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The Cobra 50XLR CB has it all:`. 

AM/FM Stereo. Cassette. And 
CB. All in one compact unit. All 
engineered to bring you the same 
loud and clear sound Cobra Is 
famous for. 

The remote mike houses the' 

Installation{Kit makes them the 
easiest in -dash radios -to install. And- - 

our Nationwide network of Author- 
- ?.ized Service Centers makes them 

,the easiest- to service. 
There are. four Cobra in -dash 

models to choose from including 
channel selector, .squelch control, - AM/FM/Stereo/8-track/CB. But no 
and channel indicator. So all you matter 'which you choose you can 
need for ta- üng CB is right'there in H be sure of getting the best sounding 
your hand. The cassette playér fea= ,-radio going. The ultimate car radio. 
tures through the dia loath ng and The Cobra. 
four-way facer control. 

t Because hey`re' only five inches o bra 
deep, there's a Cobra in -dash radio . 

to fit almost any car with little or. no Punches through loud and clear. 
modification to the dash. This 
feature, plus the step-by-step 
Installation Manual and Universa_ 

OFF/ VOL TONE 

Cobra Communications Products 
DYNASCAN CORPORATION 

6460 W. Cortland St., Chicago, Illinois'60635 
Write for color brochure 

EXPORTERS: Empire Plainview, N.Y. CANADA: Atlas Electronics Toronto 
Subject to FCC type acceptance. 
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With Mallory 
Security 
Products on 
the job, 
intruders get 
the message 
loud and clear, 
anyplace, 
anytime. 
For the 
few 
dollars 
they cost, 
here are mighty effective ways to signal forced 
entry of a building, home, apartment, of=ice, 
automobile. 

Put the Mallory CA3 Intrusion Alarm in your 
living room, for instance. It'll easily pass for a 
radio or stereo tuner while 
transmitting a 20 -foot 
ultrasonic wavelength 
field. One that will 
detect the slightest 
intruder movement and 
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activate an alarm. This 
compact area -and -perimeter 
device comes with solid-state 
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Mallory CA3 Intrusion Alarm 
and ABA1 Car Alarm. 

A 

1 

circuitry and big 
,ss reliability. 

.+'r\ And a wide 
variety of 

indoor and 
outdoor 
warning 

accessories to 
choose from- 

bells, horns, sirens, 
rotating red lights., tape switches, many more. 

For automobile security, install the Mallory 
ABA1 Car Alarm with ertry sensing and instant 
siren alert for doors, hcod and trunk. It comes 
as ar easy -to -instal kit, complete with 
switches, wire, keys, warning decals. 

From any angle, Mallory Security Products 
mean protection. See your 

Malloy distributor. Or send 
for our Security Products 

Bulletin No. 9-654. 

``)r C 

Mallory Distributor Products 
Company. A division of P. R. 
Mallory & Co. Inc., Box 1284, 
Indianapolis, Indiana 46206. 

(317) 856-3731. 

LOR 
Capacitors Controls Fastening Devices Resistors Security Products Semiconductors Solderless Terminals Switches 
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SWTPC announces first dual 
minifloppy kit under $1,000 

SUMDIISKF SYSTEM 
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SWTd 6800 s?BT MER ® 

Now SWTPC offers complete best -buy computer system with $995 
dual minifloppy, $500 video terminal/monitor, $395 4K computer. 

SWTil OISKF SYS EM 

$995 MF-68 Dual Minifloppy 
You need dual drives to get full benefits 
from a minifloppy. So we waited to offer a 

floppy until we could give you a dependa- 
ble dual system at the right price. 

The MF-68 is a complete top-quality 
minifloppy for your SWTPC Computer. The 
kit has controller, chassis, cover, power 
supply, cables, assembly instructions, two 
highly reliable Shugart drives, and a 

diskette with the Floppy Disk Operating 
System (FDOS) and disk BASIC. (A floppy 
is no better than its operating system, and 
the MF-68 has one of the best available.) 
An optional $850 MF-6X kit expands the 
system to four drives. 

$500 Terminal/Monitor 
The CT -64 terminal kit offers these 
premium features: 64 -character lines, 
upper/lower case letters, switchable con- 
trol character printing, word highlighting, 
full cursor control, 110-1200 Baud serial 
interface, and many others. Separately 
the CT -64 is $325, the 12 MHz CT-VM 
monitor $175. 

s 

Enclosed is: 
$1 990 for the full system shown above 
(MF-68 Minifloppy, CT -64 Terminal with 

CT-VM Monitor). 
$995 for the Dual Minifloppy 
$325 for the CT -64 Terminal 

$175 for the CT-VM Monitor 
$395 for the 4K 6800 Computer 

$250 for the PR -40 Line Printer 

$79.50 for AC -30 Cassette Inferface 
Additional 4K memory bowds at $100 
Additional 8K memory boards at $250 
Or BAC # Exp. Date 

Or MC # Exp. Date 

Name Address 
City State Zip 
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$395 4K 6800 Computer 
The SWTPC 6800 comes complete with 
4K memory, serial interface, power supply, 
chassis, famous Motorola MIKBUG® 
mini -operating system in read-only 
memory (ROM), and the most complete 
documentation with any computer kit. Our 
growing software library includes 4K and 
8K BASIC (cassettes $4.95 and $9.95; 
paper tape $10.00 and $20.00). Extra 
memory, $100/4K or $250/8K. 
Other SWTPC peripherals include 
$250 PR -40 Alphanumeric Line Printer 
(40 characters/line, 5 x 7 dot matrix, 
75 line/minute speed, compatible with 
our 6800 computer and MITS/IMSAI); 
$79.50 AC -30 Cassette Interface System 
(writes/reads Kansas City standard tapes, 
controls two recorders, usable with other 
computers); and other peripherals now 
and to come. 

r- Southwest Technical 
Products Corp. 

219 W. Rhapsody, San Antonio, Texas 78216 
London: Southwest Technical Products Co., Ltd. 
Tokyo: Southwest Technical Products Corp./Japan 
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Editorial 
THE FUTURE OF HOME COMPUTERS 

It has been almost three years since POPULAR ELECTRONICS introduced the 
first powerful, low-cost microcomputer mainframe. In this short time, many 
changes have taken place in the field. For example, then you could only buy a 
home computer by ordering it through the mail, sight unseen. Now there are many 
hundreds of retail computer stores where prospective buyers can observe 
computers in action and ask questions about their operation before making a 

purchase. Soon there will be even more such stores (in the thousands) with Radio 
Shack's and Heath's recent announcements of computer models joining the fold. 

Other changes are evident, too. Whereas virtually every home computer 
purchased a few years ago was in kit form, sales of factory -assembled versions 
are growing. Moreover, we used to have just mainframes with separate 
peripherals; now we can buy single -board computers and mainframes 
incorporating terminals. For storing programs, the use of paper tape programs is 

giving way to audio cassette systems, with many a computer buff hoping for a 
floppy disc under his Christmas tree . . . BASIC in ROM is "in," if only because 
more and more electrical blackouts are anticipated . . . computer clubs are 
springing up all over the country as if they were fast-food operations. 

Naturally, the question arises: "Where are non-commercial computers 
headed?" Undoubtedly, computers will one day reach the mass market; but when 
and where will they be merchandised? Here, views are divided. 

Many people think computers will be sold by mass -market merchandisers, such 
as the large department stores. Supporting this view, a spokesman for 
Commodore Business Machines indicated that its personal computer (not yet 
available for sale) will indeed be sold by department stores, starting with the 
California division of R.H. Macy & Co. "In about five years or so, it'll be just like the 
calculator market is today," one computer hobbyist opined. 

I don't agree. 
Right now, we have virtually no true personal computer systems. Rather, we 

have a hobbyist and small-business market, as opposed to the appliance -type of 
computer. The field for the latter is bound to grow, of course. However, I don't 
believe that the general public is ready to plunk down $600 or more for a computer 
system that is largely based on playing games, doubling as a hand-held calculator, 
and maintaining the family checking account. It's a nice thought, but, in my view, 
an over -optimistic one. This is an area which will appeal to the hobbyist, who will 
take the time to learn what the machine can do, explore different ways in which to 
expand the computer's utility, join computer clubs, etc. This person is not the 
button pusher. 

Furthermore, I cannot visualize computers being sold in great numbers in a 
general type of retail outlet where one cannot even get the attention of a clerk to 
pay a bill, let alone obtain counsel. It's the specialist store that will be best 
equipped to move computer merchandise in the foreseeable future. I draw a 

parallel here with stores that merchandise hi-fi components and photography 
equipment. Sure there are department stores that sell such equipment, but most of 
it is sold in specialty stores whose sales personnel can hold a customer's hand 
while he makes a buying decision and support him after the sale is made. And 
that's the computer or electronic retail store. 

The mass appeal of computers to the public will likely take place when a terminal 
can be used in the home for a variety of pushbutton applications: shopping for and 
buying merchandise in various stores while sitting at home, selecting video 
presentations of material from newspapers and reference books in libraries, and 
so on. When this comes to pass (in the 1990's?), I'm confident that the terminals 
will be supplied initially by the "phone company" or IBM, rather than the 
comparatively small computer manufacturer. The latter is more likely to enter the 
competition after the former has established a major market by installing fibre 
optic cable lines to carry digital data, contracting with sellers, and offering the 
public a line of terminals for home use (with a monthly rental fee, of course). 

Meanwhile, I anticipate the continued, burgeoning growth of the hobbyist and 
small business computer field for the next decade. 

4 POPULAR ELECTRONICS 
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B&K-PRECISION's new 
31/2 digit DMM 
For over two years, our competition has been trying to 
figure out how B&K-PRECISION could sell a full -feature 
3 -digit DMM for only .$99.95. They've dissected it, 
analyzed it, and some even asked us how we did it. Well, 
they can start all over because we did it again! 

B&K-PRECISION's new Model 2800 portable DMM 
features 3-1/2 digit display, auto -zeroing and 100% 
overrange reading for only $99.95. Basic DC accuracy 
is 1%. Twenty-two ranges read up to 1000 volts DC or 
AC, 1000mA and 10 megohms. 

All ranges are well protected against overloads. Even 
if you should accidentally apply+1000VDC to the 2800 
while switched to an ohms range, no instrument 
damage will result. All DC and AC voltage ranges are 
protected up to ±1000 volts DC or AC. The current 
ranges receive the double protection of diodes and a 
series fuse. 

See your local distributor for immediate delivery. 

For accurate in -circuit resistance measurements, the 
2800 measures with high- or low -power ohms ranges. 
At low -power ohms, less than 0.2 volt is developed 
across the measured resistance. To forward bias semi- 
conductor junctions, the high -power ohms ranges 
develop about 2 volts. 

B&K-PRECISION also has a full complement of 
optional accessories for the 2800. Accessories include 
a carrying case, wire tilt stand, AC adapter/charger, 
high -voltage probe, direct/isolation probe NiCad 
Batteries and 10 -amp current shunt. 

The B&K-PRECISION 2800 may be a mystery to our 
competitors, but for you-it takes all the mystery out of 
which DMM to buy. 

ASCAN 
KPRÉCISION CORPORATION 

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

In Canada: Atlas Electronics, Ontario International Sales: Empire Exporters, Inc., 270 Newtown Road, Plainview, LI, NY 11803 
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TEACHING DEVICE -ARCADE GAME- MUSICAL INSTRUMENT -HOME COMPUTER 

The handsome and highly styled Bally Library 
Computer is made of high impact clear plastic 
and imitation walnut with gold trim. It mea- 
sures 5" x 11" x 15"and weighs five pounds. 

This is the story of an incredible product. 
So incredible that we know of no future 
consumer product that will have such a far- 
reaching technological impact on society. 

The Bally Library Computer is a small 
console unit that resembles a programmable 
TV game but whose computing capabilities 
resemble that of the IBM 5100 currently 
selling for $10,000. This calculating power 
and its present and future programs will 
provide more convenience and benefits than 
any other recent electronic product. 

ELECTRONIC PRINTING CALCULATOR 
Imagine the computer as a printing calcu- 

lator with ten separate memories. You enter 
the data on the unit's keyboard, but instead 
of a paper tape, you use your TV screen to 
scroll out the answers similar to the credits on 
a movie screen. You can balance your check- 
book and then double check your calculations 
by scrolling back to your first entry. By 
comparison, an electronic calculator with ten 
memories alone would cost what this entire 
computer costs-but there's much more. 

A CHALLENGING TEACHING TOOL 
Your child inserts a cartridge ín the Bally 

console. Three random math table problems 
are then flashed on your TV screen. Depend- 
ing on the speed and accuracy with which 
those problems are answered, the Bally 
automatically programs the computer with 
your child's math level. Problems in addition, 
subtraction, multiplication and division are 

then flashed on the screen for the next three 
minutes, and the computer continually 
adjusts to a level slightly better than the math 
level indicated by the previous three answers. 
The math tables, therefore, remain a challenge 
no matter how good your child becomes. 
Psychologists, who were consulted by Bally, 
helped design the cassette. They stated that 
the cassette should stimulate math learning 
and improve grades. 

On the same math cartridge is a two player 
game called Math Bingo. It adjusts to each 
player's ability so a parent can play against a 

child or two children can compete against 
each other at their own math levels-both 
with an equal opportunity to win. You first 
answer a math table problem similar to the 
first exercise; and with a pistol -grip pointer 
you move a square on your TV screen to the 
correct answer position on your TV bingo 
card. The game involves both math skill and 
dexterity. Each- game is totally different since 
the bingo cards have a million different 
possibilities. Scoring is constantly displayed, 
and a typical game lasts approximately three 
minutes. You can play as many consecutive 
games as you wish. However, to start the 
score over, you press the reset button. 
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me Library 
rrrputer 

The new Bally Library Computer provides 
more entertainment and services than man 

has ever dreamed possible from a single 
consumer product. 

FUN AND ACTION ARCADE GAMES 
Picture nine baseball players running out 

on your TV screen to the sounds of "Take Me 

Out to the Ball Game" as you step up to bat. 
That's the scene with Baseball, the arcade 
cartridge that plays two teams against each 

other with play so real that you hear all the 
music, sound effects and see all the action. 
There are walks, balls, and such realism that 
the pitcher covers first base when a ball is hit 
to right field-just like the real game. There 
are double plays, walks and errors-all part of 
nine innings of Baseball. On the same cart- 
ridge are several paddle ball games but with a 

new twist. Players can move the paddle, not 
only up or down like most TV games, but 
sideways and diagonally. 
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The Bally circuit board contains 34 integrated 
circuits including a Z80 microprocessor. This 
package represents more computing power in 
the hands of the consumer than was thought 
possible this early in the history of micro elec- 
tronics. The mass production of these com- 
ponents and circuit board has made possible a 

quantum leap in lowering the cost of what 
normally would be a very expensive system. 

Other popular arcade games include, Sea 

Wolf, Red Barron, Panzer Attack (similar to 
Tank) and dozens of games only previously 
available at arcades. These same games cost 
arcade owners up to $2,000 each. 

MORE VALUE PER FEATURE 
Let's quickly review the features-an 

electronic printingcalculator with ten mem- 
ories, a teaching machine that adjusts to your 
child's math level and an arcade center that 
replaces about $10,000 worth of electronic 
arcade games with just a few cartridges. Use 

any one of these features and you could justi- 
fy buying this unit-but there's plenty more. 

With all its sophistication, the Bally Library 
Computer was designed to keep current with 
advancing computer technology no matter 
how sophisticated the development. Bally has 

provisions in its present system for expansion 
modules. These devices will permit you to: 1) 

draw directly on your TV screen with an 

electronic wand in 32 different colors and 

eight shades of each color, 2) compose, record 
and playback music on an electronic synthe- 

sizer, 3) record your personal belongings and 

their value for security purposes and add or 
delete items while keeping the list in tact, 4) 
record all your phone numbers and then use 

the system to dial those numbers on your 
telephone, 5) play chess on the phone with 
another player and be able to see all the 
moves on your TV screen. 

EXCELLENT BUSINESS TOOL 
With these expansion modules, business- 

men will be able to do all their bookkeeping 
functions, payroll, inventory control and 

billing. There will be printers, telephone 
modems and a variety of peripheral computer 
equipment that will turn your Bally Library 
Computer into a significant business tool. 
And, when used in your business, your Bally 
unit is depreciable like all your other capital 
equipment. Even large corporations can use 

the Bally for specific applications to avoid 
tying up their larger computer systems. 

The Bally Library Computer will turn these 
incredible add-on features into reality in a 

planned program starting now. Each month, a 

new cartridge or accessory expanding the 
unit's capability will be announced. If you 
purchase your system from JS&A, you will be 

alerted to these new accessories by mail on a 

regular basis in advance of their availability 
and before any national announcement. You 
may then order the accessories directly. 

Each new cartridge or accessory will offer 
you a new way to use your system-a way 
that would justify, by itself, the purchase of 
the entire system. 

NOT JUST A TV GAME 
Don't confuse the Bally Library Computer 

with the many inexpensive programmable TV 
games. The Bally computer is a powerful 
system using the Z80 microprocessor whose 
cost per byte (the measure of computer 
memory power) is even lower than a home 
computer. Yet it has 12,000 bytes of com- 
puter power in its most basic system and 
you are not just limited to teaching, music, 
entertainment or business applications. The 
Bally computer can be programmed to do 
anything any mini -computer can do. A 
programmable TV game at any price is (and 
will always be) just a programmable TV game. 
It cannot be expanded. The Bally Library 
Computer is actually a computer with a 

variety of expansion capabilities. 

A COMPUTER IN EVERY HOME 

This is the first time a full-scale computer 
has been offered to the consumer. The home 
hobbyist with his home computer started the 
revolution a few years ago. With the specific 
programs, software and accessories available 
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from Bally, the age of affordable consumer 
computer ownership is here now. 

INTERNAL TASK LIBRARY 
The computer you buy now has within its 

34 integrated circuits an internal library of 
over forty tasks that it performs. With such 
an extensive internal library, your computing 
power is already in the unit you buy. This 
also means that the Bally unit is a smart 
computer. (There are such things as dumb 
computers.) A smart computer can complete 
a function faster and more efficiently because 
it depends less on the data it gets and more on 
what it can already do. 

SAFE FOR YOUR TV 
The task library includes a built-in elec- 

tronic timer which determines the end of 
a game or program by either score or elapsed 
time. It also times the arcade games and 
automatically turns off your unit and blanks 
out your screen if it is left on too long. Most 
TV set manufacturers have excluded sets that 
use TV games from warranty coverage be- 
cause of the possible lines that appear on the 
screen from sets left on too long with the 
same picture. This is impossible with the Bally. 

If you get a phone call in the middle of a 
game, you press the pause control which lets 
you freeze the action right in the middle of a 
play and blanks out the screen so you won't 
damage your picture tube. 
The library has sound effects so that each 

arcade game is complete-from the sound of a 
baseball bat to that of a torpedo hitting a 
submarine. It has a math program capable of 
turning your unit into a scientific, statistical 
or engineering calculator with the addition of 
the appropriate cartridge. The library contains 
the capability of creating patterns on your TV 
screen, playing music, and accepting type- 
writer entries. It even has an index that 
displays everything in your library. 
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The cassette cartridges add between eight to 
thirty-two thousand additional bytes of com- 
puter power to the basic 12,000 byte system. 
The pistol grip arcade accessory can be used 
to play all the arcade games. 

THE MAJOR BREAKTHROUGH 
IN BALLY'S COMPUTER 

Its extensive internal library and the 
tremendous power in the computer are the 
big breakthroughs in the Bally unit. The 
internal computer has over 12,000 bytes with 
a minimum of 8,000 bytes in its cartridges. 
This puts more computer power in the hands 
of the consumer than six typical program- 
mable TV games or an average hobbyist home 
computer. It has the computational capabili- 
ties of one $10,000 IBM 5100 computer, and 
each time you add a cassette cartridge you 
increase that capability. 
Good resolution on your TV screen is one 

of the end effects of so much computer 
power. By comparison, the best program- 
mable TV game image is projected on a 
screen composed of 64 dots wide by 64 dots 
deep or 4,096 total dots. The Bally unit is 
160 by 100 or 16,000 dots-four times 
more-so the Bally image is sharper and has 
finer detail, better resolution, smoother 
motion, and clearer letters for math or text 
applications. 
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SIGNIFICANT EXPANSION MODULES 
The most significant expansion accessory 

will be the dual magnetic tape decks with an 
alpha numeric (typewriter) keyboard. With 
this accessory package, which will cost under 
S500 and be introduced by JS&A next year, 
you can record data and software programs 
and do everything you can do on any main- 
frame computer system within the data 
storage capacity of the Bally unit. 

- 

The Bally console keyboard is used to select 
specific programs from each cassette. 

The implications of this add-on module are 
mind -boggling. First, it adds an additional 
16,000 bytes of memory to the powerful 
12,000 already in the basic system. Secondly, 
it provides not only more power and features 
than are presently available in any home 
computer, but it contains peripherals that 
would normally cost thousands Df dollars 
extra and are considered accessories on all 
other mini -computer systems. Thirdly, it uses 
the computer basic language which is easy to 
understand. And finally, each cassette tape in 
the system will contain an additional one 
quarter million bytes of storage capability. 
With the tape decks and keyboard, the 
consumer will now own the equivalent of an 
entire computer system complete with 
peripherals, storage and memory. 

HIGH SPEED PRINTER 
A quality high-speed printer will also be 

available next year. This will give you written 
records from your storage tapes. Store your 
most frequently called phone numbers, your 
income tax figures, your savings account 
deposits, the value of your stocks and bonds 
or a net worth statement. Then, when you 
need the information, press a button for a 
printed record. 

DIAL -A -BARGAIN® 
ORDERING SYSTEM 

Our technicians have programmed JS&A's 
main computer so you can use the Bally 
to access our computer directly when Bally's 
dual tape decks become available. With a 

special module and cassette, you will be able 
to 1) call our computer on our toll -free 
number, 2) place an order, and 3) find out 
when it will be shipped. Since you com- 
municate directly with our computer, your 
order is processed immediately and can 
be shipped within a few hours after receipt. 
To do this, JS&A engineers developed a $100 
hardware ordering package that will be sent 
free to those customers who order the basic 
unit this year. 

THE BIG DIFFERENCE 
When you order the Bally computer today, 

you are making an investment in the future. 
The basic unit you receive, without a single 
accessory, will provide more benefits than any 
other product of its kind in history. 
When you buy an expensive product, you 

must be absolutely satisified that you get the 
service and a solid company standing behind 
your purchase for many years to come. The 
Bally Library Computer is backed by a 
substantial company, Bally-in business since 
1931 and now the world's largest manufac- 
turer of coin -operated amusement games. 
JS&A is America's largest single source of 
space-age consumer products and also a 
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substantial company-further assurance that 
your investment is well protected. 

A FRANK DISCUSSION OF SERVICE 
The Bally unit is a solid-state computer 

with its electronics condensed on 34 integrat- 
ed circuits-all hermetically sealed and all 
pre -tested for a lifetime of service. The Bally 
Computer is also self -diagnostic. We have 
developed a cartridge that lets the unit itself 
check every integrated circuit and every 
solid-state component and which displays any 
malfunction on your TV screen. Then all you 
do is send the circuit board or your entire 
unit to JS&A's service -by -mail center for 
prompt replacement. The cartridge will be 
sent free -of -charge only to JS&A customers 
after you receive your unit. 

Please don't think service requirements are 
common. They're not. But we wanted to 
assure you that service was such an important 
consideration in the Bally design that the unit 
practically repairs itself. 

COMPLETE AS IT ARRIVES 
Each unit comes complete with four pistol 

grips for use with the arcade and teaching 
games, an AC adapter (batteries are not 
required), three free arcade games, the calcu- 
lator program, its internal library of tasks, 
complete easy -to -understand instructions and 
a one year parts and 90 day labor limited 
warranty-all for only $299.95. 

The arcade games include 1) Gun Fight, in 
which two cowboys shoot at each other 
around cactus, covered wagons and other 
obstacles, 2) Checkmate, a one to four 
player game in which you build walls around 
your opponent to win and, 3) Scribbling, a 

one to four player game that utilizes the 
pistol grip to droodle different designs on 
your TV screen (in color with a color set). 

A keyboard lets you use your printing 
memory calculator and a special scroll button 
lets you scan your entries up or down to 
review or check your calculations. You may 
also order with your unit the Baseball and 
Paddle Games cartridge for $24.95 or the 
Math Table/Math Bingo cartridge for $19.95. 
A bulletin will accompany your unit listing all 
the other cartridges and accessories that are 
available or will be available in the near future. 

We feel so positive about this product that 
we will 1) not charge you anything for 
postage and handling and 2) give you a 30 day 
extended trial period to prove that the Bally 
is everything you expected after reading this 
article. When you receive your unit, reconcile 
your checkbook with the calculator, let your 
child practice with the math programs or have 
your entire family play the arcade games. 
After you have used the system under your 
own conditions and have personally experi- 
enced its fun and benefits, then decide if you 
want to keep it. If not, return it within our 30 
day extended trial period for a prompt and 
courteous refund. You can't lose. 

JS&A is marketing a product that will not 
only greatly influence the future of the 
computer industry, but will dramatically add 
consumer conveniences never before dreamed 
possible. Order your Bally Library Computer, 
at no obligation, today. 

