
Popular Electronics 
WORLD'S LARGEST SELLING ELECTRONICS MAGAZINE APRIL 1982/$1 

Adapt a Turntable to Play 78 -rpm Collector Records 

How to Eliminate Data Loss 

inTRS -80 Personal Computers 

DIGITAL MEMORY 
DEVICE CONVERTS 
A STANDARD 
OSCILLOSCOPE INTO 
A STORAGE SCOPE 

40 

OZ9PT 2131S3H00è 
IS N3aNI1 SLS 

dOd2lO SAS 13313 21311IW d _ 
2l311IW d 2lW s £$nî OTbO 260`15490 71W 88S98S' this s issue: 

1111 
24 14278 

111 

"Phoenix" 19" Color TV Receiver 
Pioneer CT-BR Cassette Deck 
Intelligent Systems Video Display Terminal 



Make waves with an Apple. 
If you'd like to spend more of your research budget on 

research and less on computer costs, consider the discoveries 
of Dr. John Lilly and the Human /Dolphin Foundation. 

Dolphins vocalize at 2,000 - 40,000 Hz (compared with 
300 -3,000 Hz for humans) and ̀ converse" 10 -15 times faster 
than their bipedal brethren. 

In 1968, Dr. Lilly's interspecies communication experi- 
ments stalled for lack of affordable computer power to bridge 
this gap. But today, with the help of Apple Personal Computers 
and a DEC`` PDP /11, things are going swimmingly. 

A new program called JANUS (JointAnalog Numeric 
Understanding System) uses a 48K Apple II Plus to generate 
dolphin- comprehensible wave forms matched to dolphin- 



viewable symbols on an underwater 
screen. Dolphin responses are analyzed 
through a PDP /11. A second Apple 
monitors and analyzes data from all 
phases of the experiment. 

The objective is to create an 
artificial language that is mutually 
intelligible to both species, with 
a beginning vocabu ary of 48 sound /symbol morphemes 
associated with objects, locations and actions. 

But, with all the micros available, why pick Apples? 
Because they're inexpensive enough to allow the use 

of a stand -alone computing system for dedicated functions. 
Because they're portable and rugged enough for 

field use in a wide range of environments. 
And because they can be configured for many scientific 

applications with no special I/O 
devices. (Apple's IEEE -488 inter- 
face card will program and 
operate virtually any test, meas- 
urement or control instrument.) 

There's more software 
available for Apples than for 
any other microcomputer on 

the market. And more full service dealers worldwide. 
Communicate with one and find out how an Apple 

can make waves for you, whatever your, ah ... porpoise. 

The personal computer. Sappia 

Maximum RAM 

I/O 

Disk Drives 

Languages 

Keyboard 

APPLE II 

64K 

8 expansion slots 

Up to 6 140K 
floppies. 

BASIC, Pascal," 

PILOT, COBOL, 
Assembly. 

Fixed 96- character 
ASCII. 

APPLE III 

256K 

4 expansion slots + 
built -in interfaces for 
disks and printer. 

Built -in 140K + up to 
3 additional floppies. 
Available with ProFile" 
5MB hard disk. 

Enhanced BASIC, 
U C SD Pascal' 
Assembly. 

Fully programmable 
128- character, includes 
numeric keypad. 

The Human/Dolphin Foundation is a non -profit research organization, For more information, write Dr John Lilly, P.O. Box 4172, Malibu, CA 90265. 
For the authorized Apple dealer nearest you, call (8001538-9696. In California, call (800)662-9238. Or write: Apple Computer Inc., 10260 Bandley Dr., Cupertino, CA 95014. 
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87.... CALL 
Disk Drive CALL 

Drive CALL 

Hard Disk $3599 
DSDD floppy $4399 

NEW HP- 
5V." Dual Master 
8" Dual Master Disk 

5meg WINCHESTER 
5meg WIN. w151/4 

APPLE II PLUS, 48K CALL 
APPLE III CALL 
TI 9914 $367 
COMMODORE VIC -20 $255 
NEC PC- 8001 -A, 32K $989 
,;EROX 820 53/4" Disk Drives $2489 
XEROX 820 8" Disk Drives $3095 

TI CALCULATORS 
TIP-55-II $36 
TIP -Business Analysis II $36 
TIP -58C $79 
TIP -59 8169 
TIP- P -100C $149 

HP -41CV with five times more 
memory built in. 

HP-41C 
List $325 List $250 

$249 $189 
HP-41CV Printer $289.00 
HP -41CV Quad Memory $83.95 
HP -41CV CardReader $167.95 
HP82160A HP -IL Module $99.00 
HP82161A Digital Cassette Drive.... $449.00 
HP11C $107.95 
HP12C $119.95 
HP33C $74.95 
HP34C $117.95 

Atari 

Atari 
Atari 
Atari 

Prices 

ATARI °800 $689 
..,..,lull 1 r,n,i ,I litt will 

___ _ as, 

AL .Uofa , 
U.30). 

1U VVUV-c,..- ATARI' 

ATARI 400 $349 
830 Acoustic Modem $145 
825 80 Col. Impt. Ptr $565 
410 Prog. Recorder $69 
810 Disk Drive $419 

rs o n a I 
omputar 

SystQms 
P.O. Box 1073 

Syracu se, N.Y.13201 

(315) 475-6800 
(800) 448 -5259 For Placing Orders Only 

do not include shipping bt UPS. All prices and 
offers are subject to change without notice 
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TEK DUAL TRACE OSCILLOSCOPES 
THE PERFORMANCE/ 
PRICE STANDARD 

Introducing a direct line 
to a 60 MHz Tektronix scope 

built for your bench! 
From the world's most 
respected name in oscil- 
loscopes: a new scope, 
plus a new direct order 
number, that finally 
makes it practical to put 
Tektronix quality on your 
bench... at work or home. 

Among professional en- 
gineers and technicians 
there is no substitute for the 
performance and reliability 
of Tektronix oscilloscopes. 

Now, for the first time, 
Tektronix is offering an ad- 
vanced scope at an un- 
precedented low price - 
and has a direct order line 
that lets you get your order 
processed today! 

The scope: the 2213. 
Its radical new design 
brings you Tektronix 
quality for well below 
what you would pay for 

lesser -name scopes. 
The 2213's practical de- 

sign includes 65% fewer 
mechanical parts, fewer 
circuit boards, electrical 
connectors and cabling. 
Result: a lower price for you 
plus far greater reliability. 

Yet performance is pure 
Tektronix: there's 60 MHz 
bandwidth for digital and 
high -speed analog circuits. 
The sensitivity for low signal 
measurements. The sweep 
speeds for fast logic families 
A complete trigger system 
for digital, analog or video 
waveforms. And new high - 
performance Tektronix 
probes are included! 

2213 PERFORMANCE 
DATA 

Bandwidth: Two channels, 
do -60 MHz from 10 V /div 
to 20 mV /div. (50 MHz from 

2 mV div to 10 mV /div). 
Sweep speeds: Sweeps 
from 0.5 s to 50 ns (to 5 
ns /div with X10 mag). 

Sensitivity: Scale factors 
from 100 V /div (10X probe) 
to 2 mV /div (1X probe). Ac- 
curate to ± 3 %. Ac or dc 
coupling. 
Delayed sweep meas- 
urements: Standard 
sweep, intensified after 
delay, and delayed. 
(Need dual time -base 
performance and timing 
accuracy to ± 1.5 %? Ask 
about our 2215 priced at 
$1400.) 

Complete trigger system: 
Modes include TV field, 
normal, vertical mode, and 
automatic; internal, exter- 
nal, and line sources; vari- 
able holdoff. 
Probes: High perform- 

ance, positive attachment, 
10 -14 pF and 60 MHz at the 
probe tip. 

The price: Just $1100 
complete *. Order direct 
from Tektronix National 
Marketing Center. Phones 
are staffed by technical 
people to answer your 
questions about the 2213. 
Your direct order includes a 
15 -day return policy and full 
Tektronix warranty 

Now it's easier than 
ever to get your hands on 
a Tek scope! 
ORDER TOLL -FREE 

800 -547 -1845 
Ask for Department 100 

(In Oregon, Alaska and 
Hawaii: 1- 503 -627 -5402 
collect.) Lines are open 
from 8 am EST to 5 pm PST. 

'Price F.O.B. Beaverton. OR 

Copyright ©1982 Tektronix, Inc. All rights reserved 121 

Téktronix 
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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 manua 

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 use a regular 
cassette recorder to store and recall 
programs by name. 

If you already own a ZX80 
The 8K Extended BASIC 

chip used in the ZX8' 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 ki*s. 

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. 

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. 

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 Z (81 
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 ZX8'i kit 

If you really wart to 
save money, anc you enjoy 
building electronic kits. you 
can order the Zh ".81 in kit fo-m 
for the incredible price of just 
$98..95' It's the same, full -featured 
computer, only you pu' 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 tie world's ia-g- 

estmanufacturer of personal compute -s. 

The ZX81 represents the latest 
technology in microelectronics, and it 
picks up right where the ZÁ.80 left off. 
Thousands are settling every week. 

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

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

To order by mail,, please Jse the 
moon. And serd d your check or money 

order. We regret that we cannot accep * -. 
purchase orders or C.O.D:s. 

CALL 800-543- 300C. As for op- 
erator #509. In Ohio call 800-582-1364. [t; 
In Canada call 513-729 -4300. Ask for 
operator #509. Phones open 24 hours // 
a day, 7 days a week. Have your Master- / r 

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. 

5ü1- 1Cair 

AD CODE `.11 PE PRICEt QTY. AMOUNT 

' ZX81 $149.95 
------ ZX81 Kit 99.95 

8K BASIC chip (for ZX80) 39.95 

16K Memory Module (for ZX81 or ZX80) 99.95 

Shipping and Handling 4.95 $4.95 

i/lk---'--- 
To ship outside USA add $10.00 

TOTAL 

MAIL TO: Sinclair Research Ltd., One Sinclair Plaza, Nashua, NI- 03061. 

NAME 

ADDRESS 

CITY /STATE /ZIP 
t U.S. Dollars 
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Looking Backward 

A small percentage of laboratory -brew 
developments wend their way into successful 
consumer products. Merit alone is not 
enough, however. Risk capital, backed by 
corporate courage and the profit motive, are 
the real driving forces. Even these do not 
assure success, though. A new product also 
faces a fickle public's acceptance. 

Consumer video machines could serve 
well as a business management lesson. In- 
dustrialists and media experts touted the 
concept for almost a generation, but only 
now are tasting success. I authored a cover 
story in September 1965, for example, that 
trumpeted, "Home Video Tape Recorders 
Are Here!" All the right forces were com- 
bined, it seemed. Sony even incorporated a 
9 "- screen TV set into its unit. The price bar- 
rier of $3000+ was broken, with a round 
$1000 displacing it. Companies such as 
Sony, Panasonic, and Ampex had thrown 
their hats into the video ring, and there was 
talk of a $10- million first year in sales, with 
$100 -million within five years. Rumors were 
rampant that other companies would soon 
enter the field -RCA, 3M, Rheem, Del - 
monico, among them. Notwithstanding this, 
it did not fly. The public evidently did not 
accept the absence of color -TV capability, 
there were no prerecorded tape companies 
beating the drum, every entry used a differ- 

ent system, video tape was reel -to -reel, and 
the $1000 price tag in 1965 was too high. 

Five years later, play -only systems were 
introduced including a film system called 
Electronic Video Recording (EVR) from 
CBS, RCA's "Selecta Vision" video disc 
with 30 minutes play time, and A.E.G. Tele- 
funken and Decca (Teldec) with a 12 -min- 
ute -play time "Video Disc." At the same 
time, Avco demonstrated its "Cartrivision" 
video recording machine with color TV 
capability, and Ampex also introduced a 
cartridge machine called "Instavision." 

About five years later, companies got 
their acts together and the present Beta and 
VHS tape systems were marketed. In anoth- 
er five years, RCA's CED and Philips' 
LaserVision disc systems reached the mar- 
ketplace, with a VHD system expected later 
in 1982. All are incompatible, of course. 

But it appears that we are off and running 
very well with all the machines marketed 
today. In fact, they're selling better than 
color TV receivers did in a comparable num- 
ber of years after their introduction. 

Not surprising, the rise of video recorders 
has taken its toll of 8 -mm movie cameras, 
whose sales have been more than halved as 
more and more people have turned to VCRs. 
This trend promises to continue. 

There are other video products and refine- 

ments that will reach the public in the 
future. Looking back at what transpired can 
be helpful in avoiding mistakes. To sustain 
the growth of video disc machines, it's clear 
prices will have to be reduced further to 
attract more people. Doubtlessly, this will 
occur, particularly with the CED play -only 
machine, as it is really a very simple design. 
Furthermore, discs hold the promise for 
much lower cost since they can be produced 
more expeditiously than can tape. The 
recording facility of the latter as well as the 
rental of prerecorded tapes will carry the 
day for tape machines, though. 

Down the road you may look for tape 
recording facilities that are incorporated 
into video cameras, which would likely 
sound the death knell for 8 -mm movie cam- 
eras. And you will certainly be able to get 
stereo -sound TV at some future time. I hope 
that the quality of sound that becomes avail- 
able once a system is chosen from among 
those submitted to the FCC is "high- fideli- 
ty." After all, there's more to hi -fi than a 
50- to- 15,000 -Hz frequency range. 
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Let us 
show you how to 
shoot video like a pro 
In my videotape production company, our crews turn out 
award- winning commercials, sales films, and features for 
some of the largest companies and television networks in the 
country. Now we would like to share our vast experience and 
award- winning capabilities to help you shoot your video with 
a professional -quality look- through an exciting new concept 
called VC 2000 An Association of Video Camera Owners. 

Now, for a limited time, only when you join VC 2000, 
I'll send you FREE our one -hour instructional tape 
"Shooting Home Video: The Basics." 
There's nothing like it on the market. In an entertaining, step - 
by -step format, our directors, cameramen, engineers and 
editors share their trade secrets. This could be the most valu- 
able videotape a video enthusiast could ever own ... and 
open up possibilities you never thought possible. 

