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Introducing Electroscan. A quiet CB radio! 
We finally built a CB so complete, there's 

only one popular feature it doesn't have. 
Radio Hash. You know, the irritating noise 

you hear every time your squelch is wide open. 
Because Motorola's exclusive VariCom® 

noise elimination system combines RF and IF 
gain to selectively reduce noise on the channels. 
It trims away radio hash for cleaner operation, 
especially when the squelch is wide open and 
you're listening really hard. 

The Electroscan's microprocessor also has 
the convenient programmable memory which 
allows you to set, in the sequence you desire, 
any 10 channels you enjoy listening to 
everyday. 

The Electroscan also offers a scanner 

which lets you search quickly for either an 
available, open channel to continue your con- 
versation ... or the nearest occupied channel 
to locate other CB'ers. 

Besides these features, Electroscan also 
offers the Extender& noise blanker and fully 
variable noise limiter. Plus variable control/ 
dynamic gain microphone that adjusts mic gain 
over a 20 db range to make your voice sound 
better. 

So stop in today at a Motorola" Dealer and 
take a look at the Electroscan, the first CB that 
virtually eliminates radio hash. 

MOTOROL A 
CB 

To find the dealer nearest you, write: Market Relations Manager, Motorola, Inc., Automotive Products Division, 1299 East Algonquin Road, Schaumburg, Illinois 60196. 
M 

, Motorola, VariCorn, and Extender are registered trademarks of Motorola Inc. 
CIRCLE NO. 61 ON FREE INFORMATION CARD 
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JS &A's new program will save consumers millions. 
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That Sinclair TV shown above is small -the 
smallest TV in the world. 

And when it was first introduced last year, it 

made history. So did its high price -$395. 
Our company never sold the unit for two 

reasons: 1) It was being promoted as a pocket 
TV and we felt it would not fit in most pockets 
and 2) We felt $395 was too high a price for the 
unit regardless of its quality, size and features. 

But we were wrong. Thousands of them 
were sold and it was selected as one of the 
most exciting new products of the year. 

WE BOUGHT ONE 
A few months ago we purchased a Sinclair 

TV and discovered another feature we didn't 
like. The unit included a 220 -volt converter for 
European operation. This meant that every 
American who bought the set had to pay extra 
for the converter even though very few 
Americans would be taking their TV to Europe. 

So we came up with an idea. We went to 
England and purchased thousands of sets 
directly from the factory without the converter. 
We were also able to save money by elimina- 
ting the normal mark ups by importers, whole- 
salers and distributors. 

We can now offer you the unit for only 
$249.95 and if you want the 220-volt converter, 
your cost is only $19.95 extra. 

LESS THAN WHOLESALE 
JS &A would be offering the exact same 

Sinclair TV at a price less than Sinclair's actual 
wholesale price in the United States and we 
would still make enough profit to pay for the 
cost of this advertisement. 

There is one feature we liked very much 
about the set. Its rechargeable batteries are 
built into the unit. Larger portable TV's offer 
$60 optional rechargeable battery packs that 
must be purchased separately. Ours is built in 

and included in the price. 
The Sinclair TV comes complete with an 

American AC adapter and charger, ear 
phones, carrying case, rechargeable batteries 
and a built -in antenna for both VHF and UHF. It 
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Micro TV 
Breakthrough 
Remember the $400 Sinclair Micro TV? Here's the 
story on the greatest TV value ever. 

also comes with a cigarette lighter power 
converter, so you can watch all your favorite 
TV channels from your boat, plane, motor 
home or car without even using your batteries. 

PHOTOGRAPHIC QUALITY 
We were well aware of Sinclair's advanced 

electronics and quality features. But what we 
found particularly exciting was its picture tube. 
Even though the 2" (measured diagonally) 
tube is small, the TV's resolution resembles 
that of a clear sharp photograph. You can even 
read small telephone numbers when they're 
flashed on the screen. 

The Sinclair unit is offered in this advertise- 
ment with the same accessories available in 

the $395 system with the exception of the 
220 -volt power converter. 

The Sinclair is also convenient. You can 
take it on trips and entertain your children 
while you fly or drive. You can keep it on your 
desk at work and monitor the latest news or 
stock market reports. And you can view the 
soap operas as you work around the house. 
We even took ours to the ball game to watch 
those instant replays. 

BIG POCKETS 
But don't expect to carry it in your pocket -it 

won't fit unless you have big pockets. The unit 
measures 15 /e" x 4" x 61/4" and weighs just 28 
ounces which includes the built -in batteries. 

The TV is serviced in the United States by 
Sinclair's service -by -mail facility. If service is 

ever required during its one -year limited war- 
ranty, just slip it in its handy mailer and send it 

to them for repair. Your solid -state unit should 
operate for years without a problem, but if it 

ever needs repair, it's good to know that ser- 
vice is an important part of our program. 

For $249.95, the Sinclair Micro TV is worth 
your test. Order one from JS &A. Take it with 
you on a trip, bring it to your office, or carry it 

with you around the house. See how clear and 
sharp the picture is and how closely it resem- 
bles a black and white photograph. Then 
decide if you want to keep it. If not, no problem. 
Simply return your TV within 30 days for a 

prompt and courteous refund. We just want 
you to prove to yourself, the miracle of space - 
age electronics before you decide. 

AMERICA'S LARGEST 
Sinclair Radionics is one of England's 

largest electronics manufacturers and JS &A is 

America's largest single source of space -age 
products- further assurance that your modest 
investment is well protected even though the 
unit is offered at such a bargain price. 

To order your Sinclair Micro TV, simply send 
your check for $249.95 plus $3.00 postage 
and handling (Illinois residents, please add 5% 
sales tax) to the address shown below or credit 
card buyers may call our toll -free number 
below. But please act quickly. 

The Sinclair TV is an outstanding product 
that was priced too high. If you felt like we did 
and you waited, your timing is perfect. Order a 

Sinclair Micro TV at no obligation, today. 

PRODUCTS 
THAT 

THINK 
Dept. PE One JS &A Plaza 

Northbrook, 111.60062 (312) 564 -7000 
Call TOLL -FREE 800 323 -6400 
In Illinois Call (312) 564 -7000 

©JS &A Group, Inc.,1979 
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We've cut your final cost on Bearcat® scanners up to $150! 
Communications Electronics" celebrates 

the introduction of three new Bearcat scanners with 
special cash rebates of up to $20.00 on all Bearcat 
brand monitors. During February and March, 1979, 
when you purchase your Bearcat scanner from any 
Communications Electronics" Scanner Dis- 
tribution Center" you will get a special rebate 
coupoh and a proof of purchase invoice that entitles 
you to a portion of the biggest scanner rebate in our 
history. In addition, prices have been drastically cut 
during our special sale to make your final price the 
lowest ever. Check out the super features of Bearcat 
scanners and select the models that are right for 
you at work, home or in your car. 

Bearcat® 250 
List price $399.95/CE price $269.00/$20 Rebate 
Your final cost is a low $249.00 
50 Channels Crystalless Searches Stores 
Recalls Self- Destruct Priority channel 
The Bearcat 250 performs any scanning function you 
could possibly want. With push button ease you 
program 50 channels (five banks of ten channels each). 
Push another button and search for new frequencies. 
There are no crystals to limit what you want to hear. A 
special search feature of the Bearcat 250 actually stores 
64 frequencies, and recalls them, one at a time, at your 
convenience. Automatic "count" remembers how often 
frequencies are activated by transmission -so you know 
where the action is. Decimal display shows the channel, 
frequency and other programmed features. The priority 
feature samples your programmed frequency every two 
seconds. Plus, a digital clock shows the time at the touch 
of a button. This is the only monitor radio that has 
received the Communications Electronics quality 
control approval rating #1. Our highest quality grade 
for technologically sophisticated equipment. The 
Bearcat 250. Scanning like you've never seen or heard 
before. In stock for immediate shipment! 

New Bearcat® 220 
Available April - May, 1979. Order before March 
31, 1979 to qualify for $20.00 CE direct rebate. 
List price $379.95/CE price $299.00/$20 Rebate t 
Your final cost is a low $279.00 
Aircraft and public service monitor 
We have received thousands of requests to have a 
scanner capable of monitoring the aircraft frequencies. 
The Bearcat 220 is one scanner which can monitor all 
public service bands plus the exciting aircraft band 
channels. In fact, the Bearcat 220 covers seven bands, 
Low and High VHF, UHF, UHF -Government, UHF -T, 
2 -meter and 3/ meter amateur and Aircraft. Up to 
twenty frequencies may be scanned at once. Or fre- 
quencies can be arranged into two banks of ten 
frequencies each, allowing the listener to choose the 
bank of most interest. 

Not only does this new scanner feature normal search 
operation, where frequency limits are set and the 
scanner searches between your programmed parame- 
ters, it also searches all marine or aircraft frequencies by 
pressing a single button. These frequencies are already 
stored in memory so no reprogramming is required. The 
frequency Reception Range is 32 -50, 118 -136, 144- 
174 and 420-512 MHz. The Bearcat 220 also features 
a Priority channel, Dual scanning speeds, Patented 
track tuning and Direct channel access. 

New Bearcat® 211 
Available March, 1979 
List price $329.95/CE price $239.00/$20 Rebate 
Your final cost is a low $219.00 
The Bearcat 211. It's an evolutionary explosion of features 
and function. More channels than the Bearcat 210. Added 
scan control. Plus, a full complement of state -of -the -art 
innovations that increase scanning capabilities -and quick- 
en the excitement. 

18- channel monitoring. With no- crystal six -band cover- 
age. Dual scan speeds. Color -coded keyboard. Even a digital 
clock. All at a modest price. Take a look. Here's more 
scanning excitement than you bargained for. 

Frequency reception range: 32 -50, 146 -174, 420 -512 
MHz. Sensitivity: 0.4 microvolts. All accessories included! 
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NEW! 18- channel Bearcat® 211 

- 

NEW! Aircraft monitor Bearcat® 220 

Now Bearcat® 210 
List price $299 95 /CE price $219.00/$20 Rebate 
Your final cost is a low $199.00 
10 Channels 5 Bands Crystalless 
Improved reliability and performance 
Use the simple keyboard to select the 10 channels to be 
scanned. Band coverage includes Low, High. UHF, UHF -T, 2 
and N meter Ham -and other government law enforcement 
UHF frequencies. Automatic search finds new frequencies. 
Decimal display shows the channel and frequency being 
monitored. The 210 features patented selectable scan delay, 
push button lockout, single antenna. patented track tuning, 
AC /DC operation. With no crystals to buy. Ever! 

Bearcat® 12 
List price $179 95 /CE price $126.00/$15 Rebate 
Your final cost is a low $111.00 
The finest crystal scanner euer offered. 
More features. more channels. more action. The Bearcat 12 
monitors 10 channels over five bands (Low and High VHF. 
UHF, UHF -T. and 2 -meter Ham). Scan delay lets you listen 
to both sides of a two -way, same -frequency conversation. 
Variable scan rate puts you in control of the scan speed. 
Other features include automatic squelch, individual lock- 
out, and more. The Bearcat 12 has more of what you're 
scanning for 

Bearcat® 8 
List price $159.95/CE price $112.00/$10 Rebate 
Your final cost is a low $102.00 
8 Channels 5 Bands Handsome wood case 

Bearcat® 6 
List price $119 95/CE price $84.00/$5 Rebate 
Your final cost is a low $79.00 
6 Channels of Exciting Low or High VHF action. 

Bearcat® 3 (One band) 
List price $119 95 /CE price 84.00/$7.50 Rebate 
Your final cost is a low $76.50 
The "selectable" scanning radio. 

Bearcat® Four -Six 
List price $169.95/CE price $119.00/$10 Rebate 
Your final cost is a low $109.00 
The first 4 Band, 6 Channel. Hand -Held Scanner. 
The Bearcat Four -Six offers "hip pocket" access to 
police, fire, weather and special interest public service 
broadcasts. It receives Low, High, UHF, and UHF -T 
bands. Lightweight. Extremely compact. The Bearcat 
Four - Six -with its popular "rubber ducky" antenna and 
belt clip- provides "go anywhere /hands -off' scanning. 
When it comes to scanning "to go." Bearcat has it. 

Bearcat® Hand -Held 
List price $129.95/CE price $91.00/$5 Rebate 
Your final cost Is a low $86.00 

NEW Ultra Small 
Bearcat® ThinScanTM 
Available March - April, 1979 Order before 
3/31/79,to qualify for $10.00 CE direct rebate. 
List price $149 95/CE price $119.00/$10 Rebatet 
Your final cost is a low $109.00 
World's smallest scanner! 
The Beorcat ThinScan High- performance 
scanning has never been this portable. It goes 
anywhere. ThinScan" slips easily into a shirt 
pocket. Hands -off convenience- within easy 
reach. Slim. trim. But with the professional 
capabilities you expect from a Bearcat. 

Go ahead. size it up. Bearcat's ThinScan" 
measures 23/4 " across. Just 1" deep. And 
54" high. Ideal for law enforcement agents 
to covertly receive transmissions from "body 
mikes ". Four crystal -controlled channels are 
scanned every 1/2 second providing immed- 
iate access to police, fire, weather and other special- interest 
broadcasts on High and Low VHF bands. With light- emitting 
diodes indicating the channels being monitored. And 
individual lock -out switches for by- passing any channel not 
of current interest. Frequency reception range: 33 -44, 152- 
164 MHz. Weight: 10 ounces, Sensitivity: 1 Microvolt, 
Selectivity: -45dB @ 25 KHz. 

The Bearcat ThinScan" The professional portable. The 
small high -performance scanner anywhere. Size it up. It 
won't let you down. 

Bearcat® Alert' 
Warning Radio 
List price $79 95 /CE price $64.00/$5 Rebate+ 
Your final cost is a low $59.00 
Early warning for the 1979 tornado season! 
t Rebates on these units are offered directly 
from Communications Electronics" 

TEST A BEARCAT SCANNER FREE 
Test any Bearcat brand scanner from Communications 
Electronics" for 31 days before you decide to keep it. If you 
do, you'll own the most sophisticated and technologically 
advanced scanner available. If for any reason you are not 
completely satisfied, return it in new condition with all 
accessories in 31 days, for a courteous and prompt refund 
(less shipping charges and rebate credits). 

NATIONAL SERVICE 
With your Bearcat scanner, we will send all accessories. a 
complete set of simple operating instructions and a one -year 
limited warranty. If service is ever required on any Bearcat 
scanner purchased from Communications Electrdnles," 
just send your receiver to one of our approved national 
service centers. When you purchase your scanner from CE, 
you're buying from the world's leader in no-crystal high 
technology scanners. We've sold more synthesized 
scanners than any other company. 

MADE BY ELECTRA 
QUALITY CHECKED BY CE 

Since all Bearcat scanners sold by Communications 
Electronics" are products of Electra Company, a Division 
of Masco Corporation of Indiana, you can be assured of the 
finest monitor radios available in the world. In addition, our 
Quality Control Department further audits the quality of 
every Bearcat model sold by us to insure the high reliability 
inherent in Bearcat scanners. 

THE SMALL PRINT 
All sales are subject to availability. Prices and specifications are 
subject to change without notice This special rebate offer on all 
Bearrat brand scanners is good only when purchased from Com- 
munications Electronics," Scanner Distribution Center' be- 
tween February 1 and March 31, 1979. Communications 
Electronics" Proof or Purchase Invoice and special rebate 
coupon (enclosed with your order) must be postmarked by April 
15. 1979 Rebates on Bearcat scanner models 220. ThinScan" 
and Alert' Warning Radio will be processed exclusively by 
Communications Electronics:" Offer good in U.S.A. Inter- 
national shipments are welcome without rebate offer. Void where 
taxed or prohibited by law. Offer limited to one rebate per scanner. 
If returned for credit during our 31 day free trial, rebate and 
shipping costs will be deducted from refund. Resellers. compa- 
nies. clubs and organizations (profit and non - profit) are not 
eligible for rebates. Allow 4 -6 weeks of ter rebate request for check. 

BUY WITH CONFIDENCE 
All Bearcat scanners are extraordinary scanning instru- 
ments. They provide virtually any scanning function that the 
most professional monitor could require. Toget the fastest 
delivery of any Bearcat scanner. send or phone your order 
directly to our Scanner Distribution Center" Be sure to 
calculate your price using the CE prices in this ad. Your 
rebate will be returned separately from your order. Michigan 
residents please add 4% sales tax. Crystal certificates are 
available for $5.00 each. These certificates allow you to 
order crystals directly from the manufacturer. Base or 
mobile antennas specifically designed for all Bearcat 
scanners are $25.00 each postpaid. Mail orders to: Com- 
munications Electronics: Box 1002, Ann Arbor, Michi- 
gan 48106 U.S.A. Add $5.00 per scanner for U.P.S. U.S. 
ground shipping or $9.00 for even faster U. P.S. air shipping. 
If you have a MasterCharge or Visa card you may call and 
order toll free 800 -521 -4414 to place a credit card order. If 
you are outside the U.S. or in Michigan, dial 313-994-4444. 
Dealer inquiries invited. All order lines at Communi- 
cations Electronics" are staffed 24 hours. 

Since this rebate offer is the biggest in our history. you must 
place your order today at no obligation to assure prompt 
delivery. 

Autoprogramming" Scanner Distribution Center" and CE 
logos are trademarks of Communications Electronics" 
Copyright n1979 Communications Electronics' 

ster charge mastercharge 
mirf 

COMMUNICATIONS 
ELECTRONICS- LECTRONICS- 

854 Phoenix ' 1 Box 1002 j Ann Arbor, Michigan 48106 U.S.A. 
Call TOLL -FREE (800)521 -4414 or outside U.S.A. (3131994 -4444 

We're first 
with the best:M 

FOR EXTENSIVE DETAILED SPECIFICATIONS ON ALL BEARCAT® SCANNERS CIRCLE 1 ON FREE INFORMATION CARD 
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-.-- Editorial :__:__ 

THE ELECTRONICS ACTIVIST 

That's you! A person with a consuming interest in the science of electronics, 
based on a new comprehensive study of POPULAR ELECTRONICS subscribers. 

It means that you're not simply a reader who is content to sit back and casually 
watch the electronics world go by. You're in the forefront of the consumer electron- 
ics revolution that has taken place in recent years, combining a desire to know 
about and to experience electronic developments. As a consequence, you've put 
your mind, time and money where your interests lie. 

If you're a typical PE subscriber, you're a 32- year -old male who attended college 
(some 16% of you have done postgraduate study). Moreover, six out of ten sub- 
scribers are employed in electronics or a related field. And the same six -out -of -ten 
ratio holds true for work in a managerial or professional capacity. 

You're involved in virtually every aspect of consumer electronics at one time or 
another, our study reveals, crossing over from audio and tape recording to mi- 
crocomputers to experimentation to communications as you see fit. Ninety percent 
of you have participated in electronics experimentation and /or kit building at some 
time in your electronics lives, while 86% have been involved with audio and /or 
tape recording, 75% in communications, and 41% in microcomputers. 

An aggressive interest in electronics doesn't come cheap, we know. Subscriber 
involvement in electronics activities (excluding color TV, VCR, and projection TV) 
is backed up by their ownership of equipment typically valued at $2,950. Interest- 
ingly, three out of four subscribers purchased some type of electronic gear in the 
past 12 months, spending on the average $670. Forty -eight percent spent a whop- 
ping $473 on audio equipment alone. (The average amount spent by 11% last year 
for microcomputers, incidentally, was $909.) Extrapolate this figure for our full paid 
circulation (415,000) and we're talking about some 40- million dollars spent on 
computers and peripherals. 

What's past is prologue to the coming year, of course. Here, our study indicates 
that 49.1% plan to purchase audio equipment, 26.8% microcomputer equipment, 
25% communications equipment, and 43.3% test equipment. And this doesn't in- 
clude educational courses and books, tools, record albums, raw tape, et al! 

So clearly, your commitment to electronics is very much evident. We intend to 
continue to whet your appetites for this exciting field by introducing some mind - 
boggling electronics information that we have in the works, one of which is in the 
video area. Watch for it. 

4 POPULAR ELECTRONICS 
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Here it is at last... 
THE FIRST 

FLOPPY DISK BASED COMPUTER 
FOR UNDER $1000 

The CIP MF 

X995 
Complete mini -floppy computer system 
10K ROM and 12K RAM 
Instant program and data retrieval 

The Challenger 1P Mini -disk system features 
Ohio Scientific's ultra -fast BASIC -in -ROM, full 
graphics display capability and a large library 
of instant loading personal applications soft- 
ware on mini -floppies including programs for 
entertainment, education, personal finance, 
small business and now home control! 

01110 SCIE 
01110 SCIE 
0N10 SCIENTIFIC. 
01110 SCIENTIFIC 
ININI 
ONTO COMPUTER 
NSW FICSOF'WARE 

The C1 P MF configuration is very powerful. 
However, to meet your growth needs it can be 

directly expanded to 32K static RAM and a sec- 
ond floppy by simply plugging these options in. It 

also suports a printer, modem, real time clock 
and AC remote interface as well as the OS -65D 
V3.0 development oriented operating system. 

MARCH 1979 

Or Start with the Cl P 
CASSETTE BASED 
Computer for just $349. 

The cassette based Challenger 1P offers the 
same great features of the mini -disk system 
including a large software library except it has 
4K RAM and conservative program retrieval 
time. Once familiar with personal computers, 
you'll be anxious to expand your system to the 
more powerful C1 P MF. 

You can move up to mini -disk performance at 
any time by adding more memory and the disk 
drive. Contact your local Ohio Scientific dealer 
or the factory today. 

*Both systems require a video monitor, modified TV or RF 

converter and home television for operation. Ohio Scientific 
offers the AC-3 combination 12" black and white TV /monitor 
for use with either system at $115.00 retail. 

All prices, suggested retail. 

SCIENTIFIC 
1333 S. CHILLICOTHE RD., AURORA. OHIO 44202 (216) 562 -3101 

CIRCLE NO. 37 ON FREE INFORMATION CARD 
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ar 
Letters 

Elf RC KIT SUPPLIERS 
I would like to build your "Elf Microcomput- 

er" (August 1976) for use in a science -fair 
project. I am interested, therefore, in obtain- 
ing the basic Elf in kit form and would ap- 
preciate it if you could give the names and 
addresses of a few companies from which it 
can be obtained. -Gregory Valvo, Pitts- 
burgh, PA. 

Two major Elf kit suppliers are: Netronics 
R &D Ltd. (333 Litchfield Rd., New Milford, CT 
06776; tel. 203 -354 -9375) and Quest Elec- 
tronics (P.O. Box 4430C, Santa Clara, CA 
95054; tel. 408 - 988 -1640). 

MISSING DX COLUMN 
Where is your DX Listening column in the 

January 1979 issue? I flipped through the 
pages of POPULAR ELECTRONICS to page 85, 
where it was supposed to be according to the 

Table of Contents, and all I found was an ad. 
-Mike Stadler, Clifton Springs, NY. 

Sorry, but a last- minute press change forced 
us to omit the column in our January issue 
and place it in the February issue instead. 
The Table of Contents was already on press, 
so we had no time to change it. We regret any 
inconvenience this may have caused. 

AUTO CHARGE ANALYZER 
The device presented in "Trouble Shooting 

for Automotive Electronic Systems" (January 
1979) resembles a portion of our patented 
(No. 4,086,531) Charging System Analyzer. 
Mr. Caristi's circuit is not a complete charging 
system analyzer. In effect, it is a programmed 
LED voltmeter. Your readers should be in- 
formed that an accurate analysis of the sys- 
tem requires more data than just voltage. 

We suggest that you remind your readers 
that circuits published in POPULAR ELEC- 
TRONICS are for their personal use only. Any 
commercial (for sale) application should be 
thoroughly checked for possible patent in- 
fringement. -Larry Graham, Marketing Man- 
ager, Compunetics, Inc., Troy, Ml. 

AID FOR HANDICAPPED 
Being blind and physically handicapped as 

well, I find it difficult to pursue my interest in 
electronics as a hobby. I would appreciate 
hearing from any of your readers who might 
have information on aids (tapes, records, 

etc.,) pertaining to electronics for those with 
my handicaps. A pen pal would also be wel- 
come. Thanks. -Richard Jastro, 10618 Ar- 
leta Ave., Michigan Hills, CA 91345. 

Out of Tune 
In "Build a Disco Preamp /Mixer" (Septem- 

ber 1978), pin 11 of 106, Fig. 6, should be 
connected to 15 V, not +15 V as shown. 
The foil pattern is correct. 

In "Experimenter's Corner" (December 
1978), pin 4 of the 74193 programmable 
counter in Fig. 7 should not be grounded, but 
either left uncommitted or tied to +5 volts. Pin 
14 of the counter should be grounded. In the 
"Project of the Month," the bus at the bottom 
of the schematic connected to pin 8 of the 
74193, etc., is a ground bus. In the same dia- 
gram, resistors R5 through R12 should be 
1000 ohms each. The sixth line of the para- 
graph beginning with, "Test the circuit by 
loading . . ." should say, ". . . switch SIA 
from LOAD to READY . . ." 

IDEAL FOR THE 
BEGINNER, HOBBYIST, 
STUDENT, AND 
ENGINEER FOR FULL OPERATION 

FULLY DOCUMENTED 
(SAMPLE PROGRAMS INCLUDED) 

128 X 8 ONBOARD RAM SUPPLIED 
FEATURES 57 INSTRUCTIONS, PLUS: 

STOP AND WRITE TO DISPLAY 
MANUAL. ELECTRICAL & 
SOFTWARE INTERRUPTS 

BUS ACCESSIBLE FOR 
PERIPHERAL DEVICES 

ORDER 
NOW! 

MIMIC is available in unassembled KIT form. 
Send check or money order for $50.00 to: 

Real Time Intelligence Corp. 
P.O. Box 9562, Rochester, New York 14604 

Mass. residents please add 5% Sales Tax. New York residents please add 7% Sales Tax. 
Allow 4 - 6 weeks for delivery 

CIRCLE NO. 46 ON FREE INFORMATION CARD 
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A lot of signal. 
Fora little cost. 
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When it comes to signal sources, high precision and 
versatility don't have to mean high price. Proof? Our new 
function and pulse generators! 
MODEL 2001 SWEEPABLE FUNCTION GENERATOR. 

Awide -range 1 Hz -100 KHz source for stable, 
low- distortion sine waves; fast rise /fall -time square 
waves; high -linearity triangle waves ... as well as a TTL 

square -wave output. 
The 2001's voltage -controlled oscillator lets you 

remotely shift the generator's frequency by applying a DC 

voltage, or using an AC voltage to sweep its output over a 

100:1 range. A pushbutton -selectable DC offset, allows 
you to shift output waveform centers above or below 
baseline at will. With its five overlapping ranges, high - 
and low -level outputs, Model 2001 is a remarkable value 
for professionals and hobbyists at $124.95.* 
MODEL 4001 ADVANCED PULSE GENERATOR. 

If we tried to list all the 4001's advantages, we'd 
run out of space before running out of features ... so 

WHO 

here are the highlights: Model 4001 is a precision 
digital pulse generator with fast rise and fall times 
covering 0.5 Hz -5 MHz in 5 overlapping ranges. Pulse 
width and spacing are independently variable, 
100 nsec -1 sec. 

Whatever type of testing you have in mind, the 
4001 has a mode to match. Continuous. One -shot. 
Trigger. Gate. Even a compliment mode to instantly invert 
the generator's main outputs. And there's much more, 
including external triggering; square -wave, fixed TTL and 
variable outputs ... to name but a few. The more digital 
work you do, the more you need our 4001. At $149.95*, it's 
very easy to afford. 
WHY SETTLE FOR LESS? 

Get the signal generators you've been looking for. 

Atthe price you've been waiting for. 

NEED MORE INFORMATION? CALL 203 - 624 -3103 
to order, or for the name of your local distributor. 
Prices slightly higher outside USA. 

1978, Continental Specialties Corporation. Prices, specifications subject to change without notice. 

Corporate Headquarters: 
Continental Specialties Corporation 

70 Fulton Tern, Box 1942, New Haven, CT 06509 
351 California St., San Francisco, CA 94104 

(415) 421 -8872, TWX 910 -372 -7992 

MARCH 1979 

CONTINENTAL SPECIALTIES CORPORATION 

CIRCLE NO 12 ON FREE INFORMATION CARD 

'Manufacturer's suggested list. 

Europe, Africa, Mid -East: CSC UK LTD. 
Shire Hill Industrial Estate, Units 1 and 2 

Saffron Walden, Essex CB 11 3A0 
Telephone Number: SAFFRON WALDEN 21682 
TLX 817477 
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New Products 
Additional information on new products 
covered in this section is available from the 
manufacturers. Either circle the item's code 
number on the Free Information Card 
or write to the manufacturer at the 

address given. 

Sparkomatic In -Dash 
AM /FM Stereo 
Receiver /Cassette 
Player 

The Sparkomatic in -dash Model SR 3400 
is a high -power AM /FM stereo receiver 
with built -in cassette player and digital 

clock. It is rated to deliver 40 watts at 1% 
(rms) THD. Controls include: separate var- 
iable bass and treble controls; separate 
balance and fader controls; local /distance 
selector; elapsed -time and reset controls; 
loudness, muting, and high filter switches; 
and AM /FM selector. Other features in- 
clude a four -digit frequency and time nu- 
meric display; LED stereo indicator; and 
locking fast -forward and rewind buttons. 
FM sensitivity is rated at 1µV in mono and 
2 p,V in stereo, both for 30 dB S /N, while 
AM sensitivity is 10 µV for 20 dB S /N. 
Stereo separation at 1000 Hz is rated at 35 
dB, i -f rejection at 75 dB, and image rejec- 
tion at 55 dB. Cassette wow and flutter is 
rated at 0.3% and S/N at 40 dB. 
CIRCLE NO.91 ON FREE INFORMATION CARD 

Capacitance 
Measuring 
Attachment 

The Digital Capacitance Converter can be 
used with any calibrated oscilloscope or 
most counter /timers to determine capaci- 
tance values. When used with a counter/ 
timer, it allows capacitance to be read di- 
rectly in pF or t,.F, depending on the setting 

of the Converter's range switch. The upper 
range, limited by the leakage of the capaci- 
tor under test, can extend well beyond 
10,000 µF, for low- leakage components. 
The unit measures only the capacitor's dis- 
charge time, which also takes the capac- 
tor's leakage into consideration. Each of 
the two ranges has a separate calibration 
control; there is also a "zero" control to 
cancel any stray capacitances. Accuracy is 
rated by the manufacturer at better than 
1% with a high -quality counter /timer. The 
DCC is powered by a 9 -volt transistor bat- 
tery, and operates accurately down to as 
low as 5 volts. Made by International In- 
strumentation Inc. $40. 
CIRCLE NO. 92 ON FREE INFORMATION CARD 

ripheral components (printer and floppy - 
disk system) and comprehensive software. 
Built into the basic console are both a cas- 
sette recorder and an Atari BASIC car- 
tridge. The console contains a full alphanu- 
meric keyboard; composite video output 
and built -in r -f modulator with TV Channel 
2 or 3 selector; four controller ports; inter- 
nal speaker; two cartridge slots for pro- 
gram insertion; four internal cartridge slots 
for user -replaceable memory cartridges; 
custom -designed video graphics display 
chip; and serial I/O port. The cassette sys- 
tem includes: automatic motor controller; 
2- channel operation; 3 -digit tape counter; 
audio track that plays through TV receiver; 
600 bps operation: automatic volume and 
tone control; 400K data storage per C120 
cassette. 
CIRCLE NO. 94 ON FREE INFORMATION CARD 

Series 20 
Integrated Amplifier 
The A -27 amplifier from Series 20 switches 
automatically between Class A operation 
at power levels of 3 watts or less and the 
more efficient Class B mode for up to 120 
watts continuous power (measured into 8 
ohms, from 5- 30,000 Hz, with 0.015% THD 
or less; 4 -ohm power, 180 watts at 0.03% 

XIMI11111111111111111 
THD). Other unusual features include a 
phono equalizer section with FET input 
stages, front -panel cartridge load re- 
sistance and capacitance selectors, main 
and sub controls for both bass and treble, 
and adjustable subsonic filter (6 or 12 dB/ 
octave below 15 Hz), and moving -coil as 
well as moving- magnet cartridge inputs. 
$1250. 

CIRCLE NO.93 ON FREE INFORMATION CARD 

Atari Personal 
Computer System 
Atari, developers of the video game, PONG, 
recently introduced a personal computer - 
the Atari- 800TM. It's designed to be con- 
nected directly to a color or B &W TV re- 
ceiver. It features expandable memory 
(shipped with 8K of RAM and expandable 
to 48K) and is supported by optional pe- 

Gould Dual -Trace 
Oscilloscope 

The new portable Model OS253 12 -MHz 
oscilloscope from Gould Inc. features dual- 

trace and X -Y display capability. Other fea- 
tures include: 2 mV /cm vertical sensitivity 
with ac, dc, and ground coupling; channel 
sum and difference operation with chan- 
nel-2 inversion; bright -line operation; dc- 
coupled Z- modulation input; calibrator out- 
put; and front -panel trace -rotate control. 
Horizontal sweep rates are continuously 
variable over 18 ranges from 500 ns /cm to 
0.3 s /cm, with a maximum effect sweep 
rate of 100 ns /cm at 5x expansion. Trig- 
gering is ac coupled from an internal or ex- 
ternal source, with positive or negative 
slope and level selected by a variable con- 
trol. Featuring an 8 x 10 cm CRT, the 
scope measures 18 "D x 12 "W x 5 1/2"H 

(46 x 30.5 x 14 cm) and weighs about 
131/4 lb (6 kg). $695. 

CIRCLE NO. 95 ON FREE INFORMATION CARD 

Audio Pro Computer - 
Controlled Receiver 

The Audio Pro TA -150 FM /AM receiver 
has no internal moving parts. Its one con- 
trol knob is read opto- electronically, with 
no mechanical connections to the receiv- 
er's interior. Selector buttons determine 

8 (Continued on page 12) 
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NOW: GETA 
BIG 20 REBATE ON 

THESE BEST'SELLING 
NO- CRYSTAL 

BEARCAT SCANNERS. 
Now. you can get all the on-the- 
scene police calls. fire calls. any 
emergency information the second it 

happens -and a big $20 factory 
rebate -when you buy any of these 
best -selling Bearcat no- crystal 
Scanners. 

rz $20 back on the Scanners Amer- 
ica wants most Because they -re all 

no- crystal. fully synthesized models 
that operate with incredible push- 
button ease 

$20 back on the 

Bearcat 210. The amazing. 10 -chan- 
nel. 5 -band Scanner that brings 
home over 6000 frequencies as easy 
as using a pushbutton phone Gives 
you automatic search, selective scan 
delay. and more 

$20 back on the new Bearcat 211. 

America's mid- priced, spaceage cir- 
cuitry Scanner that gives you 18- 

channel, 6 -band capability at the 
touch of a button. Plus direct chan- 
nel access. dual scan speed. 

automatic squelch Evec a 

built -in clock. 
$20 back on the incredible Bearcat 

250. America's only 50- channel. 
micro- processor controlled Scanner 
that searches. stores, and all but 
thinks for yóu 

See your Bearcat Dealer for our 
$20 rebate details -good from Feb 
1. 1979 thru March 31. 1979. 

Then pick your kind of Bearcat 
Scanner. We'll send you back a 

check for $20 Good deal 

MARCH 1979 

. ._..a. ü.r.. 1 BC 250 

BEARCAT SCANNERS 
FOLLOW THE LEADER TO REAL EXCITEMENT. 

CIRCLE NO. 18 ON FREE INFORMATION CARD 
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WHAT COMES OUi 
AS IMPRESSIVE AS WHAI 

Most speaker companies try to impress 
you by describing the "wonderful" sound that 
comes out of their speakers. 

At Pioneer, we think the most believable 
way to describe how good 

* HPM speakers are is to tell 
you what went into them. 

THE HPM 
SUPERTWEETER: 

SPEAK ERTECHNOLOGY 
RISES TO NEW HIGHS. 

In many speakers, 
you'll find that the upper 
end of the audio spectrum 

is reproduced by an ordinary tweeter. 
In HPM speakers, you'll find that 

the high frequencies are reproduced by 
a unique supertweeter. 

It works by using a single piece 
of High Polymer Molecular film, 
(hence the name HPM) that converts 
electrical impulses into sound waves 
without a magnet, voice coil, cone, or dome. 

The High Polymer 
Molecular Supertweeter. 
So incredible, we named 
a whole line of speakers 

after it. 

V. 

And because the HPM supertweeter 
doesn't need any of these mechanical parts, it 
can reproduce highs with an accuracy and defini- 
tion that surpasses even the finest conventional 
tweeter. 

As an added advantage, the HPM film is 
curved for maximum sound dispersion. So un- 
like other speakers, you don't have to plant your- 
self in Front of an HPM speaker to enjoy all the 
sound it can produce. 

MID -RANGE THAT ISN'T MUDDLED. 
For years, speaker manufacturers have 

labored over mid-range driver cones that are 
light enough to give you quick response, yet rigid 

enough not to distort. 
Pioneer solved this problem 

by creating special cones that 
handle more power, and combine 
lower mass with greater rigidity. So 
our HPM drivers provide you with 
cleaner, and crisper mid-range. 
Which means you'll hear music, 

and not distortion. 

Level controls 
that let you adjust the sound 

to your listening area. 

C 1978 1 S Pioneer I let vomis Corp 85 Odor) Dnve \loonachi N 1 07074 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


)FASPEAKERIS ONLY 
DOES INTO IT. 

WOOFERS THAT TOP EVERY OTHER BOTTOM. making what look like die cast frames, but aren't. 

Conventional woofers are still made with HPM speaker cabinets are made of 

the same materials that were being specially compressed board that has better 

used in 1945. acoustic properties than ordinary wood. 

Every woofer in the HPM Series, Their speakers have level 

however, is made with a special controls that let you adjust the sound 

carbon fiber blend that's allowec us of the music to your living room. 

to decrease the weight of the cone, And these features are not just 

yet increase the strength needed for found in our most expensive HPM 

clarity. So you'll hear the deepest speaker, but in every speaker in the 

notes exactly the way the musician HPM Series. 

recorded them. All of which begins to explain 

And because every HPM wooly! Ì,,i, II ni' e, heat a )LIIIL1 why, unlike speakers that sound great 

also has an oversized magnet and a high `alum n tram PSr on only part of the music, HPM 

temperature long -throw voice coil, they speakers sound great on all of it. 

can handle more power without distorting. At this point, we suggest you take your 

OTHER FEATURES YOU RARELY HEAROF. 
favorite record into any Pioneer Dealer and 
audition a pair of HPM speakers in person. 

Every HPM speaker element has a cast If you think what went into them sounds 
aluminum frame, instead of the usual flimsy impressive, wait till you hear what comes 
stamped out metal kind. So that even when you out of them. 
push our speakers to their limit, you only hear O PIONEER" 
the music and never the frames. In tact, our We hrin_l it hack ali\ '. 

competitors were so impressed, they started CIRCLE NO 54 ON FREE INFORMATION CARD 
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The best 
speaker kit 
isn't a kit 
at all! 

The best speaker kit is a system 
designed by Electro -Voice that allows 
you to choose your own level of per- 
formance; from a studio monitor to a 
modest bookshelf system, from a wide 
selection of woofers, tweeters, mid- 
range drivers and crossovers. 
Then Electro -Voice provides detailed 
plans on how to construct the enclo- 
sures designed specifically for the 
drivers you chose. 
Only Electro -Voice gives you all the 
options. But, then, Electro -Voice is 
known for their superb quality speak- 
ers - not for kits. 
To get your component speaker cata- 
log and construction plans package, 
just send $1.00 to Electro -Voice 
Component Speaker Systems, 
600 Cecil St., Buchanan, MI 49107. 

Ey, Electrol/oicé 
a gUIbn company 

600 Cecil Street, Buchanan, Michigan 49107 

Electro -Voice Component Speaker Systems, 
600 Cecil St., Buchanan, MI 49107. 

Please send me 
E -V component speaker packages. 
I have enclosed $1.00 for each 
package ordered. 

Name 

Address 

City State Zip PE -3 -79 

NEW PRODUCTS (Continued from page 8) 

when that knob serves to control volume, 
balance, treble, bass or tuning. A micro- 
processor with memory and logic functions 
restores the most recently used control 
settings each time the receiver is switched 
on. An LED -string "dial" shows control set- 
tings; station frequencies are displayed di- 
gitally. Other facilities include preselector 
buttons for five FM and two AM stations, 
dual tape monitors, two phono inputs, low 
and high filters and switchable FM muting. 
Output power is 70 W continuous per 
channel into 8 ohms at less than 0.1% 
THD, from 10 to 10,000 Hz. FM sensitivity 
is 11 dBf (2 µV) usable monophonic, and 
35 dBf (31 p,V) stereo for 50 dB quieting 
sensitivity. Capture ratio is 2 dB; selectiv- 
ity, 55 dB. $995. 

CIRCLE NO. 96 ON FREE INFORMATION CARD 

Hustler VHF /UHF 
Monitor Antennas 
New -Tronics has introduced four new Hus- 
tler antennas designed for the vhf /uhf pub- 
lic service bands of 37 to 50, 150 to 174, 
and 450 to 512 MHz. The Model MOS 
($9.95) is a 33 -in. indoor receiver- mounted 
antenna. Model MOR ($19.95) is 333/4 in. 
and has a base for mounting on a flat, hori- 
zontal surface such as a roof or deck lid. 
Model MOT ($24.95) is a 341/2-in. trunk -lip 
mount unit with no holes required. Model 
MOC ($19.95) is a universal mobile -mount 
341/4-in. unit with an adjustable 180° swivel 
to keep it vertical. The latter three anten- 
nas come with appropriate lengths of 
RG -58 coax cable. 

CIRCLE NO.97 ON FREE INFORMATION CARD 

11.5 x 11.4 cm), equalization circuitry in 

the receiver is said to permit a low -end re- 
sponse down to 50 Hz at 90 -dB levels. 
Equalization can be switched out for flat re- 
sponse with other speaker systems. The 
expandable system features a tuning me- 
ter, tape minitor switch, and speaker A -B 
selector. The complete system receiver 
and two speaker systems is $219.95. 

CIRCLE NO.980N FREE INFORMATION CARD 

Courier AM /SSB 
CB Transceiver 
Fanon /Courier's Galaxy AM /SSB mobile 
CB transceiver features digital LED chan- 
nel display and emergency- assistance 
channel 9 priority. The mobile unit is re- 
ported to offer better than 80 dB of adja- 

cent -channel rejection through the use of 
mechanical ceramic i -f and two -pole crys- 
tal filters. An automatic gain control (agc) 
prevents overloading of signals stronger 
than 100 dB. Additional features include a 
noise blanker, SWR calibration, clarifier 
and squelch controls, microphone and r -f 
gain controls, PA capability, SWR calibra- 
tion/S/r-f meter, and transmit and receive 
light. 

CIRCLE NO. 990N FREE INFORMATION CARD 

Realistic Mini -Size 
"System Seven" 
Radio Shack has introduced a "mini- sized" 
AM /FM stereo system designed especially 

for apartments, dormitories, or offices. It in- 
cludes the STA -7 receiver, measuring 
3' /2"H x 16I/2'W x 111/2"D (9 x 42 x 29 
cm), and rated for 10 W /ch continuous 
power at 8 ohms from 20 to 20,000 Hz, 
0.5% max. total harmonic distortion. With 
the Minimum -7 speaker systems, each of 
which is 7-1/16 x 4 -7/16 x 4 -5/16 (18 x 

Speakerlab 
Speaker Kit 

The "Thirty" is the first speaker system kit 
which is said to offer the Nestorovic woofer 
system. Two woofers (one 8" and one 10 ") 
share a single 1.8 cu ft enclosure and are 
selectively active or passive at different 
frequencies. An electronic network en- 
ables both woofers to work actively in up- 
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Ml,I£RIQ_1N 
EXPRESS 

YOU ASKED FOR IT 
YOU GOT IT 

DSI 
QUIK -KITS 

50 HZ TO 550 MHZ COUNTER KIT 
95% ASSEMBLED 100% TESTED 
Performance You Can Count On 

FREQUENCY COUNTER APPLICATION: 
Ham Radio - Two Way Radio - CB 
Audio Amplifier & Receiver Repair 
Computer Maintenance & Construction 
A Must for TV & PLL Repair 

$99.95 
MODEL 3550K 

includes built -in 
Pre -Amp & Prescaler 

DSI OFFERS THE BEST OF TWO WORLDS .. . 

An unprecedented DSI VALUE ... in a high quality, LSI Design, 
50 HZ to 550 MHZ frequency counter kit. And, because it's a 

DSI innovation, you know it obsoletes all competitive makes, 
both in price & performance. 
With 95% of the assembly completed by DSI, you are only one 
hour away from solving all of those difficult bench problems, 
from adjusting 60 HZ clock -time bases to setting the frequency 
of a 468 MHZ Mobile Radio. 

Every 3550 QUIK -KIT® PC board is factory assembled 
and tested before shipment. FACT- The problems of bad LED's, 
IC's, and Capacitors are a thing of the past. No manu- 
facturer except DSI offers a 550MHZfrequency counter with... 
8 digits, .5 in. LED's, TCXO, 1HZ resolution and a one year 
warranty on parts for under $100.00. TACT: We do' not know 
how long we can hold this low, low price. GO WITH THE 
LEADER ... BUY A DSI FREQUENCY COUNTER KIT TODAY. 
SAVE TIME & MONEY AND BE ASSURED IT WILL WORK 
THE FIRST TIME. 

DSI INSTRUMENTS, INC. 
7924 Ronson Road, Dept. G, San Diego, CA 92111 

DSI - GUARANTEED SPECIFICATIONS 
Time Base TCXO 1PPM 65° to 85°F 
Freq. Range 50HZ to 550MHZ incl. two S0239 inputs 
Resolution 1HZ to 55MHZ, 10HZ to 550MHZ 
Gate Time 1 sec & 1/10 set with Auto Decimal Point 
Display 8 digits, 'h inch LED with Leading Zero Blanking 
Sensitivity 25MV @ 25MHZ, 150MHZ, 250MHZ; 

75MV @ 450MhZ 
Power Batt., 12VDC @ 30CMa, 110VAC (with AC -9) 

3550K Kit $99.95 
T -101 Ant. 3.95 
AC -9 AC Adp. -7.96 
Shipping, Handling, Ins. 10.00 

3550W Wired 149.95 
T -101 (incl.) NC 
AC -9 (incl.) NC 
Shipping (incl.) NC 

VISA - 
CALL TODAY TOLL FREE: (800- 854 -2049) Cal. Res. 
CALL (800- 542 -6253) O ORDER OR RECEIVE 
MORE INFORMATION ON DSI'S FULL PRODUCT 
LINE OF FREQUENCY COUNTERS RANGING FROM 
10HZ TO 1 3GHZ 

TERMS: MC - VISA - AE - Check - M.D. - COD in U.S. Funds. Orders outside of 

USA & Canada, please add $20.00 additional to cover air shipment. California 
residents add 6% Sales Tax. 

CIRCLE NO. 15 ON FREE INFORMATION CARD 
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The nicest little clock radio 
available anywhere...that 

goes anywhere. 

CALL 800 - 621 -5554 
Illinois Residents call 800 -972 -5858 

Actual Size: 5V " Long x 21/2 High x 2" Deep 

It's light. Small. Extremely practical. With all the 
features and conveniences of the clock radio by 
your bed -shuts itself off so you can fall asleep to 
your favorite music ... wakes you to music or 
buzzer tone alarm ... with snooze button and 
night light. 

Try it on 15 day money back guarantee. Call 
toll -free to charge it or send just $39.95 plus 
$3.00 for shipping to Douglas Dunhill. (Ill. add 
sales tax.) In rich black and anodized silver. 
Complete with penlight batteries and carrying 
case. You'll never worry about or miss a wake up 
call again. 

Doug* rDunhí// Inc. 
DEPT.73 -329 
4225 FRONTAGE ROAD 
OAK FOREST, ILL. 60452 
© Douglas Dunhill Inc. 1978 

N CARD CIRCLE NO. 62ON FREE INFORMATI O 

RECITAL THEATRE CONSOL ETTE II 

I 
I 

I 
I 
I 
1 

I 
1 

You can 
assemble any of these 

Schober Organs 
-and save 50% off store prices. 

This coupon will bring you the 
fascinating Schober color cata- 
log which describes the organs 
and shows you how easy it is to 
assemble them from Schober's 
complete kits. Include $1 if you 
want a 12 -inch demo record. 

The 1TC/L04i Organ Corp., Dept. PE -82 
43 West 61st Street, New York, N.Y. 10023 

Please send me the Schober Organ Kit 
Catalog. 

Li Enclosed is my $1 for the 12 -inch demo 
record. 

Name 

Address - 

City _ State_ Zip 

1 
1 

1 

1 

I 
1 

1 

1 

1 

14 
CIRCLE NO.47 ON FREE INFORMATION CARD 

per bass frequencies, but shift some signal 
input away from the lower 10" woofer at 
lower frequencies. A three -position woofer 
damping switch overcomes problems with 
subsonic noise. A 4" midrange driver with 
collapsed -cell foam surround and a 1" 
dome tweeter complement the woofer sec- 
tion. Frequency response is said to be 
within 1 dB from 100 to 10,000 Hz, both at 
0° and 30° off axis. Drivers and crossover 
circuit are rated at 350 W /ch max. Dimen- 
sions are 31 "H x 127/8 "W x 103/4" D (80 x 
33 x 27 cm). $330 with walnut cabinet, 
$285 with walnut -grain vinyl. 
CIRCLE NO. 100 ON FREE INFORMATION CARD 

Heath Floppy -Disk Kit 
Heath Company has announced availabil- 
ity of the Model H17 floppy -disk system in 
kit form. The system has a storage capac- 
ity of 102K per disk. It utilizes a fully as- 
sembled Wangco Model 82 disk drive (ex- 

pandable to dual disk), an interface /disk 
controller board kit that plugs directly into 
the company's Model H8 computer main- 
frame, and a self- contained power supply. 
Seek and access times are rated at less 
than 250 ms. Available operating system 
software is designated as the Model 
H8 -17. It includes the Heath disk operating 
system (HDOS) with diagnostic for unit 
evaluation and optimization; BUG -8 con- 
sole debugger; TED -8 text editor; HASL -8 
assembly language and extended Benton 
Harbor Basic. An extra diskette is included. 
$530 for H17, $295 for H17 -1 optional sec- 
ond drive, $100 for H8 -17. 

CIRCLE NO.90 ON FREE INFORMATION CARD 

Bib Electronic 
Anti -Static Device 
The Groovstat 3000, from Bib Hi -Fi Acces- 
sories, is a fully electronic device (no pie- 
zoelectric cell) which uses a C -size battery 
to produce positive ions to clean record 
surfaces. All negatively charged build -up is 
said to be eliminated in 3 to 5 seconds. 
The user can hear and see that the device 
is working by means of an audio signal and 
a red neon light which are turned on when 
the control is operated. $29.95. Address: 
Bib Hi -Fi Accessories, Inc., 3363 Garden 
Brook Dr., Dallas, TX 75234. 

POPULAR ELECTRONICS 
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328 WAYS TO INCREASE YOUR 

ELECTRONICS KNOW -HOW! 

1 

SENO NO MONEY! We'll invoice you on 10 -DAY FREE TRIAL. 

ALL BOOKS 100X GUARANTEED. You must be satisfied 
or return the books and we'll cancel the invoice. 

COMPUTERS. MICROPROCESSORS & ROBOTICS 

1 1071 -The Complete Handbook of Hobohics 364 p 137 11 57 95 
1085 -24 Tested. Ready To-Rue Game Programs in BASIC 252 p 55 95 

'1070 -Digital Interlacing with an Analog World 406 p 27711 $8 95 
1088 -I11ustrated Dict of Microcomputer Termindogy 322 p 150 11 57 95 
1076- Artihcial Intelligence 252 o 118 11 57 95 

I841-Build Your Own Working Robot 238 p 117 it 55 95 
1099 -How To Build Your Own Working 16 B Microcomputer 80 p $3 95 
1095 -Programs in BASIC for Elec Eng Terhs & E,p 1400 4911 SO 95 

1077--Hdbk of Remote Control ö Automation Techs 294 p 25O3 5795 
I1055 -The BASIC Cookbook 140 p 54 95 
1015 -Beginner s Gde.to Computers ö Microprocessors +08 p 56 95 

1000 -57 Practical Programs 8 Games in BASIC 210 p 54 d 57 95 

'995-- Beginner s Grade to Microproressors 182 p 106 11 S5 95 

985 -- Programming Microprocessors 280 p 102 3 56 95 

676- Slmptibed Compwer Programming - Including REG SE 95 

971- Minlprocessors from Calculalors to Computers 198 p 55 95 
874- Master Handbook of Dlgnal Lot IC Apollo s 392 p 28711 5' 95 
952 -M processor Programming Or Computer Hobbyists 387 p 56 95 
955- Modern Digital Commumcalrons 308 p 122 a1 55 95 
975-The Compulator Book -Build Super Calculators & 

Minicomputer Howe with Calculator Chips 322 p 22711 5- 95 
752 -Computer Programming Handbook 518 p 114 it 59 95 
554- Computer Technician s Handboo, 480 p 428 a1 59 95 
824 -Advanced Application's for Pocket Calculators 304 p 27511 59 9t' 
538- Computer Circuits & How They Work 192 p 109 i1 55 95 
o74- Beginner s Guide to Computer Programming 480 p 364 d y9 95 
'85- Microprocessor Microprogramming Hdbk 294 p 176 II 56 95 
709- Modern Guide to DIgI1al Logic 294 p 222 1I 56 99 
724 -Get the Most Out of Electronic Calculators 204 p 28 d st 95 
94B- Beginner s Gentle to Computer Logic 192 p 175 n c, ys 

, 
, 
, ' 
, 
, 
, 
, 
, 
, 
, 
, ' 

BASIC & GENERAL ELECTRONICS TECHNOLOGY 

510 -How to Read Electronic Crcuit Diagrams 192 p 140 11 

588 -Basic Electronics Course 384 p 275 d 

891 -Practical Solid -Stale DC Power Supplies 196 p 151 II. 

628 -Basic Electricity 8 Beginning Electronics 252 p 191 II 

830 -Introduction to Medical Electronics 320 p 126 el 

655 -Modern Electronics Math 686 p 424 el 

728 -Basic Digital Electronics 210 p 117 11 

691 -Electronics Unraveled 228 p 96 d 

028- SwnchIng Regulators 8 Power Supplies 252 p 128 11 

583 -Industrial Electronics Principles & Practice 416 p 380 11 

930 -Servicing Medical & Bloeleclronlc Equipment 3500 165 11 

300 -Dictionary of Electronics 420 p 487 el 

601 -Basic Color Television Course 420 p over 300 II. 

575 -Modern Radar- Theory. Oper and Maint 480 p 253 11 

104 -Basic Radio Course 224 p 128 11 

638 -Marine Electromcs Handbook 192 p 106 11 

528 -Pulse & Switching Circuits 256 p 184 11 

585- DlgItal Electronics Principles & Practice 292 p 191 II 

105 -Basic TV Course 224 p 128 11 

111 -Basic Transistor Course 224 p 179 if 

$4 95 
57 95 
$6 95 
$5 95 
$7 95 

51195 
54 95 
$5 95 
$6 95 
$8 95 
$8 95 
$5.95 
$9 95 
$7 95 
$5 95 
$4 95 
5595 
$5 95 
$595 
$5 95 

MIN- Ill IM 
APPLIANCES, ELECTRICITY & ENERGY 

1063 -How To Inst'Il Vo1ir StArr 511,00 or Mobile Ele Power ,0 -r -5. - 

931 Erect Current Motors 252 p 172 5'4 9' 
987 -Hearing Aid Handbook 336 p 224 II $8 95 
913 -Complete Hdbk o1 Electrical House Wiring 476 0 196 11 $6 95 
906- Homeowner s Gde to Solar Heating Cooling 196 p 113 el $4 95 
962- Microwave Oven Service 8 Repair 420 p 210 II $9 

95 
95 

903 -Guide to Modern EnergyERtcieet Heating Cooling Sys 5$59 

to Completely Secure Your Home 224 p 162 I1 $5 95 
1030 -101 Practical Uses for Propane Torches 140 p 93 II $3 95 
1006- Build.lt Book of Solar Healing Projects 196 p 1 1 1 d $4 95 
820- Central Healing Air C:and Repair Guide 320 p 28511 $6 95 

T 97- Electric Motor Test 8 Repair 160 p 102 II 

$5$66 

9_r 

515 -Small Appliance Repair Guide-Vol 1 224 p 10011 95 
917 -How to Repair Small Gasoline Engines 392 p 251 1t 9S 
904 - Homeowner s Guide to Saving Energy 288 p 169 1I $5 9$ 
7a5 -The Home Appliance Clinic 195 p 61 11 $4 95$ 

885 -How to Repair Home Kitchen Appliances 294 p 205 II $5 95 
920 Complete Hdbk 01 Locks 6 Locksmithing 392 p 348 it $6 95 
955 -How 10 Repair Home Laundry Appliances 280 p 137 it $5 95 
-15 -Small Appliance Repair Guide -Vol 2 210 p 119 11 $4 95 
555- Major Appliance Repair Guide 288 p 278 1I SS 

95 
95 

671 ElectrIcal Wiring Lighting for Home Office 204 p 155 d $S45 

-How to Repair Home Auto Arr Conditioners 208 p 100 it $5 95 
295- Refrigeration 160 p 53 ,1 $3.95 

CIRCUITS BOOKS, HOBBY ELECTRONICS & PROJECTS 

El 1101-How To Design& Build Your Own Custom TV Games 546 p $9.95 

I806 -The Power Supply Handbook 420 p 292 11 57 95 

1108 -Lasers, The Light Fantastic 294 p 158 n 56 95 
1079 -How to Build & Use Law -Cost Hydropnones 140 2 98 d 54 95 

I1113 -Understanding Electromcs 182 p 265 rI 54 95 

800- Master Hdbk of 1001 Practical Electronic Circrr Is 602 t S995 
1060 -303 Dynamic Electronic CrculIs 308 p 303 II 56 95 

1023 -Beginner s Gde to Designing Bldg. I ranslstor Rados 140 p 54 95 

965-Modern Transistor Radios 54 p 112 II 

$2',0 958-- Beolnner s Guide to Making Elece Gadgets 140 .1 113 11 54 95 

921 -The ABC Book of 91.F1 Audio Prolects 168 o 131 d 54 95 

909 -How to Build Metal Treasure Locators 140 p 60 53 95 
I935-Build-It Book of Optoelecbonlc Projects 238 p 1'5 ri 55 Si 

30- Handbook of Semiconductors Circuits 444 p 317 11 55 95 
I964- Modern Crystal Radins ,Make and Use Ser esl 64 p 101 11 52 50 

637 -Fun with Electronics 140 p 50 d $3 95 
836- Optoelectronlcs Guidebook -with Protects 196 p 11511 

---- 

5595 

El 
Book of DIg11a1 Electronic T1mepleces 294 0 209 I 56 95 

926 -Model Railroad Electromcs 308 p 218 11 55 9$ 
912-88 Practical Op Amp Circuds You Can Build 140 p 120 d 54 95 
868 -CBer s Handybook of Simple Hobby Protects 166 p 114 II 53 95 
887 -106 Easy Electr Projects- beyond the Iranslstor 22.1p SS 95 
790-21 Sample Transistor Radios You Can Build 140 p .22 il 53 95 

I861 -Display Electronics 252 p 195 11 55 95 
679 -Electronics for Shutterbugs 204 p 109 1I 55 95 
771 -Integrated Circuits Guidebook 196 p 119 it SS SS 

667 -Miniature Projects for Electronic Hobbyists 168 P 77 n 53 95 
787-OP AMP Circuit Design ö Applications 280 p 239 it 56 95 
796 -MOSFET Circuits Guidebook -with 100 Projects 322p 195 1 $595 
714 -Radio Astronomy for the Amateur 252 p 88 el 55 95 
571-Radio-Electronics Hobby Projects 192 p 214 d 54.95 

I591 -Solid-Stale Projects for the Experimenter 224 p 228 II 54.95 
780 -111 Dlgnal 8 Linear IC Projects 210 p 244 d 5595 

I699-Sokol-Stale Crrcmts Guidebook 252 p 22711 $5 95 
524 -104 Easy Prolects for Electronics Gadgeteer í6C0 p 105 n $45 95 
553 -- Electronics Sell -Taught with Ent) 8 Projects 288 p 191 II 55.95 
695 -Practical Tnac -SCR Projects for Experimenters 192p 146 d 54 95 

53 95 
$5 95 
$495 
54 95 
53 95 
So 95 
54 95 
54 95 
55 95 
53 95 
55 95 
5495 
03 95 

1 
1 
1 

1 

1 

486 -104 Simple One-Tube Projects 192 p 104 11 

629 -Handbook of IC Circuit Protects 224 p 136 11 

487-64 Hobby Projects for Home 8 Car 192 p 195 I 

537-125 One.Translstor Projects 192 p 12511 
83 -Fun with Electricity 128 p 94 n 

647- Stereo'Ouad W.Fr Prmc1ples 6 Projects 192 p '00 11 

464 -Electronic Hobbylsl s IC Project Handbook t54 p. 86 11 

611-New IC FET Princioles 8 Projects 154 p 60 d 

462 -104 Easy Translsti.' Protects You Can Build 224 p 10511 
590 -Practical Solid-State Principles 8 Prolects 176 p 127 II 

568 -IL, Projects for Amateur 8 Experimenter 192 p 252 d 

542 -Transistor Prolects for Hobbyists & Students 192 p 153 r 

'T' Electronic Puzzles & Games 128 p 75,1 

FCC LICENSE STUDY GUIDES 

1073 -Amateur Rad Lc Sty Gtle or Nov Tech &Gen Class 336 p 

1092 Frst Class Commercial FCCLC Sluoy Guide 378 p 205 i1 

582 Commercial FCC License Handbook 444 p 150 11 

652 2nd Class FCC Encyclopedia Studs Gwde 602 P 445 d 

893 -Third Class FCC License Study Gurrte 308 p 8B11 

873 --Ham Radio Novice Cass License Study Guide 224 p 57 d 

851 Harp Radio General Class Lcense Sway Guide 448 p 

827 Ham Radio Advanced Class License Study Gwde 252 p 

543 Ham Radio Extra Class License Study Gwde 224 p 162 n 

989- Ham Radio 0nceniwe Licensing Guide 154 7 70.1 

56 95 
5' 95 
57 95 
5795 
56 95 
55 95 
57 95 
55 95 
55 95 
$495 

CB, COMMUNICATIONS, HAM RADIO & PHONES 

1097 -An Abou' Telephones 192 p 140 11 
54 95 

1052 -Radar Detector Handy Manual 80 p 133 It 52 25 

1054- Antenna Construction Hdbk; or Ham. CB ö SWL 239 p 55 95 

1.905- Hdbk of Solar Flare Monitoring ö Prop Forecastino 196 p 56 96 

997 The Handbook or Telephones ö Accessories 432 p 215 II 59 95 
969 --CBer s Handy Manual cf Base SIa11on.s 96 p 5511 52 55` 

801 -Master Handbook of Ham Radio CrcIiils 392 o .101 11 58 95 
963 -Home -Brew HF VHF Antenna Handbook 210 p 143 d 55 95 
959 -CBer s Handy Manual of SSB 80 p 42 it 52 25 
585-1 he Complete Shortwave Lstener 5 Hdt',, 192 p 146 11 56 95 
083- Pictorial Guide to CB Radio Install Repair 256 o 304 11 55 95 
e'3 -How to Be A Ham -Inds Latest FS C Rules 192 p 25 1 53 95 

950 -III Drcl of Broadcast -CATV -Telecomms 420 p 104 II 58 95 
-99 -CB Radio Operator s Guide -2nd 00,1,on 256 p 139 1t 55 95 
999-CBer o Handy Manual 48 p Sf 50 

'35 -The Complete FM 2 -Way Radio Handbook 294 p 111 it 56 95 

859- The Complete Handbook of Slow Scan TV 304 p 169 II 59 95 

954 -Practical CB Radio Troubleshooting ö Reperr 406 p 169 II S7 95 

597 -RTTY Handbook 320 p 230 d 56 95 

933 - -CBer s Handy Atlas Dictionary 64 p 51 95 

722- Amateur FM Conversion 8 Const. Projects 256 p 18711 $5 95 

678- Modern Communications Switching Systems 276 p 171 d 517 95 

581 -Citizens Band Radio Service Manual 288 p 84 11 55 95 

621 -The 2-Meter FM Repeater Crcolts Handbook 312 p 194 II $6.95 

ELECTRONIC TEST EQUIPMENT 

I72 -How to Test Almost Everything Electronic 160 p 144 al $3 95 
730 Effective Troubleshooting with EVM Scope 238 p 185 1I. 55 95 

1012 How To George Boula Elect, Inslrumentanoo, 420 p 21911 $9 95 
792 --Build It Book of Miniature Test 8 Msm1 10511 23e p 151 II 54 95 
472 -Working With the Oscilloscope 104 p 183 11. 7 r 9',' $4 95 
672 -Understanding & Using the VOM 6 EVM 192 p 187 tri $595 
927 -How to Use AF 8 RF Signal Generators 238 p. 162 11 $5 95 
702 -Electronic Measurements Simplified 240 p 217 11 $4 95 
729- RF 8 Digital Tesi Equipment You Can Build 252 p 217 il SS 95 
877 - Under 8 Using Modern Signal Generators 294 p 120 II $6 95 
664 Understanding & Using the Oscilloscope 272 p 170 II 55 95 
577 -How lo Use Cr'.or TV Test Instruments 256 p 230 al S5 95 
131 -Test iesfrumc.115 for Electronics 192 p 155 II $4 95 
80 -How to T shoot & Repair Electr Test Eqpt 252 p . 143 d $6 95 

net 31. g Modern Eectr Svcing Test Equipment 252P $5 95 
483-9 iv p,s to Use Yo , C 1. cope 192 p 327 o $5 95 
485- I Jse Test In-t ,ctronics Servicing 255 p 23411 54 95 
593. ries 'in n5 Marker Decor -hors ors 755 p $5 95 I No No m m m 

NO _ MS - iI 
SEMICONDUCTORS, TUBES & TRANSISTORS 

Towers International rET Selector 140 p $4 95, 
Towels Inter Transistor Selector 200 p 17911 7 , 10" 5695 
M.r,'e, OP AMP Applications Handbook 476 p 320 II $9 9511 

r .051.00 Locator 224 p 55 95 

':'OS Datebook 280 p 270 II $6 95 
,, Tube SubslllulIOn Handbook 548 p 322 II $4 95, 

'1,,.Ier Transistor IC Substitution Handbook 518 p 165 1I $7 95 
f ransIsmr Theory for Technicians 8 Engrs 224 p 116 II $$6 

95 
5 95, 

Linear IC Applications Handbook 280 p 183 1i 

Transistor Circuit Guidebook 224 p 118 II $5 95 
Mac loeleclron,cs 266 p 228 rt 55 95, 
Modern Applications of Linear IC s 276 p 301 d $9 95 

coding Solid - State Circuits 192 p 104 1I $4 95, 
,Ian II with 7raesrstors 160 p 90 $3 95 

ENGINEERING & REFERENCE 

ELECTRONIC MUSIC 

743 -Electronic Music C:rcurt Guidebook 224 p 180 11 

843 -Sourcebook of Electronic Organ Circuits 168 p 101 el 

610 -How to Repair Musical Instrument Amplifiers 288 p 50 11 

718 -Electronic Music Production 156 p 79 d 

666 -Experimenting with Electronic Music 180 p 10:3 d 

546- Electron Musical Instruments 192 p 121 d 

832-- Eleclronac Musical Instr. Manual 210 p 7' , 10" 38511 

503-Servicing Electronic Organs 196 p 8' z , 11 145 11 

$6 95 
$4 95 
$5 95 
$3 95 
54 95 
$5 95 
$6 95 
$9 95 

1035--Instrumentation 8 Control Sys Enq Hdbk 434 p 184 it $191035--Instrumentation 

929- Motor Controls 322 p 162 d $895' 
42 -Prot Electrical Electr Engr s License Study Guide 476 p S' 95 

'Su- Electronic Conversions. Symbols 8 Formulas 224 p 46 it $5 95 
829 - Impedance 196 p 90 1 $5.95 
774 - Digital Logic Electronics Handbook 308 p 226 II $6 
118 -Electronics Data Handbook 256 p 149 it $5 95 
tot -Electronic Circuit Design Hdbk. 4th Edition 416 p 966 d $17 95 
125 -Handbook of Electronic Tables 224 p 16 II $4 95, 
MODEL RADIO CONTROL 

1 135 -Radio Control Manual -Sys . Circuits. Const -3rd Ed 256 p $5 95, 
825 -Flying Model Airplanes Helicopters by RC 192 p 140 II $4.95, 
747 -RC Modelers Handbook of Gliders 5 Sailplanes 196 p 90 II $4 95 
812 -Radio Control for Models 350 p 41711 $6 95 
693 Model Sal 8 Power Boating by Remote Control 192 p 125 il $4 95, 
122 -Advanced Ream Control 192 p 181 11 $4 95 

74 -Model Radio Control 192 p 19211 $4.95, 

AUDIO, RECORDING, HI -FI & STEREO 

1064 -How to Design Budd Test Complete Speaker Systems 336 p 56 95 
1056 -.Install Everything Electr m Cars Boats PlanesTrucks 364 p $7 95 
1042 --Jap Radio. Record Tape Player Schem Manua - 

V 2 20017 57 95 
1017 -Understanding Sound. Video 6 Film Recording 140 p 74 11 55 95 
966 - Complete Han 05531, cl P A Sound Systems 272 p 14011 5795 
736 -Amateur Filmmaker s Hdbk Sound Sync Scoring 710 p 55 95 
875- M,crophcres -How Work & How to Use Them 224 p 9t' 11 55 95 
646 -Acoustic Techniques for Home & Studio 224 p 168 II 56.95 
781 Handbook of Multichannel Recordent' 322 p 196 11 S7 95 
934 Photo Guide lo AM FM Stereo Repay 288 p 261 I 56 95 
632 -Prctonal Gwde io Tape Recorder Repairs 256 p 320 d 54 95 
756 --4- Channel Stereo -From Source lo Sound 252 p 102 d $4.95 
634 -Basic Audio Systems 240 p 302 d $4 95 
689 Cassette Tape Recorders-How Work Care Repair 204p 1,1 ßa5595 
497-Tape Recordlrlg for Fun 6 Proti' 224 p 171 11 55.95 
494 -Audio Systems Handbook 192 p 125 il 54 95 
681- Ouestrons 8 Answers About Tape Recording 264 p 102 II 55 95 
716 -Servicing Cassette 8 Cartridge Tape Players 294 p 196 II $6 95 

505 -Installing 8 Servicing Home Audio Systems 256 p 136 d 55 95 

67 -Elements of Tape Recorder Circuits 224 p 145 II 54 95 
642 -Jap Radio. Record 8 Tape Player Service Manual 228 p $6 95 
86- installing HI -FI Systems 224 p 152 II $5 95 
59- Servrcrn. Record Chan.ers 224 .. 173 tl $5 95 

BROADCAST. CATV. CCTV & VIDEOTAPE 

865 -CAT`) Program Ongmat.on ö Production 256 p 64 it $14 95 I 
811 -Complete Hdbk of Videocassette Recorders 280 p 160 d $5 95 
852 -B cast Engr 8 Maintenance Hdbk 532 p 23511 $1995, 
815 -Desrg Maintain CATV Small TV Studio 288 p 100 d $12 95 

1009 -CCTV Installation Manlenance 8 Repair 294 p $895 
773- Talk Back TV Two Way Cable Television 238 p 64 11 $5 95 

IIII 

833- Complete Broadcast Antenna Handbook 448 p 308 II $17 95 
657 -MATV Systems Handbook 176 p 91 11 $4 95 , 
523 -Guade to Radio TV Bcast Engineering Pract,288 p 140 d $12 95 
733- Drrecuonal Broadcast Antennas 210 p 60 11 $12 95 
557 -How To Become A Radio Disc Jockey 256 p 36 II $12 95 
845 -How to Prepare a Production Budget Flirt, & Videotape $12 95 
541 -Videotape Prod 8 Comm Tectsnlgues '56 ICY $1295 
793 -TV Lghbng Handbook 228 p 230 d $12 95 

COLOR TV SCHEMATIC SERVICING MANUALS 

TV, RADIO á ELECTRONIC SERVICING 
1082 -TV Field 8 Bench Server 5 Handbook 308 p 157 Il 

1119 - -Color TV Trouble Facibook - Ih EdIlIon 532 I 

1028 -How To Repair Video Games 270 p . 182 11 

939- Hdbk.ot Marine Electronic 8 Electrical Systems 54E p 
901-CET License Handbook-2nd Edition 448 p 169 II 

821 -TV Troubleshooter s Handbook 3rd Ed 448 p over 300 el 

563- Beginner s Guide to TV Repair 176 p 50 II 

956 -Fire ö Theft Security Systems 2nd Ed 192 p 108 11 

876 -Color TV Case Histories Illustrated -Vol 2 352 p 243 1I 

746 -Color TV Case H stories Illustrated 238 p 219 el 

809 -Photo Guide Solid State Color TV Troubles 224 p 169 11 

I 72- Troubleshooting with the Dual Trace Scope 224 p 25211 

738 -TV Schematics Reading Between the Lines 252 p 188 d 

605 -Install Swing Electr Protective Systems 252 p over 160 
696-TV Tuner Schematic Servicing Manual Vol 1 224 p 287 11 

979-TV Tuner Schematic Servicing Manual Vol 2 200 p 374 II 

690 Logical Color TV Troubleshooting 240 p 151 iI 

559- 199 TV Tough Dog Problems Solved 252 p 199 II $595 
5811 Modern Radio Repair Techniques 260 of 20" i1 $5 9511 
532 How to Repair Sold Slate Imports 192 p 8 11 122 I $7 95 
644 P,CIor1 al Guide to Color TV Crcull Troubles 35h p 262 11 $4 95 
484 -TV Servicing Guidebook 176 p 110 1I $4 95! 
761 Jack Darr s Service l,llmc No 3 252 p 122 it 54 95 
133 -Jack Darr s Service Clinic No 1 192 p 125 rl $4 95 
428 Pinpoint TV Troubles in 10 Minutes 327 p 394 d 55 95 
682 TV Bench Servicing Techniques 228 p " 11 $7 95 
430-- P,npo,nl Transistor Troubles an 12 Minutes 492 p 243 iI 5695, 
595 -199 Color TV Troubles & Solutions 224 p 1 78 d $5 95 
507 101 TV Troubles-From Symptom to Repair 224 p 170 1 $5 95 
619- T shooting Solid -State Electr Power Supplies 192 p 85 11 54 95, 
-8 -Small Screen TV Servicing Manual 240 p 367 it $6 95 
1153 T shooting Sold State Wave Gen 6 Shaping Cucs $4 95 
636 141 o TV ö FM Antennas 168 p 158 11 $4 95 

835 VHF UHF F re Fol., Ha ere Ser Manual 250 p $6 95 City State Zip 
625 T o b i hoot nq Sa '56 p 95 $4.95, Pa. add 6'7s Sales tax All orders outside USA 
-32 Jiro Consumer E ec 1 - . 1 schemat - .omoul $5.95 PE -39 
oho 0 2 Gtr en S,15,151. , X45 $595 must add 15S shipping and be prepaid - ___I_ ___BIMUMMENNI1/1110.Irr1.f1.) 

