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Baked Apple. 
Last Thanksgiving, a designer from 

Lynn/Ohio Corporation took one of 
the company's Apple Personal Computers 
home for the holidays. 

While he was out eating turkey, it 
got baked. 

His cat, perhaps miffed at being left 
alone, knocked over a lamp which started 
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a fire which, among other 
unpleasantries, melted 
his TV set all over his 
computer. He thought \ - 
his goose was cooked. 

But when he took the 
Apple to Cincinnati Computer Store, 
mirabile dictu, it still worked. 

A new case and keyboard made it 
as good as new. 

Nearly 1,000 Apple dealers have 
complete service centers that can quickly 
fix just about anything that might go 
wrong, no matter how bizarre. 

So if you're looking for a personal 
computer that solves problems instead of 
creating them, look to your authorized 
Apple dealer. 

You'll find everything well-done. 

The personal computer. Cippic 

'nn,mnlw \+ i .- 
-v__,,...1. ,r 
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SERVICE 

For the authorized dealer nearest you, call (800) 538-9696. In California, call (800)662-9238'. Or write: Apple Computer Inc.,10260 Bandley Dr.. Cupertino. CA 95014. 
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In a world where sound 
reaches new levels every day, 

ADC delivers 
the ultimate high. 

The ultimate high is total control. 
And an ADC Sound Shapers Fre- 
quency Equalizer lets you control. 
your sound and custom -tailor your 
music with the mastery of a pro. 
And no better way demonstrates 

the benefits of an ADC Sound 
Shaper than taping. Even without 
á studio environment, you can 
recreate your personal recordings 
by changing the frequency response 
curve of the source material-mak- 
ing the sound more like the original 
and more agreeable to your ears. 
Our complete ADC Sound Shaper 

IC line* has an equalizer that is right 
for you and your system. The SS -110 
ten -band full octave equalizer, a 
step up from our SS -1, features 
LED -lit slide controls and one-way 
tape dubbing. If you desire even 
more control, óur'twelve-band SS -II 
and top -of -the -line SS -III include 
two-way tape dubbing and sub -sonic 
filters. Our SS -III Paragraphic' 
with 24 ancillary switches that 
enable you to control 36 bands 
per channel combines 

-'- f; 

the ease and control of a graphic 
equalizer with the precisión and 
versatility óf a parametric. All at a 
price you can afford. 

All of our equalizers feature LED - 
lit slide controls allowing for visual 

D 
A BSR COMPANY 

plotting of the equalization curve. 
And all ADC Sound Shapers 
embody the outstanding ADC tech- 
nology that has made us the leaders 
in the industry. 

To really complete your custom- 
tailored control -ability, our ADC 
Real Time Spectrum Analyzer is a 
must. Equipped with its own pink 
noise generator and calibrated 
microphone, the SA -1 provides a 
visual presentation of the changing 
spectrum through 132 LED dis- 
plays. So you can actually see 
proof of the equalized sound you've 
achieved. 
With an ADC Sound Shaper and 

an ADC Real Time Spectrum 
Analyzer, you can attain a new level 
of control. And ultimately, isn't 
that the musical high you've always 
wanted? 

Woaui 
Frequency Equalizers 

and Spectrum Analyzer 

<5 41 0 á : 

Sound thinking has moved us even further ahead. 
BSR (USA) Ltd., Blauvelt, N.Y. 10913, BSR (Canada) Ltd., Rexdale Ontario, 

®Sound Shaper is a registered trademark of Audio Dynamics Corporation. . IC indicates new Sound Shaper Jerks. 
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Tlx: S:-2.0 Stylus 
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The I)4.,, Record 

Care System 

and Maintain 
Its Sound 

For a. free copy of our "Guide to 

Record Care" write to Discwasher. 

iscwasher® 
PRODUCTS TO CARE FOR YOUR MUSIC 

1407 North Providence Road, 
Columbia, MO 65201 USA 

A DIVISION OF JENSEN an EJMARK Company 
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. Introducing 
the Sinclair ZX81 

If you're ever going to buy 
a personal computer, now is the 
time to do it. 

The new Sinclair ZX81 is the 
most powerful, yet easy -to -use 
computer ever offered for anywhere 
near the price: only $149.95* completely 
assembled. 

Don't let the price fool you. The 
ZX81 has just about everything you 
could ask for in a personal computer. 

A breakthrough 
in personal computers 

The ZX81 is a major advance over 
the original Sinclair ZX80-the world's 
largest selling personal computer and 
the first for under $200. 

In fact, the ZX81's new 8K Extended 
BASIC offers features found only on com- 
puters costing two or three times as much. 

Just look at what you get: 
Continuous display, including moving 

graphics 
Multi -dimensional string and numerical 

arrays 
Plus shipping and handling. Price Includes connectors 
for TV and cassette, AC adaptor, and FREE manual. 

;,+t¡!ideYf.+4x1';T:l~1L?é1\N.tx-y 

NEW SOFTWARE:Sinclair has 
published pre-recorded pro- 
grams on cassettes for your 
ZX81, or ZX80 with 8K BASIC. 
We're constantly coming out 
with new programs, so we'll 
send you our latest software 
catalog with your computer. 

Mathematical and scientific functions 
accurate to 8 decimal places 

Unique one -touch entry of key words 
like PRINT, RUN and LIST 

Automatic syntax error detection and 
easy editing 

Randomize function useful for both 
games and serious applications 

Built-in interface for ZX Printer 
1K of memory expandable to 16K 

The ZX81 is also very convenient 
to use. It hooks up to any television set 
to produce a clear 32 -column by 24 -line 
display. And you can úse a regular 
cassette recorder to store and recall 
programs by name. 

4 ,".S ibLó,vm 
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ZX PRINTER: The Sinclair ZX 
Printer will work with your ZX81, 
or ZX80 with 8K BASIC. It will 
be available in the near future 
and will cost less than $100. 

róósá 
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If you already own a ZX80 
The 8K Extended BASIC 

chip used in the ZX81 is available 
as a plug-in replacement for your 

ZX80 for only $39.95, plus shipping 
and handling-complete with new.key- 

.board overlay and the ZX81 manual. 
So in just a few minutes, with no 

special skills or tools required, you can 
upgrade your ZX80 to have all the 
powerful features of the ZX81. (You'll 
have everything except continuous dis- 
play, but you can still use the PAUSE 
and SCROLL commands to get moving 
graphics.) 

With the 8K BASIC chip, your 
ZX80 will also be equipped to use the 
ZX Printer and Sinclair software. 

Warranty and Service Program** 
The Sinclair ZX81 is covered by a 

10 -day money -back guarantee and a 
limited 90 -day warranty that includes free 
parts and labor through our national 
service -by -mail facilities. 
**Does not apply to ZX81 kits. 

16K MEMORY MODULE: 
Like any powerful, full fledged 
computer, the ZX81 is expand- 
able. Sinclair's 16K memory 
module plugs right onto the 
back of your ZX81 (or ZX80, . 

with or without 8K BASIC). 
Cost is $99.95, plus shipping 
and handling. 

ZX81 MANUAL: The ZX81 
comes with a comprehensive 
164 -page programming guide 
and operating manual de- 
signed for both beginners and 
experienced computer users. 
A $10.95 value, it's yours free 
with the ZX81. 



Introducing 
the ZX81 kit 

If you really want to 
save money, and you enjoy 
building electronic kits, you 
can order the ZX81 in kit form 
for the incredible price of just 
$99.95` It's the same, full -featured 
computer, only you put it together 
yourself. We'll send complete, easy - 
to -follow instructions on how you can 
assemble your ZX81 in just a few hours. 
All you have to supply is the soldering iron. 

How to order 
Sinclair Research is the world's larg- 

est manufacturer of personal computers. 
The ZX81 represents the latest 

technology in microelectronics, and it 

picks up right where the ZX80 left off. 
Thousands are selling every week. 

We urge you to place your order 
for the new ZX81 today. The sooner you 
order, the sooner you.can start enjoying 
your own computer. 

To order, simply call our toll free 
number, and use your MasterCard or VISA. 

co 

To order by mail, please use the 
oupon. And send your check or money 
rder. We regret that we cannot accept 

purchase orders or C.O.D's. 

CALL 800-543-3000. Ask for op- 
erator #509. In Ohio call 800-582-1364. 
In Canada call 513-729-4300. Ask for 
operator #509. Phones open 24 hours 
a day, 7 days a week. Have your Master- 
Card or VISA ready. - 

These numbers are for orders 
only For information, you must write to 
Sinclair Research Ltd., One Sinclair Plaza, 
Nashua, NH 03061. 

Sinclair y 

AD CODE PE PRICEt QTY. AMOUNT ? ., 2X81 $149.95 

ZX81 Kit 99.95 

6K BASIC chip (for ZX80) 39.95 

16K Memory Module (for ZX81 or ZX80) 99.95 

Shipping and Handling 4.95 $4.95 

«l To ship outside USA add $10.00 

4.\ TOTAL 

MAIL TC: Sinclair Research Ltd., One Sinclair Plaza, Nashua, NH 03061. 

NAME 

ADDRESS 

CITY/STATE/ZIP 
t U.S. Dollars 



Onward, Ever Onward 
Soon, subscribers to CompuServe and 

the Source will be able to benefit from a 
POPULAR ELECTRONICS feature on the 
data network menus devoted to comput- 
er clubs. Current club members and pro- 
spective members will have access to 
regularly updated information on com- 
puter club locations, meeting places and 
times, guest speakers, and other activi- 
ties. Additionally, computerists will be 
treated to fresh news from our "Personal 
Electronic News" department. 

Further, PE will soon launch a com- 
puter club section in its pages to enable 
readers to learn what's happened around 
the country at the "grass roots" level. To 
effect this, club information should be 
sent to us, attention of the Computer 
Club Editor. Thus, telephone networks 
will provide computerists with what's 
coming up, while PE will detail the 
exciting happenings. 

Starting soon, also, will be a new col- 
umn called "Fundamental Facts" by 
Walter Buchsbaum, Sc. D. These pieces 
will be fast -reading, succinctly written 
columns covering one subject in a spe- 
cially informative manner. No, they will 
not be short treatises on Ohms Law and 
other such basic matter. Instead, they 
will be high-level discussions of devices 
and circuitry for readers who truly wish 

to upgrade their knowledge so that they 
will be able to better understand high 
technology. The first column will be 
devoted to network law, from Kirchhoff 
to Thevenin to Norton. Look for it! 

It's important to keep up with the bur- 
geoning advances in technology, but one 
must have a good foundation to truly 
understand them. That's what we expect 
the new column to provide. And there's 
plenty on the horizon that might break 
out of the research labs. For example, 
IBM is working on Josephson Tunnel 
switches in the labs. If completely devel- 
oped, it would mean the evolution of 
computers to a very small size with oper- 
ations that are 50 times faster than 
today's chips. 

Service technicians, too, face increas- 
ing demands on their technical knowl- 
edge. TV circuits have changed. In 
order to identify the area of a break- 
down, the tech must therefore readjust 
his thinking. For instance, scan -rectified 
power supplies are now commonplace, 
developed from a separate winding on 
the flyback transformer. A problem here 
could lead an uninformed tech to search 
through other circuits and waste a lot of 
time. Tuning systems are using logic 
and phase -locked loop circuits, so it's 
imperative to know how they work. The 

same electronic advances have been in- 
corporated into a host of other consumer 
equipment: electronic games, clock ra- 
dios, thermostats, ovens, scales, tele- 
phones, even typewriters. 

Some devices have to be handled with 
great care since static electricity could 
easily ruin one that's being installed. 
The 3M Company, which sells inexpen- 
sive work stations for use when handling 
such sensitive parts, developed a voltage 
range of susceptibility to damage for 
device families, and this should be kept 
in mind when working with them. The 
company advises that MOSFETs can be 
ruined if hit by as little as 100 volts of 
electrostatic discharge, while CMOS 
devices can be damaged by as low as 250 
volts. Compare this to, say, 680 to 1000 
volts for an SCR and you can appreciate 
the different method needed ín handling 
components today. 

Keeping up with technology is a chal- 
lenge, of course. But that's really what 
makes it that much more exciting. 
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Magnavox model 4012, 
9 -inch diagonal measurement 

AC/DC color portable 
with electronic tuning wheel 

and dial scale indicator. 

Magnavox model 4265, 
19-i ch diagonal measurement 
Star System. All Star System 

infrared remote controls 
give you automatic switching 

between two channels and 
display time of day and 

channel numberon TV screen. 

Magnavox. A picture you 
can rely on time after time. 

L 
. 

TELEVISIONARY. 
Magnavox sees the next 
stage of televiewing with 

- you as the participant as 
well as the recipient. 

For that, you will need 
the most reliable color 
television possible. 

And now Magnavox 
° Star' System color 

television sets combine 
advanced design concepts, 
high technology and new 
manufacturing systems 

Y to deliver the highest level 
of reliability in Magnavox 
history. 

Magnavox. Television 
as visionary as tomorrow. 
With a picture as reliable 

t- as it is bright and clear. - 
Time after time. 

Magnavox model 5260 
25 -inch diagonal measurement 

Star System. This set even =-- 
has expanded range 
high-fidelity sound. 

TV pictures and wood -grain cabinets simulated. 
All models shown are Star Systems eucept model 4012. 

The brightest ideas in the world are here today. 

w 198, N.A.P. CONSUMER ECECTRONICS CORP 
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LETTERS 
Likes the Sinclair ZX80 

I must take exception to your equip- 
ment review conclusion of the ZX80 
Personal Computer from Sinclair Re- 

search in the August 1981 issue. I have 
had no problem with mine since I got it. 
You may be too rough on the products 
you review. I have been in the data pro- 
cessing business as a systems program- 
mer for eight years and am now getting 
into the personal computing field. I like 
the ZX80 because it is easily portable 
and has the capabilities I want for 
now.-P. L. Jarboe, Jr., Owensboro, KY. 

Bits of RAM and ROM 

In the "Solid -State Developments" 
column of September 1981, you refer to 
some new Hewlett-Packard devices with 
128K bytes of RAM and 528K bytes of 
ROM. Surely, this should be bits, not 

THE FUTURE OF TELE VI5ION 
15 TODAY WITH DOWNLINK. 

Why wait until 1985 just to get three channels of satellite reception when 
Downlink's D -2X receiver can give yoti sixty channels of brilliantly clear 
uneditedmovies, sporting events, world news and special programming 

from the mañysatellites over the North American continent... Now. 
The D-2X's modular format and state-of-the-art circuitry allow for sharp; 

colorful reception of the entire satellite -bandwidth (from 3.7-4.2 gHz). 
So you can get all sixty channels plus the' new channels that will be 

availáble in the future. 
Made from the finest microwave components, the Downlink D -2X receiver 
features dual -conversion design, permitting.multiple receiver installations 

" and phase -lock loop processing which brings living color to your TV. 
'The complete and easy -to -install Downlink System including the 
D -2X receiver, low -nee amplifier,-Skyview Lantenna and cable 

can be yours for $3,595.00: So live the future of television . 

now...with Downlink. 
For the name of the Downlink dealer nearest you call toll -free 

800-641-4645, ext. 214. In Missouri, call 800-492-4892. 

'v. 
DOtiyNLINK 

ra i ,w< .\ 
Kr.,e; 

For more information, contact: 
Downlink, Ina. 
30 Park Street 
Putnam, donnecticút 06260 

DOWNLINK (203) 928-7731 
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bytes.(1 byte = 8 bits). Otherwise, these 
would be awfully large memories.- 
James Gaudreault, Herndon, VA. 

Perfect Answer 2 

Telephone Price 

We were pleased to see the mention of 
ITT's Perfect Answer 2 telephone an- 
swering machine in your New Products 
in the August 1981 issue. Unfortunate- 
ly, the price given was for one of our oth- 
er models. The Perfect Answer 2 is 
$449.95.-J. G. May, ITT Consumer 
Specialty Products Div. 

Information on 
Home Earth Stations 

In the article "Home Earth Stations 
for Satellite Transmissions" (July 
1981), you listed several companies that 
could be contacted for further informa- 
tion. I contacted one of them and I think 
it might be a good idea for you to let 
your readers know that Gardiner Com- 
munications Corp. of Houston, TX, does 
not provide information to private indi- 
viduals. They deal only with cable com- 
panies.-J. Tsantilas, Houston, TX. 

"Trick" Question 
In the answer to Question 18 of the 

quiz "Some Like it Hot" (August 
1981), the author says the question is a 
little tricky and that the standard junc- 
tion is at a constant 120'F. This is, 
indeed, tricky since it was not stated in 
the question that the standard was at 
120°F.-M.J. Matthews, Shanksville, 
PA. 

You are right. The temperature of the 
standard junction was inadvertently left 
off of the drawing. 

of 
TUNE 

In the Review of the Atari Model 800 
Personal Computer (June, p 48), Listing 
1 is for a polygon, Listing 2 is for a 
triangle. 

In "Burglar Baffler" (July, p 66), in 
Fig. 1, for IC2B, the inputs are 9, 10 and 
11 while pin 8 is the output; the correct 
part number for IC21 is 4049 as given in 
the Parts List, not 4009, as shown on the 
diagram; pin 1 of ICIB should have a 
bar over RST to indicate it is connected 
to pin 11 of IC3D. In Fig. 2, the pin 
numbers on ICI2A should be as follows: 
change 1 to 13, 2 to 12, 3 to 1 1 , 4 to 10, 
5 to 9, and 6 to 8. 

In "Tips and Techniques" for Sep- 
tember (p 98), the lower truth table 
should read, top to bottom in the last 
column, 0, 0, 0, 1. 

In "Designing with the 8080 Micro- 
processor, Part 2" (October, p 80), R4, 
R5, R6, and RuI should be given in the 
Parts List as 3.3 kit as they are on the 
diagrams. 



reat 
news or 
4electronícs 
=enthusiasts on 
small budgets.' 
Now you can., 
take home 
a Fluke DMM 
for $125:" 

o 

'Suggested U.S.. list price ° 

- For technical data circle no. 
20 ON,FREE INFORMATION CARD ' 

Whether. you're jus starting out 
-in electronics or moving up from an 
.analog VOM to a digital multimeter, 
you'll be smart to mace sure that 
you're getting your money's worth.. 

In your search for a basic - 
performance DMM, be sure to 

' consider the new D 800 from Fluke. 
Priced at only $125; this dependable 
six -function handheld DAM is 
available now at select devtronics 
supply stores throughau: the U.S. 

The D 800 offers 05% basic dc 
accuracy (five tines ket_e- than . 

analog voltmeters -2, a raro: -sharp 31/2 - 

digit LCD readout, unsurpassed 
overload protection, and true, - 

'One -hand operation. . 

1 

i 

- © 
CI Mill 

This'hard-working basic _ 

- 

measurement multimeter is designed: 
from the inside out for long Ile and ' 

reliability. All D 8(X) spec ificat-ons 
are traceable to the Natio-talBureau -` 

of Standards. 
As part of Flukes new Series D 

line pf low-cost digital mdltimeters, 
the I) 8(X) carries a lir:lited one-year 
parts and labor warranty .anc comes. 
complete with the battery, and 
safety -designed test leads_ , 

Ask your supplier about tke.' From.the world 
. 'deader ín DMM's. 

DMM. You'll- find that for on_y $125: Now we've designed 
there's never been more mulfineter one for you. 
than the new I) 8(X) from Fluke. 
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D 8(1), then compare it feature -forte ° 

feature with any other low-cost 

r... 

° If your dealer doem't carry Series D 
Multimeters yet, call this number. We'll be - 
happy to tell you who does: 1.800-426.9182 :. 
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You're already halfway to Magnavision® 
right now. Because all you have to do is 
plug it into your present color TV set. 

Magnavision is a turntable. A video 
turntable as well as an audio one. It plays 
discs that show pictures on your TV. With 
stereo sound capability. 

And what pictures. Magnavision delivers 
a picture that's clearer and crisper than 
video tape TV, even TV itself. And the 
Magnavision picture lasts, because the 
discs are impervious to wear. 

See the buttons on the front of the 
Magnavision unit? They give you total 
control over what you watch and how you 
watch it. Consider the possibilities Reyerse. 
Slow motion. Individual frame -by -frame 
indexing. More. And you can exercise 
control from anywhere in the room, since 
Magnavision Model 8005 (shown here) 
gives you a full -feature remote control. 

AMAZING: PICTURES WITH STEREO SOUND. 
Magnavision even gives you high-fidelity 
stereo sound. 

Just run it through your present stereo 
system and choose from one of the 
many stereo videodiscs (concerts, musicals, 
shows). You can't get stereo with video 
tape, and stereo TV is years away. Imagine, 
now you can see Liza Minnelle for example, 
as well as hear her in stereo concert! 

All of this wonderwork comes from 
Magnavision's laser -optical scanner. It is a 
beam of light that works like an audio 
player's "needle'.' But Magnavision's laser - 
optical scanner has none of the archaic 
limitations of a needle. 

Magnavision is full of ideas. It can be a 

L' 
LasV6RY! THIS LASERVISION MARK CERTIFIES COMPATIBILITY WITH 

OTHER LASER.OPTICAL VIDEO PRODUCTS REARING THE MARK 
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learning machine as well as an entertain- 
ment source..Many of the discs are inter- 
active. You can carry on a dialogue with 
thém. How To Watch Pro Footballt, The 
First National Kidisct-games, puzzles, 
questions and answers for your children, 
The Master Cooking Courset, and Jazzerciset 
are just four examples. 

You can put as many different kinds of 
programs on your television screen with 
Magnavision as you can imaginé. Choose 
from over 120 videodisc albums now. 
They range from classic movies to new 
releases. From sports instruction to art 
gallery tours. From cartoons to concerts. 
And new programs are continually being 
developed exclusively for videodiscs. 

So put your half of the world's most 
advanced home entertainment system 
together with Magnavision soon. For thé 
name of your nearest dealey please call toll - 
free 800-4474700 (in Illinois, 800-322-44010.1. 
©1981 N.A.P. CONSUMER ELECTRONICS CORP. 
'Liza In Concert©. Pionee`r Artists' tOptical Programming Associationcl 

, 

A _NAVOX 
The brightest ideas in the world 

" are here today. 
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New 
ooh 
Additional information on new products 
covered in this section is available from the 
manufacturers. Either circle the item's code 
number on the Free Information Card 
or write to the manufacturer at the 

address given. 

Bose Free Space Array 

The 601 Series II floor -standing speaker 
has two 8" long -excursion woofers and 
four 3" tweeters. Each of the woofers is 
housed in a separate injection -molded 
compartment. The tweeters and one woof- 
er are mounted above the main enclosure 
in a multidirectional array. This is 

claimed to spread stereo image and reduce 
mid -bass "boominess" caused by room 
boundary reflections. Also featured is a 

Visual Display Terminal 

12gh-Power Amplifier 

"Dual Frequency" crossover network that 
allows the woofers and tweeters to operate 
together over nearly a full octave. Woofer 
transition frequency, 2.5 kHz; tweeter 
transition frequency, 1.5 kHz. Nomimal 
impedance is 8 ohms. Amplifier power 
handling ranges from 20 to 150 W/ch. 
The cabinet is walnut -grain vinyl lami- 
nated to particle board. Dimensions are 
29.5"H X 14"W x 13"D. $445 each. 

CIRCLE NO. 88 ON FREE INFORMATION CARD 

Programmable DMM 

The Keithley 192 offers programmable 
range and function via an optional IEEE - 
488 bus interface. Accuracy is given as 
0.005% dc V, with a bus rate of 33 read- 
ings per second. A seven -digit display 
reads out measurements from either man- 
ual or autoranging (150 ms per range 
change). Resolution is 0.5 ppm over the 
20-V range, with input impedance greater 
than 1000 megohms. Sensitivity in the 20- 
V range is claimed to be 10µV. Up to 100 
readings can be stored over intervals of up 
to one hour, so that data accumulations 
over four days are possible. The 192 is 

The SOROC IQ 130 is a Z80 -based. V DT - 
Features include screen editing, full video 
attributes, 14 programmable function 
keys, programmable repeat/blink rates, 
adjustable right-hand margin, and a 25th 
status line with a 36 -character user mes' 
sage. Block and conversational modes are 
standard at selectable transmission rates 
from 110 to 19,200 baud. 128 bytes of 
memory service 128 ASCII characters, 
with 15 line graphics characters available 
as an option.. Additional features include 
keyboard lock, multiple character Writing, 
typewriter and columnar tabbing, and an 
enable/disable cursor: Dimensions:, I8"W 

-x 13"H x 20.5"D; 45 lb. $699. 

CIRCLE NO. 89 ON FREE INFORMATION CARD 

The David Haller Company announces 
the release of the DH -500, a power ampli- 
fier that uses MOSFETs. According to 
the manufacturer, the DH -500 _delivers 
250 W/ch into 8 ohms. with less than 
0.025% distortion. Into 4 ohms, the figure 
claimed is 400 W/ch. More than- 800 
W/ch may be delivered into an 8 -ohm 
load using an optional bridging kit. The 
MOSFETs are enclosed rin a heat sink 
cooled by á multispeed fan. A relay is said 
to protect_ speakers against turn -on 
thumps or dc shifts. $600, kit; $750, 
assembled. 

CIRCLE NO. 91 ON FREE INFORMATION CARO 

said to be able to abort a data cycle in 
progress and be recalibrated for a new 
reading within 27 ms. Settling time is 250 
ms. $1095, base price; $395 extra for the 
IEEE -488 bus interface. 