In one hour, I can demonstrate more techniques than 
you'd get from reading a dozen books. 
You'll learn: 
THE VIDEO CAMERA: How to use its full potential to make 
your tapes really come alive. 
VIDEO SOUND: Get clean, true sound under every shooting 
situation. 
VIDEO LIGHTING: Achieve that distinctive professional 
look, inside and outside. 
VIDEO COMPOSITION: Apply the five artistic guidelines for 
winning composition. 
VIDEO DIRECTING: Think like a director, utilizing the princi- 
ples of continuity, to make the simplest situation a story. 

Plus...look at all the other great member benefits you'll 
get with this introductory offer to join VC 2000 

A five year membership card. 
A $20 discount on our instructional videotape "How to Set 
Up Your Own Video Business." 
Learn about possible tax advantages of working for yourself in the 
exciting videotape production business...the services you can 
offer and how to sell them. 

A library of other professionally -produced instructional 
videotapes at special member prices, like: 

HOW TO SHOOT A WEDDING 
HOW TO SHOOT A SPORTS EVENT 
HOW TO SHOOT FAMILY VIDEO "ALBUMS" 
PLUS MANY MORE 

FREE quarterly newsletter with state -of- the -art develop- 
ments in the world of video. 
Discount prices on blank cassettes and equipment. 

Don't miss out on this exciting introductory offering. Send 
in this coupon and your check today. Or use our toll -free 
number for further information, or to charge your mem- 
bership to your VISA or MasterCard account. Offer ends 
June 30, 1982. 

All this for 
only $90.00 Jim Kartes, Kartes Video Communications, Inc. 

P.S. Before you buy a video camera or recorder, call us first. 

E Please send me my VC 2000 membership card and 
FREE "Shooting Home Video: The Basics" 
60- minute instructional tape. 

I will need: VHS Cassette BETA II Cassette 

NAME 

ADDRESS 

CITY STATE _ZIP 
Also send me the program: "HOW TO SET UP YOUR OWN 
VIDEOTAPE BUSINESS" at the discount price of $45.* 

Enclosed is my check for $90.00 $135.00 (M n 
51.8 sales 

reside0 
taxts ) 

add 

Bill my VISA or MasterCard account. My account 

number is Expires 

Signature 
ElI do not presently own a videotape camera but am interested 
in more information on VC 2000. For further information in a 

hurry, call toll -free: 1- 800 -428 -6163 (except in Alaska or Hawaii), 
1-800-692-604.8 (in Indiana). 

D 

TM VC 2000 
10 E. 106th St. 
Indianapolis, Indiana 

L 
; 46280 
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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. 

Numeric Keypad for 
Apple Il 

The Keyboard Company's Numeric Key- 
pad is designed for use with the Apple II 
computer. One section of the unit is dedi- 
cated for arithmetic calculations. It has a 
standard keypad with double zero and 
decimal point, as well as operator keys for 
parenthesis, print, return, and the four 
basic arithmetic functions. The other sec- 
tion inputs Visicalc commands using three 
keys to control cursor movement: two for 
directional control, and a third to change 
cursor horizontal movement to vertical. 
Holding down either directional move- 
ment key initiates the auto -repeat mode, 

INN 
Programmable DMM 

The Hewlett -Packard Model 3468A is a 
five- function 31/2- to -51/2-digit multimeter 
that offers the new Hewlett- Packard In- 
terface Loop (HP -IL). HP -IL is a two - 
wire serial interface bus intended for 
field- portable and simple bench -top sys- 
tems using portable controllers such as the 
HP 41C or HP 41CV handheld calcula- 
tors. (A thermal printer can also be 
included in the loop.) The multimeter 
itself features an integrating multi -slope 
A -to -D converter that permits the trade- 
off of reading speed for resolution. The 
user can, from the front panel or remotely, 
increase resolution from 31/2 to 51/2 digits, 
but reading speed is reduced by a factor of 
about ten. The HP 3468A has four full- 

scale ac ranges from 0.3 V to 300 V. The 
ac accuracy at mid -range is given as 
0.25%. Dc voltage is measured in four 
ranges from 30 mV to 300 V. Accuracy is 
0.008%. Resistance encompasses six full - 
scale ranges from 300 ohms to 30 meg- 
ohms, and one additional range down to 
30 ohms. Resistance accuracy is 0.004%. 
The unit has one 3 -A dc current range and 
two ac current ranges: 0.3 and 3.0 A. 
Bandwidth for the HP 3468A is 20 Hz to 
300 kHz; crest factor is 4.1 at full scale. 
The multimeter also features electronic 
calibration with self -test; a 12- character, 
14- segment alphanumeric LCD with 12 
annunciators; and a single -piece silicone 
rubber keyboard. $695. 
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which moves the cursor across the screen 
until the key is released. A fourth key de- 
letes entries. The keypad is coordinated 
with the Apple in color and design. Cost, 
with interface board, cord and directions, 
is $150. 
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100-dB S/N Tape Recorder 

The TEAC X -1000R open -reel tape deck 
is reported to have a S/N of 100 dB 
through use of its built -in dbx noise- 
reduction system and the new Extra Effi- 
ciency tapes that the recorder can handle. 
The transport system uses dual -capstan, 
closed -loop drive, with full- tension servo 

control. Bidirectional record and playback 
facilities are included, using a six -head 
arrangement. Reel sizes up to 101/2" can 
be accommodated. Transport functions 
are handled through a logic system that 
also permits "Search to Zero," "Search to 
Cue," and "Block Repeat" operations. A 
five -digit linear counter reads directly in 
hours, minutes, and seconds. An "Auto - 
Spacer" function is claimed to ensure 
noiseless, evenly timed transitions be- 
tween recorded selections. Also included 
are adjustable pitch control and switch - 
able external timer activation for either 
play or record modes, wide -range VU- 
type meters, full mic /line mixing, and 
separate -channel input and output con- 
trols. At 71/2 ips, overall frequency range 
is given as 30 to 34,000 Hz with wow and 
flutter at 0.03%. At 33/4 ips, the range is 
from 30 to 24,000 Hz, with wow and flut- 
ter at 0.04 %. $1400. 
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Video Color Camera 
with Nikon Lens 

The IK -1900 from Toshiba is the first vid- 
eo camera to incorporate a Nikon lens. 
The camera features a viewing system, 
called Tru Image, claimed to permit a 
user to see almost 100% of a scene, rather 
than a black- and -white electronic image.. 
The system is said to eliminate the need 
for split- screen focusing by blurring the 
entire image when the camera is out of 
focus. The lens (Nikkor 12.5 mm -100 
mm) includes a motorized 8X zoom. A 
balance adjustment permits user control 
of indoor and outdoor tint; and a boom- 

8 POPULAR ELECTRONICS 



NEW HIGHER PRINTING SPEED, 
NEW LOWER PRINTER PRICE 

High -speed printer 
The Heath /Zenith 25 Printer is a heavy -duty, high -speed 
dot matrix printer that gives you sharp, clear printouts. It 

prints crisp, clear copy at speeds over 150 characters per 
second with quiet smoothness. 
Baud rates from 110 to 9600 are user -selectable. 

Versatile printer 
The 25 prints the entire 95- character ASCII set in upper 
case and lower case with descenders, in a 9x9 matrix. Also, 
33 block graphic characters - which are compatible with 
the Heath /Zenith 89 All -In -One Computer and the 19 Smart 
Video Terminal - let you create graphs and charts. All func- 
tions and timing are microprocessor -controlled. 
Plug -in ribbon cartridges make ribbon replacement a 
no -mess snap. 
The 25 works with most computers and terminals - 
using an RS -232C Serial Interface or a 20 mA 
current loop with handshaking control signals. 

Low -priced printer 
The 25 has all the features you've been looking for in a high 
quality, high -speed dot matrix printer - for only $1095 in kit 
form, or for only $1595 assembled and tested. 

Free demonstration awaits you at 
your Heathkit Electronic Center t 
Pick the store nearest you from the list below. And stop in 
today for a demonstration of the new Heath /Zenith 25 Printer. 
If you can't get to a store, send $1.00 for the latest Zenith 
Data Systems Catalog of assembled commercial computers. 
We'll also send you a free copy of the latest Heathkit® 
catalog. Write to Heath Company, Dept. 010 -884, Benton 
Harbor, MI 49022 

HEATH /ZENITH 

Your strong partner 

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 

APRIL 1982 

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 

Visit your Heathkit Electronic Centert 
Where Heath /Zenith Products are displayed, sold and serviced. 

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 Mem. Hwy 
504- 467 -6321 

BALTIMORE. MD ST. PAUL, MN 
1713 E Joppa Rd. 1645 White Bear Ave 
301- 861 -4446 612- 778 -1211 

ROCKVILLE, MD BRIDGETON, MO 
5542 Nicholson Lane 3794 McKelvey Rd. 
301- 881 -5420 314- 291 -1850 

PEABODY, MA OMAHA, NE 

242 Andover St (Rt. t 14) 9207 Maple St. 
617 -531 -9330 402- 391 -2071 

WELLESLEY, MA ASBURY PARK, NJ 
165 Worcester Ave. (Rt. 9) 1013 State Hwy. 35 
617 -237 -1510 201-775 -1231 

DETROIT, MI FAIR LAWN, NJ 
18645 W Eight Mile Rd. 35 -07 Broadway (Rt 4) 

313 -535 -6480 201 -791 -6935 

EAST DETROIT, MI AMHERST. NY 
18149 E Eigh) Mile Rd. 3476 Sheridan Dr. 

313 -772 -0416 716- 835 -3090 

HOPKINS, MN JERICHO. LI, NY 
101 Shady Oak Rd. 15 Jericho Turnpike 
612- 938 -6371 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 N W Expressway 
405 -848 -7593 

*150 characters per second 

FRAZER, PA SAN ANTONIO, TX 
630 Lancaster Pk (Rt 30) 7111 Blanco Rd. 
215- 647 -5555 512- 341 -8876 

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 

FORT WORTH, TX 
6825 -A Green Oaks Rd 

817- 737 -8822 

HOUSTON, TX 
1704 W Loop N 

713- 869 -5263 

tHeathkit is a registered trademark of Heath Company. Heath Company and Ventechnology Electronics Corporation 
are wholly -owned subsidiaries of Zenith Radio Corporation. Heathkit Electronic Centers are operated by Verdechnology Electronics Corporation. 

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 -6997 

SEATTLE, WA 
5058th Ave N 

206 -682 -2172 

TUKWILA, WA 
15439 53rd Ave. S 

206 -246 -5358 

VANCOUVER, WA 
516 S E. Chaklov Da #1 
206 254 4441 

MILWAUKEE, WI 
5215 W. Fond du Lac 
414- 873 -8250 

CP-208 
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new products 

zoom microphone (included) fits onto the 
top of the camera. Weight is 4.4 lb. 
$995. 
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Telephone with Built -In 
Cassette Recorder 

The APF Electronics Save -A -Call Model 
3226 telephone has a built -in microcas- 
sette deck that permits storing and play- 
back of telephone conversations. In addi- 
tion, the unit features a two -way speaker 
for hand -free operation. It also has a but- 
ton for last- number redialing, a fast - 
rewind button, and a stop function. It 
measures 2 "W x 71/2 "H plus a base width 
of 23/4" and 41/2 "D. $180. 
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Data Line Tester 

The W -DLT from Warren Instrotech is 
said to be able to identify the seven most 
commonly used RS232 data lines in vir- 
tually any computer, peripheral, or cable 

3 -D Graphics Tablet 

The "Space Tablet" from Penguin Soft- 
ware (hardware manufactured by Micro 
Control Systems, Inc.) is a three- dimen- 
sional graphics input device designed to 
interface with the Apple II microcomput- 
er. The tablet consists of a clear, 16" x 13" 
two -dimensional workspace, approxi- 

mately proportional to the Apple screen. 
An arm is located at the top center of the 
tablet, and is capable of rotating on all 
three axes, as well as up and down. When 
a user enters a line -either by tracing a 
real object or by arbitrary pointing of the 
arm, the three -dimensional coordinates of 
its endpoints are stored by the computer, 
which then connects the points with lines 
drawn in any of the Apple colors. Thus, a 
3 -D object can be displayed on a screen, 
rotated on any axis, scaled, edited, and 
stored in the computer memory. The 
tablet also has two buttons for additional 
input (connected to Apple via the paddle 
port). Software for the tablet permits 
standard 2 -D graphics, as well; and in- 
cludes machine language subroutines that 
can be added to other programs- allow- 
ing them to poll the tablet for coordinates. 
$395. 
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and locate the source of faulty hook -up. 
The tester functions as a null modem 
between two outputs and eliminates the 
need for diagnostic rewiring as long as the 
computer or peripherals use the standard 

Wrapped -Wiring Tool 

Vector Electronic's Model P184 -1 is 
claimed to permit wrapped wiring without 
measuring, cutting, or stripping. Tefzel- 
insulated 28 -gauge wire is routed through 
the tool's center past a knife -edge where 
the insulation is split lengthwise. As the 
tool is rotated, bare wire makes contact 
with the post. The P184 -1 features a ten- 
sion- regulated spool to reduce wire break- 

age, and set -screw mounted wrapping bits 
designed for easy replacement. A stan- 
dard 50' spool of wire is said to permit 
about 200 daisy- chained, or 150 post -to- 
post, seven -turn wraps with an average 
lead length of 2 ". Cost with a 50' spool is 

$39; an optional 300' spool bracket is 
available at additional cost. 
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DCE or DTE signals. $60. Address: War- 
ren Instrotech, Box 4500, Ogdensburg, 
NY 13669. 

Water -Resistant 
Car Door Speakers 

Clearance problems and potential water 
damage for door- mounted car stereo 
speakers are claimed to have been elimi- 
nated by the dual -cone TS -1644 speakers 
from Pioneer Electronics of America. The 
two -way 61/2" speakers have a mounting 
depth of 15 /s "- making it possible, ac- 
cording to Pioneer, to clear most door 
obstructions found in today's smaller au- 
tomobiles. Constructed with a water- resis- 
tant low- distortion paper cone, the speak- 
ers are said to have a frequency range of 
50 to 20,000 Hz, and a sensitivity of 91 

dB. They feature 8.5 -oz high- energy 
strontium magnets and are fitted with an 
acoustically transparent mesh grill in a 
heat -resistant plastic frame. The TS -1644 
also has a horn tweeter with a 0.75 -oz 
strontium magnet. Maximum input power 
is rated at 25 W. $90. 
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Plug -In Theft Protection 

The Alertmate from Biometric Systems is 
an electrical plug adapter to protect valu- 
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eport Manager and the 
PC -8000 Personal Computer: 
An unprecedented three dimensions 
f management information. 

