toughest use with a 500 milliamp hour capacity—
they last for years. When they do run down, automatically recharge
them in the easy to use, safe, Lafayette Battery Charger, instead of
throwing them away. Hermetically sealed, these nickel cadmium
cells are long-lasting, high energy batteries that won't deteriorate
when not in use the way ordinary cells do.

They're ideal for radios, walkie-talkies, citizens band, flashlights,
calculators, cassette recorders, photo flash units, hobby models,
shavers, toys, power tools, portables—everywhere you use AA pen-
lite size cells. $500,000,000 is thrown away each year on ordinary
batteries, wasting money and resources. Rechargable batteries give
value-conscious users what you're looking for—more for your money.
These batteries offer the greatest economy, lower operating cost-
per-hour than throwaways, including “long-life” or alkaline batteries,
and there's no “fading power”, just continuous output and constant
voltage. The more you use them, the faster they pay for themselves.
Get the Lafayette Battery Charger for $8.95 and four AA penlite
battery cells for $7.80, plus shipping and sales tax. Extra sets of four
batteries also available at $7.80 each plus shipping.

The batteries and charger are backed by Lafayette’'s 56 years of
electronic leadership and a 30-day money back policy of your satis-
faction. Order yours today and stop throwing your money away.

Lafayette

Radio Electronics & Shopping Centers

Please send me the items checked below and a FREE
164 page electronics catalog. Enclosed please find
payment, including sales tax, where applicable. If not
delighted, | may return the batteries and charger un-
damaged within 30 days for a full refund.

NAME ggk
item Qty. Stock # Cost Total
Ch d 4AA 16.
STREET Pe:figtzrﬂaantteries 32-2-99062M ?.g07sshi;ping
($17.75)
Sets of 4 7.80
cITy agdlt?onal AA 32-Z-99054M :séoca shJirpping
penlite batteries ($8.10)
FREE 1977
STATE ZIP CODE Lafayette Catalog] 1 10-Z-98003 Free - | —
Add sales tax
Charge my 00 MASTERCHARGE or [0 BANK AMERICARD (check) where applicable.
O0O00o0o0ooO0o00OoOoooOogo UBG e

MASTERCHARGE Interbank #
(to left of expiration date)

0000

date

Expiration

Use Bank Americard or Master Charge on mail or phone
orders if you wish. Call (516) 921-7500 9:00 AM to 5:00 PM
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J08 Ways
ToSave On
Instruments,
(itizens Band,
BurglarAlarms,
Automotive &

Hobby
Electronics!

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

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

For latest EICO Catalog and name

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

EIC0—283 Malta Street,
Brooklyn, N.Y. 11207
Leadership in creative electronics
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- lated forone cycle. If the sample rate is
varied, care must be taken to prevent it
from becoming too low.

A better way is to alter the apparent
table length by scanning every sec-
ond, third, etc. entry during the output
process. This restricts us to a few
specific frequencies. Any frequency
may be generated by allowing “frac-
tional” scan increments. When fetch-
ing a table entry, the nearest one
would be used but the fractional part
would be retained when computing
the location of the next table entry. A
prime advantage of waveformtablesis
that the tone color can be changed
simply by using a different table.

Mixing Computed Waveforms.Ifa
computer is to play interesting music
with chords, counterpoint, etc., then
two or more simultaneous tones will
be required. One approach is to use
multiple DAC's and an audio mixer
along with a program to constantly
feed sample values to each DAC from
tables in memory. The same effect can
be achieved with one DAC if at each
sample time the current sample values
for all tones are added together and
the sum sent to the DAC. Of course the
sample rates of all of the tones must be
the same. Even relative loudness can
be controlled by multiplying a tone’s
sample value by a “loudness factor”
before it is added to the total. Attack
and decay envelopes can be simulated
by constantly changing the loudness
factor. Care must be taken to avoid
arithmetic overflows, however. Typi-
cally, the intermediate arithmetic is
done to 16 or more bits of accuracy
and the final result is rounded off to
the number of bits used by the DAC.

Touch-Tone Program. Many of the
conceptsjustdiscussed are illustrated
by the Touch-Tone ® transmit sub-
routine in fig. 3. A Touch-Tone digit
consists of two simultaneous sine-
wave tones, one from a low-frequency
group (697, 770, 852, 941 Hz) and one
from a high-frequency group (1209,
1336, 1477, 1633 Hz). The routine ac-
tually synthesizes the two tones al-
ready mixed together through an out-
put portequipped with the simple DAC
mentioned earlier.

The routine is called with register A
containing the digit to be transmitted
in binary. Using the binary code, the
routine accesses a frequency table to
determine what the “‘table increment”
value for each tone should be. For
example if a "'4” is to be sent, every
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tenth sine-table entry would be used
for the 770-Hz tone and every fifteenth
for the 1209-Hz tone. Note that this
gives only approximate frequencies:
the 1209-Hz tone is off 3%, but the
others are off less than 1.5%.

Forthe actual tone-generation task,
the routine maintains two sine-table
pointers, one for each tone. To com-
pute a mixed-tone sample, the sine-
table entry pointed to by each pointer
is fetched, they are added together,
and the sum is divided by 2 to produce
an B-bit resuit. For the next sample,
the corresponding increment is added
to each pointer. Overflow of the lower
pointer byte is ignored to provide for
“wrap-around" to the beginning of the
sine table when a cycle is completed.
The loop for computing samples is 100
machine cycles long, which gives a
20-kHz sample rate assuming a full-
speed 8080 system. With this fairly
high sample rate, low-pass filtering
can be accomplished with tone con-
trols or a scratch filter.

The routine can be expanded for
more simultaneous tones if desired or
a different waveform can be entered
into the table. There is a definite limit
to the computation between samples,
otherwise the sample rate may fall too
low to be useful. Also, the loop times
have to be carefully controlled.

Mass Storage And Playback. In
music programs for large computers,
the computed waveform samples are
not sent directly to a digital-to-analog
converter. Instead they are saved on a
mass-storage device and ‘‘played
back later. The advantage of this ap-
proach is thattime is not a factor when
the samples are computed. The calcu-
lations may be as complex as neces-
sary or a high-level language can be
used with no effect on the sample rate
during playback. This method has per-
fect generality; any possible sound or
combination of sounds can be syn-
thesized, subject only to frequency-
response limitations imposed by the
playback sample rate.

The problem for hobbyists of course
is standing the expense of a suitable
high-speed, large-capacity mass-
storage device. Interesting experi-
ments can be performed however with
systems having 16k or more of mem-
ory. At a 10-kHz sample rate, which
gives AM radio quality, a 24k machine
can hold over 2 seconds of sound. For
the industrious, two-second segments
can be recorded on audio tape and
spliced together for the final resultg
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000:202 041 271 000 LXI H,TTTABL GET ADDRESS OF FREQUENCY TABLE
000:205 207 ADD A DOUBLE CONTENTS OF A
000:206 205 ADD L ADD RESULT TO TABLE ADDRESS
000:207 157 MOV L,A MOVE FIRST TABLE ENTRY
000:210 176 MOV A,M TO TONE A INCREMENT
000:211 062 331 000 STA TONAIN
000:214 0u3 INX H MOVE SECOND TABLE ENTRY
000:215 176 MOV A,M TO TONE B INCREMENT
000:216 062 332 000 STA TONBIN
000:221 001 240 017 LXI B,7640Q SET COUNT FOR 200 MILLISECONDS IN BC
000:224 021 000 001 LXI D,SINET SET DE TO POINT TO SINE TABLE
000:227 041 000 001 LXI H,SINET SET HL TO POINT TO SINE TABLE
000:232 032 TONES LDAX D GET TONE A SAMPLE FROM SINE TABLE
000:233 206 ADD M ADD TO IT TONE B SAMPLE
000:234 037 RAR DIVIDE SUM BY 2
000:235 323 XXX OUT (port address) SEND TO OUTPUT PORT WITH 8 BIT DAC
000:237 072 331 000 LDA TONAIN GET TONE A INCREMENT
000:242 203 ADD E ADD TO IT TONE A SINE TABLE POINTER
000:243 137 MOV E,A UPDATE TONE A POINTER
000:244 072 332 000 LDA TONBIN GET TONE B INCREMENT
000:247 205 ADD L ADD TO IT TONE B SINE TABLE POINTER
000:250 157 MOV L,A UPDATE TONE B POINTER
000:251 013 DCX B DECREMENT AND CHECK TONE DURATION COUNT
000:252 170 MOV A,B
000:253 261 ORA C
000:254 302 232 000 JNZ TONES LOOP FOR ADDITIONAL SAMPLES UNTIL DONE
000:257 001 100 037 LXI B,17500Q SET COUNT FOR 100 MILLISECONDS OF SILENCE
000:262 013 SILENC DCX B DECREMENT AND CHECK SILENCE DURATION COUNT
000:263 170 MOV A,B
000:264 261 ORA C
000:265 302 262 000 JNZ SILENC LOOP UNTIL COUNT RUNS OUT
000:270 311 RET RETURN
* TOUCH-TONE FREQUENCY TABLE, TWO VALUES PER ENTRY

000:271 014 021 TTTABL DEF 12,17 0 941 1336
000:273 011 017 DEF 9,15 1 697 1209
000:275 011 021 DEF 9,17 2 697 1336
000:277 011 023 DEF 9,19 3 697 1477
000:301 012 017 DEF 10,15 Yy 770 1209
000:303 012 021 DEF 10,17 5 770 1336
000:305 012 023 DEF 10,19 6 770 477
000:307 013 017 DEF 11,15 7 852 1209
000:311 013 021 DEF 11,17 8 852 1336
000:313 013 023 DEF 11,19 9 852 1477
000:315 011 025 DEF 9,21 A 697 1633
000:317 012 025 DEF 10,21 B 770 1633
000:321 013 025 DEF 11,21 cC 852 1633
000:323 014 025 DEF 12,21 D 941 1633
000:325 014 017 DEF 12,15 * g4t 1209
000:327 014 023 DEF 12,1¢ # 941 1477
000:331 TONAIN DST 1 STORAGE FOR TONE A INCREMENT
000:332 TONBIN DST 1 STORAGE FOR TONE B INCREMENT
* SINE TABLE FOR USE WITH TOUCH TONE SUBROUTINE

MUST BE AT A PAGE BOUNDARY
* LISTED IN MEMORY DUMP FORMAT TO CONSERVE SPACE

001:000 200 203 206 211 214 217 222 226 231 234 237 242 245 250 253 256
001:020 261 263 266 271 274 277 301 304 307 311 314 316 321 323 326 330
001:040 332 334 336 341 343 345 346 350 352 354 355 357 361 362 363 365
001:060 366 367 370 371 372 373 374 375 375 376 376 377 377 377 377 377
001:100 377 377 377 377 377 377 376 376 375 375 374 373 372 371 370 367
001:120 366 365 363 362 361 357 355 354 352 350 346 345 343 341 336 334
001:140 332 330 326 323 321 316 314 311 307 304 301 277 274 271 266 263
001:160 261 256 253 250 245 242 237 234 231 226 222 217 214 211 206 203
001:200 200 175 172 167 164 161 156 152 147 144 141 136 133 130 125 122
001:220 117 115 112 107 104 101 O77 O7T4 071 067 064 062 057 055 052 050
001:240 0u6 Ou4 042 037 035 033 032 030 026 024 023 021 017 016 015 013
001:260 012 011 010 007 006 005 004 003 003 002 002 001 001 001 001 001
001:300 001 001 001 001 001 001 002 002 003 003 004 005 006 007 010 011
001:320 012 013 015 016 017 021 023 024 026 030 032 033 035 037 0u2 Ou44
001:340 0u6 050 052 055 057 062 064 067 071 OT4 077 101 104 107 112 115
001:360 117 122 125 130 133 136 141 144 147 152 156 161 164 167 172 175
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Amateur Radio

250 WATTS FOR NOVICES

E FFECTIVE July 23, 1976, the FCC raised the permissi-
ble dc power input limit for Novices from 75 to 250
watts. The Commission also set the same power limit foral/
other amateurs using Novice frequencies. In the same
notice, Technicians received Novice hf privileges. Also, the
Technician and Conditional Class licenses issued by mail
became equivalent in all respects to Technician and Gen-
eral Class licenses, respectively, earned before an FCC
examiner.

Since that date, the only amateur license issued by mail
is the Novice Class, with one exception. If an applicant is
disabled, and that disability is confirmed by a doctor's
certificate, examinations can be conducted in the home
under the supervision of a volunteer examiner selected by
the Commission.

Two other changes affect Novices. The one-year wait
between the expiration date of a previous amateur license
and a Novice ticket has been eliminated. Now, by proper
timing, a Novice whose license will expire can be retested
before his current term runs out. In addition, the Novice
exam contains material not covered in any other amateur
examination. Therefore, ail higher class tests will include
the Novice exam. To prevent applicants who want Novices
in a hurry from trying to get the ticket at an FCC office, the
Novice questions will be graded only after the other ele-
ments have been passed.

Equipment. The eyes of many Novice and Technician
operators probably gleam as they imagine how much
stronger their signals will be with 250 watts of input power
in place of 75 watts. But the change will not be as dramatic
as they might hope. This increase is equivalent to 5.2 dB. If
the fellow you're working has an S meter that moves one S
unit for a 6-dB increase in signal strength, switching from
the old power limit to the new one will boost your signal
just under one S unit—a useful, but hardly spectacular,
change. (However, very few of us have S meters that follow
this “‘textbook” behavior!)

The most important benefit that Novices receive from
this change is a wider selection of equipment suitable for
Novice use. In the 75-watt category, the only transmitters
that can be purchased new are the Heath DX-60B and the
HW-16. The DX-60B has a maximum input power of 90
watts, covers 80 through 10 meters in the CW and AM
(screen modulation) modes. The HW-16 transceiver covers
the CW portions of the 80-, 40-, and 15-meter bands. Both
are in kit form, and have given many amateurs valuable
experience in building and operating them. But most
amateurs who have '‘cut their teeth” using the rigs have
sold them upon receipt of the General or Advanced Ciass
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By Herbert S. Brier

license, and applied the proceeds to the purchase of a
CW/SSB transmitter or transceiver. So, although they were
ideal “'starter” rigs, these units were not long-term invest-
ments.

Under the amended rules, a Novice can now acquireone
of the many transmitters or transceivers in the 180-to-
250-watt class not only for use under his current license,
but for General and higher class operation as well. These
rigs work excellently on CW, most with partial or full
break-in. Plugging a mike into them makes operation on
SSB phone possible, and many will also work on RTTY and
slow-scan TV with the addition of accessory equipment.

Standard amateur gearin transceiveror ““separate’ form
covers 80 through 10 meters. A few also offer 160 meters.
Transceivers use many stages which perform two different
functions. (For example, a buffer amplifier during transmit
can be an i-f amplifier on receive.) Their advantages are
economy, compactness, and ease of operation. However,
they can transmit and receive only on the same frequency,
unless the transceiver has ‘‘receiver incremental tuning”
or can accommodate an external vfo. Receiver incremen-
tal tuning allows the receive frequency to be shifted up or
down a few kilohertz without affecting the transmit fre-
quency. External vfo’s allow you to transmit at one end of
the band and receive at the other.

Most often, amateurs on the hf bands transmit and re-
ceive on the same frequency. But some DX stations won't
listen on their own frequency, directing stations to call 10
kHz up” or so. Also, some DX SSB stations transmit in the
“foreign phone” bands, such as 14.1 to 14.2 MHz. U.S.
amateurs wishing to talk to them must transmit some-
where above 14.2 MHz and listen below that frequency. So,
if you plan to chase a lot of DX, you should get either a
separate transmitter and receiver or a transceiver that can
accept a remote vfo.

“Separates™ are more expensive than transceivers, re-
quire more room, and are more versatile. Because they can
be individually adjusted for optimum performance, sepa-
rates operate somewhat more efficiently, especially on re-
ceive. Exact comparisons on a cost-vs-performance basis
aredifficult, however. Acompromise between transceivers
and separates are ‘‘matched"” transmitters and receivers.
They can be operated in the transceive or independent
mode at the flick of a switch.

Oddly enough, most matched transmitters have lower
power output levels than transceivers—150 to 200 watts
compared to up to 500 watts PEP, respectively. The first
SSB transceivers were designed for mobile operation, and
TV sweep tubes were put in them to get high peak powerin
asmall package. Such tubes work well, but their distortion
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products are somewhat higher than those from tubes spe-
cifically designed for hf SSB transmitting. As a result, most
separates and some transceivers accept one to three dB
less output power in return for measurably lower distor-
tion, and use 6146B tubes. But even those rigs with 180
watts of input power (about 100 watts out) can drive 2000-
watt, grounded-grid linears. So don't let their ““low’ power
levels fool you. They can be operated barefoot for most
contacts, and be switched over to drive a linear if condi-
tions get really bad.

High-power r-f transistors are still very rare, and those
solid-state transceivers currently on the market are limited
to about 200 watts of input power. Most transmitters are
either hybrid (solid-state oscillators, etc. with tube drivers
and finals) or all-tube designs. Many transceivers are hy-
brids. However, many new receivers use no vacuum tubes,
and this is the trend of the future for all amateur gear.

More important than the number of tubes or transistors
thatapiece of equipment has are its key specifications. For
example, a receiver should have a sensitivity of less than 1
pV at 10dB S+N/N, an SSB selectivity of 2.1 to 2.5 kHz, and
a CW selectivity of less than 500 Hz at the 6-dB points. A
transceiver or transmitter should have 150 to 400 watts of
input power on CW. A transceiver should be able to oper-
ate from 12 volts dc or 117 volts ac.

You should also consider how flexible a rig is before you
buy it. For example, if you want to work vhf, does that
receiver accept plug-in converters? Or, will that transceiver
interface easily with a transverter, speech processor, or
monitor scope? Get as much information as possible
about each rig you are considering before making any
decisions. The following manufacturers will supply
specific information about their equipment upon request:

Atlas Radio, Inc.,
317 Via del Monte
Oceanside, CA 92054
Collins Radio Group,
Amateur Radio Marketing,
Rockwell International
Cedar Rapids, IA 52406
R.L. Drake Co.,
Miamisburg, OH 45342
Heath-Schlumberger,
Benton Harbor, MI 49022
Trio-Kenwood Communications, Inc.
116 East Alondra,
Gardena, CA 70248
Swan Electronics,
Div. of Cubic Corp.,
305 Airport Road,
Oceanside, CA 93054
Tempo
c/o Henry Radio Co.,
11240 Olympic Bivd.,
Los Angeles, CA 90064
Ten-Tec, Inc.,
Sevierville, TN 37862
Yaesu Musen USA, Inc.,
7625 E. Rosecrans, No. 29,
Paramount, CA 90723.

| hope that | have not omitted any company currently
manufacturing CW/SSB equipment for the hf amateur
bands.
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BLACK CAT®

Whether you're rolling in a convoy or
copying the ir ail from your home twenty,
you get a four roger every time with Black
Cat® CB accessori2s from Wawasee
Electronics. Soif you've got yourears up
copy the following list of rugged
accessories:

e Antenna Whip
¢ JB 700 Mobile Antennas
e Trunk Lid Antenna Mount
¢ West Coast Antenna Mount
e 3-Ft. Jumper Cable
20-Ft. Jumper Cable
Co-Phase Harness
JB 1000 Dummy Load

JB 1000 SM Osdilloscope / RF
Wattmeter / SWR Bridge

JB 2000 SW Power Meter /SWR

For a complete listing of all Black

Cat® CB accessories and dealers,

~ drop us a line and we'll get right back

to you.

— WAWASEE
ELECTRONICS

“HOME OF BLACK CAT® PRODUCTS”

Wawasee Electronics Co., Inc.
P.O. Box 56 e Sy-acuse, Indiana 46567
Phone: (2-9) 457-3191
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Inside Basic

Electronics

By Sol D. Prensky

CAPACITORS AND RC CIRCUITS

APACITORS are so important in

the realm of electronics that
you'd be hard pressed to find a circuit
that doesn’'t employ at least one of
them. Often, the capacitor is teamed
with a resistor. This RC combination
plays a dominant role in shaping the
network’s overall frequency response.
For a clear understanding of RC cir-
cuits, we'll first take a close look at the
capacitor, and then see how it be-
haves when paired with a resistor.

Fundamentals of Capacitors.
Every capacitor consists of two con-
ductive plates separated by an insulat-
ing medium cailed a dielectric (Fig. 1).
When a dc voltage is applied across
the capacitor (by closing the switch),
electrons start flowing from the nega-
tive terminal of the battery onto the
bottom plate of the capacitor. Simul-
taneously, the battery's positive ter-
minal attracts electrons from the top
plate. At first, the electrons flow fairly
easily. But as more and more of them
are piled up on the bottom plate, it
becomes increasingly harder for any
more electrons to join them.

Here's why. Electrons are all nega-
tively charged, and like charges tend
to repel each other. Eventually this re-
pulsive force will counteract the force
generated by the battery which causes
electrons to move, and no more cur-
rent will flow. (When we talk of “‘cur-
rent,” we refer to conventional cur-
rent, which flows in the opposite di-
rection to the motion of electrons.)
The voltage across the capacitor will
equal that across the battery. Furth-
ermore, the bottom plate will have a
surplus of electrons and will be nega-
tively charged. The top plate will have
a deficiency of electrons and will be
positively charged.

We can find out just how much
charge the capacitor is holding by
using the simple equation Q = CV.
This means that the charge in
coulombs (one coulomb =6.281 bill-
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ion billion electrons!) is equal to the
applied voltage times the capacitance
in farads. (The farad, which is the
basic unit of capacitance, is so named
to honor the British scientist Michael
Faraday.) Thus we see that the capaci-
tance of a capacitor is a measure of
how much charge it can hold. And this
presents the key to understanding the
capacitor—it is an energy storing de-
vice.lf we openthe switchin Fig. 1, the
voltage across the capacitor remains
the same. No current wiil flow through
the dielectric to discharge the
capacitor if the dielectric is a good
insulator. So, the charges are trapped
on the metal plates. We could attach a
light bulb (or any other load) across
the capacitor and it would behave like
a battery until enough current flowed
from one piate to the other to com- .
pensate for the charge unbalance. At
that point, the voltage across the
capacitor would be zero, because its
charge would have been depleted.

Among the factors that determine
capacitance are the area of each plate,
the spacing between the plates, and a
quantity called the dielectric constant.
If the plates are made larger (in-
creased area), the capacitance will
rise. When the plates are moved
further apart, capacitance decreases.
If an insulating medium with a dielec-
tric constant of 1 (air) is replaced with
one having a constant of 2 (paper),
capacitance will be doubled.

In electronic applications, the farad
is much too large a unit of capaci-
tance. The more common units are
microfarads (uF or 10-¢ F) and
picofarads (pF or 10-'2 F). Another
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quantity of interest is the leakage re-
sistance. We noted before that a
charged capacitor will hold its stored
charge until a load is placed across it.
But that represents an idealized situa-
tion. No dielectric is a perfect in-
sulator, but can be represented as a
resistor in parallel with the capacitor.
This leakage resistance allows a leak-
age current to flow through it which
tends to discharge the capacitor. In
most cases, we want this resistance to
be as high as possible—on the order
of many megohms—to make the
capacitor a good storage place of
electric charge.

DC and AC Behavior. If we apply a
dc voltage across a capacitor, we note
a transient charging current which
stops as soon as the capacitor has
fully charged. In other words, once the
capacitor has charged, it acts like an
open circuit for dc signals, and will
block them. But the capacitor behaves
differently in ac circuits. Without get-
ting into details, suffice it to say that a
capacitor displays reactance, which is
an opposition to the flow of ac. Al-
though reactance is measured in
ohms, it is not a true resistance. A
reactance does not consume any
power by converting it into heat, as a
resistance does, but rather returns
power to the source of the ac signal.
Capacitive reactance varies inversely
with frequency and capacitance. That
is, when capacitance is increased,
reactance decreases, and if frequency
is increased, the reactance grows
smaller. The formula for capacitive
reactance is X. =1/(2r¥C), where X, is
measured in ohms, f in hertz, and C in
farads. Using this formula, we find that
a 1-pF capacitor has 160 ohms of reac-
tance at 1000 Hz, and 16 ohms at
10,000 Hz.

One example of capacitive behavior
is in blocking and coupling, which is
one of the most common ways in
which a capacitor is used. Tubes and
transistors can amplify ac signals, but
to work properly, certain dc voltages
must be applied to them. The plate ofa
tube can be set at a dc level of several
hundred volts in a high-power

ITH
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Fig. 1. The capacitor
is basically a
charge storing device.
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amplifier. But we must take the ac
output at this point without disturbing
the dc level. So, we install a coupling
capacitor at the plate. It acts as an
open circuit to dc, but allows the ac
signal to pass through it.

Of course, the capacitor must be
chosen so that its reactance is low for
the signal frequency, and its leakage
resistance is high enough not to dis-
turb the dc operation of the tube, as
well as to prevent appreciable dc from
flowing into the next stage or the load.
Finally, we must choose a capacitor
that can withstand the highest dc vol-
tage that would exist across it. That is,
it must have a sufficient working vol-
tage rating. If this voltage is exceeded,
the dc can arc over—as it does in a
spark plug—with disastrous con-
sequences.

Capacitor Types. Now thatweknow
how a capacitor basically works, let's
take a look at the various packages
they are put in, and what materials are
used to make them. ‘
There are two major classes of
capacitors: polarized (electrolytic)
and nonpolarized types. The main fac-
tor that determines in which class or
sub-class a capacitor falls is the
dielectric material used. Nonpolarized
capacitors can be inserted into a cir-
cuit without regard for which plate is
positively charged, or which is nega-
tively charged. Polarized capacitors
are marked with one plate positive and
the other negative. They must be in-
serted so that the positive plate is al
ways at a higher potential (referenced
to ground) than the negative plate.
Without delving too deeply into the
peculiarities of each type, we can
summarize the characteristics of non-
polarized capacitors as follows:

e Paper dielectric capacitors are the
least expensive type to make. They
cannot be used at frequencies much
above 1 MHz, and are found primarily
in audio circuits.

e Organic film types, such as poly-
ester, Mylar, polystyrene, and
polycarbonate capacitors, are inter-
mediate in cost, offer large leakage
resistance (10'° to 10'4 ohms), and
greater capacitance per unit volume
than papercomponents. These dielec-
trics can also be used at higher fre-
guencies than paper capacitors.

e Ceramic dielectric capacitors are
widely used because they are fairly in-
expensive, can be used in audio as
well as r-f circuits (up to tens of MHz),
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and are available in capacitances from
1 pF to 1 yF, with working voltages up
to several thousand volts. Leakage re-
sistance is high, and they are marked
for specific temperature coefficientin-
formation from P (positive, meaning
increased temperature raises capaci-
tance), to N for negative, in parts per
million per degrees centigrade (ppm/
°C). The designation NPO means
negative-positive zero coefficient (vir-
tually no change in capacitance over
the —25° C to +85°C range).

eMica or silver mica types offer
excellent response into the vhf re-

gion, high leakage resistance, and
tight tolerance (as low as +1%, as op-
posed to *10% or *20% for other
nonpolar capacitors). Working vol-
tages can be made very high—on the
order of several kilovolts. They are
more expensive than ceramic
capacitors, but are often used in pre-
cision and r-f applications, where in-
creased cost is justified by superior
performance.

e Glass is a dielectric that is
superior to mica in many ways. Glass
capacitors can be made to very close
tolerances, and have excellent fre-

Precision matched, high performance
mobile antenna FREE with purchase
of the handic 235 23 channel CB.

handic. the one-of-a-kind Swedish designed CB now
gives you a rare opportunity to own this advanced equip-

ment at real savings. It's handic's unique engineering
concepts that have generated specifications up to 250%
better than FCC requirements — without frills, gimmicks or
“fiash-in-the-panel” lighting. The resultis the cleanest CB
performance around — performance that's conquered the
roughest operating conditions Sweden could muster. Take
advantage of the special offer. See your dealer now. You'll
save money and own a handic CB with a precision
matched handic antenna — a combination that's sec
ond-to-none in quality. handic ... the orange color tells
you it's outstanding. The performance proves it.

handic C8 radios include
ables. scanners with FM radio option. antennas, microphones solov‘
tive call and a full ne of accessornes
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USA inc

14560 N.W. 60th Ave., Kennedy Bldg
Miami Lakes, Fla. 33014

{305) 558-1522
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Quebec
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| = Optimum radiation pattern

u Top-loaded coil

# Quick thumb-screw SWR adjustment

» Fold-down construction
| m Precision crafted in Scandinavia
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ELECTRO-LAB

As an NTS student you’ll acquire the know-how that
comes with first-hand training on NTS professional
equipment. Equipment you’ll build and keep. Our
courses include equipment like the NTS/Heath
Digital GR-2000 Solid State color TV with first-ever
features like silent varactor diode tuning; digital
channel selection, (with optional digital clock), and
big 315 sq. in. ultra-rectangular screen.

Also pictured above are other units — 5” solid state
oscilloscope, vector monitor scope, solid-state ster-
eo AM-FM receiver with twin speakers, digital multi-
meter, and more. It’s the kind of better equipment
that gets you better equipped for the electronics
industry.
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GR2000
Digitat
Solid-State .
Color TV
315 sq. in.
Picture

(Simulated TV Reception)

SOLID-STATE
OSCILLOSCOPE

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

Choose from 12 NTS courses covering a wide range
of fields in electronics, each complete with equip-
ment, lessons, and manuals to make your training
more practical and interesting.

Compare our training; compare our lower tuition.
We employ no salesmen, pay no commissions. You
receive all home-study information by mail only.
All Kits, lessons, and experiments are described in
full color. Most liberal refund policy and cancella-
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HIGH FIDELITY
SPEAKERS

SOLID-STATE STEREO
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RECEIVER
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GENERATOR
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TRAN R TESTER FETNG

AM/FM/SW PORTABLE
SOLID-STATE RECEIVER

74 s3.in
Sclid-State
B&W TV
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SCOPE

SIGNAL
GENERATOR

DIGITAL SOLID-STATE 2-METER FNV
MULTIMETER TRANSCEIVER & POWER SUPPLY p%%%(lgi's;g%

5" OSCILLOSCCPE

tion privileges spelled out. Make your own com- erNAmHmL scﬁms- Ll D?Z(ﬁs

parisons, your own decision. Mail card today, or I 4000 South Figueroa St., Los Angeles, Calif. 90037

clip coupon if card is missing. Please send FREE Color Cataiog and Sample Lesson.
NG OBLIGATION. NO SALESMAN WILL CALL.

Color TV Servicing (O Etectronics Technology

NO OBLlGATION. NO SALESMAN WILL CALL I B & W TV and Radio Servicing [0 Computer Electronics
[] Electronic Communications {J Basic Electronics
APPROVED FOR VETERAN TRAINING [J FCC License Course O Audlo Electronics Servicing
Get facts on new 2-year extension I
NAME — AGE
@ I ADORESS = APT #
NATIONAL Cgro SCHOOLS B, - el
TECHNICAL-TRADE TRAINING SINCE 1905 I Please fill in Zip Cods for fast service -
Resident and Home-Study Schools O Check If interested in G.1. Bili information.

4000 So. Figueroa St., Los Angeles, Calif. 90037 L
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Fig. 2. Simple RC circuit.

quency response and leakage charac-
teristics. They are also rather expen-
sive.

The major limitation of all these
nonpolarized capacitors is the
amount of capacitance that can be
packed into a container of reasonable
volume. Up to about a tenth of a mi-
crofarad or so, packages are fairly
small. But they become unwieldy as 1
uF is approached. For reaily large
capacitances in small cans, we must
use polarized or electrolytic
capacitors.

These devices consist of two metal-
lic electrodes separated by an electro-
lyte (hence their name). When a volt-
age is impressed across the elec-
trodes, a thin film of nonconducting
oxide is produced by chemical (elec-
trolytic) action to form the dielectric.
The rest of the electrolyte conducts
fairly well, so the two electrodes are
effectively separated only by the thin

oxide layer. As we noted earlier,
closely spaced plates mean high
capacitance, and this is why the elec-
trolytic capacitor has such high
capacitance ratings. However, ex-
treme care must be taken to insure
that the proper polarizing voltage is
applied, because reverse or excessive
forward voltages can irreparably
damage the capacitor.

The two most common types of
electrolytic capacitors are aluminum
and tantalum. They consist of either a
foil (aluminum or tantalum) or a dry
slug (tantalum). Foil units contain a
liquid or gel electrolyte between the
foil anode and the case that is in con-
tinuous contact with the oxide layer,
and that participates in its formation.
Slug-type capacitors employ a solid
semiconducting electrolyte, and the
anode is a sponge-like pcrous metal
slug. In dry tantalum capacitors, man-
ganese dioxide is commonly used as
the electrolyte.

Dc leakage is an important factor irr
electrolytic capacitors. Some of them
are quite leaky. Although this is toler-
able in certain applications, it is most
undesirable in others.

Tantalum capacitors generally dis-
play less leakage than aluminum

components, and are often used be-
cause of this. Also, tantalums can be
made to +20% or even *10% toler-
ances. Aluminum capacitors often
have a +100%, —50% tolerance,
which can rule out their use in certain
circuits. Finally, aluminum electrolyt-
ics are frequency limited. They are
useful up to 50 kHz at most, so are
found mainly as filters in power
supplies and as coupling or bypass
capacitors (passing ac signals to the
next stage or shunting them to
ground) in audio circuits.
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Fig. 3. Universal curves of charging
voltage and current versus time.
Computer-grade electrolytics are

found in power supplies because they
can store large amounts of energy.
You can find aluminum and computer
grade capacitors rated at up to 10,000
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A NEW BREED OF DVM's
BACKED BY 25 YEARS OF
ALL AMERICAN CRAFTS-
MANSHIP, WITH SIX EX-
CLUSIVE FEATURES, SO
YOU CAN BE MORE SURE,
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33T ¥ 1ma e 00

MORE OFTEN . . . . ..
AND ALL WITH HI & LO
POWER OHMS FOR MEAS-
URING ACCURATELY IN
SOLID STATE CIRCUITS.

DVM35 $124
3 digit LED display,
1% DCV accuracy,

battery or AC operated

Il ONE THIRD LESS CIRCUIT LOADING to make
15 you sure that you are affecting the circuit being
tested as little as possible for more accurate measure-
ments. Sencore digitals are 156 megohm, others are
10 megohm.

T~ @ 2000 DCV range to make you sure that you can
— = measure TV boost volts, scope voltages, medical
equipment, etc. Other digitals stop at 1000 volts.
High voltage probe extends measuring capabilities to
KV.
27 PROTECTED INSIDE AND OUT so you can be
= A sure that your meter is working and not in the repair
° shop. Drop it from 10 feet, apply 1000 volts over-
53 "7, load and even apply volts on ohms accidentally and
i\,\/\rg Sencore digitals keep right ori working.
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MULTIMETERS
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uF or more and several hundred work-
ing volts, but today the high-voltage
components are getting rare because
solid-state circuits don't require the
dc voltage levels that tubes do. Tan-
talum capacitors have ratings of a
fraction of a microfarad up to 700 pF
or so. Their voltage ratings generally
lie between 3 and 50 volts.

Variable Capacitors. So far we
have talked only about fixed
capacitors. That is, those capacitors
whose capacitance is set in the man-
ufacturing. process. But variable
capacitors are also very important.
Every tuning-dial radio has at least
one. The most common type of vari-
able capacitor uses air as the dielec-
tric, and has two sets of interleaved

Fig. 4. Basic relaxation oscillalor.
plates. One set, called the stator, is
bolted to the frame of the capacitor.
The other set, the rotor, is attached to
a shaft that allows the two sets to be
meshed (maximum capacitance), or

OUTPUT

i

AAAAAAA

square waves.

fully unmeshed (minimum capaci-
tance), or anything in between. The
capacitor is described by these two
values, as well as its air gap (spacing
between plates) and maximum work-
ing voltage. The latter two specifica-
tions are important in transmitting ap-
plications, where high-voltage r-f is
present. In fact, sealed vacuum
capacitors are available for high-
power operation.

Other types of variable capacitors
are trimmers and padders. They are
used to fine-tune a network, and usu-

T

Fig. 5. Oscillator using
an op amp as comparator
produces high-amplitude

ally have screwdriver adjustments.
They can have air, mica, plastic, or
quartz dielectrics, and can take the
appearance of a small pistion and cyl-
inder, a small box, or two plates (one
above the other) on a ceramic body.

All variable capacitors are noted for
their small capacitance values. The
typical tuning capacitorinan AMradio
is rated at 365 pF maximum. Trimmer
and subminiature tuning capacitors
can have maximum capacitances of
less thar 10 pF! Remember, though,
that capacitance isn’t everything, and
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BENCORE 0VMas
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3% digit LED display,
5% DCV accuracy,
attery or AC operated

need it.

B] BATTERY SAVING FEATURES WHEN INS-
TRUMENT IS NOT IN USE so you can be sure
that your meter will be ready the next time you
Push the button on the probe on the

DVM32 $198

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

with automatic battery saver

qrver pevmar v

auto-zero, king size pushbuttons

\ [A 100% MADE RIGHT LIFETIME GUARANTEE
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at any time you discover that a Sencoie DVM was
not made right, Sencore will make it right, parts and
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DVM38 $348
3% digit LED display,
.1% DCV accuracy,

AC cperated, auto-ranging,

DVM35 and DVM36 and only then do you start drawing cur-
rent from your battery. An automatic patented circuit does the
same job for you automatically when you apply voltage to the
DVM32. The DVM38 is AC operated.

® é, Bl 10 DAY FREE TRIAL to be sure that Sencore
A Q%\’ digitals are all that we say they are. Simply march

$\ \V into your Sencore distributor and ask for a free trial
Q \$ or pay cash with a promise of a 10 day money back
guarantee, if not 100% satisfied. Or, write Sencore, and we will
see that our distributor contacts you.
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labor free of charge, for the lifetime of the product.

Plus other “make sure’ features such as - direct reading with no
paralax error - no effect from magnetic fields such as motors &
RF fields - lab accuracy with high resotution - auto-polarity
auto-zeroing and auto-ranging on the DVM38 . . and you can
see why you can be sure more times, in more circuits, than with
any other multimeter on the market today — and for less money
than old fashioned analog meters.
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SAE 2400 Professional Dual-Channel Power Amplifier

0200 Watts RMS, per channel,
both channels driven into 4 or
8 Ohms from 20Hz to 20KHz
at no more than 0.05% Total
Harmonic Distortion.

00.05% IM into 4 or 8 Ohms

O(signal to noise) greater than 100dB

Oplug-in board modules

Oforced air cooling

Oonly 11 deep

DOweighs less than 42 ]bs.

Osuperb construction using only the
finest materials and component
parts

Oavailable in black rack mount (as
shown) or our traditional satin
gold and black

You’d have to look a long time to

find a power amplifier that delivers

this much value.

Scientific Audio Electronics, Inc.
P.O. Box 60271, Terminal Annex
Los Angeles, California 90060
Please send me the reasons (including available
literature) why the SAE 2400 Professional Amplifier
is the "$750 Alternative.”
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CITY STATE ZIP.
102 CIRCLE NO. 57 ON FREE INFORMATION CARD

variable capacitors are indispensible
in most communications equipment.

Combining R and C. When a resis-
tor and capacitor are connected to-
gether, several interesting things
happen. First, the relative magnitudes
of R and C affect how quickly the
capacitor will charge up. Second, the
combination can act as a filter, pass-
ing high or low frequencies, depend-
ing on how the RC pair is connected
across a signal source. Let's look at
the dc charging action first.

The product of R in ohms and C in
farads is called the RC time constant,
and is symbolized by the greek letter
tau (1) and expressed in seconds or
microseconds (us). The time constant
appears in many descriptions of the
frequency response of oscillator and
filter circuits, and is also important to
the action of many pulse circuits. It is
most easily understood as the factor
that determines how fast a capacttor
can charge through an effective
resistance. From here we can deter-
mine the time T or period required for
one complete cycle of oscillation, and
thus the frequency.

If we were to close switch S7 of the
circuit in Fig. 2, and monitor the volt-
age across the capacitor with a volt-
meter or oscilloscope, we would see
that the voltage starts to build up
rather quickly, but then the rate of in-
crease drops off. Graphing the voltage
against time or. taking a snapshot of
the scope trace would yield the solid-
line curve shown in Fig. 3. It is an ex-
ponential curve that is universal in
terms of the RC time constant.

We call the curve an exponential
one because we can express the volt-
age across the capacitor by the equa-
tion V. = Vi (1 — e~'n),where V. is
the voltage across the capacitor, V, is
the battery voltage, t is the time in sec-
onds after the switch is closed, e is the
base of natural logarithms (approxi-
mately 2.718), and t is the time con-
stant in seconds. The equation tells us
that at t = zero seconds (as the switch
is closed), the voltage across the
capacitor is zero. After the number of
seconds equal to one time constant,
Ve=Vg (1 —e M, orVe. =V, (1 -
1/2.718). Solving this equation, we get
V¢ = 0.63 Vy, or, after one time con-
stant, the voltage across the capacitor
has reached 63% of the battery volt-
age.