CIRCLE NO. 92 ON FREE INFORMATION CARD 

SWR/Power Meter 

The Daiwa CN-520 uses a cross -needle 
configuration to measure forward power, 
reflected power, and resultant SWR on 
one meter. The unit plugs into an existing 
antenna system via the included SO -239 
connectors. Specs: frequency, 1.8 to 60 
MHz; power range, forward 200 W to 2 

kW, reflected 40 W to 400 W; accuracy, 
10%; detection sensitivity, 40 W. $70. 

CIRCLE NO. 93 ON FREE INFORMATION CARD 

Automobile In -Dash 
Cassette/Tuner 

Kenwood's KRC-722 has a small chassis, 
separate bass and treble controls, and fad- 
er control for front -to -rear balance. It pro- 
vides PLL synthesizer tuning, a digital 
frequency display, ten station presets (five 
each for AM and FM), cassette standby,. 
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Synthesized 
Hand -Held 
Scanner: 

Chances are the police, fire and weather 
emergencies you'll read about in tomor- 
row's paper are coming through on a 
scanner right now. All scanners sold by 
Communications Electronics bring the 
real live excitement of action news into 
your home or car. With your scanner, you 
can monitor the exciting two-way radio 
conversations of police and fire depart- 
ments, intelligence agencies, mobile tele- 
phones, energy/oil exploration crews, 
drug enforcement agencies and more. 

Some scanners can even monitor aircraft 
transmissions! You can actually hear the 
news before it's news. If you do not own a 
scanner for yourself, how's the time to buy 
your new scanner from Communications 
Electronics. Choose the scanner that's right 
for you, then call our toll -free number to 
place your order with your Master Card or 
Visa. A scanner is an excellent holiday gift. 

We give you excellent service because CE 
distributes more scanners worldwide than 
anyone else. Our warehouse facilities are 
equipped to process thousands of scanner 
orders every week. We also export scanners 
to over 300 countries and military instal- 
lations. Almost all items are in stock for 
quick shipment, so if you're a person who 
prefers fact to fantasy and who needs to 
know what's really happening around you, 
order your scanner today from CE! 

NEW! Bearcat°350 
The Ultimate Synthesized Scanner! 
Allow 30-60 days for delivery after receipt of 
order due to the high demand for this product. 
List price $599.95/CE price $419.00 
7 -Band, 50 Channel Alpha -Numeric No - 
crystal scanner AM Aircraft and Public 
Service bands. Priority Channel AC/DC 
Bands: 30-50,118-136 AM, 144-174, 421-512 MHz. 
The new Bearcat 350 introduces an incredible 
breakthrough in synthesized scanning: Alpha - 
Numeric Display. Push a button -and the Vacuum 
Fluorescent Display switches from "numeric" to 
word descriptions of what's being monitored. 50 
channels in 5 banks. Plus, Auto & Manual Search, 
Search Direction, Limit & Count. Direct Channel 
Access. Selective Scan Delay. Dual Scan Speeds. 
Automatic Lockout. Automatic Squelch. Non -Volatile 
Memory. Reserve your Bearcat 350 today! 

Bearcat° 300 
List price $549.95/CE price $339.00 
7 -Band, 50 Channel S Service Search No - 
crystal scanner AM Aircraft and Public 
Service bands. Priority Channel AC/DC 
Bands: 32-50, 118-136 AM, 144-174, 421-512 MHz. 
The Bearcat 300 is the most advanced automatic 
scanning radio that has ever been offered to the 
public. The Bearcat 300 uses a bright green fluo- 
rescent digital display, so It's ideal for mobile 
applications. The Bearcat 300 now has these added 
features: Service Search, Display Intensity Control, 
Hold Search and Resume Search keys, Separate 
Band keys to permit lock-in/lock-out of any band for 
more efficient service search. 

II 
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NEW! Bearcat® 350 

Bearcat° 250 
List price $429.95/CE price $269.00 
6 -Band, 50 Channel Crystalless Searches 
Stores Recalls Digital clock AC/DC 
Priority Channel Delay Count Feature 
Frequency range 32-50, 146-174, 420-512 MHz. 
The Bearcat 250 performs any scanning function you 
could possibly want. With push button ease you can 
program up to 50 channels for automatic: monitoring. 
Push another button and search for new frequencies. 
There are no crystals to limit what you want to hear. A 
special search feature of the Bearcat 250 actually 
stores 64 frequencies and recalls them, one at a time. 
Overseas customers should order the Bearcat 250FB 
at $379.00 each. This model has 220 V .AC/12 V DC 
power supply and 66-88 MHz low band coverage. 

NEW! Bearcat° 20/20 
List price $449.95/CE price 6279.00 
7 -Band, 40 Channel Crystalless Searches 
AM Aircraft and Public Service bands AC/DC 
Priority Channel Direct Channel Access Delay 
Frequency range 32-50,118-136 AM, 144-174, 420-512 MHz 
The Bearcat 20/20 automatic scanning radio 
replaces the Bearcat 220 and monitors 40 frequen- 
cies from 7 bands, including aircraft. A two -position 
switch, located on the front panel, allows monitoring 
of 20 channels at a time. 

Bearcat° 210XL 
List price $349.95/CE price $219.00 
6 -Band, 18 Channel Crystalless AC/DC 
Frequency range: 32-50, 144-174, 421-512 MHz. 
The Bearcat 210XL scanning radio is the second gener- 
ation scanner that replaces the popular Bearcat 210 
and 211. It has almost twice the scanning capacity of 
the Bearcat 210 with 18 channels plus dual scanning 
speeds and a bright green fluorescent display. Auto- 
matic search finds new frequencies. Features scan 
delay, single antenna, patented track tuning and more! 

Bearcat° 160 
List price $299.95/CE price $184.00 
5 -Band, 16 Channel AC only Priority 
Dual Scan Speeds Direct Channel Access 
Frequency range: 32-50, 144-174, 440-512 MHz. 
Would you believe...the Bearcat 160 is the least 
expensive Bearcat crystalless scanner. 

This scanner presents a new dimension in 
scanning form and function. Look at the smooth 
keyboard. No buttons to punch. No knobs to turn. 
Instead, finger-tip pads provide control of all scanning 
operations, Including On/Off, Volume and Squelch. Of 
course the Bearcat 160 incorporates other advanced 
Bearcat features such as Priority, Direct Channel Access, 
Dual Scan Speeds, Lockout, Scan Delay and more. 

NEW! Bearcat° 100 
The first no -crystal programmable handheld scanner. 
Allow 60-120 days for delivery alter receipt of 
order due to the high demand for this product. 
List price $449.95/CE price $299.00 
8 -Band, 16 Channel Liquid Crystal Display 
Search Limit Hold Lockout AC/DC 
Frequency range: 30-50, 138-174, 406-512 MHz 
The world's first no -crystal handheld scanner has 
compressed into a 3" x 7" x 11/." case more scanning 
power than is found in many base or mobile scanners. 
The Bearcat 100 has a full 16 channels with frequency 
coverage that includes all public service bands (Low, 
High, UHF and "T' bands), the 2 -Meter and 70 cm. 
Amateur bands, plus Military and Federal Government 
frequencies. It has chrome -plated keys for functions 
that are user controlled, such as lockout, manual and 
automatic scan. Even search is provided, both manual 
and automatic. Wow...what a scanner! 

The Bearcat 100 produces audio power output of 300 
milllwatts, is track -tuned and has selectivity of better 
than 50 dB down and sensitivity of 0.6 microvolts on 
VHF and 1.0 microvolts on UHF. Power consumption is 
kept extremely low by using a liquid crystal display and 
exclusive low power integrated circuits. 

Included in our low CE price is a sturdycarrying case, 
earphone, battery charger/AC adapter, six AA ni -cad 
batteries and flexible antenna. For earliest delivery 
from CE, reserve your Bearcat 100 today. 

Bearcat° 5 
List price $134.95/CE price $94.00 
4 -Band, 8 Crystal Channels Lockout AC only 
Frequency range: 33-50, 146-174, 450-508 MHz 
The Bearcat 5 is a value -packed crystal scanner built for 
the scanning professional - at a price the first-time 
buyer can afford. Individual lockout switches. Order one 
crystal certificate for each channel. 

Bearcat® Four -Six ThinScan" 
List price $189.95/CE price $124.00 
Frequency range: 33-47, 152-164, 450-508 MHz. 
The incredible, Bearcat Four -Six Thin Scan' is like 
having an information center in your pocket. This four 
band, 6 channel crystal controlled scanner has patented 
Track Tuning on UHF. Scan Delay and Channel Lockout. 
Measures 23/4 x 61/. x I!' Includes rubber ducky antenna. 
Order crystal certificate for each channel. Made in Japan. 

TEST ANY SCANNER 
Test any scanner purchased from Communications 
Electronics' for 31 days before you decide to keep it. If for 
any reason you are not completely satisfied, return it in 
original condition with all parts in 31 days, for a prompt 
refund (less shipping/handling charges and rebate credits). 

CIRCLE NO. 1 ON FREE INFORMATION CARD 

Fanon Slimline 6-HLU 
List price $169.95/CE price $109.00 
Low co -t 6 -channel, 4 -band scanner! 
The Fanon Slimline 6-HLU gives you six channels of crystal 
controller excitement. Unique Automatic Peak Tuning Circuit 
adjusts the receiver front end for maximum sensitivity 
across the entire UHF band. Individual channel lockout 
switches. Frequency range 30-50, 146-175 and 450-512 
MHz. Size 23/4 x6V. x 1:' Includes rubber ducky antenna. 
Order crystal certificates for each channel. Made in Japan. 

Fanon Slimline 6 -HL 
List price $149.95/CE price $99.00 
6 -Channel performance at 4 -channel cost! 
Frequency range: 30-50, 146-175 MHz 
If you don't need the UHF band, get this model and save 
money. Same high performance and features as the model 
HLU without the UHF band. Order crystal certificates for 
each channel. Made in Japan. 

OTHER SCANNERS & ACCESSORIES 
NEW! Regency'$ D810 Scanner $319.00 
NEW! Regency' D300 Scanner 5219.00 
NEW! Regency° 0100 Scanner $169.00 
NEW! Regency° H604 Scanner S129.00 
Regency' M400 Scanner S259.00 
'.Regency M100 Scanner $199.00 
Regency° R1040 Scanner $149.00 
SCMA-6 Fanon Mobile Adapter/Battery Charger.... $49.00 
CHB-6 Fanon AC Adapter/Battery Charger $15.00 
CAT -6 Fanon carrying case with belt clip $15.00 
AUC-3 Fanon auto lighter adapter/Battery Charger 515.00 
PSK-6 Base Power Supply/Bracket for SCMA-6 $20.00 
SP50 Bearcat AC Adapter $9.00 
SP51 Bearcat Battery Charger $9.00 
SP58 Bearcat 4-6 ThinScan carrying case $12.00 
MA506 Regency carrying case for H604 $15.00 
FB-E Frequency Directory for Eastern U.S.A $12.00 
FB-W Frequency Directory for Western U.S.A. $12.00 
FFD Federal Frequency Directory for U.S A $12.00 
rSG "Top Secret" Registry of U.S. Government Freq $10.00 
3-4 1.2 tI AAA Ni -Cad batteries (set of four) $9.00 
A-135cc Crystal certificate 53.00 
Add $3.00 shipping for all accessories ordered at the same time. 

INCREASED PERFORMANCE ANTENNAS 
If you want the utmost in performance from your 
scanner, it is essential that you use an external antenna. 
We have six base and mobile antennas specifically 
designed for receiving all bands. Order #A60 is a 
magnet mount mobile antenna. Order #A61 is a gutter 
clip mobile antenna. Order #A62 is a trunk -lip mobile 
antenna Order #A63 is a ,A inch hole mount. Order 
#A64 is e3/8 inch snap -in mount, and #A70 is an all band 
base station antenna. All antennas are $35.00 and 
$3.00 for UPS shipping in the continental United States. 

BUY WITH CONFIDENCE 
To get the fastest delivery from CE of any scanner, send 
or phone your order directly to our Scanner Distribution 
Center" Be sure to calculate your price using the CE prices 
in this ad. Michigan residents please add 4% sales tax. 
Written purchase orders are accepted from approved gov- 
ernment agencies and most well rated firms at a 10% 
surcharge for net 10 billing. All sales are subject to availa- 
bility, acceptance and verification. All sales on accessories 
are final. Prices, terms and specifications are subject to 
change without notice. Out of stock items will be placed on 
backorder automatically unless CE is instructed differently. 
Most products that we sell have a manufacturer's warranty. 
Free copies of warranties on these products are available 
prior to purchase by writing to, CE. International orders are 
invited with a $20.00 surcharge for special handling in 
addition to shipping charges. All shipments are F.O.B. Ann 
Arbor, Michigan. No COD's please. Non -certified and foreign 
checks require bank clearance. Minimum order $35.00. 

Mail orders to: Communications Electronics; 
Box 1002, Ann Arbor, Michigan 48106 U.S.A. Add 
$7.00 per scanner or phone product. for U.P.S. 
ground shipping and handling, or $14.00 for faster 
U.P.S. air shipping to some locations. If you have a 
Visa or Master Card, you may call anytime and 
place a credit card order. Order toll free in the 
U.S.A. Dial 800-521-4414. If you are outside the 
U.S. or in Michigan, dial 313-994-4444. Dealer 
inquiries invited. Order without obligation today! 
Scanner Distribution Center' and CE logos are trade- 
marks of Communications Electronics" 
t Bearcat is a federally registered trademark of Electra 
Company, a Division of Masco Corporation of Indiana. 
t Regency is a federally registered trademark of Regency 
Electronics Inc. 
Copyright '11981 Communications Electronics" 
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Call your local CB Dealer 
Yellow 
Pages 

For a FREE demo! 
'AMERICAN ANTENNA 

© Copyright 1979 American Antenna Elgin, Illinois 

ew products 
(continued from page 12) 
ABSS, and scan tuning. Cassette features 
include Dolby noise reduction, metal -tape 
capability, a permalloy tape head, and 
two preouts (300 mV or I V). In addition, 
a cassette is automatically ejected from 
the player when the ignition is turned off. 
The tuner section features a local/dis- 
tance switch, and an Automatic Noise 
Reduction Circuit that monitors FM sig. 
nal strength and switches from full stereo 
to a sequence of alternate modes-ensur- 
ing, according to Kenwood, optimal sound 
in a moving vehicle. Dimensions are: 
71/4"W x 2"H x 51/2"D. $499. 

CIRCLE NO. 94 ON FREE INFORMATION CARD 

Phone Censor 

z. I I 

Phone Censor from Chrono-Art uses sol- 
id-state timers to turn off a phone for I, 2, 
or 8 hours. Wrong numbers and crank 
calls are screened out by codes that ensure 
that only selected callers can get through. 
The standard phone ring is replaced by a 

selection of chimes and lights: a chime can 
be programmed to sound only once for 
each incoming call, or be delayed for sev- 
eral ring signals. Installation is via direct 
plug into a modular jack with T adapter. 
The system can be set on a table or wall - 
mounted. It uses three AA alkaline bat- 
teries. $69.95. Address: Chrono-Art, 9175 
Poplar Ave., Cotati, CA 94928. 

Tape Cleaning System 

Clean -n -Check from Boughton Enter- 
prises is a tape cleaning kit that features a 

"Drive Analyser Cassette." The cassette 
monitors the drive mechanism of a tape 
deck in each operating mode: forward, 
fast forward, play, and reverse. One 
places the cassette into the machine, and a 
needle indicates the machine's operational 
effectiveness in terms of "normal," 

"faulty," or "requiring service soon." 
$6.95. Address: Boughton Enterprises 
Inc., Box 6096, Ventura, CA 93003. 

Function Generator 

The TG102 is the newest product in the 
Thandar line of test instruments. Ac oper- 
ated, it has a frequency range from 0.2 Hz 
to 2 MHz. It produces sine, square, and 
triangle waveforms plus de from a vari- 
able -amplitude 50 -ohm output. TTL out- 
put is also provided. External sweep facil- 
ity is available, too, permitting a greater 
than 1000:1 frequency change within a 
selected range. $300. 

CIRCLE NO. 95 ON FREE INFORMATION CARD 

Heathkit Memory Keyer 

The SA -5010 µMatic uses a microproces- 
sor to provide ten variable length buffers 
for storing up to 240 characters of text or 
commands. The buffers eliminate wasted 
memory capacity by storing text in several 
buffers-stringing them together in any 
desired sequence. The speed, weight, 
spacing and auto -repeat count are con- 
trolled by a user -selected command string. 
The SA -5010 employs a 20 -position key- 
pad for entries, and features integral 
capacitive touch paddles. A mechanical 
paddle can also be used. Ham operators, it 
is claimed, can make use of 100 repeat- 
able random sequences that can be altered 
by the keyer to give a total of 6400 prac- 
tice sessions. Battery backup retains the 
memory when the unit is turned off. Other 
features include a built-in side -tone oscil- 
lator and speaker with variable pitch and 
volume controls, and a phone jack and 
earphone for private listening. An option- 
al Heathkit PS -5012 power supply is 
needed. $98. 

CIRCLE NO. 90 ON FREE INFORMATION CARD 

(continued on page 20) 
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Why use their flexible discs: 
Athana, BASF, Control Data, Dysan, IBM, Maxell, Nashua, 

Scotch, Shugart, Syncom, 3M, Verbatim or Wabash 

when you could be using i 
for as low as $1.94 each? 

Find the flexible disc you're now using on our cross reference list... 
then write down the equivalent Memorex part number you should be ordering. 
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Memorex Flexible Discs...The 
QU elity 
Memorex means quality products that you can depend on. 
Quality control at Memorex means starting with the best 
materials available. Continual surveillance throughout the 
entire manufacturing process. The benefit of Memorex's years 
of experience in magnetic media production, resulting, for 
Instance, in proprietary coating formulations. The most sophis- 
ticated testing procedures you'll find anywhere in the business. 

100 Percent Error Free 
Each and every Memorex Flexible Disc Is certified to be 100 
percent error free. Each track of each flexible disc is tested. 
individually, to Memorex's stringent standards Of excellence. 
They test signal amplitude, resolution, low-pass modulation, 
overwrite, missing pulse error and extra pulse error. They are 
torque -tested, and competitively tested on drives available 
from almost every major drive manufacturer in the industry 
including drives that Memorex manufacturers. Rigid quality 
audits are built into every step of the manufacturing process 
and stringent testing result in a standard of excellence that 
assures you, our customer, of a quality product designed for 
increased data reliability and consistent top performance. 

Customer -Oriented Packaging 
Memorex's commitment to excellence does not stop with a 

quality product. They are proud of their flexible discs and they 
package them with pride. Both their packaging and their 
labeling have been designed with your ease of identification 
and use in mind. The desk -top box containing ten discs is 
convenient for filing and storage. Both box labels and jacket 
labels provide full information on compatibility, density, sec- 
toring, and record length. Envelopes with multi -language care 
and handling instructions and color -coded removable labels 
are included. A write -protect feature is. available to provide 
data security. 

Full One Year Warranty - Your Assurance of Quality 
Memorex Flexible Discs will be replaced by Memorex if they 
are found to be defective in materials or workmanship within 
one year of the date of purchase. Other than replacement, 
Memorex will not be responsible for any damages or losses 
(including consequential damages) caused by the use of 
Memorex Flexible Discs. 

Ultimate in Memory Excellence 
Quantity Discounts Available 
Memorex Flexible Discs are packed 10 discs to a canon and 
10 cartons to a case. Please order only in increments of 100 
units for quantity 100 pricing. We are also willing to accom- 
modate your smaller orders. Quantities less than 100 units are 
available in Increments of 10 units at a 109k surcharge. 
Quantity discounts are also available. Order 500 or more 
discs at the same time and deduct 1%; 1,000 or more saves 
you 2%; 2,000 or more saves you 3%; 5,000 or more saves you 
4%; 10,000 or more saves you 5%; 25,000 or more saves you 
6%; 50,000 or more saves you 7% and 100,000 or more discs 
earns you an 8% discount off our super low quantity 100 price. 
Almost all Memorex Flexible Discs are immediately available 
from CE. Our warehouse facilities are equipped to help us get 
you the quality product you need, when you need it. If you need 
further assistance to find the flexible disc that's right for you, 
call the Memorex compatibility hotline. Dial 800-535-8080 
and ask for the flexible disc hoflne extension 0997. In California 
dial 800-672-3525 extension 0997. 

Buy with Confidence 
To get the fastest delivery Irom CE of your Memorex Flexible Discs, send 
or phone your order directly to our Computer Products Division. Be sure 
to calculate your price using the CE prices in this ad. Michigan residents 
please add 4% sales tax. Written purchase orders are accepted from 
approved government agencies and most well rated firms at a 10% 
surcharge for net 10 billing All Sales are subject to availability, 
acceptance and verification. All sales are final. Prices. terms and 
specifications are subject k3 change without notice. Out of stock items 
will be pieced on backorder automatically unless CE Is Instructed 
differently. Minimum order550.00. International orders are invited with 
a 520.00 surcharge for special handling in addition to shipping charges. 
All shipments are F.O.B. Ann Arbor, Michigan No COD's please. Non - 
certified and foreign checks require bank clearance. 

Mall orders for Communications Electronics, Box 1032, Ann 
Arbor, Michigan 48106 U.S.A. Add 58.00 per case or panlal-case of 
100 8 -inch discs or 56.110 per case of 100 53/4 -inch mini -discs for 
U.P.S. ground shipping and handling In the continental U.S.A. If you 
have a Master Card or Visa card, you may call anytime and place 
a credit card order. Order 1011.1105 In the United Slates. Call 
anytime 800.521.4414. If you are outside the U.S. or in Michigan, 
dial 313-994.4444, Dealer Inquiries invited All order lines at 
Communications Electronics are staffed 24 hours. 

VISA 

Order Toll -Free! 
(800) 521-4414 

In Michigan (313) 994.4444 

Fo Data Reliability -Memorex Flexible Discs 

COMMUNICATIONS 
ELECTRONICS' 

Computer Products Division 
854 Phoenix O Box 1002 0 Ann Arbor, Michigan 48106 U.S.A. 

Copyright 1981 Communications Electronics Call TOLL -FREE (800) 521-4414 or outside U.S.A. 1313) 994-4444 
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"If youre going to learn 
electronics, you might 
as well learn it right!" 
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`Don't settle for less. 
Especially when it comes 
to career training.. because 
everything else in your life 
may depend on it. That's 
why you ought to pick CIE!" 

16 POPULAR ELECTRONICS 



you've probably seen ad- 
vertisements from other 

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

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

Meet the Electronics 
Specialists. 

When you pick an electronics 
school, you're getting ready to invest 
some time and money. And your 
whole future depends on the educa- 
tion you let 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 fund a 
lot of them shopped around for their 
training. Not for the lowest priced 
but for the best. They pretty much 
knew what was available when they 
picked CIE as number one. 

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

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

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

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

At CIE, we believe theory is 
important. And our famous 
Auto-Programmedl 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 ofthe 
trade like a 5 MIIz triggered -sweep, 
solid-state oscilloscope you build 
yourself-and use to practice trouble- 
shooting. Or a Digital Learning 
Laboratory to apply the digital theory 
essential to keep pace with electronics 
in the eighties. 
Our specialists offer you 
personal attention. 

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

Pick the pace that's right 
for you. 

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

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

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

CIE can prepare you for 
your FCC License. 

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

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

Associate Degree 
Now, CIE offers an Associate in 

Applied Science Degree in Electronics 
Engineering Technology. In fact, 
all or most of every CIE Career 
Course is directly creditable 
towards the Associate Degree. 
Send for more details 
and a FREE school 
catalog. 

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

Mail the card or the coupon or 
write CIE (mentioning name and 
date of this magazine) at: 1776 East 
17th Street, Cleveland, Ohio 44114. 
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YES... I want the best of everything! Send me my FREE CIE school 
catalog- including details about the Associate Degree program - plus my FREE 
package of home study information. 

Print Name 

Address Apt. 

City 

State 7ip 

Age ' Phone (area code ) 

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



new products 

Metal 
Microprocessor 
Cassette Deck 

.. 
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Sherwood's S-5000CP uses a micropro- 
cessor -controlled tape transport with tim- 
er start for record or play. The player fea- 
tures soft -touch controls and an automatic 
music selector that senses pauses between 
musical selections fast -forwards or re- 
winds to a pre -selected track. It also has a 

memory rewind with repeat, and memo 
play and stop, with an LED numeric track 
display. A hold circuit is incorporated into 
the 24 -bar, two-color fluorescent peak sig- 
nal display. Specs: frequency response 
(metal tape), 25 to 19,000 Hz; S/N 
(chrome, with Dolby NR), 63 dB; THD 
(metal, 1 kHz), 1%; wow and flutter 
(wrms), 0.05%; tape speed deviation, 
0.5%. Bias is variable for metal, chrome, 
ferrichrome, and normal tape. $350. 

CIRCLE NO. 96 ON FREE INFORMATION CARD 

TRS-80 Plug -In Memory 

-r 

.t 1 ffl_ 

The CMEMORY plug-in cartridge from 
Micro -Labs, Inc. is designed for the TRS- 
80 Color Computer. It provides 8K of con- 
tinuous memory that can be divided into 
any combination of 2K RAM blocks and/ 
or 2716 EPROMs. Thus, it is claimed, a 

user can store a utility, game, or monitor 
on an EPROM, while debugging another 
program on a RAM. The CMEMORY 
occupies the unused address space $C000 
to $E000 normally reserved for plug-in 
games. Without memory, the cartridge 
sells for $24.95, and can be interfaced to 
the memory of the TRS-80. It can also 
interface with the 2K RAM chips ($19.95 
each), or the 2K 2716 EPROMs ($14). 