All those legendary electronic spread 
sheets that have been making other 
kinds of personal computers so useful 
for managers are now literally flat 
by comparison to the remarkable 
combination of Report Manager" and 
the NEC PC -8000 Personal Computer. 

Here you get the power and versatility 
of an electronic book not a mere 
electronic page. An axis of depth joins 
the horizontal and vertical -so you can, 
for instance, track a number of different 
profit centers over the same period of 
time . or follow actual performance 
against prcjections by both department 
and time frame. 

The fact is :hat any sort of planning 
work you fnd useful in two dimensions, 
you will fird that much more useful in 
three. The irogram allows you to see 
four separate "slices" of your 3 -D "Data 
Cube - "on one screen, for fast, real time 
comparisons. There are, besides dozens 
of math and editing functions, built -in 
clock and calendar functions, too - 
an immensely useful convenience for 
scheduling flow- charting, project 
management, and the like. 

Watch Report Manager run -easy as 
A, B, C anc powerful as X, Y, Z -on the 
PC -8000 at any NEC Home Electronics 
(USA) dealer. 

Sample printout showing use of X, Y, and Z axes. 
Report Manager and Data Cube are trademarks of The image Producers, Inc. 

NEC 

Productivity 
at your fingertips 

NEC Home Electronics (USA) 
Personal Computer Division 
1401 Estes Avenue 
Elk Grove Village, IL 60007 



ens, products 

able equipment and appliances from un- 
authorized removal. The unit plugs into 
an ac outlet and receives the plug from the 
equipment you want to protect. Then the 
alarm is set. If the cord is cut or unplug- 
ged; or if Alertmate is unplugged without 

the proper code being dialed in, a loud 
noise will occur. Codes are preset at the 
factory, with 256 choices possible. $25. 

CIRCLE NO. 96 ON FREE INFORMATION CARD 

TV /VCR Video Switch 

Winegard has introduced a new video 
selector, the Model VS -4002. The selector 
uses slide switches that permit the viewer 
to watch, record, and edit programming 
without connecting or disconnecting ca- 
bles. Four 75 -ohm inputs accept any com- 
bination of the following: cable TV, over- 

Universal breadboarding elements 
with 840 solderless plug -in tie points. 
Combines distribution system with 

1 "x.1" matrix. Compatible with all DIPs 
and discretes with lead diameters up to 
.032 ". Needs no special patch cords. 

ERASABLE CIRCUIT BUILDING. 
Build a circuit almost as fast 
as you dream it up. Pull it 
apart and do another - 
everything's as good as new. 

Our versatile Super -Strip 
mini -breadboards give you 
the same top -quality con- 
tacts you get in our full - 
scale ACE All- Circuit Evalua- 
tors. Not so "mini;' either. 
You can build circuits with 

12 

as many as nine 14 -pin DIPs. 
Instant -mount backing 

and quick -removal screws 
make stacking and racking 
a snap, too. 
Where to buy? Phone (toll - 
free) 800 -321 -9668 for the 
name of your local A P dis- 
tributor. In Ohio, call collect 
216- 354 -2101. And ask for our 
complete A P catalog. 

A P PRODUCTS INCORPORATED 
9450 Pineneedle Drive 
P.O. Box 603 
Mentor, 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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the -air pay TV, outdoor antenna, VCR 
disc, video games, earth station, computer 
terminals, etc. Viewers can watch any one 
of four inputs on the TV receiver while 
recording any one of three inputs on a 
VCR, as well as monitor and edit video- 
tape on a second receiver. The selector 
reportedly has high- isolation circuitry to 
prevent interference. $125. 
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Polk Speaker 

The Monitor Four is Polk Audio's lowest 
priced speaker. Said to incorporate most 
of the design concepts of the larger Polks 
the speaker has a 1" soft -dome tweeter, a 
trilaminate polymer driver, moving -coil 
high - frequency radiator, and isophase 
crossover network. It also includes a com- 
puter- designed anti- diffraction grille 
frame. Some specs: sensitivity, 90 dB at 1 

W /m; impedance, 8 ohms; frequency re- 
sponse (± 3 dB), 70- 20,000 Hz. Dimen- 
sions are 141/2 "H x 81/2 "W x 71/2" D; 
designed for either bookshelf or pedestal 
mounting. $100. 
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Instrument Panel for 
Bicycles 

A digital display of three functions: dis 
tance, speed, and cadence is possible with 
the OSCar meter introduced by Hilgraeve 
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What makes this radar detector 
so desirable that people 

used to willingly wait months for it? 
Anyone who has used a conventional passive radar 
detector knows that they don't work over hills, around 
corners, or from behind. The ESCORT' radar warning 
receiver does. Its uncanny sensitivity enables it to pick 
up radar traps 3 to 5 times farther than common de- 

tectors. It detects the thinly scattered residue of a radar 

beam like the glow of headlights on a dark, foggy road. 

You don't need to be in the direct beam. Conventional 
detectors do. Plus, ESCORT's extraordinary range 
doesn't come at the expense of more false alarms. In 

fact, ESCORT has fewer types and sources of false 
alarms than do the lower technology units. Here's how 

we do it. 

The unfair advantage 
ESCORT's secret weapon is its superheterodyne 

receiving circuitry. The technique was discovered by 

Signal Corps Capt. Edwin H. Armstrong in the military's 
quest for more sensitive receiving equipment. ESCORT's 

Varactor -Tuned Gunn Oscillator singles out X and K 

band (10.525 and 24.150Hz) radar frequencies for close, 

careful, and timely examination. Only ESCORT uses this 
costly, exacting component. But now the dilemma. 

The Lady or The Tiger 
At the instant of contact, how can you tell a faint 

glimmer from an intense radar beam? Is it a far away 
glint or a trigger type radar dead ahead? With ESCORT 

it's easy: smooth, accurate signal strength information. 
A soothing, variable speed beep reacts to radar like a 

Geiger counter, while an illuminated meter registers fine 
gradations. You'll know whether the radar is miles away 
or right next to you. In áddition, the sound you'll hear is 

different for each radar band. K band doesn't travel as 

far, so its sound is more urgent. ESCORT keeps you 

totally informed. 

The right stuff 
ESCORT looks and feels right. Its inconspicious size 

(1.5H x 5.25W x 5D), cigar I ig hter power con nector and hook 

and loop or visor clip mounting make installation easy, 
flexible, and attractive. The aural alarm is volume ad- 
justable and the alert lamp is photoelectrically dimmed 
after dark to preserve your night vision. And, a unique 
city /highway switch adjusts X band sensitivity for 
fewer distractions from radar burglar alarms that share 
the police frequency while leaving K band at full strength. 

Made in Cincinnati 
Another nice thing about owning an ESCORT is that 

you deal directly with the factory. You get the advantage 

of speaking with the most knowledgable experts avail- 
able and saving us both money at the same time. Further, 

in the unlikely event that your ESCORT ever needs re- 

pair, our service professionals are at your personal 

disposal. Everything you need is only a phone call or 

parcel delivery away. 

Carrying case 
and 
visor clip 
included 

Corroborating evidence 
CAR and DRIVER ... "Ranked according to perfor- 

mance, the ESCORT is first choice ... it looks like 
precision equipment, has a convenient visor mount, 

and has the most informative warning system of any 

unit on the market ... the ESCORT boasts the most 
careful and clever planning, the most pleasing packag- 
ing, and the most solid construction of the lot :' 

BMWCCA ROUNDEL ... "The volume control has a 

'silky' feel to it; in fact, the entire unit does. If you want 
the best, this is it. There is nothing else like it :' 

PLAYBOY ... "ESCORT radar detectors ... (are) 

generally acknowledged to be the finest, most sensitive, 

most uncompromising effort at high technology in the 

field :' 
PENTHOUSE ... " ESCORT's performance stood out 

like an F -15 in a covey of Sabrajets :' 
AUTOWEEK... "The ESCORT detector by Cincinnati 

Microwave ... is still the most sensitive, versatile 
detector of the lot!' 

The acid test 
There's only one way to really find out what ESCORT 

is all about. We'll give you 30 days to test it for 

yourself. If you're not absolutely satisfied, we'll refund 

your purchase as well as pay for your postage costs to 
return it. In fact, try an ESCORT and any other detector 

of your choice. Test them both for 30 days and return 

the one you don't like. We're not worried because we 

know which one you'll keep. As further insurance for 
your investment, ESCORT comes with a full one year 

limited warranty on both parts and labor. This doesn't 
worry us either because ESCORT has a reputation for 
reliability. We know that once you try an ESCORT, 

radar will never be the same again. So go ahead and 

do it. Order today. 

You don't have to wait 
Just send the following to the address below: 
O Your name and complete street address. 

How many ESCORTs you want. 

O Any special shipping instructions. 
O Your daytime telephone number. 

O A check or money order. 

mow 
V/SA (6wr.eae 

Visa and MasterCard buyers may substitute 
their credit card number and expiration date for 
the check. Or call us toll free and save the trip 
to the mail box. 

CALL TOLL FREE.... 800 -543 -1608 
IN OHIO CALL 800 -582 -2696 

ESCORT (Includes everything). . $ 245.00 
Ohio residents add $13.48 sales tax 

Extra speedy delivery 
If you order with a bank check, money order, 

Visa, or MasterCard, yotir order is processed for 

shipping immediately. Personal or company 

checks require an additional 18 days. 

ESCORT. 
RADAR WARNING RECEIVER 

O CINCINNATI MICROWAVE 
Department 531 
255 Northland Boulevard 
Cincinnati, Ohio 45246 



Here's 
why we're 
Number 

One. 
When it comes to logic 
probes, more people buy 
Global Specialties. Because 
no one can match us for value. 
Our four logically -priced 
probes - including our 
remarkable new 150 MHz 
ECL- deliver more speed, 
accuracy, flexibility and 
reliability than others costing 
considerably more! So why 
compromise? Discover 
for yourself why were 
the number -one 
logical choice! 

Standard LP -1, $50.001 with memory 
-captures pulses to 50 nsec, 
10 MHz, guaranteed. 
Economy LP -2, $32.00', to 50 nsec, 
1.5 MHz. 
High -speed LP -3, $77.00' with 
memory, guaranteed to 10 nsec 
(6 nsec, typical), 50 MHz! 
New ECL LP-4, $150.00 *,, the new 
industry standard -with memory, 
guaranteed to 4 nsec (2 nsec, typical), 
150 MHz! 

GLOBAL 
SPECIALTIES 

CORPORATION 
70 Fulton Terr New Haven. CT 06509 ß03I624 -3103 TWX 710- 465 -1227 

OTHER OFFICES San Francisco (4151648 -0611. TWX 910- 372 -7992 
Europe. Phone Saffron -Walden 0799 -21682 TLX 817477 

Canada Len Finkler Ltd Downsview. Ontano 

Call toll -free for details 
1-800 -243 -6077 

During business hours 
Suggested U S resale Prices specifications sublerr 10 change without notice 

O Copyright 1981 Global Specialties Corporation 
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nets' producth 

Inc. Designed for the serious cyclist, OS- 
Car (Odometer /Speedometer /Cadence) 
uses metal detectors to sense motion of the 
bicycle's spokes. The sensor is encapsu- 
lated in silicone rubber and is claimed to 
be immersible and impact- resistant. A 9- 
V transistor battery powers the unit, 
which offers continuous storage of the 
odometer reading. Accuracy depends on 
tire size and design and inflation pressure, 
but is said to be within ± 1.5% for the 
speedometer and 1.3% for the cadence 
meter. $129.95. Address: Hilgraeve, Inc., 
Box 941, Monroe, MI 48161. 

Microcomputer 
Enclosure 

To convert the AIM 65 micro system 
from a "bare bones" unit to one with a 
finished look, an accessory enclosure, with 
or without an integral power supply, has 
been introduced by Rockwell Internation- 
al. The enclosure includes an on /off 
switch, a pushbutton reset switch mated 
to the AIM 65 reset switch, and pre -wir- 
ing with internal ac lines. Removable 
plugs in the cover allow access to the 
AIM 65 run /single -step and KB /TTY 
switches. The paper supply for the ther- 
mal printer is kept in an external holder to 
facilitate ease of replacement. The enclo- 
sure with power supply (Model A65 -006) 
provides +5 V dc at 3 A and +24 V dc at 
0.5 A. Model A65 -002 (without power 
supply) costs $95. With power supply, 
cost is $165. 

CIRCLE NO. 99 ON FREE INFORMATION CARD 

Power Amplifier 

Power MOSFETs are featured in the new 
LA2502 amplifier from Soundcraftsmen. 
The unit is said to be capable of delivering 
380 W total at 4 ohms impedance, or 125 
W /ch at 8 ohms in the stereo mode. Dual 
strings of 20 LEDs each provide cali- 
brated metering at 1 -3 -dB intervals up to 
500 W output. True Clipping LEDs are 
said to indicate the actual onset of wave- 
form distortion. Also provided: speaker 
switching with A plus B capability, zero - 
to- maximum gain controls, and modular 
chassis construction with a 16 -gauge steel 

wraparound main -frame and mounted 
handles. Specs: THD from 20- 20,000 Hz, 
0.05 %; S /N, 105 dB (damping factor, 
200); slew rate, 40 V /µs. $649. 

CIRCLE NO. 100 ON FREE INFORMATION CARD 

Duty -Cycling 
Thermostat 

The Savlt, from Electronic Systems Inter- 
national, is an internally fused, prepro- 
grammed thermostat that is designed to 
operate in series with an existing thermo- 
stat. It works through two closed relay 
contacts, said to be capable of switching 
up to two amperes at 50 V ac. The unit 
makes use of the principle of duty 
cycling- shutting off a central heater or 
air conditioner for a predetermined short 
interval to save electricity that would be 
needed to keep the equipment running 
constantly. There is a choice of six time 
functions -three each in the heating and 
cooling modes -that correspond to the 
low, medium, and high settings on a heat- 
er or central air conditioner. An internal 
circuit uses the 60 -Hz waveform for tim- 
ing control; and the current requirement 
is rated at 0.2 A. $298. Address: Electron- 
ic Systems International, Inc., 5600 Ros- 
well Rd., Ste 200, Prado East Atlanta, 
GA 30342. 