SE 95 
5' 95 
57 95 
59 95 
58 95 
54 95 
54 95 

55 95, 57 95 

Each vol has complete service data pans lists u -size schematic W. 

old section and all otner info needed Each 8 1 2 e It only 55 95 um 
less omerwlse marke0 
662- Sucing New Modular Color TV Recur s Vol 1 r 76 p 56 
545 Admiral Vol 1 196 p 12 schematics 
641 -Admiral Vol 2 196 p 11 schematics 56 95 
747- A741-Airline IMoetgomery Ward 196 p 12 schematics 55 95 

536 - General Electric Vol I 196 p 12 schemancs 

5595 

$8 95 

609- - General Electric Vol 2 212 p 10 schematics 55 95 

879 -General Electric Vol 3 196 p 55 95 
560-- Jap Vol 1 -Sony. Sharp Midland 212 p 55 95 
576 Jap Vol 2 - Delmonlco Hnachl Panasonic etc 212 p 54 95 

684 -Japanese Vol 3 -Hitachi Sanyo Coronado 228 p $4 95 

692- Japanese Vol 4 Sharp Midland MGA 236 p 36 p 1 o 55 95 

700 -Japanese Vol 5 -Sony 196 p 36 p foldout 5595 
526 -Magnavox VoI 1 196 p 12 schematics 57 95 
569- Magnavox Vol 2 196 p 9 schematics 57 95 
770- Magnavox Vol 3 196 p 36 p schematic foldout 55 95 

509 -Motorola Vol 1 178 p 6 schemancs $8 95 

584 -Motorola Vol 2 196 p 9 schematics $7 95 
522 -Photo 196 p 12 schematics $5 95 
496 -RCA Vol 1 212 p 12 schematics $8 95 

578. -RCA Vol 2 212 p 12 schematics $7 95 

720 -RCA Vol 3 196 p 12 schematics $7 95 
721 -RCA Vol 4 196 p 12 schematics SB 95 
822 -RCA VoI 5 196 p 36 p schematic section 58 
742- Sears 228 p 12 schematics 55 95 

618 - Sylvanra Vol 2 212 p 8 schematics 
760 -Toshiba 160 p 12 schemancs 55 5 

502 -Zenith Vol 1 196 p 12 schemancs $7 95 

562 - Zenith Vol 2 196 p 12 schematics 
668 -Zenith Vol 3 180 p 36 p schematic foldout $5 95 

838- Zenith Vol 4 196 p 36 p schematic foldout $7 95 

918- Svcing. Zenith TV Modules 200 p over 200 II $6.95' 
CB & HOME AUDIO SCHEMATIC SERVICING MANUALS 

Contain all the data needed to service each unit including complete 
schematic diagrams. backed up with step.by.step troubleshooting 
into Theo y tips for isolating problems. etc All 7 . 10' Each only 55 95' 
1026 -Vo 3- Automatic Radio Admiral Midland. Sharp $595 
1025 -Vo 2-Channel-Master. Coronado. Hitachi $595' 
1024 -VO I - Capehan. Zenith $5.95 
826 -Vo 1 -Kris Browning. Hy ain. Penney s $595 
854-Vo 2-- Teaberry. Siliromx Pearce-Simpson. Ummetrics $5.95' 
856 -Vo 3- Johnson Linear-SSE. Royce. Sonar $595 
862 -Vo 4 -Pace. Fanon Courier. Dynascan (Cobra) $595 
92B-Vo 5 -Radio Shack IReabsnc), Surveyor. 8ellek $595' 
932 -VO 6- Alai Tram Diamond. Sharp $5 95 
976 --V0 7- Lafayette. J IL Fanon 5595 

55 95 
S5 95, 
55 95 

10-DAY FREE TRIAL -NO RISK COUPON 

55 95 
55 95, 
56 95 
56 9 

$5 95 
5, 

TAB BOOKS, Blue Ridge Summit, Pa. 17214 

Please send me the books indicated below: 

I enclose $ Send postpaid. 
Invoice me on 10 -day teal (plus shipping) 

Book # Book # Book # Book # 

Name 

Company 

Address 

Phone 

CIRCLE NO 52 ON FREE INFORMATION CARD 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


16 

NRI training in TV 
and Audio Servicing 
keeps up with the 
state of the art. 

Now you can learn to 
service video cassette 

and disc systems. 
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You build color TN', hi -fi, professional instruments. 

Now, in addition to learning 
color TV and audio systems servicing, 

you get state -of- the -art lessons in 

maintaining and repairing video cas- 

sette recorders, playbacks and the 

amazing new video disc players, both 

mechanical and laser -beam types. 

Learn at Home 
in Your Spare Time 

And you learn right at home, 

at your own convenience, without 

quitting your job or going to night 
school. NRI "bite- size" lessons 

make learning easier...NRI 
"hands -on" training gives you 

practical bench experience as you 

progress. You not only get theory, 

you actually build and test electronic 
circuits, a complete audio system, 

even a color TV. 

Build Color TV, 

4- Channel Audio 
As part of your training in 

NRI's Master Course in TV and 
Audio Servicing, you actually as- 

semble and keep NRI's exclusive, 
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designed- for -learning 25" diagonal 

color TV. As you build it, you intro- 
duce and correct electronic faults, 

study circuits to gain a better under- 
standing of what they're for and how 

they interface with others. 
Likewise, as part of your audio 

training, you construct a 4- channel 
stereo amplifier and tuner, complete 

with cabinet and speakers. You even 

assemble professional -grade test in- 

struments, so you know what makes 
them tick, too. Then you use them in 

your course, keep them for actual TV 

and audio servicing work. 

NRI Includes 
the Instruments You Need 

You start by building a transis- 

torized volt -ohm meter which you use 

for basic training in electronic theory. 

Then you assemble a digital CMOS 

frequency counter for use with lessons 

in analog and digital circuitry FM 

principles. You also get an integrated 
circuit TV pattern generator, and an 

advanced design solid -state 5" trig- 

gered -sweep oscilloscope. Use them 
for learning, then use them for 

earning. 

NRI Training Works... 
Choice of the Pros 
More than 60 years and a 

million students later, NRI is still first 

choice in home study schools. A na- 

tional survey of successful TV repair- 

men shows that more than half have 

had home study training, and among 

them, it's NRI 3 to 1 over any other 

school. (Summary of survey 

on request.) 

That's because you can't beat 

the training and you can't beat the 
value! For hundreds of dollars less 

than competing schools, NRI 

gives you both color TV and 
audio ... and now includes 
training in video cassette and 

disc systems. Send for our free 

catalog and see for yourself 
why NRI works for you. 

mow rinal 
AftEr 

her NRI training includes Computer lèchnology, 

Complete Communications Electronics. 

Free Catalog... 
No Salesman Will Call 

Our free 100 -page catalog com- 

pletely describes all the equipment and 
every lesson. You can choose from five 

different TV and audio courses. Or ex- 

plore the opportunities in other NRI 

home study courses like Computer 
Technology, CB and Mobile Radio, 

Aircraft and Marine Radio, or Com- 

plete Communications. Send the 

postage -paid card today and get a 
head start on the state of the art. 

If card has been removed, 

write to: 

NRI- Schools 
McGraw Hill Continuing 

Education Center 

3939 Wisconsin Ave. 

Washington, D.C. 20016 

Learn at home at your convenience 
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Stereo Scene 
MUSIC AND NOISE 
IN CONTINUING the coverage of New 
York's annual Audio Engineering So- 

ciety Convention begun last month, I am 
forced into a few arbitrary decisions. 
First of all, it is the technical papers that 
were delivered throughout the conven- 
tion's four days that will receive virtually 
all my attention. Equipment was also on 
display, but for the most part it was stu- 
dio gear that was of prime interest to 
working audio professionals, many of 
whom were presumably on hand to see 
it for themselves. Secondly, it's neces- 
sary to select the papers discussed; it 

would be impossible to comment even 
briefly on all of them. 

So the following criteria will apply, in 
no particular order of precedence: (1) 
papers dealing with products of interest 
likely to be accessible to the consumer; 
(2) tutorial papers concerned with issues 
and answers bearing directly on home 
music reproduction; (3) papers likely to 
interest the electronics enthusiast; (4) 
papers I was able to hear delivered (all 
too few); and (5) papers I at least partial- 
ly understood (fewer still). 

Over recent years the treatment of 
subjects within the various branches of 
audio has become vastly more rigorous 
and specialized. For the most part, the 
rigor is welcome, and it will surely bring 
benefits in better hardware and software 
and more refined thought about making 
it better still (i.e., more appropriate to its 
somewhat baffling task). But the special- 
ization is less fortunate. Not everyone 
has an everyday acquaintance with all 
areas of applied and theoretical math- 
ematics, statistics, computer theory, in- 
strumentation, circuit analysis, etc. It's 
amusing to see expressions of shocked 
recognition and then consternation 
cross the faces of auditors of some of 
these papers as they suddenly realize 
that the involved technical discourse 
they're struggling to follow is actually 
background on a completely familiar 
mechanism couched in terms of a com- 
pletely unfamiliar conceptual model. 
Here, as everywhere else, we need 
standardization. But we do our best. 
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By Ralph Hodges 

Noise. Evidently, we get a certain 
amount of noise in audio systems be- 
cause God meant us to. But the rest of it 

is there because of our own ignorance 
and /or oversights. It can be attacked di- 
rectly and successfully, however, as Apt 
Corporation's Tom Holman has done in 

his latest paper (preprint no. 1428, avail- 
able from the Audio Engineering Socie- 
ty, 60 East 42nd Street, New York, N.Y. 
10017, for $2.00). This is a rulebook for 
designing against noise in the input 
stages for phono cartridges and tape 
heads, with some very authoritative 
commentary on noise measurement and 
the subjective appraisal of noise. 

As Holman points out, some sorts of 
noise in "trickle" amounts are not neces- 
sarily unpleasant to music listeners. (A 
little hiss in a stereo system seems to be 
attractive to some people, for who - 
knows- just -what reason. The most so- 
phisticated explanation I have heard is 
that it is random -phase between the 
channels, and is therefore "spacey. ") 
Furthermore, the paper makes at least a 
beginning at reconciling the existing sta- 
tistical data on human reaction to 
noise -most of it dealing with noise de- 
tection, annoyance value, and acoustic 
trauma -with a listening- for -pleasure 
situation, where the criteria may not nec- 
essarily be the same. In short, if you are 
interested in designing against noise 
(preferred choice of semiconductor de- 
vices and circuit configurations for a giv- 
en application), finding out how it might 
be most validly measured, and learning 
how much we actually do know about 
noise and human beings, it is here, neat- 
ly researched and organized. 

If you're not interested in anything 
about noise except its elimination, Rich- 
ard Burwen presented a description of 
his current "Transient Noise Eliminator" 
that reveals the device as being some- 
what more complex than many had sus- 
pected. The Burwen THE is one of those 
outboard processors intended to combat 
ticks, pops, and scratches on phono- 
graph records. His approach has long 
been recognized as somewhat more 

musically acceptable than others for mi- 
nor but rapidly repeating groove ir- 
regularities such as might be caused by 
"non- fill" of vinyl, damage from a mis- 
tracking phono stylus, or concentrations 
of dust, etc. (Some alternative devices 
have been found almost completely ef- 
fective against deep once -around 
scratches, but on densely packed 
groove abrasions the sound becomes 
hashy.) In the Burwen unit, signals are in 

effect processed in two frequency 
bands, subject to the guidance of a con- 
trol circuit that compares inputs from the 
two channels. One of the frequency 
bands is full- range, and its output is the 
normal output of the device when there 
is no transient -noise disturbance. The 
other band is limited to 300 Hz, and its 
output signal is substituted for the nor- 
mal one when a tick or pop occurs to fill 
in for interruption of the full -range signal. 
Whether the output signals are full - 
range or band -limited, they are subject- 
ed to a 40 -µs analog delay to give the 
control circuit time to detect and act. 

The control circuit consists of a differ- 
ential op amp that receives the inputs of 
both left and right channels. The differ- 
ential information is rectified after pass- 
ing through a bandpass filter (15,000 to 
50,000 Hz) and then split into two 
branches, one of which passes through 
a 250 -Hz low -pass filter, ultimately to 
join the other at a comparator stage. Af- 
ter a suitable delay (necessary to give 
the audio signals time to "catch up" with 
he control signals), the comparator acts 
to switch audio outputs to the full -range 
or band -limited signal paths. The Tran- 
sient Noise Eliminator "punches holes" 
in the music signal of usually no more 
than 1 millisecond's duration, and this is 
said to be responsible for its claimed 
lack of audible side effects. Burwen 
does not say that the design is perfect, 
but he does say that on those few occa- 
sions when it acts under the stimulation 
of a sharp transient in the program 
material (as opposed to a sharp "snap" 
from a defective disc surface), its only 
effect is to chop off the leading mil- 
lisecond of the music waveform. The 
sound of the chop is at least as sharp as 
the sound of the leading edge of the 
waveform should have been if heard, so 
presumably no harm is done. 

Music. Somewhat of a surprise entry at 
the convention was a paper by the emi- 
nent J. Robert Ashley, denouncing (al- 
beit somewhat reluctantly and remorse- 
fully) the current trend to in- the -round 
concert halls. I had not realized that 
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Australia's architecturally splendid Syd- 
ney Opera House incorporated a "360 - 
degree" hall. It does, however, and Dr. 

Ashley brings bad news from that conti- 
nent, as well as from his home city of 

Denver, where an acoustically similar 
experiment has been erected. 

As you might expect, the major prob- 
lem with in- the -round concert environ- 
ments is a lack of early reflections from 
nearby sound -reflecting surfaces (be- 

cause there aren't any) and an abun- 

dance of later- arriving reflections, some 

of them so discrete and delayed as to 

amount almost to echoes. Speech intel- 

ligibility is often impaired if not destroyed 
for many seats in the auditorium, and 

there is a characteristic lack of warmth 

to the musical sound resulting both from 
the lack of acoustical support for lower 

frequencies and the diffused, almost in- 

coherent sounds of higher -pitched in- 

struments such as violins. There is also 
difficulty with orchestra members hear- 
ing each other well enough to achieve 
good ensemble. (You can hear many of 

these effects on records -even on some 
made in such a distinguished acoustical 
environment as Boston Symphony Hall. 

Periodically, it has been the practice of 

recording engineers to bring the orches- 
tra off the stage and out into the seating 
section where nearby reflecting surfaces 
are absent. The result is too few early 

reflections and too many late ones.) 
Even if we don't have the opportunity 

or inclination to visit concert halls, we 

ought to be concerned about their qual- 
ity, because they also serve -or 
should -as recording studios for their 
resident orchestras. If they can't hack it, 

recording engineers will immediately 
turn to close miking and an overlay of ar- 

tificial acoustics created by reverb de- 

vices (often they do so anyway), and lis- 

teners to recorded music become the 

poorer for it. I'd like to thank Dr. Ashley 
for his timely if reluctant outburst. 

Another surprise paper, "Evaluating 
the Influence of Room Acoustics on L/R 
Stereo Perception," was presented by 

the eminent Emory Cook. Harking back 
to some of his earlier schemes for audio - 
system evaluation, Mr. Cook has come 
up with an "auditory code" (a test signal 
easily qualified and quantified by the hu- 

man ear alone) to grade the success of 

a stereo system in presenting a stable 

stereo image to various locations . 

A tape is made of interrupted bursts of 

third -octave -band noise, the bursts fol- 

lowing a dot -dash (as in Morse code) 
pattern on one channel and a dash -dot 

sequence on the other. Cook suggests 

sixteen noise bands in all, with center 
frequencies ranging from 180 to 5,747 
Hz. For each of these bands, and for 

each of the possible listening positions 
in the room, either one channel (dot - 
dash) or the other (dash -dot) is likely to 

predominate. If, of course, the balance 
of the system is virtually perfect for the 
band of frequencies and the location, a 

smooth, uninterrupted rush of noise will 

be heard if the tape is properly recorded. 
Mr. Cook does not give many details 

on how the tape ought to be recorded 
(presumably, one just switches the 
noise generator between tape- recorder 
channels to create the properly inter- 
leaved pulse sequences ?), but he does 
offer a computer program to assist in 

sorting out the considerable pile of data 

that will result if this project is carried 
through in the grandest possible style. 

Tape Recorders. Looking at magnet- 
ic recording systems other than the digi- 

tal devices discussed last month, we 
find that there is-or is soon to be -a 
semiprofessional open -reel tape ma- 

chine with automatic bias and recording - 
equalization adjust functions that are 
bursting out all over on cassette decks. 
The relevant paper was prepared by a 

quartet of engineers from Matsushita 
Electric (Panasonic and Technics by 

Panasonic) in this country, and the tape 
machine, the Technics RS -1800, is a 

fabulous conglomeration of the isolated - 
loop transport, numerous microproces- 
sor functions involving digital readout of 
real -time tape indexing, speed and 

speed deviation, and tension sensing for 
control of reel -motor torque. 

The paper's translation problems from 

Japanese into English make me reticent 
about discussing it in depth, but it at 

least appears that the adjustment func- 
tions are carried out in much the same 
way as they are in the equivalent cas- 
sette decks. Bias is set for maximum 
output from the tape at a certain refer- 

ence frequency, and then recording 
equalization is set for flat frequency re- 

sponse (within ±0.5 dB) on playback. 
The whole adjustment process is pro- 
grammed into memories within the ma- 

chine, and it requires no work from the 

user other than the punching of a button 
to initiate the sequence. The paper (pre- 

print no. 1387) is the lengthiest and most 

complete I've seen on the design of 

such adjustment systems, with particu- 
lar emphasis on the problems caused by 

tape dropouts. But it does strike me as 

being perversely complex in its ap- 

proach to a subject that is really not all 

that difficult (I suspect its principal au- 

thor is some years closer to a university 
classroom than I). 

Record Players. Another Japanese 
quartet, this one from Sansui and head- 

ed by the also eminent Dr. S. Takahashi 
of OS fame, has concluded that the po- 

sition of the cartridge stylus in a record 

player's tonearm should correspond as 
precisely as possible with the arm's cen- 
ter of percussion. I'll leave it is an exer- 
cise for tonearm zealots (of which I am 

certainly one) to discover exactly what 
the center of percussion is. But suffice it 

to say that it is that part along the length 
of a baseball bat that you should en- 

deavor to bring into contact with the ball 

if you don't want your hands to experi- 

ence a sharp stinging sensation. 
The argument makes sense as far as 

it goes. It is certainly true that a stylus lo- 

cated at the center of percussion is least 
likely to be affected by agitations at the 
tonearm pivot area, such as are likely to 

be caused by acoustic feedback cou- 
pling with the motorboard. Conversely, 
such gyrations as the cartridge and as- 

sociated parts perform as they traverse 
the record are least likely to play hob 

with the pivot assembly, should it have a 

little too much mechanical play or other 
form of instability. 

Unfortunately, locating the center of 

percussion at the stylus tip seems to in- 

volve bringing the center of mass of the 

whole tonearm system well out and 

away from the pivot assembly -a loca- 

tion in which you certainly don't want it if 

you'd like to make a success of playing 
warped records. True, some tonearm 
designers are willing to put up with such 
high inertia to realize other theoretical - 
and even measurable- benefits. But 

others aren't. It will be interesting to see 

how Sansui's concept fares in competi- 
tion with the latest low -mass arms. 

Getting Smart. I am out of page 

space, with at least a dozen more pa- 

pers worthy of comment unrepresented. 
Many of them will fit logically into future 
columns and will there appear as au- 

thoritative sources. But the ones I miss 

are also available as preprints from the 

Audio Engineering Society. (A "preprint" 
is a usually legibly produced version of 

the author's paper made available be- 

fore he reads it at the convention. Many 
of the best papers turn into articles in the 

society's Journal, but some don't.) A 

simple request to the AES (enclose 
SASE) will bring a list of available pre- 
prints to you. Prices average $2.00. O 
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Julian Hirsch Audio Reports 
----- ---_. 

l 

Philips Model AF877 
semiautomatic belt- driven 
record player features 
"direct control" drive 

alHIRSCH- 
HOUCK 

The new Philips 
Model AF877 two - 
speed semiauto- 
matic record play- 
er employs a "Di- 

rect Control' (not "direct drive ") drive 
and speed control system. Its cast 
aluminum 12" (30.5 -cm) platter is belt - 
driven by a dc servo motor. The cor- 
rective feedback voltage for the mo- 
tor's servo loop comes from a tach- 
ometer generator on the platter's 
shaft. (As a rule, tachometer feedback 
in record player servo -motor systems 
comes from the motor shaft.) Belt slip- 
page can occur under conditions of 
heavy loading, such as when using 
some record cleaning devices, and 
short-term belt stretching can cause 
wow and flutter. Hence, Philips has 
logically chosen to maintain a con- 
stant platter (record) speed instead of 
a constant motor speed with the "Di- 
rect Control" system. 

The Model AF877 includes an at- 
tractive brown base with a hinged tint- 
ed plastic dust cover that remains 
open at any angle. With the cover 

down, the player measures 161/2" W x 
13' "D x 51/2"H (42 x 34.8 x 14.1 
cm) and weighs 12.8 lb (5.8 kg). Sug- 
gested retail price is $249.95. 

General Description. The 34- 
ounce (about 1 -kg) platter rests on a 
smaller inner platter that is driven by a 
flexible belt. The tachometer disc, 
which resembles a toothed gear, is on 
the platter's shaft, beneath the motor - 
board. The disc generates a voltage in 
coils surrounding it in proportion to the 
rotation speed of the turntable. This 
voltage is converted to dc, which is 
compared to a stable dc reference. 
The amplified difference is the drive 
signal for the turntable motor. 

The motor controls are electronic 
touch contacts, similar to those used 
on other recent Philips turntables. 
Two are for selecting either the 33 12- 

or 45 -rpm speed (which simultane- 
ously turns on the motor) and one 
stops the motor. The fourth is a RE- 
JECT control, that raises the tonearm 
and returns it to its rest before shutting 
off the motor. This action also occurs 

automatically at the end of a record, 
but the initial start-up and cueing of 
the tonearm must be done manually. 
All the motor controls are grouped 
near the right front of the motorboard. 

Behind the ON contacts are two 
small knobs for adjusting each speed 
over a limited range of nominally 
±3 %. The speed is continuously mon- 
itored on an array of nine red LEDs 
that come on sequentially with each 
1% increment on either side of the 
nominal speed. (The center LED 
glows when the turntable speed is ex- 
actly at the selected speed.) The dis- 
play is much more visible and easily 
interpreted than the usual strobo- 
scope markings. 

The tonearm consists of a low - 
mass straight aluminum tube that is 
mounted in low- friction pivots and bal- 
anced by an adjustable threaded 
counterweight. The die -cast alumi- 
num head shell supports the cartridge 
at an offset angle to provide a low 
tracking error. The shell mates with 
the tonearm through a four -pin plug 
and socket with a locking ring. (This 
shell is not interchangeable with the 
four -pin plug -in shell widely used on 
Japanese tonearms and some Euro- 
pean models.) A plastic installation jig 
simplifies setting the stylus overhang 
for minimum tracking error. 

motor controls 
are electronic 
touch contacts 

The Model AF877 has a unique fea- 
ture, which has been used on some 
earlier Philips record players. It is a 
tonearm support post that contains 
the tracking force gauge. When the 
tonearm is placed on the rest, its 
downward force is measured, correct- 
ed for any difference that might exist 
when it is in the plane of the record, 
and displayed in a window on the mo- 
torboard near the speed- indicator 
section. The force scale is calibrated 
over a 0.5 -to -3 -gram range at 0.25 - 
gram intervals. The indicator is a 

green horizontal line whose length is 
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proportional to the force. Near to the 

tonearm's base are the antiskating 
dial, with separate scales for spherical 

and elliptical styli, and the cueing lev- 

er. The latter gently raises and lowers 

the tonearm through a viscous 

damped mechanism. 
To reduce the susceptibility of the 

record player to vibration and acoustic 
feedback, the platter and tonearm are 

mounted rigidly to a subchassis that is 

suspended on three leaf springs from 

the motorboard and mounting base. 

The motor itself is also isolated from 

the base on springs, thus decoupling 
it in two stages from the record -play- 
ing components to minimize transmit- 

ted vibration. 

Laboratory Measurements. To 

evaluate the Philips Model AF877 rec- 

ord player, we installed a Sonus Red 

Label cartridge in its tonearm. The in- 

stallation was simplified by the open 
design of the head shell and the easy - 

to -use jig that verified the correct 

overhang adjustment. The unique 
Philips force -indicating system elimi- 

nated the necessity to first balance 
the tonearm and then set in the de- 

sired force. We simply turned the 

counterweight until the force dial in- 

dicated the desired value when the 

tonearm was on its rest post. 
A comparison with an accurate bal- 

ance gauge revealed that the force 
calibration was accurate to better than 

Product Focus 

The Philips "Direct Control" system of 
speed control is the most logical method 

of stabilizing a turntable. Many turntable 
ills arise from a discrepancy between the 

rotations of the motor and the platter. 
This is one of the strong features of di- 

rect -drive turntables, since the motor and 
platter are effectively one unit and the 

servo feedback that stabilizes the motor 

does the same for the platter. 
One of the problems one faces when 

applying feedback around a compliant 
member such as a flexible belt is that 

there is a considerable phase shift in 

torque transmission through the belt. If 

the platter slows down momentarily, a 

corrective signal is sent to the motor to 

speed it up, which it does. However, 

there can be an appreciable time lag, or 

at least a phase shift, between the time 

the motor responds and the time that re- 

sponse reaches the heavy platter. An 

even longer time lapse is required for the 

platter to respond because of its mass. If 

the process is applied carelessly, the re- 

sult is likely to be a system with a low -fre- 
quency oscillation (hunting) that would 

be unacceptable in a record player. Per- 

haps it was problems such as this that 

discouraged other manufacturers from 

using this system. 
Judging from the performance of the 

Model AF877, Philips has built the cor- 

rect phase shifts and loop gains into its 

servo because we found no sign of insta- 

bility. In a system such as this, one can- 
not expect the feedback to reduce flutter 
frequency components by very much, 

and we saw no evidence that that had 

been achieved (flutter was certainly low 

enough, but not unusually so). The feed- 
back action, given the available torque 

and platter mass, would seem to have 

been concentrated on maintaining the 

correct speed under a variety of static 
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load conditions. In this, it seems to have 

been very successful. 
Another feature, not exclusive to Phil- 

ips but nevertheless an example of Phil- 

ips' logical approach to product design, is 

the straight tonearm. Most tonearms 
have an 's" shape, in which the cartridge 
shell emerges from the end of the tone- 

arm at the correct angle to the line joining 
the stylus to the pivot to minimize track- 
ing error. Having the cartridge axis tan- 

gent to the tonearm's tube is an undeni- 
able manufacturing convenience, but it is 

the only advantage we can see to using 

an angled or S- shaped arm tube. Never- 

theless, many tonearm manufacturers at- 

tempt to assign other virtues to this 

shape when it has none. 
The shortest distance between two 

points is a straight line, and the shorter 
the length of a piece of tubing, the lower 

will be its mass. This is completely self - 
evident, and is the rationale for using a 

straight tubular tonearm if one wishes to 

reduce mass to a minimum. (The desir- 
ability of this will be evident to anyone 
who has warped records to play.) Unfor- 
tunately, the straight -tube tonearm re- 

quires that the cartridge be mounted at 

an angle. Also, to eliminate or reduce tor- 

sional resonance problems, it is desir- 
able that the stylus be on the tonearm's 
axis. This calls for a head shell that sup- 

ports the body of the cartridge at an an- 
gle to the tonearm, with its stylus in line 

with the arm, as Philips has done. 

This system works very well, as our 
tests have shown. Although it is not com- 

patible with the almost universally used 
plug -in headshell found on many other 
players, it is plain that Philips was less in- 

terested in compatibility than in making 

the best possible tonearm for its record 

players. What Philips has done adds to 

the total suitability of the Model AF877. 

0.1 gram over its full range. The track- 
ing error was also about as low as can 

be achieved with a pivoted arm of this 

length or measured visually with a 

protractor. It was less than 0.4 ° /in. of 

radius for radii between 21" and 6" 

(6.4 and 15.2 cm). The capacitance to 

ground in each signal output, includ- 

ing that of the integral cables, was a 

very low 70 pF. 

The success of Philips' efforts to re- 

duce tonearm mass was confirmed by 

our measurements. Including the car- 

tridge, which weighs 5.5 grams, the 

effective mass at the stylus location 

was only 16.5 grams. The net effec- 

tive tonearm mass of 11 grams was 

one of the lowest we have measured. 
(Most record -player tonearms have a 

mass of about 20 grams.) The low 

mass produced a 10 -Hz resonance 
with the rather high compliance of the 

Sonus stylus, which is an ideal fre- 

quency for avoiding warp tracking 
problems without loss of low bass re- 

sponse. The amplitude of the reso- 

nance was also very low at a mere 3 

to 4 db. 
The turntable flutter was not quite 

as low as rated, although this is very 

subject to differences in test records 

and interpretation of meter readings. 

The weighted peak DIN flutter was 

0.09 %, and the weighted rms JIS flut- 

ter was 0.07 %. On the spectrum 

analyzer, we could see that the flutter 

frequency components were concen- 
trated in the vicinity of 15 Hz. The 

rumble was a good -34 dB in an un- 

weighted (NAB) measurement and 

was principally at frequencies around 
8 Hz. When we measured it with 

ARLL weighting, which attenuates the 

measurement response below 500 Hz 

at a 6 -dB /octave rate, we obtained 
the very impressive figure of -66 dB. 

This ranks with one or two of the finest 
turntables we have previously mea- 

sured and is at least 6 dB lower than a 

typical good direct -drive turntable. 
The antiskating dial is completely 

off the tonearm. Hence, it can be ad- 

justed while playing a record for equal 

distortion in both channels with the aid 

of a special high -velocity test record. 
We found that the antiskating dial 

agreed closely with the tracking force 

setting and was within 0.25 grams. 

Most tonearms require that the anti - 

skating be set about 1 gram greater 
than the tracking force for best com- 

pensation. The cueing device worked 

smoothly, and the tonearm did not 

drift outward significantly during its 
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Performance Specifications 

Specification Rating 
0.05% DIN 
0.03% wrms 

Wow & flutter 

Rumble 

Pitch control range 

Arm tracking error (max) 

Bearing friction 

Resonant frequency 

- 50 dB DIN A 
- 70 dB DIN B 

±3% 

0.9 min /cm 
(0.38 ° /in.) 

Less than 15 mg 

10 Hz (with Philips 
test cartridge) 

Effective moving mass 16.5 g 

Measured 
0.09% DIN 
0.07% wrms (JIS) 

-34 dB NAB 
-66 dB ARLL 

Confirmed 

0.4 ° /in 

Not measured 

10 Hz (with Sonus 
Red Label cartridge) 

11 g 

descent; it repeated at most a second 
or two of the program. The automatic 
shutoff at the end of a record or when 
the REJECT contact was touched re- 
quired about 12 seconds to cycle 
through. 

The LED speed display gave a very 
clear indication of turntable speed. 
We noted that the center LED re- 
mained on over a small range of 
speeds, amounting to about ±0.3 %. 
However, when care was taken to set 
the vernier speed control in the center 
of that range, the actual speed was 

turntable speed 
displayed on array 
of nine red LEDs 

usually within 0.1% of the correct val- 
ue. The maximum range of the vernier 
was approximately the rated ±3 %. 

Because of the spring suspension 
of the platter and tonearm system 
from the mounting base, we expected 

the Model AF877 to be relatively in- 
sensitive to vibration conducted 
through its base. This proved to be the 
case, although it was not as thorough- 
ly isolated as some turntables we 
have tested that used very heavy 
bases on soft isolators. Nevertheless, 
the Model AF877 was above average 
for belt- driven record players in its iso- 
lation and was far better than most di- 
rect -drive players. The suspension is 
soft enough so that the entire turnta- 
ble can be rocked or jarred quite vig- 
orously while playing a record without 
causing the pickup to lose contact 
with the groove, even though there 
was usually a transient "wow." 

User Comment. We were very fa- 
vorably impressed with the total per- 
formance of the Philips Model AF877 
record player. It was exceptional in 
most of its measured characteristics 
with the rare quality of having every- 
thing work just as one would expect. 
In most record players we have used, 
there is at least something that re- 

quires "fudging" in order to achieve 
the desired results. For example, 
many tonearms, when balanced in the 
horizontal plane, do not give fully ac- 
curate force readings and must be 
checked against an external gauge. 
Most antiskating systems provide 
much less than the optimum correc- 

rumble measured 6 dB 
lower than typical 
direct -drive model 

tion when set to agree with the track- 
ing force setting. Many tonearms do 
not have accurate, unambiguous 
means to position the stylus for cor- 
rect overhang. These and other an- 
noyances were completely lacking in 
the Model AF877. This is an "all - 
together" record player that works as 
it should and whose performance in 
many respects is far beyond what one 
usually finds at its price. 

The Direct Control drive maintains 
the correct record speed even under 
rather heavy loads. Bearing down on 
the record with a cleaning brush or 
cloth may slow down the rotation mo- 
mentarily, but it recovers in a second 
or so, suggesting a healthy reserve of 
torque in the drive system. One of the 
most worthwhile benefits of the low - 
mass tonearm was its ability to track 
severely warped discs. In fact, the 
Model AF877 was able to play all of 
our severely warped records with no 
more drastic results than an occasion- 
al momentary "wow" or thump at the 
crest of the warp. 

We have tried to be as critical as 
possible, hoping to find something 
that was omitted from the Model 
AF877 or that did not pertorm up to 
expectations. If this record player has 
any flaws or "bugs," we failed to un- 
cover them. This is notable by any 
standards. 

CIRCLE NO. 101 ON FREE INFORMATION CARD 

H.H. Scott's Model 480A 
is a moderate -priced, 
high -performance, 85 -W /ch 
integrated amplifier 
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The Model 480A 
is the most pow- 
erful integrated 
stereo amplifier in 

the new line of au- 
dio components from H.H. Scott. It is 
rated to deliver 85 watts /channel into 
8 -ohm loads from 20 to 20,000 Hz 
with no more than 0.03% THD. It is 
also an exceptionally flexible and full- 

POPULAR ELECTRONICS 
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two phono 
preamps permit 
simultaneous 
recording and 

listening to 

different 
record players 

featured amplifier whose design re- 

flects the latest hi -fi trends. 
The amplifier's styling appears to 

be more in line with that of most inte- 
grated amplifiers currently available 
on the U.S. audio market, a departure 
from the somewhat "European" look 

of Scott components in recent years. 
The satin -aluminum- finish front panel 
shows off the brighter metal knobs to 

good advantage, and color signal in- 

dicators are used with restraint and 

good taste. 
The amplifier measures 17'W x 

141/4"D x 51 "H (43 x 33 x 13.2 cm) 

and weighs 29 lb (13 kg). Its suggest- 
ed retail price is $400. 

General Description. The electri- 
cal performance specifications of the 

Scott Model 480A, as discussed later, 

are clearly those of a top -quality audio 
amplifier. Physically, the amplifier has 

some special features, many of which 
are not unique individually but which 

are unusual in combination. For ex- 

ample, there are separate program - 

selector controls for listening and tape 
recording, with sources for two mag- 

netic phono cartridges, two tape 

decks, and two high -level inputs. The 
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input -selector knob's panel legends 

are supplemented by red lights that in- 

dicate which source is being heard. 

The two positions for the tape decks 

on the record selector are labelled to 

indicate their use for dubbing from 

either deck to the other. 
At least one other manufacturer 

(Yamaha) uses a somewhat similar 
system of independent listening and 

recording source selection, but Scott 
has gone even further by providing 
separate preamplifier sections for its 

two phono inputs. This gives a listener 

the option of taping from one record 

while listening to another, the latter 

played on a different turntable, of 

course. Advantage has also been tak- 

en of the dual preamplifier design to 

give each input slightly different con- 
trol features. PHONO 1 has separately 
adjustable input capacitance and re- 

sistance with controls on the front 

panel. Resistances of 30,000, 50,000, 

and 100,000 ohms are available, as 

are capacitances of 100, 250, and 400 

picofarads. PHONO 2 has fixed input 

loads of nominally 50,000 ohms and 

250 picofarads, but it has a two -posi- 

tion sensitivity switch (on the rear of 

the amplifier) that gives it nominal in- 

put sensitivities of 2.5 or 5 millivolts for 

rated output. 
The Model 480A's triple tone con- 

trols (BASS, MID, and TREBLE) are de- 

tented in 11 positions. A BY -PASS 

pushbutton switch is provided for rout- 

ing the program around all tone con- 

trol circuits simultaneously for flat re- 

sponse. The VOLUME control is 

stepped, its attenuation in decibels 
calibrated at intervals that increase by 

1 dB near the upper end of its range to 

4 dB near the bottom of the range. 

The BALANCE control has a detented 
center position too. A switch controls 
the MODE (NORMAL and REV STEREO 

and R and L channel and summed 
L + R MONO). The SPEAKER selector 
switch permits one to activate either, 
both, or neither of two pairs of speaker 
outputs. A separate position on the 

SPEAKER switch activates a PHONES 

jack on the front panel. 
The five remaining controls are lev- 

er switches. They include POWER, 

SUBSONIC, and HIGH filter switches. 
Both filters have the desirable 12 dB/ 
octave slopes in their cut -off regions. 

Another switch is for controlling LOUD- 

NESS compensation. The last switch is 

for inserting a signal -processing 
accessory -such as a noise reducer, 

expander, time -delay unit, equalizer, 

etc. -into (and removing it from) the 

program path through jacks on the 

rear of the amplifier. 
The Model 480A is protected 

against overloads, short- circuited out- 
puts, and internal failures by a relay 

that instantly disconnects the outputs 
from the loads if any dc component 
appears at the outputs. The relay and 

protective circuits also provide a turn- 

separate bass, 

mid, and treble 
tone controls 

on time delay of several seconds to 

prevent transients from reaching the 

speaker systems. A red PROTECTION 

indicator comes on when the relay is 

tripped. 
The two output level meters are ca- 

librated in watts and dBW (decibels 
referred to 1 watt). They have a fairly 

fast attack and a slower decay time so 

that they tend to follow program level 

contours. They are calibrated to indi- 

cate only the order of magnitude of 

the output power into 8 -ohm loads, 

over a range of from 0.001 to 100 

watts, in decade steps. 
On the rear apron of the amplifier is 

a DIN socket that duplicates the func- 

tions of the TAPE 2 inputs and outputs. 
Insulated spring clips are used for the 

speaker outputs. Two accessory ac 

outlets are provided, one of which is 

switched. An output -power slide - 

switch selector that can be accessed 
with a screwdriver through a hole in 

the rear apron, can reduce the 85 -watt 
maximum output of the amplifier to 55 

watts. The ac line cord is separate, 
and plugs into a three -pin socket on 

the rear apron. 
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Laboratory Measurements. The 
one -hour FTC preconditioning period 
with both channels of the amplifier 
driven at one -third rated power at 
1000 Hz into 8 -ohm loads left the 
Model 480A only mildly warm to the 
touch. The 1000 -Hz power output at 
the clipping point was 105 watts/ 
channel, for an IHF clipping headroom 
rating of 0.92 dB. IHF dynamic head- 
room rating was 1.91 dB, since the 
amplifier could deliver 132 watts in a 
20 -ms burst before clipping occurred. 
(The continuous clipping outputs into 
4 and 16 ohms were 136 and 69 
watts, respectively.) 

Distortion at 1000 Hz was very low 
and virtually constant with power. (It 
was also notable for being purely sec- 
ond harmonic, and we never were 
able to detect any higher order distor- 
tion components down to our mini- 
mum resolution level of about 
0.003 %.) For all outputs between 0.1 
and 90 watts, the distortion was be- 
tween 0.007% and 0.008% and 
reached 0.014% at 100 watts. Inter - 
modulation (IM) distortion was only 
slightly greater, measuring between 
0.008% and 0.015% at most usable 
power levels between 1 and 30 watts. 
It rose to 0.043% at 0.1 watt (and 
even higher in the milliwatt range), 
and more slowly at higher power out- 
puts to a low 0.035% at 100 watts. 

At 85 watts /channel, distortion was 
about 0.01% over most of the audible 

1000 -Hz power 
output clipped 
at 105 W /ch 
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Product Focus 
The Scott Model 480A has several inter- 
esting circuit features, including the 
placement of the SUBSONIC and HIGH au- 
dio filters in the power -amplifier feedback 
loop to minimize the amount of circuit 
complexity without loss of performance. 
The phono preamplifiers employ a three - 
stage configuration, with two transistors 
providing voltage gain and the third oper- 
ating as an emitter follower to provide 
current gain for the feedback network. A 
direct result of this is the elimination of 
slew- induced distortion at high frequen- 
cies. This can be inferred to some extent 
from our measurement of the phono- 
overload limit, which was as great at 
20,000 Hz as anywhere else in the audio 
range. 

The power amplifiers use a current 
mirror loaded differential pair for the in- 
put, coupled to a class -A voltage amplifi- 
er with a constant collector load. Follow- 
ing the voltage amplifier are fully comple- 
mentary Darlington- connected driver and 
output transistors. The input differential 
transistors are in a single package to 
match their thermal drifts and minimize 
dc offset. (The amplifier is direct coupled 
to the speakers and within its own feed- 
back loop.) 

We have no detailed information on 
the power limiter circuit that converts the 
85 -watt amplifier to a 55 -watt amplifier 
with a simple switch operation. Such fea- 
tures have been used from time to time 
on other amplifiers, but in this case it is 
not easy to appreciate its benefits. The 
power reduction (about 1.9 dB) is hardly 
enough to make the difference between 
safe and unsafe operation of one's 
speaker systems. In fact, it is difficult to 
conceive of a speaker system good 
enough for use with this amplifier that 
would not be able to safely accommo- 
date its full power. 

frequency range. It reached 0.014% 
at 20,000 Hz. Below 100 Hz, the read- 
ings followed the increasing distortion 
in our signal generator, which was 
about 0.025% at 20 Hz -well within 
the amplifier's ratings, and really 
mostly in the input signal itself. At low- 
er power levels, distortion was slightly 
lower. Output power meters were cali- 
brated with reasonable accuracy at 1 

and 10 watts output. 
To drive the amplifier to a 1 -watt ref- 

erence output, 15 mV was required at 
the high -level input. The A- weighted 
S /N, referred to 1 watt, was 78.2 dB. 
Phono sensitivity was 0.21 mV on 
PHONO 1 and PHONO 2 (HI), with a 77.4 
dB S/N and a clipping input of 350 mV 
at 1000 Hz. The LO sensitivity setting 
for PHONO 2 yielded a 0.47 -mV sensi- 
tivity, with a huge 690 -mV overload 
capacity. We also checked the phono 
overload limits at 20 and 20,000 Hz. 
After correcting for the RIAA equaliza- 
tion response, we determined that the 
phono preamplifier dynamic range 
was uniform throughout the entire au- 
dio band. 

The IHF slew factor, measured 
through the high -level inputs, was in 
excess of 25. This means that when 
we drove the amplifier to rated output 
at 1000 Hz and maintained the same 
drive level, the 500 -kHz upper limit of 
our signal source was reached with- 
out visible waveform distortion on the 
output signal (500/25 = 20 slew fac- 
tor according to IHF -A -202, 1978). 
The low -level gain of the amplifier de- 
creased with increases in frequency, 
at a rate that prevented any possibility 
of slew- induced distortion from audio - 
band signals. 

(Continued on page 31) 
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"The thrill you l 
Get back to it in the Air Guard:' 

David Janssen 

The roar of a jet engine. A blip on a radar screen in a darkened room. The crackle 
of voices over a communications center radio. The satisfaction of an important :ob 
well done.. 

The excitement you left behind you can find aga_n, in the Air National Guard. 
And you'll find a lot more, too. Good pay Insurance and retirement. Advanced skills 

training. 
If there's room in your lice for a little of that old excitement, there's 

room for you in the Air Guard. 
See your local Air Naticnal. Guard recruier. Or call us, toll -free 

Hawaii 
(except in Alaska, We, Guard GUAR D Haii and Puerto Rico). In 

AIR 
NATIONAL 

Maryland, call 301- 981 -3610. America's Skies. The Guard belongs. 
CIRCLE NO. 32ON FREE INFORMATION CARD 
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Completely 
pre -assembled 
and pre -tuned 
Just take it out of 
the package, and 
install it on the 
car. No tuning 
necessary... 
check it out with 
a watt meter and 
see for yourself' 

Super -good looking 
low silhouette 
design. 
Your choice of 
cup colors 
design- coordinated 
to late -model cars. 

SIERRA 
BRONZE 

DIAMOND -FIRE 
BLACK 

ATLANTIS 
BLUE 

FIRETHORN 
RED 

60 Stainless steel 
tapered whip... 
and NO spring 

SNOWCAP 
WHITE 

CLASSIC 
SILVER 

AS 
SHOWN 

AND 
CRYSTAL 

CLEAR 

Magnet 
Mount 

These new 
PersuaderA ntennas 
low profile, extra long whip 
deliver performance 
equal to, or better than 
anything else on the road! 
There's a hand -wound, hand -tuned 
coil in the cup... 

a major advance in 
antenna technology 
from the Antenna Pros 
field tested and 
field proven by 
thousands of CBers 

Only $34 98 suggested retail. Compare 
with K -40 at $38.50 or any other antenna. You'll see 
there's no comparison. 

5 year guarantee 
Materials and workmanship of PERSUADER ANTENNAS 
(Models13505 &17605) are guaranteed for a full five years 
if this antenna is installed by the dealer and a full three years 
if this antenna is installed by the consumer. 
Any part that fails within the guarantee period will be replaced absolutely free 
provided the registration card has been completely filled out and returned to 
Antenna Incorporated. 

A word from the Old Pro: 
When you buy this antenna, 
my reputation ... built over 38 years in 
the antenna business,.. will be riding on 
your roof. I'm confident that the 
Persuader Antennas will persuade you ... 
you've chosen the Best. 

M.R. Friedberg, President 
Antenna Incorporated 

In stock at your dealer now... 
or call the Antenna Hotline ...1- 800 -447 -4700. 
(Illinois:800- 332 -4400; Sorry, no Hotline service in Alaska or Hawaii). 

Charge to Visa or Master Charge... and we'll 
have your nearest dealer ship your Persuader 

Antenna promptly, in the mount and color of your choice. Hotline 
orders add $1.50 for shipping and handling. Applicable local 
taxes extra. Allow 2 to 4 weeks for delivery. 

The family of fine antennas from the fine antenna family. 
it"incorporated 

n na 
26301 Richmond Road, Cleveland, Ohio 44146 (216) 464 -7075 

In Canada, Cardon Import Canada Ltd., PO. Box 937 Hamilton, Ontario L8N 3P9 

Antenna Incorporated, International Division, PO Box 1002 Rockville Centre, New York 11571 
CIRCLE NO. 6 ON FREE INFORMATION CARD 
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These features will 
persuade you... 
The Persuader'" Antenna 
is Your Best 
Antenna Choice 
60" Stainless Steel Tapered 
Whip...and No Spring 

The super -long whip increases the aperture of the 
antenna. This increases 

the signal capture area on reception 
the transmit signal and radiation intensity at the 

horizon 
bandwidth to well over a 40- channel capability 

The .125" diameter whip is tapered, so shock is 

distributed evenly. There's no spring to stretch, 
break, or bend the whip away from the straightest 
possible upright position. 

Exclusive coil -in -cup design 

Loading of most low- profile antennas is by a simple 
printed circuit board that can't be tuned and will 
eventually burn out. These new Persuader anten- 
nas are completely pre -assembled and pre -tuned 
and feature an actual hand -wound, hand -tuned 
copper wire loading coil tested with 500 watts, 
rated at 100 watts continuous. It's even more effi- 
cient than our base -loaded coils because it's 
wound to a larger diameter, with fewer turns. 

This unique design also involves fewer mechani- 
cal and electrical connectors -fewer resistive con- 
tacts between loading coil and cable termina- 
tions -less chance for dust, moisture or road 
gunk to contaminate the contacts. 

This concept has been field tested by thousands 
of CBers in our Model 13503 (shorter whip, plain 
white cup). Your good buddies will tell you every- 
thing we say about it is true. 

Available with Trunk -Lip or 
Magnet Mount 

for performance: 
SWR of 1.5:1 or less across all 40 AM and SSB 

channels. 
Shunt -fed loading coil is DC grounded for quiet 

performance: bleeds off static from rain, snow, air 
particles. Performance is virtually identical to body 
mount antennas. 

Center -roof placement of magnet mount pro- 
vides your most uniformly omni -directional signal. 
(Can also mount on trunk lid). 

Unique Antenna Incorporated design provides 
capacitive coupling. Aluminum plate puts the 
ground potential right at the mounting surface. 

for convenience: Magnet and trunk lip, 
the two easiest installations! Place the antenna 
where you want it, plug the cable into the trans- 
ceiver. No holes to drill. Readily removed for anti- 
theft protection. Magnet mount supplied with 12' 
RG -584U coaxial cable with PL -259 type connector; 
trunk lip mount with 17' of cable. 

for magnet mount adherence: 
Heavy -duty 21/2" magnet in plastic cup with soft 
rubber gasket. Holds at top highway speeds of 55 
mph. (Trunk lip mount recommended for vinyl roof 
cars.) Since it won't walk, it won't detune! "Oil- 
can" effect of cup; resting on gasket, provides a 

larger magnet plane than if the magnet itself were 
touching the surface -yet there's less weight on 
the car, less scratch potential. 

All magnet mount benefits 
are standard... 
not an extra -cost accessory! 
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(Continued from page 26) 

Tone controls were flexible enough 
for almost any purpose. The bass 

turnover frequency was variable, 

while the treble- response curves were 

hinged at about 2000 Hz. The max- 

imum midrange adjustment of about 

±6 dB provides useful tone -control 

action, without the possibility of pro- 

ducing bizarre effects. The response 
of the SUBSONIC filter was down 3 dB 

at 20 Hz, 12 dB at 10 Hz, and 27 dB at 

5 Hz. The response of the HIGH filter 

was down 3 dB at 7000 Hz. Both fil- 

ters had the rated 12 dB /octave 
slopes. 

Loudness compensation was rela- 

tively mild. It boosted both the lows 

and the highs but had no effect until 

the VOLUME control was well into the 

lower half of its range. The RIAA pho- 

no equalization response was within 

±0.5 dB from 20 to 20,000 Hz. When 

measured through the inductance of a 

typical phono cartridge, the phono re- 

sponse rose slightly at high frequen- 
cies, to a maximum of +2 dB at 

10,000 Hz, before returning to normal 
at 20,000 Hz. The input resistance of 

the PHONO 1 circuit measured 32,000, 
47,000, and 72,000 ohms, with a ca- 

pacitance of 130, 300, and 500 pF. 

The input impedance of the PHONO 2 

circuit was 47,000 ohms shunted by 

280 picofarads. 

User Comment. Impressive as its 

measured performance was, the Scott 
Model 480A amplifier impressed us as 

being somewhat more than the sum of 

its parts. This is difficult to appreciate 
from a mere listing of the manufactur- 
er's specifications and our test results. 
We found no weaknesses in the am- 
plifier or any respects in which it fell 

Performance Specifications 

Specification 
Continuous power 

into 8 ohms, 20- 20,000 Hz 

IM distortion at rated 
power 

Frequency response ( ±0.5 dB) 

Power bandwidth at 3 dB 

Damping factor (1 kHz, 8 ohms) 

Input sensitivity (rated out) 

Phono 
High level 

Maximum input voltage 
Phono 
High level 

Signal -to -noise ratio 
(shorted input, A -wtd) 
Phono 
High level 

Tone control range 
BASS (100 Hz) 
MID (1 kHz) 
TREBLE (10 kHz) 

Filter attenuations (12 dB /oct) 
HIGH (8 kHz) 
SUBSONIC (18 Hz) 

RIAA tolerance (20- 20,000 Hz) 

Rating 
85 Watts at 0.03% 
THD 

0.03% 

20- 20,000 Hz 

10- 40,000 Hz 

At least 100 

2.5 mV 
150 mV 

180 mV 
10V 

90 dB re. 10 mV 
95dB 

10dB 
6 dB 

± 10dB 

3 dB 
3 dB 

± 0.5 dB 

Measured 
Confirmed 

Confirmed 

Confirmed 

Not checked 

Not checked 

(for 1 watt out, IHF- 
A -202, 1978) 
0.21 mV 
15 mV 

360 mV 

at least 10 V 

(A -wtd, IHF -A- 
202, 1978) 
77.4 dB re. 1 watt 
78.2 dB 

+9/ -10 dB 
Confirmed 
+8.5/ -10 dB 

7 kHz / -3 dB 

20 Hz / -3 dB 

+0/ -0.5 dB 
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fact: 
February and March are 
be-kind-to-your-records/ 
check - your -stylus months... 

FREE ! Stylus inspection and 
cleaning wherever you see this sign: 
A cartridge is forever -your stylus isn't! Even 
though you can't see stylus wear, it affects the per- 
formance of your entire hi -fi system. A worn stylus 
could even ruin your records! We urge you to have 
your stylus professionally inspected no less than 
once a year. 

During February and March, audio dealers dis- 
playing this sign will have trained personnel and 
the equipment necessary to examine your stylus 
for wear or damage. They'll professionally clean 
your stylus and tell you if it's time to replace it. 

V stylus cleaning brush 
A practical and safe way to clean your stylus! 
Synthetic bristles with the right amount of stiff- 
ness to remove dust and lint buildup effi- 
ciently without damaging the stylus tip. 
Free when you have your stylus in- 
spected at a participating Shure 
dealer. 

Bring your cartridge back to original specs 
The performance of your cartridge depends largely on the stylus assembly and only 
a genuine Shure replacement stylus can restore your cartridge to its original perform- 
ance! Give your record collection the protection it deserves, insist on the words "This 
Stereo Dynetic^ stylus is precision manufactured by Shure Brothers Inc" on the 
box, and the name SHURE on the replacement stylus you buy. Don't settle for sub- 
stitutes -your record collection is too valuable! 

FI 

SPECIAI, NOTE: 
Genuine Shure replacement 
styli are available for virtually 
all Shure stereo magnetic car- 
tridges- whatever their age. If 
your dealer doesn't have yours. 
write to us. 

Replacement styli by... 

Shure Brothers Inc. 222 Hartrey Ave. Evanston, IL 60204 
In Canada: A.C. Simmonds & Sons Limited 
Manufacturers of high fidelity components, 

microphones, sound systems and related circuitry. 
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below an "excellent" rating. There 
were no minor "bugs," such as 
switching transients, uneven control 
operation, ambiguous control labelling 
or operating instructions, or other an- 
noyances that manage to appear in 
most products we test, no matter how 
good their overall performance. 

Although we are usually less than 
enthusiastic about loudness controls 
(at least, those that do not include a 
separate overall gain adjustment), we 
even found the loudness compensa- 
tion of this amplifier to be pleasing and 
listenable. This may have been due in 
part to an accidental combination of 
speaker efficiency and incoming sig- 
nal levels, but we suspect it is also 
connected with Scott's use of a very 
mild boost at low frequencies instead 
of the exaggeration of so many loud- 
ness compensating circuits. 

one of the best 
performers in its 

price /power class 

Needless to say, in listening to the 
Model 480A, we never heard anything 
but what was present in the program. 
Many of the sonic properties attribut- 
ed to audio components are really re- 
lated to the system as a whole. With 
the Scott Model 480A, in combination 
with the Philips Model AF877 record 
player and a Sonus cartridge, as an 
example, we could operate the sys- 
tem at maximum gain without a trace 
of audible hiss or hum more than a 
few inches from the speaker systems. 
Perhaps this was merely a fortuitous 
combination of components, but we 
found it to be completely in harmony 
with our impressions of the Scott am- 
plifier from other tests and use. This is 
the sort of behavior one hopes to ex- 
perience in a very expensive, highest 
quality music system, but encounter- 
ing it in a moderate -priced system is 
worthy of special mention. 

If none of the unusual features of 
the Scott Model 480A is of special im- 
portance to you, just think of this am- 
plifier as one of the best performers in 
its price and power range, and by all 
means include it in your buying con- 
siderations. To us, the Model 480A 
bodes well for the successful reemer- 
gence of H.H. Scott as a factor in the 
American audio market. 

CIRCLE NO. 102 ON FREE INFORMATION CARD 
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YOU'RE R ING POPULAR ELECTRONICS. 
That already says a lot about you. That you're 

fascinated by the diversity of electronics. 
Everything from microcomputers to audio, from 

construction projects to ham radio. Who 
knows what area of electronics will catch your 
interest next? That's why you read P.E. To keep 

in touch with all that's new and best in the 
many worlds of consumer electronics. 

Popular Electronics 
WV)rld's largest -selling electronics magazine 

MARCH 1979 
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ALL NEW AND ADVANCED DMM 
by Sabtronics 

for only $89.50 

sabtronics (E) 
6tODfi 70104 DIG11Ai 0.UiitiMflfR 

The new and advanced Sabtronics Model 
2010A is absolutely amazing ... it gives 
you more performance, features and 
accuracy at a price no other Digital Multi - 
meter can approach. It is versatile and 
rugged, for bench and portable use, with 
laboratory standard accuracy. 

Greater Long -Term Accuracy 
State -of- the -Art design features include 
a laser- trimmed decade resistor net- 
work and an ultra -stable band -gap refer- 
ence element to insure long -term 
accuracy. Basic DCV and Ohms accuracy 
is 0.1% ±1 Digit, guaranteed for one 
year. With 31 ranges and 6 functions 
you can measure AC and DC volts from 
100 µV to 1000V; AC and DC current 
from 0.1µA to 10 A; resistance from 
0.111 to 20 Mo. 

Unique X10 Multiplier Switch 
This exclusive feature of the Model 
2010A gives you a convenient means of 
selecting the next higher decade range. 
The Hi -Lo Power Ohms capability gives 
you three High -ohm ranges that supply 
enough voltage to turn on a silicon junc- 
tion for diode or transistor testing. 
Measure in- circuit component resistance 
with three Low -ohm ranges. 

Touch and Hold Capability 
The optional touch and hold probe allows 
you to make measurements in hard-to- 
reach places without taking your eyes 
off the probe tip. A button on the probe 
retains the display reading after the 
probe tip is removed from the test point. 

Other Important Features 
This quality instrument includes an ACV 
Frequency Response of 40 Hz to 40 
kHz, automatic polarity, automatic zero, 
automatic decimal point, overrange 
indication, and overload protection on 
all functions and ranges. The bright LED 
display gives readings to ±1999 and is 
easy to read in dim light or bright light. 

Reliability and Performance at 
Low Cost 
The Model 2010A is factory tested, cali- 
brated and is supplied complete with 
test leads, probes and detailed operating 
manual. A full compliment of optional 
accessories is available to increase the 
versatility of your 2010A DMM. Because 
you buy factory direct, you get this high - 
quality, full performance instrument at 
an incredibly low price of only $89.50. 

Designed and made in U.S.A. 

Brief Specifications 
DC Volts: 1000/ to 1000V in 5 ranges 
AC Volts: 100µV to 1000V in 5 ranges 
DC Current: 0.1µA to 10 A in 6 ranges 
AC Current: 0.1µA to 10 A in 6 ranges 
Resistance: 0.1 Si to 20 Mil in 6 ranges 
Diode Test Current: 0.1äA, 10µA, 1 mA 
ACV Frequency Response: 40Hz to 40kHz 
Input Impedance: 10 Mi. on ACV and DCV 
Overload Protection: 1200 VDC or RMS on all 
voltage ranges except 250 VDC or RMS on 100mV 
and 1 V AC ranges. Fuse protected on ohms and mA 
ranges. 
Power Requirement: 4.5 to 6.5 VDC (4 "Ccells) 
optional NiCd batteries or AC adapter /charger 
Display: 0.36" (9.2mm) Digits reading to ±1999 
Size: 8 "W x 6.5 "D x 3 "H (203 x 165 x 76 mm) 
Weight: 1.5 lbs. (0.68kg.) excl. battery 

(Batteries not included) 

Orders Yours Today 
Call us with your Mastercharge or Visa 
order or use the convenient order form 
to take advantage of this special intro- 
ductory offer. 

Making Performance Affordable sabtronics 
1 3426 Floyd Circle M/S 24 Dallas. Texas 75240 

Telephonro 21 4/783 -0994 

To: Sabtronics International, Inc., 13426 Floyd Circle M/S 24, Dallas, TX 75243 
PLEASE SEND ME THE FOLLOWING: 

Model 2010A Digital Multimeter(s) O$89.50 S 

AC Adapter/Charger(s).. 
. . @$ 7 50 S 

Nickel- Cadmium Battery sets Psi 7.00 $ 

Touch -and Hold Probes 0$18.00 $ 

For delivery in Texas, add Sales Tax $ 

Shipping, Handling and Insurance per unit $4.00' S 

Money Order, or bill my Master Charge Visa TOTAL $ 

Expiry Date 

'J Check enclosed 

Account No. 

Name 

Street 

City 
*Continental U.S. only 

State Zip 
AK. HI S PR, $5.00. Canada: $6.50. Foreign: $19.00 Airmail. PE 3 
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NOW YOU can literally sit back and 
read messages sent in Internation- 

al Morse even if you don't know the 

code. The "Morse -A- Word" project pre- 

sented here automatically converts in- 

coming dits and dahs from a communi- 
cations receiver or telegraph key into al- 

phanumeric symbols for display on a 

multicharacter LED readout. The display 
operates in moving- character fashion to 

make it easy to read the messages. 
With this project, SWLs can listen in 

on commercial and amateur code traffic. 
And for beginning as well as veteran ra- 

dio amateurs, the Morse -A -Word makes 

an excellent operating and code -training 
aid. Cost of a complete kit including a 

prepunched and lettered chassis and 

two two- character displays is $150. One 

or two additional displays can be added 

at moderate cost. 
This project is similar to the Morse -A- 

Letter featured in the January 1977 is- 

sue Of POPULAR ELECTRONICS. Its dis- 

play capability has been expanded, 
however. At the builder's option, the 

Morse -A -Word can display two, four, six 

or eight characters simultaneously. All 

BY GEORGE STEBER 

The 

PART ONE: Theory and 
System Operation 

LED readout displays words and numbers 
when Morse code is received 

h, 1 ! 1 1- h/! 1 
ld1 i 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


RECEIVER 
AUDIO 

111110-- BAND -PASS 
FILTER 

TONE DECODER 
PHASE -LOCKED 

LOOP 

SCHMITT 
TRIGGER 

SI' F AK E II 

ADJUSTABLE 
CODE -SPEED 

CLOCK 

KEY -UP 

COUNTER 

SERIAL/ 
PARALLEL 

SHIFT 
REGISTER 

MORSE 
TO DISPLAY 
CONVERTER 

ONE-SHOT 

Fig. 1. Block diagram of the Morse -A -Word system shows how 
the incoming signal in code is processed for alphanumeric display. 

characters -letters, numerals, punctua- 
tion marks and, if desired, word 
spaces -are displayed and shifted from 
right to left as new ones stream in. 

Double -sided pc boards hold the LED 
display and main decoder circuits. A sin- 
gle- sided board accommodates the 
power supply. 

It should be mentioned at the outset 
that the reliable conversion of Morse 
code radio signals into alphanumeric 
characters is not easy. Signal fading, at- 
mospheric and man -made noise, and 
human errors present major difficulties. 
Consequently, no device can perfectly 
decode all received signals all of the 
time. The highly sophisticated Morse -A- 
Word circuit has been designed to pro- 
vide a very high degree of accuracy, 
however, and will do a very creditable 
decoding job in far -from -ideal situations. 

System Analysis. A block diagram of 
the Morse -A -Word is shown in Fig. 1. 

The complete schematic of the main de- 
coding circuit is in Fig. 2, and the display 
circuit is shown in Fig. 3. 

EIGHT - 
CHARACTER 

MOVING 
LED DISPLAY 

PARTS LIST: MAIN DECODING CIRCUIT 

C1,C2,C5,C10,C12,C15,C17,C18 through 
C21,C23 -0. I- or 0.05 -µF disc ceramic 

C3, C7- 22 -p.F, 10 -volt tantalum 
C4- 0.05 -µF disc ceramic 
C6,C9,C11- 0.01 -1IF Mylar 
C8 -1 -µF, 10 -volt tantalum 
C 13 -O.22 -µF Mylar 
C 14- 6.8 -µF, 10 -volt tantalum 
C16-0.47 -p-F, 10 -volt tantalum 
C22 -27 -pF disc ceramic 
D I,D2,D3 -1 N270 germanium diode 
ICI, IC2 -7495 4 -bit shift register 
IC3,IC6, IC 15,1C 17 -74161 4 -bit counter 
IC4,IC8 -741 operational amplifier (8 -pin mi- 

ni -DIP) 
IC5 -74174 hex D flip -flop 
IC7 -7414 hex inverting Schmitt trigger 
IC9,IC 10 -7489 64 -bit RAM 
ICI 1 -74121 monostable multivibrator 
1C12 -555 timer 
1C13 -567 PLL tone decoder 
IC14 -1702A PROM 
IC 16 -7402 quad 2 input NOR gate 
IC18 -7483 4 -bit binary adder 
IC 19 -7485 4 -bit magnitude comparator 
J I ,J2 -Phono jack 
LEDI, LED2 -Red light- emitting 

diode 

QI- 2N3823 n- channel JFET 
The following are 1/4-watt, 10% tolerance fixed 

resistors. 
R I ,R4,R27 -220 ohms 
R2- 10,000 ohms 
R3,R13,R15- 470 ohms 
R5- 15,000 ohms 
R6,R 17,R21 through R26 -1000 ohms 
R7- 150,000 ohms 
R8 -330 ohms 
R10-680 ohms 
RlI,RI9 -6800 ohms 
R 12- 270,000 ohms 
R 16- 47,000 ohms 
R 18- 12,000 ohms 
R9,R14- 500-ohm pc trimpot 
R20 -5000 -ohm pc trimpot 
R28 -500 -ohm linear -taper potentiometer 

with ganged spst power switch 
S I -Spst slide or toggle switch 
SPKR -8 -ohm dynamic loudspeaker 
Misc.- Printed circuit board, IC sockets or 

Molex Soldercons, suitable enclosure, LED 
holders, pc standoff insulators, control 
knob, machine hardware, hookup wire, sol- 
der, etc. 

Note -For parts and kit ordering information, 
refer to the Parts Availability list. 

36 
POPULAR ELECTRONICS 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


+ mÑ 

+ 

R0- 
U w 

N N 
U m H 

+ 
Uti 

m 

v.vlinYmrlLól-I 

cap Hh 

-0 

- 
1D H m 0 

> 

+ 

m o 

-1HI 
U U ,ZZ 

OLL 
N 1 

> U- 

+ 

a 

N 

M 

U 

+ 

U 
2 

U 

o 

C1 p 
o a wa 

_ N J J p .-->-+F I I I 

+ 

Fig. 2. Schematic diagram of the main decoder circuit. If the audio 
output of a radio receiver is used, it is applied to Jl. An input 
from a telegraph key is applied to J2. Parts list is on facing page. 
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Fig. 3. Schematic diagram of the display circuit. 
Letters on incoming lines correspond to similar points 

R3,R2, in Fig. 2. If less than four display units are used, 
R10,R11=1o11 start by omitting DIS1, then DIS2, etc. 
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Referring to Fig. 1, the audio output of 
a radio receiver is applied to an agc 
stage which limits the amplitude excur- 
sions of the input signal. The output of 
the agc stage drives an active bandpass 
filter whose response is centered at 
1200 Hz. A tone decoder with a phase - 
locked loop, whose response is also 
peaked at 1200 Hz, receives signals 
from a bandpass filter and demodulates 
them. This decoder generates a low 
voltage when the transmitter's telegraph 
key is down and a high voltage under 

38 

key -up conditions. A low -pass filter 
smooths the output of the tone decoder 
and can accept a telegraph key input for 
code practice use. 

Further signal processing is per- 
formed by a Schmitt trigger which 
"squares up" and inverts the signals ap- 
plied to it. At the output of the Schmitt 
trigger, a logic 1 corresponds to a key - 
down condition, and a logic zero to a 
key -up condition. Signal processing is 
now complete, and clean, TTL- compati- 
ble Morse signals are availabte to the di- 

A A 

117VAC 

Fig. 4. Schematic diagram of power supply circuit. 
The main decoder requires 750 mA at 5 volts and 
20 mA at -8.2 volts. Display is best with 8 -volt supply. 

PARTS LIST: DISPLAY CIRCUIT 

C I ,C2-O. I - or 0.05 -µF disc ceramic 
DIS1 through DIS4 -IEE 1785R dual al- 

phanumeric LED display 
ICI ,IC4 -75491 MOS -to -LED display driver 
IC2,1C3 -7445 or 74145 BCD -to- decimal de- 

coder /driver 
The following are 1/4-watt, 10% tolerance fixed 

resistors. 
R I ,R4,R5,R8,R9,R 12,R 13,R 16 -1000 ohms 
R2,R3,R6,R7,R 10,R 1 I ,R 14,R 15 -10 ohms 
Misc.- Printed circuit board, Molex Solder - 

cons for displays, Soldercons or IC sockets 
for driver ICs, red bezel for displays, solid 
hookup wire, solder, etc. 

Note -For parts and kit ordering information, 
refer to the Parts Availability list. 

PARTS LIST: POWER SUPPLY 

C I ,C2- 2200 -11,F, 16 -volt upright electrolytic 
C3- 1000 -p,F, 10 -volt upright electrolytic 
C4- I000 -µF, I6 -volt upright electrolytic 
Dl- 1N5232 5.6 -voll zener 
D2-1N756 8.2 -volt zener 
Fl -I1- ampere fast -blow fuse 
Ql- 2N6121 npn tab (TO -220) transistor 
RI-68 -ohm, 1/2-watt, 10% resistor 
R2 -47 -ohm, 1/2-watt, 10% resistor 
RECTI -I- ampere, 50 -Ply modular bridge 

rectifier 
Sl -Spst power switch (part of main circuit 

R28) 
T1 -I2.6 -volt, 2- ampere center -tapped trans- 

former (Stancor P8130 or equivalent) 
Misc.- Printed circuit board, pc -mount heat 

sink for QI, silicone thermal compound, 
fuseholder, pc standoff insulators, line cord 
and strain relief, hookup wire, machine 
hardware, solder, etc. 

Note -For parts and kit ordering information, 
refer to the Parts Availability list. 
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gital decoding circuits. 
The digitized Morse is first applied to 

two counters. One counter, but not both, 

will be enabled to count, depending on 
whether the key is up or down. These 
circuits count at a rate dependent on the 
frequency of an adjustable code -speed 
clock. The clock frequency should be 

adjusted to match the speed of the in- 

coming code, but this adjustment can be 

off by as much as ±50% and still result 
in solid copy. 

Whenever the key -up counter detects 
an element space, a condition that oc- 
curs when it counts less than eight clock 

pulses, it serially transfers a logic 0 or 1 

to the next stage, an eight -bit serial /par- 
allel shift register. The latter is always 
initialized with the binary word 
00000001 so that the beginning of each 
Morse character will be uniquely decod- 
able. Whether a logic 1 or 0 is trans- 
ferred to the shift register in subsequent 
steps is determined by the condition of 

the key -down counter, which distin- 
guishes between dits and dahs. If the 
key -down counter counts more than 
seven clock pulses, the code element is 

a dah and a logic 1 is transferred to the 

shift register. Otherwise, it is a dit and a 

logic 0 is transferred to the shift register. 

The detection scheme is similar to that 
employed in the Morse -A- Letter, and 

has been found to be very reliable. 
This procedure continues until the 

key -up counter detects a space longer 
than an element space (longer than sev- 

en clock periods), whereupon the circuit 
determines that a complete character 
has been sent. The unique binary code 
present in the shift register can now be 

transferred to a latch for decoding and 

display. However, if the key -up counter 
continues to count more than 15 clock 
pulses, this is interpreted as a space be- 

tween words and a blank character is in- 

serted in the latch after the last charac- 
ter is received. Because many CW sta- 
tions do not send word spaces, the cir- 
cuit contains a switch to defeat the word - 

space feature. 
A 16- element RAM (in which only 8 

elements are used) stores the Morse 
characters obtained from the latch. The 
RAM is synchronized to the eight - 
character display by an address counter 
and a ROM which decodes the Morse 

characters for display. A standard multi- 
plexed circuit is employed for display of 
stored characters, which appear on IEE 
1785R two- character LED displays. The 

PARTS AVAILABILITY 

The following are available from Microcraft 
Corp., Box 513, Theinsville, WI 53092: 

No. MAWK -1. Complete kit of parts, includ- 
ing prepunched and lettered cabinet and two 

dual- character IEE 1785R LED displays, 
$149.95. (One or two additional dual - 

character displays can be ordered at the 

builder's option.) 
No. EPK -I. Essential parts kit including two 

(main and display) pc boards, prepro- 

grammed ROM, all ICs, sockets, resistors 

and capacitors, one dual- character IEE 

1785R LED display, but not including pow- 
er supply, hookup wire, solder, loudspeak- 
er, enclosure, control knob, jacks and mis- 

cellaneous hardware, $99.50. 
No. PCBK -l. Set of three (main, display and 

power supply) pc boards, $24.00. 
No. MB -l. Etched and drilled, double -sided, 

glass epoxy main pc board with plated - 

through holes, $12.50. 
No. DB -1. Etched and drilled, double- sided, 

glass epoxy display pc board with plated - 
through holes, $7.00. 

No. PSB -1. Etched and drilled, glass epoxy 
power supply pc board, $5.50. 

No. PSK -I. Power supply kit, including pc 

board and all components, $22.00. 
No. Rom -I. Preprogrammed 1702A ROM, 

$10.00. 
No. DSP -1. One dual -character IEE 1785R 

LED display, $9.00. 
No. CAB -I. Prepunched and lettered enclo- 

sure, $17.00. 
No. CT -1. Alignment and code practice cas- 

sette tape, $6.00. 
Prices include shipping and handling within 

the continental USA. Wisconsin residents, 

add 4% sales tax. 

Photo shows internal assembly of the author's prototype. 
Display board is on front panel, power supply on back. 

circuit has been designed to provide a 

moving- character type of display which 

introduces new characters at the right- 

most position and moves each of the ex- 

isting characters to the left, one position 
at a time, as characters are received. It 

takes just a few minutes to accustom 
yourself to reading this type of presenta- 
tion. Once you get the hang of it, reading 
code is a breeze. 

The Morse -A- Word's main decoder 

circuit power requirements are 750 mA 

at +5 volts and 20 mA at -8.2 volts. The 

display circuit also calls for 8 volts at 

approximately 100 mA. Voltages as low 

as 5 V can be used to power the display, 
but it will not be as bright. A suggested 
power supply is shown in Fig. 4. 

In Part Two of this article, next month, 

we will describe how to assemble, align, 

and use the project. Programming in- 

structions for IC14 will be included. O 
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NOW THE TRAVELIN MAN CAN SEE 
GREAT CAR HIGH FIDELITY TAKE SHAPE 

BEFORE HIS EYES. 
For years you've been judging car high fidelity solely 

with your ears. Now, thanks to Sparkomatic AcoustaTrac; 
you can also judge car sound with your eyes! 