After one time constant, the
capacitor charges more slowly. We
“can see from the araph that after two

AmericanRadioHistarv.Com
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THRIFTY \
MARKSMAN IRONS

wWeller’

Pre-tinned tips for instant action. Five
different ratings for technicians and
hobbyists. Heat- and impact-resistant
handles grip comfortably. Premium,
stainless steel barrel for strength,
corrosion resistance, and more even
temperatures. Cone shape, screw-
driver, chisel tips; Soldering Kit, Hot
Knife Kit for wire stripping and plastic
cutting. Full-view card pack lets you
see and read about these UL-listed,
factory-pre-tested irons before you
buy.

See your local distributor or write. ..

Weller-Xcelite
Electronics Division
The Cooper Group

COOPER | P. O. BOX 728,
ml!:o Q%E)éhg?'ggﬁﬁs\"RgthA27502
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BYLLET® ELECTRONICS

P.0.BOX 18442P « DALLAS, TEXAS 756219

PS—01 POWER SUPPLY KIT
IMAGINE! A power supply with a well filtered, reguisted
output ln three voklgu The PS-01A hn quality IC regulators,
is custom
designed and wdl made. Features 'IOmv load regulstion.
YOU GET:

Drillsd and Plated board
Complets kit of componants 4 9
Hastsinks +5V 0 1,54
Complete Instructions 316V @ 200MA

NOTE: +6 and +12VDC supply is aveilable at same
price. Order PS-01/B,

BUILD A COMPLETE CD! IGNITION KIT AT A FRACTION
OF THE COST OF OTHER UNITS. A special buy allows us to
soll the completa kit at this low pricsl Up to 40,000 volts from
your pressnt ignition without changing the coil. Simple
connections.

INCLUDES: Special toroid transformer

Drilled and Plated board

Complate instructions 9 9 5
All resistors and caps e

Ail semiconductors

{Does not Include heatsink or case.} For 12V negative ground
systems,

REGULATED 6 VOLT TTL POWER SUPPLY KIT
Smali (1% x 13/8 x 2 3/8")
Complete with drilled and plated board
includes all components
The PS-02 is a small, low ripple, reguiated, short proo' power
supply kit that can mpply power for 10 to 12 TTL IC's. {360
MA Continuous). $4.96 or 3/$12.50

10 WATT WARBLE ALARM KIT
A REAL SCREAMER! Emits a plercing dual tone blast that is
imponible to ignors. Great for burgler alerms, signal devices or just &
toy. Complats with drilled and platsd pc board. Does not includs a
spesker or power switch, {3—16 volts}) $2.50

AUDIBLE CONTINUITY TESTER KIT
A nest little kit that has a hundred and one uses around the
shop and home. You can afford to keep several around at this

pricsl
USES:  Code Practice Oscillstor 1 9 5
Continuity Checker L ]

Transistor, diode or LED checker
Tone varies with resistance
ires 3 to 6 voit b ies (not included;

HEATSHRINK TUBING ASSORTMENTS
A very usesbls assortment of various 6™ pieces of 1/8* to 1/27,
20 pes. for 59

TRANSISTORS

SPECIAL MADE SMALL DIAMETER
2M2222  (unmerked)  12/$1.00 SOoh)
2N3904 12/$1.00

Low los poly-fosm inner, 1/8% OD
100 1. roll

SOR| 10 COD" Fy \MP
$0! “;‘ Y odggoos °"r'l"°"3-'&i’-‘m$ SENDASJ‘AEE FOR A

o%
or Portoee ALL PAR ARANTI
uuns UNOER §10.00 AGA 85 ARRBLING CATALOG
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COMING UP IN
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Popular Electronics®

Build a CB/HAM
Selective Caller

Protection Methods
for Modern Power
Supplies

The Slide Syncer
Audio-Visual
Programming Device

Test Reports:

Spectro-Acoustics 210 Stereo
Equalizer

Pickering XV-15/525E Stereo
Cartridge:

Siltronix “Mohawk’ CB AM Mobile
Transceiver
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time constants the capacitor voltage is
about 86% of the battery voltage, in-
creasing to about 98% after four time
constants. Theoretically, it would take
the capacitor an infinite amount of
time to charge to the full battery voit-
age; but, as a practical matter, we will
consider the capacitor to be fully
charged after 5 time constants have
passed. Unlike voltage, charging cur-
rent decreases with time. It is shown
as the dotted curve in Fig. 3, and es-
sentially is a mirror image of the volt-
age curve. We can see that charging
current never stops (it would take an
infinite time to do so), but after 5 time
constants it is less that 1% of its initial
turn-on value.

in the theoretical case shown in Fig.
1, the capacitor will hoid its charge
forever after it is disconnected from
the voltage source, if its leakage
resistance is infinite. Although this is
never the case in practical compo-
nents, good capacitors will hold most
of their charge for a reasonably long
time. (That's why it's dangerous to
handle line powered electronic
equipment after power has been re-
moved if you haven’'t discharged the
filter capacitors with a shorting
stick.) But what happens if we allow
capacitor C to discharge through R?
We can do this by opening S7 in Fig. 2
and then closing S2—which has been
open up to this point.

If we use our oscilloscope or voltme-
ter to monitor the voltage across the
capacitor, we'll see that it decreases
exactly the same way as the charging
current did. That is, after one time
constant the voltage will have de-
creased to 37% of its open circuit val-
ue. As more time passes, the capacitor
discharges more slowly. After two
time constants, voltage is down to
14%; after three time constants it's at
5%; after four, 2%; and after five,
slightly less than 1%. Although a
theoretical, ideal capacitor will never
fully discharge, we can say practically
that it has done so after five time con-
stants have elapsed.

RC Relaxation Oscillators. One
circuit that is directly governed by the
RC time constant is the relaxation os-
cillator. It depends on the alternate
charging and discharging of a
capacitor through a resistance. Prob-
ably the simplest relaxation oscillator
you can build is a neon lamp flasher,
shown in Fig. 4. The circuitis similarto
that of Fig. 2, but we have added a
neon bulb in parallel with the

AmericanRadioklistorv. Com

The 3P+35 module
from Processor Technology
is the most versatile input-
output card for your Sol,
IMSAI, or Altair system. It has
two 8-bit parallel |/O ports,
with full handshaking logic,
and a serial |/O port. All on
a single card.

Check this spiffy sef
up. Run a keyboard and a
paper tape reader into your
8080 system; then, output a
TV terminal and a tape
punch, all via the 3P +5.
And, you can still simul-
taneously run a modem
(Telephone Coupler) in and
out. We could write pages
about the 3P +5' talents. We
did, in fact. You can get our
59-page 3P+S Owner’s
Manual (with schematics
and applications) for $4.95.
It, then, you do buy our
3P+S, we'll refund the $4.95.

3P+S5 1/O Module,
Kit Price
with premium grade,

low-profile sockets for
every IC, $149

Write Us about all
our Sol/IMSAI/Altair
compatible plug-in

modules.

Processor
Tech

6200-T Hollis Street
Emeryville, CA 94608
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ROCKWELL A4001 I.C.

ELECTRONIC SLIDE RULE
SCIENTIFIC CALCULATOR KIT!!

Kit Includes: Rockwell A4001 IC SPECIFICATION
HP 9.Digit LED Readouts * 9-digit HP Red Led Displays
Complete Keyboard with Case * 8 dlgns capacity for data entry or results
PC Board with all Electronic Parts  * (10-8 ~ 108)
Instructions and Batteries * Full floating point
* Dome keyboard for excellent response
and preventing double entry input
BASIC FUNCTION
Algebraic mode operation
Constant operations
Repeat Operations
Chain operations
Change sign operation
Display and Y-register exchangeable
One accumulating memory
Display and memory exchangeable
SPECIAL FUNCTION
* Trigonometric functions (sin, cos, tan)
* Inverse trigonometric functions (sin-1
cos'1, tan-1)
Radian or degree selectable
T constant
Logarithms (In, log)
Anti-logarithms (eX)
Power functions (yX)
Recriprocal {(1/x)
Square root {\/x )

Display recall
ONLY $28.°°

Plus handling & shipping $1.50

* x ox * o oo

*

P

Dimension: 32.5mm(H) x77mm{W) 145mm (L)
1.9/32in (H) x 31/32in (W) x 5 23/32in (L)

PLEASE SEND CHECK OR MONEY ORDER TO:
FORMULA INTERNATIONAL INC.

12603 CRENSHAW BLVD., HAWTHORNE
CA. 90250
PHONE: (213) 679-5162

NI-CD Batteries $1.25 each
(Use 4 per unit)
AC Adapter for Unit $4.50 ea.

Cal. residents add 6% Sales Tax.
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Supreme quality?

2 3
6-DIGIT A counter-offer you can't refuse! lt's

rock-bottom price and sky-high quality
FREQUENCY COUNTERS make it your best possible buy! We've

proved itto thousands. Let us proveitto
you!

(30mHz Kit)
'$99.95 assembled

l l (250 mHz Kit)
$139.95 assembled

Perfect for: CBers, Hams, Service Techs, & Experimenters!

* HAM, CB, & COMMERCIAL BANDS * WIRED & TESTED AVAILABLE » 100HZ READOUT * 6 DIGITS
* CRYSTAL TIME-BASE * 1Hz OPTIONAL = MASTER CHG. / B. AMERICARD OK » ADD $2 SHIPPING

Incredible counters starting at $45.95 are also available!
“ co All counters can be factory wired and tested. Write or call today!
Box 357, Dept. 52, Provo, UT 84601 (801) 375—8566
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capacitor. Until a certain voltage
threshhold is reached, the bulb acts
like a very high resistance, practically
an open circuit. Once the threshold is
exceeded, the bulb turns on (conducts
current and glows). In its on state, the
bulb acts like a low resistance and will
conduct very heavily unless a series
current-limiting resistor is used with it.
For common neon bulbs, the turn-on
threshold is about 70 volts.

When the battery is connected, the
capacitor starts charging up at a rate
dependent on the time constant. After
about 1.3 RC seconds have passed,
the bulb suddenly turns on and dis-
charges the capacitor very quickly.
When the capacitor is discharged, no
more current can flow through the
bulb so it turns off. Then the capacitor
begins to charge again. Oscillations,
which we perceive as the flashing of
the neon lamp, will continue as long as
sufficient voltage is applied across the
RC combination. You can duplicate
this circuit very easily. Use an NE-2
neon bulb, a 90-volt photoflash bat-
tery, a small capacitor (0.1 uF or less at
250 WVDC), and a large resistance
(overtwo megohms). You can vary the
flashing rate by changing R or C, or
both. Just stay within the guidelines
suggested above.

A more up-to-date relaxation oscil-
lator is shown in Fig. 5. It uses the 741
op amp as a comparator, and pro-
duces high-amplitude square waves.
Here's how it works. Assume a positive
output voltage appears when we ini-
tially apply power. This charges C
through R to a positive voltage. Charg-
ing proceeds until the voltage across
the capacitor exceeds that applied to
the noninverting (+) input by the volt-
age divider RTR2. At this point the
comparator produces a large negative
output voltage, which discharges the
capacitor through R and starts to
charge it to a negative voltage. When
the voltage across the capacitor ex-
ceeds that at the (+) input of the op
amp, the output voltage goes positive,
and the process repeats itself.

The RC time constant controls the
duration of the high (t1) and low {(t»)
output durations. The presence of the
voltage divider and the value of the
power supply voltage also play a role.
For the values given in Fig. 5, the
period T for a complete oscillation
equals the sum of ty and t;, or T = 0.9
RC, and the frequency f=1/t=1/990 x
108, or approximately 1000 Hz. If we
increase C to 5 uF, we get about one
puise per second. @®
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Operation Assist

you need inlormation on ouldated or rare
equipment—a schemalic. parls list. etc —another ieader
might be able 10 assist Simply serid a posicard 10 Opera-
tion Assist. POPULAR ELECTRONICS 1 Park Ave . New York.
NY 10016 For those who can help readers. please re-
spond directly to them They il appreciate il (Only those
items regarding equipment nol avadable trom normal
sources are pubhshed )
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Hallicrafters Model SX-28 receiver, US Navy version
RBY. Manufactured in the late '50's. Any available infor-
mation. A.H. Heidorn, 795 Yale Dr., Barstow, CA 92311.

Back issue (April 1971) of PE needed. Arthur Kneller, 84
Bennett Avenue, Neptune City, NJ 07753.

Vogue Inst. Corp. (Richmond Hill, NY) Model 880 Printer.
Manual or schematics. W.M. Lowe, 3312 Belleview Ave.,
Cheverly, MD 20785

Scientlfic Development Corp. (Watertown, MA) MINIVAC
6010 relay computer. Operation manual. Robert Todd,
2720 E. 69th Place, Tulsa, OK74135.

Brush Instruments Ultralinear oscillograph, Model RD-
2662-00, Serial 125. Schematic and/or operation manual.
Paui D. Witman, 2794 Harrington Rd., Simi Viy, CA 93065.

Mercury Modei 4000 transistorized high impedance mul-
timeter. Operation manual and/or schematic. Haydn J.
Thomds, Apt. 7B, 120 E. 34th St., New York, NY 10016.

RCA station allocator stock. no. 171. 1942 model used to
reset pushbutton radios. Need schematic frominside bot-
tom cover. Bailey, 426 Stocum Avenue. Neptune, NJ
07753.

Beckman Ultrohmmeter. Instruction sheet or manual.
Jacob Zager, 1 Mason Street, Hudson, MA 01749.

Precise Dev. Corp. Model 3052 D/rack mount dual trace
oscilloscope. Schematic and/or service and calibration
data. John F. Twitty, 218-15 136 Avenue, Springfield Gar-
dens, NY 11413

Electronic Measurement Corp. Model 300 VTVM.
Schematic and/or service manual. Dumont Model 185-A
electronic switch and square wave generator. Schematic,
service and operations manuals. Electronic Beam Corp.
(Yonkers, NY) CRT checker and reactivator. No model
number on case. Schematic, parts list, operation manual.
Jack Manzik, 2810 Genesee Rd., Lawtons, NY 14091

Westinghouse Model H-196 TV receiver chassis V-2130
circa 1948-9. Horizontal Sync Discriminator transformer
needed. primary 42 ohms CT, secondary part no. V 5935,
or substitute. J.B. Swartz, R.R. 1, Box 1557BC, Camden-
ton. MO 65020.

Jackson Models CRO-2 oscilloscope, 640 test oscillator.
Schematics and operation manuals needed. R.E. Hutch-
inson, Rt. 3, Box 236, Arkadelphia, AR 71923.

Fairchlld Camera and Instrument Model 7050 DVM.
Heath Model OM-2 oscilloscope. Schematics and manu-
als needed. Lar-y Pearson, 1053 Hilitop Road, Warmins-
ter, PA 18974,

Knight Kit KN 330 AM/FM stereo receiver Serial 950U 060.
Schematic or power transformer data needed. Don Os-
mund, WBILWN, 533 Brainerd Avenue, Libertyville, IL
60048.

Polycom Modei 2 transceiver, Crown Telephone Valet
Model CTA-4400 K-85. Instruction books and/or schema-
tics. lan G. Tervet, Rte. 1, Box 45B, Littierock, CA 93543.

Texas Instruments Model TI-3500 alculator. Schematic
needed. Jim Walton, 1711 N. Mills Ave., Orlando, FL
32803.

U.S. Navy Model RBB-1 receiver covering 0.5 to 9 MHz,
built by RCA. Need schematic, any other information, and
a source for the male power connector. Warren E. Green-
berg. 145 Cottage Rd., Roxbury, MA 02132,

Lafayette Model KT-208 signal generator. Need audio
choke or substitute information, or a detective unit for
parts. Echo-Zonlc Model 109-B echo and reverb unit.
Need schematic and set-up info. Paco T-60 tube tester.
Meter needed. RAC tune-up meter. Need type numbers
for aill semiconductors. Nicholas I. Oshana, Jr., 141 Trol-
ley Crossing Lane, Middletown, CT 06457.

Philco Model UN-2620-WH 15-inch B&W portable TV.
Schematic, parts list, pc board artwork, and any other
info. Michael S. Toth, Rt. 2, Box 40-A, Federaisburg, MD
21632.

Hallicrafters HT-6 transmitter. Need oscillator and power
amplifier coils, or sufficient data to homebrew them.
Craig Hinton, 5004 Amy Circle, Omaha, NB 68137.

Hallicrafters Model SX28 Super Skyrider. Schematic
diagram needed. Kenneth Hughes, 4984 Connaught Ave.,
Montreal, P.Q., Canada H4V 1X3.

Precise Model 300 oscilloscope. Schematic, instructions,
and/or service manual needed. Daniel Evans, Box 4227,
Huachuca City, AZ 85616.

Chicage Coin Co. "Playtime’ pinball machine model 363
300. Schematic needed. M. Hunt, Cedar Hills, R.D. 3,
Cambridge, OH 43725.

Answer to Quiz on p 71.
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Consumer Tested Remedy for Sick Car Performance
Sparks New Life in Pre-1975 Cars.

Owners of pre-1975 cars get better
performance with less maintenance
when they install one of the Mark Ten
C.D. Electronic Ignition Systems. In
fact, thousands of users testify the
Mark Ten has noticeably improved their
automobile’s performance. As a
California doctor stated after using the
Mark Ten for 95,000 miles. “...l can
‘feel’ the difference in performance
between my conventional
ignition and the
Mark Ten..."

OCTOBER 1976

Mark Ten Systems* spark each
plug with 50,000 to 60,000 volts in
secondary output compared to a mere
25,000 volts in standard and most
pointless systems. This means dramatic
increases in acceleration and general
engine performance, and substantial
increases in gasoline mileage. Points
will last the lifetime of the rubbing
block. Spark plug life is extended three
to ten times due to the hot spark
generated by the Mark Tens, which
eliminates fouling and cleans dirty plugs.
And the Mark Ten Systems virtually
eliminate at least 2 out of 3 tuneups!
Look at what Delta Customer P.S. from
New York wrote, “...| might add that
| had another unit of yours that has
been on three cars so far. Each of the
cars was driven about 50,000 miles
before it was
turned in. Not one
of the cars ever
had a new set of
points, new
plugs or a
tune-up.

i g,
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Now its on the fourth car with 20,000
miles on it and going strong.”
The result? BIG SAVINGS!

Send today for your copy of the
new Delta brochure and learn how a
Mark Ten System can spark your car
into new life.

*Only Delta Products offers a full line
of C.D. ignitions: The Mark Ten and
Mark Ten B, available assembled or in
kit form; and the Mark Ten C,
assembled only.

" \[DELTA PRODUCTS, INC. |

P.O. Box 1147
Grand Junction, Colo. 81501
(303) 242-9000 Dept. PE

| want to know more about Mark Ten CDI's. |

Send me complete no-nonsense information on

how they can improve the performance of my car. |
I

Name

Address

State ____Zip




PROFESSIONAL
DISCOUNTS

Texas Instruments
electronic calculator

SR-50A ... §47.95 Bus. Anst § 44.95
SR-51A... 62.95 SR-52 ... 229.95
SR-56 .... 89.95 PC-100 .. 229.95
Librarles .. 26.00 2550-11 ..
T-30..... 22,85 TI-5050M

00m/||s

Advanced Scientific 500
Financial 6 Memory 600 . ..
Business 625

HEWLETT@PACKARD (No credit cards)

HP-21 5y pjemice §$ 7100 HP-27.......... $175.00
HP-22 .......... 145.00 HP-67 ..... 395.00
HP-25 .. 127.60  HP-25C 175.00

NOVUS 7~ NATIONAL
SEMICONDUCTOR

Mathematician 4510 (2 min.) §17.88
Scientist 4520 29.95
Scientist PR 4525 . 54.95
Financier 6020 . 26.45
Financier PR 6025 . . 54.95
Statisticlan PR 6035 . . 54.95
NS-4640 = ab.oa - akd . i 54.95
CREDIT CARD BUYERS CALL
(800( 421-0367 (other than Calif.)
In California call (213) 370-5795 or
SEND CHECK OR MONEY ORDER;
IN CALIF, ADD 6% sales tax. WE SHIP UPS AIR.

ADD $2.50 min. shipping charge U.S. only.
$4.00 for SR-52, PC-100

CIAPIISEES

BETTER susmsss PRODUCTS

16611 HAWTHORNEBLVD LAWNDALE, CA 90260
(213) 370-5795
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with your
business card
or send $1.00

Catalog

64 Pages of News about the
Amazing Technological Break-
throughs in the Mini-Micro
Computer Field!

Catalog includes:

* Reproductions of manufact-
urers complete catalogs in-
ciuding IMSA I's—normally $1.00

o Articles and news on Mini-Micro
Computers

* $2.00 Gift Certificate
» Includes all this and more!

Catalog offers items like:

» $289 complete Computer System
for home use Not a kit!

» Thorough Home Study Course on
How to Computer Program. In-
cludes text books and computer!

» Low cost New and Used Peripherals

o Many more items|

Send $1.00 now (refundable on first order)
or Free with Business Card!

Newman Computer Exchange
3960 Varsity Drive, Dept. 19
Ann Arbor, Michigan 48104

CIRi .44
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Electfonics Library

RADIO CONTROL FOR MODELS
by R. Warring

Model planes, boats, cars, and helicopters
that can be controlled by radio are
examined in this book, along with the
methods and systems that can be
employed. Although schematic diagrams
are included, the emphasis is on ‘black
box' units that can be bought or buiit.
Basic radio concepts and single-channel
systems are covered; after which multi-
channel systems are introduced. Other as-
pects of RC modeling, such as engines,
wiring, workshop techniques, and bat-
teries are developed.

Published by Tab Books, Blue Ridge Sum-
mit, PA 17214. 350 pages. $6.95 soft cover,
$9.95 hard cover.

| 99 WAYS TO KNOW AND USE YOUR

ELECTRONIC CALCULATOR
by Louis Frenzel, Jr.

The two principal areas covered by this
book are determining your calculator
needs, and how to use a “‘four banger" to
calculate other mathematical functions.
Among these are reciprocals, roots,
logarithms, and trigonometric, statistical,
and probability functions.

Published by Howard W. Sams & Co., 4300
W. 62nd St., Indianapolis, IN 46206. 192
pages. $5.95 soft cover.

TUNE IN THE WORLD WITH HAM RADIO
by the ARRL Staff

This beginner's information package con-
sists of a guidebook, a tape cassette, and a
call-section map of the United States. The
three comprise a complete course in basic
radio theory, FCC Rules and Regulations,
and Morse code at a level that wilt enable
the reader to pass the Novice Class license
tests. The 134-page, 8%" x 11" guidebook
includes much of the ""human interest" as-
pect of Amateur Radio and covers radio
theory, equipment selection and the pro-
cess of getting on the air after a license is
recieved. The one-hour cassette has an in-
troduction by media personality Jean
Shepherd, K20RS, and a course in Morse
code. A full-color 22" x 34" wall map in-
cludes a checklist to measure progress to-
ward the Worked All States Award. Pub-
lished by The American Radio Relay
League, 225 Main Street, Newington, CT
06111. $7.00 (U.S. and Possessions).

AmericanRadioHistorv.Com

The quick
charge iron

with 16
different
quick change

tips.

ISORTIP-
QUICK CHARGE
Cordless
Soldering Iron
completely
recharges in
3%2-4 hours.
Low voltage,
battery powered
ground free
isolated tip
design.

16 snap-in tips
to fit any job
plus a PC
Drill.

WAHL CLIPPER CORPORATION

ORIGINATORS OF PRACTICAL CORDLESS SOLDERING
o Sterling, illinois 61081 e {815) 625-6525
“Manufacturing Excellence Since 1919
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*EFFICIENT ENGINE PERFORMANCE
*REDUCED MAINTENANCE EXPENSE
*1 YEAR GUARANTEE OF PRODUCTS

For those who need maximum firing potential ,
Labtronics offers the Multiple Restrike Ignition.
The system produces a high energy repetitive
spark on each power stroke which insures the
greatest statistical chance for proper ignition.
Dependable system triggering from breaker-
points, magnetic pick-ups or the extremely
accurate '13A1-xx' infrared triggering unit.
Order your system and enjoy the economy and
peak performance of an efficient engine.

LABTRONICS, INCORPORATED

3835 HILLSIOE DRIVE ® YRSILANTI, MICHIGAN 46197

MULTIPLE RESTRIKE SYSTEM

] Model Vi Programmable Duration $79.95
[1 Mode! VI-8  Flxed Burst Duration $59.95
[] Model VI-C  Complete Optlcal System  $79.95
HIGH ENERGY SYSTEM (Single Strike)

] Model V Points Trlggering System $29.95
1] Model V-C  Complete Optical System  $47.95
TRIGGERING UNITS

f1 13A1-xx Optical Trigger Unit $24.95
[} 61298 Magnetic Amplifier $ 4.95
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Experimenter’s
Corner

By Forrest M. Mims

HIGH-VOLTAGE DC/DC CONVERTERS

N THIS day of low-voltage semicon-

ductor circuits that are often
battery-powered, electronics ex-
perimenters rarely use more than 10 or
15 volts for their projects. But, al-
though vacuum-tube projects are be-
comingly increasingly rare, there are
still many requirements for high volt-
ages in modern circuits. For example,
neon lamps require 60 to 70 volts,
semiconductor laser pulse power
supplies require up to severalhundred
volits, and xenon flash tubes require
several hundred discharge volts and
several kilovolts of trigger potential.
Other high voltage components in-
clude photomultiplier tubes, helium-
neon laser tubes, and image convert-
ers.

Some of the more exotic compo-
nents that require a high operating po-
tential are far too expensive for the
average hobbyist, but many HV com-
ponents are readily available. Adver-
tisers in this magazine regularly offer
such goodies as neon glow lamps,
laser tubes, laser diodes, Panaplex™
displays, and assorted HV capacitors,
SCR’s, triacs, and rectifiers.

Several different circuits can be
used to generate the high voltages re-
quired by these and other compo-
nents. The most common up-

Qlee &~
|l_ __/J\é\f/"\.;__‘____/
74 G
*RAQIC SHACK 275-/376
(orR £Q UIVALENT)

MHIGH VOL TAGE

Fig. 1. Simple dclde converter.
OCTOBER 1976

converters are powered by household
line current. This, of course, poses a
safety problem in addition to the HV
output and limits portability to the
length of the power cord. For this
reason miniature solid-state dc-to-dc
voltage converters that operate from
low-voltage batteries are very popular
with both engineers and experiment-
ers who require a high-voltage power

supply.

Dc-to-dc Converters. Let's ex-
amine two very simple dc-to-dc con-
verters that can be used in low-
current, high-voltage applications.
The first circuit, shown in Fig. 1, is
ultra-simple and illustrates the
miniaturization potential of a solid-
state high-voltage power supply.

The circuit is a modified Hartley os-
cillator that uses an ordinary audio
input transformer for the inductor.
The low-impedance, center-tapped
secondary supplies the feedback re-
quired to start and maintain oscilla-
tion. The pulses generated by the os-
cillator pass through the secondary
winding, where they are inductively
coupled into the primary. The trans-
former steps up the input from a few
volts of steady dc to several hundred
volts of rapidly pulsating current.

To give some idea of the perform-
ance of this potent circuit, here's a
table of the outputs | measured for a
range of input voltages:

Input (voits) Output (volts)

0.5 1
1.0 200
2.0 440
3.0 625
4.0 800
5.0 900
6.0 1000

These potentials were measured
under open-circuit conditions. When
the converter is connected to an out-
put device, the subsequent load will
reduce the output volitage. Neverthe-
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Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

Earn Your

DEGREE

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

The Grantham electronics degree program
begins with basics, leads first to the A.S.E.T.
degree, 2nd then continues through the B.S.E.E.
degree level. Our free bulletin gives complete
details of the program itself, the degrees award-
ed, the requirements for each degree, and how
to enroll. Write or phone (no collect calls please)
and ask for BULLETIN E-76.

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

® Telephone (213) 477-1901 @

Worldwide Career Training thru Home Study
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SAVE! |

MONEY e TIME o FREIGHT

QUALITY STEREO EQUIPMENT
&AT LOWEST PRICES,

YOUR REQUEST FOR QUOTA-
TION RETURNED SAME DAY,
FACTORY SEALED CARTONS—
GUARANTEED AND INSURED.

SAVE ON NAME BRANDS LIKE:

A.D.C. KLH
A.R. SHURE
DYNACO KOSS
SONY FISHER

PIONEER
AND MORE THAN 50 OTHERS
BUY THE MODERN WAY
BY MAIL—FROM

illinois audio

Department 217S

12 East Delaware
107

Chicago, Illinois 60611
312-664-0020
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ACoipletelyPortable,
Polytonic Synthesizer System
For Under $140.22

CONJURE IT UP FROM:

THE GNOME MICRO-SYNTHESIZER kit
no.3740...$48.95'.\i.';-4 tbs. shipping

OZ ~MINIFORGAN & POLYTONIC PITCH SOURCE
kit n0.3760...884.95...# 12 ibs. shipping

Hear them on our 24 hr. Demo-Line (405)843-7396
and get our FREE CATALOG with more

MagicalMasical kits

FROM:

Y ELECTRONICS DEPT. 10 - p
1020 WEST WILSHIRE BLVD.
OKLAHOMA CITY, OK 73116 .J
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SAVE ON

Brand Name Audio

Gnmpunents

Write Today for Our
FREE Audio Catalog

DIXIE is one of the oldest and largest audio compo-
nent mail order houses in the country. Our prices on
brand name components are actually LOWER than

“Discounters”. See our new catalog or call us for 8
price quote. Everything shipped factory-sealed with
full manufacturer’s warranty.

MARANTZ

DIXIE HI-FIDELITY

5600 Second St., N. E., Washington, D. C. 20011
Phone: 1-202.635-4900

Piease rush me your FREE Audio Catalog and
tnere is no

obligation,

Name
Address _
City

less, the performance of the circuit is
quite impressive. Incidentally, with the
componentvalues specified, the oscil-
lator frequency ranged from 344 to
574 Hz over the range of input volt-
ages. The pulse width was a relatively
constant 150 us.

The current output of this circuit is
minuscule, but it can easity ionize a
neon lamp or power a semiconducior
laser power supply. It can also operate
the simple neon-lamp relaxation oscil-
lator shown in Fig. 2. This circuit will
flash about once a second with the
component values shown. In opera-
tion, C7 charges through R7 until the
breakdown voltage of /7 is reached.
When /7 fires, C7 discharges through
/1, and the cycle repeats. Diode D7
keeps C7 from discharging back
through the transformer winding.

A single 1.5-volt cell will provide
enough power when using the dc-to-
dc converter to operate neon lamps.
Since a neon lamp requires 60 to 70
volts for operation, this provides an
impressive demonstration of the cir-
cuit’s high-voltage capability.

The current drain of the Fig. 1 circuit
connected to the neon flasherin Fig. 2
is fairly low. The circuit draws 12.3 mA
from a fresh D cell at 1.5 volts, 8.3 mA
from a fully charged 1.2-volt nickel-
cadmium cell, and only 6.8 mA from a
1-volt source.

The simple circuit in Fig. 1 is typical
of most dc-to-dc converters in that the
transformer plays an active role in
both the oscillator and HV sections of
the circuit. Dc-to-dc converters can
also be designed so that the trans-
former functions strictly as a voltage
converter. One possibility is shown in
Fig. 3, where a unijunction transistor
oscillator is connected to a high-
turns-ratio input transformer like the
one used in Fig. 1. The oscillator pro-
duces a series of fast risetime pulses
each time C7 discharges through the
emitter-to-B1 junction of Q7. The
pulses are passed through the low-
impedance winding of the transformer

70

A GH VOLTAGE
SurPPLY

Fig. 2. Neon relaxation oscillator.
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NEW CATALOG OF
HARD-TO-FIND
PRECISIONTOOLS

Jensen’s new 128-page catalog is jam-
packed with more than 2800 quality
items. Your single source for hard-to-
find precision tools used by electronic
technicians, scientists, engineers, in-
strument mechanics, schools, labora-
tories and government agencies. This
wanted catalog also contains Jensen’s
world-famous line of more than 40 tool
kits. Plus 10 pages of useful “Tool Tips”
to aid in tool selection. Send for your
free copy today!

JENSEN TOOLS and ALLOYS
4117 N. &41h Street, Phoenix, Arizone 85018
4 BLISS & LAUGHLIN industry ©
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THE @

VOLKSMETER +
NEW! LM-3.5

With Rechargeable
Batteries & Charger Unit.

$147

e 3-1/2 digits - the LM-3 plus 100% over-range.
® 19 ranges: 4 vdc, 4 vac, 3 dc amps, 3 ac amps
and 5 ohms. ® Automatic polarity with 1% accu-
racy. e Fully protected input. e Small size:
1LO"Hx2.7"Wx3.9"D.

Also - a 1%, 3-digit LM-3 @ $125, a 0.1%, 4-digit
LM-40 @ $190 and a 0, 05%, 4-digit LM-4 @ $227.
See your local distributor!

Distributor inquiries invited.

Non-Linear Systems, Inc.
Originator of the digital voitmeter.

Box N, Del Mar, California 92014

Telephone (714) 755-1134 TWX 910-322-1132
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Now ybu can cook-up
hot programs on your
“8080”

A gourmet's delight of practical “how to
facts, including description of “8080"
instruction set. How to manipulate

“8080" stack. Flow charts. Source
listings. Routines for multiple precision
operation. Programming time delays for
real time applications. Random number
generators. Completely assembled float-
ing point math program. input/output
processing for basic |/O programming

through interrupt processing. Code,
numeric conversion routines. Real time

programming. Search/sort routines.
Plus many more finger-lickin' goodies.

Order your copy of Scelbi's “8080"
Software Gourmet Guide & Cook Book

today! Only $9.95 ppd. Bon appetite!

Y SCELBI (OMPUTER
CONSULTING ING /

1322 Rear Boston Post Road
Miiford, CT 06460 e (203) 874-1573
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Popular Electronics

o INDEX

ANNUAL

Hundreds of references to
subjects, products, equip-
ment, and technical tips
that you know are in the
magazine but can never
find when you want
them—all arranged for fast
easy reference.

Prepared in cooperation
with the magazine editors,
jeach of these handy in-
dexes covers a full year
(12 issues) and is an in-
dispensable companion to
your magazine collection.

s°Y

1972, 73 and 74 indexes also still
available at $1.50 each or $5.50 for
the complete set of four (1972 thru
1975).

POPULAR ELECTRONICS INDEX
Box 2228, Falls Church, Va., 22042

per copy plus
$.25 per or-
der for post-
age and hand-
ling.

OCTOBER 1976
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Fig. 3. UJT dclde converter.

and induced into the high-impedance
winding as high voltage pulses.

Due to the presence of the unijunc-
tion transistor, the circuit in Fig. 3 re-
quires a higher operating voltage (7 to
15 volts) than the circuit in Fig. 1. But
at 10 volts the circuit will operate the
neon flasher in Fig. 2 with a current
drain of only 0.5 mA. This corresponds
to a total power consumption of about
5 mW versus about 18 mW for the pre-
vious circuit.

Conclusion. The two simple dc-to-dc
converters described in this column
are adequate for powering neon
lamps, diode-laser pulse generators,
and other low-current devices. If you
have access to an oscilloscope, you
can watch the output voltages while
tinkering with the values of R7 and C1
in both circuits to optimize the operat-
ing conditions. More powerful
converters are required for many HV
applications, and a subsequent col-
umn will continue this interesting sub-
ject with a couple of additional dc-to-
dc converters.

Meanwhile, try experimenting with
the circuits described here to get ex-
perience. Finally, always use care
when experimenting with any high-
voltage circuit. Small size and low bat-
tery voltage mean little when high
voltage is present! A low-current
shock may not harm you, but the re-
sulting reflex jerk may injure a hand,
arm, or elbow and knock items from
your workbench. A high-current
shock, such as from a charged
capacitor, can be fatal. @
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save on gas!
save on tune-ups!
save on maintenance!

Electronic ignition is "“IN"I
Detroit.

So says

Update your car with either a TIGER
CD or a TIGER | breakerless system.

Enjoy the benefits of better gas mileage,
quicker starting, elimination of tune-ups,
50,000 miles on points and plugs, and
reduced maintenance expenses.

TIGER MAX CD $69.95
TIGER 500 CD 59.95
TIGER SST CD 42.95
SIMPLIKIT CD 31.95
TIGER | 45.95

Postpaid U.S.A. only.

TFi-Star Corporation

Dept. 22, P.O. Box 1727
Grand Junction, Colorado 81501
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ELECTRONICS MARKET PLACE

NON-DISPLAY CLASSIFIED: COMMERCIAL RATE:

For firms or individuals offering commercial products or services, $2.25 per word (Inciuding name and

address). Minimum order $33.75. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount; 5% for 6

months; 10% for 12 months paid in advance. READER RATE: For individuals with
No minimum! Payment must accompany copy. DISPLAY CLASSIFIED: 1"

Advertiser to supply film positives. For frequency rates, please inquire,

GENERAL INFORMATION: First word in all ads set in ca
in their addresses MUST supply publisher with perman
advertise or promote the use of devices for the surreptiti
press after closing date. Closing Date: 1st of the 2nd month preceding cover date (for exam,
POPULAR ELECTRONICS, One Park Avenue, New York, New York 10016, Attention: Hal

Cymes.

a personal item to buy or sell, $1.35 per word (including name and address.)
by 1 column (2-1/4" wide), $260.00. 2" by 1 column, $520.00, 3" by 1 column, $780.00.

ps at no extra charge. All copy subject to publisher's approval. All advertisers using Post Office Boxes
ent address and telephone number before ad can be run. Advertisements will not be published which
ous interception of communications. Ads are not acknowledged. They will appear in first issue to goto
ple, March issue closes January 1st. Send order and remittance to

FOR SALE

FREE! Bargain Catalog—).C.'s, LED's, readouts, fiber
optics, calculators parts & kits, semiconductors, parts.
Poly Paks, Box 842PE, Lynnfield, Mass. 01940,

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

LOWEST Prices Electronic Parts. Confidential Catalog
Free. KNAPP, 3174 8th Ave. S.W,, Largo, Fla. 33540,

ELECTRONIC PARTS, semiconductors, kits, FREE FLYER.
Large catalog $1.00 deposit. BIGELOW ELECTRONICS,
Bluffton, Ohio 45817,

RADIO—T.V, Tubes—36 cents each. Send for free catalog.
Cornell, 4213 University, San Diego, Calif. 92105,

AMATEUR SCIENTISTS, Electronics Experimenters,
Science Fair Students. .. Construction plans—Complete,
including drawings, schematics, parts list with prices and
sources...Robot Man — Psychedelic shows — Lasers —
Emotion /Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignition — Burgiar Alarm —
Sound Meter...over 60 items. Send 50 cents coin (no
stamps) for complete catalog. Technical Writers Group,
Box 5994, University Station, Raleigh, N.C. 27607.
METERS—Surplus, new, used, panel or portable. Send for
list. Hanchett, Box 5577, Riverside, CA 92507.
MECHANICAL, ELECTRONIC devices catalog 10 cents.
Greatest Values — Lowest Prices. Fertik's, 5249 “D",
Philadelphia, Pa. 19120.

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

UNSCRAMBLERS: Fits any scanner or monitor, easily ad-
justs to all scrambled frequencies. Only 4" square $29.95,
fully guaranteed. Dealer inquiries welcomed. PDQ
Electronics, Box 841, North Little Rock, Arkansas 72115.

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

y DISCOUNT PRICES
B&K, SENCORE, LEADER, RCA
EICO, FLUKE, HICKOK, SIMPSON

Test Equipment
ICC/Servicemaster, RCA and Raytheon Tubes
Complete tine of electronic supplies

Free Catalog
FORDHAM RADIO SUPPLY CO., INC.

855R Conklin St., Farmingdale, N.Y. 11735 (518) 752-0050

[ [
YOU WILL SAVE BIG MONEY! Surplus, Clearouts,
Bankruptcy, Inventory, Deals. Catalog $1 (redeemabla).
ETCOA Electronics, Box 741, Montreal, H3C 2V2. U.S.
inquiries.

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

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

TELEPHONES UNLIMITED, equipment, supplies. Catalog
50 cents. Box 1654E, Costa Mesa, Calif. 92626.

SURPRISE! SURPRISE! Digital Piano Tuning Device tunes
musical instruments Accurately! Perfectly! Inexpensively!
Construction-Instruction-Plans Complete $12.95 Airmailed
Postpaid! Moonlighting quickly repays $40 electronics in-
vestment! GBS, Box 100P, Green Bank, West Virginia
24944,

RECONDITIONED Test Equipment. $0.50 for catalog
Walter's Test Equipment, 2697 Nickel, San Pablo, CA
94806.