Receiver /Monitor 
Conversion Kit 

The ACVM -2 from V.A.M.P. Inc. is a 
direct video conversion kit that can be 
installed in a B &W or color receiver for 
the purpose of eliminating ghosting, color 
shifting, r -f radiation, and signal interfer- 
ence. It works by bypassing the tuner and 
r -f sections of a conventional receiver, pro- 
viding high -resolution displays of up to 80 
characters in the monitor mode. Modes 
are shifted via a two -position switch. The 
ACVM -2 will work with any receiver cur- 
rently on the market, except those whose 
chassis common is not directly connected 
to ac neutral. $35. Address: V.A.M.P. 
Inc., 6753 Selma Ave., Los Angeles, CA 
90028. 

Surge Suppressor 

Manufactured by Advanced Electronics 
and marketed by National Field Sales, the 
Stedi -Watt, Jr. is a six -outlet surge sup- 
pressor that plugs into any standard three - 
wire, duplex receptacle to protect equip- 
ment against damaging voltage spikes. 
The unit responds to filter out transients 
of up to 6000 V within less than a ten - 
thousandth of a second. Continuous oper- 
ation is indicated by an amber light. 
Available in ivory or dark brown. $59.50. 
Address: National Field Sales Inc., 2660 
West Chester Pike, Broomall, PA 
19008. 
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If you have put off 
learning more 
electronics for any 
of these reasons, 
act now! 

I don't have the time. 

High school was hard for me and 
electronics sounds like it may be 
hard to learn. 

I can't afford any more education. 

I have a family now. 

I-1 I'm here. You're there. I've never 
learned that way before. I'm not 
sure it will work for me. 

Read the opposite page and see how you can get started today! 
16 POPULAR ELECTRONICS 



Be honest with yourself. Are 
the reasons really excuses? You 
already know enough about 
electronics to be interested in 
reading this magazine. So why 
not learn more? If you need 
encouragement, read on and 
see how excuses can be turned 
into results. 
You don't have the time. Be realistic. 
All you have in life is a period of time. 
Use it. Try to know more tomorrow 
than you do today. That's the proven 
way to success. CIE studies require just 
about 12 hours of your time a week, two 
hours a day. You probably do have the 
time. 
Electronics sounds like it may be hard 
to learn. You already know something 
about electronics or you wouldn't be 
reading this. Now, build on that. CIE 
Auto -Programmed ® Lessons help you 
learn. Topics are presented in simple, 
logical sequence. All text is clear and 
concise for quick, easy understanding. 
You learn step by step, at your own 
pace. No classes to attend. Nobody 
pressures you. You can learn. 
You can't afford any more education. 
Actually, you can't afford NOT to 
gain the skills that can put you ahead of 
the others. You know what inflation is 
doing to you now. Education -learning 
a skill -is an inflation -fighter that can 
be yours. If you are not able to pay full 
tuition now, CIE will lend you funds on 
a monthly payment plan. 
You have a family now. All the more 
reason why you have the responsibility 
to advance yourself. For the sake of 
your family. Do you want them to have 
what you had or have more than you 
had? The choice is yours. Electronics is 
a rewarding career choice. CIE can help 
you to get started on that career. 
You're there. We're here. How does 
CIE help you learn? First, we want you 
to succeed. You may study at home, but 
you are not alone. When you have a 
question about a lesson, a postage 
stamp gets you your answer fast. You 
may find this even better than having a 
classroom teacher. CIE understands 
people need to learn at their own pace. 
When CIE receives your completed 
lesson before noon any day of the week, 
it will be graded and mailed back the 
same day with appropriate instructional 
help. Your satisfaction with your 
progress comes by return mail. That's 
how CIE helps you learn. 

NOW, IF YOU AGREE CIE 
TRAINING CAN WORK 
FOR YOU, HOW ELSE 
CAN CIE HELP YOU? 

Cleveland Institute of Electronics is the 
largest independent home study school 
in the world that specializes exclusively 
in electronics. Although "big" does not 
always mean "best;' it is evidence that 
CIE is a strong, successful institution 
with the people and resources to help 
you succeed. 

APRIL 1982 

Step -by -step learning includes 
"hands -on " training. 
The kind of professional you want to be 
needs more than theory. That's why 
some of our courses include the 
Personal Training Laboratory, which 
helps you put lesson theory into actual 
practice. Other courses train you to use 
tools of the trade such as a 5MHz 
triggered- sweep, solid -state oscilloscope 
you build yourself -and use to practice 
troubleshooting. Or a Digital Learning 
Laboratory to let you apply the digital 
theory that's essential today for anyone 
who wants to keep pace with electronics 
in the eighties. 

Your FCC License can impress 
employers. 
For some electronics jobs, you must 
have your FCC License. For others, 
employers usually consider it a mark in 
your favor. Either way, your License is 
government- certified proof of your 
knowledge and skills. More than half 
of CIE's courses prepare you to pass 
this exam. Surveys show that some 
80% of CIE graduates who take the 
exam are successful. 

CIE Cleveland 
of Electronics, 

1 

1 i 
Address Apt 

'City 

State Zip 

Age 

Find out more! 
Today. Now. 
There's a card with this ad. Fill it in 
and return. If some other ambitious 
person has already removed it, use the 
coupon. 

You'll get a copy of CIE's free 
school catalog, along with a complete 
package of personal home study 
information. 

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

If you are serious about a rewarding 
career, about learning electronics or 
building on your present skills, your 
best bet is to go with the electronics 
specialists -CIE. Mail the card or 
coupon today or write CIE (please 
mention the name and date of this 
magazine), 1776 East 17th Street, 
Cleveland, Ohio 44114. 

This could be the best decision 
you've made all year. 

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. 

"If you're going to learn 
electronics, you might as well 
learn it right:' 
John Cunningham 
Senior Technical Director 

IM 
Institute 

Inc. 
1776 East 17th Street, Cleveland, Ohio 44114 

PE-60 

YES. -1 want to learn from the specialists in electronics -CIE. Send me my FREE 
CIE school catalog...including details about the Associate Degree program...plus my 
FREE package of home study information. 
Print Name 

Phone (area code) 

Check box for G.I. Bill bulletin on Educational Benefits: Veteran 

MAIL TODAY! 

Active Duty 

1! 
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Audio Goes Digital in Las Vegas 

Iv- HAT the recently concluded 
Winter Consumer Electronics 

Show (Las Vegas, NV) lacked in quan- 
tity of new product introduction, it made 
up for in quality. In the world of audio 
there was further evidence of a digital 
revolution. Here the big news was about 
tape recording, rather than discs, with 
significant product and price break- 
throughs from both Sony and Technics. 
These two companies have taken differ- 
ent approaches to pulse code modulation 
(PCM) recording. Sony has introduced 
a third -generation PCM audio proces- 
sor, while Technics showed an all -in -one 
PCM audio tape deck. (While much has 
already been written about compact dig- 
ital discs, now promised for early 1983 
by just about every major audio equip -. 
ment manufacturer, some doubts about 
the date of delivery exist; largely be- 
cause of difficulties in the production of 
software.) 

Digital Audio from VCRs. By way of 
background, in the mid -1970s Sony pro- 
duced the first digital audio processor 
for consumer use, the Model PCM -1. 
This rather bulky unit was designed to 
be used with the (then) newly intro- 
duced video cassette recorders such as 
Betamax, U -Matic and, later, the com- 
peting VHS format. The Sony processor 
converted an audio signal to digital 
pulse -code (14 -bit "words" were used) 
so that, during playback, frequency re- 
sponse was ruler -flat to 20 kHz, distor- 
tion negligible, and wow or flutter was, 
for all practical purposes, nonexistent. 
This meant that millions of digital bits 
were stored on the tape every second. 
This information -density requirement 
was best met by video tape formats 
designed to handle video- signal (MHz) 
bandwidths. 

So complex was the first PCM audio 
processor, that its suggested retail price 
was around $5000. Then there was the 
cost of a VCR (another $1000); hardly 
the sort of setup that audio recording 
enthusiasts were going to buy in droves. 
Other companies began experimenting 
with PCM recording tied into VCRs and 
it soon became clear that standards 
would be required if any inter -system 
compatibility was to prevail. After 
lengthy meetings, the Electronics Indus- 
try Association of Japan (EIAJ) formu- 
lated such standards and Sony intro- 
duced their second PCM processor, the 
Model PCM -10 in 1980. While the new 
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processor adhered to the new EIAJ stan- 
dards, it still cost around $5000. All of 
which makes Sony's introduction of the 
PCM -Fl PCM processor more signifi- 
cant; its suggested retail price is around 
$1900. 

New large -scale integrated circuits 
(LSIs), some of them designed by Sony, 
enable the PCM -F1 to be one -eighth the 
volume and one -fifth the weight of ear- 
lier processors. In fact, the PCM -F1 
weighs less than nine pounds, can be 
powered from ordinary ac, an optional 
rechargeable battery, or a car /boat bat- 
tery adapter, and measures only 81/2 in. 
by 3'/s in. by 12 in. While it will work 
with any available VCR format, Sony is 
promoting its use with its portable SL- 
2000 "BetaPak." The PCM- F1 /SL- 
2000 combination is a state -of- the -art 
audio recording system that weighs only 
18 pounds! 

Sony executives feel strongly that the 
PCM -F1 (combined with a VCR) offers 
an attractive alternative to the best 
open -reel audio deck -even decks that 
handle the new "EE" tape formulations. 
And the $1900 price may well attract 
audiophile, semiprofessional, and even 
professional recordists. Newly devel- 
oped LSIs were essential to obtaining 
size and weight reduction for the new 
processor according to the PCM -F1 
block diagram. 

The Technics approach to PCM digi- 
tal recording involves a new all -in -one 
digital tape deck (reminiscent of the 
analog Elcaset deck in configuration). 
The new deck (Model SV- P100), uses 
VHS video cassettes and conforms to 
the EIAJ standards for VCR -related 

(4.0 .IVICESS,,, RAI E. DraTA.L 
SONY 

digital audio recording. And the SV- 
P100's built -in tape transport is funda- 
mentally the same as the transport sys- 
tems used in VHS video recorders. But 
by building a one -piece, dedicated audio 
product (instead of adapting a video 
recorder), Technics can offer several 
convenience features that are particu- 
larly, suited to sound recording. For 
example, the SV -P100 can be pro- 
grammed to "skip over" specified selec- 
tions during playback. Moreover, its 
four -digit tape counter allows precise 
cueing, rudimentary editing, etc. Unlike 
the Sony PCM -F1, however, the SV- 
P100 is strictly a homebound machine - 
operable only from 120 volts ac and 
weighing about 50 pounds. 

A roundup of new digital audio tech- 
nology at the Winter CES would not be 
complete without mentioning the first 
prototype of an upcoming product that 
the people at Acoustic Research were 
demonstrating. Called an Adaptive Dig- 
ital Signal Processor, the device per- 
forms a computer analysis of sound 
reproduction at any location in a room 
and then, after making about four mil- 
lion calculations in a minute and a half, 
"designs" the reciprocal filter needed 
for a "flat" speaker- and -room re- 
sponse -even if that filter involves fifty 
or more wide and narrow peaks and dips 
in its own response curve! The ADSP is 
likely to be a consumer product within a 
few months. 

Video Forefront. This year at CES 
there was relatively little new to report 
concerning video disc players and video 
cassette recorders, with the exception of 
a surprise introduction by Technicolor. 
They have cleverly combined a color 
video camera with a new, more compact 
version of its I/4 -inch micro -video tape 
recording mechanism to create an "al- 
most-in- camera" VCR system -well 
ahead of many larger video -product 
companies. 

Meanwhile, Henry Kloss of Kloss 
Video Corporation, who can always be 
relied upon to come up with products 
that his competitors have dismissed as 
technically "impossible," demonstrated 
his legendary finesse again this year. 
Kloss's new Novabeam® Model Two is a 
compact, portable television projector 
that produces a bright 3' by 4' color -TV 

Sony's PCM-Fl Digital Audio Processor 
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ANNOUNCING TWO 
NEW TERMINALS 

Smart Fast Graphics Matching Modem and $295 Printer 
Netron,cs announces a state of the art 

breakthrough in terminals. now at prices you 
can afford, you can go on -line with data-bank 
and computer phone -line services. Its all 
yours. "electronic newspapers." educational 
services, Dow -Jones stock reports, games, 
recipes. personal computing with any level 
language, program exchanges, electronic bul- 
letm boards ... and more every day!!! 

Netronics offers two new terminals. both 
feature a full 56 key /128 character typewriter 
style keyboard. baud rates to 19.2 kilobaud, a 
rugged steel cabinet and power supply. The 
simplest one, FASTERM -64, is a 16 line by 64 :.,r 32 'aracter per line unit, w . -a 
printer port for making hard copy of all incoming data, and optional provisions tor block a'.ú 
special character graphics. The "smart" version. SMARTERM -80, features either 24 line by Bu 
characters per line or 16 by 40 characters per line, it otters on- screen editing with page -at-a- 
time printing, 12,000 pixel graphics, line graphics, absolute cursor addressing, underlining. 
reverse video, one -half intensity and much more ... simply plug them into your computer or 
our phone modem and be on -line instantly. Use your TV set (RF modulator required) or our 
deuux green- phosphor monitor pictured above. For hard copy just add our matched printer. 

Price breakthrough!!! Own the FASTERM -64, a complete terminal kit, ready to plug in for 
just $199.95 or order the SMARTERM -80 kit for just $299.95, (both available wired and tested.) 
Be on -line with the million -dollar computers and data services today ... we even supply the 
necessary subscription forms. 

More good news: All the components in our terminals are available separately (see 
coupon), so you buy only what you need!!! 