The AcoustaTrac is a graphic equalizer which features 
a visual response curve on an illuminated screen. 

So while you're adjusting the sound of your car's stereo 
radio or tape deck to your personal listening tastes, you can 
actually see the amplifier response you've shaped. And with 
Sparkomatic's AcoustaTrac you can keep track of the 
shape your high fidelity is in. 

Of course, as a power booster the AcoustaTrac is 
unparalleled at boosting audio output power while giving 
you total control to "mix" the bass, midrange and highs. 

It features slide controls that allow you wide adjust - 
ability of five different frequency bands. Plus 40 watt RMS 
stereo power, front -to -rear fader control, and a power indi- 
cator light. Compact size (2 "h x 6- 3/16 "w x 6 -1 /2 "d ). Fits 
comfortably under -dash. 

So if you want a graphic equalizer that lets you 
graphically see the beautiful sound you'll be hearing, 
get the Sparkomatic AcoustaTrac. 

Patent Pending 

For the Travelin' Man TM 

For our free complete Car Sound Catalog write: "For The Travelin' Man ", Dept. PH, Sparkomatic Corporation, Milford, PA 18337. 
CIRCLE NO. 51 ON FREE INFORMATION CARD 
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1. Innovations in 
Speaker Design 

2. Interpreting 
Speaker 
Test Results 

3. The Importance of 
Power -handling 
Capacity 

InnoYations u 
r 

ign 
N THEIR never -ending quest to 

produce the perfect loudspeaker, 
engineers are continuously develop- 
ing new materials, enclosures, trans- 

ducers, circuits and systems. The re- 

sult? Literally hundreds of loudspeak- 
er systems in a great variety of 

shapes and sizes, employing dramati- 
cally different operating principles, all 

vie for consumer acceptance. This of- 

ten bewildering array of loudspeaker 
designs can easily create confusion 
and make a meaningful buying deci- 
sion difficult at best. 

In this article, we will examine the 

basic types of loudspeaker compo- 
nents and systems, placing special 
emphasis on the latest advances in 

loudspeaker technology. First, we'll 
look at the various transducers (driv- 

ers), and then loudspeaker enclo- 
sures. Finally, we will see how loud- 
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speaker engineers are putting all the 
components together to produce con- 
temporary speaker systems, taking 
both the effects of the listening room 

and psychoacoustics into account. 

The Drivers. 

As its name implies, the function of 

a driver (or more properly an electro- 
acoustic transducer) is to impart mo- 

tion to the air surrounding it. This mo- 

tion will in the ideal case correspond 
exactly to the time -varying nature of 

the electrical signal applied to it. Our 

ears, in turn, will perceive the motion 

as sound. 
There are many ways to convert a 

time -varying electrical signal into 

sound waves, as witnessed by the 

great variety of drivers found in to- 

day's speaker systems. Let's examine 
the principle types of drivers presently 
in use, and see how each measures 

up to the ideal transducer. 

The Dynamic Speaker. The old- 
est of all the driver types employed to- 

day is the dynamic speaker. Its design 
goes back to the mid- Twenties when 

Chester Rice and E.W. Kellogg pro- 
duced the first functional prototype. 
Although the dynamic driver has over 
the years been improved in a number 
of ways, the principle is the same. 

The typical dynamic speaker em- 
ploys a conical diaphragm driven by a 

magnetic motor. Motion is imparted to 

the diaphragm via the interaction of a 

time -varying magnetic field generated 
by an electromagnet and a static field 

set up by a permanent magnet. In the 
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A B 

Fig. 1. Holographic analysis shows cone breakup in dynamic driver. 
In. 8 -inch woofer driven by 2000 -Hz signal (A), standing waves 
appear at edge. At 9000 Hz (B), they occupy entire cone surface. 

early days of dynamic speakers, suffi- 
ciently strong permanent magnets 
were not available, so the static field 
was supplied by an electromagnet 
called a field coil. 

The time -varying field is set up by a 
voice coil, an electromagnet driven by 
the output of the power amplifier. The 
magnetic field set up by the voice coil 
varies in step both in amplitude and 
polarity with the audio- frequency cur- 
rent supplied by the amplifier. Alter- 
nate repulsion and attraction between 
the two magnets cause the cone (dia- 
phragm), which is attached to the 

CONE 
MOTION 

. i. 
_'. 

: ' .. 

r i 
AREA OF AREA OF 

RAREFACTION COMPRESSION 

(A) 

voice coil and a supporting structure, 
to compress or rarefy the nearby air, 
depending on its motion relative to the 
air mass. 

When the cone is moving forward, it 
compresses the air in front of it and 
rarefies the air behind it. Similarly, 
when the cone is moving backward it 
compresses the air behind and rare- 
fies the air in front. It can thus be seen 
that the driver is a dipole radiator, si- 
multaneously generating two out -of- 
phase acoustic signals. At low fre- 
quencies, these two signals will meet 
while still in an out -of -phase condition 

CONE 
MOTION 

. . i :: . 

AREA OF AREA OF AREA OF 
COMPRESSION RAREFACTION RAREFACTION 

:_ : 

o 

CONE 
MOTION 

I > 
BAFFLE 

(B) 

AREA OF 
COMPRESSION 

(C) 

Fig. 2. Cone compresses and rárefies air as shown at (A) and (B). 
Baffle (C) separates two air masses to prevent cancellation,. 
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and cancel each other out. To prevent 
this destructive interference, either 
the "front wave" or the "back wave" 
will have to be phase- shifted before it 
meets up with its counterpart. Alterna- 
tively, one component of the speaker 
output must be attenuated or other- 
wise prevented from reaching the oth- 
er. Whichever of these design alterna- 
tives is chosen is usually performed 
by the loudspeaker enclosure. More 
on this later. 

Ideally, the dynamic driver behaves 
like a rigid piston over its entire oper- 
ating (frequency) range. A practical 
driver, however, cannot provide this 
ideal over the entire audible spectrum. 
Its useful bandwidth will always be 
limited to those frequencies where it 
can approximate a point source. That 
is, to those frequencies whose wave- 
lengths are large compared to the dia- 
phragm's physical dimensions. 

Above these frequencies, the driver 
begins to "beam" (become direction- 
al) due to diffraction effects. The cone 
of the driver ceases to act as a rigid 
piston and undergoes a series of flex- 
ing motions that are structural reso- 
nances. This can be seen in Figs. 1A 
and 1B. 

These images were generated in 
the Netherlands at the Philips Re- 
search Labs by holographically ob- 
serving the motion of an 8 -inch (20.3 - 
cm) woofer cone. At low frequencies, 
the cone vibrates as a rigid surface. 
Above a certain frequency, standing 
waves begin to appear on the cone. 
For example, Fig. 1A reveals loops 
and nodes just starting to appear at 
the periphery of the cone when the 
woofer is driven by a 2000 -Hz sine 
wave. When the frequency of the 
drive signal is increased to 9000 Hz, 
severe cone breakup occurs. Its entire 
surface is covered with loops and 
nodes (Fig. 1B), and only a little sound 
is radiated. 

Not only do these effects make the 
driver directional as the operating fre- 
quency is increased, but they also 
cause fluctuations in its frequency re- 
sponse. If the dimensions of the driver 
are kept small to enhance its mid- 
range and high- frequency response, it 
will not be able to move enough air to 
provide the substantial acoustic out- 
put at low frequencies required for 
high -fidelity reproduction. 

It is obvious that no conventional 
dynamic driver can single -handedly 
cover the full range of audible fre- 
quencies. This has led to the develop - 
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The ideal cone material would be 

lightweight (for efficiency and good 

transient response) and very stiff (for 

extended frequency response). Re- 

cently, some woofers have been 

made using carbon -fiber pulp as the 

cone material. During the Sixties, the 

BBC experimented with sandwich - 

construction cones utilizing special 

plastics. Aluminum has also been 

ment of specialized dynamic speak- 

ers, each designed to handle a given 

portion of the audio spectrum. A typi- 

cal speaker system employing all dy- 

namic drivers will contain a woofer, a 

midrange driver, and a tweeter. Some 

systems employ four or even more 

drivers, with a supertweeter handling 

the extreme highs and /or a subwoofer 
reproducing the deepest bass notes. 

From the standpoint of system engi- 

neering, however, it is often desirable 

to employ drivers with useful frequen- 

cy ranges as large as possible. 
In the case of a woofer, useful fre- 

quency range can be increased by 

making the cone more rigid. One early 

approach to increasing the dia- 

phragm's rigidity was to change its 

shape from that of a simple (true) 

cone into a "cone" with rounded 

sides. Today's really large woofers 

like Electro- Voice's 30 -inch (76.2 -cm) 

unit are constructed in this manner. 

Most of the engineering effort dedi- 

cated to improving the dynamic woof- 

er has been channeled into the devel- 

opment of new materials for the cone 

to replace the paper traditionally used. 
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Cutaway view of 
dynamic (cone) driver. 

used in the fabrication of woofer 

cones. Finally, some manufacturers 
have tried doping paper cones with 

special coatings for added stiffness. 
The Bextrene woofer is a representa- 
tive product of this type of experimen- 
tation, and is commonly employed in 

British speaker systems. 
Tweeters can be made using paper 

cones, but today the dome tweeter is 

an increasingly popular alternative. 
The dome has the advantage of per- 

mitting the use of a large voice coil (for 

power handling), but must be made of 

very lightweight material if it is to be 

an efficient radiator. Among the mate- 

rials used to fabricate tweeter domes 
are Mylar -type plastics, polystyrenes, 

treated fabrics, and, notably, beryllium 

alloys. Beryllium is one of the hardest 

metals known and is extremely light- 

weight. It is thus ideal for dome dia- 

phragms. Dynamic tweeters, by the 

way, needn't have the familiar voice - 

coil construction, as evidenced by the 

ribbon tweeter. This driver utilizes a 

thin corrugated metal "ribbon" placed 
in a static magnetic field. Au- 

dio- frequency current is passed di- 

rectly through the ribbon, which acts 

as both a voice coil and a diaphragm. 
One problem that the designer of 

any dynamic driver must confront is 

the dissipation of heat produced in the 

voice coil, which generally has a very 

low impedance (4 to 8 ohms). If the 

coil draws too much current, the heat 

generated in its windings can melt the 

insulation on the wire (and perhaps 

the wire itself) resulting in a burn -out 

of the driver. Even if this doesn't hap- 

pen, excessive heat will deform the 

coil and weaken the binder that holds 

it to the coil form. A discussion of 

these problems is included in another 

article in this section. 
An interesting variation on the 

standard dynamic driver is the Wat- 

kins dual- impedance woofer used by 

Infinity Systems in its top -of- the -line 

speakers. This otherwise convention- 

al woofer has two voice coils, one with 

a standard impedance and a second- 

ary coil with a low impedance. The 

two are electrically coupled together 

by series and parallel LC networks. 

Ordinarily, the tuned circuit applies 

the amplifier output to the standard 

voice coil. However, at frequencies 

near the fundamental resonance of 

the speaker system, where the imped- 

ance presented to the amplifier reach- 

es its maximum value, the tuned cir- 

cuit routes signals to the secondary, 
low- impedance voice coil. This pro- 

vides the amplifier with a virtually con- 

stant load impedance throughout the 

bass region. 

The Electrostatic Driver. As its 

name implies, this type of driver gen- 

erates a motive force for its dia- 

phragm by the interaction of electric 

rather than magnetic fields. In a typi- 

cal electrostatic design, a large dia- 

phragm of lightweight material is 

placed between two perforated 

(acoustically transparent) electrodes. 
The diaphragm is electrically polar- 

ized relative to the electrodes, which 

maintain a large electrostatic field. 

The audio signal is applied to the two 

electrodes in push -pull fashion. Under 

these conditions, the diaphragm will 

vibrate in step with the audio drive sig- 

nal and produce sound. 
In an electrostatic driver, the driving 

force is uniform over the entire dia- 

phragm surface. (Compare that to the 

dynamic driver, in which the dia- 

phragm is driven over a small portion 

of its overall surface.) The result is 

that the electrostatic doesn't suffer as 
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"If yoiíre going to learn 
electronics, you might 
as well learn it right!" 

44 

"Don't settle for less. 
Especially when it comes 
to career training.. because 
everything else in your life 
may depend on it. That's 
why you ought to pick CIE." 
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you've probably seen ad- 
vertisements from other 

electronics schools. Maybe you 
think they're all the same. 
They're not! 

CIE is the largest indepen- 
dent home study school in the 
world that specializes exclu- 
sively in electronics. 

Meet the Electronics 
Specialists. 

When you pick an electronics 
school, you're getting ready to invest 
some time and money. And your 
whole future depends on the educa- 
tion you get in return. 

That's why it makes so much 
sense to go with number one ... with 
the specialists ... with CIE! 

There's no such thing as 
bargain education. 

If you talked with some of our 
graduates, chances are you'd find a 
lot of them shopped around for their 
training. Not for the lowest priced 
but for the best. They pretty much 
knew what was available when they 
picked CIE as number one. 

We don't promise you the moon. 
We do promise you a proven way to 
build valuable career skills. The CIE 
faculty and staff are dedicated to 
that. When you graduate, your di- 
ploma shows employers you know 
what you're about. Today, it's pretty 
hard to put a price on that. 

Because we're special- 
ists, we have to stay 
ahead. 

At CIE, we've got a po ljon of 
leadership to maintain. H :re are 
some of the ways we hang onto it ... 
Our step -by -step learning 
includes "hands -on" 
training. 

At CIE, we believe theory is 
important. And our famous 
Auto -Programmed® Lessons teach 
you the principles in logical steps. 

But professionals need more 
than theory. That's why some of our 
courses train you to use tools of the 
trade like a 5 MHz triggered- sweep, 
solid -state oscilloscope you build 
yourself - and use to practice trouble- 
shooting. Or a beauty of a 19 -inch 
diagonal Zenith solid -state color TV 
you use to perform actual service 
operations. 
Our specialists offer you 
personal attention. 

Sometimes, you may even have 
a question about a specific lesson. 
Fine. Write it down and mail it in. 
Our experts will answer you 
promptly in writing. You may even 
get the specialized knowledge of all 
the CIE specialists. And the answer 
you get becomes a part of your per- 
manent reference file. You may find 
this even better than having a class- 
room teacher. 

Pick the pace that's right 
for you. 

CIE understands people need 
to learn at their own pace. There's no 
pressure to keep up ... no slow 
learners hold you back. If you're a 
beginner, you start with the basics. 
If you already know some elec- 
tronics, you move ahead to your 
own level. 

Enjoy the promptness of 
CIE's "same day" grading 
cycle. 

When we receive your lesson 
before noon Monday through Satur- 
day, we grade it and mail it back - 
the same day. You find out quickly 
how well you're doing! 

CIE can prepare you for 
your FCC License. 

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

More than half of CIE's courses 
prepare you to pass the government - 
administered exam. In continuing 
surveys, nearly 4 out of 5 CIE gradu- 
ates who take the exam get their 
Licenses! 
For professionals only. 

CIE training is not for the hobby- 
ist. It's for people who are willing to- 
roll up their sleeves and go to work 

. to build a career. The work can be 
hard, sure. But the benefits are 
worth it. 
Send for more details 
and a FREE school 
catalog. 

Mail the card today. If it's gone, 
cut out and mail the coupon. You'll 
get a FREE school catalog plus com- 
plete information on independent 
home study. For your convenience, 
we'll try to have a CIE representa- 
tive contact you to answer any ques- 
tions you may have. 

Mail the card or the coupon or 
write CIE (mentioning name and 
date of this magazine) at: 1776 East 
17th Street, Cleveland, Ohio 44114. 

Patterns shown on TV and oscilloscope screens arc sine fated. 

o 
CIE Cleveland Institute of Electronics, Inc. 

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

YES ... I want the best of everything! Send me my FREE CIE school 
catalog - including details about troubleshooting courses -plus my FREE package 
of how. study information. p E -8 5 

Print Name. 

Address Apt 

City 

State 2íp 
Age I'hone (area code ) 

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

MAIL TODAY: 
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drastically from "breakup" (the excita- 
tion of resonant modes on the dia- 
phragm) as the dynamic driver. Tran- 
sient response is excellent due to the 
diaphragm's low mass. The electro- 
static driver is basically hung on a 
frame. It doesn't have a box enclo- 
sure, so a great deal of "coloration" 
(or frequency- response fluctuations 
caused by the enclosure) is avoided. 

Of course, the electrostatic driver is 
not completely free from problems. 
Bass cancellation caused by destruc- 
tive interference between the front 
and back waves does occur. Also, the 
diaphragm does become directional 
at high frequencies, where breakup 
modes occur. It is difficult to get a 
large acoustic output from an electro- 
static. The diaphragm cannot make 
large excursions, and placing it in an 
electric field strong enough to produce 
high sound levels will result in dielec- 
tric breakdown of the air and arcing, 
which almost always causes perma- 
nent damage to the speaker. Without 

special design features, the acoustic 
output of an electrostatic driver is lim- 
ited. Nonetheless, these designs, 
when executed properly, are remark- 
ably good speakers. Some of the 
most highly regarded "purist" speak- 
ers are electrostatics. The famous 
Quad electrostatic speaker is a good 
example. 

A solution to the limited- output 
problem of electrostatics has been de- 
veloped by Dayton Wright Associates, 
Ltd. The driver is sealed in an airtight 
plastic bag. Actually, this is standard 
practice, because the electrodes and 
diaphragm must be kept free of con- 
tamination. The trick is that the bag is 

filled with SF6 (sulphur hexafluoride) 

Heil air motion transformer (above) 
and ATD woofer (right). 
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o 

rather than air. This gas is a better 
dielectric than air in that it can support 
a much larger electric field before it 

breaks down and arcing takes place. 
Hence, in the Dayton Wright electro- 
static driver, the voltage on the elec- 
trodes can be stepped up very high, 
making the speaker capable of gener- 
ating increased acoustic levels. 

One last word about electrostatic 
drivers -the impedance they present 
to the power amplifier is high, and is 
largely made up of capacitive react- 
ance. This is in strong contrast to the 
low impedance of the typical dynamic 
driver, which has a large resistive 
component. Very few amplifiers are 
able to drive an electrostatic driver di- 

rectly. (Most of those that can are 
made by the speaker manufacturer 
and are sold with the drivers as inte- 
grated systems.) A step -up transform- 
er can be used between an amplifier 
and the driver, but the amplifier will 
still be subjected to reactive loading. 
Some power amplifiers can tolerate 
this, but others cannot. 

The Walsh Driver. Both the dy- 
namic and electrostatic drivers can be 
considered "conventional" transduc- 
ers in that they have been with us for 
many years. A relatively recent trend 
among loudspeaker engineers, how- 
ever, har 
ventioi 
ope new r, 

een to dispense with con - 
rivers entirely and devel- 
pes of transducers. One 

product typifying this approach is the 
Walsh driver, which is used by Ohm 
Acoustics in its Model F loudspeaker 
system. 

This driver is a tall, upright cone 
constructed of three successive 
bands of material- titanium on top, 
then aluminum, and finally paper at 
the bottom of the cone. It is driven at 
the top by a specially- designed voice 
coil, and the bottom of the cone is held 
in place by a surround. This unique 
driver is a full- range, omnidirectional, 
and coherent radiator. There is no 
phase cancellation of waves leaving 
different parts of the diaphragm as the 
sound is radiated as a uniform wave - 
front. The Walsh driver's only major 
drawback is its relative inefficiency. 

The Planar Magnetic. This is an 
electrodynamic driver that outwardly 
looks like an electrostatic speaker. As 
we have already mentioned, the elec- 
trostatic driver utilizes a large planar 
diaphragm of low mass to achieve ex- 
cellent transient response, and the 
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planar magnetic is its electromagnetic 
analog. This driver has a lightweight 
planar diaphragm with a pattern of 
conducting material bonded to its sur- 
face. The diaphragm is placed be- 
tween two perforated magnets, thus 
forming a voice -coil /magnet "motor." 
Audio current passes through the dia- 
phragm's conductor, generating a 

magnetic field that interacts with the 
static magnetic field to produce the 
force which generates the sound 
waves. The driver has the good tran- 
sient response and other advantages 
of electrostatics. It is hung on a frame 
support, so there is no box to in- 

troduce coloration, but bass cancella- 
tion is a problem. In a full -range planar 
magnetic system, two or more drivers 
are often used because individual 
drivers do become directional at 
wavelengths small compared to their 
dimensions. This driver was pio- 
neered by Magnepan, and that com- 
pany's speaker systems use only pla- 

Walsh driver used in 
the Ohm F speaker system 

nar magnetic drivers. The driver's 
main disadvantage is inefficiency. The 
planar magnetic driver need not be a 

full -range transducer. For example, 
Infinity Systems makes a planar mag- 
netic tweeter (they call it the EMIT 
tweeter) which it includes in most of its 
speaker systems. 

Heil Drivers. A distant relative of 
the planar magnetic driver is the Heil 
Air Motion Transformer or AMT, a 

midrange and high- frequency driver 
found in speakers manufactured by 
ESS. Its diaphragm utilizes a light- 
weight Mylar material with an imprint- 
ed conductor pattern, but there the 
similarity with the planar magnetic just 
about ends. In the Heil driver, the dia- 
phragm is folded up like an accordion 
and is placed in a uniform magnetic 
field. Application of audio -frequency 
current generates a magnetic field, 
which causes the many folds to 

squeeze air out from between them, 
producing sound. The AMT is a high - 
efficiency device capable of uniform 
response from the midrange to very 
high frequencies. 

The high efficiency of the Heil AMT 
tweeter prompted experimentation 
with a low- frequency driver of the 
same design. This turned out to be 
problematic -the Heil driver has a 

cavity resonance above its nominal 
operating range. In the case of the 
tweeter, the resonance falls in the ul- 
trasonic region, but a Heil woofer 
would resonate in the midrange. Un- 
daunted, Dr. Oskar Heil designed 
another equally unusual driver, the 
ATD woofer. This unit has five small 
(4 -inch or 10.2 -cm) lightweight hori- 
zontal diaphragms mounted one 
above the other, all connected by a 

set of four lightweight carbon -fiber 
rods. The rods are driven by a con- 
ventional voice -coil assembly, and 
they in turn excite the diaphragms. 
The diaphragms are mounted in 

acoustic reflectors that isolate the "top 
wave" radiation from the "bottom 
wave." The entire columnar driver is 

mounted on a large, flat baffle intend- 
ed to isolate front and back radiation 
as much as possible, but bass cancel- 
lation is a problem with this design. 

Piezoelectric Drivers. An alterna- 
tive driver for the high frequencies is 

offered by the piezoelectric driver. Pi- 

oneer uses a novel tweeter, dubbed 
the HPM, which is made of a piezoe- 
lectric polymer it developed. This is a 

plastic -like material that, unlike a crys- 
tal, can be made into thin sheets and 
fashioned into a variety of shapes. 
The HPM driver utilizes the film in a 

cylindrical configuration, and is loaded 
with an acoustic "lens" to control dis- 
persion. Transient and high- frequency 
response of the driver is very good be- 
cause the moving mass of the dia- 
phragm is negligible. The driver oper- 
ates by the structural expansion and 
contraction of the film. It is, however, 
inappropriate for low- frequency ap- 
plications as it is incapable of large air 
displacements. 

The "Massless" Driver. The plas- 
ma driver, found in the Hill Type -1 

speaker system by Plasmatronics, is 

a realization of the loudspeaker engi- 
neer's dream -a transducer with es- 

sentially no mass. Sound radiation is 

achieved by the expansion and con- 
traction of ionized air through which 
an audio current is passed. In the 

plasma driver, an air /helium mixture 
in a small cavity is subject to a high - 
voltage discharge which completely 
ionizes it (strips valence electrons 
from the molecules to produce pos- 
itive and negative ions). The gas then 
becomes an electrically conductive 
plasma. Passage of audio -frequency 
current through the plasma causes lo- 

cal temperature and pressure fluctua- 
tions, the pressure fluctuations being 
sound waves. Because the plasma 
driver has no diaphragm and effec- 
tively no mass, it has excellent 
high- frequency and transient re- 
sponse. The idea is not new, but the 
Plasmatronics driver is said to elimi- 
nate many of the drawbacks of older 
designs, such as noisy operation and 
carbonizing of the electrodes. In the 
Hill Type -1 system, the plasma driver 
handles frequencies from 700 Hz up. 

It's major disadvantage is high operat- 
ing cost. Bottles of pressurized helium 
are built into the loudspeaker systems 
and must be replaced an average of 
two or three times annually, for an op- 
erating cost of about 30v per hour. 

The Enclosures. 

The area of perhaps the most con- 
troversy among loudspeaker engi- 
neers and audiophiles has been the 
design of the enclosure. Predictably, 
there has been a proliferation of en- 
closure types, each characterized by 

certain advantages and disadvan- 
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tages. What follows is a discussion of 
the role of the enclosure in sound re- 
production and an examination of 
those types found in today's systems. 

The Infinite Baffle. The simplest 
speaker enclosure, the infinite baffle, 
neatly illustrates the role the enclo- 
sure plays. We have already men- 
tioned that such transducers as dy- 
namic and electrostatic drivers radiate 
two out -of -phase components. The 
process is shown in Fig. 2. When the 
cone of the dynamic driver moves for- 
ward, the air in front is pressurized 
and the air behind is rarefied (A). The 
reverse occurs when the diaphragm is 
moving backward (B). A substantial 
pressure gradient is therefore set up 
by the motion of the loudspeaker's 
diaphragm. 

When driven by a low- frequency 
signal, the diaphragm moves relative- 
ly slowly and radiates long acoustic 
wavelengths. In an attempt to equal- 
ize pressures, the compressed air 
rushes to the other side of the cone. 
This results in the mutual cancellation 
of the two out -of -phase sound waves, 
and little acoustic energy is radiated. 
At higher frequencies, however, the 
diaphragm is moving much more 
quickly and wavelengths are short. 
The pressurized air does not have 
time to reach the rarefied region and 
destructive interference does not oc- 
cur. Cancellation, therefore, is a prob- 
lem encountered principally in the 
bass region. 

To prevent bass cancellation, the 
driver can be mounted on an infinite 
baffle (Fig. 2C), in theory an infinitely 
large flat surface. Such a baffle will 
prevent any destructive interference 
by totally shielding the rarefied region. 
Obviously, no baffle can be infinitely 
large, and practical "infinite" baffles 
have finite dimensions. 

The baffle must be large if satisfac- 
tory bass reproduction is to be 
achieved. This is the drawback of the 
infinite baffle principal. Good design 
practice dictates that, with the driver 
mounted at the center of the baffle, 

the dimension of any one side should 
not be less than one wavelength at 
the lowest frequency to be repro- 
duced. For a cutoff frequency of 40 
Hz, the baffle size on each side of 
center should therefore be 14 feet (4.3 
m). Few listening rooms can accom- 
modate such a structure! 

Sealed Enclosures. To attempt to 
provide the infinite baffle's prevention 
of bass cancellation in a design of 
more manageable dimensions, 
sealed enclosures are used. If the 
driver is mounted in a sealed box, the 
back wave has no place to go and 
stays inside the cabinet. The enclo- 
sure must be filled with sound- absorb- 
ing material to damp the rear radiation 
of the diaphragm. Otherwise, standing 
waves will form at any frequency 
where one dimension of the box 
equals an integral multiple of one -half 
wavelength of the radiated sound 
wave. As a result, not only would the 
system's frequency response suffer, 
but also the mechanical resonances 
of the box itself would be excited by 
the sound pressures created by the 
standing waves. 

The sealed box has its problems. It 

is inherently inefficient because all of 
the rear radiation is damped out and 
converted Into heat. Sealed enclo- 
sures housing standard woofers must 
be large if significant bass output is to 
be obtained, because the acoustic 
impedance seen by the rear of the 
driver will increase as the box volume 
decreases. Furthermore, if the air in 
the box is too stiff for the driver, the 
fundamental resonant frequency of 
the system will be too high for good 
bass performance. This design, how- 
ever, enjoys the significant advantage 
of having a relatively gradual roll -off in 
low- frequency response below the 
fundamental resonance (about 12 dB 
per octave). This means, among other 
things, that the system won't ring 
excessively at resonance. 

One special type of sealed box is 
the acoustic suspension enclosure. In 
this design, a woofer with a very com- 
pliant suspension is placed in a small 
sealed box. The small volume of air in 
the box has a high acoustic reactance 
that compensates for the high me- 
chanical compliance of the driver. The 
box is completely sealed, with the 
back radiation of the woofer absorbed 
by damping material. This scheme en- 
ables a suitable driver mounted in an 
enclosure of small dimensions to re- 

produce very low frequencies. The 
acoustic suspension enclosure was 
introduced to audiophiles in the 
1950's by Edgar Villichur of Acoustic 
Research, and was largely responsi- 
ble for the bookshelf speaker coming 
into its own. The design is found in 
many contemporary speaker systems 
and can be viewed as a sealed -box 
enclosure with a special matching of 
the woofer compliance to the volume 
of the box. 

An interesting variation on the 
acoustic suspension theme has been 
developed by Cerwin -Vega which the 
company calls Thermo -Vapor Sus- 
pension. It involves the use of an 
acoustic suspension enclosure filled 
with a gas that for a given volume is 
more compressible (compliant) than 
air. The Cerwin -Vega design results in 
high -level deep bass from a small en- 
closure with relatively high efficiency. 
(Most acoustic suspension designs 
are notoriously inefficient.) 

The Bass Reflex. To make use of 
the rear radiation that goes to waste in 
a sealed box, the bass relex was intro- 
duced. An enclosure of this type is not 
completely sealed. Rather, it has an 
opening (a "port" or "vent ") of careful- 
ly selected proportions that acts as a 
sound radiator at very low frequencies 
to reinforce the frontwave output of 
the driver. The port is "tuned" (its area 
and length predetermined) to radiate 
in phase with the active driver. The 
bass reflex enclosure is really a Helm- 
holtz resonator -of the same sort as a 
wine jug or an ocarina -because 
when excited by sound waves of the 
right wavelength it resonates and pro- 
duces sound from the port. 

If a ported system is designed prop- 
erly, bass output is augmented and 
the overall efficiency of the system 
compared to that of a sealed enclo- 
sure is increased. The box volume 
can be made quite small and still gen- 
erate significant bass output. The en- 
closure's disadvantages are an un- 
evenness in bass output and a nota- 
ble tendency to ring near the frequen- 
cy of resonance. (Vented -box sys- 
tems roll off at 18 dB per octave below 
the system resonance.) Still, the de- 
sign is fundamentally successful, and 
this is verified by the fact that a vast 
number of speaker systems on the 
market today employ it. 

The Acoustic Labyrinth. This is 

another distinct enclosure type, al- 
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though its most common incarnation, 
the transmission line (see Fig. 3), is 

rudimentarily similar to the bass reflex 
design. The basic concept behind the 
acoustic labyrinth is to provide a long 

acoustic path behind the woofer for at- 

tenuation and phase shifting of differ- 
ent components of the woofer's rear 
radiation. One way to achieve this re- 

sult is to set up a complex series of in- 

ternal baffles within the enclosure, 
these being filled with sound- absorb- 
ing material. This is often impractical 
as the cabinet must be quite large. 

The transmission line is basically a 

long duct, one end of which is coupled 
to the rear of the woofer. The other 
end terminates in a port. The duct ac- 
complishes two things. First, it pro- 
vides a long path for attenuation of the 
rear radiation of the woofer at certain 
frequencies. Secondly, it results in 

reinforcement of the woofer's front - 
wave output near the system's funda- 
mental resonance. The duct is filled 
with sound -absorbing material, and 
the frequency- dependent characteris- 
tic of the attenuation is such that very 
long wavelengths are relatively unaf- 
fected, but the shorter wavelengths 
(which comprise most of the woofer's 
output) are strongly suppressed. The 
unattenuated sound, which is very low 
in frequency, reaches the port in 

phase with the front wave of the woof- 

er and augments it. The interesting 
twist to this design is that the sound - 
absorbing material in the duct not only 
attenuates acoustic energy, but also 
maintains a slower speed of sound 
propagation than that in air. This 
means that for a given frequency, the 
wavelength of a sound wave will be 
shorter in the duct than it would be in 

air. The duct can therefore be made to 
reinforce very low audio frequencies 
without being enormously long - 
transmission lines of 8 feet in length 
can provide useful response down to 
around 30 Hz. 

The actual transmission line need 
not be a straight tube. To the contrary, 
it is almost always a folded duct. Re- 

flections from the folds in the duct are 
minimized by using densely -packed 
absorbing material at these spots. 

The ideal absorbing material is not the 
fiberglass insulation universally used 
in other enclosures but long -fiber 
wool. Transmission line speakers with 
awesome bass output can be made 

surprisingly small- perhaps the best 
example of this being the Obelisk pro- 

duced by Shahinian Acoustics. The 
speaker system, which measures only 
263/4 x 14 x 12 inches (67.9 x 35.6 x 

30.5 cm), can really hold its own on 

pipe organ music. What you gain in 

clean bass from a transmission line 

you pay for in terms of efficiency. 
These systems are generally less effi- 

cient than bass reflex designs. 

The Passive Radiator. A more di- 
rect spin -off of the bass reflex enclo- 
sure is one that replaces the port with 

a passive diaphragm -the passive ra- 

diator. Although the acoustic imped- 
ance seen at the diaphragm "vent" is 

different from that in a ported system, 

Fig. 3. The acoustic 
labyrinth loudspeaker 
enclosure. 

the passive radiator works according 
to the same basic principles. The box 
resonates at a frequency near the fun- 
damental resonance of the active driv- 
er, at which point the passive radiator 
augments the output of the driver. 

It is worth mentioning that ported 
designs in general have reached a 

high level of sophistication in recent 
years due to the application of a uni- 
fied theory of vented -box speakers 
developed by A. N. Thiele. Thiele's 
theory has enabled designers to opti- 
mize bass reflex designs in a relative- 
ly straightforward manner. The result 
has been an increasing number of 
ported systems without many of the 
uneven response problems of the old- 
er bass reflex systems. 

Horns. No discussion of speaker en- 
closures would be complete without 

some mention of horns. A number of 
speaker systems available today use 
horns on some of the individual driv- 
ers, almost always the midrange and 
high- frequency units. A horn is basi- 
cally an acoustic transformer that cou- 
ples the air at the surface of the driv- 
er's diaphragm with the air in the lis- 
tening room. The "throat" of the horn 

is small and fits over the diaphragm. 
Its "mouth" is much larger and con- 

ducts the radiated sound waves into 

the room. 
The horn permits driver displace- 

ment to be small without sacrificing 
acoustic output. This means lower 
distortion and higher power -handling, 
as well as increased efficiency. The 
dimensions and shape of a horn must 

be carefully determined for the device 
to function without acting as a reso- 

nant tube. In addition, the interface 
between the driver and horn must be 

set up to avoid phase cancellation due 
to diffraction. For this reason, "phas- 
ing plugs" are used to couple the driv- 
er with the horn. 

You'll find horns used mainly as 
midrange and high- frequency drivers 
in most hi -fi systems because they are 
of manageable size. Predictably, the 

effective horn length required for bass 
frequencies is very large. (You can 

sometimes see bass speaker bins 
with straight horns at rock concerts. 
They are very long, as much as 6 to 8 

feet or 1.8 to 2.4 meters.) One solu- 
tion to the size problem is the "folded" 
horn in which the horn is folded back 
on itself to decrease the overall size of 
the cabinet. The famous Klipschorn 
speaker uses this principle, as shown 
in Fig. 4. However, the horns are dif- 
ficult and expensive to construct. 

Most horn designs seen today are 
not new. Folded horns, multicell 
horns, and sectoral horns have all 

been around for a while. One interest- 
ing design used by JBL, among oth- 

ers, involves the use of an acoustic 
lens at the horn mouth. These lenses 
look somewhat like the louvers on a 

ventillation duct. Their purpose is to 

alter the directional characteristics of 

the horn -an important task, because 
many horns tend to beam severely in 

parts of their frequency ranges, result- 
ing in a shrill sound. Other develop- 
ments in horns include improved 
structural designs for making the horn 
rigid and lightweight (and less expen- 
sive), and the use of novel phasing 
plugs such as the "Tangerine" devel- 
oped by Altec. 
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Typical horn loudspeaker. 

The System. 
If a speaker design is to be suc- 

cessful, it must be engineered as a 
system, with each component de- 
signed to work harmoniously with all 
the others. Accordingly, there have 
been design innovations that involve 
the overall system rather than one 
particular component such as the driv- 
er, crossover network or enclosure. 
Some of these innovations flow from 
considering the listening room as part 
of the audio system. Others are due to 
increased attention to phase re- 
sponse, low -bass response, etc. Let's 
look at how this systems approach is 
affecting loudspeaker design. 

The Room /Speaker Interface. 
From the loudspeaker engineer's 
point of view, the least controllable 
element in any audio system is the 
room /speaker interface and a number 
of speaker designers have directed 
their attention to trying to cope with it. 
An excellent example of this height- 
ened sensitivity to room effects is the 
well -known Bose 901 series of loud- 
speakers, whose design is based on 
what Bose calls Direct /Reflected 
Sound. The 901 system employs 
eight rear -firing drivers and one front - 
firing driver. Its rear baffle is angled to 
direct the two sets of four drivers each 
to different room areas, and the front 
baffle has a mild curvature. This sys- 
tem, when used in a reasonably rever- 
berant room, will reflect large amounts 
of sound off the walls, creating a re- 
flected sound field that works with the 
direct sound of the front driver to pro- 
duce a feeling of spaciousness and a 
"concert hall" effect. Another interest- 
ing feature of the design is the fact 
that its drivers are all 4 -inch cone ra- 
diators. Low -frequency reproduction 
is achieved by constructive interfer- 
ence of the many drivers, whose in- 
dividual outputs combine in phase at 

Fig. 4. Large bass horn 
can be folded into a 

structure of more 
manageable dimensions. 

Walls of room 
act as 

extensions 
of the horn. 

WALL 
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low frequencies to give the desired 
bass output. These drivers are some- 
what limited in high- frequency re- 
sponse, so an equalizer is provided 
with the system to adjust the charac- 
teristic of the drive signal accordingly. 

Allison Acoustics also designs its 
speakers with the listening room in 
mind. The Allison Model 1, for exam- 
ple, has a prism- shaped columnar en- 
closure with side -firing, acoustic -sus- 
pension woofers placed to minimize 
frequency- response aberrations due 
to room reflections. Allison's Model 4 
is a true bookshelf system designed to 
use the shelf to its advantage. The 
woofer is placed at the top of the cabi- 
net and effectively radiates into the 
shelf. Again, standing -wave formation 
is minimized with this scheme. The 
top -of -line AR speaker, the AR -9, also 
employs side -firing woofers. 

It should be mentioned that all 
speakers are to some extent sensitive 
to room placement. As a rule, those 
designed to take the listening room di- 
rectly into account are, not surprising- 
ly, more sensitive to room placement 
than others. To get smooth frequency 
response and optimum directional 
characteristics, speaker placement 
must be experimented with until the 
"right" location for a room is found. 

A number of speakers on the mar- 
ket today permit you to alter their di- 
rectional characteristics to suit a par- 
ticular room. One representative sys- 
tem is Infinity's massive Quantum 
Reference Standard, which has both 
forward- and rear -firing tweeters 
mounted on a cabinet with "flaps" that 
swivel in the horizontal plane. Moving 
the flaps enables you to change the 
dispersion characteristics of the 
speaker. The Leak Model 3090 
speaker system has its mid -range and 
high- frequency drivers in a separate 
enclosure from the woofer. The two 
enclosures are connected by a swivel- 
ing mount. This enables the listener to 
change the firing position of the woof- 
er relative to the higher- frequency 
drivers. For example, the woofer can 
be aimed at a nearby wall, and the 
midrange and tweeter pointed directly 
at the listener. 

"Linear Phase" Speakers. The 
philosophy of the new linear phase 
speaker is this: if phase effects are im- 
portant in program listening, the hi -fi 
system should have flat phase- vs. -fre- 
quency response as well as flat ampli - 
tude-vs.- frequency response. For a 
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speaker to have flat phase response, 
it should introduce no phase shift that 
can be detected at the listener's posi- 
tion. Now, the typical multi -way 

speaker system does introduce phase 
shift, bcause of the effects of its cross- 
over circuits, and because of the fact 
that the different drivers, mounted on 

a flat baffle, have effective centers of 
radiation that are spatially displaced, 
resulting in a path -length difference 
between each driver and the listener's 
ears. In fact, the phase shift intro- 
duced in the crossover is the more se- 
rious of the two because there is a 

large discontinuity in the phase re- 

sponse of the network at the crossov- 
er frequency. The sharper the cross- 
over's filters (say, having rolloffs of 12 

or 18 dB /octave as opposed to 6 dB/ 
octave), the greater the discontinuity. 
On the other hand, the path length dif- 
ference resulting from the mounting of 
the drivers creates a time delay on the 
order of 1 millisecond, which trans- 
lates to about 6 degrees of phase shift 
at 1000 Hz. 

Bang and Olufsen was a major 
force in the early work on phase -com- 
pensated speakers. The most inter- 
esting work in this area has involved 
the design of crossover networks that 
eliminate phase anomalies. The ideal 
crossover for flat phase response 
uses active circuits (that is, multi - 
amping is necessary) and a "filler" 
driver that is active over a narrow 
band of frequencies centered at the 
crossover frequency. The filler driver 
is not intended to radiate significant 
acoustic power over a wide band- 
width. Rather, it's there only to smooth 
out the rift in the phase- response 
curve without serious disruption of the 
amplitude response. 

In Bang and Olufsen's phase -com- 
pensated speakers, the filler- driver/ 
crossover combination is employed 
and the drivers are mounted on an an- 
gled baffle. The angle of the baffle is 

set so that, at the hypothetical listen- 
ing position, there is no path -length 
difference between the two drivers. 
Even though B &O systems use filler 
drivers, they don't require multi - 
amping because the filler drivers are 

carefully designed to work with pas- 
sive crossover networks (they are 
more efficient than the main drivers, 
for one thing). 

A number of other manufacturers, 
such as Technics and B &W, have pro- 
duced systems intended to have flat 
phase response. All of these systems 
utilize offset mounting of the drivers, 
with the tweeter generally set several 
inches in back of the woofer to elimi- 
nate path -length differences. Often, 
for example, the main cabinet houses 
the woofer and the midrange and 

tweeter are mounted on small baffles 
set back on top of the woofer enclo- 
sure. It's worth noting that the Walsh 
driver mentioned earlier (it's em- 
ployed in the Ohm F system) is, be- 
sides its other qualities, a true linear - 
phase speaker. 

It must be said that there is no 

agreement as to whether a speaker 
with flat phase response is necessary. 
In fact, a growing body of evidence in- 

dicates that, when music or speech 
program material is heard in a rever- 
berant environment, phase effects are 
of little importance to the listener. It is 

only with specialized test signals and 
very specialized listening environ- 
ments that phase effects other than 
basic phase cancellation (destructive 
interference) can be heard. After all, 

the typical listening room, introducing 
sound reflections as it does, totally 
randomizes the phase information in 

the acoustic signal by the time it 

reaches the listener's ears. It has 
been said that it can't hurt" to have a 

linear -phase speaker, which is true, 
ideally. But a number of designs cur- 
rently on the market introduce ampli- 
tude response aberrations due to dif- 
fraction effects caused by the offset 
mounting of the drivers. These re- 

sponse anomalies are audible. This is 

worthy of consideration, because a 

number of manufacturers go to great 
pains to make their baffles smooth 
and free of structural discontinuities 
simply to minimize diffraction of 
high- frequency sound (consider the 
latest designs by Avid, for example). 

Electrostatic Systems. As men- 
tioned earlier, a solution to the limited - 
output problem of electrostatics is ex- 

emplified by the formidable Dayton 
Wright electrostatic speaker. The 
electrodes and diaphragm are im- 

mersed in an atmosphere of SF6, 

which can support very high polarizing 
and driving voltages without breaking 

"Linear phase" speaker system. 

down and arcing. Hence, the Dayton 
Wright system is capable of generat- 
ing more acoustic output than stand- 
ard electrostatics. The system is pro- 
vided with a special power amplifier 
that is capable of driving the almost 
totally reactive load of the speakers 
(which would be a horror for many 
conventional amplifiers). The Dayton 
Wright is a two -way system. Frequen- 
cies above 10,000 Hz are handled by 
a piezoelectric tweeter. 

Another novel (and equally mas- 
sive) electrostatic system is the Bev- 
eridge 2SW. This speaker employs a 

single 6 -foot electrostatic panel, but 
the driver is loaded with a unique 
acoustic lens that gives the system 
wide dispersion in the horizontal 
plane. Ordinarily, a single electrostatic 
panel would become highly directional 
at high frequencies, especially if it 

were large enough to provide signifi- 
cant bass output. In the Beveridge 
speaker, the effective size of the ra- 
diator is quite small, because the 
mouth of the lens is a narrow slit rath- 
er than a large, wide panel. The Bev- 
eridge system is provided with a spe- 
cially- designed vacuum tube power 
amplifier as well as two subwoofers to 
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augment the electrostatic driver's 
bass output in the lowest octave. 

The Beveridge 2SW represents an 
intresting means of obtaining con- 
trolled high- frequency output from an 
electrostatic speaker. Other designers 
take different approaches, such as 
multi -way systems with two or more 
electrostatic drivers of different panel 
sizes. Some manufacturers, such as 
RTR, utilize electrostatic tweeters 
composed of several small panels 
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placed at angles to one another so 
they radiate into a wide solid angle. 

Equalized Systems. Some de- 
signers utilize electronic equalizers to 
compensate for frequency response 
deficiencies of the speaker system, as 
is done in the Bose 901 series men- 
tioned earlier. These equalizers are 
generally placed between the preamp 
and power amp, and have either fixed 
equalization or a minimum of user 
controls so their performance isn't hin- 
dered by user adjustments. Another 
example of equalized systems is Elec- 
tro- Voice's Interface line of speakers, 
some of which include equalizers that 
smooth out bass response and control 
high- frequency roll -off. 

Powered Speakers. Speaker de- 
signers who want absolute control 
over the electronic circuits to be inter- 
faced with their systems use powered 
speakers. These speakers contain 
power amplifiers that are built right 
into the speaker cabinet. Systems of 
this kind are almost always multi - 
amped. That is, the system will con- 
tain a separate amplifier for each driv- 
er, as well as an electronic crossover 
at the input, so you drive the "speak- 
er" with the output of a preamp. There 
are some obvious advantages to this 
scheme. For one thing, it is probably 
the most cost- effective way to drive a 
speaker system. Multi -amping en- 
ables you to match each transducer 
with its appropriate drive level, and 
therefore gives you a maximally effi- 
cient system. Additionally, there are 
none of the power losses that occur in 
higher -order passive networks, so you 
can provide each driver directly with 
only the power it needs and no more. 
(This isn't really critical in hi -fi sys- 
tems, but if you're setting up a stage 
system for the Grateful Dead or de- 
signing a monitor system for a big stu- 
dio, it is.) Other advantages of multi - 
amping are potentially lower distortion 
and smoother frequency response. 
Regarding the latter, the active cross- 
over can be designed to introduce no 
phase shift of one band relative to 
another. Accordingly, near the cross- 
over point, where more than one driv- 
er is radiating the same signal, de- 
structive interference won't occur. In 
any event, if multi -amping is important 
in a particular application, the pow- 
ered loudspeaker is an efficient way to 
do it. Another feature, exemplified by 
the Powered Advent speaker system, 

is compactness. The bulky power 
amps are built right into the cabinet. 

The ultimate powered speaker sys- 
tem is one that utilizes motional feed- 
back to correct for driver nonlinearities 
such as in the Philips RH -545. This is 
a three -way tri- amplified system with 
a small transducer mounted on the 
woofer cone. The transducer gener- 
ates a signal proportional to the woof- 
er output, which is fed back and sub- 
tracted from the input signal (just like 
the negative feedback used in every 
audio amplifier). The signal that drives 
the speaker is thus "compensated" 
for the woofer's nonlinearities. Feed- 
back systems of this sort are primarily 
useful for reducing distortion in a 
speaker's bass output. They aren't 
generally used for the higher- frequen- 
cy drivers for practical reasons. 

Subwoofers. A relatively recent 
trend in the design of loudspeaker 
systems involves the use of large dy- 
namic drivers for reproduction of the 
deepest bass and separate "satellite" 
speakers for the upper bass, mid- 
range, and treble frequencies. Be- 
cause audio frequencies below 70 Hz 
or so are nondirectional to the human 
ear (it can't locate their source), a sys- 
tem can be set up to operate with a 
single subwoofer covering the range 
of, say, 20 through 70 Hz, and a pair 
of satellite speakers for the higher fre- 
quencies. (Alternatively, a separate 
woofer can be used for each channel 
and its operating range increased ac- 
cordingly.) As evidence of this trend 
you need only note the increasing 
number of "mini" speakers on the 
market, made by manufacturers like 
ADS, Visonik, Braun, etc. If the satel- 
lites are not intended to reproduce 
any low bass (anything significantly 
below 100 Hz) they can be made very 
small. The ADS Model 200 II, for ex- 
ample, measures only 63/4 x 41/4 x 
4s /ri inches (17.1 x 11.7 x 10.8 cm) 
and has a rated frequency response 
of 85 to 20,000 Hz ±3 dB. (Response 
goes down to 55 Hz ±6 dB.) The 
advantage of using a single subwoof- 
er in a low- profile cabinet and two 
small, lightweight satellites is clear 
from the standpoint of aesthetics and 
placement in the average room. If de- 
sired, the woofer can be hidden in an 
out -of- the -way place because its out- 
put does not affect stereo imaging. 
The compact satellites are easy to 
find room for. 

Acoustique 3A International has 
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taken the idea of the hidden subwoof- 
er to its extreme with its Triphonic sys- 
tem. Here the woofer is a self -pow- 
ered, motional- feedback system con- 
cealed in a coffee table. The higher 
frequencies are handled by two small 
(17 x 10 x 7 inches) satellite speak- 
ers. A single stereo amplifier is re- 

Mesa's subwoofer housed in an enclosure disguised as a coffee table 
is meant to be used with a pair of small satellite speakers (left). 

FEW IF ANY difficulties are en- 
countered in testing electronic au- 

dio components such as amplifiers 
and tuners in a hi -fi system. The rea- 
son for this is that we are dealing with 
generally well- understood effects 
(power, sensitivity, distortion, noise, 
etc.), and the measuring procedure is 

defined by standards issued by the In- 

stitute of High Fidelity (IHF) and other 
organizations. Hence, we can reason- 
ably well define the performance of 
such products under test. Not so for 
speaker systems, which have yet to 

come under a testing standard (al- 
though an IHF technical committee 
has been activated to generate such a 

standard). 
Unlike electronic components, the 

electromechanical loudspeaker is far 
from a simple device with a uniquely 
defined output that can be directly re- 
lated to an input signal. Until a testing 
standard is formulated, those of us 
who test speaker systems must es- 
tablish our own laboratory procedures 
based on what we consider to be im- 
portant characteristics. This is the rub, 

because as things now stand, there is 

no agreement as to just which charac- 
teristic of a speaker system's output is 

related to its sound and which, there- 
fore, should be measured. 

quired to drive the system because 
the woofer is self -powered. 

One disadvantage of the subwoof- 
er /satellite approach in terms of cost 
is the fact that these systems general- 
ly have to be bi- amplified. An electron- 
ic crossover and separate amp for the 
woofer is needed. If the woofer is re- 

producing frequencies down to 20 Hz, 

and is of the acoustic suspension type 
(as is not uncommon), you'll need 
plenty of power for it, too! 

In Conclusion. 
Although there aren't all that many 

generic types of speakers and enclo- 
sures, the number of variations on the 
basic designs that have been tried at 

one time or another is huge. Each de- 
sign attempts to solve the problem(s) 
its creator sees as most pernicious 
(whether they are real or imagined). 
However, one thing is certain -as 
time has passed, the fundamental de- 

signs have been improved and refined 
to the point that well- executed exam- 
ples of each design type will all be 

good- sounding speakers. 

Intcrpidhng 
Speaker 

Rst 
Results 
BY JULIAN HIRSCH 

Hirsch-Houck Laboratones 

The Problems. Although the input 
to a speaker system is electrical and 
can be specified quite well (assuming 
one considers it as a voltage only be- 
cause the complex input makes it very 
difficult to measure the true input pow- 
er), its output is acoustic energy. This 
energy is commonly expressed as a 

sound pressure level, or SPL, in deci- 
bels relative to 0.0002 dynes /cm2. 
The SPL measurement per se is not 

difficult to make with a suitable cali- 
brated microphone. However, there 
remains the question of the testing en- 

vironment and the physical relation- 
ship between the speaker system and 
microphone during the test. 

The acoustical SPL output of a 

speaker system is a function of the di- 

rection and distance between the mi- 
crophone and speaker system and 
the driving frequency. If the frequency 
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response is measured in an anechoic 
chamber -the most commonly used 
test environment, with the microphone 
on the central axis of the system -one 
may obtain a reasonably "flat" re- 
sponse curve. Bear in mind, though, 
that "flat" for a speaker system is not 
the same as "flat" when applied to the 
response of an amplifier or even of a 
phono cartridge. Every driver in a 
speaker system is subject to count- 
less unwanted response variations 
from its cone and voice -coil suspen- 
sions, the cone itself, the supporting 
basket, the cabinet edges, and many 
other factors. As a result, what is ob- 
tained in an actual test is a very rough, 
irregular response curve. This re- 
sponse curve is usually so irregular 
that its useful content is obscured. 
Hence, it is common practice to use 
filtering and pen damping in the 
graphic level recorder to smooth out 
the rough edges, so to speak, leaving 
a more general -and often more in- 
formative-- contour of the speaker 
system's response. 

No matter how the measurement is 
made, we cannot avoid the fact that 
the response will be different for every 
different microphone position relative 
to the speaker system. An on -axis re- 
sponse is essentially worthless as an 
indicator of how the speaker system 
will sound or even of its intrinsic merit. 
If the response is measured at a num- 
ber of different microphone locations 
while sampling the sound field over a 
wide angle in front of, or even through 
a full sphere surrounding, the speaker 
system, it is possible to process the 
data with a computer to obtain a plot 
of the total power response as a func- 
tion of frequency. This is a measure- 

ment of the total acoustic energy the 
speaker system radiates in all direc- 
tions, into the hemisphere or spherical 
volume that loads the system. 

There is good reason to think that 
the power response of a speaker sys- 
tem is more closely related to the way 
it sounds in a real listening room than 
in any anechoic measurement along a 
single axis or several axes. This is not 
to imply that such a measurement - 
indeed, any possible measure- 
ments -will ever be able to define or 
describe the performance of a speak- 
er system with the accuracy that such 
measurements can describe the na- 
ture of amplifier or tuner performance. 
There are many orders of magnitude 
of difference between the subtleties 
detectable by the human ear and 
processed by the brain and anything 
that can be picked up by a micro- 
phone and processed by a computer. 
Nevertheless, in a home environment 
a speaker system does radiate sound 
in all directions although not neces- 
sarily uniformly. Most of this output, 
after reflection and some absorption, 
eventually reaches the listener's ears. 
For this and other reasons, we have 
long felt that such a measurement 
(power response rather than any sin- 
gle -axis pressure response) is the 
most meaningful way to measure the 
general, octave -by- octave, frequency 
response of a speaker system. 

Our Procedure. Fortunately, a 
computer or a large number of micro- 
phones are not really needed for a 
power- response measurement. An- 
other and often simpler technique is to 
use a reverberant chamber for a test 
environment. This is an odd -shaped 
room with no parallel surfaces, its 
walls, floor, and ceiling made of hard, 
nonabsorbing material. All the sound 
emitted by a speaker system in such a 
room, after many reflections, will pro- 
duce a uniform, homogenized sound 
field at any point in the room. Like an 
anechoic chamber, a reverberant 
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Fig. 1. Average response curve is for left and right speakers 
and corrected curve takes room characteristics into account. 

room can be used only for middle- and 
high- frequency measurements. A rea- 
sonable -sized anechoic room may be 
useful only down to 100 Hz or so, and 
the cut -off for a reverberant room can 
go up to 500 Hz. 

At Hirsch -Houck Laboratories, we 
have neither an anechoic nor a rever- 
berant chamber. We have found that 
a normally furnished listening room 
behaves much like a reverberant 
chamber. Beyond a distance of 10 ft 
(3 m) or so from the speaker system, 
the sound field is semireverberant. 
That is, the measured SPL changes 
little as the microphone is moved 
about. The room's response is not 
"flat" with frequency, of course, due to 
the normal absorption by the bound- 
ary surfaces and furnishings. These 
surfaces cause the high- frequency re- 
sponse to roll off in any measurement. 
However, we have been able to com- 
pensate for this rolloff with gratifying 
success. To do this, we measure the 
response of two calibrated speaker 
systems in a normal stereo listening 
setup at the front of the room, spaced 
about 10 feet apart. We place the mi- 
crophone on -axis with and about 12 ft 
(3.7 m) from the left speaker system. 
At this point, the microphone is angled 
about 40° off -axis from the right 
speaker system. Then we run re- 
sponse curves for both speaker sys- 
tems separately but on the same chart 
paper, using a "warble tone" swept 
oscillator and heavy pen damping in 
the recorder to obtain the smoothest 
possible curve. The two curves, from 
100 to 20,000 Hz, usually have "rip- 
ples" from standing wave effects in 
the room. We find, however, that 
these standing waves tend to cancel 
out between the speaker systems. 
This yields a relatively smooth line av- 
erage for a reasonable curve. (Fig. 1). 

Knowing the actual reverberant - 
room response of our speaker sys- 
tems from data supplied by the manu- 
facturer and knowing that our micro- 
phone is flat within ±1 dB up to 
20,000 Hz, we can draw a correction 
curve. When this curve is added to the 
response curve of any other speaker 
system measured in the same room, 
we obtain a response curve roughly 
equivalent to the speaker system's to- 
tal power response. Although acousti- 
cians will, probably flinch at the 
approximate nature of this measure- 
ment and the various assumptions 
that have been made in its perfor- 
mance, we find that we usually come 
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within 2 or 3 dB of a true reverberant 
response measurement when we 
have access to that data from a 

speaker manufacturer. This is accu- 
rate enough for our purposes. 

Although the curve obtained ex- 

tends down to 100 Hz, it is not valid 

below about 300 Hz because of the 

unavoidable resonance effects of our 
room. At lower frequencies, we place 

the microphone as close as possible 
to the woofer's cone and run a curve 
from 20 to 1000 Hz (Fig. 2). (No war- 

ble tone is needed since close- micro- 
phone measurement is not affected 
by the room and gives essentially a 

true anechoic response.) This mea- 
surement is not valid much above 300 

Hz, where the dimensions of the woof- 
er cone become comparable to the 

wavelength of sound, but we carry it 

up to 1000 Hz for the same reason 

that our quasireverberant measure- 
ment is carried down to 100 Hz. 

Having obtained two sets of curves, 
we splice them together to form a sin- 

gle composite frequency response 
(Fig. 3). By extending each curve 
beyond its most accurate range, we 

find it easier to overlap them for the 

best splice. On occasion, there is little 

overlap range and we must make an 

educated guess about the splice 
point. In many cases, the two curves 
have considerable overlap and there 
is no doubt about the accuracy of the 

composite frequency- response curve. 
One might fairly ask how we can 

call this composite curve a "frequency 
response" plot of a speaker system. 
Our reasoning is that the midrange 
and high- frequency portion of the 

curve is a fair representation of the 

speaker system's total power output 
over that range and consequently 
represents how much energy it will ra- 

diate into almost any room. Regard- 
less of the room's characteristics, a 

peak or a drop in output at the high 
frequencies will almost always be 

heard as a brightness or dullness of 

the sound, and irregularities in the 

midrange generally correlate with dif- 
ficult-to- define colorations one often 
hears from a speaker system. While 
this portion of the curve is fairly appli- 
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cable to any listening room, the bass 
response is drastically affected by the 
room size and placement of the 

speaker systems. In most cases, it 

would be quite impossible to produce 
any curve that really reflects how the 
speaker system will perform in any ar- 
bitrary room. 

Given the above, we content our- 
selves with showing the low- frequen- 
cy (anechoic) response obtained with 
close microphone spacing. This is a 

"worst- case" condition; the actual 
bass performance will always be bet- 

ter in any real room, where the bound- 
aries will reinforce the low- frequency 
output of the system. The curve we 
give is useful for comparing speaker 
systems. The magnitude and width of 
the low- frequency output rise at reso- 
nance also give a good indication of 
the Q of the woofer. 

In spite of its unorthodox derivation, 
the composite response curve relates 
well to how the speaker system 
sounds in our test room and how it is 

likely to sound in most "real" listening 
rooms. It is worth noting that the two 
separate response curves at high fre- 
quencies reveal very clearly how good 
the dispersion of a tweeter is in the 
upper registers. An omnidirectional 
speaker system, or a system with very 

5dB 

good dispersion, will reveal little or no 

difference between the two curves, 
one on -axis and the other 40° off -axis, 

at any frequency, but most speaker 
systems will reveal at least several 
decibels difference at frequencies 
beyond 10,000 Hz. 

Other Tests. We also measure the 
harmonic distortion of the woofer be- 

tween 100 Hz and its lower frequency 
limit (Fig. 2). We use the same close 

microphone technique here employed 
for the bass response measurement, 
but the microphone's output goes to a 

spectrum analyzer instead of a chart 
recorder. The output levels of second 
and third harmonics (higher order 
components are almost never signifi- 
cant) are combined to obtain a THD 
reading at each 10 -Hz frequency in- 

crement. The woofer is driven with a 

constant 2.83 volts and then at a con- 
stant 8.94 volts, which correspond to 

power levels of 1 watt and 10 watts 
into an 8 -ohm load. We do not mea- 

sure distortion at higher frequencies 
because the irregularity of the sys- 
tem's response makes the test im- 

possibly complicated unless very spe- 
cialized automatic plotting equipment 
is used. 

A bass distortion measurement tells 

BASS RESPONSE BASS DISTORTION 

FREQUENCY (Hz) 

Fig. 2. At left is a typical bass response from 20 to 1000 Hz. At right 
are typical distortion curves below 100 Hz at two power levels. 
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Fig. 3. A composite corrected frequency response. It is formed by 

splicing the curves from 100 to 20,000 and from 20 to 1000 Hz. 
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us how low the speaker system will go 
before the woofer ceases to be cou- 
pled to the air load of the room. At this 
frequency, distortion begins to rise 
rapidly. For a typical bookshe,f speak- 
er system, the distortion may measure 
in the vicinity of 1 percent or so down 
to about 60 Hz, rising somewhat at 50 
Hz and very abruptly at lower frequen- 
cies. Regardless of its measured fre- 
quency response (measured at a low 
drive level), such a system will not 
produce usable, undistorted bass at 
frequencies much below 50 Hz be- 
cause its cone is no longer coupled to 
the room, causing excessive distortion. 

One thing everyone should know 
about his speaker system is how 
much drive is required to produce a 
given SPL output. (This is related to 
how much amplifier power capability 
is needed.) This information is given 
in our sensitivity measurement (This 
is not efficiency, although the two are 
related, since we do not know how 
much electrical power we are actually 
delivering to the speaker system, or 
how much acoustic power it is produc- 
ing.) We drive the speaker system 
with 2.83 volts of band -limited plink 
noise (an octave wide and centered at 
1000 Hz) and measure the SPL at 1 

meter in front of the grille. We prefer 
this signal to full- bandwidth pink noise 
because it measures the sensitivity in 
the important midrange, were most 
of the subjective volume is produced. 

Impedance is measured by diving 

the speaker system's voice coil direct- 
ly from the swept oscillator of our fre- 
quency response plotte-, with the 
graphic level recorder in parallel with 
the output of our oscillator and the 
speaker system. The 600 -ohm output 
of the oscillator looks like a constant - 
current source to the speaker system. 
Hence, the voltage across the speak- 
er system and recorder is directly pro- 
portional to the impedance as the fre- 
quency sweeps from 20 to 20,000 Hz. 
Since the amplitude scale of the re- 
corder chart is logarithmic, we cali- 
brate it before each measurement by 
substituting a precision resistance 
decade box for the speaker system 
and calibrating over a range of 1 to 
100 ohms (Fig. 4). 

Although we still examine the tone - 
burst responses of a speaker system 
as part of our test sequence, these do 
not lend themselves to objective inter- 
pretation unless the speaker system 
is unusually good or bad. We usually 
drive the speaker with 4 -cycle bursts 
while varying the frequency and ob- 
serving the behavior of the acoustic 
output in the operating range of each 
driver. It is generally necessary to lo- 
cate the microphone fairly close to the 
speaker system (within a foot or so) 
and on the axis of the driver being 
studied to avoid interference from the 
other drivers and room reflections. 
This is one of the tests that really 
should be made in an anechoic cham- 
ber, since it is almost impossible to 
eliminate room effects from delayed 
reflections off the walls unless the mi- 
crophone is so close to the speaker 
that it may affect the actual output. 
(One cannot assess total system per- 
formance under this condition.) 

Interpreting Results. From the 
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Fig. 4. A typical impedance curve obtained by driving the speaker system. 
from the swept oscillator of frequency response plotter, 
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general shape of the composite re- 
sponse curve, one can determine by 
inference whether the system will 
sound bright or heavy, have midrange 
coloration, or perhaps be one of the 
few really smooth and uncolored re- 
producers available. A very flat curve 
usually means that the speaker sys- 
tem is very good, but moderate ir- 
regularities do not necessarily mean 
that the system is a poor performer. 
Our comments on the sound of a 
speaker in the "User Comment" sec- 
tion of our reports should help in inter- 
preting the curves. 

Very low bass distortion usually 
means that a speaker system will 
sound clean in the low bass range and 
that it can probably be equalized for a 
flatter, more extended bass output 
with a suitable graphic equalizer, with- 
out risking excessive distortion or 
damage. Higher bass distortion, such 
as 2% or 3% in the 50- to- 100 -Hz 
range does not necessarily sound bad 
since the ear is very tolerant of low - 
order harmonic distortion, especially 
at low frequencies. If the speaker sys- 
tem is capable of delivering a healthy 
output in the low -bass range, a mod- 
erate amount of distortion will prob- 
ably never be noticed. 

The impedance curve is important 
to anyone who plans to parallel two 
pairs of speaker systems on a single 
amplifier. We give in our reports the 
lowest impedance observed. 

The sensitivity rating is a rough 
guide to how much amplifier power 
will be needed to drive the speaker 
system to a given SPL. Most acoustic - 
suspension systems produce an 85- 
dB SPL at 1 meter for a nominal 1- 
watt input (the range is typically 82 to 
88 dB). Ported or vented systems may 
range from 88 to 92 dB, while a few 
will reach 94 or 95 dB. These figures 
do not tell how loud a speaker system 
will play; they tell you how much pow- 
er is required to play at a given level. 
Their usefulness is mainly to permit 
you to compare competing systems. 
For example, a speaker system rated 
at 92 dB will require only one -tenth as 
much amplifier power as one with an 
82 -dB sensitivity rating, for the same 
listening level. 

Finally, we should mention that our 
test figures will rarely, if ever, agree 
with any supplied by a speaker sys- 
tem manufacturer. This is because to- 
tally different test methods were used, 
which is not a reflection on either the 
manufacturer or on our test results. O 
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The 
Im ortance 

Power-hapdling 
Capacity 

THE AMOUNT of power a speaker 
can handle without incurring dam- 

age is little understood by most audio 
enthusiasts. For example, why can a 

loudspeaker with a high power rating 
be damaged in a particular situation 
when one with a lower rating is un- 

damaged? Why do some speaker 
systems that are provided with fuses 
still suffer overload damage without 
the fuse being blown? To answer 
these and other questions, we must 
first recognize the power limitations of 

a loudspeaker system in two failure 
areas -thermal and mechanical. 

Thermal Failure. To understand 
why thermal failure occurs, we first 
determine what a loudspeaker does 
with the input power it receives. We 

are familiar with audio amplifiers that 
deliver 50, 100, 200, or even as much 
as 700 watts per channel. However, 
few of us know how many watts -that 
is, actual acoustic watts -a loud- 
speaker delivers. An indication can be 

obtained, however, by considering the 
output of a large pipe organ. It will typ- 
ically deliver 12 to 14 acoustic watts in 

a spacious environment. A conven- 
tional saxophone, on the other hand, 
delivers about 0.3 watts, a piano 0.4 
watts, a bass singer 0.03 watts and 
speech at a normal level about 
0.000024 watts. 

Obviously, we are now looking at 

much smaller power levels than those 
considered by the average hi -fi en- 

thusiast because he is thinking of 
electrical input to a speaker, not its 

acoustic output. The enormity of the 
difference is seen if we consider the 
12 to 14 watts delivered by a large 

POPULAR ELECTRONICS 
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Teledyne Acoustic Research 

pipe organ. In the average house, this 
amount of acoustic power would liter- 

ally shake the house. 
Thus, we can see that, for even ex- 

tremely loud listening levels in the 

home, we are only considering acous- 
tic power outputs of no more than a 

few watts. To supply this power, how- 
ever, it is often necessary to have an 

amplifier with a large power output be- 

cause of speaker inefficiences. This 
brings up the subject of just how effi- 

cient high- efficiency speakers are 

when compared to low- efficiency 
units -how inefficient even the high - 

efficiency systems are is not generally 
appreciated. Acoustic -suspension 
speakers can have efficiencies as low 

as 0.2 %, ported systems about 1% 

and horns up to approximately 15% to 

20 %. For most current speakers, for 
every 100 W of electrical power deliv- 

120 

100 

ered to a speaker, only about 0.2 to 1 

watt of acoustical power is delivered 
as actual sound! The rest of the power 

(over 99 watts, in this case) goes al- 

most entirely into heating the voice 

coils on the speaker drive units. (A 

very small amount of power is used to 

overcome mechanical resistances in 

the drive units while another small 

amount heats the leads from amplifier 
to speaker). 

Let us now look at what happens 
when we apply this power to a speak- 

er's input. Figure 1 shows typical 

heating and cooling of a conventional 
midrange unit with a 1 "- diameter voice 

coil for a constant sine -wave input. A 

steady state is rapidly reached around 
105 °C (221°F) above ambient (about 

20 °C or 68 °F). Usually, thermal break- 

down occurs when adhesives used in 

the construction melt or fail. This is 
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Fig. 1. Heating rate of a midrange coil when 
a nominal 10 watts of 1 -kHz sine wave is applied, 
and the cooling rate when the signal is removed. 
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«... a loudspeaker cannot [always] be played as loud after 
several hours of use as it can when first turned on. 

usually at temperatures of about 
170 °C (338 °F) to 180 °C (356 °F). 
Consequently, it would appear to be 
safe to use 10 watts continuously ap- 
plied to our hypothetical unit. Unfortu- 
nately, it is not! 

To understand why, let's first exam- 
ine what happens when the tempera- 
ture rise apparently levels out. At this 
point, all the power that's producing 
heat is not merely raising the temper- 
ature. It is travelling across the air gap 
in which the coil sits to the other metal 
parts and " magnet (Fig. 2) causing 
them to heat up. Since the metal parts 
have a larger mass than the voice coil, 

CONE 

VOICE 

nal, as indicated by Fig. 1. However, 
this rapid variation in temperature will 
have upper levels determined by how 
long the system has been playing, as 
seen in Fig. 3. Consequently, a loud- 
speaker cannot be played as loud af- 
ter several hours of use as it can when 
first turned on. This may explain why 
simple fusing so often fails to protect a 
system. A low- current fuse which 
would provide adequate protection for 
all signals after any period of playing 
is simply not practical, as it would 
mean limiting the system to unrealisti- 
cally low levels for most normal listen- 
ing conditions. 

What can the designer do? One ob- 
vious answer is to transfer more heat 
away from the unit, possibly with heat- 

FLEXIBLE SURROUND 

Fig. 2. Cross section of a typical loudspeaker 
drive unit with voice coil sitting in air gap. 

however, the former is slower in 
reaching its maximum heat level. As 
shown in Fig. 3, it takes about two 
hours for the temperature to stabilize 
to a point where all the heat received 
by the structure is, in turn, transmitted 
to the air around the unit. During this 
time, the metal rises to about 68 °C 
(154 °F) above ambient. But, more sig- 
nificiantly, the voice coil rises with it to 
about 155 °C (311°F) above ambient- - 
close to the failure level of adhesives. 

What does all this mean to the loud- 
speaker user and loudspeaker de- 
signer? We need to look even further 
into the subject to see how the design- 
er can optimize the situation, but 
we already see one danger point for 
the user. A loudspeaker voice coil will 
rapidly heat and cool with variations in 
level applied with a typical music sig- 

sink fins on the metalwork. Unfortu- 
nately, this will work only if he can effi- 
ciently transfer the heat from voice 
coil to metalwork. This is where we 
have the major temperature differen- 
tial in the order of 90 °C (194 °F). If we 
could reduce this differential to, say, 
20 °C (68 °F), then for the same input 
power of 10 watts, we would only get 
a long -term voice coil rise of about 
90 °C (194 °F) instead of 155 °C 
(311 °F). This would occur because, 
under steady -state conditions, about 
9.9 watts is generated as heat in the 
voice coil, crosses the air gap to the 
metalwork, and is then transmitted by 
the metalwork to the surrounding air. 
The temperature difference neces- 
sary between coil and metalwork for 
this 9.9 watts is about 90 °C. How can 
it be reduced to, say, 20 °C (68 °F) and 

still transfer the 9.9 watts? To answer 
this takes a complex study of heat 
transfer mechanisms. The results of 
one such study are described below. 

In this study it was found that in the 
type of unit used as an example, 
about 3% of the heat was transferred 
from the coil to the metalwork by ra- 
diation, none was transferred by con- 
vection, and 97% was conducted 
through the air in the gap. This ex- 
plains the high temperature differen- 
tial between coil and metalwork, as air 
is a fairly poor conductor of heat (the 
air in our homes is heated by convec- 
tion, a mechanism that does not occur 
in the voice coil gap). Attempts to im- 
prove radiation by having blackened 
coil formers and blackened metalwork 
had little effect, giving an increase in 
power handling of only 12 %. To make 
inroads, we need improvements of 
several hundred percent, as each 
doubling in power handling means 
that we can safely play the system 3 
dB louder (12% is an improvement of 
0.5 dB in output). 

The obvious answers to improve- 
ment in power handling lie in two 
areas -increasing the maximum tern - 
perature the unit can withstand and 
improving heat conduction away from 
the voice coil. Higher maximum tern - 
peratures require the use of adhe- 
sives that will withstand higher tem- 
peratures without softening or break- 
ing down. As stated earlier, these 
adhesives normally have an upper 
limit of about 189 °C. Adhesives that 
can withstand higher temperatures 
are now becoming available and are 
being used on a few drive units. Gen- 
erally speaking however, most voice 
coils still have the sort of temperature 
limit we have been dealing with. 

