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In California, a store owner charts sales on his Apple 
Computer. On weekends though, he totes Apple home to help 
plan family finances with his wife. And for the kids to explore 

the new world of personal computers. 
A hobbyist in Michigan starts a local Apple 

Computer Club, to challenge other members 
to computer games of skill and to 

trade programs. 

Innovative folks everywhere 
have discovered that the era of the 

personal computer has already 
begun-with Apple. 

Educators and students use Apple 
in the classroom. Businessmen trust 

Apple with the books. Parents are 
making Apple the newest family pastime. And kids of all 
ages are learning how much fun computers can be. 

Visít your local computer store 
The excitement starts in your local computer store. It's 

CIRCLE NO. 7 ON FREE INFORMATION CARD 

a friendly place, owned by one of your neighbors. He'll show 
you exactly what you can use a personal computer for. 

What to look for 
Your neighborhood computer store has several 

different brands to show you. Chances are the salesman will 
recommend an Apple Computer. Apple's the one you can 
program yourself. So there's no limit to the things you can 
do. The more you use your Apple the more uses you'll 
discover. So it's important that Apple is the computer with 
more expansion cápability. You can't outgrow Apple. 

It's your move 
Grab a piece of the future for yourself-we'll give 

you the address of the Apple dealer nearest you when 
you calf our toll -free number. Then drop by 
and sink your teeth into an Apple. f 
(800) 538-9696. -AV 
In California, I 

(800) 662-9238. 09911 



NEW INVENTION 

Miracle Fuzz 
A new space-age invention and the same effect 
as lightning combine to create the world's 
first home oxygen regeneration system. 

The new Energaire ionized oxygen generator 
will make a handsome addition to any desk. 

You need oxygen to live. You can live 
without food for 60 days, without water for 
seven days, but without oxygen, you won't 
make it past two minutes. 

That small piece of fuzz located on top of the 
cylinder shown above emits negatively - 
charged electrons which attach themselves to 
molecules of oxygen, thus creating ionized 
oxygen. 

You are already familiar with ionized oxygen 
if you've smelled the air after a thunderstorm. 
You feel great, revitalized, and alert. The light- 
ning from the storm adds a small negatively - 
charged electron to each oxygen molecule in a 

process called ionization. 

SCIENTISTS DISCOVER 
Scientists discovered that air quality can 

actually affect your moods, your feelings and 
your sense of well being. Air that is positively 
charged caused people to be depressed, 
moody and tired. Negatively -charged air made 
people feel good. We have all experienced air 
that is positively charged in air-conditioned 
buildings or in a polluted environment. 

Scientists looking for a way to turn positively 
charged air into negatively charged air devel- 
oped the negative ion generator-a product 
that produces negatively charged particles 
that attach themselves to air molecules and 
thus create the same fresh feeling you get 
after a thunderstorm. 

The new space-age product shown above is 

an ionized oxygen generator called the 
Energaire air purifier. The copper mesh fuzz 
on top of thé unit is one of the secrets of the 
system. 

Although it has no moving parts, you can 
actually feel a wind of ionized oxygen pro- 
duced from the fuzz which spreads to fill an 
average -sized room in one minute. 

CIGARETTE SMOKE TEST 
To show the dramatic effect of ionized 

oxygen, you can take the Energaire, blow 
cigarette smoke into a clear bowl, and hold the 
bowl inverted over the system. The smoke will 
vanish. The charged oxygen particles appear 
to dissolve the smoke particles, precipitating 
them from the air. 

In a room, the Energaire air purifier sur- 
rounds you with these oxygen ions and cleans 
and purifies the air so that even in a smoke - 
filled room, you will be breathing cleaner, 
country -fresh air all day long. 

WALL TEST 
Take our unit and place it next to a wall. Also 

put a large piece of paper on the wall. Within a 

few days notice how black the paper gets.That 
black film is finite carbon particulate matter- 
the same pollutants you would normally 
breathe and that would pass through most air 
filters. By placing the unit in the center of a 

room or away from a wall, that same matter 
falls to the ground as dust. 

A trip into the mountains exposes you to 
nature's freshly ionized oxygen. The Ener- 
gaire produces this same effect. It will. clean 
your room of odor -causing bacteria and stale, 
musty, or smoky air. 

Ionized oxygen should not be confused with 
ozone. Ozone has a molecular formula of 03, 
whereas the molecular formula for ionized 
oxygen is 02 with a negatively -charged ion. 

DON'T BE CONFUSED 
After we announced the Energaire last year, 

many companies came out with their own ion 
generators. We purchased a unit from each 
company and tested them at an independent 
laboratory. The results are shown below: 

Name *Ions Price 
Energaire 438,000 $79.95 
Omega 700 63,000 245.00 
AirCare 72,000 149.95 
Modulion 75,000 79.95 
EnvironAire -0- 119.50 

The one unit mentioned above that pro- 
duced no ions actually produced ozone -15 
times the maximum ozone concentration 
allowed by federal government standards. 
*Measurements indicate total number of ions 
per cubic centimeter per second at one 
meter. These figures may vary by plus or 
minus 10%. 

USED IN HOSPITALS 
Many hospitals are now using ionized 

oxygen systems in their operating rooms and 
burn centers. Their units not only purify the air, 
but they also eliminate pollen and other 
irritants. 

Working in a clean air environment, you 
think clearer, are more alert, and you function 
better. The Energaire is actually a miniature 
lightning machine. The minute you plug it in, 
energy is converted into ionized oxygen. This 
efficient system uses one watt of power or less 
than a penny per day to operate, so you leave 
it plugged in continuously. 

We are so impressed with the pleasant 
effect of Energaire that we urge you to per- 
sonally test it yourself in your home or office. 
Order one at no obligation. Put it by your desk, 
or in any room where you spend a great deal of 
time. See if it doesn't rid your room of odor - 
causing bacteria and stale, musty or smoky 
air. Try the smoke and paper tests mentioned 
in this advertisement. 

SLEEP FASTER 
At home, use the Energaire by your bed and 

see how country -fresh air allows you to sleep 
easier, deeper, and more relaxed. 

You should notice the difference within one 
day-especially in a work environment. But 
use the Energaire for a full month. Then, if you 
da not feel totally convinced of the positive 
effects of ionized oxygen, return your unit for a 

prompt and courteous refund. 
The Energaire is manufactured by the Ion 

Foundation, a leading ion research and devel- 
opment company. 

Service should never be required, but if it is, 

there's a prompt service -by -mail center as 
close as your mailbox. JS&A is America's 
largest single source of space-age products- 
further assurance that your modest invest- 
ment is well protected. The Energaire mea- 
sures 9" high by 3" in diameter and weighs 24 
ounces. 

To order your Energaire ionized oxygen 
generator, send $79.95 plus $3.00 for postage 
and handling (Illinois residents, please add 5% 
sales tax) to the address shown below or credit 
card buyers may call our toll -free number 
below. We will send your Energaire ion 
generator complete with 90 -day limited 
warranty on the electronics, a five-year 
warranty on the fuzz, and complete in- 
structions. 

Let space-age technology revitalize your life 
with the world's first home ionized oxygen 
generator. Order one at no obligation today. 

o PRODUCTS o HAT 
® 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, Inc.,1979 
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The World's biggest 

Bearcat® 
scanner sale! 

Communications Electronics; the world's 
largest distributor of radio scanners, cele- 
brates the introduction of four new Bearcat 
brand monitors with the world's largest scanner 
sale. From now, until January 31, 1980, you can 
save hundreds of dollars during our two-million 
dollar Bearcat sale. Even the new Bearcat 
models 300, 220 and Eight Track scanners are 
on sale. If you've previously purchased a Bear - 
cat scanner from Communications Electronics, 
then you already know you're getting all the 
real, live excitement that a television program 
or newspaper can't provide. If you don't have at 
least one Bearcat scanner, the time to buy is 
now! Since we distribute more scanners world- 
wide than anyone else, we can sell the newest 
factory production models with the latest engi- 
neering updates, at rock bottom prices. Our 
warehouse facilities are equipped to process 
over 1,000 Bearcat orders per week and our 
order lines are always staffed 24 hours. We also 
export Bearcat scanners to more than 300 
countries and military installations. Almost all 
items are in stock for immediate shipment, so 
save now and get a Bearcat scanner during the 
world's largesttwo-million dollarscannersale! 

NEW! Bearcat° 300 
Available February - March, 1980 
List price $499.95/CE price $329.00 
7 -Band, 50 Channel Service Search No - 
crystal scanner AM Aircraft and Public 
Service bands. Priority Channel AC/DC 
Bands: 32-50,118-136 AM, 144-174,420-512 MHz. 
The new Bearcat 300 is the most advanced auto- 
matic scanning radio that Communications 
Electronics has ever offered to the public. Since 
the Bearcat 300 has over 2,100 active frequencies 
in memory, you can touch one button and search 
any of many preprogrammed services such as 
police, fire, marine and government. Of course, you 
still can program your own frequencies and monitor 
up to 50 channels at once. Since the Bearcat 300 
uses a bright green flourescent digital display, it's 
ideal for mobile applications. The Bearcat 300 now 
has these added features: Service Search, Display 
Intensity Control, Hold Search and Resume Search 
keys, Separate Band keys to permit lock-in/lock- 
out of any band for more efficient service search 
and a new vacuum fluorescent digital display. 
Reserve your Bearcat 300 now for February - 
March, 1980 delivery. 

Bearcat° 250 
List price $399.95/CE price $259.00 
50 Channels Crystalless Searches 
Stores Recalls Self -Destruct Priority 
channel 50 Channel 6 -Band. 
Frequency range 32-50, 146-174, 420-512 MHz. 
The Bearcat 250 performs any scanning function you 
could possibly want. With push button ease you can 
program up to 50 channels for automatic monitoring. 
Push another button and search for new frequencies. 
There are no crystals to limit what you want to hear. A 
special search feature of the Bearcat 250 actually 
stores 64 frequencies, and recalls them, one at a time, 
at your convenience. Automatic "count" remembers 
how often frequencies are activated by transmission - 
so you know where the action is. Decimal display shows 
the channel, frequency and other programmed fea- 
tures. The priority feature samples your programmed 
frequency every two seconds. Plus, a digital clock 
shows the time at the touch of a button. This is the only 
monitor radio that has received the Communications 
Electronics quality control approval rating #1. Our 
highest quality grade for technologically sophisticated 
equipment. The Bearcat 250. Scanning like you've 
never seen or heard before. Now in stock! 
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Aircraft Bearcat° 220 
List price $399.95/CE price $259.00 
Aircraft and public service monitor. Frequency 
range 32-50, 118-136 AM, 144-174, 420-512 MHz. 
The Bearcat 220 is one scanner which can monitor all 
public service bands plus the exciting aircraft band 
channels. Up to twenty frequencies may be scanned at 
the same time. 

Not only does this new scanner feature normal search 
operation, where frequency limits are set and the 
scanner searches between your programmed parame- 
ters, it also searches marine or aircraft frequencies by 
pressing a single button. These frequencies are already 
stored in memory so no reprogramming is required. The 
Bearcat 220 also features a Priority channel, Dual scan- 
ning speeds, Patented track tuning and Direct channel 
access and AC/DC operation. 

New! Bearcat° 211 
List price $339.95/CE price $229.00 
Frequency range: 32-50, 146-174, 420-512 MHz. 
The Bearcat 211. It's an evolutionary explosion of 
features and function. 18 -channel monitoring. With no - 
crystal six -band coverage. Dual scan speeds. CoJor- 
coded keyboard. Even a digital clock. All at a modest 
price. More scanning excitement than you bargained for. 

Bearcat° 210 
List price $299.95/CE price $199.00 
10 Channels 5 Bands Crystalless 
Frequency range: 30-50, 146-174, 416-512 MHz. 
Use the simple keyboard to select the 10 channels to be 
scanned. Automatic search finds new frequencies. The 
210 features patented selectable scan delay, push 
button lockout, single antenna, patented track tuning, 
AC/DC operation. With no crystals to buy. Ever! 

NEW! Bearcat° 8 Track 
List price $99.95/CE price $79.00 
4 Channels 2 Bands Plays off any AC or DC 
Powered 8 Track Tape Player. Frequency range: 
33-49, 151-165 MHz. 
The Bearcat 8 Track Scanner. It converts any 8 track 
tape player into a live -action scanning radio instantly. 

This incredibily compact 4-channel/2-band crystal 
scanner plugs into the tape player where an 8 track 
cartridge normally goes. Police, fire, emergency calls - 
as -it -happens scanning excitement -from an existing 
home entertainment center, in-car/in-boat system or 
portable 8 track tape player. The Bearcat 8 Track 
Scanner plugs live -action into any 8 track player. Any- 
where. Crystal certificates # A-135cc are $4.00 each. 

Bearcat° Four -Six 
List price $169.95/CE price $109.00 
The first 4 Band, B Channel, Hand -Held Scanner. 
Frequency range: 33-47, 152-164, 450-512 MHz. - 
The Bearcat Four -Six offers "hip pocket" access to 
police, fire, weather and special interest public service 
broadcasts. Lightweight. Extremely compact. The Bear - 
cat Four -Six -with its popular "rubber ducky" antenna 
and beltclip- provides "go anywhere/hands-off' scanning. 

NEW! Aircraft and UHF 
Bearcat° ThinScan- 
List price $149.95/CE price $99.00 
World's smallest scanner: 
The Bearcat ThinScan" High-performance scanning 
has never been this portable. There are now three 
models available. The BC 2-41_./H receives 33-44 and 
152-164 MHz. The BC 2-4 H/U receives 152-164 and 
450-508 MHz. The new high-performance Aircraft 
ThinScan model BC 2-4 AC receives 118-136 and 450- 
470 MHz. Go ahead, size it up. Bearcat's ThinScan" 
measures 23/<" across. Just 1" deep. And 55/e" high. 
Four crystal -controlled channels are scanned every V. 
second providing immediate access to police, fire, 
weather and other special -interest broadcasts. 

NEW! 50 -Channel Bearcat 300 ÑEW! Bearcat 8 Track scanner 

INCREASED PERFORMANCE ANTENNAS 
If you want the utmost in performancefrom your Bearcat 
scanner, it is essential that you use an external antenna. 
We have four base and mobile antennas specifically 
designed for receiving all bands. Order #A80 is a 
magnet mount mobile antenna. Order #A61 is a gutter. 
clip mobile antenna. Order #A62 is a trunk -lip mobile 
antenna and #A70 is an all band base station antenna. 
All antennas are $25.00 and $3.00 for UPS shipping in 
the continental United States. 

OTHER BEARCAT ACCESSORIES 
SP50 AC Adapter $12.00 
SP51 Battery Charger $12.00 
SP55 Carrying Case for Four -Six $15.00 
SP57 Carrying Case for ThinScan $15.00 
SM210 Service manual for Bearcat 210 $15.00 
SM220 Service manual for Bearcat 220 $15.00 
SM250 Service manual for Bearcat 250 $15.00 
B-31.2 V AA Ni -Cad's for Four -Six (Pack of 4) $15.00 
B-41.2 V AAA Ni -Cad's for ThinScan (Pack of 4) $15.00 
B-5Replacement memory battery for Bearcat 210.... $5.00 
A-135cc Crystal certificate $4.00 
Add $3.00 shipping for all accessories ordered at the same time. 

TESTA BEARCAT SCANNER FREE 
Test any Bearcat brand scanner from Communications 
Electronics"for31 days before you decide to keep it. If 
you do, you'll own the most sophisticated and technolog- 
ically advanced scanner available. If for any reason you 
are not completely satisfied, return it in new condition 
with all accessories in 31 days, for a courteous and 
prompt refund (less shipping charges). 

NATIONAL SERVICE 
With your Bearcat scanner, we will send all acces- 
sories, a complete set of simple operating instructions 
and a one-year limited warranty. If service is ever 
required on any Bearcat scanner purchased from 
Communications Electronics; just send your re- 
ceiver to a CE approved Bearcat national service center. 
Another Bearcat service is the frequency information 
hotline. After you get your scannerfrom CE, you may call 
317-894-1230 and get up to the second information on 
active frequencies in your area. If you ever need 
engineering assistance, feel free to call the factory 
during the day at 317-894-1440. 

BUY WITH CONFIDENCE 
All Bearcat scanners are extraordinary scanning instru- 
ments. They provide virtually any scanning function that 
the most professional monitor could require. Togetthe 
fastest delivery of any Bearcat scanner, send or 
phone your order directly to our Scanner Distribution 
Center" Be sure to calculate your price using the CE 
prices in this ad. Michigan residents please add 4% 
sales tax. Written purchase orders are accepted from 
approved government agencies and well rated firms ata 
10% surcharge for net 30 billing. All sales are subject to 
availability. Prices and specifications are subject to 
change without notice. Out of stock items will be placed 
on backorder automatically unless CE is instructed 
differently. International orders are invited with a 
$10.00 surcharge for special handling in addition to 
shipping charges. All shipments are F.O.B. Ann Arbor, 
Michigan. No COD's please. Cashier's checks will be 
processed immediately and receive an order priority 
number. Personal checks require three weeks bank 
clearance. Mail orders to: Communications Electron- 
ics; Box 1002, Ann Arbor, Michigan 48106 U.S.A. Add 
$5.00 per scanner for U.P.S. ground shipping, $9.00 for 
faster U.P.S. air shipping or $30.00 for overnight 
deliveryto most major U.S.cities via Airborne Air Freight. 
If you have a Master Charge or Visa card, you may call 
anytime and place a credit card order. Order toll free 
800-521-4414. If you are outside the U.S. or in Mich- 
igan, dial 313-994-4444. Dealer inquiries invited. All 
order lines at Communications Electronics" are 
staffed 24 hours. 

Since this two -million dollar Bearcat sale 
is the world's largest, please order today at no 
obligation to assure a prompt order confir- 
mation and delivery. 

When you follow the leader to real excitement, 
your journey ends at Communications Electronics. 
Autoprogramming: Scanner Distribution Center" and 
CE logos are trademarks of Communications Electronics" 
Copyright°1979 Communications Electronics" 
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COMMUNICATIONS 
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Call TOLL-FREE(800)521.4414 or outaid U. S.A. (313) 994.4444 
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-' Editorial 

LET THE GOOD TIMES ROLL 
With all the pessimistic talk about tightening our belts, entering an age of 

diminishing expectation, and so on, there are still many happenings to 
generate a sense of optimism. This is especially true for a trained person 
who is working. In essence, that's you, since our studies show that 72% of 
PE readers are college educated and only 0.3% of those in the work force 
are unemployed. That means that you have some discretionary income to 
take advantage of good buys. 

What's a good buy? It's an undervalued commodity that will doubtlessly 
cost more in the near future. For example, if one always yearned to own a 
Cadillac automobile, they're available at this writing for almost what a deal- 
er pays for them. Moving closer to an area within our editorial charter, 
there's a great opportunity to take advantage of slumping stereo compo- 
nent sales. The decline can be attributed to a variety of reasons, with high 
gasoline prices being one. But there's more to it. Expanding from $1.7 bil- 
lion in 1975 factory sales to almost $4 billion in 1978, stereo attracted 
many new manufacturers and more equipment was produced to meet the 
sales growth challenge. 

So, in essence, there's a natural oversupply at this particular time. This 
is bad for the companies and dealers, but very good for consumers. It 
causes dealers to offer bigger discounts in order to move out inventory for 
which they pay about 14% ín interest rates! It also prompts audio manufac- 
turers to offer cash discounts, extended payments, etc., which aggressive 
dealers pass on to the buying public. 

Now let's briefly look at the computer field, the subject of a special focus 
this month. A small computer's CPU and main memory accounted for 
about 80% of the total price only a few years ago; now it amounts to only 
about 30%. Computer memory chip prices have declined fifty -fold since 
1974. Dynamic RAMs have slid from two-cents/bit in '74 to 35-millicents/ 
bit in '79! Some computer makers have been able to reduce costs owing to 
higher production volume. It all adds up to bargains for the buyer. 

Price aside, there are technological advances that make today's elec- 
tronic equipment vastly superior to earlier models. For instance, RCA just 
introduced a color TV receiver with a comb filter IC that eliminates the of- 
ten distressing problem of shifting color on such objects as a man's bright 
multicolor tie . . . there are video cassette recorders with six hours re- 
cording time on one cassette . . . General Electric debuted a micro- 
processor -controlled AM/FM clock radio with keypad frequency selection 
and six intermixed (AM -FM) stations in memory. 

So clearly there is a strong, bright economic light for many people who 
can afford to spend carefully now for merchandise they would likely buy at 
a later date, when it will cost so much more. 
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Personal Computers 
Cl P: $349 A dramatic breakthrough in price and performance. Features 
OSI's ultra -fast BASIC -in -ROM, full graphics display capability, and large 

library of software on cassette and disk, including entertainment pro- 
grams, personal finance, small busiress, and home applications. It's a 

complete programmable computer system ready to go. Just plug-in a 

video monitor or TV through an RF converter, and be up and running. 
15K total memory including 8K BASIC and 4K RAM-expandable to 8K. 

C1P MF: $995 First floppy disk based computer for under 
$1000! Same great features as the C1P plus more memory and 

instant program and data retrieval. Can be expanded to 32K static 
RAM and a second mini -floppy. It also supports a printer, modem, 
real time clock, and AC remote interface, as well as OS -65D V3.0 

development disk operating system. 

Professional Portables 
C4P: $698 The professional portable that has over three times the display 
capability of C1Ps. Features 32 x 64 character display in up to 16 

colors, graphics, audio output, a DAC for voice and music genera- 
tion, key pad and joystick interfaces. AC remote control interface 
and much more. Utilizes a 4 -slot BUS (2 used in base 
machine), 8K BASIC -in -ROM, 8K of static RAM and audio 
cassette interface. Can be directly expanded to 32K 
static RAM and two mini -floppy disks. 

C4P MF: $1695 The ultimate portable computer 
has all the features of the C4P plus real time clock, 
home security system interface, modem interface, 
printer interface, 16 parallel lines and an accessory 
BUS. The standard machine operates at twice the 
speed of currently available personal computers (with GT option it runs 
even faster!). The C4P MF starts with 24K RAM and a single mini -floppy and 
can be directly expanded to 48K and two mini -floppies. Available software includes games, personal, 
business, educational and home control applications programs as well as a real time operating system, 
word processor and a data base management system. 

Monitors and cassette recorders not included. Ohio Scientific offers a combination TV/Monitor (AC -3P) for $115. 
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Home/Small Business Systems 
C8P: $895 Same great features as the C4P in a tremendously expandable "main- 
frame package" Features over three times the expansion capability of the C4P for 

advanced home and demanding business applications. Can be expanded to 48K RAM, 

dual 8" floppies, hard (Winchester) disks and multiple I /O devices such as Voice I/O and 
a universal telephone interface. 

ryu«súa 119 -11`. f 
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C8P DF: From $2597 The ultimate 
Home/Very Small Business Computer at a 

personal computer price. Features 32K RAM 
(expandable to 48K) and dual 8" floppy disks 
(stores eight times as much information as a 

mini -floppy). Has all personal computer 
capabililies including 32 x 64 display, color 
graphics, sound, DAC, joystick interfaces, 
home features including real time clock. AC 
remote interface, home security and fire 
detection interface and can be expanded to 
include voice I/O and a universal telephone 
system for answering and initiating calls! Its 
large memory capability and 8" floppies allow 
it to run most Ohio Scientific business system 
software including a compete accounting 
system, word processor and information 
management system. 

The C8P DF is designed to be the "Brains" of 
the home of the future and the small business 
office of the future! 

OHIO SCIENTIFIC 
CIRCLE NO.48 ON FREE INFORMATION CARD 

1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 5623101 
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We just knocked down the last reasons for not going digital in a 
multimeter. Fast continuity measurement. And price. 

Beckman's exclusive Insta -Ohms" feature lets you do continuity checks 
as fast as the analogs. And Beckman's superior technology and experience 
let you own this beauty for such a reasonable price. 

Of course you get a lot more. Like 7 functions and 29 ranges including 
10 amp ac/dc current capability. 0.25% Vdc accuracy. In -circuit resistance 
measurements and diode/transistor test function. Two years' typical operation 
from a common 9 -volt battery. In other words, all the features you want in 
one hand-held unit of exceptional good looks and design. 

With 1500 Vdc overload protection, 100% instrument burn -in, plus 
rugged, impact -resistant case, you're assured of the utmost in dependability and 
long-term accuracy. You get a tough meter that keeps on going, no matter 
how tough the going gets. 

So visit your dealer today and get your hands on the DMM that does it 
all. Or call (714) 871-4848, ext. 3651 for your nearest distributor. 

BECKMAN 
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Letters 
CAUTION 

In Part One of "Space -Age Electronic Pro- 
jects for Boats" (July 1979) an error was 
made in the instructions for fabricating the 
fresh -water probe pictured in Fig. 5. One 
should never use silicone -rubber adhesive br 
epoxy cements in any drinkirig or eating con- 
tainer. Silicone -rubber adhesive gives off ar- 
senic and many epoxies give off a variety of 
toxic chemicals. One should only use aquari- 
um -seal silicone (but not immersing it in the 
container for at least four days from the time 
the probe is fabricated to render it nontoxic) 
or an epoxy cement that specifically states on 
the package that it is nontoxic.-Bob Dormer, 
Philadelphia, PA. 

The answer to this problem is contained in 
the reader's last statement, ". . . an epoxy 
(or silicone) cement that specifically states on 
the package that it is nontoxic." In checking 
with the General Electric Co., we find that its 
silicone adhesive products are marked ac- 
cording to the state laws in which they are 
sold as to usability in connection with contain- 
ers of potable liquids. If there is any question 
concerning use of a silicone adhesive, the 
Engineering Department of the Silicone Prod- 
ucts Dept., General Electric Co., Waterford, 
NY, will be able to supply the answer.-Ed. 

ANNIVERSARY CONGRATULATIONS 
Congratulations on reaching your silver an- 

niversary, POPULAR ELECTRONICS! From your 
first issue back in October 1954 to the pres- 
ent, PE has consistently represented the 
forefront of the electronics hobby. If the past 
25 years is any indication of the future, I'ni 
sure the next 25 years will be equally stellar. 
-Will Hobbs, Portland, OR. 

Out of Tune 
OUT OF TUNE 

In "Audio Power Meter," October 1979, the 
resistor connected to pin 5 of IC2B should be 
R27 and there should be no connection be- 
tween its other end (point L) and R26. The pc 
pattern is correct. The meter, M1, should be 
0-1 mA as in the Parts List, not 0-1 µA. Also, 
in the Parts List, S3 should be listed as a spdt 
not spst switch. Under Calibration, in the text 
on page 67, at the top of the third column, af- 
ter applying the 6.0-V signal to R3 and R4, 
add the instruction to adjust R8 to obtain a 
null on the meter. Then remove the signal 
from R3 and R4 and remove power. 

In "NASA Motor -Control Circuit Cuts Elec- 
tric Cost" (October 1979), in Fig. 2, the center 
tap of TI should be connected to the bottom 
of R1, not the top. 

6 CIRCLE NO. 10 ON FREE INFORMATION CARD POPULAR ELECTRONICS 
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An Extraordinary Offer to introduce you to the benefits of Members, ip in 

ELECTRONICS BOOK CLUB 
take (up to 9 books) of these 24 

any unique electronics selections 
(values to $10155) for only 

99 
for 
ALL 
SIX 

with a Trial Membership in the Book Club that guarantees to 

save you 25% to 75% on a wide selection of electronics books 

St 
PRACTI GA ES 

PROD BASIiN 

1000-210 p.-57 Practical 
Programs and Games In 
Basic (S10.95) 

1N Y ` aM 

o 

DESIGNr 
fjUllO. 

, 

eTE HOW 
TEST C gY5TfM5 

pEAKEt l 
1064-336 p. -How To De- 
sign. Build, B Test Complete 
Speaker Systems (512.95) 

s r, 
1035-434 p. -Instrumen- 
tation 8 Control Systems 
Engineering Handbook 

Inloffaog W of' d vow 

14OvN IQtCtlen FET SELECTOR 

You will receive the Club News.descnbing the current Selec- 

lions, Alternates, and other books, every 4 weeks (13xa year). 

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

{; automatically. It you do not wish to receive the Selection, or if you 

'u want to order one of the many Alternates offered, you simply give 

instructions on the reply form (and in the envelope) provided, 

, and return it to us by the date specified. This date allows you at 

least IQ 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 ex- 

pense. 

To complete your Triar Membership, you need buy only four 

additional monthly Selections or Alternates during the next 12 

months. You may cancel your Membership any time after you 

purchase these four books. 

All books -including the Introductory Offer -are fully return- 

able after 10 days if you're not completely satisfied. 

All books are offered at low Member prices, plus a small r' 

postage and handling charge. 
Continuing Bonus. If you continue after this Trial Membership, 

you will earn a Dividend Certificate for every book you purchase. 

Three Certificates plus payment of the nominal sum of 51.99 will 

'!entitle you to a valuable Book Dividend of your choice which you 

may choose from a list provided Members. 
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Facts About Club Membership Ylcalstime-and-money--saving book seledions as 

The 6 introductory book selections of your choice carry pub- pert of an unusual offer of a Trial Membership in 

fisher's retail prices of up to $107.55. They are yours for only ° Electronics Book Club? 

( 1.99 for all 6 (plus postage/handling) with your Trial Member- ° I Jere are quality hardbound volumes. each spe- 

ship, cially designed to help you increase your know-how, 
earning power. and enjoyment of electronics. What- 

ever your interest in electronics. you'll find Elec- 

tronics Book Club offers practical. 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 youhs...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 coiling 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 irut and mail the coupon today. You 

will receive the 6 selections (up to 9 books) of your 

choice for 10 -day inspection. YOU NEED SEND NO 
MONEY. If you're not delighted, return the books 
within 10 days and your Trial Membership will be 

cancelled without cost or obligation. 

ELECTRONICS BOOK CLUB, Blue Ridge Summit, Pa. 11214 

CIRCLE NO.26 ON FREE INFORMATION CARD 

DIRECT 
CURRENT 

1178-168 p -How To 

- 11 APP Electricity $9.951 
931-252 p. -Direct Current': 

,Motors (514.95) fi--ERM---'- --MI1 

II 

MOW ,NAsoLAR 

ELECTRONICS BOOK CLUB 
Blue Riidge Summit, Pa, 17214 

1 
1 

Please open my Trial Membership in ELECTRONICS 

BOOK CLUB and send me the 6 selections circled 

below. I understand the cost of the books I have 

selected is only $1.99 for all 6, plus a small shipping 

charge. If not delighted, I may return the books within 

10 days and owe nothing, and have my Trial Member- 

ship cancelled. I agree to purchase at least four 

additional books during the next 12 months, after 

which I may cancel my membership at any time. 