FASTERM -64 ... DISPLAY FORMAT: 64 or 32 characters/line by t6 lines 96 displayable 
ASCII characters (upper 8 lower case) ... 8 baud rates: 150, 300, 600, 1200, 2400 4800, 9600. 
19, 200, (switch sel.) .. LINE OUTPUT: RS232 /C or 20 ma current loop VIDEO OUTPUT: 1V 
P/P (EIA RS-1701... CURSOR MODES: home & clear screen, erase to end of line, erase cursor 
line, cursor up & down. auto carriage return /line feed at end of line & auto scrolling 
REVERSE VIDEO... BLINKING CURSOR ... PARITY, oft, even or odd .. STOP BITS: 1, 1.5, 
2 ... DATA BITS PER CHARACTER: 5, 6, 7 or 8 . CHARACTER OUTPUT: 5 by 7 dot matrix 
in a 7 by 12 cell PRINTER OUTPUT: prints ali incoming data 1K ON BOARD RAM .. 
2K ON BOARD ROM .. CRYSTAL CONTROLLED .. COMPLETE WITH POWER SUPPLY .. 
OPTIONAL GRAPHICS MODE: includes 34 Greek & math characters plus 30 specie, graphics 
characters ... ASCII ENCODED KEYBOARD: 56 key /128 characters. 
SMARTERM8O .. DISPLAY FORMAT. 80 characters by 24 lines or 40 characters by 16 lines 
128 displayable ASCII characters (upper 8 lower case) 8 baud rates: 110, 300, 600, 1200, 2400. 
4800, 9600, 19, 200 ... LINE OUTPUT: RS232IC or 20 ma current loop .. VIDEO OUTPUT. 1V 
pp (EPA RS-1701... EDITING FEATURES: insert /delete line. insert /delete character, for- 
ward /back tab ... LINE OR PAGE TRANSMIT . PAGE PRINT FUNCTION CURSOR POSI- 
TIONING: up, down, right, left, plus absolute cursor positioning with read back . VISUAL 
ATTRIBUTES: underline. blink, reverse video, half intensity, & blank . GRAPHICS: 12.000 
pixel resolution block plus line graphics . ON- SCREEN PARITY INDICATOR PARITY'. off. 
even or odd. STOP BITS: 110 baud 2. all others 1 ... CHAR. OUTPUT: 7 by 11 character in 
a 9 by 12 block ... PRINTER OUTPUT 60 OR 50 Hz VERTICAL REFRESH BLINKING 
BLOCK CURSOR ... CRYSTAL CONTROLLED ... 2K ON BOARD RAM .. ASCII ENCODED 
KEYBOARD: 56 key /128 character ... 4K ON BOARD ROM ... COMPLETE WITH POWER 
SUPPLY. 
TELEPHONE MODEM 103 O/A . FULL DUPLEX, FCC APPROVED DATA RATE. 300 baud 

INTERFACE RS232IC and TTY . CONTROLS: talk/data switch (no need to connect and 
disconnect phone). originate /answer switch on rear panel . NO POWER SUPPLY RE- 
QUIRED. 
ASCII KEYBOARD ASCII.3 56 KEY/128 CHARACTER ASCII 
ENCODED . . UPPER & LOWER CASE FULLY DEBOUNCED 
2 KEY ROLLOVER .. POS OR NEG LOGIC WITH POS STROBE .. 
REQUIRES a- & -12V DC (SUPPLIED FROM VIDEO BOARDS( 
PRINTER COMET I ... SERIAL I/O TO 9600 BAUD .. 80 
CHARACTER COLUMN (132 COMPRESSED) .. 10" TRACTOR FEED 

UPPER /LOWER CASE INDUSTRY STANDARD RIBBONS 
4 CHARACTER SIZES 9 BY 7 DOT MATRIX . BIDIRECTIONAL 
PRINTING 

Continental U.S.A. Credit Card Buyers Outside Connecticut 

CALL TOLL FREE 800.243.7428 
To Order From Connecticut Or For Tech. Assist. Call (203) 354 -9375 

NETRONICS R &D LTD. Dept. PE 

333 Litchfield Road, New Milford, CT 06776 
Please send the items checked below' 

COMPLETE FASTERM -64 TERMINAL (includes FASTVID -64 video board 
ASCII -3 keyboard, steel cabinet and power supply) ... kit $199.95 plus $3 P &I 

. wired & tested $249.95 plus $3 P &I ... graphics option: add $19.95 to 
each of above 
C COMPLETE SMARTERM -80 TERMINAL (includes SMARTVID -80 video 
board, ASCII -3 keyboard, steel cabinet and power supply) ... kit $299.95 plus 
$3 P &I ... wired and tested $369.95 plus $3 P &I 
E FASTVID64 VIDEO BOARD (requires + 5 & -12V DC) ... kit $99.95 plus $3 
P &I ... graphics option add $19.95 ... wired & tested $129.95 plus $3 P &I .. . 

graphics option add $19.95 
E SMARTVID-80 VIDEO BOARD (requires +5 & +/ -12V DC) ... kit $199.95 
plus $3 P &I ... wired & tested $249.95 plus $3 P &I 
L DELUXE STEEL TERMINAL CABINET ... $19.95 plus $3 P &1 

ASCII -3 KEYBOARD (requires +5 & -12VDC) ... kit $69.95 plus $3 P &I . . 

wired and tested $89.95 plus $3 P &I 
POWER SUPPLY (powers ASCII -3 keyboard & video boards) ... kit only 

$19.95 plus $2 PSI 
E ZENITH VIDEO MONITOR (high resolution green phosphor) ... wired & 
tested $149.95 plus $6 P &I 
L' TELEPHONE MODEM MODEL 103 O/A ... wired & tested $189.95 plus $3 
P &I 

: DOT MATRIX PRINTER Comet I ... wired 8 tested $299.95 plus $10 P &I 
RF MODULATOR MOD RF -1 ... kit only $8.95 plus $1 P &I 
3FT -25 LEAD MODEM /TERMINAL OR PRINTER/TERMINAL CONNECTOR 

CABLE ... $14.95 ea plus $2 P &I 

For Canadian orders, double the postage . Conn. res. add sales tax. 

Total Enclosed $ 
Personal Check Cashier's Check /Money Order 
VISA MasterCard (Bank No. 

Acct. No. Exp. Date 

Signature 
Print Name 
Address 
City State Zip 

FOR ONLY $129.95 Learn Computing 
From The Ground Up 

44.1 
0443 t 5 

Build a Computer kit that grows 
with you, and can expand to 64k 
RAM, Microsoft BASIC, lèxt Edi- 
tor /Assembler, Nord Processor, 
Floppy Disks and more. 

EXPLORER /85 
Here's the low cost way to learn the fundamentals of ove' 
puling. the all-important 

in bast you'll 
need 

lust niece a,9d mom as 
you get he 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 for any personal computer un the market Look at 

these features 8085 Control Prnre.s.srna I!n,l, the 
microprocessor "heart'' of the Explorer /85 (loin the 
millions who will buy and the 8080/(1085 this rar 
:done.) Four Bhdpt.orneSbtt Input /output ports from 
which you can input and output your programs. as well as 
ontrol extenor swat lies. nays lights. etc. a cassette 
interface that leis sou Siam and reload erorams you've 
learned to write , (,'loge 2.O01 byte npernling 
system /monitor makes !I easy to learn computing in 
several important ways It allows simpler. faster writ. 
ing and entering of programs 11 permits access by you 
to all parts of the system sown] ran check on the status of 
any point in the program it allows (racing each pro. 
gram step by step. with pmvisron for displaying all the 

intents of the CPU (register, nag.. etc and iI 
thing much more! 

You get all this in the starling level (level A) of the 
Explorer /85 for only 8129.95. Incredible! To one lust 
plug 

a 
your 8VDC power supply and terminal or 

keyboard/display - if you don't have them. see our 
special offers elow 
O Level A computer kit (terminal Version) 8129.96 
plus S3 P &I.' 
7 level A kit (Hex Keypad /Display Version) 3128.95 
plus $3 P81 
LEVEL B- This ' -building black- converts the mother- 
board into a Iwo-slot St00 bus (industry standard) com- 
puter. Now you can plug in any of the hundreds of S100 
cards available. 
17 level B kit $49.95 plus S2 P81 
D S100 bus connectors (Iwo required) $4.85 each. 
postpaid 
LEVEL C - Add still m 
nmputing power: this "build 
ing block" mounts directly on 
the motherboard and expands 
the Sim bus to six slots. 
D Level kit S311.98 plus S2 
P81 

`7 S100 bus connectors (five 
required) $4.95 each 
postpaid 
LEVEL D- When you reach the pant in learning that re- 
quires more memory. we i l l . , o choices either add 4k 
of a memory directly on the motherboard. or add 16k to 
64k of memory by means of .r single Stoll card. our famous 

PAWS. 
level D kv: (CHECK ONEI D 4k on- boar(' $19.% 
plus 32 Pal D 16k S1í10 "IAWti'. 5149.95 plus $2 
P &1 32k S100 "TAWS" $1 99.95 plus $2 PSI' :O 48k 
S100 'TAWS'. $249.85 plus $2 PAP'.' 54k 5100 
'PAWS' 3299.95 plus S2 Pur 
LEVEL E - An important "building black. a activates 
thesk ROM/EPROM space on the mntherfoanl Now pig 
plug in 

a 
r Bk Microsoft BASIC or your own custom 

programs 
D level E kit 90.00 plus 50c Pal 
Microsoft BASIC - Ifs the language that allows you to 
talk English to your computer! It is mailable three ways 

ek cassette version of Microsoft BAST: (requires level 
B and 12k of RAM minimum/ mtge., m m/ e cuge a /Ilk S100 
-PAWS"- see As*. ) $64.95 png,.n,I 

:7 8k ROM version of Mu.mson BASIC (requires level B 
& level E and 4k RAM. lust plug into your Level E sockets. 
We suggest either the 9k level D RAM expansion or a thk 
5100 "PAWS '') SW.95 plus so PSI. 

Disk version of Microsoft BASIC Inquires U'vel B. 
32k of RAM. floppy disk controller. R' floppy ck drivel 

$325 postpaid 

TEXT EDITOR /ASSEMBLER - The editor /assembler 

a 

.,ftw :,m linil (a programl designed to simplify the task 
of writing programs. As your ograms heroine longer 
and more wimples. the assembler can save you many 
hours of programming lime This software includes an 
editor program that renters the programs you write. makes 
changos and saws the programs on cassrue., The assem' 
tiler performs the clerical ,ask of translating symMdir. 
,:ale inio the ampule, readable ol.inci rode. The editor/ 

ROMmhler program is available milker in cassette or a 

version 
Editor /Assembler (Cassette v rsn,n requires Level 

B" and 8k (min 1 
of RAM - we s ggest 16k "TAWS" - 

see above) S59.95 plus $2 PSI.' 
Editor/Assembler (ROM i,rstoo supplied on an S100 

rd. requires level B and 4k RAM (min I- we suggest 
either level D or tus "TAWS' I $99.95 plus 52 P8I 
8" FLOPPY DISK - A remarkable budding Klock" 
Add our e' floppy disk when you nwst trim, operation 
more ant program storage. perhaps a business up. 
pbcation. and access 'tithe horsily 1honsands of programs 

and m, 
program languages available helm You simply plug 

your p s.r185 disk sysum - it a,,'pin all 
IBM-formatted CP/ ograms 
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picture directly on any flat white wall. 
No special curved projection screen re- 
quired! This Novabeam picture can be 
watched from any point in a darkened 
room at full picture brightness. Howev- 
er, ambient light must be kept low. The 
projector unit is placed four feet away 
from the wall "screen." 

Pricing has been set at around $2000, 
but please note that the system does not 
include a TV tuner. A video signal from 
an already -available VCR {which con- 
tains a multi -channel tuner) must be fed 
to the input of the Novabeam Model 
Two. With the current trend toward sep- 
arate video components and the surge of 
interest expected when the FCC ap- 
proves stereo TV audio, Kloss's intro- 
duction of an easy -to -use and easy -to- 
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Technics 
Model SV -P 100 
Digital Audio 
Cassette Recorder 

Kloss Novabeam 
Model Two 

Portable 
Projection TV 

position projection TV monitor couldn't 
have come at a better time. With its lid 
closed, the unit measures only 211/2" 
high by 24V2" wide by 12" deep. It 
weighs about 60 pounds. 

For at least two years, everyone's been 
talking about the pending "marriage" of 
audio and video.. While no one manufac- 
turer can yet be credited with pulling off 
the ceremony, Kenwood certainly qual- 
ifies as one of several "matchmakers" 
with its introduction of the Model KVA- 
502 audio -video integrated amplifier. 
This 50 -watt per channel amplifier can 
serve as the control center of a home 
audio -video entertainment room. Key 
features and operating capabilities in- 
clude extended audio and video dubbing 
facilities, sound mixing, TV /video 

sound enhancement (simulated stereo 
effect), noise reduction for video tapes, 
picture quality enhancement, and 
straight dubbing of pictures and sound 
from one VCR (or video -disc player) to 
another VCR. All this is in addition to 
the KVA -502's usual function as an 
integrated audio amplifier for handling 
audio program sources. The unit will 
carry a suggested retail price of $400. 

Soup and Sonatas. What do music 
and supermarkets have in common? 
Nothing I was aware of until I visited 
Casio's winter CES exhibit. There I was 
intrigued by a latter -day player piano- 
an electranic, computerized keyboard. 
No coded paper rolls here. The user sim- 
ply passes an optical scanner (light- 
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Casio CT- -701 electronic computerized player piano 
uses a tune printed in bar code. 

Kenweod Model KVA -502, with a VCR, makes an audioïvideo center 
and also provides an amplifier for stereo audio. 

wand) over a printed bar code and an 
encoded tune is instantly put into the 
keyboard's memory. Casio has taken 
regular sheet music and converted it into 
bar codes -like those you see on soup 
cans and breakfast cereal packages. 

I was ready to regard the computer- 
ized keyboard as an amusing novelty 
until discovering that, in addition to 
playing back the stored melody, com- 
plete with chords and a multitude of 
instrument voices (organ, flute, piano, 
etc.), the keyboard can also be used as a 
le arning tool. It contains a "melody 
guide" of tiny lights, identifying the cor- 
rect keys to be pressed, note by note. 
Students needn't be able to read music! 
As the unit silently displays a memo- 
rized melody, you simply follow the 
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lights and press the corresponding key. 
Best of all, if you hit a wrong (un- 
lighted) key, it will not sound! Could 
this be the beginning of a whole new 
way to learn about music? As a Casio 
demonstrator pointed out, bar -coded 
representation of a melody is really no 
more arbitrary than the "accepted" mu- 
sical score notation. 