We are thus limited to the upper 
temperature limit of about 180 °C 
(356 °F). Is it possible to handle more 
power before reaching this limit? One 
obvious way is to increase the surface 
area of the voice coil. High -power 
speakers for electric guitar amplifica- 
tion, for example, often achieve their 
power -handling ability by using tweet- 
ers with large voice coils- sometimes 
4 or 5 inches in diameter. Unfortu- 
nately, large voice coils cause two se- 
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nous degradations in tweeter or mid- 
range performance. First, for accu- 

rate reproduction of transients and 

high frequencies, a tweeter voice coil 

has to be lightweight, so it can't be 

very large. Secondly, a large voice 

coil automatically means a large 

acoustic radiating surface which, in 

turn, means a tweeter that will be- 

come seriously directional even at rel- 

atively low frequencies. 
Another way to handle more power 

for a given sound pressure level be- 

fore reaching this limit is to use a 

much more efficient tweeter and pad it 

down in the crossover network to the 

level of the rest of the system. Thus, 
much less power is applied to the 
tweeter (the attenuator network used 
should, of course, be able to handle 
the rest of the power). Such a tweeter 
of midrange element would have to 

be horn loaded for sufficient increase 
in efficiency. This approach is quite 
valid, but does produce systems with 
treble directionality problems since 

the radiating area of a horn is that of 

its mouth. This is really only fully satis- 
factory when used in systems specifi- 
cally designed to make use of these 
directionality effects (a very complex 
subject in its own right). It also ex- 

plains why power -handling failures 
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are less likely to occur in fully horn - 

loaded systems; they don't handle 
more power, they just play significant- 
ly louder. Hence, the amplifier level 

does not get turned up as much and 

the loudspeakers do not get as much 

power fed to them. 

Magnetic Fluids. Recently, anoth- 
er method of improving the ability to 

handle power before failure tempera- 
tures are reached has become avail- 
able to the loudspeaker designer. This 

method significantly improves the 

transfer of heat from the voice coil and 

across the voice coil air gaps by re- 

placing the air in the gaps with a spe- 

cial oil that has an excellent thermal 
conductivity. 

The oil is the base of a remarkable 
new material called magnetic fluid, a 

molecular suspension of ferrite parti- 
cles in an oil carrier. This fluid is at- 

tracted by magnetic fields and thus is 

firmly held in the air gap of a loud- 

speaker, as shown in Fig. 4. Now, for 

the first time, a new generation of 

high -power -handling tweeters and mi- 

drange units of the small size neces- 

sary if a design with good dispersion 
characteristics is desired can be built. 

Such units are now incorporated in an 

increasing number of American man- 

ufacturers' models and will, it is be- 

lieved, soon be seen in systems from 

both Europe and the Far East. 

Using a combination of high -tem- 

perature adhesives and magnetic flu- 

id, loudspeakers having much better 
power handling capabilities than be- 

fore can be designed. Why, then, is it 

still possible to damage loudspeakers 
thermally? This is where we look at 

the last part of the story, the signal ap- 

plied to the speaker. 

Loudspeaker Signals. In most 

systems the woofers are large and 

have large voice coils and lots of met- 

alwork; tweeters have small coils and 

a much smaller mass of metal; and 

midrange units lie somewhere in be- 

tween. Obviously, a tweeter cannot 
handle power as well as can a woofer. 
It is fortunate for the designer, there- 

fore, that loudspeakers are designed 
to play music and not constant- ampli- 
tude sine -wave signals. This means 

that he can take advantage of mu- 

sic spectra, such as those given in 

Fig. 5, in the design of individual drive 

units for a system. It also means, un- 

fortunately, that it is relatively easy to 

misuse the system, often without real- 
izing it. 

Misuse of a system, in a thermal 
damage context, means changing the 

spectrum of the signal applied so that 
too much power is applied to the most 
vulnerable units, the tweeters. The 
spectra shown in Fig. 5 are for a varie- 

ty of rock -music records, which gener- 
ally present the worst thermal problem 
for two reasons. Firstly, and most ob- 

viously, rock music is simply played 
louder. Secondly, its spectrum gener- 
ally puts more power into the system 
at higher frequencies, reaching a 

broad maximum around 800 Hz. In 

contrast, classical music reaches a 

maximum power level somewhere 
around 500 Hz. Consequently, classi- 
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«... many speakers have been damaged by amplifiers that are 
apparently lower- powered than the rating of the speakers. /9 

cal music does not generally impose 
such a high power level into the tweet- 
ers and midrange units of a system. 

In a typical piece of rock music on 
one system, it was found that, when 
35 watts was applied to the system 
the tweeter received only 1 watt. If we 
assume that this system was rated at 
100 watts on a music signal, then a 

"safe" test signal of 20 watts could 
easily destroy the tweeter since it 

could handle only about 1/35 of 100 
watts. This is the first point -Never 
apply sine -wave test signals of more 
than one or two watts to a loudspeak- 
er system, and never maintain such 
test signals on a tweeter for more than 
a few minutes! 

Another way of changing the ener- 
gy content of a music signal is to drive 
an amplifier into clipping, which im- 
mediately produces a disproportion- 
ately high average power by reducing 
the peak -to- average ratio. This is why 
it is frequently found that loudspeak- 
ers have been damaged by amplifiers 
that are apparently lower- powered 
than the rating of the loudspeaker. In 

this context, if high sound levels are 
frequently desired, and the amplifier 
power rating is within the limits of the 
loudspeakers being used, it is a good 
idea to place a mark on the volume 
control to represent the maximum 
"safe" setting. This position is easy to 
find if an oscilloscope is available (or 
can be borrowed) because it is the 
volume level just before clipping sets 
in on the loudest record in one's rec- 
ord or tape collection. If an oscillo- 
scope is not available, the setting is 

more uncertain and should thus be a 

position of the volume control above 
which distortion audibly appears on 
loud piano music. 

Other areas of such damage can be 
an amplifier's high- frequency instabili- 
ty above the audio range; careless in- 
terconnection of components such as 

tape -deck monitor circuits; and fast 
wind on certain tape recorders where 
the tape is near the playback head, 
producing an unwanted high- frequen- 
cy signal. The latter problem is easily 
prevented by always remembering to 

turn the volume to zero when fast 

winding. If one wishes to listen while 
in fast wind to find some section of the 
tape, the treble control should be 
turned down to minimum and the vol- 
ume kept as low as possible. 

Finally, one last area of thermal 
damage to loudspeakers should be 
explored: continuous, high -level, dis- 
cotheque music. This type of music 
should not be played for many con- 
tinuous hours owing to the severe re- 
duction in thermal overload capacity it 

causes. Only loudspeakers specifical- 
ly designed for this type of application 
are relatively safe to use under these 
trying circumstances. 

Fusing. Fusing is of very limited val- 
ue in protecting systems against ther- 
mal overload. The best type of fuse is 

one having its own thermal link. To 
some extent, this allows for both in- 

stantaneous high- current overload 
and a longer -term lower -level current 
overload. One such series of fuses is 

the "Fusetron" FNM series, the best 
value of which should be found by 
consultation with the loudspeaker 
manufacturer, if possible. 

The problems with fusing a system 
are multifold. The fuse cannot match 
the long -term thermal constants of the 
loudspeaker drive units and, what is 

more, it can be chosen only for max- 
imum input levels. These occur in the 
lower midrange where loudspeakers 
are built to handle the power. How- 
ever, the vulnerable tweeters remain 
largely unprotected, so all the other 
precautions discussed still have to be 
observed. It is possible to fuse the 
tweeter individually, of course, to pro- 
vide much better protection. This, 
however, will change the frequency 
response of the system somewhat, as 
will now be shown. 

Let us assume that a typical three - 
way system is rated as being safe on 
music program material with amplifi- 
ers rated at up to 100 watts rms per 
channel. This means that the tweeter 
itself is probably safe with about 3 or 4 
watts rms applied. If the system is rat- 
ed for 8 ohms, the tweeter probably 
falls to about 6 ohms; for a maximum 
input of 4 watts, this means a max- 
imum safe current of 0.8 ampere. 
Such a fuse would have a resistance 

of about 0.5 ohm, attenuating the 
tweeter by about 1 dB. This attenua- 
tion is worthwhile if useful fusing pro- 
tection is deemed necessary. 

Finally, a word on a somewhat ex- 
pensive type of thermal protection 
which could be (but is not yet, to my 
knowledge) incorporated at the de- 
sign stage, especially in powered 
loudspeakers. The idea of any ther- 
mal protection is to prevent the voice - 
coil from rising above a certain tern - 

perature (which can be determined in 

the design stages). This is best 
achieved by actually detecting that 
temperature by continuously monitor- 
ing the dc resistance of the voice coil, 
since this resistance is directly related 
to temperature. Several less costly 
systems have been suggested that 
monitor directly the temperature of a 

series resistor. The simplest circuit 
uses a thermal circuit breaker bonded 
to the resistor. The problem here is 

that it is impossible to match the high- 
ly complex heat -transfer mechanism 
in the loudspeaker and thus impossi- 
ble to match the temperature -rise 
characteristic of the voice coil. 

Mechanical Overload. Generally 
speaking, mechanical overload can 
be in one of two forms: irreversible 
damage and cumulative damage. The 
second form is in the hands of the de- 
signer, while the first lies mainly in the 
hands of the user. 

To elaborate, irreversible overload 
damage can occur when large over- 
load signals cause the woofer cone - 
coil assembly to "bottom" and the coil 
and /or cone to buckle. This can be 
caused by a drastic overload at low 
frequencies, such as when an organ 
record is played at an excessively 
high level. The only real protection 
against this type of overload damage 
is plain common sense. Don't attempt 
to drive a given loudspeaker beyond 
its capabilities -a point that is usually 
easy to detect due to the rapid onset 
of a high level of audible distortion. It 

should not be forgotten here, too, that 
the various units in a system can be 

driven beyond their capabilities by 
other, usually brief, signals. For exam- 
ple, dropping a pick -up arm onto a 

record or causing a stylus to jump by 
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jolting the turntable can cause ex- 
treme movements in bass units and 
damage to the voice -coil, especially 
with very high -powered amplifiers. For 
similar reasons, if large switching 
transients occur when controls are 
changed, care should be taken to turn 
down the volume before these con- 
trols are operated. 

The other type of mechanical over- 
load damage is cumulative. It can be 
produced by work- hardening and 
eventual fracture of the wires going 
from the terminal strip to the voice coil 
on a loudspeaker drive unit. The only 
answer here lies in the design of the 
drive unit so that the wires used in this 
application can withstand continuous 
flexure. One such type of wire is 

called tinsel. It's made in multi- strand- 
ed form, with the tension being taken 
by a number of cotton or nylon cores. 
The only instance in which such pre- 
cautions do not really apply is in the 
case of tweeters which operate above 
about 5000 Hz. Movements here are 
so small that such work- hardening 
does not generally occur. 

We have covered various areas in 

which overload can occur and have 
implied that no single comprehensive 
protection method exists apart from 
common -sense precautions. To apply 
this common sense, however, we 
need to know what power our loud- 
speakers can actually handle. 

Unfortunately, the foregoing is not 
simple. Examining loudspeaker speci- 
fications will show such power han- 
dling terms as: (1) 100 watts rms, (2) 
100 watts program material, (3) 100 
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Fig. 5. One -third octave analysis of six rock recordings 
based on rms levels held for at least five seconds. 

watts, (4) 100 watts continuous pow- 
er, and (5) may be safely used with 
amplifier rated at up to 100 watts rms 
on normal speech and music program 
material. 

Many other terms may also be 
found, but only number (5) above or 
some similar phrasing is of any real 
value to the consumer. Number (1) 
may be true at some frequencies but, 
apart from some specialized speak- 
ers, would result in frying the tweeter. 
Number (2) is not valid either, unless 
more information is given. For exam- 
ple, does it mean program material 
not clipping on an amplifier of 100 
watts or does it mean an average pro- 
gram material level of 100 watts? The 
latter would allow full use of an am- 
plifier of about 1000 watts since a typi- 
cal modern recording has an average - 
to- maximum power ratio of about 
10:1. Number (3) obviously requires 
more information, and (4) has the 
same shortcomings as number (1). 

The only way out of all this confu- 
sion in specifications (if the system is 

going to be played at high levels) is to 
get some definitive statement about 

FLEXIBLE SURROUND 

Fig. 4. Cross section of a loudspeaker drive with magnetic 
fluid to conduct heat across the voice -coil air gap. 

MAGNETIC FLUID 

20K 

the maximum safe amplifier power for 
a loudspeaker system before pur- 
chase. Finally, if high sound -pressure 
levels are required, don't forget that a 
high -powered speaker does not nec- 
essarily play louder than a lower -pow- 
ered system. Loudness is determined 
not only by how much power can be 
put into a speaker before damage en- 
sues, but also by how efficient that 
speaker system is. For this reason it is 

possible to double power -handling ca- 
pability by using two loudspeaker sys- 
tems per channel. However, twice the 
power handling means only a 3 -dB in- 
crease in sound level at maximum 
safe power, a very expensive way to 
achieve this 3 dB. Moreover, it should 
not be forgotten that two loudspeak- 
ers in parallel (especially if those sys- 
tems have impedances of 4 ohms) 
may provide a dangerously low equiv- 
alent impedance for the amplifier be- 
ing used, whereas putting those same 
speakers in series may adversely 
affect woofer damping and produce 
"boomy" bass. These problems are 
compounded by much more complex 
ones of placement, interference pat- 
terns, and so on, and become worse if 

different speakers are paired up to im- 
prove power handling. The obvious 
answer is to buy the correct system 
for the purpose in the first place. 

Conclusion. If high sound pressure 
levels are desired from a home hi -fi 
system, one should adhere to precau- 
tions outlined in this article. In general 
terms, the average user of high -qual- 
ity speaker systems will never experi- 
ence overload damage unless some 
other part of his system fails and 
"takes the loudspeaker with it." 
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Build a 
Lou' -Cost 

Transistor Tester 
BY CYRIL C. MILLER 

Tests small -signal, high -power, or phototransistors, 

SCR's, FET's and conventional diodes. 

THE SIMPLE, low -cost transistor 
tester described here can check 

small- and large- signal as well as medi- 
um- and high -power npn and pnp tran- 
sistors, n- channel FET's, conventional 
and light- activated SCR's, phototransis- 
tors, and diodes. The tester is easy to 
build and use. 

In operation, all you do is insert the 
device to be tested into a socket, press a 

TEST button, and observe a meter. A 

three -conductor cable is used for testing 
devices that are too large for the tester's 
sockets. There is no power switch be- 
cause the circuit consumes very little 
power, which also means that a device 
under test cannot be damaged by test 
conditions. 

The circuit for the transistor tester is 

shown in the schematic diagram. 

Construction. The tester can be as- 
sembled in a 5" x 2.5" x 1.5" (12.7 x 
6.4 x 3.8 cm) plastic case with an alumi- 
num cover. Neither parts location nor 
wiring is critical. 

The meter movement, four sockets, 
and three switches can be mounted on 

the cover. Wire sockets SO1 and SO2 to 
accommodate the two different basings 
commonly used for small transistors and 
wire S03 to accommodate a three -con- 
ductor cable to test devices that do not 
fit the sockets. Socket SO4 is used for 
high -power transistors. Point -to -point 
wiring, using terminal strips, can be 
used to assemble the project. 

A satisfactory substitute for the meter 
movement specified in the Parts List is 

Radio Shack's No. 22 -051, a 50 -µA 
movement with the same characteris- 

tics. However, this meter is slightly larg- 
er and may require a larger case for the 
project. A 100 -RA meter movement can 
be used if the value of R3 is changed to 
10,000 ohms. Alternatively, a 1 -mA 
movement can be used if the value of Calibration. Install the AA cell, but do 

R3 is changed to 1000 ohms and the not secure the cover to the case until R4 

value of R5 is changed to 220 ohms. has been adjusted. Insert the test cable 
(Bear in mind that some loss in sensitiv- into S03 and connect a 1000 -ohm resis- 

ity may occur with these changes.) tor between the collector and emitter 
Use insulated material between SO4 clips of the test cable. With S1 set to 

and the metal cover of the case. (The Low (S2 'can be in either position), the 

metal cases of power transistors are the meter's pointer should swing to approxi- 
collector terminals.) Also, use low- profile mately half -scale. With S1 in the Hi posi- 
fillister -head screws for mounting the Lion, very little deflection should occur. 
socket so that, when a power transistor Return S1 to its Low position and re- 

is plugged into 504, its base and emitter move the resistor. 
pins will fit the socket and its case will Short together the emitter and collec- 
make the collector's electrical connec- tor alligator clips while adjusting potenti- 
tion. Before mounting SO4, be sure the ometer R4 until the meter's pointer 
base and emitter pin openings in the swings to full scale. Setting S1 to HI 

cover plate are large enough to prevent should keep the pointer at full scale. 
the transistor's pins from shorting to the Switch S2 can be checked for proper 
metal plate. operation by inserting an npn or pnp 

Any type of lettering can be used to la- transistor known to be good into the 

bel the switches and sockets. The single proper socket, noting which leads are for 

AA cell that supplies power for the circuit the base, collector, and emitter. With S2 

should be mounted in a battery holder set to the appropriate position, press S3 

affixed to the bottom of the plastic case. (TEST); you should observe a significant 
External test leads can be fabricated increase in meter pointer deflection. If 

from lengths (about 7 ") of color -coded the pointer does not swing up- scale, S2 

stranded hookup wire. Solder a minia- is probably reversed; in which case, 
ture insulated alligator clip to one end of either relabel the switch or rotate the 
each wire and a plug that mates with switch by 180 °. 

S03 to the other ends of the wires. (In This completes calibration. Fasten the 
the prototype, a conventional transistor cover in place. 
socket was used for the plug. The sock- 
et pins were removed and the ends of Operation. Semiconductors can be 
the three test leads were tinned with sol- checked as detailed in the Table. If you 
der to serve as pins. The stiff wires were are uncertain whether a transistor under 
inserted into the socket from the top until test is npn or pnp, set S2 to its alternate 

they protruded to conventional transistor 
pin length. A short length of heat- shrink- 
able tubing was then used to secure the 
three leads to the socket.) 
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TESTING PROCEDURES 
Device to 
be tested Socket S1 S2 

Initial meter 
indication 

Test 
indication Remarks 

Small- signal pnp 
transistor 

1 LOW PNP Low Increase Socket 1 for EBC, 2 for BCE 

Small- signal npn 
transistor 

1 LOW NPN Low Increase Socket 1 for EBC, 2 for BCE 

Medium -power 
transistor 

1 Low As required Low Increase 

High -power 
transistor 

4 Hi As required Low Increase 

N- channel FET 1 LOW PNP Low Increase 
SCR 1 Low As required Low High SCR will lock on. S1 or S2 to 

opposite position to unlock. 
Light- activated SCR 2 Low As required Low Not required Expose to strong light to test. 
Photo transistor 1 Low As required Low Not required Expose to moderate light to test. 
Diodes` Test leads Low 

*Use external test cables. Observe meter indication. Flip S2 o opposite side 
Note second meter indication. One indication should be high the other low. 

positions and press TEST in both cases. 
The position of S2 in which an up -scale 
meter pointer deflection is obtained 
identifies the transistor type. 

Note that the initial meter indication in 
the Table is always low. If it is high, set 
S2 to its alternate position. If a high indi- 
cation persists, the device under test is 

defective. If a low indication is obtained, 
press TEST and note the up -scale deflec- 
tion of the meter's pointer. Since the me- 

ter is not calibrated in absolute values, it 

will be necessary to test several devices 
of known characteristics to gain familiar- 
ity with meter indications. 

In addition to checking semiconduc- 
tors, the tester can be used to determine 
the condition of electrolytic capacitors 
ranging in value from several mi- 
crofarads to several thousands of mi- 
crofarads. To do this, connect the capa- 
citor to the collector and emitter alligator 

BI 
1.5 V 

MI 

RI R2 SONA R3 R4 
1011 IK 20K IOK 

LOW HIGH 

+ SI 

PNP 

S2 

RS 
100n 

NPN 

R6 
IK 

53 
TEST 

SO4 

Test circuit is simple to build and use with Table above as guide. 

PARTS LIST 

A I-1.5-volt AA cell 
M I -50 -µA meter movement (see text) 
RI- 10-ohm, 1h -watt resistor 
R2, R6 -1000 -ohm, 1/ -watt resistor 
R3 20,0(X) -ohm. 1/2-watt resistor 
R4- 10,000 -ohm linear -taper potentiometer 
RS- I(5) -ohm, 1/2-watt resistor 
SI -Spdt switch 
S2 -f)pdt switch 

S3 Miniature normally open pushbutton 
switch 

SOI , S02, S03, SO4 Transistor socket (see 

text) 
Misc. -Plastic case with aluminum cover (see 

text); penlight -cell holder; power- transistor 
mounting kit; insulated miniature alligator 
clips (3); terminal strips; 1000 -ohm resistor 
for calibration); machine hardware; color - 

coded stranded hookup wire; solder; etc. 
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clips of the test cable and observe the. 
meter. If the capacitor is shorted, the 
meter's pointer will swing fully up -scale 
and remain there. With a good capaci- 
tor, the pointer will initially swing far up- 
scale and then slowly return to a low val- 
ue at a rate proportional to the capaci- 
tor's value. 

To test SCR's, connect them to the 
correct socket or test leads and note the 
meter's indication. When the TEST 

switch is pressed, the meter's pointer 
should swing to full -scale. This high indi- 
cation should remain until either S1 or 
S2 is switched to its alternate position. 
When testing a light- activated SCR, a 

low indication should be obtained when 
the SCR is in the dark, and a full -scale 
indication should be obtained when the 
LASCR is exposed to bright light. The 
TEST switch is not required here. The 
same approach is used for testing pho- 
totransistors. (The tester can also be 
used as a crude lightmeter when testing 
phototransistors.) 

To test a diode, connect it between 
the collector and emitter alligator clips 
on the test cable. There is no need to 
observe polarity. Note the meter indica- 
tion; the pointer will swing up -scale 
when the diode is forward biased and 
down -scale when it is reverse biased. 
Set S2 to the alternate position; the me- 
ter's pointer should swing in the oppo- 
site direction. The ratio between the two 
indications is determined by the diode's 
resistance ratio. 

In Conclusion. The simple transistor 
tester described here can help you to 
quickly test bipolar transistors and sepa- 
rate them according to type. As a bonus, 
you can test n- channel FET's, SCR's, di- 
odes, and even the condition of elec- 
trolytic capacitors can be checked. O 

POPULAR ELECTRONICS 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


BY WILLIAM VANCURA 

S mple circuit triggers 

electronic system to 

close garage door after 

selected time period. 

AN AUTOMATIC 
GARAGE-DOOR 
CLOSER 

THE STANDARD electrically pow- 
ered radio- controlled Garage -door 

opener has a drawback. It can be falsely 
triggered by a CB or amateur radio 
transmitter or other actuating signal, or 
the user can forget to send a signal com- 
mand to close the coor. In either case, 
an open garage door could invite thieves 
-o remove valuable equipment -bicy- 
cles, lawn mowers, etc. The' Auto Clos- 
er" described here ovErcomes this prob- 
em. It autpmatically commancs the sys- 
tem to close the door after a preselected 
:iime interval, providinç improved securi- 
ty and convenience The automatic 
function can be disabled by the user, 
too, in the event that it is desirable to 
keep the garage door open. 

About the Circuit. The Auto Closer 
is shown schematically in Fig.. 1. Switch 
51 is the door- position sense switch; it 

remains open as long as the garage 
door is c osed. The open switch pre- 
vents the Auto Closer circuit from draw- 
ing current from the power supply and 
keeps it isolated from the rest of the door 
opener circuit. When the sense switch 
closes as the door ooens. 24 volts ac 
from the main opener power supply is 

applied to the Auto Closer. Diode D5 
rectifies the ac into pulsating dc which is 

filtered by Cl and R3. Zener diode D1 

provides +15 volts regullated for ICI, a 

CMOS 4020 14 -stage binary counter. 
When Dower is first applied to the 

Auto Closer, R1 anc C2 momentarily 
keep pin 11 of ICI high, ensuring that 
the counter is reset as the timing cycle 
begins. A 60 -Hz signal forr the opener 
power supply is coupled by .R2 to the 
counter's CLOCK input This clocking sig- 
nal is peak limited by diodes D2 and D3, 
thereby protecting the counter IC from 
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excessiive input levels. The outputs of 
the tue fth, thirteenth and fourteenth 
counter stages are available at pins 1, 2, 

and 3, respectivey. When the counter is 

clocked by a 60 -Hz signal, the periods of 
the square waves at these tiree outputs 
are 6E seconds (piin 1), 136 seconds 
(pin 2) and 272 seconds (pin 3). Each 
output is high for one -half of its square - 
wave period. 

The time interval that the Auto Closer 
will hoed the door open before automati- 
cally dosing it is selected by connecting 
R4 to one of the output pins of IC1. If, for 
example, R4 is connected to pin 1, no 

base current will -low into 01 for 34 sec- 
onds and the garage door wilt remain 
open. A: the end of that time pin 1 will 
go h g- and source base current for QI 
throug-: R4. When 01 begins to con- 
duct, the coil of reed relay K1 becomes 
energized. 

This causes the contacts of K1 to 
place id ode 041 across the 24 -volt ac 
line. The negative Half -cycle of the ac 
contro input is shorted out by the diode. 
This not only triggers the control circuit 
to ctbse the door, out also allows the 
Auto Closer circuit to -email active until 
the door closes far enough to reopen 
sense switch SI. Caeacitcr C3 is con- 
nected across the cou of K1 to keep the 
relay from chattering and to protect 01 
from ìaductive: transients. When S1 re- 
opens., R5 discharges the Auto Closer 
capacitors and effectively resets the cir- 
cuit after a few seoonds to ready it for 
another cycle. Cutout switch S2 allows 
you :o keep the garage door open for ex- 
tendledi periods of time t:y effectively 
deactia,,ating the Auto Closer. 

Two other time per ods are available. 
If R4 s connected :o pin 2, the garage 
door will be cicsed after 68 seconds 
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Fig. 1. Schematic of circuit. CMOS counter ICI develops 
the delay interval from the 60 -Hz line frequency. 

PARIS 
CI-1 0-p,F, 25 -volt electrolytic 
C2 -1 -µF, 25 -volt electrolytic 
C3- 15 -p.F. 25 -volt electrolytic 
DI -15 -volt, 400 -mW zener diode 
D2, D3-1N914 switching diode 
D4, D5- 1N4001 rectifier 
ICI- CD4020 or MCI4020 14 -stage CMOS 

ripple counter 
KI -12 -volt reed relay (Arrow -M DA -IA or 

equivalent) 
Q I -2N2222 npn silicon switching transistor 
The following are' /4 -watt, 10 %r tolerance car - 

bon- composition fixed resistors: 
R1-3.9 megohms 
R2-47,000 ohms 
R3, R4- 10,000 ohms 

LIST 
R5- 100,0(0 ohms 
SI -SPST spring -loaded, normally open lever 

switch or other suitable door sense switch 
(see text) 

S2 -SPST toggle switch 
Misc.- Printed circuit or perforated hoard, IC 

socket or Molex Soldercons, suitable enclo- 
sure, hookup wire, solder, machine hard- 
ware, etc. 

Note -The following are available from Wil- 
liam Vancura, 4115 35th Avenue, Moline, 
Illinois 61265: kit of parts, less enclosure 
and switches $15 plus $1 postage and han- 
dling; 12 -V reed relay, $5 plus SI P &H; 
etched and drilled pc board, $4 with SASE. 

have elapsed. Connecting the resistor to 
pin 3 results in a 136 -second delay. The 
latter interval is enough time for one per- 
son to move two cars out of the garage 
and into the driveway. A delay of 68 sec- 
onds is enough time to open the trunk, 
place a package in it, close the trunk, 
enter the car, buckle up, start the car 
once or twice and coax the car into the 
driveway. A 34- second delay is ideal for 
an efficient individual who moves quickly 
but is a cautious driver. Any time delay 
less than 34 seconds increases the pos- 
sibility of hitting the door. 

Fig. 2. Class 2 
wiring of a 

typical garage 
door opener. 
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117 V 

The Door Opener. A typical garage 
door opener employs a "Class 2" wiring 
system. Basically, this means that the 
control system comprises a low- voltage 
supply (usually 24 volts ac derived from 
a step -down transformer), a control re- 
lay which applies power to the motor, 
and one or more activating switches. 
The low- voltage power supply cannot 
cause any serious accidental shocks 
and permits the use of relatively inex- 
pensive bell wire in connections to the 
activating switches and relay. A typical 
system schematic is shown in Fig. 2. 

DOOR OPENER /CLOSER 

L 

24V CLASS -2 WIRING 

MOTOR 
CONTROL 
CIRCUITS 

LMANUAL 
SWITCH 

4___ RADIO 
CONTROLLED 
SWITCH 

J 
L 

AUTO- CLOSER 

Several activating switches can be and 
usually are wired in parallel across the 
opener's control input terminals. The 
system schematic shows a manual 
pushbutton switch, a radio -controlled 
switch, and the Auto Closer so connect- 
ed. Normally, the control circuit is de- 
signed to be able to supply power to 
several low -power switching devices via 
the Class 2 control wiring itself. This is 

how both the Auto Closer and radio -con- 
trolled switch's receiver are powered. 

Construction. Wire -Wrap, point -to- 
point or printed- circuit techniques can 
be employed in the construction of the 
Auto Closer. Parts placement and lead 
dress are not critical. Although the print- 
ed circuit board (see Fig. 3) has been 
designed to accommodate a reed relay, 
a perf-board version of the project could 
use a standard low -power relay such as 
the Radio Shack No. 275 -003. 

In any event, use an IC socket or Mo- 
lex Soldercons with the CMOS counter. 
Do not insert the IC into its socket at this 
time. Select the delay period suitable for 
your application and connect the lead of 
R4 to the corresponding pin of the IC 

socket. Be sure to observe polarities 
and pin basing of semiconductors and 
electrolytic capacitors. 

The Auto Closer should be housed in 

a metallic or plastic enclosure approxi- 
mately 4 "x2'/ "x2'/4" (10.2 x 5.7 x 5.7 
cm). An on /off switch (S2) should be 
mounted on the enclosure if a remote 
power switch is not used. The mounting 
of the sense switch depends on how the 
door -open condition is to be sensed. 
One possibility is to install the switch in 

the Auto Closer enclosure and attach a 
lever arm to it. The arm can be extended 
to the door to sense the door -up posi- 
tion. Alternatively, you can replace the 
travel -limit switch of the motor control 
circuit with one that has an extra set of 
contacts. The normally open contacts 
can be used as sense switch Si. 

If your garage door opener applies 
low voltage dc across the control lines 
instead of 24 volts ac, the Auto Closer 
circuit should be modified as follows. 
Replace Q1, C3, D4 and Kl with a 1- 

ampere SCR. The anode of the SCR 
should be connected to the anode of D5 
and the pole of S2. The cathode should 
be connected to pin 8 of IC1, the bottom 
leg of R5, etc. The gate should be con- 
nected to R4, whose value and that of 
R3 should be changed to 1000 ohms. In- 
stead of connecting one end of R2 to the 
D5S2 node, apply 60 -Hz CMOS -com- 
patible square waves between it and pin 
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Fig. 3. Etching and drilling and parts placement guides for a suitable pc board. 

8 of ICI. Zener diode Dl can be elimi- 
nated if the dc control voltage is greater 
than (or equal to) 12 volts and less than 
15 volts. 

Checkout. After the Auto Closer has 
been ássembled, but before the CMOS 
counter has been installed in its socket, 
temporarily connect one end of a con- 
venient length (about 4 to 6 feet or 1.2 to 
1.8 m) of hookup wire to pin 8 of the IC 

socket. Connect one end of a similar 
length of hookup wire to the anode of 

D5. Next, attach the two free ends to the 
Class 2 control wiring of the garage door 
opener and measure the ac voltage be- 
tween the anode of D5 and pin 8 of the 
IC socket. You should obtain a reading 
of about 24 volts. Measure the dc volt- 
age between pins 16 and 8 of the IC 

socket. It should be about + 15 volts. Fi- 

nally, measure the voltage between pins 
10 and 8. The meter should read about 
+15 volts in the dc mode and slightly 
more in the ac mode. If you have an os- 
cilloscope, look at the signal waveform. 
You should see a sine wave clipped at 0 

and 15 volts. 
Momentarily clip a jumper between 

DOOR CASTER 

pins 16 of the IC socket and that to 
which R4 is cohnected. The relay coil 
should become energized and the door 
opener activated. Removing and replac- 
ing the jumper should cause the door 
opener mechanism to reverse its direc- 
tion. If the relay chatters while the jump- 
er is connected, the door will jerk back 
and forth and the Auto Closer will not 

reliably close the door. This problem can 
be caused by a defective C3 or one with 
insufficient capacitance. 

When the Auto Closer is working reli- 
ably, it is time to install ICI in its socket. 
The normal precautions should be taken 
when handling this CMOS device. Dis- 
connect the Auto Closer from the Class 
2 wiring and place the circuit board on a 

10" x 10" (25.4 x 25.4 cm) sheet of alu- 
minum foil. Also, place the IC (still in its 

protective foam carrier) and both hands 
on the foil, which should be grounded. 
Keeping the heels of both hands on the 
foil, remove the IC from its protective 
carrier and insert it into the socket, pay- 
ing close attention to pin locations. Then 
permanently install the circuit board in 

the project enclosure. Reconnect the 
Auto Closer to the Class 2 control wiring. 

SENSE 
SWITCH 
LEVER 

AUTO- CLOSER 
(BUILT -IN 

SENSE SWITCH) 

"OVER TRAVEL 

HOSE CLAMP 

DOOR TRACK' 

(E) 
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(A) 

DOOR OPENER 
MECHANISM 

DOOR Fig. 4. Two ways to attach 
Auto Closer: (A) ceiling mount 
works with trackless or tracked 
door; (B) door -track mounting. 

If all is well, the door (after having 
been opened) will begin to close only af- 
ter the selected delay has elapsed. 
When the door begins to close, momen- 
tarily disconnect the Class 2 control 
wires from the Auto Closer so that the 
relay drops out. Each time the Auto 
Closer is disconnected, the counter will 
reset itself. Complete the wiring of the 
sense and power switches and verify the 
operation of both. 

Installation. The Auto Closer is now 
ready for permanent installation. If a re- 
mote sense switch is used, the Auto 
Closer can be mounted in any conven- 
ient location. Just be sure that the con- 
trol and sense switch wires are posi- 
tioned so that they do not interfere with 

the proper operation of the door opener 
mechanism. 

Two methods of mounting an Auto 

Closer equipped with a built -in lever 

sense switch are shown in Figs. 4A and 

4B. The latter installation is less sensi- 
tive to minor variations in the stopping 
position of a door riding on tracks beside 
the sense switch lever. A slight bend at 

the tip of the lever arm prevents the door 
from snagging and damaging itself. The 
mounting method shown in Fig. 4B al- 
lows the project enclosure to be mount- 
ed easily on the door track using a 4" 

(10.2 -cm) hose clamp. The ceiling 
mount (Fig. 4A) will work equally well 
with either a single -piece trackless door 
or a multi- section tracked door. 

In Conclusion. You will surely find the 

Auto Closer to be a great convenience 
and an effective security device. Keep in 

mind, however, that you can very easily 
lock yourself out of the house should 
you forget your keys, the opener's pock- 
et transmitter, or to disable the Auto 
Closer! 
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What 
is the 

Voltage ? 
B oMASRFOx 

AS NEARLY every electronics hob - 
byist knows, the zener diode is an 

extremely useful component. Nearly all 
regulated power supplies, including 
those using IC voltage regulators, are 
built around one or more zener diodes. 
(Most IC regulators have internal zener 
diodes.) The voltage- versus -current 
curve for an ideal 6.7 -volt zener diode is 
shown in Fig. 1. The rather unusual ap- 
pearance of this graph is due to the fact 
that a zener diode is usually reverse 
biased. By convention, both the voltage 
across and the current through the diode 
are negative. 

This graph tells us that the ideal zener 
acts like a voltage source with zero 
ohms of internal impedance whenever 
the voltage applied across it equals or 
exceeds its zener voltage, which for this 
diode is 6.7 volts. The diode does not 
allow the voltage applied across it by an 

VR -10 -9 -8 -7 -6 -5 -4 -3 -2 -I 
VOLTS ' ' ' 

L ' ' ' ' ' ' 

Fig. 1. V -I curve of an ideal 
6.7 -volt zener diode. 
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external source to exceed its zener volt- 
age. Real -life zeners do exhibit a very 
slight increase in voltage as more cur- 
rent flows through them. This is the re- 
sult of a small amount of internal "bulk" 
resistance. 

Although zener diodes are probably 
the best known components endowed 

TABLE OF VOLTAGES 
100V 97.85V 
2V 0.2V 
14 V 6.7 V 
0 V 0.7 V 
0.13 V 50 V 
24.6 V 0.35 V 
12V 3.3V 
1.0 V 1.4 V 

60 V 

with this voltage regulating ability, many 
others exhibit this same characteristic. 
Most other components, however, are 
only fair -to -poor voltage regulators and 
are infrequently used in this application. 
For physical reasons, diodes cannot be 
manufactured with zener voltages less 
than two volts. Accordingly, to obtain low 
regulated voltages, other components 
must be used even though they are far 
from ideal regulators. 

The following quiz tests your knowl- 
edge of the voltage regulating character- 
istics of some common electronic com- 

A stimulating 

educational 

quiz on the 

voltage 

regulating 

characteristics 

of common 

electronic 
components. 

ponents. A few rare species have been 
thrown in to make the quiz a bit more 
stimulating. The basic test circuit is 

shown in Fig. 2. 

To simplify matters, several assump- 
tions will be made. . . 

The battery symbolizes a 100 -volt 
regulated power supply. 

The resistance of power resistor R 
varies from one circuit to the next so that 
the magnitude of the current flowing 
through a component is "typical" for the 
particular device. Also, the resistance of 
R is great enough so that the maximum 
ratings of the component are not ex- 
ceeded. 

The voltmeter has an input imped- 
ance of 1000 megohms and can be ne- 
glected in most cases. 

Unless otherwise noted, all compo- 
nents are at room temperature (68 -77 
°F, 20 -25 °C). 

=100V COMPONENT 

Fig. 2. Basic quiz circuit. 
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IO0V 
GERMANIUM 

DIODE 
T T= 212 °100 °C) 

ANSWERS TO 
ZENER VOLTAGE QUIZ 

A`Z'0-6t 10316 
A O' t-C t ilno40 

A Z--et il113J10 

A f7 l- l t 11n3110 

A 09-o i. main 
A9C'0-6ifnoJl0 

A 5916-9 ilnaJn 
A 0' t-L 00J10 
A C'£-9 imonO 

A £ t'0-9 i!noJ!O 

A 09--t 10940 
A L"0-C )maJ!O 

A 0-Z unonC 

All diodes are conducting relatively 
low forward currents (approximately 1 

mA) unless specified otherwise. The 
LED in Circuit 12 is operated at "normal" 
current levels to achieve "normal" 
brightness. 

The specific voltages listed in the Ta- 
ble are approximate. 

To take the quiz, examine each of the 
14 circuits and estimate the voltage in- 

dicated by the voltmeter. Next, refer to 
the 17 voltages listed in the Table and 

select the value closest to the voltage 
you think the voltmeter will indicate. Fi- 

nally, write this voltage on the line hext 
to the voltmeter. As an extra challehge, 
three of the voltages in the Table will not 
correspond to any of the circuits. 

Example: Refer to Circuit 1. Assuming 
that the resistance of R is chosen so that 
approximately one -half of the maximum 
recommended current flows through the 
zener diode, it is obvious that the volt- 
meter will read 6.7 volts (the diode's 
zener voltage). Remember -the max- 
imum current rating of the device and 
the exact resistance of R is not impor- 
tant; that the value of R is chosen so that 
the device exhibits its typical operating 
characteristics is important. The voltage 
in the table that is closest to 6.7 volts is 

6.7 volts. Thus, we have written 6.7 volts 
on the line next to the meter. What the 
author has chosen as the best answers 
are given after the circuits. 
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BY PAUL LUTUS 

BUILD 
THE 

"SUPER MARKER" 
Inexpensive marker generator with selectable 100 -, 50 -, 20 -, or 10 -kHz 

output allows precise tuning of shortwave receivers. 

ASTABLE source of marker fre- 
quencies is one accessory that 

belongs in every shortwave listener's 
shack. Many receivers contain built -in 
100 -kHz calibrators, but for exact tuning, 
smaller marker increments are required. 
The Shortwave Super Marker described 
in this article is an inexpensive, easily 
built frequency standard that will provide 
precise markers at selectable incre- 
ments of 100, 50, 20, or 10 kHz. Built 
around a quartz crystal, two npn transis- 
tors, and a CMOS divider IC, the project 
can be assembled in two hours or less. 
Total parts cost is about $15. 

About the Circuit. Transistor Q1, the 
quartz XTAL and their associated com- 
ponents comprise a stable 100 -kHz os- 
cillator. Trimmer capacitor Cl allows the 

user to zero -beat the oscillator against a 
frequency source of known accuracy 
such as radio station WWV or WWVH. 
The 100 -kHz output of the oscillator is 
applied to pin 14 of IC1, the CLOCK input 
of a CD4017 CMOS decade counter/ 
divider with ten decimal outputs. 

Depending on the position of Si, the 
RESET terminal of ICI is either grounded 
or connected to one of three decoded 
decimal outputs. When the RESET termi- 
nal (pin 15) is grounded, IC1 functions 
as a =10 counter and a 10 -kHz pulse 
train appears at pin 2. If pin 15 is con- 
nected to pin 1, the counter resets itself 
every 5 clock pulses and a 20 -kHz pulse 
train is developed. Connecting pin 15 to 
pin 4 causes the counter to reset after 
every second clock pulse. The counter 
than acts as a =2 stage and produces a 

50 -kHz output. When pin 15 is connect- 
ed to pin 2, the counter resets itself on 
the negative edge of each clock pulse, 
acting like a =1 stage and producing a 

100 -kHz pulse train at pin 2. 

Transistor 02 and its associated corn - 
ponents comprise an amplifier which is 

driven by the programmable counter's 
output pulses. This stage amplifies the 
harmonics of the fundamental pulse 
train frequency so that they are of us- 
able strength up to 30 MHz. Accordingly, 
if S1 is placed in the 100 -kHz position, 
the user will hear marker signals every 
100 kHz as he tunes across the dial of 
his general- coverage receiver. Succes- 
sively higher -order harmonics will be in- 
creasingly weaker, but usable markers 
will be found to at least 30 MHz, the up- 
per limit of most receivers. 

BI-9-volt transistor battery 
C 1- 7- to -45 -pF trimmer 
C2,C3- O.00l -µF disc ceramic 
C4 -50 -pF disc ceramic 
ICI- CD40I7AE CMOS decade counter/ 

divider with decoded decimal outputs 
Q I ,Q2- 2N2222 npn silicon transistor 

2 5 

OUTPUT 

13 Fig. 1. Counter, /divider ICI can be 
programmed by S1 to provide marker 
frequencies at selected intervals. 

PARTS LIST 
The following are 1/4 -watt, 10% tolerance fixed 

carbon -composition resistors: 
RI-150,000 ohms 
R2,R3 -8200 ohms 
R4 -5600 ohms 
SI -I -pole, 4- position nonshorting rotary 

switch 

S2 -Spst toggle switch 
XTAL -l00 -kHz quartz crystal 
Misc. -Molex Soldercons or IC socket, print- 

ed circuit or perforated board, suitable en- 
closure, battery holder and clip, hookup 
wire, machine hardware, circuit board 
standoffs, solder, etc. 
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Construction. Parts placement is not 

critical, so printed circuit or point -to -point 
perforated board techniques can be em- 
ployed. The use of an IC socket or Mo- 

lex Soldercons is recommended for 
mounting the CMOS device. Carefully 
observe the standard precautions when 
handling the CMOS device and pay at- 
tention to the pin basing of both the IC 

and transistors. Any four -position rotary 
switch can be used for SI. If you already 
have a switch with more than four posi- 
tions, you can use it in the circuit if the 
extra positions are grounded. 

The output antenna shown in the 
schematic is simply a length of hookup 
wire that can either be wrapped around 
the antenna lead -in (if a single wire feed 
is used) or physically placed close to the 
r -f input stage. No direct connection be- 

tween the Super Marker and receiver is 

required. The project can be housed in 

any small enclosure or even mounted in- 

side the receiver if space is available. 
For simplicity, a 9 -volt battery is used as 

the power source. However, a small 
well -filtered, line- operated supply can be 

used instead. A third alternative is to tap 
the receiver's dc supply or, if the project 
is to be used with an older tube -type re- 

ceiver, the ac filament voltage can be 

rectified, filtered and zener regulated. 

Calibration. Tune your receiver to 

WWV or WWVH at 2.5, 5, 10 or 15 MHz. 

With the Super Marker's antenna cou- 
pled to the input of the receiver and 

switch Si in the 100 -kHz position, close 
power switch S2. You should hear both 
the NBS transmission and an audio tone 
whose pitch will vary as trimmer capaci- 
tor Cl is adjusted. If you don't hear the 

audio tone, increase the coupling be- 
tween the Super Marker's antenna and 

the receiver input. 
Carefully adjust Cl so that the audio 

tone decreases in pitch and becomes a 

"flutter" on the NBS transmission. Ideal- 
ly, Cl should be set for a zero beat. That 
is, the marker and r -f carrier are at ex- 
actly the same frequency and no beat 
note is created. Adjust the trimmer capa- 
citor during the portions of the WWV or 
WWVH transmission when only second 
ticks and no continuous audio tone su- 

perimposed on the ticks are heard. Oth- 
erwise, you may zero beat the marker to 

the modulating tone instead of the r -f 

carrier. 
A nonmetallic screwdriver, alignment, 

or neutralization tool should be used 
when making these adjustments. Even 

so, you might find that the presence of 

the tool and /or your hand will affect the 
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oscillator's frequency. Withdraw the tool 

and your hand between adjustments to 
ensure that a true zero beat has been 
obtained. 

It's a good idea to drill a hole in the 
project enclosure so that Cl can be ad- 
justed after the enclosure has been 
"buttoned up." This will minimize the de- 
tuning effects of hand, tool and even en- 

closure capacitance. Also, this hole will 

enable you to periodically touch up the 

adjustment of Cl without having to re- 

move the top of the enclosure. 

Use. Turn on the receiver's bfo and 
tune up the band until another marker is 

encountered. (Don't confuse a broad- 
caster's carrier with a marker. Open and 

close power switch S2. The marker tone 
should appear and disappear as power 
is applied to and removed from the cir- 
cuit.) Note the frequency indicated on 
the dial and tune back to WWV or 
WWVH. Next, place SI in the 50 -kHz 
position and tune up the band until you 

encounter a marker. The dial frequency 
should be midway between that of WWV 
or WWVH and the previously noted 
marker frequency. With Si in the 20 -kHz 
position, you should detect five mark- 

ers -one at the NBS station's frequen- 
cy, one at the previously noted marker 
frequency, and three spaced evenly be- 

tween the two. In the 10 -kHz mode, the 
Super Marker should generate ten even- 
ly spaced markers across this 100 -kHz 
band segment. 

The Super Marker will allow you to 

tune your receiver very precisely even if 

its tuning mechanism and dial are less 
than optimum. Let's assume that a weak 
DX station you've been chasing is listed 

as transmitting on 15.370 MHz. Tune 
your receiver to WWV or WWVH and 
turn on the Super Marker. Place Si in 

the 100 -kHz position, turn on the receiv- 
er's bfo and tune up three markers to 

15.300 MHz. Place Si in the 50 -kHz po- 

sition and tune up one marker to 15.350 
MHz. Next, place Si in the 10 -kHz posi- 
tion and tune up two markers and open 

S2. Your receiver is now tuned to exact- 
ly 15.370 MHz. If propagation conditions 
are favorable, you'll hear the station with 
no need for further tuning. 

If the desired station is transmitting at, 

say, 15.380 MHz, the procedure is less 

complicated. After tuning to 15.300 
MHz, place Si in the 20 -kHz position 
and tune up four markers to exactly 
15.380 MHz. You can develop your own 
tuning procedures after you have logged 

some time practicing with the Super 
Marker. 
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cordless 
soldering 
iron for 
heavy -use 
applications. 

Complete 
recharge in an 
hour; 

partial recharge 
for use in a 

few minutes. 

Up to 125 electronic joints or more 
per charge. Low voltage, battery 
powered, ground free isolated tip 
design. Ask your electronics dealer. 

16 snap -in tips 
to fit any job 
plus a PC Drill. 

WAHL CLIPPER CORPORATION 
Originators of Practical Cordless Soldering 
Sterling, Illinois 61081 (815) 625 -6525 
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McIntosh 
"A Technological 

Masterpiece..." 

McIntosh C 32 

"More Than a Preamplifier" 

McIntosh has received peerless ac- 

claim from prominent product 

testing laboratories and outstand- 

ing international recognition! You 

can learn why the "more than a 

preamplifier" C 32 has been 

selected for these unique honors. 

Send us your name and address 

and we'll send you the complete 

product reviews and data on all 

McIntosh products, copies of the 

international awards, and a North 

American FM directory. You will 

understand why McIntosh product 

research and development always 

has the appearance and tech- 

nological look to the future. 

Keep up to date. 

Send now - - - 

McIntosh Laboratory Inc. 
Box 96 East Side Station 
Binghamton, NY 13904 

Name 

Address 

City State Zip 

If you are in a hurry for your catalog please 
send the coupon to McIntosh. For non -rush 

service send the Reader Service Card to the 
magazine. 
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Product 
Test Reports 

Ohio Scientific 
Superboard II Computer 

Single -board unit has 4K of RAM, 
and on -board BASIC in ROM 

ACK IN 1975, we built our first mi- 
crocomputer and had to pay almost 

$350 for the microprocessor chip alone. 
Adding 4K of memory, an I/O port, and 
some means of entering the BASIC 
brought the price up to almost $1000. 
Things have changed a lot in four years. 
Microprocessor chips are selling for a fif- 
teenth of the price (often even less) than 
they did at the outset. Just about every- 
thing else having to do with personal 
computers has also dropped considera- 
bly in price. Still, one usually expects to 

pay more than $500 for a minimum "ap- 
pliance" personal computer. It comes as 
a pleasant surprise, then, that Ohio 
Scientific's (1333 Chillicothe Rd., Auro- 
ra, OH 44202; Tel: 216 -562 -3101) Su- 
perboard II is priced at a very modest 
figure of $279. 

The Superboard II is a single -board 
wired and tested computer that comes 
with 4K of RAM (expandable on -board 
to 8K), a 53 -key upper- and lower -case 
keyboard, a Kansas City tape interface, 
a machine -language monitor in ROM, 
and 8K Microsoft BASIC in ROM. 

The Superboard II is a "basic" com- 
puter. It comes without case and power 
supply. A complete version is the Chal- 

lenger IP, which comes wired and tested 
with a power supply and case for $349. 

General Description. Built around a 

6502 microprocessor chip, the Super - 
board II also contains 1K of dedicated 
memory for video besides having 4K of 
user memory. In addition to its upper - 
and lower -case alphanumeric charac- 
ters, it can produce user -defined sym- 
bols as well as a set of gaming symbols 
to produce a screen of up to 256 x 256 
points. The alphanumeric display is 25 
characters per line and 25 lines (con- 
vertible to 30 x 30) on an overscanned 
TV receiver or video monitor. All you 
need to get the system up and running 
are a 5 -volt power supply capable of de- 
livering 3 amperes of current, a video 
monitor (or TV receiver plus r -f modula- 
tor), and a cassette player. 

The single large printed- circuit board 
on which the computer is assembled is 

clean and uncluttered. The clock oscilla- 
tor is crystal -controlled, and all ICs are in 

sockets. There are also on board three 
16 -pin IC sockets for future hardware 
experiments and a 40 -pin IC socket that 
serves as a bus expander. 

The alphanumeric keyboard occupies 
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the forward section of the computer board. Autorepeat is fea- 
tured in all character keys, including the space bar. One touch 
of a key puts the selected character on the screen of the moni- 
tor. Holding the key down puts a string of the same character 
on screen for as long as the key is held down. (There is a 

slight pause between the first and all subsequent characters.) 
Available hardware options include an expander board that 

can support 24K of RAM, a dual mini -floppy interface, a port 
adapter for a printer or modem, and a 48 -line expansion inter- 
face. In the software area, an assembler /editor, an extended 
machine -language monitor, and a complete software library 
are planned. 

When the system is first turned on, it comes up in the moni- 

tor mode. If you ask for BASIC, the system responds instantly 
with the BASIC resident in ROM. The BASIC itself is from Mi- 

crosoft and is a conventional 8K type. It has the usual comple- 
ment of commands, statements, expressions, functions, 
string -handling capabilities, and includes tape SAVE and 
LOAD commands. The monitor has the usual basic com- 
mands and includes tape- cassette commands. 

User Report. The video display in our test Superboard II 

was set for 25 characters on 25 lines. The spacing between 
the lines was minimal but readable. 

We cranked in several BASIC programs that we have used 
with our 8080 microprocessor based computer. With slight 
changes in some BASIC commands (we used a different BA- 
SIC from that provided), the programs ran properly. 

In graphics applications, a particular symbol is "called" to 
the screen by POKEing the character's code to the address of 
the video location where it is to be displayed. There are extra 
character codes to accommodate the additional nonstandard 
graphic symbols. 

The Superboard Il uses a 1K single format graphics system 
and plots can be made at almost any angle. Access to the 
graphics can be made through either BASIC or machine -lan- 
guage routines. A complete manual that accompanies the 
computer details operation, BASIC, and graphics. 

We used the Superboard II for several weeks and quickly 
became accustomed to its operation. Although we're used to 

having 64 to 80 characters per line, we became reasonably 
comfortable with the 25- character /line format of this comput- 
er. (Evidently, Ohio Scientific designed the Superboard II with 

the idea that it would be used primarily with a home TV receiv- 

er. Since 32 characters /line would be the practical limit in 

such a setup, a 25- character by 25 -line or 30- character by 30- 
line format is not unreasonable.) Another minor objection we 

have is that the system is not readily expandable. 
Lest we color this report with our own exclusive opinions of 

this computer, we decided to take it and its accessories to a 

computer club meeting and see what other computer en- 
thusiasts thought of it. Almost without exception, the Super - 
board II met with approval, considering its attributes, its low 

price, and inclusion of video output, tape interface, keyboard, 
and BASIC in ROM. 

We can heartily recommend the Superboard II computer 
system for the beginner who wants to get into microcomputers 
with a minimum of cost. Moreover, this is a "real" computer 
with full expandability. And it is a ready -to -go system for al- 
most the same price one would have to pay for a stripped - 
down single -board system to which one must add a keyboard, 
video output, BASIC, and cassette -tape interface. Also, the 
Microsoft BASIC is a real plus. 
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VECTOR 
PACKAGING MATERIALS 
SAVE TIME & MONEY 

S100 CARDS -100 PLUG CONTACTS -Convenient universal 
tinned pads and bus lines. For interface, memory expansion, 
breadboarding. Mount almost anything anywhere on card. 

S100 CONNECTORS for WIRE WRAPPING or SOLDERING 

BEAUTIFUL 
NEW VECTOR -PAK 
CASES for micro -computer 
circuitry, assembled. Constructed 
of aluminum, finished in vinyl. Slide out covers for easy 
access. Includes card guides, heavy chassis plate, perforated 
bottom cover for cooler operation. 
Card guides perpendicular to front panel, Model VP1, $163.00. 
Card guides parallel to front panel, Model VP2, $159.00. 

Model VP2 

Model 
8803 

S100 MOTHERBOARD, $29.50. 11 positions ready for 
connectors. Glass epoxy, etched circuitry for passive or 
active termination, 12 tantalum capacitors and instructions. 

PLUS revolutionary Slit -N -Wrap wiring tools, Micro- Vector 
bord® printed circuit kits, I.C. sockets, extenders. 

Prices subject to change without notice. 
Send for new catalog. 

VECTOR ELECTRONIC COMPANY, Inc. 
12460 Gladstone Avenue, Sylmar, CA 91342 

phone (213) 365 -9661, twx 910- 496 -1539 
Our toll -free number which can be used by customers 

outside of California is 800 -423 -5659 540777 
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Hobby Scene/ 

WHITE NOISE FILTER 

Q. My wide -band power amplifier re- 
cently blew almost every solid -state 
device in it. For no apparent reason, it 
simply self- destructed. The manufac- 
turer says that the interstation hiss 
from an FM tuner is really bad for this 
amp. Can you furnish a circuit that 
will filter it out? My tuner is a high - 
quality tube type. -Martin J. Ander- 
son, Mushegon, MI. 

A. The circuit shown in Figure A 

(choose resistance values to match the 
output impedance of your tuner and in- 

put impedance of your amplifier) is an 

effective filter for interstation hiss, which 
is an approximation of white noise. This 
type of noise is a complex waveform 
with a Gaussian amplitude characteris- 
tic. It is formed by contributions from all 

By John McVeigh, Technical Editor 

frequencies over a broad but specified 
bandwidth and has a flat spectral power 
density. Thus, it contains equal energy 
per unit of frequency (Hertz). 

White noise is analogous to white light 
in that it contains all sounds perceptible 
to the human ear. White light includes all 
wavelengths of visible light (colors) per- 
ceptible to the human eye. White noise 
is a useful diagnostic signal when ana- 
lyzing the frequency response of audio 
components and transducers. 

Another signal related to white noise 
is pink noise. This signal contains equal 
energy per octave. Because there are 
more octaves in the bass region than in 

the treble, pink noise has more low -fre- 
quency content than white noise and 
sounds "warmer." Plots of amplitude 
versus frequency for white (dashed line) 
and pink noise (solid line) are shown in 

Fig. B. Note that pink noise displays a 

-3 -dB /octave characteristic. 
Many spectrum analyzers designed 

for audio applications (such as the Real 
Time Analyzer project in POPULAR 

ELECTRONICS for September and Octo- 
ber 1977) are "constant percentage 
bandwidth" types. That is, the band- 
width of each bandpass filter in this type 
of analyzer is an unchanging percent- 
age of its center frequency. If white 
noise is applied to the analyzer, a rising 
3 -dB /octave characteristic will be dis- 
played. If a pink noise filter with a -3- 
dB /octave response is inserted between 
the noise source and analyzer, a flat re- 
sponse will be seen. (Refer to "Build a 

Pink Noise Generator for Audio Testing" 
in POPULAR ELECTRONICS July 1977.) 

Now that we've discussed the nature 
of white noise, it should be apparent that 
the filter I have facetiously included as 
Fig. A is simply an open circuit between 
input and output that will prevent the 
passage of any audio- frequency signal. 
There is nothing sinister about white 
noise. It is simply a wideband audio sig- 
nal and I am puzzled that the manufac- 
turer of your amplifier made the state- 
ment that he did. White noise is no more 
harmful to audio electronics than, say, a 

.. 
in Office, Home, Lab, Workshop 

HANDY, HUSKY, HEAVYDUTY 

SHELF FILES 
KEEP MAGAZINES, CATALOGS, 
MANUALS, JOURNALS, PLANS 

1011 NEAT and FULLY 
ORGANIZED! 

Eliminate the mess of loose magazines, 
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files. Ends personal paper pollution prob- 
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OUTPUT V 
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/INPUT 

Fig. A. Circuit for filter. 

5dB 

destruction of almost every semiconduc- 
tor in it- suggests an apocalyptic event. 
A mammoth transient on the power line 

is one possibility. A varistor transient 
suppressor such as one of General 
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FREQUENCY (Hz) 

Fig. B. Frequency characteristics of white and pink noise. 

musical passage that contains evenly 
balanced bass, midrange and treble 
content. If you crank the system gain up, 
the average power output and dissipa- 
tion of the amplifier might be higher than 
that normally encountered during musi- 
cal listening sessions. 

What happened to your amplifier -the 

0000 

Electric's MOV devices will protect line - 

powered equipment from the destructive 
effects of such transients. 

MORE ON LIGHT DIMMER RFI 

Q. After reading your Q &A about 
Light Dimmer RFI, I approached the 

problem from another direction and 
obtained excellent results. Here's the 
procedure 1 followed. 

The power company supplies you 
with electricity via a step -down trans- 
former, whose secondary is at 220 
volts center -tapped. The center tap is 
grounded with 110 volts between it 
and either end of the secondary. The 
two 110 -volt lines are 180 out of 
phase. To solve the RFI problem, you 
must connect the radio to the oppo- 
site 110 -volt line. Either move the ra- 
dio to a power socket connected to 

the other line or have a licensed elec- 
trician rewire the junction box so that 
the radio's socket is no longer on the 
same side of the center tap. -Thom- 
as Rider, Rainelle, WV. 

A. Thanks for your suggestion. How- 

ever, your solution may work only in 

cases of conducted RFI, not radiated in- 

terference. If the r -f is reaching the radio 
via its antenna input, moving the radio to 

the other side of the center tap will not 

necessarily decrease the coupling be- 

tween the radiating conductors and the 

antenna. In such a situation, as well as 

in one in which a neighbor's appliance is 

suffering from radiated RFI, a filter near 

the r -f generating thyristor is needed. 

ATTACH GROUND -STRAP LOCK INSERTER 

$795 
EACH 

MINIMUM BILLING $25.00 ADD SHIPPING CHARGE $1.00 

NEW YORK STATE RESIDENTS ADD APPLICABLE TAX 

OK MACHINE & TOOL CORPORATION 
3455 CONNER ST., BRONX, N.Y. 10475 U.S.A. 

TELEX 125091 

I t 111SERT1011 TOOL 
36-40 P111 [11105-5AFE 

Unique new insertion tool. Also aligns bent - 
out pins. A twist of the handle compresses 
the pins to proper .600 inch spacing and 
locks the IC into the tool. Then simply place 
the tool on the socket and depress the 
plunger for instant and accurate insertion. 
Features heavy chrome plating throughout 
for reliable static dissipation. Includes termi- 
nal lug for attachment of ground strap. 

INSERT I.C. REMOVE INSERTER "LOADED" P.C. BOARD 
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1--1A 
Experimenter's 
Corner 

EAVESDROPPING ON LIGHT 

WE ARE literally surrounded by 
modulated sources of light, both 

natural and artificial. Seeking them out 
can be an enlightening and entertaining 
experience. This month we're going to 
do just that. 

We ordinarily discuss circuits that are 
not available as preassembled commer- 
cial products. This column, however, 
marks a departure from our general 
practice in that it calls for the use of a 
commercially available, battery -pow- 
ered audio amplifier. Of course, you can 
use a home -brew audio amplifier that 
you have on hand, or you can build one 
using an audio IC or a few transistors. 
You can then begin tracking down mod- 
ulated light sources within minutes of 
reading this column, assuming you al- 
ready have a few common components. 

Suitable Detectors and Amplifi- 
ers. Silicon solar cells, photodiodes, 
phototransistors and other photovoltaic 
devices can all be employed as sensors 
in the detection of modulated light 
sources. Whatever sensor is employed 
can usually be directly connected to the 
input of the audio amplifier. In some 
cases, however, a transformer or other 
impedance- matching device or circuit 
will be required. 

Although the high -fidelity amplifier 
found in any home audio system can be 
used with excellent results, a portable 
amplifier is best suited for this applica- 
tion because it can be readily used out- 
doors and in automobiles. Shown in Fig. 
1 is a Realistic Micro -Sonic battery -pow- 
ered amplifier I have used with suitable 
sensors to detect many different modu- 
lated light sources over the past several 
years. 

Notice the miniature plug inserted into 
the amplifier's microphone jack. This 
plug contains a small silicon photodiode 
whose two leads are soldered directly to 
the plug's terminals. The opening in the 
plastic cap intended for the connecting 
cable was enlarged slightly with a ream - 
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By Forrest M. Mims 

er so that as much light as possible 
could strike the photodiode. 

You might be able to save a little 
money by using one of the transistorized 
amplifier modules sold by some elec- 
tronic parts suppliers. Mount the amplifi- 
er in a plastic case along with a battery, 
volume -control potentiometer and 
speaker. Incidentally, defective portable 
tape recorders are a good source of am- 
plifier modules. 

Many different kinds of light detectors 
can be connected to the audio amplifier. 
For very low light levels, I've found that a 
large -area silicon solar cell works best. 
However, this type of cell is easily bro- 
ken so you will need to attach the cell 
you select to a rigid substrate of plastic, 
metal or wood. A few drops of cement 
will secure it in place. You can give addi- 
tional protection to the cell as well as 
provide a directional detection capability 
by installing it at one end of a (10 to 30 
cm) plastic, aluminum or cardboard 
tube. A lens is not necessary if the sur- 
face area of the cell is about the same 
as that of the tube's aperture. Use a long 
tube and paint its inside surface flat 
black for best results. 

Most inexpensive, large -area silicon 

Fig. 1. Portable 
battery powered 

amplifier suitable 
for moiiitoring 

modulated tight. 
Plug inserted into 

microphone jack 
incorporates a 

miniat tre silieoa 
photodiode. 

solar cells available on the surplus mar- 
ket are not supplied with connection 
leads. It is very important to use care 
when soldering connection leads to 
these cells because improper soldering 
procedures will cause the fragile elec- 
trodes to peel away from the cell. 

The thin upper electrode is more dif- 
ficult to solder than the large electrode 
that covers the entire bottom of the cell. 
For best results, heat a portion of the up- 
per electrode near a corner of the cell if it 
is rectangular or near the perimeter if it 
is circular. Apply heat for only a few sec- 
onds with a low -power iron and then ap- 
ply a small amount of solder. Next re- 
move i /8" (3.2 mm) of insulation from one 
end of a length of Wire -Wrap wire and 
place the exposed conductor along the 
electrode adjacent to the solder. Reheat 
the solder for a moment. It will suddenly 
flow over and around the wire to provide 
a perfect solder connection. Use this 
same procedure to solder a wire to the 
cell's bottom electrode. 

You will have to provide a means for 
protecting the wire leads after the cell is 
mounted on a card or in a tube. I prefer 
to attach a shielded phono cable to the 
tube or card and then solder the cell's 
leads to the cable. This prevents the 
leads attached to the cell from being 
broken by a sudden jerk. The shielded 
cable reduces unwanted noise from 
nearby ac power lines and other 
sources. 

For special -purpose detectors, try 
light- emitting diodes instead of solar 
cells. The peak response of a LED is 
confined to a much narrower group of 
wavelengths than that of a solar cell, 
and roughly corresponds to the wave- 
length emitted by the diode when for- 
ward biased. For example, a high -effi- 
ciency, GaAs:Si near -infrared emitter 
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Everything that's New and Exciting 
in Electronics...All in the 
NEW, Hot - Off -The Press 

HEATHKIT® 
CATALOG 

Read about nearly 400 exciting do-it - 
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Equipment, Personal Computers, Home 
Improvement Products, Stereo Hi -Fi, 
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Aircraft and Marine Accessories, Test 
Instruments, R/C Modeling, Self - 
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thing is easy to build and fun to 
use - it's the Heathkit way! 

Send for your iriza 
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plug in 

and go 

soldering 
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WITH 

THRIFTY fir, 
MARKSMAN IRONS 

aYWeller 
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. Co ne s ha pe, 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... 
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has a peak spectral response at about 
940 nanometers. 

Visible LEDs work as detectors also, 
but they are not as efficient as near - 
infrared LEDs. Figure 2 shows a GaAs 

Fig. 2. Infrared emitting diode 
connected to miniature phone plug. 

infrared emitter soldered to a miniature 
plug that can be inserted directly into a 

modular amplifier's input jack. 
Whatever detector you select, tune in 

as many different light sources as possi- 
ble. Many LED clock, watch and calcula- 
tor displays are multiplexed at relatively 
low- frequencies and will usually produce 
a buzz or hum. Fluorescent lamps and 
neon lights produce a very strong 
120 -Hz buzz. Several years ago, a long - 
range light -beam communications ex- 
periment I was conducting was interrupt- 
ed by a persistent buzz originating from 
a large neon advertising sign more than 
two miles away! Flickering candles, 
matches, lighters, campfires and fire- 

/00 K 

pick up the hum of a flying insect by cap- 
turing the sunlight reflected from its os- 
cillating wings. Similarly, you will detect 
the wing beats of a hummingbird when 
you position your detector so as to form 
a straight line with the sun and a bird 
hovering at a feeder. 

To liven up the otherwise uninspiring 
hiss produced by a flashlight, tap its re- 
flector with a pencil. This will cause a 
pleasant chime -like sound as the fila- 
ment vibrates in and out of the reflector's 
focal point. 

Calvin R. Graf, an acquaintance who 
shares my interest in monitoring modu- 
lated light sources, has described some 
of these and many other observations in 
a recently published book entitled Listen 
to Radio Energy, Light and Sound (How- 
ard W. Sams & Co., Inc., 1978). Calvin's 
book reports on many of his personal 
observations and suggests experiments 
that can be conducted easily. 

Op Amp Preamplifier. The circuit 
shown in Fig. 3 will serve as a crude but 
effective preamplifier for a battery -pow- 
ered portable amplifier. The preamplifier 
can be assembled on a small perforated 
board. Insert the leads from a pair of 9- 
volt battery connector clips through a'ia" 

places produce a variety of interesting 
sounds. 

Electrical storms are particularly fas- 
cinating to monitor, especially at night. 
Lightning flashes produce the same 
crackling and popping sounds as those 
heard over a radio during a storm. The 
light detector, however, finds line -of- 
sight discharges which makes it possi- 
ble to identify areas of peak activity. 

Although the photodetector's sensitiv- 
ity is reduced in daylight due to the un- 
wanted dc bias which is produced, light- 
ning can still be detected. Often, in fact, 
you'll detect with a solar cell lightning 
that you cannot see with your eyes. 

Steady light originating from the sun 
and dc- powered lamps normally pro- 
duces only a hiss. Movement, however, 
adds a new dimension to steady light 
sources. You will discover its effect the 
first time you "hear" light from the sun 
interrupted by a picket fence or over- 
head branches. You will even be able to 

Fig. 3. Simple op -amp 
preamplifier for 
monitoring modulated 
light sources. 

hole drilled in the board and tie a knot in 
the leads to keep them from pulling 
loose. Then solder them to the appropri- 
ate circuit nodes. (Red is positive and 
black is negative.) Connect the preamp 
to the amplifier with shielded cable. 

The voltage gain of the preamp is the 
quotient of R2 divided by R1. With the 
values shown on Figure 3, its gain is 
1000. This should be more than ade- 
quate for most sensors. Too high an in- 
put signal will overdrive the audio am- 
plifier, so keep the volume control set to 
a low level when using the preamp. 

A word of caution is in order for those 
who want to eavesdrop on light in noisy 
areas. An earphone will prove very help- 
ful when the ambient sound level is high, 
but be sure the volume is turned to a low 
level until you have focused in on a light 
source you wish to monitor. Unexpected 
flashes of light can produce very loud 
sounds! 
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ii hV Qa. DX 
Listening 

INTERCONTINENTAL TV - DX 

THE ULTIMATE in terrestrial DX is 

tuning in overseas television broad- 
casts. Though it's now possible to see 
foreign TV programs by eavesdropping 
on satellites, there's nothing to beat the 

thrill of picking up an overseas TV trans- 
mission direct, without the help of a sat- 
ellite relay. 

Since TV frequencies go no lower 
than 40 MHz, it takes very good propa- 
gation conditions to push the maximum 
useable frequency past the 40 -MHz 
mark. This is the same F2 -layer skip 
which makes worldwide contact routine, 
on the lower, shortwave bands. 

The only time F2 passes 40 MHz with 

any regularity is during solar cycle 
peaks. We are entering the upswing of 

Cycle 21 right now. Such DX will be pos- 
sible for the next two years or so. By the 

time the next sunspot peak occurs, 
around 1991, the lowest of these TV 
channels will have been phased out in 

favor of uhf. So now is the time to get in 

on worldwide TV DX. 
This correlates closely with conditions 

on the 10 and 6 meter ham bands. If a 

certain area is being heard on 10, this 

can serve as a pilot to conditions on 

higher frequencies. If DX is coming in on 

6 meters, it's likely that TV DX will be 

there too from the same area, on the 
same or lower frequencies. However, 
propagation tends to be best just below 
the fluctuating maximum useable fre- 
quency (MUF). 

Though a few dedicated TV DXers 
have imported receivers which will de- 
modulate foreign video, it is not neces- 
sary to go this far. We can more easily 
tune for the audio channels of TV sig- 
nals on radio receivers. However, if you 

can obtain a British or European multi - 
standard TV set, by all means do so. 

The two prime frequencies to monitor 
are 41.25 MHz (French ch. 2) and 41.50 
MHz (British ch. 1). Only Britain, France, 
and Belgium use AM, rather than FM for 
TV sound. Britain and France also pro- 

By Glenn Hauser 

vide the advantage (for DX listeners) of 

audio on lower frequencies than video - 
meaning we'll hear the audio first, as the 
MUF ascends. 

Several powerful transmitters operate 
on each of these channels, some slightly 
offset. It would certainly pay to include 
these two frequencies on your scanner. 
In North America, the MUF from Europe 
peaks in the mid -to -late morning hours. 
If this is an inconvenient time to listen, 

you can simply use a timer and make an 

audio tape, which you can scan later at 

TABLE I -TV FREQUENCIES, 40-62 MHz 

MHz Channel 
41 .25 F2 

41.48 B1 - 
41.50 
41.52 
41.547 
44.993 
45.00 
45.007 
45.047 
45.25 
46.25 
48.23 
48.25 
48.25 
48.26 
48.27 
49.75 

B1 

B1 + 

B1++ 
B1 - 
B1 

B1 + 

B1++ 
NZ1 
Au0 
B2- 
B2 
E2 
E2+ 
B2++ 
E2A, R1 

50.75 NZ1 

51 .743 B2 - 
51.75 B2 

51.75 Au0 
51.757 B2+ 
52.40 F2 

53.25 B3 

53.75 E2 

53.75 ItA 

53.76 E2 

53.77 E2++ 
54.40 F4 

55.24 A2 - 
55.25 A2 

55.25 E3 

56.25 
56.75 
57.25 
57.75 
58.23 
58.25 
59.25 
59.25 
59.74 
59.75 

59.76 
60.75 
61.743 
61.75 

R1 

B3 
Au1 

B4- - 
B4 
R2 
ItA 
A2 - 
A2 

A2+ 
E3 
B4 - 
B4 

Audio/Video 
AM 
AM 
AM 
AM 
AM 
V 

V 

V 

V 

V 

V 

AM 
AM 
V 
V 

AM 

Where Used 
France (many), Monaco 
Northern Ireland 
U. K. (many) 
Wick, U.K. 
Cornwall, U.K. 
Northern Ireland 
U. K. (many) 
Wick, U.K. 
Cornwall, U.K. 
New Zealand (several) 
Australia (several) 
U. K. 

U. K. (many) 
Europe, Africa, Mideast (many) 
Europe 
U. K. 

Austria, E. Europe, USSR, 
China (many) 

FM New Zealand (several) 
U. K. 

U. K. (many) 
FM Australia (several) 

U.K. 
France (many), Monaco 

AM U. K. (many) 
FM Europe, Africa, Mideast (many) 

Italy (many) 
FM Europe 
AM Belgium 
AM France 

N. & S. America (many) 
N. & S. America (many); 
see text 
Europe, Africa, Asia 
(many) 

FM China, USSR, Eastern Europe 
U. K. 

Australia (several) 
China 

AM U. K. 

AM U. K. (many) 
USSR, Eastern Europe 

FM Italy (many) 
FM N. & S. America (many) 
FM N. & S. America (many); 

see text 
FM N. & S. America (many) 
FM Europe (many) 
AM U. K. 

AM U. K. (many) 

MARCH1979 85 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


Get the inside story 
on software, hardware, simulations, computer games, robotics, 
computers and calculators, languages and compilers, custom 
systems design and scores Read BYTE. of applications. 