CIRCLE NO. 97 ON FREE INFORMATION CARD 
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Quality, Service and Availability 
You can count on all three fromri Wabash Tape 

Corporation. Our toll -free number will put you instantly in 
touch with your local Wabash Distributor ... and the 

finest diskettes money can buy! 

800-323-9868 
Wabash Tepe Corporation 2700 Des Plaines Ad., Des Plaines, IL 60018 312-298-858' 

CIRCLE NO. 59 ON FREE INFORMATION CARD 
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Computer Cleaner 

Innovative Computer Products has intro- 
duced the VARI-CLEAN cleaning kit for 
the small computer user. The kit is said to 
contain components for cleaning every- 
thing from the CRT screen, to the printer, 
to the heads of the magnetic peripherals. 
Also included in the kit is an antistatic 
spray that, under conditions of low hu- 
midity, reduces the static charge in car- 
pets. $40. 

CIRCLE NO. 98 ON FREE INFORMATION CARD 

Marantz AM/FM 
Receiver 

The SR 8100DC AM/FM stereo receiver 
features quartz -lock frequency synthe- 
sized tuning, 16 memory presets, station 
search, and a five -band graphic equalizer. 
The unit is said to deliver a flat response 
down to 0 Hz. Power capability is given as 

90 W/ch, with 0.06% THD into 4 ohms 
from 20 Hz to 20 kHz. $750. 

CIRCLE NO. 99 ON FREE INFORMATION CARD 

Data Communications 
Modems 

Novation Inc. has announced the avail- 
ability, so far, of seven LSI modem mod- 
ules than can communicate on a variety of 
networks and operate at rates up to 1200 
baud. These include: a Low Speed (300 
baud) Modem featuring full or half du- 
plex answer or originate, plus self -test; a 

Phone Line Interface with auto or manual 
answer, pulse dialing, multitiming, and 
holding circuits; a Deaf Modem, whereby 
one can communicate with the deaf via 
the TTY network, etc. Prices for a single 
module (27/8" x 21/8") start at $99. 

CIRCLE NO. 100 ON FREE INFORMATION CARD 
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3.7 million reasons why the 
ATARI Personal Computer 
is something to see. 

° The display screen used with our computers 
° is composed of 192 horizontal lines, each 

containing 320 dots. Delivering color and lu- 
minosity instructions to each dot for a sec- 

' and requires 3.7 million cycles...a lot of 
work for the normal 6502 processor. 

That's why the ATARI computer has 
equipped its 6502 with its own electronic as- 
sistant. It's called ANTIC, and it handles all 
the display work, leaving the 6502 free to 
handle the rest. What this means to you is 
uncompromisingly spectacular display capa- 
bilities without loss of computer power need- 
ed to carry out the demands 
of your program. 

That's a quality you just don't find in ordi- 
nary personal computers. And it's one of 
the reasons some computer experts say 
that ATARI computers are so far ahead 
of their time. 
There's more...which is what 
you'd expect from ATARI. 
Language. The ATARI Personal 
Computer uses several program- 
ming languages to give the user 
maximum control of its extraordi- 

. nary capabilities. PILOT, Microsoft 
BASIC,` and ATARI BASIC are 
understood and spoken by the 
ATARI computer. You'll also 
find our Assembler Editor car- 
tridge indispensable for 
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machine language programming. 
Sound. An ATARI computer has four sound 

generators, or voices, activated by a sepa- 
rate microchip. This leaves the principal mi- 

croprocessor chips free to perform other a a 

tasks. And you can take full advantage of 
this capability which is designed 

for easy programming. 
Change. ATARI Personal Computers have 
been designed to make change and expan- 

sion easy. The ATARI computer has a modu- 
lar opérating system- that can be easily 

replaced as new technology develops. If you 
need it, memory expansion requires no more 

than inserting additional RAM modules.* 
And the ATARI ROM cartridge system also 

makes it easy to change languages. In short, 
your ATARI computer won't be obsoleted by 

future developments...because it already 
incorporates the future. 

Sharing. To learn more about the amaz- 
ing capabilities of ATARI computers, visit 

your local computer store for a demon- 
stration. Or send for our Technical Us- 

er's Notes, intended for the serious 
programmer. They are only $27 and 
contain a lot more information about 

our computers' special capabilities 
than most companies could tell. 
See your ATARI dealer, or send 

$30 ($27 plus $3 postage and 
handling), payable to ATARI, to ', 

Technical User's Notes, c/o 
ATARI Customer Service, 1340 
Bordeaux Avenue, Sunnyvale, 

CA. 94086. 

ATARI® 
Computers for peoplé: 

'ATARI 800" computer only. 

©1981 Atari, Inc. © A Warner Communications Company 
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TWELVE STRONG 
HEATH/ZENIT. FUR 

Pick a strong partner 
A computer purchase is the beginning of a long term 
partnership between you and the people you buy from. 
Your ongoing need for software and accessories re- 
quires a partner who will stand by you with a growing 
line of products. And nowhere will you find a more com- 
plete line of hardware, software and accessories than 
at your Heath kit Electronic Center. Here are twelve 
strong reasons to make Heath/Zenith your partner. 

1. The All -In -One Computer 
The heart of the Heath/Zenith line is the stand-alone 
89 Computer. It's a complete system with built-in 51/4 -inch 
floppy disk drive, professional keyboard and keypad, 
smart video terminal, two Z80 microprocessors, and 
two RS -232C serial I/O ports. It comes with 16K RAM, 
expandable to 64K. 

2. Peripherals 
These include the popular Heath/Zenith 
19 Smart Video Terminal, loaded with 
professional features. And the 14 Line 

s Printer, priced as low as $495. Other 
printer brands are on display, 

including high- 
speed, typewriter - 

quality printers. 

3. Software 
Word processing, includes reliable, easy -to -use 
Zenith Electronic Typing and powerful, full -featured 
WORD STAR. 
Small Business Programs, feature General Ledger and 
Inventory Control. 
HUG, Heath Users' Group, offers members a library of 
over 500 low-cost programs for home, work or play. 

4. Programming Languages 
For your own custom programs, 
Microsoft languages are 
available in BASIC (compiler 
and interpreter), FORTRAN 
and COBOL.. 

o,mi° 

5. Operating Systems 
Three versatile systems give you the capability to per- 
form your specific tasks. 
CPIM by Digital Research makes your system com- 
patible with thousands of popular CP/M programs. 
UCSD P -System with Pascal is a complete program 
development and execution environment. 
HDOS, Heath Disk Operating System gives you a 
sophisticated, flexible environment for program 
construction, storage and editing. 

6. Utility Software 
Expand the performance range of your computer with 
a broad selection of utility tools, including the best of 
Digital Research and the complete line of innovative 
Softstuff products. 

7. Disk Systems 
The 8 -inch Heath/Zenith 47 
Dual Disk System adds over 2 

megabytes 9 Y of storage to our --- 'n 
89 Computer. Diskettes are 

standard IBM 3740 format, double -sided, 
double -density. 
The 51/4 -inch 87 Dual Disk System adds 
200K bytes of storage to your 89. Both 
disk systems feature read/write protec- 
tion and easy plug-in adaptability. 

II 

8. Self -Study Courses 
Learn at your own pace 
with Programming 
Courses that teach you 
to write and run your own 
programs in Assembly, 
BASIC, Pascal or 
COBOL. 
A course on Computer Concepts 
for Small Business gives you 
the understanding to eval- 
uate the ways a computer 
can benefit your business. 
Personal Computing is a 
complete introduction to 
the fundamentals for the 
novice. Every Heathkit/ 
Zenith course is pro- 
fessionally designed 
for easy, step-by- 
step learning. 
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All Heath/Zenith 
Computer Products 
are available completely 
assembled and tested for 
commercial use. Or in easy - 
to -build, money -saving kits. 



REASONS TO 
COMPUTER RT 

9. Expansion Options 
Communicate with the outside world through a Three - 
port EIA RS -232C Serial Interface. 
Expand RAM to 64K with easy -to -install expansion 
chips. 

10. Accessories 
Your Heath kit Electronic Center has the 

latest in modems, black -and -white and 
- ----color videomonitors, computer furniture 

and a full line of supplies, accessories, books 
and parts. 

11. Service 
No one stands by you like Heath/Zenith. 
We help you get your system up and 
running smoothly. Service is avail- 
able from trained technicians, 
over the phone or at one of 56 
Heathkit Electronic Centers. 

12. Value 
Your money buys you more because 
Heath/Zenith prices are among the industry's most 
competitive. Make your own comparison and find out 
how much you can save. 

Complete, integrated computer hardware and soft- 
ware, designed to serve you and to grow with you 

- that's what to look for in a strong partner. And 
with Heath/Zenith you get it all under 

one roof. 

All at your 
Heathkit Electronic 
Center 
Pick the store nearest you 
from the list at right. And 
stop in today for a demon- 
stration of the Heath/Zenith 
89 Computer System. If you 
can't get to a store, send 
$1.00 for the latest Heathkit® 
Catalog and the new Zenith 
Data Systems Catalog of 
assembled commercial 
computers. Write to 
Heath Co., Dept. 010-834, 
Benton Harbor, MI 49022. 

Visit Your Heathkit Electronic Center* 
where Heath/Zenith Products are displayed, sold and serviced. 

PHOENIX, AZ 
2727 W. Indian School Rd. 
602-279-6247 

ANAHEIM, CA 
330 E. Ball Rd. 
714-776-9420 

CAMPBELL, CA 
2350 S. Bascom Ave. 
408-377-8920 

EL CERRITO, CA 

6000 Potrero Ave. 
415-236-8870 

LA MESA, CA 
8363 Center Dr. 
714.461-0110 

LOS ANGELES, CA 
2309 S. Flower St. 
213-749-0261 

POMONA, CA 
1555 N. Orange Grove Ave. 
714-623-3543 

REDWOOD CITY, CA 
2001 Middlefield Rd. 
415-365-8155 

SACRAMENTO, CA 
1860 Fulton Ave. 
916-486-1575 

WOODLAND HILLS, CA 
22504 Ventura Blvd. 
213-883-0531 

DENVER, CO 
5940 W. 38th Ave. 
303-422-3408 
AVON, CT 
395 W. Main St. (Rt. 44) 
203-678-0323 
HIALEAH, FL 
4705 W. 16th Ave. 
305-823-2280 
PLANTATION, FL 
7173 W. Broward Blvd. 
305-791-7300 
TAMPA, FL 
4019 W. Hillsborough Ave 
813-886-2541 
ATLANTA, GA 

5285 Roswell Rd. 
404-252-4341 

CHICAGO, IL 
3462-66 W. Devon Ave. 
312-583-3920 
DOWNERS GROVE, IL 
224 Ogden Ave. 
312-852-1304 

INDIANAPOLIS, IN 
2112 E. 62nd St. 
317-257-4321 

MISSION, KS 
5960 Lamar Ave. 
913-362-4486 

LOUISVILLE, KY 
12401 Shelbyville Rd. 
502-245-7811 

KENNER, LA 
1900 Veterans 
Memorial Hwy. 
504-467-6321 

BALTIMORE, MD 
1713 E. Joppa Rd. 
301-661-4446 
ROCKVILLE, MD 
5542 Nicholson Lane 
301-881-5420 
PEABODY, MA 
242 Andover St. 
617-531-9330 

WELLESLEY, MA 
165 Worcester Ave. 
617-237-1510 

DETROIT, MI 
18645 W. Eight Mile Rd. 
313-535-6480 
E. DETROIT, MI 
18149 E. Eight Mile Rd. 
313-772-0416 

HOPKINS, MN 
101 Shady Oak Rd. 
612-938-6371 

ST. PAUL, MN 
1645 White Bear Ave. 
612-778-1211 

BRIDGETON, MO 
3794 McKelvey Rd. 
314-291-1850 

OMAHA, NE 

9207 Maple St. 
402-391-2071 

ASBURY PARK, NJ 
1013 State Hwy. 35 
201-775-1231 

FAIR LAWN, NJ 
35-07 Broadway (Rt. 4) 
201-791-6935 
AMHERST, NY 
3476 Sheridan Dr. 
716-835-3090 
JERICHO, L.I. NY 
15 Jericho Turnpike 
516-334-8181 
ROCHESTER, NY 
937 Jefferson Rd. 
716-424-2560 
N. WHITE PLAINS, NY 
7 Reservoir Rd. 
914-761-7690 

CLEVELAND, OH 
28100 Chagrin Blvd. 
216-292-7553 
COLUMBUS, OH 
2500 Morse Rd. 
614-475-7200 
TOLEDO, OH 
48 S. Byrne Rd. 
419-537-1887 
WOODLAWN, OH 
10133 Springfield Pike 
513-771-8850 
OKLAHOMA CITY, OK 
2727 Northwest 
Expressway 
405-848-7593' 
FRAZER, PA 
630 Lancaster Pike 
(Rt. 30) 
215-647-5555. 
PHILADELPHIA, PA 
6318 Roosevelt Blvd. 
215-288-0180 
PITTSBURGH, PA 
3482 Wm. Penn Hwy. 
412-824-3564 
WARWICK, RI 
558 Greenwich Ave. 
401-738-5150 

DALLAS, TX 
2715 Ross Ave. 
214-826-4053 
HOUSTON, TX 
1704 W. Loop N. 
713-869-5263 
SAN ANTONIO, TX 
7111 Blanco Road 
512-341-8876 
MIDVALE, UT 
58 East 7200 South 
801-566-4626 
ALEXANDRIA, VA 
6201 Richmond Hwy. 
703-765-5515 
VIRGINIA BEACH, VA 
1055 Independence Blvd. 
804-460-0997 
SEATTLE, WA 
505 8th Ave. N. 
206-682-2172 
TUKWILA, WA 
15439 53rd Ave. S. 
206-246-5358 
MILWAUKEE, WI 
5215 W. Fond du Lac 
414-873-8250 

'Units of Veritechnology 
Electronics Corporation In 
the U.S. 

Prices and specifications subject to change without notice. 

HEATH/ZENITH 

Your strong partner 
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Video Begins to Get Convenient 

IM GLAD to see that designers of 
VCRs and cameras are starting to 

build them as though they might actual- 
ly be used. The designers of the early 
models had too much to do just getting 
the features in and functioning to worry 
about how useful and convenient they 
might be. Now that many of the basic 
problems have been licked, there's some 
breathing space, a chance to work on the 
human -engineering problems. 

Take the shape of cameras, for in- 
stance. The early ones looked like Su- 
per -8 home movie cameras, a shape that 
was easy for the designer to conceive 
and for the public to accept. Now, we're 
getting into functionally designed "ugly 
ducklings" like Sony's HVC-2200, 
which look like nothing else on earth 
(except for professional TV news and 
cine cameras)-and which work all the 
better for it. 

The two main things that make the 
Sony look odd are its grip (horizontal 
and set well to the right) and its eye- 
piece (offset to the left of the camera 
body). The grip is horizontal because 
your fist is naturally oriented that way 
when you raise your forearm-conven- 
tional grips make you bend and strain 
your wrist unnecessarily. Making that 
grip still handier, Sony puts a rocker 
switch for the power zoom lens under 
your fingertips, and the trigger button 
under your thumb. 

Electronic (TV -screen) finders like 
the 2200's can be built into the camera 
body, as the optical ones on movie cam- 
eras are; but they don't have to be. Since 
they're connected by wire, they can be 
mounted anywhere. Mount them out- 
side, and you get much handier designs. 
The finder can be shifted forward, let- 
ting much of the camera's weight rest on 
your shoulder, so your arms don't get as 
tired. (The HVC-2200 rests more com- 
fortably than most on a shoulder, too, 
because its shoulder rest is not only pad- 
ded but cut away to match the should- 
er's natural droop.) 

The finder's position can even be 
shifted forward and back or from side to 
side, to custom -fit your face. (The find - 

Sony's HVC-2200 
color video camera 

has a 6:1 motor - 
driven zoom and 

macro lens. 
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By Ivan Berger 

ers on some RCA cameras can even be 
Hipped over the camera for left-handed 
use.) You can tilt the finder up when 
you're working with a low camera angle, 
so you needn't squat to see it-or, some- 
times, tilt it down when the camera is 
mounted high. On some cameras (in- 
cluding the Sony), the finder can even 
be removed and put on the end of an 
extension cord for remote -control use. 

Not all the new camera conveniences 
change the camera's shape. You have to 
look twice at Sanyo's new VSC450 cam- 
era to notice that it has built-in remote 
control for the matching VPR4800 
VCR. Quasar and Panasonic have op- 
tional remote controls for some VCR 
models which mount directly on their 
cameras and send their commands' 
through the camera cables. 

With these, you can not only start and 
stop the VCR, but rewind the shot 
you've just made (in fast -scan mode, so 
you can see where it begins), replay it 
through the viewfinder, and resume re- 
cording right at the spot where you want 
the new shot to begin-all without hav- 
ing to take your hand off the camera and 
hunt for the VCR's controls. The Pana- 
sonic/Quasar remotes even have single - 
frame advance, in case you want a really 
close look. 

Since I haven't actually had the 
chance to use them I can't tell yet how 
convenient these camera -mounted re- 
mote controls will prove to be in prac- 
tice. But there's no question the idea's a 
great one. 

VCR Conveniences. VCRs are bene- 
fiting from the new emphasis on conve- 
nience, too. More and more of them 

agar 

s 

have full -featured, multifunction remote 
controls (often wireless) that even 
change channels. Grundig's new TV sets 
and VCRs will share a common remote 
control, with a shift key to select one or 
the other. And VCRs with cable -ready 
tuners are beginning to appear, so you 
can watch one cable show and tape 
another without needing two of the 
cable company's adapter boxes. If your 
TV receiver is cable -ready, too, you 
won't even need one adapter box- 
unless you're watching a scrambled pay- 
cable signal. 

VCRs still have a way to go before 
they grow as responsive to command as 
audio tape recorders. Even so, there are 
some nice VCR features which do make 
life more convenient. 

My favorite is visual scan. Like the 
audio tape decks which let you listen to 
the tape's chatter in fast -wind modes, so 
you can tell where selections start and 
end or where the nature of the sound 
changes, VCRs with visual scan let you 
watch the picture as you fast -wind their 
tapes. Visual search isn't as fast as the 
true fast -wind modes-about 5X to 40X 
normal speed, which means it would 
take from 11/s hours to 9 minutes to scan 
through a six -hour tape. The picture you 
see in visual search is full of noise bars- 
but still clear enough to tell what portion 
of the tape you're seeing, which is all 
you need. And many recorders don't 
offer visual search at all their speeds. 
Nonetheless, it's a big advance. 

Another convenience is a feature that 
Sony calls "Tab Marker." (Other mak- 
ers call it by other names, when they 
bother mentioning it at all.) Ít leaves a 
little marker pip on the tape wherever 
you switch into Record mode; in fast 
wind or rewind, the deck stops at each 
such pip. In live recording, it makes it 
easier to rewind right back to the start of 
the last shot you made, to review it. 
When recording off the air, it lets you 
quickly find the start of each show. 

Grundig's new Video 2000 VCR (a 
new tape format, in this country) has a 
counter which reads actual tape time- 
the first I can recall in any VCR, though 
there are a few of them in audio decks. 
It automatically measures how long the 
tape is and how much time is left. If you 
set it to make a timer -controlled record- 
ing longer than the time remaining on 
the tape, it will automatically tell you 
that there isn't enough room left. 

The more advanced VCRs become, 
the more such conveniences we'll see. 
Sometimes, the advancements make the 
conveniences more necessary. The long- 
er the tape, for example, the more vital 
the ability to locate specific spots on it. 

This is just one of the areas where 
there's not only room for improvement, 
but ideas lying around waiting to be 
used. For example, why couldn't a deck 
with a counter like the Grundig's also 
allow you to punch in the time of the 
spot on the tape you wish to find, and 
have the tape advance directly to it? I'm 
playing with an audio cassette deck 
(Bang & Olufsen's 8002) which does 
precisely that, and it's delightful. O 
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Popular Electronics Tests 

RCA VP3301 
Interactive Data Terminal 

THE RCA Interactive Data Termi- 
nal VP3301 is essentially a high - 

quality monochrome or color "intelli- 
gent" terminal without a CRT monitor. 
It can be interconnected via an internal 
RS232 or 20-mA port to any RS232/ 
20-mA device such as a modem, printer, 
or computer. The baseband video can 
either feed a conventional CRT monitor 
or be applied via an FCC -approved r -f 
modulator to a conventional mono- 
chrome or color -TV receiver. 

It has two companion terminals: the 
VP3303 is identical but has a built-in r -f 
modulator (channels 3/4), while the 
V P3501 has an r -f modulator and a 
direct modem and cassette port. 

The character display is selectable 
from 40 characters per line and 24 lines 
or 20 large -size characters on 12 lines. 
This choice, like all other functions on 
this device, can be selected either by 
switch settings or software control. 
There are 52 upper- and lower-case 
alphabetics, 10 numerals, 32 punctua- 
tion and math characters, and 31 control 

characters. Each key can be redefined 
under software control to create any 
character of the user's choosing, up to 
128. Each or all characters can be dis- 
played in any of eight colors (seven gray 
scales when using a monochrome CRT 
monitor), with a selection of eight back- 
ground colors. Reverse video also en- 
hances the display. 

A built-in tone generator with inter- 
nal loudspeaker is used for keypress 
feedback (which can be switched off if 
desired). This feature can be repro- 
grammed for almost any audio effect- 
or even used to create music. An 8 - 
octave frequency range is provided while 
a white -noise generator can be pro- 
grammed to emulate explosions, gun 
shots, etc., for game playing or as a 
unique alerting signal. 

The keybcard uses flexible -membrane 
switching with a light, positive pressure, 
and it is impervious to liquids, cigarette 
ashes and other contaminants. It can be 
cleaned easily using a damp cloth. 

The "power supply" is a wall recepta- 

cle plug-in similar to those used by 
many calculators (but a trifle larger). 

Specifications. The keyboard con- 
tains 58 keys, arranged in the familiar 
QWERTY fashion. Each key has auto - 
repeat after it has been held down for a 
second or so. Two keys (switch closures) 
can be user defined, with each of these 
spst keys capable of switching 30 volts at 
0.1 ampere. The BREAK key generates a 
binary zero. 

The video display can be hardware or 
software selected from 24 lines with 40 
characters/line for an effective dot reso- 
lution of 240 dots horizontal by 192 ver- 
tical, or 20 larger -sized characters on 12 
lines for an effective dot resolution of 
120 x 96. Each character is formed 
using a 5 x 6 matrix within a 6 x 8 char- 
acter block. Descenders are provided in 
lower case. Any character, up to a max- 
imum of 128, can be user defined with 
each new character block if desired. 
This enables creation of contiguous fig- 
ures. Reverse video can also be created 
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New from NRI! 
The first at-home training in 
videocass recorder repair 

with exclusive videotaped lessons. 
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Learn Video/Audio Servicing... 
includes RCA state-of-the-art VCR, 

NRI Action Video lessons, 
plus full training in 

color TV and audio repair. 
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Learn as you work with equipment 
you keep. 

Now, you can learn the hottest, 

most wanted skill in home entertainment 
electronics... servicing and repairing 
videocassette recorders and video disc 

players. Well over 2 million units have 

already been sold and the demand is just 

starting! Already, qualified VCR techni- 
cians are in short supply... people are 

waiting up to a month for VCR repair. 

Good jobs at good pay are going begging. 
And NRI can get you in on the 

action with convenient 
and effective at-home 
training. 

Choice of 
Specialized 

Training 
NRI offers you 

three Master Courses in 

Video/Audio Servicing, 

- each complete, each with 
L- equipment and training 

for the specialty you want. 

-- Each course thoroughly 
-- prepares you for color TV 

-- 1. plus audio and video equipment. 
Then, you take the specialized 

hands-on traíníng on the equip- 
ment you select. 

You can get specialized 

audio experience as you build your 
own AM/FM stereo system com- 

plete with speakers. Or gain 
real bench experience with 

' hands-on TV training as you 

build a 25" (diagonal) fully - 

computerized, programmable 
color TV and professional test 

instruments. Or train with 

' your own RCA videocas- 

' sette recorder and NRI's 

exclusive Action Video ti servicing lessons on 
videotape. 

State -of -the - 
Art VCR / This modern VCR 

features high-technology de- 

sign with electronic pushbutton 
tuning, remote control, three re- 

cording speeds with up to 6 -hour capa- 
city, high-speed visual search, built-in 

clock/timer, memory rewind and audio 
dubbing capability. Direct drive motors 
and azimuth recording give outstanding 
picture reproduction. 

It's yours to keep, as part of your 

training. You'll not only use it to learn 
operation and servicing techniques, but 
to play the absorbing NRI Action Video 

lessons that come as part of your spe- 

cialized training. In word and picture, 

you'll learn theory, construction, and 
service procedures, see them explained 
in graphic closeups. And you get this 

unique training only with NRI! 

Learn at Home 
at Your 

Convenience 
No need to quit your job or tie up 

your evenings at night school. No time 
away from your family or expensive 

travel. NRI comes to you. You are a class 

of one, getting both theory and practical 
hands-on training backed up by our 
staff of experienced educators. 

NRI the Pros' Choice 
More than 67 years and a million 

and a half students later, NRI is still the 
first choice in home -study schools. A 

national survey of successful TV repair- 

men shows that more than half have had 
home -study training, and among them, 
it's NRI 3 to 1 over any other school. 