Unit pending FCC approval-allow 4 weeks delivery. 
Dial -A -Bargain is a registered trade mark of the 

JS&A National Sales Group. 

o NATIONAL 
LES 

® GROUP 
Dept. PE One JS&A Plaza 

Northbrook, Ill. 60062 1312) 564.9000 
CALL TOLL -FREE 800 323-6400 
In Illinois call (312) 498-6900 

©.Is&A Group, II,c.3977 
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Learn to service Communications/CB 
equipment at home...with 

NRI'S COMPL 
COMMUNICATIONS COU `:áE 
Learn design, installation and maintenance of 
commercial, amateur, or CB communications 
equipment. 
The field of communications is bursting out all 

over. In Citizens Band alone, class D licenses 
grew from 1 to over 2.6 million in 1975, and the 
FCC projects about 15 million CB'ers in the U.S. 
by 1979. That means a lot of service and 
maintenance jobs ... and NRI can train you at 
home to fill one of those openings. NRI's 
Complete Communications Course covers all 
types of two-way 
radio equipment 
(including CB), 
AM and FM 
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Transmission and Reception, 
Television Broadcasting, 
Microwave Systems, 
Radar Principles, 
Marine Electronics, 

did 41, 

Mobile Communica- 111111. 

tions, and Aircraft Electronics. 
The course will also qualify you for 
a First Class Radio Telephone Commercial FCC 
License or you get your tuition back. 

Learn on your own 400 -channel digitally - 
synthesized VHF transceiver. 
You will learn to service all types of communi- 
cation equipment, with the one unit that is 

designed mechanically and electronically to train 
you for CB, Commercial and Amateur communi- 
cations: a digitally -synthesized 400 -channel VHF 
transceiver and AC power supply. This 2 -meter 
unit gives you "Power -On" training. Then we 
help you get your FCC Amateur License with 
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special instruction so you can go on the air. 
The complete course includes 48 lessons, 9 

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

NEW CB SPECIALIST 

COURSE NOW OFFERED 

'Pi 

NRI now offers a special course in CB Servicing. 
You get 37 lessons, 8 reference texts, your own 
CB Transceiver, AC power supply and multi - 
meter ... for hands-on training. Also included 
are 14 coaching units to make it easy to get 
your commercial radio telephone FCC license- 
enabling you to test, install, and service com- 
munications equipment. 
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NRI offers you five TV/Audio 
Servicing Courses 
NRI can train you at home to service TV 
equipment and audio systems. You can 

choose from 5 
courses, starting 
with a 48 -lesson 
basic course, up 
to a Master Color 
TV/Audio Course, 
complete with 
designed -for - 
learning 25" diago- 

nal solid state color TV and a 4 -speaker SQ'" 
Quadraphonic Audio System. NRI gives you 
both TV and Audio servicing for hundreds of 
dollars less than the two courses as offered by 
another home study school. 

All courses are available with low down payment 
and convenient monthly payments. All courses 
provide professional tools and "Power -On" 
equipment along with NRI kits engineered for 
training. With the Master Course, for instance, you 
build your own 5" wide -band triggered sweep solid 
state oscilloscope, digital color TV pattern 
generator, CMOS digital frequency counter, and 
NRI electronics Discovery Lab. 
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NRI's complete computer electronics course 
gives you real digital training. 
Digital electronics ís the career area of the future ... and the 
best way to learn is with NRI's Complete Computer Elec- 
tronics Course. NRI's programmable digital computer goes 
far beyond any "logic trainer" in preparing you to 
become a computer or digital technician. With the IC's 
in its new Memory Kit, you get the only home training 
in machine language programming ... experience 
essential to trouble shooting digital computers. And 
the NRI programmable computer is just one of ten 
kits you receive, including a TVOM and NRI's 
exclusive electronics lab. It's the quickest and best 
way to learn digital logic and computer operation. 
You pay less for NRI training and you get more 
for your money. 
NRI employs no salesmen, pays no commissions. 
We pass the savings on to you in reduced tuitions 
and extras in the way of professional equipment, 
testing instruments, etc. You can pay more, but 
you can't get better training. 

More than one million students have enrolled 
with NRI in 62 years. 
Mail the insert card and discover for yourself why 
NRI is the recognized leader in home training. No 
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salesman will call. Do it today and get started on 
that new career. 

APPROVED UNDER GI BILL 
if taken for career purposes Check box on card for details. 

NRI NRI SCHOOLS 
M939 cGraw-HillWisconsin 

Av 
Continuinenueg. Education Center 

1-4° 
3 IWashington, D.C. 20016 
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Letters 

the past year, mostsingle-sideband clubs in 

Ohio have adopted the Emergency Call Sign 
of 999, which is quickly being adopted 
throughout the U.S. On SSB, we use the "O" 
signals, which many SSB clubs have adopt- 
ed, to cut down on air time. (O signals do not 

have an emergency call as is the case with 
the 10 Code.) I suggest that if an emergency 
call is made, it should coincide with one that 
has already been voluntarily adopted by 

CB'ers. -Denton C. Rastall, President, USB, 
Willowick, OH 

EMERGENCY CALL SIGN "STANDARD" COMPREHENSIVE, GENERAL, AND SPECIFIC 

In the May 1977 "CB Scene" it was stated 

that the PURAC was considering the 0911 
number for an Emergency Call Sign. Within 

"FM Tuner Ratings and Measurement" by 

Julian Hirsch in the April 1977 issue was very 
informative. The article was comprehensive 

"PERFECT BALANCE" 
sound - clean, clear and 

brilliant 

MODEL 8971 

You can drive 30 watts RMS through our 6" x 9" coaxial speakers all 

day, and they'll just keep cookin'. 

Frequency response, power handling and efficiency are balance - 
blended to provide superb sound definition from the smallest stereo 
radios to 60 watt power amplifiers. 

Let your ears be the judge. If you listen to a KLASSIC@ 
speaker, you'll buy it. 
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ai=/Kriket 
Acoustic Fiber Sou 

o Indianapolis, Indiana 

All afsl/KRIKET® products are manufactured in the U.S.A. 
Copyright 1977, Acoustic Fiber Sound Systems, Inc. 
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enough to be specific and general enough to 
be applied to just about any FM tuner avail- 
able. After reading this article, I took a check, 
as suggested, of my tuner and compared the 
results I obtained to the results obtained from 
a test of a friend's FM tuner. I noted a sub- 
stantial difference between the two sets of re- 
sults. Finally, when playing the two tuners 
side by side, we could hear the difference. 
Cary R. Patten, Northville, Ml 

WORD SPACING IS VERY COMMON 

I question the statement in "Morse Code 
Automatic Readout On a TV Screen" (May 
1977) that "word spacing is rarely sent in 

Morse Code.' After the original "Morse -A - 

Letter" project appeared in the January 1977 

issue of POPULAR ELECTRONICS, I made my 

own interface that produces perfect word 

spaces. I send the parallel data out to my 

video terminal in RS -232 via a UART. I would 
have submitted a photo of a full "page" of a 

news broadcast that shows perfect word 
spacing were it not illegal. Except in the case 
of crude or unusual keying, I find word spac- 
ing is very common, even if it does occur nat- 

urally rather than intentionally. After all, any 

pause longer than a character will register as 

a word space. -Joseph A. Maddox, Cincin- 
nati, OH 

HOW ABOUT A TRANSLATION? 

I enjoyed "How To Program Calculators for 
Fun and Games." However, the programs 
given are in Reverse Polish Notation (RPN) 
and not suitable directly for use with my alge- 
braic -entry calculator. Needless to say, I had 

difficulty in trying to decipher and rewrite the 
programs. I hope that next time POPULAR 

ELECTRONICS publishes programs they are 
listed in a form that will make it easier to pro- 
gram any calculator. -Marc Wester, Burlin- 
game, CA 

We'll try. 

ANOTHER COUNTING APPROACH 

With reference to the June 1977 "Out Of 
Tune" for the "Westminster Clock" that ap- 
peared in the November 1976 issue, I had the 

same problem in getting IC18 to count from 1 

to 12 properly. It took me several weeks of 
learning about MOS to find the fault. In my 

studies, I learned about a different approach 
to use to get my clock working. To obtain a 

positive pulse to reset 1C18 at 1 o'clock, I 

connected IC2, pin 12, to the spare inverter in 

105 (pins 12 and 13) and 105, pin 11, to 1C18, 

pin 15, and eliminated C3 and R9. Pins 23 

and 37 of IC19 (output common source and 
unblanking, respectively) require a positive 
supply. 

This was the best project yet. It made me 
learn something about CMOS.-K.G. Bur- 
nett, Errington, B.C., Canada. 

nd Systems, Inc. 
MORSE CODE DETERRENT 

I read the November 1976 Editorial with in- 

terest and would like to state that amateur ra- 

dio operators should remember that they are 



d a 

CSZ's done it again. . 

Broken theprice anc perfcr- 
ma-ice barriers with new MAX -1 00. 
The multimode; professional perta- 
blef equency counter that gives you 

° mo-e range, visibility, accuracy and 
versatility than any compsárable Lrit 
at anywhere near its leiw, low price. 

MAXimum performance 
9' MAX -.100 is a cinch to use. It gives 

".yoL. continuous readings from 20-lz 
to a guaranteed 100MHz witi-8-° 
dig t accuracy. Fast readings with r 

1/6 -sec. update and 1 -sec. sanping 
rate. Precise readings, derived =rare a 

_°. crystal -controlled time base w th 
3ppm accuracy High-sensitiviy 
readings from signals as ow as 33 
mV,with diode overload Frotec_ion 
up tc 200V peaks. 

Input signals over 100MHa auto= 
matically flash the most signifbant 
digt_And to indicate low-oattety con- 
dition and extend remain ng battery 
life,the entire dtsplay flashes a:1 -1z. 

MAXimum versatility. Wnerev,-°. 
er and whenever you need acciratr 
free ency readbgs, MAXcan co ;l e 
job. Use it with clip -lead cable sup- 
plied. Mini -whip antenna_Or lovi-Icss 
in -line tap with UHF'connectors. Fcr 
AM or FM; CB, ram, busiress rad c 
and R/C transmitter or receivereltcn - 
merit. Monitoring -audio and RFger- 

° erators.C-ecking computé-oloc-cs 
sherd gital circuits. Repa r cf 

depthsoundets and fish spotters 
TroLb eshooting ultrasonic rerrot` 

' controls. For these, and hunc-eds of 
otherapp icatbns, you'll fincit ndis- 
perisable. 

° IVAXir>tu,, visibility. (v1A}-10C1 
features a big, Drigh10.6",mutiple}ec 
8 dig tLEDdispray, with leading- 

° zero bank So yOJ don't haveto 
squint, or Kock up close. And. MAX s 
flip -Jo stand is 'Dull' -in. 

MAXimum flexibility. YAJ(-HOC 
opera -es frzm folurpower scLrces, for 
use in lab cr field. Internal al<al re Dr ' NiCac batteries. 11C or 2204rwitt- 
charcer/e inirator. 12Vwitl-ario- 
mobile cigaret_e-lighter adapter' 
charger A -d external 72-10ysupoly. 

11MXinunvale. With all its 
impressivespecs, you'd expec- rJ^X - 

to cos- a Ict mcre than a low $134 +5, 
compie_e:rrth cl p -lead cab and 
applications/instruction manual. B.A. 
that'saroti-er rice tying about rnpx: 
though it's accurate enoughfnrlab 
use,irs well within the reach cf hob. 
byists'and CB -ens' budgets. -- 

Try MA} fo- yourself at y IJrC lC 
deale -orcortact us for full specs 
and ;'cu- lo l dealer's name.Qnce 
you sencc-N.N. handy MAX is, ycu II 

want to "fr_q oat" too. With :.S. 

C:Olb `Corrneñlal Speoialhes Cor37aKN ° 
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- Specisications. 
Range: 2GHz to 100 MHz, g.taranteed. 
Gatetiner.1 sec. Resolution:1 Hz. Ac 
curacy: ± 1 count + time base e-ror. Input 
Impeda.c3:1.MSL/56pFCát ling:AC Sire 
Wave Sensitivity: 30 mVRM3 @ 50 MH:. - 
ternal Time Base Frequencyt 3579545 IHz 
:rystal ac_Setability: ± : pm C 25'1 
Temp-Sta3ility: Better that C2 1prr/°C 
3-50°C_ Max. Aging: 10 ppn/year. Display: 

ight.6rlEDdigits;anti-glare window bead- ° 
cero Welling: decimal point appears between ° 

3th and ithdigit when input 31ceeis 1 MHz. 
Overflow: with signals over99,999,999 H:, 
most sigeifcant (left hand)) dg t flastes.al t11r- . 

ng reading; in excess of 10011-lz. Display 
.rpdate:1/3-second plus 1 sac ga elime tow 
Battery Inlicator: When power sJpply'aEs ° 

below6EVAC, all digits flash Q 1 Hz rat. 
=lashing display extends batey lie. Porrer:6 
aA Alkal ne or NiCad cells (irte-na:); Extend: 
110 or 2220NAC Eliminatoricha-ger; Autc:.iga- 
ette ligttet adapter; 7.2-10 vDC ext. surptly; 

' ° 3at. Charging: 12-14hr. Size (HWD):1. 55(, 
5.63" x -77E" (4.45 x 14.30x 19169cn 
Weight: Less than 1.5 lb. (03E kg? wrbaieries. 
Accessories Included: Clip -load input le; 
manual_ 

CONTINENTAL SPECIALTIES CORPU2ATO.1 

34 Kencall Street; Bor 1942, 
Jew Haven, CT 06509 
303-62.31103 TWX 710-465-1327' 

,West Cost 351 Calrornia St-, ` 
San Francisco, CA 94104 
415-421-3E72 TWX 810-372-7392 
rAEXICC:+ELPRO, S.A. MexicoCly .5-22-3=-14 
CANADA:Len Finkler Ctd.; On aro 

;topM]iZ Roque' -cf' cwxar. 



Two-way 
o roveme 

Adjustable Signal 
Kicker trunk lip 
mount and fiber- 

; glass antenna 
with exclu- 

' live Micro - 
tuneable 

' 

Tip. 

Turner offers two ways to improve your CB 
performance. First, there is talk power. The new 
Expander 400 mobile mike has all you need. A fine- 
tuniñg volume coptról sets full modulation level. The 
compression préraihíp keeps it there, regardless 01 

mouth-to-mikédistance. It's a clear improvement 
over your standard mike. A built-in monitor light 
automatically checks p -volt battery cóndition. 

Secónd, Turner gives you more ways to get your 
signal out. Take your choice of stainless steel ó1 

fiberglass Signal'Kicker antennas. Both have q 
choice of moúnts and'Türner durability. 

The talk of the road 

TURNERI 

!MICROPHONANTENNAS ES 

CONRAC 
CORPORATION 716 Oakland Road N.E., Cedar Rapids, Iowa 52402 
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an elite group by our choice, not theirs. I have 
worked in industrial electronics with hams 
and found them to be a good group of guys 
who know their electronics and their equip- 
ment very well. I, too, have been interested in 

ham radio, but I decided to pass on it be- 
cause of the Morse Code requirement, which 

I do not understand and do not like. I feel the 
code requirement is a deterrent to highly 
qualified electronics technicians who simply 
can do without. Letting technicians into ham 
radio would be an enhancement, not a dilu- 
tion.-Gil Duddles, Princeton, IL. 

VALUABLE TEST INSTRUMENT 

I recently built the "Automatic Diode 
Checker" featured in the June 1976 issue of 
POPULAR ELECTRONICS. It proved to be the 
most valuable test instrument I have ever 
seen. It is so simple and effective that I can- . 

not help but wonder if the same principle 
could not be applied to the testing of transis- 
tors, inasmuch as they are basically a couple 
of diodes connected back-to-back. I service 
quite a few electronic photoflash units and 
since diodes and transistors are trouble spots 
in them, I know the diode tester will become 
an indispensable troubleshooting tool.- 
Edward A. Bollinger, Satellite Beach, FL. 

SOLAR CONTROLLER KIT 

I read with interest "Build a Solar Control- 
ler" (July 1977), and while this device is suit- 
able for actuating attic ventilators, it does 
have some deficiencies when used to control 
solar collection systems. Because the circuit 
provides no hysteresis, the system will cycle 
on and off at the same temperature differ- 
ence between the sensors. Most solar con- 
trollers (or differential thermostats) are de- 
signed to turn on only when collector temper- 
ature exceeds the storage temperature by 
20° F and then cycle off when this tempera- 
ture difference falls to 3° F. This prevents rap- 
id cycling of the system in early morning and 
late afternoon when only marginal solar ener- 
gy is available, resulting in greater overall ef- 
ficiency. 

Our company offers a complete solar con- 
troller kit for less than $30. It includes the 
turn -on hysteresis, as well as freeze protec- 
tion circuitry. This enables the controller to 
turn on the circulation system when the out- 
side temperature falls to 36° F, thereby warm- 
ing the collectors and preventing freezing 
when water is the circulating fluid.-Charles 
Morton, Wind Sun Systems, 5209 Ave. H, 

Austin. TX 78751 

Out of Tune 
In "How To Convert a 'Four Banger' For 

Stopwatch Functions" (August 1977), the 
identifications of IC2 and IC3 should be inter- 
changed in the component installation dia- 
gram on page 57. 
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The Touch by Regency is the 
first fully synthesized, 16 channel 
scanner to put over 15,000 
action radio frequencies at the 
command of a fingertip. 

There's no complicated 
programming to do. No crystals 
to buy. 

Simply tap out the fre- 
quency number you want on the 
pressure sensitive touch pads, 
and you're there. 

Touch SC, and scan your 
16 possible stored frequencies. 

Or search for the unknown 
by pressing SS. The Touch seeks 
out frequencies you may never 

r 

know existed. When you find new 
action, The Touch tells you what 
you've found with the exact fre- 
quency number in LED display. 

If you think that's the ulti- 
ma e in scanning, wait. There's 
more. 

One. You're never more 
than 1.2 seconds away from your 
favorite channel. The Touch lets 
you set up Channel 1 as a prior- 
ity receiver; and it samples that 
frequency every 1.2 seconds. So 
you never miss a call. 

Two. You'll also never miss 
a severe weather warning. Just 
set Channel 16 to the National 
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Weather Service emergency 
frequency, if available in your 
area. The Touch automatically 
alerts you to any severe weather 
broadcast. 

Three. Our mobile filter 
screens out code noises from 
car telephones. Completely. 
Automatically. So all you hear is 
full, clear action. 

See your Regency dealer 
for a demonstration. It's an 
experience you'll want to take 
home with you. 

The Touch by Regency. 
The Ultimate Scanner. 

w 
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Introducing 
the ultimate 

Scanner. 
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New Products 
Additional information on new products 
covered in this section is available from 
the manufacturers. Either circle the item's 
code number on the Reader Service Card 
inside the back cover or write to the man- 

ufacturer at the address given. 

DYNACO STEREO OCTAVE EQUALIZER 

Dynaco's stereo octave equalizer, SE -10, 
has 10 slide controls for each channel, one 
control for each octave of frequency. Equaliz- 
er range is ±12dB from 30 Hz to 15 kHz. 
THD is said to be typically less than 0.01%, 
while hum and noise is rated 85 dB below two 
volts. The SE -10 has eight integrated circuits, 
two FET's, five transistors, and an IC-regulat- 

{{CHI^f,INHN,f 

ed power supply. A three -transistor circuit 
electronically prevents switch pops. Other 
features include independent channel gain 
control from -12 to +6 dB; low impedance 
(600 ohm) output; and 16 amplifiers in the 
four low -frequency sliders of both channels. 
An independent source/tape switch enables 
equalization of a second program. Factory 
assembled $349, kit $249. 
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TAU EXPONENTIAL VCO AND VCF KITS 

The Tau Systems Model 1050 vco kit fea- 
tures 1-volt/octave response over a full 10 - 
octave range. Accuracy is claimed to be bet- 
ter than 1% over the range of 10 to 20,000 
Hz. The vco generates up- and down -ramp 
and width -modulated pulse outputs of 10 
volts peak -to -peak. The Model 1010 vcf kit 
offers a 24 -dB octave response over the en- 
tire audio range, in addition to providing 10 - 
octave exponential, 1-volt/octave control 
characteristics. The vcf has adjustable O 
(resonance control) and can be made to gen- 
erate what is claimed to be a very pure sine 
wave over the entire audio range. Both kits 
should be of particular interest to those in- 
volved in electronic music, artificial voicing, 
instrumentation, spectrum analysis, and 
sweep generation. Model 1050, $32.50; Mod- 
el 1010, $47.00. 
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REALISTIC MOBILE CB AM TRANSCEIVER 

Radio Shack has introduced the Realistic 
TRC-424 as its top -of -the -line 40 -channel 
mobile. It features PLL circuitry, an automatic 
modulation gain control circuit for 100% mod- 
ulation, and r -f power output of 4 W. Other 

5 

features include an r -f gain control, delta tun- 
ing switch, switchable noise blanker, LED di- 
gital readout, r-f/S meter, and PA capability. 
It operates on 12 V dc, positive or negative 
ground, and comes with mounting bracket 
and detachable mike. Measures 811" x 6' 
x 2 3/16" (21 x 17 x 6 cm). $169.95. 
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POLY 88 SYSTEM SIXTEEN COMPUTER 

The POLY 88 System Sixteen from Poly- 
Morphic Systems is a ready -to -run computer 
system that can be used to solve home fi- 
nance problems, perform statistical analysis, 
and provide a host of challenging games. The 
16k system features a high-speed video dis- 
play and alphanumeric keyboard. Cassette 
tapes are used for permanent program stor- 
age. Programming is made simple by a BA- 

SIC software package. PLOT and TIME are 
unique features that rely on the video graph- 
ics and real-time clock. Other features in- 

clude VERIFY that tells when a tape is good 
before another is loaded. Scientific functions, 
formatting options, and string capabilities are 
also included. $2250; kits start at $735. 
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YAMAHA STEREO RECEIVER 

The Model CR -2020 is Yamaha's top -of -the - 
line stereo receiver, rated at 100 watts/chan- 
nel into 8 ohms at less than 0.1% THD, 20 to 
20,000 Hz. Specifications include: 10 to 
100,000 Hz ±2.5 dB audio frequency re- 
sponse; 35-45 dB stereo separation; 1.8 µV 
FM sensitivity; 1.0 dB capture ratio; 80 dB us- 
able selectivity; 73 dB S/N; 30 to 15,000 Hz 
±0.5 dB -FM frequency response. Features 
include dual output power meters; signal and 
FM tuning meters; selectable turnover fre- 
quencies; bass, presence and treble tone 
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controls; selection of three pairs of speaker 
systems; Dolby FM selection; audio muting; 
FM blend switch; choice of phono input lev- 
els; and low and high filter switches. Dimen- 
sions: 211/4"W x 16 5/16"D x 6 9/16"H (540 
x 415 x 167 mm). $700. 
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EVGAME CB/AM/FM ANTENNA 

"Breaker Beam" From EVGame Inc. is a ful- 
ly automatic, motor -driven CB/AM/FM an- 
tenna that is claimed to provide an exclusive 
"fail-safe" mast nesting function with ignition 
switch off. It also provides a transmit -actuat- 
ed neon lamp that glows when the transmitter 
to which it is connected is keyed. The auto- 
matic fail-safe nesting action is said to ensure 
automatic retraction of the antenna mast into 
its housing mount as soon as the vehicle igni- 
tion or the transmitter/transceiver is turned 
off. The glowing neon lamp atop the antenna 
is easy to see by other CB'ers at night. The 
antenna extends to 40" (1 m) and has a load- 
ing coil on the fourth section of its five -section 
whip. The SWR is claimed to be extremely 
low, made possible with a fine-tuning, signal - 
splitting coupler that uses a CB tuning/trim- 
mer capacitor. $79.00. 
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HANDIC CB TRANSCEIVER/STEREO RADIO 

Handic-USA's Model 240, is a 40 -channel CB 
transceiver and AM/stereo FM receiver com- 
bination. The transceiver features PLL syn- 
thesizer, digital LED channel readout, r-f/S 
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meter, TX and RX indicator light, radio/CB 
select switch, standby/on/off switch for moni- 
toring CB while listening to the radio, and anl. 
The radio has a tone control system, stereo 
balance control, AM/FM band select switch, 
and MPX/Mono switch. The entire unit is de- 
signed for in -dash installation. $259.95. 
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WAWASEE CB FREQUENCY DISPLAY 

The latest in Wawasee Electronics' line of CB 
accessories is a compact frequency counter, 
Model JB 1004 FC, that displays the operat- 
ing frequency of CB and ham transceivers. It 

has a specified frequency range of from 100 
Hz to 50 MHz, with a display accuracy of 100 

Hz and a 50 -mV sensitivity. Designed to be 

operated from 12 -volt dc sources, the sys- 
tem's power requirements are said to be min- 
imal because the leading zeroes of the 0.5" 
(12.7 -mm) displays come on only when the 
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transceiver's microphone is keyed. Mounting 
is via Velcro -type "spots." The size of the 
counter is 41/2'VV x 3'/N"D x 13/4"H (11.4 x 
9.8 x 4.4 cm). $99.95. 
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MULTICORE EMERGENCY SOLDER 

Multicore Solders has introduced a new tape- 
like solder strip, called Emergency Solder, 
that requires only an ordinary match or can- 
dle flame to melt and form a solder joint. The 
Emergency Solder strip contains multiple 
cores of rosin flux, which is noncorrosive and 
can safely be used in electronic circuits. In 

use, the strips are loosely wrapped around 
the joint to be soldered and an open flame is 

moved back and forth until the solder flows 
into the joint. To solder sheet metal, the sol- 
der is placed either between or on the metal 
parts to be connected and heat from a candle 
or soldering gun is applied as the parts are 
held together. Available from Multicore Sol- 
ders, Westbury, NY 11590. 