BYTE, the leading magazine in the 
personal computer field, will keep you 
aware of fast -paced changes in the 
ever growing world of microproces- 
sors. You'll find BYTE tutorials invalu- 
able, reports on home computer 
applications instructive, and the re- 
views of computer products stimulating. 

Tutorial information in BYTE is of 
interest to both the beginner and 
experienced computer user. BYTE's 
editorial content explores the fun of 
using and applying computers for 
personal satisfaction in activities from 
electronic music to electronic mail, 

Fill in and mail the coupon today Read your first copy 
of BYTE. If it is everything you expected, honor our 
invoice If it isn't, just write "Cancer' on the invoice and 
mail it back You wont be billed and the first issue 
is yours at no charge 

MOT 

from games to pragmatic personal 
business. In BYTE is found authori- 
tative yet easily read coverage of 
principles of computer hardware 
and software design, approaches to 
novel applications, and essentials of 
proven interest to personal computer 
enthusiasts. 

Each month serious computer users 
read BYTE. They're rewarded with 
timely articles by professionals, 
computer scientists and competent 
amateurs. Isn't it time you got the in- 
side story? Subscribe now to BYTE, 
the Small Systems Journal. 

Allow 6 to 8 weeks for processing If you have any 
questions, dial toll free 800- 258 -5485. This is the 
number of the BYTE Subscription Department. 

, BYTE Publications, Inc 1978 

11= 

BYTE Subscription Dept. P.O. Box 590 Martinsville, NJ 08836 
Please enter my subscription for 

One year $15 (12 issues) Two years $27 Three years $39 

Check enclosed entitles me to 13 issues for price of 12 (North Amenca only) 
Bill Visa Bill Master Charge Bill me (North America only) 

Card Number 

Signature 

Address 

City State /Province /Country Code 

Foreign Rates (To expedite service, please remit in U.S. Funds) 
Canada or Mexico One year $17.50 Two years $32 Three years $46 50 
Europe, one year (air delivered) $25 L All other countnes, one year (surface delivered) $25. Air delivery available on request. aa Asa = Mir -a 
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your convenience at higher speed, for 
signs of programmed audio. 

This is exactly what I did last Hal- 
loween, and I was rewarded with two 
solid hours of tape (1600 -1800 GMT) of 
both British and French TV audio. This 
was done with nothing but a short ran- 
dom -wire antenna and a cheap 6 -band 
portable including the 30-50 MHz range. 
It was carefully pre -tuned to the correct 
frequency. Such receivers are sufficient- 
ly broad -band to pick up two signals 250 
KHz apart. For clearest AM audio when 
listening to an FM -mode receiver, tune 
about 100 kHz to either side of the carri- 
er frequency. 

This was the first time I had heard Eu- 
ropean TV in North America. I had re- 
ceived the same two channels in 1970 
while in Thailand, and sent taped reports 
both to London and Paris, though I was 
certain of what I had received. The BBC 
refused to verify, and French TV refused 
to answer. So this time I'm content to lis- 
ten and tape. 

Table I shows all the TV video and au- 
dio frequencies used in the world in the 
40 -62 -MHz range. F2 is not likely to go 
much higher than listed; but, if the sun- 
spot count hits a record high, this could 
happen. Of course, without a TV tuner of 
the proper standards, the video will be 
unintelligible, but just hearing the buzz 
should be a valuable tip -off that the DX 
is 'in', and corresponding audio chan- 
nels should be checked. 

You'll note that some of these fall 
within the 6 -meter (50 -54 -MHz) ham 
band. A good sensitive 6 -meter setup 
can be a valuable asset in TV DX listen- 
ing. These 'intruders' would be better 
DX than any ham stations you will hear. 

If Europe is pounding in on the 41 

MHz channels, keep checking higher 
and higher European frequencies. The 
MUF from Down Under peaks in our late 
afternoons or early evenings. This is the 
time to check 45.25 and 46.25 MHz for 
video; and 50.75 and 51.75 MHz for au- 
dio from New Zealand and Australia. At 

TABLE II -SWBC 
HARMONIC BANDS 

Fundamental 
MHz range Harmonic Band 

28.400 -29.200 4 7 MHz 
28.500- 29.325 3 9 MHz 
28.750 -31.000 5 6 MHz 
30.200- 30.900 2 15 MHz 
35.100 -35.925 3 11 MHz 
35.400- 35.800 2 17 MHz 
38.000 -39.100 4 9 MHz 
42.900 -ß43.500 2 21 MHz 
45.300- 46.350 3 15 MHz 
51.200-52.200 2 25 MHz 

POPULAR ELECTRONICS 
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MHz 

TABLE 1I1- RECENTLY HEARD HARMONICS 
Har- 
mon- Funda - 

is mental Station, Location 
29.020 4 7.255 BBC, U.K. 
30.140 2 15.070 BBC, U.K. 
30.210 2 15.105 BBC, Ascension 
30.260 2 15.130 R. Moscow 
30.290 2 15.145 R. Jornal do Comercio, 

Recife, Brazil 
30.300 2 15.150 Deutsche Welle, Antigua 
30.328 5 6.0656 R. Super, Colombia 
30.360 2 15.180 BBC, U.K. (Arabic) 
30.390 2 15.195 VOA, Ascension (Spanish) 
30.440 2 15.220 R. Exterior, Spain 
30.474 5 6.0948 La Voz del Centro, Colombia 

30.520 2 15.26 RCI, Sackville, N.B. 
30.520 2 15.26 BBC, Ascension 
30.630 2 15.315 RCI, Portugal 
36.670 2 15.335 R. Exterior, Spain 
30.790 2 15.395 BBC, U.K. 
30.800 2 15.400 BBC, Ascension 

the same time, watch out for video buzz 
on 49.75 MHz, which will signal recep- 
tion from China or the Soviet Far East. 

Single -hop skip distances at these fre- 
quencies are on the order of 5000 km, 
so if you have a clear shot on American 
ch. 2, it's possible to get stations from 
one coast to the other via F2. This is not 
to be confused with the much more com- 
mon sporadic E, which skips at I/3 to I/2 

of this distance. Also, there are stations 
all over Latin America using U.S. stand- 
ards on ch. 2, as well as other pockets 
here and there -such as South Korea, 
Philippines, Samoa, Saudi Arabia. 

On the same video frequency as 
American ch. 2 is European- system ch. 
3. If you are lucky enough to have DX 
coming in on ch. E3, you can receive the 
video on an American set tuned to ch. 2, 

simply by adjusting the vertical hold (and 
perhaps the horizontal). But since audio 
is 5.5 MHz above, rather than 4.5 MHz, 
an unmodified U.S. set won't pull in au- 
dio at the same time, even if the MUF is 

reaching that high. 
Caution -domestic U.S. TV sets re- 

radiate varying amounts of video signal 
around 45 MHz and audio around 41 

MHz. The exact frequencies depend on 
the set's i -f and the fine tuning setting. 
Don't jump to the conclusion you've got 
overseas TV coming in, when it may be 
a neighbor's TV set, or even your own. 

Harmonic DX. Another kind of DX to 
enjoy during sunspot peaks is harmonic 
DX in the 30 -MHz range and above. 
Shortwave broadcast stations radiate 
small amounts of signal on exact 2nd, 
3rd, 4th and even higher multiples of 

MARCH 1979 

Typical 
Time 
GMT 

1425 
1330, 1430 
1300 
1330 

1345 
1330 
1325 
1345,1415 
1330 
1300 
1330,1630, 
2145 
1800 
2100 
1430 
1400, 1600 
1400 
1710 

their fundamental frequencies. When 
conditions are favorable, these are 
heard with surprising strength over great 
distances. The most likely frequency 
ranges for this are in Table II. 

Note that some of these overlap, and 
that an out -of -band fundamental, or 
higher order harmonic, could put a sig- 
nal just about anywhere else in the low 
range. If you can tune the range continu- 
ously, it's easy to spot these AM signals 
bearing programming -type talk and mu- 
sic, in contrast to all the intermittent FM 
2 -way signals assigned to the 30-50 - 
MHz band or the SSB and CW of the 
50-MHz ham band. 

Some shortwave receivers which sup- 
posedly tune up to 30 MHz, can be 

pushed to 31 MHz, covering at least one 
prime 'harmonic band'. Such is the case 
with the FRG -7. If you use a cheap 
30- 50-MHz receiver, you will find lots of 
extraneous signals to confuse you - 
images of local FM and TV stations; in- 

terference over the whole band from 
shortwave utility stations near 10.7 MHz, 
riding in on the usual 10.7 -MHz i -f of 
these receivers; and receiver -generated 
images from 21.4 (2 x 10.7) MHz below. 
This can be especially confusing around 
43 MHz, where both images and true 
transmitted harmonics from 21 -MHz 
band stations fall. 

Table Ill shows a few of the harmonics 
the author has recently monitored in the 
30-MHz area. Some frequencies may 
change, of course, as international 
broadcasters change their fundamental 
frequencies. 

DXers specializing in the tropical (6 

MHz and below) shortwave bands are 

B &K- PRECISION's 

new 
digital 

probe 
offers more 
_than logic_ 

Model 

DP -50 
Reveals pulse 
presence to 50MHz 
Priced at only $50 

Multi- family, compatible 
with TTL, DTL, RTL, 
CMOS, MOS, and HiNIL 
Clearly displays in- circuit 
logic activity 
Memory mode to "freeze" 
pulse display 
Pulse mode to "stretch" 
short pulses 
2 megohm input impedance 
Typically detects pulses 
to 10 nanoseconds 
Overload and reverse 
polarity protected 

The new B &K- PRECISION DP -50 50MHz 
digital probe simplifies the trouble- 
shooting and analysis of all digital cir- 
cuits by clearly displaying in- circuit 
logic activity and pulse presence. 

This compact instrument includes 
every important logic probe feature 
and more. Three bright LED indicators 
display pulse presence and high- and 
low -logic states. Unlike ordinary logic 
probes, the DP -50 digital probe will con- 
tinue to indicate pulse presence to 
50MHz. 

Available for immediate delivery at 
your local distributor. 

DYNASCAN 
CORPORATION 

6460 West Cortland Street 
Chicago, Illinois 60635 312/889-9087 

In Canada Atlas Electronics. Ontano ..) 
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6pc01u4 
Get the 60s 

Most Out of 
Your Computer 

with 
reative Computing 

Software and Applications. Pragmatic, well - 
documented programs with complete listings on data 
base systems, word processing, communications, 
simulations, investment analysis, games, music syn- 
thesis, computer art, business functions, building 
control and more. 

System Evaluations- In- depth, probing evaluations of 
personal and small business systems every issue. No- 
nonsense reviews of software from independents as well 
as the majors. 

Regular Features. Operating Systems O and A. 
Columns on the TAS -80, Apple and PET. Book reviews. 
Programming techniques. Short programs. Computer 
games. New products. Even a dose of fiction and 
foolishness. 

We guarantee that Creative Computing will help you 
get more out of your personal, school, or business 
computer or we'll give you your money back! 

ï. 3 years $40 (Save $32 over retail price) 
112 years $28 (Save $20 over retail price) 

1 year $15 (Save $9 over retail price) 
Foreign. Surface add $9 /yr. Air add $24 /yr. 

To order, send payment or bankcard (Visa or Master 
Charge) number and expiration date with your name and 
address to Creative Computing, Attn: Claire P.O. Box 
789 -M, Morristown, N.J. 07960. 

Save time! Phone bankcard orders toll -free to: 

800 -631 -8112 
(In NJ call 201 -540 -0445) 

creative computing 
P.O. Box 789 -M, Morristown, NJ 07960 
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Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Electronics Career through 

Earn Your 

DEGREE 
by correspondence, while continuing your 
present 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 directed 
but self -paced home study. 

The Grantham electronics degree pro- 
gram begins with basics, leads first to the 
A.S.E.T. degree, and then to the B.S.E.T. 
degree. Our free bulletin gives complete 
details of the program itself, the degrees 
awarded, the requirements for each degree, 
and how to enroll. Write for Bulletin E -80. 

Grantham College of Engineering 
(2500 South La Cienega Blvd.) 

P. 0. Box 35499 
Los Angeles, CA. 90035 

Worldwide Career Training thru Home Study 
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Build The World's Most 
Powerful 8 -Bit Computer 
Featuring The Famous Intel 8085! 

Explorer/85TM 
Starting for just $129.95 you can now build 
yourself a sophisticated, state -of- the -art 
computer that can be expanded to a level 
suitable for industrial, business and 
commercial use. You learn as you go... in 
small, easy -to-understand, inexpensive levels! 

Features Intel 8085 cpu/100% compatible with 
8080A software! 
Onboard S -100 bus (up to 6 slots)! 
Onboard RAM and ROM expansion! 
Built -in deluxe 2K Monitor /Operating ROM! 
Cassette/RS 232 or 20 maJ4 -1/2 8 -bit parallel 
1/O and timer all on beginner's Level "A "system! 

EXPLORER /85 gives you "big computer " lealures immediately, without turning you 
into an appliance operator. doomed to run pre -developed soltware for file. Simply 
connect EXPLORER to a terminal. video monitor or Iv set and 8 voll power supply and 
start running programs, the very first night! Level "A" teaches you machine 
language and computer fundamentals II lets you run exercise programs including 
programs to examine the cpu registers, examine memory. Lill memory, move memory 
and make up games. You can load and play back these programs on an ordinary tape 
cassette -and display your efforts on any tv screen. video monitor or printer. 48.95 
RF modulator required for tv use I The simplified architecture of the Intel 8085 
makes EXPLORER tar easier to understand than computers using the older, mare 
complex but less powerful 8080A Then. when you're ready, EXPLORER can be 
expanded -by you -to rival the power of any 8-bit computer on earth Or you can 
customize it to perform a dedicated task. thanks to onboard 
prototyping, RAM and ROM expansion capabilities f 
LEVEL "A" SPECIFICATIONS Netronfu R&D Ltd 

As featured in 
POPULAR ELECTRONICS 
EXPLORER /85 shown with Video Monitor and Keyboard /Video Terminal 

CHOICE OF HEX KEYPAD OR TERMINAL INPUT 
If you plan to Customize EXPLORER for dedicated use. we recommend that you order 
hex keypad input. But, if you are planning to go whole hog and blow EXPLORER up 
into a tun size, state -ol- the -art system with 8K or extended basic (coming soon), up 
to 64K of memory. floppy disks. telephone interface, printers. and all sorts o! 5-100 
plug-ins- you'll be better ott with the Keyboard /Video Terminal input The $149 95 
EXPLORER Keyboard /Video Terminal includes lull ASCII decoding with 128 ASCII 
upper /lower case set, 96 printable characters, onboard regulators and selectable 
display formals- 32x16 1or tv set or 6406 for video monitor not included) 
EXPAND EXPLORER, LEVELBY.LEVEL 
Level "B ", at $49.95, adds S -100 signals plus onboard RAM /ROM decoding. 
Includes all parts necessary to generate the signals for S -100 bus accessories. Just 
add two S-100 bus connectors and you have a complete S-100 compatible computer 
with a world of add'ons at your fingertips. Choose from hundreds of products to 
satisfy your individual needs. Level "B" kit also includes the address decoders for 
onboard RAM and ROM expansion. which are addressable anywhere in the 65K field 

Level "C" expansion, at $39 95. expands the S-100 bus to allow a total of six 
S.100 cards to be plugged into EXPLORER's motherboard and contained in 
EXPLORER's steel Cabinet. Includes all hardware, mounting brackets, board guides, 
etc Just add the number of S'I00 bus connectors you need. 

Level "D" expansion, at $69.95. gives you 4K of onboard static RAM utilizing 
2114 IC's. Your board will also accept tour 2716 EPROM's, which can be purchased 
separately. Vol, now have an advanced mainframe that can be customized with the 
peripherals of your choice to lit any or all) specific requirements. Each level of 
EXPLORER is separately regulated for the ultimate in stability Factory service is 
available from Netronics. Order your EXPLORER today! - ORDER FROM THIS COUPON TODAY! - - - - - - 
., Dept PE 3, 333 Litchfield Road, New Milford, CT 06676 

EXPLORER's Level "A system features an advanced Intel Level "A" EXPLORER /85 kit (specify ter - 
8085 coo, which is 50% faster than its 8080A prude- I mina) or O hex keypad ufput), $129.95 plus 
cessor, yet 100% compatible with 8080A software $3 p8h_ 
which. you'll discover, exists by the ton Big computer' Power Supply kit, 5 amp, ±g volt, $34.95 features include an 8355 ROM with 2K deluxe monitor/ plus $2 p8h. 
operating system which has two programmable 8-bit I p Intel 8085 User's Manual, $7.50 ppd. bidirectional parallel I/O ports, built -in cassette interface 0 ASCII Keyboard /Video Terminal kit, $149.95 with tape control circuitry to allow labeling cassette files. 
and commands which include. "display contents of plus $3p h 

memory," "run al user location (go toi. "insert data," I 
O Hex Keypad kit to hex version. $69 95 plus 

"move contents al memory," "examine registers individ- $2 p8h. 
ually or all." fill command (to fill the contents ul memory 

1 

O Level" B" S- 100 /Onboard RAM /ROM Decoder 
with any variable), automatic baud rate selection, program- kit (less S.100 connectors). $49.95 plus $2 
mable characters per line display output formal, and more! 

I p8h. 
An 8155 RAM -I /0 chip contains 256 bytes of RAM. two Level "C" S -100 5-Card Expander kit (less 
programmable 8-bit bi'dneclional and one programmable I connectors), $39 95 plus $2 p8h 
6 -bit bi-directional I/O pots plus programmable t4 -bit 5.100 Bus Connectors (9old). $4 85 each 
binary counter /timer, user interrupt and reset switches I Level "5 4K Onboard RAM kit, $69 95 plus Onboard expansion provisions exist for up to six S-100 I 
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complaining about generally poor recep- 
tion. This is largely due to increased 
lower- frequency absorption as the high- 
er frequencies work better and better. It 

would be wise to be flexible enough to 
take advantage of the solar cycle, and 
DX each frequency range when it is 
best. Now is the time to concentrate on 
20-60 MHz. 

Tropical Bands Threatened. 
There's some apprehension that even 
when tropical reception improves toward 
the next solar cycle trough, DX listening 
may have been ruined on the 60 -meter 
band. There have been proposals to 
allow high -powered international broad- 
casting on this band. 

This would be very advantageous for 
the international listening audience 
when the MUF falls below 6 MHz, as it 

often does between Europe and North 
America during the winter in solar trough 
years. However, it would severely hinder 
reception of many third -world stations 
which presently occupy this band almost 
exclusively. 

A letter- writing campaign seems to 
have had some success in opposing this 
move, coupled with the Third World's re- 
alization that they can bring to bear a 

powerful voting bloc at the World Ad- 
ministrative Radio Conference, set to 
begin this September in Geneva. The 
WARC will reallocate the entire electro- 
magnetic spectrum, to conform with pre- 
sent -day needs and those anticipated 
until the end of the century. 

/ 
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i 
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Computer Bits 
111 . ........... 

RANDOM NUMBER GENERATORS 

RANDOM number generator subrou- 
tines are taken for granted by near- 

ly all computer users. Every version of 

the BASIC programming language, 
even the simplest "tiny BASIC ", has a 

random number function. Probably the 

heaviest usage of random numbers is in 

games where chance is an element. 

Other applications of random numbers 
include real -world simulations, program 
testing, and the generation of white 
noise in music programs. 

While BASIC users have a seemingly 
infinite reservoir of random numbers at 

their disposal simply by using the RND 
function, machine -language users also 

have applications for random numbers. 

Serious mathematical simulations 
where BASIC is too slow or 6 -digit ac- 

curacy is not enough, are written in ma- 

chine language and may need a high- 

speed source of random numbers. Mu- 

sic synthesis is usually done in machine 
language and requires random numbers 
for noise generation and subtle varia- 

tions in the sound for naturalness. Also, 

games on small computers such as the 

KIM -1 or any of the TV or arcade sys- 
tems must be programmed in machine 
language, and they need random num- 

bers as well. Thus we will be looking at 

random number generator programs in 

general and two in particular that are ef- 

fective yet simple enough to program in 

machine language. 

Properties. Although there is a variety 
of methods for generating random num- 

bers, several traits are shared by all of 

By Hal Chamberlin 

them. The most distinctive is that the 

subroutine does not really generate ran- 

dom numbers, it merely transforms an 

input number into an output number. 
When generating a string of numbers, 

the previous output is simply fed back 

into the generator which then proceeds 
to generate a new output. The generator 
subroutine itself is a fixed mathematical 
function that does the input -to- output 

transformation. Although the output is 

related to the input in an obscure way, it 

seems to be completely unrelated to it in 

the end application. 
The initial input used when the gener- 

ator is started is called the seed and can 

usually be any number except zero. One 

consequence of the input -to- output 
transformation is that if the same seed is 

used on different occasions, the se- 

quence of (pseudo) random numbers 

generated will be exactly the same. 
While this may not seem to be satisfac- 
tory random behavior, it does have ad- 

vantages. For example, in debugging a 

program that utilizes random numbers, it 

is useful to be able to recreate known 

bugs and verify the effectiveness of cor- 
rections. On the other hand, when using 

a game program you want to be sure 

that the seed is different every time it is 

run. Forming a seed from the date and 

time supplied by the user is one possibil- 
ity. Another is scanning through all of 

memory and forming the sum of what is 

found which is quite effective when sem- 
iconductor RAM is utilized for the memo- 
ry function. 

The generator transformation function 

TABLE I -A AND B VALUES FOR 
LINEAR CONGRUENTIAL METHOD 

Wordlength Sequence length A B 

8 256 77 55 

12 4096 1485 865 

16 65536 13709 13849 

24 16777216 732573 3545443 

32 4294967296 196314165 907633515 
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manual of speaker function 
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-YOURS FREE. 
32 -pages of test instruments - from the 
latest digital multimeters to the famous 
EICO scopes. Security systems. Auto- 
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assembled. FICO quality. EICO value. 
For FREE catalog, check reader service 
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Hicksville, N.Y. 11801 E/CO 
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almost always uses integer arithmetic 
and the function is carefully chosen ac- 
cording to the word size of the computer. 
Since the output numbers are also inte- 
gers with a finite number of bits, it is ob- 
vious that, at some point in the se- 
quence, the seed will pop up again. 
From this point forward the sequence re- 
peats itself. 

An efficient random number generator 
will generate all or nearly all of the 2" dif- 
ferent numbers that can be represented 
by an n -bit word before repeating. Thus 
in a 16 -bit computer, about 65,000 ran- 
dom numbers can be generated with 
single precision arithmetic before re- 
peating. 

The numbers produced by the gener- 
ator are constrained to be within a cer- 
tain range. The RND function in BASIC 
for example usually generates fractional 
numbers in the range of 0 to, but not in- 
cluding, + 1.0. The machine language 
routines to be described generate un- 
signed integer numbers between 0 and 
2 " -1. In either case, the range of the 
numbers is easily changed by multiply- 
ing and adding constants to them. 

The random numbers themselves are 
uniformly distributed. This is a statistical 
term that means that all of the possible 
numbers in the allowable range are 
equally likely to occur. Some applica- 
tions require normally distributed num- 
bers where those near the middle of the 
range are more likely than those toward 
either extreme. This kind of distribution 
is most useful in simulating natural 
quantities such as the weight of a ran- 
domly chosen ripe apple. A true normal 
distribution can be closely approximated 
by adding up 12 uniform random num- 
bers (range assumed to be between 0 
and 1.0), and subtracting 6.0 from the 
sum. The mean (most likely value) of the 
normal distribution will then be zero and 
the standard deviation (a measure of 
how concentrated the numbers are 
around the mean) will be 1.0. 

Methods. One of the most popular 
random number algorithms is called the 
linear congruential method. The trans- 
formation equation is: (new number)= 
IA x (old number) +BI MOD M where A 
and B are carefully chosen constants. 
Unsigned integer arithmetic is assumed 
when performing the multiplication by A 
and addition of B. The MOD function 
means to divide by M and keep just the 
remainder. If M -1 is the largest possible 
unsigned integer for the computer's 
wordlength, then the MOD function is 

automatically performed by ignoring 
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SOLDER CREAM 
the new, quick, easier way to solder 

You can now apply solder with just the 
squeeze of a tube. The solder is in a paste 
form. premixed with just the right ratio of 
flux. Its tacky consistency "holds" 
components temporarily 
prior to heating. 
Available in 

3 alloys to 
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Electronic /Electrical: A 60i40 alloy with 
non -corrosive rosin flux tor all types of wring. 
Plumbing & Sheet Metal: For most metal 
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Stainless Steel & Silver Jewelry: A tin sliver 
alloy with special flux contains no lead. Blends in 
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PLUS Bonus Pak of Emergency Solder 
A flat tape -like solder that melts with a match. 
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overflow when the other operations are 

performed; no actual division is neces- 
sary! Thus if the wordlength is 16 bits 

(one can combine several bytes to make 

any wordlength degired), multiplication 
by A can be performed with an integer 
multiply subroutine (see "Computer 
Bits" for Sept. 1978). Only the lower half 

of the product, which will almost surely 
overflow 16 bits, is added to B and the 

lower 16 bits of the sum, which may also 
overflow, is stored as the new random 

output. 
Choosing A and B is tricky but the pro- 

per choice will insure that all 2" (where n 

is the wordlength) possible numbers will 

be generated once before the sequence 
repeats. By using a wordlength of 32 

bits, over 4 billion numbers can be gen- 
erated before repeating. This is over a 

month running time at 1,000 numbers 
per second! If A and B meet the follow- 

ing requirements then not only will the 
sequence length be the maximum, but it 
will almost certainly be random enough 
for all but the most sophisticated ap- 

plications. 
1. A MOD 8 must be equal to 5. 

2. A should be larger than VM but 
smaller than M- V M. 

3. A, when expressed in binary, 
should have a "random looking" bit pat- 

tern. 
4. C should be an odd number. 
5. C/M should be approximately 

equal to .21132. 
Suitable values of A and B for some 

common wordlengths are in Table I. 

One drawback of this type of genera- 
tor, besides requiring a multiplication to 

perform, is that the least significant few 

bits of the numbers are not very random. 
Thus if random bits are necessary, the 

most significant bits should be used. 
Another type of random number gen- 

erator that is extremely efficient in ma- 

chine language is based on simulating a 

feedback shift register in software. The 

only arithmetic operations needed are 

shifts and exclusive -ORs; no multiplica- 
tion is required. Like the previous meth- 
od, it is tied to the computer's word- 
length but with multiple precision opera- 
tions, any wordlength can be used. The 
procedure to generate a new number 
from an old one is as follows: 

1. Shift the number left one bit position 
bringing in a zero on the right end and 

putting the overflow bit into the carry 
flag. 

2. If the carry flag is off, the process is 

complete. 
3. If the carry flag is on, flip selected 

bits in the shifted number. This may be 
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while they are displayed on your video monitor (Add 
printer and you can use ELF Il to type error-tree letters 

plus insert names and addresses from your mailing list I 

519.95 postpaid 
Assembler on cassette lape translates assembly 

language programs into hexidecimal machine code for 

Et II use Mnemonic abbreviations for instructions 
i rather than numerics! make programs easier to read 

and help prevent errors $19 95 postpaid 

programs and produces assembly language source list- 

ings to help you understand and improve your programs 

$19.95 on cassette tape 

SAVE 59.90 -Test Editor. Assembler & Oisassembler 
purchased together, only $49.95! (Require Video Dis 

play Board plus 4k memory I 

0 ELF II Light Pon, assembled 8 tested $7.95 plus St 
p &h 

ELF II Cale Graphics & Music System Board kit 

$49.95 plus $2 p&h 

ELF II connects directly to the video input of your tv 

set without additional hardware To connect ELF II to 

your antenna terminals instead. order RF Modulator. 

58.95 postpaid 

Coming Soon A-P U -A Converter. Controller Board 

and more' 

Print 
Name 

Address 

City 

_ 
_DEALER INQUIRIES INVITED 

CIRCLE NO. 33 ON FREE INFORMATION CARD 
Li Disassembler on cassette IaDe takes machine rode Slate 

Zip 
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A P Terminal and 
Distribution Strips are 
ideal building blocks 
for your breadboarding. 
Now you can put together as sim- 
ple or as elaborate a breadboard 
as you want -and be sure of top 
quality all the way -and pay only 
for what you need. Using A P Termi- 
nal and Distribution Strips as mod- 
ules is the world's most economical 
way to assemble full -performance 
solderless breadboards. 

You know how our strips work. Your 
electronic components plug right 
into the spring clip terminals behind 

each hole. You complete your cir- 
cuits with ordinary solid wire jump- 
ers -you don't need special patch 
cords. Terminals clip tight, make su- 
perb contact time after time. (They're 
noncorrosive copper alloy 770.) 

These versatile building blocks 
come in a wide variety of shapes 
and sizes, and we include hardware 
and mounting templates with each 
strip. You get all the flexibility in 
the world. 

Where? At your nearby A P Prod- 
ucts dealer. Need the address? 
Phone (toll -free) 800 -321 -9668. And 
ask for the complete A P catalog, 
The Faster and Easier Book. 

A P PRODUCTS 
INCORPORATED 
Box 110A. 72 Corwin Drive 
Painesville, Ohio 44077 
Tel. 216/354 -2101 
TWX: 810 -425 -2250 

Faster and Easier is what we're all about. 
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accomplished by exclusive -ORing a 

mask word with the shifted number. The 
process is now complete. 

Thus the key to this generator is to 
find a suitable mask. It is highly desir- 
able to use a mask that gives a max- 
imum length sequence which in this 
case is 2 " -1 since zero transforms into it- 
self. If such a mask is not used, some 
seeds may produce very short se- 
quences, even for long words. The best 
way to find a suitable mask is to write a 

simple program that actually counts the 
number of iterations necessary before 
an initial seed of 0001 is returned. Suit- 
able masks for several popular word - 
lengths are given in Table II. 

The numbers produced by this gener- 
ator are not as good as with the first gen- 
erator but the individual bits produced 
are highly random. The results are more 
than adequate however for games and 
white noise generation and one could 
hardly ask for a simpler procedure. The 

TABLE II -MASK WORDS FOR 
FEEDBACK 

SHIFT REGISTER METHOD 
Sequence 

Wordlength length Mask 
8 255 1D 

12 4095 1D9 
16 65535 1D87 
24 16777215 1D872B 
32 4294967295 1D872B41 

performance as a number generator 
may be improved by iterating it several 
times (such as N +3 where N is the 
wordlength) to get each number. 

Testing. In any critical application it is 
necessary to test a homebrew random 
number generator before using it exten- 
sively. Even the RND function in BASIC 
is much better in some versions than 
others. While proper testing is a com- 
plex mathematical subject, one thing is 
definite: visually looking at a printout of a 
few numbers in the sequence is not a 
very reliable test. In fact, the "eyeball 
test" would probably flunk even the best 
generators because people tend to see 
patterns in small collections of things 
and any such patterns are not "sup- 
posed" to happen in a random se- 
quence. One reasonably good visual 
test however is to generate a string of 
random bits and then fill the screen of a 
bit -mapped graphic display interface 
with them. Any visible regularity that 
covers a significant portion of the screen 
is probably a clue to a poor random 
number generator. 

POPULAR ELECTRONICS 
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Soft' ware 
Sources. 

8080/6800 File Management. 
Now what was the name of that good French 

restaurant in Chicago ?" If you filed it once, 

DATA FILE can find it. The program re- 

sponds to any information you can recall 

about the contents of a file by displaying the 

rest of the file. It can, for example, remind you 

who belongs to all those long- distance num- 

bers on your phone bill. The program is avail- 

able for 6800 or 8080 systems, and runs in 

1K, using remaining RAM for storage. Fea- 

tures include facilities for editing and updat- 
ing files, automatic top -of -memory check en- 

suring no data is accidentally lost, and con- 

tinuous display of memory addresses for sav- 

ing all data on tape or disk. 6800 versions are 

available as a listing only, or with either K.C. 

cassette or SWTP disk, all starting at 0110 
Hex. 8080 versions are available as listing 

only, with Tarbell or National Multiplex CC -7 

or CC -8 cassette (specify) or Intel- format pa- 

per tape, or on North Star disk; starting ad- 

dress may be 0000, 2000 or 2A00 hex. List- 

ings are $10, listing with cassette or tape $15, 

and listings with disk, $16. Practical Program- 
ming Co., Box 2069, North Brunswick, NJ 

08902. 

1802 Programming Aids. The 1802 

Programmer's Notebook includes: information 
on software relocation and register- assign- 
ment techniques, timing constants, clock cali- 
bration, and short programs for time -of -day 

clock, hex frequency counter, hex random 

number, and hex addition and multiplication. 
$1.00 plus self- addressed, stamped en- 
velope, from David R. Wright, 128 Campus 
Ave., Ames, IA 50010. 

PILOT for TRS -80. PILOT is a language 
designed for computer- assisted education, 
and is said to be so simple that even 6 -year- 
olds have taught themselves to program in it. 

In this TRS -80 form, it includes PILOT pro- 

gram statements and commands (including 
CLOAD, CSAVE and line- printer commands) 
plus TRS -80 screen -clear and graphics com- 
mands. TRS -80 PILOT requires Level -II, 4K 

or 16K. $50. Jeff Lasman, PRACTICAL AP- 
PLICATIONS, P.O. Box 4139, Foster City, 

CA 94404. 

TRS -80 Word Processor.The Electric 
Pencil word -processor program is now avail- 
able for the Radio Shack TRS -80, as well as 

an optional serial -printer output interface with 
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lower -case and control -key modification in- 

structions. Written in machine code, not BA- 

SIC, for faster running, it will load into either 
Level -I or Level -II TRS -80s with 16K. It will 

operate upper -case only in unmodified ma- 

chines, or upper /lower -case with the modifi- 
cation kit. Printers used can be either the Ra- 

dio Shack printer and expansion box, or any 
RS -232 printer running 110 -9600 baud, with 
the optional interface. Other features include 
2 -key rollover and repeat, line and character 
insert /delete, forward /reverse scrolling, 

string search with optional replace, block 
moves, page titling and numbering, and print 

formatting. The TRS -80 Electric Pencil is 

$100; the TRS -232 printer output interface 

with instructions only for lower -case modifica- 
tion (parts will be available later) is $40. Small 

System Software, Box 483, Newbury Park, 

CA 91320. 

8080 Simulator for KIM -1. 8080 

programs can be run on a 6502 -based KIM -1 

with this program. It executes the entire 8080 

instruction set and maintains 8080 registers 

for convenient examination or modification. It 

runs in less than IK of memory, and can be 

relocated in ROM and adapted to other 6502 

systems. $19.50. Dann McCreary, 4758 

Mansfield St. #2P, San Diego, CA 92116. 

1 nie mKRoCOmPUTER MART' 

CALIFORNIA 
Omega Microcomputers 
Quality Personal - Business Systems 
Apple II - Alpha Micro 
3535 Torrance Blvd. 
Suite 10 
Torrance, Ca 90503 
(213) 370-9456 

Rainbow Computing 
Complete Apple lI Line 
10723 White Oak Avenue 
Granado Hills, CA 91344 
(213) 360-2171 

COLORADO 
Amptec, Inc. 
Send For Our Catalog -10% Off 
5975 North Broadway 
Denver, CO 80216 
(303) 571 -8033 

Byte Shop 
Complete Apple II Line 
3464 South Acoma Street 
Englewood, CO 80110 
(303) 761-6232 

MARYLAND 
Computers Unlimited, Inc. 
Tomorrow's Technology Today 
907 York Road 
Towson, MD 21204 
(301) 321-1553 

MICHIGAN 
The Computer Mart 
We Will Not Be Undersold 
1800 West 14 Mile Road 
Royal Oak, MI 48073 
(313) 576-0900 

United Microsystems Corporation 
The Professional Computer Store 
2601 South State Street 
Ann Arbor, MI 48104 
(313) 688 -6806 

NEW JERSEY 
Computer Mart of New Jersey 
The Microcomputer People (tm) 
501 Route 27 
Iselin, NJ 08830 
(201) 283-0600 

Advertisement 

NEW YORK 
Byte Shop of Long Island 
The Affordable Computer Store 
2721 Hempstead Turnpike 
2 Blocks East Of Wantagh Parkway 
Levittown, New York 11756 
(516) 731 -8116 

Byte Shop of New York 
The Affordable Computer Store 
130 East 40th Street 
New York, NY 10016 
(212) 889-4204 

Computer Mart of New York 
First In The East 
118 Madison Avenue 
(30th Street Entrance) 
New York, NY 10016 
(212) 686-7923 

OHIO 
Ohio Microcomputer Specialists 
Imsai Personal and Business Systems 
1265 Grandview Avenue 
Columbus, OH 43212 
(614) 488-1849 

OKLAHOMA 
Microlithics, Inc. 
Medical Systems -Differential Diagnosis 
2918 MacArthur Boulevard 
Oklahoma City, OK 73127 
(405) 947-5646 

PENNSYLVANIA 
Personal Computer Corporation 
OEM Specialists 
Frazer Mall 
Lancaster Avenue and Route 352 
Frazer, PA 19355 
(215) 647-8463 

SOUTH CAROLINA 
Byte Shop #32 
The Affordable Computer Store 
1920 Blossom Street 
Columbia, SC 29205 
(803) 771 -7824 

CANADA 
TJB Microsystems, LTD 
Your Commodore Pet Headquarters 
10991 -124th Street 
Edmonton, Alberta, Canada 
T5M OH9 
(403) 455 -5298 

Dealers: For information about how to have your store listed in THE MICROCOMPUTER MART, 
please contact: POPULAR ELECTRONICS, One Park Ave., New York, N.Y. 10016 (212) 725 -3568. 
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NORTH STAR 

HORIZON 1, DOUBLE DENSITY, kit, 
list $1599 01- 3501 -1 $1349 
Factory assen', list $1899 01- 4501 -1 $1599 

HORIZON 2, Double Density, Kit 
List $1999 01- 3502 -1 $1699 
Factory assem, list $2349 01- 4502 -1 $1939 

COMPLETE MINIFLOPPY DISK, Kit 
Double density $699 (order 01- 7735 -11 $589 
Factory assembled, double density 
List $799101-7745 11 $689 

TRS -80 OWNERS: 
Write for catalog on specials. 

SAVE 10% to 20%! 

SORCERER 
COMPUTER SYSTEM 

8K RAM, List $895137.5008-0) $787 
16K RAM, List $1150137-5016 0) 1012 
32K RAM, List $1395137- 5032 -01 1232 

SHIPPING. Add $12 per system for Sorcerer 
and floppy disk systems, add $5. 

Write for free catalog 

MiniMicroMart, Inc. 
1618 James St., Syracuse NY 13203 

(315) 422 -4467 
CIRCLE NO. 31 ON FREE INFORMATION CARD 

John Simonton's time -proven 
design provides two envelope 
generators VCA, VCO & VCF in 
a low cost, easy to use package. 

Use alone with its built -in ribbon 
controller or modify to use with guitar, 
electronic piano, polytonic keyboards, etc. 

The perfect introduction to electronic 
music and best of all, the Gnome is only 
$59.95 in easy to assemble kit form. Is it 
any wonder why we've sold thousands? 

) Send GNOME MICRO- SYNTHESIZER Kit. 

(959.95 plus 52.00 postage) 
1 GNOME MICRO -SYNTHESIZER 

(Fully Assembled) 9100.00 plus 52 postage 
I Send FREE CATALOG 

name: 

address: 

city: state:_ zip: 

BAC, VISA MC card no. 

gunk DEPT. 3-P 
L 1020 W WILSHIRE,OKLAHOMA CITY. OK 73118 

CIRCLE NO. 40 0N FREE INFORMATION CARD 
J 

PROJECT 
OF THE 
MONTH 
BY FORREST M. MIMS 

A HIGH -RESOLUTION 
LED DISPLAY 

A thin, high -resolution, two- dimensional 
display with X -Y addressability would have 
many applications in such fields as televi- 
sion, oscilloscopes, electronic games, mi- 
cro- computer displays and alphanumeric 
and graphic data displays for pocket cal- 
culators and data loggers. 

Experimental flat- screen displays have 
been made based on gaseous discharge, 
electrofluorescence, light- emitting diodes 
and liquid crystal technologies. The liquid 
crystal method appears to offer the great- 
est economy and certainly the thinnest 
configuration, but this display medium can- 
not yet change states fast enough for tele- 
vision applications. 

The technology needed to build large - 
area LED displays has been available for a 
decade, but the high cost of the LEDs 
themselves and the addressing circuits 
they require has thus far restricted their 
use to military and laboratory applications. 
Now that low -cost visible LEDs are avail- 
able, you can assemble a 16 x 10, 160 - 
element LED display for less than $20- 
assuming you can procure the LEDs for 
less than 10p each. 

Figure A is the circuit diagram of the ar- 
ray. The ten 330 -ohm resistors limit current 
to the LEDs, providing about 10 mA to 
each LED if a 5 -volt power supply is used. 

The exact construction method em- 
ployed in the assembly of the display de- 
pends on the lead arrangement of the 
LEDs. Figure B is a photograph of the 160 - 
element display assembled on a perforat- 
ed board with 0.1 -inch hole centers and a 
copper solder pad at most holes (Radio 
Shack 276 -1551 or similar). 

I used yellow LEDs, but you can use red 
or green LEDs if you prefer. I also painted 
the LED side of the board black before in- 
stalling the LEDs to enhance the display's 
contrast. The current -limiting resistors can 
be seen near the lower left of the display. 

Although the electrical circuit of the array 
is very simple, its construction requires a 
good deal of patience. First, all the LEDs 
must be soldered to the board. That alone 
requires 320 separate solder connections. 
Then all the anodes in each horizontal row 
and all the cathodes in each vertical col- 

TAPE 
DISCOUNTS 

Minimum rüder 10 tapes 

maxell 
CASSETTES 

UDXL Ior ii C -60 
UDXL 1 or 11C -90 
UDC -60 
UDC -90 
LNC -46 
LNC -60 

2 99 
3 99 
2 49 
2 99 
1 29 
t 49 

LNC -90 2 39 
LNC -120 3 29 

8 -TRACK 
LN 4681k I 99 
LN 60 8tk 2 29 
LN 90 8tk -2 69 
UD 46 8tk 2 39 
UD 90 8tk 2 99 

OPEN REEL 
UD35 -90 1800 x 7 5 79 
UD- 35-180 3800 a 10v. 1599 
LN50 -60 1200 x 7 4 59 
LN35 -90 1800 x 7 499 

MEMOREX 
CASSETTES 

C60 
C90 3 pk. 
C120 

8-TRACK 
60 MIN 81k 
90 " 81k 2pk. 

2.19 
3 for 5.49 

4.50 

2.99 
2 for 4.99 

SPECIAL 
Soundguard Record Preservation Kit 
Soundguard Record Preservation Refill 

5.59 ea 

3 59 ea 

Lifetime Product Guarantee! Order Now! 
Orders shipped within 1.3 days. Please add 52.00 
for shpg. 8 hdlg. per 10 tapes N.V.S. residents 
add sales tax. NO COD's FREE CATALOG 

CONSUMERS CO 
P O Box 550 Dept. P03 

Mr Vernon N V 10551 Phone (914) 664.2909 

CIRCLE NO. 11 ON FREE INFORMATION CARD 

BY POPULAR 
DEMAND! 

MS -215 Dual Trace 
Miniscope 

With Rechargeable 
Batteries & Charger Unit. $435 

15- megahertz bandwidth. 

External & internal trigger. 

Auto or line sync modes. 

Power usage -<15 W. 

Battery or line operation. 

2.9" H x 6.4" W x 8.0" D. 

Non -Linear Systems, Inc. 
Originator of the digital voltmeter. 
Box N, Del Mer, California 92014 
Telephone (714) 755-1134 TWX 910 -322-1132 

CIRCLE NO. 36 ON FREE INFORMATION CARD 
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umn must be connected together with bus 

wires. This requires 320 additional solder 
connections. 

The resistors and output connections to 

the board's copper fingers require another 
72 solder connections, resulting in a total 

of 712 solder connections! Don't be dis- 

couraged though. I was able to complete 
the board shown in Figure B in less than 

four hours -and that included plenty of 

short breaks to relieve eye strain. 

PROJECT 
OF THE 
MONTH 

h 

COLUMN BUS LED 
it 11 

i¡¡iiiiiiiiiii 
9 

f 
e 

C 

111111111111111111111111111 11=11 
11111111111111111111111111111111110111 

1111111111111111111111111111111111 

111u11i11111111111110 

g 341 

o / z 3 8 5 6 7 g 9 /0 // /2 /+J /Ca/ /5 
.4ca ,¢ES AS- TORS 33017.- 

##ä1101i**# ###,at* M#. ,ii#+ , #!ïi# O!## 
*go i1i+t - 'a 
*!#lfAtA*äctb 
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.. 

Fig. B. Prototype 160- element 
fiat- screen LED array. 

0 0 0 0 

o 
RNODE 

LED 

CK-Row-+ 
Q,1, 

COLc/MN 

o 
CATHODE 

0 0 0 0 
Fig. C. Orientation of 
individual LED in array. 
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(Continued) 

Fig. A. 10 x 16 160 - 
element LED display. 

The following tips will simplify the as- 
sembly of the display board: 

Select LEDs with leads parallel to 

their viewing axis and make sure the leads 
fit the holes in the board you select. 

Test each LED before it is soldered in 

place. You can make a temporary test jig 

from a 6 -volt battery, 330 -ohm resistor and 
some clip leads. 

Install one column of ten LEDs at a 

time. Make sure the diodes are oriented as 
shown in Figure C. The cathode lead is 

usually indicated by a notch or flat area in 

the epoxy encapsulant. 
Bend the leads of each LED outward 

slightly on the back side of the board. Turn 
the board over and place it on two supports 
so the LEDs hang from their leads. 

Use a low- wattage iron and small - 
diameter solder to solder one lead of each 
LED to its copper foil pad. Turn the board 
over and make sure the LEDs are aligned 

Fig. D. Row and column buses 

are soldered to LED leads 
on back of board. 

properly. Then solder the remaining leads. 
Follow these steps to solder all sixteen 

columns. Be sure to keep the LEDs per- 

fectly aligned for best results. If you have 

trouble keeping the columns straight, tape 

a pencil to the board adjacent to each col- 
umn while the diodes are being soldered. 

Use tinned, small- diameter (e.g. No. 26) 

wire or stripped Wire -Wrap wire for the col- 

umn and row buses. Solder the row buses 

first. The easiest way is to lay a wire along 

the anode leads in one row so the wire 

touches each solder pad. Then use a very 

small amount of solder to tack the wire to 

each pad. The column buses must be sol- 

dered above the row buses since the bus 

wires are uninsulated. Figure D is a small 

portion of the completed board. 
The display board is completed by sol- 

dering lengths of Wire -Wrap wire from 

points a through f and 0 through 15 in Fig. 

A to the copper fingers on the board. Try to 

select an orderly pin -connection arrange- 
ment to simplify the interface to a driving 
circuit. The connection pattern can be con- 
sidered a bus, and the bus connections for 
the prototype board that I built are listed 

according to the pin designations of a 44- 

terminal edge connector socket (the pin 

designations are marked on the socket): 

LED Array Connection 
o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

a 
b 

c 

d 

e 

g 

h 

S-44 Socket 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 

19 

20 
21 

22 
A 

B 

C 

D 

E 

F 

H 

J 

K 

L 

This bus leaves plenty of spare lines that 
can be used by an array driving circuit. In 

the next Project of the Month, I will de- 

scribe a driving circuit that uses the array 
as the screen of a solid -state experimental 
oscilloscope. 4 
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QTV. 
DIODES /ZEN ERS 

1N914 100v 10mA .05 
1N4005 600v 1A .08 
1N4007 1000v 1A .15 
1N4148 75v 10mA .05 
1N4733 5.1Y 1 W Zener .25 
1N753A 6.2v 500 mW Zener .25 
1N758A 10v " .25 
1N759A 12v .25 
1N5243 13v .25 
1N5244B 14v " .25 
1N52458 15v .25 

QTY. 
SOCKETS /BRIDGES 

8 -pin pcb .20 ww .35 
14 -pin pcb .20 ww .40 
16 -pin pcb .20 ww .40 
18 -pin pcb .25 ww .95 
20 -pin pcb .35 ww .95 
22 -pin pcb .35 ww .95 
24 -pin pcb .35 ww .95 
28 -pin pcb .45 ww 1.25 
40 -pin pcb .50 ww 1.25 
Molex pins .01 To -3 Sockets .25 
2 Amp Bridge 100 -pry .95 
25 Amp Bridge 200 -pry 1.50 

QT V. 
TRANSISTORS, LEDS, etc. 

2N2222 (2N2222 Plastic .10) .15 
2N2222A .19 
2N2907A PNP .19 
2N3906 PNP (Plastic Unmarked) .10 
2N3904 NPN (Plastic Unmarked) .10 
2N3054 NPN .45 
2N3055 NPN 15A 60v .60 
Ti P125 PNP Darlington 1.95 

LED Green, Red, Clear, Yellow .15 
D.L.747 7 seg 5/8" High comanode 1.95 
MAN72 7 seg corn-anode (Red) 1.25 
MAN3610 7 seg comanode (Orange) 1.25 
MAN82A 7 seg com -anode (Yellow) 1.25 
MAN74 7 seg com- cathode (Red) 1.50 
FND359 7 seg corn-cathode (Red) 1.25 

QTY. 
9301 

9000 SERIES 
QTY. 

.85 9322 .65 
9309 .35 9601 20 
9316 1.10 9602 .45 

MICRO'S, RAMS, CPU'S, E -PROMS 
QTY. QTY. 

8T13 1.50 21078 -4 4.95 
8723 1.50 2114 9.50 
8T24 2.00 2513 6.25 
8T97 1.00 2708 10.50 
74S188 3.00 2716 D.S. 34.00 
1488 1.25 2716 (5v) 59.00 
1489 1.25 2758 (5v) 23.95 
1702A 4.50 3242 10.50 
AM 9050 4.00 4116 11.50 

6800 13.95 
MM 5314 3.00 6850 7.95 
MM 5316 3.50 8080 7.50 
MM 5387 3.50 8212 2.75 
MM 5369 2.95 8214 4.95 
TR 160213 3.95 8216 3.50 
UPD 414 4.95 8224 3.25 
Z 80 A 22.50 8228 6.00 
Z 80 17.50 8251 7.50 
Z 80 PIO 10.50 8253 18.50 
2102 1.45 8255 8.50 
2102L 1.75 TMS 4044 9.95 

C MOS 
QTY. 

4000 .15 
4001 .15 

2 .20 
4004 3.95 
4006 .95 
4007 .20 
4008 .75 
4009 .35 
4010 .35 
4011 .20 

QTY. 
LINEARS, REGULATORS 

QTY. 
MCT2 .95 LM323K 5.95 

, etc. 
QTY. 

LM380 (8 -14 Pin)1.19 
LM709 (8 -14 Pin) .35 

LM711 .45 
LM723 .40 
LM725 2.50 

8038 3.95 LM324 1.25 
LM201 .75 LM339 .75 
LM301 .45 7805 (340T5) .95 
LM308 
LM309H 

.65 

.65 
LM340T12 .95 
LM340T15 .95 

L5/1309K (340K-5) 1.50 LM340T18 .95 
LM310 .85 LM340T24 .95 
LM311D .75 LM340K12 1.25 
LM318 1.75 LM 340 K 15 1.25 
LM320H6 .79 LM340K18 1.25 

4012 .20 
4013 .40 
4014 .75 
4015 .75 
4016 .35 
4017 .75 
4018 .75 
4019 .35 
4020 .85 
4021 .75 
4022 .75 
4023 .20 
4024 .75 
4025 .20 
4026 1.95 
4027 .35 
4028 .75 
4029 1.15 
4030 .30 
4033 1.50 
4034 2.45 
4035 .75 
4037 1.80 
4040 .75 
4041 .69 
4042 .65 
4043 .50 
4044 .65 

LM320H15 .79 LM340K24 1.25 
LM320 H 24 .79 LM373 2.95 

7905 )LM32OK5) 1.65 LM377 3.95 
LM320K12 1.65 78L05 .75 
LM320K24 1.65 78L12 75 
LM320T5 1.65 78L15 .75 

LM739 
LM741 (8-14) 
LM747 
LM1307 
LM1458 
LM3900 
LM75451 
NE555 
NE556 
NE565 
NE566 
NE567 

1.50 
.35 

1.10 
1.25 

.65 

.50 

.65 

.45 

.85 

.95 
1.25 

.95 
LM320T12 1.65 78M05 .75 
LM320T15 1.65 

QTV. QTY. 
- T T L - 

QTY. QTV 

7400 .10 7482 .75 74221 1.00 

7401 .15 7483 .75 74367 .95 

7402 15 7485 .55 75108A .35 

7403 .15 7486 .25 75491 .50 

7404 .10 7489 1.05 75492 .50 

7405 .25 7490 .45 74H00 .15 

7406 .25 7491 .70 74H01 .20 

7407 .55 7492 .45 74H04 .20 

7408 .15 7493 .35 74H05 .20 

7409 .15 7494 .75 74H08 .35 

7410 .15 7495 .60 74H10 .35 
7411 .25 7496 .80 74H11 .25 

7412 .25 74100 1.15 74H15 .45 

7413 .25 74107 .25 74H20 .25 

7414 .75 74121 .35 74H21 .25 

7416 .25 74122 .55 74H22 .40 

7417 .40 74123 .35 74H30 .20 

7420 .15 74125 .45 74H40 .25 

7426 .25 74126 .35 74H50 .25 

1427 .25 74132 .75 74H51 .25 

4046 1.25 
4048 .95 
4049 .45 
4050 .45 
4052 .75 
4053 .75 
4066 .55 

4069/74C04 .35 
4071 .25 
4081 .30 
4082 .30 
4507 .95 
4511 .95 
4512 1.10 
4515 2.95 
4519 .85 
4522 1.10 
4526 .95 
4528 1.10 
4529 .95 

MC 14409 14.50 
MC 14419 4.85 

74C151 1.50 

7430 .15 74141 .90 74H52 .15 

7432 .20 74150 .85 74H53 .25 

7437 .20 74151 .65 74H55 .20 

7438 .20 74153 .75 74H72 .35 

7440 .20 74154 .95 74H74 .35 

7441 1.15 74156 .70 74H101 .75 

7442 .45 74157 .65 74H103 .55 

7443 .45 74161 .55 74H106 .95 

7444 .45 74163 .85 74L00 .25 

7445 .65 74164 .60 74102 .20 

7446 .70 74165 1.10 74103 .25 

7447 .70 74166 1.25 74L04 .30 

7448 .50 74175 .80 74110 .20 

7450 .25 74176 .85 74120 .35 

7451 .25 74180 .55 74130 .45 
7453 .20 74181 2.25 74141 1.95 

7454 .25 74182 .75 74151 .45 

7460 .40 74190 1.25 74L55 .65 

7410 .45 

7472 .40 

7473 .25 

7474 .30 

7415 .35 

7476 .40 

7480 .55 

7481 75 

74191 1.25 

74192 .75 

74193 .85 

74194 .95 

74195 .95 

74196 .95 

74197 .95 

74198 1.45 

74L72 .45 

74173 .40 

14174 .45 

74175 .85 

74193 .55 

74L123 .85 

741300 .30 

741501 .30 

INTEGRATED CIRCU TS UNLIMITED 
7889 Clairemont Mesa Blvd., San Diego, California 92111 

24 Hour Toll Free Phone 1- 800 -854 -2211 
(714) 278 -4394 California Residents 1- 800 -542 -6239 

CUSTOMER NAME CABLE ADDRESS ICUSD 

STREET ADDRESS 

CITY STATE ZIP 

PHONE 

COD WILL CALL 

CHARGE CARD # 
AE Vim 

EXP. DATE 

74 LS02 

74 LSO4 

74LS05 

74LS08 

741S09 

74 LS10 

74 LS11 

74LS20 

74LS21 

74LS22 

74LS32 

74 LS37 

74 LS38 

14LS40 

74LS42 

74 LS51 

74 LS74 

74LS76 

74 LS86 

74 LS90 

74 LS93 

74LS107 

74LS123 

7413151 

7415153 

1415157 

74 LS 160 

74LS164 

74LS193 

7415195 

74LS244 

74LS367 

74 LS368 

74500 

74502 

74503 

74504 

74505 

74508 

74510 

74511 

74520 

74540 

74550 

74551 

74S64 

74S74 

745112 

745114 

745133 

74S140 

74S151 

745153 

745157 

.30 

.30 

.35 

.35 

.35 

.35 

.35 

.30 

.35 

.35 

.35 

.35 

.45 

.40 

.75 

.45 

.45 

.50 

.45 

.65 

.65 

.50 

1.20 

.85 

.85 

.85 

.95 

1.20 

1.05 

.95 

1.70 

.95 

95 

.35 

.35 

.25 

.25 

.35 

.35 

.35 

.35 

.25 

.20 

.20 

.25 

.15 

.35 

.60 

.65 

.40 

.55 

30 

.35 

.75 

745158 .30 

74S194 1.05 

745257 (8123)1.05 

8131 2.75 

SPECIAL DISCOUNTS 

Total Order Deduct 

UPS POST NET 10th OF THE MONTH PO # $35 -$99 10% 

$100 -$300 15% 

$301 -$1000 20% 
ALL ORDERS SHIPPED PREPAID - NO MINIMUM - COD ORDERS ACCEPTED - ALL ORDERS SHIPPED SAME DAY 

OPEN ACCOUNTS INVITED - California Residents add 6% Sales Tax. PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 
We accept American Express / Visa / BankAmericard / Master Charge 

CIRCLE NO. 25 ON FREE INFORMATION CARD 
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Stopwatch Kit $26.95 
Full six digit battery operated. 2 -5 volts, 
3.2768 MHz crystal accuracy. Times to 59 

min., 59 sec., 99 1,100 sec. Times std.. split 
and Taylor. 7205 chip, all components minus 
case. Full instructions. 

D Connectors RS232 
25 Pin Subminiatures 
DB25P 2.95 
DB25S 3.95 
Cover 1.50 
RS232 Complete Set 6,50 

DE9P 150 
DE9S 1.95 
DA15P 2.10 
DA15S 3.10 

S -100 Computer Boards 
8K Static RAM Kit $135.00 

16K Static RAM Kit 265.00 
24K Static RAM Kit 423.00 
32K Dynamic RAM Kit 310.00 
64K Dynamic RAM Kit 470.00 
8K /16K Eprom Kit (less PROMS) $89.00 
Video Interface Kit $139.00 
Motherboard $39. Extender Board $8.99_4 

P.O. Box 4430C Santa Clara, CA 95054 

For will call only: (408) 988 -1640 

2322 Walsh Ave 

QUEST Cosmac Super Elf Computer $106.95 
memory select, monitor select and single step 

Large, on board displays provide output and op- 

tional high and low address. There is a 44 pin 

standard connector for PC cards and a 50 pin 

connector for the Quest Super Expansion Board. 
Power supply and sockets for all IC's are in- 

cluded in the price plus a detailed 90 page instruc- 
tion manual. 

Many schools and universities are using the 

Super Elf as a course of study. OEM's use it for 

training and research and development. 

Remember, other computers only offer Super Elf 

features at additional cost or not at all. Compare 
before you buy. Super Elf Kit $106.95, High 

address option $8.95, Low address option 
$9.95. Custom Hardwood Cabinet with drilled 

and labelled front panel $24.95. NiCad Battery 
Backup Kit $4.95. All kits and options also come 

completely assembled and tested. 

Ouestdata, a 12 page monthly software publica- 

tion for 1802 computer users is available by sub- 

scription for $12.00 per year. New 100 page 

software manual Vol.1 $4.95. 

Tiny Basic for ANY 1802 System 
Cassette $10.00. On ROM Monitor $38.00. 
Super Elf owners, 30 °ro oft Object code listing or 

paper tape with manual $5.50. 
Original ELF Kit Board $14.95. 

Compare features before you decide to buy any 

other computer. There is no other computer on 

the market today that has all the desirable bene- 

fits of the Super Elf for so little money. The Super 

Elf is a small single board computer that does 

many big things. It is an excellent computer for 

training and for learning programming with its 

machine language and yet it is easily expanded 

with additional memory, Tiny Basic, ASCII 
Keyboards, video character generation, etc. 

The Super Elf includes a ROM monitor for pro- 

gram loading, editing and execution with SINGLE 

STEP for program debugging which is not in- 

cluded in others at the same price. With SINGLE 

STEP you can see the microprocessor chip 
operating with the unique Guest address and 

data bus displays before, during and after 
executing instructions. Also, CPU mode and in- 

struction cycle are shown on several LED indica- 

tor lamps. 

An RCA 1861 video graphics chip allows you to 

connect to your own TV with an inexpensive video 

modulator to do graphics and games. There is a 

speaker system included for writing your own 

music or using many music programs already 

written. The speaker amplifier may also be used 

to drive relays for control purposes. 

A 24 key HEX keyboard includes 16 HEX keys 

plus load reset, run, input, memory protect, 

Super Expansion Board with Cassette Interface $89.95 
simply by calling them up. Improvements and 

revisions are easily done with the monitor. If you 

have the Super Expansion Board and Super 
Monitor the monitor is up and running at the push 

of a button. 

Other on board options include Parallel Input 

and Output Ports with full handshake. They 

allow easy connection of an ASCII keyboard to the 

input port. RS 232 and 20 ma Current Loop for 

teletype or other device are on board and if you 

need more memory there are two S -100 slots for 

static RAM or video boards. A Godbout 8K RAM 

board is available for $135.00. Parallel I/O Ports 

$9.85, RS 232 $4.50, TTY 20 ma I/F 51.95. 
S -100 $4.50. A 50 pin connector set with ribbon 

cable is available at $12.50 for easy connection 
between the Super Elf and the Super Expansion 

Board. 

The Power Supply for the Super Expansion Board 

is a 5 amp supply with + 8v -- 18v - 12v - 5v. 

Regulated voltages are -5v & +12v $29.95. 
-12 volt optional. Deluxe version includes the 

case at $39.95. 

This is truly an astounding value! This board has 

been designed to allow you to decide how you 

want it optioned. The Super Expansion Board 

comes with 4K of low power RAM fully address- 
able anywhere in 64K with built -in memory pro- 

tect and a cassette interface. Provisions have 

been made for all other options on the same 

board and it fits neatly into the hardwood cabinet 
alongside the Super Elf. The board includes slots 

for up to 6K of EPROM (2708, 2758, 2716 or TI 

2716) and is fully socketed ($12.00 value). 

EPROM can be used for the monitor and Tiny 
Basic or other purposes. 

A IK Super ROM Monitor $19.95 is available as 

an on board option in 2708 EPROM which has 

been preprogrammed with a program loader/ 
editor and error checking multi file cassette 

readlwrde software, (relocatible cassette file) 

another exclusive from Quest. It includes register 

save and readout, block move capability, and 

video graphics driver with blinking cursor. The 

Super Monitor is written with subroutines allow- 
ing users to take advantage of monitor functions 

Same day shipment. First line 
parts only. Factory tested. 
Guaranteed money back. Qual- 
ity IC's and other components 
at factory prices. 

INTEGRATED CIRCUITS 

745eTTu 
740051 
rasai 
74044 
74094 
74104 
04,44 
ì42o4 
14:24 
74305 

74424 
74454 
744 

77.85 
7.015 
041744 
74756 
74855 
'41495 

63 

1 39 
20 

69 
60 
69 
17 

29 
49 

88 
2 on 

66 7RM. 
66 751051 

35 
as 

35 

67 
67 
61 
91 

91 

95 

1 06 

95 
74452695 67 
'4163675 89 

LINEAR 
43045 
43046 

3081 
03082 
43089 

LM301AN AH 

0543055 
003075 
MOM 
LM309H 
r M09N 
.M-'1H'51 
LM3' 7T: N 

tM34'T.12 
LM34C3-'S 

90 
67 

' 90 
2 95 

35 
87 
35 
89 

95 
9D 

2 92 
35 

' 20 
6 95 

35 . 
60 
50 
65 

55 
'0 
'0 
0 

"D 
1ñ 

'0 
'0 
10 

M 
: 6D 

o 1 

192 

' S0 - :221 
-41s0h 

i 5 ;449 a 
p 740922 

? 09 

040903 

i5 74i.925 
'40926 

INTERFACE 

1 05 8720 

4 to 0 CONVERTER 

t.'1.1,Y- 
Y040D9 
004010 
05401 

CoaÓ1' 
0040'4 
(540'5 
704016 
C040'' 
004016 
C040'9 

,.04020 
'0402' 

04022 
004023 

004024 
C04025 

o4036 
C04027 
004028 
CD4029 
C040]0 

054040 
05404? 
-04043 
004044 
C04046 
CD4049 

CD4050 D4051 
004060 

CD4068 
CD4069 

D4010 
CD4071 
C4012 
c04o13 
CD4075 
CD4016 
C04078 
C04o81 
CD40B2 
C041'6 
cOU90 
[04507 
CD4508 
004510 

714 

ELECTRONICS 

290 
5 35 
8 50 

10 00 

°95 
12 95 

12 50 

2u IC SOCKETS 
95 

5 PIN er1UP LPINP OUP 

' 40 8 15 
13 14 15 

40 16 25 
18 21 

20 29 - 

3 00 
1a4 
1 35 
1 65 
2 00 
3 00 

1 95 
5 50 

50 
6 95 

6 95 
6 95 

WIRE WRAP LEVEL 3 

PIN PIN 
24 

16 33 25 1 00 

18 57 40 1 23 

511002Á. core 50 6 95 

10211 Tranelorme, 225 
MÁ1010Á, C or E 80 11.95 

102p2 Transformer 2.25 

Special Irantlprmer and sis 

switches when purchased 
(module 2.95 

MA1003 car module .3 

green fluor. display 15.95 

RESISTORS '. 4H' 544 
10 per rom' 03 1000 per type 012 

25 per Type 005 950 D'ace pack 
ISO ner'Ype 015 5 per type 5 75 

NEYBOAR0S 
59ard l'as 860 50 

2 50 
Dard vit 55 00 

'.... >5 .. ' 741 Fno,yre '4 95 

LEOS 
Ned 10' 

Green O 

Jumbo Rol 
ngc. Yellow Sumba 25 

C11plile LEO Mounting Clips OOSI 25 

osoeuNr. amber green yellow, clean 

CONTINENTAL SPECIALTIES in stock 
Complete base of oreadboard test e9olp 

86 MAN "too 13 digit Freq. CN. S120.95 

OK WIRE WRAP TOOLS In stock 
Portable Muhimeler SIS.00 

DIGITAL 
5 50 Ban G 

E Hurpp 50 
se or mndo 

50 32 730 r Dropout. probe cover 
695 - 2 atc4racy comp Assy 

se Swatches from F to C ° compact 

UART,RFO 
495''013 
ÁY5.1014 
,41 

PROM 

NB152- 2? 

451375. 3i 
55). '15 

Jb 

Mfl4-' 
4 

' 69 01131 
0018 Intel 

5/s uxnORY RAM 
3 95 

162 

05 MM5:80 
39 MM5320 
?' MM5330 
71 15114115 3 

36 PI14"n 4 

86 P610L 
86 42000 
36 82525 

94 91L02A 
94 00165 

MM5'14M 
G1AV355001 
MCM65r1A 
9366 
4100 
415 

1 02 
1 02 

86 
24. 

15 

21 
1 51 

36 

19 

1 00 

21 

1 02 
' 02 

63 
63 

1 67 
36 
i6 

3 

I 42 
71 

40 
40 
Sr 

21 

21 

21 

1 

;5 
0 

1 
21 
47 

5 50 : 
02 

CLOCKS 
MM5309 
MM5311 
MM5312 
MM5313 
MM53'4 
MM53' 5 

MM536 
MM53'fl 
MM5169 
MM584' 
MM5865 
CT700' 
c3rCO2 
C170'0 
CT]D'S 
MM 53'54/5 
MM53'SA8-N 
'205 
'201 
7208 
'209 
0500260N 
C50U56C51 
MM53'04 

40 

7 00 
9 95 
5 94 
4 00 
5 00 

13'35 
9 95 
2 90 

'5 
a95 

D 

9 95 
9 95 
350 

10 00 
16 00 

3 00 
360 
4 BD 

3 60 

3 90 
4 00 
5 00 
3 60 

t0 

CRYSTALS 
MHz 
MHz 
WO 
MH: 

3 95 
2 95 
3 50 
3 7i 

6 75 

10 50 

90 
2 90 

22 50 
4800 

COMPUTER BOW) KITS 

8K HAM Bna,0 Sit 5134 
0 45 4050M 4.t 114 95 

0 Board 6d 44 50 

E etenaer Board w connector 12 50 

0,04, Interrare Odand ras 125 00 

15e EPROM board 4n woo PROMS 74 50 

154 Statu RAM hoard 40 395 00 

North Star Floppy OM NIE 8665 00 

Addmcnal 0 ove 415 00 

SPECIAL PRODUCTS 
MM5565 Stopwatch loner 9 00 
PC 6,40 7.50 
Switches Mom Posnbu0H, 27 

3 Dos slide 25 
4 50 Encoder MO0165.5 6 95 
1 50 3 Dion Universal 

Counter Mooed K 

Operates 5-II Von DC Io 5 MHz 
Vo125 LED display 10.50 

ice actuated switch 50 

Peratronids 1000 Logic 
Analyzer KR 5200 50 

Mode, 101,199x1 
Erpander KO $229 00 

Motel 150 Bus 

Gra6be4 Got $369 00 

TRANSFORMERS 
60 300 ma 325 

0 4 50 i2 Von 300 me transformer 1 25 
450 ,2 61: C1600 ma 375 
450 121/ 250 mawall plug 295 

x553E . 4 50 12v C3 250 ma wall Doug 3 50 '. 

4318'3 MH7 425 2. Cr 400 ma 395 
le 432 MHI 4 50 104 1 2 amp wan plug a 65 
22 1184 MHz 450 12v 6 amp 1295 

DISPLAY 1E05 
CONNECTORS MAN1 4 :0 2 90 

44 pin edge 2 00 MANS '05 39 
100 pin ed0e 4 50 MAN'2 74 4 3 100 00 
000 pm ,007 WW 4 50 01704 300 1 25 

09707 097004 a 170 1 00 

KEYB0AR0 ENCOOERS D972' 728 4 300 1 90 

05.2376 St? 50 01.747 750 1 500 1 95 

Áv5 3600 '3 50 01750 ^00 1 

74C922 5 50 410359 '50 - 

740923 5 50 F40500 507 0 500 1 
.- 

000t65-5 695 550503 510 0 300 
440800 807 , IA 500 2 ,. 

IC Tut Clips 3 mg't Bubble 
10 4 Ow óu055 

Rea 55 47 058 Hoolescem 

la 45 Black 55 47 DG10 Fluorescent 

7 95 
5 moo '4 pro Ywtay 

5 80 Keyer 8043 a 50 N5469 9 coon M5Otay 

8 95 comp w spec sots '520 Clore poomcens 39 

B 95 
TIL31t oe, 950 

' 25 TRANSISTORS COMPUTER GRADE CAPS 
3 90 2141693 40 rnin 2001 4 50 

a 90 262222A '8 2000 me 45v 2 50 

16 50 252369 30 3200 504 2 0: 

7 50 252904A 20 5500 25'. 2 3' 

15 95 252907A 25 5800 40V 3 " 

4 95 253053 40 6100 401 3 

3 75 253638 05 5100 505 3 

O 75 253643 06 7700 5097 2 

2 50 
250906 '8 3400 655 23 5. 

2513055 65 '0000 204 
254400 25 '2000 304 350 
254421 36090 253 5 00 

2154402 
TIPS' 
niP33A 

4 25 

MICROPROCESSOR 
6800 'O SO 

6802 24 95 

8580A Don data 8.95 
8585 27 00 
0800 24 50 

Sim 

E 

I 

Auto Clock Kit $15.95 
DC clock with 4 -.50` displays. Uses National 

MA -1012 module with alarm option. Includes 

light dimmer, crystal timebase PC boards. Fully 

regulated, comp. instructs. Add $3.95 for beau- 

tiful dark gray case. Best value anywhere. 

RCA Cosmac VIP Kit $229.00 
Video computer with games and graphics. 
Fully assem and test. $249.00 

Not a Cheap Clock Kit $14.95 
Includes everything except case, 2 -PC boards. 

6 -.50" LED Displays. 5314 clock chip, trans- 

former, all components and full instrucs. Green 

and orange displays also avail Same kit w /.80" 
displays. Red only. $21.95 Case $11.75 

60 Hz Crystal Time Base Kit $4.40 
Converts digital clocks from AC line frequency to 

crystal time base. Outstanding accuracy. Kit in- 

cludes: PC board, IC, crystal, resistors, ca- 

Lpacdors and trimmer, 

Digital Temperature Meter Kit 
Indoor and outdoor. Switches back and forth. 

Beautiful. 50" LED readouts. Nothing like it 

available. Needs no additional parts for com- 
plete, full operation. Will measure -100' to 
- 200 °F, tenths of a degree. air or liquid. 
Very accurate. $39.95 
Beautiful woodgrain case w /bezel $11.75 

NiCad Battery Fixer /Charger Kit 
Opens shorted cells that won't hold a charge 

and then charges them up. all in one kit w /full 
parts and instructions. $7.25 

PROM Eraser 
Ultraviolet, assembled $34.50 

Clock Calendar Kit $23.95 
CT7015 direct drive chip displays date and 
time on .6" LEDS with AM -PM indicator. 
Alarm /doze feature includes buzzer. Complete 
with all parts, power supply and instructions, 
less case. 

TERMS: $5.00 min. order U.S. Funds. Calif residents add 6 %tax. 
BankAmericard and Master Charge accepted. 
Shipping charges will be added on charge cards. 

Sinclair 31/2 Digit Multimeter 
Batt. /AC oper. 1 mV and 1 NA resolution, Resis- 

tance to 20 meg. 1 °'P accuracy. Small, portable, 
completely assem. in case. 1 yr. guarantee. Best 

value ever' 559.95 

Video Modulator Kit $8.95 
Convert your TV set into a high quality monitor 

without affecting normal usage Complete kit 

with full instructions. 

2.5 MHz Frequency Counter Kit 
Complete kit less case $37.50 

30 MHz Frequency Counter Kit 
Complete kit less case $47.75 
Prescaler kit to 350 MHz 519.95 

1978 IC Update Master Manual 
1978 IC Update Master Manual 519.50. Com- 

plete IC data selector, 2175 pg. Master refer- 

ence guide. Over 42,000 cross references. 
Free update service through 1978. Domestic 
postage 53.50. Foreign $5.00. 1979 IC Update 
available late Jan. $35.00. 

FREE: Send for your copy of our NEW 1978 

QUEST CATALOG. Include 28y stamp. 
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rIT'S NEW! IT'S EXCITING! POLY PAKS GIANT 

" NFLATION FIGHTIN'SAL 
*Buy any item on this page and choose 2nd item for only one penny! 

