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a personal computer. 
Suddenly everyone is talking about personal computers. 
Are you ready for one? The best way to find out is to 
read Apple Computer's "Consumer Guide to Personal 
Computing." It will answer your unanswered questions 
and show you how useful and how much fun personal 
computers can be. And it will help you choose a 
computer that meets your personal needs. 

who uses personal computers. 
Thousands of people have already discovered the Apple 
computer-businessmen, students, hobbyists. They're 
using their Apples for financial management, complex 
problem solving-and just plain fun. 
You can use your Apple to 
analyze the stock market, 
manage your personal 
finances, control your 
home environment, and 
to invent an unlimited 
number of sound and 
action video games. 
That's just the beginning. 

What to look for. 
Once you've unlocked the 
power of the personal 
computer, you'll be 

using your Apple in ways you never dreamed of. 
That's when the capabilities of the computer you buy 
will really count. You don't want to be limited by 
the availability of pre-programmed cartridges. You'll 
want a computer, like Apple, that you can also program 
yourself. You don't want to settle for a black and white 
display. You'll want a computer, like Apple, that can 
turn any color tv into a dazzling array of color graphics.* 
The more you learn about computers, the more your 
imagination will demand. So you'll want a computer 
that can grow with you as your skill and experience 
with computers grows. Apple's the one. 

How to get one. 
The quickest way is 
to get a free copy of 
the Consumer Guide 
to Personal Computing. 
Get yours by calling 
800/538-9696. Or by 
writing us. Then visit 
your local Apple dealer. 
We'll give you his name 
and address when 
you call. 

'Apple II plugs into any standard TV using 
an inexpensive modulator (not included). 
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Mr. Karpov and our computer. 

The new $100 JS&A chess computer will 
make computer chess an affordable game for 
the American consumer. 

Anatoli Karpov is the undisputed World 
Chess Champion. Last month, JS&A chal- 
lenged Karpov to play against our chess 
computer. We offered him $50,000 and a per- 
centage of each unit we sold if he beat our 
game. 

Karpov rejected our offer and quite frankly, 
we were at a loss to explain why. 

Our concept was simple. If Karpov played 
against our computer, he would focus world- 
wide attention on our product. This attention 
would increase its sales and win or lose, we 
would sell more computers. 

We had to sell more computers. We wanted 
our unit to sell for $100 even though units with 
similar capabilities were selling for up to $400. 
But we had to do two things to keep our low 
price: First, we had to manufacture our unit in 
Hong Kong where labor costs are very low. 
Secondly, we had to sell large quantities to 
keep production costs down. 

When we first announced our challenge, the 
Soviets rejected it. Could Karpov have been 
afraid to play against it? Or was the circus -like 
atmosphere that might surround the event not 
in keeping with the prestige of the coveted 
world title, even if Karpov won? 

Quite honestly, we had no idea. So we 
asked Karpov for an explanation and got one. 
Here's what he said: 

"I can appreciate your desire to sell the 
JS&A Chess Computer but you have missed 
an important point of the entire challenge. It 

took somebody to program the unit and since I 

am the world's chess champion, it is highly 
unlikely that the programmer person could 
beat me. You Americans have a saying, 
"Garbage in, garbage out." 

Karpov continued, "Your unit is definitely a 
good product. I played several games at level 
six and found it to be a challenge even for me. 
What I like about your unit is that it is priced low 
enough so that most Americans can afford the 
unit and this will help promote chess." 

Soviet chess champion agrees to endorse 
American chess computer in surprise 

w u . answer to computer challenge. 

The JS&A Chess Computer indeed has six 
levels of chess. Level one is perfect for 
beginners. Level six is a real challenge for any 
Soviet Chess Champion. 

LIKE PLAYING KARPOV 
The system is the perfect way to sharpen 

your chess skills. It not only has six different 
skill levels, but if you are playing against the 
computer at level two and you are beating it, 
you can switch the unit to level six. It's like 
having Karpov as your new opponent-right 
during mid game. 

To play against the computer, you enter 
your move on the unit's keyboard. You then 
wait until the computer examines all its options 
and selects its move. You then move the 
computer's chess piece to correspond with its 
request as shown on the display. A board 
layout is provided to show you where each 
chess piece should be moved. 

The JS&A Chess Computer is programmed 
for such complex functions as castling, pawn 
promotion and enpessant. It also allows you to 
start in midgame, setting up any situation you 
choose. This is perfect for those players who 
wish to examine particularly intricate problems 
and allows for an infinite number of game 
variations. 

SHARPEN SKILLS 
If you already play chess, the JS&A unit 

provides a new chess dimension. If you 
haven't played chess, the system is a good 
way to learn and sharpen your skills. 

The JS&A Chess Computer measures only 
21/e"x 47/e"x 87J8" and weighs just a few ounces, 
so if service is ever required you can slip it in its 
handy mailer and send it back to our prompt 
service -by -mail center. Service should never 
be required, but it is reassuring to know that 
service is an important consideration in this 
program. 

JS&A is America's largest single source of 
space-age products-further assurance that 

your modest investment is well protected. 
We suggest you order a JS&A Chess 

Computer and use it for 30 days. Play against 
it. Raise or lower the level as you play and 
watch how the computer's personality can 
change right in mid game-from a tough 
competitor to a push over. 

Test our level six and see if you'd -have much 
of a chance against the Soviet Champion 
Karpov. Then, after you've really given it a 
workout, decide if you want to keep it. If not, 
you may return your unit within our 30 day trial 
period for a prompt and courteous refund, 
including your $2.50 postage and handling 
charge. There is no risk. Each JS&A Chess 
Computer comes complete with instructions 
and an AC adapter (no batteries are required). 

To order our JS&A Chess Computer, send 
your check for $99.95 plus $2:50 for postage 
and handling (Illinois residents please add 5% 
sales tax) to the address below or credit card 
buyers may call our toll -free number below. 

Karpov told us (and this is a direct quote) "I 
have played all the rest of the American chess 
computers and find that the JS&A unit is the 
best value for the dollar. I will accept an offer to 
endorse the game, however, you can forget 
about your $50,000 offer and spend the money 
on advertising to spread the word." 

Thank you, Mr. Karpov. We appreciate your 
honesty and your generosity and we promise 
to spread the word. 

And you can help us America. Order a JS&A 
Chess Computer at no obligation, today. 

PRODUCTS 

O 
® THINK® 

Dept. PE One JS&A Plaza 
Northbrook, III. 60062 (312) 564-7000 

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

©JS&A Group, lnc.,1979 



ow to Ge 
1 places at once, 

locically. 

When's the last time 
you had a nice chat with an 
integrated circuit? All you need 
is something to translate what's hap- 
pening in its simple little logical mind. 
Something like our popular Logic Monitors. 

Clip one onto an IC-any DIP up to 16 
pins-and the 16 LEDs atop our Logic 
Monitor flash to the rhythm of the state of 
each pin. You have, in effect, 16 tiny logic 
probes in one pocket-size circuit -powered 
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instrument. 
And, as everyone 

knows, 16 LEDs are 
better than one. Because 

with just a glance, you can see inputs 
affecting outputs, a whole IC at a time. 

Psychologists call the principle 
Gestalt (in short, the whole is greater than 
the sum of its parts). You'll call it smart, a 
timesaver. We just think it's logical. 

CSC for yourself! 

CONTINENTAL SPECIALTIES CORPORATION 
Corporate Headquarters: 

70 Fulton Terr., Box 1942, New Haven, CT 06509 ' _ ° 

351 California St., San Francisco, CA 94104 
(415) 421-8872, TWX 910-372-7992 

Canada: Len Finkler Ltd., Ontario 

EUROPE, AFRICA, MIDEAST: CSC UK LTD. 
Shire Hill Industrial Estate Units 1 and 2 
Saffron Walden, Essex CB 11 3AQ 

- Telephone Number: SAFFRON WALDEN 21682 
TLX 817477 

®Copyright 1979 Continental Specialties Corporation, 
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Prices, specifications subject to change without notice. 
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Editorial 
1979th 

The Consumer Electronics Show in Las Vegas this past January revealed what 
we can expect to be sold in stores during the first half or two thirds of '79. In most 
cases, products will remain the same as '78 year-end models, judging from what 
we saw at this giant trade convention. There were exceptions, though, as follows. 

At the Jockey Club Hotel, away from the Convention Center mainstream, about 
100 smaller audio companies were gathered in hotel suites to display their prod- 
ucts. With late and limited publicity as to the existence of this added location, and 
owing to abominable elevator service, it was a challenge to cover it. But the effort 
was worthwhile, for here is where one can generally find the design innovator/ 
entrepreneur person and, consequently, learn how a product really works. At one 
such meeting, I previewed a preamp with an audio hologram function, plus a 200 
W/ch "Magnetic Field" power amp housed in a 63/4" -cube chassis, weighing about 
12 lb., and tentatively priced at 75C per channel -watt. (We'll have a full test report 
on the prototype Carver Corp. preamp next month.) 

At the main show, spread out over some 459,300 sq. ft., personal computer ex- 
hibits were clearly in evidence, Ohio Scientific, Apple, APF, and Commodore PET, 
among them. Bally introduced a new computer language called "Graffix" for ex- 
panded functions, while Mattel (yes, the "toy company") debuted its "Intellivision" 
system. The latter is a programmable game component which is expanded to a 
"computer" with a mating 64 -key keyboard component. Uses prerecorded tapes. 

Microprocessors were used for more dedicated applications, of course. For ex- 
ample, Coleco Industries (another "toy company") introduced its ZODIACTM as- 
trology computer; Comus, its hand-held "C-6 Diet Computer" for computing proper 
caloric needs according to input information on weight, height, type of exercise, 
etc. And then we saw-and tried out-Craig's portable M1 00 Language Transla- 
tor. It converts English to another language automatically, with the foreign lan- 
guage reading out on a blue Digitron display. Memory capsules ($25 each) include 
Spanish, French, Italian, German and Japanese at this time, each with a vocabu- 
lary of about 1,500 words. Talking computerized chess games from Boris and Fi- 
delity Electronics astounded many attendees, and for you Contract Bridge and/or 
Backgammon enthusiasts, there were computer -opponent games exhibited. Tex- 
as Instruments' programmable TI 58 and 59 solid-state software libraries im- 
pressed me, too. 

The car stereo rage was certainly carried over into the CES, with numerous 
models shown. With one, you can now feel the sound as well as hear it owing to a 
"Bodysonic" amp that makes a seat cushion pulsate as music is played. It's from 
Pioneer Electronics of America. And from Fosgate is a four -channel 4 x 50W car 
amp that uses the Tate system. 

We listened to a digital audio disc system developed by Matsushita Electric 
(sounded great!); marketing plans are incomplete, however. And also liked one of 
the least expensive items at the show, a Discwasher "Hi -Fi Seer" audio illuminator; 
a small, $7 flashlight -mirror system with on -off switch that lights up those dark re- 
cesses in a hi-fi cabinet. 

In the communications field, Nevcom's cordless CM -100 communications micro- 
phone, with a three -meter range, worked beautifully. JS&A is marketing it. And 
writing about cordless, a handful of cordless telephone handsets were exhibited at 
the show. One of them, Pathcom's "EZ Phone," startled me when an incoming call 
caused it to ring while in the jacket pocket of the person I was talking to. It operates 
at 1.6 to 1.8 MHz and 49.8 to 49.9 MHz under Part 15 of the FCC Rules (no license 
required). About $170. 

Among other interesting products revealed at the show were: "FlexSwitch," a 
thin, pressure -sensitive membrane that's designed to interface with logic circuitry. 
A prototype designer's kit costs $10 (Sheldahl, Electrical Products Div., Northfield, 
MN 55057.) Another was a portable synthesizer from England, the Tylophone 
350-S, that simulates sounds of more than 20 different instruments when sliding a 
stylus across a 31/2 -octave keyboard. 

With about 811 exhibitors in all, space doesn't permit me to mention all the newly 
introduced products. But as you can see, 19791/ will be an interesting part -year. 

POPULAR ELECTRONICS 



Here it is at last... THE FIRST 
FLOPPY DISK BASED COMPUTER 

FOR UNDER $1000 

/J 

The C1P MF L 

$995 
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! 
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The Cl 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. 
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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 C113 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. 

OHIO OIENTIFIG 
1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101 
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Announcing four 
tiny advances with 

room -filling benefits! 

fir 

New 57-IIBATIO stylus with 
1. minimum mass and 
2. improved contour 

3. New low -mass 
magnet assembly 

In the tiny world of the stereo car- 
tridge, microscopic differences in dimen- 
sions are all-important. Which is why 
the extremely low moving mass of the 
new AT15SS is a major achievement in 
stereo technology. 

For instance, to the best of our knowl- 
edge our new stylus is the smallest whole 
diamond used in series production. In 
cross-section, it's 36% smaller than our 
best previous model. It is also nude - 
mounted to further reduce mass at the 
record surface. And the square -shank 
design insures exact alignment with 
groove modulations. 

All this is so small you'll need a 
microscope like the one above used by 
many A -T dealers to.see the details. If you look very closely you'll also see 
we've slightly revised the contour of the 
Shibata tip. The combination of mini- 
mum mass and new contour which we 
call Shibata+ offers outstanding stereo 
reproduction, especially of the latest 
high level recordings. 

But there's more. Extremely low dis- 
tortion results from a new ultra -rigid 

4.New Beryllium 
r.antitever 

Beryllium cantilever which transmits 
stylus movement without flexing. And 
flatter response plus better tracking is 
achieved by a new method of mounting 
our tiny Dual Magnets to further 
minimize moving mass. 

Four tiny differences, yes. But listen 
to the new AT15SS or the hand -selected 
AT2OSS for ultra -critical listening. You'll 
find out that less IS more. At your 
Audio-Technica dealer now. 
Note: If you own a current ATI5Sa or AT2OSLa, 
you can simply replace your present stylus assembly 
with a new' SS" stylus assembly to bring your 
phono system up to date. 

"1",w11---9"." 
Model AT15SS Model AT2OSS 

$200.00 $250.00 

audio technica 
INNOVATION o PRECISION o INTEGRITY 

AUDIO-TECHNICA U.S., INC., Dept. 49P, 33 Shlawassee Avenue, Fairlawn, Ohio 44313 
6 CIRCLE NO.6 ON FREE INFORMATION CARD 
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Letters 
AUTOMATIC KEYER FOR HAMS 

After reading "Control Your Model Railroad 
With Audio Tape" (November 1978), I 

thought of another very practical use for the 
project. It can be used as a keypr for prere- 
corded Amateur Radio messages with a ham 
rig equipped with full break-in capability. The 
keyer could be used to send a CO message 
with perhaps a 20- or 30 -second delay before 
the message is repeated. The conversion is 
simple: connect a keyer in place of S3 and 
forget S4 altogether and use the contacts of 
K1 to key the transmitter. -Brian Torr, Monte 
Rio, CA. 

DISCO MIXER SPECIFICATIONS 

For thosé who are interested, here are the 
frequency -response and distortion specifica- 
tions for my "Disco Preamp/Mixer" (Septem- 
ber 1978). Phono Section: input impedance, 
47,000 ohms and 100 picofarads; input over- 
load 60 millivolts at 1 kHz; playback equaliza- 
tion, IEC ± 0.5 dB; input sensitivity, 4 mV at 1 

kHz (for 500 mV output); S/N referred to 5 
mV, 87 dB (IHF "A" weighting); THD + N, 
0.1% (1 kHz at rated output); IM (SMPTE), 
0.09%. High Level: input impedance, 50,000 
ohms; frequency response, PA only, -0.4 dB 
at 20 Hz, 0 dB at 100 kHz, DM, -1 dB at 20 
Hz, 0 dB at 100 kHz; IM (SMPTE), PA & DM, 
0.003%; THD + N: (at 8 V rms) 20 Hz 
-0.012%, 2 kHz -0.0018%, 10kHz- 
0.0035%, 20 kHz -0.0052%; output clipping, 
9 V rms; output noise, 92 dB below 500 mV 
(IHF "A" weighting) (117 dB below clip- 
ping).-John R. Roberts. 

CIRCUIT CHANGE REQUEST 

"Build a Digital Darkroom Timer" (August 
1978) is really a lifesaver, but I have a re- 
quest to make regarding its design. Would it 
be possible to change the circuitry so that the 
desired exposure time can be entered into 
the timer via a keypad?-Freddie T. Reitz, 
Waupun, WI. 

We often receive letters in which readers ask 
us to detail how to make modifications to our 
published projects. Our response to such re- 
quests must be that we do not have the re- 
quested information and any attempt to pro- 
vide this information requires researching 
that would jeopardize our deadlines.-Ed. 
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ELECTRONICS BOOK CLUB 
invites of " 
POWER SUPPLYyouto HANDBtakeaOOK''copy (list $12.95THE) 

1 
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The Power Supply Handbook 
A broad, rich, and varied collection of ready - 
to -build power sources for electronics techni- 
cians, hams, engineers, and hobbyists) 

This is THE complete power supply 
book...the all -in -one Answerbook with ALL the 
data you need to build, design, test, and cus- 
tomize virtually any power supply system you 
want-from AC -to -DC converters to linear 
amplifier filament transformers, from simple 
dual -voltage systems to hefty 3000V DC pow- 
erhouses, from low -voltage units to precision 
10.000V DC references, from sine wave inverters 
to failsafe superchargers! It contains 420 pages of 
solid how-to info, stripped clean of irrelevancies, 
packed with practical instructions on how to 
create just the unit you need for that special ap- 
plication. You get a brief course in power supply 
theory, some basic schooling in testing, a 

thorough guide to power supply design, and sec- 
tion after section of pretested power supply cir- 

4 ay we send you this practical time -and -money - 
VI saving book absolutely FREE as part of an 

unusual offer of a Trial \lembershrp in Electronics 
Book Club. 

Like all Club offerings, this is a quality 
hardbound volume, especially designed to help you 
increase your know-how, earning power, and enjoy- 
ment of electronics. Whatever your interest in elec- 
tronics. you'll find Electronics Book Club offers prac- 
tical, quality books that you can put to immediate use 
and benefit. 

This extraordinary offer is intended to prove to 
you through your own experience, that these very 
real advantages can be yours...that it is possible to 
keep up with the literature published in your areas of 
interest, and to save substantially while so doing. As 
part of your Trial Membership. you need purchase as 

few as four hooks during the coming 12 months. You 
would probably buy at least this many anyway, with- 
out the substantial savings offered through Club 
Membership. 

To start your Membership on these attractive 
terms, simply fill out and mail the coupon today. You 
will receive "The Power Supply Handbook" abso- 
lutely FREE. If you're not delighted, return the book 
within 10 days and your Trial Membership will be 
cancelled without any obligation whatsoever. 

cuits you can build and modify. Projects like 13V 
mobile systems, 12V 20A brute supplies, voltage 
sextuplers for SSB, 115V 60 Hz sine wave inver- 
ters, regulated nicad chargers, precision 
10.000V DC references, adjustable low -voltage 
regulated supplies, 117V AC to 24V DC conver- 
ters, and lots of special-purpose AC supplies. And 
precisely because this manual is so comprehen- 
sive, you'll be able to build I'S systems that are as 
good as any you can buy, systems that meet your 
specifications. 

Probably the most remarkable thing about 
this volume is thesheer variety and quality of the 
projects it offers...each one is reliable, pretested, 
easy to build, and you can construct most of them 
from inexpensive salvaged or surplus parts. It 
would have to be a very unusual PS indeed not to 
he covered in this manual, for here you'll find 
everything from simple get -the -job -done units to 
highly refined adjustable supplies. Step-by-step 
instructions tell you how to put together voltage 
doublers for MOS LSI, super low -voltage 
supplies, 78MG voltage regulators, 13V supplies 
for mobile equipment, 1 10V 600 Hz inverters, 

Facts About Club Membership 
"The Power Supply Handbook' lists for $12.95. It is yoJrs 

absolutely FREE with your Trial Membership. 
You will receive the Club News, describing the current 

Selection. Alternates, and other books, every 4 weeks (13x a 

year). 

If you want the Selection, do nothing, it will be sent to you 

automatically. If you do not wish to receive the Selection, or if 
., you want to order one of the many Alternates offered, you 

simply give instructions on the reply form land in the en- 
velope) provided, and return it to us by the date specified. This 

date allows you at least 10 days in which to return the form. If. 
because of late mail delivery, you do not have 10 days to make 

a decision and so receive an unwanted Selection, you may 

return it at Club expense. 

To complete your Trial Membership, you need buy only four 

additional monthly Selections or Alternates during the next 12 

months. You may cancel your Membership anytime after you 

purchase these four books. 
All books-including the Introductory Offer-are fully re- 

turnable after 10 days if you're not completely satisfied. 
All books are offered a: low Member prices, plus a small ' 

postage and handling charge. 
Continuing Bonus: If you continue after this Trial Member- 

ship, you will earn a Dividend Certificate for every book you l+ 

purchase. Three Certificates plus payment of the nominal sum 
of $1.99 will entitle you to a valuable Book Dividend of your 

choice which you may choose from a list provided Members. ri 

a bsolute l y 

...with a Trial Membership in 

the Book Club that saves you 
25% to 75% on a wide selec- 
tion of electronics books 
polarity changers, 12V to 300V converters, 
solid-state car alternator/regulators, silver -zinc 
cell battery chargers, zero to 30V lab supplies, 
simple four -voltage bench supplies, and many 
more. The projects cone with all the data you 
need to insure flawless no -hitch construction- 
concise analyses of special circuits, easy -to - 
follow directions, detailed schematic diagrams, 
complete parts lists, and special discussions of 
construction safety precautions. 

The scope of this handbook is broad-broad 
enough to include construction info on tested cir- 
cuits that'll help you make the most of any power 
supply you put together-circuits that'll allow 
you to interface, mortify, and test your own PS 
designs. The authors show you how to construct 
voltage splitters, IC protection circuits, smoke 
testers, two -terminal current limiters, voltage 
limit sensors, active voltage dividers, microfarad 
multipliers, capacitor rejuvenator -leakage tes- 
ters, and many, many others. 420 pps., 292 illus. 
Hardbound. List $12.95. 

ELECTRONICS BOOK CLUB, Blue Ridge Summit, Pa. 17214 
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ELECTRONICS BOOK CLUB 
Blue Ridge Summit, Pa. 17214 
Please open my Trial Membership in ELECTRONICS 

BOOK CLUB and send my copy of "THE POWER 

SUPPLY HANDBOOK" ABSOLUTELY FREE! If not 

delighted, I may return the book within 10 days 

and have my Trial Membership cancelled. I agree 

to purchase at least four books during the next 12 

months, after which I may cancel my Membership 

at any time. 

Name Phone 

Address 

City 

State 
(Valid for new Members only.) 

Zip 
PE -49 
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Forty-nine out of 50 executives surveyed 
said they found it an absolute necessity - 
even though they bought it for convenience 
or on a lark. And most prefer it to having their 
secretaries or switchboard operators place 
their calls. 

Rapidial will help make your day. Every day. 
Imagine dialing a number by touching a but- 
ton. And, then, having the number you are 
calling ring in a second. (Tell somebody you 
will call right back, and his phone will ring the 
instant he hangs up!) 

Works with any phone - One line or 10. 
Even turns a rotary into a Touch Tone®. 
F.C.C. approved, manufactured in the U.S. 
and guaranteed for one full year, Rapidial 
comes with a plug-in wall jack adapter (4 - 
prong or modular combination) for phones 
with one or two lines. For permanently in- 
stalled .office phones with up to six lines we 
have an inexpensive, two -screw "sandwich 
connector". And for phones with up to 10 lines 
the phone company will install an RJ35X 
connection (for a one time charge of about 
$30). 

Rapidial works on any line of any multiple 
line phone. It also works with rotary phones. 
In fact, you can use the Rapidial keyboard to 
place all your calls with Touch Tone speed 
and ease. 
It's Hands -Free 
Rotary or Touch Tone, using the Rapidial 
keyboard regularly has added advantages. 
First, it's hands free telephoning. With a built- 
in type speaker system. You lift the receiver 
only when you hear someone answer. Sec- 
ond, if the line processed is busy, Rapidial 
shuts itself off automatically, remembering 
the number so you can redial at the touch of 
a button-as often as necessary. 

There is no call you can't make. What's 
more, every call-local, long distance, inter- 
office, even over seas, is easier and faster. 
With Rapidial you can store as few or as many 
as 10 digits (area code and number) in mem- 
ory. If you have to dial "9" or "1" or both, need 
the operator, want to access a WATTS line or 
a PABX system, just touch the extra buttons 
you need plus the button with the number 
you're calling. 
Bonus Features 
About the size of a hand-held calculator, Rap- 
idial sits neatly on your desk next to your 
telephone. Always ready with no off/on switch 
to worry about. The numbers in memory are 
identified on the panel on top. The lower sec- 
tion is the Touch Tone keyboard pad. An LED 
DISPLAY lets you check any number in 
memory. The PAUSE CONTROL sets the 
machine to wait for a dial tone. There's an 

Oe Touch Tone is a mark of A. T. & T. Co. 
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AUTOMATIC CANCEL button if you change 
your mind or hit the wrong number. And the 
BATTERY BACKUP protects the memory in a 
power failure. 

Five Different Uses 
For peak operation and maximum efficiency 
at the lowest cost, Rapidial stores 20 num- 
bers in memory-eliminating wrong numbers 
and having to stop to look them up. Numbers 
entered in seconds and changed-any time 
-by Rapidialing the new number. 

Basically it allows you to place frequently 
made calls yourself in an instant. In far less 
time, actually, than it would take you to tell 
your secretary to do it for you. With immediate 
access to emergency numbers. 

Interestingly, our survey unearthed some 
rather surprising and highly enterprising 
additional uses. 

For example, most executives store both 
their most frequently called numbers, family, 
friends, clients or customers, service organi- 
zations and suppliers...and those important 
but less frequently called numbers that al- 
most always have to be looked up. 

Others use Rapidial mostly for inter -office 
calls. Since remembering extensions is al- 
most impossible. And it's kind of inconsider- 
ate to have a man get on the phone with your 
secretary first all the time. 

The Memo Caller-or daily telephone or- 
ganizer-is one of the more intriguing uses 
we discovered. These men (or their sec- 
retaries) program each day's calls. Crossing 
off the ones that are completed (adding new 

- 
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Who else wants to save time, 
trouble and, aggravation? At $99, 
Rapidial" is America's lowest priced,, 
best selling automatic dialer. 

ones as necessary). A glance assures you no 
one's been left out, no call back has been 
forgotten. And a touch of the button gets you 
the next man on your list. 

Finally, many report leaving the bottom 
bank of storage cells blank. Reserving them 
for the flow of calls that always accompanies 
a special deal or negotiation. 

$20 Less Than Retail ... $50 Less Than The 
Closest Competitor's. 
A repetory-or automatic dialer-from the 
phone company with 15 numbers costs $105 
to install and $9 a month plus tax to lease- 
forever. For $130 you can get a 16 number 
dialer-with no keyboard of its own so it's only 
good for those numbers stored in memory. 
For $149.95 you can get a 20 number unit- 
but it's primarily for the home since a special 
telephone company installation for any multi- 
ple line phone is needed and it's not recom- 
mended at all for phones with more than three 
lines. 

Rapidial will sell in stores for $119.95. But is 
being introduced by mail for $20 less. Why? 
To get as many as possible in use now by the 
kind of people Douglas Dunhill reaches by 
advertising in America's most influential pub- 
lication. 

So, you can have the easiest to use, most 
efficient and versatile unit on the market 
today for less than anybody else. And without 
risking one cent! 

30 Day Trial 
If your Rapidial isn't the executive necessity 
we described, the home convenience you 
hoped for, just return it in 30 days for a full 
refund. And we'll thank you for trying. 

The price, including backup batteries and 
adapter for your wall jack, is just $99.00 plus 
$2.50 shipping and handling. The Amphenol 
connection for multiple line office phones is 
only $19.95 extra. The adapter for the RJ35X 
is $19.95. (For the RJ35X connection itself, 
for phones with six or 10 lines, call your tele- 
phone business office.) 