: Send for your :
information

°
packet today -
which also includes circuit @
functions, component line-up, ®
and accessories. Information @
Packet $1.00 (refundable
N with order). Py
visulex p.0.80x4204P Mountsin View, CA 94040 &
000000000000000000000000000000000
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POLICE, Fire monitors, scanners, crystals, CB
Transceivers, New Crystal-less scanners. Discount priced.
Box 19224, Denver, CO 80219.

TELETYPE EQUIPMENT for sale for beginners and exper-
ienced computer enthusiast. Teletype machines, parts,
supplies. Catalogue $1.00 to: ATLANTIC SALES, 3730
Nautilus Ave., Brookiyn, NY 11224, Tel: (212) 372-0349.

SCIENTIFIC VERSION — Same
as above, plus twelve scientific
functions: sine, cosine; tangent;
and inverse of each; square root;
natural logarithm,.eX; pi: 1X; s¢i-
entific notation; exponential; plus
error and automatic overflow and
underflow.
Stock No. 1950AV
Only $24.95 Ppd.

Built-in recharger pack,
178 X 1%s x He”

has automatic % key . .

WORLD’S SMALLEST
ELECTRONIC
RECHARGEABLE

CALCULATOR..$1935

WITH A MEMORY! .
Does Everything Big Ones Do

Small but mighty! 8-digit, 4-function efectronic calculator even
. for only $19.95. Take it anywhere. Carry it in your pocket or
purse—it's 24 the size of a pack of cigarettes. This 3%-ounce dynamo features fioating
decimal, constant key, lead zero depression, clear entry, more! At Edmund’s low price,
the unit comes with a built-in Ni-Cad rechargeable battery pack that can plug into any A€
outlet. No need for special recharging adapters. Calculator overall is just 2 x 3% x %/1¢"
with pienty of room for most fingers. Another Edmund first with advanced technology-—

Stock No. 1995AV.... Only $19.95 Pps.

g;ﬁi{;:f‘ COMPLETE AND MAIL COUPON NOW
) EDMUND SCIENTIFIC CO. 300 Edscorp Bldg., Barrington, N. 1. 08007
NEW 164 Pages f Send Me:
Over 4,500 Un- b IR g .
- v —— ELECTRONIC CALCULAT
= T e
for Hobbyists, {HSEND FREE —— SCIENTIFIC CALCULATOR(S)
Schools. Industry 164 PG. CATALOG ~AV." #1950 AV H@Asza.ss ea. S
JUST CHECK ; B X% — SPARE RECHARGER PACK(S)
S COUPON! Charge my O American Exp. #30,763AV @$4.95 ¢ea. S,
: '0 BankAmericard O Master Chg.

Interbank No.
Card No.
Expiration Date.

@ EDMUND
SCIENTIFIC CO.
300 EDSCORP BUILDING
Barrington, N. ). 08007

(608) 547-3488
America’s Greatest

fied or return any
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30-DAY MONEY-BACK GUAR-
ANTEE. You must be satis-
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. : : P. 0. BOX 28810-D
- - . DALLAS, TEXAS 75228

4K LOW POWER RAM BOARD KIT

THE WHOLE WORKS

Imsai and Altair 8080 plug in compatible. Uses low power static

21L02—-1 500 ns. RAM’s, which are included. Fully buffered, g
drastically reduced power consumption, on board regulated, all $89 95
sockets and parts included. Premium quality plated thru PC Board. -

8 Digit LED $1,000,000 CALCULATOR PURCHASE!
“METRIC MASTER" We bought the entire stock of a major manufacturer. New, guaranteed units.
s 1 9 9 5 Five functions PLUS complete Metric Conversion' functions. Re-
chargeable batteries. Small, hand held size. With AC charger.
n » e - -
“RAPID MAN — 12 12 Digit —- Desk Top Style. Sturdy design. With memory and four
szg 9 5 complete functions. Big, bright display.
. .
ALARM CLOCK KIT SIX DIGIT LED 60 HZ CRYSTAL TIME BASE —
Thousands of hobbyists have bought and built our originai clock OR DIGITAL CLOCKS s 5 95
kit and were completely satisfied. But we have received many s D SALES EXCLUSIVE!
requests for an alarm clock kit with the same value and quality KIT FEATURES:
that you have come to expect from S.D. So, here it is! A. 60 hz output with accuracy comparable to a digital watch
THE KIT INCLUDES: B. Directly interfaces with all MOS Clock chips
1 Mostek 50252 Alarm Clock Chip C. Super ow power consumption (1.5 Ma typ.)
6 Hewlett Packard .30 in. common cathode readouts D. Uses latest MOS 17 stage divider IC
15 NPN Driver Transistors E. Eliminates forever the problem of AC line glitches
2 Switches for time set F. Perfect for cars, boats, campers, or even for portable clocks
2 Slide Switches for alarm set and enable at ham field days. BUY TWO FOR $10.00!
1 Filter Cap s9 9 5 G. Small size, can be used in exIsting enclosures.
4 IN4002 Rectifiers a KIT INCLUDES CRYSTAL, DIVIDER IC, PC BOARD PLUS ALL
i IONIQ%)? Dg)de OTHER NECESS5ARY PARTS AND SPECS.
. sc Cap
15 Resistors o
1 Speaker for atarm . F"&B — $3.00 7400 — 19¢ 7T4}'L_I_N1TEGRATED CIRCUITS 74153 — 75¢
v Al (e ) T ieeiel XFMR —$1.50 | 7400719 7439733  J4s0—_asc  7alsa — 1.6
74104 — 29¢ 7437 — 39¢ 7483 — 95¢ 74157 — 75c¢
MOTOROLA RTL IC'S 74504 — 44c 7438 — 39¢ 7485 — 95¢ 74161 — 95¢
Brand new, factory prime. Hard to find, but still used in a variety 7404 — 19c¢ 7440 — 19c¢ 7586 — 45¢ 74164 — 1.10
of projects. (See the RTL Cookbook by FHoward W. Sams. 3 7406 — 29¢ 7447 — 85¢ 7490 — 65¢ 74165 — 1.10
MC724P — MC780P — 89C MC791P — 69¢c | 7408 — 19c¢ 7448 — 85¢ 7492 — 75¢ 74174 — 95¢
MC725P—59c MC785P — 49¢ MC792P — 59¢ | 7410 — 19¢ 7451 — 19¢ 7495 — 75¢ 74181 — 2.50
MC764P — 49¢ MC787P — 89c¢ MC799P — 59¢ | 7411 — 29¢ 7453 — 19¢ 7496 — 89¢ 74191 — 1.25
MC767P — 69c MC788P — 49c¢ MC970P — 89c¢ 7413 —50c¢ 7473 — 39¢ 74121 — 38¢ 74192 — 1.25
MC771P — 49c MC789P — 59c¢ MC9709P — 69c¢ 7420 — 19¢ 7474 — 35¢ 74123 — 65¢ 74193 —  1.00
MC775P — 89c¢ MC790P — 89c¢ MC9760P — 69¢ 7575 — 35¢ 74141 — 75¢ 74195 — 69c¢
““CUBO’’ —DIGITAL ALARM CLOCK CUBE o I S C e
A PERFECT GIFT — NOT A KIT! \ ith P, C. lead Most lar
The CUBO Alarm Clock mfg. by Corvus, division of A yallue for hggbi/lsts s :rggaare
MOSTEK CORP. Originally sold for $49, 95. We bought at up to $1.19 each from fran-
out their entire Invent_pry All new, individually gift chise type electronic parts stores.
boxed. Mini size (ZIII:ZEACTL"IBe) wfth maxi performance. S.D. SPECIAL 4 for $1.
A. 4 Digit H.P, Bright Disp .
B. *'Second Hand"gLED Actlvity Indicator $12 95 oﬁ&'{,’gf"ﬂ}g“ A.?EEEJSM,E!\,'J
C. 24 Hour Alarm; 12 hour real time format rd si i
D. 10 Minute Snooze (Add 75¢ P.&H.) ture and standard sizes, single and __
E. Auto Display Dimming — Adjusts to Ambient Light multi-position units. Al newd =
F. AM/PM Indicator first quality, name bran
G. Power Failure Indicato Try one package and you'll re-
Uses Famous Mostek MK50250 MOS LSI 1C order more. SPECIAL — 12/$1.
o - RESISTOR ASSORTMENT [\%
MOTOROLA POWER DARLINGTON WESTERN DIGITAL UART 1/4 W 5% and 10%. PC leads. .
Back in Stock! No. TR1602B. 40 pin DIP. A good mix of values. 200/$2. bi
Like MJ3001. NPN 80V. 10A. HFE This is a very powerful and popular part.
6000 TYP. TO—3 case. We Include a free NEW — $6.95 with data 745200
lezgp'(; volt reg. with SCh;ITEaéII(;\'LO' ;?lwgegr LIMITED QUANTITY 256 Bit High Speed RAM
) =W Same as 82516
R biFA;ch'hLD BI(% LEDdRIrE‘AD'?UTSN INTEL 1702A 2K$EF9t?SEABLE PROM’'S $3.95
g . inch easy to read character. Now
available In either common anode or com- | WE tell it like Igel\:/ YR GRIE] G S (et 1K PROM BACK IN STOCK!
mon cathode. Take your pick. Super fow | 305 "800 gought aload of new compu% 825129, 256X4. Bipolar, 50 NS,
current drain, only 5 MA per segment typ- gearpthat contained a quantity of 1702A’s FAST. WITH SPECS.
3k YOUR CHOICE: 6 for $7.50 | in sockets. We carefully removed the parts $3.95
FND — 510 Common Anode $1.50ea. | verified tr:lel:(qu'allty& arlwd are otfferlng "f'lm{ s
on one ec of a ea rst come, rs
FND — 503 Common Cathode $1.50ea. | (o yed. satisfaction guaranteed. Seas .
BACK IN STOCK! Hex Tri-State Buffer. Back in stock.
$1.25
UP YOUR COMPUTER!
21L02-1 1K LOW POWER 500 NS STATIC RAM
S OF THEE CALL YOUR BANK AMERICARD OR
And so is pov'ver Not on‘kz are onlu Ré\f}ll s f'?ster than a spezefltrbgzbulielt but they MASTER CHARGE ORDER IN ON OUR
are now ver Oow power. e are ease o offer prime new bl ow power
?rr:d super"fayst kRAMtrf' Alll?nsh¥01?'to STRETCH )?our power supply farther and at ggzgl\l?I‘/E\?;gL UNITED STATES TOLL
e sa me kee e w o H
Mo Mo e w9 : ORI 1-800—527-3460
SALE ON CUT LEAD SEMICONDUCTORS C&K MINI TOGGLE SWITCH Texas Residents Call Collect
Leads were cut for PCB insertion. Still very | No, 7103 SUB MINI| SPDT Center OFF.
useable. AIll new, unused. Some House no. SPECIAL — 99¢ 214/271-0022
IN914/1n4148 . . . . . ... .. ... 100/$ 2.
INgogt fedoniy: tno AL TERWS:
ener. . ... ... 0 A B
E“gsg; gl\F"lF\,l_‘rrranslisttor ......... gg/gi Money Back Guarantee. No COD. Texas S. D. SALES
ransistor . . .. ... .. . {1
2N 3904 NPN Driver Xstr . . . . . . .. 23/81; | Residents add 5% tax. Add 5% of order for P. O. Box 28810- D
2N3392 GE Pre-amp Xstr . . . . .. .. 25,31, | postage and handling. Orders under $10.
C103Y SCR. BO0MA 60V - . + « + - . . 107¢1. | add 75¢. Foreign orders: US Funds ONLY! Dallas, Texas 75228

ORDERS OVER $15. CHOOSE $1. FREE MERCHANDISE
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P.0. Box 4430C Santa Clara, CA 95054
(408) 988-1640

U.S. GOV'T ELECTRONIC SURPLUS

Same day shipment. First line parts only. Factory
tested. Guaranteed money back. Quality iC's and
other components at factory prices.

= Miondly Knn World Fomows  SURPLUS CENTER  offers
fimest, Surplus ic wnits ond
umpormm o l fraction of their original acquisition cost,

300-AMP., 200-VOLT RECTIFIER INTEGRATED CIRCUITS
. pm o, gmam 2ee g 8
(L0LE 235104810 o FOUR, STARVSFLLTALL WEST SN 17 Swrdgem SNZSASICN 20 T4C10 28 ELECTRONICS

INGHOUSE, heavy duty unit. Excellent for use in 12 or

ENGINEERING Outside U.S.A. $12.79

o (ITEM #9-181 ) - - Technical troining ot low costl Lincoln
Engineering School suspended Correspondence Course becouse' of
rising costs. Limited number of Electricol Engineering Courses ore
ovailobie without exoms ond groding services. Consists of fifteen
lesson books, each with ossociated exoms and standord onswers. |

' SN74DAN 19 SN7ALSION 34 SN7S52CN 39 74C20 28
24-volt fost chargers, high current power supply systems, SN7410N 17 SN74LS3BN 39 SN75491 50 74C30 28 DIODES
efc. 3-5/8x 1-3/8. 7/8 stud. ( 1 Ib. SN7414N B3 SNZALSTAN 50 SN754%2 55 74C48 295 IN47IA 27 DISPLAY LEDS
S16Fx 1:31) ( _) SNT416N .34 SNT4ALSTSN 75 SN75494 300 74C74 75 |N4736A 2 Cse CA 270 290
$6.95 List Over $20.00 SN7417N .33 SNTALSSON 110 cmos 74C160 200 |NA739A 27 O oy MAN3 CC 125 39
SNP420N 17 SNPALSSIN 100 Cpasgor 42 TACI92 230 warazA 27 5308 MANEB40
SN7430N .20 SNTALSOSN 189 Cpapot 25 740221 275 |N4T44A 27 :nﬁ"; igg Duat  CC 500 3.50
SNAP-AROUND VOLT-AMMETER SNP43BN 25 SN7ALSIO7N 82 Cpagoz 25 INTERFACE IN4T51A 2y R 4 MANT2 CC 300 1.50
gzzggs ’;’? ?ﬁ;ﬁtﬁ}iﬁ: :gg CD4006 180 NBT25V 220 IN4752A 21 s 330 MAN74 CC 300 150
F e CD4007 5 NET26V  2.00 (N4764A 27 OL704 CC 300 125
 (ITEM #21-1028 ) - - “MINIPROBE”  clomp SNTLAIN 60 SNZLSISIN 140 CDapoB 230 NATZBB 275 N9V 05 pwsae ¥ DL707 CA 300 1.50
type AC ommeter-voltmeter. Small enough to carry g;:wﬁo: ;; g:;:g:;}: ;% CD4010 53 NBI97B 275 IN4148 05 pearin 550 DL727 CA 500 255
in shirt pocket. Will measure 0 to 50-omperes, 0 SN7ATAN 32 SN74LS2%ON 220 Eg:g:; §§ :3;596 z‘;g ;‘?ﬂg"‘i"o‘“’ "‘:O CT7001 580 Er%‘:lgg ge g 2 Sg
to 250-volts. Furnished with test leads. Overall SNTATSN 49 LINEAR Co4013 40 80% 175 21021 220 ;:g;:am :g FND503 OC 500 135
size 4-1/2° x 2-3/4” x 1. (1 Ib. ) List $33.00 SNTATEN 3 ca3oe2 190 CD4014 2.00 8097 .75 21078 8.00 FND510 CA .500 1.35
SNT483N 70 CA3089 275 CD4016 50 8098 175 2112.2 79p MA1002Compiete clock FNDBOO CC 800 2.75
SNTBN 39 [MaotaN 35 CD4017 1.00 gos 125 25138 10,00 Te Tenus e end FND8O7 CA 800 2.75
LM301AH 35 CD4020 135 8T10 450 MM5262 30 ™ Mv5022 69
STANDARD DIAL TELEPHONE g:;:gg: :g LM307N 35 CD4021 2.00 gzo 895 MMs058 220 4 dight, T tunction stop- MV5082 a9
LM308N 8 CD402) 25 8T23 30 watch/timer clrcult, new ~ 5082-7414 40
¢ (ITEM #715 ) - - Some o3 used on commer- SN7493N 49 (M309K 95 CD4p2a 120 8T24 150 2“,‘;3""3”0 g2 National MMS865 8500 Board MCD-2 Opioso 7.50
ciol systems in U.S.A. Use os extension to private SN7496N 75 1M31IH 90 CD4025 32 8125 320 avalable Spec onty. $1.00
SNP4100N 90 yM318 135 CDa02T 55 8728 375 3 850 MICROPROCESSOR KIT
system. Connect several together for local SN74107N 3 (e 1 B i 545 PROM IC SOCKETS Sigrelics SK3000KT1000 A
intercom system. Instructions furnished. SN7412IN 39 {M33eN 155  CD4040 225 8798 245 17024 13.00) ySclGseIn|LJW ETSNi L s myp oo
$8.79  Original Cort $24.50 (9 bs. ) SN741ZIN .59 (MI4K.5 160 CD4042 150 TRANSISTORS N82523 325 PN 1UP PIN TUP (NCEUDES 2,21 RANE
3 g SN74126N 55 (wm343M 425 CD4043 200 2N1302 39 Ne2s123 afog) 118 FLASERd | Je6 4-3002 3825114
SN74145N 89 (maseN 240 CDa04s 200 2Nz22eA 20 N825126 ags H 18K eg) - e Y01 2.9T38
RUNNING TIME METER SNTAISN .95 L M3BON 100 CD4049 62 2N2907 8 RESISTORS 6 20 3% .58 1-745182 186731
l sS:;::?.:: ‘:g (M703H 40  CD4050 62 2N3569 ¥ow 5% in quarities 18 ";; LU 6K t PROM. no PC boarg
» LM700H .28 CD40B6 120 2NISB 25 of 25 pertype Mea NATIONAL SC/MP KIT
© (ITEM #2188 ) - - Record pumher 'of operoting SNT&1SSN .95 |M71ON 65 CD4068 25 2N3790 275 CAYSTALS MICROPROCESSOR Full instruction manual plus
hours of electric lights, electrical devices such os ;S'N;::gm g-‘; LM723N A4 CDA06Y 40 2N3904 25 Ty MHz 450 8080 2250 board and all components
refrigerators, furnoces, etc. Records total hours, SNTAIGEN 135 LMaioH o e D hae | B al 450 8080A 3300 aliding|RAM and |ROSISS800
tenths ond hundredths fo 9,999.99 hours. For  Cost $29.00 SN7AITON 195 741N 2 MMz 425 SpECIAL PR Outs Access Arrengement
115-valts, 60-cycles. 4% x 3" x 2% (2 lbs. ) STAN U L 33 Coars 25 meaz B oM 423 SlooNimemec s | Kbisreo 0w
-volts, 60-cycles. 4% " x 3" x 21" 5. LM1303N CD4075 25 2Naa02 2 Utrasonic 3 y
Y ( $4.39 | SNTAIZSN 80 M1tz 7.50 Cp4078 25 mei03 2 jomi 335 Transcever 750 Encoder HDOW6S'S $7.50
SS:;:::;: ‘-g: LM §5 CD408t 40 2N5163 49 5oy, 390 Ugggﬁ':tiﬂ Flasher/ g0 MISCELLANEOUS
-85 [M3909N 89 CD4082 AS 2N5179 85 g ilator SD6000 125
SPECIAL SALE SNT4298N 165 MC1458V 5 CDash 220 MPSAZD 20 serennz oo B spa11 225
Correspondence 74LS00 TTL NES40L 500 CD4520 280 MPSUIO 25 Cn et o 2 Mviod 95
SN74LSOON .34 NESSON 85 CDas2r 475 MPSeses gs Ate O CONVERTER - BSCOCh Bl .75 NB266B 435
Course In SN74LSOZN 34 NEBSSV a3 CD4s28 150 TIP33A  1.00 16.00 R - NBz34B 225
SNTALSOAN 39 NESSGA 100 CDA585 245 TIP3A 110 moAcoNvema LEOS 12 Volt 300ma
ELECTRICAL Prepaid in U.S.A. $11.79 SN74LS0BN 39 100 45 MDACI00 1200 RedT018 15 uanslormer 125

R/F SWITCH Only g Nota Cheap IC UPDATE
oInstant setection $9.95 W Clock $17.45 MASTER MANUAL

between any two video, Includes everything Complete IC data from
audio or R/F signals. except case. all Manufacturers. 14,000

COSMAC ‘ELF'

Low cost expandable
microcomputer.
Easy tobuild.

*QOver 300,000 in yse. 2-PC boards. 6-.50 LED |} cross references. $30.00
*90 db isolation @ 300 MHz. |l Displays. 5314 clock with update service.
#VSWR 1.1, 75 Ohms. chip transformer, all Limited guantities available
oF Connectors. components and full Domestic Postage. add

Book showing how to build prize-winning Home Experimental
Laboratory Bench included ot no extra cost.

CDP1802 $29.50

All other parts including
COSMAC user manual
available at reasonable cost.

ALL ITEMS SHIPPED F.0.B. LINCOLN, NEBR.

(3 Order Direct From Ad — — Send For FREE Cotalog +Reliable, one moving part. [ Instructions. $2.00, Foreign, $6.00
Py SURPLUS CENTER TERMS: $5.00 min. order U.S. funds FREE: Send for your copy of our 1976
@ oert. PE-106 ERCOIANERRE60308 Calif. residents add 6% tax. QUEST CATALOG. Include .13¢ stamp.

CIRCLE NO. 54 ON FREE INFORMATION CARD

CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concernlng terms, frequency discounts. closing dates. etc.

DELTA

DELTA ELECTRONICS CO. ’ : 3 a -
P.0. BOX 2. AMESBURY, MASS, 01913 | | p 7 8 _ 9 10
LINCOLN CONTINENTAL " 2 B 14 3
16 17 18 0 -

CAR RADIO - ’ - : ;
% 7 = = -

p= 31 32 e = 5

WORD COUNT: 15 WORD MINIMUM. Include name and address. Name of city (Des Moines) or of state (New York) counts as one word each. Zip
Code numbers nol counted. (Publisher reserves righl to omit Zip Code if space does not permit) Count each abbreviation, inltial. single figure or
group of figures or letters as a word. Symbols such as 35mm. COD, PO, AC. etc. count as one word. Hyphenaled words count as two words. Tele-
phone numbers count as one word

Brand

new AM Words $2.25 (Commercial Rate) $1.35 (Reader Rate)
car radios

made for Lincoln Continentals, These O Paymentof § enclosed for Insertion(s)

rugged solid state sets feature push button
tuning, a heafty output stage, built-in

CHARGE: [J American Express [J BankAmericard [J Master Charge [J Diners Club

fader control for front & rear speakers, for insertion(s). You will be billed monthly.
and lighted dial. 100% guaranteed. 3’
x 7%"” x 8% D. Shipping weight 7 Ibs, Account # Expiration Date

NO. P5443 $16.95 ea, 2/32.00
SWITCHCRAFT P.B. SWITCH

Master Charge Interbank # (4 cigits above name)
SIGNATURE MUST BE PROVIDED BELOW

PRINT NAME
Versatile series 7000. 6

buttons, 5 interlocked, ADDRESS = b
1 momentary release, .
s ; 12 contact sets: 6 SPST ClTY STATE I [
N.O,, 3 SPDT 3 DPDT, all 3 amp. May be SIGNATURE - PE-1076 i
arranged in any order, %'’ squareblack | . :
buttons. 5%’ mounting centers, 3%’ deep. — - e ——— Rl o o el Sy D -t e A i
List over $30. With lock out bar, 2 Ibs. OP-AMP POWER—Amazing DC/DC Converter kit enables ~ DESCRAMBLERS: Several Professional Models that work
STK NO P6408 $2.50 ea, 3/6.00 you to get dual 15 V.D.C. outputs using a single 6.3 or 12.6 with all Scanners. Tone Encoders/Decoders, Scanmate,
L volt filament transformer. Can also be powered by a 6or 12 AAPP, Radar Detectors, Big Ears, Alarms. Books, Kits.
Send for latest free catalog, Minimum volt battery. Send $4.95 to: J.S. Technology. P.O. Box 253  parts. Catalog 25 cents: KRYSTAL KITS, Box 445, Benton-

order $5, phone orders welcome: (617) Union. NJ 07083. ville, Ark. 72712.
388-4705. Include sufficient postage; SEMICONDUCTOR AND PARTS Catalogue. $1.00 refund-  WHOLESALE C.B.. Scanners. Antennas, Catalog 25 cents

excess refunded. Bank AmeriCard &// able, from the semiconductor specialists. J & J Electron- Crystals: Special cut, $4.95, Monitor $3.95. Send make.

Mastercharge welcome, ALL numbers . . N ;
p T ics, Box 1437P, Winnipeg, Manitoba, Canada. U.S. model, frequency. G. Enterprises. Box 461P, Clearfleld, UT
needed for processing. Min. charge $165. inquirles. 84015,
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THE KING OF ALTAJ
25,50

6-DIGIT ALARM CLOCK
THE KING FEATURES:
11 B digit , 12 hr_ GO evele or 24 hr
50 eycie alarm clock
2 Time sharing capabitity_for dis-
play of additional lnformation
Single 12v. supply and a mini-
mum of interface components.
4 AMPM and avtamatic power faik
rgfheatore,
10 minute

Add 10% lor Shipping
Kit No. 70250-1R {red readauts)
Kit No. 70250-1G {Green readouts)
Kit No, 70250-1Y (Yellow readouts}
KitNo. 70250-2R {DL727 readouts] .5 in. $29.50

2

Kit No. 70260-3R (FNDBO7 readouts} 8 1n.$34.50 61  tntensity cantrol of LEDs,
Al kits include PC Boards, T . case, anc manual
rewarrTE A

THE KING'S HAREM

FATIMA a-oiciT TeEmp. KIT
g 2495

Features 4 digit temperature display; farenheit ar centigrade; @ @ @
complete C-Mos application: uses 7002 & digil counter.

Kit includes all companents, PC Board and instructions tor Tntertacing

with THE KING 6.digit atarm clnck,  Addition Number 1

DELIL A apPLIANCE STARTER

{Example} Set your alarm for 7° am._ set timer
for 15 min. At exactly 7: am.. the apphance
will sart; a1 7:t5 your clock alarm wall wake
vou

$9.95

KIt inciudes all components, PC Board and Instructions for Interfacing with THE KING
B-digit alarm clock. Addition Number 2

TANYA

ADDITIONAL FEATURES
1.) Low Power Consumption
2)) Directly Interfaces with King MOS Clock Chip.
} 60 Hz output with erystal time base accuracy
4.} Irteat for Cars, Boats, & Campaers.

B0 HZ CRYSTAL TIME BASE

*5.95

Kit includes all companents, PC Board and Instructions for interfacing with THE KING
&Dngit Alarm Clock.  Additian Number 3.

FND 70 pDL7a7

RED. ,25 in. Char.

15mA per segment

Common Cathode.
$1.25

One of our best readouts

§ in. high, 20mA per

segment, Common anode.
s2.18

ND 807 ANOCE
ND 800 CATHODE

BURROUGHS
2 oIGIT

E
£

New .5 bn. display
by Fairchilde

8 in. igh. The Best
Common Cathode

on the market, Ideal

for large readout .25 in high orange

ENDS5O3 avotication $895 i 160v de
180 Free socket, 5260
/8750 LEOS
Mini red A2
Jumbo red 15
Jumha green

2
35| DlLaal

fyou ' 1m
array of displays.
we have it. Com
man cathode.

S

Jumbo yellow

Fully muluplexed common cathode,
Goldplated. Idea foe mini 6 digit
clock s1.30

T

TTL

MEMOREX computer boards with TTL's Diodes

GE TRANSISTOR ASSORTMENT
098 cased Darling., SCRs,

T
NPN.PNP, ect.
% 50 for $1.50

BOARDOS

and Transistors, ete.

S Boards containing 150.250 IC's 100 lor $2.50
$4.50 300 for $5 00
LSl inTecraTIiON
MM5JIE 4.6 digit alarm clock 40 pin dip w/spec......... $ 425
7002 4 dig counter/latch decoder: 7 segment and
BCD outputs. 28 pin dip w/spec. $12.50
7005 4 digit counter/latch decoder: 7 segment output
only. 24 pin dip w s 9.50
7007 4 digit counter/latch decoder with BCO output
only. 16 pin dip w/spec...... s 7.00
- 250 4.6 digit alarm clock 28 pin dip wispec $ 650
. Pc Bnald 10r70250..... $ 425
4 digit non-muttipiexed radio alarm elock
featuring direct drive mwlw output 40
S 0 wispec... $4.50
1 £C Bosrd tor $ 375
% 8 bit parallel CPU. - $19.50
b oz 1K static RAM for 8008 . $ 225
MM5203 - 2K Y craseable PROM. 81225
segment driver s 03
75492 dugit driver S 045
@ 7020 6 function calcuator chip with direct
segment drive. 8 diglt.. 5225
‘!! i
74150 - 80 | acoo . .24 4018 149 4037 450
3‘:8'; 3: ;:25 3? 74|ga ‘94 | ao01 - 24 4019 59 4040 -1.59
7004 21 7473 .42 14154 100 | apop - 24 4020 159 4041 . .89
7406 29 747 .42 74161 104 | so06 149 4021 149 4042 - .79
7408 21 7475 .70 74163 .1.24 | 4007 24 4022 119 4043 - 8O
Iato . 21 7476 44 14164 104 4008 115 4023 - 24 4044 - 59
7413 54 7483 o0 14165 154 4009 - 59 4024 ~ 99 4047 - 59
7420 .21 7483 260 14174132 ] 4010 - 55 4025 24 4049 . 59
2021 79 28 745 144 | a0 24 a7 B9 1050 59
Ja30 3 14, 74 4181 280 | 4012 24 028 - 99 -89
7437 aa 2192 80 74192 130 s013 - B8 a029 139 nu,z 2
743 39 1983 80 74153 430 | s014 149 4030 - 49 2
Tazo .21 ;:gg -gg 74195 - 84 4015 119 4030 328 74(:|u7 -1.28
% 4016 .59 X
Tz ke oA a017 19 4038 139
7447 94 74123 - 8O

a4&6 DIGIT
PC BOARDS

PC Boxd for 4 dugt iplay FND BOO or 807

PC Bosrd for § diat dioisy FND 800 or 807

PC Bouwo for 4 0ugit dispiay MAN series o+ DL707
#C Bourd tor 6 dit dipiay MAN series or DLTOY
PC Board for 4 thgn driptay FNDSC3

PC Bourd tor 6 diat driplay DLT2T
PC Board for & drgi dusglay FNDIO
Al PC diwley boar are mulliplesed tor adding sodilional digils.

&
&

INS

will expand
at 8 surdrisin
The heart of

MODULAR SCIENTIFIC

TRUMENTATION

Now you can build some of the most advanced digital glectronic Instry-
ments with our new series of low-cost modular selentific kits. These kit

the range of your electronle applications enormously--and all
gly low cost.
the system is our 4-digit Decade Counter {Kit 012) which

teatuses a full 4-digit LED readout {you choose the size best suited to your

applicatbon},

Frequency

I

4-DIGIT DECADE
OUNTER KIT

$19.5°

KIT O01a

measuring complex waveforms. Measures from

01Hz to 35MHz when used with Kib 013
Qne chip 4 digit decade counter

K31, with both 7 segment and BCD

cutput

1. Chip teatures internal oscillator
for scanning speed.

2 Overflow and count extent aut
puts,

3 Teanster, reset, count, blanking
and true co‘“nllmenlconuol in-
puts,

£.PC Boarch 2an be cascaded 1o
81216, ew. digis.

5. Kit includes counter chip, drive
circutt for 4 cathode type
plays and PC Board. (For read-
out board see (FND70-FND503)

-1\ KITO17 Dvm

TIME BASES

1 Mnz crystal chain time base divider. Outputs;
TMh2-100Khz- 10Khz-1Khz-100Hz- 10Hz- 1H2-0.1Hz.
Accuracy better than .005% with proper adjustment.

Kit 013 complete CMos with PC board 2575
Butfer Circuit for TTL Interfacing
Kl #14 Same as Kit 013, but with TTL........ $13.75

Kit015 S0Mz or BOHz chain lime base using line
trequence as reference, Accuracy 0 1-0.06%. Outputs
10Hz-1H2-0. 1Hz. Compleu with CMos shlplm; cis

cult and PC Board.. $9.78

Kit D19 Same as Kit 015; but with TTL and 80Hz
only $1.7%

Kit D18 60Hz chain time base using line frequance
tor Kit 020 RPM counter.

MS

“Outpuiss 6 sec. » 1001h of RPM
& sec.® 10th of RPM

60 sec = full revolution 58.75

RPM Counter...

®IT 018 FREQ. COUNTER
Features FET input fron® end with tigger cicuit for

10MHz when used with Kit 015 or 019. Measures from

1.999V a5 basic, with polarity isfication.
impedance and accursey to 1% If property adjusted

cLuB

Combine this with 8 S-volt requlated power supply {Kit 0301

and you have the basis of a wide range of sophisticated electronle instru-
ments, including:
A Digital Voltmeter {DVM} .. Kit 012 + Xt 030 + Kit 017

. Kit 012 + Kit 030 + Kit 016 #Time Base
_. Kt 012 +Kit 030 + Kit 020 « K[t 018

Counter.

0.1Hz o

and 014,

KIT O30 PDWER SUPPLY

“input voliage: 25V max. *Qulput current: 1 amp max,
“Losd requiation: SOmV. “Oulput voMtage: 5V. Line
regulation: .01%. {requires 8-20V transformer

$4.56

[Contains 2l parts except transtormer}

t M ohm input

$16.50

KIT 020 RPM COUNTER

Counts from 1 to 100,000 RPM. RPM counter kit contams
components and PC board.

Send lor your membershap card 10 the Modular
Scientific {nstrumentation Club and receive 3
big 10% of on future surchases of MS.1. kits.
Send $3.00 with your name and address We
will promptly send your very own registered
membership card. Don't miss out on the
savings. Write now.

Membershios valid for one yesr from date ol segistrat

AC-E 208
Part No. 923332 p
! 28 - Add 10% for Sripping é @
FEATURES:

Durect drive dsplay outputs: *
control on chrg. *
alarm, * independent digit setting.
wranslormer fo- Kit No. 1

Write bor our FREE Brochure

Current

AF( eliminating slowuu circuitry, * Sleep Radio feature,
* Non multiplexed outout circultey. 12VAC CT 1/2 amp

e 4-DIGIT ALARM CLOCK

1T N2

513,55

{wath PC Board)

CONIOl requiation on chip. * Low power brightness

* 24 br. snooze

$200

'KIT NO 2

arain case and
readouts

KIT N3

* Components far Kit No. 2 of Xit No. 3 sl

7 LINEARS

NIREARANE
f-*:]. HTS"
e ha R

MUSIC 60 WATT COLOR ORGAN it it 4

8038 Funetional generator

RCA 3043 FM If, Aud Preamp,
Completely self contained unit with 565 Phase Lock Lowp
120 volt power cord inciuded. 587V Tane Decoder

LM723 Pos Volt. Reg,

LM309 5. | amp Reg™

LM380 2w. Audio Amp. 8 pin dig.
LM741 Operational Amp.

®Q

@ * Call Your Bank Americard or Master Charge Order in on our
Continental United States Toll Free Watts: 1-800-527-4553.

*Watts Line for Placing Orders Only!

$2.00

Qr_Om==nO
¥8SRERIRA

ALTAJ
& ELECTRUMICS
& P.0.BOX 38544 . Dalles, Texms 75238
ey

Teras Rendenis Add 5%

%

Compiete kit with comporrents, PC Board, Transtormer, wood
filter for display window.

Inctudes 26 in.
2150 g

Complete kit with comparents, PC Board, Transformer, woad
ain case, ar filter for dimilay window. Inciudes 8 inch read
outs.

sE22.50

eeps radvo feature. acd $.95 Add 10% for Shiiping

TRANSISTDRS DIDDES

RCA200V 1 |5W T05 NPN 1.25

GE 040C] NP! 025

SNAaa 350 a003A T0220 068

2N2222 NPN Gen Ampl 0.20

2N3903 NPN Driver 0.15

2N3906 PNP Compt. 2N3804  0.15

/ 2N4400 NPN Low level noise 020

2N54D1 PNP Nixse driver 025

y 1NA004 400PIV 15 for 1.00

1Na007 4000”1V 10 for 1.00

1N746 3.3 Zen. 4 for 1.00

1N4148 Switch 20 for 1.00
LGOK!

From Altaj to you, a specual otler

Power Supply Kit: 5 Voit 1 Amp. Req.,
Line regulation .005%
Load regulation 50mv

Kt includes Components, PC Board, Transt.,
Fuse, Pitot Leght
Nothing else to buy: $6.50
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Poly Pak’s EXCLUSIVE i7::: syl T . S .

S =y e N RS

LK
a7 e Mhaly

100’ S OF BARRELS PURCHASED! TEST 'EM YOURSELF 'N SAVE!

throughout the United States buy
from various factories . . . their ovar-
runs in barrels. Poly Pak has dane
the same. Therefore you getting

S;yo »

IT'S REVOLUTIONARY!

TOUCH TONE
ENCODER KIT*

g

1.25M, 2-meter and 6-meter amateur radio operators,
if your rig is mobile, convert it easily to a mobile
telephone statlon and contact your home, shop, school.
factory TTE-100 touc¢h tone emcoder kit. Kit includes:
Chomeries touch tone pad, Motorela MC1441¢ chip,
trimpot, resistors, zener, diagram, and G-10 pc board,

For the first time anywhere, Poly Pak
merchandisers introduce a new way
in buying the economi way. Raw
stock from the ‘‘barrel”. Remember

Every kit corrics
& movey back
Anaran e

the *‘good ole days’’? They're back the same type of material as the o o 516 volta, § ‘mils (mas), 4 volts
again. The same way merchandisers RE TESTERS DO! ™ | PP output.  * Less 1.MC ceystal. Cat. No. 10E 3385
BARREL KIT -2 BARREL KIT £3 ., ¥ | T Cot.No.  Description Salo 2 PARA
I LINEAR OP AMPS, 1N4148/914 HRRRED Koy e 10E3149  Touch Tone Pad  $4.50 BUY ‘ER SE ey
BARREL KIT £1 4000" RECTIFIERS MC14410 Chi 10E3383 P.C. Board 2.95
DIPS SWITCHING DIODES 10E3382 10Chip  10.50
‘;Nsufoo DIP IC'S v 715 for A a— — 100 fUOI' $1.98
ntested.
| or $1.98 O | twsted $1.98 100 for $1.98 | . no.ior 2017 Sever befare offered (as

0

far as we know), the lat-

DIGITAL CLOCK

Cat. 10E 2415 Cat.No. 10E 2416

0

Untested.

| i - -~ e Cat.No-10E 2418 Untested. || est in Digital Clock eir-

BARREL KIT 77 BARREL KIT §11 'BARREL KIT 714 | BARREL KIT 710 cuitey . .. 4-digit, 0.5”

VOLUME CONTROL I POWER TAB 7%, | PRECISION RESISTORS DIPPED MYLARS S fed MODULE
BONANZA! . TRANSISTORS 7} | Marked and vnmarked 60 for e e, Ship WITH
40 for i 40 for 200 for O $1.98 o moynied on & 3 13,

9 Y L 8 A €4 8- -
$1.98 0,37 cons| $1.980 | $1.98 : 2y oiseretecomponents BUILTAN
Cat.No.10E2421 | Cat. No. 10E 2425 Untested| No. 10E 2428 Cat.No.10E 2527100 % good "'-I‘,"g“"ld °"em:?,:l' (:’xflyhcf; ‘CHIP

e TV T T =. e — et ————————— ry, to req
BARREL KIT ;20 BARREL KIT 525 ﬂ BARREL KIT {26 BARREL KIT £30 fanction switches,

LONG LEAD DISCS METAL CAN PLASTIC PREFORMED ness and voltage

TRANSISTORS TRANSISTORS RESISTORS control. 12-16 volt
150 for 2@ 0 fi 00 f | ment transformer, AC line
[a} 3 10 or 100 for 250 for $1 980 cord nné ¢nse. Muken easi- o 10E3411

$1.98 $1.98 0O vatested | $L.98 O vntestea. 8 twili-in alarm and radlo Cat. No.
Cat. 10E2598100 % good| Cat.No.10E 2603 Cat.No.10E 2604 Cat.No.10E 2608 100 % good | | QUtPN lieh funelones

= BARRE B SARREL = 1 hour, fast set, Snooze
BARREL KIT 731 BARREL KIT 537 BARREL KIT 39 BARREL KIT 758 !  fasuiaetiy o
METALLIC 1 AMP “BULLETT™  |2N3055 HOBBY SLIDE SWITCHES alarm - display  (tells %%  alarm ON/OFF. Instruction
RESISTORS RECTIFIERS Untested. _| TRANSISTORS 30 for o | | xers). Alarm displny tells  snd hookup disgrams. -
100 fOl' $1-98 100 fOI'D 15 fol' ! $1 98 a] you when alarm triggers), Shpg. wt. 1 ozs,

d

O Cat. No. 10E 2609 $1.98 0%$1.98 100% good.