That's because you can't beat the 

training and you can't beat the value. 

Only NRI combines exclusive fast -track 

training techniques with modern state- 

of-the-art equipment to give you the skills 

you need for success quickly and easily. 

Only NRI offers such complete train- 
ing with so many timely options for 

specialized bench experience. Send for 

our free catalog and get all the facts on 

these exciting Master Courses in Video/ 

Audio servicing. 

-. .. 

_- 
Other NRI courses include microcom- 
puters, communications electronics, 
electronic design. 

Free Catalog... 
No Salesman Will Call 

Mail the postage -paid card today for 

your free copy of our 100 -page look into 

tomorrow. It shows all the equipment you 

get, describes each lesson in detail. And 

it tells you about other important career 
opportunities in Microcomputers and 
Microprocessors, Digital and Communi- 
cations Electronics, Electronic Design 

Technology, and more. Send today and 
get started on a big new future for your- 

self. If card has been removed, please 
write to us. 

NRI 
NOO 
McGraw-HillRLSCH Continuing 

- Education Center 

ífá 
3939 Wisconsin Ave., 

M Washington, D.C. 20016 

We'll give you tomorrow. 
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THE ROI` 
FACTOR 
(*Return On Investment) 

A small 
investment can 
upgrade the soun 
of your entire 
hi-fi system. 

If you're one of the millions who have bought a ShúreVl5 Type ICI, 

M97 Series, M95 Series, or M75 Series phono cartridge wetiaVe a 
way of making it perform better than it ever has before. it's the Shure 
Hyperelliptical (HE) upgrade stylus (needle) series. We're taken áll 
the high trackability/low distortion behefits of the HE styFus tip (first 
introduced on the famous V15 Type IV), and put them into styli that 
will match perfectly with your cartridge, for an audible improvement 
in your system's sound at an absolutely minimal cost to you! 

Upgrading your phono cartridge with an HE replacement stylus 
will give a large return on a very small investment: You already own a 
phono cartridge with proven performance; now you can get even 
better performance from.that same cartridge. Ask your dealer for the 
Shure HE replacement stylus that's right for you, ánd take advantage 
of the ROI factor. 

4-1 
Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204 

In Canada: A. C. Simmonds & Sons Limited 
Manufacturer of high fidelity components, microphones, 

loudspeakers, sound systems and related circuitry: 

_computers__ 
via software. This allows creation of 
reverse words, characters, or lines. The 
internal memory holds 960 characters 
(one screen on high resolution). 

Both characters and background can 
be selected from any of eight colors (7 
levels, of gray scale) on a choice of 8 

background colors (also 7 levels of gray 
on a monochrome monitor). The com- 
posite video output, available at a con- 
ventional RCA connector is 1 volt peak - 
to -peak, into a 75 -ohm termination. 

The I/O port transmits the ASCII 
signals as 1 start bit, 7 data bits, 1 parity 
bit (odd, even, or space), and 1 or 2 stop 
bits. The mode is switch selectable as 
half or full duplex, and there is a line/ 
local selection switch. The RS232 data 
rate can be selected from 110, 300, 
1200, 4800, 9600, or 19,200 baud. The 
current -loop can be switch selected from 
110, 300, or 1200 baud. Control signals 
include request -to -send, and clear -to - 
send, both RS232 compatible. The re- 
ceive port is similar to the transmit port 
except that it features a clear -to -receive 
RS232 signal. A 20- or 60-mA loop is 
provided on the 25 -pin connector. 

There is one LED on the keyboard 
that glows when the clear -to -send is true 
and acts as the power -on indicator when 
this signal is not being used. As each 
key is depressed, an audio tone is gener- 
ated, with a different tone when the shift 
or control keys arc used. The keyboard 
tone can be defeated via a rear -apron 
switch. The control -G bell code actually 
sounds like a bell. 

On the left -side end panel, there is a 
slot that allows access to 16 switches. 
These allow for hardware selection of 
upper or upper/lower case; the status of 
the 8th bit sent from the VP3301 as 
either even/odd parity or mark/space; 1 

or 2 stop bits; frill or half duplex; turning 
off the control features to emulate a 

"dumb" terminal; display of control 
codes; 40/24 or 20/12 character set; 
choice of RS232 or 20-mA I/O; local or 
line operation; and a choice of baud 
rates from 110, 300, 1200, 4800, 9600, 
or 19,200 baud. 

The power switch, ac -line connector, 
25 -pin I/O connector, video output jack, 
and the keyboard tone ON/OFF switch 
are all located along the rear apron. The 
keyboard slants upward at a convenient 
angle. 

Besides the usual RETURN, LINE FEED, 
SHIFT. DELETE. CONTROL. ESCAPE, TAB, 
and BREAK keys, the keyboard also con- 
tains two user -definable keys. Under 
software control are the bell, horizontal 
tab, line feed, up line, clear screen, car- 
riage return, reverse video on/off, fole- 
space, home cursor, up/down line, back- 
space, clear screen from cursor, clear to 
end of line, and cursor position on 
screen. Other control functions deter- 
mine background and foreground color, 
character color, blinking/nonblinking/ 
off block cursor, English character set to 
return the keyboard to normal after 
defining an alternate character set, and 
insertion of a literal character. All of the 
functions can be easily implemented by 
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depressing the ESCAPE key plus the per- 
tinent ASCII character. 

In the sound department, there is a 
selection of 128 tones in each of 8 
octaves that can be heard via a built-in 
speaker with choice of amplitude. A 
white -noise generator having eight se- 
lectable cut-off frequencies is provided 
for other sound effects. There are 16 lev- 
els of amplitude. A change -command 
delimiter is included in the software for 
system flexibility as a substitute for the 
ESCAPE command. 

Physically, the metal -cased VP3301 is 
a little over 13" wide, 7" deep, 2" high 
and weighs approximately 5 pounds. En- 
vironmentally, the keyboard is claimed 
to be able to operate between 0 and 30 
degrees C, and can be stored between 
-40 and +85 degrees C. It can operate 
at 90% relative humidity at 30 degrees 
C, noncondensing. Suggested retail 
price is $369. The VP 3303 is $389, and 
the upcoming VP350I will be approxi- 
mately $450. 

Comments. The scope display of the 
baseband video signal was very clean 
with fast rise and fall times. The only 
limit to image resolution is the band- 
width of the video monitor used. We put 
the VP3301 on line simply by connect- 
ing the baseband video output to our 
monochrome video monitor. The manu- 
al is well written and completely covers 
the various areas to thoroughly use the 
terminal. After testing all the control 
functions, and finding them to work as 
claimed, we fed the video output to our 
broadband color modulator/r-f system 
and color -TV receiver. The color ele- 
ments worked fine and we could find no 
fault. The resulting display is as good as 
any color computer we have used. 

Once the basic testing was performed 
on the video monitor, we coupled the 
V P330I to the RS232 port on our com- 
puter. Since we use CP/M, and have 
WordStar, we changed the coding for 
the terminal portion of the word proces- 
sor to be able to use the many control 
functions of the VP3301. The results 
were quite good and comparable to the 
expensive "intelligent" terminal we 
usually use. 

Several game programs were rewrit- 
ten to take advantage of the color attri- 
butes of the terminal. The colors were 
fine, and some interesting effects could 
be produced. 

The only minor demerit we could find 
was with the keyboard. Although the 
"touch" is fine, we did not like the loud, 
penetrating "beep" that indicates key - 
down, and neither did we like the two- 
tone effect when the SIIIFT/CONTROL 
keys are used in conjunction with other 
keys. As provided by RCA, we feel that 
these tones are too loud and sharp. 
When the keyboard touch tones are 
turned off via the rear apron switch, we 
did miss a few keys since there is very 
little physical feedback from the mem- 
brane keys. We settled the situation by 
using the built-in software to create a 
tone more to our liking. 

We hooked the VP3301 to a modem 
and called our local data base. The sys- 
tem formed from the VP3301, modem, 
and video monitor works fine and can be 
used with any data base accessible via 
the phone line. 

We have used the VP3301 for several 
weeks now, both as our computer termi- 
nal and as access to the "Source," and it 
has performed in an excellent fashion 
throughout. 

Because of its relatively small size and 
weight, a VP330I (with r -f modulator) 
or VP3303, and a small modem can be 

easily carried so that someone away 
from home or office need only use the 
TV receiver and phone in his hotel room 
to transfer information data to and from 
his base computer. 

There is no question that the VP3301 
will be an asset to any computer that 
requires a flexible terminal, color, and 
an almost infinite variety of user - 
defined characters. We would not hesi- 
tate to use the VP330I as the main ter- 
minal of our computer system either. 

-Les Solomon 
CIRCLE NO. 102 ON FREE INFORMATION CARD 

"...A thrilling 
experience!" 

That's what Video magazine had 
to say about the NOVABEAM® 
Model One color projection video 
system. They also called it's 6.5' 
diagonal -measure picture. the 
largest available in home television, 
"the sharpest, brightest picture 
we have ever seen" 

It's no wonder that the best home 
projection system available is built 
by Kloss Video. Back when the 
hig TV manufacturers were still 
saying it couldn't he done. elec- 
t onics pioneer Henry Kloss was 
developing the means to make life-size television a 
reality. He came up with innovations like the unique 
NOVATRONu projection tube which make the 
NOVABEAM Model One. according to CBS LABS in Video Review magazine, 
"by far the most impressive projection TV we have ever seen" 

The NOVABEAM Model One provides a viewing experience unmatched by 
any other conventional or projection TV set, yet at a price which Videophile 
Magazine called "clearly one of the biggest bargains in home video today." 
Visit your authorized Kloss Video dealer to find out why Videophile also said. 
"See the NOVABEAM before handing over any of your hard-earned 
dough far another projector." 

NOVABEAM OOD@ CIE FROM KLOSS VIDEO CORPORATION 

® , 
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NOVABEAM 

"The Projection Television Experts" 

t Ili AO 

For information & name of nearest dealer, write to 
Kloss Video. 

145 Sidney Street, Cambridge, Massachusetts 02139 617-547-6363 

CIRCLE NO. 40 ON FREE INFORMATION CARD 
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Systems And Software 
IF YOU'VE been waiting for IBM to 
enter the personal computer field, you 

don't have to wait any longer. The IBM 
Personal Computer was introduced this 
past August, and it sports a number of 
very exciting features. Among them: 

An 8088 microprocessor, which 
provides the best of both the 8- and 16 - 
bit worlds. 

An 83 -key adjustable keyboard, 
with up to 262,144 characters of user 
memory (it comes with 16K). 

Color graphics that permit display- 
ing 256 characters in any of 16 fore- 
ground and 8 background colors. 

An advanced disk operating sys- 
tem, plus Digital Research's CP/M-86, 
and UCSD Pascal. 

Prices for the system start at $1565 
which includes the keyboard module, 
with 16K RAM, the 40K operating sys- 
tem ROM, an adapter to use with home 
television, and an audio cassette inter- 
face. You can add up to four joysticks, 
and five expansion slots are available for 
memory (up to 256K), communications 
boards, and other peripheral controller 
cards. 

If you're worried about application 
software, don't be. IBM is offering Per- 
sonal Software's "VisiCalc," IUS's 
"Easywriter" word-processing package, 
Peachtree Software's business packages, 
and a communications package. 

Of course IBM doesn't plan to stop 
there. According to a spokesman, they 
have established a division dedicated to 
creating and finding software packages 
for the machine. Authors can be profes- 
sional or hobbyist. 

Although the basic $1565 machine 
seems palatable, you might waht to 
spend $4500 and get the complete sys- 
tem, which includes the keyboard, 64K 
RAM, a full-size green -phosphor moni- 
tor, two 5.25 -in. disk drives (160K bytes 
each), and an 80 -cps MX -80 printer.. 

The machines may be seen at your 
local store (Sears, Computerland or 
IBM outlets). 

Other Systems. The "Findex," which 
is not really a new system, offers some 
unusual attributes. This Z-80 micropro- 
cessor -based system is characterized by 
the use of a 240 -character (6 lines X 40 
characters) plasma display. This unique 
display operates at a 75.7 -Hz scan rate, 
permits the displaying of upper- and 
lower-case characters with scrolling. 

The display is only a small part of the 
under -$7000 system. Surrounding the 

By Carl Warren 

display is a stylized enclosure that 
houses a 72 -key keyboard and 10 -key 
numeric keypad, the Z-80 microproces- 
sor, 4 serial and 1 parallel ports, a dot 
matrix printer, and an acoustic coupler 
(the last two being optional). The op- 
tional minifloppy, has a capacity of 
400K bytes, and works with CP/M. 

Although hardware is important in 
some respects, the manufacturer, based 
in Torrance, CA, (phone 213-533- 
6842), hasn't stopped there. He is offer- 
ing a series of software packages de- 
signed to enhance the system. Among 
these are: "Termio," a terminal I/O 
package that works with the optional 
acoustic coupler and provides asynchro- 
nous communications in either full or 
half duplex. Should general business be 
more your style, packages for financial 
analysis (TASK), patient accounting for 
the doctor's office, and a general ac- 
counting package are available. More- 
over, standard CP/M compatible lan- 
guages are available and include BASIC, 
COBOL, FORTRAN, APL, Pascal, and a ma- 
cro assembler. 

The 31 -lb machine comes with 8K 
bytes of system ROM, 1K bytes of static 
RAM, and 64K bytes of dynamic RAM 
plus battery backup good for one-half 
hour. Pricing ranges from under $7000 
to $20,000 (depending on add-ons). 

Looking for a Machine Built 
Around Software? You might want 
to consider the $3450 CPC -1000 from 
Performance Business Machines Corp, 

.t- 
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San Rafael, CA (415-457-8990). This 
latest entry to the microshopping list 
employs a Z-80 microprocessor and 80K 
of RAM. 

The RAM is divided up so that I6K 
are dedicated to CP/M and the other 
64K are for you. This makes handling of 
I/O a little quicker and gives you an 
almost unlimited amount of work space. 
But that is only part of the excitement of 
this machine. Included in the low price 
tag is a Seagate Technology ST -506 
6.38M -byte (unformatted) Winchester 
and a Tandon quad -density 5.25 -in. 
floppy. These two storage devices come 
under control of a special bit -sliced pro- 
cessor designed to handle all I/O func- 
tions, including terminals and printers. 

The use of a dedicated I/O processor 
relieves the main Z-80 of such duties, 
which means that you have greater 
throughput and aren't interrupted when 
performing such tasks as printing a doc- 
ument under a SPOOLing operation 
such as found in MicroPro's "Word - 
star," which happens incidentaly to be 
the parent organization of Performance 
Business Machines Corp. 

Interestingly, the CPC -1000 is a sin- 
gle -board computer sold for $2100 with 
a case. You add $175 for power supply, 
$850 for the Winchester, and $350 for 
the floppy. Although the machine is 
intended to be a software vehicle, and 
was in fact designed to optimize the soft- 
ware rather than the other way around, 
you still have to purchase your applica- 
tion -ware. 

The CPC -1000 in its present configu- 
ration is top-notch, but the system de- 
signers have more planned for early 
1982. The machine, as designed, offers 
an excellent stand-alone intelligent sys- 
tem once you add the terminal of your 
choice. Future plans call for adding a 
local networking interface so that sev- 
eral systems can be connected together 
in a synergistic manner. 

Speaking of Networking. If you own 
an S-100 bus -based system or, more pre- 
cisely, if you are lucky enough to own 
one from Vector Graphics (Westlake 
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computers 
Village, CA), you might start planning to add a few more 
systems and picking up a new board developed by company 
chairman Dr. Robert Harp. The yet -unnamed board provides 
low-cost networking (under $500) to S-100 bus systems oper- 
ating in a CP/M environment. This innovative design uses 
inexpensive 75 -ohm coax cable, operates at 5M bits/s, and 
permits a maximum cable length of 1000 feet between any 
two units. Furthermore, up to 127 logical addresses can be 
implemented, as well as global (all stations) addressing with a 
carrier sense multiple access/collision detection protocol. 

Although much has been defined for the board, and produc- 
tion has been set up, the software is still being defined. How- 
ever, Harp advises that production units will be available ear- 
ly in the first quarter of '82. 

The Whole World Isn't Hardware. In fact, more of it is 
becoming software -oriented as evidenced by the number of 
packages becoming available for a wide spectrum of 
machines. Software packages for the Apple, for example, are 
bursting on the scene at an unprecedented rate. One source of 
such packages is Information Unlimited Software Inc., Berke- 
ley, CA (415-525-9452). 

Among the offerings is "EasyWriter," priced at $250. This 
package requires at least a 48K Apple II or II Plus, an 80 - 
column video card such as that manufactured by Videx, and 
an interface card for a printer. The package provides such 
standard features as word wrap, block moves, and formatted 
output. Also, boilerplate files, and data files can be easily 
inserted, usually with simple keystrokes from a displayed 
menu. 

Although EasyWriter offers some classy features, most are 
standard in available word-processing packages. What makes 
this product unusual is the well -written manual and inte- 
grated tutorial to get you tip to speed quickly. This is a feature 
not frequently found in most software documentation. 

Since one of the real reasons for owning a micro is to handle 
data, IUS hasn't been left behind. They offer Datadex for 
$395 that lets you design the data fields the way you want 
them rather than restricting you to a fixed format. Further- 
more, the designers have added a fast -sorting feature that 
stands up well even against larger machines. In addition, since 
you might be building data files to be used for multiple pur- 
poses, you can easily extract the information from the data- 
base either with a standard Applesoft INPUT statement or by 
calling the data from EasyWriter. 

Even though it would seem as if business is the main objec- 
tive of software designers, you can always expect to come 
across a good game, or for that matter a learning tool dis- 
guised as a game. Such is the case with IUS's third package, 
called "Tellstar." This package allows you to study the cos- 
mos from anywhere on earth from the comfort of your own 
home. It has all the attributes of becoming the hottest soft- 
ware package available to date -and that's all I'm going to 
tell you for now! You can, however, drop in to your local com- 
puter store and ask for a demo. 

Prices Are Dropping. Currently, microprocessors are very 
low in cost, and in the case of 8 -bit processors, prices will get 
even lower (less than $3). Furthermore, with the state-of-the- 
art being what it is, most designers are able to create very 
powerful single -board computers for less than $100. 

I insist that there is no hardware today that can be consid- 
ered really fantastic. What can be, though, is the software 
that turns the hardware into a useful tool. To make my point, 
turn the pages back to about 18 months ago; most of the avail- 
able software -I'm speaking of applications -was really 
barely adequate. Software designers were still refining their 
ability to handle 8 -bit processors. Today you can find virtually 
an unlimited source of extremely high-level software products 
that perform tasks not even thought of as early as last year. 
And if you don't believe me, just check with IBM. Their new 
system is designed around software that actually optimizes 
the hardware. 

With this almost explosive growth in the past 18 -months, 
just imagine what I'll be writing about next year. Have a hap- 
py and joyous Thanksgiving. 
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FOR ONLY $129.95 Learn Computing 
From The Ground Up 
Build a Computer kit that grows 
with you, and can expand to 64k 
RAM, Microsoft BASIC, Text Edi- 
tor/Assembler, %%O rd Processor, 
Floppy Disks and more. 

EXPLORER/85 
Here's the low cost way to learn the fundamentals of corn. 
puling. the ell.Important bents you'll need more and 
more as you advance in computer skills For lust $12595 
you get the advanced.design Explorer/85 motherboard, 
with all the features you need to learn how to write and 
use programs. And it can grow into a system that Is a 

match far any personal computer on the market. Look at 

these features. 0085 Central Processing Unit, the 
microprocessor "heart' of the Explorer/85. (loin the 

illion who will buy and use the 8090;8085 this year 
alone!) . . . Four Shit plus one 6 -hit input/output ports from 
which you can input and output your programs. as well as 

control exterior switches, relays. lights. etc . a cassette 
Interface that lets you store and reload programs yoúve 
learned lo write ... deluxe 2,000 yte operation 
system/monitor makes it easy to learn computing in 
several important ways It allows simpler. faster writ- 
ing and entering of programs It permits access by you 
to all parts of the system so you can check on the status of 
any point in the program II allows tracing each pro- 
gram step by ste with provision for displaying all the 
contents of the CPUP (registers. flags. etc) ... and it 
dues much more! 

You get all this in the starting level (Level A) of the 

pExpllorer//85 
for only 5129.95. Incredible! To use. Just 

lug In your VDC and or 
keyh and/display - if you don'tr ave them, see ur 
special offers below. 

level A computer kit (Terminal Venicn) ... 512935 
plus 53 Pal' 
Olevel A kit (Ilex Keypad/Display Version)... 5129.95 
plus 53 P&L' 
LEVEL B - This "building black" converts the mothrd- 
board into a two -,lot S100 bus (industry standard) com- 
puter. Now you can plug in any of the hundreds of 5970 
cards evadable. 

level B kit ...$49.95 plus 52 Pal ' 
S100 bus connectors (two required) ... 54.85 each. 

postpaid. 

LEVEL C - Add still more 
computing power, this "build. 
ing block" mounts directly on 
the motherboard and expands 
the S100 bus to six slots. 

level C kit ... 539.95 plus 52 
PSI' 

S100 bus connectors (five 
required) ... $4.85 each. 
postpaid. 

LEVEL D- When you mach the point In learning that re. 
quires more memory, we offer two choices either add 4k 
of a memory directly on the motherboard. or add 16k to 
64k of memory by means ale single 5100 card. our famous 

Level D kit (CHECK ONE). 4k on -board... 549.95 
plus 

I 2 PSI : 

CI 
001IAWS00 

"JAWS ... 5149.95 plus F2 
.$199.95 plus $2 Pail '.0 48k 

Slno "TAWS" ... 5249.95 plus 52 PSI': 0 64k BINO 
"IASVS" ... 5299.95 plus $2 PSI'. 
LEVEL E - An Important "building block" it activaua 
the/1k ROM/EPROM space on the motherboard. Now just 
plug In not Bk Microsoft BASIC or your own custom 
programs 

level E kit.., sá.95 plus 50c PSI' 
Microsoft BASIC - It's the language that allows you lo 
talk English to your computed It is available three ways' 

Bkcassettevenson of Microsoft BASIC (requires level 
B and 12k of RAM minimum: we suggest a 16k 5103 
"JAWS"- see above)... 564.95 postpaid 

8k ROM version al Microsoft BASIC: (requires Level B 
S Level E and 4k RAM: Just pluginto your Level Esockets. 
We suggest either the 4k Level DRAM expansion or a Irrk 
5190 "JAWS "I... $99.95 plus 52 Pal 

Disk version of Microsoft BASIC: (requires level U 
32k of RAM. floppy disk controller. B" floppy disk drive) 
...5325 postpaid. 

TEXT EDITOR/ASSEMBLER - The editor/assembler 
is a software tool (a program) designed to simplify the lase 
of writing programs. As your programs become longer 
and more complex. the assembler can nave you 
hours of programming lime. This software includes an 
editor program that enters the programs you write. make 
changes. and saves the programson cassetM. 'Die :useac 
bier performs the clerical taskof translating symbolic 
code into the computer.readable object code. The editor/ 
assembler program is available either In cassette or a 

ROM version. 
Editor/Assembler (Cassette version: requires level 

"B" and Bk (min.) of RAM - we suggest 161 "JAWS" - 
see bove)...559.95 plus 5.1 PSI.' 
O Editor/Assembler (ROM .neon supplied on an Slum 
card: requires Level B and 4k RAM (mho.)- we suggest 
either level D or 16k "PAWS") ... 599.95 plus 52 Pal 
8" FLOPPY DISK -A remarkable 'building block." 
Add our 8" floppy disk when you need faster operation. 
more convenient program storage. perhaps a business ap- 
plication. and amens to the literally thousands of programs 
and program languages available today. You simply phut 
them Into your Expl r/BS disk system - it accepts all 
IBM -formatted CP/SFrugrans 

8" Floppy Disk Drive... 5499.95 plus 512 Pal.' 
Floppy Controller Card.,. 5199.95 plus 52 PSI.' 
Disk Drive Cabinet a Power Supply .. 169.95 plu:. 

53 P0I.' 
Drive Cables (set up for two doves) ... $25.99 plus: 

SISO P81.' 
O CP/M 2.2 Disk Operating System: includes Teal 
Editor/Assembler. dynamic debugger. and other feature, 
that give your Explorer/85 access to thousands of exiadns 
CP/M-based programs ... 515000 postpaid. 
NEED .A POWER SUPPLY? Consider our AP -1. It car. 
supply all the power you need for a fully expanded Ex - 

PI 
re /95(note diskdrives have their own power supply/ 

lus the AP.1 fits neatly into the attractive Explorer stee4 
cabinet ( below). 

AP.1 Power Supply kit (8V (0 5 amps) to deluxe steel 
cab 

5. Add two S100 txxm9i 
2. Add Level B to convert to B Add you nwn rumen sir. 
SI00 volts (pminlypinp need 
0 Add 4k RAM 7. Connect terminal 

4. Pug in Level E hem: te" 
cents Merman. BASIC or 

1. Plug in Netronic's Hex Edilor/A.membler in ROM 
Keypad/Display 

a CRT monitor or a TV set (If you have an RF modulator!. 

O Hex Keypad/Display kit. .. 569.95 plus 52 PBI.' 

O ASCII Keyboard/Computer Terminal kit featuring 
full 129 character set. MI case, full cursor control. 75 ohm 
video output. convertible lo 
baudol output. selectable baud 
rate. RS 232-C or 20 ma.l/O. 32 
or 64 character by 16 line for- 
mals.. 5149.9.5 plus 53 PSI.' 