Deduct 10% from the price of the Rapidial 
on orders for ten or more. Call toll free to 
charge to your national credit card or send 
your check to Douglas Dunhill. (Illinois resi- 
dents add sales tax.) You'll find it a far cry from 
standard transmission. 

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

Douy/alDuuhi// Inc. AFFORORB4.E OURUTY 
Dept. 74-2339 
Ten Douglas Dunhill Drive, Oak Forest, IL 60452 
© Douglas Dunhill Inc. 1979 
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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. 

Sanyo Biamplified 
Auto Sound 
The Sanyo Model FT -1490A is a car in - 

dash AM/FM/cassette system with biam- 
plification. Its tuner has a dual -gate MOS- 
FET front end, PLL multiplex decoder, 

1-p.V FM sensitivity (mono), and 30 - 
to -16,000 -Hz response; Dolby noise re- 

duction for FM and tape; loudness contour 
control; selectable standard/biamplifica- 
tion mode; and tape transport with full au- 
to -reverse and auto -repeat, self -draw tape 
compartment, and locking fast -forward and 
rewind. Biamplification provides separate 
amplifiers for bass (rated 12 watts/chan- 
nel) and treble (2 watts/channel). $199.95. 
CIRCLE NO. 86 ON FREE INFORMATION CARD 

require fewer mechanical and electrical 
connections and fewer resistive contacts 
between loading coil and cable termina- 
tions. Persuaders are tested at 500 watts 
of power and rated at 1000 watts continu- 
ous. Magnetic mounts are tested at 55 

mph. The active radiator element is a 60" 
(1.5-m) long tapered stainless steel whip. 
Mounted on the center of a car roof, SWR 
is claimed to be 1.5:1 or less across all 40 

CB channels. A choice of magnetic or 
trunk -lip mount is available, and mounts 
come in silver, bronze, black, blue, red, 
white, and clear. $34.98. 
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electret element has a rated 30 -to - 
18,000 -Hz (no reference given) frequency 
range. The receiver has a standard phono 
plug output for connection to a PA or other 
microphone input and a VU meter to moni- 
tor the audio output signal level of the 
transmitter. A single 9 -volt battery is re- 
quired in the transmitter and the receiver. 
$69.95. 

CIRCLE NO. 89 ON FREE INFORMAL ION CARD 

Antenna Inc. 
Low -Profile 
CB Antennas 
The PersuaderTM is a new line of CB an- 
tennas from Antenna Inc. It features a pre - 

tuned hand -wound loading coil located 
right in the mounting cup instead of the 
usual nontunable and low -power printed - 
circuit assembly generally used in low - 

profile antennas. This design is reported to 

i 

Realistic High -Power 
Receiver 
The Realistic Model STA-2100 is said to 

be the most powerful AM/FM stereo re- 

ceiver ever offered by Radio Shack. It is 

rated at 120 W/channel minimum rms at 8 

ohms from 20 to 20,000 Hz with no more 
than 0.1% THD. Special features include 
separate bass, treble, and midrange tone 
controls, with selectable crossover points 
on bass and treble; switchable 25- and 75- 
µs deemphasis for FM Dolby reception; a 

multiplex filter, AM signal strength and FM 

center -channel meters; and dual power 
meters. Both DIN and phono-type input 

-- _ - ., 
} 
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and output jacks are provided for use with 
two tape decks. (One can record from one 
source while listening to another.) Specifi- 
cations: 15 to 25,000 Hz ± 2 dB at 10 
watts frequency response; 0.05% IM dis- 
tortion at 70 watts; 70 -dB phono, 75 -dB 
AUX S/N; 1.6-µV (10.1-dBf) FM sensitiv- 
ity; 75 dB alternate -channel separation; 52 
dB at 1000 Hz FM stereo separation; 0.1% 
stereo, 0.05% mono FM THD. $599.95 
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Hickok Hand -Held DMM 
Features LCD Display 
The 31/2 -digit pocket-size Model LX -303 
DMM from Hickok 'Electrical Instrument 
Co. features a liquid -crystal display for 
long battery life. Numeric display of the pa - 

rameter being measured is backed up by 

automatic polarity and overrange indica- 
tion. The instrument can measure from 0.1 

mV to 1000 V (±0.5% of reading ±0.5% 
full-scale) on dc; from 0.1 V to 600 V (-±1% 

of reading ±0.5% f.s.) on ac; 0.01 nA to 
200 mA (±1% of reading ±0.5% f.s.) on 

dc; and 0.1 ohm to 20 megohms (±0.5% of 
reading ±0.5% f.s.). Protection is provided 
to 1000 volts on all dc ranges except the 
200 -mV range, where ít is to 500 V; to 600 
V on all ac ranges; and to 120 V on all re- 

sistance ranges. $74.95. 
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Mura Wireless 
Microphone 
The Mura Model WMS-49 is a high -power 
wireless microphone system that contains 
a matched transmitter and receiver, both of 

which are crystal controlled. The system 
operates in the 49 -MHz walkie-talkie band 
where 100-mW output power is permitted 
without an FCC license. The microphone's 

ReVox Direct -Drive 
Turntable with 
Tangential Tracking 
The B790 turntable from ReVox has no 

tonearm in the usual sense, but is 

equipped instead with an optoelectronic 
servo mechanism to position the cartridge. 
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ALL NEW AND ADVANCED DMM 
by Sabtronics 

for only $89.50 
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The new and advanced Sabtronics Model 
2010A is absolutely amazing .. . it gives 
you more performance, features and 
accuracy at a price no other Digital M alti- 
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 
0.1oto20Ma 

Unique X10 Multiplier Switch 
This exclusive feature of the Model 
201 OA 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. 

5_515. 
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sabtronics p 
MODEL 2010A DIGITAL MUITIMETER 

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: 100µV 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: 0.10 to 20 Mtt in 6 ranges 
Diode Test Current: 0.11,A, 10µA. 1 mA 
ACV Frequency Response: 40Hz to 40kHz 
Input Impedance: 10 MO 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 "C"cells) 
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 Vida 
order or use the convenient order form 
to take advantage of this special intro- 
ductory offer. 

Making Performance Affordable sabtronics 
13426 Floyd Circle WS 24 Dallas. Texas 75243 

Telephone 214/763-0994 

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

Model 2010A Digital Multimeter(s) @589.50 $ 

AC Adapter/Charger(s) @5 7 50 S 

Nickel -Cadmium Battery sets @517.00 S 

Touch -and Hold Probes @$18.00 S 

For delivery in Texas, add Sales Tax $ 

Shipping, Handling and Insurance per unit $4.00- $ 

Check enclosed Money Order, or bill my Master Charge Visa TOTAL $ 

Account No. Expiry Date 
Name 

Street 

City State Zip 
*Continental U.S. only. AK, HI & PR, $5.00. Canada: 56.50. Foreign: S19.00 Airmail. PE -4 

ti 
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The platter is turned by a direct -drive servo 
motor with quartz -crystal speed control at 

331/2 or 45 rpm with speed adjustments of 

±7% and a four -digit, seven -segment LED 
speed readout. The cartridge is carried by 

a mounting plate of aluminum 4 cm long 

and weighing a little over a gram. The arm/ 
cartridge assembly is mounted on an over- 
head carrier mechanism that moves the 

cartridge tangentially across the face of the 
record on steel rails. Lateral movement is 

controlled by a sensing system using an 

LED light source that advances the car- 

tridge at the groove rate. The company 
claims that this arrangement eliminates 
tracking error and noncompliance due to 

the effective moving mass of a tonearm. 
The system is supplied with an Ortofon 
M20E moving -coil cartridge and a brush 
that automatically cleans the sylus be- 

tween records. $799. 

CIRCLE NO. 92 ON FREE INFORMATION CARD 

and data inquiry in a microcomputer sys- 

tem. It features separate numeric keys. 

The new Model 1410 economy computer 
terminal is based on the company's 1400 

and 1500 video terminals. It operates with 

a standard EIA RS -232 interface with eight 
transmission rates (selectable onboard) up 

to 9600 baud to accommodate all 128 

ASCII character codes. A cooling fan is not 

required and electronic components are 

mounted on a single printed -circuit board. 
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CPI CB AM/SSB 
Mobile 
The Model CP-2500 mobile AM/SSB CB 
radio system from Communications Pow- 
er, Inc., (CPI) combines the security of a 

trunk -mounted transceiver module with the 

i 

convenience of a dashboard control con- 
sole. The system's control unit includes a 

numeric channel display; upper/lower- 
sideband and AM selector; volume, PA 

provision, r -f gain, microphone gain, clarifi- 
er, and squelch controls. The receiver fea- 
tures a separate, switchable automatic 
noise limiter and blanker; a logarithmic 
speech compressor; and front -panel signal 
strength, transmitter power and modula- 
tion meter. An 18' (5.5.-m) cable is provid- 
ed for interconnecting the control and 
transceiver units. 
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Nikko Compact 
Preamplifier 
Nikko has added the ultrathin (2 3/32"H) 
Beta III PET preamplifier to its professional 
series of audio components. It uses newly 
designed FETs throughout its signal cir- 
cuitry for fast and accurate signal reaction, 
high S/N characteristics, and extremely 

low distortion. Its specifications include: 
within ±0.2 dB for the 30 -to -15,000 -Hz 
RIAA phono frequency response (10 to 
50,000 Hz ±0.5 dB tuner and Aux); less 
than 0.004% THD phono at 3 volts tape out 
(0.005% THD tuner and Aux at 2 volts 
preamp out); 2 mV phono (110 mV all oth- 
er) input sensitivity; selectable 
22k/47k/100k phono (47k all other) input 
impedance; 81 dB phono (at 2 mV input), 
100 dB tuner and AUX S/N; ±10 -dB bass 
and treble tone -control range; 350 -mV 
maximum phono input; 1 -volt output 1 and 
2 and 100 -mV tape 1 and 2 output level; 
100 ohms output 1 and 2, 2200 ohms tape 
1 and 2 output impedance; 19'W x 13"D x 
2 3/32"H (48.3 x 33 x 5.3 cm); 13 lb (5.9 
kg). $399. 
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ton frequency entry. Frequencies being 
monitored appear in a lighted numeric dis- 
play. Up to 20 frequencies can be in any 
sequence or mix of bands. A priority func- 
tion alerts the user when a call is received 
on the priority frequency programmed into 

the channel -1 location. Channels can be 

activated in banks of 10, permitting a sin- 

gle button to call up a group of 10 chan- 
nels. Also, three search operations are 

provided to locate active frequencies. Oth- 
er features include selective scan delay, 
scan speed selection, ac and dc operation, 
direct access to a programmed channel, 
and automatic and manual squelch. 
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Hazeltine Video 
Computer Terminal 
Hazeltine Corp. has introduced a new low- 
priced B&W video terminal for data entry 

rwenne . --- 

Electra Scanner 
Includes 
AM Aircraft Band 
Electra Company's "Bearcat 220" is 

claimed to be the world's first scanning re- 

ceiver to offer both standard FM Public 

Ii=tenlos 

Service Band (five vhf -uhf) and AM Aircraft 
Band reception in a single unit. The crys- 
tal -less ac/dc receiver employs pushbut- 

MXR 
Flanger/Doubler 
The A4XR Flanger/Doubler produces a 

wide variety of time -delay effects and is in- 

stantly switchable between modes. Time 

delay is 0.25 to 5 ms in the flanging and 

17.5 to 70 ms in the doubling modes. Fea- 
tured are manual control over the delay 
time; mix control (between dry and un- 

delayed signals); sweep controls for width 

and speed; and regeneration control for 
added intensity. Many varieties of flanging, 
hard reverberation, and numerous types of 
doubling, which include subtle chorus ef- 
fects, can be produced. The device is rack - 

mountable and features instrument level 
inputs and outputs as well as line level in- 

puts and outputs. Voltage -control termi- 
nals provide a means for externally con- 
trolling the delay and for ganging two units 
for stereo operation. $425. 
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Nihon Nav/Com 
Receiver 
Nihons COMNI R-1010 is a low-priced 
version of professional navigation/com- 

' ^` 
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NEW PRODUCTS (Continued from page 11) 

municatiori vhf AM air -band receivers. Fre- 
quency control is by a PLL frequency syn- 
thesizer that tunes across the entire 108- 
to -135.975 -MHz band in 25 -kHz steps. 
Tuning is accomplished with concentric 
kHz and MHz channel -selector knobs. A 
five -digit LED numeric display provides fre- 
quency readout. Other features include a 
squelch control and a front -panel head- 
phone jack. 

Hz ±3 dB on -axis; response drops 3 dB at 

15 kHz 90° off axis, and at 10 kHz 1800 off 
axis. Nominal impedance is 4 ohms. Pow - 
er requirements are 30 watts rms (15 
dBW) minimum, 500 W (27 dBW) peak 
maximum, 100 W (20 dBW) average. 
Height is 41%", and the system slopes 
from 161/4" square at the bottom to 8112" 

square at the top. $575 each. 

CIRCLE NO.99 ON FREE INFORMATION CARD 
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TRS-80 Microcomputer 
Epicure "Trilogy" Serial I/O 
Speaker System Electronic Systems has introduced a new 

With its first three-way speaker system, the accessory for the Radio Shack Model 

Model 3.0 "Trilogy", Epicure joins the TRS-80 microcomputer-an RS -232 com- 

growing number of manufacturers with en- patible serial I/O that can be used with or 

closures that avoid the conventional box without the expansion bus. On -board 

shape. The Trilogy's truncated -pyramid 
design is claimed to reduce time delay and 
other sources of distortion, while increas- 

switching is provided for 110, 150, 300, 
600, 1200, and 2400 baud rates; odd, 
even, and no parity; five to eight data bits; 

ing power -handling capacity. Its rounded and one or two stop bits. It is available 

cabinet edges are said to eliminate diffrac- wired and tested as part number 8010C for 

tion effects. The Trilogy's 10" woofer $79.95 or in kit form as part number 8010A 

crosses over to its separately baffled 6" for $59.95. The etched and drilled printed 

midrange at 400 Hz; midrange crosses circuit board is available separately as part 

over to a 1" air -spring tweeter at 2600 Hz. number 8010 for $19.95. 

Frequency response is rated at 32-20,000 CIRCLE NO. 100 ON FREE INFORMATION CARD 

*Now Available In Kit Form. 
Here's your chance to build BORIS, widely regarded os the world's most advanced personal 

Chess Computer. We hove received so many requests from Hobbiests and Kit Builders, that 
we're offering Him now, for the first time. in Kit form. 

YOU DON'T HAVE TO BE AN ELECTRONIC EXPERT 
TO ASSEMBLE THIS ELECTRONIC MASTERPIECE! 

BORIS comes ready to assemble, with easy, step by step instructions, moking this kit 
assembly o cinch for even the novice builder. Only the highest quality components ore used in 
this advanced microprocessor based computer, and each port has been tested to meet our 
rigid quality control standards. 

BORIS is the perfect teacher and opponent. As o teacher, he'll suggest moves for you if 
you're uncertain of what to do next, or use his exclusive position programmer to set up 
practice games or remove pieces for handicapping. 

NO OTHER PORTABLE CHESS COMPUTER PLAYS A STRONGER GAME! 
BORIS will keep you on your toes and make each game much more exciting by tolking to 

you with messages flashed from his seemingly -human brain. BORIS will ploy at o level to 
teach a child, or let him loose, and he'll keep the attention of o Master. 

We're only making a limited quantity 
ovoiloble, so act now! 

You'll never find on easier kit to as- 
semble or o more challenging finished 
product! 

Complete Kit-$175.00. Thousands 
sold the world over for $300.00. 

All computer parts included for you to 
enjoy this world famous Chess Com- 
puter. Also includes blueprints so you 
may build your own enclosure! 

Handsome handcrafted Walnut Case 
shown in photo available for additional 
$30.00. 

ORDER IMMEDIATELY AND WE'LL PAY 
FOR FREIGHT AND HANDLING! 

Please send me DORIS Kit(s) ® $175.00 
each. I enclose $ Check, Money Or- 
der or Credit Card Info., os payment with this or- 
der. Credit Card Acct. 
No. Expira- 
tion Dote (To receive my Handsome 
Walnut Case, I include on additional $30.00.) I un- 
derstand that I may return the unassembled BORIS 
Kit within 10 days, if I am riot completely satisfied, 
and receive a full refund. 
NAME 
ADDRESS 
CITY STATE ZIP 
CHAFITZ, INC.. Deportment 750. 1055 First Street, Rockville, 
Maryland 20850. 

CIRCLE NO. 58 ON FREE INFORMATION CARD 
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New Literature 

HEATHKIT 1979 
WINTER CATALOG 

A 96 -page catalog describes the latest elec- 
tronic kits available from Heath Co. Areas of 
interest include color TV, hi-fi components, 
amateur radio, test instruments, digital 
clocks, personal computer systems, and oth- 
er products for home improvement and family 
entertainment. New products include a rack - 
mounted FM/AM stereo tuner, a dc -to -35 - 
MHz dual -trace delayed -sweep oscilloscope, 
a portable rechargeable fluorescent light, a 

solid-state heat/cool setback unit for home 
energy saving, a precision r -f generator, etc. 
Address: Dept. 470-170, Heath Co., Benton 
Harbor, MI 49022. 

TRS-80 MICROCOMPUTER 
REFERENCE HANDBOOK 

Radio Shack has published a 108 -page book 
for technically oriented persons with a good 
working knowledge of digital logic circuits and 
interest in the TRS-80 microcomputer. It in- 

cludes technical information and schematic 
diagrams for both Level -I and Level -II 
TRS-80 systems. Topics include theory of 

operation, adjustments and troubleshooting, 
the outside world (connections to external de- 
vices), parts list, etc. The Handbook is avail- 
able for $9.95 from participating Radio Shack 
stores and dealers. 

CHERRY KEYBOARD CATALOG 

The 32 -page Cherry KBC-78 Keyboard Cata- 
log includes custom designed keyboards, a 

keyboard designer's worksheet, solid-state or 

gold crosspoint contact keyboards, a com- 
plete line of standard keyboards, keyboard 
switches and molded keycaps. The catalog 
features diagrams, photos and specifications. 
Address: Cherry Electrical Products Corpora- 
tion, P.O. Box 718, Waukegan, IL 60085. 

INTRA-FAB EQUIPMENT CABINETS 

An eight -page catalog from Intra-Fab de- 

scribes its line of integrated cabinets special- 
ly suited to the needs of the computer hobby- 
ist. Selection information is provided on the 

construction, assembly, color and sizes of 

enclosures including Mod -U -Box desktop ca- 

binets, Mod -U -Line and Timberline equip- 
ment cabinets, and Mod -U -Rack modular 
electronic card rack system. Address: Intra- 
Fab, 660 Lenfest Rd., San Jose, CA 95133. 

POPULAR ELECTRONICS 



 

... 111 Stereo Scene 
THE AUTOMATION OF TAPE 

AS RECENTLY as the 1960s, before cassettes were a fac- 
tor in the serious recordist's life, there was Scotch 111 

and then there were other tapes. Scotch 1 1 1 was a hoary old 

product, with a history that descended linearly from the infan- 

cy of tape recording in the U.S. Ampex then was trying to get 
this nation's very first tape recorders into reliable operation. 

Not even the 3M Company, 111's creator and manufactur- 
er, would argue that it was an outstandingly good tape. There 
were certainly products available affording much greater po- 

tential performance when it was finally discontinued some 

years ago. But for a long period it reigned as the standard 
tape-presumably because it was fairly consistent and widely 
available, and because it was the direct evolutionary heir to 

the first U.S. ventures into magnetic recording. Tape record- 
ers worldwide were adjusted to suit its characteristics, and 
when you were in doubt as to what tape to use for a particular 
application, you could almost always fall back on old 111 with 

a reasonable expectation of getting the job done adequately. 
As much as anything else, it was the cassette era that 

brought an end to Type 111 and its ilk. No longer was there 
the option of using a higher tape speed or a wider track width 
to get through the more demanding recording jobs. The format 
didn't allow such flexibility. And so it was the tape itself that 
had to improve, and it did-by leaps and bounds. But this pro- 
gress was exacted at a certain price. Tapes necessarily drifted 
away from the electromagnetic characteristics of 111, at first 
gradually and then dramatically. In short order, cassette tape 
bore only a passing resemblance to its open -reel relatives in 

terms of recording parameters, and then open -reel tapes be- 
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Hitachi Model D-5500 Cassette Deck 

By Ralph Hodges 

gan their own drive toward higher performance, bringing the 
relatively uncomplicated world of Scotch 111 to an end. 

The Problematic Present. When a tape is improved in 

any significant way-even if the change is something so os- 
tensibly physical as a smoother coating surface, with the mag- 
netic particles themselves left unchanged-it behaves differ- 
ently with real -world tape machines as an electromagnetic en- 

tity. Generally it requires (or at least would benefit from) a dif- 

ferent level of recording -bias current, followed by the obligato- 
ry touch-up of the record equalization. These are adjustments 
that require good instruments and a certain amount of techni- 
cal expertise to accomplish. And they are time-consuming. 
Buy a handful of tapes from your local retailer, just to find out 
which brand suits you best, and you may find that all of them 
require somewhat different bias and equalization, even if they 

are of the same generic type. Optimizing your machine for 

each one so that you can evaluate noise levels and other im- 

portant performance criteria will prove to be a project of con- 
siderable proportions. 

Then, when you have found your preferred tape and begin 
to buy it regularly, you will sooner or later come up against a 

conundrum that isn't talked about much: batch variations. 
Tape manufacturer X's production run for June is not likely to 

be identical to the product he offered in March. Very serious 
recordists buy in quantity from a single batch and resign them- 
selves to readjusting their machines when their supply runs 

out and a new batch must be investigated. 
Of course, all of this completely overlooks the plight of the 

man on the street who cannot readjust his machine. He can 

only hope that the bias and EQ switches on the deck have 

enough flexibility to approximate the requirements of the tape. 
At the same time, he is going to be lured by ever -emerging 
new tapes claiming unprecedented levels of performance, but 

completely undefined as far as his machine is concerned. Its 

available bias and EQ characteristics may suit these tapes or 
they may not. He can only experiment and hope for the best, 

or stick to the older product he's always used-not exactly a 

formula for progress. 
The situation can only become more confused. Tape manu- 

facturers routinely trade off one performance characteristic for 

another they consider more desirable. It's a bit of a gamble, 
because if they stray too far from the mean characteristics ex- 
hibited by the majority of tapes of that generic type they risk 
missing the market. But at the same time it's a chance to fur- 

ther the technology, and perhaps to open a new market. 

Self-adjusting Decks. In short, tape -type accommodation 
is a dilemma that's been crying for a solution for years. And 
here it comes, or a good part of it, at least. Following closely 
on the heels of a few innovative cassette decks incorporating 
two-tone oscillators that enable you to achieve reasonably flat 
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only from 

$399W 
Requires 16K RAM, PERCOM DATA COMPANY, INC. 
Level II BASIC and Dept.PE 318 BARNES GARLAND, TEXAS 75042 

Phone: (214) 272-3421 Expansion Interlace. To Order Call 1-800-527-1592 

J 

Dual and triple drives 
also available. 

PEACOM 

'RADIO SHACK ant TRS-80 are Iadernalks of Tandy Cottonton omen mat no Ielallonsmt to PERCOM DATA COMPANY. INC 
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THE BIG PLUS + 
° G raphic Equalizer 

ASSEMBLED 

$18995 

KIT 
$9995 

-r\ - 
11 I3 it ;.tit t t : 

y 

s 

. 'Tl 
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LOADED with Quality Features! 

Stereo ... Eleven Bands Per Channel Extremely Low 
Noise & Distortion LED Peak Indicators Center Detent 
("flat") sliders Built-in "record" Switching Line and Micro- 
phone Level Inputs/Outputs Regulated Power Supply 
Fully Guaranteed Horizontal or Vertical Cabinets Kit or 

Fully Assembled Plus Much, Much More! 
Absolutely equals or exceeds overall performance 
and features of any graphic equalizer made today! 

AARON-GAVIN INSTRUMENTS, INC. 
17231 Corla Avenue Tustin, California 92680 

Yes! I've enclosed S RUSH me: 'end 

assembled equalizers at $189.95, p.p.d. cabinet brochure 

_unassembled equalizer kits at $99.95, p.p.d Horizontal (flat) E Vertical (up -right) 
California residents include 6% sales tax 

Name 

Address Card No. 
Exp. Bank 

City State Zip Date No 

Visa. & Muster Charge orders accepted 

Dealer inquiries invited 
CIRCLE NO.1 ON FREE INFORMATION CARD 

frequency response with virtually any tape (better than noth- 
ing, surely), has come a small wave of machines that contain 
(usually) 4 -bit microprocessors that undertake to set bias and 
equalization automatically through a pre-programmed test se- 
quence. Last month I made reference to the Technics 
RS -1800, the first open -reel extravaganza (with a price to 
match, no doubt) that boasts this feature. But the man on the 
street is more Ikely to respond to the new cassette decks that 
will perform the same trick, best exemplified so far by the Hita- 
chi D-5500 and the JVC KD-A8. 

Bias is the tricky consideration in this whole business, in 
large part because the optimum bias level for a tape is con- 
troversial. Depending on your criteria, you could adopt a bias 
level that: (1) maximizes output of the tape at some reference 
frequency (usually 1000 Hz); (2) minimizes third -harmonic dis- 
tortion from the tape (for a test frequency of your choice, but 
often one in the vicinity of 1000 Hz); (3) minimizes modulation 
noise; (4) minimizes intermodulation distortion in any of a 
number of two-tone tests; or (5) satisfies any of a number of 
"ideal" criteria for the relative usable output levels from the 
tape at low and high frequencies. 

Designers of self-adjusting tape decks have decided 
against incorporating distortion analyzers, the complexity and 
expense being a bit too much for today's market. Instead, they 
all aim for maximum output level (MOL) at some specific fre- 
quency. Full details are not available in every case, but the Hi- 
tachi machine can serve as an example of the approach. 

Hitachi chose to set bias for a MOL at 1000 Hz. However, 
the output vs. bias curve at that frequency exhibits a rather 
broad peak (see Fig. 1), and the resolution of the microproces- 
sor was deemed inadequate to strike a really definitive bias 
point. At 5000 Hz the MOL peak is considerably sharper, and 

Fig. 1. The more 
sharply defined 

optimum bias point 
at 5 kHz makes 
that frequency a 

more suitable 
choice for 

bias adjustment. 

-30 -20' -O 0 +10 +20 +30 +40 
BIAS CURRENT %) 

at the same time output -level variations from the tape (result- 
ing from drop -outs, variations in tape -to -head contact, etc.) 
are not likely to confuse the adjustment process. 

In a study of various representative tapes, Hitachi deter- 
mined that the bias level giving peak output at 1000 Hz is 
roughly 33 percent higher than that which gives a 5000 -Hz 
MOL for "normal" ferric -oxide tapes, roughly 25 percent high- 
er for Cr02 tapes, and 11 percent higher for ferrichrome tap- 
es. With that statistical information, Hitachi was able to create 
a system that adjusted for MOL at 1000 Hz while actually test- 
ing the tape at 5000 Hz. A tape -type switch must still be used 
to make sure that the right correction factors are introduced. 

The JVC machine will take on almost any tape without the 
need to throw a switch to identify its generic type. On the other 
hand, the JVC machine presumably doesn't offer the finer de- 
gree of resolution possible when the microprocessor is re - 
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SIDE"? MO UP 
THE ACTION IS. 

If you've been looking forward to moving up 
to where the CB action really is, now's your 
chance... with the fabulous Cobra 2000GTL 
base station. 

Because the 2000GTL has everything CB-ers 
in general and sidebanders in particular -have 
ever dreamed about. It's the only base station 
with built-in 6 -digit frequency counter, that lets 
you check both your transmitted and received 
signals with laboratory precision. The counter 
becomes an LED digital clock at the push of a 
button, and will, if you choose, turn on the radio 
automatically. Dual back -lit meters measure 
percent modulation, SWR,-signal strength and 
RF power. "DynaMike Plus" permits full talk 
power even when you're not close to the mike. 