AUDIOANALYST SPEAKER SYSTEM 

Model M6 is one of a new group of speaker 
systems called PhaseMatrix TM introduced 
by Audioanalyst, Inc. It is an 8 -ohm system 
that has a specified frequency response of 30 
to 20,000 Hz ±3 dB and a maximum power 
handling capability of 150 watts. Minimum 
driving power is rated at 15 watts. The three- 
way speaker system has crossovers at 700 
and 2000 Hz. It uses a 10" (25.4 -cm) woofer, 

411" (11.4 -cm) midrange driver, and 1" (2.54 - 
cm) tweeter. The system is housed in a lac- 
quer -finished walnut -veneer cabinet that 
measures 2443" x 133/4" x 113/4" (61.9 x 
34.9 x 30 cm) and weighs 47 lb (21.3 kg). 
Behind the removable black fabric grille are 
three -position midrange and high -frequency 
controls that provide nine different contour 
setting combinations. 
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HF TRANSMITTER MONITOR 

The Model WM-1000 by Communications 
Power, Inc. monitors transmitter performance 
in the 1.8 -to -30 -MHz frequency range. It con- 
tains three separate meters-an r -f wattme- 
ter, an SWR meter, and a modulation level 
meter. The wattmeter reads either average or 
peak power output on 20-, 200-, and 1000 - 
watt scales. Wattmeter operating mode (av- 
erage or peak) and scale are selected by 
front -panel switches. The SWR and modula- 
tion meters have front -panel calibration con- 
trols and function with power levels of 1 to 
1000 watts. The SWR meter employs a 30 - 
dB directional coupler for improved accuracy 
at low SWR levels. Modulation level is mea- 
sured by a full -wave circuit which functions 
over the full modulation wave form. The unit 
also features a built-in battery check circuit 
and automatic shut-off. 
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HEGEMEN PRE-PREAMP 

Hegemen Input Probe (HIP) is a low -noise, 
wide -band preamplifier designec to mount 
next to a phonograph or tape deck. HIP is 

said to provide an audible increase in 

high -frequency detail, dynamic range, dimen- 
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sional perspective and a reduction in record 
surface noise. It works directly from either a 

tapehead or phonograph cartridge and is bat- 
tery -powered to avoid hum pickup. Technical 
specifications include frequency response of 
2 Hz to 350 kHz ±1 dB, 0.1% harmonic distor- 
tion, 60 dB channel separation. Dimensions: 
6" x 2%" x 1111" (15.5 x 6.5 x 3.7 cm), (bat- 
tery pack) 511"x5"x111"(14x 12.5 x 3.8 
cm). $135. 
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AVANTI CB BASE ANTENNA 

The new Saturn antenna by Avanti Research 
and Development, Inc. is an omnidirectional 
base station antenna with switchable hori- 
zontal or vertical polarization. Overall height 
is 22' (6.7 m), radials measure 9' (2.7-m), 
and the antenna weighs 25 lb (11.3 kg). The 
Model AV -501 switchbox for remote polariza- 
tion selection is included. 
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CORRECTION 

In the September issue, the price of the 
McKay Dymek DR -22 Receiver was incor- 
rectly given as $2900. It should have been 
$995. 

New Literature 

CB ACCESSORIES CATALOG 

The Magitran Co. offers an 8 -page catalog of 
its line of citizens band radio accessories. In- 

cluded in the listing are anti -theft alarm sys- 
tems, an antenna matcher, power supply, 
power regulator -booster, receive signal 
booster/attenuator, remote/PA speakers, 
and a radio check monitor. Each piece of 
equipment is illustrated and technical specifi- 
cations are provided. Address: The Magitran 
Co., 311 E. Park St., Moonachie, NJ 07074. 

NBS SMOKE DETECTOR PAMPHLET 

The Commerce Department's National Bu- 
reau of Standards is offering a guide to 
homeowners who are interested in purchas- 
ing a smoke detector. Titled "Smoke Detec- 
tors . .. What They Are and How They 
Work," the pamphlet describes the two types 
of smoke detectors; ionization chamber and 
photoelectric; and answers questions most 
commonly asked about selection and place- 
ment of the detectors in the home. Address: 
"Detectors," Consumer Information Center, 
Pueblo, CO 20234. 

REPLACEMENT ANTENNAS CATALOG 

Russell Industries has a six -page brochure il- 
lustrating its line of "Rubber Duckie" antenna 
replacements for 2 -way communications and 
scanner applications. Categories include citi- 
zens band, uhf, vhf, ham and business band 
radios, and walkie talkies. Address: Russell 
Industries, 3069 Lawson Blvd., Oceanside, 
NY 11572. 

CHROME TAPE PAPER 

A report on chromium dioxide cassette tape, 
"The Advent Chrome Paper," is available 
from Advent Corp. It discusses chromium di- 

oxide tape, which was introduced in 1970, 
and compares it to other iron -oxide cassettes 
on the market. Address: Advent Corp., 195 
Albany St., Cambridge, MA 02139. 

SMALL -COMPUTER CATALOG 

A 22 -page Small Computer Catalog by 
Processor Technology describes the compa- 
ny's line of computers, computer systems, 
personality modules, software, memories, 
disk storage, interfaces and peripherals. Per- 
formance and application information is pro- 
vided, with charts and illustrations. Address: 
Processor Technology Corp., 6200 Hollis St., 
Emeryville, CA 94608. 
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Don't settle for less. Especially when it comes to 
electronics trying ... because everything else in your life 

may depend on it. That's why you ought to pick CIE: 
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you've probably seen ad- 
vertisements from other 

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

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

Meet the Electronics 
Specialists. 

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

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

There's no such thing as 
bargain education. 

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

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

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

At CIE, we've got a posit ion of 
leadership to maintain. Here are 
sonic of the ways we hang onto it .. 

Our step-by-step learning 
includes "hands-on" 
training. 

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

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

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

Pick the pace that's right 
for you. 

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

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

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

CIE can prepare you for 
your FCC License. 

For some electronics jobs, you 
must have your FCC License. For 
others, employers often consider it a 
mark in your favor. Either way, it's 
government -certified proof of your 
specific knowledge and skills! 
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More than half of CIE's courses 
prepare you to pass the government - 
administered exam. In continuing 
survc vs, nearly 4 out of 5 CIE gradu- 
ates who take the exam get their 
Licenses! 
For professionals only. 

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

hard, sure. But the benefits are 
worth it. 
Send for more details 
and a FREE school 
catalog. 

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

Mail the card or the coupon or 
write CIE (mentioning name and 
(late of this magazine) at: 1776 East 
17th Street, Cleveland, Ohio 44114. 
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Patterns shown on TV and oscilloscope screens are simulated. 

CIECleveland Institute of Electronics, Inc. 
1776 East 17th Street, Cleveland, Ohio 44114 

Accredited Member National Home Study Council 

YES ...I want the hest of everything! Send mc my FREE CIE school catalog- including details about troubleshooting courses- plus my FREE package 
of home study information. PE -44 
Print Name 

Address 1pt 

City 

State Zip 
Age _'hone (area code) 
Check box for G.I. Bill information: Veteran Active Duty 
MAIL TODAY! 
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 Stereo Scene 

THE BIG JUNE TRIAL BALLOON 

ell, it's come and gone-another 
June Consumer Electronics Show 

in Chicago. This year's JCES was 
marked by two developments of note. 
The first was a concession on the part of 
show management to the demands of 
audio exhibitors for listening facilities. 
Several floors of meeting rooms in the 
McCormick Inn (across the street from 
the McCormick Place convention center 
that formerly hosted the entire show) 
were made available, thus greatly ex- 
panding the scope and sprawl of the af- 
fair. Second, in what almost seemed a 

counter -concession, a number of promi- 
nent very -high -end audio manufacturers 
left their aeries in the renegade Bis- 
marck Hotel (one of the few large hotels 
not affiliated with the show) and moved 
their exhibits closer to or actually into 
CES territory. (Not that this "sank" the 
Bismarck; the vacancies were promptly 
usurped by a whole new generation of 
little companies looking to make their 
marks.) 

Both developments dramatize the 
new importance of audio-and, recently, 
high -end audio-to the show's well- 
being. More than ever, high -end was the 
big game at JCES, and almost every- 
body played. 

The Heavy Hitters. If pure power 
grabs you, you will not be immune to the 
Marantz Model 2500, the show's most 
powerful receiver, with a continuous 
(FTC) rating of 250 watts per channel. 
This receiver also re -introduces Mar- 
antz's small front -panel scope, a popular 
feature on previous deluxe models from 
the company. The continuous -power 
rating of Hitachi's SR -2004 receiver is a 

"mere" 200 watts per channel. How- 
ever, since the amplifier section oper- 
ates in Hitachi's novel Class G, it is said 
to be entitled to a short-term ("music 
power," if you will) rating of 400 watts 
per channel. Several other receiver 
manufacturers are now crowding the 
200 -watt mark, such as Technics by Pa - 

By Ralph Hodges 

nasonic (with 165 watts) and Nikko (175 
watts). 

Where does this power escalation put 
separate basic amplifiers? Well, you can 
get up to 500 watts per channel with the 
Rotel RB-5000. This product, incor- 
porating enough transformer iron to 
pose a serious threat to any sidewalk on 
which it may be dropped, has a glorious 
brutality to its appearance that devotees 
of high power will appreciate on sight. 

Many of the other major manufactur- 
ers now seem inclined to eschew brute 
force for its own sake and adopt the "pu- 
rist" attitude that characterizes the audi- 
ophile -oriented smaller companies. Pio- 
neer, for example, which retains its cre- 
dentials in the high -power club (its new 
SPEC 4 power amplifier is rated at 150 
watts per channel), has chosen to lead 
this year with the M-22 Class -A power 
amplifier ($650) at 30 watts per channel. 
Onkyo's outlook on high -end equipment 
is similarly conservative, as exemplified 
by the P-303 preamplifier and M-505 
power amplifier introduced earlier this 
year. Nikko established itself as a leader 
in Class -A power amplifiers some time 
ago. This year the company presents 
the Alpha V stereo power amplifier, fea- 
turing a healthy 100 watts per channel 
and a healthier price of $3,000. 

Meantime, integrated amplifiers 
evolve in their own fascinating ways. 
Kenwood believes in isolated power 
supplies, and the new 90 -watt -per -chan- 
nel KA-9100 has three: one for each out- 
put section and a third for the preamplifi- 
er. Sansui believes in wide bandwidth- 
not necessarily for the preamplifier sec- 
tion, where it may cause trouble, but cer- 
tainly for the power -output stages. The 
AU -717 ($450) and AU -517 ($370) pur- 
sue this philosophy. 

The Innovators. Soundcraftsmen's 
major contribution to the show was a 

claim for a new mode of amplifier opera- 
tion, "Class H." Like Class G, Class H 

employs two power -supply voltages for 

the output stage, the lower voltage being 
active most of the time and the higher 
voltage coming into use only on large 
waveform peaks. But Class H dispenses 
with Class G's two sets of output transis- 
tors and simply switches the supply volt- 
ages fed to one set. As in Class G, the 
object is to keep the output stage in the 
most efficient mode of operation possi- 
ble, no matter what power level is being 
delivered to the load. Soundcraftsmen's 
initial Class -H offerings are the MA5002 
power amplifier at 250 watts per chan- 
nel, and a smaller Class -H power am- 
plifier, the EA5003, with a built-in oc- 
tave -band equalizer. 

In the DL -2, Crown introduces the 
preamplifier it says it has always wanted 
to build. It is in three pieces: a power 
supply, a phono-preamplifier module de- 
signed to be located close to the record 
player, and a "switching module" (the 
DL -2 itself). This sports a complex -look- 
ing panel, with digital readouts of gain 
settings and a forest of controls. But in- 
side, all is said to be simplicity itself, with 
none of the special control functions 
allowed to intrude on the signal path un- 
less "enabled" by means of digital 
switching circuitry that operates high - 
quality relays. 

A digital -readout frequency-synthe- 
syzing tuner is built in to the Setton 
RCS -X-1000 preamplifier/control cen- 
ter. The unit has throttle -like controls for 
gain and LED indicators for virtually ev- 
erything. For remote control use, much 
of its circuitry is contained in a separate 
"black -box" module with generously 
long cable connection. 

A little outboard air compressor is the 
key feature in the Infinity Black Widow 
"Air -Table." The Compressor floats the 
belt -driven platter on a compressed -air 
"bearing." 

The Elaborators. While we're on the 

subject of turntables, you may recall 
ADC's digitally controlled Accutrac 
4000. This year brings a changer ver- 
sion, the Accutrac +6, with the likable 
ability to return any records that have 
been "dropped"- to the platter ("gently 
escorted" is a more accurate expression 
in this case) back up to the spindle -sup- 
ported stack for another go -round. This 
is accomplished by punching appropri- 
ate buttons on the control panel (or on 

an ultrasonic remote controller), and the 
Accutrac +6 retains all the other auto- 
matic programmable features of the 
4000. 

In its MT -6225, Fisher has developed 
a new configuration for a direct -drive 
turntable motor. Its drive signal is de - 
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Better records are the result 
of better playback pick-ups 
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EXPANDED 
CONTACT AREA 

© Stanton Magnetics, Inc., 1977 

EXPANDED 
CONTACT AREA 

Scanning Electron Beam Microscope photo of Stereohedron Stylus; 
2000 times magnification. Brackets point out wider contact area. 

nter the New Professional 
Calibration Standard,Stanton's 8815 

Mike Reese of the famous Mastering Lab in _os Angeles 
says: "While maintaining the Calibratior Standard, the 881S 
sets new levels for tracking and high frequency response. It's 
an audible improvement. We use the 881S exclusively for 
calibration and eva.uation in our operation" 

The recording engineer can only produce a product as good as his 
ability to analyze it. Such analysis is best accomplished through the use 
of a playback pick-up. Hence, better records are the result of better 
playback pick-up. Naturally, a ca'ibrated pick-up is essential. 

There is an additional dimension to Stanton's new Professional Cal- 
ibration Standard cartridges. They are designed for maximum record 
protection. This requires a brand new tip shape, the Stereohedrons, 
which was developed not only for better sound characteristics but also 
the gentlest possible treatment of the record groove. This cartridge pos- 
sesses a revolutionary new magnet made of an exotic rare earth com- 
pound which, because of its enormous power, is 
far smaller than ordinary magnets. 

Stanton guarantees each 881S to meet the 
specifications within exacting limits. The most 
meaningful warranty possible, individual calibra- 
tion test results, come packed with each unit. 

Whether your usage involves recording, broad- 
casting or home entertainment, your choice 
should be the choice of the professionals ...the 
STANTON 881S. 

For further information write to Stanton Magnetics, Terminal Drive, Plainview, New York 

5vravron 
11803 

This new Stanton advertisement will appear in major consumer publications. 
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ALTAIRrbOMPUTER CENTERS 

TUCSON, AZ 85711 
4941 East 29th, St. 
(602)-748-7363 
BERKELEY, CA 94710 
1044 University Ave. 
(415)-845-5300 
SANTA MONICA, CA 90401 
820 Broadway 
(213)-451-0713 
DENVER, CO 80211 
2839 W. 44th Ave. 
(303)-458-5444 
ATLANTA, GA 30305 
3330 Piedmont Road 
(404)-231-1691 
PARK RIDGE, IL 60068 
517 Talcott Road 
(312)-823-2388 
ANN ARBOR, MI 48104 
310 East Washington Street 
(313)-995-7616 
MADISON HEIGHTS, MI 48071 
505-507 West 11 Mile St. 
(313)-545-2225 
EAGAN, MN 55122 
3928 Beau D'Rue Drive 
(612)-452-2567 
ST. LOUIS, MO 63130 
8123-25 Page Blvd. 
(314)-427-6116 
DAYTON, OH 45414 
5252 North Dixie Drive 
(513)-274-1149 
TULSA, OK 74135 
110 The Annex 
5345 East Forty First St. 
(918)-664-4564 
BEAVERTON, OR 97005 
8105 SW Nimbus Ave. 
(503)-644-2314 
LINCOLN, NB 68503 
611 N. 27th St. Suite 9 
(402)-474-2800 
CHARLOTTE, N.C. 28205 
1808 E. Independence Blvd. 
(704)-334-0242 
ALBUQUERQUE, NM 87110 
3120 San Mateo N.E. 
(505)-883-8281 883-8283 
ALBANY, NY 12211 
269 Osborne Road 
(518)-459-6140 
NEW YORK, NY 10018 
55 West 39th Street 
(212)-221-1404 
DALLAS, TX 75234 
3208 Beitline Road, Suite 206 
(214)-241-4088 Metro -263-7638 
HOUSTON, TX 77036 
7302 Harwln Drive. Suite 206 
(713)-780-8981 
RICHMOND, VA 23230 
4503 West Broad St. 
(804)-355-5773 
SPRINGFIELD, VA 22150 
6605A Backlick Road 
(703)-569-1110 
CHARLESTON, W.VA. 25301 
Municipal Parking Building 
Suite 5 
(304)-345-1360 
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Marantz 2500 AM/Stereo FM Receiver 
is rated at 250 watts per channel. 

Kenvyood's KA-9100 Integrated DC Stereo 
Amplifier has three 
sepárate power supplies. 

rived from a 120 -pole rotor (part of the 
platter) which amplitude -modulates a 

60 -kHz oscillator signal that passes 
through sensing coils in close proximity 
to the rotor. The back-EMF from the mo- 

tor itself is routed through the motional - 
feedback circuit, where it is compared 
with a stable dc reference voltage. 

I'm personally glad to note some new 
developments in tonearms, prominent 
among which is the Technics EPA -100, 
offered on the new SL -1000 Mark II di- 
rect -drive turntable. The EPA -100 is a 

damped arm designed to accommodate 
itself to almost any cartridge. The arm 
has "dynamic damping" which not only 
dulls arm/cartridge resonance, but ad- 
justs to match cartridge compliance. 
Very -low -mass arms continue to ap- 
pear, the latest being the LMF from 
ADC, offered with and without detach- 
able headshells. The LMF has a tapered 
carbon -fiber shaft and an appearance of 
high precision. 

Dual's Model C-939 cassette deck of- 
fers automatic reversing in both record- 
ing and playback, and it introduces the 

erase head as a tape -editing feature. A 

unique control admits continuously vari- 
able erase current to the head, where it 

can be used to create fade-outs, fade- 
ins, or total obliteration of a previously 
recorded signal. 

The Upstarts. With so many pursuing 
the serious -audiophile segment of the 
market, where does that leave the de- 
votedly audiophile -oriented companies? 
More rarefied than ever. Threshold, 
which in its short history has established 

i0> k---_ 

Pioneer M-22 Power Amplifier is 
rated at 30 watts per channel. 

yr.! as. 
,,,,`; . 

Model C-939 Cassette Deck from 
Dual has automatic reversing in 
both recording and playback. 

itself as one of the country's most promi- 
nent manufacturers of Class -A power 
amplifiers, introduced this year a pream- 
plifiér, the NS 10, with a response that 
extends to 5 MHz. The Van Alstirie Mod- 

el Oné p'rea'r`nplifier handily matched this 
feat by playing a color TV set through its 

circuits. While you recover from the 

shock of these revelations, - you might 

want to contemplate the limited -band- 
width school of preamplifier design. The 
Apt Corporation's Holman Preamplifier 
will have nothing to do with ultrasonic or 
infrasonic signals. Tom Holman's argu- 
ments for eliminating out -of -band infor- 
mation are sophisticated and persua- 
sive. Some would call his preamplifier 
radical for its inclusion of tone controls 
and other amenities that have been rap- 
idly disappearing from such products. 

Vacuum tubes, until recently so be- 
loved by the audiophile "fringe" for their 
alleged sonic superiority, are gradually 
passing away as more and more design- 
érs work out transistorized circuits that 
can suit their purposes. But the end of 
tubes is not here yet, as witness the re- 
markable Audionics BA -150 power am- 
plifier with a ttansistorizéd front énd and 
tlibe output stages. The chunky unit is 

rated at 200 watts per channel, which is 

very substantial. As for heat and its per- 
nicious effect on tube life, this has been 
thwarted by "floating" bias and operat- 
ing voltages that are Under the benign 
governance of high-speed digital control 
circuitry. I expect this amplifier was a lot 

of fun to desigri. 

The Indefatigables. The untiring 
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Powerful in computing muscle, yet 
small in physical size, the Altair'"'680b offers many 

f ' special features at an affordable price., Based 
on the 6800 microprocessor, the 680b comes with 1K 

of static RANI, Serial I/O port, -PROM monitor and 
Provisions for 1K of PROM as standard components. 

Its good thinking, when you're interested in making a 
modest investment on a highly reliable computer, 

tci consider the Altair 680b. 
- Our PROM monitor eliminates the necessity for toggling 

front panel switches to load 
bootstraps or manipulate 
memory contents. Only a 

terminal and programming 
language are required for 

com'piete system operation. 
With Altair System software- 
Altair 680 BASIC, assembler 

and text editor-you may 
begin problem solving 
immediately with ease. 

By adding the 680b; MB 
Expander card, many options 

are currently available: 
96K Static Memory Board- 

Increase your system memory 
with 16K bytes of fast access 
(215 ns), low power (5 watts 
per board> static RAM. '680 
BASIC and assemtler/text 

.a GdV _111.41C- t 
E _ = , ° 
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editor are included free with purchase. 
'`Process Control Interface-A PC card that 'uses optically 

' isolated inputs and relay outputs that transmit sensory 
information to and control signals from the computer. A 
diverse world of control applications is opened up with 

- the Altair 680b-PCI. 
*Universal Input/Output Board -if your I/C) needs exceed 
the'serial port already on the main board, augment your 
I/O channels with the 680b-UI/O. By implementing the 
optional serial port and two parallel ports, you can simul= 

taneously interface to four 
terminals. 

~ 'New Addition-Kansas City 
Audio Cassette Interface- 
Use the 680b-KCACR to inter- 

_ face your Altair 6801? with ari 
audio cassette recorder for 
inexpensive mass storage of 
programming languages, pro- 
grams and data. 
Available in either full front 
panel or turnkey models, the 
Altair 680b presents many 
computing capabilities at a 
low cost-without skimping 
on performance. See it today 
at your local Altair Computer 
Center or contact the factory 
'for further details. 

Good Thinking. 
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Crown's DL -2 preamplifier has a__ 

"switching module" with all of 
the cóntrols and a phono-prearep 
module (right) to be located ` 

close to the record player. 

glr ' p:17., 

search for perfection in phono cartridges 
continues, and you can now pay $325 
for a Satin moving -coil cartridge with 
Shibata stylus and beryllium cantilever. 
The Satin cartridges remain the only 
moving -coil designs with user -replace- 
able styli, and among the few such de- 
signs with output sufficient to drive most 
phono preamplifiers without assistance 
from a transformer or intermediate gain 
stage. So far as I know, Satir com- 
mands the top price point in phono car- 
tridges today, but others are not too far 
behind. The Model 9210SG from RAM 
Audio Systems, a strain -gauge pickup is 

$300 with the necessary external power 
supply. The Micro -Acoustic 530-mp is 

$200. And the Stanton 881 S is $150. 
Nor is there a lack of associated 

equipment for these new cartridges. The 
precision phono preamplifier for moving - 
coil and other pickups is now an estab- 
lished product. The Accuptiase C-220 
Stereo Disc Equalizer is designed to 
load and equalize any cartridge proper- 
ly, supply gain that is immaculate in 

terms of noise and distortion, and bal- 

lb e ' Sale 
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ance the outputs of the two channels. 
A&E Technical Research offers a similar 
product, wiith elaborations that include a 

front -panel meter to read levels. 
A year ago the manufacturers of the 

new sub -woofers were speaking out 
loudly for attention. Since then, several 
prophets have asked the question: 
"With a good sub -woofer, who needs a 

woofer?" And it's proved to be a good 
question. Audio enthusiasts around the 
country have beer combining the phe- 
nomenally good (but bass -lacking) mini - 
speakers from ADS, Braun, and Visonik, 
among others, with sub -woofers from 
Janis, Dahlquist, etc., to produce full - 
range biamplified speaker systems for 
the home. They often sound as good as 
the best while costing little more than the 
mediocre. Janis has even devised an 
accessory to facilitate this-a stereo 
electronic crossover combined with a 

single -channel, 70 -watt amplifier for the 
woofer. The phase relationship between 
the low- and high -frequency signals is 

continuously variable. 
This year's new wave in four -channel 

The Accutrac +6 Turntable has 
the automatic programmable 
features of its predecessor, 
the 4000, and also can be 
set to return a record to the 
stack on tóp of the spindle. 