O Steel Cabinet for ASCII Keyhoard/T rmmal ... S19.95 
plus 52.50 Pal.' 

RF Modulator kit (allows you lo use your TV sei as a 

monitor) ... $8.98 postpaid. 
IZ' Video Monitor (10MHr bandwidth) ... 5139.95 

plus 55 Pei.' 
O Deluxe Steel Cabinet for the ?+ 
Explorer/85... 519.95 plus 53 
PSI.' 
O Fan for cabinet ... 515.00 r - 

plus 51.50 PSI.' 

ORDER A SPECIAL -PRICE 
EXPLORER/85 PAK=THERE'S 

ONE FOR EVERY NEED. 

Beginner Pak (Save 526.00)- You get level A (Ter. 
urinal Version) wllh Monitor Source Listing (525 value) 

- AP.1. 5 -amp power supply. Intel 14085 Users Manual ... 
(Rea. $199.951 SPECIAL 5169.95 plus 54 P&L' 

Experimeotet Pak (Save $53.40) - You gel level A -/ Hex Keypad/Display Version) with Hex Keypad/ 
Display. Intel 8085 User Manual, Level A Ilex Monitor 
Source Listing. and AP-1.6.amp. power supply ... (Peg. 
$279 95) SPECIAL 5219.95 plus 56 Pal 
O Special Microsoft BASIC Pak (Save 5103.00)- You get 
Levels A (Terminal Version), B. D (4k RAM). E. Bk 
Mlcrosofl in ROM. Intel 8085 User Manual. level A Moni- 
tor Source Listing. and AP -1. 5 -amp. power supply ... 
(Reg. 5439.70) SPECIAL $329.95 plus 57 PaL' 
O Adds Rom.Venton Teat Editor/acrembier (Requires 
levels B and Dor 5100 Memorvl.. .599.95 plus 52 Par. l 
Stover 8' Disk System - Includes Level as. B floppy disk 
controller. one CDC B" disk.drwe. two.drive cable. two 
5100 connectors: just add your own power supplies. 
cabinets and hardware ... O )Reg. 51065.001 SPECIAL 
$999.95 plus 513 Pal.' ...0 32k Starter System. 51015.95 
plus 513 P&I.' O 48k Stoner System. 51095.95 plus 513 
Pal 'O 54k Starter System. 5114595 plus 513 P8L 
O Add to any of above Explorer steel cabinet. AP.1 five 
amp. 
disk drive cabinet anti 

poser with 
two sub.() 

connectors, 

tors for connecting your prrinr 
supply. 

lermmal ... (Reg 
5225.95) SPECIAL 5199.95 plus 513 Pal.' 

Complete 64K Sysem. Wired Or Tested ... $1630.00 
plus 520 

Special! Complete Business Software Pak (Save 
$625.00)- Includes CP/M 2.2 Microsoft BASIC. General 
Ledger. Accounts Receivable. Accounts Payable. Payroll 
Package (Reg. 51325) SPECIAL 5699.95 postpaid. 

'PSI stands for "onstage S /mumne,e." Far Omndion ce- 
ders. double this amount. 

Continental Credit Card Buyers Outside Connecticut 

TO ORDER 
Call Toll Free: 
800-243-7428 

To Order From Connecticut, 
or For Technical Assistance, 

Call (203) 354-9375 
CP/M is rug. trademark of Digital Research * (Clip and mail entire ad)'* 

SEND ME THE ITEMS CHECKED ABOVE 
Total Enclosed (Conn. Residents add sales tax); 5 
Paid by 

Personal Check O Cashier's Check/Money Order 

VISA O MASTER CARD (Bank No. 

Acct No. Exp Date 

SIgnstore 

Print Name 

Address 

S nle Zip 

NEED.../ER plusLPWe 
NEED A TERMINAL? We Ilillarlia--J 
offer you choices: the least ex- ,s, 
pensive on i- o Hex 5r. 
Keypad/Display kit that d,s- , ' City 
plays the information one R,i 
cafe r screen. The 
other choice Is our ASCII * ' 

Keyboard/Computer Terminal \ 
kit. that can he used with either ) 

NETRONICS Research& DevelopmentLtd. 
511011333 Litchfield Road, New Milford, CT. 06776 
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By Leslie Solomon 
Senior Technical Editor 

Hardware 

Atari I/O. The MOSIAC I/O package 
allows the four ports of the Atari com- 
puter to connect to a PIA for use as out- 
put as well as input ports. This allows 
the system to communicate with custom 
controllers, interface to home -control 
circuits, or any other hardware. The 
package comes with four 9 -pin connec- 
tors, four 12" lengths of 9 -conductor 
ribbon cable, and complete instructions. 
Documentation includes program exam- 
ples; how to access the ports via BASIC 
commands, shadow registers, or direct- 
ly; and how to set up and address the 
ports for output. $18 (order number 
H309). Address: Mosiac Electronics, 
Box 748, Oregon City, OR 97045. 

New Computer. The "Advantage" 
contains a 4 -MHz Z80A, 64K bytes of 
200 ns dynamic RAM (with parity), a 
separate 20K byte RAM for the bit - 
mapped graphics display, a 2K byte 
ROM, and an 8035 for keyboard and 
floppy disk control. The display is 24 
lines of 80 characters or 240 X 640 bit - 
mapped pixels. The CRT is a 12" green 
(P31) display with nonglare viewing. 
The two floppies are 51/4" double -sided, 
double -density providing 360K bytes per 
drive for a total of 720K bytes. The n - 
key rollover keyboard contains 49 stan- 
dard, 9 symbol or control, and a 14 -key 
numeric cluster. There are 15 user 
definable keys. Six slots are provided for 
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expansion. Software includes Business 
Graphics, system diagnosis, and graph- 
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Buy a 3BX Dynamic Range Expander and get a dbx Disc Decoder free. 
Add a 3BX Dynamic Range Expander to your stereo, 

and your records and tapes will go from an ordinary 40 to 
50 decibels of dynamic range, to a breathtaking 60 to 75 
decibels. Much closer to the true sound of live music. Do 
it by December 5, and you'll get a dbx Disc Decoder free, 
so you can play the revolutionary dbx Discs. 

For the names of participating retailers near you write 
dbx, Inc., 71 Chapel St., Newton, Mass. 02195 U.S.A. 
Tel. 617-964-3210. 

dbx 
Offer void where prohibited by law. Valid only at participating dbx U.S. authorized consumer products retailers. Quantities may be limited. 
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ics demo. All NorthStar software can be 
run. For graphics -intensive applications, 
G -DOS with G -BASIC is used to ex- 
ploit the system features. $3999. Ad- 
dress: NorthStar Computers Inc., 14440 
Catalina St., San Leandro, CA 94577 
(Tel: 415-357-8500). 

Data Buffer. The Model 150 Type 
Ahead Buffer, is compatible with all 
Apple II systems and software. It fea- 
tures a 40 -character type -ahead capa- 
bility that eliminates the need to wait 
for computer prompts before entering 
the next command or data. It requires 
no software patches or hardware cuts or 
jumpers. $49.95. Address: Vista Com- 
puter Co., 1317 E. Edinger, Santa Ana, 
CA 92705 (Tel: 714-953-0523). 

Membrane Keyboards. If you do 
your own construction, you can get a 
free four -page brochure covering a line 
of membrane keyboards. Ask for CE - 
952. Address: Cherry Electrical Prod- 
ucts Corp., 3600 Sunset Ave., Wauke- 
gan, IL 60085. 

H -S CPU Card. The HA -8-6 Z80 CPU 
card for the Heath H-8 Computer 
allows the choice of two CPU's-the 
Z80 on this board or the 8080 in the H- 
8. It is compatible with all current 
Heath disk -based software for the H-8, 
and includes all the features of the HA - 
8 8 Extended Configuration Option, 
thus eliminating the need to purchase 
the extended configuration separately 
before adding the Heath CP/M OS or 
the H-47 8 -inch floppy. Factory assem- 
bled and tested. $199. Address: Heath 
Company, Dept. 350-135, Benton Har- 
bor, MI 49022 or any Heath Center. 

S100 RAM Board. SUPERAM 4C is 
a 64K dynamic RAM board functional- 
ly equivalent to the Cromenco 64KZ 
RAM card. It is organized in two blocks 
of 32K bytes that can be placed in any of 
eight different memory banks. Bank se- 
lection is on 32K boundries. It features 
bank select for up to 16 megabyte 
expansion. Memory refresh is totally 
transparent to the processor, access time 
is 250 ns, operating speed is 4 MHz, and 
there are no wait states. Operating pow- 
er is +8 volts at .8 ampere and +18 
volts at .2 ampere. $995. Address: Pii- 
ceon, Inc., 2350 Bering Drive, San Jose, 
CA 95131 (Tel: 408-946-8030). 

Apple Power. The APS-5 Reserve 
Power Supply protects Apple II and III 
machines against power "flickers", pro- 
longed power outages, and brownouts. 
Audible and electronic signals are pro- 
vided. Operation is one hour and 45 
minutes and features auto turn on, auto 
battery recharge, auto shut off, low bat- 
tery indicator, and steel case. An option- 
al APS-5DC adapter allows use with 
any 12 -volt dc source including vehicle 
supplies. $389.95. Address: Control 
Technology Inc., 8200 N. Classen Blvd, 
Suite 101, Oklahoma City, OK 73114 
(Tel: 405-840-3163). 
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PROM Burner. The APB PROM pro- 
grammer is designed for the TRS-80 or 
Apple computers and can handle 2704, 
2708, 2716, 2732, 2508, 2516, and 2532 
EPROMs. The package includes the in- 
terface card, personality modules, soft- 
ware on disk, and instruction manual. 
Features include verify ROM is erased, 
read ROM, copy ROM, copy between 
different ROMs, program ROM, partial 
programming and copies, verify, read or 
save ROM data on disk or cassette (Ap- 
ple only), program directly from com- 
puter memory, examine/modify work- 
ing memory, and preset working memo- 
ry. $149. Address: Apparat Inc., 4401 S. 
Tamarac Pkwy, Denver, CO 80237 
(Tel: 303-741-1778). 

Pocket Computer Interface. The 
combined printer and cassette interface 
for the Radio Shack Pocket Computer 
(26-3505) comes with rechargeable bat- 
teries, ac adapter/charger, cassette re- 
corder cable, replaceable printer ribbon 
cartridge, three rolls of paper, and a 

manual. A paper -advance button and 
papercutter edge are also provided. It 
uses the computer's PRINT and LIST 
commands to print a 16 -column alpha- 
numeric array. The printer operates at 
one line per second, and about 8000 
lines per battery charge. An indicator 
alerts to low battery. Several options are 
available. $149.95. Address: Radio 
Shack stores and Computer Centers. 

Apple Paddles. The Pro -Paddle for 
the Apple II features heavy metal con- 
struction, long -life switches with large 
buttons, tactile feedback, high -accuracy 
paddle movement, shielded coaxial ca- 
bles, and a molded plug. $39.95. Ad- 
dress: Rainbow Computing, Inc., 19517 
Business Center Drive, Northridge, CA 
91324 (Tel: 213-349-0300). 

STD Processor. This new CPU card is 
a Z80 -based unit configured for the 
STD Bus. It features up to 4K of 
EPROM and up to 4K of RAM jumper 
selectable. An on -board RS232 port 
with selectable baud rates is also pro- 
vided. Model 2007, 2 -MHz version less 
EPROM and RAM is $159; Model 
2007A, 4 -MHz version is $169. Address: 
Robotics Technology, Inc., Box 401411, 
Dallas, TX 75240 (Tel: 214-328- 
8455). 
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Software 

Job Control. Designed for the Apple 
II with 48K PASCAL, three -disk 
drives, and a 132 -column printer, the 
Job Control System follows labor hours, 
material costs, outside service costs, pro- 
duction quantities, shipped quantities, 
etc. Reports include job listings, cost 
summaries, detailed job reports, and 
work -in -progress reports. They give 
profit/loss values and variances so job 
estimates and work standards can be 
fine tuned. It can be customized so that 
rate structure, report formats and up to 
500 cost centers can be tailored. $750. 
Address: High Technology Software 
Products, 8001 N. Classen Blvd., Okla- 
homa City, OK 73113 (Tel: 405-840- 
9900). 

H89 WordStar. The famous WordStar 
word processor is now available for the 
Heath/Zenith H89 system. Features in- 
clude simultaneous printing and editing, 
alignment of numeric information in 
columns, and a number of on -screen 
menus. A hyphen -help feature, bold- 
face, double strike, strikeout, subscript, 
superscript, overprint, and accent entry 
are provided. Version 2.6 is provided on 
51/4' diskette, it runs under CP/M, and 
requires 48K bytes of RAM. The simul- 
taneous edit/print version requires 64K. 
$395. Three optional programs-Mail- 
Merge, DataStar, and SuperSort-will 
soon be available. Address: Zenith Data 
Systems, 1000 Milwaukee Ave., Glen- 
view, IL 60025 (Tel: 312-391-8181). 

Forth Cross -Complier. The Cross 
Compiler provides a convenient method 
to implement FORTH on a target cofn- 
puter or to extend/modify FORTH on a 
host computer. It will automatically for- 
ward-reference any word or label, and 
can produce headerless code. It can also 
produce ROMable code with initialized 
variables, and contains a load map and 
comprehensive list of undefined sym- 
bols. Machine-readable versions are 
available for CP/M, TRS-80 Model 1, 
H89, and North Star. Each version 
includes an executable version of fig - 
FORTH 1.0, the cross -compiler source 
code, the cross-compilable source, and 
complete documentation. $200. Address: 
Nautilus Systems, Box 1098, Santa 
Cruz, CA 95061 (Tel: 408-475-7461). 

Apple FORTH. FORTH -79 requires 
an Apple II Plus with 48K of RAM and 
a disk. This language is useful where 
execution speed is important as pro- 
grams run several times faster than BA- 
SIC. It features 16- and 32 -bit integer 
arithmetic operators, but does not han- 
dle floating point. This is not a problem 
in many areas since the 32 -bit integers 
can handle a range of -2,147,483,648 to 
2,147,483,647 and can be printed in dol- 
lars and cents format. There are string 
commands similar to Applesoft BASIC, 

e=QUALITY, 
BREEDS 
QUALITY: 
When you insist ón 

Winegard products fcr - 

TV -FM -VCR, . 

yóuwillget' 
peak reception and ° 

performance from 
your audio and video 

components. 
Look for ...ask for 

°Winegard reception 
products by name.. 

WIIVEGARD 
TELEVISION SYSTEMS 

3000 Kirkwood. - 

Burlington,'lowa-5260' 

SEE YOUR DEALER TODAY 
... 8 

DEMAND THE ORIGINAL 

`Firestik' 
The #1 Helically Wire -Wound and 
Most Copied Antenna In the World! 

27MHz AM/FM/SSB CB 
2 METER MARINE TELEPHONE 

LAND MOBILE TELEPHONE 

FIBERGLASS ANTENNAS 
AND ACCESSORIES. r NEW 1 

CORDLESS 

TELEPHONE 

ANTENNA 
INCREASES DISTANCE 

5 TO 20 TIMES 

Dealer & Distributor Inquiries Invited 
SEND FOR FREE CATALOG 

Name 

'Flrestlk' Antenna Company 
2614 East Adams/Phoenix, AZ 85034 

Street 

City 

State Zip 
Serving the CB and 

Communications Market Since 1962. 

5 -YEAR REPLACEMENT WARRANTY 
CIRCLE NO. 26 ON FREE INFORMATION CARD 



THE TSE-HARDSIDE 1982 MICRO -COMPUTER BUYER'S GUIDE 
is now available! We've included such 

1982 
Micro - 
Computer 
Buyer's. 
Guide 

valuable information as print samples 
.4 ID from each of the printers we carry, 

feature -by -feature comparisons of Micro - 
Computer systems in an easy -to -read 
table format, an informative article on 
Micros, and pages and pages of complete 
product descriptions. 

We're making this valuable reference 
available for only $2.95 (refundable on 
your next purchase from TSE-HARDSIDE.) 
Charge customers are welcome to call our 
toll -free number: 1.800.258.1790 (in NH call 
673-5144) THE TSE-HARDSIDE 1982 
MICRO -COMPUTER BUYER'S GUIDE will 
soon arrive at your address via first class 
mail. 

11-8 
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A 
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Send to: 

-rsi-iP1RDSIDE 
Dept. C, 14 South Street 

. . ° Milford, NH 03055 ____________________________________ 
Yes! Send me the PE11 

TSE-HARDSIDE 1982 Micro -Computer Buyer's Guide. 
I've enclosed $2.95 Please send only your FREE Price List 

Charge to my credit card MasterCard OVisa 
Card No. 
Interbank No. Exp. Date 
Signature 

Name 
Address 
City 
State 

L 
Zip Code 
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Experience 
The World's Most 

Versatile Microcomputer 
ia= m 

MSAI SIMSAI oso 

.___.___ 

-- 
1 

4 - _. 80ó0 
Kit $599.00 

Assembled $ 799.00 

Includes: 22 -Slot Motherboard with Sockets 
28 Amp Pówer Supply 
MPU-A 8080 2 Mhz. Processor 
Programmer's Front Panel 

Send Check or Money Order to 

IMSAI Computer Division of the Fischer-Freitas Corporation 

910 81st Avenue, Bldg. 14 Oakland, CA 94621 

415/635-7615 
Imsai is a trademark of the Fischer-Freitas Corporation 

ontputec 
lo -res graphics words are provided for 
plotting and line drawing. You can 
create your own data type via CREATE 
and DOES, and the dictionary comes 
with about 400 words. It has a full - 
screen editor with 26 commands, using 
23 lines by 40 columns. A 6505 assembl- 
er with macro capability is included, and 
the operating system allows for 14 disk 
drives. $89.95. Address: MicroMotion, 
12077 Wishire Blvd., #506, Los An- 
geles, CA 90025 (Tel: 213-821-4340). 

ZX80 Programs. Sinclair users inter- 
ested in program interchange can con- 
tact Imelda Cardenas, Porvenir No. 12, 
Tlaquepaque, Mexico. 

Comstar Utility. Comstar-CP/M is 
an interface that allows BASIC pro- 
grams, compiled with the Comstar com- 
piler, to run under CP/M. The interface 
contains a North Star-to-CP/M trans- 
fer routine, and a module to map the 
North Star DOS into the CP/M envi- 
ronment. The package is available to 
registered owners of the Comstar com- 
piler for version 5.2 North Star BASIC. 
$75. Address: Allen Ashley, 395 Sierra 
Madre Villa, Pasadena, CA 91107 (Tel: 
213-793-5748). 

Appointment Book. DATEBOOK II 
maintains a record of appointments for 
up to 27 people in nine groups of three 
for an unlisted time in the future. All 
entries are checked for validity as they 
are entered. Menu items include ap- 
pointment, scheduling, cancelling, mod- 
ifying, rescheduling, searching for ap- 
pointments for a specified person, scan- 
ning for openings, inspecting appoint- 
ments for days in the future, and print- 
ing a day's appointments. It is written in 
PASCAL and is available to run on CP/ 
M or CP/M 86, as well as UCSD PAS- 
CAL systems. $295. Address: Organic 
Software, 1492 Windsor Way, Liver 
more, CA 94550 (Tel: 415-455-4034). 

Apple Mall. Micro -Courier allows Ap- 
ple II computers to transmit charts, 
graphs, correspondence, VisiCalc re- 
ports or entire programs to other Apple 
computers via conventional telephone 
lines. The program is menu driven and 
requires no computer knowledge. $250. 
Micro Telegram allows access to West- 
ern Union Services worldwide and al- 
lows TWX, telex, and international ca- 
bles. It permits on -screen editing, auto 
transmission, computer -stored subscrib- 
er lists, and directories. $250. Address: 
Microcom, 89 State St., Boston, MA 
02109 (Tel: 617-367-6362). 

ZX-80 Ball Game. Double Breakout is 
a fast ball game featuring continuous 
graphics for the 1K ZX-80. Nine balls 
are available and an inventory appears 
onscreen. There are seven levels of speed 
and skill. $14.95 plus $1.50 shipping/ 
handling. Address: Softsync Inc., Box 
480, Murray Hill Stn., New York, NY 
10156. 
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CHOSEN BY T' E EDITORS OF POPULAR ELECTRONICS 

Optonica RT-6605 Stereo Cassette Deck 
THE Optonica RT-6605 cassette 

deck departs from normal practice 
in that it contains two separate transport 
systems. One, designated Tape 1, is for 
playback only, using a single Sendust 
core head with 'a 0.8 -micrometer gap. A 
second head is also included, apparently 
to sense the blank intervals that trigger 
the APSS system. 

The other transport, Tape 2, is basi- 
cally for recording only, with a 3 -micro- 
meter gap in its single head. (Of course, 
it also has a combination bias/erase 
head for recording). 

The. transport's controls are "soft - 
touch" buttons, most of them not oper- 
ating solenoids. The bulk of the mechan- 
ical work in the transports is done by the 
drive motors (one per transport) 
through plastic gears and levers. The 
control buttons can be operated in any 
sequence. 

Except for the need to transfer the 
tape from the Tape 2 toTape 1 mecha- 
nism for playback after recording; and 
the separate controls for setting the 
BIAS/EQ and Dolby operation for the two 
decks, the normal operation of the RT- 

a. 

transport only after recording. During 
recording, the incoming signal is heard 
via the LINE OUT jacks. After the tape is 
recorded and rewound, pressing PLAY 
MONITOR starts the Tape 2 transport 
and plays the tape through the LINE our 
jacks, using the record head for play- 
back. In this mode, frequency response 
is not flat, and there is no Dolby decod- 
ing. Proper playback frequency response 
and noise levels can only be obtained via 
Tape 1. 

The "soft touch" transport controls 
operate smoothly, but with mechanical 
noises that last a second or so each time 
a button is pressed. On Tape 2, only the 
RECORD button need be pressed to make 
a recording (there being no "play" but- 
ton as such), and one can change from 
any tape direction or mode to any other 
(even from a fast speed into record) 
without touching STOP. The same flexi- 
bility exists for Tape 1, except that it has 
no recording function (or tape index 
counter) and the APSS is always avail- 
able for operation. In either fast -for- 
ward or rewind, when a four -second 
unrecorded tape segment is encoun- 
tered, the tape stops and goes into play 
(or remains stopped if the PAUSE button 
was previously engaged). 

Even though it lacks an index counter, 
Tape 1 can still be used to return a tape 
to a previously selected reference point. 
If the four -second silent sections .have 
been inserted into the recording between 
selections or parts of longer works (by 
pressing.REC MUTE while recording) the 
APSS will help locate parts of a 
recorded tape when it is played in Tape 
1 transport. 

Both transports can be used with tim- 
er -controlled operation for unattended 
recording or playback. The buttons for 

sav PLAY and RECORD engage mechanically, 
so that when power is later applied, the 
soft -touch mechanism completes its 
operating cycle. 

Levels for dubbing are set by an index 
mark on the RECORD level knob, but 
there is provision for transferring be- 
tween tapes that have very different out- 
put levels for the same recording refer- 
ence level, or in cases where the master 
tape was recorded at a higher or lower 
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6605 is straightforward. However, the 
presence of two transports allows for a 
convenient built-in dubbing facility. 
Pushing the DUBBING button and setting 
the RECORD level control to a calibrated 
point are all that is needed to copy from 
Tape 1 to Tape 2. 

The metal cabinet of the Optonica 
RT-6605 is finished in black, with simu- 
lated leatherette grain. It is 17"W X 
121/2"D X 41/2"H, and weighs 16.5 
pounds. Suggested retail price is $550. 

General Description. Each of the 
two tape transports has its own motor, 
with a frequency -generator servo system 
to control speed. Although separate, the 
tape drives can be linked to the Tape 2 

PAUSE button so that releasing it will 
start them in synch. Separate heads for 
recording and playback give the RT- 
6605 the performance potential of a con- 
ventional three -head machine, except 
for the ability to monitor the tape while 
recording. 

Tape 2 PLAY MONITOR button appears 
to provide that function, but it can be 
used to monitor a tape in the Tape 2 

.,i I'vile; 

- - - 
99 r - ' "1111.. ' 

.T- 



audio 

SdB_:.:p. 3 
~HZ ~NI 111411111111111111111 

10 

FREQUENCY (H 1 

IREEMMI EIMP~ 
»Mk::::..:.: -1r~-1 =:m .. z- 

ImmummIZ: 
111111111111M1, 
eEMIZEINikifin 

Frequency -response curve for three different tape types. 

level than usual. The RECORD knob has 
calibrations over a ± 7 -dB range at 1 -dB 
intervals, and the instruction manual 
lists recommended settings for various 
combinations of tape formulations and 
master levels (as read on the recorder's 
peak -level indicators). 

The peak -level indicators are twin 
parallel lines of fluorescent marks cali- 
brated from -20 to +8 dB (the stand- 
ard Dolby level of 200 nw/m comes at 
the 0 -dB calibration). The indicators 
have a very fast attack time and slower 
decay. As a further aid to setting levels 
for dubbing, the PEAK HOLD button on 
the panel causes the maximum peak lev- 
els in each channel (higher than 0 db) to 
be retained on the display while the rest 
of it continues to show the changing pro- 
gram levels. 

Laboratory Measurements. The in- 
struction manual for the Optonica RT- 
6605 lists a number of currently avail - 

OPERATING 

Front -Panel: 
POWER: Switch button. 
EJECT: (Separate for two cassette 

transports.) Opens cassette door for 
loading or removing tape. 