Other important features include voice lock 
with coarse/fine tuning and headphone and 
auxiliary audio output jacks. 

But it's in noise reduction where the 2000GTL 
really stands out above the crowd. In addition 
to switchable noise blanking and automatic 
noise limiting, . the 2000GTL's receiver circuitry 
is designed to achieve sharp reduction of 
intermodulation and cross- modulation rejection. 
In addition, the SSB receiver employs a 6 -pole, 
narrow -band crystal -lattice filter that provides 
excellent adjacent -channel rejection and noise 

reduction. (In SSB transmit mode, this same 
filter assures maximum carrier suppression.) 
The AM receiver is dual conversion, using 
crystal and ceramic filters. All this is topped 
off with separate IF strips for AM and SSB. 
The bottom line is quiet performance that 
must be experienced to be believed. 

To assure highest quality sound, the 2000GTL 
has a separate speaker in its own enclosure. 
A second speaker may be added as a remote 
unit if you wish. 

Best of all, now's the time to get everything 
the current state (DI the art makes possible- 
at a price the serious CB-er can afford. You may 
never get ano:her chance like this to move up 
where the action is. 

o b ra 
Punches through loud and clear. 

Cobra Communications Products 
DYNASCAN CORPORATION 

6460 W. Cortland St., Chicago, Illinois 60635 
National Sideband Convention, July 13-15, Chicago, IL 

For information, write to PO Box 1691, Bridgeview, IL 60450 
CIRCLE Na 9 ON FREE INFORMATION CARD 



Fig. 2. A high -quality 
tape exhibits an almost 
perfectly flat frequency 

response after adjustment. 
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quired to "search" only a comparatively narrow range of bias - 
level options. 

The "Search." A hunt through various stepped levels of 
bias is how these machines accomplish their jobs. In at least 
one case, the bias descends in steps and then ascends; the fi- 
nal level chosen is the average of the MOL's determined by 
the descending and ascending sequences. The Hitachi deck 
is a three -head machine and is thus able to present data im- 
mediately to the microprocessor. The JVC has two heads and 
must rewind the tape (which it does automatically as part of 
the test sequence) before it can play the recorded test signals 
and "read out" to the control circuits. 

A similar hunt takes place during the subsequent automatic 
adjustment of recording equalization, but EO is handled with 
varying degrees of sophistication. The Hitachi system appears 
to be the most complex, with shelving frequency -response 
characteristics below 10,000 Hz and peaking characteristics 
centered at 14,000 Hz. The JVC and Technics systems ap- 
pear to provide comparatively simple filters with hinge points 
located somewhere in the midfrequencies. Whether the intri- 
cate mechanism that Hitachi has devised will be worth its 
weight in tape is a question that can be answered only after 
some serious experimentation with it. 

For the cassette decks in this group, it is also necessary-or 
at least convenient-to provide some means of normalizing a 
tape's input/output characteristics (sensitivity, in other words), 
so that the level -dependent noise -reduction systems they 
have built in will function properly without further fussing by 
the user. Such facilitiés have been provided in the JVC and Hi- 
tachi decks, and they promise to be a real boon to those who 
have become disenchanted with noise reduction while being 
unáble. to get at the calibration controls that would make it 
work right. Dolby Laboratories, to name one manufacturer, 
does not encourage its licenseesto provide accessible cali- 
bration controls, though some licensees make such provi- 
sions. But this policy leaves the user at the mercy of whatever 
tape he happens to be using-and at the mercy of the person 
who performed the initial calibration at the factory. (As inde- 
pendent tests have shown, the cassette -deck industry does 
not always distinguish itself by providing the best Dolby track- 
ing imaginable.) 
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Fig. 3. A low -price tape shows 
obvious deficiencies in 
performance, but is much 
improved in any case after 
the adjustment sequence. 

The Specs. The control circuits in these self-adjusting ma- 
chines, being digital, cannot offer continuously variable set- 
tings. Their search proceeds in discrete steps as governed by 
their memories. The Hitachi machine provides 96 steps for 
bias level, obtained through a 4 -bit converter and a 3 -bit float- 
ing-point system. The EO and sensitivity adjustment functions 
have 16 steps, each of 0.5 dB. The JVC machine has 32 steps 
for bias, 15 for sensitivity, and 7 for equalization. These differ- 
ences are reflected to a certain degree in the specifications for 
the two machines. With a good tape, the Hitachi is said to 
maintain a frequency -response tolerance of ±0.5 dB over 
much of the audio frequency range. JVC's deck is typically ±1 
dB according to the same criterion. Harmonic -distortion rat- 
ings are difficult to compare because of differences in testing. 

Suffice it to say that both machines are rated in the range of 
1 percent total harmonic distortion for recording levels below 
those that would cause tape saturation. Figure 2 shows Hita- 
chi's curves for a high -quality tape before and after adjust- 
ments for sensitivity and frequency response have been 
made. Figure 3 presents the same data for an inexpensive 
tape. (It should be pointed out that there is a substantial price 
difference between the Hitachi and JVC machines. Final Hita- 
chi pricing has not been announced, but a figure of $1000+ is 
anticipated. You'll find JVC's KD-A8 considerably easier on 
the pocketbook.) 

I look forward to a flood of these self-adjusting tape decks 
within the coming year or so. The technology is here in an af- 
fordable format, and the wonders it can perform (refer to Fig- 
ures 2 and 3 again) have to be just irresistable to someone 
who takes his tape recording seriously. 

When the trend is fully established, there will be no more 
tape jungle for the consumer to flounder through. He will be 
able to buy an armload of different manufacturers' cassettes, 
take them home, and in the course of a civilized, low-pressure 
evening decide for himself what his brand is going to be, with- 
out the worry that a noncompatible machine is making a good 
tape look bad. By the same token, tape manufacturers will be 
able to concentrate their full efforts on making a genuinely bet- 
ter tape. It will not be just a somewhat better tape that has 
been compromised a little because it must match the perfor- 
mance and adjustment profile of the tape decks already in the 
hands of potential customers. 
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FISHER INTRODUCES THE WORLD'S 
FIRST CASSETTE DECK WITH 
WIRELESS REMOTE EDITING. 

Tape recording will never be 
the same. 

In Fisher's 41 years of audio 
leadership, we've introduced 
many important high fidelity 
"firsts." But we honestly think 
the new CR4025 tape deck is one 
of our most exciting and practi- 
cal innovátio:s. 

Remote electronic editing is 
as important an advance in tape 
recording as the cassette. 

Now for the first time, you 
can really enjoy creating your 
own persona: music library 
from.FM broadcasts or record al- 
bums. The editing is done elec- 
tronically while recording. A 
great leap forward from the old 
way of recording... without jump- 
ing up and down every 3 min- 
utes to edit. 

Fisher's wireless remote elec- 
tronic editor makes tape record- 
ing a pleasure. The CR4025 tape 
deck has a built-in wireless re- 
ceiver that operates the deck's 
solenoid -actuated Pause 
mechanism. The remote control 
transmitter operates the Pause 
control instantly from úp to 20 
feet away. Relax, listen, and cap- 
ture the selections you want to 
keep at the push of a button. 

Zap! You eliminate any com- 
mercial or announcer's voice 
from your off -the -air FM broad- 
cast recording .. or skip any 
unwanted track on an album 
you're taping from. 

Of course, this fantastic con- 
venience wouldn't be worth 
much if you had to sacrifice per- 
formance. Fortunately, you 
don't - ie CR4025 has the ex- 
cellent frequency response and 
extremely low wow & flutter 
that you expect from Fishe:, 
plus Dopy noise reduction br 
clean, nose -free recordings. 

The Fisher' CR4025 is priced 
at $270* and is available at se- 
lected audio stores or the audio 
department of your favorite de- 
partment store. 
New guide to buying high fidelity equip- 
ment. Send S2 for Fisher Handbook, with 
name and address to Fisher Corp., Dept. H, 
21314 Lassen St. Chatsworth, Calif. 91311. 

`Manufacturer': suggested retail value. Actual 
selling price is at the sole discretion of the indi- 
vidual Fisher dialer. 

FISHER 
The first name in high fidelity. 

í 

w G9r1r-''. 

CR4025 

© 1978 Fisher Corp., Chatsworth, Calif. 91311 
CIRCLE NO. 190N FREE INFORMATION CARD 

Dolly is registered trademark of Dolby Laboratories. 
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Fingertip control of all microprocessor calculations; data 
readout in bright LED digits from solid oiled walnut console. 

Aerospace -designed transmitter! 
Its wind speed and direction instruments are among the most 
sophisticated available. Rather than relying on friction -causing 
reed switches or other mechanical devices, they utilize solid- 
state infra -red sensors, and transmissive optical encoding. It 
offers unprecedented accuracy and within one -tenth of a mile 
per hour! 

The remote transmitter unit with its windcup and weathervane 
mounts easily on your TV antenna or other outdoor mast for 
years of dependable, trouble -free service! It's actually been 
wind -tunnel -tested for strength and durability. 

Remote transmitter 
mounts on TV an- 
tenna mast, trans- 
mits data to your 
console through 
cable supplied. 

- 
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New Heathkit Weather Computer 
Now...with your own computerized weather station, you can have 

the temperature (indoors and out)...wind speed and direction 
...the wind chill factor...the barometric pressure ...the time and date 

...plus much more...right at your fingertips! 

There's nothing else like it available today! A personal 
weather computer that not only monitors the current 
weather data, but also computes significant changes and 
stores wanted data in its memory! So now, for the first 
time, you'll have all the weather information you need for 
your personal and business planning! 

Unique digital data display 
The handsome solid oiled walnut computer console fea- 
tures large, bright, LED numerals, displaying up -to -the - 
second data on the time (AM, PM or 24 hour format) and 
date; indoor and outdoor temperatures (in your choice of 
Fahrenheit or Celsius); wind speed (in miles per hour, 
kilometers per hour or knots) and direction on a 16 -point 
compass plus barometric pressure in millibars or inches 
of mercury. 

The instrument's on -board microprocessor even calcu- 
lates the wind chill factor at the touch of a button. It also 
stacks barometric pressure readings in memory, so it can 
compute the rate of rise or fall on command! The barome- 
ter readings are derived from a newly -developed piezo 
resistive silicon bridge transducer that senses the most 
minute changes in pressure. It's the first and only truly 
digital electronic barometer! 

An electronic almanac! 
The Weather Computer stores high and low temperatures 
as well as the time and date at which they were recorded. 
In addition, it records the highest wind gust speed and 
time, ready for instant recall. The data is stored in mem- 
ory until you choose to clear it. 

For serious weather research purposes, the instrument 
can be connected to a chart recorder for hard copy rec- 
ords. And, it can be interfaced with any compatible digital 
computer for even more sophisticated weather charting 
and forecasting. As a final thoughtful design touch, the in- 
strument even makes provision for battery back-up to pre- 
serve the data stored in memory in case of power failure. 

The Electronic Weatherman is a truly unique com- 
puterized weather instrument, offering capabilities never 
before available to the layman with a serious interest in 

the weather. For business or personal reasons, you'll find 
it an investment that can pay for itself many times over! 

Easy -to -build kit form 
If you want the fun (and savings) of building it yourself, 
you'll find the Heathkit Digital Weather Computer surpris- 
ingly easy to build, thanks to the fully -illustrated step-by- 
step assembly manual. Or, you can order yours assem- 
bled, ready to install and use. 

The Heath Electronic Weatherman comes complete 
with remote transmitter unit, 100 feet of connecting cable 
and a solid oiled walnut console. Order yours now and be 
prepared for the weather, whatever comes! 

For Fastest Service, Order by Phone 
CALL (616) 982-3411 

1 

HEATH HEATH COMPANY 
Dept. 010-522 

Schlumberger Benton Harbor 
Michigan 49022 

Gentlemen: Please send me... 
Heathkit Weather Computer Kit(s) (10-4001) with 100' of cable each 
(IDA -1290-2) @ $383.90 plus $3.95 shipping and handling each. 
Assembled Digital Weather Computer(s) with 100' of cable each 
(IDW-4001) @ $595.00 plus $3.95 shipping and handling each. 

I enclose check money order for S 

or, Please charge to my VISA Master Charge: Code = 

Acct. = 

Signature 

Name 

Address 

Exp. Date 

(Necessary to send merchandise) 

City 

(Please Print) 

State Zip 
G X -360 

Prices are mail order and effective through May 15, 1979. 
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Julian Hirsch Audio Reports 
distortion detection 
loop and pulse - 
counting demodulator 
are featured 

CIHIRSCtI- 
HOUCK : 
LABS 
REPORT 

THE Model KT - 
917 FM tuner 
from Kenwood 
uses unusual and 
innovative circuits 

to minimize or eliminate most of the con- 
ditions that normally lead to distortion in 
FM reception. The tuner also features 
three degrees of i -f selectivity and a mul- 
tiple tuned circuit front end that gives 
outstanding interference rejection. 

Kenwood has determined that the dis- 
tortion levels in many FM tuners are un- 
necessarily high because the user has 
no means of accurately tuning for mini- 
mum distortion. Afc merely corrects for 
gross tuning errors, and even crystal - 
controlled synthesized tuning systems 
cannot guarantee that the pass -bands of 
the i -f and detector sections are accu- 
rately aligned with each other. Ken - 
wood's sólution, therefore, was to de- 
sign a "Distortion Detection Loop" 
(DDL) system that automatically nulls 
out tuning distortion. The DDL is used in 

combination with a highly linear pulse - 
counting type of FM detector. 

The tuner measures 18'/4"D x 181/e"W 
x 6'/8" H (46.4 x 46 x 16.2 cm) and 
weighs 33.1 lb (15 kg). Suggested retail 
price is $1000. 

General Description. The tuner has 
a standard slide -rule tuning dial behind a 
window that also covers the large and 
easy -to -interpret meters. Two of these 
are conventional zero -center tuning and 
signal -strength meters. A third is a com- 
bination meter that can be switched to 
indicate either deviation or multipath dis- 
tortion. The signal -strength meter is cali- 
brated directly in 10 -dB steps from 0 to 
90 dBf. The deviation meter registers 
peak frequency deviations from zero to 
120% of the rated 75 -kHz maximum. 

Four lights above the dial scale come 
on separately to indicate when muting is 
in operation, a stereo signal has been 
tuned, the tuner has been set for AUTO 

mono/stereo reception, and the Distor- 
tion Detection Loop is in operation. Tun- 

The Kenwood Model KT -917 
FM super tuner 
nulls tuning 
distortion automatically 

ing of the Model KT -917 is performed in 
the same manner as with any conven- 
tional tuner, tuning until the zero -center 
meter is in the center of its scale. The 
difference here is that a couple of sec- 
onds after the tuning knob is released, 
the DDL system automatically com- 
pletes the tuning for minimum distortion. 
Then the DDL indicator comes on. 

surface acoustic 
filters provide 
superior selectivity 

The tuner's muting threshold can be 
set at either 20 or 40 dBf, or the muting 
system can be disabled altogether. A 
horizontal row of lighted green dots 
above the dial scale increases in length 
as the tuner's i -f bandwidth control is 

switched from narrow to normal to wide. 
A "quieting control" permits the user 

to select the tuner's operating mode. In 

AUTO, either a mono or a stereo broad- 
cast will be heard correctly. With the 
control set to the STEREO position, the 
tuner unmutes only for stereo signals. 
(In this position, if the signal strength 
drops low enough to make noise a prob- 

lem, a multiplex filter automatically 
blends the left and right channels at the 
high frequencies to reduce the noise 
with no appreciable degradation of the 
stereo image and with no loss in 
high -frequency response.) All signals re- 
ceived, whether mono or stereo, are de- 
livered to the amplifier in the mono for- 
mat when the switch is set to MONO. 

Pushbutton switches are provided for 
switching between deviation and mul- 
tipath distortion display on the dual-pur- 
pose meter; dimming the panel lights; 
and connecting either of two antenna 
systems to the tuner. The normal A and 
B antenna connectors are 75 -ohm coax- 
ial jacks. The B antenna connector is 

paralleled by binding posts for a 75 -ohm 
antenna and a 300 -ohm antenna. The 
purpose of the dual antenna inputs is to 
simplify the orientation of antennas for 
minimum multipath distortion. By placing 
the two antennas at suitable angles to 
each other, one has a choice of two re- 
ceiving conditions for every station. If 

the antennas are oriented for minimum 
multipath distortion on one or more sta- 
tions, it will often be possible to improve 
reception appreciably by selecting the 
appropriate antenna without the cost 
and inconvenience of a rotatable anten- 
na system. 
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Vertical and horizontal outputs on the 
rear apron permit an accessory oscillo- 
scope to be connected to the tuner for 
displaying multipath distortion. There 
are also separate pairs of fixed and vari- 
able -level audio output jacks; a slide 
switch for changing the deemphasis 
time constant from the normal 75 to 25 

µs for use with an external Doiby adapt- 
er; and a single unswitched ac outlet on 
the rear apron. 

The two MOSFET r -f amplifier stages 
in the tuner contain a total of seven 
tuned circuits. Two tuned circuits pre- 
cede the first amplifier stage, two are be- 
tween stages, and three couple the am- 
plifier to a four -diode (Schottky) bal- 
anced mixer. Although it is complex and 
expensive, this approach gives the tuner 
a degree of immunity to overload and 
spurious -signal generation that is rarely, 
if ever, found in home -entertainment 
equipment. The local oscillator is fol- 
lowed by two buffer stages and other cir- 
cuits. Both the oscillator and the second 
buffer stage are tuned, and the nine - 
section tuning capacitor is unique 
among the tuners we have seen. 

The 10.7 -MHz output from the mixer 
is linearly amplified by a FET stage 
whose output is then processed for driv- 
ing the signal -strength and multipath- 
distortion meters. The distortion meter 
responds to the amplitude modulation 
imposed on an FM signal during muf- 
tipath distortion. The signal is passed 
through an accurate logarithmic convert- 
er before it is applied to the signal - 
strength meter. 

row of green 
LEDs indicates 
selected 
i -f bandwidth 

Following the linear i -f amplifier is a 

series of four surface acoustic filters 
(SAFs) that give the tuner its selectivity. 
(The SAFs operate by propagating 
acoustic waves across a ceramic sub- 
strate from an input transducer and re- 
ceiving the waves in an output transduc- 
er that restores them to electrical form.) 
The SAF has excellent bandpass flat- 
ness, steep rejection skirts and good 
group delay characteristics, which are 
necessary for low distortion and good 
separation in stereo reception. Only one 
filter is used in the WIDE mode, two in 
NORMAL, and all four in NARROW. Filters 
coupled by amplifier stages are 
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switched in and out by diodes that are 
operated by dc control signals. 

The 10.7 -MHz i -f signal is converted 
to 1.96 MHz and amplified before going 
to the pulse -counting detector. Follow- 
ing detection, the signal is processed by 

a sample -and -hold stereo demodulator. 
The composite stereo signal is sampled 
at a 38 -kHz rate, which is synchronized 
with the 19 -kHz pilot signal, to convert it 

to left- and right -channel audio signals. 
Instead of the usual lowpass filter to re- 

move 19- and 38 -kHz components from 
the audio outputs (which can effect the 
flatness of a tuner's high -frequency re- 

sponse), the Model KT -917 has a pilot - 
canceller circuit ín which the regenerat- 
ed pilot carrier is used to cancel out the 
19 -kHz pilot signal in the detected out- 
put. rlis extends the tuner's flat audio 
response to beyond 15,000 Hz, while 
keeping 19 -kHz leakage to low levels. 

Laboratory Measurements. Be - 
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Product Focus 
The Distortion -Detection Loop (DDL) 

in Kenwood's Model KT -917 tuner is a 

form of amplified afc, but with an impor- 
tant difference. Unlike a conventional afc, 
which tunes the local oscillator to pro- 
duce a zero dc output from the detector. 
the DDL tunes for minimum second -har- 
monic distortion in the detected signal. 
This automatically compensates for any 
asymmetry in the i -f or detector, which is 
ignored in an ordinary afc system or in a 

manual -tuning system with the aid of a 

zero -center tuning meter setup. 
Since there is no way to measure the 

second -harmonic distortion in a complex 
musical program, the Model KT -917 
must supply its own test signal to operate 
the DDL. How this is done is illustrated in 
Fig. 1. As in any afc system, the dc local 

LOCAL 
OSC 

CD 
TUNING 

KNOB 

TOUCH 
DET 

PC D 

oscillator control voltage is present. This 
signal varies the local oscillator frequen- 
cy through a Varactor diode and is com- 
bined with a locally generated 95 -kHz 
signal that also frequency modulates the 
local oscillator. This is equivalent to hav- 
ing the FM station transmit a 95 -kHz sub - 
carrier at a low level of modulation. 

At the output of the tuner's detector, 
the 95 -kHz signal and any harmonics of it 
are separated from the stereo program 
by a high-pass filter. In a secondary con- 
trol loop, the output of the 95 -kHz oscilla- 
tor is passed through an electronically 
controlled phase -shift network whose 
output is compared to the phase of the 
detected 95 -kHz signal in Phase Detec- 
tor #2. This process compensates for 
any phase shifts that occur in the modu- 

M PX 

PROCESSING 
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FILTER 

95 kHz 

D ET 

SIGNAL LEVEL 

FROM MUTING LOGIC 

CONTROL+ 95 kHz 

- L 

f R 

10kHz I 

SWITCH- 
I NG 

OSC 

SWITCHING 

LOGIC 

DC CONTROL 

I 

95 kHz 

PHASE DET 
FREQ 
DBLR 

190 
kHz 

ORIGINAL MODULATION 

lation, amplification, and detection pro- 
cesses. so that the internal 95 -kHz signal 
is exactly in -phase with the detected 95 - 
kHz component. 

The phase -corrected 95 -kHz signal is 

passed through a frequency doubler. The 
resulting 190 -kHz signal feeds one port 
of Phase Detector #1. The other port re- 
ceives the filtered detector output, which 
consists of the 95 -kHz signal and a small 
amount of second -harmonic distortion at 
190 kHz. The phase of this distortion is a 

function of the direction of mistuning and 
its amplitude is proportional to the 
amount of the tuning error. Hence the 
output of Phase Detector #1 is propor- 
tional to any distortion created by a tun- 
ing error, although the second -harmonic 
distortion level is extremely low (about 

PHASE 
DET*2 

VARIABLE 
PHASE 

REFERENCE 
OSC 

J 

Fig. 2. Sequence of 
waveform changes in 

pulse -count 
demomulation. 

Fig. 1. Block diagram 
showing operation 
of the Distortion 
Dectection Loop (DDL) 

FM CARRIER 

I 

OUTPUT OF LIMITER 

TRIGGER OUTPUT 

OUTPUT OF MONOSTAOLE MV 

DEMODULATED AUDIO 

CONSTANT PULSE WIDTH 
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100 dB below normal stereo program lev- 
els). A low-pass filter removes higher fre- 
quencies from the error signal, leaving a 

very small dc error voltage. Because of 
its extremely low level, it is necessary to 

use a switching (chopper) amplifier to 

amplify the dc error signal to useful levels 
without risking any drift that could in- 

troduce a tuning error. The phase detec- 
tor and error amplifier are stabilized 
against drift by a 10.000 -Hz switching 
signal that operates on the input and out- 
put signals to form an effectively direct - 
coupled high -gain amplifier with virtually 
no dc drift. After filtering to remove higher 
frequency components, this error signal 
is combined with the internally generated 
95 -kHz signal and sent on to the frequen- 
cy control diode in the local oscillator. 

A three-part logic system disables the 
DDL until a signal has been tuned in 

manually. The tuning knob functions as a 

touch detector. The detected 60 -Hz hum 
is rectified and the resulting dc voltage 
goes to the DDL logic section. The logic 
also receives a dc level from the tuner's 
muting system and another from the de- 
tected 95 -kHz signal. Unless a signal of 
sufficient strength and tie necessary 
amount of 95 -kHz modulation are pres- 
ent on it and the tuning knob is released. 
the DDL system is inhibited. 

The pulse counting detector (PCD) is 

another novel circuit feature of the Model 
KT -917. Pulse counters are not new. 
having been used for decades for accu- 
rate linear FM demodulators in laboratory 
instruments and other critical applica- 
tions. Until recently, they were too com- 
plex and expensive for use in consumer 
products. especially at the high i-fs em- 
ployed in FM tuners. High speed ICs and 
transistors are now available at moderate 
cost, making the PCD practical for use in 

a high -quality FM tuner. 
The principle of the PCD is very sim- 

ple. The FM signal, at the intermediate 
frequency, is converted to a series of 
short pulses of constant width and ampli- 
tude. which occur at a frequency that is 

the same as that of the received signal. If 

the pulse train is clamped to a fixed (or 
zero) voltage level, its average value ex - 

cause many of the specifications of this 

tuner exceed those of good laboratory - 
grade signal generators, we did not ex- 
pect to be able to fully confirm Ken - 
wood's ratings. Specially designed or 
modified signal generators were used by 

Kenwood during the development of the 
tuner and to establish its performance 
ratings. Our tests were performed with a 

standard Sound Technology Model 
1000A FM signal generator. 

The measured sensitivity of the tuner 
was as rated. Measured distortion and 
noise were essentially those of our sig- 
nal generator. Only by shutting off the 
modulation circuits in the generator (CW 

multipath meter is one 

of very few that is 

genuinely effective 
mode) could we achieve the 84 -dB 
mono S/N reading. Since the modulator 
was required for a stereo measurement, 
to supply the pilot -carrier signal, we 

were limited to approximately the 70 -dB 
range of the generator. For our image - 
rejection measurement, we used a 

Boonton Model 202B signal generator, 
whose maximum output of 200,000 µV 
was not sufficient to produce a detect- 
able signal at the image frequency, leav- 
ing us with an inconclusive but very im- 
pressive measurement of greater than 
106 dB. 

The only unexpected behavior we en- 
countered when testing the tuner was 
the relationship of the DDL to stereo 
channel separation. The DDL worked 
perfectly and always produced minimum 
distortion, no matter how the tuning was 
set when the knob was released. How- 
ever, when we first measured the stereo 
channel separation, with the tuning set 

"dead center," separation was 36 to 43 

dB, which is perfectly adequate but 
somewhat short of Kenwood's claimed 
50 to 60 dB. After confirming that the 
signal generator was correctly adjusted, 

0.5 we investigated further and discovered 
that releasing the tuning knob when the 
signal was barely tuned in, just at the 

0.3 point where the muting was overcome, 
gave much improved readings. We read 

LL typically 50 to 55 dB between 30 and 
2000 Hz. With WIDE bandwidth, it ex- 
ceeded 60 dB between 80 and 160 Hz 

and decreased smoothly to between 33 

and 35 dB at 15,000 Hz. There was little 
difference in separation between IF 

BAND switch settings. 
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actly follows the modulating waveform of 
the FM signal. 

Figure 2 shows the segifence of wave- 
form changes in the Model KT -917's 
PCD. The modulated FM signal. after 
conversion to a lower i -f, is amplitude lim- 

ited to form a square wave whose zero - 
axis crossings coincide with those of the 
input FM signal. Every time the Limited 

waveform goes through the zero -voltage 
axis in a po>itive direction. a negative 
trigger pulse is generated by the trigger 
circuit. The trigger pulses drive a 

monostable multivibrator that produces 
pulses of uniform width and amplitude 
every time a trigger is received. Since the 
low and high levels of the pulse train are 
fixed. the average value of the multivibra- 
tor's output follows the waveform of the 

original modulation. It is only necessary 
to pass the pulse train through an inte- 
grator or low-pass filter to remove the 

carrier -frequency components and re- 
cover the audio. 

The advantage of the PCD over a con- 
ventional tuned FM detector is illustrated 
in Fig. 3 (from data supplied by Ken - 

wood). Since it depends on tuned circuits 
for its operation. the differential gain (the 

slope of the detector output voltage ver- 

sus input frequency) changes slightly 
with frequency. The result is an output 
voltage that is not exactly proportional to 

the input frequency and distortion is 

created. The lower curve shows the al- 

most constant differential gain of the 

PCD over a very wide frequency range. If 

the pulses are all identical, the output of 
the PCD is theoretically perfect)/ linear 
over a very wide frequency range. 