582 732/1042 777/877 801 804 
805 855/885 856 861 891 917 

931 1000 1013 1016 1035 1063 
1064 1070 1108 1142 1166 1178 1241 

Name Phone 

Address 

City 

State Zip 
In (Valid for new Members only. Foreign and Canada add 15%.) PE -119 
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A tool buddy ' 

br everybody! 

Xcelite° 
MULTI -PURPOSE 
TOOL KIT presents 
your 11 most 
used tools. 

Professional or hobbyist, reach out 
your hand. Xcelite tool buddy TKX- 

11 has just the tool you want for 
tinkering, maintenance, or repair. 
Six different drivers - pocket clip, 
stubby, and regular - for slotted, 
Phillips, hex head screws and nuts. 
10 -foot inch/metric rule. Wire strip- 
per/cutter. 6" slip joint plier, long 
nose plier with side cutter, adjust- 
able wrench. 

Compact, durable, double -wall 
caddy compartmented for easy 
choice and storage. A buddy you'll 
keep by your side. 

New Gift Idea! For all occasions. 

In stock at leading electronic 
distributors ... nationwide. 

Ic41 
OOPER 

TheCooperGroup 
Electronics Division 

New Products 
Additional information On new products 
covered in this section is available from the 
mamcfaeturerc. Either circle the items code 
number on the Free Information Card 
or write to the manufacturer al the 

address given. 

"Smart" 
Video Terminal 
The SuperBrain Video Computer, an intel- 
ligent video terminal system, has been in- 
troduced by Intertec Data Systems. De- 
signed around twin Z-80 microprocessors 
SuperBrain is a complete microprocessor 

" ®o 

system aimed at small-business applica- 
tions. Standard features include, two dou- 
ble -density 51/4" floppy -disk drives with 
320,000 bytes of storage, 48K bytes of us- 
er -programmable RAM expandable to 
64K, an S-100 bus adaptor, an RS -232C 
communications port, a full ASCII key- 
board with numeric pad and function keys, 
and a CP/M-based disk operating system 
with text editor, assembler, and debugger. 
Compatible software is available' in BASIC, 
FORTRAN, COBOL, and APL. $2,995. 

CIRCLE NO. 88 ON FREE INFORMATION CARD 

Printed -Circuit 
Breadboard 
Continental Specialties Corporation has in- 
troduced a product to ease the transition 
from breadboard to final circuit. The ,Ex- 
perimentor Matchboard is a printed -circuit 

........._....oli .:... ... 
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version of the company's solderless bread- 
board, emulating the hole and contact pat- 
tern with the hole -indexing letters and 
numbers that are molded into the bread- 
board silkscreened instead on the compo- 
nent side of the pc board. The EXP-300PC 
Matchboard, geometrically equivalent to 
the EXP-300 solderless breadboard, costs 
$2.69. 

CIRCLE NO.91 ON FREE INFORMATION CARD 

Counter with 
Computer Control 
Model PM6667, a portable microproces- 
sor -based frequency counter, has been in- 
troduced by Philips Test and Measuring In- 
struments. The counter spans the range 
from 10 Hz to 120 MHz, offering 15 mV 
sensitivity and automatic triggering on all 
waveforms. Measuring time can be set for 
one second (with seven -digit resolution) or 
200 ms (with six -digit resolution). For 
low -frequency measurements, the micro- 
processor eliminates the customary ± 1 -Hz 
error and makes long gate times unneces- 
sary. Aging of the internal crystal oscillator 
causes frequency drift of less than 5 parts 
in 107 per month. In addition, the counter 
contains self -diagnostic capabilities. $425. 
CIRCLE NO.92 ON FREE INFORMATION CARD 

Automatic 
Multiple/Single-Play 
Turntable 
Garrard's new GT-350 is designed to play 
one record or a stack of records fully auto- 
matically while maintaining rumble of 68 
dB (DIN B) and wow and flutter of 0.06%. 
Its tonearm and headshell together weigh 
12 grams. Using a dc, servo -controlled 
motor coupled to a die-cast aluminum alloy 
platter by a precision -ground elastic belt, 
the GT-350 features electronically variable 
speed. The use of Delglide (á special self- 
lubricating plastic) in the system that con- 
trols automatic functions is said to produce 
extremely smooth changing cycles. Con- 
trols are grouped on the front panel. 

CIRCLE NO. 89 ON FREE INFORMATION CARD 

Solder Station 
A combination soldering -iron stand and 
controlled -feed holder for standard spools 

It 

of solder or wire has been introduced by 
PanaVise Products. The Solder Station 
can be used as a free-standing unit at- 
tached to a bench or wall or can be at- 
tached to a PanaVise Tray Base and used 
in conjunction with a PanaVise pc board 
holder to form a work center. Able to 
accommodate a 25 -watt iron, the Solder 
Station can easily be adapted to left-hand- 
ed use. $5.00 

CIRCLE NO. 93 ON FREE INFORMATION CARD 
(Continued on page 10) 

WELLER' WISS' XCELITE- 
P.O. BOX 728. APEX. NORTH CAROLINA 27502. 919/162.7511 
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NEW TECHNOLOGY 

Cordless 
nd 

For $89.95 the Mura cordless telephone 
sounds like a bargain. But wait until 
you hear about its many disadvantages. 

It's about time: For years you've seen ads 
for cordless telephones selling for between 
three and four hundred dollars. 

Now through some very clever planning and 
a sprinkle of new technology, Mura Corpora- 
tion has come up with a cordless telephone 
that sells for $89.95. However, it has major 
disadvantages that could totally discourage 
you from buying the system-but more on that 
later. 

ONLY IN AMERICA 
The Mura weighs only 12 ounces and 

measures 11/2"x 23/4"x 61/2". The system in- 
cludes a base unit that plugs into your tele- 
phone jack. You carry your cordless telephone 
with you and when your phone rings, you press 
a button and answer. And you can talk to any- 
one as long as you remain within 400 feet of 
the base unit. 

But wait. We mentioned that the phone had 
major disadvantages. And it does. But first, 
let's outline some of its major advantages. 
Convenience You don't need an extension 
telephone. With the Pocket Phone you have 
an extension phone that you can take with 
you- in the bath, in the den, in the garden, or to 
your neighbors. 
Intercom You can use the base unit to page 
the person holding the cordless telephone. For 
example, if you're in your office and someone 
outside has the unit, you can press a button on 
the base unit and buzz the portable phone- 
just like on an intercom. Simply by talking on 
the phone plugged into your base unit, you can 
talk with someone on the remote phone. It's 
ideal for home or factory use. 
Price The cost of the Mura remote telephone 
is only $89.95. Compare this price not only 
with the cost of other $300 remote telephones 
but with conventional phones as well, and you 
can appreciate what a major breakthrough the 
Mura system represents. But there's more. 

You can plug any conventional phone into 
the base unit and carry on a three-way conver- 
sation. You can answer a call at the base unit 
and signal the remote unit to pick up the line. 
You can cut out the remote phone from the 
base unit if you want to keep a conversation 
private. 

TALK OF VALUE 
You can carry the cordless telephone with 

you with its antenna collapsed and the battery 
on standby. When a call beeps your unit, you 
simply extend the antenna, turn the power on, 
and start to talk. 

The unit is FCC approved for connection 
directly into your telephone line. If you don't 

have a four -pronged jack or a modular con- 
nector, simply call your telephone company. 
They'll promptly install a jack for you and the 
cost will be around $15 or less depending on 
your location. 

NOW THE CATCH 
We mentioned that there was a catch-a few 

major disadvantages that you, as the con- 
sumer, should know about before you con- 
sider purchasing this product. Here they are: 
Forget About Dialing The new Mura Pocket 
Phone can't dial out. It only receives calls. To 
many people, this doesn't matter because 
90% of remote phones are used to receive 
calls and not to place them. By eliminating the 
dial, Mura has cleverly saved consumers 
hundreds of dollars. 
Forget About Steel Walls The Mura unit 
won't penetrate them. This means that if you 
want to use your phone in a factory with metal 
walls, your unit won't work. But for most facto- 
ries and practically all homes, the unit is ideal. 
Forget About Snooping The unit has only a 
400 foot range. At first this might seem awfully 
short, but nobody can snoop in on your con- 
versations if that person is beyond this range, 
and 400 feet is more than enough for most 
applications. Most cordless telephones 
operate in the 27 megahertz range-the same 
frequency area used for citizen band radios. 

. .._ 'W,e_ 

The base unit for the Mura can also be used as 
a personal paging system or intercom. 

The Mura uses the 49 megahertz range. This 
frequency has clearer reception with practi- 
cally no interference. 

The above are the disadvantages. For 90% 
of you, they don't mean a thing. For those 10% 
of you who need a dial, we would recommend 
the more expensive cordless telephones. 

But for those of you who will accept its 
disadvantages, you'll be in store for the great- 
est idea in telephone convenience since the 

.8 P®° 
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The Mura cordless telephone represents a 
major breakthrough in telephone technology. 

cordless telephone was first introduced. In 

fact, rather than install an extension phone, 
why not consider the Mura instead? 

TRY IT FIRST 
We suggest you try the Mura Cordless 

telephone system in your own home, office or 
factory. Use it for 30 days. Take the phone to 
your next door neighbor's house or with you to 
the bathroom while you take a shower or bath. 
Take it with you on your patio or balcony, or 
bring it in your garden as you work. Use it in 
your factory as an intercom or in your office as 
a remote telephone. 

After you've given it a thorough test, then 
decide if you want to keep it. If hot, no problem. 
Simply return your system for a prompt and 
courteous refund including your $3.50 post- 
age and handling. You can't lose. 

HERE'S THE WAY 
To order your unit for a 30 -day test, simply 

send your check for $89.95 plus $3.50 post- 
age and handling to JS&A Group, Inc., One 
JS&A Plaza, Northbrook, Illinois 60062. 
(Illinois residents please add 5% sales tax.) 
Credit card buyers, call our toll -free number 
below. We'll send your base unit, cordless 
telephone, rechargeable batteries, recharger, 
complete instructions, our 90 -day limited 
warranty, and the address of the closest Mura 
Service Center or service -by -mail station. 

Your unit is backed by Mura Corporation, a 

17 -year old company famous for their micro- 
phones, headsets, and other audio products. 
JS&A is America's largest single source of 
space-age products-further assurance that 
your modest investment is well -protected. 

Very often when a product's disadvantages 
aren't made clear to the consumer, that prod- 
uct ends up being a disappointment. By ex- 
plaining the major disadvantages of the Mura 
cordless telephone, not only are we avoiding a 

possible disappointment, we're proving just 
how great a product it really is. Order a Mura 
cordless telephone at no obligation today. 

o 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 
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..: Wheri you're 
deadly serious about r 

CB antenña perfordrtánce. 
Ñó other 60" full-range,mobile CB'antenna = 

offers all`these quality arid 
reliability features! 

Full 60" radiator. Much greater radiating surface ' 

than conventional base loaded mobile antennas- 
over 33%increase in "mileage gain' 

`Static Ball" tip for dissipation of 
wind static charge. Protects garage 
doors from nicking and grooving. 

17-7PH stainless steel TAPERED whip. Less pattern 
distortion due to lower wind drag at highway speeds 
f\lo tuning required, VSWR less than 1 to 1:5. 

Stainless steel shock spring absorbs 
blows from branches, garage doors. 

Heavy duty coil. Precision -wound of 12 gauge, 
enamel -coated copper wire for high efficiency 
and reserve power capability. 

Antenna Specialists' LEVERLOK'" 
quick release. Firm, positive 
electrical and mechanical connec- 
tion, instant disconnect, with 
the twist of a lever. 

Tough, high -impact LEXAN' 
base in clean, contemporary 
design for maximum protection of 

`, loading coil. Mounts easily on roof .or trunk lip.,,, 
LEXAN is a registered trademark of General, Electric Co. 

Full 17' of professional grade coaxial cable 
RG-58U with maximum braid coverage for 
best shielding, lowest signal loss. In -line 
miniature connector simplifies installation. - 

Five 'year limited warranty-our 
assurance of utmost quality of 
design, construction and reliability. 

the antenna 
specialists co.,l2 
a member of The Allen Group Inc. 
12435 Euclid Ave., Cleveland, Ohio 44106 ' 
Export: 2200 Shames Drive, Westbury. L.I., New York 11590 
.Canada: A. C. Simmonds & Sons. Ltd. 

NEW PRODUCTS (continued) 

DC Integrated Amplifier 
Leading Akai's new line of integrated am- 
plifiers is the Model Am -2850, rated at 85 
watts per channel continuous power into 8 
ohms, 20-20,000 Hz with no more than 
0.08% total harmonic distortion. Capable 
of accommodating three speaker systems, 
the amplifier includes a power meter, audio 
muting, low- and high -cut filters, loudness 
compensation, and tone controls for bass, 
treble, and midrange. The unit weighs 34.5 
lb (15.7 kg) and measures 17.3" W x 6.7" 
H x 16.9" D (440 x 170 x 429 mm). $465. 
CIRCLE NO.94 ON FREE INFORMATION CARD 

25 -54 -MHz 
Mobile Antenna 
Antenna Inc.'s Model 41919 is a quarter - 
wave low -band (25-54 MHz) mobile anten- 
na for business and municipal applica- 
tions. Featuring a swivel ball, spring, and 
96" (2.43-m) whip, all of stainless steel, the 

unit is supplied with 20 ft (6.1 m) of 
RG-58/U coaxial cable and connectors. 
Performance specifications include 200 - 
watt power capability, unity gain, nominal 
impedance of 50 ohms, and VSWR of 
1.5:1 or less. 

CIRCLE NO. 95 ON FREE INFORMATION CARD 

Miniature Loudspeaker 
Qysonic Research has introduced the Qy- 
sonic Spree, a miniature loudspeaker with 
a rated frequency response of 55-22,000 
Hz, ±3 dB under free -field (anechoic) con- 
ditions. Rated to handle 40 watts per chan- 
nel continuous power and 100 watts peak, 
the Spree is said to be able to operate with 
as little as 10 watts per channel continu- 
ous. The system, whose impedance is giv- 
en as 4 to 10 ohms (6 ohms nominal), 
measures 17" x 6" x 511" (432 x 165 
x140 mm). The Spree is a two-way design 
using a pair of woofers and a single tweet- 
er. $139. 
CIRCLE NO.96 ON FREE INFORMATION CARD 

(continued on page 12) 
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NASA PATENT 4,052,648 

Exxon has it. So does about a dozen other 
manufacturers. And if our hunches are correct, 
a new space-age product invented by NASA 
may not only save Americans millions of 
dollars but make fortunes for the companies 
that sell it. 

The new NASA invention uses the latest 
space-age technology to save energy. Your 
refrigerator for example, is a major energy 
user. With this new device, your refrigerator 
compressor will run quieter, there will be con- 
siderably less heat generated from the motor, 
and it will run more efficiently saving at least 
30% in energy. 

The invention requires no installation. Just 
plug it into your outlet and plug your refriger- 
ator into the device. 

OVER PRICED UNIT 
But there's a catch. Most manufacturers sell 

the device for as much as $200. Using it with 
your refrigerator, it will take many years before 
it will pay dividends. On a powerful motor, 
however, the device will pay for itself in a 

matter of months. 
Manufacturers who have announced their 

units are selling them like hot cakes. Although 
you may have heard a great deal of publicity 
about the product, you may not have seen any 
advertising because most manufacturers are 
currently sold out. 

Watch for it! We predict great success for all 
those associated with the product. The power - 
saving device invented by NASA is a big hit. It 

will grow in popularity and save energy and 
make many companies very successful. 

A SMALL COMPANY 
There is one small company however, that is 

credited with improving the device and 
developing it for the consumer market. Called 
ERI (Electronic Relays, Inc.) the company has 
developed several models to service specific 
products such as a refrigerator, a washing 
machine, dishwasher, swimming pool and a 
typewriter. 

This small company actually improved the 
NASA invention by adding its own refine- 
ments. ERI had a great deal of experience in 

solid state relays which use TRIACs and inte- 
grated circuits-two important elements in the 
NASA invention. A TRIAC is a bidirectional 
thyristor which controls AC from a single con- 
trol input. TRIACs also produce a great deal of 
heat. 

ER l's experience taught them how to control 
the TRIAC and its heat dissipation and thus 
they were able to reduce the device's cost 
through more efficient handling of the heat 
problem. They were already one of the 
nation's largest purchasers of TRIACs-thus 

A new invention by America's space agency 
will help all Americans save energy and 
make some companies very wealthy. 

their costs were already low. 

NATIONAL PUBLICITY 
They called their product, the Power 

Chopper and sent a sample to a national 
magazine for their review. In several tests, the 
device out -performed even the claims made 
by the manufacturer and the magazine ran a 

glowing article on their findings. 
The manufacturer felt that the product might 

at first be misleading. Although it does save 
30% on energy and in many cases up to 60%, 
ERI felt most consumers would expect a 30% 
reduction in their total electric bill-which of 
course the product will not do. Consumers will 
only get a 30% savings on the particular appli- 
ance used with the Power Chopper. 

STILL PESSIMISTIC 
The manufacturer also felt that the product 

was primarily for the industrial market- 
restaurants with large banks of refrigerators. 
The consumer must wait over one year before 
the device would pay for itself. And finally, the 
manufacturer did not feel that the consumer 
would respond in great numbers to the article 
which ran in the July, 1979 edition of a popular 
magazine. 

Well, the consumer did respond. So much 
so that the small manufacturer, with absolutely 
no marketing staff, was buried with mail. The 
president of ERI called JS&A to help him out. 

TEST ONE YOURSELF 
We agreed to offer the Power Chopper to 

the consumer market for $29.95-a major 
price breakthrough for the product. 

Even if Exxon lowers their prices consider- 
ably, they'll never come close to the low cost of 
the Power Chopper. ERI's expertise with the 
TRIAC and JS&A's direct -to -consumer mar- 
keting, make the new NASA invention a prac- 
tical power -saving accessory for every home. 

The sophisticated electronics' of the Power 
Chopper consist of a TRIAC, two integrated 
circuits and several solid-state devices. 

We urge you to simply test just the refrigerator 
module. Order one from JS&A on a 30 -day 
no -obligation trial. In the meantime, while you 
are waiting for your unit, feel the heat gen- 
erated from the bottom of your refrigerator. 
Listen to the sound level of your compressor. 

When the Power Chopper arrives, plug it in 

and notice how much quieter and cooler your 
refrigerator runs. See how much less time the 
compressor must run. The compressor not 

only will run more efficiently but will save 
energy every day you use it. 

AWARD WINNER 
If after 30 days you are not convinced that 

the Power Chopper will save you energy and 
money while making your refrigerator run 
smoother, then just unplug it and send it back 
for a prompt and courteous refund, including 
the $2.50 postage and handling. But if you've 
definitely noticed the difference, you'll want to 
purchase more units for the remainder of your 
motor -based appliances. 

JS&A feels that ERI's technology, their 
improved NASA design and their low manu- 
facturing costs will catapult them to the fore- 
front of those introducing the new NASA 
invention. ERI's Power Chopper is one of the 
nation's major new innovative products and 
just recently won the Industrial Research IR - 

100 Award. 
To order your Refrigerator Power Chopper, 

send $29.95 for each unit plus $2.50 for 
postage and handling to JS&A Group, Inc., 
One JS&A Plaza, Northbrook, Illinois 60062. 
(Illinois residents please add 5% sales tax.) 
Credit card buyers may call our toll -free 
number below. We'll send your Refrigerator 
Power Chopper, one-year limited warranty 
and you'll be ready to save. If you wish to order 
additional units for other appliances at $29.95, 
you may, but we suggest you test the refriger- 
ator module first and totally convince yourself. 

GOVERNMENT REBATE 
Purchase of the Power Chopper entitles you 

to a full 15% energy tax credit on your income 
tax return. It's like having the government give 
you a $4.50 rebate. 

JS&A is America's largest single source of 
space-age products-further assurance that 
your purchase will be backed by service for 
years to come. 

NASA technology was responsible for the 
development of the integrated circuit and 
many other space-age products. Their latest 
product could not have been developed at a 

better time. Start saving and order a Power 
Chopper at no obligation, today. 

PRODUCTS 
THAT 

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 
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NEW PRODUCTS (continued) 

"No -Frills" 
Personal Computer 
The Model One Benchmark computer from 
Interact Electronics is designed around the 
same 16K -memory processor as the corn- 
pany's more expensive machines, but is 
tailored for the first-time user. It includes a . 

full-sized keyboard, a built-in cassette 
deck, and a TV connector cable and r -f 
switchbox. Included with the computer is a 
program tape for Edu-Basic, a simplified 
form of BASIC that uses normal English to 
introduce the neophyte to programming. 
Peripheral interface, raised keyboard, en- 
tertainment controllers, and additional pro- 
gram tapes can be added as options to ex- 
pand the machine's capabilities. $450. 

CIRCLE NO. 97 ON FREE INFORMATION CARD 
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sion/expansion ratio is 2:1 (in decibels), 
and no matching to a standard level is re - 
quired. According to Sanyo, any cassette 
deck with S/N of 50 dB or better will 
achieve the full 40 dB of noise reduction. 
$361. 

CIRCLE NO. 990N FREE INFORMATION CARD 
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and structure -borne vibrations by as much 
as 20 dB. $22. 

CIRCLE NO. 98ON FREE INFORMATION CARD Wire -Wrap Jumpers p p ers 
American Data Cable, Inc. has announced 
an expanded line of "Wire -Wrap jumper 
cables" designed to make temporary con - 
nections between 0.025" square terminal 
posts, such as those often found in IC 
sockets and printed -circuit connectors. 
The jumpers can also be used to connect 
small components such as diodes, resis- 
tors, and capacitors. "Multipoint jumpers," 
newly added to the line, are Wire -Wrap 
jumpers strung in electrically continuous 
chains at regular spacings of 1" to 6". All 
jumpers are fully insulated and said to be 
capable of installation in a few seconds. 
Address: American Data Cable, Inc., 903 
San Antonio Rd., Los Artos, CA 94022. 

Compander for Tape 
Recording 
Sanyo has made available a new corn- 
pander system designed for use with cas- 
sette decks. Offering a claimed 40 dB of 
noise reduction, the new device is said to 
have frequency response of 10-30,000 Hz, - 1 dB and total harmonic distortion of 
0.08%. The Plus N-55 Super D, as the unit 
is called, splits the incoming audio signal 
into two bands before processing it. This is 
said to allow attack and decay times to be 
optimized and minimize "breathing" (mod- 
ulation of noise components). Compres- 

Turntable Isolators 
DiscFoot, Discwasher's latest turntable 
accessory, is said to be unique in that it is 
the only isolation system that works in con- 
function with the turntable's own feet. The 
system comprises four of the following: 
isolation feet, furniture protection sheets, 
platform caps (for attachment to turntable 
feet), and foam damping pads (to accom- 
modate certain turntables). According to 
the manufacturer, DiscFoot reduces air- 
borne acoustic feedback by up to 25 dB 

For A Demonstration Or Further Information Contact Your Local Computer Store. 
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New Literature _I- 
RCA COSMAC COMPUTER SYSTEMS 

A 12 -page booklet "COSMAC Microboard 
Computer Systems," CMB-250, describes 
RCA's hardware for microprocessor -based 

equipment including three computer sys- 

tems, four memories, five I/O modules, and 

two múlti-board prototyping systems. Micro - 

board units are on 4.5 -by -7.5 -inch pc boards. 

Each computer system contains a CDP1 B02 

COSMAC microprocessor, a clock, read- 

write memory, etc. Using low -power CMOS, 

the units operate from a 5 -volt supply. Ad- 

dress: RCA Solid State Div., Box 3200, So- 

merville, NJ 08876. 

SLIDE RULE MICROPHONE 
SELECTORS 

Audio-Technica has made available three 

slide -rule microphone selectors to help recor- 

dists, sound installers and musicians choose 

and position microphones for sound rein- 

forcement and recording. The devices pro- 

vide such information as what microphones 

are most suitable for particular sources, 

where they should be placed, the number of 

mikes needed, as well as the sound frequen- 

cy range of 26 instruments, voices, and com- 

plete bands. Order slide rules ($2.00 each) 

by type: recording, sound reinforcement, or 

artists series. Address: Audio-Technica U. S., 

Inc., 33 Shiawassee Ave., Fairlawn, OH 

44313. 

WORD-PROCESSING SUPPLIES 

An 84 -page "Guide to Word Processing Ac- 

cessories and Supplies, 1979 Edition" de- 

scribes almost 1600 items available from 

American Word Processing Co. Included are 

diskette and mini -diskette storage systems, 

anti -static mats, CRT work stations, etc. Ad- 

dress: American Word Processing Co., 

18730 Oxnard St., Tarzana, CA 91356. 

SPEAKER KIT CATALOG 

Speakerlab's new catalog features its Sub - 

woofer Drive System 1000 (with a 130-wátt 

amplifier that incorporates equalization and 

adjustable crossover from 40 to 180 Hz); mid- 

range and tweeter horns using its recently 

developed Wave Aperture TM principle; and 

the Nestorovic Woofer System. Many other 

speaker kits are included in the 48 -page cata- 

log. Address: Speakerlab, 735 N. Northlake 

Way, Seattle, WA 98103. 

SOLAR HEATING 

EFFECTIVENESS MAPS. 

The National Oceanic and Atmospheric Ad- 

ministration has prepared a series of maps to 

be used in estimating the economic feasibility 

of solar heating in different locations in the 48 

conterminous United States. They show dis- 

tribution of relative effective solar heating (av- 

erage solar energy/heatirig demand) for the 

January and November through April heating 

seasons. Based on data updated to 1976, the 

maps indicate, for example, that effective so- 

lar heating in January is 40 times greater in 

Miami, FL, than in northern parts of the coun- 

try. Address: Environmental Science Infor- 

mation Center, D811. Environmental Data 

and Information Service, NOAA, Rockville, 
MD 20852, Att: W. E. Hardy. Request 

SEN-79, Figs. 1A & B. 

B&K-PRECISION INSTRUMENTS 

The BK-80 48 -page catalog describes oscil- 

loscopes, frequency counters, digital and 

analog multimeters, function and r -f signal 

generators, capacitance meters, probes, 

semiconductor testers, power supplies, and 

other instruments. Featured are four new 5" 

and two new 3" scopes and a 311 -digit DMM 

with LCD readout and 0.1% accuracy. Ad- 

dress: B&K-Precision, Dynascan Corp.. 6460 

W. Cortland St., Chicago, IL 60635. 

TEXAS 

EXIDY INSTRUMENTS ATARI APPLE COMPUCOLOR COMMODORE TANDY 

'FEATURES SORCERER 99/4 800 II MOD III PET TRS-80 

Price of Minimum $995 $1150 $999.99 $1150 $1495 $795 $599 

Configuration 
Computer Type Z80 9900 6502 6502 8080 6502 Z80 

Maximum RAM 
in Unit 

48K 16K 49.1K 48K 32K 8K 16K 

ROM Supplied 12K 26K 16K 8K 17K 14K 4K 

Display BAN Color Color Color Color BM' B/W 

CHAR/Line 64 32 40 40 64 40 64/32 

Line/Screen 30 24 24 24 16/32 25 16 

Graphic Resolution 512/240 192/256 380/192 280/192 128/128 320/200 128/48 

Keyboard 79 Key 40 Key 57 Key 52 Key 77 Key 73 Key 53 Key 

Typewriter Calculator Typewriter Typewriter Typewriter Calculator Typewriter 

Lower Case Standard Yes No No No No No No 

Numeric Keypad Yes No No No Yes Yes No 

Standard 
Programmable 128 No No No No No No 

Characters Standard 

I/O Electronics Dual Cassette Joystick Joystick Single Cassette Single Disk Single Cassette Single Cassette 

Included RS232 Sound Serial Joystick RS232 IEEE 488 

Communications Single Cassette Communication 
8 Bit Parallel 

Expansion Bus S-100 No No Yes Yes IEEE 488 Yes 
Daisy Chain 

Disk Available 630K Byte No 92K Byte 116K Byte 51.2K Byte 125K Byte 45K Byte 

System Software ROM Basic ROM Basic ROM Basic ROM Basic Disk Basic ROM Basic ROM Basic 

Available ROM Assembler ROM Assembler Disk Basic Disk Basic Disk Basic 

ROM Word Pascal Cassette Assembler 

Processor 
CPM EXT. Basic 

CPM Fortran 
CPM Cobol 

CPM APL 
CPM Pascal 

Prices and specifications available lune 1979. 390 Java Ave. Sunnyvale CA. 94086 (408) 734-9410 
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h Stereo Scene 

SPECIFICATIONS AND BEYOND 

NO ONE, it seems, wants to be accused 
of specmanship these days. Manufactur- 

ers typically profess interest in sound quality, 
but "just in case someone wants to know 
what the product does in objective terms...." 
Or: "We wouldn't bother much with specs, 
but the competition...." Ironically, actions 
taken by the Federal Trade Commission to 
keep specs from being stated in a misleading 
way have resulted in uniformly forthright dis- 
closures that are still often misleading-but 
now with a government imprimatur. Worse 
yet, the inapplicability of certain customary 
specs to real -world conditions can deceive 
customers as easily as did misrepresenta- 
tions of the past. 

Knowing the power delivered to a loud- 
speaker, for example, may tell you what kind 
of heat stress is applied to the voice coil, but 
is less than informative about the system's 
sonic performance. Moreover, a given num- 
ber of watts does not even correspond to a 
fixed sound pressure level, for the efficiency 
of a loudspeaker varies with frequency. In ad- 
dition, because speaker impedance also var- 
ies with frequency, it becomes difficult to tell 
how much power any wideband (or complex) 
music signal will cause the amp to deliver. 

Though it may seem that this situation is 
problematic for amplifier and loudspeaker de- 
signers, in reality it is not. Amplifier engineers 
design their products to exhibit very low out- 
put impedances-making them, in effect, 
idealized, voltage -controlled voltage sources. 
Loudspeaker engineers, for their part, design 
products for flat output (sonic) power with re- 
spect to input voltage as none of them really 
cares how much power the amplifier pro- 
duces or how much the speaker draws. 