REC MUTE: Removes recording signal 
from Tape 2 while it is held in, to pro- 

- vide pauses necessary for operation 
of APSS. 

TAPE: A four -position bias/eq switch for 
FeCr, Cr02, NORMAL, METAL tapes. 

DOLBY NR: A three -position switch for 
OFF, ON, MPX (filter that affects only 
recording input). 

-RECORD: Concentric level adjustments 
for recording inputs. Calibrated for 
dubbing mode. 

OUTPUT: Playback output level adjust- 
ments, controlling line and phone lev- 
els from either deck. 

BIAS ADJUST: Provides a ± 10% ver- 
nier adjustment of bias for each of the 
tape settings. 

PEAK HOLD: A button that causes the 
level of display to retain its highest 

10000 

able tape formulations together with the 
recommended EQ settings and the sug- 
gested range of BIAS ADJUST variation 
that might be used for flattest response 
with each. The manual also suggested a 
few tapes that (we assume) were used to 
establish the recorder's specifications. 
We used some of these, plus our own 
choices, for the measurements on the 
recorder. 

Our NORMAL (low -bias ferric) tape 
was TDK AD, with Maxell UD-XL II 
serving as a "chrome equivalent" tape, 
and TDK MA for metal tape. Although 
the machine has a switch setting for 
FeCr tape, none was specifically recom- 
mended and we did not use one in our 
tests. 

The BIAS ADJUST was set to its midpo- 
sition (lightly detented) for each tape 
and its record/playback frequency re- 
sponse was measured at recording levels 
of 0 and -20 dB. The "tracking" of the 
Dolby circuits was checked by measur- 

FEATURES 

reading, while showing variations of_ 

program level, in either record or play 
back operation. 

PHONES: Jack for stereo headphones. 
Tape 1: Transport control push but- 

tOns:REWIND, FAST FORWARD, PLAY, STOP, 

PAUSE. Tape 1 also has APSS (Auto 
Program Search System) feature that 
stops tape at beginning or end of- a 

recorded segment in fast speed. 
Tape 1: Electronics pushbuttons: EC) (70 

Or 120 µs), DOLBY NR (ON or OFF), DUB- 

BING (internal connection to Tape 2 
recording input), MONITOR (connects 
line and phones outputs to playback 
from either Tape 1 or Tape 2. 

Tape 2: Transport control pushbuttons; 
REWIND, FAST FORWARD, RECORD, PLAY MON= 

ITOR (uses record head for playback, 
with limited frequency response and 
no Dolby decoding), STOP, PAUSE/ONE 
TOUCH START (can be used to start both 
transports for dubbing). 

Rear Panel: 
Phono Jacks: LINE IN and LINE OUT 

ing the record/playback response at 
-20 and -40 dB, with and without the 
Dolby switched on, to see how much the 
frequency -response was affected. Re- 
sponse of the MPX filter was also meas- 
ured at a -20 -dB level. The range of 
the BIAS ADJUST control was measured 
for each tape by plotting its frequency 
response (at -20 dB) for center and 
extreme settings of the control. Play- 
back equalization was measured on 
Tape 1 with both 70-µs and 120-µs stan- 
dard tapes, and also in the PLAY MONI- 
TOR mode of Tape 2. For all of our com- 
bined record/playback response mea- 
surements, we recorded in Tape 2 and 
transferred the cassette to Tape 1 for 
playback. 

A line input of 70 mV at 1 kHz pro- 
duced a 0 -dB recording level indication. 
The maximum playback output from 
that signal was in the range of 1 to 1.25 
V, depending on the tape used, from the 
Tape 2 PLAY MONITOR, and about 0.8 to 
0.85 V from the Tape 1 output. The 
third -harmonic distortion in the play- 
back from a 0 -dB signal was 0.7% with 
TDK AD and MA tapes, and 1% with 
Maxell UD-XL II. To reach the refer- 
ence distortion level of 3%, we had to 
record at +6 dB with TDK AD, +4 dB 
with Maxell UD-XL II, and +7 dB 
with TDK MA. The unweighted S/N in 
the output, referred to those signal lev- 
els, was about 55 dB with the two ferric 
tapes and 58 dB with metal tape. With 
the Dolby system on, and CCIR weight- 
ing, the respective S/N readings were 
66 to 67 dB, and just over 70 dB. 

The level indicators read -1 dB with 
a standard level Dolby calibration tape 
on Tape 1, and 0 to +1 dB on Tape 2. 
The level indicators read 100% of their 
steady-state readings on 0.3 -second 
tone -burst signals. The two transports 
operated at identical speeds, which ap- 
peared to be exact. 

Flutter readings on both were very 
low -0.065% weighted peak and 0.04% 
weighted rms. The fast tape speeds were 
not particularly fast, with 103 seconds 
required on either transport to move a 
C60 tape from one end to the other. 

The 120-µs playback response (Tape 
1) was flat within +0.5, -1.5 dB from 
40 to 12,500 Hz, and the 70-µs response 
had about the same variation, but at dif- 
ferent frequencies. Response of the PLAY 
MONITOR output of Tape 2 dropped off 
below 200 Hz, to -5 dB at 40 Hz with 
both test tapes. The equalization (fixed 
in this mode of operation) was fairly 
good for the 70-µs tape, with a 2.5 -dB 
rise in the 4 -to -6 -kHz range and a drop- 
off to - 1.2 dB at 10,000 Hz. The error 
with 120-µs tape was much larger, with 
the response rolling off above 3 kHz to - 1 1dB at 12.5 kHz. 

The record/playback frequency re- 
sponse of all the tapes at -20 dB was 
fairly similar. It was notably flat, 
smooth, and free of low -frequency 
"head bumps", although the low -fre- 
quency output sloped downward below 
about 50 Hz and was typically about 
-5 dB at 20 Hz. The response curve 
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was virtually ruler -flat from 100 to 
about 9,000 Hz with all the tapes, with 
no high -frequency peak and only a gen- 
tle downward slope above 10,000 Hz. 
The -3 -dB response frequencies for 
TDK AD tape were 32 and 17,800 Hz; 
for Maxell UD-XL II, they were 32 and 
13,000 Hz; and for TDK MA, they were 
32 and 15,000 Hz. 

The BIAS ADJUST control had a pro- 
found effect on the high -frequency re- 
sponse of all the tapes. Typically, the 
response was affected above 1 kHz with 
the maximum change occurring at 
about 17 kHz (20 kHz with the MA 
tape). The range of variation was about 
±6 dB, so that it would have been pos- 
sible to achieve a nearly flat response up 
to well beyond 15 kHz with any of the 
tapes. However, there is no built-in 
means of optimizing the bias, and it is 
extremely tedious to record noise or oth- 
er signals on Tape 2 and transfer the 
tape to Tape 1 to determine the effect of 
each small bias change on response. 

The 0 -dB record/playback response 
with most of the tapes followed the usual 
pattern, rolling off at high frequencies 
and intersecting the -20 -dB curve at 12 
to 13 kHz. The metal tape, due to its 
superior high -frequency saturation 
properties, had a 0 -dB response that 
remained well above the -20 -dB curve 
all the way up to our 20 -kHz measure- 
ment limit. 

The Dolby tracking was very close at 
-40 dB, but at -20 dB there was an 
error of about 3 dB over most of the 
upper -middle and high -frequency range. 
The tiiPx filter cut off the recorded sig- 
nal sharply above 17 kHz. Since the 
recorder's inherent response falls rap- 
idly in that range, the filter can safely be 
left on whenever the Dolby is engaged. 

User Comment. The Optonica RT- 
6605 is truly a unique cassette deck (or 
pair of decks). Its electrical perform- 
ance is first-rate, as evidenced by its 
very smooth and extended frequency re- 
sponse, low distortion, and a S/N of bet- 
ter than 70 dB with metal tape. Of 
course, this is, functionally speaking, a 
machine with separate recording and 
playback heads and electronics-and 
even transport mechanisms!-although 
it lacks the off -the -tape monitoring fea- 
ture of most three -head machines. 

For many people, the internal dub- 
bing connection of the RT-6605 will 
more than compensate for any such 
omissions. Even if two good decks are 
available for dubbing tapes, there is 
always some awkwardness and the pos- 
sibility of problems in the interconnec- 
tion between them. We have also found 
it clumsy at some times to start two 
machines simultaneously. This is done 
with one button in the Optonica RT- 
6605 and so effortlessly that one comes 
to take it for granted. 

Less easy to accept, perhaps, is the 
operation of the RT-6605 as a normal 
cassette deck. Frankly, it is annoying, 
after recording a cassette in Tape 2, to 
have to rewind it to 000 on the single 

index counter (which only functions on 
Tape 2), then unload it and load it into 
Tape 1 before playing it. This problem is 
aggravated by a rather critical fit be- 
tween the cassette and the guide rails in 
the loading door. If the cassette is 
inserted hurriedly or carelessly, it will 
not seat properly and the door cannot be 
closed. 

In fairness, we must say that after 
some use operation becomes less awk- 
ward, and we certainly cannot fault the 
actual performance of the recorder in 
any way. A careful study of the manual 
is a "must" if one expects to use this 

deck at all, however. We also would 
have appreciated a distinctive marking 
or color coding for the Tape 1 buttons 
and other controls, to distinguish them 
from those affecting only Tape 2. 

In summary, the Optonica RT-6605 is 
a very fine double cassette deck with 
unparalleled versatility for many types 
of operation. For all that it does, it is 
priced very competitively. And when 
dubbing is required, the RT-6605 is far 
superior in compactness, versatility, and 
convenience than two machines would 
be.-Julian D. Hirsch 
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COMPLETE DIGITAL PROTOTYPING 
LAB FOR UNDER $150. 
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The POWERACE 102 - - - 

All -Circuit Evaluator is just that, 
and at a remarkably low price. 
And its pulse detection with 
memory plus logic indicators 
constitute a built-in logic probe. 

POWERACE 102 breadboarding 
elements have 1680 solderless, 
plug-in tie points and will hold up 
to 18 14 -pin DIP's. And they also 
accept transistors, and discrete 

as. '1 .'/ 

41' 

C CL 

1 

components with 
, leads up to .032" 

dia. Breadboard elements are 
mounted on ground planes... 
ideal for high -frequency and high- 
speed/low noise circuits. 

Regulated power supply with 
5 VDC @ 1 amp. 3 logic indi- 
cators 2 logic switches 4 
data switches Clock generator 

One-shot pulse generator 
Call Toll Free 800-321-9668 for the name of the distributor nearest you. 

In Ohio, call collect (216) 354-2101. 

Check out the rest of the POWERACE family: 
POWERACE 101 
General-purpose model for 
prototyping all types of cir- 
cuits. Variable 5 to 15 VDC. 
POWERACE 103 
Triple -output power supply for 
prototyping both linear and 
digital circuits. 5 VDC and 
± 15 VDC. 

AP PRO DUCTS INCORPORATED 
9450 Pineneedle Drive 
P.O. Box 603 
Menton Ohio 44060 
(216) 354-2101 
TWX: 810-425-2250 
In Europe, contact A P PRODUCTS GmbH 
Baeumlesweg 21 D-7031 Weil 1 W. Germany 
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pin CA3153G with sample -and -hold 
and other sophisticated circuits. IC601 
can be identified as a CA3151G de- 
signed to produce complete chroma pro- 
cessing and demodulation on a single 
24 -pin chip, including a "flesh cor- 
rector" carrier output which Quasar 
calls "Dynacolor." Both video i -f and 
chroma circuits represent state-of-the- 
art video processing. 

A novel integrated circuit is the IC401 
sweep processor that contains the hori- 
zontal afc and oscillator, as well as the 
vertical oscillator and initial amplifier. 
Among the discretes are the usual chro- 
ma/video, horizontal, and stacked verti- 
cal outputs, in addition to á standard 
overvoltage protection circuit and 
+12-V regulator. 

This receiver, like most 19 -inch table 
models, has no isolation power trans- 
former. It does use standard rectifica- 
tion, however, with one side of the power 
line going to chassis (and not to the less- 
desirable above -ground bridge rectifier 
that some manufacturers still use.) - 

Finally, there is a light-sensitive resis- 
tor connected to one end of the picture 
control that automatically changes lu- 
minance bias as the ambient light 
changes. Regular video peaking, gain, 
blanking, sync separation, noise cancel- 
lation, and pedestal black level clamping 
are taken care of in IC301. 

Integrated Circuits. The CA3153G is 
a multifunction IC of considerable utili- 

Fig. 1. Block diagram of the LDTS-979 chassis. 

ty that is worth analyzing if only briefly. 
What you see in the lower left corner of 
Fig. 2 is an input from the u/v tuner 
combination that has an IC for its out- 
put. There is a well -designed 39.75 - 
MHz upper adjacent -channel video, a 
47.25 -MHz lower adjacent -channel au- 
dio, and 41.25 -MHz initial audio carrier 
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trapping. All of this effectively elimi- 
nates Citizens Band and other routine 
interference, yet delivers a well-bal- 
anced 44 -MHz signal to the i -f stages 
for excellent automatic gain control 
and video/audio processing. Amplifiers 
Al and A2 have 44 -MHz throughput 
bandpass timing, and Al is gain -con - 
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ALL FOR THE PRICE OF 
AN ORDINARY VIDEO GAME. 

Some video games are exciting but 
short on challenge. 

Odyssey4, on the other hand, lets 
you choose your excitement from 

more than 40 arcade, sports, edu- 
cation and new Master Strategy 

games that are full of challenges as 
well as fun, so they keep you coming 
back for more. 

And some video games have an abun- 
dance of brainpower, but cost an arm 
and a leg. Only Odyssey2 includes, at no 
extra cost, a full 49 -character alphabet 

and number com- 
puter keyboard 
that gives you L access to the mind 

behind the games. 
And now there's The Quest 

For The Rings" from Odyssey? It's 
the first in our new Master 

Strategy Series' of video 
games that combine computer 
technology, your TV set and 
an advanced game board to 
transport you to a startlingly 
realistic alternate world. 

Odyssey? Video game fun. 
Computer keyboard challenge. 

All for the price of an ordinary 
¡ video game. It's waiting for you 

now, at your Odyssey2 dealer. 
_,Y Odyssey2 games include: ': The Quest For The Rings Speedway* 

-o r Spin -Out* Crypto-Logic* Las Vegas 
Blackjack Armored Encounter Sub- 

. f chase Football Bowling Basketball 
'''.17.1 1' 

' 
y Math -A -Magic Echo Computer Intro 

" , 71;:r,.;17 -5-,-k- Matchmaker Logix Buzzword Base- 
7-`;-L.,' ball Computer Golf Cosmic Conflict Take 

ati The Money And Run I've Got Your Number 
Invaders From Hyperspace Thunderball Show- - -- down in 2001 A.D. War Of Nerves Alpine Skiing 
Helicopter Rescue Out Of This World Hockey 

Soccer Dynasty Volleyball Electronic Table Soccer 
Pocket Billiards Pachinko Blockout Breakdown 
Casino Slot Machine UFO Alien Invaders-Plus. 

*Included with original Odyssey' purchase. 

N 

The excitement of a game. 
The mind of a computer. 
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video 

trolled by filtered i -f agc bias via its 
input. Remaining audio/video signals 
become transformer -coupled to A3, a 
multi -stage amplifier, followed internal- 
ly by transistor and capacitor peak video 
detectors and a final stage of noise and 
overload -protected output. Should 
spikes of noise appear in the video, three 
chip transistors conduct and shunt the 
interference to common ground. 

Agc also derives potential from video 
output as the luminance is clipped, leav- 
ing only sync pulses for processing. 
When these broadcast sync tips are 
coincident with those entering the keyed 
pulse input, they develop current for the 
agc filter at terminal 2. Following initial 
charge, this capacitor "sees" only the 
differences between charge and dis- 
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charge currents during key pulse times, 
providing a "sample -and -hold func- 
tion." The capacitor at the clamp termi- 
nal receives positive inputs above a cer- 
tain potential through a diode at termi- 
nal 3 and limits operating levels of the 
other agc transistors. The 0.01-µF ca- 
pacitor at the agc delay is nothing more 
than a filter, preventing "hash" from 
entering dc operating voltages. 

As previously stated, 10601 is an 
RCA CA3151G LSI (Fig. 3). Its inter- 
nal "Dynacolor" and external wideband 
comb filter supplant many formerly dis- 
crete components from the main circuit 
board, improving color processing. 

Chroma sidebands and burst enter the 
24 -pin IC through the first chroma am- 
plifier. They proceed to the second chro- 
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Fig. 3. The CA3151G single -chip chroma processor and demodulator. 
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Fig. 4. Quasar's differential amplifier dynafilter. 

ma amplif -,-, where automatic phase 
and chroma detectors rectify and phase 
shift the 3.58 -MHz signals while being 
keyed by horizontal broadcast sync 
pulses. The balanced/unbalanced trans- 
lator responds to the presence of burst 
during the horizontal blanking interval, 
keeping the color killer off. This permits 
the acc amplifier to develop gain for the 
first chroma amplifier, which operates 
only during line scan time and cut off 
during blanking. The automatic fre- 
quency and phase control (AFPC) also 
receives feedback from the 3.579545 - 
MHz crystal -controlled subcarrier oscil- 
lator, as does the acc detector. If this 
oscillator is not on precisely the same 
frequency as the broadcast signal, a do 
correction voltage through the sample - 
and -hold arrangement of the AFPC re- 
turns the oscillator to proper operation. 
The sample -and -hold circuit can also 
correct the oscillator frequency by stor- 
ing error signal differences in its charge 
and discharge paths. 

Tint -amplifier phase can also be 
changed manually with an external tint 
control, which is then routed to a 
dynamic fleshtone circuit that receives 
color information from the second chro- 
ma amplifier. This well-known RCA 
"ColorTrak" circuit may be either dis- 
abled or energized in the receiver by an 
external switch. In operation, chroma 
from the second amplifier is both buf- 
fered and limited, while tint (phase) 
enters through another port. Chroma 
signals, thereafter, are amplitude modu- 
lated by chroma phase, producing broad 
dynamic fleshtone correction. The price 
for this is a squeezing together of the 
oranges and reds, with some skew of 
greens. The resulting color continues to 
the I and Q demodulators where chroma 
is synchronously detected by application 
of phase shifted cw sinewaves from the 
subcarrier regenerator. This produces a 
resistively matrixed RGB-Y output. 

Dynafilter. Usually called a comb fil- 
ter because of its alternate line chroma 
subtraction or luminance addition, the 
dynafilter consists of five transistors 
(Fig. 4) and associated passive compo- 
nents mounted on a small printed -circuit 
board at the rear of the chassis. It 
receives a single composite video input 
and produces separate chroma and lu- 
minance outputs for sync/video 1C301 
and chroma processor 10601. 

This ac -coupled composite video 
passes through or around a single 1-H 
tapped inductor to delay the signal for 
exactly 63.5 microseconds. Since the 
color subcarrier changes the line phase 
180 degrees on any two successive scans, 
summing the lines doubles the- value of 
luminance and removes chroma. Con- 
versely, subtracting the ouputs permits 
passage of chroma while rejecting lumi- 
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Fig. 5. Multiburst test shows 5 MHz Landp- ass 

at video detector and 3.5 MHz at cathode ray tube: 

nance. Thus, if signals passing through 
input follower Q3001 are delayed by 
L3001, and then added to the original 
information, only the chroma is able to 
proceed to Q3003. Here it is amplified 
for the low -impedance output driver 
Q3005. When it is not necessary for 
luminance to pass through L3001 for 
cancellation, the two adjacent lines add. 
Chroma is then filtered by L3002, 
C3302 and R3006, and R3007. Finally, 
chroma-free luminance is differentially 
amplified by Q3002 before proceeding 
to low -impedance output driver Q3004. 

Since dc as well as ac currents are 
flowing in the emitters of the differen- 
tial amplifier, the R3010 balance con- 
trol adjustment is critical. This type of 
bypass configuration ensures that maxi- 
mum luminance bandpass reaches the 
cathode ray tube whether or not color is 

being received. Unfortunately, many 
comb filter systems used in U.S. sets 
require color burst to produce full band- 
pass triggering. This one does not! There 
is, however, some attenuation of band- 
pass because of L3003 and C3004 in the 
base circuit of video follower Q3004. 
But this helps to prevent any chroma- 
luminance crosstalk. 

Comments. Basically, the WT5976S/ 
WT5977T receivers are conventional 
sets with very good tuners. COLOR/LUMI- 
NANCE/AUDIO controls are located be- 
neath the keyboard channel -select, and 
are readily accessible. Tuner/system 
signal pickup is average or a little better; 
age swing of 68 dB is very good; and at 
60 feet no CB interference was noted. 

The 3.5 -MHz horizontal frequency 
response cutoff was somewhat disap- 
pointing (Fig. 5), but Quasar and sev- 
eral other manufacturers would rather 
have clean pictures and avoid chroma/ 
luma crosstalk. AM riding on the swept 
chroma in Fig. 6 is nothing unusual, but 
is visible in both the vector and the 3.08- 
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Fig. 6. Swept chroma test at video detector Ad. 
cathode ray tube. Vector is somewhat irregular. 

Fig. 7. Spectrum analyzer display 
of luminance at the CRT. 

S/N ratio measures 40 dB. 

MHz portion of the swept color output 
as a slight "fuzz." 

Figure 7, shows the 40 -dB signal-to- 
noise ratio -an acceptable figure for 
this type of receiver. Dc restoration of 
82.9% is fine and almost a requirement 
for a good picture because so many 
broadcasters seem to vary their black 
levels and chroma phase arbitrarily. 
Voltage regulation, while not superb, is 

adequate for overall receiver operation. 
We also checked the set on midband 
cable hookup and it performed well. 

A 110 -degree color picture tube 
would have shortened cabinet depth 
nicely, but the extra cost over the 90 - 
degree tube used might have been pro- 
hibitive.-Stan Prentiss 

CIRCLE NO. 103 ON FREE INFORMATION CARD 

QUASAR MODEL WT5977T 19" COLOR TV 
RECEIVER LABORATORY DATA 

Parameter 
Tuner/receiver sensitivity 

(min. signal for snow -free picture): 
Voltage regulation 

(line varied between 105 and 130 V): 

Luminance bandpass at video detector: 
Luminance bandpass at CRT: 
Dc restoration: 
Agc response before white/black level 

changes or sync clipping: (-8 dBmV 68 dB 
to + 60 dBmV): 

S/N ratio at CRT: 40 dB 
Horizontal overscan: 15% 

Convergence: 99% 

Audio bandpass (3 dB down): 65 Hz to 4.5 kHz 
Aux. audio output impedance: 9 ohms 
Power requirements (signal applied): 125 W 

NOTE: Test equipment used: Tektronix - 71.12 spectrum analyzer, C5A camera; Telequipment D66 and D67A - 

oscilloscopes: Sadelco FS -3D VU f/s meter; Winegard DX -300 amplifier; Data Precision 245, 248, 258 multi - 

meters; B & K -Precision 1248, 1250 color bar generators and 3020 f/g: Sencore VA48 (modified) video analyzer, 

CGI69 color bar generator, and PR57 AC -'Powcrite.'- 

Measurement 
vhf (Ch.6): -8 dBmV 
uhf (Ch. 30): -3 dBmV 
Low voltage: 123-V supply -92% 

I2 -V supply -99% 
High voltage: 26 -kV supply -91% 
4 MHz 
3.5 MHz 
82.9% 

NOVEMBER 1981 
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If you own or use a micro -computer, then chances are that 
from time to time, you've wished that someone could simplify 
programming. 

Because as useful as micro -computers are, they can only ever 
be as good as the programs they run. 

Well then, how does this sound? 
No more program -coding. No more debugging. And no more 

time wasting. 
Arguably more comprehensive and advanced than anything else 

of its kind, The Last One is a computer program: that writes computer 
programs. Programs that work first time, every time. 

By asking you questions in plain English about what you want 
your program to do, The Last One uses your answers to generate a 
ready -to -use program in BASIC. 

What's more, with The Last One, you can change or modify 
your program as often as you wish. Without effort, fuss or any 
additional cost. So as your requirements change, your programs 
can too. 

And if, because of the difficulties and costs of buying, writing 
and customising software, you've put off purchasing a computer 
system up to now, you need delay no longer. 

Available now. 
The Last One costs $600 plus local taxes where applicable and is 

now available from better computer stores. 
For further information, write to D.J. 'Al' Systems Ltd., 

Two Century Plaza, Suite 480, 
2049 Century Park East, 
Los Angeles,CA 90067.THE, msr 0E Tel: (213) 203 0851. ° 
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TO CONNECT a filter network 
costing, say, $30, ahead of your 

power amplifier and get the bass re- 
sponse characteristic of giant woofers 
from your inexpensive bookshelf speak- 
ers may sound farfetched, but the prin- 
ciple is already at work in several com- 
mercial products. Properly matched and 
adjusted for a specific speaker, such net- 
works can provide an extra octave or so 
of clean bass. Mismatched, they are at 
best ineffective and can be destructive to 
drivers. A home builder, however, 
should have no problem in adjusting the 
booster circuit to his speaker. 