The Right to Tape. Though CES 
events are normally nonpolitical, the re- 
cent decision of the Ninth District Court 
of Appeals (Los Angeles, CA) ruling 
against the home videotaping of TV 
broadcasts is of such far -reaching im- 
portance (audio taping might soon be 
affected) that the Electronic Industries 
Association (CES sponsors) opted for 

Visitors at Winter CES sending 
telegrams to Congress in 
support of the right to 
tape record video programs. 

direct action. They set up a booth at the 
show encouraging visitors to send tele- 
grams to their congressmen and senators 
supporting pending legislation favorable 
to home (noncommercial) videotaping. 
Such legislation, if enacted, would effec- 
tively bypass the court decision by 
amending the copyright act of 1976. 
(The appeals court based its ruling -a 
reversal of a lower court decision favor- 
able to home taping -on the copyright 
act.) If you feel that in -home videotap- 
ing of programs for later viewing doesn't 
make you guilty of criminal activity, you 
might want to make your feelings 
known to your own legislators, too. After 
all, anyone owning or planning to buy a 
VCR has a stake in this important, 
home -entertainment issue. 
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MAXELL IS PLEASED TO PRESENTAN 
EVEN HIGHER PERFORMANCE TAPE. 

If you're familiar with Maxell UD -XL tapes you probably find it hard to believe that any 
tape could give you higher performance. 

But heanng is believing. And while we can't play our newest tape for you right here on 
this page, we can replay the comments of Audio Video Magazine. 

"Those who thought it was impossible to improve on Maxell's UD -XL II were mistaken. 
The 1981 tape of the year award goes to Maxell XL II -S" 

How does high bias XL II -S and our normal bias equivalent XL I -S give you such high 
performance? By engineering smaller and more uniformly shaped epitaxial oxide parti- 
cles we were able to pack more into a given area of tape. Resulting in a higher maximum 
output level, improved signal -to -noise ratio and better frequency response. 

To keep the particles from rubbing off on your recording heads Maxell XL -S also has 
an improved binder system. And to eliminate tape deforma- 
tion, XL -S comes with our unique Quin -Lok Clamp /Hub 
Assembly to hold the leader firmly in place. 

Of course, Maxell XL 11-S and XL I -S carry a little higher 
price tag than lesser cassettes. 

We think you 'll find it a small price to pay for higher 
IT'S WORTH IT. performance. 
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Pioneer Model CTBRCassette Deck 

THE Pioneer CT -8R is a three -head, 
three -motor machine featuring 

built -in Dolby B and Dolby C noise - 
reduction systems and bidirectional 
playback with auto -reverse operation. 
Its style matches that of other current 
Pioneer audio components, finished in 
satin gold with a dark brown center pan- 
el on which are displays of the signal 
path through the machine and the exact 
operating mode being used. 

The CT -8R has a number of unusual 
tape transport functions and operating 
features, controlled through an internal 
microprocessor system. These include 
automatic tape bias and equalization 
optimization, a logic -controlled solenoid 
operated tape transport, and an elabo- 
rate program- search -and -selection sys- 
tem based on sensing unrecorded tape 
segments. 

Overall dimensions of the Pioneer CT- 
8R are approximately 161/2" W X 125 /s" 
D X 5'/s' H. It weighs 14 lb 5 oz. Sug- 
gested retail price is $575. 

General Description. The front panel 
of the Pioneer CT -8R is divided into 
three essentially equal parts. On the left 
is a bottom- hinged door containing the 
cassette guides. It opens at the touch of 
the nearby EJECT button. The right third 

of the panel contains almost all the oper- 
ating controls, consisting of four small 
knobs and a number of rectangular but- 
tons of different sizes and shapes. The 
center section (in contrasting dark 
brown) contains illuminated displays of 
tape transport mode, signal path, and 
the internal operating conditions of the 
machine. 

The CT -8R tape transport uses three 
miniature direct -drive motors to turn 
the capstan and the two tape hubs. The 
motors' speeds and torques are con- 
trolled by ICs to provide a smooth, even 
wind on the hubs. 

The head movement required for bi- 
directional play is accomplished by a 
rotating head turret, whose design al- 
lows the playback head azimuth to be 
adjusted separately for each direction of 
tape motion. The combination record/ 
playback head (two separate heads in a 
common housing) is shaped to insure 
close, stable contact between the tape 
and the head during operation. 

The heads themselves are made of 
Sendust alloy, formed into a ribbon by a 
proprietary Pioneer process. According 
to Pioneer, its Ribbon Sendust head has 
a very low loss and high permeability, 
which is largely responsible for the ma- 
chine's excellent performance charac- 

teristics. Data offered by Pioneer to 
compare the magnetic and physical 
properties of the Ribbon Sendust head 
with conventional Sendust, Permalloy, 
and ferrite core heads shows a modest 
but definite superiority for Ribbon Sen- 
dust in most cases. 

Automatic tape optimization systems 
have been available for a few years, and 
this feature is now offered in at least 
some models from almost every cassette 
recorder manufacturer. They vary 
somewhat in operating details and their 
criteria for setting the bias, equaliza- 
tion, and recording level; but all of them 
are capable of extracting the maximum 
performance from almost any kind of 
tape. 

Early automatic tape optimizing sys- 
tems (actually, it is the recorder rather 
than the tape that is optimized) required 
as much as 20 to 30 seconds to perform 
their adjustment cycle, but in the Pio- 
neer CT -8R, this time has been reduced 
to about 8 seconds! When the AUTO BLE 
( "bias, level, equalization ") button is 
pressed, the tape is first recorded with a 
1 -kHz test signal and the output from 
the playback head is measured. If the 
output is absent or too low, the sequence 
stops; otherwise the recording level is set 
roughly and the bias is stepped through 
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a sequence of levels until the output 
meets an (unstated) criterion for cor- 
rectness. If that condition cannot be 
met, the adjustment is terminated and 
the recorder is automatically set to its 
internal reference bias setting for that 
type of tape. 

When the correct bias has been deter- 
mined, its value is set into the computer 
memory and the final level setting is 
made. Again, if the optimum value can- 
not be reached, the machine reverts to 
its internal preset value. The third auto- 
matic adjustment is of recording equali- 
zation, with the same default procedure 
if the tape cannot be optimized. When 
all three key parameters have been set 
for flattest frequency response and cor- 
rect output level, they are stored in the 
computer memory, and the AUTO BLE 
light (which has been blinking during 
the process) remains on. The tape re- 
winds to the point at which the process 
started and the machine stops, ready for 
use. 

Although Dolby B noise reduction has 
been universally adopted by manufac- 
turers of cassette recorders, the newer 
Dolby C system is only now beginning to 
appear in regular production recorders. 
It is very similar in concept to the B sys- 
tern, but operates at lower signal levels 
and extends its noise reduction to lower 
frequencies. The final result is an overall 
noise reduction of about 20 dB, corn - 
pared to the 10 dB of the Dolby B sys- 
tern. A certain degree of compatibility 
exists between the two systems, so that 
tapes recorded with Dolby C can be 
played (if necessary) on any Dolby B 
machine with about the same degree of 
success as would occur if a Dolby B tape 
were played without any Dolby decod- 
ing in the playback. The "incompatibili- 
ty" in either case is a slightly brighter 
sound. However, a properly decoded 
Dolby C tape will sound dramatically 
quieter than a Dolby B tape, as well as 
having the correct frequency response. 

Laboratory Measurements. Al- 
though the AUTO BLE system should 
make the Pioneer CT -8R usable with 
practically any tape, we measured its 
frequency response with a number of 
tapes, including TDK D, OD, SA -X, 
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and MA, as well as Maxell XL -IS and 
XL -IIS. The AUTO BLE adjustment was 
used for each tape before making any 
measurements. 

Frequency response differences be- 
tween all the tapes were exceedingly 
small, typically 2 to 4 dB of variation 
from 10,000 to 20,000 Hz at a -20 -dB 
recording level. The only exceptions to 
this pattern were the Maxell XL -IS (a 
"normal" ferric tape) and TDK MA 
(metal), both of which gave an extreme- 
ly flat response all the way to 20,000 Hz. 
All the tapes had the same mid- and 
low- frequency response, with moderate 
"head bumps" visible between 20 and 
40 Hz. The overall response was typi- 
cally ± 2.5 dB from 20 to 20,000 Hz 
( ±2 dB with the XL -IS and MA tapes). 
If the low- frequency variations are aver- 
aged out, the overall response with XL- 
IS or MA was within ± 1.5 dB from 20 
to 20,000 Hz, which is superb perfor- 
mance for any cassette deck. For our full 
tests of the CT -8R, we used Maxell XL- 
IS (normal), Maxell XL -IIS (CrO2) 
and TDK MA (metal). 

When the response was measured at a 
0 -dB recording level, the differences be- 
tween the tapes were slightly more visi- 
ble. However, one of the most unusual 
characteristics of the frequency re- 
sponse was that the 0 -dB curve did not 
intersect the -20 -dB curve, up to 
20,000 Hz, with any of the tapes. This 
indicates the superior quality of the Pio- 
neer recording head, which evidently 
requires less recording equalization 
boost at high frequencies than do less 
efficient heads (and thus produces less 
tape saturation). The MPX filter, de- 
signed to remove any 19 -kHz pilot car- 
rier from an FM signal being recorded, 
was highly effective. It had virtually no 
effect on the response up to about 
16,500 Hz, and cut off rapidly above 
that frequency. 

The playback equalization of the CT- 
8R was checked using the new standard 
calibration tapes from BASF, whose re- 
corded frequencies span from 31.5 to 
18,000 Hz (previous tapes were limited 
to 12,500 Hz). The 70- and 120 -As play- 
back responses were essentially identi- 
cal, within ± 1.5 dB from 31.5 to 12,000 
or 14,000 Hz, and rising 4 or 5 dB at 

18,000 Hz. A check with our previous 
tape (the TDK AC -337) showed a 
± 1.5 -dB frequency response from 40 to 
12,500 Hz. 

At the maximum gain setting, a 0 -dB 
recording level indication required a line 
input of 63 mV. The microphone sensi- 
tivity was 0.27 mV, with overload occur- 
ring at 48 mV. Since plugging in one 
microphone jack replaces only its corre- 
sponding line input, it is not possible to 
make a mono recording from a single 
microphone unless an external "Y" con- 
nection is used. 

The playback output from a 0 -dB sig- 
nal was in the range of 0.64 to 0.68 V, 
depending on the tape used. The third 
harmonic distortion in the playback 
from a 0 -dB, 1000 -Hz recorded refer- 
ence signal was down 41 to 42 dB for 
Maxell XL -IIS and TDK MA, and 47 
dB for Maxell XL -IS. To reach a refer- 
ence playback distortion of 3% (third 
harmonic down 32 dB) we had to record 
at 5.5 dB above reference with XL -IIS 
and at 7 dB above reference with the 
other two tapes. 

Referred to the playback from those 
recording levels, the unweighted S/N in 
the output was 50.5 dB (XL -IS), 51.5 
dB (XL -IIS) and 52.5 dB (MA). With 
CCIR /ARM weighting and using Dol- 
by B noise reduction, those readings 
improved to 62.2, 66.2, and 66.4 dB. 
Finally, with Dolby C, the S/N readings 
were impressively high, respectively 73, 
74, and 74.5 dB for the three tapes. 

The Dolby tracking (the change in 
overall record /playback frequency re- 
sponse with Dolby on or off, at various 
recording levels) was excellent. With 
Dolby B, the response changes were visi- 
ble only above 10,000 Hz and did not 
exceed 1 dB up to 15,000 Hz, for record- 
ing levels between 0 and -30 dB (TDK 
MA tape). The results with Dolby C 
were also good, with smooth variations 
in output (1.5 to 2 dB) at various fre- 
quencies up to 15,000 Hz. 

A standard Dolby level -test tape pro- 
duced a +3 -dB reading on the CT -8R's 
LED display. The LEDs responded very 
rapidly, giving the same readings on 
steady signals or on 0.3- second tone 
bursts. The tape transport, which ran 
about 0.65% fast, moved a C60 cassette 
from end to end in 110 seconds (fast for- 
ward) or 114 seconds (rewind). The 
weighted peak flutter (CCIR) was 
±0.05% and the weighted rms flutter 
(JIS) was 0.03 %, both very low readings 
for a cassette deck. 

User Comment. The recording and 
playback performance of the Pioneer 
CT -8R are so outstanding that little 
additional comment is needed. Record- 
ing and playing back records, FM pro- 
grams, and even interstation FM tuner 
hiss did not reveal any significant differ- 
ence in sound between the incoming pro- 
gram and the playback. This was the 
case even at indicated recording levels of 
0 dB, which normally result in dulled 
high- frequency output due to tape satu- 
ration. We have never used a cassette 
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deck that could surpass this perfor- 
mance, and very few can even come 
close to matching it. Even without con- 
sidering the many special operating fea- 
tures of the CT -8R, its basic perform- 
ance alone would justify its price. 

Not long ago, the better open -reel 
home -type tape recorders could not 
match the flutter readings of the CT- 
8R, even at 15 inches per second. None 
of the several automatic tape optimizing 
systems we have used were any more 
effective than the AUTO BLE, and all of 
them were much slower in operation. 

We found only one operating flaw in 
the CT -8R. Cassettes lacking rear 
notches to identify the tape type cannot 
be used properly in this machine (they 
will be automatically assigned the 120- 
µs playback equalization). We have a 
number of early Advent chromium - 
dioxide tapes that will never sound right 
on the CT -8R because there is no way to 
select the 70 -As equalization manually. 
There was a similar problem in trying to 
test the machine with different metal 

tapes, since few of our early samples had 
the rear keying holes. A manual tape 
selection override would have been a 
most desirable feature on this deck. 

The proximity of the EJECT button to 
the edge of the cassette door requires 
considerable care when opening the 
door, which can easily be blocked by the 
tip of the finger that is pressing the but- 
ton. Left- handed operation of the button 
would be extremely awkward. 

Experience with other recent Pioneer 
components featuring the same styling 
as the CT -8R has left us with strong 
positive feelings about the informative 
center display panel. The signal flow 
and function display is both attractive 
and useful. In view of the many special 
control features of the CT -8R, a clearly 
visible display of its operating modes 
would seem to be a virtual necessity. 

We used all of the special features of 
the CT -8R to verify their operation. 
Everything worked exactly as described 
in the instructions. However, this is not 
a machine that can be used to full 

advantage without a careful study of the 
manual, and considerable practice. Un- 
til the use of all the buttons becomes 
automatic on the part of the user, the 
CT -8R can be a formidable challenge. 

Fortunately, it can be used as a per- 
fectly conventional cassette deck, with- 
out bothering about its various search 
and fast -scan modes. We chose to do 
just that, since it became obvious that 
sustained practice would be needed to 
use any of these modes effectively. 