A digital -readout 
freq uency-synthesyzing 

tuner is built into the 
Setton RCS -X-1000 

preamplifier/control center. 

ow. 

of i - 

. 
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sound will come from the Tate SG de- 
coder, now finally completed and encap- 
sulated in three integrated circuits. The 
decoder boasts remarkable specifica- 
tions, and the demonstration I heard left 
little doubt in my mind that many of the 
claims made for it are justified. The Tate 
people intend to offer the decoder to am- 
plifier and receiver manufacturers, 
among which licensees are now being 
gathered. (Audionics has already an- 
nounced its Tate decoder.) 

The End. The end, obviously, is not yet 
in sight. More than anything else, this 
year's JCES was erected on shaky foun- 
dations laid down some years ago that 
have become much firmer in the inter- 
vening period. The serious audiophile is 

once more at the top of the heap, and 
his requirements are being elaborate- 
ly-even extravagantly-catered to. In 

coming months this should lead to a vast 
proliferation of products that are claimed 
to "sound good." Ultimately, with luck, it 

will result in a whole community of prod- 
ucts that "sound better." 
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arametric' Equalizers by, SAE) ..°._.o ° 
.r ..., 

SAE has long beer) involved in -"the field of 
tone equalization. From our pioneering 
efforts in variable turn. over tone controls to 
our more recent advancements in -graphic 
equalizers, we have continually searched for. 
and developed more flexible and responsive 
tone networks. From these efforts comes 
a new powerful tool in tone equalization - ü 

the Párametric Equalizer. Now you -have 
the power of precise control... 
Our 2800 Düal Four -Band and 1800 Dual 
Two -Band Parametrics offer you controls - 

that nbt only c`ut and boost, but also vary the 
bandwidth and tune the center frequency _ _ 

of, any',segment of 'the audio range. 
o 
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With this unique flexibility, any problem , 

can be overcome precisely, and any effect 
created precisely. 
With either of these equalizers, you have the 
power to correct any listening environment 
or overcome any listening problems that 
you are faced with. Whether you need a 
third octave notch filter, tailored bandwidth . 

to resurrect a vocalist, ora tailored cut to 
bury an overbearing bass, the control 
flexibility of Parametric Equalizers can fill 
these °needs and many more. And of course, - 

as with all SAE products, they offer the 
highest in sonic performance and quality 
of construction. 
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Scientific Audio Electronics; Inc. 
P.O. Box 60271 Terminal Annex, Los Angeles, CA 90060 



Learn electronics easier... 
MONEY BACK 

GUARANTEE 
We're so confident you will 
enjoy and benefit from these 
five courses, that if for any 
reason you are dissatisfied, 
we will refund the full pur- 

chase price of the 
course text material. 

= 
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with HEATHKIT 
Unique Heathkit Electronics Courses are 
designed to provide you with a complete 

overview of basic and advanced electronics. 
You learn at your own pace, without 

pressure or deadlines, and all material is 
presented in a clear, logical, step-by- 

step fashion. It's the ideal, effective way 
to learn about electronics if you're a 

beginner, or to "brush up" on the 
latest techniques and theory. 

Courses start as low as 3995 (less trainer) 
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Thousands of people just like you have already learned electronics the 
easy Heathkit way - and you can, too. The secret is our efficient approach 
to self -learning with easy, step-by-step "programmed" instructions; audio 
records to introduce and reinforce key concepts; self -evaluation quizzes 
to test your understanding; and interesting experiments that let you learn 
the easy "hands-on" way. All you need is a record player, small tools and 
a VOM. The optional Heathkit experimenter/trainer is specifically designed 
to help you do the experiments in each course, and when you finish the 
course, you can use it to design and breadboard your own circuits. After 
completing each course, you can take the optional final exam (passing 
grade 70%) and receive both a Certificate of Achievement and Continuing 
Education Units, a nationally recognized way of acknowledging participa- 
tion in non-credit adult education. 

ORDER NOW -GET THESE,.BONUS SAVINGS! =.,«ó.: 

GET THIS I FREE! Buy Any Single Courser -Buy Courses 1 thru 4 ' ; 
WELLER., 

WITH YOUR ORDER With Trainer and -- with Trainer and -. 
SOLDERING: p 40 -watt 
.ROM SAVE:. X995 9 : iron for easy 

worth ? kithuilding ' . 

Heath Company, Dept. 010-341 Benton Harbor, Michigan 49022 

:SAVE:.$2495 



faster...at louver cost... 
Learn -at-home Courses! 

COURSE 1: DC Electronics 
An ideal introduction to electronics. Covers current, voltage, 
resistance, magnetism, Ohm's law, electrical measurements, 
DC circuits, inductance and capacitance. Discusses matter, 
atoms, current, flow, voltage rises and drops, series and par- 
allel connections, magnetic fields, voltage dividers, network 
theorems, more. Includes text, records and 56 parts for 20 dif- 
ferent experiments. Average completion time, 20 hours. 2.0 
Continuing Education Units and certificate for passing option- 
al final exam. 

Course EE -3101 39.95 

COURSE 3:, Semiconductor,Devices 
Essential for understanding latest solid-state equipment. 
Covers fundamentals, diodes, zener diodes, special diodes, 
bipolar transistor operation and characteristics, FET's, thy- 
ristors, integrated circuits and optoelectronics. Discusses 
holes, current flow, N and P types, biasing, tunnels and 
varactors, PIN, IMPATT, gain, cutoff and leakage current, 
SCR's, bi-directional triodes, light sensitive and light emitting 
devices, more. Includes text, records and 27 parts for 11 dif- 
ferent experiments. Average completion time, 30 hours. 3.0 
Continuing Education Units and certificate for passing option- 
al final exam. 
Course EE -3103 39.95 

LEARN DIGITAL TECHNIQUES 
- ..:... 

" 

Our most advanced self -learning 
course prepares you for the 
world of computers and micro- 
processors, with particular em- 
phasis on circuit design. Covers 
digital fundamentals, semicon- 

1 ductor devices for digital cir- 
cuits, digital integrated circuits, 
Boolean algebra, flip-flops and 
registers, sequential logic cir- 
cuits, combinational logic cir- 
cuits, digital design and digital 

II applications. Discusses TTL, ECL, 
CMOS, PMOS, NMOS; integrated 
circuits; SSI, MSI and LSI; 
ROM's, PLA's, microprocessors, 

l' \ 
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computers and more. Assumes 
completion of Heathkit courses 
1 through 4 above, or equiva- 
lent knowledge. The special 
digital techniques experimenter/ 
trainer helps you perform all 
the experiments in the course, 
and when you complete the 
course, build and design your 
own circuits. Course includes 
text, records and 44 parts for 
24 different experiments. Aver- 
age completion time, 40 hours. 
4.0 Continuing Education Units 
and a certificate for passing 
final exam. 

ORDER DIGITAL TECHNIQUES PROGRAM AND TRAINER.... 110995) 

HEATH IM -17 VOLT -OHM METER 
All Electronic Learning Programs require a VOM to 
make electrical measurements. We suggest the 
Heath IM -17 as the ideal "all-purpose" unit. All 
solid state with FET input for better accuracy. Portable 
battery operation, zero and ohms adjust, accessory 
probe jack. Comes with DC polarity switch, three test 
leads; batteries not included. Easy 3 hour assembly. 

ORDER KIT IM -17 $3295 

COURSE 2: ÁC Electronics 
Provides an understanding of most commonly used circuits. 
Covers alternating current, AC measurements, capacitive and 
inductive circuits, transformers and tuned circuits. Discusses 
waveforms, period and frequency, meters, scopes, series and 
parallel circuits, RC filters, dividers, phase shifts, reactance, 
vectors, transformer theory and characteristics, series and 
parallel resonance, more. Includes text, records and 16 parts 
for 8 different experiments. Average completion time, 15 
hours. 1.5 Continuing Education Units and certificate for pass- 
ing optional final exam. 
Course EE -3102 39.95 

COURSE 4: Electronic Circuits 
Outstanding explanations of basic circuits. Covers basic ampli- 
fiers, special purpose amplifiers, operational amplifiers, power 
supplies, oscillators, pulse circuits, modulation and demodu- 
lation. Discusses amplifier functions and configurations, class 
of operation, audio characteristics, video amplifiers, buffers, 
IF's, rectifiers, voltage multipliers, voltage regulation, basic 
oscillators, RC waveshaping, clipping, AM, FM and SSB, modu- 
lation fundamentals and more. Assumes knowledge of courses 
1 through 3 or equivalent and requires an oscilloscope for 
some experiments. Includes text, records and over 110 parts 
for 18 different experiments. Average completion time, 30 
hours. 3.0 Continuing Education Units and certificate for pass- 
ing optional final exam. 
Course EE -3104 49.95 

Í'HEATHKIT EXPERIMENTER/TRAIÑER' 
For use with Heathkit Electronics Courses 1 through 4 - helps you 
perform all the experiments quickly and easily. Has solderless bread- 
boarding sockets, dual variable power supply for positive and nega- 
tive voltages, sine and square wave signal source, center -tapped 
line transformer. After you complete the course, the trainer is ideal 
for experimenting and breadboarding with your own circuit designs. 

` Kit ET -3100 
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Schlumberger 

$5991 
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Order Form/Agreement 
Heath Company, Dept. 010-341 
Benton Harbor, Michigan 49022 

Please send me items checked below and include FREE $7.95 - 
value Weller Soldering Iron (GDP -1105). 

Send one course (checked below) with the Experimenter/Trainer 
(ET -3100) at the special price of only $89.95 plus $3.00 shipping 
and handling. 
DC (EE -3101) AC (EE -3102) Semiconductors (EE -3103) 
Send me the Electronic Circuits Course (EE -3104) with the Exper- 
imenter/Trainer (ET -3100) at the special price of only $99.95 plus 
$3.00 shipping and handling. 
Send all tour of the courses above (EE -3101, 3102, 3103, 3104) 
with the Experimenter/Trainer at the special price of just $199.95 
plus $4.50 shipping and handling. 

In addition, please send the following courses (less trainer): 
DC (EE -3101) AC (EE -3102) Semiconductors (EE -3103) 
tor just $39.95 plus $1.50 shipping and handling each. 
Electronics Circuits (EE -3104) for just $49.95 plus $1.50 shipping 
and handling. 
Send me the Digital Techniques Course (EE -3201) with its Exper- 
imenter/Trainer (ET -3200) for only $109.95 plus $3.00 shipping and 
handling. 
Also send me that IM -17 VOM kit for just $32.95 plus $1.50 ship- 
ping and handling. 

Michigan residents add 4% sales tax. 
I enclose check money order for $ or Charge to my: 

BankAmericard Acct. No Exp Date 
Master Charge Acct. No Exp. Date 
If Master Charge, include Code No 

Signature X 

Name (please print) 

ADDRESS 

CITY STATE ZIP 
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HIRSCH/HOUCK LABORATORIES 

Audio Reports 

THE ELCASET HAS ARRIVED 

ORE than a year ago, the Elcaset was an- 
nounced to the high-fidelity audio world. Its 

name is derived from "large cassette," which is a fair- 
ly accurate description of this new tape format as far 
as its physical shape is concerned. Developed by a 

consortium of Japanese manufacturers-including 
Matsushita (Technics), Sony, and Teac-it is intend- 
ed to bridge the gap between the standard cassette 
and the open -reel formats, with the convenience of 
the former and the performance of the latter. In addi- 
tion, the Elcaset has a few advantages peculiar to it- 
self. At present, all Elcaset tapes are made by Sony, 
but each of the participating manufacturers and some 
of their subsidiaries and affiliates produce their own 
competitive lines of tape decks based on their tapes. 

The Elcaset itself is considerably larger than the 
conventional compact cassette. Resembling the cas- 
sette in general configuration, the Elcaset measures 6" 

x 4'D x 3/4"H (15.2 x 10.1 x 1.9 cm), making it slight- 
ly larger than an 8 -track tape cartridge pack. The El- 

caset is loaded with standard 1/4" (6.4 -mm) tape, 
which can be recorded in four parallel tracks, two in 
each direction just as with the standard cassette. In 
addition, the Elcaset has provisions for recording two 
narrow control tracks between the pairs of signal 
tracks. These two extra tracks can be used for control- 
ling slide projectors or for operating sophisticated 
signal processors when an Elcaset deck is used with 
devices designed to use the control feature. 

At present, Elcasets are available in LC -60 and 
LC -90 versions. The two versions hold 30 and 45 
minutes of program material on each side. 

Unlike the standard cassette, with its 1T-inchl 
second (4.8-cmis) tape speed, the Elcaset is designed 
to operate at 33/4 ips (9.5 cm/s). The combination of 
nearly double the tape width and double the tape 
speed gives the Elcaset a powerful advantage over the 
standard compact cassette in its freedom from 
high -frequency tape saturation (which is perhaps the 
most serious fundamental limitation of cassettes). 
Another unique feature of the Elcaset is that the tape 
is withdrawn from the cassette housing and passed 
over fixed heads in the tape deck, just as in an open - 

reel tape deck. This makes possible almost any type 
of head configuration. This contrasts sharply with the 
standard cassette, which requires the heads to be 
moved to make contact with the tape within the cas- 
sette housing and where a third head can be used 
only by exercising considerable design ingenuity. 

The Elcaset housing contains a number of notches 
and holes that give it a potential capability for almost 
totally automatic selection of operating parameters. 
For example, three types of Elcaset have been an- 
nounced or are contemplated, each with a different 
formulation that requires its own particular bias and 
equalization adjustments. Type I tape is a low -noise 
ferric -oxide type that is currently used in Sony's 
SLH. Type II is Sony Ferrichrome (FeCr), while Type 
III is a chromium -dioxide formulation, Holes near 
one corner of the Elcaset's housing can identify the 
type of tape contained in the Elcaset so that, in a tape 
deck equipped to make use of this feature, the bias 
and equalization could automatically be selected as 
the tape is inserted. Other breakout tabs similar to 
those used for standard cassettes for recording lock- 
outs are used for switching in Dolby noise reduction 
system decoders when a tape has been Dolbyized. 

Like the cassette, the Elcaset can be made to pre- 
vent accidental recording over a piece of tape whose 
contents are to be preserved. Instead of breaking out a 

tab, however, one moves a slide near one corner of 
the Elcaset housing to its safety position. If it is de- 
sired to rerecord over a protected portion of tape, the 
slide can easily be returned to its original, or "un- 
protected," position. (The Elcaset's design makes ac- 
cidental movement of the slide impossible.) 

The internal tape reels are locked in place when 
the Elcaset is removed from the recorder to prevent 
the creation of tape slack in shipping and handling. 
Hinged protectors minimize the likelihood of the 
tape being pulled from the housing accidentally. 
When the Elcaset is inserted into the tape deck, the 
hinged protectors move aside to allow the tape to be 
withdrawn and brought into contact with the tape 
heads. From then on, tape handling is completely au- 
tomatic as the deck's controls are operated. 
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The first complete 
low-cost microcomputer 
system for home, 
business or education! 
Radio Shack TRS-80 

- ' MIGrew~~ 
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The TRS-80 is for people who want to use a computer 
now-without the delay, work and problems of building 
one. The system is fully wired, tested and U.L. listed - 
ready for you to plug in and use! Program it to handle your personal finances, small business accounting, 
teaching functions, kitchen computations, innumerable games - and use Radio Shack's expanding life of 
prepared programs on cassettes. The Z80 -based system comes with 4K read/write memory and Radio Shack 
Level -I BASIC stored in read-only memory Memory 
expandable to 62K bytes. Includes CPU, memory. 
keyboard, display, power supply, cassette data recorder, 
300 -page manual, 2 -game cassette program. Designed and built in USA by Radio Shack. Only 599.95. 

Includes everything 
you need to start 
using it immediately! 

SOLD ONLY WHERE YOU SEE 7HIS SIGN: 

adze lhae 
A TANDY COMPANY FORT WORTH, TEXAS 76102 

OVER 6000 LOCATIONS IN NINE COUNTRIES 

f 

Clip and Mail Coupon Today! 

Mail to: Radio Shack, Dept. TRS-80 
205 N.W. 7th St., Ft. Worth, TX 76101 

Send me more data on the TRS-80 microcomputer 
Description of applications, software and peripherals available through Radio Shack Owners' newsletter 
Price list List of stocking stores and dealers 

C003 

NAME APT. NO 
ADDRESS 
CITY STATE ZIP Price may vary at Individual stores and dealers 



SONY MODEL EL -5 ELCASET TAPE DECK 
Offers the convenience of a tape cartridge with performance of open reel. 

r . `A .1, sass 

SONY a,aegrws.-alu c-_ 

HIRSCH." 
In physical ap- 

HOUCK pearance, the 

LABS Sony Model EL -5 

REPORT Elcaset deck re- 

sembles a front - 
loading cassette deck. The Model EL -5 

is a relatively simple, basic deck, with no 

automatic parameter selection features. 
It uses a two -head configuration with a 

combined recording and playback head. 
(Although the Elcaset design makes 
three -head transports a practicality, the 
EL -5 uses only two heads, but Sony 
does make another model that offers the 
three -head feature.) 

The Model EL -5 measures 17'W x 12 

5/8"D x 6 3/4"H (43 x 32 x 17 cm) and 
weighs 23 lb (10.5 kg). Its nationally ad- 
vertised value is $599.50. 

General Description. The Elcaset 
loads into the Model EL -5 vertically in a 

transparent hinged door that is opened 
by pressing an EJECT button. Below the 
door are light -touch pushbuttons that 
control the transport functions through 
solenoids and include rewind, fast for- 
ward, play, record, and pause functions. 
Colored symbols above the buttons 
glow to indicate the operating mode of 

the deck. A logic system allows the but- 
tons to be operated in any sequence 
without damaging the tape. 

To the left of the Elcaset door is a 

pushbutton POWER switch, and two 
three -position levers that control the 
TIMER and MEMORY functions. The TIM- 

ER switch can be used to start the deck 
with an external clock timer in the power 
line, in either the recording or the play- 
back mode. The MEMORY circuit can be 

set to stop the tape in rewind when the 

counter returns to 000, or to go into PLAY 

automatically at that point if desired. Be- 
low the MEMORY switch are the index 
counter and its reset button and a head- 
phone jack for low -impedance phones. 

Across the upper right of the panel are 
two large illuminated VU meters and a 

red REC light. Below these are four lever 

switches, two of which separately con- 
trol the recording bias and equalization 
for the three types of Elcaset tape. A 

third switch controls the Dolby system, 
with an extra position for recording 
Dolby FM broadcasts. In the DOLBY FM 

mode, the tuner's deemphasis time con- 
stant is changed to the required 25 µs, 
and the recording level is set by a pair of 
controls in the rear of the machine so 
that the Dolby level tone transmitted by 
some FM stations gives a 0 -dB meter 
reading on the EL -5. The signal is re- 
corded in its Dolbyized form, and the re- 
corder's Dolby circuits are placed in the 
playback path, where it is monitored with 
the correct frequency response and 
noise level, and heard in that form when 
subsequently played through the record- 
er with its Dolby system on. The fourth 
switch turns on the MPX filter that re- 
moves the 19 -kHz pilot carrier from sig- 
nals being recorded with Dolby. 

At the right of the panel are concentric 
recording level controls for the LINE and 
MIc inputs, which can be mixed. Across 
the bottom of the panel are the two mi- 
crophone jacks, a stereo LINE input jack 
that replaces the normal LINE jacks on 
the rear apron when a plug is inserted, 
and a small knob that controls the play- 
back level through the headphone jack. 

The rear panel contains the LINE input 

5dB 

rá 

and output jacks, a LEVEL adjustment for 
the LINE outputs, two FM CAL level con- 
trols, a socket for an optional REMOTE 

CONTROL accessory, and one switched 
and one unswitched accessory outlet. 

Laboratory Measurements. The 
Model EL -5 Elcaset deck we tested 
came with a prerecorded demonstration 
tape and samples of Type I and Type II 

blank Elcasets. (Type III is not yet avail- 
able.) Since there are no standard test 
tapes as yet for the Elcaset, we made all 

our measurements by recording and 
playing back the same tape. 

With the Type I (Sony SLH) tape, the 
record/playback frequency response at 
a -20 -dB level was within ±0.5 dB from 
60 to 20,500 Hz. It was down 4 dB at 20 
and 22,400 Hz. At a 0 -dB recording lev- 
el, the playback output dropped rapidly 
above 10,000 Hz, due to tape satura- 
tion. The superior high -frequency quali- 
ties of Type II (FeCr) tape were dramati- 
cally demonstrated by its frequency re- 
sponse, which was within ±0.5 dB from 
60 to 24,000 Hz at -20 dB, down 4 dB 
at 20 and 26,200 Hz. Even at 0 dB, the 
Type II tape revealed little evidence of 
tape saturation, with a response within 
±2 dB from 20 to 21,500 Hz. The MPx 

filter, which operates only during record- 
ing and had no effect up to 15,000 Hz, 
cut the 19,000 -Hz response by at least 
25 dB. 

To reach a 0 -dB recording level, a 

LINE input of 56 mV or a MIc input of 
0.145 mV was needed. The resulting 
playback level was about 650 mV. The 
microphone preamplifier overloaded at a 

70 -mV input. The superior tape head- 
room of the Elcaset format was further 
demonstrated by very low distortion at a 

0 -dB recording level of only 0.08% with 
Type I and 0.28% with Type II tape. To 
reach a 3% playback distortion level, we 
had to record the tapes at +10 and +12 
dB, respectively. The unweighted S/N 

RECORD/PLAYBACK RESPONSE 

FREQUENCY (KI 

ItSONY SLH TAPE 
SONY FeCr 

Record/playback response for two kinds of tape at 0 and -20 dB. 

10000 
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ratio, without Dolby, was 47.5 dB with 
Type I and 50 dB with Type II. With the 
Dolby system switched in, and using the 
CCIR weighting recommended by Dolby 
Laboratories, the S/N figures were im- 
proved to 67.7 and 70.5 dB. Through the 
microphone inputs, at maximum gain, 
the noise increased by 8.5 dB. The 
Dolby circuits tracked closely between 
recording and playback modes. The 
Dolby system changed the overall re- 
cord/playback frequency response by 
no more than 1 dB at levels from -20 to 
-40 dB. 

The unweighted rms wow and flutter 
was only 0.07%. An LC -60 Elcaset was 
moved from end to end in the fast 
speeds in about 76 seconds. The VU 
meters were slower in their response 
than a true VU meter. They reached 
65% to 70% of their steady-state read- 
ings on 0.3 -second tone bursts. The 
headphone volume was good with 8 - 
ohm phones but was rather low with 
200 -ohm phones. 

User Comment. There can be no 
doubt that the Elcaset, especially with 
the Type II (FeCr) tape, is a vastly supe- 
rior medium to the compact cassette, 
especially with respect to high -frequen- 
cy recording headroom. It is not inferior 
to cassettes in any of its performance 
characteristics. This is not surprising, 
given the Elcaset's 3 3/4 ips and 1/4 - 
inch tape. A more dramatic contrast is 
that it matches the performance of the 

many open -reel decks that operate at 7 
1/2 ips. Of course, much of the credit for 
this must go to the FeCr tape, which is 
not generally available for open -reel ma- 
chines (nor are such decks, with the ex- 
ception of one or two Sony models, 
equipped to use FeCr tape). 

Judged solely on its own merits, the 
Elcaset, even in the modestly priced 
Model EL -5 deck appears to be a no - 
compromise high-fidelity recording me- 
dium for the home recordist. Used with 
extreme care, only the best cassette re- 
corders can approach the overall perfor- 
mance of the Elcaset, and this is possi- 
ble only by careful control of recording 
levels. (Such machines, incidentally, are 
considerably more epensive than the 
model EL -5.) 

We found the Model EL -5 to be a very 
easy deck to use, too. The absence of a 
third head for monitoring caused us 
some concern at first, but we soon found 
that the entire recording process was so 
noncritical that there was little need to 
monitor while recording. 

The Elcaset is as easy to handle as a 
regular cassette (perhaps easier, due to 
its larger size). Presumably, it could be 
spliced and. edited like open -reel tape, 
although we would have misgivings 
about withdrawing any substantial 
amount of the tape from an Elcaset 
housing. 

Like most people closely involved with 
high-fidelity matters, we have given con- 
siderable thought to the place of the El- 

caset in the hi-fi picture. Our first reac- 
tion to its announcement was one of 
skepticism. After all, who needs a "bet- 
ter" cassette? Having lived with the 
Model EL -5 for some time, we appreci- 
ate how much of a "better cassette" it 
really is. The Type II Elcaset (and prob- 
ably the Type III, when it becomes avail- 
able), is really a full equivalent of 7 1/2- 
ips cpen-reel tape in sheer quality. In 
contrast to the clumsiness of handling 
open -reel tape, the Elcaset offers all the 
convenience of use that has helped 
make the compact cassette so popular. 
Further, the Elcaset recorder is closer in 
size and weight to a cassette deck than 
to the open -reel machine. We under- 
stand, too, that the Elcaset tapes will be 
priced comparably to open -reel tapes. 

One should be aware that, for dubbing 
most phonograph records and FM 
broadcasts, the Elcaset does not offer 
any quality advantage over the compact 
cassette. Only when the dynamic range 
of cassettes is inadequate or marginal, 
as in the case of almost all "live" record- 
ing, does the Elcaset clearly demon- 
strate its superiority. There are no corn- 
merclally recorded Elcasets on the mar- 
ket, and we would not expect any signifi- 
cant number to be produced. The Elca- 
set is strictly for the "do it yourself" tape 
enthusiast who does not intend to do 
much editing but wants the convenience 
of a tape cartridge with the performance 
quality of an open -reel tape deck. 