Aside from its greater circuit complex- 
ity. the PCD also delivers an audio output 
voltage proportional to the deviation as a' 
percentage of the operating frequency of 
the signal. At 10.7 MHz. a 75 -kHz devia- 
tion is only 0.7% of the operating fre- 
quency, and the output is very low. By 
converting the 10.7 MHz i -f to 1.96 MHz, 
the same signal is now deviating 3.8% of 
the carrier frequency and the output is in- 

creased five -fold. This improves the S/N 
by about 15 dB. as compared to a PCD 
system operating at 10.7 MHz. 

Fit. 3. Differential gain 
vs. frequency for ratio 
deUector and pulse -count 
deter ten- showing 
distortion performance. 
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When you do,you'll probably pick CIE. 
You can't afford to settle for 

less when it comes to something like 
electronics training that could 

affect your whole life. 
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When you shop around for 
tires, you look for a bar- 

gain. After all, if it's the same 
brand, better price - why not 
save money? 

Education's different. 
There's no such thing as "same 
brand." No two schools are 
alike. And, once you've made 
your choice, the training you 
get stays with you for the rest 
of your life. 

So, shop around for your 
training. Not for the bargain. 
For the best. Thorough, profes- 
sional training to help give you 
pride and confidence. 

* * < 

If you talked to some of our 
graduates, chances arc you'd 
find a lot of them shopped 
around for their training. They 
pretty much knew what was 
available. And they picked CIE 
as number one. 
Why you should 
shop around yourself. 

We hope you'll shop around. 
Because, frankly, CIE isn't for 
everyone. 

There are other options 
for the hobbyist. If you're the 
ambitious type - with serious 
career goals in electronics- 
take a close look at what 
we've planned for you at CIE. 

What you should look 
for first. 

Part of what makes elec- 
tronics so interesting is it's 
based on scientific discoveries - on ideas! So the first thing to 
look for is a program that starts 
with ideas and builds on them! 

That's what happens with 
CIE's Auto -Programmed® 
Lessons. Each lesson takes one 
or two principles and helps you 
master them - before you 
start using them! 
How practical 
is the training? 

This is the next big impor- 
tant question. After all, your 
career will be built on what you 
can do - and on how 
well you do it. 

Here are 
ways some 
of CIE's , j 
trouble- 
shooting 7, - - -- 
programs =`i A /,' -` 
help you get 
your hands-on" 
training .. . 

With CIE's 
Experimental 
Electronics 
Laboratory... 

4 

you learn and review the basics- 
perform dozens of experiments. 
Plus, you use a 3 -in -1 precision 
Multimeter to learn testing, 
checking, analyzing! 

k 
reat.s1ser_ 

--` v 
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When you build your 
own 5 MHz Triggered - 
Sweep, Solid -State Oscil- 
loscope you take your first 
real professional step. You use 
it as a doctor uses an X-ray 
machine - to "read" waveform 
patterns ... lock them in .. . 

study, understand and inter- 
pret them! 

When you get your 
Zenith 19 -inch Diagonal 
Solid -State Color TV you 

simply this: 
All this training takes 

effort. But you'll enjoy it. And 
it's a real plus for a trouble- 
shooting career! 
Ho you prepare for 
your FCC License? 

Avoid regrets later. Check 
this out before you enroll in 
any program. 

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

More than half of CIE's 
courses prepare you for the 
government -administered FCC 
License exam. In continuing 
surveys, nearly 4 out of 5 CIE 
graduates who take the exam 
get their Licenses! 

Pattern simulated, 

apply your new skills to some 
real on -the -job -type trouble- 
shooting! You learn to trace 
signal flow... locate malfunc- 
tions ... restore perfect operat- 
ing standards-just as with any 
sophisticated electronics 
equipment! r 

ar t;i m'°ti oea;.ml TRztT 
-- 

When 
you work with a completely 

Solid -State Color 
Bar Generator- 
actually a TV signal 
transmitter- you study 

up to ten different 
patterns on your TV 

screen ... explore digi- 
tal logic circuits ... observe 

the action of a crystal -con- 
trolled oscillator! 

Of course, CIE offers a 
more advanced training pro- 
gram, too. But the main point is 

CI 
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Shop around ...but send 
for CIE's free school 
catalog first! 

Mail the card. If it's gone, 
cut out and mail the coupon. If 

you prefer to write, men- 
tion the name and date 
of this magazine. We'll 
send you a copy of CIE's 
FREE school catalog - 
plus a complete pack- 
age of independent 

home study information! 
For your convenience, 
we'll try to have a repre- 
sentative contact you to 
answer your questions. 
Mail the card or coupon - 
or write: CIE, 1776 East 
17th St., Cleveland, 
OH 44114. 

F E=NM EMI all MI= Ell 
ECleveland Institute 
of Electronics, Inc. 

1776 East 17th Street, Cleveland, Ohio 44114 
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E YES ...I'm shopping around 
for the right kind of career training 
in electronics troubleshooting-and 
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catalog-including details about 
troubleshooting courses- plus my 
FREE package of home study 
intbrntation! PE -87 

Print Naive 
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State Zip 
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(area code) 

Check box for G.I. Bill information: 
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Hail today! 
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Performance Specifications 

Specification 
Usable sensitivity 

(Mono) 

50 -dB quieting 
sensitivity 

(Mono) 
(Stereo) 

S/N ratio 
(Mono) 
(Stereo) 

Total harmonic distortion 
(Mono; 1000 Hz) 

(Stereo; 1000 Hz) 

CAPTURE RATIO 

Alternate channel 
selectivity 

Adjacent channel 
selectivity 

Stereo separation 
(1000 Hz) 

(50 to 10,000 Hz) 

(15,000 Hz) 

Frequency response 

Spurious response ratio 
Image response ratio 
I -f response ratio 
AM suppression ratio 

Subcarrier product ratio 
SCA rejection ratio 
Output level 

(1000 Hz, 100% mod) 
Fixed 

Variable 
Multipath output 

Vert. 

Horiz. 

Rating 

10.8 dBf (1.9 µV) 

Measured 

10.8 dBf (NORMAL) 
13 dBf (NARROW) 
11 dBf (WIDE) 

15.8 dBf (3.411,V) 17 dBf 
37.2 dBf (40 µV) 36 dBf 

90dB 
84dB 

0.03% WIDE 

0.06% NORMAL 

0.15% NARROW 

0.04% WIDE 

0.09% NORMAL 

0.12% NARROW 

0.8 dB WIDE 

1.4 dB NORMAL 

1.7 dB NARROW 

35 dB WIDE 

60 dB NORMAL 

60 dB NARROW 

N/A 

84 dB (unweighted-approx. 
70 dB gen. residual) 

0.064% (approx. gen. residual) 
0.064% 
0.09% 
0.062% (approx. gen. residual) 
0.062% 
0.17% 
0.8 dB/0.73 dB (45/65 dBf) 
0.8 dB/0.73 dB 
2.1 dB/1.3 dB 

44dB 
44dB 
82dB 

6.3 dB (wIDE) 
5.4 dB (NORMAL) 
15.5 dB ((NARROW) 

(Continued from page 23) 

We were struck by the fact that the se- 
lectivity was approximately the same 
in both NORMAL and WIDE bandwidth 
modes. Our measurement of 44 -dB al- 
ternate -channel selectivity would be 
considered marginal for most FM tuners 
if it were the only one available. How- 
ever, we never experienced any interfer- 
ence problems using the tuner in New 
York City, where more than 50 stations 
can be received. In this area, which is 
subject to adjacent- and alternate -chan- 
nel interference, the NARROW mode 
gave the tuner exceptional selectivity. 

Dial calibrations were accurate to 
within 200 kHz and usually to within 100 
kHz. The signal -strength meter indicat- 
ed within 4 dB of the actual input signal 
level over its full range. The deviation 
meter's indications were about 15% 
greater than the actual deviation, which 
is of little importance for the meter's pur- 
pose. The multipath-distortion meter 
was one of the very few we have seen 
that is genuinely effective. Even a slight 
amount of multipath distortion produced 
an appreciable indication on the meter 
during modulation, and a signal without 
multipath did not cause any detectable 
pointer movement. 

200,000 microwatts 
was not sufficient 
to produce detectable 
image signal 

We were unable to use the scope out- 
puts on the rear of the tuner as a mul- 
tipath or tuning indicator. The reason for 
this was that the 0.01 -volt vertical output 
was insufficient to produce a useful de- 
flection on several scopes we tried. 

User Comment. Since the tuner we 
tested was one of the first Model 
KT -917s to enter this country, we have 
no way of knowing if its unorthodox tun- 
ing for maximum stereo separation is in- 
herent or a peculiarity of our test sam- 
ple. Whatever the case, it is of minor im- 
portance, since broadcast stations are 
required to maintain only a minimum of 
30 dB separation and virtually no phono 
cartridges or records are even that 
good. Needless to say, the tuner will 
never degrade the audible separation of 
the received program. 

Operation of the DDL is very effective. 
With most tuners and receivers, normal 
tuning errors, even with great care, can 
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60 dB WIDE 

55 dB NORMAL 

50 dB NARROW 

50 dB WIDE 

45 dB NORMAL 
40 dB NARROW 

40 dB WIDE 

38 dB NORMAL 

33 dB NARROW 

10-16,000 Hz 
+0.2/-0.5 dB 
125 dB 
125 dB 
125 dB 
70 dB 

70 dB 
75dB 

0.75 V, 60 ohms 
0-1.5 V, 60 ohms 

0.01 V, 10,000 
ohms 

0.5 V, 3000 
ohms 

51.0dB 
50.5dB 
54.5dB 
39.5dB 
38.0dB 
35.5dB 
33.0dB 
34.5dB 
34.0 dB 
30-15,000 Hz 
+0.2/-0.3 dB 

Greater than 106 dB 

70 dB (45 dBf) 
73 dB (65 dBf) 
66 dB 

Confirmed 
0-1.86 V 



easily degrade a 0.1% distortion condi- 
tion to 0.3% and even 0.5%. As Keh- 
wood points out, afc is no solution be- 
cause its operation requires an error 
voltage that itself introduces a tuning er- 
ror. The DDL, on the other hand, will 
give minimum second -harmonic distor- 
tion every time, with literally nothing the 
user can do to mistune the Model 
KT -917. (On weak signals of less than 
25 to 40 dBf, the DDL may not lock on, in 

which case, the DDL indicator will not 
light. In any case, signals in this range 
will have their distortion masked by 
noise.) 

can deliver last 
measure of 

performance possible 

Basic operation of the tuner was su- 
perb! We usually preferred to set the 
muting threshold at 20 dBf, although one 
might find 40 dBf preferable in a very 
strong signal area to eliminate less pow- 
erful signals as the band is tuned. (The 
muting thresholds were very close to the 
indicated values, measuring 21 and 42 

dBf.) The tuning mechanism operates 
with typical Kenwood smoothness, and 
the dial calibration was good enough to 
permit tuning to be set with the power off 
and, upon turning on the power, to hear 
the desired station perfectly tuned by the 
DDL system. 

The signal -strength meter is highly in- 
formative because it displays the actual 
received signal levels in a form that can 
be related to the dBf ratings that appear 
in manufacturer ratings and our test re- 
ports. It is also useful in conjunction with 
the multipath meter for orienting a direc- 
tional antenna. An antenna position that 
yields minimum deflection on the mul- 
tipath meter and close to a maximum on 

the signal -strength meter is certainly the 
best for any given station. We never had 

occasion to use the deviation meter, 
which appeared to operate rapidly 
enough to give a useful indication of 

peak modulation levels. Although in a 

few less critical cases the tuner fell short 
of meeting its published specifications, 
there were at least as many of the far 
more important measurements that sur- 
passed specs by wide margins. 

In our opinion, only two i -f bandwidths 
would have been sufficient for any prac- 

tical situation. With both the normal and 
the wide bandwidths giving virtually 
identical selectivity, distortion, and sepa- 
ration readings, one of the two was re- 
dundant. Our only other criticism is the 
unreasonably low output from the tun- 
er's vertical scope terminals. 

It would be difficult to show that a "su- 
per tuner" such as the Model KT -917 ac- 
tually sounds better than a much less 
expensive and elaborate tuner on most 
typical broadcast material. After all, 
when every characteristic of the tuner is 

many times better than the correspond- 
ing property of the program material, 
one cannot expect sonic miracles. 

The justification for a tuner like the 
Model KT -917 is that it overcomes the 
last vestige of human error in tuning and 
can be depended upon to deliver the last 
measure of performance possible on ev- 
ery station tuned in. As we see it, this is 

the rationale for the Model KT -917's ex- 
istence, and it is a sufficiently convincing 
argument for those people who depend 
on FM sources for a substantial portion 
of their listening pleasure to make the 
considerable financial investment that 
this tuner represents. 

CIRCLE NO. 101 ON FREE INFORMATION CARD 

code Dolbyized FM broadcasts with or 

without simultaneous recording. 
The deck has separate bias and 

equalization switches for ferric -oxide, 
chromium -dioxide, and ferrichrome 
tapes. Other features include a dual- 
capstan tape drive; front -panel Dolby - 
level calibration control and test oscil- 
lator switch; vernier bias adjustment 
control for matching the requirements 
of different tape formulations; peak - 
responding meters; and adjustable 
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Three heads and variable bias 
adjustments are features of 
t h e Realistic SCT -3 o 
stereo cassette deck 

"memory rings" that provide refer- 
ence settings for the recording and 
playback level controls. 

The cassette deck measures 18" W 
x10`Dx53/a"H(45.7x25.4x14.6 
cm) and weighs 16.5 lb (7.5 kg). It fea- 
tures walnut -veneer wood side plates 
and a satin -gold finished front panel. 
Suggested retail price is $399.95. 

General Description. The Model 
SCT-30 resembles many other front - 

1 
HIRSCH. 

THE Realistic 

HOUCK Model SCT-30 is 

currently Radio 
Shack's top -of- 

_ ' the -line cassette 
deck. This front-loadina. three -head 

deck has separate Dolby noise-reduc- 
tion systems for record and playback. 
Thus, programs can be monitored 
while recording with the same fre- 
quency response and noise level. The 
Dolby system can also be used to de- 

loading cassette decks, with its cas- 
sette loading well at the left of the front 
panel. Under the well is the customary 
bank of levers for operating the trans - 
port mechanism. A window in the cas- 
sette well door exposes almost the 
entire cassette to view during opera - 
tion. and back liahtina is provided. 
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separate 
record and playback 
Dolby for true 
tape monitoring 

Bias and equalization for the vari- 
ous tape formulations can be set up 
with two lever switches. The BIAS 
switch has positions for Cr02, ferric - 
oxide, and FeCr formulations. The Eo 
switch has corresponding legends for 
70, 120, and 70 p.s. (These time con- 
stants are for playback; recording 
equalization is also switched so that 
the 70-1Ls characteristics of the first 
and third positions of the EO switch 
are not identical in their total effect.) A 
similar switch operates the Dolby sys- 
tem. Its third position is labelled FM, 
which is used to process audio from 
an FM station that Dolby -encodes its 
programs. In this mode, recording -lev- 
el controls are disabled and the input 
level is controlled by two screwdriver 
controls (on the rear apron), using the 
test tones periodically transmitted by 
FM stations that use Dolby process- 
ing. The FM mode also converts the 
75-µs deemphasis of the tuner's out- 
put to the 25-1s required by the Dolby 
noise -reduction system: 

The two RECORD controls are con- 
centric. A plastic ring that surrounds 
them can be set for conveniently re- 
turning to a predetermined gain set- 
ting. There is a slight detent at the 
ring's index mark. The OUTPUT (play- 
back) level control also has a "memo- 
ry ring." 

Laboratory Measurements. For 
our tests, we used the high-energy 
ferric -oxide Supertape Gold, TDK's 
AD and SA, Sony's FeCr, and Memo- 
rex's High Bias tapes. The overall re- 
cord/playback frequency response 
with any of these tapes was well with- 
in the deck's published ratings. In fact, 
all the tapes performed very similarly 
to each other when the bias was ad- 
justed according to instructions for 
each tape. The low -frequency "head 
ripples" in the response curve were 
rather low in amplitude, although they 
extended up to about 700 Hz. They 
did not reduce the low -frequency re- 
sponse, which was almost flat down to 
our measurement limit of 20 Hz. 

The overall response was typically 
well within ±2 dB, referred to the 
1000 -Hz level, from 20 to 16,000 Hz 
with all of the tapes at a -20 -dB re - 
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cording level. The deck was slightly 
underbiased for TDK AD and Memo- 
rex High Bias tapes. However, with 
the bias adjustment set to its max- 
imum limit, both tapes yielded very flat 
response curves. 

Much more impressive than the flat- 
ness of the -20 -dB response curve 
was the performance at a 0 -dB re- 
cording level. With most of the tapes, 
the response remained flat to about 
8000 Hz and did not roll off rapidly un- 

- til the frequency exceeded 10,000 Hz. 

(With TDK SA tape, using Cr02 bias 
and equalization, the 0 -dB response 
was flat to 10,000 Hz!) The 0- and 
-20 -dB response curves intersected 
at 13,500 Hz with Realistic Supertape, 
but with all other tapes, the 0 -dB re- 
sponse was always above the -20 - 
dB curve so that intersection never 
occurred. This indicates unusual free- 
dom from head and tape saturation- 
one of the benefits of a good three - 
head design, since the recording and 
playback heads can each be de - 
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signed for their separate tasks. We 
observed that the Sony FeCr tape re- 
vealed more evidence of high -fre- 
quency saturation than other tapes, 
with its 0 -dB response rolling off 
smoothly above 2000 or 3000 Hz but 
never intersecting the -20-dB curve. 

When we measured playback dis- 
tortion as a function of recording level 
at 1000 Hz, we received a second sur- 
prise. Many cassette decks go into sa- 
turation just beyond their 0 -dB meter 
calibrations and distortion rises rapid- 
ly before the meter's pointer goes off - 
scale. The Model SCT-30, however, 
had to be driven to about +10 dB with 
most tapes before third -harmonic tape 
distortion reached the reference 3% 
level. (With TDK AD tape and the bias 
set to maximum to flatten out its re- 

sponse, we had to go to +13 dB to 
reach 3% distortion!) At first, we won- 
dered if the recorded levels were low- 
er than usual, but the Dolby points on 
the meters were within 1 dB of the cor- 
rect 200 nW/m flux level for a stan- 
dard Dolby tape. This means that the 
Model SCT-30 has a headroom of 7 to 
10 dB beyond the Dolby level before 
the distortion reaches 3%. Therefore, 
Dolby -encoded FM programs can be 
recorded with fully effective Dolby op- 
eration with no risk of tape saturation 
and the resulting loss of highs and in- 
creased distortion. This is very rare in 

cassette recorders, most of which 
cannot be recorded at levels greater 
than 3 or 4 dB above the Dolby level 
without excessive distortion. 

On most recorders, if the FM Dolby 
signal levels are adjusted correctly for 
the Dolby system, with 50% modula- 
tion corresponding to a Dolby -level 
meter indication on the recorder, 
100% modulated peaks will be at +6 
dB and will almost certainly overload 
the recorder. The only alternative in 

most cases is to set the Dolby tone 
from the FM transmitter (50% modula- 
tion) several decibels below the me- 
ters' Dolby points, which can degrade 
frequency response and noise reduc- 
tion but will not distort. These exam- 
ples are based on recording the signal 
without decoding, a theoretically pref- 
erable approach. Often, the easiest 

playback distortion 
from 0 -dB recorded 
signal was very 
low 0.25% to 0.32% 

solution is ,to decode the Dolby - 
encoded signal and -record it in that 
form at correct levels. We also found 
that Dolby tracking of the recording 
and playback circuits of the Model 
SCT-30 deck was excellent. There 
was less than 1 dB change in any part 
of the response from 20 to 15,000 Hz 
at levels from -20 to -40 dB when 
the noise -reduction system was oper- 
ating. 

Playback distortion from a 0 -dB re- 
corded signal was very low, measur- 
ing 0.25% to 0.32% for most tapes 
and 0.63% with Sony FeCr tape. All of 

our measurement's. were below the 
deck's 0.9% rating. Playback frequen- 
cy response was within ±1 dB from 
40 to 12,000.Hz with the TDK AC -337 
120-µs test tape and ±2 dB from 40 
to 10,000 Hz with the Teac 116SP 
70-µs test tape. 

The unweighted S/N ratio was 
about 50 dB, referred to a 3% distor- 
tion level. With "A" weighting, read- 
ings improved to between 53.5 and 

55.3 dB, depending on the tape: With 
CCIRJARM weighting ánd the Dolby 
system switched in, S/N was about 64 
dB with ferric -oxide tapes (Realistic 
Supertape and TDK AD} át normal 
bias settings. With bias adjusted for 
flattest response 'on tQK AD tápe,.tlie 
S/N improved td slightly greater than 
66 dB, which is, the same reading ob- 
tained with TDK SA tape and Cr02 
bias and equalization. The best S/N 
was measured with Sony FeCr tape, 
which was ah excellent 68.5 dB. 
Noise increased by 9.2 dB.through the 
microphone inputs at maximum gain. 

An Aux input of 85 mV br a Mic in- 

put of 0.3 mV was required for a 0 -dB 
reading on the deck's meters. The mi- 
crophone input overloaded at a rather 
low 25 -mV input. Maximum ,playback 
level from a Ó -dB recorded signal was 
about 0.33 volt with ferric -bride tapes 
and 0.4 volt with TDK SA and Sony 
FeCr tapes. 

The CCIR or DIN weighted peak 
flutter with a TDK 'AC -317 test tape 

Performance Specifications 

Specification Rating 
Frequency response (±3 dB) 

Measured 

Supertape 30-15,000 Hz 20-16,000 Hz ±2 dB (ST) 

Cr02 30-16,000 Hz 20-15,500 Hz ±2 dB (SA) 

FeCr 30-15,500 Hz 20-15,000 Hz ±2 dB (FeCr) 

Overall S/N ratio 61 dB (Cr02, Dolby 49 dB (ST) 
CCIR weighted) 48.3 dB (AD) (unweighted) 

50 dB (SA) 
49.5 (FeCr) 
53.5 dB (ST) 
54 dB (AD) (A weighted) 
54.7 dB (SA) 
55.3 dB (FeCr) 
64 dB (ST) 
64.3 dB (AD) 
66.3 dB (SA) 

(CCIR/ARM, 
with Dolby) 

68.5 dB (FeCr) 
Distortion at 0 VU Less than 0.9% 0.32% (ST) 

0.28% (AD) 
0.25% (SA) 
0.63% (FeCr) 

Crosstalk Under -60 dB -42 dB (TDK AC -352 tape) 
Wow/flutter Under 0.06% wrms 0.075% wrms (TDK AC -342) 

0.09% wpk 
Erase ratio 70 dB Nót measured 
Output level At least 0.55 V 0.33 to 0.40 V for 0 dB 

recorded signal 
Output impedance 10,000 ohms Not checked 

(8 ohms, phones) 
Input impedance AUX 100,000 ohms Not checked 

Mic. OK for 500 
to 5000 ohms 

Record bias frequency 105 kHz Not checked 
Fast forward/rewind time Under 125 s for C-60 96 s 
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was ±0.09%, and the JIS weighted 
rms flutter was 0.075%. In a combined 
record/playback measurement, read- 
ings were slightly higher. Speed was 
0.5% fast. The deck required about 96 
seconds to handle a C-60 cassette in 
both fast forward and rewind. This 
was faster than the rated time, but still 
rather slow. The 1000 -Hz crosstalk 
from right to left channel with a TDK 
AC -352 test tape was -42 dB. The 
meters had a fast response, with 
about 15% to 20% overshoot on a 0.3 - 
second tone burst, and a slow decay 
time that appeared to be on the order 
of a couple of seconds. Headphone 
volume was excellent, even with 200 - 
ohm phones. 

User Comment. When we com- 
pared the sound of interstation FM 
tuner hiss entering and leaving the re- 
corder, we found the two to be close 
with all of the tapes we used. It was 
virtually perfect when the bias was 
carefully adjusted. In taping FM 
broadcast programs, we could never 
hear any difference between the in- 
coming and outgoing signals when we 
used the monitor button on the record- 
er or amplifier. Recording levels are 

much less critical with this deck than 
with most we have used. We found it 
perfectly practical to record with the 
deck's meters regularly indicating in 
the range between 0 and +3 dB. With 
the meter pointers often pinned lo 
their right indexes, there was no auci- 
ble sign of compression, distortion, or 
loss of highs. 

The Model SCT-30 lacks a few frills, 
such as memory rewind and micro- 
phone mixing, neither of which is likely 
to be missed by most cassette deck 
users. To compensate for this, the 
buyer gets one of the very few cas- 
sette decks, and possibly the only one 
at this deck's price, that can decode or 
record Dolby -encoded FM broadcasts 
without the risk of distortion and with 
fully effective Dolby operation. In its 
sound quality, this deck takes second 
place to none when recording from re- 
cords and FM broadcasts. It is more 
limited for live recording purposes if 
one wishes truly high -quality results, 
of course, owing to the cassette medi- 
um and, perhaps, to the low -mike 
overload point. 

Handling quality of the deck ranged 
from fair to good. When EJECT is 
pressed, the cassette well moves out 

in a smooth, cushioned manner. Lev- 
ers such as FAST FORWARD disengage 
automatically moments after the end 
of a tape is reached-a neat feature. 
The action of the transport lever, 
though positive and smooth, does 
have a mechanical latch for locking 
purposes. Also, the levers are all the 
same size (except STOP) so, without il- 
lumination, one would be hard 
pressed to control the transport in a 
darkened room. 

The foregoing does not detract from 
the overall fine value of this deck. Nat- 
urally, there are trade-offs to be made 
for the price. Raw performance is su- 
per. Variable bias adjustment; big, 
well -lighted meters; Dolby monitor; 
Dolby test -adjust facility; three tape 
heads; and the like more than make 
up for some noted shortcomings. And 
let's not forget the front -load facility, 
which is a pleasurable convenience, 
though transport start is delayed 
somewhat as heads are moved into 
position. In all, the new Realistic 
SCT-30 would be a fine addition to vir- 
tually any high -quality stereo compo- 
nent system when overall high perfor- 
mance is the overriding criterion. 
CIRCLE NO.102 ON FREE INFORMATION CARD 

Denon DP -2500 record player 
offers direct drive 
with quartz control 
and dc braking 

HIRSCH- 
g THE Model DP- 

HOUCK 2500 record play- 

LABS er introduced by 
. La Denon offers a 

a quartz - controlled 
direct -drive turntable ánd a high -qual- 
ity tonearm. The single -play, manually 
operated player is mounted on a 40 - 
mm thick wooden base. 

The turntable features an ac motor 
with bidirectional servo control and dc 
braking to give it exceptionally fast 
start-up, speed -change, and shut- 
down times and very low flutter and 
rumble. A dynamically damped tone - 
arm reduces the effect of low -frequen- 
cy tonearm/cartridge resonance. It 

employs a lightweight rigid aluminum 
headshell with a four -pin plug-in de- 
sign. The wood base is sandwiched 
with a viscous damping material to re- 
duce resonances. The base is cov- 
ered in a vinyl wood -grain (choice of 
blond ash or walnut) veneer and 
comes with a clear -plastic dust cover. 

With the dust cover closed, the 
Model DP -2500 record player mea- 
sures 19" W x 16" D x 7" H (48.3 x 
40.6 x 17.8 cm) and weighs 26.5 lb 
(12 kg). Suggested retail price, $525. 
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General Description. Like other 
Denon record players, the Model 
DP -2500 has its cast -aluminum plat- 
ter almost entirely above the motor - 
board and surrounded by a bevelled 
ring. On the sloping surface of the ring 

are the turntable controls, including a 

pushbutton power switch and a green 
indicator light, a 331/3- and 45 -rpm 
speed selector switch, and a momen- 
tary -contact button for starting and 
stopping the turntable. Stroboscope 
markings under the platter are visible 
through a window in the control ring. 