A PENNY MORE 
3 MICROPROCESSOR/ SUPPORT CHIPS, asst. MMS780.80 series, 24.28 pin 1- 56391 1.29 6!or 1.30 
5 CLOCK/CALCULATOR CHIPS, asst. MMS3711, 75, 5737 otc. (r 5631 1.29 10for 1.30 
25 DTL FAIRCHILD IC's, gets and flip flops, Dip, 100% (a 3709) 1.29 SO for 1.30 
1 -24 VOLT 50 MIL TRANSFORMER, 115 V Input, open frame, 1"x 1" c 3/4" (.431) 1.29 2 for 1.30 10-253701 TRANSISTORS, silicon, TO -92 ca.., hfe -300, 100% í'S25) 1.29 20 for 1.30 10-253705 TRANSISTORS. Micron, TO -92 cas, hlo -ISO, 100% 05626 1.29 20 for 1.30 
10 D33021 TRANSISTORS, low power. silicon, hie -60, TO -92 (05627) 1.29 20 for 1.30 
1 BRADLEY POT, 10K, 2.14 watts, typo -1, 2" K" shaft (01746) 1.29 2for 1.30 
SO ASST. RED LEDS, 20% or hotter, various stylas and typos ('5624) 1.29 100 for 1.30 
10 GE. POWER TAB TRANSISTORS. 01057 52, some NS, TO- 202(05629) 1.29 20 fer 1.30 
60PRECISION RESISTORS, 14 waft, 1 %, m°rkod, long 14141 (5453( 1.29 120 for 1.30 
1 -12VDC SMIL REED RELAY, est, 5.0, 2200 ohms, 7/6 "x5 /16 ",5/16 "(.5515) 1.29 2for 1.30 
SO TEMP. COEFFICIENT VOLTAGE REF. DIODES, asst, volt, +S0% (5647( 1.29 100 for 1.30 
12 LM -3$0 IC's, 2 watts. dip, 505+ yield, 0 -test )01975( 1.29 24 for 1.30 
100 RED BLOCK DISC CAPS, assorted valus, 50% material (0169$) 129 200 for 1.30 
50 SHOCKLEY DIODES, most popular switching diode, hobby & unt.etod (010726) 1.29 100 for 1.30 
B OPTO- COUPLER, 1500V loolalle, hobby material, U -tost (026291) 1.29 12 for 1.30 
4 CHERRY MICRO SWITCH, 125 VAC, 151, N.C. type E -13, screw Iorminals (05525) - 1.29 8 for 1.30 
S SPST PUSHBUTTON MOMENTARIES, rt. angle, pc mt, an -on' ('5635) 1.29 10 for 1.30 
25 TTL's, with 7400's. U -to.t, dips (02415*) 1.29 50 lo, 1.30 

100 -CAPACITOR SPECIAL discs, mylar, lytles, mere (0273$) 
1640 REGULATORS, hobby L11320, 340, TO- 313330) 
30 -PANEL SWITCHES, slides, ..Marlow, mod, ete Or 3298 ) 
200.RESISTOR SPECIAL, K to / W, carbon. metal 0,3056 
200 -HALF WAITERS, roelstor , carbon, met! (o 304$) 
100-NATIONAL IC BONANZA. II , 7400a ROMS (025.0) 
15-LM310T VOLTAGE REGULATORS, Ste 24V, 70 -220 (024351 
100-POLYSTYRENE CAPS, st'd vales, voltage, hl -Q ( .27261 
SOTHERMISTORS, resisters tict change with temp (04043) 
20-BRIDGES. untested. 2. 4, 6, amp. toll wave (04022) 
15 -MIXED READOUTS, hobby, uet.stod,. 127..3,.4 ete. ('3119( 
150 QUARTER WAITERS, rest stoic , metal Rlm marked (03413) 
100-PLASTIC TRANSISTORS, TO -92 1.2404( 
200 PREFORMED RESISTORS, K, K, 1W, marked. sett/ (025016 
150 -PRECISION RESISTORS. K, 10, 1 %, 2% market ('242$( 
60-DIPPED MYLARS, shiny finish, sst'd values 2397) 
30-VOLUME CONTROLS, audle. linear..st'd vale . 102421) 
300-SILICON SIGNAL DIODES. micro, pass. moms bob 50%11614 ('2425) 
15- CLOCK CALCULATOR, may,ncludo M015378, 141115375 10563$( 
10-PUSH SWITCHES, puek -1 , spot, alarms 1052$9) 
12- 18ICROPROCESSORS, and support IC's. 056391 
150-GLASS 400 MW, untoI.d, heft., than SO%y1.14 (2740) 
75-CA1BOFILM RESISTORS, 4, K watt, 5 10%, marked, asst's (o3534) 
250-UNMARRED CAPACITORS, pelystyro., molded, pop shun (03405) 
100-1114145/511 SWITCHING DIODES, 007+ yield. UntestedI (.24111) 
30-PC TRIM POTENTIOMETERS, th.mbwheel, scr.wdrlv.r aos't. )03316)- 
1 OILIDE VOLUME CONTROLS, eset'd values, duels, singles (.30$7( 75-1" CABLE TIES, elastic, like "Ty- wrap" (05214) 
10-CRYSTALS, may Imbeds CO, Ham B mom (0325) 
100-TERMINAL STRIPS, from 2 legs up (03136) 365E-2NE05 LAMPS, all 100% god ('2613) 
40-ft. SHIELDED CABLE, 1 cod, silos, phones, (.9677) 
3 -SOUND TRIGGERS, sound Ir191.n soar sr/amp (.3626( 1600 CRYSTALS, for Pb... leek leap, HAM, HC /111 (0$050) 
50.4 LAYER SHOCKLEY DIODES, Asst. pop. voltages (01072) 75.557100 TTL ICs, unt.etod 505+ yl.l4, pep types (024151 
100-MINI DIP IC., Hamra, untested SOX+ yield, pep types (03245) 30 -LM3$0 AUDIO IC's, 2 watts o -a -dip S0%+ yield (535( 
75-LI OP AMPS, untested 507+ Mold. amPO- dlpe-m1.Nips ('241(6 
100-TILs A LINEAR MIXED. Nth 74001, 507+ yield (02131) 
150-PREFORMED DISC CAPACITORS, mark-if vale., osst'a ('2605) 
10-CALCULATOR KEYBOARDS. 20 kos end up. 1'3524) 
2000- FACTORY REJECT DIODES, , red, signal, untested (05349) 
10 -AXIAL ELECTROS. aast'd values capaeltac.. (03227) 
40- UPRIGHT ELECTROS. as11'd vsius A capacitance. (03224) 
ISO-RED DISC SPECIAL Erie, mostly marked, pep slum (.5311) 
"WATCH GUTS ", LED, who knew how god ( -5267) 
10 1000V 1 AMP RECTIFIERS, 151007 ( 2351 
150 MOLEX IC connmtor., for 14, 16, 18, 40 socket .3324) 
25 POWER TAB TRANSISTORS, TO -202, 30 watts l -2425) 

(' 10 PUSH MICRO TOGGLE SWITCHES. spot S435) 
i'. 10 MICRO TOGGLES. spool, dpdt. for panel. etc. 1 56381 
C SO 2 AMP METAL CASE AXIAL RECTS. up to /KV (04008) 
C 100 -MINI BLOCK CAPACITORS. Erie. Red s0 disc style. 1.3525) 

20 PLESSEY 0.IMF 100 VDC 1" SQUARE CAPS 105911 
10 TO. FM 300 OHM TWIN LEAD SPLICERS ( '5571 

C 290 NICAD BATTERY CHARGER 110vac In 740911) 
C 4 MIKE HOLDERS, for CB's and other mobile rigs 

1 -5634) 
10 PLESSEY CAPS. IMF 1005 1" se. CERAMICS tun ( (0533) 100 PLESSEY CAPS, mixed values marked and unmarked ( .513) 

2.18 
2.49 
2.49 
2.49 
2.49 
2.49 
2.49 
2.49 
2.49 
2 49 
2.49 
2 49 
2 49 
2.49 
2.49 
2 49 
2.19 
2 49 
2.49 
2.19 
2.49 

2.19 
2-49 
2-49 
2.49 
2.49 
2.19 
2.49 
2.19 
2.49 
2.49 
2./9 
2.49 
2.49 
2.49 
2.19 
2.19 

.2.49 
2.49 
2.19 
2.49 
2.19 
2.49 
2.49 
2.49 
2.49 
2.49 
2.49 
2.49 
2.49 
2.49 
2.19 
2.49 
2.49 
2.49 
2.49 
2.49 
2.49 
2 49 
2.49 

YOUR CHC ICE 5 O lfoor 51.00 
Is SALE 10 for 111.01 

Order by CM. No. 
1791 MICRO TOPSAT RED 
1795 JUMBO TAPER CLOUDY 
1002 MICRO SINGLE PIN RED 
194 MICRO YELLOW 
2135 JUMBO RED 
2138 JUMBO TAPER RED 
2137 MICRO RED 
2790 JUMBO RED CLEAR 

LYTIC KLINIC 
ELECTRO'S 

200 for 2.50 
20 ter 2.50 
80 for 2.50 

400for 2.50 
400for 2.50 
200 for 2.50 
30 for 2.50 

200 for 2.50 
100 for 2.50 
40 for 2.50 
30for 2.50 

300 for 2.50 
200 for 2.50 
400 for 2.50 
300 for 2.50 
120 for 2.50 
60 for 2.50 

600 for 2.50 
30 for 2.50 
20 for 2.S0 
24 for 2.50 
100 for 2.50 
l SO for 2.50 
SOOIor 250 
200 Per 2.50 
OOfor 2.50 
30for 2.50 

150for 2.50 
20for 2.50 

200 for 2.50 
60 for 2.50 

SO ft. for 2.50 
6 for 2.50 

201er 2.50 
100 for 2.50 
1501o, 2.50 
200 for 2.50 

60 for 2.50 
1501°, 2.50 
200 for 2.50 
300 for 2.50 

201or 2.50 
4000 for 2.50 

No for 2.50 
loto, 2.50 

300 for 2.50 
2 for 2.50 

20 for 2.50 
300 for 2.50 

SO for 2.50 
20 for 2.50 
20 for 2.50 

100for 2.50 
200 for 2.50 
401or 2.50 
20 for 2.50 

2 for 2.50 
H for 2.50 

20 for 2.50 
200 for 2.50 

Order by Cal. He. .3269 and value 
F V Sale lc SALE 

10 15 101.., S1 20 for 51.01 
10 25 8f .,SI 1( fer $1.01 
10 5u Her SI 121.. $1.01 
20 15 9fer S3 101., $1.01 
IS 25 61., S1 14 for 51.01 
50 15 Iller S1 12í.r$1.01 
00 25 41or SL lifer 81.01 
100 l5 31., S1 Ole, 5701 
100 25 211.91 4ír51.01 
1000 3 2 for III 41.,$1.01 
1000 16 1fer $1 21er111.01 

II PC type sates for not. Axial 

HOW TO ORDER 
When ordering. 

drall 
n 

us 

tafle{ 
r, ty9 " lh: 

number. ° 

l tw 
m 

mmsg... 

..ear 

e a 

mg fro and the smith 

RIBBON CABLE AT THIN PRICES 
Sale 2 for Cod 

10 
14' 
20 
25 
28 

36 
10 
00 
w 

51.98 
1.98 
1.98 
1.98 
1.98 
1.98 
1.95 
1.98 
1.90 
1.9$ 

20 11 

l6 ft 
1011 
9ft 
sit 
Eft 
611 
411 
411 
211 

51.99 
1.99 
1.99 
1.99 
1.99 
1.99 
1.99 
1.99 
1.99 
1.99 

Ultra flat! 
28 AWG 

Order by Cat. 
No. 3939 and 
conductors. 

color coded. 

e COPYRIGHT 1978 - POLY PAKS*, INC. 
98 

GETS YOU TWO* 
50 IF TRANSFORMERS, ass. sixes.- -3596) 129 
30 RADIO AND TV KNOBS, asst styles, si,.. ( =11217) 1,29 
SO TUBULAR CAPACITORS, asst rolls and sixes ( =5219) 1,29 
SO LOW NOISE RESISTORS 'A, KW. WI, etc ( =220) 1.29 40 POWER RESISTORS, 3,5.7 w. scia., pop elms ( =1122$) 1.29 525 SURPRISE. all kinds of parts in pak ( =12$4( 1,29 12 SWITCHES. rotary, slide, toggle, etc ( =8295) 1.29 SO COILS AND CHOKES, r1, 510,11, etc (.0297) 1.29 SO TERMINAL STRIPS, up to 4 solder lugs ( =8334) 1.29 50 PRECISION RESISTORS, KW, I%, scia1 ('8363( 1,29 
SO MICA CAPACITORS, sort valus ( "5373) 1.29 10 SETS RCA PLUGS AND JACKS, phono I =$402) 1,29 SO DISC CAPACITORS, aval valus long leads ( =0437) 1.29 20 TRANSISTOR ELECTRO'S. asst up and vas (.11453) 1,29 75 HALF WATTERS. relators, color coded, east ( =1454) 729 35 SILVER MICAS, red backs, axial, asst. ('1455( 1.29 

S -SO AMP RECT. est volta up to 25, stud I0 L717) 1.29 100 GERMANIUM DIODES. sial loads, u toot (0 L642( 129 
100-STABISTORS, 1.gul°1or, sensing and computer. Axial. excellent yield 

( =3140) 1.29 100 PRINTED CIRCUIT K WATT RESISTORS, .est ( =1)1060) 1.29 12 TRANSISTOR SOCKETS, asst nos and pnp typos (0$891) 
SO -3 AMP SILICON RECTIFIERS, axial, sat V ('$915) 
SO POLYSTYRENE CAPS, plastic prat- .$1052 
10 NE 2 bulb., for 110vac protects, hobby, etc 1001222) 
10 PROXIMITY REED SWITCHES, asst sixes (.1112381 
6 25915 UHF TO -111 TRANSISTORS (.01423) 
30 MOLEX CONNECTORS, nylon, asst. sizes 10 5642) 
SO -MINI BLOCK CAPACITORS. Eri., red Cousis dims. Asst. valus. 1.3520) 
6- CALCULATOR AC ADAPTOR JACK. standard threads 3 t.rminals. (::23161 SO ONE AMP ZER DIODES, .sel, axial, u test ( =U1964) 
S-PA.263 THREE WATT PC BOARDS, for amps (.02013) 
5 -MICRO MINI SLIDE SWITCHES, SPOT (0235) 
S MINI MOTORS, lit Vdc, for many hobby prod (.U2551) 

15 PRINTED 
RECTIFIERS, ast to 

CIRCUIT BOARDS m111.1 alms, bobby (sÚ2010) 
2 MERCURY SWITCHES, siiot touch, SPST (002023) 
9 ITS SNAP., 9 VDC BATTERY, rad n black lead (=02802) 
81400 VOLT "RED BALL" RECTIFIERS, axial 1 AMP (=$2390) 

6 -10 
11141411 SWITCHING 

AMP QUADRACS. odtr 
DIODES. 

dled.up %500V (53620) 
S MICRO SWITCHES, push, mast typos (.U3$11( 
40 SQUARE DISC STYLE CHOKES. color coded ('$3203 

sa 30 ISTORS 7092 251400 ris, u test (=03291 
4- TRANSISTORS TRANSFORMERS, audio, inter, etc mini (.U3296 
15 PRINTED CNT TRIMMER POTS, asst valus, etc I=U3348( 
6 UTILITY AC OUTLET JACKS, Hill, ..uip, etc (03542) 
20 $ CABLE, i tend shi.lded, 1 -24, for phone 

1 $3153) 
7- 253055 HOBBY NPM TRANSISTORS, TO -31 °03771) 
10 -Pet 30 WATT TO -3 TRANSISTORS, hobby (.U3772( 

SO TUBE SOCKETS, 4,5,6,7 pin tubs, sat ( "$311391 
1.10 AMP POWER TAB QUADRAC, 200 PRV, 70220, 2/lrigg.r (-- 1500) 
10- BULLET RECTIFIERS, 2 amp. 20017 axial (0 51 

2 -MAN1 READOUT, RED, oom'nod., sis. -.19" 1503) 
10- READOUTS, MAN 3, common Cath. LED, the claw, RED (.33E16 
SLEDS, asst. M., and shams, rod. Unes, yellow. amber 1=3591 
PHOTO FLASH ELECTRO. CAP. 600 MF 35 V (03497) 
2- CIRCUIT BREAKERS, glas salad, sole', rated I amp (3905) 
MICRO MINI TOGGLE, SPST, 2 s., on -oft, 12SV 3 amp. (.39381 
5 -CB CRYSTALS, orig. used w /synthosix.r, asst. Irae, HC -111/U hold., 

1 -5051) 
4 -PUSH BUTTON, SPST, PANEL, M.C. 1250 - 1 A ( =5259) 
10- INSTRUMENT KNOBS, set. stylos and colors, 14" shaft (.5121) 
4 -TAPE HEADS, Miti typ.. I. 5182) 
S- TANTALUM ELECTROS, TEARDROP style, 2.2u1 2SV (05205) 
2- I1ILINE FUSE MOLDERS, completo w/5 amp fus (.9213) 
30 -4" CABLE TIES, non -slip white plastic (.5217) 
30p, -HEAT SHRINK, asst. alms, S0 % shrinkage (.524$) 
20- TOROIDS, some with coils 10531, - 

1S -1St/ ZENERS, 400mw,.ciel, gloss case (.5404) 
2- ALUMINUM HEAT SINKS, for TO -220 (.53316 
2 -5.15. 5%, 10W. STUD ZENER. DO -4 cam (.52117) 
12.501514Y TRIM POTS, PRECISION. set. styles, values 50% yield (.3389) 
60pc- PRECUT, PRETINNED WIRE, various !maths end colors 

1 =1971) 
60 -MINI RESISTORS. for PC app.., vert, 1 /BW, color coded (02235) 
11- TRANSISTOR RADIO EARPHONES. $ohms imp.d (02948) 
10 -SK POTS, audio laper, plastic .nap -In mounting ('5124) 
10 -142 MEG DUAL POTS, audio taper, "asp -in" mnt (=5125) 
S0-1 AMP ZENERS, wide asst. of valus, unlstd (01964) 
12 -SCR'S 4 TRIACS, 10 AMP. asst. sises, unt.sted (.2087) 
3- QUADRACS, 10 AMP, 100% prim., 50- 106200 V, TO-2201.5014) 
20-MINI RECTIFIERS, 1K AMPS, 2SV, epoxy, axial 1 =5374) 
5- 154007 1000V MINI RECTIFIER, *poky car°, sial loads (02313) 
60 MOLEX CONNECTOR Type M193$ -4, makes 11 to 40 pin socket (.165) 
2 -T.V. CHEATER CORDS, for AC power, w /6' cable (.5552) 
10 -T.V. CHEATER CORD JACKS, for us with above (05520) 
10 -1 AMP 200V MINI RECTIFIER, 154003, .pexy, ut! (.2379) 
2.1.5V SILVER OXIDE WATCH BATTERIES. (modify dia.) (05063) 
3 -LCD WATCH READOUTS, 31/2" digit., 7 Bog. dim 114 1" 1 "558 

1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1 29 
1.29 
1.29 
1.28 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.28 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
t 28 
1.29 
1.29 
1.29 
1.29 
1 29 
1.29 
1.29 
1.29 
1.29 

25 
1.29 
1 29 
1 28 
1.28 
1.29 
1.29 
1.29 
1.29 
1.29 
1 29 
1.29 
1.29 
1.29 
1.29 
1.20 
1.29 
I 20 
1.29 
1.29 
129 

10 -IC DICE CHIP, complete circuitry, asst. sins 105551 1.29 
2- IOOKH, MARKER CRYSTALS, specify 104.067, 104.092, or 114.00 KMI 1 =3115) 1.29 
12 -1.SV LAMP AND SOCKET SET, 200rna. T2 styes (03956) 
10 -RCA PRONO JACKS, chassis mount, tollon base ( =5119) 
10- COAXIAL PIN HEAD LEDS, RED (.517) 
4-S -DIGIT 7- SEGMENT READOUTS, In flat p.0 us (0516) 
4 -1/4" BLOCK TRIM POTS, SK to 20011 I» 2536) 
I "FOTO -FET" N CHANNEL. Cnstalonics. 1- Sealed Effect Transistors. (.1169) l 1. VOLTAGE REGULATOR, 70202 case, 12V 600MA (01900) 
1.3 DIGITS ON A DIP. LED, red, DL-33 I- 1917) 
3- MM5262 2K DYNAMIC RAM, Bp.cily trim I. 3459) 
10 -29711 NIGH SPEED SWITCHING TRANSISTORS, T015, np. ( =3374) 
2 -15W MI POWER TRANSISTORS. 220V, npn, 705 (.2797) 

C 4.24 PIN IC SOCKETS 1.21911 
1- MMS312 DIGITAL CLOCK SHIP, 100% (01525 
1- MM572S 4 FUNCTION CALCULATOR CHIP, 100%1.2038) 
1.MM5202 ERASABLE PROM, 100% (.15251 

CI 3.10 AMP 2SV BRIDGE RECT, comb atylo (.2447) 
11 10.203385 RF TRANSISTORS, 70106, 255133 

( 0 3372) 
10- LINEAR SWITCHING TRANSISTORS, 202505. pnp, TOS ( =3375) 
50 -2 AMP CYLINDRICAL RECT. up to 1K, u -lost ( =40061 
5-OPEN -FACE READOUTS. LED, red, some 's missing mostly duals (030521 
10-202222 (or equiv.). TO.19 mote! nee l 1992) 
40- TERMINALS, incl. ring and spade types, for 12 to 20 wire (03955) 
10.0171 ENTRY SWITCHES. SPST, lamp. 125V norm open ( =351) 

' 10- FLUORESCENT OVERFLOW READOUT TUBES, w /tads (.32911 10.25375 7092 TRANSISTORS (- 355) 
1- 255001 000 TRANSISTORS STUD I. 2500) 

1.20 
1.29 
'I 29 
1.29 
1.29 
t 29 
1.29 

1 29 
1.25 
1.20 
1.29 
1.29 
1 20 
1 29 
1 29 
1.29 
129 
1.20 
1 29 
1.29 
1 29 
1 29 
1.29 
129 
1.29 
1 20 

100 for 1.30 
60 for 1.30 

100 for 1.30 
100 for 1.30 

SO for 1.30 
SO for 1.30 
24 for 1.30 

100 for 1.30 
100for 1.30 
100 for 1.30 
100 for 1.30 
201o, 1.30 

I001o, 1.30 
40for 1.30 

1501or 1.30 
70 for 1.30 
10 for 1.30 

200 for 1.30 
200 for 1.30 
200 for 1.30 

24 for 1.30 
10010, 1.30 
100 for 1.30 

20 for 1.30 
20for 1.30 
12for 1.30 
601o, 1.30 

100 ter 1.30 
121ar 1.30 

100 for 1.30 
10 for 1.30 
10for 1.30 
10 for 1.30 

100 for 1.30 
30 for 1.30 

for 1.30 
12 fo. 1.30 
16f0, 1.30 
AO for 1.30 
12 for 1.30 
10 for 1.30 

SO for 1.30 
60 for 1.30 

8 for 1.30 
30 for 1.30 
12 for 1.30 
4011 1.30 

14 for 1.30 
2010, 1.30 

100 for 1.30 
2 for 1.30 

20 for 1.30 
410, 1.30 

201o, 1,30 
16 fo, 1.30 

2 for 1.30 
4 for 1.30 
2for 1.30 

10 for 1.30 
8for 1.30 

20 for 1.30 
8 for 730 

10 for 1.30 
4 for 1.30 

$0 for 1.30 
60 for 1.30 
40 for 1,30 
30 for 1.30 

fo, 730 
At*, 1.30 

24 for 1.30 
120for 1.30 
120 for 1.30 
16 for 1.30 
20fo, 1.30 
20 for 1.30 

100 for 1.30 
24 for 1.30 
61o, 1.30 

40 for 1.30 
10for 1.30 

120 for 1.30 
4 for 1.30 

20 for 1.30 
20 for 1,30 

4for 1.30 
6 for 1.30 

20 for 1.30 
41or 1.30 

24for 1.30 
2010. 1.30 
30 10, 1.30 

S ter 1.30 
110, 1.30 
2 for 1.30 
2f0, 1.30 
2 lo, 1.30 
6 for 1.30 

20 fen 1.30 
411.1.30 
1110,1.30 
210, 1.30 
210, 1.31 

2 for 1.30 
6 for 1.30 

20 for 1.30 
20 for 1.30 

10010,1.30 
1010,1.30 
2010,1.30 
51w 1.30 
20 for 1.30 
20 for 1.30 
20 for 1.30 

2 for 1.30 

R of the same cat. no. 
1N4000 Epoxy Rectifiers 

Cat. No. Type Volts Sal. le SALE! 
2377 154001 00 10 f., S .75 20 for $ .76 
2371 
2379 

154002 
154003 

100 
200 

101w 
10 fer 

.05 

.96 
20 for 
20 for 

.91 .5 
2300 
23E1 

1114004 
154005 

400 
600 

10 for 
10 for 

1.19 
1.39 

20 for 
20 for 

1.20 
1.40 

2332 
2333 

15405 
154007 

800 
1000 

10 I., 
10 for 

1.4 
1.59 

20 for 
20 for 

1.00 
750 

IPOL PAKS®I 
pppl 7lAY P.O. BOX 94= E3 
BE PHONEOI SO. LYNNFIELD, MA 

01040 
Terms: Add Postage Rated: Net 30 
Phone: (617) 246 -3828 
Retail:'16 -18 Del Carmine St. 

:MINIMUM ORDER: $8 Wakefield. MA 

CIRCLE NO 430N FREE INFORMATION CARD 
POPULAR ELECTRONICS 
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Radio Shack: No. 1 Parts Place 
Low Prices and New Items Everyday! 

Top -quality devices, fully functional, carefully inspected. Guaranteed to meet all specifications, both electrically and mechanically. All are made 
by well -known American manufacturers, and all have to pass manufacturer's quality control procedures. These are not rejects, not fallouts, not 
seconds. In fact, there are none better on the market! Always count on Radio Shack for the finest quality electronic parts! 

TTL and 
CMOS Logic ICs 

Full -Spec Devices 
Direct from 
Motorola and 
National Semiconductor 

Type Cat No ONLY 
7400 276 -1801 35C 
7402 276 -1811 39C 
7404 276 -1802 35C 
7406 276.1821 496 
7410 276 -1807 39C 
7413 276 -1815 79C 
7420 276 -1809 39C 
7427 276 -1823 49C 
7432 276 -1824 494 
7441 276 -1804 994 

2761805 99C 
7448 276 -1816 99C 
7451 276.1825 39C 
7473 276 -1803 49C 
7474 276 -1818 49C 
7475 276 -1806 794 
7476 276 -1813 59C 
7485 276 -1826 1.19 

7486 276 -1827 49C 
7490 276.1808 79C 
7492 276.1819 69C 
74123 276-1817 990 
74145 276 -1828 1.19 
74150 276 -1829 1.39 
74154 276 -1834 1.29 
74192 276 -1831 1.19 
74193 276.1820 1.19 
74194 276 -1832 1.19 
74196 276.1833 1.29 
4001 276-2401 496 
4011 276-2411 496 
4012 276 -2412 696 
4013 276.2413 89C 
4017 272417 1.49 

4020 276-2420 1.49 
4021 276 -2421 1.49 
4023 276 -2423 694 
4027 276 -2427 896 
4028 276 -24.28 1.29 
4046 276 -2446 1.69 
4049 276 -2449 69C 
4050 276.2450 69C 
4051 276.2451 1.49 
4066 276 -2466 99C 
4070 276-2470 69C 
4511 276-2447 1.69 
4518 276 -2490 1.49 
4543 276 -2491 1.89 

SN -76477 Sound /Music 
Synthesizer IC 

299 
x:m7?'R 

Featured in Oct. 
Popular Electronics 

Creates almost any type of sound - 
music to "gunshots' Built -in audio amp. 
Includes 2 VCO s. LF osc.. noise gen. 
filter. 2 mixers. envelope modulator. logic 
circuit. 28 -pin DIP. With data appli- 
cations circuits 276 -1765 2.99 

Analog Audio Delay IC 
MN 3002 

1095 `'P" 
For Phase -Shifter, 
Reverb & Delay Circuits 
Bucket Brigade device uses 512 shift 

registers to provide a continuously vari- 
able electronic delay for complex audio 
signals. Includes data sheet and appli- 
cations circuits 276 -1760 .. 10.95 

C © 

Heat Sinks 

o 

?' TO -220. For PC board -mounted 
power semiconductors in TO -220 
cases. Anodized aluminum. 
276 -1363 79C 

TO -3 Sink. For PC or chassis mtg. 
276 -1364 .. 1.39 

Universal. Mounts 2 devices, ac- 
cepts 9 case styles. 276- 1361 2.69 

Top -Quality IC and PCB Accessories 

j ttMR! ,0 Clio ïïi 
C. A 

PC Board. Mounts two 14 or 16 -pin ICs or sockets for bread boarding 
Copper ciao 2i.x5x1' 16' 276 -151 2.99 

PC Board. Mounts single 14 or 16 -pin IC or socket 
276 -024 

16 -Pin IC Test Clip. 276 -1951 
16 -Pin DIP Header. With snap -on cover 276 -1980 
8- Rocker 16 -Pin DIP Switch. 276 -1301 
Vertical 16 -pin Socket. For LED displays 276 -1986 
16 -Pin DIP Jumper Cable. 18 long 276 -1976 

Pkg. of 21996 
.. ... 3.99 

1.29 
1.99 
1.49 
3.99 

Project Boxes 

Aluminum 
Cover 

The popular. 
low -cost way 
to house your 
electronic ex- 
periments 

Miniature 
Hobby Motors 

3,,x2 Vex 11/e'. 270-230 1 19 
4 x 21/<x 21/4. 270-231 1 29 
si ex2*/6x11/2. 270-233 1 49 
6'cx3emx2':270-627 1 79 
7'ax4'ex2'/e. 270-232 2 49 

High- torque permanent 
magnet type.' 1s'. dia. shaft. 

+_ 12VDC. 350mA. 2x" 1e -. 

273 -210 694 
e 6 -9VDC. 500mA. 15 exe4 

273 -209 Pkg. of 2 /994 

8080A Microprocessor 
and Support Chips 

New - 100% Prime 

All With Full Data and Specs 

8080A Microprocessor. 2 p5 cycle lime 
276 -2510. 12.95 
8208 Bus Driver. 8 -bit bidirectional 
276 -2508. 5.95 
8154 12808 -Bit RAM h0. 40 pin DIP 
276 -2511. 9.95 
8212 1,0 Port. Data Ialcl1 and Miner 
276 -2512. 4.95 
8224 Clock and Generator Driver. 
276 -2524. 3.95 
8228 System Controller and Bus Driver. 
276 -2528. 6.95 
8251 Programmable Communica- 
tion Interface. 276 -2551. 9.95 
8255 Programmable Peripheral Inter- 
face. 276 -2555. 9.95 

PC Potentiometers 

Vertical 

Horizontal 1 

V. W. IFg AI Ir. W. /Fig BI 

Ohms 
Cat 

500k 271 -226 490 
tk 271 -227 49C 
5k 271 -217 494 

Zak 271 -218 49e 
25k 
50k 271 -219 494 

10ok 271 -220 494 
500k 271 -221 494 

1 Meg 271 -229 494 

Cat 

No 

271 -333 

271 -335 
271 -336 

271 -338 

Ea 

394 

394 
394 

394 

4cm x 2cm Solar Cells 2'/4 Die. 
a fi 

llIllm4 
Mir 

4cm x 2cm. Silicon -type cell converts 
light to electrical power. delivering up to 
100 mA at 0.5V Use several In series - 
parallel for higher voltage or current. 
276 -120 .... 2.99 

k. 2'/a" Round. Highly efficient silicon cell 
delivers up to 400 mA at 0.5V Ideal for 
solar power protects, battery charging - 

276 -121 5.99 

Molded Connectors 

Molded nylon body Each c,cuit rated 8A 1h 

250v Standard 093- pin diameter 
4 -Pin Male. 274 -224 
6 -Pin Male. 274-226 
9-Pin Male. 274 -229 
12 -Pin Male. 274 -232 
4 -Pin Female. 274 -234 
6 -Pin Female. 274 -236. 
9 -Pin Female. 274 -239 
12 -Pin Female. 274 -242 

2 -Pin Male 8 Female (Not Shown I 

274 -222 

99C 
1.19 
1.39 
1.49 
99C 
1.19 
1.39 
1.49 

Pair 89C 

IA 

IC Breadboard Sockets 
Ae 

Digital Project Accessories 

Modular boards snap together and feature standard 0.3 center. 
Accept 22 through 30 -gauge solid hookup wire. 

e 550 connections in 2 bus strips of 40 tie points each with 47 rows 
of 5 connected tie points. 2' ex6. 276 -174 995 
e 270 connections in 2 bus strips of 40 tie points each with 23 rows 
of 5 connected tie points. 2' ex35e. 276 -175 5 95 

Mini -Socket. 22 rows of 5 tie points each plus 2 bus strips with 10 
connections each 2'ex 1'e. 276 -176. Reg. 53.95 Sale 2.99 

Bezel with Lens. Special high contrast 
filter for LED displays. 3' ,. 1 lens opening. 
270 -301. Reg 53.95 Sale 3.49 

e Deluxe Display Case. Sleek molded case with red lens - 
mount up to four 0.6 " or eight 0.3- LED digits With bracket. 
1 "hsx3',ex4', it 270 -285. Reg. $3.95 Sale 2.99 
c. MA 1003 Clock Case. For automotive clock modules. Ac- 
cepts 3 pushbutton switches (not included). With bracket, blue 
lens. 3' zx21 ex2. 270 -303 5.95 

RAM Memory ICs 
Under 450 nS Access Time 

2102 1024 x 1 Array. Low -cost static 
memory chip. 16 -pin DIP. Buy 8 and 
save' 
276 -2501 2.49 Ea. or 8/14.95 

2114L 1024 x 4 Array. NMOS static 
RAM 18 -pin DIP 
276 -2504. .12.95 

Computer Data Manuals and 
Semiconductor Handbook 

Intel 8080.8085 Programming Manual. Handy ref- 
erence for programming with Intel s assembly lan- 
guage. 62-1377 ..3.95 

ei Intel Memory Design Handbook. Explains use of 
Intel s memory components and support circuits in 
systems. 62 -1378 .... .. ..3.95 
?) Intel Data Catalog. 928 pages of specifications on 
most of Intel's standard microcomputer -related prod- 
ucts. 62 -1379 ... 4 95 

-ó Semiconductor Reference and Application Hand- 
book. Complete specs and applications for popular IC 
tra1uistr'is. diodes. 276 -4002 Reg. $1,95 Sale 994 

MC14553 3 -Digit 
BCD Counter IC 

299 

CMOS chip replaces over 8 
separate IC's in a digital display 
circuit. Input pulse shaping. 
master reset pin 16 -pin DIP. 
276 -2498 2.99 

WHY WAIT FOR MAIL ORDER DELIVERY? 
IN STOCK NOW AT OUR STORE NEAR YOU! 

MARCH 1979 

Prices may vary at individual stores and dealers 
adre I'haeK 

A DIVISION OF TANDY CORPORATION FORT WORTH, TEXAS 76102 
OVER 7000 LOCATIONS IN NINE COUNTRIES 

101 
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Transistor Checker 
- Completely Assembled - - Battery Operated - 

The ASI Transistor Checker is cap 
able of checking a wine range of 
transistor types, either "in circuit" 
or of tic it operate, 

mP1Vt plug ctheu transistor be 
checked the front panel 
socket, o with the III 
gat or clip 

connect 
leads provided. 

The u safely t and automatically 
identities low, medium and high 
power PNP and NPN transistors. 

"C" cell battery nor included. 

Trans -Check $29.95 ea. 
Custom Cables & umpers 

4'4'4; 

DB 25 Series Cables 
Part No. Cable Length Connectors Price 
D525P -4 -P 4 Ft 2 -DP25P S15 95 en 

0525P -4 -S 4 Ft t DP25P /i -25S S16 95 ea 

05255 -4 -S 4 ft 2 -DP25G 517 95 ea 

Dip Jumpers 
OJ 14 -1 0 1 14 Pin S 59 ea 

DJ16 -1 it 1 -16 Pin 79 ea 

DJ24 -1 ft 1.24 Pin 79 ea 

DJ14 -1 -14 ft 2.14 Pm 79 ea 

DJ16-1 -16 ft 2.16 Pm 19 ea 

DJ24 -1 -24 ft 2.24 Pin 95 ea 

For Custom Cables a Jumpers. See JAMECO 1979 Catalog for Pricing 

CONNECTORS 
citimmmag 25 Pin -D Subminiature 

DB25P as pictured) PLUG (Meets RS232) $2.95 
DB25S SOCKET (Meets RS232) $3.50 
DB51226 -1 Cable Cover for DB25P or DB25S 51.75 

PRINTED CIRCUIT EDGE -CARD 
156 Spacing -lln- Double Bead Out - B1luracted Contacts - Fns 054 10 070 P C 

15/30 PINS (Solder Eyelet) $1.95 
18/36 PINS (Solder Eyelet) $2.49 
22/44 PINS (Solder Eyelet) $2.95 
50/100 (.100 Spacing) PINS (Wire Wrap) $6.95 
50/100 ( -125 Spacing) PINS (Wire Wrap) R681 -1 $6.95 

MICROPROCESSOR COMPONENTS 
BOBOA /BOBOA SUPPORT DEVICES 

80800 CPU 

8212 8 -B,l input Output 
8214 Pnarrlg interrupt Control 
8216 B1- Directional Bus [Inver 
8224 Clock Generator Driver 
8226 Bus Driver 
8228 System Controller Bus Driver 
8238 System Controller 
8251 Prog Comm t: O,USARTI 
8253 Prog Interval Timer 
8255 Prog Penph 1.0 !PM) 
8257 Nog DMA Control 
8259 Prog Interrupt Conuol 

680016000 SUPPORT DEVICES 
MC6800 MPU 514 95 

MC6802CP MPU with Clock and Ram 24 95 

MC6810API 128x13 Stalro tam 5.95 
MC6821 Penph Inter Adapt,MC6B201 7.49 
MC6828 Prmnly Interrupt Controller 12 95 
MC6830LB 102ase Pa ROM IMC68A3081 14 95 

MC6850 Asynchronous Comm Adapter 7 95 

MC6852 5yncnronous Serial Data Adapt 9.95 
MC6860 0-600 bps Digital MODEM 12 95 

MC6862 2400 bps Modulator 14 95 
MC6880A Quad 3 -Stare Bus Trans (MC81261 2 25 - MICROPROCESSOR CHIPS -MISCELLANEOUS - 
2801MCI CPU 519 95 

7804178011 CPU 

COP1802 CPU 

S 9 95 

3 25 

5 95 

3 49 

3 95 
3 49 

5 95 

5 95 

1 95 
14 95 

9 95 

19 95 

19 95 

.`ti50 
8035 
P8085 

TMS9900JL 

MMSOOH 

MM503R 
MM50aH 
MM506H 
MM510H 
MM5016H 
2504T 

2518 

1522 
2524 

2525 

2527 
2528 

2529 
2532 

2533 
3341 
'4556%0 

MPU 

B -Bit MPU wclock. RAM 1O lines 

CPU 
16 -811 MPU w' hardware. multiply 

8 divide 
SHIFT REGISTERS 

Dual 25 Bit Dynamic 
Dual 50 Be Dynamic 
Dual 16 B11 Static 
Dual 100 Ba Static 
Dual 64 Ail Accumulator 
500 512 Brr Dynamic 
1024 Dynamic 

Hex 32 Bit Static 

Dual 132 Bit Slauc 
512 Static 
1024 Dynamic 
Dual 256 Bit Slats 
Dual 250 Smut 
Dual NO Bi: Static 
Quad 80 Bit Static 
1024 Static 

F110 

4X4 Register Flle ITr151ate) 

UART'S 

4-y -5 -1013 30X BAUD 

24 95 

19 95 

19 95 

19 95 

19 95 

49 95 

s so 
50 

50 

50 

50 

49 

3 95 

95 
2 95 

99 
2 95 

95 
4 00 
4 00 

2 95 

2 95 

6 95 

1 95 

5 95 

M-2130 

M-CDP1802 
M-.650 

MICROPROCESSOR MANUALS 

User Manual 
User Manual 

User Manual 

2513121401 

2513t30211 
2516 
MM5230N 

ROM'S 

Character Geneealorlupper easel 
Character Generalartlower case) 

Character Generator 

2048 611 Read Only Memory 

1101 25691 
1103 102491 

2101181011 25604 

2102 1024X1 

21502 1024X1 

2111181111 256X4 

2112 2560 
2114 10240 
2145 102404 

2114.3 10240 
21145.3 10240 
5101 '56x4 

5280 2107 09601 
7489 160 

45200 256X1 

93421 25661 

UPD414 4s 

195140271 
UPD416 16K Dynamic 16 pm 

1Mk4116I 
0056054- 45 Static 

4595 
íM54045 1024X4 Static 

2117 16 313491 Dynamic 05005 

mouse marked) 

MM5262 26X1 Dynamic 

57 50 

7 50 

5.00 

RAM'S 

Static 

Dynamic 
Stabs 

Static 
Static 
Stain 
Static MOS 

Static 450ns 

Static 450ns low power 
Static 300ns 
Static 300ns low power 
Static 
Dynamic 
Slabs 
Slahc instate 
Static 
Dynamic 16 pin 

59 95 

9 95 

10 95 

95 

49 

75 

95 

95 

95 

95 

95 

95 

95 

95 

95 

75 

95 

95 

9s 

95 

95 

95 

95 

00 

PROM'S 

1702A 2044 FAMOS SS 95 

íMS2516 16x EPROM tin I01 27161 49 95 

12'561 'Reocnes single -5V powersuapiy 
1M52532 46103 EPROM 

2708 Bx EPROM 

2716 tl 166'- EPROM 
-Requires O voltages. --5V. - 5V. - 12V 

5203 2048 FAMOS 

6301.1(7611i 1024 instate Bipolar 

6330 117602i 256 Open C Bipolar 

82523 32X8 Open Collector 

825115 4096 Bipolar 

825123 3288 insole 
74186 512 TU. Open Corrector 

74188 256 TTI Open Collector 
045287 1024 Static 

89 95 

10 95 

29 95 

ta 95 

3 49 

2 95 

3 95 
19 95 

3 95 
9 95 
3 95 

2 95 

The Incredible 

raPennywhistle 103' 

$139.95 Kit Only 
The Pennywhistle 103 Is caparle of recording tata to and Iron audio lape wiioul 
Ii tiro) weed reguiremenls for the recorder and it is able to communicate directly with 

another modem and terminal tor telephone "hamming and communications In 

addition. Il is free of criticaladlustmenls and is bulllwll5 non -precision readily evadable 

pans 
D ata Transmission Method Frequency Shift %eying, hull -duplex Ihalt -duller 

selectable, 
Maximum Data Rate 300 Baud 

gala Formal Asynchronous Serial !return to mars level re0uired 
between each character) 

Receive Channel Frequencies 2025 Hz loti space 2225 Hz for man 
Transmit Channel Frequencies Swlich selectable tow Inormap 1070 space. 

12 mark High 025 space. 2225 mark 
Receive Sensitivity 46 dbuf accoushcally coupled 
Transmit Level 15 dbm nominal 4dlustable from -6 dbm 

to 20 dom 
Receive Frequency Tolerance Fequeev reference aulomalicany aalusts to 

allow for opeolion between 1800 and 24100 Hi 
mom Data Inledace . EIA RS or 20 mA current loop !receiver is 

optmuoWe0 and 

Power Requirements 120 VAC single phase 10 Watts 
Physical An components m uni on single 5 by 9 

printed crrcuil board Ali comoonents included 
Requires a VOM, Audio Oscillator, Frequency Counter and or Oscilloscope to align 

TRS -80 16K Conversion Kit 
Expand your 4K TRS -80 System to 16K. Kit 

comes complete with: 
8 each UPD416 (16K Dynamic Rams) 

. Documentation for conversion 

TRS -16K $115.00 
Special Offer - Order both your TRS -16K and the 
Sup'R' MOD )) Interface kit together (retail value 
$144.95) for only $139.95 

0.4 volts 

100mA 

41 MW 

Solar Cells 
2x2cm 

Con be added in series for 
higher voltage or parallel for 
higher current. 

#SC 2x2 $1.95 ea. or 3/$5.00 

Magnetically 
Activated 

Switch 
The 92500002 is 

a 

single 
pole normally c sedsw tch . 

when the magnet is engaged, 
the c is open. This 
switch is my suitable for use 
In nn magnent doors and 
windows. 

=9250 -0002 2/$1.00 

-tilt__mm Inenegx _ ._ 

NEW!! IN STOCK... 

POWERACE 
ALL -CIRCUIT 

EVALUATORS WITH POWER 
1680 soldertess plug -m Ue points will hold up to 18 

14 -pin DIP s 

Breadboard elerrenis accept all DIP silos Including 
RTL. OTL TTL Ind CMOS devices 10.5 s and I s- 
crele5 with IeadS up t0 032 dia 
All connectlpns 'o 10111ne5 lndlcAlorS power 

supplieS and -'1'. rude via soldertess pl ugln. 

be -pomi 5I0Ci1 01 panels 

POWERACE 101 -General purpose model for ImereOnnecl w!'' mid N 't 30 AWS wire 

prototyping all types of circuit. Breadboard eæ: -lea on 91luna plane - 

#923101 S 84.95 
s Ideal for n.; .: nighspeednow -nurse 

uicwr, 

POWERACE 102 -Complete digit prototyping lab Short --1 none- supplieS 
with built -in logic probe operas - .AC at eD Ht 

#923102 $114.95 Spacp Iang ana high -grade compo- 
nents pet,! :n cute oient orgamzeo and quick protes, 

POWERACE 103 -Triple- output power supply ,rig 

for prototyping both linear and digit circuits. All models are 7 5 wale 11 5 deep and 4 0 ' 

#923103 $124.95 rear) D 75 Ng, (Song and weigh appro. 25 

COMPUTER CASSETTES 
. 6 EACH 15 MINUTE HIGH 

QUALITY C -15 CASSETTES 
. PLASTIC CASE INCLUDED 

12 CASSETTE CAPACITY 
ADDITIONAL CASSETTES 
AVAILABLE #0 -15 -52.50 ea 

CAS -6 
$14.95 

Case and 6 Cassettesi 

SUP 'R' MOD ll 
UHF Channel 33 TV Interlace Unit Kit 

MOD II 

Wide Band B/W or Color System 
* Converts TV to Video Display tor 

home computers. CCTV camera, 
Apple II, works with Cromeco Daz- 

zler, SOL -20, IRS -80, Challenger, 
etc. 

-B MOD II is pretuned to Channel 33 

(UHF). 
*Includes coaxial cable and antenna 

transformer 

$29.95 Kit 

AC Wall Transformer 
Ideal for use with 
clacks, power 
supplies or any 
other type of AC - application. 

Part No. Input Output 
AC 250 117V/60Hz 12 VAC 250mA 
AC 500 117V/60Hz 12 VAC 500mA 

Price 
$3.95 
54.95 

31/2-Digit Portable OMM = 100 MHz 
. r .w..,o. 8 -Digit 

Counter U0 Hz 100 MHz Range 

5 LED Display Four power 
Crystal- controled Iimenase Saneries t1 

any Automat!.: charger 
PodaS e - completely lighter adapter a,Ieelerna! 
sen- conlamed 7 2 10V power 5oep9 
Sire I '5 17 38 MAX -100 $134.95 .563 

Model 2800 Accessories: 

$99.95 AC Adapter BC -28 $9.00 
Rechargeable 

Batteries BP -26 20.00 
Carrying Case LC -28 7.50 

ACCESSORIES FOR MAX 100: 
Mobil Charger Eliminator 
use power from car bane, Model 100 - CLA 53.95 

ChargerlEtlmInalor 
10t 110 V AC Model 100 - CAI 59.95 

RS -232 CONTROL CENTER 
Plug in your modem, computer 
prom programmer, 
terminal, printer, etc. 
and selectively control 
data flow. 

Same Contour as Pennywmspe 103 
Totally sen- comamed 
Includes 2 master pans ana 3 slave pons 

PART NO, 
Rs 232CC $89.95 kit only 

Regulated Power Supply 
. Uses LM 309K 
. Heat sink provided 
. P.C. board construction 
. Provides a solid 1 amp Ill 

5V 
.Includes components, 

hardware and instructions 
. Sizes: 3 -1 /2" x 5" x 2" high 

JE200 $14.95 

INSTRUMENT /CLOCK CASE 

102 

This case is an injection molded 
unit that is ideal for uses such 

Ias DVM, COUNTER. or CLOCK 

cases. It has dimensions of 492" 

in length by 4" in width by 

1- 9/16'1 in height. It comes 
complete with a red bezel. 

,:.)ART NO: IN -CC $3.49 each 

1ppp Mini-Max 6 Digit 50MHz Frequency Counter 

Guaranteed frequency range of 100 Hz to 50 MHz 
Full 6 digit display with antiglare window 
Fully automatic -range, polarity, slope. trigger, input level switching not required 
Lead -zero blanking -All zeros to the left of the first non -zero digit are blanked Kilo Hem 
and Mega Hertz decimal points automatically light up when the unit is turned on 
Built In input avervoltage protection 
Use 9V Battery or 110/220V power. 
Complete with mini antenna. 
Lightweight - Only 002 MINI -MAX $89.95 

Ideal for use with the TRS 80 
and others. 

"Plug /Jack Interface to any 
computer system requiring 
remote control of cassette 
functions" 
The CC100 controls cassette 
motor functions, monitors 
tape 10CatIOn With IIS internal 
speaker and requires 70 
pOwer. Eliminates the plugging 
and unplugging of cables dur- # CC-100 
mg computer loading opera- 
tion from cassette. 

CASSETTE CONTROLLER 

Accessories For Mini -Max 
Part No. Description Price 
MM -54 Antenna S 3.95 
MM -05 Carrying case 5.95 
MM -IPC Input cable with clip leads 3.95 
MM -AC2 110V adapter 9.95 
MM -AC3 220V adapter 9.95 

$5.00 Minimum Order - U.S. Funds Only 
California Residents - Add 6% Sales Tao 

val 

MAIL ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS, CA 94010 

ADVERTISED PRICES GOOD THRU MARCH 

Spec Sheets - 251 
1979 Catalog Available -Send 41C stamp 

arreco 
ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 592 -8097 

63 -Key Unencoded Keyboard 

This is a 63 -key, terminal keyboard newly manufactured by a 

large computer manufacturer. It is unencoded with SPST keys, 
unattached to any kind of PC board. Avery solid molded plastic 13 

x 4° base suits most application. IN STOCK $49.95 /each 

Hexadecimal 
Unencoded 

Keypad 
19 -key pad includes 1 -10 keys, 

ABCDEF and 2 optional keys and a 

shift key. $10.95 /each 

POPULAR ELECTRONICS 
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7400 TTL IF 
5914709 29 1).1e2iiiú 

5974009 16 

59747281 

SN74739 
29 
35 SN741609 89 

591401N 18 5N7474N 35 S9741619 89 
5974029 18 5914159 49 59741629 1 95 
5574039 18 59)4769 35 58741639 89 
5974049 18 597479N 5 00 5N741648 89 
SN]405N 20 5914809 50 59741659 99 
5914069 29 5974829 99 59741669 1 25 

5N)40]31 29 5914939 59 59741678 1 95 

597408N 20 S974859 79 59741709 1 59 
597409N 20 S974869 35 59741729 6 00 
SN7410N IB 5974899 1 75 59741739 125 
591411N 25 5974909 45 50741745 B9 

5414129 25 5914919 59 59741759 79 

5574130 40 5974924 43 59741769 79 

5974149 70 5974939 43 59141179 79 
557416N 25 5974944 65 59741798 1.95 
5974179 25 5914954 .65 S9741809 79 
S5742031 20 5974969 65 59741818 1.95 

o=1N 29 SN74974 3 00 59741828 79 

39 5N74100N .89 SN741849 1 95 

25 59741079 35 54741859 1 95 

'1Y 29 59741099 59 59741868 9.95 
29 5474116N 1 95 531741080 3 95 

25 5970121N 35 5974190N 1 25 
N 

1N 

39 

20 

59741229 
59741239 

39 

49 

59741919 1.25 

54741929 79 

59141258 49 59741939 79 

SN741269 49 5N74190N 89 

a1,:.3BN 
513174399 

25 
25 

5974132N 
59741369 

75 

75 

5874195N 69 
S9741969 89 

5674409 20 S9741419 79 5N7419114 99 
574418 
5074424 

89 

49 
S8741429 
56701438 

2 95 
.- 95 

59741989 1 49 

59741999 1 49 

5974438 75 SN74144N 2 95 51.1745203 4 95 

6474449 75 S874145N 79 5474251N 1 79 

6474459 75 587414716 1 95 59742199 79 

S874469 69 59741489 129 59742839 2 25 

S4744)9 59 5N741504 89 69742845 3 95 

5674484 79 59741510 59 531742854 l 95 

5914509 20 514741529 59 59743658 69 
6414513/ 20 54741536 59 94743669 69 

594534 20 56741549 99 54743679 69 
53174544 20 56741559 79 56143688 69 

0674598 25 56741564 79 54743904 1 95 

'9246.14 20 54141574 65 76743934 1 95 

20% Discount 100 pcs combined order 25% -1000 pcs comb mad order 

:032 

23 

23 

23 

C/MOS 
C0402P 89 0040: _ 

55 

03 9 

804006 1 19 CD4029 1 19 00141376 1 39 

20400- 25 091030 49 C04081 23 

:04009 49 CDa035 99 CD4001 23 
'34010 49 C04040 1 19 CD4093 99 
;04011 73 CDa001 125 CD4098 2 49 

:74012 75 CD4042 99 MC14400 14 95 

'34013 9 D4041 89 MCI44In 95 

04014 I'9 L.91044 89 MC14a11 
'4 

4 95 

:34015 CD4006 179 MC140r9 95 
:D0016 49 C0404- 250 MC14430 19 95 
"14011 119 CD4048 135 37014506 75 

99 CDa049 9 MC145o7 99 

1 19 
C04050 49 

CD4051 119 
MC1456. 

MC14583 
14 50 

3 50 
'9 CD405] CD4508 i95 

9 

23 
004055 
C04059 

C04510 
C04511 

9 

129 
4060 C04515 ? 95 
mac CD4510 29 

CD4520 29 
Coasse 2 25 

atoo 
74002 

39 

39 
74CÚ0 740163 

740164 
2 49 

2 49 
'4004 39 740173 2 60 

49 740192 2 49 

35 93 1 95 740193 2 49 

1 95 , n5 1 95 740195 2 as 

39 C157 125 740922 5 95 
r.c m 39 240151 2 90 700923 6 25 

74042 1 95 740154 3 00 740925 8 95 
4r4A 2 49 740157 2 15 740926 8 95 

69 740160 2 49 60095 I 50 
'9 740161 2 49 80097 1 50 

LM' !6H 
175 

99 LINEAR LMIIDN 
LM71IN 

79 
39 

LM300H 80 1_M340K 18 35 l41723190 55 
LM301CN H 35 LM340x24 35 LM733N 100 
LM302H 75 LM340T5 25 LM7399 1.19 
LM304H 

LM305H 

1 00 
60 

103401 .6 
LM3401-8 

25 
25 

LM74ICt1:H 
L01741-14N 

35 

39 
LM307CN:H 
LM308CN H 

35 

00 
LM340T-12 
LM340T.15 

25 

25 

LM7470.a1 

LM748911 
79 

39 
5343090 10 LM340T 18 25 LM1310N 2 95 

LM3096 25 LM340T-24 25 118I45809H 59 
LM3tOCN 15 LM358N 00 MC14B09 1 95 
LM311NH 90 5913706 95 MC1489N 1 95 
51313128 95 LM373N 25 LM1496N 95 
LM3118 50 LM377N 00 5M15566 1 75 

LM318CNH 50 503006 25 MC17415CP 3 00 
LM319N 30 LM390CN 99 L912111N 1 95 
LM320K 5 35 LM381N 79 L029016 2 95 
LM320A5 2 35 503826 79 L813053N' 1 50 
LM320K 12 35 4550131 Do 1913065N 149 
LM320k-15 35 NE510A 00 LM3900N130011 49 
LM320K18 
LM320K24 

35 

35 

NE5294 

NE531H,V 
95 

95 

2039059 
LM3909A 

B9 

I 25 
L513201 25 605361 00 MC555B9 59 
LM320T5 2 

LM3201-0 
25 
25 

NE540L 
31654414 

00 

95 

80008 
LM75450N 

4 95 

49 
LM320T-12 25 NE550N 30 75451CN 39 
LM3201 15 25 NE555V 39 75452CN 39 
A43201,18 25 9E556N 99 754530 39 
LM320T-24 25 NE560B 5 00 75454CN 39 
LM323K5 95 NE561B 5 00 7549106 79 
IM324N 80 905628 5 00 7549204 09 
LM339N 99 905659 1 25 754934 89 
LM340K5 35 NE566CN 1 75 75494CN 89 
LM340K-6 35 NE561V N 99 RC4136 1 25 
LM3a0x-8 35 NE510N 4 95 904151 5 95 
t 0340x.12 35 LM103CN/H 69 RC4194 5 95 
LM340N15 35 LM709N'H 29 R04195 4 49 

'4L500 
L501 

13 

23 74LSOOTTL 74L5138 
]4[5139 

69 

69 

23 '40547 74[5151 69 

23 745551 23 7455155 69 

29 74/554 23 7455157 69 

4Lß06 
29 

23 

745555 23 

745573 35 

7455160 
7455161 

89 

89 

702509 29 741.574 35 7455162 89 

LSrn 23 74L575 49 7455163 89 
60 745576 35 7455164 99 

9 74L5I8 39 7455175 79 

99 745583 75 741.5181 2 49 

515 29 142585 99 741.5190 89 

74Lß20 23 741586 35 7455191 89 
145521 29 742590 49 7455192 89 

742522 29 74592 59 741_5193 89 

741526 29 741593 59 7455194 89 
742527 29 74595 79 74L5195 89 
74Lß20 29 742596 89 7455253 79 

745530 23 1415107 35 74L5257 69 
745532 29 74L5109 35 7455258 1 39 

741_537 35 7455112 35 7455260 55 

29 141.5123 99 7455279 59 

69 745125 69 7455367 59 

7455132 79 7455368 59 
7455136 39 1455610 1 95 

MARCH 1979 

Jam 
ELECTRONICS 

Digital Stopwatch Kit 

YIA 414 
P C Board 
LED Nsplay Irwin 

. Times 10 59 min 59 59 sec wllh 
auto re sel 
Guariz Gry51dl controlled 

. Three stopwatches In one 
single event. spin (cummulahvel 
and taylor Isequential tim mgt 

... . Uses 3 penllte ballereen 
51x0 45 x 215 x 90 

JE900 $39.95 
ALSO AVAILABLE: 

. U.e Imersil ?:95 Cnlp 

. Plated mr0 douple-soded 

Kits 
6 -Digit 
Clock 

Kit 
Bright 300 ht common cathode display 
Uses MM5314 clock chip 
Switches for hours mmuteb and hold lunctl ins 
Hours ease ly viewable to 20 feel 
Sunulated walnut case 
115 VAC operate on 
12 or 24 hour operan on 
Includes all compone' Its case and wall Iranslor-ner 
Size 6 -3 4 4 3 1 8 x 1 -3 4" 

JE701 $19.95 
JE200 5v lamp power supply$14.95 JE2206B Function Generator $19.95 
JE730 4 -digit clock kit 14.95 JE747 Jumbo 6 -digit clock kit 29.95 

DISCRETE LEDS 4111-- 
.t die. 

XC5569 red 511 
XC556G Oreen 4181 

XC556Y yellow 4151 

XC556G clear 441 
.200 die. 

XC22R red 5/$1 
XC22G green 4/ß1 
XC22Y yellow 411 

.176" die. 
MV106 red 4/81 

.085" dla. 
MV50 red 6111 

INFRA -RED LED 
114"01/4 °41/16" flat 

5/51 

XC209R 
XC209G 
XC209Y 

005260 
XC526G 
XC526Y 
XC526C 

XC111R 
XC111G 
XC111Y 
XC111C 

.125" die. 
red 
green 
yellow 

tes' dia. 
red 
green 
yellow 
clear 

190" dia. 
red 
green 
yellow 
clear 

5/51 
4/$1 
4151 

5/$1 
4 /$1 
4/$1 
4/$1 

5/51 
4/51 
4/11 
4/11 

TIMEX T1001 
LIQUID CRYSTAL DISPLAY 

F1E LO EFFECT 

PM ZZr 

fl 
_a Ì T P 

4D1GIT 5"c1aARACTERS 
THREE ENUNAIATORS 
3.00" .20 cKAGE 

o-uoESCONMECTGR 
T1001-Transmissive 57.95 
T1001A-Reflective 8.25 

TYPE 

MAN I 

MAN 2 

MAN 3 

MAN 4 

MAN 1G 

MAN te 
MAN 72 

MAN 74 

MAN 82 

MAN 84 

MAN 3620 

MAN 363D 

MAN 3640 

MAN 4610 

MAN 4640 

MAN 4710 

MAN 4730 

MAN 4740 

MAN 4810 
MAN 4840 

MAN 6610 
MAN 6630 
MAN 6640 
MAN 6550 
MAN 6660 
MAN 6680 
MAN 6710 

DISPLAY LEDS 
POLARITY HT PRICE 

Common Anode -red 270 2 95 

5 x 7 Dot Malnx - red 300 4 95 

Common CaINOdered 125 25 

Common Cathode. red 107 1 95 

Common Anode -green 300 1 25 

Common Anode- yellow 300 99 

Common Anodered 300 99 

Common Calnodered 300 1 25 

Common Anode -yellow 300 99 
Common Cathode-yellow 300 99 
Common Anodeorange 300 99 

Common Anodeorange - 1 300 99 

Common Cathode. orange 300 99 

Common Anode- orange 300 99 

Common Cathode- orange 400 99 

Common Anodered 400 99 

Common Anode. red - 1 400 99 

Common Cathode -red 400 99 

Common Anode- yellow 400 99 

Common Cathode yellow 400 99 

Common Anodeorange.D D 56D 99 

Common Anode -orange - 1 560 99 
Common Cathode- orange -D D 560 99 
Common Cathode.orange - 1 .560 99 
Common Ano0e.olange 560 
Common Cathode. orange .560 

Common Anode red -00 .560 

TYPE 

MAN 6730 
MAN 6740 
MAN 6750 

MAN 6760 

MAN 6700 

DL701 

05704 
00707 

DL728 
DL701 
DL746 

DL147 
DL149 
05750 
D[330 

POLARITY HT PRICE 

Common Anode -red - 1 560 99 

Common Cathode-red -D 0 560 99 

Common Cathode-red I 560 99 

Common Anodered 560 99 

Common Cathodere4 560 99 

Common Anodered - 
1 

300 

Common Calesserea 300 

Common Anode -red 300 

Common Cathode -red 50D 
Common Anodered 600 

Common Anode.red - 1 630 

Common Anode red 600 

Common Cathode -red - 1 630 

Common Cathode -red 500 

Common Camodered 110 

50010 Common Cathode 250 
FN5358 Common Cathode - I 357 
FN0359 Common Cathode 357 
160503 Common CalnodelFND5001 500 
f 90507 Common Anode ,FN05101 500 

5082:730 Common Anode -red 300 
HD5P -3400 Common Anode -red 800 
9052 -3403 Common Cathode r d 800 

5087300 4 x 7 41 01411 -RODP 600 

99 5082 -7302 0 x 7 Sgl Dlgd -[H P 500 

99 50827304 0venan9e character i -11 500 

99 5082 -7340 4 x 7 Sgl Digit- Hexadeclmal 600 

99 
99 
99 

1 49 

125 
1 49 

1 49 

1 49 

1 49 

35 

69 

99 
75 

99 

99 

1 30 

2 10 

2 10 

19 95 

19 95 

15 00 

22 50 

TELEPHONE /KEYBOARD CHIPS 
AV -5 -9100 Push Button Telephone Dialler 
AY- 51200 Repertory Dialler 
AY -5 -9500 CMOS Clock Generator 
56 -5 -2376 Keyboard Encoder (88 keys) 
H50165 Keyboard Encoder 16 keys) 
74C922 Keyboard Encoder (l6 keys) 

ICM CHIPS 
CMOS Precision Timer 
CMOS LED Stopwatch/Timer 
Oscillator Controller 
Seven Decade Counter 
Clock Generator 

ICM7045 
ICM7205 
ICM7207 
ICM7208 
ICM7209 

514 9s 
14.95 

4 9 
14.95 
7.95 
9.95 

24 95 
1995 . 

750 
1995 . 

6.95 

MCM6571 
MCM6574 
MCM6575 

NMOS READ ONLY MEMORIES 
128 X 9 X 7 ASCII Shined with Greek 
128 X 9 X 7 Math Symbol 8 Pictures 
128 X 9 X 7 Alphanumenc Control 
Character Generator 

13 50 
13 50 
13 50 

TL074CN 
TL494CN 
TL496CP 
11C90 
95H90 
4N33 
MK50240 
DS0D26CH 
TIL308 
MM5320 
MM5330 
LD110/111 

MISCELLANEOUS 
Quad Low Noise bl -let Op Amp 2.49 
Switching Regulator 4.49 
Single Switching Regulator 1.75 
Divide 10111 Prescaler 19 -95 
Hr -Speed Divide 10/11 Prescaler 11.95 
Photo -Darlington Opto- Isolator 3.95 
Top Octave Fret. Generator 17.50 
5Mhz 2 -phase MOS clock driver 3.75 
27" red num display w /integ login chip 10.50 

TV Camera Sync. Generator 14.95 
464 Digit DPM Logic Block 5 95 
31/2 Digit A/D Converter Set 25.00 /set 

LITRONIX ISO -LIT 1 

Photo Transistor OptoIsolator 
(Same as MCT 2 or 4N25) 

2/99¢ 

SN 76477 
SOUND GENERATOR 

Generates Complex Sounds 
Low Power - Programmable 

3.95 each 
TV GAME CHIP AND CRYSTAL 
AY -3- 8500 -1 and 2 01 MHZ Crys al (Chip 8 Crystal 
includes score display. 6 games and select angles, etc 7.95 /set 
XR205 53.40 
09210 4.40 
X9215 4 40 
09320 1.55 
XR -L555 1.50 
XR555 39 
X9556 99 
XR567CP 99 
09567C7 1.25 
XR1310P 1.30 
XR1468CN 3.95 
091498 1.39 
001489 1.39 

EXAR 
JE2206KA 14.95 
JE2206KB 19.95 
591800 120 
X92206 4.40 
092207 3.85 
092208 5.20 
052209 1.75 
092211 5.25 
082212 4.35 
092240 3.45 

XR2242CP 
092264 
092556 
X92567 
X93403 
X94136 
094151 
094194 
X94202 
094212 
X04558 
094739 
054741 

1.50 
4.25 
3.20 
2.99 
1.25 
1.25 
2.85 
1.45 
3.60 
2.05 

75 
1.15 
1.47 

RCA LINEAR 
CA3013r 
CA2023r 
CA30351 
CA30391 
CA3046N 
CA30596 
CA30606 
CAl0B0T 
CÁ30=1 N 

8 pm LP 

14 pon LP 

16 pin LP 

18 pon LP 

20 pin LP 

14 pm ST 

16 pm ST 

18 pm ST 

24 pon ST 

8 pin 55 
14 pin 55 
16 p1n 55 
18 pin 5G 

8 pon WW 
10 pon MY 
14 pm WW 

16 pin WW 
re po WW 

2 15 CA3082N 
2 56 CA3083N 
2 48 CA30860 
135 0030895 
I.30 CA31301 
3.25 0031401 
3 25 CA3160T 

85 CA3401N 
2.00 CA3600N 

2.00 
1 60 

85 

3 75 

139 
1 25 

1.25 

49 

3 50 

CALCULATOR 
CHIPS /DRIVERS 

MM5725 S2 95 

MM5138 295 
008864 200 
008865 1 00 

00113687 75 

008889 75 

9374 7 sep 

C A. LED driver 

CLOCK CHIPS 

095509 54 95 
055311 0 95 
005312 4 95 
MM5314 4 95 

MM5316 6 95 

MM5318 9 95 
MM5369 2 95 
MM5387 19980 4 95 
005841 9 95 

MOTOROLA 
MC10o8L7 
MC1408L8 
MC14395 
M03022P 
MC3061P 
MC40161744161 
MC4024P 
0040400 
31040440 

IC SOLOERTAIL - LOIZ PROFILE (TIN) SOCKETS 
1 -24 25 -49 50 -100 1.24 

fDo 16 15 22 pin LP f J 

20 29 26 NMI 24 pin LP 38 

22 21 20 28 one LP 4 

29 20 27 36 pin LP 60 

34 32 JO SOLDERTAIL STANDARD ITIN) 40 pin LP 63 

5.27 25 
30 27 

35 32 
49 45 

5.30 21 

35 32 

38 35 
52 47 

5 39 

45 

39 

43 

75 

24 

25 

30 
42 

24 

29 

32 
43 

58 31 

41 37 
38 37 
42 41 

68 62 

- PPP 28 pin ST 5 99 

36 pin ST 1.39 
40 pin ST 159 

SOLDERTAIL STANDARD (GOLD) 
24 oin SG S 10 

11.111 mpg 28 pin 55 1 10 

36 pin SG 1 65 

40 pin SG 1 75 

54 95 

5 75 

2 95 

2 95 

3 50 

7 50 

395 
6 95 
4 50 

WIRE WRAP SOCKETS 

(GOLD) LEVEL w 3 
22 pie WW $ 95 

24 pin WW 105 
28 115 WW 1.40 
36 pin WW 1 59 
40 on WW 115 

25 -49 50 -100 

36 35 

37 36 
44 43 

59 58 

62 61 

90 81 

1 26 1 15 

1 45 1 30 

63 57 

100 90 
1.40 1.26 
1 59 1 45 

85 75 

95 85 
125 110 
145 130 
155 140 

DIODES 
TYPE VOLTS W 

1N746 3 3 400m 

16751 51 420m 
19752 56 400m 

19753 5 2 400m 

14754 6.8 400m 

14757 9 0 400m 
15059 12 0 400m 
I N959 8 2 400. 
19965 15 00th 
165232 5 6 500m 

195234 6 2 500m 
195235 6 8 500m 
195236 r 5 500m 
195242 12 500m 
165245 15 500m 
16456 25 40m 
14450 150 Im 
144854 180 tom 
194001 50 PIV 1 AMP 

PRICE 

n1 00 

1 00 
4100 
4:1 DO 

4n DO 

4.1 DO 

4.1 CO 

4/100 
4'1 OD 

28 

28 

28 

28 

28 

29 

6/1 00 

611 00 

51 OD 

12/1 00 

TYPE 

144002 
194003 
1144004 

144005 
164006 
194007 
153600 
194148 
194154 
104305 
194734 
194735 
164736 
154738 
164742 

154744 
191183 

191184 
191185 

191186 
191188 

VOLTS W 

100 PIV 1 AMP 
200 PIV 1 AMP 
400 PIV 1 AMP 

600 PIV I AMP 
800 PIV 1 AMP 

1000 PIV 1 AMP 

50 200m 
75 10th 

35 IOm 

75 25m 

56 no 
62 to 
68 10 
82 tw 

12 138 

15 1e 
50 PIV 35 AMP 

100 PIV 35 AMP 

150 PIV 35 AMP 

200 PIV 35 AMP 

400 PIV 35 AMP 

PRICE 

12,1 00 

1211 00 
12,1 00 
10/1 00 
ton 00 

10:1 DO 

6/1 00 
1511 00 
12,1 DO 

15,1 00 

28 

28 

28 

28 

28 

28 
160 

70 

1 70 

1 80 

3 00 

SCR AND FW BRIDGE RECTIFIERS 
C360 150 m 400V SCR12N18491 

038M 35A ar 6005 SCR 

292328 1 60 i0 3000 SCR 

M0A 9801 12A m 500 RN BRIDGE ROC 

MDA 980 -3 120 ru 2005 FW BRIDGE ROC 

S1 95 

1 95 

50 

1 95 

195 

C106B1 
MP5A05 
MP5A06 
71597 

11598 

40409 
40410 
40673 

29918 a 
2922194 2 
7972214 4 

7922220 5 

P92222 Plastic 1 

292369 5 
2923695 4 

MPS2369 5' 
292480 4 

2N2906 
292907 5 

P92907 Plastic 7/ 

262925 5 

91.12955 

293053 2. 

so TRANSISTORS 
30 243055 .09 
DO MJE3055 1.00 
00 293397 51.00 
00 793390 51.00 
75 PN3561 3.1.00 
75 P93568 4.1 00 
75 PN3569 4 I.00 
00 MPS36380 5 1 00 
00 MP53IO2 5100 
00 293704 5100 
00 10453100 5 1 00 
00 293705 5100 
00 MP53105 5100 
OG 293106 5100 
00 MPS3106 5 100 
00 263701 5100 
00 293711 5100 
00 2931240 65 
00 2931255 1 00 

00 293712 2 25 

25 243923 1 00 

00 2043903 5.100 

293904 4 10D 
203905 4 1 00 

243906 4:1 00 

294013 3.1 00 

244123 6 1 00 
PN4249 4'1 00 
P64250 4.1 00 

264400 4n 00 

294401 4 1 00 

294402 1 r0 

294403 
294009 
245086 
295087 
205008 
245089 
245129 
PN5134 
PN5138 
205139 
205210 
295449 
295951 

1/4 WATT RESISTOR ASSORTMENTS -5% 
ASST. 1 5 ea 

ASST. 2 5 ea 

ASST. 3 5 ea 

ASST. 4 S ea , -. 50 PCS 

ASST.5 Sea -. 50 PCS 

ASST. 6 5 ea 

ASST. 7 s ea ,v, ,.r: so PCS 1.75 
ASST. 8R Includes Resistor Assortments 1 -7 (350 PCS ) $9.95 ea. 