@ 3-5-6 Biadorsl

115 VAC

Compactl

@ Lightwelghtl

® Only 4-11/16” sq,
x 11/2” deopl

Cat.No. 10E 2615 1

_Qat.No. 10E 2617 l— _Nzo( 2726 100% good_ $ 88
BARREL KIT ;68 BARREL KIT £71 |
2 WATTERS CAPACITOR SPECIA 532;‘35#'0'”
100 for /IIOO cs.q ELECTROS o

[BARREL KIT 61
POLYSTYRENE CAPS
@]

100 for ~ $1.98 0
.
$1.98 $1.98050% sood. | 50 for $1.98 1 Now anyone can afford these neat Muffin and Centaur
) guod. Cat.No. 10E 2729 All mirked. Cat.No.10E 2735 100 % good. Cat. 10E2738 | [J Cat.10E 2747 Fans by Rotron. Used extensively for hi-fi eqpt becnuse
: oCatiNoa Lo 27 i s SSRGS . as of lew-cost, dependable cooling, an well as Aushing
BammEL T 7o |BARRELAIT RS [BARRSL NS LanzaMOLEX SOCKETS Y s e SR U SR G
;.-381'; ZENERS :c;)a?v LEDS NATI&)N{AL IC BONANZA = L xfsocl‘%c, 1-1b, LOW N'?lss vam Humidity & moisture resis-
00 o tant motor. REVERSIBLE AIR FLOW! Impedance pro-
1 v Unt d, or 0O /" 10 o1 of; tected. Suitahle for —40° to +160° F. Bath 115 VAC.
$1.98 ntested. | G4 O p, $1.98 O $1.98 0 ? 2200 rgm, 15 watts, .16 amps. Hi-impact, flame retard-
[ICat.No 10E 2741 Untested R ant polycarbonnie propellers in a reinforced phenolic
L at.No. 10E 4%~ 10E 2859 Cat.No. 10E 2860 Untested | Cat, No.10E3144 ventnrl block. Blow away high prices with our Mutfin
and Centaur fans] R from new Money
o= back guarantee
CHers  ATTENTION! For Cat. No.
your CB or Ham rigs . . . 10%3108 ““Mutfin” 3-btade Shog. wt.
llll":i:"lm 12‘Vnclg:on;'!e}:r§%r1!_ 10123109 **Centaur #2'' S-blade 1Yz Ibs.
uilt-in  automatic c *Contaur™ 6-blad
5 3-for $60.  cireuit breaker. Powerful § O =
amps (8 amps penk) makes
I\l Jdeal for lSSB lr‘-fs. (ool] FAIRCHILD, NATIONAL éo'“
ttractive walnut like metal 5
¢ CITIZENS BAND o cine & VOLTAGE REGULATOR PANIC g
< 2 X 4 y. 18 . 8
maker design. Built-in cir- 012
" POWER SUPPLY g ek ron o) YOUR S 3 amrmanine, e o
ns - switch _an . or - Q18
® 12 VDC @ 3 AMPS LED light. For 115 VAC CHOICE ® POSITIVE OR NEGATIVE 024
e REGULATED, CONTINUOUS DUTY S8 cycie, Sayes, you many 0 =
® CONVERTYS GB, HAM RIGS TO HOME (o No. 10E3452 3 for  Cat No. 10E3449 Poshiivo Volgass ff'r‘f’;ﬁl;:ﬁf::nm"
® COMPLETELY WIRED §2.75 Cat. No. 10E3450 Negative Voltage yie &.
= Type Type Sale 2 for
ECC INDUSTRIAL SPEED CONTROL 8 Rl 8 2:;:3; 22 23
Repeat of a sellout! A $30 item. made by ECC famous [ SN7402 O sN7496 86 ‘87
3 for $12. for semiconductors, designed and built this speed ] SN7303 4125 1.29 1.30
‘ control for XEROX, Controls home, shop and industrial £} SN7404 OsNT4123 122 130
lighting too. Rnted at 1200 watts, A very clabornte [l 5N740. | SN7413% 195 1.6
circuit for controlling many electrical and eloctronic 0] SN7407 1 sN7 i for
devices, Easily controls speeds of electric drills, brush Tl sN7408 U sNra1al iz 113
type motors, etc. Built with heavy duty aluminum fram- ] SN7409 CISN7AL4S E NS Jide
ing. Complete with external 50K pot, for variable (] sN7410 (] sN74148  3.25 b ‘
speed control, and serica resistor, Heavy duty colored [ sN7411 OsN7a1so 112 1.3
[a] wires for 115VAC 60 cycles, and item 1o be controlled. Ll sN7a17 OsN74153 110 111 Ve
10/32 mounting stud. Outperforms our previous sell- 0 sn7420 [0 sN74153 1.53  1.54 &
out, With hookup diagram, Use as temperature cone [l SN74a21 Ll SN74157 1.09 1.10 a
troller too. Wt. 2 lbs. Cat. No. 10E3392 [) SN7423 O SN74158 1.55 1.56 i)
O sN7425 [0 SN74160 1.59 1.60 N /
— — — a £ SN7430 L] SN74163  1.50 1.51 i
* Uses Encoder MOS ROM e 7 “LED" test feature O sN74164 1.79 1.80
| s Mod [} SN7432 U
— \ odes 1 sN7340 dSN74165 1.79 1.80
T (] SN7442 SN74173 1.69 1.70
3 o os [ SN74174 1.42 1.43
CyshTase O sN7a175 1.45 1.46
- i A - Qgnrase N [JSN74176 1.59 160
0 sN7447
A | —l O sN7448 . F}SN74177 1.59 1.60
[0 SN7450 .22 .23 | [ SN74181 3.75 3.76
¢ [ sN74s1 27 28 E]]smusa 218 :-3: ORDER BY
O $N7473 .44 .45 S$N74190 3 b
| Dzmns 1.00 1.01 B:N"lﬂ f;: 27 CAT. NO.
SN74a83 .99 1.00 N73 L9l S i
8 oN7aBs 1.41  1.42 gsmalss 89 239 10E1983 &
(] SN7486 .47 .a8 ‘SN74196  2.19 -2
O sn7ass 225 2.26 | O SN74198 225 2.26 TYPE NO.
CJ SN7490 1.00 1.01 O SN73199 225 2.26 AT LEFT
(] SN7491 .91 .92
e Double Cat. No. Tyee sale MEMORIES
Outputs — standard O10€2310 8008 $19.95
sided P! ar Bmzzass 2102 2.50 | 4
1 H 10E2856 2102-1 2.95
PC ASCH 7 bits ;aJ@ C10€ 2847 1101 95
Board plus strobe DioE1989 1103 1’50 ()
ar ~ = D10E 2853 262 1.9s
Lowest price Keyboard and Enender kit we've scen. $69.95 1oeaisem MMs203 oot 4
Genernl purpose ASCIl keyboard for data terminal C110€ 2834 1702.4 e
applications. Could he used for TV, RTTY, Code Trans- WIRED 95
mission, Altair and other Mini Computers, elc. Utilizes
Z-key rollover MOS memory wllowing enéaded outputs [w} - Tl ost e -
to be strohed out as each " is depressed. Uses - b erms: postage ated: net
L ibre side mo hoard. Electranic shift lock, not mechani-  biectrical specs: sgltage requirements plos 5 volts and Wakefield, Mass. (617) 245-3829 s MAY
e Mhavboard. Keyswitones, one Integral assemhly ~Minus 12 volls. 200mw, negative or positive logic 6-18 Del Carmine St.. Wakefield BE PHONED |
O rron eys. Keybosrd: 63 keva (19 encaded OUiPuL. jJumper sle. Output tor. On_ the -18 Del Carmine St.. Wakefield. =)
e L Sliry) anils canguoll @ \iacemg)  FCHboard wetigel AT NEW KVEOSR BEST] EEATIRKE MINIMUM ORDER — $6.00
T on Kayn: shift, leach side of board, shift lack oy ot LEDS! These LEDs display visually the ASCII Send for FREE
:ndlcpmml. 3 functlons: Key Break, Here Is, Repeat. :ﬁ’d'“"“'r_‘"' :‘y"’;:;’,‘;‘:m';’ l;.c"‘;t‘fg"",’!“o;‘l““,'(i‘al’,’;' Y O Fall-Wi
! m:nmn:\lo lunc‘;inns (can be asslgned by user). . Fenisiors achors’ L -h?,s g sdc"(‘sﬁ- 9 \;,‘ l a 1' inter
at. No. 10E3208 Kevboard & Encoder Kit . $59.95 nclude ram and wiring Instructons, ROM code. Wt.
Car Mo 1083208 Kevboard & e Wircd 65.95 7 Ibs. Size overall: 13 » b3 x 27 P.0.BOX942E LYNNFIELD, MASS.01940 CATALOG
©Poly Paks tnc® wakefield, Mass., U.S.A. 1976
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ORGAN KITS
KEYBOARDS

THE ULTIMATE IN DESIGN
AND SOUND
FREE LITERATURE

Wurlitzer reproductions

DEVTRONIX ORGAN PRODUCTS, Dept. C
5872 Amapola Dr. e San Jose, CA 95129

&1 —

POLICE CODE UNSCRAMBLERS Fits ¢ all scanners. ners. Satis.
faction Guaranteed. Jim's Two-Way, Box 275, Hot Springs,
Ark. 71901

NEW ADJUSTABLE THREE OUTPUT REGULATED
POWER SUPPLY, plus 900 parts worth $400.00 list. Solid
state CARTRIVISION television recorder electronic unit.
Schematics, parts cross reference. HEATHKIT television
transistor substitutions. Power CB radios, MICRO-
PROCESSORS. $17.95 pius $3.50 S&H, USA. Free
Brochure, Master Charge, BankAmericard. Satistfaction
guaranteed. MADISON ELECTRONICS COMPANY, IN-
CORPORATED, Box 369, D55, Madison, Alabama 35758.

ORGAN/SYNTHESIZER keyboards, pedalboards,
amplifiers, consoles, etc. Free brochures. DANIELSON,
555 Richmond Road, West Chester PA A 19380.

LOW cost d|g|lal/analog test eqmpmenl Excepnonal
values. Free catalog. Salen Electronlcs, Box 82, Skokie,
Hlinois 60076.

DON'T LET VOLTAGE TRANSIENTS ZAP YOUR HI-FI.
Solid state equipment protector plugs into outlet protects
any transistorized equlpment. $6.95. Kopp Electronics,
1650 William St., Buffalo, N.Y. 14206. Free Brochure.

LEARN Design Techniques. Electronics Design News-
letter, Digital, linear construction projects, design theory
and procedures. Annual Subscription $6.00, sample copy
$1.00. Valley West, Box 2119-B, Sunnyvale, CA 94087.
PROFESSIONAL GUALITY TY PA MIXER. Six Channels. re-
verb. Assemble yourself and save $$. Live sound, record-
ing use. Lo-Hi Z inputs, stackable. $179.50. Free Literature.
Neptune Electronics, 934 N.E. 25th, Portland, Oregon
97232

SMOKE—Combusﬂble Gas Alarm—$17.95. Free Informa-
l|on Romar Systems 85 - 76th Street, Brooklyn, NY 11209,

CHEMLAB has electronics, e. c

tools, hardware, chemicals,

KITS:
NAL ARy cLock « GAMES

GAMES HNHNE TG
TV CLOCK

11:23:5%

COIN GAME
BINARY NUMBER GAME

TVEM AMp POWER SUPPLIES
SEND 50¢ FOR YOUR INFO. PACK. refunded with purchase

We have the BEST kits a1 the BEST price! DO 1T TODAYy!
INTERFAB, 27959C CABOT ROAD. LAGUNA NIGUEL.CA.92677,

MOBILE IGNITION SHIELDING for Hams, CB'ers. Free lit-

erature. Estes Engineering, 930 Marine Drive, Port
Angeles, Wash. 98362.
SURPLUS 'SMART' TERMINALS, components, serious

music synthesizer kits, plans, parts, and more. Send SASE
for FREEINFO Package. CFR Associates, POBF, Newton,
N.H. 03858.

CANADA'S electronics bargam cenlre Free Catalogue
North American and offshore inquires velcomed. CAN-
MOS Box 1690, Peterborough, Canada KaJ 754,

FREE CATALOG. Calculators $4.95 each, Ultrasonic “De-
vices, Digital Thermometers, Strobe Light Kits, Memories,
Photographic Electronic Flash Units, Rechargeable Bat-
LEDS, Transistors, IC's, Piezoelectric Crystats,
Unique Components. Chaney's, Box
27038, Denver, Colo.. 80227.

CB RADIOS, monitors, crystals, CD |gnmons Southland,
Box 3531-B. Baytown, Texas 77520.

The easy 25 counter kit!

An easy-to-build SOmHz (6-Dig ) Frequency Counter
for ameasly $25! Standard easy-to-find parts, 100!

Uses7segment LED readouts- no scarce Nixie* tubes!
No tricky crystal ovens! Kit includes classy cabinet
with tront panel, PC boards. hardware, instructions.
and diagrams. A proven design! An unbeatadle otfer!
Write or call today! {sieass 8952 lor poctage ang nendiing|

HUFCO Box 357, Dept.58 Provo, UT84601(801)375-8566

Hufco

SPECIAL this month. IC so;keTs, staggered pins, 14 PIN
DIP. 10/$1.25 postpaid. Write for free surplus electronlcs
R.W. Electronics, 3203 North Western Avenue,

CALCULATOR Keyboards, 4 Funcllon 3 1/2" x 2- 3/4"
used $1.50 (no C.0.D.). Mardel, P.O. 5312, Kansas City, MO
FERRIC CHLORIDE ETCHANT. 1/2 gallon $5.50. Gallon
$9.50. Postpaid. CIRCOLEX Box 198, Marcy, N Y 13403.

DESIGNER MOTOR SET includes 1/40 1770, 1/150 1/250,
3000 RPM. 115 VAC. $27 postpaid.
CIRCOLEX Box 198, 198, Marcy. N.Y. 13403

BUILD YOUR OWN SPEAKEHS AND
SAVE UP 10 50%

You can assemble your own high quatity,
multi-element sterec speakers in & few
hours and save up 10 halt Ihe eost of
comparable apeakers. Send for our tree
32-page catalogue of speaker kits, raw
speakers and accessones
SPEAKERLAS
Dept. PE-9, 5500-35th N.E.
Sealtie. Washington 98105

BASIC TELEPHONE WIRING_Unique report gives com.
plete details about connecting telephones. $3.50. QUEENS
VILLAGE TELEPHONE SUPPLY, Box 29002-A, Queens Vil-

SAVE MONEY ON ELECTRONIC PARTS. Catalog 50
cents, refundable with first order. Supreme Elactronics,
B_ox 327, Victoria, B.C., Canada. U.S. Inquiries_welcome.

GAS AND SMOKE DETECTOR

Protect Your Family, Home, Office, Factory and Garage
Delecls within seconds and sounds & loud alarm f minute quanhhes of
carbon monoxide, propane, butane, methane. cooking gas, gasoline va-
solvents, ammonda. alcohol vapor., smoke and most

products of combustion are present In the ar. Plugs into any 115 volt
outlel Install 1t yourself n minutes Provides years ol continuous pro-
tection without altention—guaranteed

$49.95 cach  Two or moce $44.95 £ach 1. res. ado 5% tax

Nu-Era Products Dept. 11 P.Q. Box 20086 Chicago, Ill. 60628

%FEEDBACK: I_-Iigh ;er;orn;nce—EEG,_ EMG instru-
ments. Assembled or low cost kit form. Write for complete
specifications. EDC, Box 9161, Berkeley, CA 94709.

ANYONE CAN SOLDER WITH—
DO-IT-YOURSELFERS!

Let Kester solder aid you in your home repairs
or hobbies. A radio, TV, model train, jewelry,
plumbing, etc. Save money—repair it yourself.
For valuable soldering information write Kester
for your FREE copy of "'Soldering Simplified’".
4201 Wrightwood Ave.
Chicago, Ill. 60639

KESTER SOLDER /

500 MHZ Prescaler —10 or +100 $59.95. Plans $5.00. CBS. modelmaker supplies and more, write: Box 41472,
Box 1356, Cocoa Beach, Florida 32931, Chicago, III. 60641 teries
.
Y | Toroidal Cores,
OCTOBER SPECIALS .. c10n S
7401 16 7453 12 74154 1.0
$9.95 7402 RESE £11) a7 74155 97
™ CMos 180 carbon film resistors ¢ 5%, Y or Y2 watt. 15 each of ;:ﬁ: :: ;ﬁ 35 ;:::; ';;
7410 § 12 4001 $ .19 12 values. First ql.fa'lity vesislov.s supplied in a durable 7405 19 745 35 74158 179
7438 6 4002 .20 clear styrene utility box with color code chart. 7406 20 7470 30 74160 123
7454 09 4009 .39 Includes 15 each 100, 220, 470, 1K, 1.5K, 3.3K, 4.7K, 7407 28 72 -;4; 74161 .97
6.8K, 10K, 33K, 100K, 1M. 7408 -18 7473 3 74162 1.39
74151 59 74c00 .4 ' 7409 19 M7 -28 74163 109
74153 65 74C73 .69 LINEAR 7410 6 247s 49 74164 .98
74154 % 5036 FUNCTION GENERATOR JUMBO LED 370 § .95 AU 25 7g6 M a5 99
74192 .79 yoltage controlled oscillaor — sine, Red 12 380 .89 43 43 28 68 e 1S
square, triangulac output. 16 pin DIP 39 7414 65 7485 88 4170 290
1 Green 2 555 J 74 74 @
with data $3.95 s *© 77y 149
Yellow .12 723 .39 47 a5 7489 115 74174 1213
2102 RAM 733 65 ¢ {740 6 7490 4 s 97
1024 bit fully decoded static RAM 1310 1.79 7422 6 7 75 74176 9
OTL/TTL compatible — 16 pin DIP 1,69 CALCULATOR Moms 99 |22 = ;:;; :: o B
CHIPS - 3407415y .99 fyax 2% 74% 78 7Bl 245
5002 1 741 29 7495 29 2 9
5005 129 MEMORIES 7430 20 74% 79 74134 190
5738 1.95 1103 $ .95 7432 23 73100 .98 74185 220 flyer.
1702 8.95 7437 25 7405 44 747 575
DISPLAYS 5203 895 7438 25 7407 7 74190 118 Chicago, lllinois 60618.
1.39 g 7440 AS 21 38 74191 125
MANT 1. 5260 95 7441 89 M2 38 74192 .95
1C BREADBOARD NSN7IL 1.19 5261 95 : ; .
Accommodates 5 16 pin ICs with additional N O . 7442 59 23 65 74193 .85
interconnection holer. /16"  phenolic with silver SN74 1. 5262 119 7443 73 74115 54 74194 125 64131
plaled copper circults. 2 5/16™ x 6 9/16” $1.80 oa. MANE  1.39 F93410 139 |74u g3 V46 58 74195 74
7445 73 74132 .89 74916 125
DVM CHIp 47 DIaT b s e e o
MM 5330 — P channel device provides - y
GO all logic for 4% digit volt meler. 16 pin 744899 24150 97 24199 69
WO00A 26 IBA 139 4066A .89 e g 200 5 7450 7 74151 .79 74200 5.5 1/500 horsepower.
W01A 25 WA 172 40seA M kil 23 -
40024 25 A021A 118 4069A .M LINEAR i ETIE T ¥
4006A 135 024 34 w71 2% BEMORIES 301 29 339 158 %62 339
WA 26 @BA 25 s a3 | MO 25 bt RAMMOS 16 pin R I B P R
W0BA 152 WA 89 4073 .39 [ 1103 1024 bit RAM MOS dymamic 18 pin 195 | 1ot 30 5 120 % 195
oo ST w025A 25 sa7sA 39 [ 17924 2048 bit PROM static electrically 1095 § o v :72 o) 567 195
OIA 54 0DA S smaa 39 programmable UV ecasable 24 pin P2 E L r
oTTA 25 4028A 98 sosza 35 | 2102 1024 bit RAM static 16 pin 195 Wags 8 ) 710 3
: : g : 5201 2048 bit PROM static electrically w09s § o s Q 68 o %
1A 25 400A 44 451BA 156 e it > 30 130 L
WA 45 WISA 127 4s28A 156 | Programmable UV erasabie 24 pin oo M e s T W07
WHA 127 WA 139 4sasA 219 [ 3260 1024 bit RAM MOS dynamic 16 pin  1.95 § 3. 95 P 741 e
WISA 127 WA 5261 1024 bit RAM MOS dynamic 16 pin 195 § Jio 113 :; :;: 747 7
WA 48 oA e 7489 64 bit ROM TTL 16 pin 125 dyer oy e 35
WA 101 w0A o 82523 256 PROM-SCHOTTKY 16 pin 369 ok 1 on Jos Tt 7
E ¢ F93410 256 bit RAM bi-polar 16 pin 195 a0 75452 80
4 bil ROM TIL 16 pin 575 ; YT :
74000 19 74C74 104 74CI62 249 | 74187 102 | gin
Tico2 4 74200 256 bil RAM tri-state 16 pin 545 DISCRETELED.
26 74C76 134 74C16) 266 DISPLAYS A LED'S
7ACOA 44 74C107 113 74C164 266 MANT  $1.95 ME $ .29
74C08 68 74C151 262 74C17) 2N ‘;lc":’ ?r!s‘:l‘cf). o 20 | MANZ  3ss MVs 12
74C10 35 7actss 3q5 7sCi9s 226 | 72 NP Sl CtoniOI 75 | MANIA L1 NSLID
74C20 35 74C1S7 176 80C9s  1as | 346 AM Radlo “"""'Is"b“o";'“ OF % fvans 2 Nstn gy
ned el 10wk Wow pwsoeedweB o fUVo2m o WG @
AT ueal_iaque) Ty 1800 Stereo multiplexer DIP 242 n::: ;_;: MV5020 1506, New/Yark 7]425:
ULN2208 FM Gain Block 34db (typ) mDIP 118 | MANS 225 RED 15
CLOCKKIT ULNZ209 FM Cain Block 4adb (typ) mDIP 135 | MANSs 235 CREEN .15
6 DIGITS (NS71L) 313 Characier Generalor S4xtxs DIP-24 10.20 § DOS -+ 0 AMBER .15
MM5314 CLOCK CIRCUIT 304  Transistor Array DIP-14 REN esoniiie CLEAR .15
2 PC BOARDS (CLOCK & DISPLAY) " THESE DISCOUNTS APPLY TO TOTAT OF ORDER — SPECIALS INCLUDED ‘
ALL TRANSISTORS, RESISTORS
0,
Bcapaciiors & 3swirches $14.95 10% OFF ON ORDERS OVER $25
o 15% OFF ON ORDERS OVER $100
4 Digits (NS74) LARGE QUANTITY PRICING AVAILABLE ON REQUEST
MM5312 Clock Circuit PLEASE SPECIFY ITEM AND QUANTITY e
1 PC Board OPTO ISOLATORS
All necessary transistors, resistors, MCD2 Opto isolator diode 1.09 CALCULATOR CHIPS CLOCK CHIPS
capacitors, diodes & switches. MCT2 Oplo isolator transistor 70 CT5002 1.95 MMS311 445
" % o g J C¥5005 49 MM5312
With schematic & instructions g 49,95 JT0s CATALOG AVATLABLE ON REQUESTINCLUDE] e =2 ean @e
RESISTORS +1% & +5%, TANTALUM CAPACITORs S |00 o5 TR o
POWER SUPPLY KITS, CLOCK KITS, TOOLS, Resis 19700 o R b
SHIFT REGISTERS TOR & CAPACITOR KITS & MISCELLANEOUS DEVI e aca ;‘ oS08
MMS5013 1024 bit accum. dyn. CES W MM : 1700 -
8 pin 175
MM3016 5007312 bit dyn.
O ETRBON o FREE CATALOG AVAILABLE ON REQUEST
SU5-4025  Quad 25 bit 99 X . .
2504 IO‘;I bil mulliplesed dyn Satisfaction guaranteed. Shipment will be made postage prepaid within 3.days from
8 oin 395 receipt of order. Payment may be made with personal check, charge card (include
number and exp. date), or moneyorder. Phone Orders — BofA and M/C card or C.O.D.
ic $OCKETS
Sotder Tell - fow profite Add $1.00 lo cover shipping and handling jf order is less than $10.00.
8 pin $ a7 24 pin 2 o N e ; — i
14 pin = 2 pln 59 California residents add sales tax. Include pense for orders shipped out ol
16 pin n 0 pin .69 U.S. and Canada approx. 10% of order.
18 pin 2
WIRE WAAP - gold plate INTERNATIONAL ELECTRONICS UNLIMITED
14 49
B P.O.BOX 3036-P MONTEREY, CA. 93940 USA
Data included with order on request. PHONE (408) 659-3171
Add $.30 ea. if item is priced below $1.00
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PLEXIGLAS
CABINETS

Great for Clocks

6 Digit LED Clock Kit - 12/24 hr.

QTyY. 12 QTy. 95 QTY.

1ges 0% ‘1

OR MORE 6-11

board and a cabinet, if desired.”

Printed Circuit Board forkit # 850-4 (etched & drilled fiberglass)
Mini-Brite Red LED's {for colon in clock display) pkg. of5..........
Molded Plug Transformer 115/10 VAC (with cord) ..

Kit # 850-4 will fit Plexiglas Cabinet Il

6 LED Readouts(FND-359 Red, com. cathode)

:(r\:g‘lrh;k(l:JLCUTll)gris T-MWs314 Clock Chip (24 pin CABIN ET | ghaSISiS servesas

. ransistors » ) ezel to increase
«QUALITY COMPONENTS  Z8witches %ARR&%‘Q,TD;(:;E_S‘{ 3"H.6%"W,5%"D contrast of digital
50 or 60 Hz OPERATION 5-Diodes displays.

_Resi ANINCREDIBLE VALUE! play
0120124 HROPERATION  JRSSSOS e cocket CABINET Il Black, White or
“Kit #850-4 will furnish a complete set of clock components as listed. 21/2"|.| 5"W 4"D Clear COVBI'
r r

The only additional items required are a 7-12 VAC transformer, a circuit

______________ 0| ANYsizE/coLor  $6.50 ea. 2/412.
199 'RED OR GREY PLEXIGLAS FOR DIGITAL BEZELS

NOTE: Entire Clock may be assembled pn one PC Board or Board mav be cut to remote dlsplav.

ea. 1-5 orany LED Digital

project. Clear-Red

3"x6"x1/8" 4/43

60 HZ. SEE THE WORKS Clock Kit
XTAL TIME BASE Clear Plexiglas Stand
Will enable
Digital Clock Kits
or Clock-Calendar
Kits to operate
from 12V DC.
1"'x2"PC Board
Power Req: 5-15VDC
(2.5MA.TYP))

Easy 3 wire hookup

e6Big .4"” digits
e120r24 hr.time

3 set switches (back)
ePlug transformer
eall partsincluded
Plexiglas is

Pre-cut & drilled
Size: 6"H,4v3"W,3"D

Accuracy: X 2PPM | ASUPERLOOKING L S

(Adjustable) CLOCK!
Complete Kit 9
4TB-1 34 sa Kit #850-4 CP 323562 2/$45'

6 Digit-LED Clock-Calendar-Alarm Kit

¢12/24 HR TIME ¢ CHOICE OF DIGITS e 28-30-31 DAY
CALENDAR ¢ AC FAILURE/BATTERY BACK-UP ¢ 24 HR
ALARM -10MIN. SNOOZE «ALTERNATES TIME [8 SEC]AND
DATE [2 SEC]} OR DISPLAYS TIME ONLY AND DATE ON
DEMAND ¢ THIS KIT USES THE FANTASTIC CT-7001 CHIP.
FOR THE PERSON THAT WANTS A SUPER CLOCK KIT-TOO
MANY FEATURES TO LIST!

#7001 B [6 - .4” Digits/ Man-64] $39.95
#7001C[4 - .6” Digits/2-.3” Seconds] $42.95
#7001D [4-.8” Digits/ 2-.3” Seconds] $45.95

ALL KITS ARE COMPLETEANCLUDING IC SOCKET,
TRANSFORMER, LINE CORD, SWITCHES, etc.
Cabinet not included (Ideal fit in Cabinet | above)

%" DIGIT

KIT LESS CABINET.
50/60 H2, 6-FND-503 LED’S,
CORD, etc.

[ldeal Fitin CabinetIl}

Kit #5314-5.

JUMBO DIGIT CONVERSION KIT |

Convert small digit LED clock to large .5” displays.Kit
includes 6-.5” LED’s,Multiplex PC Board & easy hook-up info.

Kit#JD-1CC Forcommon Cathode
Kit#JD-1CA Forcommon Anode

CI-OCK KlT ACOMPLETE

FEATURES: MM5314 IC, 12/24 HR,
PLUG-TRANSFORMER, LINE

9% 2/ *38

2/*19.

ar. . CLOCKIC'S
Fairchild Super Digit | cT-7001......7.95  CT-7002..... 13.95
FND-359 MME314N....3.95 MM5369N.... 2.50
o Ghar. L | MMB316N... 4.95  MM5375AB.. 3.95
A oo Gath. IC SOCKETS __ Solder Tail

repl?:;:eecrr(‘er’:infor‘ Pin Profile 1-24 25 100
popular FND-70. 14 LP $.25 $.22 $.20
95¢ ea, 10/$8.50 | 16 LP 28 .25 .23
100,379 00 18 LP .31 .28 .26
‘ 24 sP 50 45 .40
SETOF6 FND-359 | 28 S 2 g

WITH MULTIPLEX - ~ -

NYLON WIRE TIES

PCEOARDSE.00 8” forbundle dia. 1/4"-1-3/4" 100/$1.95

25 AMP BRIDGE

4" torbundledia. 1/16"-3/4” 100/$1.75

IlPIIl[lEl:IIlIINII:S ilg. ¢

BOX 219 e HOLLYWOOD, FLA. 33022 e (305) 921-2056

DIODES SWITCHES < $1.95ea [Form lnexpensive MOLEX  (oon
’, [¢]
N\ > 3/85.00 g PIRES
IN4002 12/$1.00 ROCKER SPDT 6/$1. 100 for $1.25
IN4003 12/$1.00 MINI-SLIDESPDT  5/8$1. 100 PV Reel of 1000 - $8.50
IN4005 11/$1.00 REG.SLIDEDPDT  6/$1. lre| EPHONE FORMAT 7_SEG LED
IN4007 10/$1.00 PUSH BUTTON N.O. 3/8$1. KEVBOARD
2.5A/1000PIV 5/$1.00 TRANSISTORS 5/$1.00 BY Chomerics Hp50g2- COMMON CATHODE
IN5400 5/$1.00 All Prime Marked Units 7702 RED 3" 1.25
IN914 20/$1.00 ON2222A NPN TO-18 FND-71  +1 25" .75
IN4148 20/$1.00 2N3415 NPN TO-92 FND-359 RED 4”7 .95
2N3704 NPN TO-92 FND-503 RED .5" 1.35
. TRANSISTOR 2N4249 PNP TO-92 FND-803 RED 8" 3.50
- SOCKET 2N4400 NPN T0-92 DL-33MMBRED  3x.1" .75
%ﬁ—-’ GOLDPINS 2N4437 NPN TO-92 DL-750 RED .6” 2.95
T /$1 00 2N5089 NPN  T0O-92 5/328 XAN-654 GREEN.6" 2.95(noD.P.)
. 2N6027 PUT T0O-92 " XAN-664 RED .6 2.95(noD.P.)
3995 |10K10 TURN SPECTROL FOT SPECTROL 95¢
Jumo RED LED's Pkg. of 60 3 3/8"x3/8"x1/ 4 High #50-4-11-103 4/$3.00

ORDERBY TELEPHONE
USEBAC,MCorCOD

Orders Under $15 Add $1 Handling
COD Charge - $1.00

Fla. Res. Add 4 % Tax

BANKAMERICARD

WE PAY ALL SHIPPING IN CONTINENTAL USA — OTHERSADDG5% [10% FORAIRMAIL]
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R ————
7400N TTL CONSUMER ELECTRONICS o wn [ oo [owms] MINIATURE
-
TG ST f PO N G B $59 95 m (2951255187170 TOGGLE
SNT40IN 16 SN74B0N 2 SNTA1SAN® 1,00 Tt
SN7402N 2 gumou 45 SNTAISSN .99 - CANE . 7 12.95(2 15[1.58 |1 43
SNT403N 15 NTATIN 38 SNZAISN %9 AMES
SN740AN' 18 SN7aTINY 37 SNZ4157N g3 s u PE R PO N G ‘"? ONE 89 95 s bl
SNMOSN 24 SNTa7aN' 32 SNT4IBON 125 o m i ¢
SNT406N 20 SNTATSN® 50 SNTAIBIN .99 e lis: Buat s
SNT407N 29 SNHTeNT 32 SNTAIBIN® 99 GAMES INCLUDED IN SUPER PONG ARE: s | | |
SNT4OBN 25 SNTTON® 500  SNIBN 110
SNTOW, 2 SN 50 SHT4I6SN 110 o PONG o CATCH PUSTBUTTOR
SN7410 18 SNTSBIN .98 SNTA166N 125 N
SNTATIN 30 SNZeBN 70 SNPLIGTN 550 o SUPER PONG o HANDBALL PB-123 $1.75
SNTA12N 33 SN7485N 89 SNTATON  2.10 FEATURES OF PONG AND SUPER PONG 0
SNT41ON 45 SN7486N 8 SN74172N 895 W Incremental speed on volleys increases excriament 1
SNT414N 70 SN7488N 3.50 SN74173N 150 W Playing fieid adjusts to any size scresn o
SN7415N 35 SN7489N. 225 SN74t7aN 1,25 W Game appears i color of m black & white, depending on telavision sai. PB 126 $1 -75
SNTAIIN % SNTA90N 45 SN74175N 99 @ Unmilakabte “"PONG' sound accompanies each volley 3 anp waTivGsE Y
SNP420N 21 Srew s ST % B Digitai scaring flashes on the screen between each pontl, ;
SNMAIN 33 492 @ NSNS0 W 2 player challenge or Solaim
SNTZN' 49 SNTAON® 43 ShratdoN 99 & Hooks up smply 10 3ny model television set the screan actually becomes the playing fleld. A THUMBWHEEL SWITCHES
SN7423N 37 SN7494N 9 SN7418IN  2.49 W English and other techniques can be used to make any member of tha tamily @ Pong champion. Ty smre ongy
SN7425N 29 z:;:gg: :: g:;uezn J;g W Battery operated by 4 size 0 flashiaght batterwes included with the Und. mm a e e, Sl
SN7426N 23 ) 184N Y . . A i it o ol
S 5 NPOTN® 400 NI 2.2 AC Adaptor (Eliminates Batteries) ~ $9.95 o sal on1 3
SN7429N 2 SNTA100N*  1.00 SN74186N° 500 ;’; e g T
SNTANON 26 SNTAIOIN. .39 SNZ41IN  6.00 e: c o o e
SN7432M 3 SNT41ZIN® 39 SN74188N  3.95 ....';“" eI e
SNTAIIN 27 SNTAIZZN. 33 SNPAISN 119 g D I SC R E TE L E D ] xl-vuu e S e T
SN7438N 27 SN74123N* 70 SNTE1OIN 125 125" dia. 190" dia. g
N
sia w5 SRt S hewee Con GPECIAL SALE ! . o
SNA4IN B9 SNTAIN 109 sirartaen 125 [l XE300vellow 7781 ¥ei1Vamow 48]
?,:;:ﬁ: » St ] sna1gsn 75 M XC2090range 4731 XC1110range 4/81 ; i
SNT4VOBN 1.5 A:csssum(s £ss mss
SN744sN b SN74142N* 4,00 SN74197N TS Farl b, Dascription  Prce
SNT44SN 75 SNPALOIN® 45D SNPAION 175 q t —_—- SE Pl $% g:vv f)'.f.:."': ool 33
T B e et e i §R w2 Bh ey
R SN74145N 1.15 SN742008 5.59 " . Ix . " B X H SF KO Hatt Booy {eacn) 4D SR HB Hal Booy |each 4D
SN7448N Il SNT4147N 235 SN7a279N* 90 .200" dia. 185" dia. .200" dia. .085" dia.
SNTASON .26 SNIMBN 200 SNTazsIN- 179 M XC22Red  5/$1 XC526Red  10/$1 Aed  10/31 MVS50
SN745IN 27 SNZ41SON 100 SN74284N  6.00 XC22Green 4/31 XC526Green 7/$1  XC556Green 7/21 .0B5" dia. Micro CLIPLITE! 4/
SN7453N 17 SN 9 Snraesw 600 XE32vellow :;g ;(gggggﬂlrm e xe Yetiow 1751 A leD .
74 range range
SNTASAS Swasw W swwn 75 £G290ren0e 4/81  XC82eQranee 4/3] XC336C1ear 7781 6/51 NEW LED $' 00
MANV OTHERS AVAILABLE ON REQUEST . MOUNTING SYSTEM
20% Olscount for 100 Combined 7400's DIS PLAY LEDS D
04000 25 C O S 74C04N ' MAN 7 L33B ©® CLIPLITE mounts from the
04001 2 poAd 4C10N 6 $.99 . ' $.99 front of the Panel in a .250 53
e G %2k i 8] s® SUPER SAVINGS! o 1 s o
04007 % €Da042 YO uCon 2t thickness from 1/16” to 1/8”.
cmg‘os 59 Eg:g:; ;g T4CTIN £.50 ou0? oLy ® CLIPLITE equalizes and increases the bright-
Coagro 2 e 118 ) f commonly used wide beam LEDS.
& NDSO3  FNDTO MAN 2 MANA  MAN? ness of c v
Qo B G @ Mo 3w a3 ® CLIPLITE is to be used with XC556 LEDS only.
CDa013 a7 CD4050 9 o 125 1 Specify red, green, amber or yellow CLIP-
CD4u16 ] gg:gg; ggg ;40151 2.90 . EI LITES when ordering.
o017 135 - iC154 400
€019 55 €04060 3B ey 2.15
€04020 149 CD4066 75 740180 3125 POLARITY TYPE POLARITY m S S
C04022 125 CDA05S 45 cven 3.25 Common Anode MAN 3620  Common Anode-orange 300 .99 [ ..o ZENER DIODE,PE RVEEIIHERS PRICE
x ot Matrix N .ommon Cathode- ounq- E
Gaz o Q0N 6w i Sroabing, ; BARIS Gmmentavesmenee 200 S M s 53 Yoom o st eee b
o424 150 CDADBt 45 gt 325 Gommon Cathode 187 Y95 glioy Common Anode red 300 90 W iNiiA 5T apom  en0o  ineose ] ! N
€D4025 25 CD4511 2.50 74C173 2.80 o 99 oL707 Common Anade _ggg ;.gg IR | i |:Jgg$. Iggg ::: ‘l:x;’ 10/1.00
n v K %0
3oz A~ RS - O T D725  Eammon Anode” 225 W N3 62 40om 4100 1N3600 vom 4%
04028 1.65 T4COON 39 qac195 275 oL 750 mmon Cathods 225 W oinise 63 0 noo
€D4029 2.90 74C02N .55 MC404d4 450 OL 338 Common Cathode 9 . m 1Na148 5 10m  151.00
04030 65 MC14D16 5 ENOJ Sommon Cathade 250 50 W Nsse 82 a0m gm0 WA 35 0m 12100
__mm___.s ENB0T  Eamman Shose® 200 133 [ wosss 15 acom 4100 INe73e 56 tw 28
" ) MI3IN 2.95 =25 INS232 56 500m 28 IN735 62 w 2
1
wwon 3 LINEAR bhow 1% T SOLDERTAL — LoW FROPLE Ty SO0KES W 83 e B wawes b %
LM302H 75 LMI4S8C 65 2 sor00 ] 5236 75 s00m 28 WM 12 w 28
LM304H 100 LM370N 105 IMI4N 95 2 2585 4o 124 8 A N5 25 Om  §1.00  1NTa3 15 tw 2%
LM305H 95 IMIZIN 325 (MISSGY 165 8pin 817 1 “ 2pn 538 3 85 IN58 150 Tm 6100 INIIBI S0PV 35AMP 150
LMIOTCN 35 LMITIN 400 LM2ITIN 195 14pn 2 19 pin 45 a ‘: IN4BSA 180 0m H1.00  INUBY 10PNV 35AMP 170
LM30BH 100 [M3BON 139 (M29OIN 2.9 18 pin -2 2 36 pin 60 % 82 INGGOT SOPIV 1AMP 12100 IN1185 150 PIV 35 AMP 1.70
LM30BCN 100 LM3SOCN 105 LM3065N 69 18 pin 2 28 AOfe - o2 IN4G02 100 PIV 1AMP 127100 INUB6 200PV 35 AMP  1.80
LM3OSH 110 MIBIN 179 LMISOON 55 2pn 7 og! % SOLDERTAIL STANDARD (TIN) IN2003 200 PV 1AMP 121100  INI1SB 400PW 35 AMP 300
(M309K % LM382N 179 LM39OSN 60 NG04 400 PIV 1 AMP 1211
LM3IOCN 115 NES01K 800 LM3909 125 tph s 2 24 Bon S .99 90 81
LM3NH 0 NESIOA 600  LMSSS6N  1.85 16 pin 30 27 25 - m Bon 139 126 115 SCR AND FW BRIDGE RECTIFIERS
LM3LIN %0 NESIH 300  MCSSSV 1.0 1 3 1 * B e 159 145 130 60 Ve @y N oS
@
s m oe= o Eg sl 2 3 3 moomem @
T O B e TP G 2 SOLDERTAIL STANDARD (GNLD) 23 1.64@ 200V SCR 50
M320K-5.2 135 NES55V* 45 LM75450 49 MOA 980-1 25A@ SV FW BRIDGE REC 195
IM320K-12 135 NESSOB® S0 Tsdsich 39 son s 7 - m ugh s 0 8 4 MDA G803 25A@ 200V FWBRIDGEREC. 1.9
M320K-15 135 NESEIES 500 735N 39 14.0m 35 32 Zon 10 1m
(M320T5% 175 NES628 500  75453CN 39 16 pin 38 35 nm 175 1.40 1.26 MPS A 84100 TRANSISTORS PR21G 45100
LM320T52 1.75 NESBSHY 125 75454CN 3 18 pn 52 a7 175 188 155 wes 55100 am il PGSO 43100
LMa201-8* 175 NESGSN® 175 7S491CN 7 WIRE WRAP SOCKETS (GOLD) LEVEL #3 2% 350 Gt dE100 M0 43100
LM3207-12*  1.75 NESEECN' 125  7S492CN -89 zum|‘ 431.00 PNISES a1 00 zn:g; :g: gg
LM320T-15 175 NESETHY 195 75494CN 89 10ph 545 a1 e 2pin 5105 95 85 Doy Ay . M 53100 =N =
LM320T-18" 1.75 NESGTV' 150 ACA LINEAR 14 gin 29 k'] 28 pln 140 125 1.10 M2 4100 ZNIT0S B R0 408 55100
(M320T-24  1.75 LM703CN 45 CA3013 215 16 pin a3 42 36 pin 159 145 130 RS 8100 m;g‘; -‘;;; : ME086  41S1.00
LM323K-5"  9.95 LM708H 29 CA3032 256 18 pin 75 68 40 pin 175 185 1.40 M23he 43100 W ss 0 ans087 :g:g
N 4 | LM;Og: 2 Sﬁﬁig 3;2 N ;gl‘ o E ] SHE2 MNs08s 481 00
LM339N 170 M7t 79 2 - WIS $1.00
2N2925 581 00 2K5129 5%1 0
iz w2 s g | sopcs. ResiSTOR assoRTMENTS $1.75 eerasst. | ZE B oot = o
LM3A0K-8  1.95 LM723H 55 CAI060 325 T0OHM  120HM  150HM 18 OHM 22 OWM wesss 5100 R o B
el 1% o T ASST. 1 Sea.  270HM 330HM 390HM 47 OHM 56 OHM 174 WATT 5% - 50PS, St | g aos amw ] oo
a5 1 q . s ¥
LM340K-18 1.95 MZ4ICH 35 CA30B2 2,00 63 0HM 82 OHM 100 OHM 120 OMM 150 OKM M08 48100 A e
(M340K-2¢ 195 LM74ICN 35 CA3083  1.60 ASST. 2 501, 180 CHM 220 OHM 270 OHM 330 OHM 330 OHM 174 WATT 5% = 50 PCS,
LM340T-5 175 t:;:;:“" 33 Eﬁggg 5 ?g 470 OHM 560 OHM 680 OHM 820 OHM ® CAPACITOR S0 VOLT CERAMIC CORNER
.. R ; AssT. 3 Sea. 12k 1.5 18K 2.2¢ 2.7% 174 WATT S% = 50 PCS. ISC CAPACITORS
LM340T-8* 175 LM747N 79 CA3091 10.20 19 10-49 50-100 19 " 1049 50-100
MaOT-12 175 LM748H 29 cA2 215 3% 3.9 o 5.6k 6.0% it gt Jsisnioo o PR
LM340T-15 175 LM748N 33 CA3130 139 ASST. 4 5es. B.2K 10K 125 15K 18€ 174 WATT 5% 50 PCS. o 1 u | b
HELN M0 30 cAMD 128 22 pt 05 04 03 0047uF 05 04 035
o 12 1 ;5 LMIGOSN 119 CAIS00 175 22K K 33K g SK 479t 05 .04 03 0NWF 05 .04 035
R e MU0SN 140 RCHOs 5o ASST. 5 Sea. 5ok 66K 62K 100K 120K 174 WATT 5% = 50 PCS. 10001 05 04 03 02uF 06 05 04
IMISICN 65 (MI3OIN 85 RG4S 325 10 180K 20K 270K 330K i A °‘7F“‘ o2
J4LS00 1T L ASST. Baa. 390K 470K S60K 680K 820K 174 WATT 5% = 50PCS, . vou Y umnoas
WM 1M s 1eM 2.2M o01mt ”? 07 .02 1B 08
741500 39 741855 B rss s ASSY. 7 Sea. 2IM  33M 39 A7M S.6M 174 WATT 5% = 50PCS. o 2 |g a m:m A
9 74 5! 74L5153 1.8% .0047mt 1 .1m
Tl Gy Ep s ded 5 EACH MINIMUM PER VALUE ON ANY BESISTORS FAOM 2.2 04 0 5.6H S A s B wow
741504 5 1575 79 tas162 225 pCS g3 0275 +20% OIPPED TANTALUMS {SOLID) CAPACITORS
741505 45 741576 £5 NLS163 225 ARV 28 23 a7 153 30 26 .21
741508 38 741583 219 181 228 SINGLE TURN %' CERMET POTENTIOMETER 1535 28 23 A1 27 3 21 22
Jasis 7 asm  1»  sswe  ga || o Resistance Tolerance x 20% ( -V R+ -V
4451 4 1. . 3 3 / § B ¢ [
uist 21 TS 125 asl 285 snHioh Rower_,0.sIWattlall70iG, - o $ .89 o 28 23 7 sV 36 3 55
71520 39 7508 125 s 285 o Wide Operating Temp. Range ~55°C to +125°C o LA T
740528 49 7895 219 TAS1) 285 STANDARD RESISTANCE VALUES 1035V .28 £ S0 40
L T T IR 500 1000 5000 1K 2K 5K 0K 20K 50K 100K 200K 500K 1 MEG "ﬁlﬁ‘i"‘ SmAw ELETROLC GapACiToRg
TN “Astisk Dentes tams 01 Specal For Tis Morl- g T
741540 49 7415136 65 7418279 7 Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds. 3V 15 13 0 TOMEV 15 13 0
LSSt 2 TN % Callfornia Residenls — Add 6% Sales Tax — Data Sheets 25¢ each ygay 1Bl ey e
DATA HANDBOOKS Send a 13c Stamp (postage) for a FREE 1976 Catalog WSV 6 4 12 4rev 15 13 10
7400  Pin-out & Description of 5400/7400 ICS $2.95 2o AT 15 A2 srav 8 a0
CMOS Pin-out & Description of 4000 Series ICS $2.! 95 25v 26 20 18 LTSV 16 14
Linear Pin-out & Functional Description sy SIS 1016V Y4 12 09
ALL THREE HANDBOOKS $6.95 asov 25 21 99 102y 95 a3 0
10025V 24 20 18 WSV 16 14 12
100 PER STRIP - MOLEX PINS 0055 35 30 28 4TEV 24 21 A9
Intended for use as an Inexpensive substitute for IC ggggv ii i? gg :gg:z 3 ;g :;
FREBaEENg 0ckels: Mso pertect for use s board connectors 1021 HOWARD AVE., SAN CARLOS, CA. 34070 Qusv W 2 2 wosw 3 W 28
SFEEY and in subassemblies. 1000/16V S5 50 45 220/16V < BT BN T
\ SPECIAL — 100/1.49 — 1000/12.00 PHONE QRDERS = ‘415) 592'8097 20016V 70 8 35 4025 N 28 2
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THE NEW RCA CA3140
MOST USEFUL OP AMP SINCE THE 741