Thiele's Equations. In 1962 an Aus- 
tralian physicist named Neville Thiele 
published a paper in which he was able 
to explain the behavior of both acoustic - 
suspension and tuned -port loudspeakers 
by treating loudspeakers as electrical 
high-pass filters. The mathematics de- 
scribing filter behavior had been worked 
out long ago, and Thiele's insight let him 
plug the equivalent values for speakers 
into the formulas and predict the way 
the system would behave. Now, for the 
first time, a loudspeaker designer could 
start with certain given factors, such as 
box size or a particular driver, and 
determine, without tedious trial and er- 
ror, if the desired performance was 
achievable. Thiele published a table of 
"alignments" relating parameters such 
as speaker compliance, mass, box size, 
and duct tuning with acoustic perform- 
ance. He named his alignments after 
electrical filters with the same behavior, 
such as Butterworth and Chebyschev. 

Thiele also showed that by cascading 
an electrical network with the speaker, 
one could obtain the response of a high- 
er -order filter. This technique has been 
used commercially with tuned -port 

speakers for several years; we will use a 
similar method to extend the response of 
an acoustic -suspension speaker. 

High -Pass Filters. A capacitor is the 
simplest high-pass filter since its re- 
sponse is down 3 dB at the cutoff fre- 
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Add an extra 
octave of 
clean bass with 
a low-cost 
active filter 

BY RICHARD KAUFMAN 

quency, and continues to rolloff at a rate 
of 6 dB per octave. This is called a first - 
order filter and is shown in Fig. lA. If 
an inductor is added to the circuit (Fig. 
1 B) we have a second -order filter whose 
response rolls off at an ultimate rate of 
12 dB per octave. The rate can be higher 

Fig. 1. First (A), second (B), and third (C) order filters 
and responses. Smooth curves are Butterworth, others are Chebyschev. 
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bass boost 

or lower near the cutoff frequency where 
response is down by 3 dB, depending on 

the values of the components used. Che- 
byschev filters have the sharpest cutoff, 
but at the expense of some ripple (un- 
even response) in the passband. Butter- 
worth filters give the flattest response, 
but cutoff is not as sharp. Bessel filters 
have the best phase -shift and transient 
response, but the attenuation extends 
several octaves up into the passband. 

As shown in Fig. IC, adding another 
capacitor to a second -order filter makes 
a third -order filter, with a rolloff of 18 

dB per octave. Adding another inductor 
gives a fourth -order filter, with 24 -dB/ 
octave rolloff. Higher -order filters, with 
their sharper cutoffs, are also character- 
ized as Chebyschev, Butterworth and 
Bessel. With Chebyschev filters, the 
number of ripples in the passband 
increases with the order of the filter. 

Thiele showed that acoustic suspen- 
sion speakers behave like second -order 
high-pass filters, and that tuned -port 
speaker systems behave like fourth - 
order high-pass filters. Just as it is possi- 
ble to cascade filters to obtain a desired 
response, it is possible to substitute a 

speaker for one of the filters. Thus, as 

Thiele's data showed, a speaker can be 

made to give a response of higher order 
than it normally would. By matching the 
filter and 'speaker properly, we can 
extend bass response and increase the 
final rate of rolloff. 

Filter Parameters. The Q of a filter ís 

inversely related to damping. A high -Q 
filter has a bump, or boost, near the 
cutoff frequency. The higher the Q, the 
higher the bump in the response curve, 
and the lower the damping. An under - 
damped, high -Q filter is an oscillator. 
Cheap speakers with "boomy" bass have 
a high Q and any low note forces them 
to "boom" at their resonant frequency, 
instead of reproducing the low -frequen- 
cy note. Designers consider a system Q 
of 1 to be the maximum desirable for 
acoustic -suspension speakers. Many de- 
sign for a Q of just under 1 to allow for 
minor production differences in their 
drivers, and to lower distortion. This is 

fortunate, since second -order response 
with a Q of just under 1 can be cascaded 
with an electrical filter to give a very 
nearly smooth 4th -order response ex- 
tending much lower than the original 
cutoff point. 

Using the passive circuits shown in 
Fig. 1, would cause too much attenua- 
tion, but operational amplifiers make it 
possible to construct an active filter that 
doesn't have this loss. First- and second - 
order active high-pass filters are shown 
in Fig. 2. Note that resistors and an op 
amp have been substituted for the 
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inductors shown in Fig. 1. By adjusting 
the values of the resistors and capaci- 
tors, one can control the cutoff frequen- 
cy, and, for the second -order filter, inde- 
pendently adjust Q. Not all op amps will 
work with the second -order circuits. For 
example, a 741 would limit high-fre- 

(A) 

-o 

Fig. 2. Simplified active filters: 
(A) first order and (B) second order. 

quency response to 10 kHz, while an 

LM318 would work up to 20 kHz. New- 
er BiFet devices are even better. 

Table I is a chart of design informa- 
tion for speakers with Q in our range of 
interest. Knowing a speaker's Q and its 
resonance frequency, one can determine 
the resonance frequency and Q for a fil- 
ter that will extend bass response. Fig- 
ure 3 shows the result of cascading a 

second -order filter with a second -order 
speaker. Note that the cascaded curve 
extends to lower frequencies with only 
slightly more deviation from a flat 
response than the original. 

It is also possible to use a filter with a 

tuned -port loudspeaker, to improve bass 

and to protect against infrasonic over- 
drive. One should never apply bass boost 
below the resonant frequency of the 
port, since the speaker is decoupled from 
the port below this resonance, and high - 
amplitude signals could force the cone to 
too great an excursion. By retuning the 
port half an octave below its present fre- 
quency, and designing the active filter 
for a frequency 7% above the new fre- 
quency, it is possible to extend bass 
response down by half an octave. Retun- 
ing the port involves lengthening the 
duct by about 50% of its present length. 
It is permissible for the duct to bend or 
project beyond the outside of the cabi- 
net. Measure the resonance, using the 
procedure described below, and cut the 
new duct tube until the resonance is 

three-quarters of the old resonance. 

Determining Speaker Parameters. 
Most often, acoustic -suspension speaker 
systems have a Q of about 0.9, and the 
system resonance of 8" speakers aver- 
ages about 58 Hz. The resonance of 10" 
speakers averages about 46 Hz, 12" 
units about 36 Hz, and 6" about 72 Hz. 
These are such rough estimates that 
they are good only for determining a 

range of values to allow one to tune by 
ear. When the actual cutoff point-the 
point at which response is down by 3 

dB-is known, it is safe to assume a Q of 
0.9 and estimate system resonance from 
Table II. If the frequency response is not 
stated unequivocally, write to the manu- 
facturer and ask for system resonance 
and anechoic cutoff frequency. (Make 
sure the resonance figure you get is not 
the free -air resonance-it will be far too 
low.) Product reviews in audio and con- 
sumer testing magazines are also good 
sources for cutoff -frequency data. 

Measuring system resonance is easy 
with a VOM and a signal generator, by 
finding the impedance peak. Apply a 

TABLE I-SPEAKER-FILTER CASCADE 

Cheby- 
schev 

Response 
Type 

Speaker Filter 

Resonance 
Frequency 

Damping o Resonance 
Frequency 

Damping o Peak dB Peak V 
Gain 

Least Dip 
(0.1 DB) 

1.410f 1.534 0.652 1.029f 0.463 2.16 + 7.74 2.4 

1-DeciBel 
Dip 

1.992f 1.275 0.784 1.060f 0.281 3.56 +11.1 3.6 

2-DeclBel 
Dip 

2.146f 1.088 0.919 1.057f 0.224 4.46 + 12.5 4.2 

3-DeciBel 
Dap 

2.257f 0.929 1.076 1.053f 0.179 5.59 +14.9 5.6 

Note: 1 is the -3 dB point for the cascaded system relative to the peak response 



400 -Hz signal to the speaker through 
your amplifier, measuring the voltage 
across the speaker. (This test is more 
sensitive with a 500 -ohm, 2 -watt resistor 
in series with the speaker. The resistor 
also protects the speaker from over- 
drive.) Take care not to overload your 
amplifier input, and slowly turn up the 
amplifier's volume control until the volt- 
age drop across the speaker is between 
0.7 and 1.0 volt. Sweep.the signal fre- 
quency downward from 100 Hz, check- 
ing the VOM as you go. The frequency 
for which the voltage drop across the 
speaker is greatest is the resonance fre- 
quency. If the impedance peak is flat 
and broad, use the point one-third of the 
way between the lowest frequency and 
the highest frequency in the resonant 
range. There should be only one peak for' 
an acoustic suspension speaker. Tuned - 
port speakers will have two impedance 
peaks. The valley between them, the 
point of least voltage drop, is the tuned - 
duct frequency that must be lowered by 
25% to extend bass response. Using a 
VOM, keep the minimum above 0.7 V 

to get an accurate reading. 

A Design Example. Assume a typical 
high -quality bookshelf system with an 
8" acoustic -suspension woofer having 
the following specifications: impedance, 
8 ohms; frequency response, 48 to 
20,000 Hz, ±3 dB; and recommended 
power range, 12 to 80 watts. If we 
assume the system Q is 0.9, Table II 

indicates that the fc to fr ratio is 0.83. 
Divide the cutoff frequency by the fc/fr 
ratio, which for our example is 48 Hz/ 
0.83 or 57.8 Hz. Since we will work only 
with two -digit accuracy, round this out 
to 58 Hz. Dividing fc by fr gives 48/58 
or 0.83 (rounded to two digits). Table II 
shows a Q of 0.9 for this ratio. 

In Table 1, the closest speaker Q listed 
is 0.919; therefore we will use the 
response with a 2 -dB dip to design the 
filter. The required accuracy of Q is 

10% for the cascade to work. Note that 
it is possible to interpolate for values 
between those given in the table. In the- 
ory, the I -dB dip is preferable, but to 
use it would have required modifying 
the system Q as described below. It 
turns out that the 2 -dB dip is satisfacto- 
ry with this speaker. 

If your system's Q is much higher or 
lower than the range shown in Table I, 

recheck your measurements and calcu- 
lations. If the Q is only marginally too 
high or too low, it can be altered by 
changing the effective volume of the 
speaker cabinet. This also changes the 
system resonance frequency. Placing 
solid volume, such as wooden blocks, 
inside will raise the Q, while loosely 
packed fiberglass or dacron fibers will 
lower Q by effectively increasing cabi- 
net volume-if the cabinet is not already 
fully packed. (Don't pack the enclosure 
too tightly, and don't use lumberyard 
fiberglass, as it sheds fibers that will get 
in the speaker magnet gap.) The change 

in resonance frequency will be approxi- 
mately equal to the change in Q, and 
raising the resonance frequency 5% will 
raise the Q by 5%. Lowering resonance 
will lower Q. Use the new resonance fre- 
quency in your calculations. 

Determining Filter Parameters. 
Referring to Table I for the 2 -dB dip, 
the speaker system resonance frequency 
is 2.446 times the cascade cutoff fre- 
quency. Using the design example, 58 
Hz/2.146 is 27 Hz (rounded out). This 
means extending the low -frequency re- 
sponse from 48 to 27 Hz, nearly one 
octave. Actually, the figures are better 
than that. The speaker cutoff was meas- 
ured relative to the average high -fre- 
quency response, while the cascade cut- 
off is relative to the peak response. 
Looking at the filter side of Table I, note 
that we require a filter resonance fre- 
quency of 1.057 times the cascade cutoff 
frequency, or 27 x 1.057 = 28.5 Hz. 
Thus, the required damping factor is 

0.224 and the Q is 4.46. Such a filter is 

technically realizable. 

Power Handling. There still remains 
the question of whether the speaker will 
handle the extra demand put on it. For- 
tunately, most speakers are sufficiently 
over -designed that they will. The extra 
bass won't require too much excursion 
of the cone or voice coil, and there is suf- 
ficient headroom for the midbass so that 
the cone and voice coil can make the 
necessary excursion without strain or 
distortion. It is true that the loudness 
attainable won't be as great, but chances 
are that you are not, at present, driving 

+10 . . your speakers to the maximum. 
In the end, however, everything, has 

its price, and extra bass costs power. 
Generally, equal amounts of power are 
required per octave, and we are applying 
a large amount of boost to a very small 
portion of the audible spectrum. Actual- 

- .- ly, we need extra power only near the 
filter's resonance frequency. Twice the 
manufacturer's recommended minimum 
rms power will be adequate; 21/2 times 

FILTER RESPONSE 

-lo - 
will be ample. For the design example 
with a rated minimum of I2 watts, this 
works out to 24 watts minimum, 30 
watts ample. In practice, lower -powered 

o , / amplifiers will sometimes be adequate. 
In any case, you should fuse your 

speakers before adding any boost. If 
your amplifier's power rating is lower 
than the manufacturer's maximum rat - 

30 - ing for the speakers, fuse the speakers 
for the maximum rated output. For, say, 
a 60 -watt amplifier, calculate the fuse 
size from I= VP/R= V60/8=2.8 am- 
peres. Use the next smaller available 
size, 2.5 amps. Fusing the speakers to 
the amplifier's maximum rated power 
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Fig. 3. Responses (with irregularities exaggerated) of 
a speaker and filter and the cascaded combination. 



bass boost 

output will usually disconnect the speak- 
ers before clipping can occur, especially 
since most manufacturers don't give the 
actual maximum rms power but the 
power at which distortion reaches a 
specified level. With a 100 -watt ampli- 
fier, fuse the speakers for the manufac- 
turer's rated power. We will use a 3-A 
fuse for the example with an 80 -watt 
rating. 

Will the extra bass produced be dis- 
torted? Since the speaker is overdamped 
at frequencies below resonance, the an- 
swer is no. There will be some second - 
harmonic distortion produced by funda- 
mentals at the resonance frequency, but 
it will seem less than is now present. 
(Second -harmonic distortion is inaudi- 
ble in the presence of the fundamental 
unless it exceeds 10%.) As for more 
exotic forms of distortion such as phase 
shift, overshoot, transients and pulse - 
stretching, the ear is a lot less sensitive 
to them at low frequencies than in the 
midrange, nor will they be significantly 
higher than in a speaker that produced 
this kind of bass without the active -filter 
subwoofer. 

Then there is the 2 -dB ripple in the 
passband of the design example, with 
one bump at 58 Hz and another at 28.5 
Hz. While it's theoretically desirable to 
minimize all response unevenness, dif- 
ferences of less than 3 dB are usually not 
discernable even to trained ears. Below 
50 Hz, a slight boost can sound better 
than a flat response, and room acoustics 
and speaker placement can have more 
audible effect than the intrinsic ripples 
in the response. 

Circuit Design. The schematic in Fig. 
4 is for one channel and the supply. ICI 
requires a reference midway between 
the positive and negative supplies, and 
this is provided by zener diodes DI and 
D2. IC/ is a BiFet device (LF353) hav- 
ing low -noise JFet inputs and wide 
bandwidth. Two op amps are contained 
on one chip- Other compatible dual- 
BiFet op amps are the TL072CP and 
TL082CP. The power supply will drive 
two active filters. Capacitors C6 and C7 
decouple the op amps from the power 
supply and one should be mounted as 
close to each chip as possible. 

Buffer 1CI A isolates the filter from 
loading, while IC/B forms a Sallen and 
Key high-pass filter. Components C2, 
C3, R2, and R4 control the resonance 
frequency, while the ratio of R3A to 
R3B controls Q. Since the filter provides 
overall gain, potentiometer R5 is used at 
the output to reduce the signal to its ori- 
ginal level. Making C2= C3 and R2= 
R4 makes Q totally independent of fre- 
quency, as well as simplifying design. A 
value of 0.1 uF turns out to be conven- 
ient. With this capacitance value, values 

for R2 and R4 in ohms are calculated 
from 1,590,000/f where f is the desired 
resonance frequency for the filter. Using 
the design example which requires a res- 
onance frequency of 28.5 Hz: 
1,590,000/28.5 = 55,789 ohms. Five 
percent accuracy is required for the fre- 
quency -determining resistors, and 33-k4 
and 22-k4 resistors in series are accu- 
rate enough. Do not use disc ceramics 
for C2 or C3; polystyrene or Mylar types 
are recommended. Five percent -toler- 
ance types should be used, but the more 
readily available 10% tolerance is ac- 
ceptable if R2 and R4 are adjustable. 
The ratio of R3B to R3A determines Q 
(R3B/R3A = 2-b, where b is the 

TABLE II-O VERSUS 
SPEAKER 

CUTOFF -TO -RESONANCE 
RATIO 

Speaker System O fc/fr 
0.6 1.22 
0.7 1.00 
0.8 0.90 
0.9 0.83 
1.0 0.79 
1.1 0.76 
1.2 0.74 

Note: fc = Cutoff frequency (-3 dB) relative to high -fre- 

quency response 
Ir = System resonance 

damping factor, the inverse of Q). For 
the desired damping factor of 0.224, the 
ratio works out to 1.78 to 1. Therefore, 
R3B should be 320 k-12, and R3A should 
be 180 k52. It is possible to measure and 
set this ratio before soldering R3 into 
the circuit, but in practice the measure- 
ments won't be accurate enough. How- 
ever, it is easy to adjust Q once the sys- 
tem is in operation. 

Construction. The active filter can be 
assembled either on perf board, or a pc 
board. Use a socket for 1CI. Since the 
power supply can handle two filters, a 
second one can be mounted on the same 
circuit board. 

If you have difficulty locating the 
series -parallel combination of resistors 
required for R2 and R4; use a dual-100- 
kS2 audio -taper potentiometer as a sub- 
stitute. Note that snap -together pots are 
not accurate enough for this purpose. 
Potentiometers are necessary if you are 
going to tune the subwoofer by ear, and 
are recommended if your assumed 
speaker Q is 0.9. Connect the low end of 
the taper to the wiper terminal, to put 
the low frequencies at the low end of the 
scale and keep them from being too 

cramped. Similarly for R3A and R3B. 
Use a 500-k12 (or any value down to 100 
k12) audio -taper pot. Resistance R3B 
should be between the wiper and the 
high end, and R3A from the wiper to the 
low end. This keeps high Q's from being 
crowded, though it puts high Q's at the 
low end of the dial unless you use reverse 
taper pots. If the frequency and Q con- 
trols are to, be accessible from the out- 
side, do the same for the two output con- 
trols. Use audio taper for these controls. 
Keep each set of potentiometer leads 
slightly twisted together, as short as pos- 
sible, and away from the power supply. 
Use shielded audio cable for the input 
and output leads. The input cable shield 
should be grounded at the circuit board 
and at the phono jack, but leave the 
ground floating on the output side to 
prevent ground -loop hum; i.e., ground 
the output lead to the chassis at the 
phono jack, but not at the circuit 
board. 

The subwoofer filter should be in- 
serted in the tape -monitor circuit of 
your preamp or receiver or between the 
preamp and amplifier. To maintain 
monitor capabilities, include a dpdt 
switch and extra jacks. 

Tuning. A signal generator or audio 
test record is a great aid in tuning. If one 
is not available, be careful in choosing a 
test -signal source. Most FM stations cut 
off the low end below 40 Hz, while cas- 
sette tapes start to roll off below 40 Hz. 
Records will have the bass, if the instru- 
ments produced it. The lowest note on a 
piano is 27.5 Hz, while the bass viol and 
tuba are about 40 Hz. Organ music is 
much the best choice for tuning. 

Assuming you have predicted and set 
the optimum tuning frequency, switch 
the active filter subwoofer into the cir- 
cuit, and slowly túrn up the volume. 
(Tune one channel at a time.) If Q is set 
too high (R3), you will hear a slow "mo- 
tor -boat" sound, indicating that the fil- 
ter is oscillating. Set the Q just below 
the point where the circuit oscillates. 

If you have a signal generator, sweep 
it downward from 100 Hz to the cutoff 
frequency; if it sounds linear all the way, 
the circuit is tuned. A sound pressure 
meter or a micróphone and the VU 
meter of a tape deck can be used to 
measure the response if the microphone 
response extends far enough into the 
bass. If the response rolls off toward the 
cutoff point, the Q is too low. Raise it 
slightly and try again. If the Q is too 
high, there will be a dip in response mid- 
way between the speaker resonance fre- 
quency and the cutoff frequency. Tune 
the generator to this "dip" frequency 
(for the design example, about 45 Hz) 
and slowly decrease the Q until the dip 
disappears. Sweep downward again, 
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Fig. 4. Schematic of the active filter for bass boost. 

PARTS LIST 

C 1 ,C4' -2.2-µF tantalum capácitor 
C2,C3*-0.1-µF, Mylar capacitor 
C5 -4700-µF, 35-V capacitor 
C6,C7,C8-0.1-µF capacitor 
D1,D2-6.2- or 6.8-V, 1-W zener 
IC1,IC2-LF353N BiFet dual op amp 
LED 1-LED 
R 1 -100-k12 resistor 
R2-see text 

checking that the response is flat, and 
repeat the process tintil the response is 

flat. Perform these tests at the lowest 
possible signal levels. An alternate pro- 
cedure for adjusting Q to a predeter- 
mined value is to use a DMM to meas- 
ure the peak oútput of the filter near res- 
onance as compared to the output at 
high frequencies. Table I shows the peak 
voltage gain; for the 2 -dB dip, the peak 
outpút should be 4.2 times the voltage at 
400 Hz. 

If you don't have test equipment, 
you'll have to do a lot of listening to find 
the optimum Q setting, but it can be 
done. The best setting will be just below 
the one which produces the most dra- 
matic thump in bass viol or "rumble" in 
the lowest notes on a piano. 

The tuning process is essentially the 
same when the optimum frequency is 
unknown, except that it has to be repeat- 
ed at several different frequencies. If 
adjusting Q has no audible effect, in- 
crease the frequency. If Q changes pro- 
duce large, dramatic changes in the 
bass, lower the frequency. Eventually 
yoú will find a setting that produces the 
smóothest, most extended bass. 

Adjusting the second channel will be 
much easier, since you'll be able to copy 
the settings from the first channel and 
trim them as required. Adjust the level 
controls (R5)so that the higher frequen- 
cies are the same loudness with the sub - 

OUT 
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R7 
58017 

R3 -500-k12 potentiometer 
R4-See text 
R5' -100-k4, audio -taper potentiometer 
R6 -1-k12, 112W resistor 
R7-580-11, Ih-W resistor 
RECT1-50-V, 1-A bridge rectifier 
T1 -24-V transformer 
' Parts must be duplicated for second 
channel 

woofer in or out of the circuit. 
The design example was worked out 

for a speaker with a 48 -Hz cutoff and a 

58 -Hz resonance frequency. Suppose we 
had started with a speaker with a 38 -Hz 
cutoff and a Q of about 0.9. The 
response could be extended down to 21 

Hz. A speaker that cuts off at 32 Hz 
could be extended down to 18 Hz. 

There is room for improvement if we 
go back and rework the speaker design. 
Because of the speaker Q, we were 
forced to choose a filter that gave 2 -dB 
dips in the passband. While inaudible, 
the dips indicate a certain amount of 
overshoot and ringing. If the speaker 
enclosure were reworked to give a lower 
Q, incidentally lowering the resonance 
frequency, these effects could be les- 
sened. The system could achieve a cutoff 
point of 30 Hz for a 0.1 -dB dip. This is 
not much worse than 27 Hz, and virtual- 
ly flat from the midbass down. The 1 -dB 
dip would work out to a 25 -Hz cutoff 
and this indicates that the ideal Q for 
equalized speakers is lower than that 
used in current design. 

As commercial designers have shown, 
designing the filter and speaker together 
can result in very fine bass response. The 
home constructor starting with an exist- 
ing speaker system may want to make a 

few small compromises. But with suffi- 
cient effort, the results will be as good as 
a professional product. 

HUSTLER - 
STILL THE LEADER 
IN DUAL CB 

ANTENNA SYSTEMS 

Since introducing the industry's first dual 

C3 antenna systems, Hustler has con- 
tinually led the way in the development 
of these advanced designs. 

Today, Hustler offers you the widest se- 

lection of quality dual CB systems avail- 
able. Whether you're behiñd the wheel 
of the family car, RV, or a long -haul 
semi, a Hustler dual antenna system 
mill give you a signal pattern un- 
matched in uniformity. Total electrical 
and mechanical reliability. Freedom 
from fading and blind spots when you 
change direction, and twice the signal 
capture area. 

Hustler dual antenna systems feature 
professional -quality components: heavy 
chrome plated mounts, oversized 
"Hi -Q" resonators, superflex stainless 
steel radiators, dual phasing harnesses 
with balanced power feed, and much 
more... 

For a consistently clear channel any 
way you turn, you can't surpass dual CB 

antenna systems by the original: Hustler - still the standard of performonce. 

3275 North "B" Avenue 
Kissimmee, Florida 32741 

an /liarnarnon Company 

CIRCLE NO. 34 ON FREE INFORMATION CARD 
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HERE IS a quiz that tests your electronic 

know-how, as well as your imagination. 
Each problem in this quiz shows a resistor 
network that consists of an infinite number of 
resistors. To simplify things, assume that all 
resistors in each network is exactly one ohm; 
and any wires, including jumpers, are perfect 
conductors. To take the quiz, you must figure 
out what a perfectly accurate 51/2 -digit ohm- 
meter that has a resolution of 1/100,000 of an 
ohm would read if its probes were connected 
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to points A and B of each network. Assume 
that the leads and probes have no resistance. 
(Obviously, this ohmmeter is an imaginary 
instrument.) 

Look at example X shown below to see how 
one of these problems can be solved. Notice 
that the resistors in this network are all con- 
nected in series. There are several ways of 
approaching and solving this problem. One 
way is to imagine that points A and B are only 
connected (through the 1 -ohm resistors, of 
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-TWOR < QUIZ 
See how well you can apply the principles of network theory 
to determine the terminal resistance of these matrices. 

course) at infinity. Points A and B can be 
looked upon as not being connected at all in 
the real world, and a 5'/2 -digit ohmmeter 
would show an open circuit. 