The fact that power varies as the square of 
voltage and that amplifiers of higher power 
must also be capable of sourcing greater out- 
put voltages may lead some people to be- 
lieve that this argument is without practical 
consequences. However, as soon as we con- 
sider the effects of load impedance it be- 
comes plain that this is not the case. The very 
requirement that a power rating be qualified 
by a load impedance, for example "75 watts 
into 8 ohms," is a dead giveaway that the am- 
plifier is primarily a voltage source. A voltage 
source whose power output is defined by V2 
/Z, where V is voltage and Z impedance, de- 
livers whatever current is necessary to devel- 
op the required voltage drop across the load. 
A current source will apply whatever voltage 
is necessary to pass rated current through 
the load; its power output is 12Z, where I is 

By Harold A. Rodgers 
Senior Editor 

current. From a power source, the product of 
the current and voltage fed to a load would 
remain constant, regardless of impedance. 

Pitfalls of Power. One reasonable re- 
quirement that should be demanded of what- 
ever number is used to represent the ability of 
an amp to energize a loudspeaker is consist- 
ency. That is, with any given speaker, the 
amplifier with the larger rating should be ca- 
pable of delivering .the highest SPLs. An ex- 
ample will demonstrate that with present 
specification methods this is not always true. 

Let's consider two amplifiers, one rated 'to 
deliver 100 watts into an 8 -ohm load at some 
suitably low level of distortion, and the other 
able to deliver 120 watts under the same con- 
ditions. The first delivers a maximum of 28.3 
volts rms, the second 31 volts rms. Let's as- 
sume further that the "120 -watt" amp goes 
into current limiting at 3.9 amperes, while the 
"100 -watt" component can source a max- 
imum current of, say, 4.5 amperes. 

Now let's connect a nominal 4 -ohm speak- 
er with a dip 3.1 ohms right in the midrange to 
each amplifier in turn. (Speakers exhibiting 
such impedance dips are not rare.) Clearly, 
applying the 31 -volt output of the second amp 
to this speaker would result in a current of 10 
amperes, well beyond its limiting threshold. 
To stay within the amplifier's current -sourcing 
abilities, we would have to hold the voltage to 
no more than 12.1 volts. The first amp, with 
4.5 amps on tap, could apply 14 volts across 
the load without running out of current, de- 
spite its lower power rating. Here, then, is an 
amplifier rated at 0.8 dB more output than 
another, but capable in fact of 1.3 dB less 
output into a particular loudspeaker. 

Most probably, the reason for this anomaly 
is historical, dating from the time when vacu- 
um tubes fed loudspeakers through tapped 
output transformers. In those days, rating an 
amplifier in terms of power was more practi- 
cal. With the load connected to correct taps 
one could ensure that the amplifier would run 
out of current and voltage at more or less the 
same level of power at all impedances. Con- 
sistency was thus maintained; the higher -rat- 
ed unit could practically always play louder. 
This, incidentally, may shed some light on 
why vacuum -tube amplifiers have sometimes 
been observed to sound better than solid- 
state units with "identical" ratings; the output 
transformer may make the tube model effec- 
tively the more powerful of the two. 

Habit and inertia being as influential as 
they are, I doubt that the audio industry will 

take the step of rating amplifiers by voltage 
output and, say, the lowest impedance 
across which a level 3 dB below rated voltage 
can be maintained. What's more, the reaction 
of the FTC to such a move would be difficult 
to predict. On the other hand, the ability to 
drive loads of very low impedance is a signifi- 
cant point of distinction between well- and 
poorly -designed amplifiers. (Readers of POP- 
ULAR ELECTRONICS are made privy to some 
of this information in audio test reports. Every 
amplifier is checked with loads of 16, 8, 4, 
and 2 ohms. The data is expressed in terms 
of power, but can easily be converted to volt- 
age using P = V2/R.) 

Deciphering Distortion Specs. Distor- 
tion is another area in which specifications, 
even though dutifully measured according to 
all applicable standards, are not as compara- 
ble as one would like. Identical distortion 
numbers can reflect widely divergent behav- 
ior from the amps on which they are mea- 
sured. Once again, I'll try to illustrate the point 
with an example. 

In a paper delivered to the Audio Engineer- 
ing Society, Prof. Matti Otala and his col- 
leagues concluded that specially trained sub- 
jects could detect transient intermodulation 
distortion (TIM) on the order of 0.003%. Di- 
vulging more details about their stunning con- 
clusion, the researchers admitted that what 
the subjects were hearing was a short, once - 
per -waveform spike of TIM reaching a peak 
value on the order of 1% that produced a far 
smaller reading when averaged over the en- 
tire waveform. Obviously, presenting such an 
average as a specification is misleading in 
this case, but it can easily be justified on the 
basis that equipment customarily used to 
measure distortion performs just this sdrt of 
averaging. Looking at matters another way, 
one might say that all distortion specs may be 
just this misleading. Again, what are we to 
make of "identical" distortion specs, unless 
we are given the chance to examine either 
the distortion waveform or, perhaps even bet- 
ter, its spectrum? No wonder products that 
measure the same often sound so different. 
The "sameness" is probably an artifact of the 
test procedure. 

Once again, I suspect that the anomaly has 
a historical basis. If one is comparing vacu- 
um -tube amplifiers whose distortion charac- 
teristics are spectrally very similar, it may be 
very practical to relate the magnitude of the 
distortion to listening quality. Even at the 
height of the vacuum -tube era, however, au- 
diophiles argued as to whether triodes or 
pentodes, which distort somewhat differently, 
sound better. 

Today the situation has become almost 
chaotic. Amplifier designs can have highly di- 
vergent distortion characteristics depending 
on the choice of output devices, circuit 
geometry, feedback, etc. Compounding the 
confusion, some désigners claim that a 
change in capacitor type, say, can cause an 
appreciable difference in sound without af- 
fecting measured performance parameters. 
Considering the ambiguities that are demon- 
strably inherent in measured parameters, this 
is not altogether surprising. But are there any 
other objective standards to supplement or 
replace performance specifications in making 
comparisons of equipment prior to purchase? 

Listening Tests. One obvious course is to 
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judge equipment on the way it sounds. This is 
attractive in a way, but the shortness of hu- 
man auditory memory seems to require that 
such evaluations be made on a comparative 
basis-by means of the traditional A/B test, 
in which two units performing the same func- 
tion are alternately switched into the audio 
chain and thus compared. Testing of this kind 
is commonly (though not always correctly) 
performed in audio stores to help prospective 
customers choose equipment. 

Unfortunately, A/B tests are not without 
problems, although more serious difficulties 
arise in using them for research than to deter- 
mine equipment preferences. If we are com- 
paring loudspeakers, for example, all we 
want to know is which.one offers a subjective- 
ly preferable sound. We must be reasonably 
careful about equalizing sound pressure lev- 
els for both speakers, of course. On the other 
hand, if we wanted to know whether 0.00x% 
percent of harmonic distortion was more au- 
dible than O.00y%, we are faced with the 
problem of preparing alternative components 
whose performance is identical except for the 
difference in distortion. Frequency response 
and loudness level would have to be minutely 
equalized. 

Another shortcoming of A/B testing is that 
listeners can be heavily influenced by 

suggestion in evaluating what they hear. In 

scientific testing, this problem is addressed 
by making the test "blind"; that is, concealing 
from the listener which switch position corre- 
sponds to what equipment and, perhaps, in- 
terchanging equipment in the course of the 
test. Sometimes speakers are placed behind 
an acoustically transparent screen so that a 
listener's sonic judgement cannot be swayed 
by a speaker's physical appearance. In its 
most rigorous form, the test is made "double 
blind." In a double-blind test, neither the sub- 
ject nor the tester knows how the switching is 

arranged. This is considered to prevent un- 
conscious clues and body -language "hints" 
from being passed to the subject. 

Double-blind testing has been attacked on 
the ground that it is insensitive and may ob- 
scure differences. In a letter to The Audio 
Amateur, John Curl, a noted and somewhat 
controversial circuit designer writes: 

"A double-blind listening test, while 
removing a subjective bias toward hear- 
ing differences that may not truly exist, 
unfortunately does nothing to remove 
bias toward NOT hearing any differences 
that may actually exist in equipment. In- 
deed a double blind testing situation 
could intimidate a listener not to take a 

stance, since one could he embarrassed. 
if misled momentarily by a change in the 

quality of timbre of the musical source. 
to make what would seem to he a random 
decision. It seems we insist invest a cer- 
tain amount of faith in the objective in- 
tegrity of the listener in any case." 

For several reasons, I cannot agree with 
Mr. Curl. First, we are not trying to tell wheth- 
er or not the units under test have differ- 
ences. Presumably, we already know that the 
differences are there. What we want to know 
is if the listener can hear them. Second, we 
could reasonably expect to overcome the lis- 
tener's potential for embarassment by mak- 
ing it in his interest to report any differences 
he can possibly hear. We might offer a re- 

ward for each correct determination and ex- 
act a penalty for each incorrect one. Third, no 
amount of integrity will rule out honest errors 
as well as a double-blind test. 

Comparative listening tests have also been 
attacked on the basis that the hardware used 
to implement them can produce artifacts. 
This is true to a point. For example, inadver- 
tent ground loops in a switching network have 
been shown to materially influence the sound 
of some (but not all) of the amplifiers used in 

one highly publicized test, thereby invalidat- 
ing the comparisons. All this proves, how- 
ever, is the necessity for approaching testing 
with great care. More nebulous criticisms 
such as the notion that relay contacts color 
the sound and obscure the differences under 
study could probably be handled by addition- 
al objective testing. One might, for example, 
compare the sonic effect of a single contact 
with that of several in series to see if and how 
the effect accumulates. And the knowledge 
that a difference under investigation changes 
the sound less than the presence or absence 
of a relay contact is informative in any case. 

It is not my purpose here to lay down 
standards of electrical and auditory testing for 
the industry. To do so would be indeed pre- 

sumptuous. What I ask, rather, is that the in- 
dustry be much more candid in disclosing 
why this or that design change contributes to 
improved sound quality. It would also be nice 
to know who heard the difference and under 
what conditions. Anyone who asks a con- 
sumer to replace a serviceable piece of 
equipment with a snazzy new model has a re- 

sponsibility to inform him what benefits will be 
conferred by the change and how to be sure 
the benefits are in fact forthcoming. Surely, 
measured data and listening tests would both 
be involved in such an effort. 

"Ho u' do I love thee? 

Let me count the trays. 

dASIO'S: 
LCD ALARM 

- 
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S 
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Casio Quality and Features 
Rival the Most Expensive 

°Watches But Not the Cost!, 

TREMENDOUS VALUE 

only $4995 
in 

Stainless i 
Steel A 

i ¡1 

SHOWN NI 
ACTUAL 
SIZE 

A 
Continuous 

Liquid Crystal 
Display 

IT CAN COST MORE, BUT IT CAN'T DO MORE! 

What would you think of a watch with mineral glass 
lens, impervious to scratches, 100% quartz reliability, 

±15 seconds per month accuracy, water resistant to 66 

'feet of diving depth, shock resistant, and has the other 

fantastic features listed below! The Casio Alarm Chrono- 

graph, 830S -27B, is this watch, and at 549.95 it is a 

fantastic buy. 

Display hours,minutes, seconds, AM/PM. Also a light 

for night viewing. 

Caleedar Functions include date and day. 

Alarm: Can be set to any time within a 24 -hour period. 

Al the designated lime, a pleasant, but effective buzzer 

sounds to remind or awaken you. 

Stopwatch functions: On command stopwatch dis- 

play freezes to show intermediate (split) times while 

stopwatch continues to run. Can also switch to and 

from timekeeping and stopwatch modes without affect- 

ing either operation. 

Electronic stopwatch times in minutes, seconds, and 

tenths of seconds up to 12 hours. Separate 'lime out' 

feature permits stopping and restarting of timer. 

Long Life Lithium Battery, included, gives up to three 
years of continuous use before replacement is 

necessary. 

One year manufacturer's warranty. 

Why Shop By Mail? 
Shopping by mail is convenient. easy. and fun. We ship all 

orders promptly to your home or office. You can charge ydur 

order to any major credit card. Most of our products are 

not available at your local store. And if that isn't enough, 

you have a 30 day no risk money back guarantee: 
"Try any one of our products for 30 full days and if you are 
nor happy with the performance, features, or for any 
reason wish to return a product, we will refund your full 
purchase price!" 

CREDIT CARD BUYERS: TO ORDER CALL TOLL FREE 

24 HOURS A DAY 
Toorder in California call toll free (800) 432-7451 

854-3831 
OWS marketing international, Dept. B1, 350-A Fischer M- 
enke, Costa Mesa, California 92626 (714) 540-4444 
Call our toll -tree number for quickest service or send your check, Money 

Order, or credit card into to us. Please allow ample time for checks to 

cleat. We accept Am. Ex., Cane Blanche. Diner's Club and all major credit 

cards. Add $2.501or insured postage 8 handling for first product A. $1.00 

for each additional product Calif, addresses add 6% sales tax. 

©DWS marketing international 1979 
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New from NRI! 
25"color 1'1C that (unes 

byAGONAL iompu#er, programs 
an entire evening's 

entertainment. 
Just part of NRI's training in 

servicing TV, stereo systems, video ' 
tape and disc players, car 

and portable radios. 
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Only NRI home training prepares 

you so thoroughly for the next great 

leap forward in TV and audio.,. digital 

systems. Already, top -of -the -line TV's 

feature digital tuning, computer pro- 

gramming is appearing, and new 

digital audio recording equipment 
is about to go on the market. 

NRI is the only home study school 

to give you the actual "hands-on" train- 
ing you need to handle servicing prob- 
lems on tomorrow's electronic equip- 

ment. Because only NRI includes this 

designed -for -learning, 25" diagonal 
color TV with electronic tuning, built-in 
digital clock, and computer program- 
mer as part of your training. With this 
advanced feature, you can pre-program 
an entire evening's entertainment... 
even key lock it in to control children's 
viewing. 

As you assemble it, you learn 
how digital tuning systems work, how 

"` to adjust and service them. You work 

with the same advanced features 

used in the new programmable 
TV's and video tape record- 

ers. It's exclusive NRI 

training that keeps you 

up with the leading 
edge of technology. 

Exclusive 
Designed -for- 
learning 
Concept 

i The color 
TV you build 

as part of NRI's 

Master Course 
looks, operates, 
and performs like 

the very finest com- 
mercial sets. But 

behind that pretty 
picture is a unique 
designed -for - 
learning chassis... 

L' 

the only such unit in the world. 

Rather than retrofit lessons to a hobby 

kit or an already -built commercial 
set, NRI instructor/engineers have de- 

signed this television so each step of 

construction is a learning experience. 
As you build it, you perform 

meaningful experiments. You see what 
makes each circuit work, what it does, 

how it interacts with other circuits. You 

even introduce defects, troubleshoot and 
correct them as you would in actual 
practice. And you end up with a mag- 
nificent, big -picture TV with advanced 
features. One you can sell or use in 

your home. 

Also Build Stereo, 
Test Instruments 

That's just a start. You dem- 
onstrate basic principles and circuits 
on the unique NRI Discovery Lab® then 
apply them as you assemble a fine 

AM/FM stereo receiver, complete with 

speakers. You also get practical experi- 
ence as you build your own test instru- 
ments, including a 5" triggered sweep 

oscilloscope, CMOS digital frequency 

counter, color bar generator, and transís- 
torized volt -ohm meter. Use them for 

learning, use them for earning as a 
full- or part-time TV, audio, and video 

systems technician. 

Complete, Effective Training 
Includes Video Systems 
Using NRI's exclusive methods, 

you learn far more than TV servicing. 
You'll be prepared to work with stereo 

systems, car radios, record and tape 

players, transistor radios, short-wave re- 

ceivers, PA systems, musical instrument 
amplifiers, electronic TV games, even 

video tape recorders and tape or disc 

video players. Your training covers just 
about every kind of electronic enter- 

tainment equipment available now or 

in the near future. 
And because NRI has unmatched 

experience gained in over 60 years and a 

million students worth of training, your 

course is designed for ease of learning 
and practical utility. You need no pre- 
vious experience of any kind. Starting 
with the basics, exclusive "bite -size" les- 

sons cover subjects thoroughly, clearly, 

and concisely. "Hands-on" experiments 
reinforce theory for better comprehen- 
sion and retention. And your personal 
NRI instructor is always available for 

consultation, ready with explanations, 
answers, and advice. 

Send for Free 
Detailed Catalog... 

No Salesman Will Call 
Get all the facts on this exciting 

course and its potential for you by mail- 
ing the postage -paid card today. Our free 

100 -page catalog includes color photos 
of all kits and equipment, complete 
lesson plans, convenient time payment 
plans, and information on other elec- 

tronics courses. You'll also find out 
about NRI's new Computer Technology 

Course that includes 
" 

° your personal 

r. 
- '1 

- .r ° 

microcomputer. Or Complete Com- 
munications with 2 -meter transceiver 
that gets you ready for opportunities in 
broadcasting, 2 -way radio, microwave, 
and other growing fields. If card has 

been removed, write to: 

NRI 

:14 

NRI Schools 
McGraw-Hill Continuing 

Education Center 

3939 Wisconsin Ave. 

Washington, D.C. 20016 
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Introducing the new 
Heathkit® Screen Star: 

It's 8 filmes bigger 
than the screen you're 
watching now: 

Now the things that 
just have to be seen on 
the big screen can be 
seen on your own big 
screen right at home. 

The new Heathkit 
Screen Star TV has a 
6 -foot diagonal screen 
that's eight times bigger 
than a 25 -inch screen. 

1111~ ~11~ ~IN ~11111111111 
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Three projection tubes 
give you bright, vivid 
color. And the finest F1.0 lenses 
you can buy keep your picture 
sharp and clear. 

Your favorite movies, musicals 
and sports never looked so good. 

Easy adjustment. 
Roll -away convenience. 

The new Heathkit Screen Star is 
designed to require minimal con- 
vergence adjustment. Convenient 
front panel controls let you adjust 
to a beautiful picture in seconds. 

Swivel casters make 
it easy to roll away the 
cabinet when not in use, 
so it doesn't take up a lot 
of room. 

Surprisingly low price. 

Heath engineers have 
built in quality while 
maintaining a price you 
can afford. The new 
Heathkit Screen Star is 
one of the lowest -priced 

three -tube TV's you can buy. Your 
Heathkit Catalog lists all prices. 

Build it yourself - service it 
yourself. 

This is Heath's easiest -to -build 
solid-state TV. It's actually easier 
than conventional TV's. Like all 
Heath electronic kits, it comes 
with an easy -to -follow assembly 
manual that takes you step-by- 
step through every phase of 
assembly. 

And when you build it yourself, 
you can service it yourself. Every 
set includes a detailed service 
manual that can save you money 
over the years. 

Free Heathkit Catalog with 
complete details. 

tar 

Complete details and prices on 
the Heathkit Screen Star are in 
the new Heathkit Catalog. It's free 
and it contains nearly 400 beauti- 
ful electronic kits for your home, 
work or pleasure. Send for yours 
today or pick one up at your near- 
est Heathkit Electronic Center. 

*If the screen you're watching now is a 25" diagonal. If it's smaller, the Heathkit Screen -Star is proportionately larger. 

Simulated TV picture. 

i-Ieathkit 
Heath Company, Dept. 010-590, Benton Harbor, MI 49022 

Heathkit Products are also sold and serviced at Heathkit Electronic Centers (Units of Schlumberger Products Corporation) 
in major cities throughout the U.S. and Canada. See your white pages. 
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Julian Hirsch Audio Reports 
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Mitsubishi Model DT -30 
three -head, stereo 
cassette deck. 

Mitsubishi's Model 
DT -30 deluxe three - 
head front -loading 
cassette deck fea- 

t j tures a closed -loop, 
dual -capstan drive 

and a logic -controlled solenoid -operated 
tape transport. Built-in test oscillators are 
used for recording -head azimuth align- 
ment and for bias vernier adjustment for 
specific tapes. Styled to match other Mit- 
subishi audio components, the DT -30 has 
sturdy black handles that contrast with its 
silver -colored front panel. The deck meas- 
ures 163"W x 1474+"H x 6-Y4"D (425 x 378 
x 171 mm) and weighs 23 lb (10.5 kg). 
Suggested retail price is $650. 

General Description. The loading sys- 
tem exposes the entire cassette to view, so 
that the tape can be seen at all times. It 

also simplifies cleaning and aligning the 
heads, which are accessible when the 
hinged protective cover is swung down. 
Like other three -head decks with physical- 
ly separate recording and playback heads, 
the DT -30 requires that the azimuth of its 
record head be matched to that of the play- 
back head (which is factory aligned). A 
screwdriver access hole in the head cover 
permits recording -head azimuth adjust- 
ment with the aid of the test oscillator and 
recording -level meters. 

The oscillator, used also for optimizing 
bias, is activated by a pushbutton switch. 
When the oscillator is activated, any exter- 
nal signal is replaced with the standard - 
level signal at either 440 or 8000 Hz, as se- 
lected by a separate button. With the deck 
set for RECORD and the MONITOR switch set 
to TAPE, the meters indicate playback sig- 

HIRSCH- 
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nal level from the recorded test tone. The 
frequency button is alternately pressed 
and released, and any change in playback - 
level readings between the 440- and 
8000 -Hz signals is evidence of incorrect 
bias adjustment. (It is assumed that the 
front panel bias and equalization switches 
are set appropriately for the tape used.) 
Should there be a difference between the 
tones, one monitors the 8000 -Hz signal 
and adjusts the azimuth for a maximum 
reading on both meters. Then, the two BIAS 
ADJUST controls are separately adjusted 
for each channel until there is no change in 
either meter reading when the oscillator 
frequency is switched. Releasing the TEST 
SIGNAL button disables the oscillator and 
restores the normal input signal. 

The two large meters on the panel indi- 
cate from -40 to +7 dB and have fast re- 
sponses to peak signals and slower decay 
times. The 200-nW/m Dolby level corre- 
sponds to a 0 -dB meter reading. A PEAK 
HOLD button activates a unique circuit that 
has no effect on the meters until the peak 
level exceeds 0 dB. Any such peak is 
"held" for 3 seconds after the level has 

"Automatic Spacing 
Pause System 
inserts 3 -second 
silence between 
recorded segments" 

dropped below 0 dB, so that it can be easi- 
ly seen. 

Four lever switches permit selection of 
tape bias and equalization, the Dolby sys- 
tem (including a switchable filter that 
blocks the stereo pilot signal when record- 
ing from FM), and the program carried on 
the LINE outputs. In addition to the usual 
settings for SOURCE and TAPE, the MONI- 
TOR switch has a PLAY MIX position in 
which the playback from a recorded tape 
can be mixed at the line outputs with the in- 
put program present at the LINE or Mlc 
jacks or both. The PLAY MIX feature is inop- 
erative when recording. 

Separate small concentric controls for 
the two channels permit adjustment of the 
LINE and Mlc recording and the playback 
OUTPUT level. After the desired mix of LINE 
and MIc has been achieved, overall re- 
cording level can be set with a large REC 
MASTER control. 

Small light -touch pushbuttons below the 
head assembly control the transport. A log- 
ic system enables the transport to be 
switched from any mode to any other with- 
out going through STOP. A "flying -start" re- 
cording can be made during playback by 
holding down the PLAY when pressing the 
REc button. A unique featúre is an ASPS 
(Automatic Spacing Pause System), that 
can insert a 3 -second period of silence be- 
tween recorded segments of a tape. When 
the ASPS button is touched during a re- 
cording, the input signal is immediately re- 
moved, but the tape continues to run for 3 

seconds before stopping in the PAUSE 
mode. A touch of the PAUSE button re- 
stores normal recording. The identifying 
symbol in each of the buttons lights when 
the switch is actuated. 

A row of slide switches makes up the 
rest of the controls, except for POWER on/ 
off, which is handled by a pushbutton 
switch. The deck can be set up for unat- 
tended operation in either playback or re- 
cording mode with its TIMER switch. When 
power is applied by an external timer 
switch, the recorder comes on in the se- 
lected mode. A similar switch controls the 
MEMORY system, which stops the tape in 
REWIND when the index counter reaches 
000. It can also be set to automatically go 
into PLAY at that time. An AUTO switch 
causes the tape to rewind when its end has 
been reached or to repeat itself indefinite- 
ly. Finally, there is a switch that interfaces 
the DT -30 with Mitsubishi's Model DP- 
EC20 record player so that the transport is 
controlled by the tonearm for dubbing from 
discs. It causes the PAUSE function to be 
released when the arm descends to the 
record. At end of play, the tape deck can 
be set to shut off or to go into PAUSE. 

Laboratory Measurements. Mit- 
subishi specifies TDK SA tape for "spe- 
cial," Sony HF for "normal," and Sony 
Duad tape for the ferrichrome bias set- 
tings. We tested the deck with these tapes 
and several similar tapes, including Memo- 
rex High Bias and Scotch Master II (spe- 
cial), Memorex MRX3 and Scotch Master I 
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COMPUTER TECHNOLOGY 

Excuse X111 
The watch shown here is the newest concept 
in today's electronic marvels. Can you figure 
out why? 

We salute Natron. Their innovative tech- 
nology has brought us a breakthrough in digi- 
tal watches. 

Natron, one of the world's most admired 
watchmakers, has developed the most ad- 
vanced timepiece of its kind in the world. By 
combining every known computer function that 
you could possibly desire in this spaceage era. 
Their quality features and advanced electronic 
knowledge is truly outstanding. 

In the early 60's we began hearing about 
electronic wristwatches, whose basic beat 
came from a tiny tuning fork which provided 
accuracy guaranteed to within 2 seconds a day. 
Soon they became the best sellers in the 
country. 

By the mid -70's an absolute explosion in digi- 
tals was set off, with prices reaching as high as 
$1,800. Manufacturers were working long 
hours day and night to keep up with the demand. 

Now approaching the 80's we find that there 
are hundreds of manufacturers around the world 
making digital watches. There are models that 
tell you the time in two zones. Some offer a 

daily alarm, others a chronograph feature, 
ranging in price from $125 to $2,500. 

Our company was faced with a dilema. Which 
digital do we offer our valued customers in our 
national advertising campaign? 

The president of our company was intent on 
finding a watch that had more microelectronic 
features at an affordable price than anything 
else on the market. 

We made a study of all the watch manufac- 
turing companies in the world, Omega's Marine 
Chromgraph $2,500, Seiko's New LC Alarm 
$300 to Mercury's Global Executive at $125. 

The results of our experiment were unanimously 
in favor of the Natron Alarm Chronograph, 
because this superior watch offers more fea- 
tures than the best-selling superwatches rolled 
into one, at a price the American public can 
live with. 

The following are the reasons behind our de- 
cision: Natron's daily alarm sounds everyday at 
the hour and minute selected. Its computer 

1 

fi 

brain never forgets. The stopwatch feature with 
lap time operates independently at the flick of a 
button. Your choice of eight time zones in eight 
major cities, Los Angeles, Chicago, New York, 
Rio De Janiero, London, Paris, Cairo, Tokyo 
all programed by you in Natron's computer brain. 
You will have seconds, minutes, hours, day of 
the week, month and date. The Natron Chron- 
ograph also remembers the days in a month and 
instantly recycles to the correct first day of 
the month. Nine spaceage features in all, 
complete with a computer counter that will 
count your golf strokes (up to 1,300). 

Service played a big part in our decision. The 
watch is guaranteed by a one-year parts and 
labor limited warranty - backed by two sub- 
stantial companies. Since the Natron digital 
watch requires very little service other than a 

new battery every few years, which can be re- 
placed by any jeweler, service has become less 
concerning. Should a malfunction ever occur 
there's a prompt Natron service -by -mail center 
as close as your postman - further reassurance 
that service was an important consideration in 
our experiment. 

One of the major reasons for our decision was 
price. We went to the manufacturer and pur- 
chased thousands of watches directly from the 
factory without the normal mark-ups by im- 
porters, wholesalers and distributors. 

We now can offer you the most advanced 
digital watch in the world for only $69.95. 

We would like you to be the judge. Order the 
Natron Digital Chronograph Alarm from Chand- 
ler's on a 30 -day trial basis. Make your own com- 
parison, compare Natron's quality features with 
the Omega, Seiko or any other brand. Examine 
and compare its accuracy, its alarm, and its nine 
chronograph computer functions. 

If after a factual side -by -side trial, you aren't 
convinced that its quality, accuracy and fea- 
tures make it a truly remarkable watch, return 
it within 30 days for a full courteous and prompt 
refund. Chandler's promises to accept the return 
of your watch with positively no questions 
asked and even refund the $3.50 postage and 
handling. There's no Risk. 
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National Electronics & Watch Co. Ltd. is a 
substantial public company with over forty years 
of manufacturing the most advanced watches 
known and Chandler's is one of America's 
innovative marketing companies specializing in 
unique products - additional assurance that 
your prudent investment is well secured. 

To order your Natron Digital Chronograph 
Alarm, send your check for $69.95 for the 
silver -tone model or $79.95 for the gold -tone 
along with $3.50 per order for postage and 
handling (Virginia residents, please add 4% 
sales tax) to our address shown below or 
credit card buyers may call our 24 -hour Toll - 
free number below. 

We will promptly ship your watch, complete 
instructions and one-year parts and labor limited 
warranty. Try your own experiment and prove 
for yourself how outstanding the Natron Digital 
Chronograph Alarm really is. 

There's no risk when you can own the best. 
Order your Natron Digital Chronograph Alarm 
with complete confidence, at no obligation 
today. 

handler's 
Innovative Products 

Dept. FF. One Chandler Plaza, Box 137 
Chantilly, Virginia 22021 (703) 631-1456 

Call TOLL -FREE 800-638-1287 
In Maryland Call 800-492-1275 

ASK FOR OPERATOR #102 
©Chandlers, Inc., 1979 
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Normal playback response at 70 and 120 microseconds. 

(normal), and Scotch Master Ill (ferri- 
chrome). After adjustment of bias accord- 
ing to instructions, all tapes in a given cate- 
gory produced very similar responses. 

The frequency response curve was very 
smooth. It had minor head -contour ripples 
below 100 Hz, and most tapes revealed a 

gentle rolloff above 10,000 Hz. The Duad 
tape had a slight dip at 5000 Hz, after 
which the response was nearly flat out to 
20,000 Hz, varying only ±1 dB from 35 to 

t - 

20,000 Hz at a -20 -dB recording level. 
TDK SA tape was within +0.5/-2.5 dB 
from 32 to 15,500 Hz, while Sony HF was 
within +0.5/-2.5 dB from 31 to 12,000 Hz. 