C)RCLE NO. 101 ON FREE INFORMATION CARD 

H.H. SCOTT MODEL R376 STEREO RECEIVER 
More receiver than modest specifications imply. 

1 HI SCOTT nammaRw 

HIRSCH- 
HOUCK 
LABS , 

REPORT 

The Model R376 
AM/stereo FM 
receiver, which 
heads the current 
line from H.H. 

Scott, is rated to deliver 75 watts/chan- 
nel into 8 -ohm loads at less than 0.2% 

THD. Manufactured in Japan to Scott's 
specifications, this receiver features 
contemporary styling with a distinct Eu- 
ropean touch in its panel markings. 

The satin -finished silver -colored front 
panel has a large, clear glass window, 
behind which is a similarly finished dial 

scale, tilted slightly back for better visi- 
bility. Above the dial scales are five col- 
ored lights that indicate which input has 
been selected and separate tuning me- 
ters for relative signal strength on AM 
and FM and center -channel tuning on 
the latter. 

The receiver is supplied with a walnut 
finished wooden cabinet. It measures 19 
3/8"W x 15 7/8"D x 5 3/4"H (49 x 40 
x 14.4 cm) and weighs 30.8 lb (14 kg). 
Price is $549.95. 

General Description. The input SE- 
LEcToR switch has positions for AM and 
FM tuners, magnetic PHONO cartridge, 
dynamic Mlc (through a jack on the front 
panel), and high-level Aux program 
source. The BASS, MIDRANGE and TRE- 
BLE controls each have 11 detented po- 
sitions. The POWER/SPEAKERS Switch 
can be set to connect to the amplifier, ei- 
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ther, both, or neither of two pairs of 

speaker systems. 
The VOLUME and BALANCE controls 

are concentric. The VOLUME control has 
41 detented positions, while the BAL- 

ANCE control is a standard potentiometer 
with a detented center position. A push- 
button switch activates the LOUDNESS 

compensation that works with the VOL- 

UME CONTROL. Two other pushbuttons 
are used to switch in and out the Low 
and HIGH audio FILTERS. Pushbuttons 
also switch in and out the FM MUTING 

and select STEREO/MONO modes. 
The only remaining controls are the 

large TUNING knob and two three -posi- 
tion lever switches for the tape recording 
functions. One of the switches for the 
tape recording functions is a COPY 

switch that cross -connects two tape 
decks for dubbing from either machine 
to the other. The other switch is labelled 
MONITOR and is used for connecting 
either the selected source or the play- 
back output from either tape deck to the 
receiver's audio amplifiers. 

On the rear apron are phono jacks for 
the various signal inputs and outputs, a 
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DIN socket that duplicates the TAPE 1 

functions, and insulated spring clips for 
the speaker connections. Binding posts 
are used for the antenna connections, 
and there is a hinged AM ferrite -rod an- 
tenna. Slide switches are provided for 
selecting 25-, 50-, or 75-µs FM deem- 
phasis time constants and high and low 
sensitivities to accommodate high- and 
low -output phono cartridges. One of the 
two accessory ac outlets on the rear 
apron is switchable. 

Laboratory Measurements. Al- 
though the rear apron of the receiver be- 
came quite hot during the one -hour pre- 
conditioning period at one-third rated 
power and subsequent tests, the rest of 

the receiver's exterior remained cool. 
Driving 8 -ohm loads with both channels 
at 1000 Hz, the output clipped at 109 

watts/channel. Into 4 and 16 ohms the 

clipping power was 96 and 75 watts, re- 

spectively. 
The 1000 -Hz THD was very low at all 

usable power levels. It increased 
smoothly from 0.006% at 0.1 watt to 
0.11% at the rated 75 watts and to 
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0.16% at 100 watts. The IM distortion 
was less than 0.075% from 0.1 to 20 
watts output and increased to about 
0.3% at 75 watts and to 0.42% at 100 
watts. At the rated 75 -watt output into 8 

ohms, the THD was typically between 
0.06% and 0.1% from 20 to 1000 Hz. It 

rose to 0.27% at 5000 Hz, after which it 

remained at about 0.27% all the way up 
to 20,000 Hz. At lower power levels, the 
shape of the distortion curve was simi- 
lar, but the values were considerably 
lower. (At 7.5 watts output, distortion 
was under 0.07% from 20 to 20,000 Hz.) 

To develop a reference output of 10 

watts, a high-level input of 50 mV or a 

phono input of 0.82 mV (1.9 mV with the 
lower input sensitivity switch setting) 
was required. The S/N was roughly the 
same for all inputs at about 72 dB, re- 
ferred to 10 watts. The phono overload 
input was a very safe 130 mV (290 mV 
with the lower sensitivity setting). 

The bass tone control had the usual 
sliding turnover frequency characteris- 
tics. It varied from about 100 to 700 Hz 
as the control was moved from its center 
position. The treble response curves 
were "hinged" at about 1000 Hz. The 
midrange control affected most of the 
audible range, its maximum effect being 
between 1000 and 2000 Hz. The maxi- 
mum range of this control was about ± 6 

dB, making it unlikely to produce bizarre 
effects if used incautiously. The filters 
had the highly desirable (and rare) 12- 

dB/octave slopes, although Scott does 
not mention this in the specifications. 
The -3 -dB response frequencies of the 
filters were 120 and 3700 Hz. The loud- 
ness compensation boosted both low 

and high frequencies at reduced volume 
control settings. The RIAA phono 
equalization was very accurate, within ± 
0.5 dB of the extended ideal characteris- 
tic from 20 to 20,000 Hz. The interaction 
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LC19O the wonl 
estr designed tonearm. 

° ° 

This is a Dual tonearm. It can make a big diffé-ence in-thé 
way your re crdssound. And how long they last. 

° 

-The four -point gyroscopic gimbal is widely acknowledged, 
to be the finest sispension system for a tonearrn. It pivots - 

the tonearrr Free sely where the vertical and horizontal 
axes internect. The arm remains perfectly balanced iii'all 
planes cf movement. 

Further, 11 straight-line tubular design achieves the 
shortestdis_ance between pivot and stylus. That's basic 
geometry. Cu-ving the tonearm adds mass, decreases 
rigidity and makes the arm prone to lateral imbalance. 

The vernier counterbalance permits you to balance the 
tonearm wit micrometer -like precision. Tracking force is 
applied so that the stylus remains perpendicular to the - 

record, even i= the chassis is not level. - 

. All this se -res b establish and maintain the correct" 
'cartridge -to -groove relationship. So the stylus can trace. 
the rapidly c-anging undulations of the groove walls freely, 
precisely and wilt the lowest practical force. In short, 
flawless tracking. - 

Despite the advantages of the gimbal -mounted 
tonearm, yoL. wait find many around. But now, you will find 
one on eve..? Duel turntable. Even our lowest -p iced 
model, the new, hilly automatic 1237.* 

It's ore mere example of Dual's total commitment tó° 
engineering excelence. 

a 

n. p 

-R: 

For the .life of your records 
° Unitrfd Audio, 120 Só. Columbus Ave., .Yt. Verno7 1"JY 10552 - ° 

-*Less than y135. Other Duals to $4?O. Actual resale píices are datern fined iniividually,b . and at the sole áscrton ofjthori.ad Dual dealers. 
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ballpoint 

BY Xcelite° 

DRIVES 

HEX SOCKET 

SCREWS 

FROM ANY 

ANGLE 

Ever try to drive hex socket screws from 
an odd angle? Want an easier, faster 
way to drive 'em under any conditions? 

HERE'S YOUR ANSWER: With unique 
"ballpoint,' you can slip these Xcelite 
screwdrivers into hex sockets ... slick 
as a whistle and secure as a vise .. 
straight -on or from any angle ... to drive 
'em home in a flash! 9 sizes:.050"-3/6" 
With fixed handles, singly or complete set 

in roll up kit, and as interchangeable Series 

99 blades, singly or with handle and ex- 

tension in compact case. Metrics, too. 

Ask your local distributor or write ... 

Weller-Xcelite 
Electronics Division 

The Cooper Group 
P. O. BOX 728, 
APEX, NORTH CAROLINA 27502 
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41 
COOPER 
INWSTRIES 

4-10 t I I' 
t FREQUENCY RESPONSE _. - 

20 

30 

40 

-50 

SCOTT R376 
I STEREO 

I 

FM 
¡AVERAGE BOTH CHANNELS 

1.c 
CROSSTALK 
Li r .......- 

20 50 00 200 500 IK 2K 
FREQUENCY IN Ha 

Frequency and crosstalk 
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with phono cartridge inductance was 
slight, producing a drop of about 1 dB in 

response between 10 and 20 kHz. 
The FM tuner section generally met or 

surpassed its specifications, within nor- 
mal measurement tolerances. The IHF 
usable sensitivity was 10.8 dBf (1.9 µV) 
in mono and 17 dBf (4 µV) in stereo. The 
50 -dB quieting sensitivity was 15.5 dBf 
(3.2 µV) in mono and 36 dBf (37 µV) in 

stereo, both with only 0.36% THD. The 
distortion at 65 dBf (1000 µV) input was 
0.19% in mono and 0.16% in stereo, and 
the respective S/N figures were 72 and 
69.5 dB. In stereo, the THD at 65 dBf 
with a L - R modulating signal was 
0.45% at 100 Hz. It was a very low 
0.075% at 1000 Hz, 0.08% at 6000 Hz. 

The FM frequency response was flat 
within ±0.5 dB from 30 to 15,000 Hz, 
yet the 19 -kHz pilot carrier was sup- 
pressed to a barely measurable -85 dB. 
This implies either an unusually effective 
low-pass filter or some form of pilot can- 
cellation circuitry in the multiplex sec- 
tion. There was no mention of such spe- 
cial features in the instruction manual, 
and no schematic was included, so we 
can only conjecture as to how this re- 
markable performance was achieved. 
The stereo channel separation was 
equally impressive, almost perfectly uni- 
form at 39 to 42.5 dB from 30 to 15,000 
Hz, and practically the same in both 
channels. This type of performance sug- 
gests the use of a phase -locked -loop 
(PLL) stereo demodulator, but there is 

no specific information on that subject. 
Other FM performance specifications 

were generally of the same caliber. The 
capture ratio was 0.8 dB at 45 dBf and 1 

dB at 65 dBf. AM rejection was an ac- 
ceptable 56 dB at 45 dBf, improving to a 
very good 70 dB at 65 dBf input. The im- 
age rejection was 78.5 dB, and alternate 
channel selectivity was identical above 
and below the receiver's center frequen- 
cy, measuring 72.3 dB. Adjacent -chan- 
nel selectivity was 4.9 dB. The factory 
settings of the muting and stereo thresh- 
olds were identical, at 12 dBf (2.2 µV). 

In view of Scott's former reputation for 

exceptional AM tuner quality, we were 
somewhat disappointed to find that the 
AM section of the Model R376 was very 
ordinary in its frequency response. The 
response was down 6 dB at 3000 Hz, al- 
though it was maintained at full level 
down to 20 Hz. 

User Comment. The performance 
specifications of the Model R376, 
whether published by Scott or the re- 
sults of our measurements, leave no 
doubt that this is a fine receiver. As often 
occurs, the bare measurements do not 
adequately define the true quality of a 

product. For example, instead of the dis- 
tortion remaining low until the amplifier 
clips abruptly and the distortion rises 
rapidly, in this receiver, the distortion in- 
creases so gradually that the clipping 
point is not at all obvious from the distor- 
tion measurements. This soft clipping 
characteristic is recognized as being the 
best way for an amplifier to overload, 
since it does not tend to produce very - 
high -order harmonics that are unpleas- 
ant to the ear. In spite of its rather mod- 
est (by today's standards) 75 -watt pow- 
er rating, the Model R376 could fairly be 
described as a 100- or 110 -watt receiv- 
er. It will deliver that much power without 
sounding unpleasant. (Its distortion is al- 
most all second- and third -harmonic.) 

The real quality of the FM tuner sec- 
tion may not be apparent to anyone who 
has not made measurements on a num- 
ber of tuners. In almost every case, one 
must make allowances for departures 
from ideal performance, so that the tun- 
ing is adjusted for minimum distortion 
rather than for a center indication on the 
tuning meter. One also expects the tun- 
ing setting for minimum distortion or 
maximum separation to be quite critical 
(and not necessarily the same). Also, 
virtually all i -f response characteristics 
are asymmetrical so that selectivity 
measured above and below the set fre- 
quency will be different, requiring the 
two values to be averaged to obtain a fi- 
nal figure. These conditions are so "nor- 
mal" that the IHF measurement stand- 
ard defines the methods necessary to 
derive numerical results from some- 
times ambiguous measurements. 

All of this leads us to the fact that the 
FM tuner in the Model R376 had both 
minimum distortion and maximum sepa- 
ration at the same tuning point, which 
happened to coincide with a center me- 
ter indication. Tuning was not critical, 
which means the average user should 
have no difficulty realizing the same kind 
of performance we measured. The FM 
muting was both positive and noise -free. 
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Although it probably has little to do with 
actual performance (except as an in- 
dicator of how well the receiver is put 
together), we noted that the flywheel 
tuning mechanism would cover the en- 
tire band with one spin of the knob. 

The receiver's top-notch electrical 
performance was unfortunately not com- 
pletely matched by its human engineer- 
ing aspects. If we seem to be nit-picking 
here, it is only because of the contrast 

between the two. For example, the an- 
tenna terminals are too close together 
and are smooth (non -knurled) binding 
posts, creating difficulty in connecting 
the antenna. This was in sharp contrast 
to the excellent speaker connectors. In 
another area, the unusually long (9 1/4 
inch) dial scale should have made accu- 
rate tuning a simple matter, but the dial 
markings at 1 -MHz intervals would re- 
quire a degree of care in interpolation to 

set the tuning to a known frequency 
within the required 200 -kHz accuracy. 

Aside from these minor criticisms, we 
found the Model R376 to be a thorough- 
ly enjoyable receiver to use. Its sound is 
faultless and its appearance and "feel" 
are what one would expect from a com- 
pany's top receiver. And as we discov- 
ered, the R376 is more receiver than its 
modest specifications imply. 
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SHURE MODEL 516E0 MICROPHONE 
Has four built-in equalizer filters centered on 190, 560, 1650, and 4950 Hz. 

HIRSCH. 
alHOUCK 
LABS 
REPORT 

A "flat" micro- 
phone frequency 
response is not al- 
ways ideal for 
making a live tape 

recording. The placement of the micro- 
phone relative to the performers, the 
acoustic properties of the room, and 
one's personal taste, among other fac- 
tors, may make it desirable to modify the 
overall frequency response. ("Graphic 
equalizers," so popular among amateur 
recordists, are often used for this pur- 
pose.) There are many situations that 
call for equalization in which one does 
not have access to a graphic equalizer 
or its equivalent. Shure's Model 516EQ 
"E-Qualidyne" microphone is a novel 
and effective answer to that problem for 
the amateur tape recording enthusiast. 

This unidirectional (cardioid) dynamic 
microphone has a nominal rated imped- 
ance of 150 ohms. It is compatible with 
microphone inputs having rated imped- 
ances between 25 and 3000 ohms, 
which encompasses the majority of 

home -type open -reel or cassette record- 
ers. The 1000 -Hz output level, for one 
microbar of pressure, is rated at -81 
dBV, or 0.09 millivolts. A three -pin male 
connector in the tapered end of the mi- 
crophone's body mates with the fur- 
nished cable or any other cable fitted 
with a Cannon XL, Switchcraft A3, or 
equivalent plug. The cable supplied with 
the microphone is 4.6 meters (15 feet) 
long, and has a metal -bodied 6.3 mm (1/ 
inch) phone plug at its free end. A 36" 
(0.91-m) adapter cable is supplied so 
that the microphone can be used with 
recorders equipped with miniature 
phone jacks for their microphone inputs. 

The novelty of the Model 516EQ lies 
in its integral four -band equalizer that is 
controlled by four tiny switches recessed 
into the body of the microphone. Each 
switch introduces a broad response 
notch, nominally 6 dB deep, with center 
frequencies of 190, 560, 1650, and 4950 
Hz. The 16 possible combinations of 
switch settings permits the response of 
the microphone to be tailored for a wide 
variety of circumstances. The instruction 
leaflet shows typical response curves for 
each of the switch combinations and de- 
scribes the sonic effect of each. 

The Shure 516EQ is supplied in a 

5 

rugged plastic storage case, with signal 
cable, mini -plug adapter, wind screen, 
and swivel adapter for stand mounting. 
For stereo recording, one can buy the 
Model 516EQ-PR that contains two 
complete Model 516EQ systems in a 
single carrying case. The price of the 
Shure Model 516E0 is $75. 

Laboratory Measurements. A rig- 
orous measurement of microphone fre- 
quency response requires elaborate and 
specialized test facilities. Fortunately, it 
is also possible to make less exact mea- 
surements that show the microphone's 
effective response and how it compares 
to other microphones measured in the 
same manner. We use the same basic 
setup employed for speaker system 
testing. A speaker system, driven from 
the swept frequency output of a General 
Radio response plotter, is used as a 
sound source. First, the output of the 
speaker is plotted through our calibrated 
laboratory microphone at a distance of 
about 15" (38.1 cm) from the grille and 
on the central axis of the drivers. Then 
the test microphone is substituted for the 
reference microphone, making sure that 
both, are positioned identically relative to 
the speaker. The swept measurement is 
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The Affordable Programmable. 
Never Before A Fully Programmable Calculator 

Available To The Scientific Community At Such A Low Cost! 
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WHY A PROGRAMMABLE? 
The Commodore PR -100 Programmable Calculator 
introduces a new, innovative dimension in highly sophis- 
ticated mathematical and scientific problem -solving. It 
decentralizes and personalizes the decision -making 
power of the computer, bringing to you what was 
never before available in a programmable calculator 
with such features, yet at an amazingly affordable price. 
Method of Entry: The Commodore PR -100 is designed 
for "Think and Touch" operation utilizing an algebraic 
mode of entry. You can enter equations which have up 
to 4 levels of parenthesis. Add to these features the 10 
memory registors, and you can work the most com- 
plicated mathematical, scientific, engineering, business, 
statistical and combinational functions. Furthermore, 
you can also perform unit conversions: metric to English 
and English to metric. 
Keyboard: The keyboard consists of 40 keys and 2 
switches. 35 keys are for number and function entry. 
10 of these keys are dual function (shifted keys). 
SPECIALIZED FUNCTIONS: 
Most of the important functions found on large scale 
computer systems are finally now available to you on 
the ultimate hand-held programmable calculator: 
iterative and recursive problem solving techniques; loop- 
ing; conditional and unconditional branching. 

M - 

by Mail Order 

X5995 
CALL TOLL FREE 

800-323-2272 
24 HOURS -7 DAYS 

SUMMARY OF 

SPECIFICATIONS 
12 DIGIT RED L.E.D. DISPLAY 
entries or results in 3 modes, 
scientific, fixed point or 
engineering 

PROGRAMMABLE -72 
Keystroke program storage 
TRIG FUNCTIONS -Calculates 
in radians or degrees or grads 

HYPERBOLIC FUNCTIONS 

Ln, log, a*, 10* 

POWERS Y*, Roots* ,/Y 

FUNCTIONS OF X -1/x, , 

LINEAR REGRESSION: TREND 
ANALYSIS: SLOPE AND 
INTERCEPT 

STATISTICAL: +, c -, 
averages, standard deviation, 
variance, permutations, 
combinations 

PERCENTAGE CALCULATION - 
add on/discount/yieldA 
percentage 

n AND CHANGE SIGN KEY 

10 MEMORIES -7 functions - 
M+, M-, MR, Mx, M+, 
STORE, 9M 

DEGREES/DEGREE, MINUTE, 
SECONDS CONVERSION 

RADIAN/DEGREE CONVERSION 

POLAR/RECTANGULAR 
CONVERSION 

8 METRIC CONVERSIONS 

SPHERICAL/CARTESIAN 
CONVERSIONS 

The Commodore PR (Personal 
Resource) 100-Allows You To 
Personally Program According To 
Your Own Problem -Solving Needs! 

ADVANTAGES OF THIS 
PROGRAMMABLE: 
Consider for a moment the advantages of the Commodore 
PR -100. In terms of increased productivity you can now 
achieve the capability of: optimizing mathematical and 
scientific models; making trend and risk analyses; pro- rompute With It For Two Weeks -No Obligation jecting and forecasting more accurately; performing Please send Commodore PR -100 Calculator(s) at the 
statistical reductions; automating time-consuming' introductory price of only $59.95 (plus $3.95 shipping and insur- 
"number-crunching. " ante) each. If not completely satisfied, I can return it within two 

The PR -100 is also a pre-programmed calculator' weeks for aprompt refund. 

that can achieve a multitude of functions: Basic+ -X _ 17 Instead: Uwe would like to. take advantage of your quantity 

and =functions; clear entryor the entire calculation; pmts of $54.95 (plus $3.95 shipping and Insu ranee) 
each. OFFER GOOD ONLY ON QUANTITY ORDERS OF 6 UNITS 

Hyperbolic functions include: sinh, cosh, arc cosh and I on MORE! You can save $30.001 
arc tan; Trigonometric functions include: sin x, cos x, 
tan x, arc sin x, arc cos x, and arc tan x. Calculates in' 
radians, degrees or gradians. Enter x 0° to 360° (0 to 
27r) or multiples of 360° (2 7r). Natural Log (Ln x), 
Common Log (log x), Exponential (ex), Antilog (10x) 
Algebraic Functions include: x, 02, 1/x. Powers: (Yx) 
7r (pi). Change Sign (+/-); 0Hy exchange function 
Parenthesis () enter equations that contain up to 4levels' 
of parenthesis without using temporary or intermediate 
storage. 
Memory Functions: The PR -100 has 10 separate mem- 
ory registors. For each memory there are 7 operations' 
that can be performed: memory storage and clear, 
recall, addition, subtraction, multiplication. division and 
performs the desired functions on each memory, 

NO LANGUAGE TO LEARN 
Truly this programmable calculator is a powerful per- 
sonal scientific and mathematical computing resource. 
And you don't need to know programming to make it 
work for you. There is no special language to learn. The 
entry system is so easy and flexible to use that you can 
apply it quickly to your own personal problem -solving 
techniques and style. 
Special Functions of the PR -100: To allow you greater 
flexibility in programming, there are 3 special functions: 
1. HALT -The program will halt and allow the user to 
read or enter data. 2. GOTO-Allows branching from 
one section of a program to another. 3. SKIP -Allows 
conditional flow of a program on an intermediate result; 
that is -the program goes one way if an answer is 
negative and another way is positive. 
Loading, Editing and Modifying Programs: You can 
single step through a program to check it out, backstep 
through a program, easily read entered steps and 
modify a single step of a program. 
Now personal programming is here. A step -function 
increase in capability over sophisticated slide -rule cal- 
culators. Capability you won't fully discover until you 
own a PR -100 yourself. Fill out the coupon below or 
call our toll free number for your two week trial. 
The Commodore PR -100 is powered by rechargeable 
NiCad batteries and is furnished with an AC adapter/ 
charger, leatherette carrying case and full instruction 
booklet. One year manufacturer's warranty. 
Dimensions: 31/4" x 61/2" x 11/a" Weight: 4 oz. 

Check or M.O. Enclosed (ill. residents add 5% sales tax) 
Please charge my credit card checked below: 
American Express O BankAmericard Carte Blanche 
Diners Club Master Charge 

Credit Card x 

Master Charge Bank #-___ Exp Date 

Name 

Address 

City State Zip 

Signature PE 10/77 

Contempóióry Marketing, Inc. 
790 Maple Lene, Bensenville,111.60106 .~1. 

Cali Toll Free: 800-323-2272.111. call: 312-595-0461 
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repeated on the same chart paper. The 
frequency response of the reference mi- 
crophone is known (and is flat within bet- 
ter than 1 dB to beyond 10,000 Hz), so 
the difference between the two curves is 
taken as the response of the test mike. 

The curve we obtained in this manner 
from the Shure Model 516EQ micro- 
phone (with all four filters ow-) has less 
high -frequency emphasis than was 
shown on Shure's "typical response" 
curves, but it was otherwise fairly simi- 
lar. It was flat within ± 3 dB from 110 to 
7500 Hz, dropped about 9 dB in the 
9000 -to -11,000 -Hz range, and fell more 
rapidly at higher frequencies. The 
low -frequency response followed 
Shure's curve closely, rolling off below 
200 Hz to -13 dB in the 50 -to -60 -Hz 
range. 

We repeated the response measure- 
ments using the filters, one at a time, 
and plotted the effect of each filter on the 
same coordinates used for the equal- 
ized response curve. Each filter had the 
specified effect, although the attenua- 
tion was usually closer to 8 or 10 dB 
than the nominal 6 dB, which will vary 
with load impedance. (We used a high - 
impedance load in our tests). 

User Comment. The effect of the fil- 
ters on the sound of the microphone can 
best be judged by making a recording 
(of one's own voice, for example), using 
all possible combinations of switch set- 
tings. We would suggest that one keep a 
small screwdriver or a pencil handy for 
operating the equalizer switches. 