The ac servo motor that drives the 
platter is controlled by a quartz crystal 
oscillator whose operating frequency 
is about 1.3 MHz. The feedback signal 
from the platter to the control amplifier 
is derived from a magnetized band on 
the inside rim of the platter. On this 
band are recorded 1000 pulses. A 

pickup head that resembles the tape 
head used in a cassette deck senses 
the magnetic pulses as the platter ro- 
tates. The output signal frequency 
from this pickup at 331/3 rpm is approx- 
imately 500 Hz. It is compared with a 

similar reference frequency derived 
from the crystal oscillator after fre- 
quency division. Any error between 
the two signals causes a correcting 
signal to be generated for the motor. 

Denon claims that the 500 -Hz 
speed -sensing frequency is approxi- 
mately five times the frequency typical 
of most direct -drive turntables. This 
helps give the Model DP -2500 a 

speed stability and freedom from 
overshoot that surpass the perfor- 
mance of other direct -drive turntables. 

The neon lamp that illuminates the 
stroboscope pattern is driven by a sig- 
nal derived from the quartz oscillator. 
Hence, a single stroboscope pattern 
is used for both speeds. The pattern is 

stationary during momentary shifts in 

line -power frequency and phase, 
which can cause most stroboscope 
patterns to waver even when platter 
speed is constant. 

The tonearm consists of an S- 

shaped aluminum tube that is bal- 
anced by a threaded counterweight 
on which the tracking -force scale is lo- 

cated. After the tonearm is balanced, 
the scale is set to zero and the entire 
weight is rotated to align the desired 
force calibration (0 to 2.5 grams in 

0.1 -gram increments) with a reference 
mark on the tonearm's tube. Antiskat- 
ing force can be adjusted while a rec- 
ord is being played. The cueing lever 
for the tonearm is viscous damped. 

Tonearm height is adjustable to 

accommodate different cartridge di- 
mensions, while remaining parallel to 

the turntable. 

Laboratory Measurements. Al- 

though no stylus -positioning jig was 
supplied with the sample record play- 
er, the setup directions state that the 
stylus should be 50 mm from the 
mounting reference surface at the end 
of the tonearm for minimum tracking 
error. When the stylus was positioned 
as instructed, tracking error was very 
low, typically less than 0.25°/in. and a 

maximum of 0.4°/in. at a 2.5" (63.5 - 
mm) radius. 

Calibration of the tracking -force 
scale was exact after initial balancing 
of the tonearm according to instruc- 
tions. The antiskating force had to be 
set slightly greater than the tracking 
force for best correction. In our tests, 
we used an antiskating force of 2 

grams at a 1.5 -gram tracking force. 
The cueing mechanism allowed the 
tonearm to drift considerably outward 
during descent. When the stylus final- 
ly contacted the record's surface, 
about 12 seconds was repeated. 

Effective mass of the tonearm was 
about 20 grams. Capacitance of the 
tonearm and signal cables was 90 pF 
to ground in each channel and 1 pF 

between channels. 
Turntable speed was more accu- 

rate than our ability to measure. The 
platter came up to speed in less than 
a second, which was about the same 
time it took for the platter speed to sta- 
bilize when switching from one speed 
to the other. Dc braking stopped the 
platter completely within two seconds 
after the OFF button was operated. 

isolation was 
considerably greater 
than typical 

direct-drive player 

Rumble was somewhat lower than 
we have observed on most direct - 
drive turntables, measuring -35 dB 

unweighted and -64 dB with ARLL 
weighting. Rumble energy was princi- 
pally below 5 Hz. The unweighted 
peak or DIN flutter measured -*0.08% 
(0.075% wrms JIS). Flutter was most- 
ly below 10Hz. 

The extremely compliant base 

mounting feet had considerable later- 
al freedom of movement, making it dif- 
ficult to measure the isolation from 
conducted vibration in our usual man- 
ner, with vibration applied directly to 
the feet through small transducers. 
We determined, however, that the iso- 
lation of the Denon mounting system 
was considerably better than that of 
the typical direct -drive record player. It 

was, in fact, comparable to that of 
many of the better belt -driven players. 

User Comment. Although. the Mod- 
el DP -2500 is a no -frills record player, 
devoid of concessions to automatic 
play, it shares many of the qualities 
we have found in Denon's top -priced 
Model DP -6700 player. Specifically, it 

is unusually easy to set up. Also, 
when the tonearm is balanced and the 
cartridge is positioned according to in- 

structions, tracking force is precisely 
correct and tracking error is at the the- 
oretical minimum for this size tone - 
arm. 

The fast start and stop action of the 
turntable will be appreciated by any- 
one who has used an "automatic" 
turntable that requires one to wait 
usually 12 to 15 seconds for the tone - 
arm to reach its playing position after 
turn -on or for completely shutting 
down after a record has been played. 
With the Model DP -2500, the start-up, 
speed -change, and shut-off opera- 
tions are virtually instantaneous, 
smooth, and silent. 

Since we use different test methods 
than those employed by Denon, we 
did not make an effort to compare 
specs. As evidenced by our standard 
measurements, the Model DP -2500 is 

indeed a top -rated performer. 
The only thing we found not to our 

liking was the outward drift of the cue- 
ing system during descent of the tone - 
arm. This was in marked contrast to 
the virtual perfection of every other 
aspect of the player's design and per- 
formance. Of course, the tonearm can 
be manually handled at all times, 
which is no great problem in view of its 

excellent finger lift and balance. 
In all, Denon's DP -2500 is a solidly 

built record player of exceptional qual- 
ity. It operates smoothly, rapidly, and 
virtually silently. It should also prove 
to be relatively free of the acoustic - 
feedback problems that plague many 
record -playing installations. And as an 
added fillip, its appearance has all the 
indications of top quality. 
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Step up to excellence. Step up to Series E. 
Why settle for anything less than 
excellence. Especially now that it's 
available at a very affordable price in 
Series E from Hewlett-Packard-five 
precision calculators for science, 
engineering and business starting at 
just $60* 
EXCELLENCE BY DESIGN. Experi- 
ence the HP difference in Series E: 
a new larger display with commas for 
easy reading; built-in diagnostic 
systems that help catch errors; RPN 
logic for ease -of -use and efficiency; 
a complete documentation system- 
Owners' Manual and Applications 
Books; plus a host of HP extras-low 
battery warning light, rechargeable 
batteries, positive feedback keys, 
sturdy impact -resistant case. In sum 
-excellence by design. 

A SERIES E FOR EVERY NEED. 
Series E gives you more power and 
features at a lower price than any com- 
parable calculator HP has ever 
offered. You'll find them all outstand- 
ing values: 
HP -31E. Scientific. $60* 
HP -32E. Advanced Scientific with 

Statistics. $80.* 
11P -33E. Programmable Scientific. 

$l00* 
HP -37E. Business Management. $75.'' 
HP -38E. Advanced Financial with 

Programmability. $120* 
SEE YOUR HP DEALER. For details, 
send in the coupon or visit your 
nearest HP dealer. For the name 
and address, CALL TOLL -FREE 
800-648-4711 except from Alaska or 
Hawaii. In Nevada, call 800-992-5710. 
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HEWLETT VT PACKARD 

Dept. 254J. 1000 N. E. Circle Blvd.. Corvallis. OR 97330 

HEWLETT-PACKARD 
Dept 254J 
1000 N.E. Circle Blvd. 
Corvallis. OR 97330 

Please send details on Series El 
Business Calculators 
Scientific Calculators 

Name 

Address 

City 

State Zip 

'Suggested retail price excluding applicable state and 
local taxes -Continental U.S.A.. Alaska and F awaii. 
Displays photographed separately to simulate typical 
appearance. =619/03 
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EVENTUALLY, most serious elec- 
tronics experimenters find a need to 

measure the power content of an odd - 

shaped waveform. This might occur in 

measuring the output of a class -C am- 
plifier, audio, video or noise signals; 
power supply inverter waveforms; or just 
plain power supply ripple. 

When the time comes, the experi- 
menter will discover that a standard 
VOM or DVM simply won't provide true 
rms readings! An rms voltmeter is need- 
ed for this purpose. Unfortunately, this is 

a rather expensive instrument. 
With the plans presented here, how- 

ever, a true rms voltmeter can be built 
for only about $30. To fully understand 
how this is accomplished, let's first ex- 
amine what rms means. 

What Is RMS? Rms values allow the 
expression of the average power con- 
tent of an ac waveform whose instan - 
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TRUE RMS VOLTMETER 
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Measures effective 
ác voltage rather 

than the usual 
average values 

BY DANIEL METZGER 

laneous power varies from zero (at the 
zero crossing) to some high value at the 
voltage peak. In practice, rms means 
"equivalent to dc." Mathematically, giv- 
en a voltage and a resistance, power is 
calculated as P=E2/R. 

The "equivalent -to -dc" voltage for a 
continuously varying ac voltage must be 
calculated by squaring the voltage at 
each instant, averaging the infinte num- 
ber of instantaneous values produced 
(taking the mean), and then extracting 
the square root. Hence, the term Root of 
the Mean of the Square (RMS). 

For anything beyond a simple rectan- 
gular waveform, this rms technique in- 
volves calculus. For sine waves only, it 

produces ER ms = EPK(SINE)/V = 
0.707EPK. 

For periodic waveforms that cannot 
be mathematically expressed, the rms 
technique requires iterative computer 
analysis. For completely undefinable 
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RMS VOLTMETER continued 
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Fig. 1 Schematic of the voltmeter. 
The amplified input signal 
illuminates Il, which causes the 
resistance of PC1 to change. 
This brings about imbalance 
in the bridge circuit 
and meter goes off null. 
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Note - The following are available from M. 
H. Marks Enterprises. 315 Thornberry Ct.. 
Pittsburgh. PA 15237: set of two etched and 
drilled pc hoards at $7.95. postpaid: com- 
plete kit of parts including cabinet and hard- 
ware at $69.95, postpaid. Pennsylvania res- 
idents add 6% sales tax. Allow 4 to 6 weeks 
for delivery. - 
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PARTS LIST 

CI -0.05-µF, 500 volt capacitor 
C2 through C5 - 50-pF trimmer 
C6 - 0.22-1.1.F Mylar capacitor 
C7 - 0.022-µF Mylar capacitor 
C8 - 0.0022-µF capacitor 
C9 - 220-pF capacitor 
CI 0 - 20-pF capacitor 
CI1 -0.I-µF capacitor 
CI 2 - 10-pF capacitor 
Cl3,C 14 - 5-µF, I5 -volt electrolytic 
CI 5,C I6 - 1000-µF. 35 -volt electrolytic 
CI 7.0 18 - 100-11F, 25 -volt electrolytic 
C 19 - 330-pF capacitor 
DI thru D4. D9 - I N914 
D5 thru D8 - I N4002 
Fl - I/8 -ampere slow -blow fuse 

11 - #47 pilot lamp 
ICI -LM318opamp 
11,12 - Five -way binding posts, one red (11), 

one black (J2) 
LEDI ,LED2 - Light emitting diode 
M I - I(X)-0-100-µA meter 
PCI -See text 
Q 1 ,Q2 - 2N38I9,MPF102, or similar 
Q3,Q7 - T1P29 or similar 
Q4,Q8 - TIP30 or similar 
Q5.Q6 - Any small -signal silicon transistor 
R1,R3,R9- I-megohm, 1%, I watt resistor 
R2,R10- 100 -ohm, I% resistor 
R4 - 1000 -ohm, 1% resistor 
R5 - I-megohm, I% resistor (try for 990k) 
R6 - 10.00(1 -ohm, 1% resistor 
R7 - 909,000 -ohm. I% resistor (try for 9(01k) 

R8 - 100,000 -ohm, 1% resistor 
R I 1 - 10 -ohm. I% resistor 
R 12 - I -ohm, I% resistor 
R I3,R 14,R48 - 100,000 -ohm resistor 
R I6 - 82 -ohm resistor 
R 18 - 68(4) -ohm resistor 
R20,R21 - 10 -ohm resistor 
R22.R23 - 100 -ohm resistor 
R24,R25 - 22(X) -ohm resistor 
R26,R27 - 33 -ohm, I -watt resistor 
R28,R29 - 4.7 -ohm resistor 
R30.R31 ,R32.R46,R47 - 10,(40) -ohm resistor 
R33 - I 800 -ohm resistor 
R34 - 3300 -ohm resistor 
R35 - 18,(X)0 -ohm resistor 
R36 - 8200 -ohm. t/ -watt resistor 
R37,R38 - 2700 -ohm 5% resistor 
R39.R49 - 7500 -ohm 5% resistor 
R40.R41 - 680 -ohm resistor 
R42.R43.R44.R45 - 1000 -ohm resistor 
R 15 - 50.000 -ohm linear -taper potentiometer 
R17 - 10(0 -ohm linear -taper potentiometer 

(see text) 
R 19 - 10.000 -ohm. trimmer pot 
SI - Dpdt center -off toggle switch 
S2 -8 -position, 2 -pole rotary switch 
S3 - Dpdt switch 
TI - 36-V CT. 0.1-A transformer (Stancor 

8611 or similar) 
Misc. - Suitable enclosure, dial plate and 

knob for R 17, pointer knobs (2). press -on 
type, mounting hardware. etc. 

waveforms such as noise, however, we 
have to go back to the rms voltmeter. 

This may be a good place to observe 
that the time-honored VOM and most 
DVMs actually respond to average volt- 
age (not rms) on their ac scales. The av- 
erage value of one half -cycle of a sine 
wave is 0.637 of its peak value, or 0.901 
of its rms value. 

The meter scales are calibrated in 

rms, but this calibration is valid for sine 
waves only. VTVMs and FET meters 
generally respond to peak voltages on 
their ac ranges. Again, the meter scales 
are calibrated for rms readout cn sine 
waves only. Consequently, a VOM or 
VTVM can display different and incor- 
rect conclusions about a 25% duty cycle 
waveform, as illustrated in boxed sec- 
tion below right. Interestingly, most 
VOMs err in one direction on non -sine 
waves, while VTVMs err in the other. 

The majority of true rms meters oper- 
ate by electronically squaring and aver- 
aging the input signal, or by taking the 
log of the signal, doubling it, then taking 
the antilog. Building such a meter is best 
avoided because of its circuit complex- 
ity. The meter discussed here takes the 
direct approach of amplifying the input 
waveform and using its large signal to 
turn on a conventional incandescent 
lamp. The brilliance of the lamp is 

sensed by a photocell so that compari- 
sons between ac and equivalent dc volt- 
ages can be made. In operation, the am- 
plifier gain is adjusted until the lamp 
reaches a predetermined brightness, 
and the rms voltage is then read off a 

calibrated "gain" control. 

Circuit Description. As shown in 

Fig. 1, resistors R1 through R9 provide 
voltage divisions by progressive factors 
of ten while maintaining a 1-megohm in- 

put resistance. Capacitors C2 through 
C10 provide identical division ratios at 

high frequencies while maintaining an 

input capacitance of 20 pF. Without 
these capacitors, the reactance of any 
stray wiring capacitance would com- 
pletely swamp the resistive dividers 
above approximately 50 kHz, resulting 
in false division ratios. Resistors R10 
through R12 are used in the measure- 
ment of current. 

Source follower Q1 provides an al- 
most infinite input impedance for the 
amplifier, while FET 02 provides com- 
pensation for variations in Qí source 
voltage with temperature. Both Q1 and 
02 should be well matched-zero volts 
between their sources with the input 
grounded and control R15 (zERo) near Seraninala al f 

the center of its rotation. Also, the tran- 
sistor cases should be thermally bond- 
ed. 

Op amp ICI has a gain between 10 

and 100, depending on the setting of the 
CAL (R19) and NULL (R17) controls. Ca- 
pacitor C12 compensates for stray ca- 
pacitance in the R16-R17leg, and is se- 
lected for good high -frequency re- 

sponse. Components R20, R21 and 
Ci / are required to prevent high -fre- 
quency oscillation via power supply cou- 
pling. A complementery symmetry volt- 
age follower (Q3 and Q4) provides the 
high current required by lamp 11. 

The sensitive surface of photoresis- 
tive cell PC1 is butted to the lamp and 
secured in place with opaque heat - 
shrink tubing. The photocell forms one 
arm of a Wheatstone bridge, with R30 - 
R32 as the other arms. At one particular 

VTVM AND VOM ERRORS 

For sine waves: 

VpK = 1.414VRMs = 1.569VAVG 

VRMS = 0.707VpK = 1.110VAVG 
VAVG = 0.637VpK = 0.901 VRMS 

VOMs read 1.110VAVG 
VTVMs read 0.707VPK 

For this rectangular Wave: 

+4V 

OV 

-4V 

1 I. 

ACROSS r 

1 2 3 4 

V4 
DUTY 
CYCLE 

PINST = E2/R = 42/1 = 16 W 

PAVG=16/4=4W 
ERMs= 15r1=V4 x 1 =2.00V 
VOM reads: 

1.110 x VAVG = 1.110 x 1/4 x 4 

= 1.11 V or 2.00 VRMS 

VTVM reads: 

0.707 x VpK = 0.707 x 4 

=2.83Vor2.00VRMs 
_.. 
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Fig. 2. Actual -size foil pattern for main pc board 
is at top, component installation immediately above. 

Fig. 3. Components 
for attenuator can 
be mounted on board 
similar to that 
at left. Only four 
sections are used 
in this case. 

lamp intensity, the cell resistance will 
equal 10,000 ohms and meter M1 will in- 
dicate zero. For unbalance currents of 
about 251.LA, D1 and D2 will begin to 
conduct, shunting the meter with R33. 
This makes it easier to find the null by 
reducing the meter sensitivity for off -null 
settings. The meter can be switched to 
zero out dc voltage at the amplifier out- 
put when the input is grounded. 

In the' prótotype, balance was 
achieved with 2 volts rms (or dc) across 
the lamp. For sharply peaked wave- 
forms, it is possible that the peak voltage 
might exceed the approximately 10 -volt 
limit of the amplifier resulting in distor- 
tion of the waveform. Diodes D3 and D4 
detect such peaks slightly before the 
threshold of distortion, causing the front 
panel positive (LED1) or negative 
(LED2) overpeák indicators to glow. 

The power supplies are well filtered by 
the emitter follower action of 07 and 08. 
Regulation is not required because the 
differential amplifier and bridge circuits 
remain balanced in spite of power sup- 
ply voltage variations. 

Construction. Few of the compo- 
nents are critical and substitutions are 
possible. The NULL potentiometer (R17) 
should be of the highest quality since ac- 
curacy of the instrument depends on 
reading its angular position. Resistors 
R1 through FR/2 directly affect the ac- 
curacy and should be held to ±1%. For 
the voltage dividers, it is the resistance 
ratio that is important. Ceramic trimmer 
capacitors hold their values better than 
compression types and are recom- 
mended for C2 through C5. Transistors 
03 and 04 may dissipate as much as 2 

watts and must have heat sinks. 
Using an LM318 for IC1 results in a 

400 -kHz bandwidth. A p.A741 reduces 
the bandwidth to about 20 kHz. Any pho- 
toresistive cell having a resistance of 
10,000 ohms when illuminated by a #47 
lamp with 1.5 to 2.5 volts dc applied to it 
will work for PC1. 

The bulk of the circuit can be assem- 
bled on a pc board using the foil pattern 
and component layout shown in Fig. 2. 
The front-end attenuator can be built up 
on a small pc board like that shown in 
Fig. 3. Fixed and trimmer capacitors are 
mounted on the foil side and the resis- 
tors on the other. This board supports 
the first four attenuator elements. (Two 
sections on this small board will be 
unoccupied.) Once the components are 
mounted on the board, the pc assembly 
can be wired to the appropriate lugs on 
S2 with short lengths of hookup wire. 
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People t using our 
n - .. tape care kit should have 

their heads examined. 
After every ten hours of recording your tape deck. keep even areas you can't see 

or twenty hours of play back, you So at Maxell, we've developed a spotless. All of which means you'll be 

should spend a few minutes cleaning tape care kit tohelp you gét the getting maximum performance out of 

your tape heads. cleanest possible sound out of your your machine. Year after year. 

Because in that period of time recordings. And it that doesn't sound like a 

enough dust and residue accumulate In addition to liquid head cleaner, good idea, maybe you 'need 

on your tape heads to significantly it has special curved probes; swabs, to have more than your tape heads 

affect the sound that comes out of a brush and a mirror to help you examined. 

maxell II1111111111I1111 I I I I I I I III IIIIINIIIIIIIII I I I I I I I I I I i 1111111111111111111111111111111111111111111111111111111111111111u11111111111111111111111111111111111111111111 
Nkrxell COrocloi0o ok Amenco. 60Oxlord ]rive, AHxxc-hie, N. 107074 

CIRCLE NO. 38 ON FREE INFORMATION CARD 



yh414 . .' i / 
: f.. 

Photo shows 
how author mounted 
components in prototype Of voltmeter. 

(A) 

Fig. 4. RMs value of sine wave can 
be cale aluted as described in 
test using diagrams shown here. 

The four remaining attenuator sections 
are resistors that can be mounted direct- 
ly on S2. 

As shown in the photograph, on the 
front panel are the meter, two overpeak 
LED's, R17 (NULL), R15 (zERO), S3 
(NULL/ZERO), S1 (AC, DC POWER ON - 

OFF), S2 (RANGE) and input jacks J1 and 
J2. 

These components can be mounted 
as desired on the front panel, leaving 
enough room around R17 to accommo- 
date a calibrated dial plate. Press -on 
type can be used to identify controls. 

Calibration. Set the NULL control 
(R17) to its minimum resistance. With 
40 

P=I2 Rs 

(B) 

40, 

s 

L 
P=E2/RP 

J 

MN« 

S3 at ZERO, connect J1 to J2 and adjust 
R15 (ZERO) for no meter deflection (cen- 
ter zero). 

Set S2 to the x 1V position and S3 to 
NULL. Apply an accurate 1 -volt dc be- 
tween J1 and J2 (positive to J1) and ad- 
just the pc board mounted R19 for a 
zero meter indication. 

Mark the NULL dial plate with' a 1, then 
apply 2, 3, etc., up to 11 volts dc, zeroing 
the meter with the NULL control and 
marking the dial as you go. If desired, 
you can apply a 60 -Hz sine wave of 
known rms value to verify the "equiva- 
lent -to -dc' function. 

The S2 trimmer capacitors can be ad- 
justed with the aid of an audio generator. 

Null the meter to read a 60 -Hz sine wave 
someplace on the x.1 range. 

Without changing the generator out- 
put level, raise the frequency to 50 kHz 
and adjust C5 for a null at the same spot 
on the dial. Repeat this for C4, C3 and 
C2 on their ranges. Alternately, the trim- 
mer capacitors can be adjusted for the 
cleanest 10 -kHz square -wave response 
with a scope probe across 11. 

Use. Here are some guidelines for us- 
ing the rms meter. 

When there is an ac or combined ac 
and do voltage across an unvarying 
(pure) resistance, the rms value of the 
voltage can be used to compute the av- 
erage power in the resistance by the 
equation PAVG = ERMs2/R. 

Similarly, if the rms current through 
an unchanging resistance is known, 
then PAVG = IRMS2 R. 

Note that unlike many rms meters, the 
meter described in this article can indi- 
cate the rms value of a waveform having 
a dc component. This dc component 
cannot be simply added to the rms value 
of the ac component to obtain the rms 
value of the total waveform. For sine - 
wave ac components, the rms value can 
be calculated as illustrated in Fig. 4. For 
other waveforms, it's either calculus or 
the dc -coupled rms meter. 

An rms measurement cannot be ap- 
plied to the calculation of power where 
the load impedance is partly reactive. 
However, if the numerical value of the 
resistive part of the load can be deter- 
mined, true power can be calculated as 
shown in Fig. B, since the reactive por- 
tion consumes no power. 

The rms measurement is also not ap- 
propriate for calculating the average 
power delivered to devices having 
changing ohmic resistance. Examples of 
such devices are diodes, SCRs, switch- 
ing transistors and the plate or collector 
of a class -C amplifier. 

For such devices, measure the aver- 
age voltage and current for the device 
and calculate: PAVG = IAVGEAVG- 

If current flows always in one direc- 
tion, a VOM on the dc range can be 
used. If ac is involved, you must use a 
meter that measures the average abso- 
lute (without regard to sign) value of volt- 
age and current. 

A VOM or average -reading DVM on 
the ac range fills this function if the read- 
ings are multiplied by 0.901 to change 
the rms calibration to average calibra- 
tion. Be wary of such meters on the ac 
ranges since many of them have upper 
frequency limits below 1 kHz. 
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Breakthrough! 

Five Year Watch Guarantee 

Water'I;esistant 

PA29-,w" 

Continuous readout -they glow in the dark 

Now! A new long-range guarantee on fashionable 
timepieces you will enjoy repair -free for years! 

Sensor, the American -made watch, 
has developed an exciting new series of 
watches in both pocket and wrist 
style-guaranteed for 5 full years! You 
don't even have to replace the battery. 

Of course, these superbly crafted wat- 
ches will give you many, many years of 
accurate repair -free service. The 5 year 
guarantee covers everything except the 
wrist band or the chain and face protec- 
tive cover of the pocket watch. Both wat- 
ches feature the extended -life lithium 
battery which is included in the 5 year 
guarantee! 

- 1 

They glow in the dark 

Both watches also feature TriLiteTM, a 
new space-age illuminating technique 
developed by Sensor. Two tiny glass 
tubes, lined with phosphor, injected with 
tritium. are sealed permanently by laser 
beam and mounted behind the digital 
display. Perpetual interaction between 
phosphor and tritium emits a constant 
glow. The soft green light becomes more 
pronounced as exterior light dims. 

With TriLite, there's no battery drain. 

(ontem 

No button to push. TriLite is self- 
contained. Self -powered. And it il- 
luminates the digital display for con- 
tinuous readout, day and night, for years 
and years. 

The 5 year pocket watch in 24-K 
3 microns gold Swiss case is a tradi- 
tionally respected design for today's 
popular vested suit. The large display of 
hours, minutes, seconds or date is at the 
same viewing angle as the famous 
"railroad watches" of yesterday. 
Elegant 3 microns gold Waldemar chain 
is also included. 

The 5 year wrist watch display of 
hours, minutes. seconds or date pro- 
tected by a mineral glass crystal (ex- 
tremely hard) is set off by a bezel ring of 
24-K 5 microns gold. The Swiss made 
case is plated with Perfectus, a nickel 
alloy with stainless steel characterstics. 
A handsome 2 -tone bracelet of polished 
stainless steel and 2.5 microns 24-K gold 
specially treated for hardness and 
scratch resistancecompliments this 
outstanding water resistant watch. 

a¡UJaTeR ReeISTaf1T 
The water resistant capability of the 5 

Year wrist watch means that it has been 
tested to three atmospheres of 
pressure-equal to a water depth of 80 
feet! With complete confidence you can 
use and wear the 5 Year Wrist Watch in 
all types of normal water situa- 
tions-from showers to swimming. 

orar 
790 Maple Lane, Bensenville, Illinois 60106 Marketineg, Inc. 

CIRCLE NO. 11 ON FREE INFORMATION CARD 

Both watches include Sensor's unique 
liquid crystal display design made in 
Dallas, Texas. Over one million watches 
using the Sensor display have been 
manufactured and shipped and it has 
been acclaimed the most reliable liquid 
crystal display ever developed. 

Experience either or both of the 5 Year 
Watches for 10 days at our expense. You 
have to see and try these watches to ap- 
preciate their beauty and value. That's 
why we encourage you to enjoy them for 
10 days free trial. If you do not agree that 
these are the most accurate and 
beautiful watches you've seen, simply 
return for courteous refund. $110.00 
each, please add $2.50 per watch for 
shipping and insurance. Remember, 
both watches are guaranteed for 5 full 
years...including the lithium battery! 