The "bottom line" of our evaluation of 
the Pioneer CT -8R is that it is one of the 
finest cassette recorders we have used 
and is an exceptional value in its price 
range. Its basic performance- frequen- 
cy response, distortion, S /N, and flut- 
ter -would be very difficult to surpass 
at any price. And once its special tape - 
handling features are mastered, it offers 
another good reason to choose the CT- 
8R. The unit earns top honors as a 
superb cassette recorder at a surprising- 
ly low price. -Julian Hirsch. 
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EJECT 

POWER 

AUTO BLE 
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PIONEER CT -8R CONTROLS AND INDICATORS 

Concentric L and R chan- 
nel recording level con- 
trols. 
Playback program level 
control. 
Three -position switch for 
normal stop at end of 
tape, auto- reverse (play- 
back only), and auto- 
reverse with four com- 
plete plays before stop- 
ping. 
Three -position switch 
(OFF, REC, PLAY) for unat- 
tended operation with ex- 
ternal ac power switched 
by timer. 
Flat plates for fast for- 
ward, rewind and revers- 
ing tape direction, identi- 
fied by arrow symbols. 
PLAY and STOP controlled 
by pressing opposite 
ends of a single large 
plate. 

Opens cassette door. 
Controls ac line power to 
recorder. 
Activates automatic sys- 
tem for optimizing tape 
bias, level, and equaliza- 
tion. 
Clears AUTO BLE data, re- 
placing with reference 
values built into machine. 
Puts tape in fast forward 
until a nonrecorded seg- 
ment of at least 8 sec- 
onds is encountered. At 
that point, tape stops and 
is positioned to play fol- 
lowing section. 

PAUSE 

REC 

REC MUTE 

MS/SKIP 

INDEX SCAN 

MUSIC REPEAT 

MEMORY 

MONITOR 

DOLBY NR 

Alternate pressures stop 
and start tape without af- 
fecting operating mode 
(not operative in fast 
speeds). 
Single red button initiates 
recording mode of opera- 
tion. 
While held in during re- 
cording, removes incom- 
ing program from record- 
ing head to add silent in- 
terval to tape. 
When set to ON, pressing 
the fast -forward or rewind 
control moves the tape to 
beginning of next re- 
corded selection and re- 
sumes play from that 
point. Cancelled by sec- 
ond operation. 
Causes tape to scan in 

fast speed in direction set 
by operations switch. 
Stops at each recorded 
section, plays 7 seconds, 
and resumes scan until ei- 
ther PLAY Or STOP is 
pressed. 
Pressing during playback 
causes selection to be re- 
peated up to 8 times (or 
until cancelled by press- 
ing one of the operations 
switches). 
Push to ON to engage 
AUTO STOP at 000 counter 
reading in fast speeds. 
Connects line outputs to 
TAPE Or SOURCE. 

Three small buttons turn 
on Dolby system, select B 
or C system, and engage 
the MPX filter. 

Display Panel Features 
COUNTER Three -digit mechanical in- 

dex counter with reset 
button. 

LEVEL Two vertical rows of LEDs 
reading instantaneous 
program levels from -20 
to +8 dB. 

AUTO REVERSE Green, lighted arrows and 
bar pattern to show trav- 
el / stop status of tape. 
Rate of light movement 
shows speed and direc- 
tion. Arrows show when 
machine is set for auto- 
reverse. 

RECORDING MODE Lights show REC, PAUSE, 

and REC MUTE status. Ar- 
rows show whether MONI- 

TOR is set to TAPE (play- 
back) Or SOURCE. 

TAPE AUTO Lights Show NORM, Cr02, 
SELECT METAL selection of bias 

and playback EO accord- 
ing to index holes on the 
back of the cassette. 
Green AUTO DATA light 

AUTO BLE flashes while automatic 
tape optimization is in 
progress, speeding up as 
it continues and remaining 
on when it is complete. 
Letters B or C illuminate 

DOLBY TYPE showing the Dolby sys- 
tem in use. 

Jacks 
MIC (L and R) These 1i4" jacks automati- 

cally replace the rear line 
inputs when microphone 
plugs are inserted (mono 
recording not possible 
with single microphone). 

PHONES Stereo headphone jack. 
Rear Panel 
LINE IN, LINE OUT Phono jacks. 
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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 

MEMOREX 
high quality error free discs? 

Product Description Part # 

CE quant. 
100 price 

per disc ($) 

8" SSSD IBM Compatible (128 B /S, 26 Sectors) 3062 2.09 
8" SSSD Shugart Compatible, 32 Hard Sector 3015 2.09 
8" SSDD IBM Compatible (128 B /S, 26 Sectors) 3090 2.74 
8" DSDD Soft Sector (Unformatted) 3102 3.14 
8" DSDD Soft Sector (128 B /S, 26 Sectors) 3115 3.34 
8" DSDD Soft Sector (1024 B /S, 8 Sectors) 3104 3.34 
8" DSDD Burroughs B -80 Comp., 32 Hard Sector 3092 3.34 
51/4" SSSD Soft Sector (Unformatted) 3401 1.94 
51/4" SSDD Soft Sector w /Hub Ring 3481 2.34 
51/4" SSDD 10 Hard Sector w /Hub Ring 3483 2.34 
51/4" SSDD 16 Hard Sector w /Hub Ring 3485 2.34 
51/4" DSDD Soft Sector w /Hub Ring 3491 3.09 
51/4" DSDD 10 Hard Sector w /Hub Ring 3493 3.09 
51/4" DSDD 16 Hard Sector w /Hub Ring 3495 3.09 
SSSD = Single Sided Single Density; SSDD = Single Sided Double Density 
DSDD = Double Sided Double Density 

Memorex Flexible Discs...The Ultimate in Memory Excellence 
Quality 
Memorex means quality products that you can depend 
on. Quality control at Memorex means starting with the 
best materials available. Continual surveillance through- 
out the entire manufacturing process. The benefit of 
Memorex's years of experience in magnetic media pro- 
duction, resulting, for instance, in proprietary coating 
formulations. The most sophisticated testing proce- 
dures 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 includ- 
ing drives that Memorex manufacturers. Rigid quality 
audits are built into every step of the manmanufacturing 
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 excellent 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 forfiling and 
storage. Both box labels and jacket labels provide full 
information on compatibility, density, sectoring, and 
record length. Envelopes with multi -language care and 
handling instructions and 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 free of charge 
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 respon- 
sible for any damages or losses (including consequential 
damages) caused by the use of Memorex Flexible 
Discs. 

Quantity Discounts Available 
Memorex Flexible Discs are packed 10 discs to a 
carton and 10 cartons to a case. Please order only in 
increments of 100 units for quantity 100 pricing. We 
are also willing to accommodate your smaller orders. 
Quantities less than 100 units are available in incre- 
ments of 10 units at a 10% 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 -538 -8080 and ask for the flexible disc hotline 
extension 0997. In California dial 800 -672 -3525 ex- 
tension 0997. Outside the U.S.A. dial 408-987 -0997. 
Buy with Confidence 
To get the fastest delivery from 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 govern- 
ment agencies and most well rated firms at a 30% surcharge 
for net 30 billing. All sales are subject to availability, acceptance 
and verification. All sales are final. Prices, terms and speci- 
fications are subject to change without notice. Out of stock 
items will be placed on backorder automatically unless CE is 
instructed differently. Minimum order $50.00. 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. 

Mail orders to Communications Electronics, Box 1002. 
Ann Arbor, Michigan 48106 U.S.A. Add $8.00 per case or 
partial -case of 100 8 -inch discs or $6.00 per case or partial 
case of 1005'. -inch mini -discs for U.P.S. ground shipping and 
handling in the continental U.S.A. If you have a MasterCard or 
Visa card, you may call anytime and place a credit card order. 
Order toll -free in the U.S. Call anytime 800 -521 -4414. If you 
If you are outside the U.S. or in Michigan, dial 313- 994 -4444. 
Order your high quality, error free Memorex discs today. 

Copyright '1982 Communications Electronics' 

CIRCLE NO I ON FREE INFORMATION CARD 

High Quality 
Error Free 

VISA (MasterCard'', 

Order Toll -Free! 
(800) 521 -4414 

In Michigan (3131994-4444 

For Data Reliability- Memorex Flexible Discs 

TM 

MCOMMUNICATIONS 
ELECTRONICS'' 

Computer Products Division 
854 Phoenix O Box 1002 O Ann Arbor, Michigan 48106 U.S.A. 
Call TOLL -FREE (8001521-4414 or outside U.S.A. (313) 994-4444 



video 

Popular Electronics Tests 

Magnavox 19 "Color "Phoenix Chassis 

THE "Phoenix chassis has arrived. 
This new modular chassis will first 

be installed in the company's existing 
T809 and T815 cabinets, until the entire 
line is converted during model year 
1982. It represents an overall advance in 
Magnavox's fine earlier chassis. 

Gonoral Description. We reviewed 
the BB4242WA01 19 -inch table model, 
which already uses the new Phoenix 
chassis. It has an MV19VMFP22 90° 
Sylvania picture tube; 10 -key direct - 
address, frequency- locked and synthe- 
sized tuner with 105 uhf /vhf /CATV 
channels; light- dependent resistor for 
tracking room lighting changes; tone 
and volume controls; and a "V- Matic" 
arrangement for those who can't man- 
age manual tuning. Under the front 
apron are thumbwheel controls for 
brightness, picture, tint, and color. 
Around back you'll find sharpness, ver- 
tical hold, and a normal /CATV 
switch. 

Up front, inside the cabinet, is a 4 -by- 
6 -inch oval speaker; separate, shielded 
tuner packages with controls; a plug -in 
comb filter; and aluminum heat sinks 
for horizontal, vertical, and audio out- 
puts. There are also trimmers for sub 
brightness; red, blue, and green drives 
and cutoffs; vertical height; horizontal 
hold; volume; and the 3.58 -MHz oscilla- 
tor. Focus and G2 potentiometers are on 
a separate board. Suggested retail price 
is $550. 

The signal board is the larger of the 
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set's two main pc boards. It holds three 
integrated circuits, 13 transistors, three 
plug -in tuner packages (and their con- 
trols), the i -f amplifiers, and a comb fil- 
ter. Five hex -head screws and several 
plastic connectors remove tuner and 
controls, allowing the signal board to be 
easily extracted. The board includes the 
sound processor, the sync processor, and 
the chroma luminance processor, as well 
as discrete vertical outputs, RG &B am- 
plifiers, and a horizontal pre- driver. 
Let's briefly discuss some of the ICs. 

The sync processor is a Sanyo 
LA1460 containing the vertical and hor- 
izontal oscillators, sync separator, verti- 
cal SAW and vertical pre- driver out- 
puts, burst -gate pulse, automatic fre- 
quency control, and video inputs and 
outputs. Obviously, this 22 -pin IC is 
fairly complex, and uses differential am- 
plifiers as well as gates, flip -flops and 
diodes. It does not, however, possess a 
separately tuned high -frequency oscilla- 
tor for the IC counter. Thus, both hori- 
zontal and vertical holds are included. 
Vertical hold is a customer control. 

The chroma /luma processor is the 
major chip in the set, with 28 pins 
and a number of separate video and 
color functions. The IC is designated 
izPC1352C or AN5310 by Nippon Elec- 
tric and Matsushita, respectively. All 
oscillator and interstage transformers 
have been eliminated; there is diode pro- 
tection against stray transients; and 
color and contrast controls are inter- 
locked. 

A Philips TDA2541 chip contains a 
gain -controlled, wide -band amplifier 
with video preamplifier, synchronous 
video detector, agc circuit with noise- 
prevent gating, and automatic fine tun- 
ing that can be switched on and off by dc 
levels. It is preceded by a surface -wave 
acoustical filter and preamplifier that 
effectively rejects most CB intrusion 
and other interference. 

Inputs to the TDA2541 enter a gain - 
controlled amplifier, which supplies 
midpoint 44 -MHz i -f frequencies to 
both a synchronous video demodulator 
and tuned reference amplifier. The au- 
tomatic fine tuning receives a 45.75 - 
MHz video carrier from the reference 
amplifier and delivers a filtered dc cor- 
rection voltage to the tuners, restoring 
any frequency deviation from assigned 
channels. Full -wave detected video (free 
of spurious high- frequency transients) 
then reaches the video preamplifier and 
its white spot (peak reduction) inverter. 
The signal then returns to a combined 
automatic gain detector and noise in- 
verter, where filtered dc voltages pre- 
vent i -f and tuner overloads. 

Plugged into the Signal Board is a 
"high- resolution filter" that's a simpli- 
fied version of comb filters used in other 
Magnavox units. 

The power board, as its name implies, 
delivers ac into the receiver, where it is 
rectified. The board is protected against 
high -voltage spikes by a metal -oxide 
sink and a 5 -A fuse. A startup trans- 
former and rectifier supply initial poten- 
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MAGNAVOX 19" MODEL BB4242WA01 
LABORATORY DATA 

Parameter Measurement 

Tuner /receiver sensitivity (before snow): 

Voltage regulation (with signal applied 
and ac varied between 105 and 130V): 

S / N ratio at CRT: 
Dc restoration: 
Luminance bandpass at video detector: 
Luminance bandpass at CRT: 
Agc swing from saturation to cutoff: 
CRT color temperature: 
Horizontal overscan: 
Convergence: 
Power requirements (signal applied): 

vhf (Ch. 3): -8 dBmV 
uhf (Ch. 20): -3 dBmV 
Low voltage: 12 -V supply -98.6 ° /o 

110 -V supply -97% 
High voltage: 25 -kV supply- 96.2% 
42 dB 
83% 
4 MHz 
4 MHz 
63 dB 
7400 °K 
11% 
98% 
100 W (avg.) 

Note: Instruments used in these measurements are: Tektronix 7L12/7L5 spectrum analyzers; Talequipment D66, 
D67A oscilloscopes; Sadelco FS -3D VU f/s meter; Winegard DX -300 amplifier; Data Precision 245, 258, 1750 
multimeters; B 8 K- Precision 1250 and 3020 NTSC and sweep /function generators and PR57 power supply; Tek- 
tronix C -5A and Minolta XD-11 cameras; and Gossen Luna -Pro light meter. 

Multiburst shows 4 -MHz luma 
response at video detector (top) 

and at CRT (bottom). 