Playback equalization, measured with 
TDK AC -337 and Teac 116SP test tapes 
for the 120- and 70-1.1.s characteristics, in- 
dicated that at least part of the observed 
high -frequency rolloff was due to the play- 
back response. The bass response rose 
slightly, and highs rolled off above 5000 

Performance Specifications 

Specification 

Bias/erase frequency 
Input level/impedance 

LINE: 
MIC: 

Output level/impedance 
LINE: 
HEADPHONES: 

Motor: Capstan: 
Hubs: 

Wow & flutter 

Signal/noise ratio 

Frequency response 
Normal: 
Special: 
FeCr: 

Crosstalk 

Rating 

85 kHz 

100 mV/82,000 ohms 
0.3 mV/1200 ohms 

0.44 V/22,000 ohms 
90 mV/8 ohms 
PLL dc servo 
Dc governor 
0.045% wrms 
±0.09% W p -p, DIN 
Wtd, Dolby out 58 dB 

Wtd, Dolby in 66 dB 

40-15,000 ±3 dB 
40-17,000 ±3 dB 
40-18,000 ±3 dB 
-35 dB at 1000 Hz 

Measured 

Not checked 

92 mV 
0.43 mV 

Approx. 0.5 V 
Not checked 

0.055% wrms 
0.08% CCIR (DIN) 
51-56 dB, depending 
on tape 
58.5-62 dB depending 
on tape 

31-12,000 +0.5/-2.5 dB 
32-15,500 +0.5/-2.5 dB 
35-20,000 ±1 dB 
-57 dB 

Hz for an overall ± 3.5 -dB variation from 40 

to 12,500 Hz (120 (is) or +2.5/-1.5 dB 
from 40 to 10,000 Hz (70 µs). Dolby track- 
ing was good; there was no more than 1.5 
dB of change at any frequency when the 
system was switched in and out, at record- 
ing levels of -20 to -40 dB. The MPX filter 
rolled off the highs by 1 dB or so above 
4000 Hz and chopped steeply above 
16,000 Hz. 

A LINE or a Mlc input of 92 or 0.43 mV, 
respectively, was required for a 0 -dB re- 
cording -meter indication. The Mlc preamp 
overloaded at 105 mV input. Playback out- 
put from 0 dB was about 0.5 volt, depend- 
ing slightly on the tape used. The meter in- 
dication was within 0.5 dB of standard 
Dolby level, from a test tape. 

The recording level that gave 3% third - 
harmonic playback distortion fell between 
±1 dB with the tapes we used. Unweighted 
S/N, referred to the 3% distortion playback 
level, was 46.5 dB with TDK SA and Sony 
HF, and 41 dB with Sony Duad tapes. With 

It ...manages to 

sound considerably 
better than its 

specs suggest" 

A weighting, these measurements im- 
proved to 53, 56, and 51 dB, respectively. 
Finally, when we used the Dolby system 
and CCIR/ARM weighting, S/N was 58.5 
dB with Sony HF, 62 dB with TDK SA, and 
59.5 dB with Sony Duad tapes. The noise 
level increased by 8 dB through the MIC in- 
puts at maximum gain, but the increase 
was negligible at lower gain settings. 

Tape speed was 1% slow. Flutter mea- 
sured 0.055% in a weighted rms (JIS) 
measurement, or ±0.08% weighted peak 
(CCIR). Crosstalk at 1000 Hz was -57 dB 
with a TDK AC -352 test tape. The meters 
had a fast peak response, with no over- 
shoot, and indicated 100% of steady state 
on 0.3 -second tone bursts. Meter decay 
was visibly slower than the rise time, so 
that the pointers tended to follow the max- 
imum level contour of the program. PEAK 

HOLD made it easy to detect and measure 
any momentary peak overload. 

A C-60 cassette was handled in 87 sec- 
onds in fast forward and 83 seconds in re- 
verse. Headphone volume with 200 -ohm 
phones was acceptable for casual listening 
but not for monitoring during recording. 
(The headphone output is designed to 
drive 8 -ohm phones.) 

User Comment. When we recorded in- 
terstation FM -tuner hiss and compared the 
playback to the incoming signal, the differ- 
ence was very slight with any of the basic 
tape formulations we used. With TDK SA, 
there was no audible difference at most re- 
cording levels. With the other tapes, only a 
trace of dulling or accentuation of the ex- 
treme highs could be heard. It was surpris- 
ing at first to find that the full recording/ 
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The new Heathkit® Hand-held DMM 

C 

Top performance 
and easy operation 
make the Heathkit IM -2215 
your best buy in a solid- 
state, hand-held multimete:! 

-every feature you need 
at a GREAT LOW PRICE 

, ,. 
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The new IM -2215 brings you features you would 
only expect in hand-held digital multimeters 
costing much more! Take measurements with 
outstanding accuracy - DC voltage, ±.25% - 
AC voltage, ±.5% - DC current. ±.75% - AC 
current, ±1.5% and resistance, ±.25% (basi:)! 
Alternating high -low resistance test voltage 
makes measuring semiconductors or in -circuit 
resistance easy! One -hand operation, a large 
31/2 -digit LCD display and built-in calibration 
references make the IM -2215 ideal for field use. 
A pivoting stand adapts it to bench use. The 
low -drain circuitry stretches typical alkaline 
battery life to 200 hours! Battery condition is 
monitored, and a LO -E AT indicctor warns you 
of the last 20% of battery life. 
You can easily assembre the IM -2215 in just cne 
night, with the help of the clear, concise Heath - 
kit assembly manual. And if you need advice or 
service, experts are as close as your telephone! 
It operates on 9 -volt battery (not included), or on 
120 or 240 VAC with optional cords. The latest 
technology and traditional Heath kit value is now 
built into a new hand-held digital multirneter 
weighing only 14 ounces! 

HEATH I If cot -pon is missing, order from: 

Schlumberger 
Heat, Company. Dept. 010-590 
Benton Harbor. Ml 49022 

Measures voltage, current and 
resistance 

Easy one -hand operation 
Big, easy -to -read LCD display 
Separate voltage and current 
inputs for circuit protection 

Single PC board for simple, 
quick assembly 

EASY 
ONE -EVENING 
KIT ASSEMBLY 

only X9495 
Mail Order 

Price 

ORDER YOURS TODAY! 
For fastest delivery, use CALL (616) 982-3411 the Heathkit Hot Line -1~ um= 1~~att . 

I Send to: Heath Company. Dept. 010.590 
Benton Harbor M149022 

'6'.9hae"ce 
_ Heathkit Hand -Held DMM(s) (IM -2215) 2 aP 

@ $94.95 plus $1.75 sh:pping and handling each. - Rugged Leather Carrying Case(s) with Belt Loop for IM -2215 

(IMA-2215-1) @ $14.95 plus SLED shipping and handling each. - 120 VAC Outlet Cord(s for IM -2215 (PS -2350) @ $4.95 plus 
$1.75 shipping and handling each. 

Total before shipping & handling S 

Michigan residents add 4% sales tax $ 

Add shipping & handling $ 

Total $ 

4 

Please send me... 
B 

00 o, 3q 'S 
1 

C 411 fro, 
SPr 

check E money order O VISA O Master Charge: Code # 

Acct. # Exp. Date 

Signature 

Name 
IPlease Print) 

Address 

(Necessary to send merchandise) 

City State 
Prices are mail order and sibject tc change without notice. 

Zip 
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reproducing accuracy could be obtained 
with relatively high indicated recording lev- 
els (as high as -5 dB, compared to the 
-20 dB required for most cassette decks if 

reasonable accuracy is to be obtained). 
This is partially a result of excellent 
high -frequency headroom, a typical advan- 
tage of a good three -head design. But it is 
also because of the fast peak -responding 
meters. On high -quality recorded music, 
peak -reading meters such as these may 
give readings 10 dB or more above those 
of averaging meters, and on live music the 
difference can approach 17 dB. Allowance 
must be made for this in setting recording 

levels. Although no peak should be 
allowed to exceed 0 dB, the meter read- 
ings should be kept as close as possible to 
0 dB. The PEAK HOLD system is a consider- 
able help in setting and maintaining proper 
recording levels. 

Adjustment of record -head azimuth 
should probably be done for each cassette 
to be recorded. This is not difficult to do, 
but it can be a minor annoyance. We found 
that for any but the most critical recordings, 
it was'possible to omit this adjustment (ex- 
cept possibly for a change of tape brand or 
type). The bias vernier had a surprisingly 
limited range, and we found ourselves at 

its limits of adjustment with some of the 
tapes we used. Here, too, acceptable re- 
sults can usually be obtained if the adjust- 
ments are left at their lightly detented cen- 
ter -position settings. 

The DT -30 is a cassette deck that man- 
ages to sound considerably better than its 
numerical specifications suggest. Although 
its rated performance is good, in most re- 
spects it is not at all superior to that of oth- 
er fine decks. On the other hand, the 
sound is superior, and we doubt one could 
improve on it without spending considera- 
bly more money. 
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Yamaha Model C-4 
preamplifier with 
variable tone control 

HOclHIRSCH- 
UCK 

26 

The Model C-4 
preamplifier is part 
of Yamaha's new 
line of deluxe sepa- 
rate components 

- and is designed to 
be a companion to the Model M-4 power 
amplifier. Great emphasis has been placed 
on keeping noise and distortion to a mini- 
mum in the C-4 by the use of a special 
"Current Noise Reduction Circuit." The 
preamp features an unusually flexible 
tone -control system that supplements the 
conventional bass and treble adjustments 
to provide continuously variable turnover 
frequencies. 

There is a separate recording output se- 
lector (featured in other Yamaha receivers 
and amplifiers) and a separate headphone 
amplifier (with volume control) capable of 
driving stereo phones of any impedance to 
high listening levels. The C-4 has selecta- 
ble phono-cartridge resistance and capaci- 
tance termination and a head amplifier for 
use with low -output moving -coil cartridges. 

The finish is flat black with black control 
knobs and pushbutton switches and white 
panel labelling. Size is 171"W x 143/1"D x 
41/2"H (435 x 376 x 116 mm) and weight 
is about 19 lb (8.6 kg). Suggested retail 
price is $550. 

General Description. The principal op- 
erating controls are grouped along the up- 
per portion of the front panel, with the 
smaller, less -used controls along the bot- 
tom. Large square pushbuttons that light 
up internally when engaged control POW- 
ER, TONE BYPASS, and AUDIO MUTING. The 
BASS and TREBLE tone controls are con- 
tinuously adjustable, detented only at their 
center DEFEAT positions. 

Input source selections include AUX, 
TUNER, PHONO, TAPE 1, and TAPE 2. When 
the INPUT selector is set to PHONO, a sepa- 
rate PHONO selector offers a choice of PRO- 
NO 1 and PHONO 2 (for fixed -coil pickups) 
and PHONO 3 (for moving -coil pickups). In- 
dependent of the INPUT selector, a AEC 
our switch can channel any of the program 
sources to the tape-recording outputs. Its 
TAPE settings are for dubbing from either of 
two tape decks to the other. This control 

"nearly 
unmeasurable 
noise and 
distortion" 

has an OFF position that completely dis- 
connects the tape-recording outputs from 
the preamp's circuitry. Turnover frequency 
control range is from 100 to 500 Hz for the 
BASS and 1000 to 5000 Hz for the TREBLE, 
with approximate calibration provided for 
each control. 

The phono-input capacitance selector 
has settings for 100, 150, 220, 330, and 
470 pF, and the resistance selector has 
settings for 100, 33,000, 37,000, 68,000, 
and 100,000 ohms. Both affect PHONO 1 

and 2 simultaneously; PHONO 3 has a fixed 
100 -ohm termination. 

The LOW and HIGH filters operate at 
nominally 15 and 10,000 Hz, both with 12- 
dB/octave slopes. The MODE switch has 
positions for STEREO, REversed stereo, 
and MONO. Either or both of two sets of 
preamplifier outputs can be selected. Fi- 
nally, two of the three convenience ac re- 
ceptacles on the rear of the preamp are 
switched. 

Laboratory Measurements. We test- 
ed the C-4 under IHF standard conditions 
wherever possible. Where our test results 
do not agree with the published ratings, the 
differences were due to different test con- 
ditions and reference levels. 

A 40 -mV AUX or 0.65 -mV PRONO 1 or 
PRONO 2 input was needed to generate a 
0.5 -volt output. Sensitivity of PRONO 3 was 
not measured, but it is rated at 100 µV for 
the 2 -volt rated output. Phono preamplifier 
overload occurred at about 286 mV at 20 
and 20,000 Hz, referred to the 1000 -Hz 
gain level, and at 310 mV at 1000 Hz. Pho- 
no input resistances were as shown on the 
panel, and the measured input capaci- 
tance at the 100-pF setting was 140 pF. 

Maximum output at clipping was about 
11.5 volts from 20 to 20,000 Hz. IHF slew 
factor was greater than our measurement 
limit of 25. The A -weighted S/N ratio was 
better than 74 dB referred to a 0.5 -volt out- 
put, or 86 dB referred to the rated 2 -volt 
output. The measurement limit was set by 
our minimum meter reading of 100µV. 

Distortion in the output (which was en- 
tirely second harmonic), measured at 1000 
Hz as a function of output, was 0.0018% at 
6 volts output. 

RIAA equalization- was accurate within 
+0.6/-0 dB from 20 to 20,000 Hz. When 
measured through the inductance of a 

phono cartridge, the high -frequency phono 
response rose slightly above 5000 Hz, to a 
maximum of about 1 dB in the range from 

(Continued on page 301 



The Sound of Koss will spoil 
you for anything else. 

Once you've experi- 
enced the life -like inten- 
sity of the Sound of Koss, 
you'll be spoiled for any- 
thing else. Because with 
Koss stereophones, your 
favorite recordings take 
on an incredible new 
dimension of clarity and 
realism that's unlike 
anything you've ever 
heard before. 

KOSS 
PRO/4 TRIPLE A 

The Pro/4 Triple A's 

extra large voice coil and 
oversized diaphragm de- 
liver a smooth frequency 
response over the entire 
bandwidth of sound. Highs 
are brilliant, crisp and 
clean. And the bass pul- 
sates with a rich, deep 
vibrance. 

The Triple A's direct - 
contour Pneumalite ear - 
cushions provide a gentle, 
yet perfect seal that in- 
creases bass response to 
below audibility. And 

"... , 
.5s- 

everything about the 
Triple A, including its dual 
suspension headband, is 
human engineered for 
long wearing comfort. 

KOSS ESP/10 

The ultimate Sound 
of Koss is the electro- 
static ESP/10. It's 
specifically designed 
for those who want 
the most precise re- 
production of stereo - 

phone sound. What you 
hear with the ESP/10 is 

;, . 

/1 

near -zero distortion over 
all ten audible octaves. 
And what you experience 
is the most accurate ex- 
cursion into sound that 
has ever been achieved. 

The Koss ESP/10 is 
indeed the electrostatic 

stereophone that has it all: 
a patented energizer that 
features an automatic 
overload protector, semi - 
peak reading VU meters, 
and an outlet for an addi- 
tional set of stereophones. 
Each a final touch of per- 
fection for the ultimate 
Sound of Koss. 

KOSS CM 530 

Write us c/o Virginia 
Lamm, for oúr free full - 
color catalog on the Sound 
of Koss. And when you 
visit your audio dealer for 
a live demonstration of 
Koss stereophones, take 
an extra moment to hear 
the perfect pair. The com- 
puter maximized Koss CM 
530 bookshelf speakers. 
Whether you place them 
horizontally or vertically 
on your bookshelf, the 
Koss CM 530's deliver 
perfect mirror image 
sound. And whether it's 
loudspeakers or stereo- 
phones, once you've 
experienced the Sound of 
Koss you'll be spoiled for 
anything else. 

® K O S S®stereophones/loudspeakers 
hearing is believing`M 

© 1979 Koss Corp. 

KOSS CORPORATION, 4129 N. Port Washington Ove., Milwaukee. Wisconsin 53212 International Headquarters Milwaukee facilities: Canada France Germany Ireland 
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Fingertip .control of all microprocessor calculations; data 
readout in bright LED digits from solid oiled walnut console. 

Remote transmitter 
mounts on TV an- 
tenna mast, trans- 
mits data to your 

d Aerospace -designed transmitter! console through 
cable supplied. 

Its wind speed and direction instruments are.among the most 
sophisticated available. Rather than relying on friction -causing 7 1 t r 
reed switches or other mechanical devices, they utilize solid- 
state infra -red sensors, and transmissive optical encoding. 
The wind -speed sensor is sensitive to within ohe-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. 

R1 
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Save $100 on the 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...and at a savings. 

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 ít 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- 
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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. 
Save $100 on the Assembled version. 

1 

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

If coupon is missing, write: Heath Co., Dept. 010-590, Benton Harbor, MI 49022 

Heathkit® 
HEATH COMPANY, Dept. 010-590 
Benton Harbor, Michigan 49022 

Gentlemen: Please send me... 

Heathkit Weather Computer Kit(s) (ID -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) @ $495.00 plus $3.95 shipping and handling each. 

Michigan residents add 4% sales tax to purchase price. 

I enclose check money order for $ 

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

Acct. # Exp. Date 

Signature 

Name 

(Necessary to send merchandise) 

(Please Print) 

Address 

Zip 
GX-366 

Prices are mail order and effective through December 15.1979 - - - - - - MI OM - M - - - - - - - - - - - - - - 
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(Continued from page 26) 
7000 to 20,000 Hz. The HIGH filter, which 
had the rated 12-dB/octave slope, 
dropped the response by 3 dB at 8600 Hz. 
The Low filter had most of its effect below 
20 Hz, where it reduced the output level by 
about 1 dB. 

User Comment. The controls operated 
with a smooth, positive, and precise "feel." 
The generally excellent human engineer- 
ing of the Model C-4 was marred by only 
one minor error: unlike the buttons for 
POWER and TONE BYPASS, which I ight, re- 
spectively, when the preamp is on and 
when the tone controls are bypassed, the 
button for AUDIO MUTING lights when the 
muting is disabled. It was obvious from the 
measurements we made at various set- 
tings that the tone -control response could 
be given almost any desired shape. The 
tone -control effects were always subtle 
but, on the other hand, considerable pa- 
tience or skill is required to obtain full po- 
tential of the system. 

Operation of the PHONO 3 input was 
evaluated by using the preamp with sever- 
al moving -coil cartridges. It proved to be as 
quiet as the moving -magnet inputs, with no 
noise audible even at maximum gain. The 
two sets of preamp outputs were very con- 
venient for our listening setup, where we 
drove an accessory time -delay system 
from the second output. The headphone 
output was roughly equivalent to what we 
would expect from an amplifier or receiver. 
Even with 200 -ohm phones, it was able to 
produce very high listening levels. In fact, 
anyone who normally listens through 
headphones could use the C-4 as a com- 
plete system amplifier, omitting a power 
amplifier altogether. Normal ventilation 
should be provided for this unit, which, un- 
like some preamplifiers, generates appre- 
ciable heat during operation. 

The Yamaha Model C-4 is a highly re- 
fined preamplifier, with inaudible and near- 
ly unmeasurable distortion and noise and 
greater than average control and operating 
versatility. Anyone who uses a moving -coil 
cartridge will find in this preamp a first-rate 
head amplifier. This feature alone might 

justify the price of the C-4 to many people. 
Those who hope to equalize audible fre- 
quencies in their room acoustics or speak- 
er response, or just to tweak program 

material with precision and elegance, are 
almost certain to like the variable turnover 
frequencies of the tone control system. 
CIRCLE NO. 102 ON FREE INFORMATION CARD 

Performance Specifications 
Specification 
Input sensitivity 

PHONO 1, 2 

PHONO 3 
AUX 

Maximum input level 
PHONO 1, 2 

PHONO 3 
AUX 

Output level/impedance 
REC OUT 
PRE OUT 
PHONES 

Maximum output level 
(20-20,000 Hz) 
REC OUT 

PRE OUT 
PHONES 

THD (20-20,000 Hz) 
PHONO 1, 2 

PHONO 3 
AUX 

PHONES 
S/N ratio (A weighted) 

PHONO 1, 2 

PHONO 3 
AUX 

Residual noise 

Frequency response 
PHONO RIAA 
AUX 

Tone controls 
Bass turnover 
Bass boost/cut 
Treble turnover 
Treble boost/cut 

Filters: LOW 

HIGH 

Audio muting 

Rating 

2.5 mV/2 V out 
100 µV/2 V out 
150 mV/2 V out 

285 mV at 0.01% THD 
10 mV at 0.02% THD 
8.2Vat0.01'%THD 

150 mV/180 ohms 
2 V/600 ohms 
18 V (open load) 

330 ohms 

15V 
10V 
18 V open ckt 

0.0035%/2 V out 
0.1 %/2 V out 
0.0035%/10 V out 
0.02%/12 mW/8 omms 

73 dB (input open) 
77 dB (input shorted) 
106 dB (TONE BYPASS ON) 
100 dB (TONE BYPASS OFF) 
0.21.1.V 

± 0.2 dB 20-20,000 Hz 
± 0.5 dB 5-100,000 Hz 

100 Hz -500 Hz 
± 10 dB/20 Hz 

1 kHz -5 kHz 
± 10 dB/20 kHz 
15 Hz (12 dB/octave) 
10 kHz (12 dB/octave) 

20dB 

Measured 

0.65 mV/0.5 V out 
Not measured 
40 mV/0.5 V out 

286 mV 
Not measured 
More than 10 V 

Not measured 

Not measured 

Not measured 
More than 11 V 
Not measured 

Not measured 
Not measured 
Less than 0.002% 
Not measured 

Better than 86 dB/2 V (IHF) 
Not measured 
Better than 86 dB/2 V 

Can only be read 
to 100 µV (none 
measured) 

4-0.6/-0 dB 
±0.25 dB 20-20,000 Hz 

Confirmed 
Confirmed 
1.5 kHz -5 kHz 
Confirmed 
Not measured 
8.6 kHz (12 
dB/octave) 
Confirmed 

Ortofon Concorde 30 
low -mass stereo 
phono cartridge 

HIRSCH- 
HOUCK 

,. 

The Concorde 30 is 
the premium model 
in a new line of LM 
series phono car- 
tridges from Orto - 
f on. This series has 

been designed, according to Ortofon, to 
have the lowest possible mass; hence the 
appellation "LM." This is actual cartridge 
mass, as distinguished from the effective 
mass of the stylus system, the latter also 
being very low in LM cartridges. 

There are four LM series models, two 
designed for conventional tonearm head - 
shells with 1/" (12.7 -mm) mounting centers 
and two that plug directly into the end of a 
universal four -pin plug-in type headshell 
tonearm. The Concorde 30 is in the latter 
category. It has a total mass of only 6.5 
grams (less than half the mass of the typi- 
cal cartridge/headshell assembly it re- 
places) and plugs directly into the end of 
the tonearm. The name "Concorde" de- 
rives from the cartridge's shape, which 
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° ITEM NO. 

-114K-7-. 

!f 

INSERTION/EXTRACTION KIT 
MOS-1416 14-16 CMOS SAFE INSERTER 

EX -1 14-16 EXTRACTOR 
KIT INCLUDES MOS-2428 24-28 CMOS SAFE INSERTER 

EX -2 24-40 CMOS SAFE EXTRACTOR 
MOS-40 36-40 CMOS SAFE INSERTER 

OK MACHINE & TOOL CORPORATION . w 

3455 CONNER ST., BRONX, N.Y. 10475 U.S.A. . 

PHONE (212r9946600 TELEX NO 125091 
f 

PRINTED IN U.S.A. PATENT PENDING 

J1 

tl 

Ir _ _ló .e 
. 

INS -1416 14-16 PIN DIP IC INSERTER $ 3.49 

MOS-1416 14-16 PIN MOS CMOS SAFE INSERTER $ 7.95 

MOS-2428 24-28 PIN MOS CMOS SAFE INSERTER $ 7.95 

MOS-40 36-40 PIN MOS CMOS SAFE INSERTER $ 7.95 

EX -1 14-16 PIN EXTRACTOR TOOL $ 1.49 

EX -2 24-40 PIN CMOS SAFE EXTRACTOR TOOL $ 7.95 

WK -7 COMPLETE IC INSERTER/EXTRACTOR KIT $29.95 

MINIMUM BILLING $25.00. ADD SHIPPING CHARGE $2.00. NEW YORK RESIDENTS ADD APPLICABLE TAX. 

^ OK.:MACHINE &.TOOL ORPORATION 3455 CONNER ST., BRONX,- N.Y. 10475 (212) 994-6600/TELEX 125091 
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Discover 
today's 

high -resolution 

I3'12 
-digit 

DMM\ 

B&K-PRECISION's 
LCD Model 2815 

Mode12815 $150 

0.01 ohm, 100nA, 1001.4.V 

resolution 
0.1% DC accuracy 
Shielded and protected to stay 
accurate in rf fields 
Fully overload protected on all 
ranges 
Auto -zero and auto -polarity 
Alternating high -/low -power ohms 
ranges for solid-state circuitry 
measurements 

Compare the resolution offered by 
the new B&K-PRECISION Model 
2815 with any other DMM in its price 
class. Its high resolution stands 
alone. The 2815 also delivers 0.1% 
DC and 0.3% AC accuracy. For 
added convenience, a tilt stand is 
built-in. 

Available for immediate 
delivery at your local 
B&K-PRECISION distributor 

KPRECISION 
DYNASCAN 
CORPORATION 

6460 West Cortland Street 
Chicago, Illinois 60635 312/889-9087 

In Canada. Atlas Electronics. Onlar,o 
Intl. Sir Empire Exp., 270 Newtown Rd.. Plainview, L.I NY 11803 
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and crosstalk for left channel. 

closely resembles the hinged nose section 
of the Concorde aircraft. The actual car- 
tridge occupies only the tip of the tapered 
body, and its stylus assembly pulls off for 
easy replacement. Suggested retail price 
is $165.00. 

General Description. When installed 
in a typical tonearm, a low -mass cartridge 
such as the Concorde 30 usually has a 
low -frequency resonance greater than 8 
Hz, where it will not be unduly sensitive to 
excitation by record warps. This reduced 
sensitivity produces a more stable tracking 
system that is able to handle warped rec- 
ords that would normally be unplayable. 

Most tonearms designed for universal 
plug-in headshells were meant to accom- 
modate fairly massive cartridges. In many 
cases, their counterweights cannot be ad- 
¡Listed to balance a very -low -mass car- 
tridge like the Concorde 30. Therefore, Or- 
tofon supplies with each LM cartridge a 
low -mass counterweight, which has a 
mass of 70 grams (the usual is 120 to 150 
grams) and is designed to fit almost arty 
tonearm to properly balance the Concorde 
30. Since this weight is fastened ;n place 
with a plastic setscrew, the tracking -force 
scale of the usual threaded counterweight 
cannot be used with this cartridge. 

Included with each Concorde 30 are a 
small stylus -force gauge, a plastic jig for 
aligning cartridge azimuth so the stylus 
cantilever is perpendicular with the record 
surface in a front view, a small screwdriver, 
and a stylus cleaning brush. There is also 
a small Allen wrench for loosening the car- 
tridge body to permit its overhang to be 
varied over a range of about 4 mm. 

In operation, the stylus cantilever moves 
a small armature in the field of a powerful 
but lightweight magnet. This varies the dis- 
tribution of magnetic flux between a pair of 
fixed pole pieces for each channel. This in - 
duces a corresponding voltage into coils 
that surround the pote pieces. Ortofon 
claims that this Variable Magnetic Shunt 
(VMS) design gives exceptionally low dis- 
tortion. The diamond stylus at the free end 
of the cantilever has a "fine -line" shape 
that gives an extended contact area along 
the groove wall and an ability to trace the 
shortest wavelengths, or highest frequen- 
cies, with minimum distortion. 

Like other Ortofon moving -iron car - 
tridges, also of VMS design, the Concorde 
30 should be loaded by a relatively high 
capacitance of 400 pF in parallel with the 
usual 47,000 ohms. It is designed to track 
at 1.2 to 1.8 grams (1.5 grams nominal) 
and is rated to track a 70 -micron amplitude 
of a 300 -Hz laterally modulated groove. 

Laboratory Measurements. We test - 
ed the Concorde 30 in the tonearm of a 
typical record player designed for the uni- 
versal plug-in headshell. The effective 
mass of the tonearm and a conventional 
cartridge of about 6 grams mass measured 
26.5 grams. As expected, the regular 
counterweight was unable to balance the 
Concorde 30. Therefore, we replaced it 

with the weight supplied with the cartridge. 
When balanced for a tracking force of 1.5 
grams, the tonearm with the Concorde 30 
had an effective mass of 18 grams. 

Then we terminated the cartridge out- 
puts with the recommended resistance 
and capacitance values. As rated, the 

Performance Specifications 

Specification Rating Measured 
Frequency response 20-25,000 Hz (no tol.) 40-20,000 Hz .-1.5 dB 
Output voltage 

at 3.54 cm/s 2.25 mV 3.75 mV 
Channel separation (1 kHz) More than 25 dB 32 dB 
Channel balance (1 kHz) 1.5 dB 0.5 dB 
Tracking ability at 300 Hz 

lateral 70 microns Confirmed 
Tracking ability at 10 kHz 30 cm/s Not checked 
Vertical tracking angle 20° 24° 
Total weight 6.5 g Not checked 
Recommended load 471(1400 DF Confirmed 

CIRCLE NO.9 ON FREE INFORMATION CARD 
POPULAR ELECTRONICS 



Concorde 30 tracked the 300 -Hz tones on 
the German Hi Fi Institute record up to the 
70 -micron level with low distortion. The 
cartridge was also able to track our high- 
level midrange and low -frequency test rec- 
ords with no difficulty. Its output was 3.75 
mV/channel at a 3.54-cm/s velocity. 
Channel balance was within 0.5 dB. Verti- 
cal stylus angle was 24°. 

Using the CBS STR100 test record, the 
frequency response was within ±1.5 dB 
from 40 to 20,000 Hz. Similar results were 
obtained with a B&K 2009 test record. 
Channel separation at 1000 Hz was about 
20 dB with these records. Evidently, the 
cartridge geometry was closer to that of 

the cutters used to make JVC and Audio- 
Technica test records, since they elicited a 

separation of about 32 dB. With all rec- 
ords, high -frequency separation was very 
good, measuring 25 to 27 dB at 10,000 Hz 
and 22 to 27 dB at 20,000 Hz. 

Flattest frequency response was ob- 
tained with the recommended 400-pF load. 
However, even with 150-pF termination, 
the output reduced by only about 1 dB be- 
tween 5000 and 11,000 Hz and to a max- 
imum of +3 dB at 20,000 Hz, relative to the 
1000 -Hz level. This would probably not be 
detectable by many listeners. The low -fre- 
quency resonance in the test tonearm was 
well -placed at 9 Hz with a somewhat high 
amplitude of about 7 dB. 