It was soon apparent that the micro- 
phone can be adjusted to sound like al- 
most anything from a nasal constricted 
"telephone" sound to an excellent wide - 
range response very close to that of our 
calibrated capacitor microphone. We did 
not use the microphone in the field for 
live recordings, but our experience with 
it suggests that the built-in equalizers 
should be able to cope with many of the 
acoustic problems one might encounter. 

This is one of the least expensive mi- 
crophones we have seen whose sound 
quality is reasonably well matched to 
that of a modern cassette deck. Other 
microphones may come closer to utiliz- 
ing the full capability of such a recorder, 
but they will probably cost more than the 
Model 516EQ and will not have its 
equalizing ability. Although we could not 
make meaningful measurements of the 
sensitivity of the Model 516EQ, its out- 
put was compatible with the require- 
ments of several good cassette decks 
with which it was used. 
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stylus 
ny Shure 
rtridge 

IDEAL FOR 
SHURE 

cartridges 

One size fits 
all Shure 
phano 

cartridges 

oak 

Replacement 
stylus for 

Shure 
V-15 

replaces 
Shure 
M195ED 

stylus 

r --- 

Needle in the hi-fi haystack. 

Even we were astounded 
at how difficult it is to find 
an adequate other -brand 
replacement stylus for a Shure 
cartridge. We recently 
purchased 241 random styli 
that were not manufactured by 
Shure, but were being sold as 
replacements for our cartridges. 
Only ONE of these 241 styli 
could pass the same basic 
production line performance 
tests that ALL genuine Shure 
styli must pass. But don't 

simply accept what we say here. 
Send for the documented test 
results we've compiled for you 
in data booklet #ÁL548. Insist 
on a genuine Shure stylus so 
that your cartridge will retain 
its original performance 
capability-and at the same 
time protect your records. 
Shure Brothers Inc. 
222 Hartrey Ave., 
Evanston, IL 60204 
In Canada: 
A. C. Simmonds & Sons Limited 

: "; 

TECHNICORNER 
The criteria for these tests involved the 
eight standard production line 
inspections used for all Shure styli: 
Visual and mechanical inspection, tip 
configuration, trackability, vertical 
drift, 1,000 Hz output level 
measurement, channel separation at 
1,000 Hz, channel separation at 10,000 
Hz, and frequency response. 
Only genuine Shure styli have the 
name SHURE on thestylusgripand the 
words "This Stereo Dynetic® stylus is 
precision manufactured by Shure 
Brothers Inc." on the box. 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
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(And they're Disk-tinctly Digital 
With the addition of our all -new Disk Subsystem, the Digital Group 
becomes the only manufacturer of microprocessors to offer you a 

real choice. Tape or disk. Or both. Whatever you want. 

We spent a lot of time designing and testing our new Disk 

Subsystem, and it shows in the result. The Subsystem is highly 
flexible... gives you direct access to data... and completes your 

Digital Group System. 

Here's what the Disk Subsystem consists of: 

Disk Interface Card --provides the electrical interface between the 
disk drives and the computer. 

Disk Power Supply --provides all power required for up to 2 drives. 

Disk Cabinet and Cables --cabinets provide housing for 1 to 2 

drives plus the power supply; assembled cabling is provided for 
connection between all system components. 

Disk Drives --the Digital Group Disk Subsystem supports standard 
8" floppy disk drives from a number of manufacturers. Drives can be 

mixed, and in addition, mini -floppy drives are available for the 

function of a disk at minimum cost. 

Documentation and Software --the Digital Group's standard 
documentation includes construction guides, maintenance manual, 
theory of operation and other useful information to help you get the 

fullest value from your new Disk Subsystem. And there's also 
software to provide initial support. 

The price? Low. It's become a tradition with the Digital Group to 

offer you high -quality, state-of-the-art equipment at the lowest 

possible prices. Our new Disk Subsystem is no exception. 

For only $745, you can get a standard 8" floppy drive and an interface 

card. A complete single -drive Disk Subsystem with interface, power 

supply, cabinet, and cables is as low as $995. 

- 

Group.) 

411111111 

3111E64 

Now the Digital Group system is really complete. If you don't cwn it 

all yet. take another longing look. In addition to our CPU. keyooard 
and video monitor, you can add an impact printer and the cassette 

storage system. All in our beautifully coordinated custom cabinets. 
All unmistakably Digital Group. 

The Digital Group now nas disks. And a lot more. Why not find out 

about all of our exciting products? Simply call or write today for 

direct information. From the Digital Group. 

91G150,1 i 
box 6528 denver, colorado 80206 (303) 777-7133 
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BY LARRY KAHANER 

How RTTY equipment 

works and how to 

get started using it. 

TELETYPEWRITER 
FUNDAMENTALS 
FOR HAMS, SWL'ers 

& COMPUTER 
HOBBYISTS 

Popular Elect ron ¡es' 
OCTOBER 1977 

HAVE you ever wondered about 
those strange "deedle-deedle" sig- 

nals on the shortwave bands? They are 
actually radioteletype (RTTY) transmis- 
sions. You can receive them using your 
communication receiver and readily 
available teletypewriter equipment. In 
this article, we will cover the basics of ra- 
dioteletype and detail how to set up an 
RTTY listening post at home. 

The Teletype Code. All teletypewrit- 
ers, whether they communicate by radio 
or land -line links, "talk" to each other in 
a language called Baudot, or five -level 
code. Each character (letter, numeral, 
punctuation mark) in the Baudot code is 
uniquely defined by a sequence of five 
time slots, or elements, each of which 
contains a mark or a space. For exam- 
ple, the letter A is "mark -mark -space - 
space -space." When the teletypewriter 
is operating at 60 wpm (words per min- 
ute), each mark or space is exactly 22 
milliseconds (ms) long. 

A sixth slot is added to the basic five - 
level code to act as a "flag" that indi- 
cates the end of a character. To make 
this stop flag stand out from the others, 
its interval is 31 ms instead of 22 ms. 
Still another time slot is placed at the be- 
ginning of each character to give the 
teletypewriter time to prepare itself for a 
new character. This is the "start" slot. 
The 31 -ms stop slot contains a mark, 
while the 22 -ms start slot contains a 
space. A complete character, therefore, 
consists of seven slots, six 22 -ms inter- 
vals and one 31 -ms interval for a total of 
163 ms (see Fig. 1). 

The Equipment. A complete station 
for transmitting and receiving radio - 
teletype signals is shown in Fig. 2. The 
transmitter and receiver are of conven- 
tional "communication" design. The 
teletypewriter is a combination key- 
board/printer. On transmit, the keyboard 
drives a keyer that, in turn, modulates 
the transmitter. On receive, signals are 
coupled from the communication receiv- 
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MARK 

SPACE 

22 ms 22 ms 22 ms 

+-START 

22 ms 

LETTER A 

163 ms 

22 ms 22 ms 31 ms 

STOP 

Fig. 1. Waveform showing the pulse sequences that make up the letter "A". 

er to the demodulator or terminal unit 
(TU), which drives the printer. 

Now let us examine each component 
in the system in detail: 

Keyboard. A mechanical teletypewrit- 
er keyboard resembles the keyboard on 

a conventional typewriter, but its opera- 
tion is quite different. When a key is op- 
erated, it selects mechanical levers that 
produce mark and space pulses that 
correspond to the key's character. Also, 
there are no lower-case letters-all are 

capitals. To type punctuation marks, the 
SHIFT key is pressed first, followed by 

operation of a key that corresponds to 

the character you wish to type. 
The diagram in Fig. 3 illustrates how 

one keyboard might work. Each key has 

a notched lever, which when pressed 
down can touch five "fingers" that will be 

either depressed or not, depending 
upon the notch positions of the lever. 

After the key is pressed and the mark 

and space levers have moved accord- 
ingly, a wiper arm sweeps across the 
mark levers but cannot touch the space 
levers. An electrical connection is made 
between the wiper arm and mark fin - 

The new breed of 
teleprinter 

equipment: Morse 
and RTTY keyboard 

(left), demodulator 
(right bottom), 

video display unit 
(right top) and 

video monitor (top 
center). Courtesy 

HAL Corporation. 

gers, but no current can flow on the 

spaces. The motion of the wiper arm is 

controlled by a motor so that it touches 
each lever for exactly 22 ms. This re- 

sults in the five -element code described 
above. Start and stop commands are 

generated automatically by the key- 

board. 
The above process is typical of key- 

board operation, but it is not absolute. 
There are variations in keyboard design 
from one teletypewriter to another. The 
latest generation of teletypewriters, 
however, uses electronic instead of 

electromechanical means for generating 
the Baudot code. Digital matrix key- 

boards with clock -controlled digital IC's 

that generate precisely timed code ele- 
ments have recently become common. 

Transmitter Keying. Dc pulses pro- 
duced by the keyboard drive a keyer 
that, in turn, modulates the transmitter. 
Most often used is frequency shift key- 

ing (FSK), a form of frequency modula- 
tion. Transmission of FSK signals allows 
the use of FM demodulation techniques 
so that there is some discrimination 
against noise. 

rr=; 

When a transmitter is FSK modulated, 
two output frequencies result, one at the 

carrier frequency and the other at a 

slightly lower frequency. The simplest 
way to accomplish the frequency shift is 

to add more capacitance to the transmit- 
ter's vfo tank circuit or in parallel with the 

oscillating crystal. In practice, the dc 

pulses from the keyboard control a relay 

or solid-state switch that rapidly con- 
nects and disconnects the additional ca- 

pacitor. Hence, the transmitted frequen- 
cy varies in step with a character's mark 

and space code. 
Most commercial systems employ a 

425 -Hz shift. A 170 -Hz shift is common 
on the hf amateur bands, but FCC regu- 
lations allow use of any shift up to 900 

Hz. For example, if the carrier frequency 
is 15.000000 MHz and the shift is 425 

Hz, the output frequency will alternate 
between 15.000000 and 14.999575 
MHz. By convention, the space is the 

lower and the mark the higher frequen- 

cy. In this example, marks appear at 

15.000000 MHz and spaces appear at 

14.999575 MHz. 
Receiving FSK. A bfo (beat frequency 

oscillator) is commonly used for CW re- 

ception. The bfo generates a signal that 

beats against the incoming CW signal to 

produce an audible tone. If the frequen- 
cy of the bfo's output is variable, the fre- 

quency of the audible tone can be 

changed. In RTTY communication, sig- 

nals are received as in ordinary CW, but 

the bfo is tuned to provide 1275- and 

1700 -Hz tones, which are 425 Hz apart. 

The reason for using 1275- and 

1700 -Hz tones is that a terminal can de- 

modulate only one pair of frequencies at 

a time. Thís pair was chosen by TU 
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SWITCH 

1 TRANSMITTER 

DEMODULATOR 

MODULATOR 

AUDIO 
FREQUENCY 
SHIFT KEYER 
(AFSK) 

KEYBOARD 

L 

1 

PRINTER 

TELETYPE 
MACHINE 

Fig. 2. Block diagram of the equipment in a cowptete RTTY station. 

manufacturers for demodulation of a 
425 -Hz shift. (However, you can adjust 
the bfo or the main tuning knob if the bfo 
is fixed to produce any pair of tones your 
TU can demodulate.) Other shifts and 
tone pairs used in RTTY communication 
are listed in Table I. 

An RTTY terminal unit looks and acts 
like an FM receiver, but it accepts audio 
signals. Called an audio TU, its block 
diagram is shown in Fig. 4. The limiter 
accepts the audio outputs of the receiver 
and amplifies and clips them to keep the 
signal level fairly constant. Mark and 
space filters remove any extraneous sig- 
nal content. The two filtered tones are 
converted into dc pulses by the audio 
discriminator. Any ripple on the dc 
pulses is smoothed by the low-pass fil- 
ter. The dc pulses are then applied to 
the keyer, which uses them to generate 
commands for the printer's magnets. 

TABLE I-STANDARD SHIFTS 
AND TONE PAIRS (Hz) 

Shift 170 425 850 
Space 1275 1275 1275 
Mark 1445 1700 2125 

OTHER PAIRS IN USE 

Space 2125 2125 2125 
Mark 2295 2550 2975 

AFSK. Another method of keying is 
audio -frequency shift keying, or AFSK. It 

produces a result similar to FSK but is 
derived in a different manner. Two audio 
tones, separated by the frequency shift, 
modulate an AM or an SBB transmitter. 
The low -distortion sine -wave tones are 
applied to the transmitter's microphone 
input. 

If the output from the transmitter is 
conventional AM, no bfo is required in 
the receiver. The detected envelope is 
coupled to the TU from the receiver's 

t 
I f 

NOTCHED 
LEVER 

{ } 
MARK AND 
SPACE LEVERS 

(A) 

audio output. If, on the other hand, SSB 
equipment is used, the receiver must be 
carefully tuned for the correct output fre- 
quencies and allowances must be made 
in the transmitter for a 100% duty cycle. 
As in FSK, the two tones commonly 
used are 1275 and 1700 Hz. 

The Printer. Although printer design 
varies from one machine to another, the 
following description is representative of 
printer operation. A simplified printer is 
shown in Fig. 5. The selector magnet is 

energized by each mark pulse. This 
closes the relay that corresponds to a 
moving cam connected to each mark 
anc space lever. At the proper time, the 
cam either pulls down or does not affect 
the lever. Each lever is connected to a 

bar with many notches, which are 
placed at different intervals along the 
bar. 

In the illustration shown in Fig. 5, the 
first, third, and fifth levers are pulled by 
the cam. The other levers remain in their 
original positions. After a character is 
completed (all five pulses received), one 
set of notches lines up directly under the 
appropriate character's striker. (Strikers 
are in a row, as in a regular typewriter.) 
When the stop pulse is received, a ham- 
mer hits all strikers, but only the one with 
the lined -up notches moves and imprints 
the paper. After the strike occurs, the 
bars and their notches return to their 
original positions. 

The new teletypewriter printers literal- 
ly do not print at all. They are actually 
special types of TV receivers that proc- 
ess the do pulses and apply control sig- 
nals to form letters on -screen. The ad- 
vantages of screen printers are that they 
are quiet, clean, and have no moving 

"") 

(B) 

Fig. 3. Simplified diagram shows how key depresses Levers at (B). 
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parts to wear out. Some screen printers 
have memories that allow storage and 
playback of messages. These "glass 
teletypewriters" cannot produce "hard" 
copy on paper; for this, you must use a 

regular teletypewriter printer. 
Some teletypewriters have perfora- 

tors that punch holes in 1" (25.4 -mm) 
wide paper tape. The holes in the tape 
correspond to character codes. Tapes 
can be made from either an incoming 
signal or from a message typed on the 
machine's keyboard. To play back the 
message, you feed the tape through a 

tape reader called a transmitter -dis- 
tributer (TD). The teletypewriter then 
prints the message. You can also trans- 
mit taped messages over the air. 

The most commonly used speed is 60 

wpm, but stations also transmit at 66, 

75, and 100 wpm. To receive different 
speeds, no changes need be made in 

the terminal unit, but the printer must be 

altered. Printers rely on gears to set the 
speed. Changing gears allows the ma- 
chine to print at different speeds. TV 
teletypewriters usually accommodate 
many speeds with just the turn of a 

switch. 
The number of words per minute tells 

you only part of the printer's story be- 
cause each speed requires different slot 
lengths. A slot for 60 -wpm copy is not 
the same length as one at 100 wpm. So, 
another word-"baud"-was invented 
to take slot length into account. The 
baud is a measure of the rate at which 
data is sent and is defined as a rate of 
one pulse (of the shortest duration used 
in the system) per second. The baud 
rate is calculated by finding the recipro- 
cal of the shortest slot length. For 60 
wpm, the shortest length is 22 ms or 
0.022 s; the baud rate is 1/0.022 = 45.5 
baud. Other baud rates are detailed in 

Table II. 

When printer gears are changed, the 
baud rate is altered. The printer's mag- 
nets sweep the levers in step with the 
length of each pulse and, hence, the 
baud rate. 

Equipment Considerations. Any 
good communication receiver can be 

used for receiving RTTY. Due to the 
small, critical frequency shift, however, 
stability is essential. If your receiver's 
CW filter bandwidth is 400 Hz, it will 

TABLE II-RATES AND SLOTS 

Bauds Words/Min. 
Millisec./ 

Pulse 

45 60 22.0 
50 66 20.0 
57 75 17.57 
74. 100 13.47 

100 132 10.0 

needs and your budget. (Sources of 
teletypewriter gear are listed in Table 
Ill.) One inexpensive approach is to 
build your own TU. A simple two -chip TU 
can be built for less than $20. Alterna- 
tively, you might decide that a more so- 
phisticated demodulator with built-in os- 
cilloscope tuning indicator and sharp fil- 

tering and a choice of shifts fills your 
needs. Plans for many different TU's 
can be found in published literature. 

If you prefer not to build your own TU, 
you can buy factory assembled units. 
Some features to look for here are a 

choice of shifts, reverse/normal switch- 
ing, filtering, tuning indicator, baud -rate 
selection, adequate loop current for the 
printer magnets, and selectivity. 

Most RTTY enthusiasts buy "surplus" 
printer/keyboard combinations. After 
these machines are used commercially, 
surplus dealers buy, recondition, and re- 

sell them. Old teletypewriters are rugged 
and, if properly reconditioned, should 
last a long time. Prices range from $50 
to $250, depending on model, age, and 

`ANTENNA 

condition. New machines are quite ex- 
pensive and can cost as much as 

$2000. 
You might wish to buy a video monitor 

instead of a mechanical printer. (Of 

course, you can modify an old TV re- 

ceiver for use as a monitor.) A video 
monitor requires the use of a visual dis- 
play unit (VDU), which converts the dc 
pulses from a TU into a form suitable for 
onscreen display. VDU's cost $350 to 

$600. You can however, build your own 
VDU from plans that have been pub- 
lished in the literature. 

If you are a computer hobbyist, con- 
sider using your existing monitor and 
VDU. Be aware, of course, that comput- 
ers use ASCII, an eight -level computer 
code, rather than the five -level Baudot 

code used in RTTY. Baudot signals. 
must be converted to ASCII before 
reaching the VDU. Baudot-to-ASCII 
converters are commercially available, 
or you can make one yourself. 

Making Connections. If you buy a 

teletypewriter, be sure you get the man- 

ual, because it contains the machine's 
wiring diagram and color code. Each 
machine is wired differently. Bear in 

mind that, in spite of the jungle of wires 
inside the teletypewriter, only six wires 
are necessary for RTTY operation. Two 
are for the motor, two for the printer 
magnets, and two for the keyboard. 
Once you locate the appropriate wires, 
the hookup necessary to put the tele - 

AU[hlo 
SIGNAL 

LIMITER 

LOW PASS 
FILTER 

MARK 
FILTER 

SPACE 
FILTER 

, AUDIO 
DISCRIMINATOR 

KEYER 

TERMINAL UNIT 

probably be suitable for shifts up to 425 L --------` - 
Hz. It might not work well with wider 
shifts, such as 850 Hz, especially if sig- 
nals are weak. Of course, the SSB filter 
can be used if the received shift is too 
great for the CW filter. 

Your choice of TU's hinges on your 
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Fig. 5. Typical printer action. At (A), before letter is sent, notches are in random 
At (B), after letter is sent, one set of notches lines up under the correct striker. 

typewriter in service is easily accom- 
plished. 

Local copy (typing on the keyboard 
and obtaining a print-out but no trans- 
mission) can be accomplished with the 
circuit shown in Fig. 6. Many teletype- 
writers employ two selector magnets 
(check your manual on this) that are 
connected either in series or in parallel 
with each other. Use an ohmmeter to 
check the resistance of the magnet cir- 
cuit. Each magnet has approximately 
100 ohms of dc resistance; so, an 
ohmmeter reading of 200 ohms indi- 
cates a series connection, while a 50 - 

TABLE Ill-SOURCES OF RTTY 

EQUIPMENT 

Alltronics-Howard 
Box 19 

Boston, MA 02101 
Atlantic Surplus Sales 

3730 Nautilus Ave. 
Brooklyn, NY 11224 

Dovetron 
627 Fremont Ave. 
S. Pasadena, CA 91030 

Fair Radio Sales 
Box 1105 
Lima, OH 45802 

Teletype Corp. 
5555 Touby Ave. 
Skokie, IL 60076 

Typetronics 
Box 8873 
Fort Lauderdale, FL 33310 

Nat Stinette Electronics 
890 Virginia Ave. 
Tavares, FL 32778 

ohm reading indicates a parallel hookup. 
Because each magnet requires about 
30 mA of current, parallel wiring calls for 
60 mA in the loop circuit, while series 
wiring requires 30 mA in the loop. Adjust 
the series resistor for the proper magnet 
current. 

Turn on the motor by applying 117 
volts ac to its winding. With proper mag- 
net current flowing and the motor run- 
ning, you should be able to type on the 
keyboard and obtain a printed hardcopy 
message. It you have trouble obtaining 
local copy, check your wiring. Garbled or 
no printing at all could also be caused by 
poor adjustment of the "range selector." 

Sometimes, distortion occurs in RTTY 
transmissions. Pulses often become 
longer or shorter because of propaga- 
tion conditions. To counteract this, ma- 
chines are designed to respond to only a 
small section in the middle of the pulse 
width. The exact location of this "win- 
dow" is controlled by the range selector, 

0.5 
AMP 

0-41C\ j11-1 

115 VAC 

2011 1N2070 
5W 

AP/N-->1 

b 125 V 

order. 

a movable arm that has graduations 
from 0 to 120. 

To test the range selector, type the 
letters RY. These letters, when alter- 
nately typed, produce a mark pulse in 
each of the five slots. Move the range 
selector toward O. As you approach 0, 
the teletypewriter will begin to lose intel- 
ligibility and print random characters. 
Note the setting at which this occurs. 
Then increase the setting until the ma- 
chine's printer "locks up," again noting 
the setting. Set the range selector mid- 
way between these two points. 

The terminal unit should be connected 
as shown in Fig. 7. TU's vary in design, 
but some share basic characteristics. 
For example, they all have a method for 
adjusting the shift frequency, which is 
usually a variable inductance. And they 
all have controls for adjusting printer 
current, usually via a potentiometer. 
Both controls must be properly adjusted 
for correct TU operation. 

80 NF 
250V 

3K 
20W 
V 

"LOOP CIRCUIT" 

NC KEYBOARD 
CONTACTS SELECTOR 

MAGNET 

Fig. 6. Local copy can be obtained using the loop circuit shown here. 
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TABLE V-REFERENCE LIST 

o 

125 VDC 

o 

ANTENNA 

RECEIVER 

NC KEYBOARD 
CONTACTS 

20W t í 
"LOOP CIRCUIT" 

SELECTOR 
MAGNETS 

SPEAKER 

Fig. 7. How to set up an RTTY receiving station with a term inn I unit. 

Connect the TU to the receiver's au- 
dio output, keeping the speaker online 
so that you can hear the incoming sig- 
nals. Find an RTTY station and tune it in 

carefully, using the TU's tuning indicator 
for accuracy. Because tuning in RTTY 
stations is tricky, you may get garbled 
copy until you become accustomed to 
tuning. Some operators tune until legible 
copy appears, while others can tune in 

the proper tones by ear. Either method 
is fine, but do not expect to be able to 
emulate this right away. It takes lots of 
practice. 

If you get garbled copy, it may be due 
to one of several causes. The most com- 
mon is that the station is transmitting at 
a different shift or speed from your set- 
tings. Again, experienced operators can 
"hear" different speeds and shifts. You 
will, too, after a while. 

A station might be transmitting in re- 
verse shift, with the space high and the 
mark low. Switching sidebands on your 

receiver or shifting the bfo output to the 
other side of zero beat will compensate 
for this. Many TU's have a reverse/nor- 
mal switch that accomplishes the same 
thing. Military stations often transmit se- 
cret cipher messages that look like gib- 
berish. If you are not aware of this prac- 
tice, you can go crazy trying to copy 
them. 

Listening. At least 200 stations, ex- 
cluding radio amateurs and the military, 
transmit RTTY (see Table IV). Most use 
shifts of 425 to 850 Hz and speeds of 60 
to 100 wpm. By tuning to them, you can 
receive news reports, weather fore- 
casts, and commercial radiograms, as 
well as conversations between radio 
amateurs and military traffic. However, 
you should read Section 605 of the 
Communications Act of 1934 that con- 
cerns secrecy of communications. 

In brief, the Act prohibits a listener 
from divulging to a third party or using 

TABLE IV-RTTY STATIONS 

Frequency 
Call (MHz) Location Service 

9PX29 6.910 Barbados Reuters 
W FK80 10.7535 New York Reuters 
RVW57 12.315 Moscow Tass (some 

English news 
WER73 13.480 New York UPI 
WER24 14.770 New York UPI 
WEY45 15.914 New York AP (some 

English news) 
SOP29 15.989' Poland Polish Press (some 

English news) 

Note: Most ham operators use a 170 -Hz shift at 60 wpm near 3.620, 7.040, and 
14.090 MHz. 

Confidential Frequency List 
By Robert B. Grove 
Pub. by Gilfer Assoc. 
Box 239 
Park Ridge, NJ 07656 
(Extensive lists of stations 
transmitting RTTY. Updated 
periodically.) 

The New RTTY Handbook 
73 Publishers 
Peterborough, NH 03458 
(Good for beginners, slanted 
for hams.) 

RTTY News 
Canadian Amateur Radio Teletype 

Group 
Gwen Burnett 
85 Fifeshire Rd. 