—

( ¢ = 5 FUNCTION ELECTRONIC CALCULATOR
~ 7! CRYSTALS [EZ‘;"" MICROPROCESSOR COMPONENTS kst
=1 ' | THESE FREQUENCIES ONLY e,
paild Frequency Case/Style — Price 8080 SUPPORT DEVICES $8 95
ALY Q0o Hessn oo 8080A 8212 8 BIT INPUT/OLTPUT PORT FOR 8080 595 8080 | rearvaes: 0
or 1000 T M e §34.95 D25 NON INTERRUPT BI.DIRECTIONAL BUS DRIVER 795 524 5] - 80t Dsiay
CY7A 5.000 MHz HC18/U 54:95 4 8224  CLOCK GENERATOR AND DRIVER FOR 8080 12.95 « S Functionsrons s of agdition, subtragtian, mul-
CY12A 10.000 MHz HC18/U $4.95 8228  SYSTEM CONTROLLER AND BUS DRIVER FOR 8080 12.95 tidication, silvision, percentage; with constant on
CY14A 14.31818 MHz HC18U $4.95 CPU'S RAM'S alt tunctions, with full floating decimal point
CY19A 18.000 MHz HC18/U $4.95 8008 8 BIT CPU £9.95 not 256 %1 Static $2.25 o Power soure & 1 piece 9V DC Banery 00GP,
Cv22A 20.000 MHz HO18U $4.95 8080 Super 8008 2495 1103 W2x1 dynamic 25 1ok for AC adapler
CY308 32.000 MHz HC18IU $4.95 S080% Stoarlenon g 2 SR Yoo | o ek supedine grainea tinen piastc cavine
2504 1024 Dynamic 59.00 2107 £ x1 Dy 3%
2518 Hex 32 BT 700 211 6x¢  Sure
CLOCK CHiPS — CALCULATOR CHIPS = terJuptt i m L ae IS FUNCTION ELECTRONIC CALCULATOR WITH
MM5303 B Digit, BCD Outputs. Reset PIN s5.95 252 512 Oynamic ggg ;439 1261 4 gtauc :‘-;z WALLET-NOTEBOOK AND POCKET CHECKBOOK
A N 2525 1024 Oynam) 101 256 x 4 tatic
m%}; p 8:2:{‘ 323 832:{2 VP‘Z,’S’SJ.‘:.,",’ :32 2527 Den 256 T 3.95 8 26xd  Siatc -5 | RADOFIN MODEL 1710
MMs314 6 Digit, 12 or 24 Hour, 50 or 60 Hz wss J 52 b o o = x4 [ ] 348 $1 9 95
WMES 4 Digk. Alarm. 1PPS Outgut s 252 Quag B0 BT 3% 9L W21 Stane 29 | amines: .
MM5318  Video Clock Chip, For Use With MMSB41 T B 1pediguati; e = Bex1 Sukc d + 8 Digit Osgiay
CT7001 6 Dign, Catander. Aarm, 12 or 24 Hour 5.95 X S3410 6t Bk &
748670 16x 4 Reg 3.95 MMS262 2K x1 Dynamic « 5 Functlons ronssts of additian. subtraction, mul-
CALCULATOR CHIPS A PROMS tiication, dwisian, percentage; with constant on
MMS": & Diit, Four Funclion. Less Decmal $2.95 [ AY-51013 30K Bam:1 ~ $5.95 17024 2048 Famos $15.95 al: tunctions: with lull fioating decamal point
MMS738 8 DRl 5 Funcho - 235 LLE 5203 2048 F 1295
MNET®  BDgo ¢ Funclon, Foatig Gesiml 295 250 Char. Gen 511.00 82523 EY onen € 500 ] ¢ Prwersoune 56 ARAcels 9 V DC
€15030 12 Digh, 4 Function and * 795 [ 2516 Char, Gen 13.00 825123 2x8 Trstate 500 | » Wallet &2 Dne texon: cainet & black plastic
MISC. MOS 745387 1024-B1 Programmable 195 376‘3'23 z‘gg‘,‘ . Fsa’::'c ; 95
MMS320 TV Camers Sync. Generator $19.95 E— 3% DIGIT DVM KIT|
T i BIPOLAR PROM SPECIAL
iz Timebase (rcus iz g
MMS5841 Video Generator for MM5318 18.00 6300-1 (70 NS) 256 x 4 OPEN COLLECTOR BIPOLAR PROM (EQUIVALENT TO 825126) $2.95 one
MC1408L7 7 81 Digtal to Analog Conver 9. R
MCUOL7 761 Digha 0 Aralog Corvart 6301-1 (70 NS) 256 x 4 TRI STATE BIPOLAR PROM (EQUIVALENT T0 825129) $2.95 .
LOTIOLD11 3% Digk DVM Chip Set
55H90 100 MHz + 10 Gounler For Prescaters

*Special Requested ltems* W

"lhlsu -2 VDC 05 per cent digital voltmeter features the Motorola 3% digit

Vectos Winng Pencit PIIJ consists of a hand heid featherwe(ght (under one cunce)
toof which s used 10 guxdle and wrap insulated wins, Jed off a seif-contaned replaceable
bobbin, onlo component leads of terminals instailed on pre-punched P Patiem

RCA194  Oual Track V Reg $585 NGTO7T  $ 200  MKS0O7 $10.95  MCA04d s 450 Id
CA31 40 vs 741 ata glance AC4185 =15V Track Reg 325 4024P 2.5 8263 5.95  LM3909 125 | DVM chip sec. It has a .4 LEC display and operates from a single +5V
Ingut Resistance c”“n} o CATIET S F9388 Decoder 395  DMBIN 325 8267 275 MMS320 19.95 | powar supply. The unit is provided complete with an injection molded black
"|D(M » 1,500,000 -2 ’ Lm:g/;u gmf@iﬁossﬂop Amp Z:gg &00‘5200\5 9':2 ;gg ;Eg ;‘33“ | ;z plastic case completa with Beze!, An optional power supply is available
waput Clitent MCI40BL7 DA 935 2525 600 8880 0 7497 00 wnhnmslpln the same case as the 0-2v DVM allowing 117 VAC operation.
1, {pA) 10 80,000 F3341 AR €95 2527 395 451 250 74186 5.00 4 i
plc MMSB41  Character Gen. 1800 CO4518 250 XRa13s 200 74279 2 A. 0-2V DVM with Case $44.95
: AYS-9100  Push Buton Dualer 1250 MM5309 595  456AE  3.00 82590 4
tcosed loop) (Vius) 9 COP1802  CPU Microprocessor 3805 OM&I31 400  ICM7205 2095 - MCT-2€ ;% | B. 5V Power Supply §14.95
Gan-Bancwidin $ 1 2 5 5
Product, ty tMHZ) 4.5 10 . N J 00
: Continental Specialti S0 & ook
DIP SW|TCH On Inen a pe‘“a IeS The JE700 15 a low cost digital ciock, but
nigh qualty unt, o'
These swilches feature seven SPST slide switches 1 & o e sm'?u}::: ¥ c?:e it 8-
molded dip. They are ieally sutted for microprocessor P t mensions of 6 x 2% x 17 It utilizes 2
appiications, $1.95 P R 0 TO rato MAN72 high brightness readout, and the
$75 Board B0r 24 Hour | MMS314 clock chip
e POWER 95
s VECTOR WIRING PENCIL FOR THE i oy 115 VAC d
b W g PROFESSIONAL N
L [ ~" )
13 « E Drclotest Spce w3 balh Liquid Crystal Temperature Display
¢ 4'4‘" ‘ For the economy-minded experimenter s Lo il ol . ;
L M) B | soew o
ot w1 pomer bt j -
A (} *‘ A NEW S o Toripm OF e, Emitling Diode  pjgplay
- N g e Dlsplay

Proto Board 100

Hars 3 low cosT g 10 1 capacy

This clock makes an attractive addition to any desk. It has
an extruded, black anodized aluminum case. it displays
heurs, minutes, and seconds with .11 inch displays. and
comes complete with a liquid crystal thermometer. It oper-
ates off 115 VAC at 50 or 60 Hz. 324_95

This large digit clock (.6 hours &
minutes, .3" secands) features the
MMS5314 clock chip. 1t operates
from 117 VAC, and will operate in
either a 12 or 24 hour made. The
clock is complete with a walnut
grain case, and has fast set. slow
set, and hald time set features.

KIT - ALL COMPONENTS & CASE $34.95
WIRED & ASSEMBLED $39.95

JE803 PrOBE "'1'\3

The Lagic Probe s a unit which is for the most part
N ol .

1e:49as

incespensib® (0 Irouble shoating logic families

TIL. DTL. RIL. CMOS. %t derves the power -
needs lo operate directly oft of the cireull undet
151, drawing a scan 10 MA max. It uses 3 MAN3
«eadout 10 fudicate any ol the foliowing slates by
ihese symbids (H) - 1 {LOW) - 0 (PULSE) - P. The

Vectorbard” . Connections between the wrapped wife and companent feads. pads or | Bieadboaro k8 wh af ;e quatty of 1
terminals are made by soldering. Campiete with 250 FT of red wire. $7 95 TSty tpuligs veslos e THE MINI-
L e w8t aul ‘l'd e BAEADBOARD
kw“sez: ?s s-;a;n BUDGET KIT -
| u
REPLACEMENT WIRE — BOBBINS FOR WIRING PENCIL | st s ¢ e - s
W35-32APg. 3 2501 3 AWG GREEN  $1.95 i :
W36-3-B-Pkg. 3 250 ft. 36 AWG RED $1.95 ""‘;“. YT 29.95 y t
W36-3-C-Pkg. 3 250 ft. 36 AWG CLEAR  $1.95 = vl Y e
W3E-3-D-Pkg. 3 250 ft. 36 AWG BLUE $1.95 b b 100 o T 30 05 NS s
Huge 3 060 sokdeness . 3 .
§-
1/16 VECTOR BOARD S 1470 el . "ﬁ
0.7 Hale S P-Py DIP capacrty. 9 2 250 wiceniass te
K pacing atiern tte by oS (8 Srwar -4
Pan No. 2-Up 7. 95 smamg o
.
PHENOLIC 54P45 DBIXIXP 450 60 1R 154 R 059,95
169P44 D2XXXP 450 1700 368 33 DESIGN MATE 1
£POXY §2P14 062 S50 650 207 18 oot wy G
GLASS 84P14 052 150 850 25 231 et VPO po e g Vel
169P44 062 £5C 1700 504 453 oy budirat o o §5 o g e
169P84 062 as0 1700 923 626 Ao e e
EPOXY GLASS  159PH 052C1 450 1700 s 82 ST O 3 00 i oy
COPPER CLAD i s sagy o SASVDE a7
‘ ‘ Uz'mll:vtll\ Nerw 1h2t's des gn Bes-
VECTOR TERMINALS e bl ol
Pant No. Finish 25 pes T ]
Senes Gold  Tinned FPosiSwe  Gold T Gold T “ e o
T4 T4 Tl 025 sg 1500t 1.00001 27500t 1.75 01 e hataaihri
}Ag ;ag: ]’As 028 sq 17540t 12510t 300 ot 2.25101
4 4 29 025 sa. 17500t 1.25101 31010t 2.25 40t Lorliog i g Lyt bont - d LOGIC MONITOR
Tazt  PKG 100 Temwnals  S350C  S13.00M :”"ME‘T“ .::323.”'““ .’.‘.ﬁ' Simultaneously displays static and
v — 0 e ¥ s it ’

NIBBLING TOOL DIAGONAL CUTTER

" S-ml Flush Cut Fine Diagonal

i

Unhl Gllll Handle

19 o U e

[

Nibbting Tool
Replacement Punch

$6.95

$3.75 Each $8.50 ea.

o 14 g oo 5 3180 08, HTL oz CMOS DIP ICs.

0

dynamic logic states of DTL. TTL

$9.95 Per Kit

printed circuit board
T2L 5V 1A Supply

Probe can detect hugh Irequency putses 10 45 Misz.
It canl be nsed at MOS levels or circuit damage
wil tesult

2 ]

R nmroy e SPECIAL! Pocke! size $84.95.

gmmmg;m. . or-58 QT Proto Strips

L BT GTiype  enoles  price

* aQTses 590 125C
Qr-598 bus strp 2.5G
QT4 470 1000

478 bussp 228

o185 350 850
Qr-358  bussirp 200
Qr-185 180 ar
or12§ 120 am
ares & 32
Qr7s n o

This 1$ a standard TTL power supply using the wetl known
LM309K reguiator IC to proviie a solid 1 AMP of current at 5
volts. We try to make things easy for you by providing
everything you need in one package. Including the hardware

e $9.95 Per Kit

exelar

This watch is manufactured by Na-
tional Semiconductor. It provides §
functions; hours, minutes, seconds,

This keyboard teatures 64 unen-
coded SPST keys, unattached 'o
any kind of P.C B. A very solid
moided plastic 13" x 4" base
Sufts most apolications.

$19.95

HDO165 16 LINE TO FOUR BIT PARALLEL KEYBOARD ENCODER

64 KEY KEYBOARD

$7.95

DIGITAL CLOCK KIT — 312 INCH DIGITS

i This clock features blg 3% mgh digits
tor viswing In offices, audilorn:ms, etc.
Each digrt 1s farmed by 33 brght 0.2°

LED's. The clock operates teom 117 VAC,
has eithe: 12 or 24 hr, operatian. The &
digit version ig 27 x3% " x1%", andthe
4 dight 15 187 x 3% x 1% Kits come
complete with all components. case and

JOYSTICK

These joysticks feature four
100K potentiometers, thatvary
resistance proportional 1o the
angla of the stick. Sturdy metal
construction with plastics
components only at the mova-
ble joint. Perfect for electronic
games and instrumentation.

$9.95 ea.

4 DIGIT KIT §49.95 4 DIGIT ASSEMBLED $59.95
6 DIGIT KIT $69.95 & DIGIT ASSEMBLED $79.95,

transtormer
Specify 12 O 24 Hr. Whea Ordering

date, A.M. indicator dot. Accuracy is
assured to 5 seconds per month by
precision quarz crystal. If something
shouid go wrong with the watch, repair
is assured within 48 hours atter it is
received. Complete with steel black
leather band.

ES4-YS
3 MICRON GOLD PLATE BEZEL

Satlslaction Guaranteed. $5.00 Min. Order. U.S. Funds.
California Resldants — Add 6% Sales Tax — Data Sheets 25¢ each
Send 2 13¢ Stamp (postage) for a FREF 1976 Catalog

I4MES

1021 HOWARD AVE., SAN CARLOS, CA. 94070
PHONE ORDERS — (415) 592-8097

DIGITAL ALARM
CLOCK

This 4 digit Novus Alarm Clock
Is a very reliable and smartly
styled unit. It provides such
features as an alarm settable
1o any minute of the day, a 7
minutes snooeze alarm, a power
failure indlcator, and even an
AM., P.M. Indicator.

$17.95

Novus

NOT A KI'-T

J/

OCTOBER 1976
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TV TECHNICIANS, SERVICEMEN, HOBBYISTS—Vista
Model 740 Digital Crosshatch Generator. Compact crystal
divider for lowest-priced ultra-stable 5x7 crosshatch or 56
dot patterns. AC powered. $31.95 complete kit: $41.95 as-
sembled. Postpaid in USA, Canada. Information available
free. Photolume Corporation, Dept. PE-106, 118 East 28th
Street, New York, New York 10016

PLANS—Vldeo Pong. .. $2. OO Laser $2.OOA Projection
TV...82.00. Catalog 50 cents. Technologic. Box 5262,
Orchard Lake, Michigan 48033. o -
STEREO HOBBYISTS. add an automallc level control to
your present tape recorder. 20-20.000 HZ, 0.5% THD. and

1 db. send for circuit diagram and parts list. w / $2.00 to
Weston Electronics. P.O. Box 21. Bridgeport. Pennsylvama
19405 Ask us about other 2r_circuits

LABORATORY RF. DC and Specnal Inslruments and Re-
corders. Send for list. Will trade for modern 2-way Shop
Equipment. Elmo Black. 413 NE. 38 Terrace. Oklahoma
City, OK 73105.

ELECTRONIC INSTRUMENTS, Test Equipment and Parts
sold surplus. Catalog 50 cents, refund with order. MCI,
Dept. EE, 420 Park Ave., Perth Amboy, N.J. 08861.

EMERGENCY VEHICLE Equipment Catalog $2.00 (S:EO
refunded w/irst order). Vehicle Systems, Box 101. Mastic
Beach, N.Y. 11951.

FUNCTION GENERATOR PCB using 8038 IC. Provisions
for power supplies; variable offset, duty, amplitude, fre-
quency. Complete instructions. $7.00. Telus Electronics. 77
Leacock Drive, Ottawa, Canada K2K 1S5, U.S, lnqulrles

SURPLUS TEST EQUIPMENT. CB repairmen fight RFI wnh
10Mhz-44Ghz Spectrum Analyzer for $275. American Cali-
bration Services., Box 8104, Athens. GA 30601. {404) 725-
7783.

SCHEMATICS. Compl_ele elet%;icisécurit; syslem_sche-
matlc package. Coleman, Box 2134-F, Station A, Cham-
palgn. Illinocis 61820.

JAPANESE TRANSISTORS. all transistors orig:nal factory
made. Free catalog. West Pacific Electronics. P.O. Box
3879. Torrance. CA 90510.

CLOSE-OUT SALE. keyboards for synthesizers. $50. Inter-
face with Gnome Microsynthesizer. Use with Lancaster
project. Brinkwood Electronics, Box 26, Sandy Spring, MD
20860.

COMPUTER HOBBYISTS! Bargaln hunt and sell via
ON_LINE. 18 Issuesfyear — $3.75. Free Sample. ON_LINE.
24695 Santa Cruz Hwy., Los Gatos, CA 95030.

ELECTRONIC ignition: Capacitor-Discharge, pointless

Auburn Sparkplugs. Wheel Stabilizers. Information 20
cents. Anderson Engineering. Epsom. N.H. 03234

QUALITY ELECTRONIC COMPONENTS

NEW DISCOUNT SCHEDULE
SAVES YOU EVEN MORE!

8080A $29.95 2102-1 $1.99

MICROPROCESSOR 1024 Bit Random Access Memory
0-70°C 480 ns Clock Period 500 ns Max Access Time

INTEGRATED CIRCUITS — TTL, CMOS, LINEAR & MOS

7400 .21 7473 .30 24174 98 | 4001 .23 | 4073 3
7401 21 7474 30 7175 .93 1 4002 .23 | 4075 .
402 .2 7475 49 Hize 79 | 4006 1.2 | 408 g
7403 .21 7476 32 747 79 | 4007 B | 4082 :
7400 . 7480 70 74180 70 | a008 79 [ 4502 9
7405 .21 7482 70 74181 215 | 4009 a4 | 4510 4
7406 .25 7483 70 74182 79 | 4010 a4 | 45N 05
7207 25 7485 89 74184 2.} @l 3 | 454 .80
7808 .21 7486 .2 74185 21 4012 3 | 4815 80
72409 .2 7489 219 74188 3% 4013 40 | 4516 <l
410 .21 740 a4 74189 3.50 | 4014 96 | 4518 1
4 .2 91 70 7419 123 | 4015 96 | 4520 B
412 .21 7497 a4 74191 1.2 | 4016 40 | 4527 X
413 .25 7493 44 74192 88 | 4017 1.05 | 4528 g
414 . 7404 70 74193 4018 1.05 | 4585 5
416 .25 7895 (70 74194 4019 73 | LMISK 1
417 .5 74 70 74195 4020 114 | LM324N 1
40 2 74100 1.28 1% . 4021 1.4 | LM34OT-5 1.25
471 .25 74107 30 74197 | 4022 .96 | LM340T$ 1.25
423 .35 74109 33 74198 1.49 | 4023 23 | IM340T8 1.25
7425 .35 121 35 7419 1.4 4024 .84 | LMOT12 1.
7426 .25 74 44 74251 1.09 4025 .23 | IM340T-151.25
7477 . 74 .61 74279 .58 4026 1.68 | LM340T-181.25
428 .28 74125 40 24365 . 4027 40 | LM340T-24 1.25
430 .21 74126 40 74366 . 4028 .89 | LM3OON 88
432 3 74367 4029 1,14 | NES36T 324
433 74141 g8 74368 430 .3 ES40L  2.04
437 .25 74145 7 75150 1. 4033 1.5 | NESSSV .48
438 74147 1.63 75450 B8 | 4034 3350 | NESS6A .88
440 21 74148 130 75451 8 4085 1.14 | NESSOB  3.83
441 50 1.1 75452 . 4040 1.14 | NESSIB 383
442 74151 7 75453 | 4041 79 | NES62B 383
443 .63 74153 6! 75454 4042 .79 | NESGSA  1.25
444 63 74154 1. 75401 4043 70 | NESGBV 128
445 .70 78155 75492 84 | 4044 70 | NES6TV 1.3
446 .70 7415 7 75493 1.09 4046 186 | VATOOCY 44
447 70 74157 7 75494 1.9 | 4040 .40 | UA7IOCA 44
7448 70 74160 8093 40 | 4050 .40 | LAZIICA 83
7450 2 74161 8094 40 | 4051 126 | UATICA &0
453 21 74162 . 8095 .67 | 4052 1.26 | vAZ4ICY 44
454 .21 74 y B0% .67 | 4053 126 | vAZ47TCA 70
460 .21 74164 96 8097 67 4060 1.58 | uAZd48CVY 49
470 .30 74166 1.26 8098 .67 | 4086 .79 | MCI4SBY 53
472 .30 74170 2.4 82525 2.19 | 40 3 | 21020.. 1%
74173 1.42 4000 .3 | 4072 .23 |gosoa  29.95

T
NATIONAL MA1001A

DIGITAL ALARM CLOCK MODULE

with Transformer and Switches

$12.95!

MAT001A $9.50 when
purchased without transformer
& switches

FEATURES:
e Bright 4 Diglt 0.5' LED Display
e Assemblod & Tostod Moduie

You only need connect transformar & switchas
12 Hour Format with PM indicator
50 or 60 Hz Operation

Power Failure Indication
Brightness Control Capability
Alarm and Snooze Timers
Compact 3.0''x1.75"

e & & o o

L]

A Great Bargain, but Quantities
are limited — So Order Now!

BISHOP GRAPHICS rrinted ciccuit dratring

Alds are now avallable from Digl-Key

TRIAC.TO220 PACKAGE

TRANSFORMER
10 AmP/400 vOLT Prl-120 V. Sec-12V 300 Ma.
50c $1.00

DATA BOOKS
TTL IC's - 592 pages . . ... $4.00 INTERFACE IC’s - 464 pages $4.00
LINEAR IC's - 704 pages. . . $4.00 VOLTAGE REGULATORS - 128

CMOS IC’s - 256 pages. ... $3.00  poges....... <., $3.00
TRANSISTORS - 28 pages. . $2.00 LINEAR APPLICATIONS - 432

MEMORY IC’s - 592 pages . $3.00

REED RELAYS
1.5 Amp SPST N.O.
Contucfs

Ya WATT 5% CARBON
FILM RESISTORS

5¢ each in multiples of § per value
$1.70/100 of same valve. 10 ohm to 1.0 meg

24v Coil  $1.70 $125/C

SILICON riumsnsrons

MPS918, MPS930, MPS????A MPS23894, MPS2712, MP$2907A MPS53392, MP$3393,
MPS3394, MPS330S, MPS3563, MPS3565, MPS3638, M MPS3640. MPS3641,
MPS53643, MPSJMS MPS3646 7N3904 2N3906, 7N412A 7N417¢ 2N4401, 2N8403,
2N4410. PN4838, 2NS087, PNS129, PNS133,  PNS134, PNS137, PN138,
PN5139, 2N5210, PN5964 |6 31 55/10 $13.60/100 of same port no.

MPF102 .36 $30.80/C 2N5457 .48 $41.00/C MPSA13 .28 $24.00/C 2N3055 .99 $85.00/C

AP SUPER STRIP Il—Universal Breadboarding

Elament with 840 Solderless
Plug-In Tle-Paints

1.C. SOCKETS

8 Pin Solder Tab
14 Pin Solder Tab
16 Pin Solder Tab
18 Pin Solder Tab
24 Pin Solder Tob
28 Pin Solder Tob
40 Pin Solder Tab
8 Pin Wire-Wrop
14 Pin Wire-Wrup
16 Pin Wire-Wrap
18 Pin Wire-Wrap
24 Pin Wire-Wrop

WIRE WRAPPING WIRE

Pro-cut and stripped Kynar insukated wire from
1.0 10 15.0" in red or black. Akso sold in buk
longths.

RESISTOR ASSORTMENTS

$e0. o1 10% Yo W. Vol from 2.2 10 17 meg (425 pcs} $12.00
S o0 w1 10% % W. Yal. frem 10 e 5.6 meg (350 pes} $12.00

SRRERRRERRRNRY

28 Pin Wire Wrop ]
Wire-Wrap VOLUME DISCOUNT SCHEDULE
$17.00 -
" Merchandse Meorchomd
" HARDWARE Toted Tl wl-w'-;
§ 100,00-3499.99 LESS
256 Yo Scrow  o9/C 720 [f B 003 T T L S o
2.56 % Screw G 7.65) § 25.004 9.9 LSS 10% 5100000 & up . . LESS 5%
t:g :ﬁ 2“" SS;E 2£;M — Then Add the Standord Charge Below
rew 3
632 Vi Scrow  .65/C 4.40/M STANDARD SHIPPING/HANDLING
£32 V4 Sorew  T5/C 4.85M CHARGE
g’gg aﬂsﬁl’;" gg;g gggm W your merchondica totel attor discount is batwaen:
440 Hext Nut  .S5/C 375/M |} 5 0005 4.9 .odd 5200  § 50.00-499.99 . 0dd $0.25
gg; :ex “U' 2%52 ‘Alllglm 3 5.00-524.%9 .. odd $0.75  $100.00 4 up . . No Charge
lex Nut 4.15/1 $ 25.00-349.99 . odd $0.50
LED DISPLAYS Y2 WATT ZENER DIODES No. 2 Lockwasher ';‘5"5 e Tncheder shipping & imsurance to USA & Camede
DT CC15" 5175 | INSZeB 53w 15 S1/C INS268 150 13 s10/C Rt o lotarac o/ ———
FND500 C.C. . INS2278 3.6v .15 $11/C  1N5237B B.2v .15 $11/C No. 8 Lockwasher .45/C 3.00/M COO ORDERS ACCEPTID FOR SAME DAY
FND507 C.A. 500 IN5228B 3.9v .15 $11/C  1N5238B 8.7v .15 $11/C = SHIPMENT — CALL 210-631-6674
FNDBOO C.C. 800" . $3.50 | IN52298 4.3v15 $11/C IN52398 9.1v 115 $11/C [5omd to free vorc
- IN52308 4.7v .15 $11/C IN52408 10v .15 $11/C | er mail recders ”()II’\ Oualilv Componeris Sold!™ I
FNDSO7 C.A. 800" - S350 | \NSa31p 511y (15 §11/C IN3241B 11v 13 SI1/C 4 v :
LED LAMPS 52396 5.6v 115 $11/C IN52428 12v (15 S11/C | '™ DONT FORGET 1O APPLY VOLUME DISCOUNT ABOVE [
weare o | REEE NS MEE BNE )  DIGIKEY CORPORATION
\556 1%, 18 INS235V 6.8v .15 S11/C INS52458 15y 13 811/C | p O. Box 677 Thief River Falls, MN 56701
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IC BONANZA

*Data Sheet included on these items

Data Cassettes. Used.

Good Condilion s 92

*2102 1K Static RAM 1.49
*52030 Erasaable PROM 2K 10.95
*MM5330 National DVM Chip 995
*50310 Slide Rule Calculator Chip 395
*50250 Alarm Clock Chip 4.45
304H Neg. Regulator 95

309K 5 Voll Reguiztor 95

7805 5 Volt Pos. Reg. (TO-220) 79

7812 12 Voit Pos. Reg {TO-220) 79

7815 15 Voit Pos. Reg. (T(-220) 79

MAN 7 (HP.7730} 7 Seg. Drsplay 115
MAN 3 7 Segq. Display 5/1.00

MCA 8 Monsanto Opto Switch 75

LED 2 Red 6/1.00

LED 2 Yellow 5/1.00

LED 2 Green 5/1.00

LED 2 Red-Right Angle 5/1.006

LED 12 Red 7/1.00
LED 12 Yellow 6/1.00

LED 12 Green 6/1.00

1 Perforator Tape. per roll 2.75

7 Roh Carton 17.50

SEND FOR FREE CATALOG
Minimum order $5.00. data sheets 25 cents each
Include 5% of order for postage and handling
Texas residents Include 5% state sales tax.

BONANZA ELECTRONICS

P. O. Box 24767 Dallas, Texas 75224

6 MHZ CRYSTALS including schematic and info to gen-
erate 60 hz-12VAC to make your digital clock run on
batteries. $10.50 pp in US. Eastern Sales, Box 510, Raleigh.
N.C. 27602

BUILD YDUR DWN TV GAMERAI
— jdeoal for home & buslnoss —

THE ECONWOMICAL ANSWER Ti
ITORING Ol' lUlSERI!S
NESS  and

I
VEWAYS...
mr AMIT!

ORIV
SUNY Elllllc(

TV
NUIUIEM ER  APPLICATIONS.
MODEL SERIES O - IIT FORM Sla
ASSEMBLED !}15 SOLID-STATE. WORKS
ANY TV SET. OPYIONAL SOUND KIT $28.95.

PHONE or WRITE for camalog. Dial 422-987-3771
1301 snoapwar ATV Research naxom city, NE. 68731

USE LED olsplays confidently. $3.25 bork Jescribes theory
and praciical usage. Free catalog: LHC. Box 453, Littleton,
MA 01460.

500 MHz
= | COUNTER

1 0002% Accursey

X 8 D-gll LED Readout, 10 MHe TCXO 2 ppm from
Kit S249.95| 15" s5oc "Sensitivity - 30 mv @ 50 rbis, 150
Assembled $349.95 [ mv '@ 500 MHa. Size 8.8x8x2.8".

Devls Electronics, 636 Sheridan Dr., Tonawanda,N.Y. 14150 (716 )874-5848

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

Britton Enterprises. 6200 Wilshire Bivd., Los Angeles,
Calif. 90048.
0. DO ol N0 ”ll ll NI C.00
U 1111 1 UC )

SCARE THIEVES AWAY, PROTECT CB GEAR
AVY

AND PROPERTY! Bcauuful full color designs,
made from weather resistant mylar, looks
like smokies! Use for; car, truck, boat,
home, v, ect. e CB ID. kit of
ten decals-ONLY $6.95! Write decals;
Dep P . PB O

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

-8 RADIO Scanners “Antennas. The best for less. Free
List. Capitol Sound, Box 3523, Des Molne_s, lowa 50322_

IS HERE!!
The Memory : Concentration? 1 Timing Game.

Send $1.00 irefundable with order} for
iflustrative information packet . . . includes technical description
circuit functions, component line-up, and game dymnamics.

ViSUleX 7.0.Box 4204P  Mountaln View, CA 94040

POPULAR ELECTRONICS




COLOR TV CHASSIS AND PARTS

We have just purchased a large quanity of Color TV chassis’
and parts which were derailed enroute to the final assembly plant.
Chassis’ are bulk-packed and intact. Chassis and parts are for 13"
and 15"'Quasar®1976 models. We don’t have an entire package as of
vet, but by adding a few parts from your “junk drawer’’, you can

uild a Color TV for around $100.00. Parts to be added to build a
complete set include: picture tube, yoke, purity magnets, tube
shields, antenna, 2nd stage hi-voltage boost, and case. All chassis
supplied with shop tech manual and any other information we have
available. 13" or 15" Color TV chassis only $49.50 each (includes
tuners and controls). 3 = mat’l in stock
13” TV Chassis . . .6260175. . . $49.50 .
15 TV Chassis . . .6260174. . . $49.50 LI enae
Antenna telescope . .5M100419 . . $1.50
TV speaker. . . . . 6260177 . . .. $3.50
Binding post ass’y. . .5M100422 . . $1.50
15" Tube shield . . . 6260339. . . $2.00

TOUCH TONE DATA PHONE

Surplus computer touch-tone phones both new and used, sold as
icomplete units. Buy now at a fraction of the cost. Complete phone
and touch-tone pad, head set, micro-circuit boards, logic and op
amp powaer supply (+5V_+12V), power cord and phone cord etc.
omplete unit priced at $25.00.

Sh.Wt. 7Lbs. ..........6MI60179 . ... .... . . $25.00
MORE ITEMS!