50 PCS 

50 PCS 

56 PCS 

$1.75 

1.75 

1.75 

1.75 

1.75 

50 PCS 1.75 

CAPACITOR 0150°0ÁP LR PS CORNER 

$5.00 Minimum Order - U.S. Funds Only Spec Sheets - 252 
California Residents - Add 6% Sales Tax 1979 Catalog Avallable -Send 411 stamp 

aOG 
`sS°9 

199 z lameco 
ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 592-8097 

MAIL ORDER ELECTRONICS' - WORLDWIDE 
1021 HOWARD AVENUE. SAN CARLOS. CA 94070 

ADVERTISED PRICES GOOD THRU MARCH 

13 /33 y 1099 
10 {of 05 04 03 001ÁF OS 04 095 
22 p1 05 04 03 0047uí 05 34 035 
47 pl 05 04 03 OlaF 05 04 035 

too pl 05 04 03 022Á0 06 05 04 

220 01 05 04 03 047µF 06 05 04 

470 of 05 04 035 1µF 12 09 015 
100 VOLT MYLAR FILM CAPACITORS 

00181 12 10 07 022mí 13 II 00 

0022 12 10 07 047mí 21 17 13 

0047m1 12 10 07 1ml 27 23 17 

0181 12 10 07 2281 33 21 22 
020e SIPPEO TANTALUMS 1501101 CAPACITORS 

1.35V 28 23 17 1 5:350 30 26 21 
15350 .20 23 17 2 2:250 31 27 22 

22.35V 28 23 17 3 3 -255 31 27 22 
33.350 28 23 17 4 7251/ 32 28 23 
47 355 28 23 17 I 6,256 36 31 25 
68 35V 28 23 17 10150 40 35 29 

1 0 35V 28 23 17 15 255 63 50 40 
MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS 

Axial Lead Radial Lead 
47'500 15 13 10 47 256 5 13 10 

1 0 50V 16 14 11 47.500 6 14 11 

3 3 50V 14 12 09 1 0 .16V 5 13 10 

4 7 25V 15 13 10 1 0 25V 6 14 11 

10 25V 15 13 ID 10.506 6 14 11 

10 50V 16 14 12 4 7 165 5 13 10 

22 25V 17 15 12 472511 5 13 10 
22 50V 24 20 18 4 7 50V 6 14 11 
47 25V 19 17 15 ID 16V 4 12 09 
41 50V 25 21 19 10 253/ 5 13 0 
100 255 24 2D 18 10506 6 14 2 

100 50V 35 30 28 47 505 4 21 9 

220 25V 32 28 25 100160 9 15 4 

220 500 45 41 35 100.255 4 20 0 

110 25V 33 29 27 100.500 5 30 6 
1000 165 55 50 45 22016V 3 17 6 I 

2200 155 70 62 55 470.25V 1 28 6% 
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CMOS I.C.'S 
CD4000BE 17 0040425E 59 C04515BE $1 95 

CD400113E 17 CD40438E 57 CD4516BE 69 
CD400213F 17 CD4044BE 55 CD4518BE 79 

CD40068E 87 CD40468E 99 CD1519BE 47 

CD4007BE 17 CD4049BE 33 CD4520BE 69 
CD4008BE 75 CD4050BE 33 CD4522BE 99 
CD4009BE 39 C040516E 54 CD4526BE 99 
CD4010BE 39 CD4052BE 54 CD45278E sr 09 
CD4011BE 17 CD4053BE 54 C045288E 69 
CD4012BE 17 CD4060BE 99 CD453'BE 74 

CD4013BE 32 C04066BE 44 0045128E $1 19 

C040148E 73 CD4068BE 21 cD4539BE 99 

CC/40158E 69 CD4069BE 21 CD4543BE $1 39 

CD401613E 15 C0407013E 29 004555BE 65 

CD4017BE 62 C04071BE 21 CD4056BE 65 
CD4018BE 69 CD4072BE 21 CC/45818E $225 
C040190E 19 0D40738E 21 CD4582BE 79 

, [)402913F 69 01)40755E 21 CD4584BE 60 

, 04021BE 69 C04076BE 79 CD4585BE 90 

,:D4022BE 69 CD4077BE 25 40014PC 59 

,,14023BE 17 0040788E 21 40085PC $109 
340248E 49 0040818E 21 40097PC 60 
D4025BE 17 CD4082BE 21 40098PC 60 

040268F $139 CD40858E 69 40160PC 89 
'04027BE :19 C040868E 69 40i61PC 99 

040288E 57 CD4093BE 43 4010260 89 
0402913 74 CD4104BE $225 40163P(' 99 

% .040308E 30 0045028E 85 40174PC 89 
'D4033BE $1 45 CD4508BE $2I5 40'75Pt, 89 

'-0403413E 8225 c04510BE 88 40192PC $1 19 

1)4035BE 64 CD4511BE 99 40193PC $119 
1040408E 74 CD4512BE 59 40194PC $1 10 

,_D411418E 74 CD451413E $195 40195PC $1 10 

Features. 
BRAND NEW! 

JUST RELEASED 
1979 IC MASTER 

2500 pages 
Complete integrated circuit 
data selector. Master guide 
to the latest including 
microprocessors and 
consumer circuits 

Free Quarterly Updates $39.95 
o 

Texas Instruments 
Low Profile Sockets "v,K 
Finest Quality Socket available in the 
world. Nobody can match Texas Inst- 
ruments quality -a unique combina- 
tion of I.C. technology and multi - 
metal expertise. 

Over one million pieces in stock. 

Contacts Price Contacts Price 
8 PIN .08 22 PIN .22 

14 PIN .12 24 PIN .24 
16 PIN .14 28 PIN .28 
18 PIN .18 40 PIN .40 
20 PIN .20 

LINEAR I.C.'S 
LM324N 49 
LM339N .49 
LM555N-8 .29 
LM556N-14 .59 
LM723CN .34 
LM723CH .39 
LM741CH .37 
LM741CN-8 24 
LM 1458N-8 .39 

Quad Op Amp 
Quad Comparator 
Timer 
Dual Timer 
Voltage Regulator 
Voltage Regulator 
Op Amp 
Op Amp 
Dual Op Amp 

VOLTAGE REGULATORS 
UNIT 

PART NO. PRICE DESCRIPTION 

LM323K 84.95 3 Amp 5 Volt Regulator 

78H05KC 85.75 5 Amp 5 Volt Positive Regulator 
T03 

780011C Series .79 Positive Voltage Regulators 
T0-220 (LM340T (Plastic) 1 Amp 5. 6, 8. 12, 15, 18, 

24 Volts 

76M001-10 Series $1.50 Positive Voltage Regulator 
TO -5. LM340H 1/2 Amp 5. 6, 8, 12.15. 18, 24 Volts 

7800KC Series 81.60 Positive Voltage Regulator 1 Amp 
TO.3 LM340K 5, 6, 8, 12. 15. 18. 24 Volts 

78LOOAWC Series .29 Positive Voltage Regulator 100 MA 
TO 92 2.6. 5, 6.2, 8.2, 12. 15 Volts 

7900ÚC Series $1.10 Negative Voltage Regulator 
TO 2201 LM320T 1 Amp 5.6, 8, 12. 15. 18. 24 Volts 

79M00HC Series 81.50 Negative Voltage Regulator 
TOS / LM320H 1/2 Amp 5.6,8. 12, 15.20,24 Volts 

790oKC Series 81.95 Negative Voltage Regulator 
TO.3) LM320K 1 Amp 5, 6, 8, 12, 15. 18, 24 Volts 

78MGT2C $1.25 Dual In Line Adjustable 4 Terminal 
Positive Voltage Regulator 

78GUI To.220 $1.45 1 Amp Adjustable Positive Voltage 
Regulator 

78S4OPC $2.50 Switching Regulator 

All new major manufacturer prod- 
uction material offered. 

Largest variety of device types 
available anywhere. 

1 

GENERAL INSTRUMENT 
1 Amp Rectifiers (Epoxy) 
Part No. Price 

1.5 Amp Single Phase 
Silicon Bridge Rectifiers 

Price 
600V .34 
800V .39 

1 N 4001 50V .029 Part No. 
1 N 4002 100V .039 WO6M 
1N4002 200V .045 WO8M 
1N 4004 400V .049 
1N4005 600V .055 
1N4006 800V .065 
1N4007 1000V .07 D 
SWITCHING 

DIODES 

Part 610 Puce 

1N914 (100V4NS) 027 
1N4148 (100V 4NS) 027 

L-E-D. LAMPS 
LED209 T -1 3mm Red .09 
LED211 T -1 3mm Green .14 
LED212 T -1 3mm Yellow .13 

LED220 T -1 -3/4 5mm Red .11 
LED222 T -1 -3/4 5mm Green .15 
LED224 T -1 -3/4 5mm Yellow .14 

MAJOR MANUFACTURER 

MICROPROCESSOR 
CHIPS 
CPU's 

Part No. Price 

8080A95.50 
6800 )97.95 
INTERFACE 

SUPPORT CIRCUITS 
Part No. Price 

8212 1.98 8214 3.95 
8216 1.98 
8224 2.75 
8226 1.98 
8228 4.75 
8238 4.75 
8251 4.95 
8253 14.95 

Part No. 

8255 
8257 
8259 

6810 
6820 
6821 
6850 
6852 

Price 

5.95 
9.95 

14.95 

3.50 
3.95 
3.95 
4.95 
4.95 

r Zi1og 

- Active 
4E1ectronic 

Sales Corp. 

Z80-CPU 1 $1360 
Z80A-CPU $16.20 

Z80 PIO 
rZ80A-PIO ` $10.90 

$13.10 

Z80 CTC $10.90 
Z80A-CTC $13 10 

Z80-DMA )5<$32 20 

Z80SIO10 
Z80A SIO10 

Z80SIO/1 
Z8oA-SIOa1 

$45.00 
$50 00 

$45.00 
$50.00 

P.O. BOX 1035 FRAMINGHAM, MASSACHUSETTS 01701 
Over the-counter sales, 
12 Mercer Rd., Natick, Mass 01760 
Behind Zayres on Rte. 9 
Telephone Orders 8 Enquiries (617)879-0077 

IN CANADA 3 LOCATIONS 

5651 FERRIER ST. 
MONTREAL, QUEBEC 
H4P 2K5 
Tel: (514) 735.6425 

4800 DUFFERIN ST. 
DOWNSVIEW, ONTARIO 
M3H 559 
Tel: (416)661.1115 

MOS Static RAM's 
Part No. Price 

2102LFPC $1.19 
1K 35ONS (Low Power) 

2102-1 PC $.99 
1K 450N S 

2114 $7.50 
4K(1Kx4)300NS 

2114 $6.50 
4K (1K x 4) 450NS 

MOS Dynamic RAM's 
Part No. Price 

4K 4027 $2.95 
4K (4K x 1) 300NS 16 PIN 

416-3 $9.95 
200NS 

$7.95 416 -5 
300 N S 

UART's 
Part No. Price 

AY5-1013A $4.95 
AY3-1015 $5.95 

1K CMOS RAM 
Part No. Price 
5101 $4.95 

450NS (Low Power) 

5101 $3.95 
800NS 

MINIMUM ORDER $10.00 ADD $2.00 TO 
COVER POSTAGE & HANDLING 
Foreign customers please remIt payment on an 
International bank draft or International postal 
money order in American dollars. 

BAXTER CENTRE 
1050 BAXTER ROAD 
OTTAWA, ONTARIO 
K2C 3P2 
Tel:(613)820.9471 

VNEVA= 

1111111111121111 
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CORPORATION 
Quality Is114r7ronie (:onlponvnls MN., AK., HI. RESIDENTS 218 -681 -6674 

DON'T FORGET OUR 
DISCOUNTS EN COMPARING PRICES 

INTEGRATED CIRCUITS ! ,:`` 
vO O 

)W2 IA 7a1501 .18 ) C0 27 75192 w_11 
)03 .IB a1503 .28 ]ICOBN )S 5191 Nv 
1101 I] 1504 .A J1( OH 15 15d94 
1405 .21 741505 .29 11C N Po MC1408N 

7406 25 741508 .29 14C10N 15 MC109N - 
7401 25 1700 .29 14C30N .25 

7408 .21 111510 .32 )ICJ2N .15 
7409 .21 74L5 I .20 [ 2x 40 
7410 1 L512 .28 ) CON I28 
1411 .11 )45 3 7 7 C13N ./ 

7412 .21 61 1.@ > OdN 40 
7413 15 7 5 5 .R ]4C16N .11 
7414 59 74033N 1.38 f1374 
7416 .25 ;TSF 

.28 74.511 1.38 

7420 

1521 .20 

"CS" 74C90H 98 
1117 15 

526 33 
7421 .15 7.93N .90 

1113 .35 74511 
33 

11C95N 1.10 

7125 .35 ON 33 0101N 70 M311 

34.2 
)416 .25 11LSJ0 .18 

74CI511N 
2.90 M310 

I417 33 741 .33 74C1 514 I 

7I20 .28 7d3333 .33 74C15414 1. 

7430 .al 71517 .33 )ICIS)N 1. 

7432 .25 29U38 ,33 )ICION 1 

7433 .30 74.0 .13 )4C161N 1. 

1437 95 71.2 67 74C162H 1. 

1138 .15 71.1 70 )471636 118 
130 .50 

74ü51' 
.n 

7440 21 
14551 7441 .í.3 
741555 7445 .70 

744 .70 74/573 
7447 J0 741314 
7448 .70 14575 53 
3ISU .21 71576 .39 7.1 
1153 :11 

74513 39 

7454 .21 
74156í .19 

7160 .11 711586 
70G 30 

1)2 

ÿ17Ç 

28 

28 

39 

39 

7415 
7186 

71403 
245 
]186 
700 

7 .9 

11590 3 141591 

13 ]41503 

49 71.595 
32 741596 
70 741907 

809745112 
.19 746113 

2.19 7415114 
44 21üÍ15 

7491 :44 785134 
7493 .44 7115136 
7494 
7495 
7496 .10 

711001.28 
(7110) .30 

.8U 7115138 
7117139 
1415151 

74109 .3 
]4116 1.26 
71111 .35 

74iá3 .él 
71125 10 
)1116 40 
74128 .48 
74131 70 
7043 .88 
74145 70 
71141 1 63 

)115153 

)415151 1.10 

1417155 15 
74L5156 .75 
A5151 .75 
745I50 .IS 

74ü190 1.01 
)15161 01 
74ü167 

11.3 )15163 
4 )17160 4 1.01 

11.6 1.11 
7415160 1.11 
0415170 178 

N150 1:Ì0 741.5173 1.34 

14151 70 145184 I CO 

74153 65 7451)5 81 
74154 103 7417181 1.50 

774155 70 A510 1.18 

Jn56 7014.91 IB 

74157 70 7415193 .08 

74160 .M 745193 1.06 

)4161 .)0 J15194 .88 

71167 BB 01095 08 

14163 .B9 115190 86 

11161 01519J .BD 

741651..96 1! 

74166 1.21b 

14170 
7.711.4 
74171 .N 

]41J5 9. 

14106 1) 

i41Á 2,1 
,74102 .19 

Ji 
57 

51 

57 

es 
88 
39 
39 
59 

Á 

81 

.39 
73 

.15 
85 

1118111 
1d185 I19 
14189 3.50 

41 

)74 
I 23 

4191 
0 
b5 

71197 .88 
74193 68 
74194 ea 

74195 88 
74145 8B 
74197 .88 

, 190149 
741}ZW 1,19 

iá15i I M 

1á298 9i 
74365 61 

11367 61 
1434 6) 

1115241 190 

74115Sá413 I.70 4053 

)115144 170 4 

)dC161N 1.10 
74[1658 1 10 

7471731( 130 
14C174N 1.16 

14C175N I. 

7471916 1 38 
14C193N 1.39 

)QT11N I.9Ó 
8002511 á8 
00096N .40 
80C97M 48 
BO(9BN IB 
JdC901N 0 

74C90aN .0 
7IC9099 1 78 
140216N 7.90 

1000 C 0 
4ro1 

4001 fA6 
4007 
1008 
4079 

01 
011 

4013 
014 
015 
4016 
4017 I. 
4010 I. 

23 

23 
13 

3 

13 

2é 
41 
1] 

4010 

0 
0 

4021 1.14 

4021 96 
4073 73 
014 84 
4025 

011 
4028 
4029 
4030 

4033 3 
40o3Ó 5 

4ó° 
4041 
4043 
4044 

079 
4050 

3 05 
051 

7113149 

7415Y53 
4005 15327 ]5 

)9 

115158 .15 
0B1 

1117260 .L IDea 

115261 100 47 115266 .39 
115173 1.7 
Y761Rt .7 
145290 65 
7415293 .65 
)45/95 112 
745293 120 
11.5365 .67 

74 5361 ] 
7417368 6) 
1415377 1.50 
145386 .39 
145395 124 
1115610 1.34 

81595 .7) 
811596 77 
B1591 

77 81508 

23 

4sié éó 
4515 80 

618 .14 

4510 
11 

21 63 
4526 00 

R80Ri 
80994 40 
0095 61 
8096 6] 
0 67 

8097 08 b) 

1540 66 
75451 61 

66INÁ105H1 N 150 1C SURANCE 

I.C. SOCKETS 

M3 
10 P-6 1 

29 P-8 

n 

)N 

N 

Cl 

Cl 

NEW 
NE566 
NEW) 
ÚA009 

14720 

UA1] 
A 

UA 
U 

UA) 

úA 
721 

UA701 
UA)Bl 
UA )81 
VA 781 

UAI82eN 
U47BIOSACZ 
UA>ALU6ACZ 
UAIBLC9ACZ 
UA7B110ACZ 
UA1811IACZ 
UA18L1SACZ 
UA)BLIBACZ 
UA19110ACZ 
UA 90 
UA 
UA 
UA 
UA 

41 

I.C.'S RESISTORS TRANSISTORS CAPACITORS DIODES I.C. SOCKETS A PINS SWITCHES 

CLOCK MODULES OPTOELECTRONICS BREADBOADING A TESTING DEVICES DRAFTING SUPPLIES 

DATA BOOKS HEAT SINKS WIRE TOOLS... AND MORE ... WRITE FOR FREE CATALOG 

Trouhle.free Module. 
270° Swivel Mount! 

Q Inloid Walnut Chrome 
Trim 11,1,1! 

Ideal for Car, Van 

Boat! 

3.9/8"42.3116" Tall, 
2.1/8" Deep 

Qui9L and foc To In ton! Part No. 5001E 

THE MÁ1023 by 
NATIONAL 

SEMICONDUCTO 
THE "PROGRAMMABLE" 

CLOCK MODULE 

..m,,.1 r 

C P 

TTSIISoiSSIS pÉÓ lE0 

'M1GN Of 

The "NIBBLER" 
A MICROCOMPUTER 
AT A MICROPRICE! 

i 

0,1 01151 1160.500030 

MA 1003 Co. Module oM Swathes only 
/O1 Bezel and Enclosure only 

50018 oi.i -Clock ß'i1 .te 

Mp5018 
Mp503U 

J.Vi] n44 
Mp52007A 
MPS3301 

3 303 
M33394 
M133395 
16651563 

M17236384 
MFSJ611A 
Mß3613 
7113055 
781904 

4°34 
1Ndv6 
PB44U1 
144p1 
704410 
755087 
1145089 
m5a10 
MI{IOz 
2745437 

v /1 
IIP17r 

SILICON TRANSISTORS 
UNII 

21 
71 
16 

14 

16 

.71 

71 

71 

21 

11 
11 
71 

1.47 

71 

71 
71 

24 

24 
27 
54 
51 

1 47 
1 

16 

1165 

11 90 

] 00 600 IOa 
I 55 1190 13507 
100 1800 160. 

400 16500 I 

éó 16m 140 00 
1 80 16 00 10.00 
1.80 1600 1000 
1.80 16 00 140 00 
I80 1600 1000 
I 8 16 00 140 00 

80 
0 

16 00 110 00 
1B0 1600 1000 
0 16 00 0 OO 

11)S 110 75 0a 
I 80 16 00 110 00 

I 80 16 00 10 00 
1.80 IbDO 140 00 
10J 166 14000 
1 RO 19 90 1000 
1 RO .00 14000 

200' '800 16000 
} 00 18 00 160 00 
}00 1800 16000 

2 i5 

/0 25 100 00 

0 87 50 3G000 
d 75 332 75 140 00 
} 75 1075 18000 

11 75 19 98 ^15 000 
]5 IS 1.. OD 

57. CARBON FILM RESISTORS 
Y. WATT RESISTOR A RTM 

Catalpa 

it 
AT 

he NITRER is N s ne- 010s ne,s 
n 

10h6 

er v 

D.g. 
SemcoMUe9rsSC P ,,, 

An' 911311 %9u.% 5 OIIV n 

DILL 498 SWITCHING PANEL EUT MA10IIP 

rom 

D,v 0,.., S.41N 1lo 6 

605 

3 llol4e, lee, 

ta5107711 503m loto 70 a' 077 

3.107713 nome. wiotRe 6.6 

WIREWRAPPING WIRE 

PRE CUT - PRE STRIPPED 
ii foi No ^9. ARG.30(0.23 MM1 MAX 
w.«. 7Ww., pnáeLaltdppNl"RaINhd. 

I 

n161.d uuA IT1,,. , 1n , 81 b v1 

Imdara 1.5" ny h, -rMrd..nn r_ pin rN, 
pot 

AII Ilrl. ore oorkeled maintenance 
51elmlr3 expondehle to 26K, 
II11Roud Serial 
11 Npeeka Benin ReeMtifu115 
IK NI131. Eto.ie in ROM and 2K of RAM 
rà.ily Inter( ares! oitn (lit nr Teletype___,,J 

M1MUA ma IWw4nou. 

IN MICROCOMPUTER SRI ND Ian 9. 

72808085 MANUAL MANI -ND 5' 0' 

0íS61 ER POWER SUPPI4 PS11. % 3n a-. 

PIN ECONNECTOR 37766S NO 

B DATA OOKS 
lit lit 4 591 P NAT. SEMI 90100 
1189ÁR DATA BOOK. 1978. 981 P 00718 

CAOS DATA BK. 77 2019 55S_N4T 5OÁ1 00108 

MIMO% DATA BK, 592 P. NAT SEMI. .. 90148 
M0S 151 DATA BK 713 P, NAT SEMI 90156 

INTERFACE DATA BK. 464 P NAT 00160 

90010 2420400K. 106 P 5141 SEMI 00208 

5C, AM MICRO 0 
N 

ANOI. NAT. SEMI 00128 

0157ß373 DATA 600.' 90248 

94 0 

Ss ., 

51 

51 « 

51 '. 

54 0 

Sd 0 

95 n 

01617AL INSII8J IJRATRN EOR 171 AMD MARINI APPLICATIONS 

ú11l 1117110 '. 1111111 

DIGI -KEY 
CORPORATION, BOOKSELLER!!! 

NATIONAL SEMt-CONDUCTORDATA BOOKS 
ADAM OSBORNE MICROPROCESSOR SERIES 
HOWARD W. SAMS 

AYDAN 
DIGITAL WORLD 
AND INTRODUCING TAB BOOKS 

PANASONIC ELECTROLYTIC CAPACROPS 

vuUl 

18' 
RS125 59,90 

'h WATT RESISTORS ASSORTMENTS 

D ol-Ny Stocks h [ Ir .. ueroumn0v, AP lin 
M`PIWERACE w1NrotoFROMAV M6 

RS150 S9,90 

DIGI -KEY MEANS OUALITY P0WERACE 
93.103 

91 DIGITA II LT; D IGI-KEY 

H Re loin ton 

s.. OK, Cololog 
For Moro 

Dlon.ond reel 

MOLEX I.C. SOCKET PINS 
P5 C e 70'4 36.10 SM 2I5.00 SOM 

MICROPROCESSORS 
60804 4.611 CPU } UT( CYCLE 

8111 8611110 PORT 
8716 BI DIRECTIOIAL 6235 DRIVER 

8124 CLOCK GENERATOR 

8278 SYS,EMCONIROLEER 
8251 COMMUNICATIONS INTERFACE ... 

8155 PERIPHERAL INTERFACE 
102A 24 EPROM I USEC 

2708 94 13%06145010K 
1101Á14-11 IK LOW POWER 450 TAC RAM 
SC /MF 5 VOLT SCIMp CPU 
1650 MIOIOPMCCESSOR 1.15 M11-2 c /00840 OIL 

9 95 

BO 50 0 5 
5 75 

Il 70: 

9 95 

I/4 WATT UNIR DIODES 'WON MODES 
24 ea I 80 IO 

1,42268 3, 
1852778 31 
11452288 3.9V 
IN52296 4.1V 
11452306 4.71 
1162118 5.IV 
04521713 5.6V 
1651336 6.0V 
105.48 6.2V 
10521511 6,62/ 

052380 87V 

M3t.n '14 
IN5141B 119 

11452436 119 
1951448 149 
1N52450 15V 
11951464 16V 
11452470 

1652498 1. 
1651506 20V 
11452516 22V 
1N52528 24V 
1451538 15V 
1152544 27V 

1052578 33 

184001 
11.001 
11.004 
1,14005 

184006 

104148 

4 05 

BO 7 00 
BO 7 50 
BO 7 90 

I 00 0 00 
I 00 0 DO 

1 00 0 00 

60 5 03 

$6.95 
57.95 

STRIPS - WRAPS - UNWRAPS 

PAIUA 
Cali or Wri te for 

the Digl -Key Catolog 
for PanevIse Details 

8080A 

CHIPSET 
NE EA :1.1 

8211 8224 

and 8228 

PLUS SIXTEEN 

2102ÁN -4L 
ALL FOR - 

S44.95 
STRANDED 

HOOK UP WIRE 

240oPVC 2 80 100 11 75 500 

TOU. NUI WATS 

NE1 INSURANCE ON 
U.S. AND CANADIAN 

QUALITY PRODUCTS 
,0,1 Choce Transport) 

FOR MA1002- 
MA1010 

AND 

CLOCK 
MODULES .95 
ATOME/ OROMARSTER XASEN, 016 CAST MOLL MAMI 

MWND IN PANELS UP TO 2716" MICA, NO EEPOSEO NARD. 

RAN, SOMMA RDBTANT MM //SILT GUANO, ELIMINATES 

GloF. 
ÙIRIMG AOAPTF AYA 10 NMPRM MOUNTING 

AND ASSURE PRINCE ALIGNMENT. 

40o Mal WON RED FIRM 
420 MOUNTING ADAPTER 70ß MA1001 t 21,61002 

421 MOUNTING ADAPTER FOR MÁ1010 
411 UNIVERSAL PC BOARD MOUNTING ADAPTER 

413 MOUNTING ADAPTER FOR MÁ1023 

.'5 ECKS NEY OROEN 
PANASONIC DISC 7Á'ÁU O .5 

DOUBLE DIGIT DISCOUNTS SAVE YOU EVEN MORE! 

HANDLING 
CHARGES 

S 0,00.5 4,99- , , Add $2.00 
S 5.00 -$24.99... Add $0.75 
S 25.00. 549.99... Add 50.50 
S 50.00. 599.99... Add $0.25 
$100.00 A Up . - . No Charge 

VOLUME DISCOUNT 6 
HANDLING CHARGE 

MI 
masers e6,o n 8gth the 46855* 1,oí 
be 84,184 4 for 0884443. first -4481 
oll diu0M46Ie items and 48911 the 

441,47881544431. Then bad it ms. sob 

Meal IVe items. Add 
ehe ,WMlilg 860044. This is You: 4o 

se. We 448 oll 5h,4.í.4 and insurance 

n addre ressesin ehe U.S.A. 414 Canada 

1.11== Orders A«opted by Phono or 01811 

P.O. 11. 677. 71.16f RI IE. sunn. 56701 PIS 6014674 

4..a.a a^ P 

330 20v 

v 

80 

z 
60 

IM 
BO 

05 
48 
83 
00 

I38I 
SV 1 33 1 

IOV- 

03 8 
10 N 

01 R 53 17 

00 8 53 1 

8 53 17 

0.3 053 17 

09 0 06 20 
03 fl 3 

03 853 11 

09 OB 20 
5 10 42 73 

o9 0 OB R 
W 06 21 

12 ID 73 
5 26 

40 
20 

9 0 23 
61 13 40 10 

34 30 
9 21 20 

25 70 41 n 
25 IO 42 26 

73 14 34 l 
Bd 510 34 

6i 
041 23 

13.40 16 
el 3 40 JI 
81 1S NI 41 

01 2J0 
9 N 0 

11 
84 i 31 

4e 42 

00 32 10 19 
01 I] 50 50 

10 áe 1e 
84 
75 85 

15 10 31 

60 71 64 49 
01 11 50 54 

71 

53 
i1 1 

4 1]32 .41 
01 7433 47 
W 0 

75 70 . 

655 B9 73 1 

.Ba 13 
88 

10 35 

66 
00 57 

75 31 13 Si 

l 00 0 
.85 57 0) 
08 

újÓ1 
B3 57 0173 88 
9 74 

á 
I II 

.70 <1 1 78 
Oj W O} 04 

I 
105.J0 II 51 

O 50 N 
70 ]5 I 1} 

IOJIS 119 
015 11 

08 ID 13 
M 

01 9B3> I 47 
1 09 

43 
45 

é 

10 1. 
11 0 

0 
0 11 67 

67 I 40 
1 40 11 

1 

6 0 
0 11 67 

t.91 1587 

Ió< i v 

Iéó i4ç3 
81 15 B) I 

2 24 18 60 

Ie9 14ói 
581 1 91 

224 IB 60 
165 1105 
190 2411 
I 91 587 
214 1860 
165 1205 
3 48 28 95 
361 1004 
7 34 IO 50 

65 71 05 
357 7075 

14 3444 
4 04 1 10 

) 34 1950 
265 1105 
1 51 }9.40 

06 33 )8 
4 6v 38 48 

} 65 
3 57 
, 02 

ffi 
5 75 
7 50 
4 02 
417 

4é. se9ó 

1 86 40 77 

6.J1 5261 

9 
50 Dale 

868 
6 61 55 08 
708 4703 

9 45 78 68 
1317 10930 

47 70 54 
1043 8684 
17 16 ID6 37 
1036 66 77 
12.63 105 75 
1619 10488 

iéw i°4éé 

PANASONIC POLYESTER CAPACITORS 
100 YIX S. R..4 IO 1146404MCE 

73 7 01 

315 33 

13 77 

S 65 

* 

* 

* 

* 

88. 

PANASONIC METALLIZED POLYESTER 

CAPACITORS 
450 YIX ma 10 . TOIIRANCI 

VOLUME 
DISCOUNT 

S coos 24.99 NET 

S 25.00 -S 99.99 - Less 10% 
f 100.00 -4499.99 . less 15% 
S 500.00. 5999.99 . Less 20% 
51000.00 A Up - - - Less 25% 

REE CATALOG 

CORPORATION 
Qualitv Electronic Components 

P.O. Bos 677 Nef Dm Folk, MN 56701 (2181 681-6674 

HARDWARE 
7 no 4 SIMA/ 

6 12 4 SOUR 

77 8 SCREW 

7,56 OURO 
4 40 NEX NUI 

8 12 HE X H07 75 y- 

NO 4 LOCKWASHER 55 

55.60 1063 

057 

BS 

6 71 SP 

PANASONIC RESIN DIPPEO TAN ALu+A 

CAPACITORS 

77 

50 

77 

077 

77 
ao 

767 SO 

373 71" 

PANASONIC TRIMMER POTENTIOMETERS 
1, 0 a, DIA MUT YANIAIRE INDS707$ 

lao Ons Stal 316 11661. 

31.3 130513 
1 05 

3573 7 00 
551 5053 5 05 
.11 1305. 105 

5057.1 705 
1.61 5.0.551 

418' 2174 

37 

PLISSET MINIBOX METALLIZED POLYESTER 

CAPACITORS 

16 

CALL OR 

71 
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Electronics Library 

A PROGRAMMED COURSE IN BASIC 
PULSE CIRCUITS 

Organized in a programmed instruction for- 
mat, this text relates the basics of pulse cir- 
cuits in an easy -to- follow manner. Pulse pa- 
rameters and waveform principles are first 
examined, followed by a comprehensive ex- 
amination of RC circuit applications and char- 
acteristics. Effect of RC time constant on 
waveforms, RC high- and low -pass filters, 
pulse and pulse -train response of RC circuits, 
and use of applicable charts and equations 
are among the topics covered. Properties of 
RLC circuits are also presented. The reader 
is then familiarized with a number of semi- 
conductor devices, including unijunction tran- 
sistors, SCR's, and zener diodes, along with 
their applications in transistor clipper circuits, 
diode dampers, and sweep generators. Asta- 
ble, monostable, and bistable multivibrators 
too are studied, and the book's final chapters 
cover pulse transformers and blocking oscil- 
lators. The programmed instruction format of 
this book makes it ideal for those wishing to 
independently study or familiarize them- 
selves with pulse circuits and their application 
to computers and radio -communications. 
Published by Gregg Division, McGraw -Hill 
Book Company, 1221 Ave. of the Americas, 
New York, NY 10020. 293 p. $9.95 soft. 

THE RADIO AMATEUR'S HANDBOOK, 
1978; 55th Edition 

by the ARRL Headquarters Staff 
The latest edition of the standard reference 
work contains new and revised theory sec- 
tions to reflect a shift in FCC examination 
procedures, which now emphasize "why" as 

opposed to "how to" rote memory answers. 
Also included are an interesting line of con- 
struction projects. A completely new chapter 
on radio design techniques and methods has 
been added. Coverage of antennas and 
semiconductors has been revised and ex- 
panded. New material on satellites and TVI 
has been incorporated. Among the projects 
appearing for the first time are a link- coupled 
antenna tuner, a steerable phased antenna 
array for use on 40 meters, and a 200 -MHz 
power amplifier of advanced design. New 
charts, data sections, and profuse illustra- 
tions highlight the book. 
Published by the American Radio Relay 
League, 225 Main Street, Newington, CT 
06111. 711 pages, including index. $13.50, 
hard cover in U.S., $14.50 in Canada, and 
$15.50 elsewhere. $8.50, soft cover in U.S., 
$9.50 in Canada, and $10.50 elsewhere. 
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PHYSICS OF STEREO /QUAD SOUND 
by Joseph G. Traylor 

Here are explanations in simple terms of how 
various components of a high -fidelity system 
work and why they are used. The author first 
discusses the fundamentals of sound and the 
basic physical laws governing it. Concepts 
such as wave properties, force, power, and 
the decibel are covered. The theory of opera- 
tion and application of recording transducers 
is the next lesson, with most of the informa- 
tion being relevant to microphones, though 
there is a section on guitar pickups too. 
Chapter 3 explains amplification, with notes 
on vacuum tubes and semiconductors, dis- 
tortion, and heat. Other topics studied are 
impedance, capacitive and inductive react- 
ance, the storage and retrieval of audio sig- 
nals, the role of loudspeakers in playback, 
and a review of basic radio theory including 
amplitude and frequency modulation and 
noise in radio systems. The last chapter of 
the book is devoted to quadraphonic sound 
and media. Reference sections and appen- 
dices within the book introduce mechanics, 
tell what to look for when purchasing a high - 
fidelity system, suggest further reading, and 
define a number of hi -fi and scientific terms. 
Numerous diagrams, charts, and graphs. 
Published by The Iowa State University 
Press, Ames IA 50010. 190 pages. $9.50, 
soft cover. 

A STEP BY STEP INTRODUCTION TO 
8080 MICROPROCESSOR SYSTEMS 

by David L. Cohen and James L. Melse 
This introductory work on microprocessors 
assumes no knowledge of the subject and is 

a good source of information if you're just get- 
ting into the field. It is also an aid to under- 
standing data sheets and instruction manuals 
of microprocessor and computer manufactur- 
ers. The early portion of the book describes 
8080 structure and the concepts of bits, 
bytes, machine instructions, and registers. 
Material on software follows: stored pro- 
grams, memory, system monitors, terminal 
I /O, editors, assemblers, stacks, and subrou- 
tines are introduced. System hardware is not 
ignored, and in the latter part of the book ap- 
pears information covering microcomputer 
hardware, interface devices, interrupts and 
real -time clocks, and peripherals. There is a 

bit of information about microprocessors oth- 
er than the 8080, and this is contained in a 
short comparison of the 6800, Z80, 8085, F8, 
and a few others. The last chapter acquaints 
the reader with cross assemblers, time shar- 
ing, and high -level languages. Useful listings 
of 8080 machine instructions and the ASCII 
code appear in the appendices. 
Published by Dilithium Press, Box 92, Forest 
Grove, OR 97116. 169 pages. $7.95, soft 
cover. 

BEGINNING COMPUTER SCIENCE 
by James L. Poirot and David N. Groves 

The lightning -like evolution of the computer 

industry has educators scrambling to keep up 
with new developments. This text, reflecting 
the activity in this field, is intended to be used 
in an introductory course covering computer 
organization, applications, programming, and 
arithmetic /logic functions. A broad overview 
of the computing field covers, history, basic 
logic and Boolean algebra, calculators, and 
microcomputers. The text is well illustrated, 
and sources for hardware, magazines, sug- 
gested reading, and a selected reference to 
periodical articles provide the means for the 
reader to expand his knowledge and keep 
abreast of this fast -moving field. 
Published by Sterling Swift Publishing Co., 
Box 188, Manchaca, TX 78652. 290 pages. 
$9.95, soft cover. 

HANDBOOK FOR ELECTRONIC 
CIRCUIT DESIGN 

by Campbell Loudoun 
Electronic circuit design is reviewed with ap- 
plication of theory and consideration of pa- 
rameters and specifications of components 
and devices. The author expounds the ad- 
vantages of design that takes into considera- 
tion device life expectancy and aging, quality 
control, worst -case circuit performance anal- 
ysis, etc. Such considerations preclude sys- 
tem failure during later stages of design. 
Many schematics and graphs are presented 
to reinforce the reader's understanding of 
material covered in the text. Topics covered 
include design principles, wave filters, audio 
amplifiers, r -f circuits, and digital logic trou- 
bleshooting. Reference information given in 
the book's appendices explain color codes, 
series and parallel resonant circuit character- 
istics, graphic solution for inductive and capa- 
citive reactances in parallel, deMorgan's 
theorems, I2L information, standard potenti- 
ometer tapers, and preferred resistance val- 
ues. All aspects of successful design are cov- 
ered including computer -aided design, test- 
ing, and approval. 
Published by Reston Publishing Co., Inc., 
Reston, VA 22090. 276 pages. $17.95, hard 
cover. 

TOWERS' INTERNATIONAL 
FET SELECTOR 

by T.D. Towers 
This is both a reference and a cross- refer- 
ence listing of FETs from the U.S., Japan and 
Europe. Data is listed in tabular form, by type 
number, and gives all information needed to 
select an FET for a specific application. In ad- 
dition to dimensional and operating parame- 
ters, the tables list general areas of applica- 
tion, such as audio amplifiers or TV uhf mix- 
ers. European and American substitutes are 
listed, where available. The tables are 
preceded by an introduction to the FET, and 
appendices include package outline and pin - 
out diagrams, manufacturers' house codes, 
and manufacturers' addresses. 
Published by TAB Books, Blue Ridge Sum- 
mit, PA. 17214. 137 pages. $4.95 soft cover, 
$7.95 hard cover. 

POPULAR ELECTRONICS 
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REGULATED 
POWER SUPPLIES 

POWER SYSTEMS H PS1111 
115.230V 50/60 cy. In 5v DC at 35A out. 
6 "x 167 "x 1S'." 26 lbs. shl pping welghr $85.00 

POWER SYSTEMS N PS1106 
115230V 50/60 cv. I1 12v DC. 61 15A OW 
5 "x 16 V'x 5 191Ss shrpplrlg web qht. $75.00 

I0V PROTECT/ 

C MOS (DIODE CLAMPED) 
4001 18 4010 37 4049 35 74C74 45 

4002 18 4020 90 4050 35 74083 
4006 95 4921 00 4053 1 to 74796 40 
4007 18 4022 60 4 1 25 73093 75 
4009 37 4023 19 4066 70 74C151 40 
4010 37 4024 7, 4071 18 740160 05 
4011 18 4025 19 4076 97 742161 110 

4012 18 4027 /6 74C174 05 
4013 29 4028 80 74C00 22 740175 05 
4014 - 75 4029 05 74,02 22 740192 20 
4015 75 4030 33 740114 :4 140193 20 
4016 29 4031 9 7 74008 22 740901 46 
4017 90 4042 0 74210 27 742,902 421 

8130 _3.50 e30- 
aa 08]8 2 .2 8131 _350 8834 . 25 

0,0 0: ABLE 

0T2; 170f,.9 ,,.11, S1.60 
S1 45 

5 70J 

SILICON SOLAR CELLS 
2''S" diameter .4V at 500 ma $4.00 

FND 359 C.C..4^ $.50 LED READOUTS 
FCSno24 4 ,i1 DL-704C_A._3" $ .75 
C C F1 35 95 00 747 C A b Sl 25 
END 503 C C 5" S 85 HP3400.8"CC $1.95 
END 5(0 C A 5 s 55 HP3405.8"CA S7.95 
DA 514 '.'CC 

PRINTED CIRCUIT BOARD 

5 02 60 

7 WATT LO -65 LASER DIODE I R $8.95 

2N2646 UJT 

MINIATURE MULTI TURN Tr1I ".1 P, 

300K, 1515... . 

CHARGE 3 COUPLE DEVICES 

CC D 201C 100.100 50494 SeOSO. 595 00 
CCD 2020 100.100 10Ia0e S110s0r .0145 OD 

VERIPAX PC BOARD 54.0[1 
TOis I.oar,I IS a I 16"Sin91.., 211,11 64161 7710 . 

O1111015 1215 9IOe14o 15's r8,164or 00 
IP IC' 6693 5.44545 tor n0,ver P1 v_, 0051 r7r 

LARGE LED', 2" 6 SI 00 
TIL 118 OPTO ISOLATOR S 75 
1,4CT6 OPTO ISOLATOR S 80 

1 WATT ZENER5. 3.3, 4.7, 5.1, 5.6, 9.1, 10 

6'51 00 
^;1071 65711 7 . 2 011001 , 010.75 

Silicon Paver RecNNers 

772 

-.. _240A 
1, 00 
6.50 
950 
2.50 

11 501 

2000 

> 14k05 

4 
1 _/;.r,.. 

RS232 DR 252 ,1,11,. 

CONNECTORS D5255' 
HOOD', 

309K 
723 
LM 376 
3201 

5.12, 15 
or 24 

REGULATORS 
S 1.10 340K 12,15 

S 50 or 24V S 1_10 
I 60 3401 5,6,8.12 

15 18 (1 240 5 1.10 

51.10 78 MG SI 35 
79 MG S1 36 

Terms: FOB Combs dps, Mass. Send 254 for our catalog featuring 
Send Chick or Money Order. Transistors and Rectifiers 
Include Po Minimum 145 Hampshire St.. Cambridge, Ma. Order $5.00.1Cáá u 

S $20.00 

TRANSISTOR SPECIALS 
r; 23(Nr'N SWITI.111N.P WER S 05 

MRF 8004 a CB RF Transistor NPN 5 75 
'' s,r 5100 

7N11,.12 PNP 1(r 115 r. 5 /5 

?N 141i1 NPN S1 TO 5 s U0 

TTL IC SERIES 

DATA CASSE I TES 12 HR L ., 

14 pIn heaclers 3151 00 

5387AAnw. ,- 

7 WIRE WrIA 53E 

MTA 20(1P DEL? CE'oTER OFF 
9 1.45 

MSD 206 P DPDT CENTER 01F 
LEVER SE, TCSI S 185 

SOLID STATE SALES 
P.O. BOX 74A 

SOMERVILLE, MASS. 02143 TEL. (617) 547 -7053 

Full Wave Bridges DIP SOCKETS 
6 0 7 0 7 7 2 3 7 

'IN 3.`. 

I1 0I6 30 6IN ,16, 

112 1 IN D2 IA PIN bel 

13 PIN 25 

SANKEN AUDIO POWER AMPS 
$7.80 
$15.70 
$28.50 

TANTULUM CAPACITORS 

15U= 30: 3.5, OU 

tU' 
' 1, 5l$1 00 

S 35 
F 15V S 50 

TRIACS 
OA . SA 

70 1 30 
I IO 1 75 

' 60 ' 60 

WE SHIP OVER 95% 
OF OUR ORDERS THE 

DAY WE RECEIVE THEM 

CIRCUITS 
775 

/48 75 
JO 

'S 
75 

8 0 

70 

0 

70 

160 
95 

I 25 

86 

222 

2 50 
0 50 

39 
85 

2 25 
00 
95 

( 

90 

25 

05 
50 

10 750 
- 95 

:45g 50 
3900 a0 
8038C0 190 
91 195 

LF356,1 - 1.20 

SCR'S 
1 SA 6A 35A 

40 50 1 20 
60 70 1 60 

1 00 1 20 2 20 
1 0 . 0 

CIRCLE NO. 49 ON FREE INFORMATION CARO 

FUN AND FREEDOM 

Bike! 
Ride away with your own silent excit 
ing electric drille .system. New patented 
non -polluting Pedalpower installs in 
minutes on the front wheel of any 
Bike or Trike. Allows easy pedaling 
when desired. Over 20,000 sold. 
Powered by latest 12 -volt battery. 
Recharges at home. Ride 100 miles for 
a dime. Be independent! Improve 
your health! Enjoy the outdoors! Sim- 
ple single lever control allows you to 
go where you want to, when you want 
to. Rebate plan and Senior Citizen 
time payment plan available! MONEY 
BACK GUARANTEE. Save $15.00 - call 
toll free: 800- 257 -7955` - or send 
today for $15.00 coupon and free illus- 
trated booklet. Added bonus: 
Receive free information on complete 
line of Electric Cars, Electric Bikes and 
Trikes. General Engines Co. 

Save 5284 Mantua Blvd. 
$15.00 Sewell, NJ. 08080 
ln NJ, Alaska, or HI. Call Collect (609) 468 -02'0 

CIRCLE NO.21 ON FREE INFORMATION CARD 

AMAZING EARADIO -, -- 
To15 IS PROOAEL2 I"E WORLD'S SMALLEST d 
RAD10. IT WEIG'S ONLY 1/2 OUNCE AND IS 4''l, 
WORN. EEOINO THE EAR. CONTAINS AN IC AND $5.95 SEVERAL DISCRETE DE'.ICES 10 GIVE AN EyUI- 
VALENT 01 12 TRANSISTORS. THE RADIO RAS A 1.R.F. 
DESIGN OPERATING. 16014 151AN0AR0 013E 1.55 
HEARING AID 3ATTERY (INCLUDED). IT PROVIDES 
GOOD VOLUME TO EARPHONE ON SEVERAL S1Á1 IONS IN 
METROPOL I I AN AREAS. DOESN11 REFU IRE ANY ANTENNA, 
GROUND OR 019ER ADDITIONAL WIRES - SULLY SELF 
CONTAINED 8 TUNABLE. SIZE: I 1 /F11a1 1 /4''x3 /Fu. 

Crystal 14.04 Mhz 
Oscillator 
IC clock oscillator 

023285 $1.98 

SEND FOR YOUR 

FREE 1979 CATALOG 

oars.\ 
.."27.°` ® 

' % 
a ,.. 

s 
t 
X 

>n,o.A 
79. 

2°' You 
Ater 

.. 

'Electronic Warning Flasher Kit 
This battery operated device continuously 
emits bursts of intense light. Great safety 
device for bicycle riders, skiers, hikers, 

boaters & campers. Comes complete wl all A,, , 
electronic parts, quality glass-epoxy P-C 
board & easy to understand instructions. ' 

Uses high-Output xenon flash tube which ve 
flashes 2 times per second when batteries 
are fresh. Operates continuously for 12 
hours on 2 alkaline "C" batteries. You 
need only to supply the batteries and, if C23207 $6.95 
desired, a battery holder & case. 13 for $18.00 1 

Strobe Lpbt Kit '[ 
sA 

con Pt, E 
11 

..1.. e. ,. v. 
5p_, 

6K 
TAR 1 

CON for $1 
r 

x enon Rash 

Green Neon 
Same as NE2 
but glows 
GREEN. Op 
erases on 120V. 

6 for á1.O0 

PROTOFLR/N CRP, 
350 ref 330V 

720 mf 3600 1.50 

1600 TIE 360V S2.25 

CALCULATOR. 
BOARDS . 

',LETS SISFLAY 
LESS KEYBOARIï 1 
Al, LASE LAS üAs3 s) 11.50 

STROBE TUBE RUT. 
Brand new lac -' 

r rim y Pe -- 
strobe tubes 
Assortment of 023280 
5 sloOve' bes, 5 3.00 

mNMRT 719 
RERIECTOR 

APpx size 1- 7,16 Lx 
778'W e 3 /4 "D 

C23227 $1.00 
Minimum order $5.00 

CHANEY Please include $1 for postage 
Visa, MC and COD accepted. 

electronics Phone orders are welcome. 

PO. BOx 27038. DENVER , CO. 80227 Ph. 13031751-5750 

Send tut ow urquP en 

:FREE!: ;;;; 
Pr 

e 

Cr 

SIENTI FIC 
CATALOG 

Explore Astronomy, Biofeedback, Computers, 
. Health, lasers, Magnets, Microscopes, Optics, 

Photography, Weather... Over 4,000 
' Fascinating I.errls, 

More Thar 160 
Colorful Pagel ... 

a 

The Exciting, 
e' tÇ FREE 

Edmund 
Catalog! : 

R, 

. 4 

38 
Years of 
Service! 

e 

. 

e 

M. 108 

Edmund Scientific Cc. 1979 

r Yes! Rush me your FREE Catalog so that 
I can explore Edmund's World of Science. 

Name 

Address 

City 

State ZIP 

Clip and Mail Coupon Today to 
Edmund Scientific Co., A V O6 
Edscorp Bldg., Barrington, N.J. 08007 
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TRS -80 CONVERSION, 

KIT $109 (3/$320) 
Upgrades 4K version to 16K. 

or populates Memory Expansion 
Module. Easy instructions, 250 
ns low -power chips. 1 year war- 
ranty, dip shunts. Also works 
with Apple and Exidy Sorcerer 
machines 

* ** * * * * 

12V 8A POWER 

SUPPLY $44.50 

kit 

12A C 50% duty cycle. 
foldback current limiting. over - 
voltage protection, many more 
features. Does not include case. 

r MA1003 CLOCK 
AND CASE: $19.95! 

Easy to build - just add 12V 
DC and 3 time setting switches. 
Ideal for mobile use. Blue -green 
flourescent readouts. Case 
available separately for $5.95: 
clock module for $16.50. 

FULLY STATIC COMPUTER MEMORY! 
Most Econorams are available as unkits (sockets, bypass 

caps pre -soldered in place). assembled and tested, or qualified 
under the Certified Systems Component (CSC) high-reliability 
program. 

We've been providing top quality memory (without charging 
top dollar) for over 4 years - see your computer store or our 
flyer for more info. 

Name 

8K ECONORAM II'" 

16K ECONORAM IV" 
12K ECONORAM VI" 
24K ECONORAM VIIP' 

32K ECONORAM IX'" 
32K ECONORAM X'" 

32K ECONORAM XI'" 

Buss Speed 

S -100 2 MHz 
S -100 4 MHz 

H8 2 MHz 
S -100 4 MHz 

DigGrp 4 MHz 
S -100 4 MHz 
S -100 4 MHz 

w ,_SAM3$BIEIuá ',.e°"1. 
' ^^-r--r°- 6"",.+.'aarai""' E--R'f A' tilECETNIERONFII 

Unkst Assm CSC 

$139 
$295 
$200 
$445 
$649 
$599 
N/A 

$159 
$329 
$270 
$485 
N/A 

$649 
N/A 

NIA 

$429 
NIA 

$605 
NIA 

$789 
$1050 

COMPLEX SOUND GENERATOR CHIP (76477) FROM TEXAS INSTRUMENTS. 
WE'VE GOT THEM FOR $2.75 . - - AND THEY'RE AMAZING! 

TERMS: Cal res add tax. VISA /- /Mastercharge' call 24 hr order 
desk (415) 562-0636. Allow 5'° shipping (more for power supplO 
excess refunded COD OK wish street address for UPS Price 
good through cover month of magazine Orders under $15 add St 
hancihng 

FREE CATALOGUE: Remember how we used to offer a free flyer? 
Well, now we have so much stuff it's a catalogue ... still tree. 
though. Send your name and address. 

CIRCLE NO. 22 ON FREE INFORMATION CARD 

DO® M 
BILL CODBOSI ELEC`RONICS 

BOX 1355. OAKLAND AIRPORT. CA 94814 

--ABOUT YOUR IIENREN/ 

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 POPULAR ELECTRONICS each month. 
Other examples of combinations of 
names that would confuse the com- 
puter would include: John Henry 
Smith and Henry Smith; and Mrs. 
Joseph Jones and Mary Jones. Minor 
differences in addresses can also 
lead to 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 will greatly reduce any chance 
of error, and we will be able to ser- 
vice your request much more 
quickly. 

SANKEN Series SI 1000G Amplifiers 
are self.conlatned power hybrid arn 
piifiers designed for 0, -F,, stereo, 
cal 

m 
s, public address systems 

and other aucho applications. The a 

plifie s have quasi- complementary class 
B output. The circuit employs fl ipchip 
transistors with high reliability and pas- 

ted chip power transistors with e 

sellent secondary breakdown strength. 
Built -in current limiting is provided for 
si- las0G and all devices n be oper 
eted from a single or split power suppio. 

Power Amplifier Matching 
Transformer 

P/N Power Price P/N Price 

SI.1010G110WI $ 6.95 TR10 $ 7.90 
SI- 10200120Wi $13.95 TR20 $10.90 
A -SI -8 (Socket for above) .95 
SI- 1030G130WI $19.00 TR30 $12.90 
S1.1050G(50WI $27.80 TR50 $17.90 
A -SI -10 (Socket for above/ .95 
Note. One Transformer can power two 

Senken audio amplifier modules. 

Data Sheet with application Notes -$.50 

-11r ea 
AUDIO 1 

POWER AMPLIFIRS 
Wat 

Multi- purpose linear amplifiers for comercial and indus- 

trial applications. 

Less than 0.5% harmonic distortion at full power level. 

% dB response from 20 to 100,000 Hz. 

Single or split (dual) power supply. 

Rugged, compact and lightweight packages. 

Built -in current limiting for SI -1050G and efficient heat 
radiating construction. 

TYPICAL CONNECTIONS 
SI.1050G with SPLIT SUPPLY 

SUPERKIM..$395.00 
Economical ex 
pension into 
more RAM, user 
EPROM and pro- 
totype area on 
one modern, com- 
pact fully assembled 
and integrated board 
Total compatibility 
with KIM'1 software. 
On board 5V, 3A reg - 

lator and TTY, 85232 anrf Audio Tape Interface 

Ballantine Model 1010A 
Dual Channel /X -Y Scope 

A professional oscilloscope - to fit 
your 

° basic t.,r -0 r 41IL i needs. !.ee ±' $695 

PET 2001COMPUTER 
Quite portable, very affordable and un- 
believably versatile, the PET computer -> may very well be a lifetime investment. 

Model Description Price 
2001 Computer w /8K $795.00 
2020 PET Printer $695.00 
C2N Externat Cassette $ 99.95 

KIM -1 MICROCOMPUTER 

Fully 
Assembled 
& Tested 

$17900 
Including 
Documenta 

HICKOK LX 303 MULTIIMETER 
Compact. Accurate. Dependable. With easy-to- 
read '''A" liquid crystal display for convenient use 
in any kind of light. Weighs only 8 ounces. 
Operates up to 200 hrs on a single 9 volt battery. 
Nineteen ranges including 200mV to 1000VDC, 
100 to 10 Megohms, 100 and 1000 VAC ranges, 
twuA and 10mA ranges. Excellent overload pro- ..., color coordinated case and $7 color coded panel. 

1802 SERIES 
Lo- Ceramic 55 to .125 C 

LE. Epoxy -40 to a BS C 

1 sono s1á95 
1822.0 1 W 
1824LO 7 5 
1852.2 8.25 
1653.2 5.65 

184L 
1.70 

56/D 5.52 
1857.2 550 
1856.0 5.65 
1859LO 5.65 

1802LE 51.20 
I822LE 8.05 
1824LE 155 
; 90 852LE 

1 45 053.E 
1854.E 850 
1856.E 1 10 
1857.E 1 10 

IB58LE 1.45 
1859LE 

ANCRONA HAS THE SOURCERERTr" COMPUTER 
$89500 

STANDARD FEATURES: Z80 -4K ROM - 0 8K RAM -Dual Cassette I /O -30 Lines of / 64 Characters -64 Defined Characters and 
64 User Defined Characters -512 x 240 
Graphic Resolution -Edge Card Connection 
to 5100 Bus -Serial and Parallel I/O 

OPTIONS: Expandable to 32K RAM-8-Slot 5100 Bus- Printer -Disk 
Storage- Telephone- Voice -Home Controller 

GRI -ASCII KEYBOARD KIT 
753K Keyboard $59.95 
756K Keyboard $64.95 
701 Enclosure(753 onl0$14.95 
702 Enclosure (both) $29.95 

IFLUKEI MICROPOWER Timing Circuit 
XR L555CP 
Directly inter- 

changeable 
popular 

555 Timer. 
Dissipates 

1 /15th power. 
$1.50 each 

Intersirs Universal 

Model Counter System 
8020A EVALUATION KIT 

ICM7226EV $5995 
$169 

Intersil LED or LCD 
31/2 DIGIT PANEL 

METER KITS " 
BUILD A WORKING DPM IN 1 /2HOUR WITH 

THESE COMPLETE EVALUATION KITS 
Test Itese new pans for yours. with Inter., low COSI 

IIPr ne ] Iml orcLE2 esPl Y^ Ip , 1ne ] 0]I ax Is P mviae ell 

ICL7108EV (LCD) $29.95 ICL7107 (LED) $24.95 

NN 

SYM-1 
The 

Complete 
MICRO 

Computer 
System 

$269.00 

5% CARBON FILM 'rw 
$1.69 

RESISTORS YxW 

$1.79 
All values from ton,. to MS-2- Only in mu /tip /es of 100 pes per value 

FUNCTION GENERATOR KIT Includes all 

XR- 2206KB e "ponants, PC board and instructions. $19.95 

The kistructor 50 
Desktop Computer 

from SIGNETICS 
Complete. Ready -To -Use 

Microprocessor Learning Package 
Includes everything you need to write, 
ran and debug a hinelanguage pro- 
grams. Housed in one compact package. 

15 Megahertz PORTABLE MINI -SCOPES 

1 }.k4.Y,; 
" . 

DUAL 
TRACE MS -215 

$43500 
SINGLE 
TRACE MS -15 

$ 31800 
with RECHARGEABLE 

PORTABLE (2.7"Hx6.4"Wx7.5 "D) BATTERIES & CHARGER 
AVAILABLE OPTIONS - usable on both the MS -215 and the MS-15 
41 -140 Leather carrying Case $45.00 - 41 -141 10 to 1 Probe $24.50 

AINCFKINA S Check a 

Money 
end 

Order tor: 

P.O. Box 220$P, Culver City. CA 90230. California resi- 
dents add 6% sales tax. Minimum Order: $10.00. Add 
$1.00 to cover postage and handling. Master Charge and 

Visa welcomed. Please include your charge card number, Interbank 
number and e piration date. PHONE ORDERS 12131 641 -4064 

ARIZONA 
ANCRONA 

E Broadway 
Tucson , 95711 

1802/ 861.234 

CALIFORNIA 
ANCRONA 

11090 latraoon ONO 
"12131 

v390359530 

CALIFORNIA 
ANERONA 

s.ómasñeáii 6 

OREGON 
ANCRONA 

92nd Aoa 1125 

eÓ15031 254 -55410 

CANADA, B.C. 

5555 onTA51. 

0432 16 -0707 

CALIFORNIA 
ANCRONA 

1054 E Et Csoono 

s°I4081 N3Je4oet 

GEORGIA 
ANCRONA 

A1ä041 261]1006 

TEXAS 
ANLRONA 

2649 Rolonond 
H 

17131" 528.348g 
e 
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PRIME TTL & CMOS AT LOWEST 
7480 =OE 7482 . 

0.31 

0.50 
74181 
74182 

1.75 

0.75 
74LS42 
74LS47 

0.60 
0.75 

74LS192 
74L5193 

0.90 
0.90 

74578 
745112 

0.58 
0.58 

14048 
74C73 

0.96 
0.62 

4007 
4008 

....0.16 

....0.74 
4086 
4089 

. 0.64 

. 2.75 
7483 . 0.54 74184 1.75 74L548 0.72 74LS194 0.85 740113 0.58 74C74 0.48 4009 ....0.35 4093 . 1.55 

7400 ...$0.14 7485 . 0.80 74185 1.75 74LS51 0.25 74LS195 0.50 740114 0.58 74C76 0.68 4010 ....0.35 4099 . 2.10 
7401 ....0.15 7486 . 0.27 74188 2.80 74LS54 0.25 74LS196 0.80 745132 0.75 74083 1.28 4011 ....0.16 4104 . 2.40 
7402 ....0.15 7489 . 1.75 74190 0.95 74LS55 0.25 74LS197 0.80 740133 0.38 74085 1.20 4012 ....0.16 4503 . 0.98 
7403 ....0.15 7490 . 0.40 74191 0.95 74L573 0.38 74L5221 1.05 745134 0.38 74086 0.40 4013 ....0.31 4507 0.37 
7404 ....0.16 7491 . 0.51 74192 0.80 74LS74 0.35 74LS251 0.80 740135 0.49 74089 3.95 4014 ....0.73 4510 .095 
7405 ....0.16 7492 . 0.40 74193 0.80 74L576 0.37 74LS253 0.80 745138 0.77 74090 0.92 4015 ....0.73 4511 . 0.93 
7406 ....0.24 7493 . 0.40 74194 0.80 74L$78 0.36 74L5257 0.70 740139 1.50 74C93 0.92 4016_ .... 0.28 4512 . 0.64 
7407 .... .24 7494 . 0.60 74195 0.49 74LS83 0.75 74L S258 0.70 740140 0.47 74C95 1.04 4017 ....0.78 4516 . 0.76 
7408 ....0.17 7495 . 0.60 74196 0.73 74L585 1.30 74LS259 1.60 74S151 1.25 74C 107 0.68 4018 ....0.78 4518 . 0.76 
7409 ....0.17 7496 . 0.60 74197 0.73 74LS86 0.36 74LS260 0.34 740153 2.10 740151 1.78 4019 ....0.21 4519 . 0.62 
7410 ....0.15 7497 . 2.45 74198 1.30 741.590 0.50 74L S266 0.26 740157 0.75 740154 2.90 4020 ....0.83 4520 . 0.68 
7411 ....0.18 74107 0.29 74199 1.30 74LS92 0.50 74LS279 0.52 745158 1.25 74C 157 1.78 4021 ..,.0.83 4527 .1.48 
7412 ....0.20 74109 0.32 74251 1.00 74L593 0.50 74LS283 0.72 745174 1.50 74C 160 1.08 4022 ....0.83 4528 .0.86 
7413 ....0.25 74121 0.29 74279 0.49 74LS95 0.85 74LS290 0.60 745175 1.45 74C 161 1.08 4023 ....0.16 4532 . 0.86 
7414 ....0.55 74122 0.35 74283 1.00 74LS107 0.35 74LS295 0.90 745189 2.75 74C162 1.08 4024 ....0.66 4539 . 1.10 
7416 ....0.22 74123 0.39 74290 0.59 74LS109 0.35 74L5298 0.90 740194 1.75 74C 163 1.08 4025 ....0.16 4555 . 0.67 
7417 ....0.22 74125 0.37 74293 0.57 74LS112 0.35 74LS365 0.52 745200 3.25 740164 1.08 4027 ....0.37 4556 . 0.88 
7420 ....0.15 74126 0.38 74298 0.92 74LS113 0.35 74 L S366 0.52 745206 3.75 740165 1.08 4028 ....0.73 4582 . 0.88 
7421 ....0.17 74132 0.65 74365 0.62 74LS114 0.35 74LS367 0.52 740253 0.95 740173 1.16 4029 ....0.98 4584 . 0.74 
7423 ....0.25 74141 0.70 74366 0.62 74 L0123 0.90 74L5368 0.52 745257 1.15 74C174 1.08 4030 ..,.0.21 4702 . 7.10 
7425 ....0.25 74145 0.65 74367 0.62 74L5125 0.46 74LS386 0.36 745258 1.15 74C 175 1.04 4031 ....2.97 4703 . 8.25 
7426 ....0.22 74147 1.50 74368 0.62 74LS126 0.46 74LS390 1.65 745280 2.25 74C 192 1.30 4034 ....2.75 4704 . 7.30 
7427 ....0.19 74148 1.15 74LS132 0.72 74LS393 1.35 745287 3.20 740193 1.30 4035 ....0.84 4705 . 9.25 
7430 ....0.15 74150 0.79 74LSxx TTL 74LS133 0.34 74LS490 1.10 745280 3.55 74C 195 1.10 4040 ....0.86 4706 . 9.75 
7432 ....0.23 74151 0.59 74LS136 0.35 74LS670 2.29 740300 1.60 74C200 7.50 4041 ....0.64 4707 . 9.25 

74LS00 90.21 7437 ....0.21 74152 0.59 74LS138 0.70 740305 1.90 740221 1.38 4042 .. . 0.64 4708 14.35 
7438 ....0.21 74153 0.60 74LS01 . 0.27 74LS139 0.70 74Sxx TTL 740310 2.85 74C901 0.48 4043 ....0.62 4710 6.40 
7439 ....0.25 74154 0.95 74L502 . 0.21 74L5151 0.65 74$312 1.05 740902 0.48 4044 ....0.62 4720 .6.95 

74000 00.35 7440 ....0.15 74155 0.65 74LS03 0.21 74LS152 0.65 745313 1.55 740903 0.48 4046 ....1.35 4721 31.35 
7441 ....0.70 74156 0.65 74LSO4 . 0.24 74LS153 0.66 74502 . 0.35 740316 2.80 740904 0.48 4047 ....1.45 4723 . 0.93 
7442 ....0.38 74157 0.59 14LS05 . 0.24 74LS154 1.00 74003 . 0.35 740341 4.10 740905 6.00 4048 ....0.95 4724 . 1.29 

7443 ....0.55 74158 0.59 74LS08 . 0.23 74LS155 0.62 74504 . 0.36 745342 1.20 740906 0.48 4049 ....0.33 4725 1.29 

7444 ....0.55 74160 0.79 74LS09 . 0.23 74LS156 0.62 74005 . 0.36 745343 4.95 740907 0.48 4050 ....0.33 40014 . 0.72 
7445 ....0.55 74161 0.79 74LS10 . 0.21 74L5157 0.62 74008 . 0.38 740346 1.25 74C908 0.96 4051 ....0.89 40085 1.47 

7446 ....0.62 74162 0.79 74LS11 . 0.21 74L5158 0.70 74509 . 0.38 740362 2.15 74C909 1.78 4052 ....0.89 40097 . 0.54 
7447 ....0.57 74163 0.79 74LS12 . 0.27 74LS160 0.82 74510 . 0.35 740387 4.70 740910 6.00 4053 :...0.89 40098 . 0.54 
7448 ....0.60 74164 0.79 74LS13 . 0.40 74LS161 0.82 74011 . 0.38 74C814 0.90 4060 ....1.40 40106 . (..90 
7450 ....0.15 74165 0.90 74LS14 . 0.85 74LS162 0.82 74515 . 0.38 74Cxx TTL 740918 1.16 4066 ....0.54 40160 . 1.09 
7451 ....0.15 74166 0.95 74LS15 . 0.26 74LS163 0.82 74020 . 0.35 74C925 7.80 4068 ....0.34 40161 . 1.08 

74000 $0.24 7453 ....0.15 74167 3.20 74LS20 . 0.23 74L5164 0.98 74522 .. 0.36 740926 7.80 4069 ....0.26 40162 . 1.08 

7454 ....0.15 74170 1.85 74L521 . 0.23 74L5168 0.83 74030 . 0.27 74CO2 . 0.24 740927 7.80 4070 ....0.40 40163 . 1.08 
7459 ....0.15 74173 1.10 74LS22 . 0.23 74LS169 0.83 74032 0.50 74004 . 0.26 74C928 7.80 4071 ....0.19 40174 . 1.08 
7460 ....0.15 74174 0.85 74LS26 . 0.31 74L5170 1.60 74540 0.35 74008 . 0.25 4073 ....0.21 
7470 ....0.27 74175 0.75 74LS27 .0.26 74LS173 1.00 74051 . 0.17 74C10 . 0.24 4xxx CMOS 4075 ....0.21 
7472 ....0.24 74176 0.69 74LS30 . 0.23 74LS174 0.75 74560 . 0.35 74C14 . 0.90 4076 ....1.16 

$0.16 7473 ....0.24 74177 0.70 74L532 .0.30 74LS175 0.79 74064 . 0.38 74C20 . 0.25 4000 4077 ....0 46 
7474 ....0.24 74178 1.20 74LS37 . 0.31 74L5181 2.50 74065 . 0.38 74C30 . 0.24 4001 . 0.16 4078 ....0.35 
7475 ....0.45 74179 1.20 74LS38 .0.31 74LS190 0.90 74574 . 0.58 74032 . 0.25 4002 . 0.16 4081 ....0.19 
7476 ....0.29 74180 0.65 74LS40 . 0.26 74L5191 0.90 74576 0.58 74C42 0.94 4006 . 0.85 4085 ....0.64 

PRICES 
VOLUME DISCOUNT SCHEDULE 

Merchandise Total Discount 
S 0.00 -$ 9.99 NET 
$ 10.00 -$ 24.99 LESS5% 
$ 25.00 -$ 99.99 LESS 70% 
$ 100.00- $49999 LESS 15% 

S 500.00- $99999 LESS 20% 
$1000.00and Up LESS 25% 

STANDARD SHIPPING CHARGES 
If your Merchandise Total is between: 
$ 000-$ 4.99 add $2.00 
$ 5.00- $24.99 add $1.00 
$ 25.00- $4999 add $0.75 
$ 50.00- $9999 add $0.50 
$700and Up NO CHARGE 

The above charges include shipping via 
First Class Mail or UPS (your choice). 
and insurance on all domestic 
shipments. 

SPECIAL SHIPPIN CHARGES 

COD $1.00 -additional 
UPS Blue $2.00- additional 
Postal Insurance . $1.00- additional 
Special Delivery $1.25- additional 

INTERNATIONAL 

COMPONENTS 

CORPORATION 
P. O. BOX 1837 
COLUMBIA, MO 65201 
PHONE: 1314) 474 -9485 

> 
m 
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G 
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ASC -11 KEYBOARD BURGLAR ALARM 
CONSOLE BOARD $2.88 

4 
m 

sS_ 

This Honeywell No. 7. 10090 -r s 1 

ASCU encoded microswitch data entry 
format keyboard. Comes with fully pop- 
ulated I.C. boards. Some 100 I.C.'s, 
7100 & 71400 eries or some are dot 
matrix I.C.'s, LSI chips TMC 4907 - a 

4 mhz crystal, a Mostek MK2002, plugs 
into a wire wrap board of 120 sockets. 
Also 2 -large heat sinks, 4- 2N3055 
xistors, 2- 2N3668, 4- jumper cables with 
dip plugs attached, 30 lamps No. 382 & 
other stuff. Power required for key- 
board +5VDC, - 12VDC regulated. Pin 
out supplied for keyboard only. Key- 
board in console is a complete assembly 
ASCU encloded & is easily removed to 
fit o 

r 
use as is. The additional circuitry 

was used to drive status indicators; 
Format, program level, check & display 
etc. Console size: 19" wd.x16" dp. x 

8" hg. rear, front Slopes to 2 3/4" hg. 
Removed from equipment, Good 

QtoQexx-- 
ShI Wt.c16 Llbson 0W0584$68.88 
3 for $188.86. . 8W0584. . $188.88/3 

MOTION DETECTOR 

T ss a arm sensor fills t t protecte area 
With an energy screen that cannot be 
seen, felt or heard. Triggers your alarm 
or field. Mounts on ceiling, wall, desk, 
shelf etc. Optional delay mode, auto- TERMS 
reset. Operates on 12.5 VDC. A close- 
out that originally sold for 81 79.00! 

+ 
1 hone Orders 

Sh. Wt .3 Lbs. . . .8030336$49.95 Charge It! 
EQUIPTO RACK CABINETS Use Your 

Neat new closed -circuit alarm 
board will latch a relay if the alarm 
circuit is opened. This unit oper- 
ates on 12 -VDC at such a low price, 
it makes a perfect compact alarm 
component. With Data. Qty Ltd. 
5h. Wt. 6 oz.. uK30267. $2.88 
5 for $13.88. 8K30267 . $13.88/5 

REMOTE 
CONTROL 

SET 
Brand New! Originally for TV use , 

You can use to control stereo on/off, 
tape on/off, volume much much more. 
All are controlled rom across the room 
with a hand held xmitter. the ser. 

us custom desi gner. Includes: Trans- 
mitter, receiver & Mfg's schematics. 

Sh. Wt. 2 Lbs.. .8030372. $25 00 
BOOKSHELF/ 

FLOOR 
SPEAKER I 

KIT L 

1 

O 
3 -WAY Bookshelf System 

Big enought to utilize full size speakers: 
10" woofer, 5" middles & 4" super 
tweeter. Big enough to handle 50 
Watts /channel, small enough to fit your 
budget. Freq. Resp. 30 to 22,000 Hz. 
Ferro -Fluid Damping. Cabinet size 
20x 11 x9I/x "dp. Good things come in 
small packages - a nice extra set for the 
other room..? Sh. Wt. 60 Lbs. (allow for 3 

Pr. á 

á 
z 

two 30 Lb parcels 
KIT Order No. 81/) 0542 $88.88/ 

Add 

Size: 24 "X24 "X68 " with >I 

rails on front & back for 1p 

mounting equipment on 19" 
centers. No doors or sides 
List price $185.00 - NEW 
SURPLUS! Your cost only 
$50.00 each. Qty Ltd. 
Frt. Collect. 
8B20469 . . . .$50.00 L 

AE /MC /Visa 
Call Us At 

(617) 
531 -5774 

VISA' 

Postage - NO C.0 D's please 

VISIT OUR NEW STORE! 
the "TOWNE DUMPE" 

So. Willow St. (near Woolco) 
Manchester, N.H. 