Ortofon's claims for low distortion in the 
Concorde design were amply confirmed by 
our tests. High -frequency tracking distor- 
tion, playing the 10.800 -Hz tone bursts of 

the Shure TTR-103 test record, varied 
from 0.74% at 15 cm/s to 1.2% at 33 cm/s, 
which is on a oar with some of the best re- 

sults we have found, Even more impres- 
sive was the IM distortion we measured 
with the Shure TTR-102 record (400- and 
4000 -Hz tones). It was 0.6% to 0.8% at ve- 
locities up to 13.5 cm/s and climbed 
smoothly to a mere 2.7% at 27 cm/s. 
These are about the lowest distortion fig- 
ures (at the velocity levels normally en- 
countered on commercial records) we 
have measured from the TTR-102 rec- 
ord -and they may be the residual of the 
record. More important, the cartridge 
showed no tendency to mistrack at the 1.5 - 
gram force we used. The square -wave re- 
sponse to the CBS STR112 record was 
also very good, with a flat top and only a 

single small overshoot. 

User Comment. Subjective tracking 
tests with Shure's "Audio Obstacle 
Course" records were consistent with our 
measurements. The earlier ERA III record 
was playable in its entirety with no audible 
mistracking. With the newer ERA IV rec- 
ord, we heard the beginning of slight mis - 
tracking on the highest level of the bells, 
combined harp/flute, and flute/bell sec- 
tions. The flute and harp solo sections 
were playable at their maximum levels 
without distortion. This represents excel- 
lent tracking ability, matched by only a few 
cartridges in our experience. 

These tracking tests are unusually se- 
vere, designed as they are to exceed the 

capabilities of almost any cartridge (other- 
wise they would have little value as test 
signal sources). When we played music 
records of various kinds, we found that the 
Concorde 30 was as inconspicuous son- 
ically as it was visually. Some listeners felt 
that the cartridge has particularly well- 
defined bass. 

Over the years, we have accumulated a 

number of badly warped records whose 
present function is to challenge record - 
playing equipment. Most of today's fairly 
massive tonearms, including the one in 

which we installed the Concorde 30, when 
coupled with a highly compliant cartridge, 
will bounce into the air every time one of 
these warps is encountered.. This both cre- 
ates a "thump" and, under the influence of 
the antiskating torque, outward shift of a 

few grooves every time the tonearm loses 
contact with the record. 

The Concorde 30 played many of these 
records successfully. We still heard the 
"thump" in some cases, but the pickup 
usually stayed with the record, making it 

once again playable and listenable. Other 
tonearms would doubtlessly respond dif- 
ferently, but it is safe to say that the Con- 
corde 30 will make almost any tonearm 
track better than would be possible with 
more massive conventional cartridges. 
Sonically, the Concorde 30 is one of the 
smoothest, cleanest, and least distorted 
cartridges we have heard in some time. Its 
reduced mass represents a much needed 
step in the right direction. 
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Timeºlow Company Ltd. -A company estclusively devoted to electronic time -movements" 

Our prices are LOWEST because we specialize In time systems. All merchandise 100% guaranteed. 

NEW Digital Electronic Alarm Clock Systems and Clock/radio Modules in RED, 11 . , or °i I 
I 

Now you can make a digital clock anywhere and in any color you want. Step by step instructions provided for systems. Only soldering Iron and solder needed for easy assembly. 

TG 1002 R12-5 Compiete kit except case 

, z3.Y5J M 

TG 1003 8-5 12/24 

Q 

TO 1002 R12/24 

TG i00í Y127224 

5 

TG 1001 RIe2/24 

Mena 

: i2ttÓ% 

Functional Features TG 1001 and TG 1002 Digital Electronic Alan Clock System Clock (radio) Module only 
Available in two display dies: 1G 1001. b' (15mm) and TG 1002..9' 123mm( (Complete kit except c-sel 
High efficiency' RED", "GREEN" and -YELLOW- LED dispay 
User programmable 12/24 hr.'. 50/60 Hz, hoed or flashing coon ind ator 
On board alarm °wharor 
PM.. Colon. Alarm "ON" LED Indicators 
Multiple 9 -minute srooze counter 
Direct drive LED display - no el 
24 nr. alarm with ON -OFF canto/ 
Display llastses after power has been Interrupted for more man 2 steonos 
Insensitive to temporary lens o' power (2 sect 
Easy to use slaw, last and seconds bee set controls 
One finger 59.n i ute sleep counter setting 
Four display ,nodes (TIME, SECONDS. ALARM and SLEEA 

Clo ' M Lead zero thanking 
Exterrw cap 
On 

Warrating 

brightness 
DeAt01kl-tt 

alarm 
tdoockblrradio applicationsPul St h° 

Lts9 Yore 
ontput 

Operates horn single wridI g transformer yd 
Functional Features TG 1003 

User programmable 12 or 24 hr. and fixed or Matting coon indicators. 

Digit see 3.175 mnl. 4 digri fluorescent Indicator cure) 
'louts. minutes, seconds set [moots. 
Hours. te*sutes. seconds reset control with an the four signal output 11024 Hz. I sect 

Speaker included. 
Operates from 12 VOC supply. 
lockout of orne setting when display M "off' with display mode select. 
AutoehotM display brightness control logic. 

Crystal controlled Oscillator (4.194304 MHzE 
Bright 03 vacuum fluorescent dhplay filterable to Blue. Green and Yellow. 
Protected against automotive voltage trartssetn and battery resersal. 

Cortuenimt ro roll crier time setting controls at 1 Hz ram. 

Leading zero blanking. 

Functional Features TG 1004 
LCD .4' 110mmi /digit display. 
AM. PM indicator (for 12 hr on/W. loiS (wake time) and TM 'seep time/ indicator. 
12 0, 24 hr wadable, 
User programmable Ned or flashing colon. 
On board alum oscillator, 
Multiple 7 minute :nooie taunter. 
24 hr alarm with wolf control. 
59 minute steep counter setting 
Convenient no roll Over time setting controls at t Hz rape on hour and minutes. 
Hour. minutes reset control with on the lour signal output. 
Crystal controlled oscillator of 32.768 kHz. 
Leading zero blanking. 

TG 1005 -A I2 or 24 hrcbdt module leatutag4 dgih e-115mM. vacuum fluorescent 

display hherabe to Blue. Green or Yellow. Other features similar to TG 1001. 

011 ITEM NUMBER DESCRIPTION "MICE 
16 1001 1125 LED Red. 12 n., .6' 6 638 

(15mm) System 

'1t 1001 824.0 LED Red. 24 tn...6 
115mm) system 11,50 

TO 1002 RIM LED Red. 12 Bf., .r 
m systm 11.50 

'TG 1002 824.5 1qd. 2410.. 9' 
Thin) system 1330 

TG 1031 012.S LED Deco. 1: hr., 6° 
115mm1 system 1250 

'PG 1001 621 LE2Green.2-M.. 6'1 
115mm) system 14.00 

TO IOC V 12- LED yellow 12n, 
6' 115mm, wsiem 1250 

TG 1001 y21í LED ye now Ti hr 

6- 15mml _yslem 1400 

TG 1003 BS VF Blue. 12 , 1 24 hr 

.3' I7 5mml :ysiem. 
12006. Cast. 
switches& .peaser 
inc 19.95 

TG 1004 12.5 LCD. 12 hr . 4' 
Ifomm'i sysem 
includes 510101556 
s akin 1995 

TG 1004 24-0 LCD, 24 Ise. 4' 
(0mm1 sysem 
includes switches & 

Weaker 1995 

TG 100312-0 VF. 12 hr . 
Itsmml sysem 1250 

TG 1005 21.5 OF, 24 hr. 6' 
(15mmi syetem 1400 

Aecessorles 
QTY. ITEM 909681 EEoCurn:M PRICE 

TG 100 Fast and slaw set. 
seconds art alarm 
on -oil switch $100 

TO 101 Snooze and alarm 
sel switch 1.00 

TG 120 LE/'S 7ranclotto,, 1200 200 
TG 220 LE/T F Transform,' 2200 300 
TO 300 
TO 4p0 

Speaker Icr alarm 
Line cord '200 

1.o0 
10) 

TG 401 Line cord 20V 
Europpee) 200 

7G 507 a to TG 1003 

13%'x 20s s TI 595 

QTY ITEM NUMBER DESCRIPTION "PRICE 

T6 1211 412 LED Red, 12 M., .0 
(15mm) nodule S 695 

'161111 1124 RED Red. 24 hr., .6' 
(15mm) module 7.71 

TG 1012 612 LED Red, 1210...6' 
(15mm) module 8.50 

1G 1002 A24 LED Red 24 In., .8' 
115mm module B.T5 

TG 1001012 LED Green. 12 hr.. C 
Ilsmml module 9.50 

'10 1001 G24 LED Green, 24hr., 6' 
Ilsmm1 module 1025 

TE 1001 I12 LED Yellin., 12 hi 
6' ll5mm1 module 950 

'10 1001 124 LED Yellow. 24 n, 

6' 115mml module 1025 

10 1003 OF, 12 or 24 hr 

module. 3' 17 Semi 
speaker included 

CnaoSCswitches 
1495 

TG 1004.12 LCD 12 hr 4- 

IlOmm) module 77.95 

TG 1004 24 LCD. 24 hr.. 4' 
00mn1) module 1795 

TG 105 12 VE 12 51 , 6' 
115mm1 module 950 

TG 1005 24 VF. 24 hr. 6- 

05mm¿module 1225 

'For TG 1001 and TG 1012 modules and sysl ms, onl 
he 24 6r modules have opllonal 12/24 hr capability. 

"Alter a 4 month Introductory period, prices will increase 
tatting Dec. 1. 1979. for systems With 9200 and lo, 
modules wlths1.50pel ilam. Accessories prices will 
emale the same. 

Shipping and Handling Charges 

or clerk systems add 92.50 per System. 

F01 modules and accessories lea0101 transformers) 
add 51 00 per order. 

or transformers add 91 00 per Iranslo,ner, 
or order over 5100.00 - no charge. 

We ship worldwide - Add 20% for overseas orders 
Prices subject to change without nonce. 

To order, call or Send check/money order ole order 
lore lo: Mlsreprom Inc. 14320 Saratoga -Sunnyvale Road 

Saratoga, GA 95070 U.S .A 

Tel: (408186756SO 
TWO/TELEX: 910590-9000 M,croprom 

Name Pore 

Address City State Zip 

Charge card number. VISA/MC Es Date 

Total price of INN checked above 

Calif. residents add 6% salen tax 

Shipping & handling d argec 

Total check or oarey order 
TG 1004 12/24 For MC include 44911 Interbank number Signature 

Dealer Inquiries solicited - Ask for confidential price list on your Ietterneead. OEM customers: Lange discounts available. 
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CIE,you 
AzAronies 
ca c2: 
traiiiin3 
fro 
If you're interested in learning how to fix air 
conditioners, service cars or install heating 
systems - talk to some other school. But if 
you're serious about electronics, come to 
CIE -The Electronics Specialists. 

N 

Special Projects Director 
Cleveland Institute of Electronics 
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My father always told me that 
there were certain advan- 

tages to putting all your eggs in one 
basket. "John," he said, "learn to 
do one important thing better than 
anyone else, and you'll always be 
in demand." 

I believe he was right. Today is 
the age of specialization. And I 
think that's a very good thing. 

Consider doctors. You wouldn't 
expect your family doctor to perform 
open heart surgery or your dentist to 
set a broken bone, either. Would you? 

For these things, you'd want a 
specialist. And you'd trust him. Be- 
cause you'd know if he weren't any 
good, he'd be out of business. 
Why trust your education 
and career future to 
anything less than a 
specialist? 

You shouldn't. And you certainly 
don't have to. 

FACT: CIE is the largest inde- 
pendent home study school in the 
world that specializes exclusively 
in electronics. 

We have to be good at it because 
we put all our eggs in one basket: 
electronics. If we hadn't done a good 
job, we'd have closed our doors 
long ago. 
Specialists aren't for 
everyone. 

I'll tell it to you straight. If you 
think electronics would make a nice 
hobby, check with other schools. 

But if you think you have the 
cool - and want the training it takes 
-to make sure that a sound blackout 
during a prime time TV show will be 
corrected in seconds-then answer 
this ad. You'll probably find CIE has 
a course that's just right for you! 

At CIE, we combine 
theory and practice. You 
learn the best of both. 

Learning electronics is a lot 
more than memorizing a laundry list 
of facts about circuits and transis- 
tors. Electronics is interesting be- 
cause it's based on sonic fairly recent 
scientific discoveries. It's built on 
ideas. So, look for a program that 
starts with ideas-and builds 
on them. 

That's what happens with CIE's 
Auto -Programmed® Lessons. Each 
lesson uses world-famous 
"programmed learning" methods to 
teach you important principles. You 
explore them, master them com- 
pletely... before you start to 
apply them! 

But beyond theory, some of our 
courses come fully equipped with 
the electronics gear to actually let 
you perform hundreds of checking, 
testing and analyzing projects. 

In fact, depending on the course 
you take, you'll do most of the basic 
things professionals do every day- 
things like servicing a beauty of a 
Zenith color TV set ... or studying a 
variety of screen display patterns 
with the help of a color bar generator. 

Plus there's a professional quality 
oscilloscope you build and use to 
"see" and "read" the characteristic 
waveform patterns of electronic 
equipment. 
You work with experi- 
enced specialists. 

\Vhen you send us a completed 
lesson, you can be sure it will be 
reviewed and graded by a trained 
electronics instructor, backed by a 
team of technical specialists. If you 
need specialized help, you get it fast 
... in writing from the faculty spe- 
cialists best qualified to handle 
your question. 
People who have known 
us a long time, think of us 
as the "FCC License . 

School:" 
We don't mind. We have a fine 

record of preparing people to take . 

and pass... the government - 
administered FCC License exams. 
In fact, in continuing surveys nearly 
4 out of 5 of our graduates who take 

the exams get their Licenses. You 
may already know that an FCC 
License is needed for some careers 
in electronics-and it can be a 
valuable credential anytime. 
Find out more: Mail this 
card for your FREE 
CATALOG today: 

If the card is gone, cut out and 
mail the coupon. 

I'll send you a copy of CIE's 
FREE school catalog, along with a 
complete package of independent 
home study information. 

For your convenience, I'll try to 
arrange for a CIE representative to 
contact you to answer any questions 
you may have. 

Remember, if you are serious 
about learning electronics... or 
building upon your present skills, 
your best bet is to go with the elec- 
tronics specialists-CIE. Mail the 
card or coupon today or write CIE 
(and mention the Hanle and date of 
this magazine), 1776 East 17th 
Street, Cleveland, Ohio 44114. 

r- 

., r 
_. 

O 

/in... ;I.,. .T 

Patterns shown on TV and oscilloscope screens arc simulated. 

CIE Cleveland Institute of Electronics, Inc. 
1775 East 17th Street, Cleveland, Ohio 44114 

Accredited Member National Home Study Council 

YES ....John, I want to learn front the specialists in electronics-CIE. 
Send me ntv FREE CIE school catalog-including details about troubleshooting 
courses- plus my FREE package of home study information. 

Print Name 

Address Apt 

, 
, 

, 
, 

City 

State 7ip 

Age J'hone (area code) 

Check box for (i.I. Bill information: Veteran 

Mail today: 
Active Duty 
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Here it is. 
These machines have it all. Every 
advanced feature you could want. 
And more. 

The luxurious new digital 
receivers and cassette decks from 
Vector Research are rugged but 
beautiful. 

Omni -talented but simple. 
Advanced but affordable. 
Our VRX-9000 receiver has 

quartz -locked digital -synthesized 
AM and FM tuning circuitry. Built- 
in C-MOS micro -computer in 
charge of preset 12 -station 
memory. Automatic AM and FM 

THREE HEAD/TWO MOTOR /REEL_ SERVO 

-- . .Ic .r 
cau.r 

c. .$uv. 

rxw zr c 

scanning. Optional remote and 
rack mount. And more. 

VCX-600 deck features com- 
puterized Programmable Music 
Search" Sendust heads for 
metal tape. Two -motor solenoid - 
activated logic -controlled transport. 
LED color -bar peak level meters. 
Optional remote with all function 
controls. Everything! 

Suggested retail price $750 each.* 
Other Vector Research models as 
low as $350. 

So if your appetite for perfection 
is huge but your stash of cash is 
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modest, call us toll -free at 
800-854-2003 or, in California, 
800-522-1500 ext. 838. We'll tell 
you the nearest store where Vector 
Research is now playing. 

See them and hear them; feel 
their feather touch; put them under 
your control. We promise you a 
surprising and sensual experience. 

'Optional with dealer 

VRX-9000 Digital Receiver has RMS power (both 
channels driven, from 20 to 20.000 l Iz, with no more than 
0.08°0total harmonic distortion) of 80 watts per channel 
into 8 ohms. 

VCX-600 Three -Head Cassette Deck wow and flutter 
is less than 0.06%. Frequency response ). 3 dB): metal 
tape, 30 to 20,000 Hz; Co or CrO2 tape, 30 to 18,000 Hz. 

vector research 
A new direction in sound technology. 
© 1979 by Vector Research, Inc. 20600 Nordhoff Street, Chatsworth, CA 91311 

CIRCLE NO. 720N FREE INFORMATION CARD 



Popular Electronics' 

BY GEORGE STEBER 
WB9LVI 

Part 1: Theory and Circuit Operation 

Words and numbers 

are spelled out as 

moving characters 
when the garbled 
ASCII or Baudot code 

signal is received. 

HAVE YOU ever wondered about 
those strange -sounding "deedle- 

deedle" signals on the shortwave utility 
and amateur bands? Chances are they 
are radioteletype (RTTY) signals, one of 
the more exotic modes of communica- 
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tion employed today. News dispatches, 
commercial messages, weather bul- 
letins, and amateur radio traffic are just 

some of the fascinating transmissions 
sent via RTTY. 

The project presented here, the RTTY 
Reader, makes it possible for you to 

tune in and literally read these RTTY 
messages. It accepts audio signals from 
a communications receiver and automa- 
tically converts them into alphanumeric 
symbols which are displayed on an 
eight -character LED readout. The dis- 
play operates in "Times Square" mov- 

RTTY READER 
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ing-character fashion, making it easy to 
read the decoded messages. 

What's more, the RTTY Reader 
boasts an advanced circuit design that 
ensures accurate, reliable perfor- 
mance-even when receiving condi- 
tions are marginal. 

The project's versatile signal -process- 
ing system is capable of handling Bau- 
dot code at speeds of 60, 67, 75 and 100 
wpm as well as ASCII at 110 baud. Its 

demodulator includes separate active fil- 
ters for narrow, medium, and wide fre- 
quency shifts. "Space" and "mark" 
LEDs glow when the RTTY signal is 
properly tuned in ánd the project's con- 
trols are correctly adjusted. Standard 
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TTL and linear IC's are employed, as 
are a UART a PROM, and discrete 
components. Total project cost is 

approximately $190. 

RTTY Basics. Radioteletype trans- 
mits data in serial form by means of fre- 
quency -shift keying (FSK). Two frequen- 
cies are employed in an FSK system, 
one called the "mark" frequency and the 
other the "space" frequency. Only one 
of them is transmitted at any given mo- 
ment. At the receiver, a demodulator or 
terminal unit (TU) converts these fre- 
quencies into appropriate logic levels. If 

a teleprinter is connected to the TU, the 
"mark" or "on" state causes current to 
flow in the RTTY loop, while the "space" 
or "off" state causes no current to flow. 
In the RTTY Reader, the "mark" fre- 
quency is decoded as a logic one and 
the "space" frequency as a logic zero. 

There is some variation in the choice 
of frequencies corresponding to marks 
and spaces. So-called "narrow -shift" 
(170 -Hz) FSK systems employ 2125 Hz 
for marks and 2295 Hz for spaces. Nar- 
row shift is the choice of most radio 
amateurs active in RTTY communica- 
tions. Commercial press and weather 
stations, however, favor medium- or 
wide -shift FSK. Medium (400 -Hz) shift 
employs 2125 Hz for marks and 2525 
Hz for spaces. In wide -shift (850 -Hz) 
FSK, marks are transmitted on 2125 Hz, 
as in the other two systems, but spaces 
are transmitted on 2975 Hz. For max- 
imum versatility, the RTTY Reader has 
been designed to handle all three fre- 
quency shifts. 

There are several methods of gener- 
ating FSK signals. Audio frequency -shift 
keying (AFSK) is accomplished by mod- 
ulating an AM, SSB or FM transmitter 
with audio tones corresponding to the 
appropriate mark and space frequen- 
cies. Pure FSK is generated by switch- 
ing a small reactance in and out of the 
RTTY transmitter's frequency -determin- 
ing network. Inserting and removing the 
reactance causes the oscillator to shift 
frequency slightly. The magnitude of the 
keyed reactance is chosen to generate 
the appropriate frequency shift. 

Diode switching of a discrete capaci- 
tor is a time-honored method of generat- 
ing pure FSK, but Varactor diodes offer 
an attractive alternative. The capaci- 
tance of a Varactor diode changes with 
the amount of reverse bias applied 
across the pn junction. Therefore, if a 

Varactor is inserted in the frequency - 
determining network and its bias is 
changed to reflect the presence of a 
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I MARK 
LOGIC I 

LOGIC O 
SPACE 

START BIT BIT 
2 

BIT 
3 

BIT 
4 

B5IT STOP 

22 I 22 22 I 22 22 22 I 31 

163 ms 

Fig. I. Graphical representation of the letter R 
or the nameral4 encoded in 60 -Wpm Baudot code. 

mark or a space, the frequency of the 
oscillator will shift. An appropriate 
choice of Varactor type and bias levels 
will result in the generation of the de- 
sired frequency shift. 

On the hf bands, pure FSK and AFSK 
modulation of an SSB transmitter are 
the rule. If AFSK/SSB modulation is 

done correctly, it will be indistinguish- 
able from pure FSK at the receiver. 
Either mode requires the use of a com- 
munications receiver with a BFO. At vhf, 
AFSK modulation of an AM or FM trans- 
mitter is more common than pure FSK. 
This calls. for the use of a vhf receiver 
capable of detecting the type of modula - 

TIME 
(MILLISECONDS) 

tion impressed upon the carrier at the 
transmitter. 

Various codes are used to transmit al- 
phanumeric characters via RTTY. The 
most popular is a five -level code, popu- 
larly known as Baudot. Another code 
employed in many commercial -com- 
munications and computer -interface 
teleprinter applications is eight -level 
ASCII. At the time this article is being 
written, the FCC has not yet approved 
the use of ASCII RTTY by radio ama- 
teurs. There is, however, great expecta- 
tion that the FCC will do so. Until then, 
amateur RTTY enthusiasts will continue 
to employ Baudot. The fact that many 

TABLE 1-BAUDOT CHARACTER SET AND BIT SEQUENCES 

Lower Upper 
case case 

I Start 
bit Bit 1 Bit -2 Bit 3 Bit 4 Bit 5 

Stop 
bit 

A o 1 0 0 0 1 

B 0. 0 0 1. 1 1 

C o 1 1 1 0 1 

D $ o 0 0 1 0 1 

E 3 o O O 0 0 1 

F 1 o 0 1 1 0 1 

G & o 1 0 1 1 1 

H # o 0 1 0 1 1 

8 o 1 1 0 0 1 

.J .1 o 1 0 1. 0 1 

K ( o 1 1 1 0 1 

L ) o 1 0 0 1 1 

M o 0 1 1 1 1 

N o 0 1 1 0 1 

O 9 o O 0 1, 1 . 1 

P 0 0 1' 1 O 1 1 

Q 1 o 1 1 0 1 1 

R 4 o 1 0 1 0 1 

S Belt o 0 1 0 0 1 

T 5 o 0 0 0 1 1 

U 7 o 1 1 0. 0 1 

V o 1 1 1 1 1 

w o 1 0 0 1 1 

X - / 0 " 0 1 1 1 1 

Y 6 o 0 1 0 1 1 

z o O 0 0 1 1 

Blank Non -printing o O 0 0 0 1 

Car. return Non -printing o 0 0 1 0 1 

Line feed Non -printing o 1 0 0 0 1 

Space I Non -printing o 0 1 0 0 1 

Letters (Non -printing o 1 1 1 1 1 

Figures I Nbn-printing o 1 0 1 1 1 

Note: 1 = mark, O = space. 
POPULAR ELECTRONICS 



1" 

INCREDIBLE. 

A POCKET CALCULATOR/STOPWATCH/ALARM CLOCK 
It's as small as a candy bar, and 

even thinner. 
Yet Casió s new Melody -80 com- 

bines no fewer than nine separate time- 
keeping functions, the talents of a 
sophisticated electronic calculator, and it 
entertains you with Beethoven. As well 
as your own immortal musical creations. 

And you can be among the first to 
have one in your pocket, simply by 
picking up your phone and ordering 
directly from The Sharper Image. 
A 2 -alarm alarm clock. 

As a start, this is likely to be the 
most useful home or travel timekeeper 
you've ever owned. 

With ± 15 seconds per month 
quartz accuracy, it displays hours, 
minutes and every second, plus the day 
of the week-in crisp, oversized liquid 
crystal digits. It also gives you a four 
tone chime on the hour, if desired. 

You press a but- ' 

ton, and there's the 
date. Incidentally, its' 
calendar is pro- 
grammed to make 
automatic end -of - 
month adjustments 
for the next 120 
years. 

It gives 
you two in- 
dependent 
alarm systems; 

HAT MAKES MUShI 
the exact second-from 1 second to 24 hrs. 

Operating continuously, the Melody -80 
performs for up to 12 months without a 
battery change (replacements are avail- 
able from any jeweler or camera store). 
Full function stopwatch 
plus calculator. 

While remarkably compact, no 
sacrifices have been made for size. 

In stopwatch mode, the Melody -80 
times events to the nearest 1/10 second, 
up to 24 indicated hours (and beyond, 
with automatic startover). 

It tracks elapsed times, laps and time- 
outs, even 1-2 finishes-a feat very few 
stopwatches can accomplish. 

The calculator solves your toughest 
figuring to 8 digits. Provides every calcu- 
lator key with .its own musical note to re- 
mind you entries are being correctly made. 

aRN-1-2 - 
- 

7 1.415 ({ t 1, i 
- Sun Mon rue Wed Intl Fn Sat 

- rir,tte r e1NM-2 .n Bil 

artrsron u oare nr.4 

t.___) ' 
Get 

CO El. Ell 

oc'®ar©m 
CASIO:MEI,a'ilY BO LÍ CI a o 

each of which may While marvelous y compact 
be set to signalyou amount of space between i 

g Shown approximately 3f4 ac 
AM or PM with either electronic beeps 
or 20 seconds of classical music. (Alarm 
1 plays Tarantella Napoletana; alarm 2, 
several bars of Beethoven's Für Elise.) 

You can also choose between 
melody or beep with its additional coun- 
down timer, which can be set to go off at 

(4-112" x 2-1/4"x 5116"), the Melody -80 provides an ample 
is keys, reducing the chance of making Incorrect entries. 
tual size. 

It works with plus and minus num- 
bers, square roots, percentages, dis- 
counts, mark-ups and more. Even solves 
mind boggling calendar calculations, 
like: "What day of the week falls on 
January 1, 1982?" 

And your calculations don't even 

interrupt clock or stopwatch functions. 
Ready, Maestro? 

As you must have figured out by 
now, the Melody -80 doesn't confine its 
genius to strictly serious business. 

By flicking the upper right-hand 
switch, you convert its calculator buttons 
into music keys, a full 11 note scale from 
A to D. 

Entertain your friends with clean, 
synthesizer style sounds. Play anything 
from boogie to Bach. Tunes can even be 
amplified with a microphone and home 
stereo for surprisingly rich tones. 

Ready for an encore? Simply touch 
the El button and hear your creation 
repeated in a rapid, even rhythm. 
Applaud. Or get your money back. 

This new everything -in -one instru- 
ment is only $49.50. Which includes 
complete instructions, carrying case, 
desk -top stand, batteries, one-year manu- 
facturer's warranty and convenient serv- 
ice by mail, if needed. Plus, The Sharper 
Image's own two-week return privilege. 

If it's not the most superb calculator 
you've ever seen, just send it back as new 
for a complete and courteous refund, no 
questions asked. And w.e really mean it. 

ORDER NOW TOLL -FREE. 

For fastest delivery, credit card 
holders may use our toll -free ordering 
number. Or send check for $49.50 

1 plus $1.50 delivery. Add $2.97 tax in 
California. 

(800) 227-3436 
In California (800) 622-0733 

THE SHARPER IMAGE rM 

260 California St., Dept. CM- 049 
San Francisco, CA 94111 
(415) 788-4747 
©1973 The Sharper Image 



commercial as well as amateur RTTY 
users have made large investments in 
Baudot-code equipment makes it most 
probable that this code will continue to 
be used for many years. The RTTY 
Reader has been designed to be com- 
patible with both codes, ensuring that 
FCC approval of ASCII will not render it 

obsolete. 
Because Baudot is widely used, let's 

take á moment to see how it works. 
Each character transmitted in Baudot 
code is composed of a sequence of sev- 
en bits-a start bit, five data bits, and a 
stop bit. The start and stop bits are intro- 
duced to provide synchronization be- 
tween the transmitting and receiving 
equipment. The data bits define the ex- 
act character transmitted. When Baudot 
is sent at a rate of 60 wpm, all elements 
(bits) of the code have a duration of 22 
milliseconds, except the stop bit, which 
is 31 milliseconds long. Other common 
speeds, such ás 67, 75, and 100 wpm, 
utilize correspondingly shorter bits. 

A graphical representation of the letter 
R or the numeral 4 encoded in 60 -wpm 
Baudot is shown in Fig. 1. This seven -bit 
word can be writteh as 0010101, where 
0 is a space and 1 a mark. The duration 
of the seven -bit sequence is 163 mil- 
liseconds. Note that there is no way to 
tell whether an R or a 4 is being trans- 
mitted because the seven -bit sequence 
is identical for each. To distinguish be- 
tween the two, the previous sequence of 
bits must be examined. If it was 
0110111, which is defined in Baudot 
code as a nonprinting "figures shift" 
character, the next bit sequence re- 
ceived (0010101) will be interpreted as a 
4. The teleprinter will remain in its "fig- 
ures" mode until the bit sequence 

Fig. 2. Functional 
block; dia.yra In of 
the RTTY ender 

illust rates bow 
. received teletype 

signals are converted 
into legible text. 

AUDIO 
IN 

L 

+-= 

' 

Photo of internal arrangement of author's pr )10!ype shows 
vertical mounting of power -supply and display hoards. 

01 11111, defined as "letters shift", is re- 
ceived. Thereupon the teleprinter will re- 
turn to its "letters" mode. 