Credit Card Orders Call Toll Free 

800-323-2272 
Illinois Residents Ca11:312.595.0461 

Contemporary Marketing, Inc. 
790 Maple Lane, Bensenville, Ill. 60106 ¡ 

{ Please send me the following watch(es): 
Tne 5 Year Pocket Watch -$110.00 (Item 0621) 

_The 5 Year Wrist Watch -$110.00 (Item 0622) 
Add 12.50 per watch for shipping and insurance. 
Illinois residents include 5% sales tax. 

Check or M.O. Enclosed 
Please Charge My Credit Card: 
American Express Mastercharge Visa 
Carte Blanche Diners Club 

Card No 
Name - 

Address 

Exp. Date_ _ _ 

City 

State 

I Signature 
PEMC.091 

Zip 
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Microwave...AM & FM Radio...Radar...TV Broadcasting...Mobille Radio... 
Marine Communications and Navigation...CB...Aircraft Electronics 

The expanding world 
of communications means 

expandin , opportunities for the 
qua died technician. 

NRI Trains You at Home 
in Your Spare Time... 

Learn Installation, 
Maintenance, Repair 

The communications explosion 

of the last few years is just the begin- 

ning of an incredible expansion as 

business, government and public 

services intensify their use of more 
versatile, cost-efficient systems. With 

this tremendous growth comes a 

continuous demand for qualified 

technicians...people trained to install, 
manitain, and repair modem elec- 

tronic equipment. 
You can start an exciting new 

career with NRI's Complete Commu- 
nications Electronics Course. You 

learn at home...no travel or night 
school. You learn in your spare time ...no 
need to quit your present job. And you 

learn the right way...with NRI "bite -size" 

lessons and "power -on" training. 

t 
111, _' 

4111111.... 
:.7-4-2- 

r .. 

l 
r 

° /' 
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You Build Your Own 
2 -Meter 

Digitally Synthesized 
VHF Transceiver 

NRI training is "hands-on" train- 
ing. You get practical bench experience as 

you build and test this industrial quality 

two-way radio and power supply. You rein- 

force theory lessons as you induce and 
correct faults, study individual circuits 

and see how they interface with others. 

You also build and keep a tran- 
sistorized volt -ohm meter and digital 

CMOS frequency counter. NRI even gives 

you special training to get your Amateur 

License so you can go on the air with your 

completed unit. 

FCC License or Full Refund 
In all, you get 48 lessons, 9 special 

reference texts, and 10 training kits ...the 
training you need to start in a rewarding 

new career. And NRI includes special 

training for the required FCC radiotele- 

phone license examination. You pass 

.1 

or your tuition will be refunded in full. 
This money -back agreement is valid for 

six months after completion of your course. 

Free Catalog... 
No Salesman Will Call 
NRI's free, 100 -page full -color cata- 

log shows all the equipment you get, de- 

scribes each lesson and kit in detail, tells 

more about the many specialized fields 

we train you for... also includes facts on 
other opportunity areas like TV/Audio 

servicing and digital computer electronics. 

Mail the postage -paid card now and grow 

with the future. 
If card has been removed, write to: 

NRI Schools 
McGraw -hill Continuing 

Education Center 

3939 Wisconsin Ave. 

Washington, D.C. 20016 
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lntroduCng the system that can .tape itself. 

Tune!tself,1Jl:byItselt-For úpt a week. 
5 

Technics Ou.arra Sy,4 MN! Stone Twee 5T9030 

la..Y 
B :... i o 

Technics, _ torran M1r!aa.m. V+ o-WM - s 

r? 

`Up to now using a tape deck to record Tchcikovsky's 4th 
at 4 PM on one sto'icn and Beethoven 'S 5th at 5 PM or 
another was easy. As long as you were hóme Now - 

Technics makes ilt jest as easy when you're not, with the' 
ST -9028 quartz synthesizer FM stereo tuner and its '1 
matching SH-90138 microprocessor. 

When used with the ST -9038, the SH-9038 micro- 
processor can be programmed to tune eight =M stations 
in any order, at aiv t me, on any day for one week. In 

fact, the SH-9038 can be programmed to renember 32 
irdividual steps. Starring with the day of the week, the 
time, the FM station cnd AC line on/off. 

All you do is sin -ply select the write ' mode and :he 

-7SH-90.3.8s computerized memory does the rest.Then 
select the "read"' n- ode for a.reádout of the -programs 
you hcve selected.You can also override your preseledted 
program by swikh ng to the manual mode. What's-m,ose, 
the SH-9038 can be programmed to turn on or off th-ee 
other components in addition to the ST9031 tuner. 

T-a's what the SH-9938 microprocessor can do. 
What the ST -9038 quartz synthesizer tuner min do, is juft 
as -impressive. Uilike conventioncl tuners which use a 
series of variable capacitors to tu.ie in FM frequencies, 

thl.ST-90218 uses tie qúartz synthesizer tuning system. 
With this system the quartz crystal, one óf the world's 
mostaxc-ate reference -devices, becomes the reference 
far the local oscillator frequency and the broadcast - 

frequency_ The results: Only the frequencies on which a ' 

broadcas- signal might exist can be received. At precise@y. 

spaced 200 kHz steps. And that mews you dón't have 
to wormy about drift or rrmisallignment due to temperature, 
tine or mistuning. - _ 

The SH-903E mic-oprocessor'and the ST -9038 . 

tuner. Eeccuse you can't beat the memory of a.compuler 
or the accuracy o qucrta. _ 

SENSITIVITY: 1.2 µ'V [7552). 500 QUIETING 
SENSITIWITY(New OHF): Mono 18.1 dBf. Stereo 38.1 dBf. 
ThC (100% modulation): Mono 0.1%. Stereo 0.15%. FREG. 
RESR: 23Ha to 18 kHz 'F 0.1dB -0.5dB. SELECTIVITY: 75d1. 
STEREO SEFARATION:45dB (1 kHz), 35dB'10 kHz). IMAGE_ 
REJECTION' AT 98 MHz: 105dB. 

Technics SH-9038 and ST -9038. A rare combinatior 
bf cudio technology. A new standard of oudio`excellerice.- 

Technics 
Professional Series" 

CIRCIEhO. 53 ON FREE INFORMATION CARD 



Although transmission -line trans- 
formers are widely used ín front 

ends of television receivers, there is not 
much information available about what 
they are and how they work. It is often 
assumed that they are just another ordi- 
nary transformer that uses a fancy 
high -frequency ferrite to obtain the de- 
sired results. In reality, the only thing in 

common between transmission -line and 
conventional transformers is the name. 
Their operating principles are totally dif- 

ferent. In this article, we will explore 
what a transmission -line transformer is 

and how it works. But first let us see how 

it differs from conventional transformers. 

How It Differs. In a conventional 
transformer, an alternating current in the 
primary continuously changes the 
amount of flux in the core, which, in turn, 
sets up a voltage in the secondary. 
Disregarding losses, since the amount 
of flux cuts every turn of both the primary 
and the secondary, the voltage ratio is 

directly proportional to the ratio of the 
turns in the windings. Also, since the ac- 
tion of the conventional transformer de- 
pends on the flux generated in the core, 
the bandwidth and efficiency depend en- 
tirely on the core material. 

Normal iron cores are useful at fre- 
quencies up to a few hundred hertz. Al- 
though there are ferrite cores used in the 
megahertz range, their permeability and 
efficiency drop off fairly rapidly with in- 

creasing frequency. Another factor that 
comes into play at high frequencies is 

that the capacitance between the turns 
of the windings also limits the useful- 
ness of the conventional transformer at 
megahertz frequencies. 

It is useful at this point to examine a 

few conventional transformers to corn - 
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pare them to the transmission -line trans- 
former we are talking about here. 

A simple step-up transformer with a 

center -tapped secondary is shown in 

Fig. 1A. Three things are obtained with 
such a transformer: a step up in voltage 
at its output, isolation between its pri- 
mary and secondary, and a secondary 
that is symmetrical about its center tap. 
Here we are mainly concerned with the 
voltage ratio. Another parameter that 
should be mentioned because it is very 
important in transmission -line transform- 
ers is the impedance ratio. 

ISS1, 
114 US ade 

from 

t 

be m coaxial 
transformers can 

coreess tra transmission 

line 

Another transformer that is very simi- 
lar to that shown in Fig. 1A, except that 
the primary and part of the secondary 
are a common winding, is shown in Fig. 

1 B. This autotransformer does the same 
job as the previous transformer, except 
that there is no isolation between the pri- 
mary and secondary windings. 

Finally, in Fig. 10 is a very simple 1:1 

isolation transformer. In this case, the 
impedance, turns and voltage ratios are 

all 1:1. The only purpose of such a trans- 
former is to provide isolation between 
the primary and secondary windings. 

Suppose that the primary of the trans- 
former shown in Fig. 1A is rated 6 volts 
and 1 ampere (6 watts). Since we can- 
not obtain something for nothing, the 
output, even at 100% efficiency, can 
never be more than 6 watts. Hence, if 

the secondary potential is 12 volts, the 
secondary current can be no greater 
than 0.5 ampere. 

By Ohm's Law, impedance is equal to 
the voltage divided by the current (Z = 
E/I), where E and I can be ac terms. 
Therefore, the impedance of the primary 
in our example is 6 volts/1 ampere, or 6 

ohms, while the impedance of the sec- 
ondary is 12 volts/0.5 ampere, or 24 

ohms. Hence, even though the turns 
and voltage ratios are 1:2, the imped- 
ance ratio in our example is 1:4. (The 
impedance ratio is actually the square of 
the turns ratio.) 

BY ROY HARTKOPF 
Although the schematic symbols 

shown in Fig. 1B and Fig. 10 can be and 

often are used for transmission -line 
transformers, this is where the resem- 
blance between the conventional and 

transmission -line transformers ends. 
The first and perhaps most striking dif- 

ference between the two is that with the 
transmission -line transformer, the core 
material is relatively unimportant. In- 

stead of limiting the high -frequency re- 

sponse, the only effect it has is to extend 
the low -frequency response. 

As far as high -frequency response is 

concerned, the core just does not mat- 

ter. It could be made out of hard candy 
and the transformer would still work. A 

second very important difference is con- 
cerned with the number of turns. With 
the transmission -line transformer, the 

number of turns has nothing to do with 

(A) - (8) (C) 

Fig. 1. Three basic 
transformers: 
(A) step-up; 
(B) autotransforrner; 
(C) isolation. 
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the impedance. Finally, the pains taken 
to minimize capacitance in a conven- 
tional transformer are unnecessary in 
the transmission -line transformer. The 
transmission -line transformer uses the 
capacitance between its windings. In 
fact, this capacitance is often made as 
large as possible by twisting together 
the wires that make up the transmission - 
line transformer. 

Technical Details. The transmis- 
sion -line transformer is simply a length 
of transmission line. It is a pair of con- 
ductors that are either parallel to each 
other, twisted together, or arranged 
coaxially. Of importance is the spacing 
between the conductors, which must be 
constant throughout the line's length. 

Each conductor in the transmission - 
line transformer has an inherent induc- 
tance. Also, between the wires of a con- 
ductor pair, there is an inherent capaci- 
tance. It is this combination of continu- 
ous inductance and capacitance that 
gives the transmission line its character- 
istic impedance. Any type of line can he 
used for a transmission -line transformer, 
but if a line is wound on a toroid, parallel 
or twisted lines are most often used be- 
cause they are easy to handle and do 
not get pulled out of shape. 

Examples of the characteristic imped- 
ances one can expect from various 
types of lines are as follows: No. 23 
PVC -insulated hookup wire twisted at 
about one turn/inch yields about 150 
ohms; 0.040" enamelled wire with about 
eight twists/inch yields about 25 ohms; 
and 0.040" enamelled wires wound side 
by side, with the turns kept as close 
together as possible, works out to be- 
tween 50 and 70 ohms. 

The essential condition for the proper 
operation of a transmission line is that 
the currents flowing in the two conduc- 
tors be equal and opposite. Anything 
that causes an unbalanced current flow 
will prevent the line from operating prop- 
erly. Suppose, for example, that a coaxi- 
al transmission line is very short and has 
one leg grounded at each end, as shown 
in Fig. 2. It is quite possible that there 
could he a ground current, Iq, flowing 
through the ground leg in addition to 
transmission -line current. There are, in 
fact, many ways in which a short trans- 
mission line can have unbalanced cur- 
rents flowing through its conductors, all 
of which defeat the effect of the line. 

Suppose the short transmission line 
shown in Fig. 2 were wound to form an 
inductor, as shown in Fig. 3A. (Its sche- 
matic representation is shown in Fig. 

Fig: 2. Current ,flow in a 
short piece of coax line 
grounded at each end. 

001 -.\--71 

(B) - 

Fig. 3. Coax line 
wound to form an 
inductor (A) and 
its schematic (B). 

Fig. 4. The 4:1 
balun is similar 
to autotransformer 
shown in Fig. 1B. 

.Q4400_ 
b000 00000\ 

. s 

Fig. 5. A transmission -line 
transformer for interstage 

-coupling with do isolation. 

3B.) Even though one leg is still ground- 
ed at each end, the ground current will 
be impeded by inductive reactance. The 
transmission -line currents, however, 
would not be affected here because they 
are equal and opposite at every point 
along the line, thus neutralizing the in- 
ductive effect of the coil. The actual line 
length can be short as 1/50 -wavelength 
so no significant phase shift takes place. 

If the transmission line were now 
wound on a ferrite rod or, better yet, a to- 
roid core, it would be even more effec- 
tive and would produce a higher de- 
gree of isolation. As the frequency in- 
creases, less inductance would be re- 
quired to obtain the same isolation ef- 
fect. Even if the core material is useless 
at very high frequencies, the isolating ef- 
fect would still remain. 

The autotransformer shown in Fig. 1B 
has a voltage ratio of 2:1 and an imped- 
ance ratio of 4:1. Exactly the same ratios 
can he obtained with a transmission -line 
transformer. The principle involved can 
be readily seen with a coaxial transmis- 
sion line, as shown in Fig. 4. This is the 
well-known 4:1 balun (balanced -to - 
unbalanced) transmission -line trans- 
former. The schematic symbol for the 
balun transformer would be the same as 
for the autotransformer of Fig. 1B. 

In Fig. 4, ignoring losses, if a voltage 
is supplied between points Al and B1, it 
will appear at points A2 and B2. With 
point B2 connected to point Al, twice 
the input voltage would appear across 
output points B1 and A2. This means 
that the output impedance would be four 
times the input impedance and the out- 
put would he symmetrical about the Al/ 
B2 junction. In practice, the Al /B2 junc- 
tion would be connected to the shield of 
the main coaxial transmission line and 
would generally be grounded. 

There must he a very high impedance 
to out -of -balance currents between Al 
and A2, isolating the two ends from each 
other. As a rule -of -thumb, this could be 
at least 50 times the characteristic 
impedance of the line -2500 ohms for a 
50 -ohm line. Winding the cable around a 
toroid is an effective way of getting the 
required impedance. A special case is 
the )/-wave balun, where isolation is 
provided by the )/-wave effect. How- 
ever, this is effective only at one fre- 
quency, and cannot provide a broad- 
band transformer. 

Making a Transformer. Now that 
you know what a transmission -line 
transformer is and how it works, let us 
proceed to make a vhf power transform - 
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er using a core of audio -frequency mate- 
rial. Just about any type of toroid-ferrite 
or, better still, one made from flat strip 
iron rolled up in a coil, such as the type 
used in dc -to -dc converters-will do. 

Wind two lengths of 0.040" enamelled 
wire onto the toroid. Keep the wires par- 
allel to each other and make each turn 
touch the previous turn. Do not attempt 
to crowd too many turns on the toroid. 
The object is to wind only as many turns 
on the toroid in a single layer without 
having the conductors cross each other. 

Bear in mind that many toroids have 
sharp edges and that even ferrite mate- 
rial is often conductive. If the edges cut 
into the insulation, the wire windings can 
be short-circuited. If the transformer 
does not operate as expected, short-cir- 
cuiting will be the most probable cause 
since, practically speaking, there is 

nothing else that can really go wrong 
with the transformer. After winding your 
transformer, use an ohmmeter to test 
the insulation between each conductor 
and the core and between windings. 

The basic transmission -line trans- 
former just fabricated will yield a 1:1 

impedance ratio and complete isolation 
so that it can be used as a balanced -to - 
unbalanced or, for that matter, any other 
type of configuration. If we need a 4:1 

balun, it is necessary only to connect the 
ends of the conductors as shown in Fig. 

4, without altering the winding. 
When necessary, as when using a 

transmission -line transformer for inter - 
stage coupling, dc isolation can be ob- 
tained by using three transformers, as 
shown in Fig. 5. Remember that the core 
is there only to prevent out -of -balance 
currents. Therefore, if the wire size is 

small enough and the toroid core is large 
enough, it is possible to wind all three 
transformer windings on the same core. 

In Conclusion. There is one basic. 
limitation concerning transmission -line 
transformers. This is that the ratios ob- 
tainable are limited to 1:1 and 2:1, and 
multiples of 2:1 if two or more transform- 
ers are used. Also, it can be difficult to 

obtain the required impedance, particu- 
larly with a twisted -pair line. 

If you want to build a wideband am- 
plifier and must match, say, a 12 -ohm 
transistor to a 50 -ohm output, or make a 

balanced modulator, or provide really 
good isolation in a noise bridge, or make 
a balun transformer for a high -power 
transmitter, the transmission -line trans- 
former is the way to go. The transmis- 
sion -line transformer offers a great op- 
portunity for experimenting. 
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The reasons for 
giving up analog. 

"Morn, 

.5,.--- 
The best reason is accuracy of 0.25% 

de. The 8020A digital multimeter has 
it, and that's ten times better than most 
analog meters! 

And we guarantee that accuracy for 
a full year, plus we've calibrated your 
8020A with equipment that's NBS trace- 
able. A tradition with Fluke. 

But you're also buying performance. 
Like high/low power ohms and con- 
ductance-the missing function on 
other multimeters. Ten megohm input 
resistance on both ac and dc. Plus more, 
for only $169. 

The tougher your job gets, the more 
you need resolution, and the 8020A 
offers a full 2000 counts. The large 31/2 - 

digit liquid crystal display is readable 

d6, 

. ...2 ,- . Y!lIMI 

anywhere. Inexpensive 9V battery pow- 
er means continuous operation for up 
to 2011 hours. 

The new 8020A is especially suited 
for TV service. Measure transistor volt- 
ages with 10 millivolt resolution, all 
the way up to 20V. With the 20012 
range, you also can measure circuit 
breaker resistances within 0.112. Try 
that with analog. 

Call (800) 426-0361', toll free, and 
we'll tell you the location of the closest 
Fluke office or distributor. Get your 
hands on the best digital multimeter 
value around. 

Price U.S. only. 
`Alaska, Hawaii and Washington res- 

idents - please call (206) 774-2481. 

Fluke 8020A DMM for 
Home Electronics Experts: $169 
2524-8020 

CIRCLE NO.20 ON FREE INFORMATION CARD 
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- JUST WRAP TOOL WITH 
50 FT. ROLL OF WIRE :w- ' r 

" "ONE 
COLÓA PART NO. U.S. LIST PRICE 

BLUE JW1B 514.95 
WHITE JW.1W 14.95 -' . 

- YELLOW JW1Y 14.95 
RED . JW1-R 14.95 ° 

REPLACEMENT ROLL OF 
.. WIRE 50 FT. 

BLUE 11,1W -B 1.98 . 

WHITE RJWW 1.98 - -° 
YELLOW RJWY 1.98 . 

` RED RJWR ° 1.98 

WHY CUT? 
WHY STRIP? 
WHY SLIT? 

rl 

AWG 30 -Wire ° 

.025" Square Posts 
Daisy Chain or Point To Point 
No Stripping or Slitting Required 
....JUST WRAP TM.... 

Built In Cut Off 
Easy Loading of Wire . Available Wire Colors: 
Blue, White, Red & Yellow 

DAISY CHAIN. 

U.S.A. 
FOREIGN 

PATENTS 

PENDING 

- POINT TO POINT' 

OK MACHINE & TOOL CORPORATION 3455 CONNER ST., BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091 
MINIMUM BILLING $25,001 ADD SHIPPING CHARGE $2.001 NEW YORK CITY I STATE RESIDENTS ADD APPLICABLE TAX. 
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THE "SILENCER" dynamic noise fil- 

ter described here can eliminate 
tape hiss, record -surface noise, and at- 

mospheric radio noise. Consequently, it 

is an ideal add-on device for stereo hi-fi 

systems. Moreover, it does not require 

encoding and decoding. 
The device is essentially a voltage - 

controlled low-pass filter whose cutoff or 

break frequency is continually changing 
to accommodate program material and 

shut out any detracting noise. It only fil- 
ters when noise and hiss are audible, 
when program material is at a low level 

or absent. The phenomenon of masking 
is utilized. That is, high-level signals 
mask noise that would be objectionable 
if program material level were low. 

When such masking occurs, the whole 

signal is passed. When there is no 

masking by program material, however, 
the filter extends the bandwidth only as 

far as required by the music. Beyond 

this, the high -frequency noise is at- 

tenuated. The frequency at which the fil- 

ter begins rolling off to attenuate 
high -frequency noise is called the 
"break frequency." 

About The Circuit. The silencer cir- 
cuit constantly analyzes incoming sig- 
nals for amplitude, frequency, and per- 
sistence. These factors determine the 
bandwidth at any instant, as well as how 
quickly the variable low-pass filter 
changes. Attack and release times vary 
with the music, thus eliminating a "pump 
and wheeze" effect of noise modulation. 

The device has a continuously vari- 
able threshold control, with front -panel 
LEDs calibrated to indicate "Low;"'Mid," 
and "High" break frequencies. The fil- 

ter's break frequencies vary between 
1.5 and 20 kHz with a roll -off slope of 9 

dB/octave (maximum). The Silencer is a 

single -ended stereo device, making it 

ideal for use with tapes, records, and 
tuners for playback and record pur- 
poses. 

The unit connects either in the auxili- 
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BY COLLEEN McNEICE AND ROGER COTA 

Build a 
DYNAMIC 
AUDIO NOISE 
FILTER 
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RIGHT INPUT 

LEFT INPUT 

ary mode or in the tape loop of your au- 
dio amplifier. On the back panel are IN 

and OUT jacks for the tape loop; the front 
panel also has a TAPE monitor button, 
and a system DEFEAT. 

The block diagram of Fig. 1 shows the 
functions of the dynamic noise filter. The 
voltage -controlled low-pass filter is com- 
posed of IC1A and IC18, as shown in 
the schematic of Fig. 2. (The compo- 
nents to the left of the dashed line make 
up one stereo channel; only one is 
shown in the schematic for clarity.) The 
gain of op amp IC1A is approximately 
R3/R5. At low frequencies, the capaci- 
tive reactance of capacitors C4 and C5 
is very high, making the output of 1C18 
look like a low impedance source. The 
gain of /CIA is then: 

A = R3/R5 = 10,000 ohms/ 
1000 ohms = 10 

At higher frequencies, however, the 
impedance of C4 and C5 decreases; 
IC18 generates an output and boot- 
straps R5. This bootstrapping effect 
causes R5 to look larger. Therefore, 
gain A becomes smaller and the filter at- 
tenuates the high -frequency energy. 

To vary the breakpoint of the filter, 
FET Q1 has the ability to shunt the sig- 
nal at the non -inverting input of 1C18 to 
ground. Figure 3A shows the filter with 
the FET open and the high frequencies 
attenuated, while 3B illustrates the fil- 
ter's action with the FET shorting the 
signal to ground. The control signal ap- 
plied at the gate of the FET allows the 
bandwidth of the low-pass filter to be 
self-adjusting for any frequency. This al- 
lows high -frequency signals and subtle 
harmonics of fundamental bass frequen- 
cies to be passed, while unmasked 
noise is attenuated. 

OUTPUT 

DISPLAY 

DRIVER 
1~ 

OUTPUT 

The circuits represented by the shad- 
ed blocks of Fig. 1 are the dynamic 
analytical controls. They automatically 
judge the program material, adjust the 
bandwidth to accommodate it, and 
change the attack and release times to 
maximize the masking effect and mini- 
mize noise modulation. The control sig- 
nal is applied to the gate of Q1. It's de- 
termined by the (1) spectral content, (2) 
amplitude, and (3) persistence of the in- 
coming signal. 

The spectral content is sensed by the 
high pass weighting filter, a network 
made up by R8, R29, R30, R31, C6, 
C17, and IC2A. This network is driven 
by the output of 1C1B, which actually de- 
termines the quiescent operating point 
of the low-pass filter. Amplitude is deter- 
mined by threshold control, R27, a 
100K -ohm front -panel potentiometer. 
This pot sets the voltage divider for the 
positive input to IC2A, and the dc level 
for IC2A's output. The dc output level 
determines the quiescent operating 
point of the FET. The dynamic operation 

A 20 5K 

9dB/OCTAVE 
SLOPE 

FREQUENCY (HERTZ) 

DISPLAY 

Fig.1. Block diagram shows how 
input signals are processed 
to generate a control signal. 
This signal governs filter's 
break frequencies to pass 
music but attenuate noise. 

of the FET is adjusted by the ac control 
signal, allowing it to follow the program 
material. The ac component of IC2A's 
output is determined by sensing the sig- 
nal's amplitude on the output of 1C1B. 

The persistence log amp is formed by 
R33, D2, and C20. It checks the correla- 
tion coefficient of the signal, and adjusts 
the attack and release time of the low- 
pass filter to minimize any noise modu- 
lation problems. Variable attack and re- 
lease times allow for the most effective 
masking of the noise. 

The anti -log amplifier IC28 also 
senses the control voltage output of 
IC2A. This signal is then rectified and fil- 
tered by D4 and C21, and is then used 
to drive threshold comparators IC2C 
and IC20. These amps drive the logic 
network of D5, D6, and D7, which drives 
the display. The 10K -ohm trimpot, R37, 
is used to calibrate the LEDs. The red LED 
indicates a break frequency of 1.5 kHz, 
the yellow, a break frequency between 
1.5 and 10 kHz, and the green that the fil- 
ter is opening up above 10 kHz. 

Fig. 3. Frequency response 
of a low-pass filter when its 
break frequency is 1500 Hz (top) 
and 20,000 Hz (bottom). 

20K 
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SLOPE 
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PARTS LIST 

CI, C3, C9, Cl!. C21 -1-µF 50 -volt axial - 

lead electrolytic capacitors 
C2, CI 0-680-pF disk ceramic capacitors 
The following are 100 -volt Mylar capacitors: 
C4, C5, C12, C13 -.022-µF 
C6, C14, C 17-.001- µ F 

C7, C15, C20 -.1-µF 
C8, C!6 -,01-µF 
CI8, C22, C23, C24 -1000-µF 35 -volt radi- 

al -lead electrolytic 
DI -33 -volt Zener diode 
D2 through D7-IN914 signal diode 

D8 through DI I-IN4002 rectifier 
FI -t/2 -ampere fuse 

ICI , 1C2 -µA4136 quad op amp (Fairchild) 
11 -18 -RCA phono jacks 
LED I -Red (Fairchild FLV 110 or equiva- 

lent) 
LED2-Yellow (Fairchild FLV 410 or equiva- 

lent) 
LED3-Green (Fairchild FLV 310 or equiv.) 
Ql, Q2 -Matched pair of 2N5458 JFETs. 

The following are t/ -watt, 5% tolerance resis- 

tors: 
RI. R 13, R26-47,000 ohms 
R2, R I4, R35, R43, R44-4700 ohms 
R3, R15, R33, R38-10,000 ohms 
R4, R 16-100 ohms 
R5, R 17- 1000 ohms 
R6, R18-39,000 ohms 
R7, R19, R45, R46-2200 ohms 
R8, R20, R29-15,000 ohms 
R9, R21-11,000 ohms 
RIO, R22, R36, R39, R41-100,000 ohms 
RI 1 , R 12, R23, R24, R34-1 megohm 
R25-22,000 ohms 
R28, R32-470,000 ohms 
R30-680,000 ohms 
R31-130,000 ohms 
R40. R42-27,000 ohms 

Other resistors and controls: 
R27- 100,000 -ohm potentiometer with switch 

(CTS FR-GC-XM 450 or similar) 
R37-10,000 ohm thumbwheel trimpot 
R47, R48-- 10 ohms, th watt, 5% tolerance 

resistor 
S I , S2-DPDT switches 
S3 -I I0 -V,2 -A switch (part of R27) 
TI -22 -volt center -tapped, 50-mA transform- 

er 
Misc-Ac line cord, knob for threshold pot, 

buttons for switches, suitable enclosure, 
hardware,hookup wire, solder, etc. 