B &F ENTERPRISES 
DEPT P -3 

119 Foster Street 
Peabody, MA. 01960 

(617) 531-5774 o 

Bl _1 
CIRCLE READER SERVICE CARD FOR FREE JUMBO CATALOG 
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SN76477 Complex Sound Generator $3.50 
This is a programmable sound effect generator capable of pro- 
ducing a wide variety of sounds from high to low frequency. 
Using this chip & a small number of inexpensive parts, a variety 
of projects may be built. Spec shs & application notes $1 .00 

TL500 Analog Processor $8.50 
The TL500 contains all the active analog elements for an auto- 
matic zeroing and automatic polarity. It is a 13 -bit dual -slope 
A/D converter that has true differential inputs. It requires 3 
caps. & 2 resistors with no special matching or tolerances. It 
is designed for use with the TL502. Spec sheet $ .25 

TL502 Digital Panel Meter L.D. $7.50 
This is a 4Y -digit Digital Panel Meter L.D. that is designed to 
interface with the TL500 analog processor. It provides base 
drive for external PNP digit & segment drivers providing direct 
interface with 7- segment display. Spec sheet $ .25 

LD130 A/D Converter $5.50 
Single- reference voltage, auto zero and auto polarity. It is de- 
signed for Digital Voltmeters, Panel Meters, Digital Thermo- 
meters, Microprocessor Interfaces to Analog Signals, & General 
Instrumentation. 34 -pg. Spec & Application notes $2.50 

MM5865 Programmable Stopwatch $7.50 
7- function Universal Timer and Stopwatch. Start /stop with 
elapse time, start /stop accumulative event time, split, sequential 
total elapse time, rally total elapse time, program up and down 
count. It uses 32.8 KHz crystal or external clock. 
Spec sheet & 10 -page Application notes $ 1 .5 0 

32.8 KHz Crystal $4.00 
Minimum order $5.00 US c ncy. Check or money order only Add 5% to Cove. m'nputg end 
hendl,ng charges. Calf residents add 6% tales ter. Santa Gare Counry residents odd 6.5% sales ta., 
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Original Japanese Replacement Parts for TV, Stereo and CB j 

25-UP 110-24 
I 1-9 25-UP 10-24 19 25-UP 11024 11-9 

2SA102 .29 .34 .39 2SC460 .46 .50 .66 2SC1114 3.40 3.60 3.80 20C2072 
25A473 .45 .55 .60 2SC481 1.25 1.35 1.45 2SC1116A 3.20 3.45 3.80 2SC2076 
206484 1.85 235 2.35 2SC482 1.25 1.35 1.45 2SC1124 .80 .86 .96 2SC2091 
20A495 .25 .30 .35 20C486 1.26 1.36 1.45 2SC1127 .BO .86 .95 25C2092 
206497 .90 1.15 1.25 2SC495 46 .56 .60 2SC1162 .70 .75 .86 2SC2098 
206509 .30 .36 AO 2SC509 30 AO A5 2SC1166 .26 .36 .40 25072 
256682 .25 .30 35 2SC517 2.90 3.10 3.26 2SC1172B 3.10 .3.50 3.86 20091 
2SA664A .29 .34 .39 2SC535 30 .36 AO 2SC1173 .60 55 .70 20092 
256634 .36 .40 .45 2SC620 .45 .60 .55 2SC1177 10.90 12.40 1350 250180 
2$A638 .80 55 .90 2SC632A .35 .40 .46 2SC1209 .26 .36 .40 200187 
256643 .30 36 .40 2SC634A .40 .46 50 2SC 1226 .50 .60 .70 250218 
206673 .30 .40 .45 25C6976 3.20 3.60 3.90 2SC1226A .50 .60 .70 250234 
236878 .40 .50 55 25C710 .20 .27 .30 2SC1237 1.70 1.90 2.15 250235 
206683 .40 50 55 2SC7/1 .20 .27 .30 2SC1239 2.10 366 2.85 2SD261 
256684 .40 .60 .55 2SC712 20 27 .30 2SC 1306 1.25 1.85 1.85 200287 
206695 40 .60 .55 2SC717 .35 40 .45 2SC1307 216 2.66 256 200291 
2SA899A .60 .60 .65 2SC730 2.96 3.15 3.35 2SC1318 .30 .40 .46 250313 
206706 .85 .95 1.05 2SC731 20 .25 30 2$C 1364 .30 .40 .46 2SD3I5 
206720 .30 .36 .40 2SC733 .20 .25 .30 2SC1383 .30 .40 .46 25D325 
206733 .25 27 .30 2SC734 .20 .25 .30 2SC1384 .30 .40 .45 2013330 
256747 4.16 4.36 4.85 2SC735 .20 .26 .30 2SC 1424 2.76 2.86 2.96 250356 
25822 A6 .60 .55 2SC756 1.46 1.75 1.95 2SC 14486 1.00 1.10 1.20 2S0368 
25064 .30 .35 .40 25C7566 2.00 2.10 220 2SC1476 .86 .85 .95 200359 
25877 .30 .40 45 2SC778 250 3.10 330 2SC 1509 .66 .80 .85 250427 
258175 36 .40 A5 25C781 1.96 2.16 246 2SC1567A .60 .85 .76 200525 
258188 20 27 .30 2SC784 .30 35 .40 2SC1675 .26 .30 .36 200526 
256187 20 .27 .30 2SC789 .76 .86 .96 2SC 1678 1.25 140 1.56 250 19 
256324 26 .36 .40 200793 1.96 2.16 2.45 25C1887 .40 .45 .60 20023 
288387 1.10 1.20 1.35 2SC799 1.96 2.16 2.45 2SC 1727 1.20 1.25 1.30 20630 
258406 25 .30 .35 2SC828 10 27 .30 2SC 1728 50 .96 1.00 25033 
258407 .70 .86 .95 2SC829 .20 .27 30 2SC 1760 .86 1.00 1.10 20034 
256483 130 1.06 1.16 2SC839 .30 .35 AO 25C1776 .30 .35 .40 25041 
258474 .70 .80 90 200867A 4.00 4.25 4.60 2SC 1816 1.45 1.70 1.95 20055 
2S13507 .70 .80 .90 2SC900 .20 .27 30 2SC1908 .26 .35 .40 30022V 
256511 .70 .75 .86 2SC930 20 .27 .30 2SC1909 2.00 255 2.75 30036 
208567 2.05 2.46 2.75 2SC945 .20 .27 .30 2SC1945 4.40 490 6.50 30037 
2SC183 .40 50 .66 2SC1000BL .36 .40 .45 2SC1967 .60 .70 .80 35040 
2SC184 .40 .60 .55 2SC1013 .46 .60 .65 2SC1969 3.60 3.90 4.30 30041 
2SC372 .20 .27 .30 2SC1014 50 .60 .66 2SC1973 .60 .85 .70 30046 
2SC373 .20 27 .30 2SC101B .70 36 15 2SC 1974 1.25 1.66 1.85 35048 
2SCJd0 .20 .27 .30 2SC1030 1.80 235 2.35 2SC 1975 1.25 1.65 155 35049 
2SC382 30 .40 .45 2SC1056 4.60 4.70 4.90 2SC2009 75 .80 .85 68115 
25C387A .30 AO .45 2SC1060 .66 .75 .86 2SC2021 .55 .60 .65 682140 
2SC394 25 .30 .35 2SC1061 .70 .BO .90 2SC2028 .50 .60 .65 68228 
2SC458 20 27 30 2SC1096 .46 .50 55 2SC2029 1.45 1.75 1.96 AN239 

25-UP 
1 

1024 1r8 25-UP 1 1044 11-9 25-UP 10-241 1-9 

3.65 3.75 3.95 AN247P 2.40 2.60 2.90 T 67089 1.95 2.15 246 
.46 .60 .65 AN274 1.50 1.70 1.90 T 6709 4.40 4.90 6.40 
.85 1.06 1.15 AN313 4.20 4.40 4.60 TA7120P 145 1.86 1.85 

1.75 1.95 2.20 AN315 1.76 1.96 2.20 TA7139P 1.66 1.76 1.96 
3.00 3.20 3.45 BA511A 1.70 1.90 2.16 TA7153P 5.70 6.90 6.10 

.50 50 .65 BA521 1.86 2.06 2.36 TA7203P 2.46 2.80 2.86 
1.30 1.40 1.66 HA1151 1.46 1.70 1.86 T 67204 1.96 310 2.46 
140 1.56 1.75 NA 1156 150 1.76 1.96 TA7206P 155 1.75 1.96 
1.55 1.75 1.96 HA 1306W 1.90 210 240 TA7214P 3.90 4.20 4.60 
.30 .40 .45 H61322 2.40 2.60 250 TA7310P 1.26 1.40 1.55 

2.95 3.20 3.45 HA1339 2.46 2.66 2.95 TA7607P 5.80 8.00 8.20 
.BO 30 .BO 4613396 2.46 2.66 2.96 TA7609P 4.40 4.60 4.80 
.60 .70 .80 LA1222 2.10 2.30 250 TBA8105H 1.86 2.05 2.36 
.30 .36 .40 LA3101 3.46 3.60 3.76 TC6080P 490 5.00 5.60 

350 2.86 2.85 LA4031P 1.76 1.96 2.20 TC5081P 2.90 3.10 330 
235 246 2.76 LA4032P 1.75 156 2.20 TC6082P 330 346 3.80 

.60 .86 .70 LA4220 2.26 2.40 2.65 UHIC001 4.90 6.10 5.60 

.60 .70 .80 LA4400 1.85 2.05 2.35 UHIC002 450 6.10 6.80 

.60 .65 .75 L03141 1.70 1.80 1.90 UHIC003 4.90 6.10 5.60 
59 .79 .89 M6115111 4.85 4.90 4.96 UHIC004 4.90 5.10 6.60 
.70 .75 .80 M51513L 395 2.16 2.46 UHIC006 4.90 6.10 6.80 
.70 .80 .90 M N 3001 13.20 14,85 16.60 UHIC006 4.90 5.10 6.80 
.75 .85 .95 MN3002 9.25 10.40 11.56 UPC20C 2.00 2.40 2.70 

1.75 156 2.20 MN3003 6.64 6.34 7.04 UPC141C 2.30 2.40 2.60 
.70 1.06 1.16 PLL01A 4.00 4.16 4.66 UPC167A 3.26 3.45 3.65 
.60 .70 .80 PLL02A 4.96 6.20 6.80 UPC554C 1.80 1.70 1.80 
.45 .50 .55 PLL03A 7.60 7.90 8.70 UPC666H 1.60 1.70 1.80 
.80 .95 1.06 S6264A 7.00 7.40 7.80 UPC672C 3.70 4.10 3.69 
.40 .46 .60 SG609 4.10 4.30 450 UPC574C .90 1.08 1.20 
50 .65 .76 SG613 6.06 5.46 6.85 UPC676C2 1.26 1.40 1.66 
.50 .56 .60 SM5104 7.90 8.40 8.90 UPC578 1.85 305 2.36 
.50 56 .60 STK011 3.55 3.96 4.36 UPC692H2 .76 .85 .95 
.60 .66 .75 STK013 8.80 10.00 11.10 UPC 1001H21.85 2.05 2.36 

150 1.70 1.80 ST 0015 4.10 4.30 4.80 UPC1008C 455 6.16 6.76 
1.20 1.35 1.50 S1K060 23.10 26.98 28.86 UPC1020H 1.85 2.06 2.36 
130 2.00 230 ST 0415 7.10 7.80 8.10 UPC1026 1.86 2.06 2.36 
1.25 1.40 1.56 STK435 4.45 4,96 5.66 UPC1028 1.40 1.62 1.80 
125 1.40 1.65 STK439 8.00 500 10.00 UPC1031H 2.52 2.74 2.98 
1.25 1.40 155 167045M 1.95 2.16 2.46 UPC 1032H 1.70 1.86 2.10 
3.30 3.40 3.70 TA7055P 1.95 2.16 2A6 UPC1162H 2.90 3.10 3.30 
325 140 1.55 TA7060P .85 136 1.15 UPC1156 1.85 2.06 2.36 
230 2.16 2.26 TA7061P .86 1.06 1.161 UP0277C 8.70 8.90 9.10 
1.56 1.66 1.85 TA7082P 1.05 1.20 1.35 UPD867C 7.90 8.30 9.40 
4.10 4.30 4.50 TA7063P 1.26 1.36 1.50 UP0858C 7.00 7.10 7.20 
4.10 4.30 4.80 TA7074P 3.70 3.86 4.00 UPD867C 0.70 8.90 9.10 

PRICES MAY CHANGE WITHOUT NOTICE COD ORDERS WELCOMED 

Minimum order $10.00 - N.J. Residents add 5% Sales Tax. 
We pay postage for prepaid orders of $50.00 or more, 

Under $50.00, add $1.00, Canada $1.50. 
Quantity Discount Prices Ask for our complete price list - 

Manufacturer inquiries welcome . All parts guaranteed. 

TOLL FREE TELEPHONE 
Nationwide 800/631 -1250 Local 201/748.5089 

HOURS: Mon. - Fri. 8 to 5:30 Sat. 8 to 1 

IMMEDIATE DELIVERY WITHIN 48 HOURS 

ON ALL TRANSISTORS IN STOCK 

INTERNATIONAL 

NEW -TONE ELECTRONICS INTERNATIONAL 
P. O. Box 1738, Bloomfield, N. J. 07003 

New Jersey Phone: 201/748 -6171 

CIRCLE NO. 35 ON FREE INFORMATION CARD 

CODE-A-PHONE 

elephone Answering Devices 
Wiremote d Command 

Mom.114°° $199.95 
mod,,1500 $249.95, 

3%2 -Digit Ungar - 
Portable DMM mu Heat Gun 

$46.50 

Weller Xcelite 

¡*PNEC/SION 

SE= NJ C O 1 =1 

TV- VTR -MATV 
and Video Analyzer 

M di 2400 
.. 

$85 .)I 
'6 '1° $110.50 

15 MHz Mini 
Oscilloscope 

Mod,l MS 5 

$269.95 

NOW AVAILABLE 
Dual 1 lace Version 

Model MS 215 1e SO'l I:. GG 
Model Logic Probe 

$40.00 
complet, 

Model 
VA48 

`4 
$875.00 

=5 CONTINENTAL SPE I 

100 MHz 8 -Digit Counter $119.00 

PS500 500MHZ Prescaler 52.95 
IjeKPNECISION Digital f 

Capacitance Meter 

$110.50 

Model 
820 

M...LEADER 

MAx 100 

Transistorized BSR Changer 
LCR Bridge Accessories 
Model LCR 740 :. \. $24.95 

ID 

$o 711'.101, 

$271.95 
.j: 

WAHL 
NEW ISO -TIP 
"Quick Charge' 

Logic Monitor=0= 

$52.95\I Mdel LM I 
omplel 

Service Master Attache Style' lntr 
Tool Kit Tool Cases m 9 PR Attach 
Model 99SM MODEL IC I00 ST 

Roll Kit Tool $42.95 $269.95 $15.95 Case '4 
with 2 

4 
+ 

SUPER Removable Pallet 
Model500,1 $65.00 

SPECIAL 
M,,,,,1 In-Dash 
,821 AM /FM 8 Track 

$654.50 ` Stereo 

x ll' 
,e 

1 7e 

a0 3-Way 
M°OFl Speaker 

S27.95 ', r; 

5 ERinstruments 
CEAD 

BE= I10 0FEE 
POCKET CRICKET 

TRANSISTOR /FET TESTER 

Reo 0175110 $99.95 
TF 40 

20 MHz. 
Dual Trace 

S1I9S 

S22 50 

HICKOK 
Function 
Genera 

514.95 
Ea= 15MHz 
3" Dual Portable 
Trace s-iR 

Magnifier , 700 Series 
LAMP 
Model MG 104 

$49.50 
Auto Stereo 40 Watt 
Power Booster 
POW -40 '' : ""° $24.95 

VOM Multimeters 
20K ohm /v $19.95 

with m rimed scale 

1K ohm /v $9.95 

C 777 

4 $52.50 

-_I 30MHz 
.----. Portable 

Frequency 
Counter Transistor Tester Model 100 

$59 95 
$22.00,1, 

CAS BOB 

$57.50 

Mod,' 270 

SA69.15iioellerolled f: 

«PRECISION .`t5'00 
Output 

Sub Soldering 1 ^odelwTPN 

stituUon Station FREE 
Box $51 1979 

Model 2910 cnM " 

'' 

p^ces Catalo 
AM /FM Call TOLL FREE 
Cassette 0(800) 645"(-9''5'1'8- 45 9518 
Stereo !¡yJ n 

cn.'..,. 
SININIIMI 

Scope 
Model 14328 

Ili Rrl S7N0 la 

$663. 
with probes 

CIRCLE NO. 20 ON FREE INFORMATION CARD 
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MA1008A 
BRAND NEW! 

Operation Assist 
Il you need information on outdated or rare 

equipment -a schematic. parts list. etc.- another reader 
might be able to assist. Simply send a postcard to 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'll appreciate it (Only those 
items regarding equipment not available from normal 
sources are published.) 

S.C.A. Service Company model SCA -1 decoder. Need as- 
sembly instructions, parts layout and adjustment. R. Harding, 
80 Elizabeth Village, Carrollton, GA 30117. 

Wells Gardner, Navy Radio Receiver, .54 to 30 MHz, model 
RAO -3, Type CWO- 46187 -A. Need manufacturing alignment 
instructions or technical manual. Donald A. Weiler, 4641 Ka- 
wanee Ave., Metairie, LA 70002. 

Sanyo model 34401, chassis 564.51035, reel -to -reel record- 
er. Need owner's and /or service manual. W. Erwin, Box 422, 
Polk City, FL 33868. 

Dyn -Sonic AM /FM Stereo, 8 Track model DS -3055. Need 
schematic, parts layout and parts list. William G. Wentz, Jr., 
106 Fannin. Goodlettsville, TN 37072. 

Jackson tube tester model 648. Need tube charts since 1964. 
Carlton Wilson, Box 535, Altavista, VA 24517. 

Presto Recording Corporation type CDR Console tape re- 

corder. Need operation manual. Fairchild SM -2. Need re- 
placement stylus. Thomas F. Blue, Jr., Box 1765, Louisville, 
KY 40201. 

Daytonia Red Baron and Oulntron solid -state metal detec- 
tors needed. W.G. Eslick, 2607 E. 13th, Wichita, KS 67214. 

Saab /Bendix model 9FBSA AM -FM auto radio. Need sche- 
matic or Sams auto radio series 110. Peter Moranski, 35 Re- 
vere Rd., Fishkill, NY 12524. 

Electro nuclear DX navigator Loran C model 102A. Schemat- 

ic or manual needed. Dave Piersen, Box 66, Maynard, MA 
01751. 

Eldico model SSB 100 Mil. Need instruction manual. W.E. 
Whitlock, 1214 Vilsmeier Rd., Lansdale, PA 19446. 

Lake Manufacturing Company Voycall amplifier type 
S1000LA, serial # 125851. Need tube layout and schematic. 
Allan W. Young, 157 Bragg Ave., Grass Valley, CA 95945. 

Hammariund model HZ -129 -X communications receiver. 
Need bandspread drive assembly, consisting of knob, shaft, 
bushing, flywheel and rim drive. Gerald Koske, 10204 Thayer 
Rd., Wonder Lake, IL 60097. 

U.S. Signal Corps DY -94 /GRC -10, R- 125/GRC -10, T -235/ 
GRC -10, F- 237 /GRC and systempatch panel. Need sche- 
matics and manuals. Gary B. Rogers, 1115 Briarcliff Rd., Per- 
ry, GA 31069. 

Bell 900 stereo receiver. Need schematic and parts list. R. 

Swaljug, 3059 N. Oleander Ave., Chicago, IL 60635. 

Mediator A71 -C. Need potentiometric voltmeter manual. 
Rego Englneerin 9 1051. Need pulse generator manual. R. 

Sandell, 26 G.H. Baker Dr., Urbana, IL 61801. 

Sentinel Radio model 293 -W. Need glass tuning dial. Emer- 
son Radio serial number EC- 5983264. Need cabinet and 
handle. Stanley Uszewski, 182 Fairview Ave., Paramus, NJ 

07652. 

Philco model 42 -1015 radio. 4 Band MX, 2X SW, FM -12 tube. 
Need service data. Loewe Super 32 radio made in Germany 
in early 1930's. Need service data and tube type 2HMD. R.G. 
Paton, 56 Glengarry Rd., Auckland 7, New Zealand. 

Globe Electronics Globe Star CB. Need schematic. W.L. 
Fisher, Lawrence Rd., RFD 1, Mohegan Lake, NY 10547. 

Sansul model 5000 AM /FM tuner amplifier unit. Need instruc- 
tion manual. Terry Miller, 1375 Toedtli Dr., Boulder, CO 
80303. 

Hallicrafters model S118. Need schematic. Harry H. Mun- 
yan, 328 Cavin St., Clayton, NJ 08312. 

Hallicrafters SX -140K amateur band receiver. Need opera- 

tion and alignment manual. Doug Kowalski, 7319 Donna Dr., 

Middleton, WI 53562. 

Hickok 640 AF oscilloscope. Need power transformer. 

Kenneth Grant, 409 Danube, Borger, TX 79007. 

Philco model 42 -1015 FM, MW, 2XSW receiver and Atwa- 
ter Kent model P717X 3 -band receiver. Need service manu- 
als. R. G. Paton, 56 Glengarry Rd., Glen Eden, Auckland 7, 

New Zealand. 

Superior Instruments Co., model TD -55. Need schematic, 
circuit diagram, tube charts and operation manual for tube 
tester. Larry Cook, 362 East South St., Richland Center, WI 

53581. 

Sherwood model S8900 FM stereo receiver. Schematic. 
Charles Butler, AOE N.A.S. Whiling Field, Milton, FL 32570. 

Morrow Radio Phones model 5W1 transceiver. Schematic. 
Vincent Peery. Box 579, Johnson, KS 67858. 

Grundig model TK -46 tape recorder. Schematic. Raymond 
Clayman, 1644 Fairfield Ave., Kingsport, TN 37664. 

National Radio Co., 190 receiver. Will buy discarded receiv- 
er for parts. Ralph J. Monson, Rt. 1 Box 736, Lancaster, VA 
22503. 

R.C.A. model R.C. 22 receiving tube series. Need informa- 
tion on how to purchase. B. J. Maxwell, 139 Oswald St., 
Breaux Bridge, LA. 

Pilot model 900 stereo tuner amplifier. Need schematic, in- 
struction manual and alignment data. J. Radlick, 36651 Tu- 
lane, Sterling Heights, MI 48077. 

McMurdo Silver Company, Vomax model 900 test meter. 
Operating instructions. M. Stanfa, 519 N. 16th St., Murphys- 
boro, IL 62966. 

Redut AN /PDR -49A and DT- 191A/PDR -49 set and detec- 
tor. Need instruction manual and schematics. David Moody, 
4305 So. 8 SI., Terre Haute, IN 47802. 

Capehart model 8TPR -103 or 8TPR -23R. serial #40101107 
stereo record player. Need schematic and parts list. William 
C. Pollard, 1403 -A Williams Dr., Georgetown, TX 78626. 

FAIRCHILD RED LED LAMPS 
rFLV5057 Medntm Sae Clear Case RED EMITTING These are nip 

retested off -spec units as sold by some of our competition These an 
factory mame. first quality new unas 

10 FOR 5119 

50 FOR $495 

'WE BOUGHT 250,000 PCS." 

"THE COLOSSUS" 
FAIRCHILD SUPER JUMBO LED READOUT 

A full .80 inch character. The biggest readout we have 
ever sold! Super efficient. Compare at up to $2.95 each 
from others! YOUR CHOICE $149 EA 
FND 847 Common Anode 
FND 850 Common Cathode (6 for $6.95) 

NATIONAL SEMICONDUCTOR 
JUMBO CLOCK MODULE 

ASSEMBLED! NOT A K11. 

ZULU VERSION! 
We have a limited number of the 24 HR Real 
time version of this module m stock 

IIMA10080 - $9.95 

$695 

2 FOR 
s12 

(AC XFMR 57.951 

COMPARE AT UP TO TWICE 
OUR PRICE! 

PERFECT FOR USE 
WITH A TIMEBASE. 

EAT URES 
FOUR JUMBO of INCH LED DISPLAYS 
12 HR REAL TIME FORMAT 
24 HR ALARM SIGNAL OUTPUT 
50 OR 60 He OPERATION 
LED BRIGHTNESS CONTROL 
POWER FAILURE INDICATOR 
SLEEP 8 SNOOZE TIMERS 
DIRECT LED DRIVE ILOW REP 
COMES WITH FULL DATA 

MANUFACTURER'S CLOSEOUT! 

16K DYNAMIC RAM CHIP 
WORKS IN TRS -80 OR APPLE II 

16K X 1 Bits 16 Pin Package Same as Mostek 4116 -4 250 NS access. 410 NScycle 
time. Our best price yet for this state of the art RAM. 32K and 64K RAM boards 
using this chip are readily available. These are new. fully guaranteed devices by a 

major mfg. VERY LIMITED STOCK! 

$1495 each 8 FOR $89.95 

EXPERIMENTER'S CRYSTAL 

262. 144KHZ This frequency is 2 

to the 18th power Easily divided 
down to any power of 2. and even 

to 1 HZ New by CTS -Knight. A $5 

value, 

$1.25 each 
4.00 MHZ - $1.75 

SALE! 
1N4148 DIODES 

High speed switching diodes. 
Silicon. Same as 1N914. 

Brand New. Full Leads. Prime! 

100 FOR $2 1000 FOR $17.50 

FAIRCHILD PNP 
"SUPER TRANSISTOR" 

.54402 T0,92 Plastic Silicon PNP 
l',ver High Current VCEO -40 HFE -50 

750 at 150 MA FT150 MHZ Asuper 
SEEFED -UP Version of the 2N39nA 

8 FOR $1 

JUMBO IC ASSORTMENT 
All new, not rejects. BIG 
computer mfg Surplus. Some 
standard marked. many house 
numbered. TTL, DTL, LINEAR 
All prime. 1st line. 

50 for $1.59 500 for $12.95 

MOTOROLA POWER 
TRIAC 

TO -220 CASE 
15 AMP 400PItV 

SPECIAL: 890 each 

5 FOR $3.95 

COMPLEMENTARY POWER TRANSISTORS 
SILICON NPN AND PNP. TO -220 CASE. 
VCEO - 40V PD - 30 WATTS 
FOR AUDIO POWER AMPS, ETC. 

TIP29 - NPN YOUR CHOICE 

TIP30 - PNP 3 FOR $1 

FET SALE! 
2N4304. Brand New 

N Channel. Junction Fet 
BVGDO -30V IDSS -15 MA Typ. 
1500 uMHOS. TO -18 Plastic 

Case. Mfg. by Teledyne. 

6 FOR $1 

60 Hz CRYSTAL TIME BASE 
$4.95 (Complete KR) 

Uses MM5369 CMOS divider IC 
with high accuracy 3.579545 
MHZ Crystal. Use with all MOS 
Clock Chips or Modules. Draws 
only 1.5 MA. All parts, data and 
PC Board included. 

GE COMPUTER 
CAPACITOR #2 

10.000 MFD. 16 WVDC. 
Super small' 3'r:x1' in. 

Computer Grade, 20 VDC Surge. 

$1.59 ea. 3 for $3.95 

HY GAIN 
OP -AMP AND RELAY CONTROL BOARD 

We do not know what these boards were used in, but they do contain a wealth 
of quality components. Board has 2 -12VDC 200 OHM SPOT Mini Relays, 
1- CD4001 CMOS, 4 -LM358 High Performance OP AMPS (same as 1/2 LM324). 
1- MOTOROLA MC3340 Mini Dip. 1 -Audio Output Transformer 1 -TIP30 30 

WATT PNP Power Transistor, plus 70 more assorted components Ali parts 
easily removed LIMITED STOCK: 52.49 each 

Digital Research Corporation 
(OF TEXAS) 

s P.O. BOX 401247A GARLAND, TEXAS 75040 01214) 271 -2461 

TERMS: Add 30$ postage, we pay balance. Orders under 
$15 add 755 handling. No C.O.D. We accept Visa, Master - 
charge, and American Express cards. Tex. Res. add 5% Tax. 
Foreign orders (except Canada) add 20% P & H. 90 Day 
Money Back Guarantee on all items. 

MARCH 1979 111 
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Electronics Classified 
REGULAR CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services, $2.50 per word. Minimum order $37.50. EX- 
PAND -AD w CLASSIFIED RATE: $3.75 per word. Minimum order $56.25. Frequency discount: 5% for 6 months; 10% for 12 months paid in advance. PERSONAL 
RATE: For individuals with a personal item to buy or sell, $1.50 per word. No minimum! DISPLAY CLASSIFIED: 1 " by 1 column (2 -1 /4 "wide), $300. 2 " by 1 column, 
$600.00. 3 " by 1 column, $900.00. Advertiser to supply film positives. For frequency rates, please inquire. GENERAL INFORMATION: Ad copy must be typewritten or 
clearly printed. Payment must accompany copy except when ads are to be billed on credit cards - American Express, Diners Club, Master Charge, VISA (supply 
expiration date) - or when ads are placed by accredited advertising agencies. First word in all ads set in caps. All copy subject to publisher's approval. All advertisers 
using Post Office Boxes in their addresses MUST supply publisher with permanent address and telephone number before ad can be run. Advertisements will not be 
published which advertise or promote the use of devices for the surreptitious interception of communications. Ads are not acknowledged. They will appear in first issue 
to go to press after closing date. Closing Date: 1st of the 2nd month preceding cover date (for example, March issue closes January 1st). Send order and remittance to 
Classified Advertising, POPULAR ELECTRONICS, One Park Avenue, New York, N.Y. 10016. For inquiries, contact Linda Lemberg at (212) 725 -3924. 

FOR SALE 

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

UNSCRAMBLERS FOR any scanner. Several models avail- 
able. Free literature. Capri Electronics, 8753T Windom, St. 
Louis, MO 63114. 

RADIO SHACK Authorized Sales Center Special 10% sav- 
ings on catalog prices including TRS -80. Free delivery on 
orders over $50.00. 1117 Conway, Mission, TX 78572. 

GOVERNMENT and industrial surplus receivers, transmitters, 
snooperscopes, electronic parts, Picture Catalog 25 cents. 
Meshna, Nahant, Mass. 01908. 

LOWEST Prices Electronic Parts. Confidential Catalog Free 
KNAPP, 4750 96th St N., St. Petersburg, FL 33708. 

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, Sci- 
ence Fair Students ... Construction plans - Complete, in- 
cluding drawings, schematics, parts list with prices and 
sources ... Robot Man - Psychedelic shows - Lasers - 
Emotion ,tie Detector - Touch Tone Dial - Quadraphonic 
Adapter - Transistorized Ignition - Burglar Alarm - Sound 
Meter . .. over 60 items. Send 50 cents coin (no stamps) for 
complete catalog. Technical Writers Group, Box 5994, Uni- 
versity Station, Raleigh, N.C. 27650. 

SOUND SYNTHESIZER KITS -Surf $14.95, Wind $14.95, 
Wind Chimes $19.95, Musical Accessories, many more. 
Catalog free. PAIA Electronics, Box J14359, Oklahoma City, 
OK 73114. 

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

UNSCRAMBLERS: Fits any scanner or monitor, easily ad- 
justs to all scrambled frequencies. Only 4" square $29.95, 
fully guaranteed. Dealer inquiries welcomed. PM) Elec- 
tronics, Box 841, North Little Rock, Arkansas 72115. 

TELETYPE EQUIPMENT for sale for beginners and exper- 
ienced computer enthusiast. Teletype machines, parts, 
supplies. Catalogue $1.00 to: ATLANTIC SALES, 3730 
Nautilus Ave., Brooklyn, NY 11224. Tel: (212) 372 -0349. 

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

BUILD AND SAVE TELEPHONES, TELEVISION, DETEC- 
TIVE, BROADCAST Electronics. We sell construction plans 
with an Engineering Service. Speakerphones, Answering 
Machines, Carphones, Phonevision, Dialers, Color TV Con- 
verters, VTR, Games, $25 TV Camera, Electron Microscope, 
Special Effects Generator, Time Base Corrector, Chroma 
Key. Engineering Courses in Telephone, Integrated Circuits, 
Detective Electronics. PLUS MUCH MORE. NEW Super 
Hobby Catalog PLUS year's subscription to Electronic News 
Letter, $1.00. Don Britton Enterprises, 6200 Wilshire Blvd., 
Los Angeles, Calif. 90048. 

NAME BRAND Test Equipment. Up to 50% discount. Free 
catalog. Salen Electronics, Box 82, Skokie, Illinois 60076. 

SURPLUS COMPONENTS, Communication and test equip- 
ment. Illustrated catalog 25 cents. E. French, P.O. Box 249, 
Aurora, Illinois 60505. 

WEATHER MAP RECORDERS: Copy Satellite Photo- 

graphs, National -Local Weather Maps. Learn How! 

$1.00. Atlantic Sales, 3730 Nautilus Ave., Brooklyn, 

N.Y. 11224. Tel: (212) 372 -0349. 

NAME BRAND TEST EQUIPMENT at discount prices. 72 
page catalogue free. Write: Dept. PE, North American Elec- 
tronics, 1468 West 25th Street, Cleveland, OH 44113. 

UNSCRAMBLER KIT. Tunes all scramble frequencies, may 
be built -in most scanners, 2 -314 x 2 -1 /4 X 1 ,2. $19.95. Factory 
built Code -Breaker. $29.95. Free Catalog: KRYSTAL KITS, 
Box 445, Bentonville, Ark. 72712. (501) 273 -5340. 

THE GREAT ELECTRONIC 

THINGS & IDEAS BOOK! 

HUNDREDS OF 

UNUSUAL PARTS, GADGETS & IDEA ITEMS, UNAVAILABLE IN 

STORES OR CATALOGS ANYWHERE' Bargain prices on everything' 
New stems in every issue, Rush postcard for your copy, 

ELECTRONICS Dept. 035, 
North Country Shopping Ctr., 
Plattshburgh N.Y. 12901, O 

B &K Test Equipment. Free catalog. Free Shipping. Dinosaur 
discounts. Spacetron -AR, 948 Prospect, Elmhurst, IL 60126. 

SURPLUS ELECTRONICS 
ATTENTION HOBBYISTS - SEND FOR 

YOUR FREE CATALOG 
Great buys in tape drives, keyboards, power 
supplies, and transformers. We also have heat 
sinks, steel cabinets, I/O terminals, video dis 
plays, printers, and equipment cases. And of 
course components, fans, wire, and cable. Write 
now to 

130 Northeastern Blvd. 
Worldwide Electronics Nashua, N.H. 03060 

BUILD THE ARTISAN ELECTRONIC ORGAN ... The 20th 
century successor to the classic pipe organ. Kits feature mod- 
ular construction, with logic controlled stops and RAM Pre -Set 
Memory System. Be an ar- ti -san. Write for our free brochure. 
AOK Manufacturing, Inc., Box 445, Kenmore, WA 98028. 

WRITE US AND WELL SEND 
YOU THE BEST CATALOG 
YOU EVER READ! 
No kidding. Speakerlab's catalog took longer to 
write than some of our competitors have been in 
business. In fact, we created an industry by 

"building great kits so you can afford 
great speakers." Our catalog is an ([Ç 

functtionband design. And, 
it will introduce you to 

i the finest speaker kits made 
anywhere...with the strongest 
money -back guarantee. Find out 
for yourself...FREE. FREE. 

that is Write now. Right now. 

eelelo 
Dept. C -PE, 735 N. Northlake Way 
Seattle, WA 98103 

THE BEST CB ANTENNA 
SEND FOR FREE PAL FULL LINE 

CATALOG AND DECAL 

PAL Antenna Corp. 
2614 EAST ADAMS PHOENIX. ARIZONA 85034 

POLICE /FIRE SCANNERS, crystals, antennas, CBs, Radar 
Detectors. HPR, Box 19224, Denver, CO 80219. 

CB RADIOS, VHF -UHF Scanners, Crystal, Antennas, Radar 
Detectors. Wholesale. Southland, Box 3591, Baytown, TX 
77520. 

BARGAINS GALORE! Buy -sell -trade classifieds in "Elec- 
tronics Trader" only 100 word! Send $2.00 for next four is- 
sues. Electronics Trader, Darwin, CA 93522. 

TRANSISTORS FOR C -B Repair, IC's and diodes TV audio 
repairs 2SC756A - $2.40, 2SC1306 - $2.95, 2SC1307 - 
$3.85, PLLOZAG - $7.50, AN239 - $5.50, STK439 - 
$8.95. Many more. FREE Catalog and transistor. B &D Enter- 
prises, Box 32, Mt. Jewett, PA 16740. 

CIRCUIT BOARDS from production -ready artwork. 
Free details. QUANTITY discounts. CM CIRCUITS, 22 

Maple Ave., Lackawanna, NY 14218. 

UNSCRAMBLE CODED MESSAGES from Police, Fire 

and Medical Channels. Same day service. Satisfac- 
tion guaranteed. Don Nobles Electronics, Inc., Rt. 7, 

Box 265B, Hot Springs, Arkansas 71901. (501) 

623 -6027. 

MONTHLY PICTURE FLYER. Quality Surplus Electronic 
parts. Low Prices. Star -Tronics, Box 683, McMinnville, OR 
97128. 

PRINTED CIRCUIT supplies, chemicals, tools, artwork, plat- 
ing solutions. Major credit cards. Catalog $1.00. refundable. 
CIRCOLEX, Box 198, Marcy, NY 13403. 

RECONDITIONED TEST EQUIPMENT $1.00 for catalog. 
WALTER'S TEST EQUIPMENT, 2697 Nickel, San Pablo, CA 
94806, (415) 758 -1050. 

PDP -8 MINICOMPUTER with 8K memory in excellent condi- 
tion. 3 extra 4K memory panels (condition: 2 good, 1 un- 
known). 1 Spare core stack (excellent condition). 2 model 
33ASR teletypes (fair condition). Supplies, manuals, pro- 
grams, prints, power supplies, cables & hundreds of spare 
boards. David A. Bader, 15 Longwood Circle, Bath, PA 18014. 

20 WATT OP AMP!!! Genuine integrated circuit op amp deliv- 
ers 20 watts into 4 ohms, 10 watts into 8 ohms. Internal cur- 
rent limiting and thermal shutdown. Package uses 11 inline 
pins, and has flat metal surface for mounting to heat sink. 
$9.00 each, ppd. Data and applications sheet included. 
GEOFFREY SOUND LABS, Dept. OA, 24 N. Wabash, Room 
#823, Chicago, IL 60602. 

HAVE YOU GOTTEN one of Don Lancaster's INCREDIBLE 
SECRET MONEY MACHINES yet? $6.95 postpaid. Synerget- 
ics, PE -7 Box 1112, Parker, AZ 85344. VISA accepted. 

SANKEN 50 WATT Power Amp Chip: $19.95; transformer 60 
Hz 117v. PRI. 50 v sec (rms) 2.5 amps. cont. (rms): $4.00; 
speaker 10 ounce ceramic tweeter, 41/2" cone, 250 HMS: 
$3.00 new and $2.00 slightly used; capacitors, 200v, .022 mf: 
$8.00 per 100; .33 mf: $15.00 per 100; .39 mf: $15.00 per 100, 
1.0 mf: $30.00 per 100, 200 mf 6.3v: $10.00 per 100; .0062 
10% 600v disk ceramic temperature stable: $5.00 per 100. All 
prepaid. Prairie Sounds. Box 982, Champaign, IL 61820. 

PRINTED CIRCUIT BOARDS from your camera ready 
artwork, positive, negative, or magazine art. Reasonable. 
Free details. Richard Allran, Box 974, Waynesville, NC 28786. 

ELECTRONIC PARTS, Tubes, Semiconductors, Phonograph 
Needles, FREE CATALOG. Rey Enterprises, Box 1539, 
Hialeah, FL 33011. 

CHEMICALS, Lab Supplies. Lowest prices, fastest service 
anywhere. Listing 25y Westech Corp., Box 593, Logan, Utah 
84321. 

NEW ELECTRONIC PARTS. Continously stocked. Stamp 
brings catalog. Daytapro Electronics, 3029 Wilshire Ln., Ar- 
lington Hts., IL 60004. 
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LOW, LOW Component Prices! Ask for free flyer. Write: EEP, 
11 Revere Place, Tappan, NY 10983. 

NEGATIVE ION GENERATORS AND ACCESSORIES (As- 

sembledMits). Fascinating Details- $1.00. Golden Enter- 
prises, Box 1282 -PE, Glendale, Arizona 85311. 

CARBON FILM RESISTORS 1 /4W, 1 2W - 1.7 cents each. 
Free sample / specifications. Other components. COMPO- 
NENTS CENTER, Box 295, W. Islip, New York 11795. 

Super 
Powerful Wireless Mic 

10 times more powerful than other mics. 
Transmits up to h mile to any FM radio. 
Easy to assemble kit. 15V battery (not incl.) 
CM (305) 725-1000 or send s18Á5.31.00 , 2 a . 

slapping 

e 

Corp. P.O. 
Ft. 32001.. CODe.mp For $ 

catalog of transmitters, voice scramblers °iv D, Av'' 
and other specialt items, enclose $2.00 to USI Corr. i -y-------"--i "-""i """- 

TEKTRONIX 575 CURVE TRACER, $495; Tektronix 
RM561A Scopes, $200 ea; General Radio 650A Bridge $100. 
Other items available. Serious inquiry please. Ball, 2135 
Feather Rd., Vinton, VA 24179. 

RENT, LEASE, SELL TVS! Guaranteed complete system 
$15.00. Perrys' Rental Systems, Box 1407, Santa Maria, CA 
93456. 

PLANS AND KITS 

AMAZING ELECTRONIC 
"%qt.. PRODUCTS '0/ 

LASERS SUPER POWERED, RIFLE, PISTOL, POCKET SEE IN OARK - PYRO 

TECHNICAL. DEBUGGING UNCRAMBLERS GIANT TESLA STUNWAND TV 

DISRUPTER - ENERGY PRODUCING, SCIENTIFIC DETECTION, ELECTRIFYING, 

CHEMICAL, ULTRASONIC, CB, AERO, AUTO AND MECH DEVICES, HUNDREDS 
MORE . ALL NEW PLUS INFO UNLTD PARTS SERVICE. 

INFORMATION unCimilsd 
CATALOG II Dept. E8, Box 716, Amherst, NH 03031 

FREE KIT Catalog contains Test and Experimenter's 

Equipment. Dage Scientific Instruments, Box 

1054P, Livermore, CA 94550. 

TIGER 500 
SIMPLI -KIT 

FOR THE DO- IT- YOURSELFER 
NOW I a high quality CD ELECTRONIC 
IGNITION SYSTEM in kit form. 
Contains all components and solder to 
build complete Solid -State Electronic CD 
Ignition System for your car. Assembly 
requires less than 3 hours. 

Increases MPG 15% Eliminates 4 or 5 tune -ups 
Increases hor ;epower 15% Instant starting, any 
Plugs and Points last weather 
50,000 miles Dual system switch 

Fits only 12 volt neg. ground... 
Only $26.95 postpaid 

Star Corporation 
P.O. Box 1727 Grand Junction, Colorado 81501 

BUILD YOUR OWN 
SYMPHONY 
OF SOUND! 

It's fun and easy -takes just min- 
utes a day! Complete kits for 
organs, pianos, strings, rhythms, 
amplifiers, synthesizers. Also 
factory assembled. 104 -page 
catalog $2.00 

OWER5I 
Wersi Electronics, Inc. 

Dept. ZD, 1720 Hempstead Road 
Lancaster, PA 17601 

CBiHAM HIGH GAIN ANTENNAS. Modulation boosting 
VOX -COMPRESSOR. Portable 300MHz COUNTER with 
memory! Plans $3.00 ea. $7.50 /all. Many others, catalog with 
order, PANAXIS, Box 130 -A3, Paradise, CA 95969. 

TV- OSCILLOSCOPE CONVERTER externally adapts TV into 
audio frequency oscilloscope. Info. $1.00, Plans $5.00, with 
P.C. $12.00. Evolutionics, Box 855 -E, San Rafael, CA 94902. 

HEAR YOUR TV in simulated stereo. Movie theatre sound 
realism. Free details. Triangle Electronics, Box 377X, Merrick, 
N.Y. 11566. 

PROJECTION TV ... Convert your TV to project 7 Foot pic- 
ture. Results equal to $2,500 projector. Total cost less than 
$20.00. PLANS & LENS $16.00. Illustrated info. FREE: Mac - 
rocomcc, Washington Crossing, PA 18977. 

FREQUENCY COUNTERS 50 MHZ $59.95, 500 MHZ 
$79.95, Flashing LED's $1.00, Digital clocks $12.95. Lec- 
tronix, Box 42, Madison Heights, Michigan 48071. 

PRINTED CIRCUIT Boards from sketch or artwork. Kit pro- 
jects. Free details. DANOCI Inc., Box 261, Westland, Ml 

48185. 

DIGITAL TACHOMETER for automobiles. Works with stan- 
dard and electrical ignition systems. Plans $2.00. David 
Marecek, 1904 Paige Place N.E., Albuq., N. Mex. 87112. 

FM STEREO TRANSMITTER - Broadcast in STEREO to 
any FM receiver. Plans -$3.50, Kits - $19.50, Assembled 

$24.50. Advanced Technical Products, Box 2292, Iowa 
City, Iowa 52240. 

DOLBY ADD -ON ENCODES DECODES RECORDINGS, 
FM. Quality components, complete kit. Calibration tapes. 
Comprehensive test report. PEM INTEGREX, Box 747, 
Havertown, PA. 19083. 

PHOENIX SYSTEMS 
Gus in 

Kudos, 
;es 

"MD Audio Delay LAe" June '75 .... .3t-122tMe1$5a. 
P12205 $75. 

"Tape Noise Reducttc v'77 .... _.P-5193 $59. 

"81Fet Preamp7Dlaco ts , I 'Sapt'79P-1130PA3ï90. 
P.11300A4$130. 

MAIL ORDER DESK 375 SPRINGHILL ROAD MONROE CT 06469 121>J 1 261 -4904 

TELEPHONES & PARTS 

OMAK PHONE CENTER. All types of telephones - keyed, 
modular and decorator. Catalog $1.00 (refundable). Master 
Charge & VISA accepted. Box 38, Beardstown, IL 62618. 
(217) 323-3963. 

TELEPHONES UNLIMITED, Equipment Supplies. All 

types, Regular, Keyed, Modular. Catalog 50 cents. 

Box 1147E, San Diego, California 92112. 

ALARMS 

QUALITY BURGLAR -FIRE ALARM EQUIPMENT at discount 
prices. Free Catalog! Steffens, Box 624K, Cranford, N.J. 

07016. 

Billions of dollars lost annually due 

to lack of protective warning alarms. 

FREE CATALOG Shows you how to 
protect your home, business 

-IRE and person. Wholesale 
.aaa: prices. Do- it- yourself. Free 
, , tIltTItV4 engineering service. 

Box 82802 PE -039 Lincoln, Ne. 68501 

PROFESSIONAL ALARM SYSTEMS and supplies at 

wholesale prices. FREE CATALOG. CAPCO, Box 5980 - 

CPE3, Incline Village, Nevada 89450. 

MUSICAL INSTRUMENTS 

UP TO 60`/ DISCOUNT. Name brand instruments catalog. 
Freeport Music, 114 G, Mahan St., W. Babylon, N.Y. 11704. 

HIGH FIDELITY 

DIAMOND NEEDLES and Stereo Cartridges at Discount 
prices for Shure, Pickering, Stanton, Empire, Grado and ADC. 
Send for free catalog. LYLE CARTRIDGES, Dept. P, Box 69, 
Kensington Station, Brooklyn, New York 11218. For Fast Ser- 
vice call Toll Free 800 -221 -0906. 

WANTED 

GOLD, Silver, Platinum, Mercury, Tantalum wanted. Highest 
prices paid by refinery. Ores assayed. Free circular. Mercury 
Terminal, Norwood, MA 02062. 

WANTED! CB DEALERS 
AND DISTRIBUTORS 

PAL Antenna Corp. 
2614 EAST ADAMS PHOENIX, ARIZONA 85034 

TUBES 

RADIO & T.V. Tubes -36 cents each. Send for free Catalog. 
Cornell, 4213 University, San Diego, Calif. 92105. 

TUBES: "Oldies ", Latest. Supplies, components, schematics. 
Catalog Free (stamp appreciated). Steinmetz, 7519 -PE Ma- 
plewood, Hammond, Ind. 46324. 

TUBES -RECEIVING, Industrial and Semiconductors Factory 
Boxed. Free price sheet including TV, Radio and audio parts 
list. Transleteronic, Inc., 1365 39th St., Brooklyn, New York 
11218. Telephone: (212) 633 -2800. Toll free: 800 -221 -5802. 

RADIO AND TV TUBES 1938 to 1978 $1.00 ea. PRELLER 
TV, Augusta, AR 72006. (501) 347 -2281. 

TUBES 29¢ up, no minimum order necessary. Also have ob- 
soletes. Free list. Conelco. Box 632. Trona, CA 93562. 

GOVERNMENT SURPLUS 

MANUALS for Govt Surplus radios, test sets, scopes. List 50 
cents (coin). Books, 7218 Roanne Drive, Washington, D.C. 
20021. 

JEEPS -$59.30! - CARS -$33.50! - 200,000 ITEMS! - 
GOVERNMENT SURPLUS - Most COMPREHENSIVE DI- 
RECTORY AVAILABLE tells how, where to buy - YOUR 
AREA - $2.00 - MONEYBACK GUARANTEE - Govern- 
ment Information Services, Department GE -55, Box 99249, 
San Francisco, California 94109 (433 California). 

GOVERNMENT SURPLUS. Buy in your Area. How, where. 
Send $2.00. Surplus, 30177 -PE Headquarters Building, 
Washington, D.C. 20014. 

"GOVERNMENT SURPLUS DIRECTORY." Buy 250,000 
items (including Jeeps) ... low as 2 on dollar! Most complete 
information available - $2.00. Surplus Disposal, Box 
19107 -HC, Washington, DC 20036. 

PERSONALS 

MAKE FRIENDS WORLDWIDE through international corre- 
spondence, illustrated brochure free. Hermes -Verlag. Box 
110660/Z, D -1000 Berlin 11, Germany. 

INSTRUCTION 

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 tests, 
$26.50. R.E.I., Inc., Box 806, Sarasota, Fla. 33577. 

UNIVERSITY DEGREES BY MAIL! Bachelors, Mas- 

ters, Ph.D's. Free revealing details. Counseling, Box 

317 -PE03, Tustin, California 92680. 

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details, 
strange catalog free! Autosuggestion, Box 24 -ZD, Olympia, 
Washington 98507. 

1979 "TESTS - ANSWERS" for FCC First Class 

License. Plus - "Self Study Ability Test." Proven! 

$9.95 Unconditional Moneyback Guarantee. Com- 

mand Productions, Box 26348 -P, San Francisco, CA 

94126. 

MATHEMATICS. ELECTRONICS. Advanced mathemat- 

ics. Engineering mathematics. Digital Technology. 

Free catalog. IHSI, Box 1189, Panama City, FL 

32401. 
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MECHANICALLY INCUNED INDIVIDUALS - WANTED- 

Assemble electronic devices in your home. Get 
started in spare time. Experience, Knowledge or 
Investment Not Necessary. Expect big profits: 
$300 - $600 Wk. Possible. Write for free literature 
tellin how. 

ELECTRONIC DEVELOPMENT LAB 
BOX 1560PE. Pinellas Park, FL 33565 

INTENSIVE 5 week course for Broadcast Engineers. FCC 
First Class license. Student rooms at the school. Radio En- 
gineering Inc.. 61 N. Pineapple Ave.. Sarasota, FL 33577 and 
2402 Tidewater Trail. Fredericksburg, VA 22401. 

BROADCAST STATION: Start your own. Home. school. 
church, business operation. Get free equipment. records. De- 
tails free. "Broadcasting ". Box 130 -A3. Paradise, CA 95969. 

PASS FCC EXAMINATIONS - 1st - 2nd - 3rd -Radar. Prov- 
en method by Victor Veley. noted author -teacher. Part I, 

Workbook consisting of hundreds of problems with complete 
solutions. Part II, Question and Answer Manual has hundreds 
of practice questions. Complete course - Both Manuals. 
$14.95 postpaid. Oeffinger Publishing, Box 1240, Garden 
Grove, Calif. 92642. 

MAGNETS 

MAGNETS. All types. Specials -20 disc. or 10 bar, or 2 stick or 
8 assorted magnets. $1.00. Magnets. Box 192 -H, Ran - 
dallstown, Maryland 21133. 

FOR INVENTORS 

PATENT AND DEVELOP Your invention. Registered Patent 
Agent and Licensed Professional Engineer. Send for FREE 
PATENT INFORMATION every inventor should have. 
Richard L. Miller. P.E., 3612 Woolworth Building. New York. 
NY 10007. (212) 267-5252. 

HAVE YOU AN INVENTION? We evaluate, develop, 
improve and market meritorious inventions and 
ideas. For free brochure write, call: Inventors Guild. 
P.O. Box 411. Fort Washington. PA 19034. (215) 
233 -5252. 

PRINTING 

QUALITY- PRINTING. Good prices, prompt service. Free 
catalog. Deep South. Dept. E -3. Clinton, Mississippi 39056. 

BUSINESS OPPORTUNITIES 

I MADE $40,000.00 Year by Mailoder! Helped others make 
money! Toney, Box 318 -NN. Ypsilanti. Michigan 48197. 

FREE CATALOGS. Repair air conditioning, refrigeration. 
Tools. supplies, full instructions. Doolin, 2016 Canton, Dallas. 
Texas 75201. 

NEW LUXURY Car Without Cost. Free Details! Codex -ZZ. 
Box 6073, Toledo, Ohio 43614. 

GET RICH!!! Secret law erases debts. Free report exposes 
millionairé $$ secrets. Blueprints. No. EE3. 453 W. 256, NYC 
10471. 

MECHANICALLY INCLINED individuals desiring ownership 
of Small Electronics Manufacturing Business - without in- 
vestment. Write: BUSINESSES. 92 -K2 Brighton 11th. Brook- 
lyn. New York 11235. 

MILLIONS in Mail!!! Free Secrets. Transworld -17. Box 6226. 
Toledo. OH 43614. 

EARN $1,000 MONTHLY sparetime, homework, "Guaran- 
teed." Free details. Write: UNICORN, ZD3,1140 Chelton, 
Colorado Springs, CO 80910. 

VINYL'S WHERE THE MONEY IS! Professionally repair. re- 
finish, recolor furniture, luggage, car tops, Quick, easy. Two 
small $20 lobs a day earn you $1,000 a month. Homes, cars, 
offices, restaurants, unlimited customers. Start earning after a 
few days practice. Sensational details Free. VIP, 2012 Mon- 
trose, Chicago 60618. 

BORROW $25.000 "OVERNIGHT." Any purpose. Keep in- 
definitely! Free Report! Success Research, Box 29263 GC. 
Indianapolis. Indiana 46229. 

$1200.00 MONTHLY Correcting Pupils' Lessons!!! Start Im- 
mediately. Free Report. Send self -addressed stamped en- 
velope. Home. Box 98201 -SJX, San Diego, CA 92109 

ADVERTISING BUSINESS - You own it! $400 first week or 
money back. Write: Action Ad Clock. Room AC- 376 -IC. 1512 
Jarvis, Chicago, IL 60626. 
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START YOUR business without cash or credit. Free details. 
Limited time offer. Box 16428, San Diego, CA 92116. 

EMPLOYMENT OPPORTUNITIES 

ELECTRONICS AVIONICS EMPLOYMENT OPPOR- 
TUNITIES. Report on jobs now open. Details FREE. Aviation 
Employment Information Service. Box 240E. Northport. New 
York 11768. 

INSTANT CASH COMMISSIONS Full or part time. Free 

sales kit features America's largest line low priced 

Business, Printing, Advertising Specialties, Signs. 

Calendars and other necessities used daily by 

business people. Profitable repeat order. No experi- 
ence. No investment. No collections or deliveries. 
Write today. National Press. Dept. 908. North 

Chicago, IL 60064, 

RADIO -TV JOBS ... Stations hiring nationwide' Free details: 
"Job Leads ". 1680 -PG Vine. Hollywood, CA 90028. 

MAJOR NY publisher has IMMEDIATE opening for freelance 
acquiring editor ELECTRONIC handbooks. troubleshooting 
manuals. texts. Qualified candidate should have successful 
publishing record. good leads to other tech writers, heavy 
publication copy editing experience. Resume: Box 203, 
POPULAR ELECTRONICS, Classified. 1 Park Ave., N.Y.. 
N.Y. 10016. 

REAL ESTATE 

BIG ... FREE ...SPRING CATALOG! Over 2,600 top values 
coast to coast!! UNITED FARM AGENCY. 612 -EP, West 
47th, Kansas City, MO 64112. 

RUBBER STAMPS 

RUBBER STAMPS. BUSINESS CARDS. Many new prod- 
ucts. Catalog. Jackson's. E -100. Brownsville Rd.. Mt. Vernon. 
Ill. 62864. 

BOOKS AND MAGAZINES 

POPULAR ELECTRONICS INDEXES For 1977 now avail- 
able. Prepared in cooperation with the Editors of "P E." this 
index contains hundreds of references to product tests. con- 
struction protects. circuit tips and theory and is an essential 
companion to your magazine collection. 1977 Edition. $1.50 
per copy. All editions from 1972 onward still available at the 
same price. Add $.25 per order for postage and handling. $.50 
per copy, foreign orders. INDEX, 6195 Deer Path. Manassas, 
Va.22110. 

FREE book prophet Elijah coming before Christ. Wonderful 
bible evidence. MEGIDDO Mission, Dept. 64. 48t Thurston 
Rd.. Rochester, N.Y. 14619. 

DO -IT- YOURSELF 

MODULAR TELEPHONES now available. Sets and compo- 
nents. compatible with Western Electric concept. Catalog 50 
cents. Box 1147W, San Diego, California 92112. 

AUDIO ANALOG SYNTHESIS. Plans, parts. kits, etc. for the 
most exciting sound projects ever. Get on our mailing list, 
send 250 to: CFR Associates Inc., Newton, N.H. 03858. 

COMPLETE LINE Security Systems for home, Busi- 
ness. Send self addressed, stamped envelope. Dar - 

bar. Box 1147E. San Diego, CA 92112. 

MOTION PICTURE FILMS 

IN MARCH. ITS SPORTLITE FOR MAIL ORDER FILM VAL- 
UES! Order new Columbia Pictures S8 400' color sound fea- 
tures: Charles Bronson "Breakout:" Peter Falk "Machine Gun 
McCain;" More From Emmanuelle: Sean Connery "The An- 
derson Tapes:" Walter Matthau "Fail Safe:' and Brian's Song - Football - extra long. $47.95 ea $1.00 for shipping. 
Columbia Pictures price $54.95 ea (you save $5. on every film 
you buy). Tear out this ad 8 mail order today! Auto sports film 
specials: 1977 Indy "500 ". A.J. Foyt's Glorious Fourth" S8 
color $17.95 ea 90 d shipping. Al Unsei s 1st. 70 Indy "500' 
200' S8. $15.95 ea 90d shipping. Penny Pinchers: Dar- 
lington "500" 40's Action. 200' St 8 color. $8.95 ea (sells for 
$3. less than Columbia or Universal S8 B W). Call action line: 
(312) 236 -8955. Universal 64 -pg catalog $1.10 (foreign 
$2.201. Columbia, Sportlite. Universal, Ring Classics order 
lams 40 tea with flyers. SPORTLITE FILMS, Elect-3 79, Box 
24 -500. Speedway, IN 46224. 

HYPNOTISM 

FREE Hypnotism. Self- Hypnosis. Sleep Learning Catalog! 
Drawer H400. Ruidoso. New Mexico 88345. 

MISCELLANEOUS 

MPG INCREASED! Bypass Pollution Devices easily. RE- 
VERSIBLY!! Free details - Posco GEE3. 453 W. 256, NYC 
10471. 

CORVAIR PARTS - 4500 different parts stocked. Giant 
Catalog $3.00. Clark's Corvair Parts Inc.. Shelburne Falls, MA 
01370. 

CLASSIFIED ADVERTISING ORDER FORM 

I. 

1 

4 

7 

3 

5 

9 8 

10 11 12 

13 14 15 

16 17 18 

19 20 21 

22 23 24 

25 26 27 

28 29 30 

31 32 33 

34 35 36 

Account c 

Expiration Date 

SIGNATURE 

PRINT NAME 

ADDRESS 

CITY 

Please refer to heading an first page of this section 
for complete data concerning terms. frequency dis 

counts, closing dates. etc. WORD COUNT 15 

WORD MINIMUM. Include name and address 

Name of city (Des Moines) or of state (New York) 

counts as one word etch lip Code not counted 

Count each abbreviation. initial. single figure or 

group of figures or letters as a word. Symbols such 

as 35mm, COD, PO. AC, etc , count as one word 

Hyphenated words count as two words Telephone 

numbers count as one word 

Words 

$2.50 Commercial Rate 
$3.75 Expand -Ad Rate 
$1.50 Personal Rate 

L' Insertions 

J Enclosed is i 
J CHARGE You will be billed monthly 

21 American Express Master Charge 

7_. Visa rien Club 

Master Charge Interbank u (4 digits above name) 

STATE ZIP PE3/79 
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Popular Electronics 
ADVERTISERS INDEX 

READER 
SERVICE NO. ADVERTISER PAGE NO. 

2 Active Electronics Sales Corp. 104 
4 Ancrona Corp. 108 
6 Antenna, Inc. 30, 31 
7 AP Products, Inc. 92 

8 B & F Enterprises 109 
9 B & K Precision, 

Dynascan Corp. 87 
10 Byte, Inc. 86 

Chaney Electronics 107 
Cleveland Institute of 

Electronics Inc. 44, 45, 46, 47 
1 Communications Electronics 2 
11 Consumers Company 94 
12 Continental Specialties Corp. 7 
13 Cooper Group, The 84 
14 Creative Computing Magazine 88 

16 Digi -Key Corporation 105 
Digital Research Corporation 111 

62 Douglas Dunhill 14 
15 DSI Instruments, Inc. 13 

Edmund Scientific Co. 107 
17 EICO 89 
18 Electra Company 9 

Electro- Voice, Inc. 12 

20 Fordham Radio Supply 110 

21 General Engines Company 107 
22 Godbout Electronics, Bill 108 
23 Grantham College of Engineering ...88 

5 Heath Company 81, 82, 83 

24 Illinoise Audio 90 
25 Integrated Circuits 96 
26 IE Integrated Electronics 109 
27 International Components 

Corporation 109 

28 J & R Music World 90 
29 Jameco Electronics 102, 103 

JS & A National Sales Group 1 

58 McIntosh Laboratory, Inc. 76 
Micro Computer Mart 93 

31 Mini Micro Mart 94 
61 Motorola Cover 2 
57 Multicore 90 

32 National Guard 27, 28, 29 
33 Netronics 91 
34 Netronics 88 
35 New -Tone Electonics 110 
36 Non- Linear Systems 94 

NR Schools 16, 17, 18, 19 

37 Ohio Scientific Instrument 5 
38 OK Machine & Tool Corporation ...79 
39 Olson Electronics 115 

40 PAIA Electronics, Inc. 94 
41 PAL "Firestick" Antenna 

Corporation 90 
42 Percom Data Company, Inc. 78 
43 Poly Paks 98 
44 Professional Aids 78 

45 Quest Electronics 97 

Radio Shack 101 
46 Real Time Intelligence 6 

Sabtronics International, Inc. 34 
47 Schober Organ Corporation, The 14 
59 Scientific Audio Electronics ...Cover 3 
48 Shure Brothers, Inc. 32 
49 Solid State Sales 107 
50 Southwest Technical Products 

Corporation 75 
51 Sparkomatic 40 

Speakerlab, Inc. 89 

52 Tab Books 15 
53 Technics by Panosonic Cover 4 

54 U.S. Pioneer Electronics 10, 11 

55 Vector Electonics 77 

56 Wahl Clippper Corporation 75 

i PLANNING TO 

Let us know 8 weeks in advance so that you 
won't miss a single issue of POPULAR 
ELECTRONICS. 
Attach old label where indicated and print 
new address in space provided. Also include 
your mailing label whenever you write con- 
cerning your subscription. It helps us serve 
you promptly. 

Write to: P.O. Box 2774, Boulder, CO 80322 
giving the following information: 

Change address only Extend my subscription 

ENTER NEW SUBSCRIPTION 
I year $13.00 Payment enclosed 

Allow 30 -60 days for (1 extra BONUS issue) 
delivery. Bill me later 

F.AFFIX OLD LABEL - - - -- 1 
If you have no label handy, printOLD address here. 

Ì 
I 

ti 4 
Name- 

L. 
Address 

r 
1 CitY 

please print 

1 State___- L__ -___ 
NEW ADDRESS HERE 0384 

Zip 

Name 

Address Apt. 

City 

please print 

State Zip 
Additional postage on foreign orders. add $3 a year for Canada. $5 

a year for all other countries outside the U.S. and its possessions. 
Cash only on foreign orders, payable in II. S. currency. 

8 -TRACK (CASSETTE" CB HAND MIKE 
40- MINUTE BLANK I 60 MINUTE BLANK 

C 999 Reg. Sa4E 

49sAEPo979 
I 

I 9 
TA-907 ° < <I I TA-879 

Reg. I 

99E 
Not 
lb 

LESS THAN 
27C EA. 

Reg. rd 
s 

SWR METER 99` 
FIELD 

STRENGTH CB -067 
INDICATOR Reg. 1188 

For Accurate Tuning of CB 
Antenna Styles Vary 

Range 2 to 30MHz 52 Ohms 
s Impedance Wt 1 lb / 

CB SLIDEMOU NT 

v._ 
59 Reg. 

AU -149 
For Under -Dash Mount- `. ing of CB's, Radios, etc 
Shpg. wt. 2 lbs. 

1000 OáMS PÉR VOLTTESTER 

Pocket Size Goes 

rs 
\ 

1. 99 
R 

TE-184 LIMIT 1 

J 
r I 

Anywhere - Wt 3lbs J 

CB -735 
Built -In Volume Control 
.5000 Ohms Impedance 
5" Coiled Cord W/6 -Pin DIN 
Plug Shpg wt 2 Ibs 

AC BATTERY ADAPTER 

"""1 

4:7 SAI 
Styles Vary 

29 Reg. 
BA -159 

i r Radios. Recorders. 
Calculators. and More' 

6. 7 5. 9V @ 300mA 
Includes Plug for Mini 

Micro. Co -Ax Jacks 

LAPEL MICROPHONE 
99cg. 

MM 

Hi- Impedance Crystal 
3.5mm Mini Plug 
Shpg. wt. '/4 lb. 

CBNOISE 
¶// 

Fóó 
ÁmR 

c 
CB-454 

Sp4E 

For Alternator /Generator 
Filters Out Unwanted Noise in \ .. C D E Any 2 -Way Radio t lb 

t. IN 260 . o e t. Akron, hio 44327 
NAME 
ADDRESS 

CITY 

STATE 
Oty Stk .. 

nascer charge 

Description 

ZIP 
Price Ea. Total 

For 24 Hour PHONE 
Service Call (216)535 -1800 

D Please send me a free subscription 
/ to Olson Value Packed Catalog. (Within the Contlnental USA Only) 

Tax 

Postage 

Total 
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Personal Electronics News 
Video -disc viewing through home TV 
receivers has become a reality with 
MCA DiscoVision from Magnavox. Back- 
ing up the introduction of the Disco - 
Vision player, Magnavox has avail- 
able a wide range of video discs. 
Included in the catalog of listings 

and descriptions are such current 
feature motion pictures as "Jaws," 

"Sgt. Pepper's Lonely Hearts Club 
Band," "American Graffiti," and 
"Animal House" and such oldies as 

"Frankenstein," "Dracula," and the 
Marx Brothers' "Animal Crackers." 
Currently available selections, 
numbering more than 200 and inclu- 

ding educational films, retail for 

$5.95 to $15.95. 

CBS Toys has given Compucolor Corp. 
the first license to produce and 
market a low -cost color graphics 

version of the popular game 
"Othello" for the Compucolor II 

computer. Combining elements of 
luck, skill, patience, and logic, 
Othello can be played by one person 

with Compucolor II; or two people 
can play the game with Compucolor II 

acting as a referee to record 

scoring and disallow illegal moves. 
It is also possible to pick up some 

playing tips by watching the 

Compucolor II play itself. 

Portable calculators do more than 
calculate nowadays. For example, 
Casio's new line includes one with 

a cigarette lighter, another that 
hangs from a chain as a fashion 
pendant. Sharp's '79 entries 
include a model with an AM radio, 
and one with a world clock for 

international travelers. 
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Award certificates for SSTV activity 
is being offerred by Amateur Tele- 
vision Magazine. Certificates range 
from Basic award through several 
levels of difficulty to a Master 
Scanner award. The beginning -level 
certificate requires the operator 
to have five confirmed SSTV contacts 
on each of any five ham bands. Bands 

used for all levels can be any com- 
bination of the contestant's choos- 
ing. Additional awards are avail- 
able for working increasing numbers 
of stations on increasing numbers 
of bands. 

A young people's satellite network 
that provides nonviolent TV program- 
ming on a daily basis has been 
announced by Warner Cable Corp. The 
all -day Nickelodeon (TM) programming 
will be available to U.S. cable -TV 
operators for distribution to sub- 
scribers able to receive programs 
beamed by satellite to earth recei- 
ving stations. More than 5- million 
subscribers can currently receive 
such programs, and the number is 

expected to double as more earth 
receiving stations are built. 

Solar energy moves forward with 
operation of the nation's largest 
high- temperature solar energy 
system for heating and cooling at 
Honeywell's General Offices in 

Minneapolis. It is the first solar 
system of its kind to provide all 
of a major building's heating and 
cooling needs on sunny days and was 
designed, funded, and built by 
Honeywell for its new eight -story 
office building. Tracking the sun 
and focusing its energy on liquid - 
filled pipes are 252 trough -like 
collectors. The liquid, which gets 
as hot as 350° F, is pumped into an 
isolation heat exchanger that allows 
different fluids, pressures, and 
flow rates to be used in the two - 
loop system necessitated by Minne- 
sota's extreme cold temperatures. 
Excess heat is stored underground 
in two 18,000 -gallon tanks until 
needed at night or when the sky is 

overcast. 

In 1978, Zenith Radio Corporation 
is celebrating its 60th anniversary 
as a manufacturer of home entertain- 
ment products. Zenith began in 1918 

when two partners formed the Chicago 
Radio Laboratory, which was located 
near the old Edgewater Beach Hotel. 
The company manufactured equipment 
for the amateur radio market under 
the tradename Z -Nith, derived from 
9ZN, the call letters of the amateur 
radio station operated by the 
partners. 

RCA's 50- millionth TV receiver was 
produced last December. The 19" 

ColorTrak shown at left in the photo 
is contrasted with the company's 

first re0eiver, a 10" monochrome 
model built in 1946. RCA estimates 
that the industry sold a record 

10- million color -TV receivers during 

1978. 

A Junior REACT Program has been 
launched for young CBers. The Junior 
Program creates a new membership 
category at the International level 
and encourages teams not already 
doing so to consider accepting young 
people as Junior members. Eligibi- 
lity for the Junior Program is open 
to youngsters between 12 and 18 years 
old. Junior members receive their 
own identification card and a Junior 
Division REACT decal. 

An electronic message transmission 
system is being tested by the 
Pustal Service. It could be in 

operation in as little as three years. 
Using this system, computers send 
messages by bouncing them off a sate- 
llite to the specified receiving 
points on earth. The message is 

then put into an envelope for deli- 
very in the next day's mail. Assum- 
ing the volume of messages sent is 

sufficient to support the system, 
each message could be sent for as 

little as lot or 11$, according to 
Postmaster General William F. Bolger. 

The "Maker Of The Microphone Award," 
given annually in honor of Emile 
Berliner, inventor of the microphone 
and disc record, has been awarded 
to the late Dr. Peter C. Goldmark, 
developer of the fine -groove LP disc 
record and other audio and video 
innovations. Dr. Goldmark was the 
fifteenth to receive the award, 

which will be presented only 25 times 
to commemorate the fact that Emile 
Berliner was only 25 years old when 

he invented the microphone. Dr. Gold - 

mark's sons accepted the award for 
their father, who died in an auto 

accident last year, from Oliver 

Berliner, grandson of Emile 

Berliner. 

POPULAR ELECTRONICS 
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LEVEL BANDWIDTH FREQUENCY 
With the graphic equalizer, you have a limited number of 

chances to correct an infinite number of potential problems 
in a recording or listening environment. You're dealing with 
fixed bandwidths and fixed frequencies. You can only increase 
or decrease the level. When boosting or cutting frequencies, 

you have to settle for the nearest one or two octaves. It's a 
compromise. With the parametric, you're provided an infinite 
number of solutions. Bandwidth, frequency and level are each 
determined by you. Any musical problem can be isolated 
and corrected. And that's what all the excitement's about. 

e graphic reason 
to buy our parametric. 

At SAE, the battle has always been for complete 
musical control. Control that would allow you to 
correct for any inadequacy in any recording or listen- 
ing environment. 

Now the battle is over. You won. 
SAE introduces the 180 Parametric Equalizer. 
Actually, if you work for a recording studio, 

"introducing" would hardly be appropriate. You'd be 
working with parametrics already. Very simply, it's a 
matter of flexibility and 
precision. And very 
simply, with the SAE 180, 
the flexibility and preci- 
sion of your sound 
control are absolutely 
limitless. 

We should let the 
parametric speak for 
itself. 

Problem: The lead 
singer is overpowered by 
the back -up group. 

Solution: Set Level 
control to + 10dB. Sweep 
Frequency control until 
the voice is brought 

r 

forward. Adjust Bandwidth control to encompass the 
full voice range. Tailor Level control to exact voice 
presence desired. 

How much does a machine like this cost? How 
can I afford a component that can acoustically cor- 
rect a system? How can I buy an electronic box that 
can fix a listening room and a recording at the same 
time? 

The SAE 180 costs $250.* That's how. 
What we have is a 

I want control. Send information. 

Name 
Address 
City State Zip 

SEND TO: SAE, P.O. Box 60271, Terminal Annex, 
Los Angeles, California 90060 

Scientific Audio Electronics, Inc. 
CIRCLE NO. 59 0N FREE INFORMATION CARD 

small miracle that is also 
an attainable reality. 
Imagine: Complete, 
precise, musical control 
for the price of a com- 
mon graphic. 

Remember that word: 
Parametric. Remember 
that number: 180. And 
remember that name: 
SAE. 

`Nationally advertised 
value, actual retail prices 
are established by 
SAE Dealers. 
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While our competitors were listening 

toTechnics Linear Phase speakers, 
we introduced phase two 
Wher Technics introdccec _inear 

Phase speakers two ye -S ago_ 
we took +e audio work b 
surprise. And why not After 
all,Techii :s Linear Piase 
speakers were the first 

speolera to actually show yDJ 

wavefo Tr fidelity. No' simply 
with tore bursts ar d sine waves, 

but by ac ually comparing the PnnoWavefo-m. 

wavefo-nrs of live mu;izal r.stru-news 
to the oJtout waveforms o= jr o Linear Piase speakers. 

Now .with the 3 -way SB -60e0 and 4 -way SB -70170 

(shown DE low), Technics ta<es ycu to phase two. Eecause 

compared to our f rst _inecr Fiase s_ealoe-s both give you 
wide- frequency extens oi. flat-er frequercy response 

and eve i more phase I iearity, whi_h means even better 

WOVE form fidelity. 
How d d we make s.:F, gooc speakers even be ter? 

We s aril with BASS (Bas c Acoustic Simulation 

System', an IBM 37C -basec rr-erociive computer 
system. With it, Tezhn c; engileers :an dc what 
they only dreamed of doing in the post: Calculate 
the sou .c p-essure and d stor -ioi characteristics 
of transducers witnoutphys:aaly bu Idinç and 
measuring countless proto-).Fes. 

Nex- we took the :oT.pLter- derivec drivers 
and zo-tbined then- wrh Teciri:s _ iique 
phase-controlling crossover re,twork_ 

And of :curse we stogue-ed fie drioers 
to al gr tie r acoustic centersçreceely. 

Its easy to see the -e suit of all this 

tech io ogY. Just compere Fe 

waveforms. On the left is 1 waveform 
of a live mono. Cn the richt, the piano 
as reproduced by the SB -707J. Thais 
waveform fidelity. 

Listen to the 4 -wad :B -70:0- What 
you11 hear is its smoc.ti trans- Lion 

between low, mic range and high 
frequeicies. Ther ratite ttie. pass 

resporse. Its deep ar d tight_ Vlth much 

more pjich, betterceflnrior aid even 

less iM distortion tha i is predecessor. 

That's because when t-e L prier bass 

F!!IIiRiv111i!l i I: II Ñ 1ir11 
1 

MIMI 

Fregi.encies are Fondled by c 

separate drive -, the wocfe- 
does a much better 'OD at 
handling the lower bas; 
=-equencies. 

You'll alsc hear voccls +at 
i=re smooth and natuna . 

That's because the S3- 707C's 

- igh- midrarge driver vrac 

designed with ' free edg:" 
ccnstriction to avoid coloro ioi of 

All c, birety is simulated wee. 

Technics 
Professional Series 

CIFCL_ AO. 13 ON FREE IMF 3RMAT -3R CAPO 

Waveform 
reproduced by SB -7071 

tie critical upper- mid-an_e f-equencies. 
And by adding a new, sma ler tweeter with imo-cvelc 

d soersioncharacteristics ,theSB- 7070'shigh -end =reque. izy 
response was extended to 32 kHz. 

technics 3 -way SBÓOeO and 4 -way S6; -7070. For m J;IC 

tfrct sounds like it was or Ind y played. _rve. 

:e: 
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