A standard Baudot keyboard has 31 
keys and a space bar, but can generate 
a set of 52 characters and five 
"housekeeping" functions. This is done 
by doubling the functions of certain keys 
using the "letters shift" and "figures 
shift" commands. Listed in Table I are 
the standard Baudot character set and 

LIMITER 

EIGHT- 
CHARACTER 

MOVING 
DISPLAY 

2125HZ 
MARK 
FILTER 

2295HZ 
SPACE 
FILTER 

PROM 

NARROW 

MEDIUM. 

WIDE 

corresponding bit sequences. The 
RTTY Reader can decode all of these 
characters except "Bell," a nonprinting 
command which activates an operator's 
signal inside a standard teleprinter. 

System Analysis. A block diagram of 
the RTTY Reader is shown in Fig. 2. Au- 
dio signals from the communications re- 
ceiver are applied to the input jack of the 
project. A limiter removes amplitude var- 

(Continued on page 46) 

RECTIFIER/ 
FILTER/ 
SLICER 

BAUD RATE 
CLOCK 

NORMA 

8 -CHARACTER 
RAM 

ADDRESS 
COUNTER 

o 
INVERTED 

BAUDOT 
LOGIC 1 

LOGIC 0 
ASCII 

LETTERS/ 
NUMBERS 

SHIFT. LOGIC 

DISPLAY 
CLOCK 
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no loose en S 
All-Iñ-Orle: computer, floppy, 1/0,16K RAM. $1595*. 
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Piz Tee Tel microprocessor 
Clete' 2 848101z . . 

bevel liK bytes RAM 'gondobté to 48K 
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control (8 user -definable . 
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Heathkit H 89 

New Heathkit® H89 
All -In -One Computer 
Heath takes the risk out of selecting a 

balanced computer system. Now, video 
terminal, floppy, keyboard and 8 -bit 
computer are brought together in one 
self-contained, compact unit: Nothing 
hangs out. 

Two Z80's 
The personal computer has never been 
simpler. Or smarter. Two Z80 microproc- 
essors mean terminal never shares pow- 
er with computer, as do most desk -top 
units. So this terminal is capable of a 

multitude of high-speed functions, all 
controllable by keyboard or software. 

r 

102K bytes storage 
Built-in floppy disk system gives you fast 
access to programs and data. Each 51/4 - 

inch diskette has more than 102K bytes 
of storage area, enough to hold entire 
files. The All -In -One comes with 16K 
RAM, expandable to 48K. 

Hundreds of uses at 
home or work 
The All -In -One Computer runs programs 
written in MICROSOFT'." BASIC and 
ASSEMBLER Languages. And it accepts all 
current software written for the popular 
Heathkit H8 computer. You can choose 
from scores of practical programs for 
home and business. 

1 

) 

Learn by building 
What better way to learn about comput- 
ers than to build -one yourself? The All- 
in-Oñe is available in .easy -to -build kit 
form, as well as completely assembled. 
Like all Heath electronic kits, it comes to 
you with its own easy -to -follow assem- 
bly manual and a nationwide network of 
service centers to assure smooth sailing. 

. FREE CATALOG 
For complete details on the 
Heathkit H89 All -In -One 
Computer and nearly 400 
other electronic kits for your 
home, work or pleasure, send 
today for the latest Heathkit 
Catalog of values. 

$1195 without floppy. Mail order kit price, F.O.B. Benton Harbor, MI. Also available at Heathkit Electronic Centers at slightly higher prices. Prices subject to change 
without notice. Heathkit CP-165 

HEATH COMPANY, DEPT. 010-590 BENTON HARBOR, MI 49022 
CIRCLE NO. 50N FREE INFORMATION CARD 



PRODUCT GALLERY 
Here is a selection of useful products that are 

suited for your own use or for gift -giving. 

A. NIGHT WRITER ball point pen. A great idea'...a 
battery powered light is part of this pen, and it clicks 

on when the cap is put on the back end of the pen. 
Perfect for lectures, late night writing, etc. Complete' 
with extra battery and cartridge. #62099 $7.95 (.90)t 

B. "WRINKLES AWAY"'the compact hand steamer for 
quick touch-ups. Steams away wrinkles from all wearing 
apparel in just 3 minutes. Weighs only 15 oz., 9'/." high. 
Simply add tap water and steam away. Operates on. AC. 

#62222 $16.95 (1.80) 
C. CURRENT CONVERTERS. An excellent set that will 

take you traveling with confidence. Set includes a'50 
watt converter, a 1600 watt converter and 4 adapter 

plugs. All packed in a convenient travel case. 
#24487 $32.95 (1.95)t 

D. PORTA -VAULT drawer safe. Fill it with valuables, 
then slip it in a drawer. One steel flap locks on top; the 
second one springs up and jams against the top of the 

drawer. Only the right combination will release it: All 
steel construction. #62495 $49.95 (3.60)t 

E. THE KWIK-STAMP...really great 
for marking a return address or identi- 
fication. Just press dbwnand a clear 

three -line imprint appears. And the 
ink is self-contained so the need for 

an ink pad is eliminated. Over 50,000 
impressions without re -inking. 

#24306 $7.95 (.95)* 
F. ATTACHE/OVERNIGHT CASE. 

A superb idea! This case has two 
separate sections. By day, half of it 

functions as an attache. By night, the 
other side opens to hold an extra 

shirt, socks-overnight necessities. 
All excellent leather with brass trim. 

17" x 13" x 5!' #19847 5189.95 (4.35) 
G. NO MISTAKING YOUR WEIGHT! 

This computerized scale is all elec- 
tronic...and shows an accurate weight 
in the form of a large red LED readout. 
All solid state, operates for about one 

year on 5 penlight batteries. Digital 
readout in pounds or kilos. 

#66242 $59.95 (3.15)t 

di`^.,12 E ̀-.R.:L;`lit$96 

czs;s,sras, 

'<<a' - -- r.i,r .'` - ' 

13. 

r - 

H. TRAVEL SIZE CLOCK RADIO by Aimor. 
Really great for waking to -music even when 

you're away from home! And it also gives you the 
luxury of a radio in your hotel room! Folds to only 
4" x 7' x 1%:;' operates on batteries, features AM. 

and FM frequencies. #79246 $69.95 (2.85)t 

WZ:t 

*Allow additional delivery -time. tWarranty available. 

I 

*.Í 

C. 

Call Toll Free 
800-558-8990 

In Wisc. call: 
H (414) 352-9020 
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PRODUCT GALLERY 
SEND ORDERS TO; 

Giltmaster, Dept. GE -11 
K.0. Box 1692 
;825 W. Green Tree Rd. 
Milwaukee, WI 53209 

Allow 3-4 weeks 
for delivery. 

ITEM NO. OT". 

i 4, 

Jt 

I. A PORTABLE FRINT=OUT 
CALCULATOR. Ulse,the LED 
display or dsplay and tape. 
Standard add-ng machine 
paper. 10 digit display, 4 -key 
memory, percent 
key. Operates on batteries or 
AC. (Adapter is included.) 
1140339 $94.95 (9.10)1- 

J. PHONE INDEX.Batte'ry 
3perated... c you just tress 
the let:er . The index - 

spins and slops o-1 that 'letter 
to reveal ycur colectio-rof 

IC lumbers. - 

1F19054 $29.96 (2.80)t 

K. AUTOMATIC PHONE DIALER/ 
CALCJLATOR. It's a computer that 
remembers and dials any of 32 different 
telephone numbers at a touch, 
radials, speeds energency calls, and it's 
a desk -top calculator.. - 

1124114 $199.95 (3.40)- 
L. STERLING MONEY CLIP is a repro - 
duction of your own bt_siness card in 
miniaturization. Sorry, embossed or 
debossed logos will not 
reproduce. 2" x /,:' 
Please send card. 417E12 $34.95 (1:55)* 
M.CA_CULATOR!CASSETTE 
COMEINATION. S digil LCD readout, 
4func3on memory, dictation. recording 
and playing- Uses tiny micro -cassettes. 
124206 $79.95 (2.80)t 

Call Toll Free 
£00-558-8990 

Print Nano 

Address I pt N 

City 

State Zip 

DESCR PTION UNIT COST TOTAL 

CHECK METHOD OF PAYMENT 
Diners Club 7 Master Charge 

American Express 7 Visa 

Make check payable to 3111master, Inc. 

Sub T>tal $ 

Add appropriate sales tax S t0 your st ate. 
TOTAL S 

Credit card orders without your signature and expiration date cannot 1 e processed. 

Credit Card No 
Exp Date month year 

Telephone No. ( 

Signature 
GE -11 



(Continued from page 42) 

iations from the audio signal to enhance 
the reliability of demodulation. Next, a 

bank of active bandpass filters sepa- 
rates the mark and space frequencies 

from any other unwanted audio signals 
present at the output of the receiver. 
Narrow, medium or wide shift is selected 
by means of a switch that taps the out- 

put of the active bandpass filter whose 
center frequency corresponds to the ap- 
propriate space frequency. The mark 
frequency remains the same no matter 
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NARROW 

14 II 12 I 

MLEDI 
ML 

MARK 

.ICIS 8 8 

DIO R20 
2.2 K 
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5I 
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which shift is selected by the switch. 
In the next functional block, the select- 

ed space and mark signals are rectified 
and filtered into dc levels. This block 

also contains a "slicer" which decides 
whether the RTTY signal is in the mark 
or space mode at any given instant. If it 

decides that a space is being received, it 

generates a TTL-compatible logic O. If 

the slicer decides that a mark is being 
received, a TTL-compatible logic 1 ap- 
pears at the output of this stage. 

F 5V 

47K r-2 
VJVMr 

C6 
.05yF 

IC05y19F 

=12V 

3$ 

37 

3 

4-5V 

8 

4 DI 

--5V 
CIO/¡ 
.05yF 

z oe® 113111211! 20 

ICI 

+5V - 

17 

14 

IC3F 

9 

CII - 
OSyF 

12 1 

IC3E 
10 

,INVERTED ' NORMAL 

\S3 
C8 +5V 
05yF 

9 14 10 
5 

C9 
12pF 

IC3A 

71 12 I 

I 
0'9181 

I 15 

I I T 

IC2 

LI 
6 5 

IC3CNO 
10 

+5V 

3 

+5V 

10 16 

15 

8 

IC7 

6 

5 

2.2 K 

D3 

+5V 
41 

o- 

FLTRS 

R22 
+5V 

270ft 141 
5 

6 

C 21 - , 
.05yF 

RI 4 

v270ft 
lI 

Cí5__J__ .05yFT 

+ 5V--(/vWIlu4.- 
933 
47K 

l 

9 

IC8C 

10 

12 

3 

9 = 

03 

C3I 
.01pF 

012 

f 

-034 
.05 

R47 
100 K 

-+5V 

= 

re 
213D8 _LC33 

4.05pF 

IC19 

R48 
10K 

A ASCII SIA 

IL\OO-W/P_/Mf 

SB + S 

'OFF 
,60 WPM 

67 WPM 

75 
j4 PM 

SD VASE 

R49 R50 951 . R52 
27K 47K 561K,. 56K 

R34 R37 R39 R35 R38 
20K 20K 50K 50K 

. _ Fig. 3. Schematic diagram of the main 
decoding circuit in the RTTY Reader. 
Parts List for the circuit and ordering 
information for components are on next page. 
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C 1 ,C2,C4,C6,C8,C 10,C 1 l ,C 12,C 15,C 16, 
C19,C2 I ,C25,C27 through C30, C32 
through C34 -0.05-µF disc ceramic , 

C3 -33-µF, 6 -volt tantalum capacitor 
C5 -1-µF, 6 -volt tantalum capacitor 
C7,C9-12-pF, disc ceramic capacitor 
Cl3,C 14,C 17,C 18,C20,C22,C23,C24,C26, 

C31 -0.01-µF Mylar capacitor 
DI through D12 --I N914 or 1N4148 diode , 
ICI-TMS601 I or TR 1602B UART, 
1C2-74121 monostable multivibrator 
IC3-7414 hex inverting Schmitt trigger 
1C4-LM301 op amp 
IC5-7410 triple 3=input NAND gate 
1C6,IC9,IC 10-MC 1458 dual op amp 
IC7-74157 multiplexer 
IC8-7400 quad 2 -input NAND gate_ 

IC I I,IC 12-7489 64 -bit RAM 
ICI 3.1C16-74161 or93164-bit counter 
IC 14-555 timer 
IC15-7402 quad 2 -input NOR gate 
ICI 7-1702APROM , 

IC 18-7483 4 -bit binary adder 
IC19-7485 4 -hit magnitude comparator 
11,12-Phono jack 
LEDI, LED2-Light-emitting diode 

In pure FSK or AFSK/SSB communi- 
cations on the shortwave bands, wheth- 
er the mark frequency is higher or lower 
than the space frequency is determined 
by the communications receiver, which 
can be operated in either the USB or 

7 

8 

14 

ICI 
75491 

PARTS LIST (Fig. 3) 

Following are t/4 -watt, "10% resistors unless 
otherwise specified: 

R I ,R48-10,000 ohms 
R2.R8,R13,R23,R29--47 ohms 
R3,R40 through R46 1000 ohms 
R4-560 ohms 
R5-680 ohms 
R6,R36,R50-47,000 ohms 
R7,R32-470 ohms 
R9,R16,R25,R31-100-ohm, pc -mount trim- 

mer potentiometer 
R 10,R26-470,000 ohms 
RI I ,R30-220,000 ohms 
R 12,R l7 through R20,R28-2200 ohms 
R I4,R22-270 ohms 
R 15,R24 -150,000 -ohms 
R21 ,R27-270,000 ohms 
R33-47,000 ohms 
R34,R37-20,000-ohm, pc -mount trimmer 

potentiometer 
R35,R38,R39-50,000-ohm, pc -mount tritit- 

mer potentiometer 
R47-100,000 ohms 
R49-27.000 ohms 
R51 ,R52-56,000 ohms 
QI ,Q2 -2N2222 or 2N3904 npn transistor 

LSB mode. Obviously, in an AFSK/SSB 
system, this choice also depends on 
which sideband the transmitter is emit- 
ting. Most hams have settled on a stand- 
ardized sideband for the particular ama- 
teur band being used. However, corn- 

R3,R2, 
RIO,RII=2711 

s 

10 

12 

2 1 

Q3 -2N4304 n -channel JFET 
Z I - I N5232 5.6 -volt zener 
Misc.-Primed circuit board, IC sockets; 

pushbutton switch; 6 -position. 2 -pole 
switch; 3 -position, 2 -pole slide switch: spdt 
slide switch: suitable enclosure; LED hold- 
ers; pc standojl insulators; control knob; 
machine hardware; hookup wire; etc. 

Note-The following are available from Mi- 
crocraft Corp., P.O. Box 513, Thiensvrlle, 
WI 53092: complete kit of parts (No. 
RRK-1) including ICs, sockets, pc boards, 
all displays and prepunched and lettered en- 
closure at $189.95 plus $3.50 handling and 
shipping within continental U.S. Also avail- 
able separately are: set of three pc boards 
(main, display, and power supply) (No. 
RB-I) at $24.00; programmed 1702A ROM 
(No. RPROM-1) at $10.00; one dual char- 

- acter IEE 3785R LED display (No. DSP-I) 
at $9.00; alignment cassette tape (No. 
RRT-I) at $7:00. On last four items, add 
$1.50 shipping and handling within conti- 
nental U.S. Wisconsin residents, add 4% 
sales tax. 

mercial stations and some hams have 
not. It is important to realize that inver- 
sion of the signal can be accomplished 
by switching the receiver to the alternate 
sideband mode and retuning. For con- 
venience, the RTTY Reader contains a 

PARTS LIST (Fig. 4) 

CI ,C2 --0.05-µF disc ceramic capacitor 
DISI through DIS4-IEE 3785R dual al- 

phanumeric LED display 
IC 1 ,1C4-75491 or 1TT491 MOS-to-LED dis- 

play driver 
IC2,1C3-7445 or 74145 BCD -to -decimal de- 

coder/driver 
RI ,R4,R5,R8,R9,R 12,R I3,R 16 -1000 -ohm, 

DIS I DIS 2 DIS 3 

6 3 

9 6 

3 

CI 
.05 9F 

H -0+8V 
J---0 KID 

K-0+5V 

,4 

+8V 

9 21 151 

815,814 
R6,R7=2711 

5 8 IOI 

6 51 4 3 

8 10 

+ 5V 

C2 
059F 2 
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x 

Y 

z 

V 

7 

16 
IC 2 

744 5 

15 141 131121 

1, 1 I 

9t 7 

16r 
81 

61 5 

1/4 -watt. 10% resistor 
R2,R3,R6,R7,R I0,R I I ,R 14,R 15 -27 -ohm, 

1/4 -watt. 10% resistor 
Misc.-Printed circuit hoard. Molex Solder - 

cons for displays. IC sockets, red bezel for 
displays, etc. 

Note: Sec Pans List for Fig. 3 for kit informa- 
tion. 

DIS 4 

2 15 5 8 10 

4 3 21 II 

IC3 
7445 

1 
I5 14 13 12 

Fig. 4. Schematic diagram 
of the display circuit. 
Letters on incoming lines 
correspond to similar 
points in Fig. 3. 
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APPLIED 

SCIENTISTS 
PHYSICISTS 

CHEMISTS 

ENGINEERS 

PRACTICE PATENT LAW BEFORE THE 

U.S. PATENT OFFICE AS A PATENT AGENT 

WITHOUT GOING TO LAW SCHOOL 

ENGINEERS 

CHEMISTS 
PHYSICISTS 

APPLIED 

SCIENTISTS 

Now you can couple science or technology to a challenging, responsible profession in patent law, without being a lawyer. A Patent Agent is licensed by the 

U. S. Patent and Trademark Office to represent inventors and perform all of the functions of a patent lawyer in the writing and obtaining of patents. Your work 

as a Patent Agent can be in addition to or in lieu of your current professional pursuits. It can increase your income, multiply your employment options and 

permit you to obtain patents on your own inventions. 

A HIDDEN, LUCRATIVE OPPORTUNITY: 
PATENT LAW PRACTICE 

Scientific or engineering training is a legal as well 
as practical requirement for patent practitioners in 

obtaining effective patent protection. Although not 
widely known, engineers and physical scientists 
need not go to law school to be licensed and to 
practice as Patent Agents. The U.S. Supreme Court 
has held that, in representing client -inventors before 
the U.S. Patent Office, Patent Agents may practice 
patent law in any state of the United States. Virtually 
all the work done in obtaining a patent is in writing 
and by mail. 

To become a Patent Agent, you must pass the 

one -day, six -hour examination in patent law given 
by the U.S. Patent Office. Currently the examination 
is given by the Civil Service once a year, in October, 
in federal buildings in all major cities of the United 
States. Even technically trained lawyers are re- 

quired to pass this examination in order to practice 
before the U. S. Patent Office. In such practice. 
Patent Agents and patent lawyers are the legal 
equivalents of each other and do exactly the same 
work. 

Any U.S. resident with a degree in any field of 
engineering, chemistry, physics or applied science 
may apply to take the Patent Agent's Examination. 
Write to Clerk of the Committee on Enrollment, U.S. 

Patent and Trademark Office, Washington, D.C. 

20231, for Examination application forms or for the 
Patent Office document "General Requirements for 
Admission to the Examination for Registration". 

Demand for competent patent practitioners is at 

an historic high and the relative supply at an all time 
low (mainly because engineers and physical scien- 
tists are simply not aware of their eligibility). The 

director of the General Motors Patent Department 
observed recently: 

Are we doomed to a chronic shortage of 

capable persons to prepare patent ap- 
plications? Do we face a time when the 
patent system will be made ineffective .. 
by the sheer impossibility of getting suf- 
ficient manpower to do the basic task of 
preparing applications? I shall not attempt 
to make predictions - but the questions 
are not idle and they do warrant thought. 

Corporations and patent law firms employ and are 

constantly seeking Patent Agents. New York has 
ruled that Patent Agents may be listed as such in the 
letterheads of law firms. Moreover, establishing a 

patent practice on your own has a higher probability 

of success than ever before. The Supreme Court of 

the United States held recently that lawyers may 
advertise the nature of their services and fees. Pat- 
ent Agents are subject to the same rules as law- 
yers. Since that Supreme Court decision, a' place 
in the sun is possible for the capable but less well 
known professional. But, how can you become 
trained in patent law? 

THE KEY TO LEARNING PATENT LAW 
The method for thoroughly learning patent law is 

study of the treatise, PATENT PREPARATION & 

PROSECUTION PRACTICE. II is a six -volume, 
self -training treatise of over 1400 pages in 26 
chapters filled with text, hypotheticals, forms and 
practical instruction. A seventh, 225 -page com- 
panion volume of questions and answers is in- 
cluded, which covers the material of the six vol- 
umes. This is NOT a correspondence course. It IS a 

complete, self-contained training program, all in 

your hands at one time It is designed to give step- 
by-step, incremental self -instruction to engineers 
and physical scientists who have absolutely no prior 
legal knowledge at all. At each point in the Treatise, 

every concept needed to understand the exposition 
either has already been explained or is explained 
then and there. 

Most important, you can study at home, in your 
spare time and at your pace. No need to spend 
$10.000 and three years on law school (in fact, the 
requisite instruction is simply not available in any 
law school in the country). No need to give up your 

job or change your routine in the process. The more 
technological experience you have, the more effec- 
tive you will be in securing patents for your own 
inventions and those of your clients. 

PATENT PREPARATION & PROSECUTION 
PRACTICE (at the price of $450) is the ultimate for 
learning to be a patent practitioner. It distills 26 

years of practice and 15 years of teaching by 

Dr.lrving Kayton, Professor of Law and Director of 

the Patent Law Program at The George Washington 
University in Washington. D.C. Professor Kayton 

spent eight years designing the Treatise and two 

years editing and co-authoring it with six coauthors. 
His coauthors are partners in leading patent law 
firms throughout the United States. Professor 
Kayton and his coauthors prepare annual or bien- 
nial replacement -sheet supplements to the 
Treatise. as new developments occur in patent law 

and practice. The supplements will be available for 

purchase at a reasonable price by Treatise owners. 
With such supplements, the Treatise maybe main- 

tained as a daily working guide and reference for a 

lifetime of use. 
Professor Kayton is the only full-time professor of 

patent law in the United States. He has trained or 
taught more than 2.000 of the approximately 8.000 
active patent practitioners in the United States. The 

Treatise is what he uses to teach both lawyers and 
engineers to become patent practitioners. Neither it 

nor anything like it is available anywhere else. As- 

siduous, step-by-step study of the Treatise can give 
mastery of its contents to anyone intelligent enough 
to have earned a degree in engineering or one of the 

physical sciences. Mastery of its contents 
guarantees passing the Patent Agent's exami- 
nation. Many hundreds of people have done so. 

However, if you are not sure that you wish to 

purchase the Treatise to prepare for patent practice, 
we offer two other publications. One of them. Kayton 

on Patents, provides information about basics of 

patent practice. (Both of the publications, described 
below, will be sent free of charge to anyone who 

purchases the Treatise.) 
1. KAYTON ON PATENTS, S25, is a poor -boy 

(but attractive) soft cover reprint of Volume I of the 

Treatise (Chapters 1-5), which can be slipped into 

your pocket or briefcase. It includes the Questions 
and Answers for Chapter 4, on the requirement for 
novelty of the invention (taken from Volume VII of 

the Treatise). You will learn quickly from it what the 
practice of patent law is like and also the basics of 

the subject. Use of the text and questions and 
answers will enable you to judge the effectiveness 
(and readability) of the Treatise as a teaching device 
and also your aptitude for this profession. 

2. SEARCHING THE PRIOR ART FOR 
PATEN]ABILITY. S20, is a 225 -page, soft cover 
publication that gives both an overview and a de- 
tailed analysis of the procedure for searching the 
prior art do the Patent Office. Prior art searching is 

necessary to determine if an invention is patentable. 
The publication includes material originally pub- 
lished in 1966 by the U. S. Patent Office. which is no 

Longer in print elsewhere (but completely effective 
today) and which has been republished by PRI. 
Searching will be sold only to purchasers of Kayton 
on Patents, because searching for patentability can 
only be done properly with mastery of Chapters 4 

and 5. which deal with the novelty and nonobvious- 
ness of the invention. 
LEARN, MORE ABOUT A PATENT CAREER 

Moreover, to anyone whose purchases Kayton on 
Patents (or the Treatise), we extend an invitation to 
attend an evening lecture and question -and -answer 
period by Professor Kayton. The lecture will be held 
in each of New York. Los Angeles, Chicago and 
Washington, D.C. during the period between No- 
vember 1 and December 15, 1979. at a time and 
specific location to be announced. At the lecture. 
Professor Kayton will give a description of the role 
and nature of the work of patent agents and of the 
techniques advisable when seeking employment or 
establishing a practice in the patent field. If you wish 
an admission ticket to one of such lectures, so indi- 
cate on the Order Form below. 

Patent Resources Institute. Inc. 
2011 Eye Street. N.W.. Suite 301 

Washington. D.C. 20006 

Payment must accompany each order: postage. 
handling and insurance are free. Shipment is by 
United Parcel Service. The prices are good only in 

the continental limits of the United States. District of 
Columbia residents. add 5% sales tax. 

To order our publications, use the Order Form 
below. and mail it (with your check or money order) 
to: 

Patent practice is for me. Send me the 7 -volume Treatise, Patent Preparation & Prosecution Practice. 
at a cost of $450. Kayton on Patents and Searching the Prior Art for Patentability will be sent to me free of 

charge. 
I'm interested, but unsure if patent practice is for me. Send me Kayton on Patents, at a cost of S25. 

Send me Searching the Prior Art for Patentability, at a cost of S20 (available only if I am purchasing 
Kayton on Patents). 
Send me an admission ticket, showing location. time and date, for Professor Kayton's lecture on patent 
practice. to be held in New York; Los Angeles: Chicago; Washington. D.C. (ticket available only 

if I am purchasing the Treatise or Kayton on Patents). F 

Enclosed is my check, payable to Patent Resources Institute. Inc., in the amount of $ 

Mail to: Patent Resources Institute, Inc. 2011 Eye St., N.W.. Suite 301, Washington. D.C. 20006 

NAME 

STREET ADDRESS (no P.O. Box) 

CITY STATE ZIP 
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1I7VAC 

02 R3 

Z2 
IN756 
OR IN5237 

Fig. 5. Schematic diagram of a power supply that 
can furnish all voltages required by the RTTY Reader. 

PARTS LIST (Fig. 5) 

CI .C2 -2200-µF, 16 -volt upright electrolytic 
C3 -1000-µF, 10 -volt upright electrolytic 
C4 -1000-µF. 16 -volt upright electrolytic 
C5,C6-100-µF, 25 -volt upright electrolytic 
DI,D2-IN40Ol diode 
FI-I-ampere, fast -blow fuse 
Q I-TIP31 A npn transistor 
R I -68 -ohm. 1 -watt, 10% resistor 
R2 -18 -ohm. 1/2 -watt, 10% resistor 
R3-I00-ohm, 1/2 -watt. 10% resistor 

NORMAL/INVERT switch located at the 
output of the slicer which accomplishes 
this inversion independently of the com- 
munications receiver. 

The output of the slicer is applied to a 

UART (Universal Asynchronous Receiv- 
er/Transmitter). This chip accepts serial 
data from the slicer and converts it to 
parallel form. The speed at which the 
UART operates is governed by a baud - 
rate clock, whose frequency of oscilla- 
tion is governed by a rotary switch. This 
switch has positions for 60-, 67-, 75- and 
100 -wpm Baudot and 110 -baud ASCII. 
The UART device can handle five- or 
eight -bit serial data with equal facility, so 
switching between Baudot code and 
ASCII is a simple matter. 

Parallel data generated by the UART 
is converted into a special 8 -bit code for 
display purposes. This code is continu- 
ously sampled and deposited in an 
eight -character random-access memo- 
ry. (The code comprises 64 characters 
for the Baudot code and 64 characters 
for ASCII.) As more data is received and 
converted into this special code, the 
code characters deposited in the RAM 
are read out and applied to a programm- 
able read-only memory. The PROM 

12V 

+8V 

+5V 

OCND 

2I _ 
IN5232 

8.2V 

RECT I-1 -ampere. 50-PIV modular bridge 
rectifier 

TI -12.6 -volt, 2 -ampere. center -tapped trans- 
former (Stancor P8I30 or similar) 

Misc.-Printed circuit hoard, pc -mount heat 
sink for QI, fuse -holder clips, line cord and 
strain relief, hookup wire, machine hard- 
ware, etc. 

Note: See Parts List for Fig. 3 for kit informa- 
tion. 

converts the coded characters into a 
form compatible with the eight -character 
moving display. 

About the Circuit. The main RTTY 
Reader circuit is shown schematically in 
Fig. 3. Audio signals are applied to jack 
J1 or J2 and routed to an active limiter 
composed of op amp 1C4 and its as- 
sociated components. Amplitude -limited 
signals from 1C4 are applied to the in- 
puts of four active bandpass filters. 
These filters are designed around op 
amps 1C9 and IC 10. Active filter 1C9A is 
tuned to the mark frequency, 2125 Hz. 
Filters 1C9B, IC10A, and IC1OB are 
tuned to the space frequencies of 2295, 
2575, and 2975 Hz, respectively. Tuning 
indicators LED1 and LED2 are con- 
trolled by transistors 01 and 02, respec- 
tively. These transistors receive base 
drive from the outputs of the mark filter 
and the selected space filter. They 
cause the LEDs to glow when the active 
filters are passing mark and space sig- 
nals, providing a visual indication of pro- 
per RTTY reception. 

The filter output signals are also ap- 
plied to diode bridges D4 through D7 
and D8 through D11, which rectify them. 

Rectified signals are applied to low-pass 
filter R6C6 via IC6B. Open -loop op amp 
IC6A converts the filtered dc levels into 
TTL-compatible signals for processing 
by the rest of the RTTY Reader circuit. A 
logic 0 at the output of 1C6Á corre- 
sponds to the reception of a mark fre- 
quency, a logic 1 to the reception of the 
appropriate space frequency. 

Logic levels generated by 1C6A are in- 
verted by 1C3F. If switch S3 is in its NOR- 

MAL position, the output of 1C3F is rout- 
ed directly to UART IC1. If the switch is 
placed in its INVERTED position, the out- 
put of 1C3F is inverted by IC3E, which in 
turn supplies serial data to the UART. 