Note -The following items are available' from 
Logical Systems, 3314 "H" St., Vancou- 
ver, WA 98663 (Tel. 206-694-7905): Com- 
plete 318 Silencer kit, including 6063 ex- 

truded aluminum chassis and hand -finished 
black walnut end pieces, $129.00. Also 
available separately: Etched and drilled cir- 
cuit board, $15.00; individually tested and 

matched 2N5458 FETs, $3.50. Washington 
state residents please add 5% sales tax. 
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Fig. 4. Actual -size etching and dril6ling guide for the 
"Silencer." Board is shown at (A); parts placement at (B). 
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OPERATING SPECIFICATIONS-"SILENCER" 

Ñ 

Construction. This unit is most easily 

constructed using a printed -circuit 
board. Complete etching and drilling 
guides are shown in Fig.4A, with the 
component guide shown in Fig. 4B. Pro- 

per orientation of parts is very important. 
Take careful note of how FETs 01 and 

02 are mounted as well as op amps, di- 

odes, and electrolytic capacitors. Also 

observe that the dynamic characteristics 
of the FETs must be matched. More- 
over, when choosing op amps, it is im- 

portant to make sure that the one cho- 
sen for the detection circuit, 1C2, has an 

open -loop gain of at least 50 dB at 10 

kHz. Op amps in the parts section were 
chosen for their excellent noise figures. 

The unit is designed to fit into a cus- 

tom aluminum extrusion, held by the 

J eight screws in the wood ends. Any suit- 
able enclosure will work, however. The 
circuit board itself measures 6" x 9". 

The RCA phone jacks, front -panel 
switches, and threshold pot are circuit - 
board mounted for ease of construction 
and minimum noise. LEDs may be cir- 

cuit -board mounted or attached to your 

Hiss Reduction: 

Max. Filter Slope: 

Frequency Response: 

Minimum Bandwidth: 
(Filter Closed) 

Dynamic Range: 

S/N Ratio: 

THD: 

IM Distortion: 

Rated Output: 

Max. Output: 

Input Impedance: 

Output Impedance: 

Power requirements: 

15 dB at 10,000 Hz 

9 dB/octave 

20 to 20,000 Hz -±0.5 dB 

1500 Hz 

Output noise greater than 100 dB below 
max. output, 20 to 20,000 Hz 

Better than 85 dB below 2 V ac output 
20 to 20,000 Hz 

Less than 0.1%, at rated output, 20 

to 20,000 Hz. 

Less than 0.01% at rated output 60/7000 
Hz mixed 4:1; typically less than 

0.005% 

2 V ac into 10,000 ohms 

10 V ac into 10,000 ohms 

47,000 ohms, single ended 

100 ohms 

110/120 V, ac 50/60 Hz, 8 W 

Note: All measurements made with filter bandwidth open maximum except where specified. 

(This is the worst -case condition.) 

front panel and then wired. If you choose 
not to use the furnished printed -circuit 
guides, make sure that the power supply 
is as far away as possible from the rest 

of the circuit to eliminate stray hum. 

Calibration. Calibration should be 

done before you fully enclose the unit. 
To calibrate, connect the noise filter into 

your amplifier's or receiver's auxiliary or 

tape input. Find a low-level noise 

source-an erased magnetic tape would 
be ideal. If you don't have tape facilities 
you may use the inside groove of an LP 

record. Increase the amplifier's gain so 

you can hear the noise very well. 

Start with the Silencer's threshold pot 
turned fully counter -clockwise and 

slowly turn the control knob clockwise. 
You will hear the noise change charac- 
ter and become more objectionable. Re- 

turn to the position where the noise -con- 

tent change just begins (listen several 
times so you will be able to identify this 

point). With the threshold knob in this 

position, adjust R37, the thumbwheel 
trimpot, so that the red LED lights. You 
should adjust the pot so that it is at the 

point where only a slight adjustment will 

cause the yellow LED to light. 
In conclusion, this easy -to -build 

noise -reduction system will be a helpful 
and versatile addition to any stereo hi-fi 

system, cleaning up signals from any 

source. O 

APRIL 1979 55 



"HOT" NEW BOOKS FOR 
MICROCOMP ROS! 

The latest in micro -computer books that people waited in line to buy! 
Now available by mail for the first time. 
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How to Buy & Use Minicomputers & 
Microcomputers 

By W. Barden, Jr. 
Explores the basics; covers hardware, 
software, peripheral devices, programming 
languages & techniques; use for fun or profit! 
240 pgs. #21351... $9.95 

Microcomputer Primer 
By M. Waite & M. Pardee 

Explains it all: central processing unit, mem- 
ory, input/output interfaces, programs. Dis- 
cusses well-known models & shows how to 
program your own. 224 pgs. #21404... $7.95 

Basic Primer 
By M. Waite & M. Pardee 

Covers BASIC fundamentals, program con- 
trol, organization, functions & variations. With 
a game program & data on numbering sys- 
tems & ASCII character codes. 192 pgs. 
#21586... $8.95 

How to Program Microcomputers 
By W. Barden, Jr. 

Examines assembly -language programming 
of 8080, MC6800 & MCS6502 models. Ex- 
plains concepts, operation & architecture. 
With precanned operations. 256 pgs. 
#21459... $8.95 

Fundamentals of Digital Computers 
(2nd Ed.) 

By D. Spencer 
Explains computers, programming, hard- 
ware, BASIC, FORTRAN & COBOL lan- 
guages, advanced concepts & computer 
center operation. 320 pgs. #21534... $9.95. 

The 8080A Bugbook®: Microcomputer 
Interfacing and Programming 

By Rony, Larsen & Titus 

Emphasizes the computer as a controller. 
Covers principals & 4 basic tasks of computer 
interfacing. BUGBOOK® is a registered 
trademark of E&L Instruments, Inc., Derby, 
Conn. 06418. 416 pgs. #21447... $10.50 

DBUG: An 8080 Interpretive 
Debugger 

By C. Titus & J. Titus 
How to use DBUG (a software debugging 
package) to develop & test programs. With 
documented hexadecimal & octal listings. 112 
pgs. #21536... $4.95 

Introductory Experiments in Digital 
Electronics and 8080A 

Microcomputer Programming and 
Interfacing 

By Rony, Larsen & Titus 
Covers basic gates thru microcomputer inter- 
rupts, with hardware & software examples. 
Experiments re: breadboarding, circuits, etc. 
over 416 pgs. each. Book 1: #21550.. 
$12.95. Book 2: #21551 ... $10.95. 
Both: #21552... $20.95 

NCR Data Communications Concepts 
By NCR Corp. 

Explores concepts, techniques & limitations of 
data communications: telephone -based & 
others. 208 pgs. #21548... $6.95 

NCR Data Processing Concepts 
Course 

By NCR Corp. 
Intro to data processing, computers & digital 
logic. Covers input/output devices, memories, 
control. 256 pgs. #21547... $7.95 

Understanding CMOS Integrated 
Circuits (2nd Ed.) 

By R. Meten & H. Garland 
Begins with basic digital ICs; covers 
semiconductor physics, CMOS fabrication 
technology & design, & advanced CMOS ap- 
plications. 144 pgs. #21598... $5.95 

Transistor -Transistor Logic (2nd Ed.) 
By G. Flynn 

Discusses digital logic & different types of 
logic circuits used in the TTL functional class. 
With block diagrams, schematics, logic truth 
tables. 288 pgs. #21572... $6.95 
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SAVE 10% when you order 3 or more! 
Examine any book(s) at NO RISK for 
15 Days! 

315 

MN WI- 1~ 1111.11- 
Clip Out-Mail Today! 
YES-Please send me the book(s) indi- 
cated below. If I'm not completely satisfied, I 

may return any or all within 15 days of receipt 
for full credit or refund. Add sales tax where 
applicable. 0 21534 

21351 0 21447 
21404 0 21536 
21586 21550 

O 21459 0 21551 

21552 
21548 
21547 
21598 
21572 

I have checked 3 or more titles and de- 
ducted my 10% savings. 

Name (Please Pont) 

Address 

City 

State Zip Code 
Total $ 

Check Money Order Master Charge 
Visa/BankAmericard 

Exp. Date 
Account No 
Interbank No 

(Master Charge only) 

Signature' 
Minimum credit card purchase: $10.00 ME5 2 

MAIL TO. 
Howard W. Sams & Co., Inc. 
4300 W. 62nd St. 
Indianapolis, IN 46206 

Les subject to change 6 months after issue date. mil ------ 
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Construction. The Morse -A -Word is 

most easily assembled using printed cir- 
cuit techniques. Three pc boards are re- 

quired-a main circuit board, display 
board, and a power supply board. The 
parts placement guide for the main cir- 
cuit board appears in Fig. 5. Etching and 

drilling guides are shown in Fig. 6. Simi- 
larly, etching and drilling guides for the 

double -sided display board are shown in 

Fig. 7. This board's parts placement 
guide appears in Fig. 8. Finally, the etch- 
ing and drilling and parts placement 
guides for the power supply board ap- 
pear in Figs. 9 and 10. 

When soldering components to circuit 
board foils, use a low -wattage, fine - 
tipped soldering pencil and fine solder. 
Be sure to employ the minimum amount 
of heat and solder, consistent with good 
connections, and take care not to inad- 
vertently create solder bridges between 
adjacent foils. The use of IC sockets or 
Molex Soldercons is recommended. 

Assemble the main pc board first. 

TO LED I 

ANODE 

TO 
SPEAKER 

(HOT) 

TO 
POWER 

SUPPLY 
+8V ' 

}i1^rDGbc 

o 

1 

BY GEORGE STEBER 

PART TWO: Construction, 

AI ignment, and Use 
Start by inserting and soldering the IC 

sockets and Molex Soldercons. Install 
the smallest components next, gradually 
working up to the larger items. For ex- 

ample, start with the 114 -watt resistors, 
then instalf the diodes, the small capaci- 
tors and finally the larger capacitors. Be 

sure to observe the polarities of diodes 
and tantalum and electrolytic capacitors, 
and the pin basing of transistors and 
ICs. The board furnished by the kit sup- 
plier has olated-through holes so you 

need only solder component leads on 

the bottom side of the board. 
Neither the power supply, the display 

circuits, the sidetone speaker, jacks, 
CODE and DAH LEDs or the SPEED con- 

trol are mounted on the main pc board. 
Insulated wire leads of suitable lengths 
should be soldered to appropriate points 
on the pc board now for connection to 

these components. 
Wire the display board next, referring 

to the parts placement diagram of Fig. 8. 

Use Molex Soldercons to mount the dual 

TO LED 2 
TO SI ANODE 

TO POWER 
SUPPLY GROUND 

TO POWER 
SUPPLY TO 
+5V R28 

DISPLAY BOARD JUMPERS 

TO POWER 
SUPPLY -8.2V 

O.R2-p i 

4;3°4 
- O . _ 

9 

; 

O 
o OO 

9(1l 1. t y 
O A O -puzo 

QC270 

N 
MORSEA - WORDIM 0 

IC RO 

IEE 1785R LED displays. Make sure the 

Soldercons are properly aligned before 
soldering them to the board. This will en- 

sure a good fit for the displays. Resis- 
tors, capacitors and IC sockets or Sol- 

dercons for the driver ICs should be in- 

stalled and soldered next. The resistors 
should be mounted in a vertical position. 
Notice that there are a number of jumper 
wires to be soldered to this board. These 

are used to interconnect the display 
board and the main circuit board and to 

support the display board. The jumpers 

should be made of heavy solid wire, 
about 1" (1.3 cm) long, and bent into 
"L" shapes so they extend parallel to the 

board and point downward. 
Position the display board perpen- 

dicular to the main pc board. Insert. the 

jumper wires connected to the display 
board through the appropriate holes on 

the main pc board and push down the 

display board until it just touches the 

main board. Check the alignment of the 

display board and then solder the jump - 

TO JI 

TO 
SPEAKER 
(GROUND) 

TO JI a J2 
GROUND 

-TO J2 

Fig. 5. Parts placement guide 
for the main circuit board. 

TO LED I 

&LED2 
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ers to the foils on the bottom of the main 

pc board. Cut off excess jumper lengths. 
For proper Morse decoding, the 

1702A ROM must be programmed in ac- 

cord with Table I. A construction article 
that appeared in the February 1978 is- 

sue of this magazine described a project 
that allows you to program your own 

blank ROMs. Some parts distributors 
will program the 1702A for you if the 

truth table accompanies your order. The 

Fig. 9. Actual -size 
etching and drilling 
guide for the power 

supply board. 
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Fig. 8. Parts placement 
guide for front side of 

display board is above. 

0 0 8 o g Fig. 7. Actual -size etching 
Q and drilling guides for 

.0 the double -sided display 
board are at left. 

kit supplier for the Morse -A -Word also 

offers a preprogrammed ROM. 
Install the ICs and the dual -character 

IEE 1784R LED displays in their Solder - 

cons. Make sure they are correctly ori- 

ented and take the usual precautions to 

avoid bending the leads or damaging 
the MOS ROM. It is not necessary to 

have a full eight -character display. 
Those builders with a tight budget, for 

example, can install only one dual- 

} Ol 
C2 

- 

, 

R3 

cl' + . ,x2 

X2 

character IEE 1785R LED readout. 

However, a minimum of two readouts 
(four characters) is recommended. If 

fewer than four readouts are used, make 

sure they are right -justified (installed at 

the DIS4, DIS4 and DIS3, etc.) 
The remaining pc board, that for the 

power supply, should now be assem- 

bled. You will note that the board has 

space for extra components to be used 

in another project. These components 
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PROGRAMMING LANGUAGES. By Allen 
B. Tucker, Jr. 439 pp., illus. Gives you not only 
the principles of design but the applications of 
six major programming languages so you can 
decide -among the special features of 
each -what best suits your operations. Shows 
you the languages' strengths and weaknesses 
through demonstrations of their use in solving 
various representative "benchmark" prob- 
lems. Also provides programs using a variety 
of computers so you can evaluate languages 
and their compilers on a basis of uniform and 
meaningful criteria. 
654/158 Pub. Pr., $19.95 Club Pr., S14.95 

THE "COMPULATOR" BOOK: 
Building Super Calculators and 
Minicomputer Hardware with 
Calculator Chips. By R. P. Haviland. 320 

pp., illus. Calculator chips are good for more 
than calculators -and here's the book to prove 
it. An imaginative, one -of -a -kind guide, it 
shows you how to use calculator chips in hun- 
dreds of innovative, practical ways, building 
bigger displays, designing better calculators, 
and creating exotic functions. Now experi- 
menters can approach the full power of their 
own desktop minicomputers-multifunc- 
tioned, superbrained, and reacy to do every- 
thing but get up and walk away! 
783/578 Pub. Pr., $10.95 Club Pr., $9.30 

INTERACTIVE COMPUTER GRAPHICS. 
By S. S. WALKER. 176 pp., illus. Written to 
provide a simple yet comprehensive introduc- 
tion for potential designers and developers of 
hardware and software, this book first intro- 
duces general concepts in terms of basic qual- 
ities of the human and physical capabilities of 
the machine. 
767/661 Pub. Pr., $14.50 Club Pr., $12.30 

BE SURE TO CONSIDER THESE IMPORTANT TITLES AS WELL- 
MICROPROCESSOR/MICROPROGRAMMING 

HANDBOOK. By B. Ward 
768/749 Pub. Pr., $9.95 Club Pr., 58.45 

PROGRAMMING MICROPROCESSORS. By M. W. 
McMurran 
770/913 Pub. Pr., $9.95 Club Pr., 58.45 

SOFTWARE RELIABILITY Principles & Prac- 
tices. By G. J. Myers 
7691885 Pub. Pr., 519.95 Club Pr, $15.75 

MATHEMATICAL ELEMENTS FOR COMPUTER 
GRAPHICS. By D. F. Rogers & J. A. Adams 
535/272 Pub. Pr, $11.95 Club Pr., $9.25 

57 PRACTICAL PROGRAMS & GAMES IN 
BASIC. By K. Tracton 
784/957 Pub. Pr., $10.95 Club Pr., $9.20 

GETTING INVOLVED WITH YOUR OWN COM- 
PUTER A Guide for Beginners. By L. Solomon & 
S. Veit 
771/952 Pub. Pr., S9.95 Club Pr., 58.35 

MICROPROCESSOR AND MICROCOMPUTER 
SYSTEMS. By G. V. Rao 
783/659 Pub. Pr., $24.50 Club Pr., $19.50 

MICROCOMPUTER -BASED DESIGN. By J. Peat - 
man 
491/380 Pub. Pr., $24.50 Club Pr., $17.50 

DIGITAL COMPUTER DESIGN. By R. nine 
784/450 Pub. Pr., $19.50 Club Pr., $15.75 

INTRODUCTION TO PROGRAMMING: Pro- 
gramming Logic and Flowcharting. By G. A. 
Silver & J. B. Silver 

574/456 Pub. Pr., $9.60 Club Pr., $7.95 
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This title counts for 
two premium books 
ENCYCLOPEDIA OF COMPUTER 
SCIENCE. Edited by Anthony Ralston and C. 
L. Meek, 1,500 pp., 60 illus., 100 charts, 7x 10 
format. This first and only in-depth coverage of 
the entire field of computer science in a single 
volume is utterly comprehensive and 
completely up to date. An invaluable reference 
work for specialists, nonspecialists, educators, 
students, general readers, and librarians, it 
provides answers to any computer science 
discipline question in minutes. In addition to 
covering every aspect of the discipline in five 
broad areas, each is broken down into some 
500 articles, most of them containing bibliog- 
raphic information to make intensive study of 
any one subject easier. 
769/01X Pub. Pr., $60.00 Club Pr., $39.95 

ERROR -DETECTING CODES, SELF - 
CHECKING CIRCUITS, AND APPLICA- 
TIONS. By JOHN WAKERLY. 321 pp., with 
figures and tables. Offers you the newest, 
most profitable uses of error -detecting codes 
in the design of logic circuits that check them- 
selves. Combining a comprehensive treatment 
of the best codes for checking hardware errors 
in computers with the latest research results, 
this book is the first detailed study of self - 
checking circuits using the codes and their 
applications in computer design. 
784/574 Pub. Pr., $18.95 Club Pr., $15.50 

FORTRAN: A Structured, Disciplined 
Style. By GORDON B. DAVIS and THOMAS 
R. HOFFMANN.372pp., illus., 81/2x 11 format. 
Why another FORTRAN book? First, the 1977 
changes in the American National Standard 
(ANS) FORTRAN made many existing texts 
obsolete. Second, recent developments in 
programming style and discipline made most 
existing works inappropriate. 
159/017 Pub. Pr., $11.50 Club Pr., $9.25 

PROGRAMMING FOR MINICOMPUT- 
ERS. By J. C. CLULEY. 288 pp., illus. For 
practicing engineers, scientists, and students 
who must know the latest details and tech- 
niques of assembly level programming -par- 
ticularly in the context of on-line operations - 
here is a book which covers the whole spec- 
trum from the encoding of data and instruc- 
tions to the specific performance of systems 
software. 
785/49X Pub. Pr., $17.50 Club Pr., $13.50 

MICROPROCESSOR PROGRAMMING 
For Computer Hobbyists. By Neil 
Graham. 282 pp., with figures, tables, and 
samples. If you are a personal computer en- 
thusiast or technician. this book will prove to be 
one of the most valuable and interesting in- 
vestments you can make. It contains full 
details on programming -from the very basics 
to the state-of-the-art capabilities -and yet it 
is written so simply, and progresses in such a 
direct and logical manner, that any reader, no 
matter how inexperienced, can easily follow it. 
783/56X Pub. Pr., $12.95 Club Pr., $10.95 

ELECTRONICS DICTIONARY. Edited by 
JOHN MARKUS. 4th Ed., 768 pp., 1,173 illus. 
The indispensable, easy -to -use standard au- 
thority on the meaning of 17,090 terms that 
make up the language of today's electronics is 
now available in a revised, updated edition. 
With the vocabulary becoming more challeng- 
ing and more complex every year, this latest 
edition is a real necessity for everyone in the 
electronics community -engineers, techni- 
cians, technical writers, students, and scien- 
tific and technical libraries. 
404/313 Pub. Pr., $24.50 Club Pr., $19.50 
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Professionals Book Club provides you with 
Values to $69.95 (and at great savings, too!) 

MINIPROCESSORS: From Calculators 
to Computers. By DAVID HEISERMAN. 
195 pp., illus. If you like to tinker with calculator 
circuits, this book shows you just how far you 
can push them. A lot of fun but with serious 
intentions, it is a machine -language hybrid 
calculator guide that you'll use for years. 
784/71X Pub. Pr., $9.95 Club Pr., $8.45 

APPLYING MICROPROCESSORS 
New Hardware, Software, and 
Applications. Edited by Laurence Altman 
and Stephen E. Scrupski. 200 pp., illus., 81/º x 
11 format. A follow-up volume to Electronics 
magazine's recently published book, Micro- 
processors, this work takes you into the 
second- and third -generation devices rolling 
off semiconductor lines today. The collection of 
articles here is designed to smooth your way to 
mastery of new design methods, and it gives 
you both an overview of the state of the art and 
a wealth of design ideas, analyses, and appli- 
cations. 
191/603 Pub. Pr., $19.50 Club Pr., $15.50 

MICROCOMPUTERS/ 
MICROPROCESSORS 
Hardware, Software, and 
Applications. By John L. Hilburn and Paul 
N. Julich. 372 pp., illus. This book was ex- 
pressly created for people involved in the de- 
sign, use, or maintenance of digital systems 
using microcomputers. The opening chapters 
provide needed background in digital logic and 
present well -organized discussions of number 
systems, arithmetic operations, and codes 
employed in microcomputers. The authors 
then describe the theory and workings behind 
microprocessor architecture, read-only mem- 
ory (ROM). random-access memory (RAM), 
and input/output interfacing methods. 
771/499 Pub. Pr., $22.50 Club Pr., 516.50 

THE 8080A BUGBOOK: 
Microcomputer Interfacing and Pro- 
gramming. By Peter R. Rony. David G. Lar- 
sen, and Jonathan A. Titus. 416 pp.. with fig- 
ures, charts, and tables, paperbound. Gives 
you the basic concepts of microcomputer inter- 
facing and the associated microcomputer I/O 
programming so you can develop your own in- 
terfaces to other digital devices. For the 8080 
user, this book will be invaluable. because the 
Intel 8080 is penetrating every facet of life today, 
creating new industries and threatening old 
ones, and this book teaches you the fundamen- 
tal tasks of microcomputer interfacing. 
783/845 Pub. Pr., $9.95 Club Pr., $8.45 

ILLUSTRATING BASIC: A Simple 
Programming Language. By Donald AI - 

cock. 134 pp., illus. Completely handwritten by 
the author in a most unusual way, and contain- 
ing an abundance of figures, diagrams, and 
drawings, this book was inspired by the need 
fora guide that would help readers who have to 
use computers but are terrified by them. 
771/928 Pub. Pr., S10.95 Club Pr., S8.95 

MICROPROCESSOR 
APPLICATIONS MANUAL. By Motorola 
Semiconductor Products, Inc. 720 pp., illus., 
81/2 x 11 format. With a nuts -and -bolts kind of 
practicality, this manual by the Motorola people 
(who should know) gives you detailed applica- 
tions information on microprocessors and as- 
sumes no prior knowledge on your part about 
MPUs. It covers all the systems phases and 
explores such topics as architecture, the 
instruction set, addressing modes, interrupt 
structure, and other vital MPU features. 
435/278 Pub. Pr., $35.00 Club Pr., $25.00 

ALGORITHMS -- DATA STRUCTURES = 
PROGRAMS. By NIKLAUS WIRTH.366pp., 
illus. Lucid, penetrating, and rigorous, this vol- 
ume presents a very systematic and scientific 
approach to the fundamental techniques as- 
sociated with data composition and program 
development. The basic principles discussed 
here are applicable to many scientific and en- 
gineering endeavors. 
769/664 Pub. Pr., $19.95 Club Pr., $15.50 

AUTOMATIC DATA PROCESSING 
HANDBOOK. Edited by The Diebold Group. 
976 pp., 269 illus. Written by a staff of interna- 
tionally recognized authorities on ADP and 
sponsored by one of the nation's leading man- 
agement consulting firms, this utterly com- 
prehensive handbook explains and discusses 
computer systems, programming and lan- 
guages, communications processes, and the 
design and installation of today's computers. 
168/075 Pub. Pr., $34.95 Club Pr., $23.75 

FUNDAMENTALS OF COMPUTER AL- 
GORITHMS. By ELLIS HOROWITZ and 
SARTAJ SAHNI. 626 pp., illus. Some of the 
most useful, sophisticated, and beautiful al- 
gorithms that are known fill the pages of this 
book. But the skills you learn here are more 
important than just recreation. They give you a 
distinct advantage since you can apply them to 
your own work and the work of others. 
786/380 Pub. Pr., $19.95 Club Pr., $15.95 

COMPUTER PROFESSIONALS' BOOK CLUB 
saves you both time and money! 
Here is a book club designed to meet all of your professional as well as hobbyist needs by 
providing practical books about computers on a regular basis at below publisher prices. If 

you're missing out on important technical literature - if today's high cost of reading curbs 
the growth of your library - here's the solution to your problem. 

The Computer Professionals' Book Club was organized for you, to provide an econom- 
ical reading program that cannot fail to be of value. Administered by the McGraw-Hill Book 
Company, all books are chosen by qualified editors and consultants. Their understanding of 
the standards and values of the literature of interest to you guarantees the appropriateness 
of the selections. Books are selected from a wide range of publishers. 

How the club operates: Thirteen times a year you receive free of charge The Computer 
Professionals' Book Club Bulletin. This announces and describes the Club's featured book 
as well as alternate selections available at special members' prices. If you want to examine 
the Club's feature, you do nothing. If you prefer one of the alternate selections-or if you 
want no book at all - you notify the Club by returning the card enclosed with each Bulletin. 

As a Club member, you agree only to the purchase of four books (including your first 
selection) over a two-year period. Considering the many books published annually, there 
will surely be at least four you would want to own anyway. By joining the Club, you save 
both money and the trouble of searching for the best books. 

any.. two 
of these great 

prófessional books 
for only . 

values up 
to $ 69.95 

Two Special 
premium books 

come to you with 
your first selection. 

- - - - MAIL THIS COUPON TODAY ---- 
COMPUTER PROFESSIONALS' BOOK CLUB 
P.O. Box 582, Hightstown. New Jersey 08520 

Please enroll me as a member and send me the three 
books indicated. I am to receive the two bonus books at 
the introductory price of $2.95 plus my first selection, plus 
tax, postage, and handling. If not completely satisfied. I 

may return the books within 10 days and request that my 
membership be cancelled. If I keep the books, I agree to 
take a minimum of three additional books during the next 
two years at special Club prices (guaranteed 15% dis- 
count, often more). I will receive the Club Bulletin 13 times 
a year. If I want to examine the featured selection, I need 
take no action. It will be shipped automatically. If, however, 
I want an alternate selection-or no book at all-I simply 
notify the Club by returning the convenient card always 
enclosed. I will always have a minimum of 10 days in which 
to return the card and you will credit my account fully, 
including postage, if this is not the case. Membership in 
the Club is continuous but cancellable by me at any time 
after the four -book purchase requirement has been filled. 
This order subject to acceptance by McGraw-Hill. Or- 
ders from outside the continental U.S. must be prepaid. 
Company, business or institutional tax exemption status 
is not applicable to purchases made through individual 
Club memberships. All prices subject to change with- 
out notice. Offer good for new members only Postage 
and handling charges are added to all shipments. 
Members are billed when books arrive. 