Willowdale, Ont., Can. M2L 2G9 
(Technical information and 
amateur operating news.) 

Teleprinter Handbook 
By D. L. Goacher & J. G. Dénney 
Radio Society of Great Britain 
35 Doughty St. 
London, WC1 N 2AE, England 
(Thorough treatment of RTTY. 
Large section on machine repair 
and maintenance.) 

RTTY Journal 
P. O. Box 837 
Royal Oak, MI 48068 
(Published 10 times per year. 
Slanted for the ham, but has 
classified ads, technical pieces, 
and a DX-RTTY column. Publishers 
of The Beginner's RTTY Handbook.) 

The Radio Amateur's Handbook 
and 

Specialized Communications Techniques 
- for the Radio Amateur 

American Radio Relay League 
225 Main St. 

Newington, CT 06111 

for his own or a third party's benefit the 
contents of any interstate or foreign 
communication by radio or wire. Note, 
however, that this section does not ap- 
ply to the contents of any radio com- 
munication broadcast or transmission by 
radio amateurs or others for use of the 
public or relating to ships in distress. 

Getting Help. Besides the books list- 
ed in Table V, there are other sources of 

information and help to which you can 
turn. Although relatively few shortwave 
listeners use RTTY, many hams trans- 
mit and receive radioteletype messages. 
Most of them will be glad to show you 
the "tricks of the trade" they use to ob- 
tain perfect copy. Also, many computer 
hobbyists use teletypewriters to get hard 
copy or punch tape. 
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HeXTO: SCII 
Converter 

for your 
V r u 

Simple module produces op -code 
display for entire computer. 

THE LOW-COST "Hex -to -ASCII 
Converter" described here allows 

you to simultaneously display the con- 
tents of every register, stack location, 

OPC ODE 
DATA FROM 

DISPLAY MEMORY- 
VD7 

V06 

V05-.7 
VD4 J 

VD3 

VD2 

VD' 

VD0 

BY DON LANCASTER 

and memory slot in your microcomputer. 
The converter fits easily between the 
TVT-6 (July 1977) or most any other 
TVT and the µC with which it is working. 

UPPER/LOWER 
SELECTOR 

zcl 

_ 

OUTPUT TO 
TVT CHARACTER 

GENERATOR 
VD7 

VD6 

VDs 

VD4 

V03 
V02 
Vol 

VD0 

H1.8 SEC- 

U/L 

S/P 
I I - -I I -- 0. I SEC 

L. U L U DISPLAY 

Fig. 1: Block diagram of system. Op code is displayed as 
brief blank, followed by upper then lower hex character. 

In operation, the video monitor used in 
the system automatically converts and 
displays the hex op codes for the ASCII 
character set. This allows your TVT to 
act as a super "front panel" that permits 
you to check as many memory locations 
as there are in your system. This in- 
cludes all registers, accumulator, 
stacks, RAM and ROM programs, I/O, 
or anything else connected to the sys- 
tem. Properly used, the converter is also 
an excellent debugging tool. 

The complete hex -to -ASCII converter 
is built on a single compact printed cir- 
cuit board. The circuit itself consists of 
three low-cost IC's and only five other 
parts. 

About the Circuit. As shown in Fig. 
1, the eight input lines from the display 
memory that normally drive the TVT 
character generator are intercepted and 
split into upper- and lower-case charac- 

(Continued on page 51) 
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361 , 501 r 
--",.N 

IC2 H/APROM 

Ii lfl l GND 

C3 C2 I CI 

I 
I 

l 
R2 I RII 

I+ I 

Is i,ICI 7415257 
I o '-, 

HEX-ASCI( CONVERTER 
i Í ,P 

-J"' -J . OU/L 
, 

> o n n v, o n z 0 ^ 0 0 +0 ó á ó ÓCÓáá ááá aa¢aaovyj.j o 0 ó 0 ó o v u ,vzz 
. , >>>>>»z zzc9t 
t,.,ru I. .sas iF.tnr ru 8r 'u u1dUicWtJltÍilf-J 

+5V 

o 

PARTS LIST 
CI -1-µF, low -leakage tantalum electrolytic 

capacitor 
C2,C3-0.1-µF Mylar capacitor 
ICI-74LS257 quad 1 -of -2 data selector 
IC2-1M5610 or similar 32X8 bipolar tristate 

PROM (programmed in accordance with. 
Fig. 3) 

IC3-45848 CMOS hex Schmitt trigger 
R1-4.7-megohm, 14 -watt resistor 
R2 -470,000 -ohm, t/4 -watt resistor 
SOI-36-contact, single-entry edge connector, 

with contacts located on 3.96 -mm centers 
Misc.-Sockets for IC's (one 14 -pin, two 16 - 

pin): press -fit test point terminals: printed 
circuit board; jumper wire; insulated sleev- 
ing; solder; etc. 

Note: The following items arc available from_ 
PA1A Electronics, Box 14359, Oklahoma 
City, OK 37114: No. HAC- IB etched and 
drilled pc board for $4; No. HAC- IP pro- 
grammed 1C2 for $5; No. HAC-IK corn- 
plete kit of all parts for $14.95. All prices 
postpaid. 

(Continued from page 49) 

ters of four bits each. These two hex 
characters are alternately routed to a 
PROM that converts the hexidecimal in- 
put code to the equivalent ASCII output. 
The resultant display alternately flashes 
the upper hex character and then the 
lower hex character, with both appear- 
ing on -screen at the same location. 
Each character is displayed for slightly 
less than a second. A brief space com- 
mand is sent to the PROM during the 
transition from the lower character of 
one set to the upper character of the fol- 
lowing set. 

To identify the memory locations, an 
overlay can be used on the CRT screen 
of the video monitor, or a china marker 
can be used to label the operating regis- 
ters and other important slots with which 
you are working. If the TVT-6 is being 
used with the "Cruncher the Bear" mode 
in the August 1977 issue, it is possible to 
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IC3 

4584 

Fig. 4. Actual -size 
etching and drilling 

guide (right) and 
component layout 
(above) for the pc 

board. The board is 
connected between 
the TVT-6 and the 

KIM -1 microcomputer. 
i 

HEX/ASCII CONVERTER 

Ji_ 

simultaneously display the 4096 hex 
characters that result from the 2048 op - 
code words simultaneously. 

The complete schematic diagram of 
the converter is shown in Fig. 2 and the 
coding for the 32 x 8 code -converter 
PROM is shown in Fig. 3. 

Integrated circuit ICI (Fig. 2) is used 
as a four -pole, double -throw data selec- 
tor that drives IC2, the code converter. 
The hex CMOS Schmitt trigger (IC3) 
serves as a symmetrical oscillator that is 
used for automatically selecting the up- 
per and lower character and to generate 
the brief blanking pulse that indicates a 
new character display. 

Construction. The converter circuit is 
best assembled on a printed circuit 
board. The etching and drilling and com- 
ponents placement guides for the pc 
board are shown in Fig. 4. 

' 6 n 

Note on the components placement 
guide that 10 jumpers are used to inter- 
connect various pads on the board. Only 
two of these jumpers, indicated by 
heavy lines, require insulated sleeving 
to be slipped over them before installa- 
tion to preclude the possibility of acci- 
dental short circuits. 

Install and solder into place press -fit 
terminals at the four test points labelled 
+5, GND, SP, and u/L. Then install and 
solder into place the three capacitors, 
two resistors, and the 36 -contact con- 
nector. Sockets are recommended for 
the three IC's. Once the sockets are in- 
stalled and soldered into place, install 
the IC's in their respective locations, tak- 
ing care to properly orient them. 

Checkout. To initially check out the 
converter, connect the TVT-6 to the 
KIM -1 microcomputer and use the 
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Fig. 5. Overlay mask for the KIM -1. All internal registers 
are displayed simultaneously with the entire stack. 

512 -character, page 2 and page 3 dis- 
play of Table II in the August 1977 

TVT-6 article. Make sure that the system 
is operating properly. Then remove the 
power and connect the hex -to -ASCII 
converter between the TVT-6 and µC. 
Power up again, reload the program, 
and run the computer. The original 
ASCII display should now appear in 

hexidecimal op code. 
Test point u/L should have a 1.8 - 

second square wave, while test point SP 

should be high for 1.7 seconds and low 
for 0.1 second. It is possible to "force 

-001F 
- 3F 
- 5F 
- 7F 

- 9F 
- BF 

- DF 
- FF 

-01IF 
3F 

- SF 

- 7F 
- 9F 
- BF 

- DF 

FF 

feed" control signals into these test 
points. Connecting test point SP to +5 
volts displays the characters; grounding 
SP blanks the screen. Connecting test 
point u/L to +5 volts displays the lower 
four bits, while grounding it displays the 
upper four bits. 

Operation. If you are planning to run 

Table II from the August 1977 TVT-6 
article, the usual display is of pages 02 
and 03. This can be converted to a page 
00 and 01 display by changing instruc- 
tion 17AA to 82 and 17d2 to 80. 

An overlay that identifies the stack 
and all important machine registers is 

shown in Fig. 5. The physical size of the 
overlay, of course, depends on the size 
of the CRT used in the monitor. A sharp 
china marker can alternatively be used 
as a low-cost, workable substitute for 
the overlay. 

To debug a program, simply use the 
hex -to -ASCII converter with the KIM -1 

operating system in the single-step 
mode. Each time the operating system 
returns to the keyboard display mode, all 
registers have their values reloaded into 
the proper slots shown in Fig. 5. 

Hit AD 17 80, switch to SST OFF, and 
press GO to view the accumulator, stack 
pointer, program counter, status regis- 
ter, and the X and Y index registers si- 
multaneously. To return to the keyboard 
display mode, simply press ST. 

The Hex -to -ASCII converter can be 

used between memory and the charac- 
ter generator of many other TVT sys, 
tems as long as an 8 -bit word is used in 
the TVT's page memory. You can ignore 
the "Pass -through" lines on the convert- 
er, or you can redefine them in any way 
you need. The converter's processing 
delay is about 100 ns, which is fast 
enough usually to be ignored. O 

Rechargeable Batteries for Consumer Products 

-41 

sealed lead 
acid 
battery 

- 

THE USE of batteries to power elec- 
trical and electronic devices is on 

the rise. As more and more such prod- 
ucts are introduced, the consumer is 

faced with the problem and cost of con- 
stant replacement of batteries. 

General Electric has introduced an al- 

ternative with two new lines óf recharge- 
able batteries and cells. A nickel -cadmi- 
um line consists of the most common - 
size cells and batteries used in such 
low- and medium -power items as hand- 
held calculators, photoflash camera 

units, and portable receivers. A sealed 
lead -acid (SLA) cell line is designed for 
devices that require medium -to -high - 
power, such as alarms, emergency light- 
ing, and computer memory systems. 

The new sealed lead -acid cells are 

designed to be completely mainte- 
nance -free. They can be used in any po- 
sition without posing a problem with 
electrolyte spillage. The outer metal 
case of the cell is electrically isolated 
from the power -carrying plates. Both the 
positive and the negative terminals are 
at the top of the cell. A special glass fiber 
separator used in construction permits 
the cell to withstand high temperatures 
without suffering damage. 

The discharge characteristics and cy- 
cle life of the SLA cells duplicate or ex- 
ceed those of other lead -acid cells. The 
SLA cells are said to have a charge/dis- 
charge life of about 300 cycles, which fa- 
vorably compares with the life of nickel - 
cadmium cells whose life is typically 
about 1000 cycles. 

The internal resistance of the SLA cell 
is 10 milliohms (0.01 ohm). This low val- 

ue makes possible high charge/dis- 
charge rates with minimum danger of 
overheating the cell. A resealable safety 
vent in the cell prevents cell bursting un- 
der extreme abuse. 

The first of the new SLA cells to come 
on the market is a cylindrical D cell. It is 

designed to deliver 2.5 ampere -hours at 

a 250-mA discharge rate. The cell is ca- 
pable of delivering up to 40 amperes of 
continuous current and 75 amperes of 
momentary (1 -second) current. The line 
of SLA cells will eventually include bat- 
teries rated at 6 and 12 volts and 2.5 AH. 

The rechargeable nickel -cadmium 
battery system consists of AA, C, and D 

cells and a 9 -volt transistor size battery, 
each of which is available separately or 
packaged with its appropriate snap -on 
module that connects it to the Model 
BC3 miniature charger. The rechargea- 
ble NiCd cells and batteries are de- 
signed for any application where ordi- 
nary carbon -zinc batteries are used. 
They are directly interchangeable with 
other AA, C, and D cells and 9 -volt tran- 
sistor batteries. O 
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Build 
a 

APORTABLE, battery -powered 
emergency lamp can be a life-sav- 

er on the highway and a great conven- 
ience at camp sites. To be truly useful, it 
should provide reasonable illumination 
without quickly depleting the battery or 
confining its light output within too nar- 
row a beam. The utility fluorescent lamp 
described here satisfies these require- 
ments. It uses a conventional 15 -watt 
fluorescent tube and drive circuitry com- 
pact enough to fit in the fixture that 
houses the tube. Operating power can 
be drawn from any 12 -volt source capa- 

ble of delivering 2 amperes continuous- 
ly. Thus, the lamp can also be used to il- 
luminate the inside of a camper. 

Circuit Operation. Timer integrated 
circuit IC1 in Fig. 1 serves as a pulse 
generator whose output frequency is de- 
termined by R1, R2, and C3. When the 
output of ICI, at pin 3, goes low, current 
flows from the base of 02 through R4 
and R5 and then to ground via pin 1 of 
the 555 timer. The voltage drop devel- 
oped by the load current across R3 is 
applied to the base of 01, turning on this 
transistor, while part of the load current 
from R4 and R5 flows through transistor 
01 to ground. 

s 

Utility 
Lamp 

Operates from 12 -volt do source. 

BY JOE DUNCAN 
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Fig. 1. The 555 oscillator drives Q2 which causes a high voltage across 
the lamp through Ti. The 1C2 circuit is a form of voltage regulator. 

PARTS LIST 
C l ,C4,C5-O. I -µF, 50-V disc capacitor 
C2 -220-µF, 50-V electrolytic capacitor 
C3 -0.0039-11F silver -mica or polystyrene ca- 

pacitor 
C6 -0.47-µF, 200-V capacitor 
C7 -1-µF, 35-V electrolytic capacitor 
DI ,D2-IN4001 (I -ampere, 50-PIV) rectifier 

diode 
D3,D4-I N914 or similar switching diode 
F1 -3 -ampere fuse 

11-F15T8 15 -watt fluorescent lamp (with 
fixture, Sears Model 8934 or similar) 

ICI -555 timer 
IC2-CA3130 op amp (RCA) 
PI-Auto lighter accessory plug (Radio Shack 

No. 274-331 or similar) 
Q I-HEP S3024 transistor (Motorola) 
Q2-HEP S5005 transistor (Motorola) 
R I ,R2,R8-10,000-ohm,1/4-watt resistor 
R3 -15 -ohm,' -watt resistor 
R4,R5-33-ohm, 2 -watt resistor 
R6,R7-5.6-ohm,1/2-watt resistor 

R9 -1000 -ohm trimmer potentiometer (Radio 
Shack No. 271-227 or similar) 

R10-3300-ohm,'1-watt resistor 
TI-See text (No. T -I84-2 ferrite core avail- 

able for $3.50, including postage and han- 
dling, plus 6% tax for California residents, 
from Amidon Associates, 12033 Ostego 
St., N. Hollywood, CA 91607) 

Misc.-In-line fuse holder for FI; 18' No. 20 

enamelled wire; 126' No. 26 enamelled 
wire; 18' conventional twin -lead lamp cord; 
machine hardware; hookup wire; solder; etc. 

When the output of IC1 goes high, the 
voltage drop across R3 is very low. This 
turns off 01 and the transistor increases 
the current -drive capability of IC1 with- 
out altering the output wave -shape. 

The current -boosted output of 1C1 is 

applied to switching transistor 02, which 
drives step-up transformer Tl. The tran- 
sistor for 02 has an 80 -volt breakdown 
rating and can handle 8 amperes. In op- 
eration, fluorescent lamp 11 requires 
1.75 amperes, and the peak current 
flowing through Q2 is slightly greater 
than 6 amperes. 

During the first few moments of opera- 
tion and before the fluorescent lamp 
strikes, the rapidly changing magnetic 
field of Tl produces voltage pulses in 

excess of 600 volts. It is these pulses 
that are applied to the lamp to cause it to 
conduct. After the lamp starts, it serves 
as the load for Tl and limits the output 
potential of Ti to about 90 volts. The 
time between power -on and lamp light- 
ing is about a second. 

A vehicle's electrical system voltage 
might vary by 15% or more, depending 
on whether or not the engine is running 

and also on the condition of the battery. 
In the utility light circuit, a 15% input volt- 
age variation could mean low lamp 
brightness and might cause 02 to burn 
out. The 1C2 circuit is used to obviate 
these possibilities. Operational amplifier 
IC2 functions as a current regulator that 
maintains a constant light level over the 
range of battery voltages usually en- 
countered in mobile electrical systems.. 

The voltage drop across R6 and R7 is 

proportional to the current through the 
fluorescent lamp. This voltage is filtered 
and smoothed by C7 and R8 before be- 
ing applied to 1C2. The op amp then 
compares the filtered voltage from C7 
with a reference voltage that is preset by 
R9. The output of 1C2 then develops a 

correction signal that is fed to 1C1 to vary 
the oscillator's frequency and pulse 

Fig. 2. Wiring 
diagram for Tl. 
Conductor "a" 
is No. 20 wire. 

Others are No. 26. 

02 
COLLECTOR 
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width as required to maintain a constant 
current and lamp brightness. 

During operation, the potential at pins 
2 and 3 of IC2 is only on the order of 0.5 
to 0.6 volt above ground, which is suffi- 
cient to drive the FET input stage of the 
CA3130 used for IC2. This potential, 
however, is too low to drive other op 
amps, such as the 741, that do not have 
FET input stages. 

Construction. With the exception of 
Fl, Q2, and Tl, all components should 
be mounted on a small piece of perforat- 
ed board or a printed circuit board of 
your own design. The circuit board as- 
sembly and other components then 
mount inside the selected fluorescent 
lamp fixture. Hence, select the fixture 
before making the board assembly so 
that you are sure the latter has space to 
fit inside the fixture. Also, select a metal 
fixture so that it can serve as a heat sink 
for 02. The fixture should have at least a 
21/2" (6.4 -cm) wide by I" (2.54 -cm) deep 
channel to accommodate the board as - 

1 

enough cement to make all wires adhere 
to each other. Remove the contact ce- 
ment from your hand with acetone or 
nail polish remover. Allow the cement on 
the bundle to dry before removing it from 
the support. 

The wire bundle forms about 75 turns 
around the ferrite toroid core specified in 
the Parts List. Before proceeding, care- 
fully scrape away about 1/2" (12.7 mm) of 
the enamel coating from all wire ends. 
Then, referring to Fig. 2, locate one end 
of the No. 20 wire and attach a tag la- 
belled GND to it. Now, using an ohmme- 
ter, identify and label all remaining wire 
ends for quick identification. 

Once the No. 26 wires have been 
identified, connect them in series exactly 
as shown in Fig. 2. As you twist together 
and solder each wire connection, be 
sure to insulate the connection. Note 
that the unconnected end of the wire la- 
belled h goes to the fluorescent lamp 
and that the junction where the heavy a 

and lighter b wires meet connects to the 
collector of 02 This method of winding 

; 

4". 
A I tf. 

the power input before final mounting of 
all elements. Fuse Fl goes in an in -line 
fuse holder located in the power cable. 
The free end of the cable can be ter- 
minated with an automobile cigarette 
lighter plug or some other type of con- 
nector that mates with its counterpart in 

an electrical system. Make certain that 
the correct polarity is observed when 
connecting the power line leads. 

There is only one adjustment that 
need be made to get the lamp operating 
properly. This is to set the current drawn 
by the lamp by adjusting R9. To do this, 
it is necessary to measure the current to 
the lamp. Set your multimeter to the 2 - 
or 5 -ampere range and connect it in se- 
ries with the fuse holder. (If your meter 
does not have a 2- or 5 -ampere measur- 
ing capability, temporarily connect a 0.1 - 

ohm resistor in series with the fuse hold- 
er and measure the voltage across it. 

The current is then this voltage divided 
by 0.1.) 

Set R9 to midscale when you initially 
power up the utility lamp. As you adjust 

L 

1 e ° 

.7 

Fig. 3. Photo shows author's prototype. Note how fixture is used (with insulation) as heat sink for Q2. 

sembly and Ti (see Fig. 3). If the select- 
ed fluorescent fixture has a ballast and 
starter, remove them. 

Transformer TI must be home fab- 
ricated by winding enamelled wire on a 
ferrite core. Cut an 18' (5.5-m) length of 
No. 20 enamelled wire and seven 18' 

lengths of No. 26 enamelled wire. Form 
the eight wires into a single bundle and 
temporarily tie one end to a door knob or 
other support. Liberally coat the bundle 
with contact cement. The easiest way to 
do this is to pour a small amount of the 
cement into the palm of your hand and 
pull your hand along the length of the 
bundle. Leave one end of the bundle at- 
tached to the support as you coat it with 

produces the tight coupling required to 
prevent high -voltage switching tran- 
sients from appearing at the collector of 
Q2. The finished transformer can be 
mounted in the trough of the fixture with 
silicone rubber or urethane adhesive. 

Transistor 02 mounts on the metal fix- 
ture so that it makes thermal but not 
electrical contact. Use a mica insulator 
and silicone heat -transfer compound to 
assure good heat -sinking action. A typi- 
cal installation of the components in the 
central channel of the light fixture is 
shown in Fig. 3. 

Test and Adjustment. You can test 
the utility lamp by applying 12 volts dc to 

the setting of R9 to both sides of its cen- 
ter position, you will note that the meter 
indication will vary from a low of about 
0.5 ampere to a high in excess of 2 am- 
peres. Adjust R9 for a 1.75 ampere indi- 
cation (0.175 volt across the 0.1 -ohm re- 
sistor). Once R9 is properly set, daub 
some nail polish on its rotor to fix the set- 
ting. If you used a 0.1 -ohm resistor in se- 
ries with the fuse holder, remove it. The 
lamp is now ready to use. 

One word of caution is necessary at 
this point: DO NOT plug the utility light 
into a power source unless a fluorescent 
lamp is in the circuit. Without the lamp 
serving as a load, high voltage switching 
transients are likely to destroy 02. O 

OCTOBER 1977 55 



BY JIM HUFFMAN 

tips 

for the 

circuit designer 

on using 

the popular 

Transistor - 

Transistor 

Logic family 

DIGITAL circuits and techniques are 
finding their way into all areas of 

electronics, including many of the "all - 
linear" circuits of just a few years ago. 
Because of this ever-increasing popular- 
ity, it behooves the electronics experi- 
menter to sharpen his knowledge of digi- 
tal circuits and devices. The focus here 
is on the popular and low-cost transistor - 
transistor logic, or TTL, family of digital 
integrated circuits. 

The TTL Family. The transistor -tran- 
sistor logic family uses built-in transis- 
tors both as electronic switches and 
gates, is highly immune to noise, and 
has very fast operating speeds. The 
most common forms of the TTL family 
are the industrial -grade 7400 and mili- 
tary -grade 5400 series. Some manufac- 
turers have 8000 and 9000 series of TTL 
devices. There is no relationship be- 
tween the type of IC function and the last 
two digits in the IC's identifying number. 
A 7400 is a quad NAND gate, while a 

7490 is a decade counter. 
Within the 7400 series, letter designa- 

tions are often added to further identify 
the type of IC. For example, the 7400 is 

a standard four -input NAND gate, but 
the L in 74L00 identifies the IC as a low - 
power four -input NAND gate. To get this 
characteristic, one sacrifices speed. The 
H in 74H00, on the other hand, tells us 
that this is a high -power version of the 
same IC. Its output stage can drive high- 
er current loads and is capable of driving 
normal loads faster because of its ability 
to charge the inherent output capaci- 
tance at a faster rate. 

The 74500 is a fairly high -power de- 

vice that is extremely fast because its in- 
puts are clamped by Schottky diodes. 
These diodes have very fast switching 
characteristics and thus make the 
74500 series the fastest of the TTL de- 
vices. The Schottky diode approach has 
been combined with the low -power ap- 
proach to produce the 74LS00 series. 
The typical 74LS00, for example, con- 
sumes very little power, yet it operates 
at speeds as high as the conventional 
7400 device. 

Each of the types of TTL devices de- 
scribed above has its place in your cir- 
cuit designs. Your choice of devices will 
be dictated by the power and speed re- 
quirements of your specific project. 

Application. TTL IC's have very good 
noise immunity characteristics and oper- 
ate with a good tradeoff in speed. Even 
so, they must be used with some care in 

circuit design to minimize interaction be- 
tween elements. For example, in Fig. I, 

gates A and B can suffer from unwanted 
coupling through the invisible but very 
real inductance of the common ground 
lead that ties the two gates to the nega- 
tive side of the power supply line and the 
input to buffer C that is not supposed to 
operate at this time. 