The UART converts the serial data 
presented to its input into five- or eight - 
level parallel form. Its operation is gov- 
erned by baud clock IC14, a 555 timer 
functioning as an astable multivibrator. 
The frequency of oscillation of the 555 is 

determined by the setting of Si. 
ASCII code is loaded directly into the 

RAM composed of ICI1 and IC12. Bau- 
dot code is processed by the logic net- 
work 1051C8 to detect letters/figures 
shifts. Pushbutton switch S4 allows the 
user to manually reset the network back 
into its letters mode. An additional bit (at 
pin 10 of RAM 1C/ /) is added to the data 
loaded into the RAM to create the spe- 
cial code that PROM 1C17 recognizes. 
The PROM, its associated address 
counters IC13 and IC16, and display os- 
cillator 1C3D provide the necessary sig- 
nals for the multiplexed LED display. 

The display circuit is shown schemati- 
cally in Fig. 4. Four dual -character, 14 - 
segment IEE 3785R LED readouts are 
employed to display eight alphanumeric 
characters at a time. The displays are 
driven by IC1 through IC4. This circuit 
has been designed to provide a moving - 
character type of display which in- 
troduces new characters at the right- 
most position and moves each of the ex- 
isting characters to the left, one position 
at a time, as additional characters are 
received. 

Power requirements for the RTTY 
Reader are 750 mA at +5 volts, 100 mA 
at +8 volts, 20 mA at -8.2 volts, and 10 
mA at -12 volts. The supply shown 
schematically in Fig. 5 satisfies these re- 
quirements. Only the +8 -volt output, 
which feeds the displays, is not 
regulated. 

Part Two of this article, which will ap- 
pear next month, describes how to as- 
semble, align, and use the project. Pro- 
gramming instructions for IC17 will be 
included. 
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DSI HAS DONE IT AGAIN 
QUIK-KIT III 

WITH 10 MHz PROPORTIONAL OVEN TIME BASE 
DC-BATT-AC (W-AC9) 

95% Factory Assembled 

External 10 MHz Input 

External 10 MHz Output 

100% Factory Tested 

.2 PPM 10° to 
40° C Accuracy 

9 Digits :5 Inch LED's 

0.1 HZ Resolution 

Auto Zeró Blanking , 

$1499.5 
MODEL 5600A KIT 

600 MHz FREQUENCY COUNTER 

1-1 1'1 1-1 
1, le 1_I I,I 1_a1 1_i - 1_1 

Model 5600A 

WHY BUY:A 5600A: Because 95% of the assembly is completed by DSI 
and you are only one hour away from solving all those difficult bench 
problems, from setting the frequency of a audio signal to within 1/10 of a 
HZ, to checking the frequency of a 486 MHZ mobile radio. Whether you 
are servicing a VTR, trouble shooting a PLL circuit, the 5600A is the right 
counter with accuracy that will meet any FCC land mobile, broad- 
cast, or telecommunications requirements. On the bench or in the field 
the 5600A will do the job you need. The 5600A includes a self contained 
battery holder providing instant portability or weoffer a 10 hour recharge- 
able battery pack option. Other options include a audio multiplier which 
allows you to resolve a 1/1000 of a HZ signal and finally a 25db pream- 
plifier with an adjustable attenuator making the 5600A perfect for 
communications, TV servicing, industrial testing or meeting your OSO 
on the correct frequency every time. 

FOR INFORMATION = DEALER LOCATION - ORDERS - OEM 
CALL 800-854-2049 CALIFORNIA RESIDENTS CALL 800-542-6253 

RESOLUTION 
SNP, ' 1 Hr 10 Hz . 100 Hz i.PIMea4 

.1 Hz 114t 10 Hz Oriol 

i 
Power 10 :are 1 NM et vac lap, gored '50 Hs 50 MHz e0 MHz 090 MHz 

1" 

FACTS ARE FACTS: With the introduction of the 5600A. The sun has set 
on the competition. This may sound like a bold statement on the part of 
DSI BUT FACTS ARE FACTS. No counter manufacturer except DSI 
offers a Full Range 50 HZ to 600 MHZ counter with -9 Digits - 0.1 HZ 
resolution - .2 PPM 10° to 40 ° C proportional oven - RF pre -amp - 
600 MHZ prescaler - three selectable gate times-- oven ready, standby 
and gate time indicator lights as standard features - For only $149.95 kit 
and $179.95 factory wired. In fact the competition doesn't even come 
close unless you consider $203.00 to $800.00 close. With DSI having the 
best price to quality features ratio in the industry, no wonder we've 
become one of the world's largest manufacturers of high quality fre- 
quency counter instrumentation. 

Model Price Frequency 
Range 

AOCuracy 
Over 

Temperature 

Sensitivity Number 
of 

Readouts 

Size 
of 

Readouts 
Power 

Requirements 

- 

Size 
H W D 

@ 

100Hz-25MHz 
@ 

50-250MHz 
@ 

250-45CMHz 

5600A -K $149.95 50Hz-600MHz Poportional Oven 10MV 10MV 50íV V 9 .5 Inch '115 VAC or 31/4" x 9'/í'x 9" 

5600A -W $179.95 .2 PPM 10°-40°C 8.2-14.5 VDC . 

3550 99.95 50Hz-550MHz TCXO 25MV 25MV 75MV 8 .5 Inch '115 VAC or 2'W x 8" x 5" 

1 PPM 17° -40°C 8.2-14.5 VDC 

500HH $149.95 50Hz-550MHz TCXO 25MV 20MV 75MV 8 .4 Inch '115 VAC or 1" x 31/2" x 5%."'' 

" 1 PPM 17° -40°C 8.2-14.5 VDC 

or NICAD PAK. 

' 5600A wired factory burned in 1 year limited warranty. 5600A, kit 90 day limited warranty. 
Prices and/or pecifications subject to change without notice or obligation. 

$ 4 95 3550 OWNERS 
You can add the 
35P.2 .22 PPM 

10° to 43° C 
r" bw,.r _.i .proportionel,oven ------,-- to your 

:!:ODEL 3550K existing 3550 

T101 Ant 
AC79 AC Adaptor 
35P.2 
Factory Installed 

-with AC -9 Adaptor. 

"TIN 5600A Kit $149.95 
1412 

VISA 
5600A Wired 179.95 FJa?RE 5' 

AC -9 AC Adaptor 7.95 
T600 BNC Ant. 7.95 

DSI INSTRUMENTS, INC. 
9550° Chesapeake Drive #201 BUILT-IN OPTIONS 
San Diego; California 92123 - i3Á56 Rechargeable. 

10 Hr. Bat. Pack 29.95 
$3.95 TERMS: MC - VISA - AE - Check a M.O. - COD in U.S. Funds. AM56 Audio Multiplier 

7.95 Please add 10% to a maximum of $10.00 for shipping, handling 
and insurance. Orders outside of USA & Canada, please add 001Hz Resolution 

29.95 $20.00 additional to cover air shipment California residents PA56 25dB Preamplifier 
49.95 add WI Sales Tax. with Attenuator 

34.95 

59.95 
CIRCLE NO.21 ON FREE INFORMATION CARD 



I've finally .found a.personal It's not surprising 
that professionals 

computer I res ect. get excited about the Compucolor II. 
It's a totally -integrated 8080A system- 

Compuculor Ii. with 
mfull 

color graphics display, -built-in 51K 
mini -disk drive, and the best cost performance 

ratio available in a. personal, computer. 
The complete system is only S 1595.*And that price includes 8K user RAM; RS -232C 

compatibility and random access file capabilities. 
Our 8 foreground and background colors will boost your comprehension, while 

introducing you to an exciting new dimension in BASIC programming. The vector graphics 
have 16,484 individually -accessible plot blocks. And the 13" diagonal measure screen gives 
you 32 lines of 64 ASCII characters. You also have the flexibility that comes with 16K 
Extended Disk BASIC ROM. '. - 

Compucolor II offers a number of other options and accessories, like a second disk 
drive .and expanded keyboard, as well as expandability to 32K of user RAM.. Of course we also ' 

have a whole library,of low-cost Sof-Diskrm programs, including an assembler andtext editor., 
Visit your nearest computer store for details. And 

while you're there, do some comparison testing. With all 
due respect to the others, once you see it, you'll be sold on 
_the Compucolor II. Q 

Compucolor 
Corporation 

' i 
1 

ir 

a 
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r 
r 

Unretouehed p of screen 
*U.S. Domestic Price 

Name 

Street 

City State Zip 

Send me the name of my nearest Compucolor Dealer 
Please tell me more about the Compucolor II. 
I'd like additional software information. 

Mail to: Compucolor Corporation 
Intecolor Drive Technology Park /Atlanta Norcross, Georgia 30092 
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Computers for use in very small businesses, and 
many of the so-called "personal" computers are 
often one and the same. Interestingly enough, 
this was the case from "Day One" when POPU- 
LAR ELECTRONICS introduced the Altair 8800 
computer in January 1975. At that time, data from 
the Altair kit supplier made it clear that some 60% 
of the kits purchased were for business use. 

This wasn't surprising since PE readers in- 
clude many people associated with business in 
managerial capacities, and numerous small busi- 
ness owners (physicians, lawyers, etc.). Indeed 
the 1979 version of the PE Market Study reveals 
that some 33% of its almost half a million subscri- 
bers still use microcomputers for business only. 
An additional 31% use them in a combination of 
business and personal applications, and about 
35% for personal applications only. 

THE US GOVERNMENT identifies a 

small business as one that employs 
up to 250 people and has an annual 
gross income of up to $5 -million. How- 
ever, small businesses that can use 
computers to advantage may be much 
smaller than that, ranging down to a sin- 
gle user in a part-time business opera- 
tion. These types of operations are often 
called "very small businesses." 

System cost, naturally, plays an im- 
portant role. An enterprise grossing 
$50,000 yearly cannot afford a $20,000 
computer or its equivalent in time-shar- 
ing systems. Like any capital 
ment, a data-processing system 
be justified by the return it can 

invest- 
should 
be ex- 

pected to produce. Experience has 
shown that a single computer and its op- 
erator can do the work of several peo- 
ple, either saving the cost of some salar- 
ies and benefits or freeing personnel for 
other tasks. In some cases, the comput- 
er will have enough extra data -handling 

o 

Choosing 
a Computer 
for a 
Very Small 
Business 
BY JOHN ZITZ* 

capacity to allow the business to expand 
with little or nothing in the way of in- 
creased computing costs. 

Perhaps more important, the comput- 
er is very fast and can keep the busi- 
nessperson informed about the status of 
affairs today, not the way they were last 
week. Further, since the computer elimi- 
nates many hours of manual clerical 
work and can deliver its output in a com- 
pact precise form that obviates a good 
deal of "paper shuffling," it can create 
more time for the research, decision 
making, and creativity that are the real 
essence of an entrepreneur's function. 

Besides its obvious functions in ac- 
counting, inventory and production con- 
trol, and the like, a computer can also- 
with the right software-handle se- 
cretarial functions such as appointment 
planning. Mailing lists, telephone files, li- 
brary catalogs, and similar collections of 
data can be created, alphabetized, up- 
dated, and printed as desired. With the 

addition of a text -editing program a com- 
puter can process correspondence. 
Form letters, for example, can be writ- 
ten, recalled, and personalized with 
great facility. 

Requiring no rest or sleep and only 
occasional maintenance, a computer 
can be used 24 hours a day; even when 
the business is closed. Both hardware 
and software are available to let the 

computer "watch over" sensitive sys- 
tems such as refrigerators, air condition- 
ers, water pumps, etc. It can also sense 
intrusion, fire, smoke and other emer- 
gency conditions and perform some pre- 
determined function when an alarm is 

activated. Communication with the com- 
puter at any time is a possibility, even 
from remote points across the country 
using a telephone attachment called a 

modem. This means that salesmen can 
communicate orders, or get product in- 
formation over the phone line when they 
desire. Businessmen who generate new 

*PCE Microcomputer Systems, Sacramento, CA. 53 
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ideas at night can, via a terminal and 
modem at home, put these into effect or 
at least record them while they are fresh. 
It is even possible to run an enterprise 
by "remote control." 

The System. Just as vehicles, regard- 
less of their make or model, are pretty 
much the same under their metal skins, 
computers are too. The former have en- 
gines, suspensions, transmissions, etc., 
as main working parts while the latter 
have memory, central processor units, 
input/output modules, interfaces, etc. 

Vehicles can be optimized for busi- 
ness or pleasure depending on the op- 
tions selected, and the same is true of 
computers. For business use, you need 
a machine that has enough computing 
power and enough options to handle 
both your present and anticipated future 
requirements. This is why it always pays 
to take a look at all the options for a par- 
ticular computer, since as your business 
grows, you may require functions not 
needed at the present. 

A few years ago, computer en- 
thusiasts who wanted to use a "hobby - 
type" computer for business would ex- 
plore what microprocessor was being 
used, what type of bus was offered, and 
so on. The growth of the moderately 
priced computer market has changed all 
that. Consequently, software is the sin- 
gle overriding consideration in buying a 

business -oriented computer today. 
For most applications, the "computer" 

will be a keyboard, video display and 
printer, all attached to a small enclosure 
in which the actual data manipulations 
are performed. There may also be 

{ 

another enclosure containing the disk 
storage system. Sometimes a keyboard 
and printer or video display are com- 
bined in a single unit called a terminal. 
This can be located near or remote from 
the computer. 

To enable the computer to be used by 
personnel trained in normal secretarial 
skills, the keyboard should have a con- 
ventional typewriter format, with com- 
fortably spaced and easy -to -the -touch 
keys. If a lot of numeric entries are to be 
made, a separate keypad is a definite 
convenience. 

Quality of the video display is also im- 
portant as it will determine the extent of 
eyestrain (which may result in possible 
entry or reading errors) if the display is 

used for extended periods. The usable 
screen should measure at least 12" di- 
agonally and have a contrast that is 

comfortable to the eyes. The characters 
should be sharp, and free from glare. 
They should be crisp from edge to edge 
across and from the top to the bottom of 
the screen, and should exhibit very little 
nonlinearity. Dual -brightness or inverted 
(black -on -white instead of white -on - 
black) characters are useful for special 
attention -getting displays, as is the ca- 
pability of rendering color. The system 
should display at least 80 characters on 
24 lines for business applications. Many 
small computers project only 16 lines of 
64 characters per line-somewhat limit- 
ing for ledger and similar entries. 

The printer, or hard -copy device, 
should be selected for its type face, 
speed, and noise level (some are quiet- 
er than others). It should be of sturdy 
construction and have adjustable col- 

umns for different width paper. The pa- 
per should be tractor or pin fed from the 
carriage to keep the paper secure in its 

place and free from misalignment-a 
necessity for automatic printing of 
checks and for keeping columns in pro- 

per vertical order. 
Printer prices increase directly with 

the speed and quality of the print, and it 

is up to the purchaser to determine just 
what he wants. The need for upper- and 
lower-case characters and for multiple 
copies is a consideration, too. 

The disk system is also determined by 

the amount of data you expect to store. 
Obviously, the larger the disk system, 
the more data can be stored. Keep Par- 
kinson's Law in mind-data expands to 
fill the available disks. Small (so-called 
5" disks) can hold up to 90K bytes of 
data (enough for several hundred inven- 
tory entries), while the so-called 8" disk 
can support up to 240K bytes of data. 
There are dual disk systems that in- 

crease data storage in one package, 
and there are dual- and quad -density 
and double -sided disk systems that 
maintain package size but greatly in- 

crease storage capacity. If your busi- 
ness is large enough, it may even pay 
you to take a look at the more expensive 
hard disk systems that can hold many 
millions of bytes of data. If at all possi- 
ble, a business person should have at 

least a dual -disk system since it pays to 

make a backup copy of a completed 
disk for emergency use. 

Since the most important considera- 
tion is software, it pays to make certain 
that the computer system you choose 
has a good selection available for it. 
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Radio Shack TRS-80 Model II Microcomputer 
with Line Printer III, External Disk System. 

Computcolor II Model, 3 Computer 
with color video display. 

54 POPULAR ELECTRONICS 



S ON MN1141* '-0 

While, in some cases, special "emula- 
tor" programs that allow one machine to 

mimic another for which a desired item 

of software is available, this approach 
lowers the effective operating speed of 
the processor to a mere fraction of nor- 
mal. Clearly, a modest (less costly) in- 

stallation humming along with efficient 
software is preferable to a fancy one that 
limps because its software pinches. If it 

would be beneficial for your purposes to 

use COBOL or FORTRAN instead of 
BASIC, be sure your system is compat- 
ible with these languages. 

Cost And Operation. The cost of a 

computer system is not just what the 

store charges you to take the package 
home. Maintenance and later expan- 
sion, for example, are obvious sources 
of additional cost. The great nemesis of 

all system planning is changing needs. 
A system that can be altered to suit all 

contingencies will cost more than one 
that is specialized, but it may be worth 
the difference in the long run. The 
choice between the two depends on the 

nature of your business. We will try to 

develop here rational guidelines that, 
taking the special nature of computers 
into account, will help to minimize costs. 

"Off the Shelf" or "Custom". One 
attractive and low-cost approach is to 

buy standard hardware and software 
packages. If your application is com- 
monplace, you may be able to purchase 
application programs that have already 
been written and field-tested. Packages 
exist for inventory applications, payroll, 
general ledger, accounts/payable and 
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receivable, etc. With good knowledge of 
your business requirements, you could 
purchase a system that is optimized for 
the packages you need, while allowing 
for system integration, and expansion. 

To have custom software written spe- 
cifically to your needs by a reputable 
analyst and then have a hardware sys- 
tem implemented around that software, 
is another possible alternative. The pit- 
fall is that the exclusivity of your system 
may inhibit changes in the future should 
they become necessary. 

A middle path between these two ex- 
tremes is to purchase a system that is 

mostly "off the shelf" and make minor 
adjustments as necessary. Many private 
vendors will have the resources to make 
these modifications if they are not too 
extensive and may even include them in 

the overall price of the system. In any 
case, all software and hardware modifi- 
cation should be in the hands of reliable 
consultants. A largely "off the shelf" sys- 
tem with canned software included in its 

price would range from about $4,000 to 

$8,000, depending on the peripherals 
put into the final system. 

One difference between a "business 
computer system" and a "computer sys- 
tem that means business" is in the plan- 
ning done in anticipation of breakdown 
and further expansion. The usual vendor 
warranties are enough to absorb the 
cost of initial problems until the system 
is finally "up and running." The reliability 
of the electronic technology that goes 
into computers is such that a business 
computer under normal use should not 

encounter a debilitating breakdown in 

well over a year of use. Even then, the 
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most common breakdowns in a mi- 
crosystem are not electrical but me- 
chanical. Switches, motors, drivers ac-. 

tuator arms, and wheels fail far more of- 
ten than electronic components. 

Superficially attractive as all -in -one 
computers are, they are not for busi- 
ness. When a single functional part of an 
all -in -one computer fails, the whole ma- 
chine goes down and, in many cases, 
must be sent to the factory for repair. 
The independent modular approach al- 
lows the offending module to be re 
moved and repaired, often while a tem- 
porary replacement is substituted. This 
keeps the system reliability high despite 
the failure of individual modules. In the 
case of duplicate systems in one instal- 
lation, modules can be temporarily 
"swapped" until replacements arrive. 

External Problems. One of the hid- 
den causes of computer component fail- 
ure is noise transients and voltage 
spikes from electrical equipment such 
as motors, tools, etc., that are passed to 
the computer via the power lines. Not 
only can such "hash" and power -line 
surges damage components, they can 
also interfere with computer operation. It 

is essential that a well -engineered com- 
puter system have hash and power sur- 
ge suppression built into its power sup- 
ply. This can eliminate considerable hid- 
den cost in operation. 

Options. Another interesting power - 
supply option protects your computer 
against momentary power -line "black- 
outs". The capacitors in a good heavy- 
duty power supply can maintain their 

R 0,' . 

Commodore PET 2001 Series 
Professional Computer. 
NOVEMBER 1979 

Exidp Inc. Sorcerer Computer with 
dual -disk drive and video display. 
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charge for about a fifth of a second after 
the mains go down. This is time to kick in 
a back-up power supply without losing 
data or causing the system to "crash". 
An uninterruptable power supply can be 
added to a system fairly inexpensively 
and may, once in a while, save the day. 

What About Protecting the Data? 
Computer failure can wipe out valuable 
data. However, if one takes the normal 
precautions of keeping backup disks 
and tapes, the likelihood of a serious 
setback is reduced. Cassette tapes and 
recorders are relatively cheap compared 
to disks and disk drives and are a cost- 
effective means of data protection. The 
high access speed of the disk is not a 
factor when all you are looking for is 
long-term archival storage. A small rou- 
tine for transferring the data stored on a 
disk to a cassette is not difficult to imple- 
ment and might even be part of the DOS 
(Disk Operating System) provided with 
the computer. 

Security. Principally, this involves pro - 

1rá 
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tecting the data physically from theft, de- 
struction or tampering. Such protection 
is not difficult to implement if the entire 
system is in your premises, where ac- 
cess to it can be controlled. But what if 
data must be transmitted by telephone, 
other hard -wire lines, or mail? 

Hardware and software for encrypting 
data have just begun to appear on the 
market and will probably be included in 
total systems in the near future. For ex- 
ample, special chips which can encode 
data at high speeds, could be incorpo- 
rated as part of the input-output interfac- 
ing of a data -transmission module. Here 
is another instance in which the modular 
approach to the computer design facili- 
tates expansion of an existing system. 

When To Buy. Is there a "right time" 
to buy a computer? Should the small 
business lease a computer, timeshare 
on a larger computer, or buy one out- 
right? In the past, the high cost of com- 
puters and their relative inaccessibility 
made timesharing at a cost of several 
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Vector Business System-MZ Computer with, dual floppy 
drive, MT Terminal, and Centronics 702 Printer. 
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hundred dollars per month seem attrac- 
tive. The low cost of microcomputers to- 
day has made this a more dubious prop- 
osition. The cost of the timeshare termi- 
nal alone is approximately 25% the cost 
of á microcomputer -based business 
system. Add to this the monthly cost of 
computer services and telephone line 
hookups and the total over a year rapidly 
approaches the cost of an entire small 
computer system. And of course, there 
is no equity. 

Timesharing should only be consid- 
ered when access to a large, computa- 
tionally powerful computer is needed, as 
might be the case in engineering or 
scientific applications or those that gen- 
erate volumes of statistical analyses. 
For the standard small -business -scale 
applications, even where sizable inven- 
tory accounting is involved, eight -bit mi- 
croprocessing is the most cost-effective 
way to go. In short, for most very small 
businesses, don't borrow, don't lease- 
buy! And if you feel that your business is 
ready for the system, now is the moment 
of decision. o 

lonotwxa ----_ - r --__ 

Heath kit HI IA 16 -bit 
Computer has 
provisions for 
business peripherals. 
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Apple II Color- Ohio Scientific CRP DFSystem-Challenger SP Computer, 
graphics Computer. dual -disk drive, terminal, monitor, peripheral control devices. 
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Personal Computers 
BY IVAN BERGER 

IF YOU WANT a personal computer 
for nonbusiness purposes, there is a 

host of different types available to you. 

Which one you choose will largely de- 

pend on your intended applications and 

the money you wish to spend. 
Is your main interest in learning about 

computer circuits as well as program- 
ming? If so, you might consider building 
a computer kit. Here one's choice could 
be between an expandable building- 
block type or a full-blown computer or 

even a complete system contained in 

one package. 
Do you essentially want to make a few 

plug-in connections, apply ac power, 
and start right off making things hap- 
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pen? Then you can choose from assem- 
bled versions of some of the foregoing 
or an "appliance" computer. You might 

also be guided by which computers are 
popular in local computer clubs or which 
give you the most flexibility in choosing 
peripherals, buying or exchanging soft- 
ware, etc. Computer choices range from 
low-cost single -board systems, to all-in- 

oné intelligent terminals, to micro main- 
frames plus many peripherals. 

Microcomputers are used for a wide 
variety of purposes; for program devel- 
opment and teaching oneself to pro- 
gram; for small mass mailings; for edu- 
cation in nor..computer subjects; to han- 
dle home data such as recipes, Christ- 
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mas -card lists and the checkbook; to 
control appliances; to play games; for 
computer -generated music or speech; 
for mathematical computation; for word 
processing to develop cleanly -typed re- 
ports,. papers, letters, etc.; and for some 
business applications. 

The more such applications you have, 
the more sense computers (basically all- 
purpose devices) make. For some sin- 
gle applications, in fact, alternatives to 

the computer make more sense. If all 

you want is to play games, for instance, 
get a programmable video game, and 
have done with it. The game will prob- 
ably cost less, and put more interesting, 
cartoon -like graphics on your TV screen, 

Allizzrztr, 

_ 

00 2:17 
00 0 rp t D(U17t1 2 

.9v/4005 6 4 



é S ON M ,: : :91PiITERS 

Similarly, if all you need to do is complex 
calculation, consider a programmable 
calculator. Again, the cost will be less- 
and you'll be able to carry the calculator 
with you at all times. 

But calculators can play only limited 
games, and TV games have only limited 
calculating ability, if any (not counting 
the small but growing number of games 
that can be converted into full-fledged 
Computers). If you're interested in both 
these applications at once-or in any of 
the others so far mentioned-you'll need 
a full-fledged computer. 

But which one? All computers have 
some similarities: They all have some 
sort of input device to enter programs 
and data, some sort of output device to 
verify the input data and show what re- 
sults' the computer comes up with when 
the program runs. They all have proces- 
sors, the chips that do the actual com- 
puting; and memory to hold programs 
and data while they're being used. But 
the types of input, output and processor 
differ, as do the amount of memory and 
the number of accessories or peripher- 
als which can be used with the system. 

Input and Output. The most visible 
differences between computer systems 
are usually in their input and output (I/O, 
for short) facilities. These are the chan- 
nels of communications between the 
computer and you. The computer and 
you speak very different languages, and 
one measure of I/O sophistication is 

how cleverly the system can disguise 
that fact. 

In its most primitive (and, today, rar- 
est) form, the system will communicate 
in binary, a numbering system based on 
twos. A completely binary I/O system 
would have a row of eight switches to in- 
put each 8 -bit computer command or 
data "word" and eight lights per "word" 
for output. 

More commonly, the system will 
translate such binary numbers as 
"11000000" into either an octal (base -8) 
number such as "300" or a hexidecimal 
(base -16) number such as "CO." (Since 
hex numbering requires more digits than 
our base -10 decimal system, it follows 
the digits 0-9 with the letters A -F.) Many 
low-priced, single -board computers 
have calculator -like keypads and dis- 
plays for use with either octal or hex in- 
put and output. 

But octal and hex are only more so- 
phisticated ways of talking machine lan- 
guage, the instructions that computers 
58 

understand directly. Machine -language 
programs run very quickly, and don't use 
much memory. But they're cumbersome 
to write since you must not only learn at 
least a hundred or so instructions and 
how to use them, but must learn them as 
abstract numbers like "CD" or "305". 

Consequently, keypad -and -display 
compúters are only useful, as is, for writ- 
ing very short programs, especially pro- 
grams designed to interact with other 
devices rather than with people. Control 
applications are often a perfect match 
for these computers. Here, the limita- 
tions of keypad programming aren't seri- 
ous, and the computers are small and 
cheap enough to be assigned tó specific 
devices, or sometimes the computers 
are even built into the devices. 

But most such computers also have 
ports for communicating with other I/O 
devices. Connect one to a terminal, 
which combines a full typewriter -like 
keyboard with a video display screen or 
a printer, and you can work with other 
programming languages which use the 
entire alphabet and other symbols. 

With the keyboard's full set of charac- 
ters at your command, you can program 
in assembly'or high-level languages. As- 
sembly language is just a word-for-word 
translation of machine language from 
abstract numbers into more easily - 
memorized abbreviations. In 8080 as- 
sembler, for example, the instruction 
"return if not zero" is "RNZ". In machine 
language, it would be either "CO" (hex), 
"300" (octal) or "11O0Ó000" (binary). A 
program called an assembler translates 
the mnemonic abbreviations into ma- 
chine code, as well as performing such 
useful tricks as letting you call subrou- 
tines (frequently -invoked subprograms) 
by name, instead of remembering their 
memory addresses. 

But that's still. doing things the com- 
puter's way, .not yours. High-level lan- 
guages, such as BASIC or PASCAL, 
use standard English words (though 
sometimes in abbreviated form) to rep- 
resent whole sequences of computer 
operations. In BASIC, for example, 
"PRINT SQR(SIN(Y))" will make the 
computer tell you what the square root 
of the sine of Y is. An assembly -lan- 
guage program for that would probably 
fill up this column. 

Just as with assembly language, a 
special program is needed to translate 
your BASIC or other high-level language 
program into the computer's commands. 
That program can be read into the com- 

puter from a tape, or can be permanent- 
ly built into the computer's memory. If 

you use BASIC a lot, it is a great con- 
venience to have it instantly on tap 
whenever you turn the computer on. If 

you don't, this feature won't make much 
difference to you. 

The typewriter keyboard and video 
screen are the most common microcom- 
puter I/O devices, but there are varia- 
tions and alternatives available. Many of 
these systems let you not only display 
letters and numbers (alphanumerics) on 
the screen, but "draw" pictures (graph- 
ics) on the screen as well. The pictures 
are often rather crude, being composed 
of clearly -noticeable blocks, but they're 
useful for such applications as games, 
graphing mathematical functions, and in 

business for bar -graph and other dis- 
plays that are easier to understand than 
tables of numbers. Color makes the 
games more exciting and the bar -graphs 
more readable. This raises the cost of 
the computer, naturally, but may well be 
worth it for your uses. 

Graphics programs written in BASIC 
run very slowly; for speed, you'll have to 
use assembly -language programs. Bear 
that in mind if you plan to write your own 
graphics. If you want fast graphics at low 
cost, you'll find a few graphics -capable 
machines with hex keypad input for ma- 
chine -language programming. 

Even alphanumeric video displays dif- 
fer. Some computers have built-in video 
monitor screens. Others are usually sold 
with a video screen in a separate cabi- 
net. Still others include video output cir- 
cuits to feed signals to a video monitor 
screen. To feed it to a regular TV receiv- 
er, though, you'll have to convert that 
signal to a modulated radio -frequency 
one by passing it either through an r -f 
modulator or through a video -cassette 
recorder, if you have one. Not all com- 
puter/recorder combinations work well, 
though; nor do all r -f modulators (the lat- 
ter cannot be legally sold separately un- 
less it's in kit form.) Try to check out your 
combination in the store or on a money - 
back guarantee. Computers with built-in 
r -f modulators are beginning to appear, 
too. This feature makes more sense in 
home systems, where there's likely to be 
a TV receiver available, than in a busi- 
ness or industrial system. 