 Big Brute Speakers:MB 10’s - 811.88/pair; 708’s - $10.88/pair;
920’s - 818.88/pair; 420’s - $14.88/pair. T Digital Clock & Radio
Alarm Movement by Copal - $5.88. t Solid State Reverbration
System, 12VDC neg. ground - $5.00. T KLH Speaker Enclosure -
Model 23, less speakers - $50.00/pair. { G-10 P.C. Board 1/16”’:
1/1 &1/0 (state choice) - $1.50/sq. ft. T 11 Button Touch-Tone
Keyboard Switch Set (SPST) - $2.50. 1 0 to 1 Minute Electric
Timer - 82.50.  Vidtron System 21 - $595.00. f Robot Printer -
$160.00. + TIL 305 - 5x7 Dot Matrix Alpha Numeric Display -
85.00. + Line Cord: 18 ga.; 3 cond; with 1 male plug; 10’ Ig. -
£1.00/2. t LeeCraft 125V Neon 32, 32R Lights - $1.00/3. Magnus
rgan Close-Out, Model 1700 “as is” - $29.50 (you repair & save!).

)

B&F ENTERPRlSEg

119 FOSTER STREET

PEABODY, MASS. 01960

(617) 532-2323 / 531-5774
CIRCLE NO. 26 DN FREE INFORMATION CARD

Terms: Add Postage.
CHARGES WELCOME!
IFREE Catalog with
every order.

r----------------------1

1 ]

' World’s Lowest |

1 1

1 P - 1

i rices '

1

. L LOW POWER SCHOTTKY

b 70 14 | 74151 60 | 7aLs00 25 | 74LS168  1.50 1

g 14 | 74157 6C | 741802 25 ' 7418174 150 1
7404 16 | 74160 7¢ | 74LS10 25 | 7418175 150

g 0 14 | 74161 75 | 740873 40 | 7418193 150 1
7420 14 | 74183 76 | 741575 50 | 74LS251  1.50

| IR LI 25 | 74165 80 | 74LS15! 85 | 7418253  1.50 1
7438 25 | 74173 125 | 7418153 95 | 74LS257  1.50

I a0 12 | 74174 75 | 7aLs1s57 150 l 745258 1.50 [ ]
7445 45 74175 75 7418163  1.50 1

b 74177 70 | cmos

| A T2l I 74180 8¢ 1 4001 16 | 4027 40 ]
7451 4 | 7018 150 | 4002 16 | 4028 60

| L] 22 | 74191 1.00 | 4006 90 | 4030 35 1
7474 23 | 74192 70 | 4007 16 | 4040 95

| I 50 | 74193 70 1 4008 70 | 4042 60 1
7495 49 | 74198 1.00 1 4011 16 | 4043 75 i

b 7a07 20 | 9602 55 | a012 Bl & o

p 16 100 | 9300 75 | 4013 35 | 4049 38 1
74123 50 | 9312 ™ ) 4015 80 | 4050 38

| 7% 60 4016 35 1 4066 65 [ ]
SCHOTTKY 4019 70 | 4068 35 :

I 7as02 25 | 748172 350 | 4020 90 | 4069 16 []
74837 40 | 745175 150 | 4021 95 | 4071 16

I 7ases 200 | 745181 350 | 4023 16 | 4073 16 1

g s 150 | 748197 150 | 4024 75 l 4075 186 2
74814C 50 | 745257 150 | 4025 20 | 4516 85

§ 7es153 2.50 LINEARS 4585 85 ]
HIGH SPEED NES35V 43 RAMS

B 74H00 20 | 74HS1 20 | NESS6A 90 | 2102 1.50 1
74H01 20 | 74HS2 20 | 7a1v 30 | PROMS 1

I 74H04 20 74H74 40 1458V 52 82523'S123 1.95

g 7o 20 | 74H1D3 50 | 566V 1.25 i
74H11 20 | 74H106 50 | serv 135

| 74n40 20 540L 2.00 1

I Order Mimmum $10.00. Add $1.¢0 shipping and handing charge per order California residents add 6° I

I sales tax. All orders shipped prompliy. I

Order the famous lasls 6 volume Programmed Learning Course “Microcomputer Design

I is a Snap” for $99.50 and receive a special $10.00 credit on any group of IC's. I

I Satislaction 100°. guaranteed. C.0.D. Orders: I

| Phone (day or night) 408/354-1448 l

" I_TR N POBoOx2542A

Sunnyvale, CA 94087

L----- - B O
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PRINTED CIRCUIT BOGARD
4.1/2"x6 1/7" SINGLE SIDED EPDXY

INTEL 8080 CPU $29.50
2518 HEX 32 BIT SR $6.00

2102-1 1024 BT RAM s 2.60 BOARD 1/16" thuck. unciched

5280-4K DYNAMIC RAM $12.50 5.50 ea. 5/$2.20
§202A UV PROM $12.50 VECTOR BOARD 1" SPACING

MM5203 UV PROM $12.50 45" x 6° SHEET $1.26
1702A UV PROM $12.50

5204-4K PROM ... . $2495 4 WATT IR LASER DIODE  $7.'5

MINIATURE MULTI-TURN TRIM POTS

100, %00. 2K, 5K, 10K, 100K 200K 2N 3820 P FET .S 45
$.75 each . y 3/$2.00 2N 5467 N FET S 45
WMOLTI TURN TRIM POTS Sl 1o Bowrns 2N 4891 UJT $ 45
3010 siyle 3/167x5/8"x1-1/4": 50, 100. TIS 43 UJT S 35

1K, 10K, 50K ohms €R 900 TRIGGER DIODES

$1.50 ea L . 3/$4.00 2N 6028 PROG. UJT
LIGHT ACTIVATED SCHR s
TO18. 200V 1A $1.75 VERIPAX PC BOARD
This board is a 116" single sided paper epoxy

TRANSISTOR SPECIALS board, 4%"'x6%* DRILLED ami ETCHED
2N3585 NPN Sl TO-66 s g% which will hotd up to 21 singie 14 pin IC's
2N3772 NPN Si TO-3 $ 1.60 or 8, 16. o LSI DIP IC's with busses lor
2N4908 PNP Si TO-3 $ 1.00 power supply connector. . —
2N6085 NPN Si TO-3 Dailinglon  $ 1.30 MV 5691 YELLOW-GREEN
2N5086 PNP S T0-92 475 1.00 BIPOLAR LED $1.26
2N4898 PNP TO-66 $ 60 MT.2 PHOTO TRANS s 60
2N404 PNP GE TOS 5/5 1.00 RED. YELLOW, GREEN OR
2N3919 NPN Si TO-3 RF S 1.50 AMBER LARGE LED's ea. S 20
MPSA 13 NPN Sy T0-92 3/5 1.00 14 PIN DIP SOCKETS S .25
2N3767 NPN Si TO-66 .S$ .70 16 PIN DIP SOCKETS s .28
2N2222 NPN SI TO-18 5/5 1.00 MOLEX PINS 100/$1.00
2N3055 NPN 5i TO-3 S .80 1000/ $8.00
mggoa :a:'r;n sqggz 5/2 1.00 8 PIN_MINI DIP SOCKETS s .25
2N3906 PNP S T0 92 5/$ 1.00 10 WATT ZENERS 39.4.7,56,8.2, 1215
2N5296 NPN Si 10-220 S %0 18. 22, 100, 150 or 200V ea. § 60
2N6109 PNP Si T0-220. o 2 1 WATT ZENERS 4.7, 5.6, 10, 12. 16,
2N3866 NPN $1 TO-5 RF S 7% 18 OR 22V A <1 ' 26
2N3638 PNP Si TO-6 5/5 100 Sowte:
2N6517 NPN TO92 S 375 1.00

CI/MOS (DIODE CLAMPED)
74C02- 26 4016 50 4035-1.75
74C10 25 4017--1.30 4042- 1.60

4001 26 4018 1.40 4047- 2.60
4002 25 4019 60 4049- 70
4006~ 160 4022- 1.20 4050- 70
4007 25 4023 25 4055- 120
4009 G0 4024- 126 4066-1.20
4010 60 4025 25 4071 30
4011 25 4027 65 4077 0
4012- 5 4028~ 150 4081- 35
4013 60 4029- 176 4076-1.20
4015- 1,40 4030- 90

LED READOUTS

SILICON SOLAR CELLS
2%’ diameter
5V at 500 ma. . . . - $5.00 ea., 6/$27.50

FND 500-5°CC. ... . . $1.95

I:AP 7N7;oza"cc},\c Z: ;(51 REGULATED MODULAR
AN-7-3" C.

R e a Py SR POWER SUPPLIES

+-15VDC AT 100ma
116VAC INPUT

§VDC AT 1A, 115VAC INPUT

12 VOC AT .5 AMP

TN 4148 IN914)

$27.95

Send 25¢ for our calalog leaturing $24.95

Transistors and Reciitiers
145 Hampshire S1.. Cambridge, Mass.

Terms: FOB Cambridge, Mass.
Send Check or Money Order.
Include Postage, Minlmum
Order $5.00, COD'S $20.00

OCTOBER 1976

TANTULUM CAPACITORS Full Wave Bridges
22UF 35V 5/51.00  6.8UF 35V 3/51.00 s e i =
A70UF 36V 6/31.00 22UF 35V S 4G s Vi i) o
6BUF 35V 5/$1.00  33UF 38V S .40 ; 3.00
1UF 35V 5/$1.00 30UF 6V  6/81.00 500 135 1.75 400
3.3UF 35Y 4/$1.00  100UF 35V S SC SANKEN AUDIO POWER AMPS
2.7UF 35V 4/81.00  150UF i5V S 400 $1 1010 G 10 WATTS S 690
= e =l ¥ $i 1020 G 20 WATTS $13.95
ﬂ?ﬂ‘ A_L_ARM M—M Si 1050 G S0 WATTS - 524,95_
NATIONAL MOS DEVICES TCD 110 LINEAR 256 X| BIT SELF
MM1402- 1.78 MMENGT— 2.29 SCANNI:G CHARGED COUPLED
MM1403- 1.76 MNM5E58— 2.75 DEVICE - $99.00
MM1304- 1.75 MMB060 - 2.75 CCD 201 100 x 100 CHARGE
MMEH13+ 250 MM5061 -~ 2.50 COUPLED DE VICE $135.00
MMSE016— 2.50 MM5555 - 4.76 - AR CIRCUITS —
MM5017- 2.70 MM5556  4.75 LINEAR CIRCUITS 7
MMB0S5._ 2.26 MME310. 1.95 LM 309K 5V 1A REGULATOR $1.25
MME056. 229 723~ 40 + 40VV REGULATOR . . S .50
301/748-Hi Per. Op. Amp. s 31
TTLIC SERIES 3207 5, 12, 15, OR 24V o
74L00- 25 7441~ 85 74126 -,m'\éEGg'T,l\:,:EG' 5_1 E3)
7400 16 7442- 55 74150-100 781 A or 741C OP AMP o
7401 18 7445 75 74151- 80 Alar T8 COREN 2 <l
s e By M153 79 710 COMPARATO! s .3
b s TaaST &8 14153-105 CA 3047 Hi Pef. Op. Amp. s 95
7404~ .72 7448 77 74155- 1.00 340T 6, 6, 812,15, 18,24V POS 0
7405 72 7472~ a0 14197 75 FESL UGN o oesy FpeS
L TR 40 4181 100 101 OPER. AMP. HI PERFORM £
7207~ 3 7478 40 74164- 1.05 LM 308 Oper. Amp., Low Power $ 9%
TionE TAje. ey 74165-105 747 DU:L Ty s 65
7409~ 5 7476 40 1173 95 B ORFAME
LS Jago. an 4178 120 537 - PRECISION OP
o= B Tass. 80 74175 95 LM 3900 - OUAD OP. AMP
S 0 Ties. g 74177-1.00 LM 324 - QUAD 741 .
7413~ 45 7a86- 45 74180-1.00 560 :HASE LOCK LOO:
o0 T 200 74181-2.40 561 - PHASE LOCK LOOP
el uy oo “ag 14190 115 505 PHASE Lchx LOO!
S T e 91-110 566 UNCTIONECESER
2520 .1\8 7a92- 49 72192 80 i TN FARSTERED DEMOD
7425 30 7493~ 49 74193- 90 L1310
il as 1493~ g0 74194-125 8038 IC VOLTAGE CONT. OSC
Sy Oa e B 74195~ 7 LM 370 - AGC SQUELCH AMP
7430- 16 7496~ 73 74196-1.10 okt PR e
7432- 30 74107~ 40 15324-1.7% 253 SUS‘ JT':)", OLATOR
7437- 30 74121 39 79491 .60 ‘fo D'US op':M,';
7438- 30  74123- 75 75492— 60 ,V?S 0 ;W AUDIO AMP
7430~ 18 74125- 60 s
LM 377 — 2W Stereo Audio Amp.
MINIATURE OIP SWITCHES L) SDLE;‘LESJSI%A‘Q’:EAMP
CT8:205-4 Four SPST switches wm g-” M1 PER. COMPARATOR
in oce mimidip Ipqckage s1.50 LM 319 — Dual Hi Speed Comp.
CT$-206-8 Eight SPST swiiches in a 16 QUAD COMPARATOR
pin DIP package $2.55

TRIACS

AY-5 1313.-A30K ser./pat., par.fser. uni
versal UART $6.95 100

SOLID STATE SALES

P.0. BOX 74A
SOMERVILLE, MASS. 02143 TEL, (617) 547-4005

CIRCLE NO. 67 ON FREE INFORMATION CARD

ALCO MINIATURE TOGGLE SWITCHES
MTA 106 SPOT $1.0
MTA 206 DPDT $1. 70

WE SHIP OVER 95%
OF OUR ORDERS THE
DAY WE RECEIVE'THEM
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ARIES brought you the first calculator kit,and the
first digital clock kit . .. and now brings you three
of the most innovative electronic kits ever made.
The System 300 Electronic Music Synthesizer kit is
the most advanced in the world today, regardless of
price. The AR-781 is a space-age beauty for any
decor. And the wholly solid state AR-830 does
the work of a $400.00 tape memory unit.

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

JEEPS, TRUCKS, Typically From $52.40 ... Automoblles,
Boats, Motorcycles, Alrplanes, Oscilloscopes, Tools,
Clothing, Sports, Camping, Photographic, Electronics
Equipment ... 200,000 Bid Bargains Nationwide Direct
From Government ... Low as 2 cents on Dollar} Surplus
Catalog and Sales Directory $1.00 {refundable first order).
National Surplus Center, 240 Eastcass-PEL, Joliet, IL
60432,

GOVERNMENT SURPLUS. Buy in your area. How, Where.
Send $2.00. Surplus, 30177-PE Headquarters Building,
Washlngton DC 20014,

BOOKS AND MAGAZINES

FREE book | prophet Elijah comlng be'ore Chrlsl Wonder!ul
bible evidence. Megiddo Mission, Dept. 64, 481 Thurston
Rd.. Rochester, N.Y. 14619,

THE AUDIO AMATEUR—A quarterly publication for the
serious audio constructor. Free prospectus. The Audio
Amateur, Box 1762, Peterborough, N.H. 03458.

CRIMEFIGHTERS! SHOPLIFTING! LOCKPICKING! DE-
BUGGING! All 3 books for only $5.00. Don-Q, 548-PE,

Seattle, Washington 98111

§ CONSUMER SERVICE

F‘B‘EE ® DIVISION CATALOG

Includes a wide variety of products associated with
the special interests of readers of Ziff-Davis maga-
zines—Psychology Today, Popular Photography, Stereo
Review, Popular Electronics, Boating, Flying, Car and
Driver, Cycle, Skiing.

Send for your free catalog today.
Consumer Service Div., 595 Broadway, N.Y, N.Y. 10012

FEEE CFALOG. A;lagn_and Space Books. Aero Pub-
|is_hersr, QEQPE West Aviation, Falibrook, California 92028.

DC REGULATED SUPPLIES — $2.00, OPERATIONAL AM-
PLIFIERS — $2.00. Design, build, use, and troubleshoot
through understanding. An engineer authors. Technical
Publications Department. Jaquish Enterprises, Box 875,
Troy, NY 12181,

REAL ESTATE

BIG...FREE. . .FALL CATALOG! 256 pages! Over 2.600
top values coast to coast! UNITED FARM AGENCY, 612-

EP, West 47th, Kansas City, MO 64112.

A clear, rubyred cylinder
shows off all six digits of
this modern calendar clock.
Easy-to-read numbers show ¥
the hours, minutes, and sec- f &
onds, as well as the month 'Eg { >
and day every ten scconds. <

Red LED 7-segment numerals are 0.33" high, ina
sturdy cylinder 2-1/2" in diameter and 4-3/4" long,
with finished hardwood ends. Time and calendar
are controlled by 60 Hz line frequency, with a 12-
month movement. Separate time and calendar adj-
ustments. Includes all the components, PC boards,
housing, and instructions. Shipping weight 2 lbs,
AR-781 Clock Kit ...o.ccooimivccernuniiieriienanas $34.50

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

ARIESINC.
119 Foster Street
Peabody, Mass., 01960

(617) 5632-0450

CIRCLE NO. 9 ON FREE iNFORMATION CARD

TAPE AND RECORDERS

RENT 4-Track open reel tapes—free b_vochure. S!ereo_-
Parn P.O. Box 7, Fullon. CA 95401.

193019 1962 Radio Programs. Reels, $1.00 Hourl Cassettes,
$1.00 Show!.. Mammoth Catalog, $1.25. AM Treasures,
Box 192PE, Babylon, N.Y. 11702.

RECORDS—TAPES! Discounts to 73%; all labels; no pur-
chase obligations; newsletter; discount dividend certifi-
cates; 100% gquarantees. Free details. Discount Music
Club, 650 Main St., Dept 5-1076, New Rochelle, New York.
N.Y. 10801.

RECORDING TAPE first quality, name brands, huge dis-
counts, get details. Electronic Diglts, P.O. Box 09362E, Mil-
waukee, Wis. 53209.

GOVERNMENT SURPLUS

MANUALS for Govt Surplus radlos, test sets, scopes. List
50 cents (coin). Books, 7218 Roanne Drive, Washington,
D.C. 20021.
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BARGAIN
BONANZA

ONLY
HIGHEST QUALITY

[ (GP017) COPPER CLAD BOARDS!
Copper on one side, 1/16” thick. Ex-
cellent quality for either production
or experimental work.

6% x17%" $1.19 ea. 3/32.99
O Copper on both sides. 1/16” thick.

Size 12"'x

(GPO18) $1.99 ea. 3/34.99

O (GP134) 8 ROTARY SWITCHES
Some multiple gang.

[ (GP128) 13 MINIATURE ELEC-
TROLYTIC CAPACITORS $1.00
Axial & upright, popular values.

1 (GP144) TRANSISTOR
REPAIR KIT $1.19
Various parts used to repair trans.
istorized devices.

[m] (GP336) T0-3 TRANSISTOR
12 for $1.00

(E=P)

-/

[ (GP164) 4 ROLLS OF WIRE  $1.00
Approx 25 ft. per roll, 20-28ga.

[ (GP140) TAPE RECORDER
SPARE PARTS KIT $2.95
Parts for repairing most tape record-

O 9 V. BUZZER
FOR ALARMS
99¢ ea. 6 for $5

ers; capacitors, meter, pilot lamp,
jacks, and MUCH MORE.
O (GP167) 10 MINIATURE
POTENTIOMETERS $1.00
O (GP182) 2 MISC. METERS $1.00
Miniature.
O (GP156) 60 DISC
CAPACITORS $1.00

Asst. from .0001 to .1, most 600v,
25U, NPO, N750, etc.

SURPLUS TUBES
All guaranteed for
1 full year.

E ANY 3 FOR $1.49

Acquired from U.S. Defense depots or
removed from .equipment (new and
used). These are laboratory tésted and
guaranteed for one full year. Most are of
such standard makes as RCA, GE, etc.

3A3 6AQ7  6CG7  6T8
3BN6  6AT6  6CM7  6Wd
3DG4  6AU6 . 6DE4  BSN7
3KT6 - 6AV6  6DR7  10EW7
304 6AX4  6DW4  12AE7
34 6AX5  6EB8  12ALS
4BCS.  6AY3  BEM7  12AU7
4BN6  6BA6  6GF7 12AV6
4BU8  6BG6  HGHB.  12BH7
5v6 688 6Kg 18FW6
6AF4 68Q6 ~ 6KI1  25L6
6AG5  6BZ6  6LB6  3I5EHS
6AL5  6CB6  6SN7  36AM3
m] (GP147) 4 1b. GRAB BAG

SPECIA $1.00

Full of exotlc and exciting electronics

parts
O (GP155) TUBE BONANZA! $1.00

20 asst. popular tubes, untested.

I (GP142) 50 PRECISION
RESISTORS $1.00
All 1%, Yw and lw. low and high
ohmages.

O (GP150) POWER TRANSFORMER
Primary 117 volts. Sec. 1-11.1 volts;
Sec.2 17.7 volts; Sec.3 15.9 volts;
Sec.4 27.7 volts. Each winding
approx. 750 mils. Size 2%''H x
2" D x 3% mounting centers. $1.95

O (GP175) 70 1/2w CARBON

RESISTORS $1.00
Asst. values. Some 5%.

O (GP154) 150 CUT LEAD
RESISTORS $1.00

Carbon, all leads long enough for
soldering.
[m] (GPIAS) 20 POLYSTYRENE TOP
GRADE CAPACITORS $1.00
O (GP132) 20 DUAL POTS $1.00

24V. C.T. FILAMENT
! TRANSFORMER 1/2A.
WITH 150V, TAP.

0O (GP202) 99¢ ea 6 for $4.99

MONEY BACK GUARANTEE
Terms: Minimum order $5.00. Include
postage. Either full payment with order
or 20% deposit, balance C.0.D.

BONUS
FREE CAPACITOR KIT
With Every $5 Purchase
O WRITE FOR FREE 1976
VALUE PACKED CATALOG
Listing thousands of compo-
nents, tubes, transistors, IC's,
kits, test equipment.

TTTI'IIS MONTH'S SPECIALS!

L
O 7400 18¢ O 7446 80¢
0 7401 18¢ [ 7447 80¢
0O 7402 22¢ [ 7448 80¢
0 7403 23¢ O 7473 49¢
0 7404 23¢ O 7474 49¢
O 7405 23¢ O 7475 85¢
0 7406 23¢ O747 53¢
0O 7410 23¢ O 7490 ¢
0 7411 27¢ O 7492 79¢
0 7413 40c O 7493 69¢
O 7420 23¢ [ 7495 79¢
O 7430 23¢ O 74121 57¢
O 7440 30¢ O 74122 57¢
0O 7442 $1.12 O 74123 67¢
LINEARS
O LM309K 5v 1a. reg. $1.15
O 555 Timer 75¢
O 556 Dual 555 1.00

O 566 Function gen. 1.75
E| 567 Tone décoder 1.95
O 741 comp. op amp 39¢
O 2513 Char. gen. 5.95
O 8038 volt cont osc 4,25
C OCK CHIPS WITH DATA

& M5314) 6 dig clock $4.95
D T7001 Alarm & Date $5.95
D (GPZZS) 10 Asst LEDs $1.00

O (GP242) 5 Jumbo Green LEDs $1.00
O (GP242) 5 Med Yellow LEDs  $1.00
D (GPOO01) 5 Jumbo Red LEDs  $1.00
O (GPO11) 5 Med Red LED3 $1.00
O (GP012) 5 Mini Red LEDs  $1.00
O (GP293) DL707 (equiv.) 7 seg
red LED, .3"" char., comm
$1.50

GPUOG) DL 704 (equiv.) same as
L707 except comm cath $1.5
O (GP007) DL747 7 seg red

LED, .6 char., comm anode $2.25
a (GP013% MAN 5 (equiv.) 7 seg

green LED, .27 char.

comm. anode 49

IC BREADBOARDS & TERMINALS
Boards have .042 holes. Made of 1/16”
polyester glass.

[J (BB663) 3""'x4"" $1.16

O (BB664) 3''x6"" $1.34

0 (BB665) 4"x6"" $1.65
BB666) 4''x8" $2.12

Push-in terminals

El (GP6601-20) pkg 20/90¢
%GPGGOI 100) pkg 100/$2.98

Push-in flanged pins

D (BB6602-20) pkg 20/90¢
BB6602- 100) pkg 100/32.98

Pus -in flea clips

O (BB6603-20) pkg 20/90¢

[ (BB6603- 100) pkg 100/32.98

[ (B008) 14 pin DIP sockets 3 for $1

O (GP1104) IC REMOVAL AND
INSERTION TOOL $4.95
"Pul-n-sertic” extracts and inserts
ICS without damage.

REED RELAYS
O (GP203) SPST, 12V, 1000 ohms coil.
Price 79¢
Prices are subject to change without
notice.

EDLIE ELECTRONICS, INC. 2700-GP HEMPSTEAD TPKE., LEVITTOWN, N.Y. 11756

CIRCLE NO. 22 ON FREE INFORMATION CARO
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T MRS PR R AR R
FAIRCHILD ANNOUNCES THE FAIRCHILD
R R T R R

SOLID STATE TECHNOI_OGY KlT

® FOR THE EXPERIMENTER WITH TASTE FOR “STATE OF THE ART" PRODUCTS
© COMPLETE SPECIFICATIONS ARE PRINTED ON THE BACK OF EACH TECHNOLOGY KIT

FTK0020 FTK0020 FTKOO011
PN FTKOG20 PN FTK0O011
SOLID STATE SOLID STATE
TECHNOLOGY

TECHNOLOGY

24 HOUR, 0.8" HIGH CLOCK DISPLAY

TECHNOLOGY BY

TEN RED LED LAMPE

TECHNOLOGY BY

BRSSO B 9> i e B
FAIRCHILD FAIRCHILD
4001 MIRANDA AVENUE® PALO ALTO,CA 84304 4001 MIRANDA nVENU!E- PALO ALTO,CA 94304
CARD FRONT CARD BACK CARD FRONT
DIGITS PHOTO ARRAYS
FTK0001 0.5"" High Common Cathode Digit $1.00 FTK0040 9-Element Tape Reader Array 16.00
FTK0002 0.5"" High Common Anode Digit 1.00 FTK0041 12-Element Card Reader Array 24.00
FTKO0003 .357"' High Common Cathode Digit .75 FTK0042 Reflective Opto Coupler 4.00
FTKO0004 0.8 High Common Cathode Digit 2.00 COUPLERS
FTKO005 0.8 High Common Anode Digit 2.00 ETKOO050 9 | __P P - 1.00
. eneral Purpose Opto Couplers .
0.8” HIGH DISPLAY ARRAYS FTK0051 Darlington Opto Coupler 1.00
FTKO0010 12 Hour, 3% Digit Clock Display 7.00 . MOS CLOCK CIRCUITS
FTKO0011 24 Hour, 4 Digit Clock Display 8.00 ST Diai (|)C| k/C(): l : CF; - o
igital Clock/Calendar Circuit d
_LED LAMPS (FCM7001)
FTK0020 10 Red LED Lamps 1.00 FTK0401 Digital Clock/Calendar with BCD 7.00
FTK0021 5 Mixed Colored LED Lamps 1.00 Outputs (FCM7002)
FTK0022 10 LED Mounting Clips 1.00 FTK0402 Direct Drive Digital Clock Circuit 5.00
FTK0023 5 Three Piece LED Mounting Adapters 1.00 with AC Output (FCM3817A)
PHOTO TRANSISTORS FTK0403 Direct Drive Digital Clock Circuit 5.00
- with DC Qutput (FCM3817D)
FTK0030 5 Flat Lens Photo Transistors 1.00 FTK0405  Direct Drive Digital Clock/Calendar 6.00
FTK0031 5 Round Lens Photo Transistors 1.00 Circuit (FCM7015)
FTK0032 3 Flat Lens Photo Darlingtons 1.00 KITS
FTK0033 3 Round Lens Photo Darlingtons 1.00 FTKO106 Automobile Clock Kit 40.00
e THESE PRODUCTS ARE PACKAGED FOR OUT- ® DEALER’'S AND WHOLESALER'S INQUIRIES
STANDING WALL DISPLAY APPEARANCE INVITED —PRICE LIST AVAILABLE.
e e ]
eFULL 'w PRODUCT LINE eBUY WITH PRIDE THE PRODUCTS BUILT BY
AT
TO FOLLOW THE INDUSTRY'S LEADER — EAIRCHILD
TS ST

. . 1021 HOWARD STREET
Satisfaction G teed. $5.00 Min. Order. U.S. Funds.
Caifornis Residents — Add 6% Sales Tax ﬂ% % g s SAN CARLOS, CA 94070
Send a 13¢ Stamp {(postage) for a FREE 1976 Catalog. PHONE ORDERS — (415) 592-8097
OCTOBER 1976 CIRCLE NO. 37 ON FREE INFORMATION CARD 125
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IMSAI & ALTAIR OWNERS!
All IMSAI 8080 Computer
Boards Completely Plug-
Compatible With Altair 8800
Interchangeable MPU, Memory and 1/0 Boards. Full
IMSA! 8080/Attair 8800 Bus Compatibility. No Hard-

ware Modifications Required. Just Plug In!

Assem-
Part # Description Kit bled
MPU-A 8080 microprocessor board ... $190  $350
RAM 4A-4 4K static RAM board ......... 139 279
PROM 4-4 4K bytes EPROM board ....... 399 579
EXT Extender board ......... - 39 49
PIC-8 Priority int/clk board ....... . 125 238
PI0 4-1  One-port parallel 1/0 board . ... 93 140
PI0O 4-4  Four-port parallel 1/0 board.... 156 299
S0 2-1  One-port serial {/0 board ... .... 125 235
S0 2-2  Two-port serial I/0 board... .. .. 156 299
UCRI-1 Cassette recorder /0 board . .. 59 99

IMSA| 8080 Computer
Basic computer includes front panel/control board,
28 amp power supply, MPU board, 6-slot expander
board with 2 edge connectors, cabinet, assembier
software and complete documentation . . . $599 Kit,
$931 Assembled.
COMPLETE DOCUMENTATION

An Introduction To Microcomputers,

Volok Bl s oid (oma 4 44 pmbed b bbuimiiis . $12.00
IMSA{ 8080 User's Manual .............. 50.00
INTEL 8080 Assembly Language Manual .. 12.00
INTEL 8080 User's Manual .............. 7.00
The T.1. TTL Handbook .......... .. 10.00
Suppl t to T.I. TTL Handbook ............ 5.00
My Computer Likes Me When | Speak

IR {BASIC . ; gpismm vern § wompn yromersre. o modd 573 3.50
BASIC-PLUS Language Manual ....... .. 17.00
8080 Programming for Logic Design . .. 12.00
Pinout Handbook, 54/7400 Series............ 5.00
What To Do After You Hit RETURN

(Computer Games) ............ooouenin.n. 11.00

SEND $1 FOR NEW IMSAI 8080
ILLUSTRATED 16-PAGE CATALOG TODAY!
TERMS: Check, money order, BankAmericard, Master
Charge {include all embossed data on card). 25% non-
refundable deposit on C.0.D. 25% cancellation charge on
all orders. California residents add 6% sales tax. Prices,
terms and specifications subject to change without notice.

IMSAI
IMS Associates, Inc.
14860 Wicks Blvd., San Leandro, CA 94577
Phone: (415) 483-2093

BUSINESS OPPORTUNITIES

! MADE $40.000.00 Year by Mailorde;Hel-peE o!hers_make
money! Free Proof. Torrey, Box 318-NN. Ypsilanti,
Michigan 48197. - = .
FREE CATALOGS. Repair air conditioning, refrigeration.
Tools, supplies, full instructigns. Doolin, 2016 Canton.
Dallas, Texas 75201._ = " 3 — =
MAILORDER MILLIONAIRE helps beginners make $500
weekly. Free report reveals secret plan! Executive {(1K10),
333 North Michigan, ChIcago 60@‘ ——
PIANO TUNING LEARNED QUICKLY AT HOME! Musical
knowledge unnecessary. Free Information. Empire
School, Box 450327, MiLmi 33145. -

GET RICH with Secret Law that smashes debts and brings
you $500 to $5 Million cash. Free repont! Credit 4K10, 333
North Michigan, Chicago 60601.

—

HIGHLY

PROFITABLE o NE'M AN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handied by professionals. Postcard brings
facts about this unusual opportunity. Write today !
Banta-DJ, Box 248, Walnut Creek, CA 94597.

FREE SECRET BOOK 2042 UNIQUE. Praven Enterprises-
Fabulous “Little Knowns". Work home! Haylings-B, Carls-
bad, Calif. 92008.

HOW TO MAKE $2,000 WEEKLY at home using o!her_peo-

ple's money. Guaranteed. Free Detalls. Richlieu, Box
25277. Dept. F10, Houston, Texas 77005.

FREE DETAILS on how to borrow $300-$3,000 entirely by
mail. Write Postal Finance, Dept 613-07. 6018 Maple.
Omaha, Nebraska 67104,

CAMPUS AUDIO DEALERS WANTED. We need people to
help sell our high quality audio components at huge dis-
counts. Sell in your area.or on campus. Earn big bucks, no
capital outlay required. no experience necessary. For com-
plete information wrlte to: ABCO Dept. CD, 915 Grard
Avenue, New Haven, Conn. 06511,

EARN §1000 showing our high quality aILTmir:um. vinyl or

steel sidlng on your home. Free Detalls: ALUMINUM IN-
DUSTRIES, Dept. PE-A8, Little Rock. AR 72215,

SUBSCRIPTION

Your subscription to PopuLar
ELecTrONICS is maintained on one of
the world’'s most modern, efficient
computer systems, and if you're like
99% of our subscribers, you'll never
have any reason to complain about
your subscription service.

We have found that when com-
plaints do arise, the majority of them
occur because people have written
their names or addresses differently
at different times. For example, if
your subscription were listed under
“William Jones, Cedar Lane, Mid-
dletown, Arizona,"'and you were to
renew it as "“Bill Jones, Cedar Lane,
Middletown, Arizona,” ‘our computer
would think that two separate sub-
scriptions were involved, and it
would start sending you two copies
of PopyLar ELECTRONICS €each month.
Other examples of combinations of
names that would confuse the com-
puter would include: John Henry
Smith and Henry Smith; and Mrs.
Joseph Jones and Mary Jones. Minor
differences in addresses can also
lead to difficulties. For example, to
the computer, 100 Second St. is not
the same as 100 2nd St.

So, please, when you write us
about your subscription, be sure to
enclose the mailing label from the
cover of the magazine—or else copy
your name and address exactly as
they appear on the mailing label.
This wil} greatly reduce any chance
of error, and we will be abie to ser-
vice your request much more
quickly.

ABOUT YOUR===

TEREQ TEST
» asggwno

FOR HOME AND LABORATORY USE

Announcing the NEW STANDARD in Stereo Testing!

The All-New Model SR12 STEREQ TEST RECORD

The most complete...most sophisticated... Just $5 98]
most versatile Test Disc available today For

Whether you're an avid audiophile, a casual listener or a
professional technician . .. the new MODEL SR12 will be the
most important disc in your entire collection.

MODEL SR12 has been produced by Stereo Review Magazine
for music lovers who want immediate answers to questions
about the performance of their stereo systems and how to get
the best possible sound reproduction.

It is the most complete test record of its kind — containing
the widest range of checks ever included on one test disc.

Make these important stereo checks
BY EAR... (no test instruments required)

Frequency response—a direct warble-tone check of nineteen
sections of the frequency spectrum, from 20 to 20,840 Hz, which
will pinpoint any frequency response defects in your system.

Separation—an ingenious test which indicates whether you have
adequate separation for good stereo.

Cartridge tracking—the most sophlsticated tests ever devised
for -.checking the performance of your cartridge, stylus and
tone arm.

Channel balance—two broad-band, random-noise signals which
permit you to eliminate any imbaiances originating in cartridge,
amplifier, speakers or room acoustics.

Hum and rumble—foolproof tests that help you evaluate the
actual audible levels of rumble and hum in your system.

Flutter—a sensltive “muslical” test to check whether your turn-
table’s flutter is low, moderate, or high.

PLUS!

Skating Adjustment @ “Gun Shot Test” for Stereo Spread @
Multi-purpose Musician’s “A”
Octave @ Guitar-tuning Tones.

VVVvV VY

Attention Professionals . . . . . . Model SR12 is also designed to
be used as a highly etticient design and measurement tool. Tests be-
low have been controlled to laboratory tolerances— atfording accurate
numerical evaluation when used with oscilloscope, chart recorder, out-
put meter, jntermodulation-distortion meter and fiutter meter.

1,000-Hz square waves to test transient and high-frequency response
of phono pickups.

500 to 20,000 Hz frequency-response sweep.
Sine-wave tone-bursts to test transient response of pickup.
Intermodulation test using simultaneous 400-Hz and 4,000-Hz signals.

Intermodulation sweep to show distortion caused by excessive res-
onances in tone arm and cartridge.

1,000-Hz reference tones to determine groove velocity.
3,000-Hz tone tor flutter and speed tests.

Sample waveforms—illustrating both accurate and faulty responses are
provided in the Instruction Manual for comparison with the patterns
appearing on your own oscilloscope screen.

FREE—An informative manual which
includes charts, tables and diagrams.

CHARGE YOUR ORDER TO YOUR AMERICAN
EXPRESS, BANKAMERICARD, MASTER
CHARGE OR DINERS CLUB ACCOUNT,

Flam

==

i
]

I Ziff-Davis Service Division, Dept. R, 595 Broadway, N.Y., N.¥Y. 10012.
i L1 Please send the SR12 Stereo Test Record @ $5.98, postpaid
($8 outside U.S.A.).
I Enclosed is § . (Residents of Calif., Col., Fla., lIl., Mich., Mo.,
I N.Y. State, D.C. and Tex. add applicable sales tax.) PE-106
I [0 CHARGE: [J BankAmericard ] Master Charge
i [0 American Express [ Diners Club
Account # ___ S Exp. Date
I Master Charge Interbank = (4 numbers over your name)
® Cartridge and Speaker Phasing @ Anti- || Signatwre
] Print Name -
@ Equal-tempered Chromatic B Address -
B city State _1zip
L ]

POPULAR ELECTRONICS
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PLANS AND KITS

AMAZING ELECTRONIC
. PRODUCTS s

LASERS SUPER POWERED, RIFLE, PISTOL. POCKET - SEE IN DARK - PYRO
TECHNICAL, DE-BUGGING - UNCRAMBLERS - GIANT TESLA

STUNWAND - T¥
DISRUPTER - ENERGY PRODUCING, SCIERTIFIC DETECTION, ELECTRIFYING,
CHEMICAL, ULTRASONIC. CB, AERQ. AUTQ AND MECH DEVICES. HUNDREDS
MORE - ALL NEW PLUS INFO UNLTD PARTS SERVICE.

INFORMATION unfimited

CATALOG 81 Box 626 Lord Jetiery PZ. @ Amhess), N.H. 03031

FREE KIT_Catang contains Tesl_ana _E_xperlmenler's
Equipment. Dage Sclentitic Instruments, Box 1054P, Liver-
more‘_CA 94550; == _— - =
“CBers!" “TREMENDOUS POWER INCREASE" using
NEW higher 46' all-directional CB Anienna!!! Plan $2.
§2/$31. f\slrobe_arr-:l.ﬂrl Edwids, Vis_alia. CA 93277.
SCIENCE supplies and kits, write for free catalog: Schubel
& Son, Box 214848-F, Sacramento, CA 95821

HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount
prices for Shure, Pickering, Stanton, Empire, Grado and
ADC. Send for iree catalog. LYLE CARTRIDGES, Dept. P,
Box 69, Kensington Station, Brooklyn, New York 11218.

TREASURE FINDERS

TREASURE FINDER locates buried gold, silver, coins,
treasures. 6 powerful models. Instant financing available.
Write or call for free catalog. Phone (713) 682-2728 day or
night. Relco. Dept. AA20, Box 10839, Houston. Texas
77018.

DISCOVER true treasure hunting with world-famous deep-
detecting mineral/metal detectors from Whnite's! Locate
gold, silver. rings, coins, artifacts and more! Sold.
serviced, warehoused world wide. Priced from $79.50. Free
Catalog! White's Electronics, Dept. PD6X, 1011 Pleasant
Valley Rd.. Sweet Home, OR 97386.

TUBES

RADIO & T.V. Tubes—36 cents each. Send for free
Calalog. Cornell, 4213 Unlversity, San Diego, Calif. 92105.
TUBES recelving. factory boxed. low prices. free price list
Transleteronic, Inc.. 1365 39th Street, Brooklyn. N.Y
11218A, Telephone: 212-633-2800.

TUBES: ''Oldies". Latest. Supplies, components, sche-
matics. Catalog Free (stamp appreciated). Steinmetz, 7519
PE Maplewood, Hammond. ind. 46324,

DO-IT-YOURSELF

MODULAR TELEPHONES now available. Sels and com-
ponents, compatible with Western Electric concept. Cata-
log 50 cents. Box 1654W. Costa Mesa. California 92626.
CONTROL Speed of DC Motors. Amazing Module — 1-3/8°
square x 1-1/2"" High Input — 24 VDC at 2 Amps - $9.95.
LM industries. 772 E. 53rd St., Brooklyn. N.Y. 11203.