When gate A discharges the stray ca- 
pacitance at its output, an erroneous 
signal appears because of the ground 
inductance at gate B. These undesirable 
outputs are commonly called "glitches." 
They can be eliminated mostly through 
proper circuit layout. The way to do this 
is illustrated in Fig. 2. Here the ground 
interconnection between the two gates 
is a "bus" lead. 
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Assume that gate A in Fig. 2 is a low - 
power 74L00 series IC and that buffer B 

is a high -power 74H00 device. As soon 
as the high -power stage switches on, a 
high-speed, high -current switching tran- 
sient is generated and causes a voltage 
drop through the resistance of the 
ground or V+ bus. This voltage is ap- 
plied to the input of the low -power gate, 
which "sees" it as a real signal. The usu- 
al remedy for this situation is to use by- 
pass capacitors directly at the V+ and 
ground pins of the IC's. Proper circuit 
layout, however, can minimize glitches 
in the wiring without the need for bypass 
capacitors. 

An example of bypassing is shown in 
Fig. 3. Note that there still exists a slight 
variation in the power supply along the 
bus and that although the transients 
(compared to Fig. 2) are almost elimi- 
nated by the bypass capacitors, the high 
current drain will still affect the voltage at 
one end of the bus. The point to remem- 
ber in designing TTL circuits, and any 
other logic system, is that it is best to 
know what will be the effect of an action 
taken rather than attempt to make up for 
inadequacies after the fact. 

The best way to lay out a TTL logic 
system is to use the V+ bus and 
ground -plane approach. Ideally, it would 
be best to have all V+ points in the cir- 
cuit on one side of the board and all 
ground points on the other side. Unfortu- 
nately, circuit considerations dictate oth- 
erwise, since interconnections between 
elements must be made somewhere. 
However, it is possible to simulate the 
V+/ground bus approach by using the 
layout illustrated in Fig. 4. IC's can be 

OUTPUT OF A i 

GROUND PIN A B 

INPUT C 

OUTPUT 

+v 

'- 
C> LGRDUND 
I.> 

Fig. 1. Common ground inductance 
and stray capacitance cause 
"glitch" at output gate of C. 

distributed along this bus system. Each 
of the two buses appears on both sides 
of the. board. It matters little that each 
bus begins on one side of the board and 
ends on the other; electrically, each is a 
continuous bus. 

The Fig. 4 approach lessens the effect 
of distributed capacitance, while the ca- 
pacitors at the points where the buses 
cross over through the printed circuit 

CURRENT 
THROUGH B 

POINT 
"X" 

+ 5V 
OR GND 

HIGH -POWER 
STAGE 

COMMON BUS LEAD 

Fig. 2. Both glitch and voltage drop can occur 
along a common bus lead as shown here. 

Y. = 

TO OTHER 
CIRCUITS 

+ 5V 
OR GND 

board are adequate for bypassing. If this 
type of layout is not possible, it is best to 
locate the ground bus entirely on one 
side of the board and the V+ bus entire- 
ly on the other side of the board. 

High -current devices should be locat- 
ed as close as possible to the V+ and 
ground bus connections. This will as- 
sure a minimal effect by these devices 
on the more sensitive, lower -current de- 
vices in the circuit. Bypassing at the in- 
put stages will then have greater effect. 

Once you have fabricated a pc board 
for a certain digital function, you may 
find it necessary to include more than 
one pc board assembly in your finished 
system. In this case, each pc assembly 
must be designed to minimize the inher- 
ent stray inductance and capacitance 
and heavy bus structures should be 
used to connect the V+ and ground 
lines to all boards. In some cases, it may 
even be necessary to use separate 
ground leads to high -power circuits. 

Design Hints. The first step in design- 
ing a logic system is to lay it out on pa- 
per. The next is to breadboard your lay- 
out. While you are breadboarding the 
circuit, try to use the same physical lay- 
out you plan to use in the finished proj- 
ect. This will reduce the chances of any 
surprises after you etch a pc board and 
are committed to a given layout. 

In the breadboarding stage, there are 
a few things to keep in mind. The popu- 
lar "solderless" breadboard has a dis- 
tinct problem-there is very high capaci- 
tance between the interconnecting strips 
within the socket. At high frequencies 
and at very fast switching speeds, capa - 

=BYPASS 
_L 

COMMCN BUS LEAD 

Fig. 3. Bypassing can eliminate glitch but not 
voltage change which produces erroneous signal. 

YPASS 

TO OTHER 
CIRCUITS 
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Fig. 4. Ground plane simulation 
where buses start on one side 
of board and cross to other side, 
with bypassing at crossovers. 

citive coupling may occur between the 
closely spaced internal "tracks" or be- 
tween the holes on the board. Do not 
use these breadboards for high -frequen- 
cy circuits. They are, however, adequate 
for breadboarding low -frequency circuits 
in which the switching speeds are low. 

The last and perhaps most important 
design stage is to debug the circuit you 
set up on the breadboard. To do this, 
you will need certain test equipment, 
such as an oscilloscope or logic probe. 
The logic probe is handy to have in 

cases where your scope has a limited 
bandwidth that prevents it from register- 
ing on -screen fast pulses. Almost any 
type of multimeter can be used to check 
for the presence of the proper dc volt- 
ages on the various IC pins. 

Typical Design. To illustrate the gen- 
eral procedure to use in designing a TTL 
system, let us work up a six -decade de- 
coder/driver/display system for a 30 - 
MHz frequency counter. Since operation 
is to 30 MHz, we can use standard 7490 
decade counters and 7447 decoder/ 
drivers for the seven -segment LED dis- 
plays. We will also use separate 5 -volt 
supplies for the display system and IC 

portion of the circuit. 
First, we would start by laying out on 

paper the basic circuit configuration. 
Then, we circle the portions of the sys- 
tem that draw high current, as shown in 

Fig. 5. The areas of highest current de- 
mand are the outputs of the 7447 LED 
drivers and the LED displays, neither of 
which are required to do high-speed 
switching. The highest speed device in 

this circuit is IC1, which must operate at 
frequencies up to 30 MHz. Consequent- 
ly, this IC must be located at the point of 

least possible noise and bus glitches. By 
using independent V+ and ground leads 
at the input of IC1, there is no need for 
bypass capacitors. 

The next step is to breadboard the cir- 
cuit and debug it. Once this is done, a 

separate wire jumpers to interconnect all 

points in the circuit. 

Closing Remark. As you can see 
from the foregoing, designing with TTL 
is relatively easy-if you give careful at - 

+5V 
(HIGH 

POWER) 

7490 
IC6 

HEAVIEST' 
CURRENT 
DEMAND 

I 

7447 
IC7 

7490 
IC I 

+5V 
(LOW POWER) 

INPUT 

GND 

Fig. 5. Sample circuit has independent grounds and supplies 
to reduce glitches. Circled areas have own supply leads. 

printed circuit board can be made. An 
actual pc assembly for this circuit is 

shown in Fig. 6. Note that the pc board 
has copper traces on both sides of the 
board, which eliminates the need for 

tention to circuit layout. One way you 
can get a "feel" for proper design is to 

experiment with the various types of TTL 
IC's available at low cost from the adver- 
tisers in the back of this magazine. O 

Fig. 6. The final layout of the decade counter 
follows the general outline suggested in Fig. 5. 

i 
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CONSTRUCTION 
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Photo of full SWR meter (top) 
and reflected -power -only 
meter (bottom). 

yá 

+, 

HIGH 

SENSITIVITY 

SWR Meter 

for 
Low -Power 

Communications 

Equipment 

Easy -to -build instrument 
uses a ferrite toroid coil for 
accurate readings 
at low power levels. 

BY WILLIAM VANCURA 

LOW -POWER communications gear 
such as CB transceivers and ama- 

teur QRP rigs have no r -f output to 
spare. So it's especially important to 
make maximum use of available power 
(as well as receive capability) by proper- 
ly tuning the antenna system. These ad- 
justments are most often made with an 
SWR meter, such as the instrument de- 
scribed here. 

This SWR meter is easy to build and 
inexpensive. Moreover, it features a fer- 
rite toroid pickup coil to achieve high 
sensitivity. This makes it possible to get 
an accurate SWR reading even at low r -f 
power levels. 
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How It Works. The SWR meter indi- 
cates the relative amplitudes of the for- 
ward and reflected waves travelling on 
the transmission line. (These two com- 
bine to create a standing wave.) When 
the line is connected to a perfectly 
matched load, no standing wave exists. 
The forward -going wave will travel down 
the line and will be completely trans- 
ferred to the load. A mismatched load, 
however, will not accept all of the energy 
from the line. It will reflect a portion back 
toward the source, causing a standing 
wave to appear on the line. 

The forward and reflected waves must 
be isolated to effect their measurement. 
This is done by sampling lines (Fig. 1) 

that are properly terminated at one end 
and mismatched at the other. When en- 
ergy is coupled to a sampling line, the 
mismatched termination will reflect 
some portion toward the proper termina- 
tion, just as the transmission line will. 
However, the reflection produces a tra- 
velling wave on a sampling line, as op- 
posed to the standing wave on the trans- 
mission line. This travelling wave corre- 
sponds to either the forward or reflected 
component of the energy on the trans- 
mission line. 

Figure 1 shows that the two sampling 
lines are identical except for the physical 
locations of the matched (resistors) and 
mismatched (diodes, capacitors, and 
meters) terminations with respect to the 
transmission line. The reflected waves 
on these lines travel from the mismatch 
to the matched terminations, and are 
therefore moving in opposite directions. 
But only one is travelling in the opposite 
direction of the reflected wave on the 
transmission line. Thus, reflected waves 
on the sampling lines are out of phase. 

When the reflected waves on a sam- 
pling line and the transmission line are 
moving in the same direction, the reflect- 
ed component on the sampling line is 
reinforced and the forward component is 
cancelled. This occurs in the reverse 
power sensing loop, and M1 will display 
the relative magnitude of the reflected 

Fig. 1. Typical SWR meter 
uses sampling lines to detect 
forward and reflected waves. 

R2 

SAMPLING 
LINES 

TRANSMISSION / LINES 

MI 

wave on the transmission line. When the 
reflected waves are travelling in the 
same direction, the reflected component 
is cancelled, leaving the forward wave 
for display by M2 

In this project, a toroid coil is used in 
place of the sampling lines, greatly sim- 
plifying construction and increasing sen- 
sitivity as compared to standard "trough 
line" designs. Two SWR meter configu- 
rations are presented. The first, shown 
schematically in Fig. 2, is the simpler of 
the two. It is intended for CB applica- 
tions where the only requirement is to 
measure SWR on a line with a fixed in- 
put power of four watts. The meter reads 
only reflected power. A zero indication 
suggests a perfect match, and any read- 
ing above half scale points to a bad mis- 
match that should be corrected. 

The second configuration (Fig.3) is 
more flexible, containing a switch and a 
sensitivity control to allow measure- 
ments of both forward and reflected 
power. It is more at home in amateur op- 
erations where power levels are corn 

Fig. 2. Schematic diagram of 
reflected -power -only meter. 

PI 

monly varied. To obtain a meaningful 
reading, the sensitivity control must be 
adjusted each time the meter is used. 

Construction. Decide which circuit 
you will build, and select a suitable me- 
ter for Ml. The one used in the author's 
reflected -power -only prototype is a 

300-µA meter, while the meter in his full- 
SWR prototype has a 1-mA movement. 
Any meter from 50 µA to 1 mA can be 
used with good results. The project 
should be housed in a metal enclosure 
just large enough to accommodate the 
meter, switch, potentiometer (if used) 
and SO -239 coaxial connector. A 4" x 
21/2" x 2W (10.2 )5 5.4 x 5.4 cm) alumi- 
num utility box can be used for the full- 
SWR meter. 

Attach a PL -259 connector to one end 
of an 18 -to -36 -inch (45.7 -to -91.4 -cm) 
length of RG-58-U cable. Remove 1" 
(2.54 cm) of the cable's black vinyl outer 
jacket, and comb out the exposed braid. 
Twist the combed braid to form one 
large stranded conductor. Then remove 
t/á' (6.4mm) of the insulation around the 
inner conductor. Drill a hole on one side 
of the enclosure to accommodate the 
coaxial cable. Mount a rubber grommet 
in the hole and push the coax through it. 

Drill holes for an SO -239 coaxial con- 
nector on the opposite side of the enclo- 
sure and mount the connector and a sol- 
der lug as shown in Fig. 4. 

Pass the inner conductor through a 
ferrite toroid (see parts list) before sol- 
dering the coaxial conductors to the con - 

JI 

PARTS LIST 

C1-5-pF, 500 -volt disc ceramic or silver 
mica capacitor 

C2 -0.001-µF, 500 -volt disc ceramic or silver 
mica capacitor 

Dl-IN34or 1N914 diode 
11-S0-239 coaxial connector 
LI-Two turns of No. 26 enamelled copper 

wire on a Fair -Rite Products Corp. 
638MT-L (No. 5963000301) ferrite toroid. 
See note. 

M 1-300-µA or 1-mA meter (see text) 
PI-PL-259 coaxial connector 

R 1 -150 -ohm, 10%, 1/2- or 1/4 -watt carbon 
composition resistor 

R2 -27 -ohm, 10%, 1/2- or Wi-watt carbon 
composition resistor OR 100 -ohm trimmer 
or panel -mount potentiometer (see text) 

SI-DPDT switch 
Misc.-RG-58-U coaxial cable, No. 26 ena- 

melled copper wire, insulated sleeving, sol- 
der lug, terminal strip, suitable enclosure, 
rubber grommet, machine hardware, solder, 
etc. 

Note: Ferrite toroids for LI are available for 
$1.00 each from William Vancura, 4115 
35th Ave., Moline, IL 61265. Include a 

stamped, self-addressed envelope. 
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nector and solder lug. Prepare a 6" 
(15.2 -cm) length of No. 26 enamelled 
copper wire and wrap two turns around 
the toroid exactly as shown in Fig. 4. 
Mount the meter (and switch and poten- 
tiometer, if used) on the front of the en- 
closure. Follow the appropriate sche- 
matic (Fig. 2 or Fig. 3) and wire the cir- 
cuit, using the switch lugs and meter ter- 
minals as tie points. You can also use a 
terminal strip to provide circuit tie points 
and mechanical support for compo- 
nents. Use insulated sleeving, if neces- 
sary, to prevent accidental shorting be- 
tween leads, and keep all leads as short 
as possible. Be sure to scrape 1/4" (6.4 
mm) of enamel from the end of each 
lead of the pickup coil before soldering. 
Observe the lead designation in Fig. 4 
when soldering these leads to the rest of 
the circuit. 

Testing the Meter. Fashion a dum- 
my load by soldering a 50 -ohm, 2 -watt 
carbon resistor between the inner and 
outer conductors of a PL -259 coaxial 
connector. Insert the dummy load into 
the SO -239 connector on the meter en- 
closure, and attach the PL -259 on the 
length of cable from the meter to the an- 
tenna output jack of the transmitter or 
transceiver. Then close the PTT micro- 
phone switch or telegraph key. 

if you built the full-SWR meter, switch 
S1 to the FORWARD position, adjusting 
R2 for a full-scale reading. Then switch 
S1 to the REVERSE position. The meter 
needle should barely move, if at all. If 

you built the reflected -power -only meter, 
key the transmitter briefly. Similarly, the 
meter needle should barely move, if at 
all. Do not apply r -f to the dummy load 
for more than a few seconds, however, 
to avoid overheating. 

RG-58-U 

Fig. 4. Detail of toroid coil. 
OCTOBER 1977 

Fig. 3. Schematic diagram 
of the full-SWR meter. 

Replace the dummy load resistor with 
an 18 -ohm, 2 -watt carbon component. 
Key the transmitter briefly. The meter 
should read about half -scale. If the full- 
SWR meter was built, recalibrate by ad- 
justing R2 for full-scale FORWARD deflec- 
tion before taking a REVERSE reading. If 

the reflected -power -only meter was 
built-and a meter movement other than 
300 µA used-consult Fig. 5. A small 
trimmer potentiometer is included in this 
alternate meter wiring to compensate for 
different movement sensivitities. Re- 
verse toroid leads A and B, and adjust 
R2 for full-scale deflection as the trans- 
mitter is keyed. Then reverse leads A 
and B once more, taking care not to dis- 
turb the setting of R2. 

Using the Meter. The SWR meter 
will not read SWR directly, but will indi- 
cate the reflection coefficient P. The 
SWR is related to P by the equation 
SWR = (1 +P)/(1 - P). The following 
is a list of various values of Pand SWR. 

Reflected Meter Reading 
(% of full scale) 

SWR 

0 1:1 

10 1.22:1 
20 1.5:1 
30 1.85:1 

331/ 2:1 
40 2.33:1 
50 3:1 
60 4:1 

661 5:1 
70 5.66:1 
80 9:1 
90 19:1 

100 co 

If desired, a new scale for the meter 
can be drawn and glued onto the face- 
plate to read SWR directly. At any rate, a 
reading of 25% of full scale (SWR 1.7:1) 
or less means the antenna is closely 
matched to the transmission line. Read- 
ings greater than 331/3% of fullscale 
(SWR 2:1) indicate a mismatch that 
should be investigated. 

In practice, the short length of coax 
from the SWR meter is connected to. the 

antenna output jack on the transceiver, 
and the feedline from the antenna is 
connected to the coaxial jack on the me- 
ter enclosure. 

Antenna Tuning. The SWR meter 
can be used to adjust a CB antenna for 
resonance. Antenna tuning should be 
done in a clear, open area, away from 
any substantial metallic objects. Keep 
your hands and tools away from the an- 
tenna when checking the SWR. Connect 
the meter to the transceiver and the an- 
tenna, and momentarily key the trans- 
mitter at both edges of the band (chan- 
nels 1 and 23 or 1 and 40, depending on 
your transceiver's capabilities). Note the 
meter readings. 

If the needle stays below 25% of full 
scale at both band edges, the antenna is 

MI 
50yA-ITA 

Fig. 5. Alternate meter wiring. 

already properly tuned. A reading at the 
band center (channel 13) should show 
an even smaller meter deflection. When 
the meter reads above 25% at either 
end, the antenna is either too short or 
too long. If the deflection is greater at 
channel 1, the antenna is too short. A 
larger meter reading at channel 23 or 40 
implies that the antenna is too long. 

Most mobile CB antennas have provi- 
sions (usually a set screw) for length ad- 
justment. Loosen the set screw and 
shorten or lengthen (whichever is re- 
quired) the antenna by about 1/á' (6.4 
mm). Take new readings at the band 
center and edges. Continue this proce- 
dure until an acceptable match exists 
across the band. Most loaded antennas 
are very sensitive to length adjustments, 
especially when they are near reso- 
nance. Accordingly, determining the 
"right" setting requires patience. 

Some full-size antennas don't have a 
length adjustment and will have to be cut 
to resonance. Never cut off more than 
'/4" at a time-you can't lengthen a short 
antenna! Remember that it's not abso- 
lutely necessary to have a 1:1 SWR. 
You will rarely achieve this ideal in prac- 
tice. In fact, you won't measure much 
under 2:1 with mobile miniwhips. Thus, 
your antenna adjustments goal should 
be for a tolerable minimum SWR. The 
high sensitivity of this SWR meter pro- 
ject will pinpoint this reading with high 
accuracy. O 
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CREI brings college -level training 

to you with eight educational 
advantages, including special 

arrangements for engineering degrees 

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

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

If your career in electronics is limited 
without college -level training, take a 

look at the advantages a CREI home 
study program can offer you. 

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

2. Specialized Programs 
With CREI, you enjoy the advantage of 
specialized training. That is, your pro- 
gram will include only those courses 
directly applicable to your career in 
electronics. We omit such courses as 

English, social studies and other sub- 
jects, which are usually required in 
resident schools. Therefore, with CREI, 
you move ahead faster to the more in- 
teresting and useful part of your train- 
ing. 

3. Practical Engineering 
CREI programs give you a practical 
engineering knowledge of electronics. 
That is, each part of your training is 

planned for your "use on the job." By 
using your training, you reinforce the 
learning process. And by demonstrating 
your increased knowledge to your em- 
ployer, you may qualify for faster ca- 
reer advancement. 

4. Engineering Degrees 
CREI offers you a number of special 
arrangements for earning engineering 
degrees at recognized colleges and uni- 
versities. You can earn college credit 
while you are taking your CREI pro- 
gram or apply later, whatever is best for 
your career plans. 
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5. Unique Laboratory 
Only CREI offers you the unique Elec- 
tronic Design Laboratory Program. This 
complete college laboratory makes learn- 
ing advanced electronics easier and it 
gives you extensive practical experience 
in many areas of engineering, including 
design of electronic circuits. No other 
school offers this unique program. It is a 
better "Lab" than we have found in 
many colleges. And the professional 
equipment included in the program be- 
comes yours to keep and use throughout 
your professional career. 

6. Wide Program Choice 
CREI gives you a choice of specializa- 
tion in 14 areas of electronics. You can 
select exactly the area of electronics best 
for your career field. You can specialize 
in such areas as computer electronics, 
communications engineering, micro- 
wave, CATV, television (broadcast) 
engineering and many other areas of 
modern electronics. 

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

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

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

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

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

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

I 

E ~U 
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CA= 
3 'i ` 4. 

..L3='ie -°l _ 
Mail card or write describing qualifications to GI Bill 

' CAPITOL 
RADIO 
ENGINEERING 
INSTITUTE 

McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue Northwest 
Washington, D.C. 20016 

C'RE1 programs 
are approved 
for training of 
veterans and 
servicemen under 
the G.1. Bill. 
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Accredited Member National Home Study Council 
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PART 2 

Test and calibration procedures, typical applications 
and how to add an optional logarithmic converter. 

LAST month, we discussed the cir- 
cuitry of the Real Time Analyzer, ex- 

amined overall system operation, and 
presented construction details. Now 
we'll describe the optional Logarithmic 
Converter and outline test and calibra- 
tion procedures. Also, typical applica- 
tions for the Analyzer will be suggested. 

The Log Converter, shown schema- 
tically in Fig. 11, is a useful accessory 
which allows display of amplitude varia- 
tions on the scope directly in dB. The 
heart of this linear -to -logarithmic con- 
verter is 1C36, a 76502 integrated circuit. 
One half of 1C35A is used as a buffer for 
log converter IC36. This buffer is pow- 
ered by a bipolar 5 -volt supply, so its 
output (and thus the input to 1C36) is lim- 
ited to +5 volts maximum. The ORIGIN 

ADJUST control (R144) and op amp 
1C35B determine the amount of dB per 
division of scope display. Stages 1C37A 
and 1C37B provide gain and rectifica- 
tion, respectively. The rectifying action 
of IC37B prevents any negative voltages 
from reaching the scope's vertical input. 
However, "negative" outputs are gener- 
ated by IC36 whenever its input signal 
drops below the ORIGIN level. 

Power for the log converter is derived 
from the RTA, with zener diodes D26 
and D27 providing the required ±5 volts 
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dc. Etching and drilling and parts place- 
ment guides for the log converter pc 
board are shown in Fig. 12. Use IC sock- 
ets or Molex Soldercons to facilitate in- 

stallation of the integrated circuits. Pay 
attention to pin basing and polarities. 

Tests and Calibration. With all IC's 
removed from their sockets (except the 
voltage regulators), plug the line cord 
into a wall socket and close S2. Mea- 
sure the following regulated dc voltages: 
+5 volts across C112; -15 volts across 
C111; +15 volts across C110. Then see 
if LED/ lights. If not, check the polarity of 
the LED. If all is well, turn off the ac pow- 
er and insert all IC's. 

If you are installing the optional log 
converter, perform the following steps 
(1) through (7). Otherwise, they can be 
bypassed. 

(1) Decide how many dB/division you 
want displayed on the scope, and deter- 
mine how many dB will be shown in a 

full-scale deflection. For example, if the 
vertical scale of the scope is 6 cm and 4 

dB/cm is desired, 24 dB will be' dis- 
played full-scale. 

(2) Calculate the origin voltage. (See 
Table II.) The maximum permissible in- 
put to the log converter chip (IC36) is 

one volt. In our example, -24 dB refe- 
renced to one volt is 0.063 volt. 

w. 

(3) Apply 0.5 volt dc across the con- 
verter input and adjust R140, the INPUT 

LEVEL control, so that the voltage at TP1 
equals the calculated origin voltage. 

(4) Adjust R144, the ORIGIN ADJUST 

potentiometer, for zero volt (±0.1 volt) at 

TP2. This is a sensitive adjustment. 
(5) Increase the dc voltage applied 

across the input to 1.5 volts. Then adjust 
R140 so that 1.0 volt appears at TP1. 
Monitor the converter output on your os- 
cilloscope and adjust R148, the SLOPE 

ADJUST control until full-scale deflection 
of the scope trace occurs. Set the 
scope's vertical sensitivity to whatever 
value is most suitable for adjustment. 

(6) Repeat steps (3), (4), and (5) until 
all adjustments are correct. 

(7) Adjust the INPUT LEVEL control, 
R140, so that the signal voltage at TP1 

never exceeds one volt. The RTA's 
maximum level reference (which ap- 
pears at the Analyzer output at clock 
pulses 23 and 24) is 10 volts. You can 
use this as the signal applied to the con- 
verter input for this adjustment. But be 

sure to back down on R140 before you 
apply 10 volts at the converter input. 
When R140 is properly adjusted, the 10 - 

volt reference from the RTA will cause 
full-scale deflection. 

Next, adjust all LEVEL ADJUST controls 
(R75 through R94) on the filter boards to 
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