Write Code # of Write Code # of Write Code # of 
1st 2nd 1st book 

premium book premium book selection 
selection here selection here here. 

NAME 

ADDRESS 

CITY STATE ZIP 

L_ 
P39420 J 

EXTRA SAVINGS: Remit in full with your order, plus any local and 
state tax, and McGraw-Hill will pay all regular postage and handling 
charges. 
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Fig. 10. Component placement for the 
power tixpply board shown a hove. 

are not required in the Morse -A -Word 
and the pc locations for them should be 
ignored. When you have completed as- 
sembly of the board, apply line power to 
it and verify that the desired voltages are 
being produced. If the voltages are cor- 
rect, remove line power and intercon- 
nect the supply and main pc boards with 
suitable lengths of color -coded hookup 
wire. Then mount the boards in the pro- 
ject enclosure and connect the free ends 
of the hookup wires already soldered to 
the main pc board to speaker, jacks, etc. 
A cutout for the displays must be made 
on the front panel of the enclosure. This 
can best be done with a nibbling tool. 
For those who prefer a prepunched en- 
closure, one is available from the kit 
supplier. Display contrast and project 
appearance will be enhanced by install- 
ing a bezel and red filter in the cutout. 

Apply power to the project. Several or 
all of the dual -character displays should 
start to glow. If they don't, disconnect 
power and go back and thoroughly 
check for loose wires, cold solder joints, 
solder bridges, or incorrect wiring. 

Alignment. The center frequency of 
the bandpass filter and the tone decod- 
er's peak response frequency must be 
the same if the Morse -A -Word is to func- 
tion properly. Any frequency between 
800 and 2600 Hz is suitable, but the 
higher frequencies will produce a better 
circuit response. On the other hand, the 
higher frequencies tend to be more dif- 
ficult to tune on a highly selective com- 
munications receiver. As a compromise, 
1200 Hz was selected as the center fre- 
quency of the band-pass filter and the 
tone decoder. 

To align the project, apply a 0.5 -volt 
rms, 1200 -Hz signal to the receiver input 
jack. Connect an ac voltmeter or oscillo- 
scope to the output of the bandpass filter 
(TP1) and adjust trimmer potentiometer 
R9 for maximum output. Next, adjust 

R20 until a tone is heard in the speaker 
and the CODE LED lights. Reduce the in- 
put signal to as low a level as possible 
and repeat the procedure. If a 1200 -Hz 
signal is not available and you have a 
cassette tape recorder, a cassette tape 
available from the kit supplier has the 
necessary tone recorded on it. The tape 
also includes recordings of sample 
Morse code messages and selections 
which can be used for code practice. 

The only other adjustment is the set- 
ting of trimmer potentiometer R14, 
which determines the loudness of the 
speaker output. A low volume setting is 

TABLE I 
TRUTH TABLE FOR 1702A PROM IC14 

Character Input Output 
A7 A6 A5 A4 A3 A2 Al AO D8 D7 D6 D5 D4 D3 D2 D1 

A 0 1 1 0 1 0 1 1 1 1 0 0 1 0 0 1 

O 0 1 0 1 0 1 1 0 1 0 0 1 0 0 1 

B 0 1 1 1 1 1 0 0 1 0 0 1 0 0 0 0 
0 0 1 1 1 1 0 0 1 1 0 1 1 0 0 1 

C 0 1 1 1 0 1 0 0 1 1 0 0 0 0 0 1 

O 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 
D 0 1 1 1 1 0 0 1 1 0 0 1 0 0 0 0 

O 0 1 1 1 0 0 1 1 1 0 1 0 0 0 1 

E 0 1 1 1 0 1 1 1 1 1 0 0 1 0 0 1 

O 0 1 1 0 1 1 1 1 0 0 0 0 0 0 0 
F 0 1 1 1 0 1 1 0 1 1 0 0 1 0 0 1 

O 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 
G 0 1 1 1 0 0 0 1 1 1 0 0 0 0 0 1 

O 0 1 1 0 0 0 1 1 0 0 0 1 0 0 1 

H 0 1 1 1 1 1 1 0 0 1 0 0 1 0 0 1 

O 0 1 1 1 1 1 0 0 1 0 0 1 0 0 1 

0 1 1 1 1 0 1 1 1 0 0 1 0 0 0 0 
0 0 1 1 1 0 1 1 1 0 0 1 0 0 0 0 

J 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 1 

O 0 1 0 0 0 1 0 1 1 0 0 0 0 0 1 

K 0 1 1 0 1 0 0 1 0 1 0 0 1 0 0 1 

O 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0 
L 0 1 1 1 1 0 1 0 0 1 0 0 0 0 0 1 

O 0 1 1 1 0 1 0 1 0 0 0 0 0 0 0 
M 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 

O 0 1 0 0 0 1 1 0 1 1 0 0 0 0 1 

N 0 1 1 1 0 0 1 1 0 1 1 0 0 0 0 1 

O 0 1 1 0 0 1 1 0 1 0 0 0 1 0 1 

O 0 1 1 0 0 0 0 1 1 1 0 0 0 0 0 1 

O 0 1 0 0 0 0 1 1 1 0 0 0 0 0 1 

P 0 1 1 1 0 0 1 0 1 1 0 0 1 0 0 1 

O 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 
O 0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 1 

O 0 1 0 1 0 0 0 1 1 0 0 0 1 0 1 

R 0 1 1 1 0 1 0 1 1 1 0 0 1 0 0 1 

O 0 1 1 0 1 0 1 0 1 0 0 1 1 0 0 
S 0 1 1 1 1 1 0 1 1 0 1 0 0 0 0 1 

0 0 1 1 1 1 0 1 1 1 0 0 0 1 0 0 
T 0 1 1 0 0 1 1 1 1 0 0 1 0 0 0 0 

O 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 
U 0 1 1 0 1 1 0 1 0 1 0 0 0 0 0 1 

O 0 1 0 1 1 0 1 1 1 0 0 0 0 0 1 
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recommended to avoid confusion when 

listening to both the receiver and the 

Morse -A -Word simultaneously. 

Use. The Morse -A -Word is easy to op- 

erate. The setting of the front -panel 

SPEED control (R28) is the only adjust- 
ment that must be made, and only a 

rough setting is required. Keep in mind 

that the Morse -A -Word has a sensitive 
input stage, so don't set the receiver au- 

dio gain control higher than is neces- 

sary. When the receiver is tuned to the 

center of the filter passband (1200 Hz), 

you should hear audio from the project's 

internal speaker and the code LED 

should flicker in time with the incoming 

code. The passband is only about 120 

Hz wide, so some care is required when 

tuning in a signal. 
With the signal properly tuned in, ad- 

just the SPEED control SO the DAH LED 

glows only when dahs are sent, and not 

dits. The alphanumeric readout LED will 

now display the incoming characters. If 

word spaces are desired, make sure the 

WORD SPACE switch is closed. Only a 

few amateur stations actually send word 

spaces, so don't expect perfectly 
spaced copy unless you are tuned to a 

V 0 1 1 0 1 1 1 0 0 1 0 0 

O 0 1 0 1 1 1 0 0 0 1 0 

W 0 1 1 0 0 1 0 1 0 1 0 0 

0 0 1 0 0 1 0 1 0 1 0 0 

X 0 1 1 0 1 1 0 0 0 0 1 0 

O 0 1 0 1 1 0 0 0 0 1 0 

Y 0 1 1 0 0 1 0 0 0 0 1 0 

O 0 1 0 0 1 0 0 0 0 1 1 

Z 0 1 1 1 1 0 0 0 1 0 0 0 

O 0 1 1 1 0 0 0 1 0 1 0 

0 0 1 0 0 0 0 0 0 1 1 0 0 

O 0 0 0 0 0 0 0 1 1 1 0 

1 0 1 0 0 0 0 0 1 0 0 0 1 

O 0 0 0 0 0 0 1 0 0 0 1 

2 0 1 0 0 0 0 1 1 1 0 0 0 

O 0 0 0 0 0 1 1 1 1 0 0 

3 0 1 0 0 0 1 1 1 1 0 0 0 

O 0 0 0 0 1 1 1 1 1 0 0 

4 0 1 0 0 1 1 1 1 0 1 0 0 

O 0 0 0 1 1 1 1 0 1 0 0 

5 0 1 0 1 1 1 1 1 1 1 0 0 
O 0 0 1 1 1 1 1 1 0 0 0 

6 0 1 0 1 1 1 1 0 1 1 0 0 

O 0 0 1 1 1 1 0 1 0 0 0 

7 0 1 0 1 1 1 0 0 1 0 0 0 

O 0 0 1 1 1 0 0 0 1 0 0 

8 0 1 0 1 1 0 0 0 1 1 0 0 

O 0 0 1 1 0 0 0 1 1 0 0 

9 0 1 0 1 0 0 0 0 1 1 0 0 

O 0 0 1 0 0 0 0 0 1 0 0 

O 1 0 0 1 0 1 0 0 0 0 0 

O 0 0 0 1 0 1 0 0 0 0 0 

O 1 0 0 0 1 1 0 0 0 0 0 

O 0 0 0 0 1 1 0 0 0 0 0 

0 1 0 1 1 0 0 1 1 0 0 0 

0 0 0 1 1 0 0 1 0 1 0 1 

/ 0 1 0 1 0 1 1 0 0 0 0 0 

O 0 0 1 0 1 1 0 0 0 1 0 

- 0 1 0 0 1 1 1 0 0 0 0 0 

O 0 0 0 1 1 1 0 0 0 0 0 

Space 0 1 1 0 1 1 1 1 0 0 0 0 

0 0 1 0 1 1 1 1 0 0 0 0 

AR 0 1 0 1 0 1 0 1 1 1 0 1 

0 0 0 1 0 1 0 1 0 1 0 1 

SK 0 1 0 0 1 0 1 1 1 1 0 1 

0 0 0 0 1 0 1 1 1 0 1 1 

KN 0 1 0 1 0 0 1 0 0 1 0 0 

0 0 0 1 0 0 1 0 0 0 1 1 

AS 0 1 0 1 1 1 0 1 1 0 1 1 

O 0 0 1 1 1 0 1 1 0 1 1 
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does more... 
much more! 

Era IV begins! The new Shure V15 
Type IV phonograph cartridge is 
an altogether new phono cartridge 
system that exceeds previous per- 
formance levels by a significant 
degree - not merely in one 
parameter but in totality. The Type 
IV offers: 

Demonstrably improved tracka- 
bility across the entire audible 
spectrum. 
Dynamically stabilized tracking 
overcomes record -warp caused 
problems, such as fluctuating 
tracking force, varying tracking 
angle, and wow. 
Electrostatic neutralization of the 
record surface minimizes clicks 
and pops due to static dis- 
charge, electrostatic attraction of 
the cartridge to the record, and 
attraction of dust to the record. 
An effective dust and lint re- 
moval system. 
A Hyperelliptical stylus tip con- 
figuration dramatically reduces 
both harmonic and intermodula- 
tion distortion. 
Ultra -flat response - individu- 
ally tested. 

V15 

SUPEReIv TaCKIV R 
Stereo Dynetics Phono Cartridge 

For complete details on this remarkable 
new cartridge write for the V15 Type IV 

Product Brochure (ask for AL569) and 
read the exciting facts on the V15 IV for 
yourself. 

P SHURE 
Shure Brothers Inc. 

222 Hartrey Ave., Evanston, IL 60204 
In Canada: 

A. C. Simmonds & Sons Limited 
Manufacturers of high fidelity compo- 
nents, microphones, sound systems, / 
and related circuitry. // 
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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. 

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 
ouestiors, dial toll free 800-258-5485. This is the 
number of the BYTE Subscription Department. 

BYTE Publications, Inc.1979 

.r. -s..,1~ w~ 1~ ~UM ~1~n1. aer1.1.rzm iavwer.a ~WW1= WIZ RE~! 
BYTE Subscription Dept. P.O. Box 590 Martinsville, NJ 08836 
Please enter my subscription for 

One year $18 (12 issues) 11 Two years $32 " ' Three years $46 n Send group rate information 
Check enclosed entitles me to 13 issues for price of 12 (North America only) n Bill Visa Bill Master Charge ri Bill me (North America only) 

Card Number Expiration Date 

Signature 

Address 

City State/Province/Country 

Foreign Rates (To expedite service, please remit in U.S. Funds) 
Canada or Mexico -r2 One year $20 Two years $36 r Three years $52 

C Europe, one year (air delivered) $32 
P All other countries, one year (surface delivered) $32. Air delivery available on request. 
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Name (please print) 

Code 

7349 

TABLE II 
SOME COMMERCIAL 

CW STATIONS 
Frequency 

Station (MHz) 
NSS 8.090 
WSL 8.516 
WAX . 8.527 
WCC 8.587 
WCC 8.590 
NBA 8.617 
NAM 12.134 
NMN 12.720 

NAWS 12.725 
WCC 12.926 
WSL 13.026 

NAWS 15.921 
WCC 16.935 

Traffic 
Weather Bulletins 
Commercial Press 

Messages 
Messages 
Messages 
Telegrams 

Weather Bulletins 
High Speed CW 

Weather Bulletins 
Messages 
Messages 
Messages 
Messages 

station such as W1AW which sends ma- 
chine -perfect code. Invalid Morse char- 
acters will be displayed as blanks. 

For code practice sessions, connect 
your telegraph key to the KEY jack and 
adjust the SPEED control for the approxi- 
mate sending speed. You can calibrate 
your SPEED control using the formula: 
Speed (WPM) = 0.15f. That is, the code 
speed in words per minute equals fifteen 
hundredths of the clock frequency as set 
by the SPEED control. 

An excellent source of code material 
is amateur station W1AW, operated by 
the American Radio Relay League. The 
station transmits several code practice 
sessions each day, as well as ham news 
bulletins, propagation forecasts and OS- 
CAR bulletins, all in Morse code, on 
3.58, 7.08, 14.08, 21.08 and 28.08 MHz, 
as well as vhf frequencies. For a com- 
plete W1AW operating schedule, send 
an SASE to ARRL, 225 Main St., New- 
ington, CT 06111. 

Commercial CW stations that transmit 
ship -maritime, press, and weather mes- 
sages are also valuable sources of code 
practice. Table II is a list of eight short- 
wave stations that you'll want to tune in if 
you have a general -coverage receiver. 
Whether you plan to confine your listen- 
ing to the ham bands or branch out into 
the other shortwave frequencies, re- 
member that a good antenna and a sen- 
sitive, stable communications receiver 
play key roles in good CW reception. 

One final note-international radio 
regulations prohibit the disclosure to 
others of any information gleaned from 
press or commercial transmissions. Ac- 
cordingly, it is illegal to pass information 
so obtained (except that learned from 
amateur radio or broadcast transmis- 
sions) to a third party. 
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Microcomputer 
I/O Board Buying Directory 

Make & Model Price' 

(5) 

+8V 

Power required 

(mA)2' 

+16V -16V 

RAM capacity 

min. max. 

Expansion 

kit size 

and 

price 

Speed 

Ins) 

Type_ 

- 

Min. 

addr. 

block 
size BS 

Features2 

BB WS WP 

S-100 

Advanced Computer 
Prods. 

LOGOS 1 126 (k) 8K 8K none 450 X X 

150 (w) 

LOGOS 1Z 150 (k) 8K. 8K none 250 X X 

200 (w) 

Base 2 

8KS.B 125 (k) X 8K 8K none 500 stat. 4K X X X 

150 (w) 

8KS.Z 145 1k) X 8K 8K none 250 stat. 4K X X X 

170 (k) 
16S -B 285(k) X 16K 16K none 500 stet. 4K X X X 

310 (w) 
16KS-Z 325 )k) X 16K 16K ' none 250 stet. 4K X X X 

350 1w) 

Central Data 

16K RAM 289 (w) 300 150 20 16K 32K 16K/$200 450 dyn. 16K 

32K RAM 475 1w) 00 150 20 32K 32K none 450 dyn. 16K 

CGRS Microtech 

16K RAM 450 1k) 16K 16K none stat. 

490 (w) 

Chrislin 

CI -S100 390 16K 64K none 300 dyn. 

650 32K 300 dyn. 

825 48K 300 dyn. 

995 64K 64K none 300 dyn. 

Computerware, Inc. 

8K Static 146 1w) 8K 8K none 450 stat. X 

186 (w) 8K 8K none 250 stat. 

350 (w) 

Cromemco 

4KZ 195(k) 800 4K 4K none 450 stat. X X 

295 (w) 
16KZ 495 )k) B00 599 19 16K 16K none 200 stet. X 

795 (w) 

Digital Micro 

Systems 

OM 16K (w.8K) 35 (b) 2A 8K 16K 8K 350 stat. 4K X X 

275 1k) 

DM16K 35')B( 2A 16K 16K none 350 stat. 4K , X X 

465 (k) 
495 (w) 

Dynabyte 
MD161 399 (w) 8A .5A 16K 16K none 459 dyn. 8K 

MS1645 525 (w) 1.6A 16K 16K none 300 star. 4K X 

MS1625 555(w) 1.8A 16K 16K none 250 stat. 4K X 

MS3245 925 (w) 3.1A 32K 32K none 300 stet. 4K X 

MS3225 995 1w) 3.8A 32K 32K none 250 stat. 4K X 

Electricom 
4020 287 (w) 2K 2Kx9 $10 250 X 

Remarks 

Hardware protect in 

256 -byte to 8K incre- 

ments, switchable 
from top of board. 

250nsversion. 

250-nsversion. 

Phantom disable. 

Phantom disable. 

Wait states only 
@ 4 MHz on non -se - 

quential'address. 

Alph-Micro DMA 

compatible; also 

arailableas 
kit less RAM, 

$95. 

Transparent refresh 

DMA compatible. 

On -board battery, charg- 

er and power -state 

monitor; wire -wrap 
ribbon -cable or S-100 

connection. 
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can 
you be 

bribed? 
You get a $35.21 bribe when you try only 
10 DAK ML90 high energy cassettes for 
only $2.19 each! 

Hats off to Maxell. Their UDXL cas- 
sette established a new standard of 
quality for all cassettes. 

The new DAK ML90 starts another 
new technology. A technology of ex- 
treme reliability and protection from Hi 
frequency losses. 

Later we are going to offer you a 
valuable bribe, if you will test these cas- 
settes, risk free; so read on! 

YOUR TIME IS PRECIOUS 
Imagine yourself just finishing record- 

ing the second side of a 90 minute cas- 
sette and horrors, the cassette jams. 
Tape is wound around the capstan, your 
recorder may be damaged and you've 
just wasted 90 minutes of your time and 
perhaps lost a great recording off FM. 

I'm sure this is one experience we all 
dread, and is one of the main reasons to 
buy name branded guaranteed tape you 
can trust. 

Enter DAK. We manufacture over one 
million units of cassette tape each 
month, and many of our cassettes are 
used for high speed duplication, which 
causes more cassettes to fail than any 
other use. 

When we first started, DAK's cassettes 
failed, just like many others. So we in- 
stalled over $20,000 worth of high speed 
duplication equipment at our factory and 
set out to design the perfect cassette. 

FAILURE 
Failure after failure. We substituted, 

remade, tested and retested the over 20 
parts of our cassette, and checked 
everyone elses cassettes. Finally after 
over 6 years we positively linked cas- 
sette failure or the prevention of failure 
to the slip sheets, or liners in the 
cassette. 

We were not alone. Scotch, TDK, and 
several others must have been doing 
the same research because they have 
also been coming out with special im- 
proved slip sheets. 

MOLYSULFIDE 
A new chemical named molysulfide, 

that reduces friction within the cassette 
several times better than graphite gave 
us success. 

We developed polyester slip sheets 
with raised spring loaded ridges coated 
with a unique formulation of molysulfide 
and graphite. 

The tape ran more smoothly than ever 
before within the cassette. The new for- 
mulation is also much tougher than the 
graphite formulation, so it is extremely 
resistant to wear. 

Static electricity within the cassette 
was drastically reduced by the low fric- 
tion, and easily bled off, so its tendency 
to erase very high frequencies was 
drastically reduced. A very important 
consideration for often played tapes. 

The molysulfide formulation gives 
both superior electrical and mechanical 
performance, thus it has formed the 
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basis for the birth of the new DAK ML 
cassette. 

MAXELL IS BETTER 
Yes honestly, if you own a $1000 cas- 

sette deck like a Nakamici, the fre- 
quency response of Maxell UDXL is 
superior to DAK and you just might be 
able to hear the difference. 

DAK ML has a frequency response that 
is flat from 40cps to 14,500cps 
Virtually all cassette recorders priced 
under $600 are flat from 40cps to about 
12,000cps, so we have over 2000cps to 
spare, and you'll probably never know 
the difference. 

No apology We feel that we have 
equalled or exceeded the mechanical 
reliability of virtually all cassettes and 
offer one of the best frequency re- 
sponses in the industry. Maxell UDXL 
is truly the Rolls Royce of the industry, 
and DAK is the 100% US made Cadillac 
or Corvette! 

Price DAK manufactures the tape we 
sell, you avoid paying distributor and 
retailer mark ups. While Maxell UDXL 
90s may sell for $3.50 to $4.50 each, 
DAK ML9Os sell factory direct to you for 
only $2.19 each. 

YOU WIN 
You are paying less for the 10 90 

minute cassettes than you would pay 
for the bribes we are offering if you 
went to a Radio Shack Store. 

DAK 
AC ADAPTOR 

M IR III -1{]{N 
MIL. I 10 ]M 
WM 10 {IV 

UL 

Yours Free 

CHECK THE VALUE OF THE 
BRIBES AT RADIO SHACK 

Think of it, 10 six foot hook up cords 
with RCA plugs at each end. Whether 
you use the cords now, or when you buy 
new equipment, those of us who are 
tape recorder nuts, never seem to have 
enough. Radio Shack sells six foot cords 
for $1.89 each. 

.You will find dozens of uses for this 
deluxe battery eliminator AC adaptor 
around your home or office. 4 voltages, 
3, 4.5, 6 and 9 volts. 4 plugs will fit 
virtually any calculator, radio, or battery 
operated recorder we have seen. You'll 
save a lot of money on batteries. Radio 

Shack sells a similar 4 voltage adaptor 
for $9.95. 

The deluxe 12oz can of spray head 
cleaner will clean your tape heads for 
years to come. The handy snorkel in- 
cluded, can reach just about any tape 
head, even 8trk heads. Radio Shack 
does not sell a large 12oz can, but 12oz 
from them costs $6.36. 

The Radio Shack prices are not list 
prices, but the actual prices you would 
pay when you walk in the door. 

DAK 

TAPE HEAD 

CLEANER 

Yours Free 

WE WIN TOO 
Customers like you are very valuable 

in the form of future business. We an- 
ticipate receiving over 6000 orders and 
4500 repeat customers from this adver- 
tisement. We are betting you will buy our 
cassettes again, and we are putting our 
money where our mouth is! 

TRY DAK ML90 FREE 
We want you to try these high energy 

cassettes on your own recorder without 
obligation for 30 days. If you aren't 
100%. satisfied for any reason, simply 
return the tapes and bribes to DAK for a 
full refund. 

To order your 10 DAK ML90 minute 
high energy cassettes and receive your 
$35.21 bribe with your credit card, 
simply call toll free 800, 423-2636, (in 
Calif. call 213-984-1559) or send your 
check for $21.90 plus $3 for postage and 
handling for each group of 10 cassettes 
and bribes to DAK. (Calif. residents add 
6% sales tax). 

DAK unconditionally guarantees all 
DAK cassettes for one year against any 
defects in material or workmanship. 

Why not order an extra group of 10 
DAK ML90 cassettes for yourself or a 
friend? We will add one free ML90 cas- 
sette fc reach additional 10 you buy and 
of course you get all 3 bribes with each 
group of 10 tapes. 

DA K 
gici INDUSTRIES 

INCORPORATED 

Call TOLL -FREE (800) 423-2636 
In California Call (213) 984-1559 
10845 Vanowen St., North Hollywood, CA 91605 
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I/O BOARD BUYING DIRECTORY continued 

Make & Model Price' 

(S) 

Power required 

(mA12 

RAM capacity, i Expansion' - 

kit size 

and 

Speed 

(ns) 

¡; Type, ¡ Min. 

addr. 

'block 

Features2 - 

+8V +16V -16V min. max. ; price size -BS B8 WS WP 

Electronic Control 
Technology 
16K RAM 350 (k) 1.5A 16K 16K none 450 slat. '16K X 

399 1w) 

16K RAM 4MHz 415 (k) 16K 16K none 250 stat. 16K X 
475 (w) 

Electronic Systems 

300 23(b) 1K 250 star. X 
160(k) 
200 (w) 

Fire Bird Sales 

16KRB 323 (w) 16K 16K none 260 ' dyn. 16K X 

Franklin Electric 
8KSr 249 (k) 1.2A 8K 8K , none 400 stat. 2K X X X 

295 (WI 
8KSh 289 (k) 1.7A 8K 8K none 250 ' , stat. 2K X X X 

330 1w) 

Godbout 

Econoram II 135 (k) 1.5A 8K 8K none stat. 4K X X 
155 (WI 

Econoram IV '279 (k) ' 2A 16K 16K none stat. 16K X 
314 (w) 

Econoram V '279 tic) 2A 16K 16K none slat. 16K X 
314 (w) 

Econoram VII 445 1k) 2A 24K' 24K - none ' stat. 2, 4K: X X 
485 (w) 2, 8K 

GRE Data Products 

232-8 119 (W) 1.2 8K 400 stat.. . 8K 

232.16 319 (W) 16K 400 slat. ;.16K X 

IMSAI 
RAM 4A-4 139 1k) l 800 4K, 4K none 500 stat. 4K X 

189 (w) 
RAM 16 449 (k) 500 150 10 16K 1.6K none 500 dyn. 4K` X 

499(w) 
RAM III -32 895 (w) 360 250 10 32K 32K none 500 dyn. 4K" X 
RAM III.64 1695(w) 360 250 10 64K 64K none 500 dyn. 4K' X 

Industrial 
Micro systs. 

C00232 , 135 8K BK low . stat. 
C002324HS 150 8K 8K hi stat. 
C00282 304 16K 16K low stat. 
C002824HS 343 16K 16K ' hi stat. 
C00360 625 32K 32K ' low stat. 
C00360 -HS 689 , 32K 32K hi stat. 

Ithaca Audio 
8KSR 25(b):- 1.4A 1K 8K stat. 4K X X X X 

160 (w) 1,4A 8K 8K 450 stat. 4K X X X X 
199(w) 1.4A 8K 8K 250 ' stat. 4K X X X X 

16KDR 35 (b) 1.4A 16K 64K dyn. 

Jade Computer 
JG8K 25 (b) 2.5A 8K ' 450 stat. 8K X X 

126 (k) 

150 1w) 

140 1k) 2.5A 8K 350 stat. 8K X X 

160 (w) 

170 (k) 2.5A 8K 250 stat. 8K X X 

190 1w) 

Micro Data 

Systems 

MD -697(8K) 179 (k) 1.5A 8K 32K, 8K/$129. 450 stat. 1. 16K X 

199 (w) 
M0-697 (16K) 308 (k) 1.5A 16K 32K 8K/$129 450 stat. ' 16K X 

348 (w) 
MO -697 (24K) 437 (k) 1.5A 24K 32K ;. 8K/5129 450' stat. 16K X 

497 (w) 

Remarks 

Spare IC spaces 

for user circuit. 
Spare IC spaces 

for user circuits. 

Bare -board version 

includes 

regulator. 

LED indicators for 
power OK, board 

select, write -pro - 
tect; DI P addr. SW. 

Software write pro- 
tect w. vector. 

Write -protect for' 
4K blocks. 
Manual high-8K/low- 
8K deselect. 

Can deselect either 
4K/8K pair. 

Provisions for MWRT 
and Phantom 

disable. 

"4K block missing 

with memory -map option. 
As above. 

As above. 

Softwáreprotect/unprotect. 

Adapter ($13) avail- 

able for use with 
Motorola D-2 6800 
Eval. Kit. 

250-ns option avail. 

250 ns optional. 

' 250-ns optional. 
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