NEED SECOND INCOME? There's money in rejuvenating
picture tubes. Color & B/W. Amazing results. Build reju-
venator costing $250 to $450 tfrom spare parts around shop.
Detail plans & instructions $6.90. Discount Electronics,
Box 1535, Pinellas Park, Fla. 33565.

@ ALTAIR/IMSAI COMPATIBLE BK
LOW POWER STATIC RAM MODULE

All the latest features ot atfordable

prices

Includes: 500 ns accets Ume requiring
o wait states, fully buftered,
memory wrile protect,
battery back up, addressable
on 1K boundarses 1e. 0 8K,
1:9K, 210K etc., noise

BURGLAR ALARMS

ADV D
IAOCOMPUTER

MEW PRODUCTS

Special Introductory Price Only  $259.00

JUST LIKE THE OTHER GUYS BUT
LESS MONEY!!

@ NEW MOS/IS) TV GAME CHIP
GlI's AY3-8500-1 In Stock
6TV Games on a single IC

*Send .50 for info pack
{refunded with purchas

DIT\LINE Urﬁ automatically Ealls poli-ce._lmm;ﬁate
delivery $29.95. Free literature. S&S Systems, 5619-C St.

Untl Oty:  39.95 @ FUNCTION GENERATOR XIT 27.50
John, Kansas City, MO 64123. (816) 483-4612 iy ls) 3195 PCB. function chip, snsteuctlors. O A G e e s1a200
0 ! & = Ow (10 29.95 and external components rapramening. 1024 Bytes RAM, 2048 By tes R
@ TV Kit | "PCB, Chip Instructions . . 42.95 50.00 ROM, 2048 Bytes EPROM, fines, TTY

® MULTITEL KIT
$CB, Instructions plus
GI AYS5.9100 push buttan diates
AY5.9200 +enertary dialer
AY3.9400 Wulti Freq. gm.
AY5.9500 CMOS clock «en

selectable DMA, 5V. Kit consists PCB,
6800, 6850, 6820, {21 6830, (4) 6810-1,
mmulm“mamuk and compiete instructions.
Also Avalable Tiny Bauc for 6800
Coming Soon 16K RAM Add-on memory
Write for Mare Details.

@ 8080A Chip Set Special 79.95
1 - AMD 8080A
32 AMO 91L 02 APC 1500ms} Rams

Video comuosite output
@ TV Kli 2 "PCB, Chip, Switches. 59.95
Caps, pots, soraker, crystal
etc. and 8l parts required
for video output, instructions
@ TV K1 3The ulumate in TV 99.95
ames, inc. chassss, RF
modulator, battery operation,
pattially assembled

INVENTIONS WANTED

@ TOUCHTONE CONVERTER  §54.95
Converts dial phone 10 touchtone
comptetely assembl.d.

INVENTORS: Manutacturers Need New Products. Free
‘Recommended Procedure,” by a creative fee-based
invention service company. Washington Inventors Service.
422-T Washington Building, Washlington, D. C. 20005.

Note: our products have been designed by people like you. 1f you have any ideas, drop us a line and we will show you how to part

oTi ® FSC ® NSC @ GI
o SIEMENS ® AMD
0555 @ EXAR ® MOT

® RAYTHEON ® AMI
® RCA ® INTERSIL ®
eMMI @ EAIM

ADVANCED MICROCOMPUTER PRODUC

I C MARKETPLACE

MICROPROCESSORS PERIPHERAL CIRCUITS
3 0 ' f AMD 8080A $24.95 | GENERAL INSTRUMENTS 76450 thre 453 . & .49 | QUAD/DUALS/SPECIALS
A AMD 2901 31,00 [AY5-1013A Uart . . .55 |iaga. . qag|RC1458CN 89
REWARD o) 2 » AMI 6800 24.95 | AY5-1203 Clockchip . 9.95 | yag08 | | . 145 ﬂRg;gggﬁ?g zgg
OR e = = OUR Gl CP1600 . 59.95 | AY5-2376 Keyboard encoder.  15.00 7405138 150 8
o RO3-2513 Character Genesator  10.95 8820N 195 zg:'l;; gN 133
It you have an idea for a new product, or a way 6800 SUPPORT DEVICES Also available organ circuits, telephone, 8830N 1.95 RC4;58 e 55
Y “ $6860 Modem . 5 15.95 [ yimers, radio, TV, TV games, calculator 8831 . 1.95 i
to make an old product better, contact us."the SE820 PIA 11.00 e j RC4151 CN 6.50
f " q H . : - i and printing calculator chips. 8832 . 1.95 | w1 2586CP 295
idea people"” We'll develop your idea. introduce it to $6810-1 RAM . . 5.25 87268 295 | X 2 moce 2
industry, negotiate for cash sale or royalty licensing. S6850 ACIA . . 9.95 9601PC .99 xg %10? 298
Write now_without cost or obligation for free S e 22D MEMORY DEPARTMENT 9602PC 1.25 | XR 330ece b
information. Fees are charged only for contracted $6834.1 EPROM . 22.95 | 2%2APC (500ns) . . $ 1.70 IS 132 1 xR 2207CP 3.75
services. So send for your FREE “inventor's Kit.” it $6800 Prog. Manual . 15.00 | 21LO2APC {500ns.) . 1.89 3616PC 425 | XR 1800 2.95
has important Marketing Information, a special $6800 Hardware Manual . 15.00 f;sgﬁc . 1g.gg 9617PC 428 | XR 587CP 1.95
“Invention Record Form" and a Directory of S00 8080 SUPPORT PRODUCT:! DI18599 475 9620PC 350 | sensE AMPS
@l Corporations Seeking New Products. 82121/0FPort. . . . .85 375] p3qpy . 3.25 62056 350 | 520N $2.50
e 8224, Clock <.+ 5001 4402 (4K Static) 1295 7007 2.25 | 75234N 210
~HH RAYMOND LEE ORGANIZATION 210 Drney © o 4351 4200 (4K Static) 13.95 32109N S 65 | DH3725CN 250
the{(i] 230 Park Avenue North,New York,NY 10017 8228 Controller . . . . 890| Amooiag 155 75110N 2.05 | CLOCK DRIVERS
|pdea 1o At no cost or obligation, please rush my 9551 Prog. Interface . 19.95 ’ : 75207N . 2.05 | MHO026CN 4.50
£ FREE “Inventor's Kit No. A-112 . 9555 Prog. Interface 19.95 y

l Name Please Prim l
1% SN7453IN 16 SN74153N 854H-T0-5 N DIP CN-MINI DIP BCERDIP K TO3| CO4000 24 CD4035 1.20 74C10N 65
Address % SN7454N 16 SN74154N  1.05JLM105H 350 LM3no .90 LM709CN 40 | coao01 .24 CDAR40 245 74C20N 65
n SN7459A SN74155N 99 JLM108H 350 LMZ1ICN 175 LM710CH 70 | €D4002 24 CD4o42 1.20 74C30N 65
4 SN7460N 16 SN 74156N 93 LMNAH 3 LMEA2H 168 LM710CN .70 | CD4006 250 CDADaa 95 74Ca2N 195
Ci State 2 16 SN7470N a5 SN7415IN 86 JLM300H 120 18l 1.50 LM71iCH A0 | cp4oon? 24  CDA4046 250 74C73IN 135
ty 2 2t SNTAT2N 39 SN74160N  1.0¢ §LM300N 120 LM.I18CM 240 LMZ1KCN. 40 f CO4009 50 CDap47? 00 74C74 110
- - — - - - N747. 39 SN7A6IN 99 { LMIG1AH A5 LM3I9N 130 LM715CH 350 | cD4ag0 50 €D4ca9 74C90N 250
28 SN7474N 39 SN74163N 9¢ [LM301ACN A LMB24N 1.65 LM723CH 55 | COa011 .24 CDA0S0 TJ4C95N 190
24 SN7475N 50 SN74164N  1.10 |LM301AN 95 LM339N 160 LM723CN 55 | CO4012 24 CDA4051 1.50 24C107N 125
T T p— i k_ Y i ! 24. Sx;ﬂﬂiN 39 SN74165N 110 t:;UZN |.§5 LM3205T 228 LM752CH 150 | CD4a013 .30 CDAa0s3 : ﬂg 24C15% 250
= T 1 v . 16 SN7480N SNT4166N 1 10 024 125 LA®320:12K 250 LM733CH 130 | CD4015 1.10  CD4060 Al 74C 154 2.50
FREE PAM HLE : TIpS o) Ma' ehng our Invention SN7482N 98 SNTA167N 500 3044 120 LM320-12T 2.26 LM733CN  1.00 | CDa08 56  CDA066 74C\57 210
from an experienced fee-based invention service company. 33 SN748IN 70 SN7417ON  2.0¢ |LM30SH 8 (M3405K 198 LM741CH 35| €O4017 110 CD4069 44 7aciGa 295
. A5 SNT48S5N SN74172N  8.06 | LM305AH 1.05 LM3406K 1.95 LMZ241CD 1,26 | CD4018 1.20 CD4ON a4 74C161 295
Write Unlted States Inventors Service Company. Dept. T. 70 SN74BGN 38 SN74173n 150 |LM306N 25 (V308K 195 LM7aICN 35 | CD4019 &0 CDa072 a4 7aC163 295
N SNT489N 1.88 SN74174N 1 01 [LM3O7H 60 LM34012K 195 LM737CH 75 | CD4020 145 CD4081 a4 74C164 295
1435 G Street NW. Washington, D. C. 20005. 35 SN7490N 49 SN74175N By [LM3OZCN 85  (M34015K 1.95 (M247CN .90 | CD4022 1.0 CDas11 74C173 260
——— i Em—— Lk SN749IN 75 SN74176 an JLM307N 1.60 LM340-18K 195 748CN 39 | CD4023 28 CDa$12 130 74C193 2.60
3¢ SN7492N 55 SNZAVZIN 94 fLM308H BS LN240-24K 1,98 LM3046CN g5 | CD4024 150 CD4535 5.00 74C195 260
49 SN749IN SN741BON 94 JLMI0BAH LMS55CN A% EM3034CN 150 | CD4025 .24 CD4516 175
H YP N o T'SM 32 SN7494N 79 SN74181IN 2 4% JLMI0ED 225 LNMSSBCN 130 SG4SOWT 240 140 69 CD4518 110
- N 7495N 19 SNT41B2N 95 ILM308CN 100 LM567CN 1701 SGA50IN 240 | CDA028 1.10 74COON 35
29 SN2496N 79 SN74184N 195 J1M309H 1.10 LN709CH An 5G3s24 895 | CDA029 120 74C0O2N A5
29 749N 400 SN75185N  2.20 [LM309K 1.00 RC4194 7.95 | CD40I0 65 74C04N 65
2€ SN74100N 100 SN74186N 500 JLMI1OH 1.15 RCA195 7.95
3 EEPlad e el __De : A sNmlom a3 ez eno Judsoen  1as By [o0lim HBrelte ot
N i . t . 27 SN74121N SNT4190N 113 JLM3TIH %
e Tt 2 B8 &
ree. oundation, x . Fort Lauderdale. 16 4123N SN7Za182N @
Florlda 33307 S8 SNIZN 60 SNTAlON ) SEND FOR OUR NEW CATALOGUE .. . it contains all
' 4 41 SN74194AN 1 B 1
—a TR = - — - ~ 75 SN74132N 92  SN7AI9SN 75 popular part types at competinive pricing.
- g - ' 75 SN74136N 95 SN74196 13 4 i
FREE Hypnohsm.{ Self Hypnoi;s. Sleep Learning Catalog BoSvaEn e st 1% We are not 4 ;urplus dealer a:d you will appreciate
1 L SN74145N  1.10 SN74198N 140 our service when you get tO know us.
Drawer H400, Ruidoso. New Mexico 88_345_ a s e W C g K you g
. 75 SN74148N  2.00 SN74200N 530
AMAZING selt-hypnosis record releases fantastic mental 38 SN7AION 100 SNZZIN 90 TERMS: Al shipments first class In U.S. for
power. Instant resuits! Free trial. Write: Forum (AA10). 333 — W S 8§ P B orders under $25.00 add $1.00 for handling.
North Michigan, Chicago 60601 Atso 74U LS, 74H, 9300, 200 SN74285N  5.00 Minimum arder $10.00
— — — Take 10% off ocar 100pcs. (mix) California Residents add 6% tax.

WANTED
P.O0. BOX 17329
(ELD_, SiI;er_ P‘Ia_linum. Mercury ;anleF P-ik?hesl prices
paid by refinery. Ores assayed. Free circular. Mercury
Terminal, Norwood, MA 02062.

OCTOBER 1976

IRVINE, CALIFORNIA 92713

. 62 AN FREE INFORMATION CARD
CIRCLE NO. 62 13 127
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CITIZENS BAND HANDBOOK

All the authoritative information you need on CB two-
way radios to make an intelligent buying decision for
transceivers, antennas and accessories. Here's a partial
look at what the experts have packed into one volume,

® Over 500 CB models fully described with technical
specs, features latest prices and photos.

B Lab test evaluations on mobile and base-station trans-
ceivers, both AM and SSB, spell out what the rigs can
really do.

W Latest FCC Rules and Regulations discussed in down-
to-earth language, so you truly know what you can and
cannot do legally.

W Manufacturers’ specifications “‘decoded’’ to help you
read a ‘'spec sheet’’ with ease.

8 All about CB antennas—the true key to ‘‘talk power.’’
@ CB language translation chart.

B How emergency CB associations can save your life!

¥ How phase-lock-loop digital synthesizers work.

B The latest Flash Report on upcoming CB units pre-
sented at the first all-CB-manufacturers show.

This packed-with-information Handbook is the CB pub-
lication you've been waiting for. Only $1.75!

CITIZENS BAND HANDBOOK
Consumer Service Division

595 Broadway ¢ N.Y., N.Y. 10012
Please send the 1976 CITIZENS BAND HANDBOOK. I'm
enclosing $2* ($1.75 plus 25¢ for postage and handling.)
Outside U.S.A. $3, postpaid.

PE-106

Print Name i —
Address — e
B e ———— e ————
State_~Zp__
*Residents of Callf Colo., Fla., lll., Mich., Mo., N.Y.

State, D, C. and Texas add applicable sales tax. (Postage
and handling charges non-taxable.)

\E’§>

: ur popular ECONORAM 4K x 8 RAM board is now availablef]]

.assembled tested, and warranteed for one year. Plug
it in to your Altair or IMSAL and enjoy the same per-[J|
formance that has made the kit such a success---guar-

.anteed zero wait states and current drain of 750 mAl[l]
or less; on board regulation, easy address selection,

and lots more. Also available in kit form for $99.95. M
1/5 THE POWER OF TTL BUT NO SPEED PENALTY@

B wnz o s|ow profile sockets sy o avp

e o5 e OTYPE 0P AMP
138 175 _35. High quality soldertail OTWU Fu
35@ 14 pin: 10/51.

0

0

0. 3 139 221 THESE 201s OFFER
0. ! 155 258 1.38@ 1g pin: 10782 BETTER SPECS AND
: -25® 23 pin: 10/$3.
o
o

BiLL GODBOUT ELECTRONICS
BOX 2355, OAKLAND AIRPORT, CA 94614

74 LS TTL

sockets

16 pin: 10/$2.15¢@
20 pin
24 pin

157 273 EXTENDED RANGE
-°°0 36 pin: 10/85. 40 pin:

h s

R Lojis 139 002 0 Tt

163 1. 377 .88 .VECTOR’S R\ @ IN T0-99 OR MINI
high speed bi- O“SLIT—N—WRAP”

$24.50

® 01P CASE--PLEASE
‘. +2 |bs postage

. SPECIFY.
l]@@ °

polar ROM in standard DIP.

' GOLD-PLATED 3 LEVEL WIRE WRAPPING
POSTS. IDEAL FOR MATING WITH
ALTAIR/IMSAT PERIPHERALSw
GIVES A SNUG FIT

5 .TERHS Orders un-
ool s .der $10 add 50¢;
Cal res add tax.
No COD. Include
shipping when in-
dicated. To place

a manual wrap- o
ping device, whichi
supplies insulated wire@
directly to wrapping posts@ BanKeTE riicard® o
without pre-stripping or pre-@ Mastercharge® or-
cutting. More than one level ders call: (415)
of wrap is rarely required. .357 -7007, 24 hrs.
Speed your breadboarding timeg) '
tremendously with this tool, and
don t bother stocking all that pre-slripped. PLAY WITH WIRE? "
and pre-cut wire you would normally r'““”e'.KEQUEST SUR FLVER!

@@%E' )
@@NN@@?:\U

8 EACH- $222 FIR Be

CIRCLE NO. 29 ON FREE INFORMATION CARO

USE
ZIP
CODE

For
faster
service

CB SPECIALS-R.F.DRIVERS-R.F. POWER OUTPUTS-FETS

1.85 2SC76715.75
.8

25C481
25C482
25C495
25C502

25C866
25C013  1.50 25C475
25C1014 1.50 25C1678
2SC1017 1.50 2SC1679
25C1018 1.50 2SC1728
25C1173 1.25 2SC1760
25C1226A 1.25 25C1816
25C1237 4.50 2SC1908
258C1239 3.50 25C1957
25C1243 1.50 2SF8

25C1306-14.90 2SD235
25C1307 5.75 MRF8004
25C1307-16.00 4004
9.50 25C803 2SC1377 5.50 4005
25C766 10.15 25C839 25C1449 1.30 40080

APANESE TRANSI

3.00 25C802

PLWbw—WWNWR W

mowm»—-oo'-wm
oo oooun

2SA52 .60 25B187 .60 2SC458 .7012SC815
2S5A316 .75 2SB235 1.75 2SCA60 .70 2SC828
2SA473 .75 2SB303 .65 2SCA478 .80 25C829
25A483 1.95 2SB324 1. 25C491 2.50 25C830
2SA489 .80 2SB337 1.60 2SC839

25A490
2SA505
25A564

258367 .80 28C945
.75 25C1010
.65 2S8C1012
.70 2SC1051

2.50 25C1061

1.00 28C1079

70

25A699 1.30
2SA699A 1.75
2SA705

55
2SA815 .85
25A816 .85

28B511

25822 .65
25B54 .70 258C206 1.
25B56 .70 25C240 1.10 2SC732
2SB77 .70 28C261 .65 2SC733
2SB128 2.25 25C291 .65 2SC739 .70 2SC1383
2SB135 .95 25C320 2.00 2SC715 1.75 2SC1409
25B152 4.50 25C352 .75 2SC762 1.90 2SC1410
25B173 .55 25C353 .75 2SC783
2SB175 .55 2SC371 .70 2SC784 .70 2SCl
2SB178 1.00 2SC372 .70 2SC785 1.00 2SC1507
2SB186 .60 2SC394 .70 2SC793 2.50 2SC1509

POWER-TRANSISTORS HIGH-VO

2SC1306 4.75 HEP-S3001

5.85 25C1449-1 1.60 40081

TV. TYPE

SWWW W LNt ;

OEM SPECIALS

1.50
3.00 1N270 .10 2N960 2N2219A .30 2N2913 5 2N3740 1.00 2N4401 .20
4.85 IN914 .10 2N962 ao 2N2221 .25 2N2914 120 2N3771 1.75 2N4402 .20
2.15 2N967 .50 2N2221A .30 2N2916A 3.65 2N3732 1.90 2N4403 .20
3.75 2N173 1.75 2N1136 1.35 2N2222 .25 2N3019 .50 2N3773 3.00 2N4409 .20
3.50 2N178 .90 2N1142 2.25 2N2222A .30 2N3053 .30 2N3819 .32 2N4410 .25
3.25 2N327A 1.15 2N1302 .25 2N2270 .40 2N3054 .70 2N3823 .70 2N44l6 .75
1.25 2N334 1.20 2N1305 .30 2N2322 1.00 2N3055 .75 2N3856 .20 2N4441 .85
2N336 .90 2N1377 .75 2N2323 1.00 2N3227 1.00 2N3866 .85 2N4442 .90
1.75  2N338A 1.05 2N1420 .20 2N2324 1.35 2N3247 3.40 2N3903 .20 2N4443 1.20
1.00  2N398B .90 2N1483 .95 2N2325 2.00 2N3250 .50 2N3904 .20 2N4852 .55
120 2N404 .30 2N1540 .90 2N2326 2.85 2N3375 6.50 2N3305 .20 2N5061 .30
2N443 1.75 2N1543 2.70 2N2327 3.80 2N3393 .20 2N3906 .25 2N5064 .50
275 2N456 1.10 2N1544 .80 2N2328 4.20 2N3394 .17 2N3925 3.75 2N5130 .20
275 2N501A 3.00 2N1549 1.25 2N2329 4.75 2N3414 .17 2N3954 3.50 2N5133 15
2.75  2N508A .45 2N1551 2.50 2N2368 .25 2N3415 .18 2N3954A3.75 2N5138 .15
2N555 .45 2N1552 3.25 2N2369 .25 2N3416 .19 2N3955 2.45 2N5198 3.75
2N652A .85 2N1554 1.25 2N2484 .32 2N3417 .20 2N3957 1.25 2N5294 50
2N677C 6.00 2N557 .15 2N2712 .18 2N3442 1.85 2N3958 1.20 2N5296 .50
25C1569 1.25 2N706 .25 2N1560 2.80 2N2894 .40 2N3553 1.50 2N4037 .60 2N5306 .20
53C1786 125 2N706B .40 2N1605 .35 2N2903 3.30 2N3563 .20 2N4093 .85 2N5354 .20
; 2N711 .50 2N1613 .30 2N2904 .25 2N3565 .20 2N4124 .20 2N5369 .20
2sp30 95 SN1s° 52 BNIZG 4'?8 SN3305 29 3N3ca2 130 GNalay 150 oNa401 4
. . . .20 2N4141 .20 2N5401 .50
pE CR MR RN S ume R AR i3has Bhew o
0 . | . N4l . 25
53872 133 2N9l8 35 2N2218 25 2N2906A 30 2N3646 (14 2N4220A .45 C103D 40
53p88 150 2N930 25 2N2218A 30 2N2907 .25 2N3730 1.50 2N4234 .95 C106B1 .50
53D151 235 2N956  .30-2N2219 .25 2N2907A .30 2N3731 2.75 2N44D0 .20 C106D1 .75
2SD170 2.00
Sggég? %gg SILICON UNIJUNCTIONS INTEGRATED CIRC. RECTIFIERS
10 100
538%&8 ‘2‘;;3 2N2646 .50 2N2160 .65 | UA703C .40 =) lenes
00 25D313 1.10 2N2647 .60 2N4870 .50 | 709C OP. AMP. 25 | IN4OO1 60 5.00
250315 75 2N6027 .55 2N4871 .50 | 741C OP. AMP. .25 | IN40D2 .70 6.00
SD318 .95 2N6028 .70  2N4891 .50 | 7400 15 IN4003 80  7.00
g DRV GNER B Mmer 0 g® | NG % g2
2SD350 3.25 5 05P 10.00 d .00
25D352 .80 2N4894 .50 | UPC 1001h2 6.00 IN40O6  1.10 10.00
gsogso 5.70 MU10 40 | NE 555 1.25 IN4007 120 11.00
SD389 .90
2SD-390 .75 ,
2SD437 5.50 New-Tone Electronics
Cl0681 .50 P.O. Box 1738 A

5
MPS-U31 4.00
: MPS-80001.25

Bloomfield, N.J. 07003

“ Phone: (201) 748-6171, 2, 3
ALL PARTS GUARANTEED AND TESTED ON PREMISES.

ggggg }ggg& 2?8 ggggg {ggg:// ggg gggéégze {}883 252 N.J. residents add 5% sales tax.Minimum order $5.00. All orders
BU206 1700V 590 25C1170  1100v 4.00 2301325 1100V 4.95 add $1.00 postage. Dealers write or phone for discount prices.
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AEC ELECTRONIC IGNITION

DISPLAYS - (COMMON ANODE] Data Sheet EP1000 $.25

CONTINENTAL SPECIALTIES

. XCITON .3
i ® IMPROVES ENGINE PERFORMANCE | c0o.000 nso .60 XAN72 RED 2.00 v
® INCREASES GAS MILEAGE 3 pes EP1000 16.00 XANS52 GHREEN 2.00
® CUTS MAINTENANCE COSTS 5 pecs EP1000 22.50 XAN8B2  YELLOW  2.00 =
90 DAY GUARANTEE on Material/Workmanship § - . . '-'TROF:‘“X 3 i3 5124 LITROA\IEI)'; 6 - ) PROTO BOARDS
ORDERMODEL 12 .. ........... $39.95 < ; i ircui i
(1 cor squipped with Tach, lpeclfy make and model LEDs 8uild & test circuits as fast as you think{
of auto or Model No. of Tach 1257 160" dis 200" dia. PBS 6 1C cap bresdboard kit $15.95
. : - - £B100 10 IC cap bresdboard kit 19.95
MICROHOOK by E-Z HOOK ¢ PB101 1044-DIP cap, 5-way post, 940 solderless 29.95
x'n‘n 'S Micro Hook (1.76” Iong)dPermhl hookups tcAdnllcnu wlm& [ — tie points, 5.8 x 4.5”
whore welght and levarage may damage component. Available in 1 P .
‘F/!lztir:‘no::%lrr::;“nd black, blue, green, gray, orange, vﬂlov; ;7”9!; 209 RED $.26 § 216 RED $.25 | 220 RED $.25 rE102 12;‘,1,&'?;;9;;":'“101 iR ZA0 te B
P P S e Ay O 209 YELLOW .35) 216 YELLOW .30 §220 YEtLOW .30 P {
PLESSEY SAMPLER 200 YELLQW 321 208 CREER” 30 220 creen 30f PB1O3 249'0"'"0"”;';";;:..“" ERam, AADID 59:95
300 METALIZEQ CAPACITORS  gog 0 LOW PROFILE 200" dia. 12" dia PB104 32 14-DIP cap., 3,060 solderless tle points, 79.95
18 DIFFERENT STD. VALUES . oy . ’ 8.0 x9.76"
115 PULSE/SWEEP FUNCTION GENERATOR KIT ‘ —— T — LOGIC MONITOR 1 LOGIC MONITOR 2
RES: 1 HZ to 100 KHz In 5 ranges, at con- 3 ) Slmultaneously displays staticfs EY'Displays static and dynamic
snnx -mplltude CSlne.and triangle adjustable to § 228 RED $26| 5063 RED  $.35 | Mvs0o RED $.30| 4nd dynemic loglc states of §5 E{ states of digital ICs such as C
E .., Sova o ihto 600 ohms - Sine distorsion 1s 5% | 226 YELLOW .30 | 5053 YELLOW .40 } \poqypigg | BTL, TTL. HTL or CMOS & MOS,HTL, TTL, DTL & RTL.
T FSFT | 1ypieal - Voltage controlled sweep of sine and tri. | 226 GREEN .30 ] 5053 GREEWN. .40 D1P ICs. Packet size. $74.95% Selecteble threshold control.
e wavas - TTL square wave has a fully adjustable | 226 ORANGE .30 5053 ORANGE .40 MCT-2 0.60 $124.95
pulse and drlvas 600 ohms » Frequencles of lower LOGIC PROBE LP-1
than 1 Hz and greater than 100 kHz are obtalnabls ° short proof + TRANSISTORS c
Complets with powar supply and metal case. . . - $65, 2N321 .50 2N834 .35 2N2218A.26 2N2906 .19 2N3663 1.80 smpact, clrcult-poweres multifunction logic probe. Multi-family
N 2L 5o 2NG12 40 2N2219 28 2N2906A20 2N3B63 .16 | compatability. DTL/TTL/HTL/CMOS. Traces logic levels and pulses
7400N TTL INIo4A 80 2NO30 28 2N2219A.36 2N2907 16 2N3565 18 [lhrough digital circuitry $44.95.
7400 18 7432 .32 7480 74136 1.80 74177 1.20 | 2N4561.30 2N1132 30 2N2221.23 2N2907A.26 2N3668 .28
2401 20 7433 .44 7482 ,‘50 24141 ,_78 e ,_,,8 2N508A .40 2N1302 .50 2N2221A.26 2N2926 .14 2N3569 .19 PROTO-CLIP
Ja92 38 743 36 7483 B2 74145 120 74179 1.80 ] 2N665 .60 2N1304.60 202222 24 2N3053 .36 2N3638 .18 | For power-on/hands off signal trecing. Bring IC leads up
o 30 7438 35 7488 120 74147 200 74180 120} 2N652A.50 2N1305.60 2N22224.26 2N3054 90 2N36384.20 | from PC baard surface for fast troubleshooting.
Taos 29 7438 36 74s6 4a 74148 1.80 74181 310§ 2N6812.80 2N1307.65 2N2360 .28 2N3055 94 2N3903 .20 | PC14 14.pn $4,50
Jeoe 33 Jas0 20 7489 220 74150 170 74182 1.00 | 2N6832.90 2N15441.40 2N2369A.29 2NI3I755.50 2N3904 22 § PC16 16pin 4.75
T S 3447 30 7493 62 74181 120 7418 280 2N697 .25 2N1613.38 2N2484.30 2N3392 .20 2N3905 20 | PC24 24-pin 8.50
T 30 Taa3 o0 749a 88 74182 120 74185 2.90 | 2N706 .28 2N1711.40 2N2605 .48 2NI393 20 2N3906 .22
7408 28 7443 .78 7495 90 74153 1.20. 74188 5.00 g":; 15'24 gmg‘“ ;’g 2N2713 .13 2N3394 22 2N4303 .30 SOCKETS & BUS STRIPS
7409 28 7444 1.06 7496 .80 74154 1.20 74190 1.40 -60 90 .75 2N2904 .36 2N3395 24 2N4416 .89
740 35 7445108 7457 500 74155 1.10 74191 1.30 | 2N718 .36 2N20802.05 2N2904A. 38 2N3416.30 b] :tl;:::Inorwslcrjde‘res‘snTDod(‘c:ze?r:nfxtpoanfgr:\k::’::dg;:ﬁg
TalS 22 Ja4e10s 74100 120 74156 120 74192 1.20 | 2N718A.38 2N21801.50 2N2905 .38 2N3440 .98 needed :
7412 36 7447 98 74105 ‘90 74167 120 74193 1.20 | 2N744 .35 2N2218 24 2N2905A.38 2N34422.15 PN/Description Hole-to-Hole Term’ls  Price
7413 54 7448 .98 74107 .40 74158 1.40 74194 1.20 | QT89S Socket 6.5 6.2” 118 $1250
7414 98 7450 .16 74109 .48 74160 1.30 74195 1.00 PLESSEY QT598 Bus ! 20 2.50
7416 .42 7451 .16 74110 8O 74161 1.40 74196 1.40 POLYESTER |QTd7SSocket 94 10.00
7417 .42 7453 .18 74111 1.00 74162 1.90 74197 1.40 MATSUO (CAPACITOR) MINEBOX QT478 Bus 16 225
7420 15 7454 .18 74116 2.00 74163 1.50 74198 1.40 DIbPPED ME V § E v ® %l QT35S Socket 70 850
7427 38 7459 25 74118 2.00 74164 1.50 74199 1.40 001 1000 .14 .039 250 .15 35| aTas8 Bus 12 2.00
7422 .60 7460 .19 74121 60 74165 1.60 74200 7.00 TANTALUM }. 1 . | d ‘ X
p422 160, || 7460 0012 1000 .14 .047 250 .15 {8/ aT18s Sacket 36 475
- a 40 74122 .48 74166 1.60 74221 1.40 .0015 1000 .14 .056 250 .16 | QT12S Socket 24 3.75
7425 .40 7472 .40 74123 .95 74170 2.00 74273 1.20 CAPACITORS 0018 1000 (1a 068 250 .16 § > < J i) 8785 Socker 16 3.26
7426 .30 7473 .42 74126 65 74173 1.70 74298 1.80 ‘0022 1000 14 082 250 .17 = QTS Socket 14 3.00
7427 .36 7474 .42 74126 .60 74174 1.20 ‘0027 1000 14 1 100 A7 -
nm % o mE o mmn ar g 8w % o e v da DR DHRDS
g - : 1 35 .33 s8 16 .40].0039 630 .14 .16 100 .20 ) o
HIGH SPEEO TTL ‘48 38 33 68 35 .45].0047 630 .14 .18 100 21 With built-in_regulated short-proof power supplies
74HO0ON .33 74HOSN .40 74H73N 80 74H106N 95 ‘22 35 .33 10,0 16 .42§.0066 630 .14 .22 100 23 | PB203 5V, 1 amp regulated power supply $ 75.00
74H04N .33 74H1ON .33 74H74N 80 ‘33 35 33 100 25 .45].0068 630 .13 .27 100 .26 | P8203A SV, 1 amp and 15V, % amp regulated 120.00
74LSOO a7 35 .33 100 35 .90].0082 630 .14 .33 100 .30 power supply
74LSOON .36 74LS32N 74LS112N 58  74LS174N2.20 .68 35 .33 150 20 .45].0% 630 .14 .39 100 .33
74LS02N .36 74LSBIN .39 74LS114N 92 74LS175N2.40 f 1.0 35 .33 15-g 35 1.32 ~01§ 630 .14 .47 100 .36 DESIGN MATES
74LSO4N 44 74LSBAN 58 74LS138N1.89 74LS18IN369 § 1.5 35 .40 22.0 16 .45}.01 400 .15 .56 100 .44 =
JALSoSN 45 74LS73N 88 74LS139N2.00 74LS190N285 | 2.2 20 .33 330 20 1.32}.018 400 15 .68 100 47 gﬁﬁ'i"‘..’i’.'.‘,‘ff.".x(; “m. CIRCUITDESIG.NER \K’
JaLS0BN .38 74LS74N .56 74LS151N1.68 74LS191N285 | 2.2 35 .40 47.0 20 1.53§.022 400 15 82 100 .54 | gofo Pl o e ‘“ &
N 36 JALS76N .65 74LS15aN1B0  74LS193N2550 § 3.3 35 .42 680 16 1.62J.027 400 .15 3.0 100 .60 S e T e $54.95.
74LS20N .44 74US107N 59 74LS160N3.00 74US260AJ.44 | 4.7 35 .45 1033 250 .15 DESIGNMATE 2. . . FUNCTION GENERATOR
74LS30N .39 74LS109N .92 74LS161N3.00 Complements Design Mate 1. Produces clean,
SCHOTTKY TTL SGS ATES RHYTHM GENERATOR IC's curate weve forms with variable amplltude and frequency controls.
74500 44 74811 .65 74564 B0 745114 120 Denon-d .pecglcallllvddov a:rétrlonlc org:ns and other musical lg;trgus $69.95
2 .6 1 1 alled applications bool only .
7asoy(| 601 7as200 e resTall e, Tenss | 26 o BiaAn 16 PIN DIP — $15.00. 15 programmable rhythms | DESIGNMATES. . .. ... ... ... ..... " R/C BRIDGE
74508 ‘80 74532 ‘80 748112 100 745151 220 which cannot be uupsvlmpossd M253BIAA — 24 PIN DIP —$19.50. Saves derign time by msasunng und selecting capaclmrs and rasistors
74510 ‘55 74540 65 745113 1.50 745160 3.90 f 12 programmable rhythms which can be superimposed. 16-page | t0 better than 5% instantlyl $89.95
745287  2.a0 | dte shest for both devices — anly $.90 DESIGNMATE 4. . . . . MULTIPURPOSE PULSE GENERATOR
LINEAR IC’s TSN N A D Rl /rRs T\ With the precision and versatility of a laboratory instrument, ideal
H=TO:5 N=DIP _ M=MINI-DIP  D-CERDIP  K=TO-3 What is more important? wharover a sourcs of clean, fast output pulses compatible with

LM710CN .90
LM715CH 3.90
LM723CH .60
LM723CN .90

LM105H 12.00 LM30BAHS8.00
LM105F 18,00 LM30BAMTY. 00
LM108H 9.00 LM308M
LM301AH ;55 LM309H

LM336K 2.60
LM337K 2.60
LM33gN 220
LM320-5K2.90

QUALITY or PRICE?

virtually all loglc families and discrete circuits is needed . . .$124.95

Q
ONLY
We have decided to offer enly the highest quahty 7
components. When quality counts, you can
count on Ancrona

BREADBOARD JUMPER WIRE KIT
Each kit contains 350 wires cut to 14
different lengths from 0.1 to 5.0".