Another way to look at this problem is to 
think of the resistance between A and B (the 
equivalent resistance of the network) as being 
equal to 1 + 1 +1 +1 +1 . . . . ohms, where 
you add up an infinite number of ones. 
Obviously, when you place enough one -ohm 
resistors in series (say more than 1 billion), 
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the meter will indicate an open circuit. 
Several of the problems in this quiz require 

no computation whatsoever, just a little 
insight into simple resistive circuit theory. 
The remainder of the problems require only 
arithmetic to solve, although basic algebra 
can be used to reduce calculations. 

Having examined example X, solve prob- 
lems 1 through 10. (Note Fig. 10a is a hint to 
help solve problem 10.) Answers, with expla- 
nations where needed, are given overleaf. 
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resistor quiz 
ANSWERS: 

Problem 1: 0.00000. Note: All the resis- 
tors in this network are connected in 
parallel. It can be shown that a 2 - 
resistor network has an equivalent re- 
sistance of 1/2 ohm; a 3 -resistor net- 
work, a resistance of 1/3 ohm; a 4 -resis- 
tor network, 1/4 ohm; etc. From this, it 
is obvious that an infinite -resistor net- 
work has a resistance of 0 ohms. 

Problem 2: 1.61803. Note: Since this 
problem is typical of many in the quiz, 
its solution will be detailed. The prob- 
lem can be solved in at least two dif- 
ferent ways. The most obvious way is 
to start with the basic circuit (see A 
below). Here Reg1, the equivalent re - 

Reg 1-0- 

A 

sistance of the basic circuit, is 2 ohms. 
This equivalent resistance can replace 
two resistors in the problem. (It might 
be helpful to think of Req, as replac- 
ing the two resistors that are located 
at infinity.) We can thus reduce a 4= 

resistor network to just 3 resistors. 
The resistance of the 4 -resistor net- 
work can then be found and substi- 
tuted into a 6 -resistor network, reduc- 
ing the number of resistors in this net- 
work from 6 to 3. At B, we see how an 

1.66... = 

1 

I 1.685 

B 

8 -resistor network is reduced to just 3 

resistors. We can continue this proce- 
dure and reduce a network with any 
number of resistors (even a million or 

more) down to a three -resistor net- 
work as shown at C. Now let's see how 
we actually do it. 

Req 

We already know Req ,= 2 ohms. In 
the circuit at D, Req? = 1+ (1 x 2)/ 
(1+2) = 1 + 2/3 = 5/3. Then substi- 
tute this equivalent resistance in a 

Req 

D 

Req1=2 

network that originally contained 6 
resistors as at E. This equivalent 
resistance is Req3 = 1 + (1 )( 5/3)/ 
(1 + 5/3) = 1.625. This procedure is 
repeated until the equivalent resist- 
ance remains unchanged to 6 signifi- 

cant places. For problem 2, you would 
continue this procedure until you 
found that two equivalent resistances 
in a row came to 1.61803. which hap- 
pens to be the answer we are looking 
for. (By the way, the equivalent resist- 
ance of an 8 -resistor network is Rego 
= 1.6190476; a 10 -resistor network is 
Req, = 1.6181818; a 12 -resistor net- 
work is Req, = 1.6180555; a 14 -resis- 
tor network is Req? = 1.618037; a 16 - 
resistor network is Req8 = 1.618034; 
and an 18 -resistor network is Req9 = 
1.618034; as is a 20 -or 20,000 -resistor 
network.) 

This method of repetitive calcula- 
tions for solving problems is known as 
the iterative method. Any process that 
requires many repetitive calculations 
is ideally suited to a programmable 
calculator or computer; the iterative 
method is no exception. However, 
since nearly all the problems in this 
.quiz require a maximum of 10 calcu- 
lations to find the answer to 6 places, 
a good old scratch pad is all that is 
really necessary. 

A more sophisticated method of 
solving this problem requires some 
reasoning and a little algebra. From 
the previous calculations, notice that, 
basically, Reg1 is close to Reg2 , which 
is even closer to Req3 , and that Req9 
is equal to Reg10 to at least 7 signifi- 
cant places. From this, or from just 
plain logic, we can assume that, if 
there are an infinite number of resis- 
tors, the addition of two more will not 
change the equivalent resistance of 
the network. 

To find the equivalent resistance 
for a network that continues out to 
infinity (which is the same as RHB) by 
using a little algebra, in the diagram 
at F, Req = 1 + (1xReq)/(1+Req) 

F 

or Req + Req 2 = 1 ± Req + Req, 
which reduces to Req2 - Req -1 = 
0. This last equation can be easily 
solved with the use of the quadratic 
formula, a simple method of solving 
an equation that has one term 
squared. Thus, for equations of the 
form ax2 + bx + c = 0, the formula 
gives the roots as x =(-b± Vb2- 
4ac)/2a. In the equation, Req2 - Req 
-I, a = 1, b = -1, and c = -1. 
Substituting in the quadratic formula, 
we have Req = (1 + VS)/ 
2 = 1.618033989.... (The other 
possible answer is -0.61803 ... , 

which is impossible because resistance 
cannot be negative.) 

Problem 3: 0.62500. Note: Only the first 
network need be considered. 

Problem 4: 0.00000. Note: Every resis- 
tor is in parallel with every other resis- 
tor. This is basically identical to Prob- 
lem 1. 

Problem 5: 1.00000. Note: Why is this 
one so simple? 

Problem 6: 2.7320. Note: Can be solved 
using the same methods given in 
Problem 2. 

Problem 7: 0.61803. Note: Again, this 
can be solved using the methods in 
Problem 2. 

Problem 8: 050000. Note: There are 
resistors in this network that can be 
changed to any value without chang- 
ing the outcome. Where are they 
located in the network? (Hint: They 
are located in the same repetitive 
location.) 

Problem 9: 0.57735. Note: Same as 
Problem 2. 

Problem 10: 2.2078. Note: If you use the 
hint that is given in 10a, the problem 
can be solved using the basic tech- 
niques of Problem 2. 0 
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Good music never dies. Unfortunately, a lot of cassette tapes do. 
At Maxell, we've designed our cassettes to be as enduring as your 

music. Unlike ordinary cassettes, they're made with special anti - 
jamming ribs that help prevent tape from sticking, stretching and 
tearing. 

And our cassette shells are built to standards that are as much as 
60% higher than the industry calls for. ,I 

So if you'd like to preserve your old favorites maaxéli r 
for the years to come, keep them in a safe place. 
On one of our cassettes. 

MoxelI Corporation of America, 60 Oxford Drive, Moonachie, N.J. 07074. 
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ND. 
COMPLETE PORTABLE 

TEST BENC 

LCD HAND-HELD 
MULTIMETER 

TM354 3'/2 Digit 
DC Volts : 1 mV to 1000V AC Volts : 1V to 

500V AC rms DC current : 1µA to 2A 
Resistance : 1f) to 2M() Diode Check 
Basic accuracy : ± (0.75% of reading 

+ 1 digit) Battery life : Typically 2000 
hours 

A. 

$199 
inc.batts 

2000 hrs 
:` k, BATTERY 

-- LIFE 

4000 hrs 
BATTERY 

LIFE 

LCD BENCH. MULTIMETERS 
TM351 31/2 Digit 

DC and AC Volts : 1001.V to 1000V (750V AC rms) 
DC and AC current : 100nA to 10A (20A for 10 secs) 

Resistance : 100mfI to 20Mí) Diode check Basic 
accuracy : ± (0.1% of reading + 1 digitl Battery life : up to 

4000 hours 
TM353 31/2 Digit 

DC and AC Volts :1001.V to 1000V (750V AC rms) DC and AC current : 100nA to 2A 
Resistance : 1f1 to 20M11 Diode check Basic accuracy : ± (0.25% of reacting + 

1 digit) Battery life : Typically >3000 hours $159 (inc. bans). 

LEW - 
MULTIMETERSrl 
DM350 31/2 Digit; 
34 ranges; 0.1% basic accuracy; t 

DM235 3'/2 Digit; 21 ranges; 0.5% basic accuracy: $69.95 

PDM35 3% Digit; Hand held; 16 ranges; 1% basic accuracy: $39.95 

( $99.95 
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Ii GOLD MEDAL WINNER El 

''SC110 SINGLE TRACE LOW POWER 2" OSCILLOSCOPE 
This truly portable oscilloscope, the only British product to win a Gold Medal at the 
1980 Brrio Trade Fair, boasts the following specification: Bandwith : DC to 10MHz 

Sensitivity : 10mV/div to 50V/div Sweep Speeds : 0.lµsecs/div to 0.5 secs/div 
Power Requirements :4 to 10V DC from 4'C' cells or AC adaptor Size and weight 

255.x 150 x 40mm; 800gms excl. batteries 

FREQUENCY' 
METERS 
TF040 8 -Digit LCD 

Frequency Range : 10Hz- ' 
40MHz (to 400MHz with TP600) - 

Sensitivity : 40mV rms Timebase 
accuracy : better than 0.5 ppm Battery life 
Typically 80 hours 

TF200 8 -Digit LCD 
Frequency Range : 10Hz-200MHz (to 600MHz with TP600) Sensitivity : 10mV rms 

20Hz-100MHz, 30mV rms 10Hz-20Hz, 100MHz-200MHz Timebase accuracy : better 
than 0.3 ppm Battery life : Typically 200 hours $299 (inc. bans). 

PFM200 8 -Digit LED Hand Held Meter 
Frequency Range : 20Hz-200MHz (to 600MHz with TP6001 Sensitivity : Typically 

10mV Timebase accuracy : better than 2 ppm Battery life : Typically 10 hours 
$99.95 

TP600 600MHz Prescaler 
Frequency Range : 40MHz to 600MHz Sensitivity : lOmV Output : Typically 

500mV peak -peak $79 

FUNCTION- THANDAR SATISFACTION WARRANTY: 
GENERATORS 

TG100 100kHz 
. Function Generator 

- Frequency range : 0.1Hz to 100kHz 
Functions : Sine. Square, Triangle and DC from variable 

bl00f) output Output range : 1 mV -10V peak -peak DC offset range : 

±5V TTL output External sweep : >300:1 linear range 

STOP PRESS . TG102 2MHz Function Generator $299 
TG105 5MHz Pulse Generator 

Period : 200nsec to 200ms (5MHz to 5Hz) Pulse width : 10Onsec to 100ms 50() 
output range : 0.1V -10V TTL output Sync. output Operating modes: run, 
external trigger, external gate, manual 1 -shot or gate Complement and square `wave $199 

If for any reason, whatsoever, you are not completely satisfied with your purchase, return it 
within 30 days of purchase date for a full refund - it's as simple as that! 

TO ORDER CALL'TOLL FREE: 800-526-5311 
°We°accept Master Charge or Visa 

New Jersey Residents add appropriate Sales Tax. Prices shown in U.S. currency only. 

POSTAGE AND HANDLING up to $100 add $3. Over $100 add $5. 

THANDAR ELECTRONICS INC / P.O. Box 8247, Haledon, New Jersey, 07538 Tel: 201-790-3141 
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VELODIC 
TI E RIN"1ER 

BY RICKEY CHAPMAN 
AND MIKE PAULKOVICH i 

Design your own pleasant tune 
to replace the standard ring 

DO YOU yearn for something a 
bit more distinctive than Ma 

Bell's standard -issue telephone bell? 
The melodic telephone ringer de- 
scribed here replaces the usual jangle 
with a pleasant tune. 

The project requires a direct con- 
nection to the telephone line, which 
some telephone companies prohibit 
unless the device is approved or an 
interface module is installed by the 
phone company. The melody unit does 
provide the isolation required, but 
check with your local telephone com- 
pany before connecting it to the line. 

Circuit Operation. The melody 
used with this project is based on one 
in the spy spoof, In Like Flint, in 
which super -spy Derek Flint's hot line 
to the President signals that the latter 
is calling by playing a distinctive tune. 
Accordingly, we created a diagram of 
what the sonic output of the device 
should be (Fig. 1) to imitate the ring 
used in the motion picture. 

The numbers indicate the number 
of the clock pulse and the letters indi- 
cate the desired musical tone. The 

complete schematic of the project is 
shown in Fig. 2. CMOS logic is used 
because it is easy to interface with lin- 
ear circuitry and it has simple power 
requirements. The design is based on 
the CD4051 8 -bit analog multiplexer 
that acts as digitally controlled, 8 - 

position switches. In the ON position, 
the switch acts as a simple resistor of 
typically 80 ohms. In the OFF position, 
it has an impedance greater than 10 
megohms. 

One CD4051 (IC6) is used for fre- 
quency control, while the other (IC5) 
is used for amplitude control. Both are 
driven by counter 1C2. Stop -start con- 
trol is provided by quad two -input 
NAND gate 1C3. IC3A drives the 
clock -enable line low when IC2 
reachés the count of 40. This enables 
trigger gate IC3C, and with no trigger 
pulse appearing at IC3C pin 9, the 
reset (pin 2) of 1C2 is held low. This is 
the standard wait state of the device. 

The telephone ring signal causes the 
LED in optoisolator ICI to glow and 
turn on the photo -transistor in ICI. 
The trigger line is turned on by this, 
causing the reset line of IC2 to be set riiiiiii 

e 10 

24 26 28 30 32 34 

12 14 
E .Z/ 

16 18 20 22 24 

C / / / 
36 38 40 

Fig. 1. Output tone. sequence of the circuit. 

4- ON 

OFF 

ON 

OFF 

high, and resetting counter IC2 to 
zero. This action turns off both inputs 
to IC3A, thus enabling the two oscil- 
lators built around the op amps IC4A 
and IC4B. 

FREQUENCY CALIBRATION 
VALUES 

Corn- Note Frequen- Resist- 
ponent cy ance 

(Hz) (ohms) 

R13 B 987.8 124.8 
R14 C 1046.5 117.8 
R15 D 1174.6 105.0 
R16 E 1318.5 93.5 

The oscillator built around IC4B 
forms the clock that drives counter 
1C2. The clock frequency is controlled 
by R12. Oscillator IC4A is an audio 
oscillator whose frequency is varied 
by using IC6 to switch between one of 
the four frequency -controlling poten- 
tiometers R13 through R16. The out- 
put of audio oscillator IC4A is con- 
nected through R9 to the common 
input of IC5. Selected outputs of 105 
are grounded, to provide no output, 
while the remaining outputs are buf- 
fered by IC4C and amplified by audio 
amplifier IC7, whose output volume is 
controlled by RI7. 

Construction. The circuit can be 
built on perf or a pc board. It is rec- 
ommended that IC sockets be used, to 
simplify calibration. 

Component location is not critical, 
except for C5 and C7 (in the IC7 cir- 
cuit), which should be kept close to 
1C7 to prevent oscillation. The power 
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telephone ringer 
...1-. 

TO 
PHONE 

LINE 

R5 
IOOK 

C2 
.047 yF 
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C6 
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3 RIO 
270 

RII 
3311 

Ce 
15 yF 

C7 
IPF 

6 

SPEAKER 
2-160 

Fig. 2. CMOS logic is used because it interfaces easily with linear circuitry and has simple power needs. 

C1, C6 -4.7-µF, 16-V electrolytic 
C2 -0.047-µF, 25-V ceramic disc capaci- 

tor 
C3 -0.001-µF, 25-V ceramic disc capaci- 

tor 
C4 -10-j, 16-V electrolytic 
C5 -0.1-µF, 25-V ceramic disc capacitor 
C7 -1.0-µF, 16-V electrolytic 
C8 -15-µF, 16-V electrolytic 

supply can be any regulated supply 
capable of providing 8-12 volts at 100 
mA. In the authors' version, an exter- 
nal power supply was used, but an on- 
board supply could be added. If an 
external supply is used, an on -board 
bypass capacitor of several micro - 
farads may be needed. 

Calibration and Installation. To 
calibrate the telephone ringer, fre- 
quency -controlling resistors R13 
through R16 must be set to produce 
the notes B, C, D, and E, as illustrated 

PARTS LIST 

D1 -1N4002 
IC 1-Optoisolator (Monsanto MCT2) 
IC2-4024 binary counter 
IC3-4011 quad two -input NAND 
IC4-LM324 quad op amp 
IC5-IC6-4051, 8 -channel multiplexer 
IC7-LM383T audio power amp 
R 1 -22 -kg, 1/4-W resistor 
R2 -R8 -100-k4, 14-W resistor 
R9 -1-k11, 14-W resistor - 

in Fig. 1. The resistances necessary to 
obtain these frequencies are given in 
the Table. Note that to obtain an 
accurate resistance measurement on 
R13 through R16, IC6 must be re- 
moved from the circuit, hence the 
need for IC sockets in the construc- 
tion. After making the adjustments, 
insert the ICs and apply power. Clos- 
ing TEST switch S/ will activate the 
device. Adjust R12 for a pleasing 
tempo (an approximately two -second 
sequence is used by the authors) and 
calibration is complete. 

R10-2702, v4 -W resistor 
R11-33-1(9, v4 -W resistor 
R12 -2.0 -MO, linear -taper potentiometer 
R13 -R17 -200-k12 linear -taper, 10 -turn po- 

tentiometer 
S1-Normally open pushbutton switch 
Misc.-Circuit board, connector, 8-12-V 

power supply, speaker, cabinet, hard- 
ware, telephone silencer (Radio Shack 
#43-125). 

For greater accuracy, wire CLOCK - 
DISABLE switch S2 between pin 7 of 
IC4B and pin 1 of IC2, as shown in 
Fig. 2. Apply power to the circuit. 
With S2 closed, operate SI to test the 
Circuit. Adjust TEMPO control R12 for 
maximum resistance, thus making the 
sequence very long. Attach a frequen- 
cy counter to the speaker leads. Close 
switch SI, and when the first note 
comes on, open S2. Adjust R13 for 
the proper frequency. (Alternatively, 
a piano or other tuned instrument 
could be used to set R13.) Close S2 



DISCOVER THE REAL MUSIC IN 
and proceed to the next note in the 
sequence. In this way, adjust all four 
frequencies via R13 to R16. Finally, 
adjust RI2 for a pleasing tempo. 

To test the project, connect it to the 
phone line and have a friend call you. 
The project should not be affected by 
line transients and has proven reliable 
in over two years of operation at sev- 
eral different locations. 

Designing In Your Own Tune. It 
is relatively simple to redesign the 
project to play any tune that you 
want. Start by diagramming the de- 
sired tune sequence as in Fig. 1. This 
specifies the desired output for each 
and every clock pulse. 

The second step is to modify the 
counter circuit to count to the end of 
the chosen tone sequence and then 
stop. This is done by forcing the clock - 
enable line low when IC2 reaches the 
desired count. In the version shown in 
Fig. 2, IC3A performs this function 
when the count reaches 40. For exam- 
ple, if a tone sequence of length 34 is 
desired, pin 2 of IC3A should be con- 
nected to pin 11 of IC2. 

The next modification is to ampli- 
tude control ICS. In the version shown 
here, the sequence 01010111 repeats 
every eight clock pulses, where the Os 

are on and the is are off. To program 
this sequence, channels 0, 2 and 4, 
corresponding to the off's in the 
sequence, are grounded. All other 
channels are connected to pin 10 of 
IC4C. To program different 8 -pulse 
sequences, the connections to chan- 
nels 0-7 of ICS should be changed 
appropriately. If a larger sequence is 
desired, you can parallel additional 
4051 IC's, making use of the inhibit 
input on pin 6 to select one and only 
one 4051 at a time. Additional logic 
will be required to control the inhibit 
lines. 

The final step is to modify the tone - 
controlling circuit (IC6). The meth- 
ods used in redesigning the amplitude 
control also apply here. The differ- 
ence is that channels 0 to 7 of IC6 are 
connected to one of the frequency - 
controlling potentiometers there must 
be one potentiometer for each distinct 
note in the sequence. In our version, 
we again take advantage of a repeated 
sequence of eight. The note sequence 
is BCCDDEEB, where each note is 
held for four clock pulses. Together, 
the note sequence and the amplitude 
sequence make up the output tone 
sequence in Fig. 1. Again, if you 
desire a tone sequence that is longer 
than eight units, you will have to 
parallel additional 4051s and add 
some inhibit control logic. O 
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THE CROWN STRA[GHT LINE 
TWO PRE-AMPLIFIER IS PACKED 
FULL OF UNIQUE TECHNOLOGY. 

How much real music, how many delightful music 
details, are hidden in your records or tapes? Un- 
cover it all with the superb signal processing, and 
convenient display -and -control, of the STRAIGHT 
LINE TWO. 

Ask your Crown dealer for an audition. Learn how 
computer -aided design brings you a refreshing level 
of sonic accuracy, with optimized bias in the phono 
pre -amp that puts the S/N floor at the thermal noise 
level of your best cartridge. 

Discover new sparkle and clarity in your music 
library, as the high gain FET input op -amp puts its 

better transient response to work. There's even more 
enjoyment from softer music with Crown's unique 
level -control circuit. 

Use the new"Rumble" display to detect and remove 
sub -audio before it distorts the output. Try out the 
versatile tape -copy control. Note the five switched 
outlets, the distortion indicator, the seven inputs and 
a processor loop - all designed to bring the real 
music out of hiding. 

Send five dollars for the latest Crown Information 
Package, full of data on the STRAIGHT LINE TWO 
and other Crown home audio components. Money - 
back guaranteed to satisfy your hunger for straight 
facts on Crown. Brochures, tech reports, reprints, 
prices, dealer listings - your ticket to audio reality. 

CIRCLE NO. 17 ON FREE INFORMATION CARD 

crown® 
...WHEN YOU'RE READY FOR REAL! 

The Crown Information Package is also available 
free from your dealer. If you need a list of Crown 
dealers. use the Reader Service Card number, 
or call 219:294-5571. 

CROWN INTERNATIONAL, Dept. SL 
1718 W. Mishawaka Road, Elkhart, Indiana 46517 
Here's my $5 (outside U.S. and Canada. $8). Send my 
Crown Information Package, with money -back guarantee. 

Name 

Address 

City State Zip 

'hone I 



EQUIPMENT q D TRAINING 
NO OTHER SCHOOL CAN MATC 
NTS HOME TRAINING INVITES YOU TO EXPLORE MICROCOMPUTERS, 
DIGITAL SYSTEMS AND MORE, WITH STATE-OF-THE-ART EQUIPMENT 
YOU ASSEMBLE AND KEEP. 
Without question, microcomputers are the 
state of the art in electronics. And NTS is the 
only home study school that enables you to 
train for this booming field by working with 
your own production -model microcomputer. 

We'll explain the principles of trouble- 
shooting and testing your microcomputer and, 
best of all, we'll show you bow to 
program it to do what you want. 

You'll use a digital multimeter, a 
digital logic probe and other 
sophisticated testing 
gear to learn how to 
localize problems 
and solve 
them 
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We 
believe 
that training 
on production - 
model equipment, 
rather than home-made learning devices, 
makes home study more exciting and rele- 
vant. That's why you'll find such gear in most 
of NTS's electronics programs. 

For instance, to learn Color TV Servicing 
you'll build and keep the 25 -inch (diagonal) 
NTS/HEATH digital color TV. 

In Communications Electronics you'll be 
able to assemble and keep your own 
NTS/HEATH 2 -meter FM transceiver, plus test 
equipment. 

But no matter which program you choose, 
NTS's Project Method of instruction helps you 
quickly to acquire practical know-how. 

Send for the full color catalog in the elec- 
tronics area of your choice-discover all the 
advantages of home study with NTS! 

NTS also offers courses in Auto Mechanics, 
Air Conditioning and Home Appliances. Check 
card for more information. 

2. 

1. 

60 

MEW 

POPULAR ELECTRONICS 



J 

T 

r 

s.1, i 
O 

s 3 

_. , 

1. The NTS/Rockwell AIM 65 
Microcomputer A single board unit 

with on -board 20 column alphanumeric 
printer and 20 character display. A 6502 -based 

unit 4K RAM, expandable. 2. The NTS/KIM-1 
Microcomputer A single board unit with 6 digit 

LED display and on -board 24 key hexadecimal 
calculator -type keyboard. A 6502 based 

microcomputer with 1K RAM, expandable. 
3. The NTS/HEATH H-89 Microcomputer 

features floppy disk storage, "smart" 
video terminal, two Z80 micro- 
processors, 16K RAM memory, expand- 
able to 48K. 4. The NTS/HEATH GR- 
2001 Digital Color TV (25" diagonal) 
features specialized AGC-SYNC muting, 
filtered color and new solid-state high 
voltage tripler rectifier. 

Simulated TV Reception 

En 
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NATIONAL 

SCHOOLS 
TECHNICAL 

TECHNICAL -TRACE TRAINING SINCE 1905 
Resident and Horne -Study Schools 

4000 SO. FIGUEROA ST., LOS ANGELES. CA. 90037 

NATIONAL TECHNICAL SCHOOLS 
4000 South Figueroa Street. Dept. 205- I t t 

Los Angeles. California 90037 

Please rush FREE color catalog on course checked below 

NTS Training Programs 
In Consumer and 

Industrial El 

)1 ` 

MicroComputers/MicroProcessors 
Communications Electronics 
Digital Electronics 
Industrial Technology 

Auto Mechanics 
Air Conditioning 
Home Appliances 
Color TV Servicing 

Name Age 

Address 

Apt City 

State Zip 

Check if interested in G.I. information. 
Check if interested ONLY in classroom training in Los Angeles. 
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