There are also differences in how 
much information you can put on the 
video screen. Alphanumeric displays 
are available with 16 lines of 64 charac- 
ters each, or less, and with 25 lines of 80 
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Start Computing For Just $129.95 With An 

8085 -Based Professional Computer Kit- 

Explorer/85 
100% compatible with all 8080A and 
8085 software & development tools! 

No matter what your future computing plans may 
be, Level "A "-at $129.95 -is your starting point. 

Starting at just $129.95 for a Level "A" operating system, 
you can now build the exact computer you want. Explorer/85 
can be your beginner's system, OEM controller, or IBM - 
formatted 8" disk small business system... yet you're never 
forced to spend a penny for a component or feature you don't 
want and you can expand in small, affordable steps! 

Now, for just $129.95, you can own the first level of a fully 
expandable computer with professional capabilities -a com- 
puter which features the advanced Intel 8085 cpu, thereby 
giving you immediate access to all software and development 
tools that exist for bout Use 8085 and its 8080A predecessor 
(they are /00%u software compatible) -a computer which 
features onboard S-1170 bus expansion -plus instant conver- 
sion to mass storage disk memory with either 5-1/4" diskettes 
or standard IBM -formatted 8" disks. 

For just $129.95 (plus the cost of a power supply, keyboard/ 
terminal and RF modulator, if you don't have tltent already), 
Explorer/85 lets you begin computing on a significant level... 
applying the principles discussed in leading computer maga- 
zines...developing "state of the art" computer solutions for 
both the industrial and leisure environment. 

Level "A" Specifications 
Explorer/85's Level "A" system features the advanced Intel 
8085 cpu, an 8355 ROM with 2k deluxe monitor/operating 
system, and an 8155 ROM -I/O -all on a single motherboard 
with room for RAM/ROM/PROM/EPROM and S-100 ex- 
pansion, plus generous prototyping space. 

(Level "A" makes a perfect OEM controller for industrial 
applications and is available in a special Hex Version which 

can he programmed using 
as the Netronics Hex Keypad/ 

Display.) 
' u PC Board: glass epoxy, plated 

through holes ss ith solder mask 
I/O: provisions for 25 -pin 

(DI325) connector for terminal 
Level "A" at $129.95 is a serial I/O, which can also sup - 

complete operating system, port a paper tape reader 
perfect for beginners, hob- ..provision for 24 -pin DIP 
biests, or industrial con- socket for hex keyboard/dis- 
troller use. play... cassette tape recorder in- 
put ...cassette tape recorder output ...cassette tape control 
output...speaker output... LED output indicator on SOD 
(serial output) line...printer interface (less drivers)... total of Order A Coordinated 
four 8 -bit plus one 6 -bit I/O ports Crystal Frequency: 6.144 Explorer/85 Applications Pak! 
MHz Control Switches: reset and user (RST 7.5) 
interrupt ...additional provisions for RST 5.5, 6.5 and TRAP 
interrupts onboard Counter/Timer: programmable, 14 -bit 
binary System RAM: 256 bytes located at F800, ideal for 
smaller systems and for use as an isolated stack area in 
expanded systems... RAM expandable to 64k via S-100 bus or 
4K on motherboard. 

System Monitor (Terminal Version): 2k bytes of deluxe 
system monitor ROIs1 located at F000 leaving 0000 free for user 
RAM/ROM. Features include tape load with labeling ...tape 
dump with labeling...examine/change contents of memory 
...insert data... warm start ...examine and change all 
registers...single step with register display at each break point, 
a debugging/training feature...go to execution address... 
move blocks of memory front one location to another...fill 
blocks of memory with a constant... display blocks of memory 
...automatic baud rate selection... variable display line length 
control (1-255 characters/line)...channelized I/O monitor 
routine with 8 -hit parallel output for high speed printer... 
serial console in and console out channel so that monitor can 
communicate with I/O ports. 

System Monitor Hies Version): Tape load with labeling... 
tape dump with labeling...examine/change contents of mem- 
ory...insert data...warm start ...examine and change all 
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registers...single step with register display at each break point 
...go to execution address. Level "A" in the Hex Version 
snakes a perfect controller for industrial applications and can 
he programmed using the Netronics Hex Keypad/Display. - Hex Keypad/Display 

Specifications 
Calculator type keepad with 24 
system defined and 16 user 
defined keys. 6 digit calculator 
type display which displays full 
address plus data as well as 

Hex Keypad/Display. register and status information. 

Level "B" Specifications 
Level"B" provides the S-100 signals plus buffers/drivers to 
support up to six S-100 bus boards and includes: address 
decoding for onboard 4k RAM expansion select -able in 
4k blocks...address decoding for onboard 8k EPROM expan- 
sion selectable in 8k blocks... address and data bus drivers for 
onboard expansion ...wait state generator (jumper selectable), 
to allow the use of slower memories...two separate 5 volt 
regulators. 

Level "C" Specifications 
Level "C" expands Explorer's 
motherboard with a card cage, 
allowing you to plug up to six 
S-100 cards directly into the 

~-- motherboard. Both cage and 
Explorer/85 with l :l cards are neatly contained inside 
"C"card cage. Explorer's deluxe steel cabinet. 

Level "C" includes a sheet metal superstructure, a 5 -card gold 
plated S-100 extension PC board which plugs into the mother- 
board. Just add required number of S-100 connectors 

Level "D" Specifications 
Level "D" provides 4k or RAM, power supply regulation, 
filtering decoupling components and sockets to expand your 
Explorer/85 memory to 4k (plus the original 256 bytes located 
in the 8155A). The static RAM can be located anywhere front 
0000 to EFFF in 4k blocks. 

Level "E" Specifications 
Level "E" adds sockets for 8k of EPROM to use the popular 
Intel 2716 or the TI 2516. It includes all sockets, power supply 
regulator, heal sink, filtering and decoupling components. 
Sockets may also be used for soon to be available RAM IC's 
(allowing for up to 12k of onboard RAM). 

Experimenter's Pak (SAVE $12.501 -Buy Level "A" and Hex 
Keypad/Display for 5199.90 and get FREE Intel 8085 user's 
manual plus FREE postage & handling! 
Student Pak (SAVE $24.451 -Buy Level "A," ASCII Key- 
board/Computer Terminal, and Power Supply for $319.85 and 
get FREE RF Modulator plus FREE Intel 8085 user's manual 
plus FREE postage & handling! 
Engineering Pak (SAVE $41.001 -Buy Levels "A," "B," 
"C," "D," and "E" with Power Supply, ASCII Keyboard/ 
Computer Terminal, and six S-100 Bus Connectors for $514.75 
and get 10 FREE computer grade cassette tares plus FREE 
8085 user's manual plus FREE postage & handling! 
Business Pak (SAVE $89.951 -Buy Explorer/85 Levels "A," 
"B," and "C" (with cabinet), Power Supply, ASCII Key- 
board/Computer Terminal (with cabinet), 16k RAM, 12" 
Video Monitor, North Star 5-1/4" Disk Drive (includes North 
Star BASIC) with power supply and cabinet, all for just 
51599.40 and get Is FREE 5-1/4" minidiskettes (549.95 value) 
plus FREE 8085 user's manual plus FREE postage & handling! 

Continental U.S.A. Credit Card Buyers Outside Connecticut 

CALL TOLL FREE 800-243-7428 
To Order From Connecticut Or For Technical rtr_an rttr um 

Netronics R&D L7,5717.77 -7i Assistance, Etc. Call (203) 354-9375 

333 Litchfield Road. New Milford, CT 06676 sonalized disk operating system -just 
Please send the items checked below- plus $2 p&h. plug it in and you're up and running!),' 

Explorer/85 Level "A" Kit (ASCII Deluxe Steel Cabinet for ASCII 5699.95 plus 55 p&h. 
Version), 5129.95 plus $3 p&h. Keyboard/Terminal, 519.95 plus $2.50 Power Supply Kit for North Star' 

Explorer/85 Level "A" Kit (Hex p&h. Disk Drive, $39.95 plus $2 p&h. 

Version), 5129.95 plus $3 p&h. Power Supply Kit (t 8V @ 5 amps) Deluxe Case for North Star Disk' 
8k Microsoft BASIC on cassette in deluxe steel cabinet, $39.95 plus $2 Drive, 539.95 plus $2 p&h. 

tape, $64.95 postpaid. p&h. Experimenter's Pak (see above),' 
8k Microsoft BASIC in ROM Kit O Gold Plated 5-100 Bus Connectors, $199.90 postpaid. 

(requires Levels "B," "D," and "E"), 54.85 each, postpaid. Student Pak (see above), $319.85' 
$99.95 plus $2 p&h. O RF Modulator Kit (allows you to postpaid. 

Level "B" (S-100) Kit, $49.95 plus use your TV set as a monitor), $8.95 O Engineering Pak (see above),' 
$2 p&h. postpaid. $514.75 postpaid. 

Level "C" (S-100 6 -card expander) 0 16k RAM Kit (S-100 Board expands Business Pak (see above), $1599.40' 
Kit, 539.95 plus $2 p&h. to 64k), $199.95 plus $2 p&h. postpaid. 

Level "D" (4k RAM) Kit, $69.95 0 32k RAM Kit, $329.95 plus $2 p&h. 
plus $2 p&h. 0 48K RAM Kit, $459.95 plus $2 p&h. 

Level "E" (EPROM/ROM) Kit, 0 64k RAM Kit, $589.95 plus $2 p&h. 
$5.95 plus SOe p&h. 0 16k RAM Expansion Kit (to expand 

Deluxe Steel Cabinet for Explorer/ any of the above up to 64k), $139.95 
85, $49.95 plus $3 p&h. plus $2 p&h each. 

ASCII Keyboard/Computer Ter- O Intel 8085 cpu User's Manual, $7.50 
minal Kit (features a full 128 character postpaid. 
set, upper & lower case, full cursor con - 0 Special Computer Grade Cassette trol, 75 ohm video output convertible Tapes, $1.90 each or 3 for $5, postpaid. 
to baudot output, selectable baud rate, 0 12" Video Monitor 10 MHz band RS232 -C or 20 ma. I/O, 32 or 64 char - 

width), 5139.95 plus $5 P&h. acter by 16 line formats, and can be 
used with either a CRT monitor or a TV O North Star Double Density Floppy 
set (if you have an RF modulator), Disk Kit (One Drive) for Explorer! 
$149.95 plus $2.50 p&h. 85 (includes 3 drive S-100 controller, 

LO Hex Keypad/Display Kit, $69.95 DOS, and extended BASIC with per - 

Total Enclosed $ 
(Conn. res. add sales tax) By - 
0 Personal Check O M.O./Cashier's' 
Check Visa Master Charge' 

(Bank 0----) 

Address 

City 

State 

Acct 0 

Signature Exp Date 
Print 
Name 

I 
1 

Send Me Information um 
Zip 

I 
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ASCII/BAUDOT, 
STAND ALONE 

Computer 
Terminal 

COMPLETE 
FOR ONLY .. . 

$1495 
The Netronics ASCII/BAUDOT Computer Terminal Kit is a 

microprocessor -controlled, stand alone keyboard/terminal 
requring no computer memory or software. It allots the use of 
either a 64.or 32 character by 16 line professional display for- 
mat with selectable baud rate, RS232 -C or 20 ma. output, full 
cursor control and 75 ohm composite video output. 

The keyboard follows the standard typewriter configuration 
and generates the entire 128 character ASCII upper/lower case 

set with 96 printable characters. Features include onboard 
regulators, selectable parity, shift lock key, alpha lock jumper, 
a drive capability of one TTY load, and the ability to mate 
directly with almost any computer, including the new Ex- 
plorer/85 and ELF products by Netronics. 

The Computer Terminal requires no I/O mapping and 
includes 1k of memory, character generator, 2 key rollover, 
processor controlled cursor control, parallel ASCII/BAUDOT 
to serial conversion and serial to video processing -fully 
crystal controlled for superb accuracy. PC boards are the 
highest quality glass epoxy for the ultimate in reliability and 
long life. 

VIDEO DISPLAY SPECIFICATIONS 
The heart of the Netronics Computer Terminal is the micro- 

processor -controlled Netronics Video Display Board (VID) 
which allows the terminal to utilize either a parallel ASCII or 
BAUDOT signal source. The VID converts the parallel data to 
serial data which is then formatted to either RS232 -C or 20 ma. 
current Loop output, which can be connected to the serial I/O 
on your zompmer or other interface, i.e., Modem. 

When connected to a computer, the computer must echo the 

character received. This data is received by the VID which 
processes the information, converting to data to video suitable 
to be displayed on a TV set (using an RF modulator) or on a 

video monitor. The VII) generates the cursor, horizontal and 
vertical sync pulses and performs the housekeeping relative to 
which character and where it is to be displayed on the screen. 

Video Output: 1.5 P/P into 75 ohm (E/A RS -1701 Baud hate: 
110 and 300 ASCII Outputs: RS232 -C or 20 mu. current loop 

ASCII Character Set: 128 printable churacters- 

d Ti EBYayvII4$Q9o2;°===fitI+444 
!'ft A'cis+,-./012345b789:;<_>? 

Eí3COffGH1311SHOPO StUUWYZE\_ 

`abcdef ghi jk1Ñnopgrstrllwzyg # 
IrAubrn Character Set: A BCDEPCII/JKLMNóPQ 
RSTUVWXYZ-?:'350(1.,9014!57:2/68 
Cursor Modes: Home, Backspace, Horizontal Tab, Line Feed, 
Vertical Tab, Carriage Returns. Two special cursor sequences 
are provided for absolute and relative X- Y cursor addressing 
Cursor Control: Erase, End of Line. Erase of Screen. Form 
Feed, Delete Monitor Operation: SO or 6011: (juniper 
selectable. 

Continental U.S.A. Credit Card Buyers Outside Connecticut 

CALL TOLL FREE 800-243-7428 
To Order From Connecticut Or For Technical ff Assistance, Etc. Call (203) 354-9375 1 

Netronics R&D Ltd., Dept. PE -11 
333 Litchfield Road, New Milford, CT 06776 

Please send the items checked below- 
Netronics Stand Alone ASCII Keyboard/Computer 
Terminal Kit, 5149.95 plus $3.00 postage & handling. 
Deluxe Steel Cabinet for Netronics Keyboard/lermi- 
nal In Blue/Black Finish, 519.95 plus $2.50 postage 
and handling. 
Video Display Board Kit alone (less keyboard). $119.95 

plus $3 postage & handling. 
1£' Video Monitor (10 MIlz bandwidth) fully assem- 
bled and tested, $139.95 plus $5 postage and handling. 
RE Modulator Kit (to use your TV set for a monitor), 
58.95 postpaid. 
5 amp Power Supply Kit In Deluxe Steel Cabinet 
(± 8VDC @ 5 amps, plus 6.8 VAC), $39.95 plus 52 

postage & handling. 
Total Enclosed (Conn. res. add sales tax) $ 

By - 
Personal Check Cashiers Check/N Toney Order 
Visa Master Charge (Bank O----) 

Acct. 0 

Signature Exp Date 

Print 
Name 

Address 

City 

State Imam 
Zip 

Send Me More Information --, 
CIRCLE NO.46 ON FREE INFORMATION CARD 
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characters, or more. Similarly, graphics 
displays differ in the number of vertical 
and horizontal elements they can 
show-the amount of picture detail, in 

other words. The more information you 
can pack on one screen, the more you 
can take in at one glance. But more de- 
tailed displays cost more, and require 
higher -resolution monitors. As a result, 
high -density displays often cannot be 
used with r -f modulators and regular tel- 
evision receivers. 

Keyboards are more standardized. 
The basic differences are in keyboard 
"feel" (more likely to matter to an opera- 
tor who already knows touch typing than 
to a hunt -and -peck operator) and in the 
presence or absence of separate nu- 
meric keypads. These keypads are very 
worthwhile in applications involving 
large amounts of numerical entries, 
such as in business accounting or in 
scientific computation. It's far quicker to 
punch numbers into a calculator -like 
nest of keys in a compact bunch than to 
use a row of number keys spread out 
across the top of the keyboard. 

That's fine for most applications, but 
not for word processing. 

Word processing systems are mostly 
used for business, where it costs lots of 
money to turn roughly -typed or written 
drafts into smoothly -typed letters and re- 
ports. On a typical word-processing sys- 
tem, the operator can enter text, make 
corrections of all kinds, then command 
the computer to print out a perfectly - 
typed, finished copy. If it's a form letter, 
the computer can turn out a separate 
copy for each name and address on its 
list. Such systems are being adopted by 
offices, by free-lance writers and others. 

Most small computers communicate 

60 

with you through video screens. For 
most applications, this makes perfect 
sense: video systems are fast, silent, 
reliable, and don't use up paper. 

But there are times when it definitely 
pays to have a permanent record of the 
computer's output. Word processing is 

an obvious example, but so are account- 
ing (including your personal checkbook), 
alphabetizing of lists, or even for making 
written records of your programs that 
you can send to friends or carry with you 
while you look for problems and im- 
provements. Properly programmed, a 

computer could print out your shopping 
list in the order in which the items ap- 
pear on your supermarket's shelves. 

In the early days of small computers, 
TeletypeR printing terminals were the 
most common I/O devices. Today, 
video screens-on terminals or connect- 
ed directly to the computer-are. But 
most systems do allow separate printers 
to be added to the system. If this is im- 
portant to you, check how easily the 
printer can be added to any system 
you're considering, and how much the 
printer and its connections will cost. 

Inside the Computer. It's no acci- 
dent that we've been talking only about 
externals so far. For the input-output 
communication channels between you 
and the computer have far more to do 
with its utility than the circuits inside. 

The most important of these circuits is 

probably memory. You'll find computers 
here with as few as 256 "bytes" of mem- 
ory, each byte being an 8 -bit computer 
"word" that can represent a single al- 
phanumeric symbol or a single comput- 
er command. You'll also find that several 
are expandable to as many as 65,536 

bytes, variously abbreviated as either 
"64K" or "65K". 

Most systems, though, fall into the 2K 
to 32K range. Memory costs money, so 
the more you have, the more the system 
costs. But the more memory you have, 
the longer the programs ycucan store, 
and the more data you can have avail- 
able for them to work on. 

There are two types of memory: RAM 
and ROM. RAM (Random -Access Mem- 
ory) is used for temporary storage of 
programs and data and for the results of 
program runs. The contents of RAM can 
be changed at will, and many of them 
change constantly during the running of 
a program. But those contents also fade 
out within seconds when the power is 

turned off. 
That's where ROM comes in. ROM 

(Read -Only Memory) doesn't forget- 
but you can't readily change it, either. 
Hence, ROM is used to hold vital pro- 
grams which you'll use all the time, such 
as those which instruct the computer. 
how to accept input from the keyboard. 
Some computers have BASIC in ROM, 
too-on others, you have to load in the 
BASIC language program from a tape 
each time you use it. 

Most computers have more RAM than 
ROM. Typically, a system will wind up 
having about 2K of ROM (about 8K or 
10K with BASIC in ROM) and 16K or 
more of RAM (less, if BASIC is in ROM, 
since that frees the RAM space that BA- 
SIC would otherwise occupy). They may 
start with less, but sooner or later, more 
memory is added. 

Some inexpensive systems, usually 
the single -board, keypad -and -display 
type, have very limited RAM space on 
board (perhaps 1K or 2K). Most of these 
allow other boards to be connected with 
more RAM. But unless your application 
is a simple one using machine -language 
or assembly -language programs (device 
control, for example), be sure any sys- 
tem you buy can be expanded to include 
enough memory for all your needs. 
There's no hard-and-fast rule about how 
much is enough, except that many sys- 
tems seem never to have enough mem- 
ory-you can always use more. 

Mass Storage. Programs, other than 
those in ROM, must be fed into the com- 
puter every time you turn the system on 
or switch from one program to another. 
Entering them each time from the key- 
board or keypad is ridiculously time-con- 
suming, and almost inevitably leads to 
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errors. So it's vital to have some easy, 
fool -proof way to save programs and re- 
enter them. 

The use of punched paper tape has 
virtually died out, since it's a slow and 
noisy procedure. Most small computer 
systems standardize instead on cas- 
sette tape, either built in or as an acces- 
sory program storage device. Most such 
systems convert programs and data into 
tones which can be recorded on ordi- 
nary audio cassette recorders, but a few 
record digital pulses, not audio tones, 
which requires a special recorder. Cas- 
settes, especially audio cassette sys- 
tems, are fairly slow (they require sever- 
al minutes to load BASIC, for example). 
But they're faster than paper tape, use 
tape you can buy almost anywhere, and 
usually make extra use of a cassette re- 

corder you already own. Cassette pro- 
grams are not always interchangeable 
between different computer makes, 
though a few cassette formats (chiefly 
Tarbell and Kansas City) available as 
accessories for many computers, have 
achieved fairly wide use. 

A very few personal computers also 
have "canned" programs in ROM mem- 
ory cartridges that look like 8 -track audio 
cartridges. They cannot be used inter- 
changeably with different brands of 

computers, though. 
If you need reliable loading (cassettes 

sometimes have to be loaded several 
times before you get them right) quicker 
.loading, and faster access to a wide va- 
riety of programs and data, then it's time 
to consider floppy disks. Floppies are 
basically magnetic recording tape cut 
into disks instead of ribbons. They use 
digital recording, and are very fast- 
BASIC or other long programs typically 
load in seconds. They also speed up ac- 

cess to programs and data. Getting from 
the first program on the disk to the last is 

a matter of moving the head a few 

inches from the outside to the inside 
track. In contrast, getting from the first to 
the last program on a C-60 cassette 
means moving about 250 feet of tape 

past the head. 
Unlike cassettes, disks allow greater 

interchangeability between computer 
systems. This is especially true for sys- 
tems based on the 8080, 8085 or Z80 
processors. Many companies sell 51/4 - 

inch disk programs written for use with 
these systems. Furthermore, Digital Re- 

search's CP/M operating system (and 
CP/M software available from such 
companies as Lifeboat Associates) sim- 
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plifies interchange of programs. from dif- 
ferent computers using the foregoing 
processors. 

The processor is, for the most part, 

less important than the system you use 

it in. If you're programming in BASIC or 

some other language, you'll find as 

much difference between versions of 

BASIC running on a common processor 

as between versions running on alto- 

gether different ones. If you program in 

assembly or machine language, you'll 
find unlike processors very different to 

work with, but you'll also find that every 

processor has its firm adherents, with 

each processor's advantages being bal- 
anced by disadvantages relative to other 
processors. The best way to choose is 

to settle for'whatever processor is in the 

system which best suits you, and for 

which the programs you need are al- 

ready available. 

Structure and Expandability. Any 

computer system worth its salt is de- 

signed to allow expansion. Your needs 

may grow or change; your budget will 

certainly grow, allowing you to make ad- 

ditions piecemeal. 
Computer systems can be expanded 

in a variety of ways, and a given comput- 

er may use several of them. The sim- 

plest way to expand a system is to plug 

more 'integrated circuits into sockets al- 

ready provided for them. This is usually 

done to expand RAM and ROM memo- 

ry, and only. for moderate expansions. 
Many single -board computers use this 

method, but so do some larger ones. 
A more popular and more versatile 

route to system expansion is to plug in 

additional circuit boards. This implies 

that the computer will have some sort of 

bus structure, which is a group of signal, 
data, address and power lines into 

which boards can be plugged in any or- 

der. Several bus systems are in use, 

some are used in just one model of com- 

puter, others are used in many. 
Boards are available for a very wide 

variety of purposes: to expand memory; 

to add more I/O circuits for additional 

terminals, printers and the like; to gener- 

ate speech or sounds; to accept voice 
input; to tell the computer what time it is; 

to allow the user to build circuits of his 

own; .to control other devices; to com- 
municate by phone with other comput- 
ers and terminals; to test integrated cir- 

cuits; to add graphics capabilities; to 

send and receive Morse code; to inter- 
face with computers using other buses; 

to speed math processing; and many 

more possibilities. 
Some computers, chiefly very com- 

pact ones, require a separate "box" to 

hold more than a minimum of extra 
memory, I/O and other circuits. Others 
combine approaches, with an expansion 
box that's built around an S-100 bus. 

Peripherals. Much system expansion 
occurs outside the computer, of course. 
With the right programs and I/O circuits, 
a computer (even the kind whose built-in 
keyboard and video screen make it a 

terminal unto itself) can support several 
terminals around an office or house. For 
a very few machines, there are even 

programs available which allow several 
terminals to operate at once. 

Even a one -terminal system can fre- 

quently use an add-on printer, for all the 
reasons already cited. But the applica- 
tion has a lot to do with which printer 
should be selected. The main choices 
are between dot-matrix and character 
printers; between impact, electrosensi- 
tive and thermal printing systems; and 

between printers offering upper-case 
(capitals) only and those offering both 
upper and lower case. (See "Printer" 
article that follows.) 

Modems are another useful accesso- 
ry, allowing your computer to communi- 
cate with others by telephone. Originate - 
only modems, the least expensive type, 
let your computer call up others. Origi- 
nate/answer types also let others call 

you up. Some of the latter type also 
have "auto answer" facilities, so they 
can answer calls even in your absence. 

The Systems Approach. When you 

buy a computer, you're not just buying a 

computer. You're starting a system. So 

your choice should be governed by the 

entire system it belongs to, and how well 

that system suits your application. Can 
the system be expanded to keep pace 
with your future needs? Can you get the 

peripherals you need-disk drives, mo- 

dems, printers, device control boards, or 
whatever? How easily can you add any 

extra memory you may need, and at 

what cost? How many companies sup- 

ply equipment to use with this system? 
Do you have near -future use for a busi- 
ness purpose? And, most important of 

all, is software available to make this 
system do what you want and need it to 

do? If the answer to all these questions 
is yes and cost is in your ballpark, then 
you've found the right system. 

(Focus continues on page 63) 
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The 
Ultimate Headphones, 
The Unique, New PRO -50 by Realistic. r r only $79,95 
The first headphones designed to reproduce 
sound the way you would hear it at a live 
performance. With the stereo image in front 
of you. With natural, unexaggerated channel 
separation and depth perception. But without 
the bass boominess and resonant peaks so 
common in other headphones. Along with 
exciting listening you get comfort, because 
PRO -50 weighs a scant 10.4 ounces including 

PASSIVE DIAPHRAGMS 

The 
diaphragms 
allow the ear 
to develop its 
own natural, 
desired reso- 
nance at mid 
and high fre- 
quencies, 
allowing PRO - 
50 to act as an 
open-air 
headphone 

Active driver - 
transducer 

Six passive 
diaphragms 

/bring a new 
level of real- 
ism to head- 
phone hi-fi 

Below their 
own reso- 
nance, the 
diaphragms 

\do not allow 
bass notes to 
pass, thereby 
working as a 
coupled 
headphone 

cord and plug. The secret of this breakthrough 
is in the six passive diaphragms encircling the 
driver. These "slaves" perform two vital func- 
tions. At upper -middle and high frequencies 
they let the ear listen in a "free field" that 
eliminates self -resonance, and they allow the 
ear's own natural resonances to develop. 
Combined with acoustical resistances, this 
forms a controlled and highly damped vent 
to flatten resonant peaks and extend bass 
response. PRO -50 has an audio range of 
16-20,000 Hz. All this performance without user 
adjustments - PRO -50 is self-adjusting. Come 
in and discover the ultimate in headset hi-fi. By 
the company that also builds and markets the 
TRS-80P the world's most popular personal 
computer. 

Realistic-Sold Only at 

01C-01- ® 31-7WW 
A DIVISION OF TANDY CORPORATION, FORT WORTH, TX 76102 

OVER 7000 LOCATIONS IN 40 COUNTRIES 
Prices may vary at individual stores and dealers 
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How to Buy a 
Computer Printer 
BY ALEXANDER W. BURAWA, Features Editor 

Sooner or later, if you own a person - 
al -computer system, you'll want to 

add a hard -copy printer. For example, a 

home user might want to keep printouts 
of programs in case he "blows" them on 
his tapes or disks, or have recipes that 
can be taken into the kitchen instead of 
a video monitor or terminal. A small 
businessman, on the other hand, would 
need a printer even more-for generat- 
ing letters, billing information, stock - 
inventory lists, etc. Thanks to the intro- 
duction of lower -priced models, anyone 
can now seriously consider adding a 

hard -copy facility. 
In this article, we will discuss the vari- 

ous types of printers available and ex- 
plain how each operates. Our objective 
is to provide guidance on selecting the 
printer that is just right for the purpose, 
based on such features, as performance 
and cost. 

Some Generalizations. Hard -copy 
printers are considered to be one-way 
machines that provide a permanent 
copy of whatever appears at the appro- 
priate output port of a computer. This 
computer peripheral generally has no fa- 
cility for "talking to" the computer (al- 

though there are terminals, such as a 

teletypewriter, that permit two-way com- 
munications, including hard copy). 

A number of factors contribute to the 
price of a printer, the most important be- 
ing the printing mechanism used, num- 
ber of characters per line, and printing 
speed. As a general rule, the greater the 
number of characters per line and/or the 
faster the operating speed, the more ex- 

pensive the printer. For'example, a 40 - 
column (40-character/line) thermal 

printer of the type used with many cal- 
culators is much less expensive than a 

line printer that prints at a rate of 500 
lines/minute and has a capacity of 80 
characters/line or more. 

All computer -controlled hard -copy 
printers can be classified as either "im- 
pact" or "nonimpact" in design. Charac- 
ters and symbols can be printed either 
fully formed or in a dot-matrix format. Fi- 
nally, printers can be classified as either 
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IBM Selectric uses interchangeable 
"golf ball" printhead for selectable - 
font, preformed solid characters. 
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Dot-matrix 
characters 
(bottom) may 
be more 
difficult to 
read than 
solid 
characters (top). 

"serial" or "line." Individual printers vary 
immensely in terms of operating fea- 
tures, capacity, reliability, print quality, 
cost, etc. 

At one time, all hard -copy printers 
were referred to as "line" printers. To- 
day, a line printer generally means a de- 

vice that prints an entire line of charac- 
ters simultaneously. To differentiate be- 
tween this type of printer and those that 
print each character individually across 
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the page, the term "serial" has come 
into common usage. Unfortunately, a 

few manufacturers continue to refer to 
their serial printers as "line" printers. In 

most cases, however, you can deter- 
mine which is which by referring to man- 
ufacturer specification sheets. Serial - 
printer speeds are generally given in 
characters/second (cps) with no men- 
tion of lines/minute (LPM), while line - 
printer speeds are almost invariably giv- 
en in lines/minute and may or may not 
include characters/second. If in doubt, 
ask your dealer. 
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