AmericanRadioHistory Com

LM301AM 90 LM309K 190 LM320-5T2.50 LM726CH 4.00
LM301AN 95 LM310H 190 LM32012K2.90 LM725CD5.000 7ENER 5:2"‘ 500 :‘ stripped andl'“dswil"’
LM302N 1.80 LM310D 350 LM3201272,50 LM733CH 1.40 . ar easy insertion. Wire
CMa9aH 1140 LM311H 250 LM3405K2.60 S L eh DIODES | EVERYTHING YoU WANT To KOW ABOUT langth is classified by color coding.
LM305H 120 LM311D 4.00 LM3406K2.60 LM733CN2.00 3 BIPOLAR MICROPROCESSORS All wire is sofid tinned 22 gauge with
LM30BAH1 40 LM311M 190 LM3408x2.60 LM721CH 508 S00mMW — 5% } ,0i0: new tearning snd evaluating kit, the! PVIC Jinsulatlon: bl wires)come
LM305N 1.40 LM312H 190 LM34012K2.60 LM741CM .46 V Price | aM2900K 1, opens the door. to microprogram- gecked Infialconven snitiplasticboxy
CM30GH 400 LM3TGH 3.00 LM3AOISK2 60  LM741CN 82 \ns2238 2.7 22 | mine and operation of bipalar microprocessor BKA . ... ...........%$995
tmgg?’n 1435 II:M:”s:‘A 2.50 Lm3:°1BK2-5° LM;”CH 120 (Ne22a5 2.8 22] W0 high-tpeed digital systams. Using standard iC SOCKETS
-00 318M 290 LM34024K2.60 LM747CN1.20[k \c5558 3.0 22 | AM2900-family components. this kitlats circult
LM307N 1.00 LM319N 350 LM555CM .70 LM748CM 951 | (-55¢p 3'3 22 | designerswrite and exacute 32.bit micro-instruc. TOS
LM308H 1550 LM32aN 2.40 LMS5S6CN 1.30 Lm30sacn1 50 | |N22258 52 25 Reions in a high-performance. pipalined contral WIRE-WRAP GOLDOIP SOCKETS
LM3080 280 LM33IN 1.25 LMB67CM1.70 SG450IN 240 |\ gr5gp 3.9 22 Junit. tallows control of "A” and "B" sddressos, TEFLON
IN62298 4.3 .22 Jinstruction, carey-in and oats-in and shift logic, PIN 124 25 100
CMOS IN5230B 4.7 .22 jwhich permits logical and arithmetic shifts andf 14 A5 .41 .37
LO00AE 20  4023AE 24 40S1AE 170  4093AE 1.65 | INB231B 51 .22 [|rotates. Sixteen built-In functions inan AM2909 | 16 54 49 a4 3PIN  55EA
4001AE .24 4024AE 2L 10o3AE 140 ac0smE 195 | INe2338 &6 122 [seauancer parmit control of micro-instruction 8PIN 110EA
4002AF 24  4025AE 24 4053AE 170  4098AE 2.50) |N5233B 6.0 .22 Jacdress selection. AM2S00K 1 can also ba,driven 10PIN 1.40 EA
4006AE 1.30 4026AE 2.50 4055AE 1.95 4099AE 290§ (N523ap 6.2 .22 | in resl time by a pulse gensrator, which lsts you SOLDER = GOLD oip
A009AE 24 4027AE 85 40B6AE 199  4502AE 1.50 | |ns2358 6.8 .22 | evaluate components undar real conditions. 49 2 .28 98 . PLASTIC TO-S
AO0BAE 140  4028AE 1.00 4060AE 210  4507BE .60 | |n52368 7.5 .22 | integrated clrcuits, the LEDs, switchas, resistors, 6 39 3¢ 3 | 56122432 60 BPIN .40EA
4009AE 60  4029AE 120 4063AE 250  4508BE 2.20 (ng2378 82 .22 | dscoupling capscitors, PC board and a 114-Dags
4010AE 50 4030AE 4B  4056AE 90 4510A€ 1300 |Nc230a 87 22 | manusl. (Assemale and acd a SV powar tupply.) POWER SUPPLIES — ADTECH
01 ‘24 4033AE 2.00 406BAE .44  4611BE 1.3 i
2015AE 23 G03SAE 130 4009AE .44 45128 1.30) INo3a08 91 22 onLvEzed PRE":'."ST,CE,‘,ZS,,',,LA§,°§§ORM Modsi No.
A013AE .40  4040AE 120 4070BE .60  4514AE 8.008 |N52418 11 .22 WAVEFORM GENERA g
4013AE 1.20  4041AE 125 4071AE .45  4815AE 500 | \Ns2a28 12 22 ENERATOR & vCO aPs6.3 3.0
A015AE 1.30  4042AE 1.20 4072AE 34  4B16AE 1.75| \Ns2438 13 22 GENERATOR KIT For simultaneous sine, square  FAPS12.1.6 | 12 | 1.6
4016AE B0 4043AE 36 4073aE a0 asisAE 150 INB2asB 14 22 and trisnguiar waveforms < [JAPS156.1.6 | 15 | 1.5 |529.95
a0 1.0 4043AE 1.10 40D7BAE .40  4520AE 1.28 001 Hz t0 1 MHz. aps241 | 24 |10
A 1O 04eAE 310 407GAE 124 4s28aE 220 iNe2aae 12 22| EXAR XR205K ..... $25.00 PartNo. APS28:08 | 28 | 0.8
4019AE .54  404JAE 2.50 4077AE .40  4BBSAE 2.050 |n62478 17 22 8038CCPD  $3.90 = 5 t
4020AE 1.46  4048AE 1.43 4078AE .40  4901AE 320 |n52a88 18 22 ’ B : aEsSey s
4021AE 130  4049AE 658 40818E 40  491AE .32 |Ns2498 19 .22 Here's a highly versatile iab APS12: 12 2605
4022AE 1.05  4050AE .58 4082AE 39 INEZEOR) | 20sksd instrument at a fraction of HYBRID POWER N o $48;
- INS25)8 22 .22 the cost of conventional AMPLIFIERS Apszea- |28 | 3
NEW FROM verowire® wiRING SYSTEM :zgggg: gg gg unit. Kit includes 2 XR205 § 51-1010G 10w $6.40 APS5.10 5 10 |
WIRING PEN — With unique Integral spring wire clamp for wire k \Nyg2648 27 22 ICs, data & applications, PC § 51-1020G 20w 9.90 [JAPS12.7 | 12 ?
retantion advancement and retractlon, With spool .$7.99 each. | \nB256R 28 22 board (etched and drilled, g”gggg ggvv: ;8-;0 :‘;g;ig ;3 g $72.25
! s1- 4.90 -
s w2 o o e BB S5t 5 | 1 LS
INS2588 36 .22
AODITIONAL WIRE SPOOLS — Package sog 2 IN62598 39 .22 XR FUNCTION GENERATOR KIT ... SPECIAL
spools (120 meters) of 34 AWG wire . $2.68 IN62608 43 .22 r XR-2206KA includes mano- XR-2206KB same as XR-
] \N63cip 47 22 ] CARBON FILM RESISTORS. . % WATT §% § jtnic function generator IC.PC 2206KA and Includes ox ternal
IN52628 61 22| 139 STANDARD VALUES—$1.69 por 100} pogard & assambly instr. manuat components _for PC board
256x4 RAM ADVANCED MICRO DEVICES IN5263B 56 .22 10 ohm to 10 megohms — only In $16.95 . 26.95 N
P2101 485 256x4 RAM 1024xt RAM 1024x1 RAM R nB264B 60 .22 multiptes of 100 per valus ¥ N
$2101.1 625 P21111 6.25 P2112:2 485 P21022 437 §|nNs2668 62 .22
EINON21 4B B2l 2 o ":g:gg 1 o fe2iony 618 §ins26ss 63 .22 SPOT MINIATURE TOGGLE SWITCH CMOS/LSI
: k RS 2" 6. IN52678 75 1050 . .. .116V. . . . SA Ratin, .95
B 22 s FROM STANDARD MICROSYSTEMS
Peices effective through October 31, 1976
PLEASE VISIT OUR ELECTRONIC STORES COM2502 UART — Ceramic $13.20
Mintmum order $10.00. Add $1.00 to cover postage and handling, ARIZONA 4518 €. Brosoway COoM2502¢p UART — Plastic 8.00
Callfornia residents add 6% sales tax. . Tugnon, AZ 8671 coM2502 UART — Cer High Speed 1420
2502HP UART — Plastic High Speed 9.00
Cmp CANADA S‘i?.ﬁof.'v’ﬁ'éc"‘\’)‘s‘w 224 gom0t7 UART — Ceramic 13.20
UART — Plastlc 8.00
(] CALIGORNIA 10801t a3 COM2017H UART — Cer High Speed 14.20
) COM2017HP UART — Plastic High Speed 9.00
Mail Order — Send check or money order to: 1300 £. Edinger Avenua CamM2601 USRT 30.00
P.0. Box 2208P, Culver City, CA 90230 . Sants Ans, CA. 92706 CaMB016 Dual Baud Rate Gen 12.00
Phone Order — Call: (213) 641-4064 GEQRGIAT 2330 ke mony] L N-E CCMS016T Dual Baud Rate Gen 11.70
a COD, Master Charge and BankAmericard Welcomed g OREGON ” <13 Eonr ::‘5357061%? 1‘5‘“’:"“ Encoder AOM 2°'°g
Overseas orders — $26.00 minimum pius sufficient postage. =3k ortland. 2Ny Svanue AChangeliMultiplexer 120
{Stores do not accept mail orders or phone orders)
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UNDER DASH
STEREO/CB

MULTIMETER

1000 OHMS/VOLT
¢ Great for Hobbyists

99 TE-184
N
Reg.

ADD POSTAGE & SALES TAX

PARTS & COMPONENTS
500 MW Zener Diodes, 4.3-6.3-9.1-

12 & 15 Volts
3 Unijunction Transistors, 40 V.

375 MW. 4 ON/S
L.E.D. Pkg. of 5 Red, 2 VoIt - 5 MA.
Ultra-Mini LEO. Pkg.of 5 Red,2V. SMA
Ti Calculator Key Board, 20 Keys
3V, Digit Liquid Crystal Display
Darlington Amp, Transistor Kit, 6 Trans
Photo Transistor, 5 Pieces-Epoxy Type
6 Amp Full Wave Bridge Rectifier 50 PIV
6 Amp Fult Wave Bridge Rectifier 400 PIV
PNP Transistor Assortment Pkg. of 10
NPN Transistor Assortment Pkg. of 10
7-Segment L.E.D. Display .3 in. Green
7-Segment L.E.0. Display .3 in. Red
7-Segment L.E.D. Display .3 In. Yellow

TOOLS — SPECIAL AND PRACTICAL

REG. SALE
DI-052 1.00 .50

TR-441 1.29 .50
PL-233 1.19 .60
PL-288 1.29 .70
XM-523 5.00 1.60
XM-37110.00 3.00
TR-507 2.00 1.50
TR-502 1.00 .60
DI-057 1.2 .80
DI-058 1.90 1.00
TR-445 1.00 .60
TR-446 1.00 .60
XM-341 2.69 1.00
XM-370 2.00 1.00
XM-342 2,49 1.00

Wire Wrap Tool, 30 Ga Wire on .025 Post TL-845 2.60 2.00
IC Insertion/Extraction Yool TL-846 1.25 1.00
1€ Plug-in Test Adapter TE-396 2.60 2.00
12 Volt DC Soldering Iron, Pencil Tip TL-793 4.00 3.00
117 Volt AC Soldering iron, Pencil Tip TL-448 3,29 2.50
Tuner/Contact Cleaner, 6 0z. Can TL-459 1.43 .80
Oymo Label Maker, Uses 3 In. Tape TL-752 1.89 .90
Double Face Foam Tape 3% x 52 In, TA-803 1.00 .80

RECORDING TAPE AND ACCESSORIES

8 Track, 40 Min. Biank Tape

8 Track, 80 Min. Blank Tape

8 Track, 40 Min. Blank Tape

60 Min. Cassette, Pkg. of 3

10 in. Reet 3600 Ft. 1 Mit Mylar Tape
8 Track Head Demagnetizer, 12 VoIt 0C

TA-854 1.49 1.00
TA-855 1.79 1.20
TA-907 .69 .50
TA-879 1.49 .80
TA-608 2.99 2.00
HF-160 3.00 1.30

o\so®
‘“EE %a‘a\ogs
Illl N BN B . l‘l

Olson Electronics, 250 S. Forge St.,
I Dept.IQ , Akron, Ohio 44327

Please send me O Oison Catalog

i

ADDRESS
CITY
STATE

ZIP

CIRCLE NO. 46 ON FREE INFORMATION CARD
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INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home all
makes including transistor. Experimental kit—trouble-
shooting. Accredited NHSC, Free Booklet. NILES BRYANT
SCHOOL, 3631 Stockton, Dept. A, Sacramento, Calif.
95820.

EARN ELECTRONICS DEGREE by correspondence. Free
information bulletin. Grantham. 2000 Stoner Avenue, Los
Angeles, California 90025.

PASS FCC EXAMS' Memorize, study — "Tesi
Aaswers” for FCC L3l and 20d class Radio-Tele
ly revised multiple-choi

ne e3.
Fumiom and diagrams cover all areds tested in

CC exams plus *"Self-Study Ability Test"” $9.95
postpaid. Moneyback Guarantee

3 PRODUCTIONS P.O. BOX 26348-P
CnilbnG BiNGON SAN FRANCISCO, CALIF. 94128

SCORE high on F.C.C, Exams...Over 300 questions and
answers. Covers 3rd, 2nd, 1st and even Radar. Third and
Second Test, $14.50; First Class Test, $15.00. All tedts,
$26.50. R.E.1., Inc., Box 806, Sarasota, Fla. 33577.
UNIVERSITY DEGREES BY MAIL! Bachelors, Masters,
Ph.D’s. Free revealing details. Counseling, Box 317-PE10,
Tustin, California 92680,

SELF-STUDY CB RADIO REPAIR COURSE. THERE'S
MONEY TO BE MADE REPAIRING CB RADIOS. This easy-
to-learn course can prepare you for a career in electronics
enabling you to earn as much as $16.00 an hour in your
spare time. For more information write: CB RADIO REPAIR
COURSE, Dept, PE1096, 531 N. Ann Arbor, Oklahoma City,
Okla. 73127.

F ICor FET's WITH
$5 & $10 ORDERS.1
R E E DATA SHEETS
WITH MANY ITEMS.

0I100ES TRANSISTORS | TRANSISTORS | TRANSISTORS | LINEAR IC's

ZENERS & INTOS  SO24|2WA01  I/S1|aMS638 /81 |LM340KS  s19S
RECTIFIERS  |aM710 26|2ma092  s0.75 [2ms640

1N456 te 5 28720 AR |2M4121 8t cread $4.00 | LM3AOTS 175
18458 2m910 /%1 (280122 %1 |Cresae $5.00 | LM340T-12 175
TNAR3 10 T 21613 $0.29 | 2N4924 5/%1 |Crest $4.90 | LM3AOT-15 17§
18406 N 29128028 5/81 €100 /%1 LM340T-24 175
1NTAS 10 s N0 38/ 2N4249 5/81 [E10t /81| Lm3zen- 55
L] 1883 .38 | 284250 48t €102 8 [ Lm3In 2.50
INgEe° 15/81] 2m219 24 | 280274 5/81 |€175 381 | Lm3son 1.2
1N982 10 s 2222 /51 (284302 $0.2% |MPF102 te* s NESSSV* 2%
1Ng4 2N2222A%  5/51 284300 28 |MPF104 NESSEA $0.90
1NJ064 31 2N2368 5/81 | 284238 St MPF112 /81| LM209CH 2
13608 $/51 | 2N2806 1o 2 243600 2/$1 IMPSES1S  3/51| LM7OOCN 20
184001 12/81|2N2609 24381 $1|se1001 /51 | LM223K

184002 12/31| 2N2905 $0.24 | 284392 $0.90 1S€1002 o8 (LM223N° 35St
184003 12/$1| 2N2906A 24 |2N4416 2/%1[$€2001 /%1 (LM239N  $1.00
184004 12/51|2N2507*  5/51|2N4416A  S0.80|SE2002 4$1LM241CH 3181

SES001 te s L

SE€5003 LMAMICNTE 34

184007 10/%1|2N3564 4/51|INABEIE /81 (SESO20 $3.00| LM247CN 85

651 INGBBRE 281 (TSI 10 m E
2 TIS?S HCIDEF 100

t
m OIGITAL IC's
14372 INIGIBA  S/31 [2manes :g MMSIIEN  $2.95

SN7400N
INT28 w2 s anse
woss W onsey o |meizeee g (SN
wete e [onaeer st |awsias SR1N
NS s st s wist

2
VARACTORS |2M3691 10
NN

NS130 10 2ns199 :

NS84 2lnaen  sogo[ans2i0  am [SVAIN M faegen  (sp
os1eamn:  ss|awdszz  70faesite  2is1[UINEARICs  [mcatsatke 250
F? 432MH $1 |2N3823 40 |2N5397 $1.50 |LM100H $2.50 |RCAI9SDN" 125
MVE0 e aees s [awsaaz  rso|umanian 27 |Rcarsstie 238
uve2 M303nc oo |INSAST IS [M3OTH 27 [emazsocn 200
MVI620t0 M3908 awsess  S0.38|LMIeSN 38 |RCessaON 5

Mvierz S2[awaese  320[awssed 300 [Lm3zoks 135 [uaTsasuc 028
Mvaio o JaNes  1as[awsse 2sefewazokiz 13s (sdsoie ads
ava2s e veolawsssr  a2nolimazokas 135 lowrsesz ey

™  *SypeR SPECiALs:

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details,
strange catalog free! Autosuggestion, Box 24-ZD, Olympia,
Washington 98507,

FCC LICENSE STUDY GUIDE — 377 pages, 1465 ques-
tions with answers/iscussions — covering third, second,
first radiotelephone examinations. $9.95 postpaid. GSE,
2000 Stoner, Los Angeles, California 90025,

HIGHLY EFFECTIVE Degree Program in Electronics En-
gineering. Advance rapidly! Our 31st Year, Free literature.
Cook’s Institute, Box 20345, Jackson, Miss. 39209,
INTENSIVE 5 week course for Broadcast Engineers. FCC
First Class license. Student rooms at the school. Radie
Engineering Inc., 61 N. Pineapple Ave., Sarasota, FL 33577
and 2402 Tidewater Trail, Fredericksburg, VA 22401.
FREE Educational Electronics Catalog. Home study
courses. Wrile to: Edukits Workshop, Department 717D.
Hewlett, N.Y. 11557.

FCC License. New course material, new low prices. Free
home study catalog. Genn Tech, 5540 Hollywood Bivd.,
Hollywood, CA 90028.

RADIO BROADCASTING: Become DJ! Get free tapes -
records - equipment. Start own station! Learn How.
“Radio!", Box 5516-AJ, Walnut Creek, CA 94596,

FCC EXAMINATIONS. 532 First, Second, Third Questions-
Answers. Proven "topical” study method. $7.00, ""Exams"",
Box 5516-AJ, Walnut Creek, CA 94596,

LEARN Computer Programming (BASIC or FORTRAN)
with 1TI's effective correspondence courses. Also Elec-
tronics (including FCC), Mathematics, Accounting. Free
information: Intermountain Technical Institute, Box 258,
Jerome, Idaho 83338.

FREE! Ham Radio License Information. Send s.a.s.e. TWIN
PHASE ENGINEERING, Box 661, Fremont, CA 94537,
LEARN Electronics-Mathematics. Individualized corre-
spondence lessons. Trial $2.00: Vinther Institute, Box
9447P, Berkeley, CA 94709.

PERSONALS

MAKE FRIENDS WORLDWIDE through international
correspondence. Hlustrated brochure free. Hermes-Verlag,
Box 110660/Z, D-1000 Berlin 11, Germany.

Ph.D'S, MASTER'S, BACHELOR'S — official nonresident
College Degrees easily acquired through mailorder Uni-
versities. Complete Revealing Directory — $2. Counseling
Connection, 5495 Claremont, No. BPE, Oakland, CA 94618,

MUSICAL INSTRUMENTS

UP TO 60% DISCOUNT. Name brand instruments catalog.
Freeport Music, 114 G. Mahan St., W. Babylon, N.Y. 11704,

RUBBER STAMPS

RUBBER ADDRESS STAMPS. Free Catalog. 45 type styles.
Jackson’s, Dept. K, Brownsville Rd., Mt. Vernon, IIl. 62864,

aoricanDadinblictary Cam.

1N914 100V/10mA Diode 20/$1 | MPF102 200MHz RF Amp 3/$1
1N4001 100V/1A Rect. 15/81 | 40873 MOSFET RF Amp $1.75
1N4164 30V 1N914 25/$1 | LM324 Quad 741 Op Amp 94
BR1 50V %A Bridge Rec 4/$1 | LM376 Pos Volit Reg mDIP 55

A NPN Teansistor 6/81| NESS5 Timer mDIP 2/$1
2N2907 PNP Transistor 6/81 | LM723 2:37V Reg OIP 3/81
2N3055 Power Xistor 10A .69 | LM741 Comp Op Amp mDIP  4/$1
2N3904 NPN Amp/Sw 5100 6/$1| LM1458 Duat 741 mDIP 38
2N3906 PNP Amp/Sw $100 6/$1 )| CA3086 5 Trans Array DIP 55
CPB50 Powsr FET %Amp $5 | RC4195DN :15V/50mA mDIP 1.25

RF391 RF Power Amp Transistor 10-25W © 3-30MHz T0-3 $5.00
555X Timer 1us-1hr Different pinout from 555 {w/data) K3
RC4194TK Dual Tracking Regulator £0.2 to 30V @ 200mA TO-66  $2.50
RC4195TK Dual Tracking Regulstor :15V @ 100mA (T0-66} $2.26
8038 Waveform Generator I A Wave With Circuits & Data $3.75

ADVA KITS:

LOGIC PROBE KIT-Use with CMOS, TTL. DTL, RTL, HTL, HiNIL and
most MOS 1C’s. Builtan protection sgainst polsrity reversat and overvoltage.
Draws only a few mA from circuit under test. Dusl LED readout. Compiete
kit includes case and ctip leads. $8.95
VARIABLE REGULATED POWER SUPPLY KIT ~Continuously veri-
able from 3 to over 15 Volts. Shortcircuit proof with electronic current lim.
1nting a1 300 mA. Compact size and typical regulation of 0.1% make this s great
bench or lsb power supply. $11.95
FIXED REGULATED POWER SUPPLY KITS —Short-circuit proof with
thermal cursent limiting. Compact size and typical regulation of 0.5% make
these idesl for most electronic projects. Availsble for 5V @ S500mA, 6V @
S00mA, 9V @ S00mA, 12V @ 400mA, 15V @ 300mA. Specify voltage when
ordering. $8.95 ea.
These easy-to-sssembie kits inciude all components, complete detaed instruc:
tions and plated fiberglass PC boards. Power suppty kits do not includa case or
meters. Add $1.25 per kit for postage and handling.

TMAIL NOW! FREE DATA SHEETS spplid with meay ntems from this ad. FREE ON
AEQUEST-741 Op Amp with every order of 3§ or more—749 Duat Op Amp or two €100
FET's with avery order of $10 o mare, Gastmacked prios to 12/31/76. One tres item per order.
ORDER TODAY -Afl items subject to prior wale and prices whject 10 change without notice.
Al itams are new surplus arts~100% functionally tested,

WRITE FOR FAEE CATALOG #76 offering over 350 semiconductors earried in stock.
Send 13¢ stamp.

TERMS: Send chack or money order (LS. fundsi with ceder. We pay 18 Class postage 10 U S.,
Canada and Mexico (sxcept on kits). $1.00 handling charge on orders under $10. Cahf. resi-
donts add 6% sates tax. Foremn orders add postags. COD orders—add $1.00 sacvioe chargs.

ADVA.......

BOX 4181 EB, WOODSIDE, CA 94062
Tel. (415) 851-0455

CERCLE NO. 4 ON FREE INFGRMATION CARD

| RECORDS

RECORD RATERS WANTED! Anyone qualities. We ship
you nationally released LP's to rate. We pay postage and
handling. You pay nothing for LP's. All you pay is small
membership fee. Applicants accepted "first come basis."
Write: E.AR.S., Inc., Dept PE, Box 10245, 5521 W. Center
Street, Milwaukee, Wisconsin 53210.

FREE RECORD CATALOG--Pop, classics, jazz, shows,
opera. Wide selection, low prices, prompt service. Write for
latest catalog. Rose Records, 214 S. Wabash, Chicago, lii,
60604.

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUN-
ITIES. Report on jobs now open. Details FREE. Aviation
Employment Inlormation Service, Box 240E, Northport,
New York 11768.

POPULAR ELECTRONICS




Popular Electronics

OCTOBER 1876
ADVERTISERS INDEX

READER
SERVICE NO.

ADYERTISER

A P Products, Incorporated

Ace Electronic Parts

Acoustic Fiber Sound Systems. Inc
Active Electronic Sales Corp

Adva Electronics

Advanced Microcomputer Products
Allison Automotive Co

Altaj Electronics

Ancrona Corp

Aties Inc

Audio Technica. U.S. Inc

B&F Enterprises

B&K, Product of Dynascan
Bennies Warehouse

Buttet Electronics

CREI Capitol Radio Engineering Institute
C&S Marketing Assoc

Circuit Design, Inc

Cleveland Institute of Electronics, Inc
Cobra Product of Dynascan
Continental Specfaltles Corporation
Delta Electronics Co -
Oelta Products, Inc

Digi-Key Corporation

Dixie Hi-Fidelity

EICD

Edfie Electronics, Inc

Edmund Scientific Co
Edmund-Screntific Co

Eltron

Empire Scientific Corp

Formula International Inc

GFN Industries. Inc

Godbout Efectronfcs. Bill
Grantham School of Engineering
Handic USA. Inc.

Heath Company

Hufco

IMS Associates. Inc

Illinois Audio

International Etectronics Unlimited
James

James

Jensen Tools and Alloys

Johnson Co.. EF.

Labtronics, Incorparated
Lafayette Radio Electronics
Lafayette Radio Electronics
Mcintosh Laboratory. Inc

MITS

NRI Schoals

National Technical Schools
New-Tone Electronlcs

Newman Computer Exchange
Non-Linear Systems, Inc

Otson Electronics
Optoelectronics, Inc

PAIA Electronics

Pathcom, Inc

Phase Linear Corporation

Poly Paks

Polymorphlc Systems

Processor Technology

Quest Eléctronics

Radio Shack

Royce Electronics

SAE

SBE. Inc

S.D. Sales Co

Scelbi Computer Consulting Inc
Schweber Electronics

Sencore

Shakespeare Electronics Group
Shakespeare Industrial Fiberglass Qivision
Shure Brothers Inc

Solid State Sales

Southwest Technical Praducts Corp
Sparkomatic

Stanton Magnetlcs. Inc

Stereo Discounters

Surptus Center

T.K Enterprises

Tab Books

Tenna Corporation

Texas Instruments Incosporated
Tri-Star Corporation

Ungar

Wahl Clipper Corporation
Wawasee Electronics
Weatheralert

Weller-Xcehite Electronics Dwision
Yamaha International Corporation
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OCTOBER 1976

PRO SPORTS ACTION FILMS Poputlar Electronics}

POPULAR ELEC-
TRONICS INDEX for
1975 now available.
Prepared in coopera-
tion with the Editors
of "P/E,” this index
contains hundreds of
references to product
tests, construction
projects, circuit tips
and theory and is an
essential companion to your magazine collec-
tion. 1975 Edition, $1.50 per copy. 1972, 73,
and 74 editions also still available at $1.50
each, or $5.50 for the set of four {1972, thru
1975). Add $.25 per order for postage and
handling.

INDEX, Box 2228, Falls Church, Va., 22042

FALL...TIME TO START A SPORTS FiLM COLLECTION:
‘76 Super Bowl X (Steelers / Cowboys) or '75 IX (Steelers /
Vikings); Super 8 Color. 200" reel, $19.95 ea; B&W, $8.95
ea + shipping. Include 1974 & '75 World Series, Official
Films; 200" Super 8 B&W. $8.95 ea; Color, $19.95 ea (add
$0.85 per film for shipping — Canada, $1.25 ea). Round out
your collection with ‘76 & ‘75 Stanley Cup (Canadiens /
Flyers, Flyers / Islanders). each 400' Mag Sound Super 8
Color, only $49.95 ea + $1.50 Postage, Handling (limited
offer). (Super 8, 200" Silent Color, $19.95ea + $0.85 ship-
ping). New Castle or Columbla catalogs, $C.50 ea; Sport-
lite, $0.25 (coins. stamps, no checks, pis.). SPORTLITE,
Elect-10, Box 24-500, Speedway, IN 46224,

ANNUAL
INDEX
... 1975

MISCELLANEOUS

V\ﬂN-éMAKEﬁS:'Fre;IIu;m(éd catalog_yeas;s, equipment.
Semplex, Box 12276P. Minneapolis. Minn. 55412.

/@ ACE OF THE MONTH SPECIALS

Al v ENGINEERING APPRAISAL ASSORTMENTS fist quality
1

DIPFED POLYESTER FILM CAPACITORS lngjgf:ﬁt\}}?ﬁASSORT,MENT

D

e Prime

= 100 for $4.95 —_a Saheeton s 7 200 PCS FOR 83,98
KEYBOARD ASSORTMENT S for SLIDE SWITCH ASSORTMENT
CALCULATOR & COMPUTER  $9.95 standard and ministure 40 for $5.00

200 ELECTROLYTIC ASSORTMENY ¢g g5 1%, PRECISION RESISTORS 200 for
MINIATURE ALUMINUM Arind Losd FROM (4,50, re 470ut Z5v * Assortment containg a balineed invemery $4.98

POWER CORD ASSORTMENT 6 for $2.85
2 and 3 conductor q.8.fr. U'.1.. Listed

T

AC adapter AsSSORTMENT
4 DIFFERENT models for $9.95

SWITCHCRAFT Micro-Jax

% 10— 1.95

100— 15.00
TR-2A y990— 110.00

ASCii COMPUTER KEYBOARDS

These ksyboards were manufactured for use on Texas
Instrument's lima of Silent 700 series data terminals. They are
tully encoded with TTL large scale integrated circuits {T.|
TMS-5000 in £©pin socket]. Additional IC’s provide a par-
rallst 7 bit. without parity, code plus a strobs signal indicst-
ing “valid” data and 1ix other independent outputs for those
special keys which are not encoded/). Internat circuitry pro-
vides for fwo hey rollover and de-bounce. Qutput is on stan-
dard 10 pin double readout connector for data and power in-
put. And 8 pin double readout connector for six special

ACOUSTIC COUPLER

This coupler was manufactur
ed by Novation Inc. Tarzsna. Calt
fosmia for use in Texas Instrument s
rmadel 725 Electronic Data Terminal
it is compatible with Bell 103 and
113 dsta sews or eguwalent. The
coupler operates asynchronousiy to 3
maximum soeed of 450 baud in the
fult-or-half-ouplex mode coupled to
2 standarc telephone handset. Trans:

BISMUTH ALLOY.
Melts in boiling water
40z.ingot $3.95

11b. $9.95

switch tunctions

K86 - Clare/Pendar 7208271 Now - tested  $39.85 i freq. is 1270hz for mark and

T.1. Pert number 8583271  Used - tested  $29.95

A 58 key ASCu encoded Alphsnumiric keybodrd
with six extra switch closures to ground marked HERE
1S. PAPER ADV. BREAKX REPEAT TAPE= TAPEe

1070hz for space. Recerve frequency
is 2225hz for mark and 2025hz for
space. Unit requices & 12 VOLTS
and + 5 VGLTS for operation Com-

BURROUGHS PANAPLEX T 1@ DIGIT 25 ¢ nan
B! BR 16254 160V DC 'onzation voltage

plete with schematic & all pertinent
informanior. fully reconditioned. csl

Kynar solid silver-
plated wire wrap wire,

30 AWG Blue Or Yellow
Red or White
1000 FT.SP 9,19

26 AWG Red orBlack

1000 FY SPOOL 13.95

b iy ated, and gueranteed $47 50
Wit
xaxs arired V0,51.95  10for $14.95 onsian R0 00— 1495
TN914B 100 tor 4.50

3 6310%30 mh 65 Ma
1392 Turns 10for 2.95

DISCREiE LEDS
— M wvso ren ‘Tiie

1 16 thick. unetcheg copper

c —— SN74s5201 }rirneseszt?tﬁe%:tf;uhc 200701 81450
77 AC adapter $3.00 eo. Plug In Replacement ¢ 2 96 o, ik
o __INPUT 115 Volts, 5060 Hertz for SN74200 10 (" 624 g5 : ==L
7 3, OUTPUT 8 VAC 100Ma. ~—4HEAT SHRINKABLE
___J 10 for $22.95 ———=2=3" |FuSE HOLDERS FOR 3AG FUSES|TUBIN G Asst. 2.95
100 for $149.50 NE-2 NEON @ HKP-CC ”
Ao 25 6” LENGTHS
2N5449 50v 800 ma 100 for 95 1330—49:955 gﬁ 10 for $2.951, arious sizes & colors.
PRINTED CIRCUIT BOARD G-10. CLOCK PRIMARY 117 VOLT 640 Hz COMPUTER GRADE

CAPACITOR

RAM Low Power 400 mW sg 95
with data and 27 Pin SOCKET ’
removed from sockets g FOR $64.95

Terted snd gusranteed

MALDED VINYL CONNECTQR FOR ROUND PINS
Mates with Recessed panel mounting TV type plug
5 for $1.98 30 for $10.00

1 i or OQUTPUT1 | OUTPUT2
scilzaed o 12 me;o 100 CALCU~-VAC |DCMa VAC [ DCMa 36D POWERLYTIC
Ixe’’ 50 2.50 19.95 LATOR ~ 20CT | %0 | 20 |5:000 Mfd. 30 wvDC
4x 12" 1.00 500 39.95 50 o 10 for 9.00
8x 8 150 9.95 $9.75|PC Mount 10 for $15.00 100 for $69.95
——— = ’j 6 V_@ 40 ma.
TMS 4030 JL, 4096-BIT DYNAMIC | =i ==(| | =T
6' 2 CONDUCTOR 18 GA Black $39.95/250.

100 for $25.00

Male Connector for use with cord above. 10 for §1.95

; PARTS

5400 Mitchelldale, B-8
Houston,Texas 77092

ELECTRONIC

Include check or money ord
residents add 5% sales tax

acd $2.50. Overseas countries add $5.00.

We will ship UPS unles
ORDERS OVER 101b

TERMS We pay postage. uniess otherwise specified

er.noCOD. Texas
Canada and Mexico

s olherwise specihed
s. are shipped Collect

s
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LIVE IN/ THE WORLD
OF TOMORROW...TODAY!

And our FREE 164 ILAGE CATALOG is packed with
exciting and unusual values in electronic, hobby
and science items — plus 4,500 finds for fun study
or profit . . . for everY member of the family.

A BETTER LIFE
STARTS HERE

OUR MYSTICAL
MUSICAL MACHINE

- - .gets it on! Fascinates with an automatic 256-
note pseudo-random tone pattern. The controls
let you adjust beat, volume & pitch. Finger its 3
photocells, and-you creatively vary the tone of its
continuous “music”. Output jack permits a

You bet! Incls. 9V tr. batt., instrs. Just 1.3 Ib.
No. 72,2034V (93/6x5% x311/4")

SUPER POWER FOR
ANY AM RADIO

Newantenna assist turns a tiny transistor into a
tiger, has pulled in stations up to 1000* miles
away! Just set beside radio. (no wires, clips,
grounding) and fine-tune Select-A-Tenna's dial
to same frequency ‘‘gangbusters'’!

NASA-CHOSEN FOR
APOLLO/SOYUZ

157 mi. out in space, the Astronauts used this
super 20x60 binocular (modified) to view Earth!
Our biggest, most powerful ¥or distance. Far-off

through big 60mm objective lenses; 173-ft. field

rubber eyecups. Includes case & straps.

No. 1556AV . .. (3% x8Y2"; 47.5 0z.) ..
No. 1559AV . .. (4V2x6%"; 19 p2.)......

PRO ELECTRONIC
SOUND CATCHER

Parabolic mike w/ 18%" transparent reflecting
shield & 2 1.C.’s in amplifier magnifies signals
100x that of omni-direction mikes. Catch sounds
never before heard! Highest signal to noise ratio
poss. Earphones, tape recorder output, tripod
socket; req. two 9v trans, batt. (not incl).

LOW COST MODEL: NO EARPHONES, ELECTR. CIRC.
INO: [VBB'SAV 5 5 it it wigain i s s b aims b 3R v e

LOWER SENSITIVITY ECON. MOD. W/0 ELECTR.

MAIL COUPON FOR
GIANT FREE
CATALOG!

164 PAGES ¢ MORE THAN

UNUSUAL

BARGAINS
Complerery new 1977 adition, New items, categories, illustrations. Dozens
of electricol ond eleciromagnetic parts, occessories. Enormous selection of
Astronomical Telescopes. %nique lighting ond ecologicol items. Micro-
scopes, Binoculars, Magnifiers; Magnets, Lenses, Prisms. Hard-to-get-
surplus borgains. Ingenious scientific tools. 1000°s of components.
EDMUND SCIENTIFIC CO.
300 Edscerp Building, Barrington, N. 1. 08007

l Please rush Free Giant Catalog "AV"

— e Gm—— c—

objects come in big, clear & sharp to the edge o G

No. 1649AV . .. (5Y2 1B.)....oueueeeenne e,

No.80,242AV .....................

patch-jn to guitar or band amplifier for some really wild effects. Jack it into your
stereo (use an external amplifier), or recorder for a great tape. Good executive toy?

........... $59.95 Ppd.

S

Great for clearing weak signals in radio depressed areas, off-coast islands,
crowded frequency stations. Solid state—uses no electricity, batts., tubes.

$19.95 Ppd.
...$24.95 Ppd.

‘n
Y

of view at 1000 yds. Relative brightness, 9.0. Fully coated optics; 20X spcl design
eye lenses. Coated BK-7 Porro prism. Extra long All-American style with fold-down

$99.95 Ppd.
$29.95 Ppd.

000000 OQCOOGIOOGOOELIOOOOOTLPEOO

.......... $299.00 Ppd.
.......... $149.95 Ppti.
........... $89.50 Ppd.

DCIPLEASE SEND GIANT
FREE CATALOG “AV"

Charge my O American Exp.
O BankAmericard O Master Chg.

PP WHEN YOU COME TO PHILADELPHIA BE SURE T0 SEE TWQ
FREE BICENTENNIAL LIGHT SHOW ¥

*
IN_BARRINGTON, N.J. ONLY 10 MINUTES AWAY AT

EDMUND FACTORY STORE

4Ya” ASTRONOMICAL
TELESCOPE

" See moon craters, rings of Saturn, double stars.
/ Features fine f/10 mirror* (verified better than
1/10 wave with a scatter plate interferometer) to
. insure performance to theoretical limit of resolu-
tion. Equatorial mount; rack & pinion focusing; aluminum tube, 6X finder, 25mm
F.L. 45X Kellner achromatic eyepiece & Barlow lens to double and triple power to
135X. Incls FREE Star Chart plus 2 Books. *Pyrex.®.
No. 85,260AV (SHPG. WT. 42 LB.) ............0.vveeseinnn, $159.50 FoB
No. 85,261AV (CLOCK DR.; 45 LB.) .$199.50 FOB

AN ULTRA-MINIATURE
AM RADIO!

It's about the size of a small matchbox—and your
ear will light up when you hear it. Pulls in stations
with amazing volume and clarity (number de-
pends on locale), yet you can wear it on your key
Pt chain, conceal it in pocket or purse! Get news,
sports, music wherever you go—listen to the game as you watch it at the stadium.
Just insert the earplug (incl) and your directional AM mini marvel plays! Runs ab.
100 hrs. on 2 hearing aid batts (incl). A super gift!

No. 1976AV. . . (LESS THAN 1% 0Z.1) .o....oounvnoo . $14.95 Ppd.

.CQCC...C..CCCQCCQ.@CQ

SEE MUSIC IN
PULSATING COLOR

New 3-Channel Color Organ adds to music listen-
ing pleasure, lets you modulate 3 independent
strings of colored lamps with intensity of your
music to create an audio "'light show.” They flash,

ar vary in brightness related to music's r ythm,
itch, vqu'meulsatinEg lightin%performance to music! Fully assembled & priced

alf that of others, the Edmund Sound To Light Control is a ferrific value. Plugin,
turnon!
No. 42,309AV . . . (ASSEMBLED) ....................00ovivn.., $17.95 Ppd.
No. 42,336AV . .. (UNASSEMBLED) ...............0ovvnit! $13.95 Ppd.

e LOW COST
INFRA-RED VIEWER

4. For Infra-red crime detection surveillance, sec-

i urity system alignment, I.R. detection, laser
checking, nite wildlife study, any work req. I.R.
detection & conv. to visible spectrum. Self cont.
scope w/ eve thing incl LL.R. Iigh& source. 6v or
12v'power, 6032 I.R. converter fube, /3.5 objec-

tive lens, adjust. triplet eyepiece. Provides 1.6X, focuses from 10’ to infinity.

No. 1659AV (11x14%ax3") . ..o $285.00 Ppd.
WITHOUT LIGHT SOURCE
MO, TBB3AY ..ttt et $225.00 Ppd.

2020000000075 00000000

WOW! TR
METAL DETECTOR: $69.95

Super-sensitive transmitter/receiver unit at a
never-before price, w/feats. of $150$6pes. Ter-
rific selectivity—10-turn (not just °) metal/
mineral tuner! 6” waterproof search coil find a
cent at 67 telescoping adjust. shaft gives 44"

9 — Igth.; 14~ stereo earphone jack; all metal constr.
Perfect balance & feather light, it incls 8 “AA™ batteries. Lifetime warranty!

No. 80,251AV (JUST 3B OZ.) .........ooviuervennnnnn... 0t abkebn $69.95 Ppd.
STARTERS' BFO CHALLENGER | (32 0Z.)
No. 80,222AV (ALUMINUM CONSTR.) ........oovvuviiveiannnnn.. $39.95 Ppd.

COMPLETE & MAIL WITH CHECK OR M.O,
EDMUND SCIENTIFIC CO. 300 Edscorp Building, Barrington, N.J. 08007

How Many Stock No. Description (609) 547-3428 Price Each Total

Interbank No D:l:’j P Mld fj'r::?‘:nd Handiing Charge §1.9¢ b—= v
) BanaAMENICARD - [Jchock [Jmoney order for TOTAL |$

My Card No. Is

v

| T T T T T TTT T sianature

' MName,
Address

ity State Zip.

Card ExpirationDate___—

30-DAY MONEY-BACK GUARANTEE. Name
You must be satisfied or return :
any purchase in 30 days for full Ac‘idress

refund.

—_________-______—________—Ip_—_

CIRCLE MO. 24 ON FREE INFORMATION CARD
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Stanton StereoWafers

The livest sound, the highest fidelity
...plus the livest look.

Looks Just Great...

Hail to a totally new concept and technology in head-
phones. And hail to an Open Audio design that gives you the
lightest weight comfort you've ever experienced with head-
phones that possess truly top quality sound.

These ultra thin headphones have been designed and en-
gineered to meet important professional needs: extreme com-
fort over long listening periods, a particular wide frequency
response, and a broad dynamic range. A maijor factor in the
success of the design is the use of rare earth elements in the
compound of the permanent magnets of each earpiece. Be-
sides having superior magnetic properties, these magnets

...Any Way You Look At It!

are also of much smaller size, while still allowing Stanton to
achieve an improved response over headphones incorporat-
ing conventional permanent magnets.

The soft foam cushioned headband is exceptionally com-
fortable and has a trendy brushed denim fabric covering. The
earpiece yokes incorporate specially designed pivots which
allow the earpieces to fit perfectly against the ear, whatever
the shape of the head =

Write us for the specs — they're magnificent!
And ask for a demonstration as soon as possible
at your Stanton dealer

Write today for further information to Sianton Magnetics, Inc., Terminal Drive, Plainview, N.Y. 11803
CIRCLE NO. 70 ON FREE INFORMATION CARD
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“This year, lots of folks are
takin’ Yo the road for trips
and adventures of al]

kinds. They’re getting more
fun out af every mile with
the automatic CB from
Jahnson. And y’all know it’s
right handy if you’re in a
heap of trouble, too.”

That srizht, Sheriff.
Johnson s built-in,
automatic controls make
operatior easier and safer,
performance better.
Exclusiva voice tailored
audio circustry auto-
matically drops off signals
outside vo:ce frequencies
te give ycu great reception.

HIT THE

WITH
AUTOM
JOHNS(

.'U.

Our automatic noise limiter
keeps reception clean and
built-in gain control pre-
vents blasting and fadins.
Joknson’s unique
electronic speech compres- A

sion automatically
selects and compresses
voir* frequencie: to

F ey

ROAD
THE
TIC

produce uniform, high-level
modulation, maximum
range. All automatically.
Whan you hit the road,
go with Johr.son' CB. Wa
back every Johnson with a
full year par:s and labor
warranty and walk-in
service at mcre than 850
locaticns. See a Johnson CB
dealer and take off on the
great American adventuere.

JOHNSON
OHNS G TARANY, WASEEA, MINN. %8093
AL na' & Sors, wtd,
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