The modular chassis construction 
is easily serviceable at home 

or in the shop with 
well- identified test points. 
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tial for horizontal driver kickoff and 
then a switch -mode power supply with 
SCR regulator takes over as soon as fly- 
back operation begins at 15,734 Hz. A 
three -transistor comparator, latch, and 
shutdown circuit protects the receiver 
from excess high -voltage runaway. On 
this board there are no ICs. 

Comments. Totally modular (includ- 
ing the removable U/V /CATV tuners 
and tuner controls), this receiver is 
equally serviceable in the home or shop, 
and features highly identifiable sten- 
ciled test points. Its well -regulated volt- 
ages, sharp convergences, full agc swing, 
good tuner sensitivity, color tempera- 
ture, and signal -to -noise measurements 
allow us to confidently applaud the 
design and performance of this set. 

If we had any criticism, it would be in 
the 4.08 -MHz chroma roll -off, and 
somewhat wide vector petals. You won't 
notice it in the video pictures, however. 

Spectrum analysis of video 
at the cathode ray tube 
shows an excellent S /N. 

Chroma and vector patterns are good. 
The 4.08 -MHz trace at CRT shows 

some loss of signal strength. 

The waveform photos show some degra- 
dation at the higher chroma frequencies, 
but the vector indicates nothing more 
than a slightly extended chroma band - 
pass. This results in rise and fall times 
that are a bit longer than optimum. 
Otherwise, as both oscilloscope and 
spectrum analyzer illustrate, luma and 
chroma, including a full 4 -MHz band- 
width at the CRT, are considerably bet- 
ter than most high -end competition, and 
represent a real improvement over just 
about any set in this price range. 

-Stan Prentiss 
CIRCLE NO. 103 ON FREE INFORMATION CARD 

POPULAR ELECTRONICS 



computers 

Popular Electronics Tests 

Intelligent Systems Model 365! 
MicrocomputerSystem 

WITTING into a unique class of 
equipment called intelligent termi- 

nais, the Model 3651 desktop micro- 
computer system from Intelligent Sys- 
tems Corp. features an 8080 micropro- 
cessor, 5048 CRT controller, built -in 
single- density 5.25 -in. floppy disk, RS- 
232 serial port, and expansion port. Typ- 
ical pricing for the Model 3651 with a 
72 -to -117 incremental keyboard, 32K 
bytes for RAM, and a single- density 
disk drive is $2355. For software such as 
FORTRAN, Editors, Assemblers, and 
games, expect to pay from $20 to $300. 
You can use any soft -sectored 5.25 -in. 
diskettes with the system, but ISC 
charges only $4 for formatted diskettes. 
Buy them directly and save up to $20. 

The 13 -in. diagonal CRT can display 
eight foreground and eight background 
colors: red, green, blue, yellow, magen- 
ta, cyan, black, and white. The display 
format is 64 ASCII characters arranged 
in a 5 by 7 matrix using a 6 by 8 char- 
acter cell. There are 64 characters per 
line and 32 lines per screen (or when 
operating with double -sized characters, 
16 lines per screen). In addition, the unit 
displays 64 special graphics characters 
in a 6 by 8 matrix and offers a resolution 
of 128 by 128 for vector -style graphics. 
Although the unit has the ability to dis- 
play upper /lower case, as configured 
only upper case is supported. You can 
either write your own PROM or order a 
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full upper /lower case character genera- 
tor from ISC. 

The 8080 microprocessor operates at 
2 MHz and can address up to 64K bytes 
of RAM, however, the unit under evalu- 
ation had only 32K bytes. In addition to 
RAM, the unit sports 16K bytes of 
ROM that contains the operating sys- 
tem and BASIC. An additional 8K 
bytes of ROM can be added for plot - 
function keys which was the case in the 
unit tested. 

The Model 3651 arranges memory 
with 4K bytes of RAM used for CRT 
screen refresh, 4K bytes for disk buffer, 
and up to 32K bytes for user programs. 
Although the latter memory space may 
appear as a restriction, it isn't since the 
system is designed to work in concert 
with a larger system as a graphics dis- 
play and input terminal. 

To support the function as a terminal 
and to work as a stand -alone unit, the 
Model 3651 has a user -programmable 
RS -232 serial port for connection either 
to a printer or modem and can operate 
from 110 to 9600 baud. The 50 -pin 
extension bus permits interfacing to a 
variety of equipment including an 
STOZ80 bus. 

Software Features. The Intelligent 
Systems computer has a number of 
built -in software features that make it 
an exciting machine. Editing functions, 

for example, include a page -roll mode 
which permits paging of large listings, 
and the ability to erase a line or a page 
(insert /delete). 

Included in the ROM code is an 
extended disk BASÌC that uses 27 state- 
ments. Because the Model 3651 is de- 
signed to handle graphics, 18 -math 
functions are included, as well as nine 
string functions. 

Not CP /M. Although the ISC system 
does support disk I /O, the control pro- 
gram isn't CP /M. For this model, ISC 
elected to employ a file control system 
that permits twelve functions: COPY, 
DELETE, DEVICE, DIRECTORY, EXECU- 
TIVE, INITIALIZE, LOAD, READ, RENAME, 
RUN, SAVE, and WRITE. It will backup, 
duplicate, merge, print, and file files, 
and it also has the unique ability to save 
or load a graphics screen. This latter 
attribute makes it possible to call a 
graphics screen off the disk in a back- 
ground operation, and have it displayed 
instantly rather than redrawing it. 

Should you be more comfortable with 
CP /M, ISC offers other intelligent ter- 
minals that use this popular operating 
system. 

The 3651 can support up to three 
5.25 -in. drives and four 8 -in. drives. The 
former is single- density with 92,160 
bytes per drive or 184,320 bytes for the 
double -density version. The 8 -in. models 
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ctland 
çtröniç 
Memory 

41 16 -250nS 8/14.95 
4116 -200nS 8/17.95 

164 -200nS 12 95 ea 8/99.95 

2114L 8/17.95 
6116 2K x 8 CMOS RAM 200nS .... 1295 
2708 EPROM 3.49 
2716 EPROM 5.49 
2732 EPROM 12.99 
2764 EPROM 34.95 
Z6132 4K x 8 Quasi- Static RAM .. 24.95 

Microprocessor Et Interface 
24.50 6845 ... 18.49 DAC- 0800... 3.99 
34.95 6850 4.49 1NS8250... 14.90 

21L02 1 49 8085A 8 95 MM58167... 8.75 
2112 2.39 8212. 2.75 TMS9900 29.95 
2516 5.49 8214 ... 3.95 TR16028... 2.49 
2532 12.99 8216 2 75 SC -01 . 55 00 
2651 12.95 8224 3.29 Z80A -CPU. 7.95 
4044L-2 2,49 8226 279 Z8OACTC ... 7.49 
6502 8.99 8228 4.49 Z8OADart .. 19,95 
6800 . 6.99 8251 6.95 Z80APIO . 7.49 
6802 11 95 8255 649 Z8OASIO 17.95 

+ 19.95 AY5.10134 4 95 Z8603 74.95 
4.95 A75.2376 ' 4 95 Z8671 29 95 

- /435 6883 ,9.95 

1 Amp TO -220 Voltage Regulators 
PART # 1 -24 25 -99 100 -499 

7805 (LM340T -5) .85 .75 .65 
7812 (LM340T -12) .85 .75 .65 
7815 (LM340T -1 5) .85 .75 .65 
7818 (LM340T -18) .85 .75 .65 

Linear Integrated Circuits 
8038 3.95 LM393 .. . .. 97 MC3302 .... 90 
LF351 .75 LM733 .99 MC1458 . .59 
LF353 1.29 LM741 -8 .35 MC1514 . 1.39 
LF357 1.39 LM741 -14 . 35 NE555 ... .. .45 
LM301 45 LM747 . 77 NE556 . .98 
LM307 49 LM748 ... 49 NE565 1 .25 
LM311 .95 LM1310 2.49 NE5534 .... 2.35 
LM318 ... 1.75 LM1458 ... .69 NE5538 ... 2.25 
LM324 90 LM1800 ... 2.49 SSM2010 ... 7.50 
LM339 79 LM1818 _._ 3.49 SSM2020... 7.50 
LM358 .. 90 LM1889 _ 2.99 SSM2030... 7.50 
LM377 ... 2 49 LM2900 _ _ .69 SS M2040... 7.50 
LM380 N -14 1 25 LM3900 ... 89 SS M2044... 5.75 
LM381 1 89 LM3905 .. 1.49 SSM2055... 6.50 
LM383 . 3 29 LM3914 ... 3.79 XR2206 .. 5.19 
LM384 . 1 95 LM3915 ... 3.79 XR4136 99 
LM386 .99 LM3916 .. 3.79 XR4741 1.95 
LM387 .... 1.49 LM4500 ._ 3.29 58558 1.99 

5% Carbon Film Resistors 
We stock all 5% standard values between 

1 Ohm and 1 Meg Ohm. 

Y. Watt 
Package of 5 20 
Package of 100 one value) 1.65 
Package of 1000 (one value) 12.00 

'/z Watt 
Package of 5 25 
Package of 100 (one value) 1.75 
Package of 1000 (one value) 15.00 

Sampler box consisting of 5 each of all 145 
standard 5% values between 1 Ohm and 1 

Meg Ohm. 

/. Watt Sampler Box 22.00 
Yz Watt Sampler Box 27.00 

Minimum Order $10.00 
Shipping 

10 -24.99 3.00 Above 50.00. . FREE 
25-49.99 1.50 C.0 D Add 1.65 

WESTLAND ELECTRONICS 
37387 Ford Rd. Westland, Mi 48185 

Order Line - 1- 800 -521 -0664 
In Michigan - 313 -728 -0650 
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handle 295,680 bytes single- density and 
591,360 bytes in double- density. 

The 3651 is housed in a plastic pack- 
age that measures 13.75 in. high by 
19.75 in. wide by 27 in. deep including 
the built -in keyboard. Total weight of 
the system is 51 lb. 

Evaluation. The Model 3651 under 
test came with a printed warning that it 
has not been tested for compliance with 
FCC rules for RFI or EMI emissions, 
and may cause interference. The system 
does in fact generate interference that 
was found to cover a broad spectrum of 
channels, including 2, 3, 4, 7, 13, and 32. 
On opening the unit, we found no serious 
attempt at shielding or adequate signal 
grounding. Interestingly, though, we 
found no ringing on the bus while the 
processor was active, nor any interfer- 
ence to the integrated disk drive. How- 
ever, we did notice some slight balloon- 
ing of the display on disk access. 

At turn -on (rear -apron switch), the 
system immediately comes up in 
BASIC. The manual warns that the cap 
lock key must be down to enter upper- 
case characters. In the lower -case mode, 
you get the 64 special characters -as 
previously mentioned, no lower case. 

Reset is accomplished by depressing 
the RESET key on the upper right -hand 
corner. Doing so results in a green -and- 
cyan display in normal- height charac- 
ters saying: CRT MODE V9.80. When 
first turned on, however, the system 
comes up in BASIC giving the version 
(in this case 9.80) and the number of 
unused bytes available (32,094). You 
can achieve the same result by holding 
down the COMMAND key on the left - 
hand auxiliary keypad and depressing 
RESET. 

The CONTROL, or COMMAND, key on 
the auxiliary keypad is used to switch 
the foreground and background colors. 
This is accomplished by depressing ei- 
ther key and the appropriate color key. 
To select a black background, for exam- 
ple, tap either of the previously men- 
tioned keys and either the black key on 
the auxiliary keypad or the P key. To 
select a foreground color, tap the FLG 
ON /FLG OFF function key on the top row 
and again depress CONTROL or COM- 
MAND and the desired color key. 

We employ a single -speed test to show 
the power of a microsystem. This test is 
designed to push the contents of memory 
onto the system stack until memory lim- 
its are reached, pointers are lost (a con- 
dition that occurs in many two -level 
BASIC implementations), or an error is 
produced. 

The test consists of entering one 
BASIC statement -10 GOSUB 10- 
running it, and noting the time elapsed 
before an error or out -of- memory condi- 
tion is produced. In the case of the ISC 
unit we tested, 1.9 seconds were re- 
quired for the out -of- memory error to 
display. Although neither the system, 
nor its BASIC can be considered fast, 
this creates no problem since the ma- 
chine isn't intended to be used as a num- 

ber cruncher or a speed demon. 
Surprisingly, this speed limitation is 

least critical for graphics display. Most 
of the high -speed calculations are done 
on a host with the ISC system serving as 
an output device. The plotting speed is 
directly related to the stack operation 
and (as such) is slow -but with very 
good resolution. 

Normally, we test a unit's file -han- 
dling capability using specialized pro- 
grams that check the read /write chan- 
nels, error capability of the machine, 
and so forth. We ran these programs 
and found the disk handling to be slow 
but accurate. We also discovered that 
ISC likes to rely on memory- resident 
data for display, and treats disk systems 
almost as very slow virtual memory. 

Conclusion. The 3651 shouldn't be 
confused with systems designed specifi- 
cally for business. It should, however, be 
looked on favorably as a graphics input/ 
output terminal device for use in special 
applications. 

The unit we reviewed reminded us of 
the CompuColor Imagination Machine, 
which was discontinued because of RFI 
problems. The 3651 appears to be the 
Imagination Machine repackaged in a 
unitized enclosure. And the software 
supplied is identical to that made avail- 
able with the previous design. 

We are intrigued that ISC chose the 
mature and extremely economical 8080 
microprocessor for the 3651's CPU, and 
that the 3651 contains a low -level file 
management system when the trend is 
toward more powerful operating sys- 
tems -even for "intelligent" graphics 
terminals. However, we felt that upper/ 
lower case should have been standard, 
and it would be nice to have an LED dis- 
play on the disk drive so activity can be 
observed. 

We did like the way the keyboard was 
laid out and the use of special keys to 
handle mundane tasks like resetting, 
booting, clearing the screen and so forth. 
Here, improvement over the Imagina- 
tion Machine was quite noticeable. Fur- 
thermore, we really liked the 3651's 
ability to rapidly change foreground/ 
background colors, to set up nine scroll- 
ing windows, and to generate well over 
4000 color shades. 

The 3651 is a powerful color graphics 
system with exceptionally good video 
presentation for data. Its NTSC raster 
scan was exceptionally tight and sharp 
and free of flicker. ISC offers a full 
range of options to make the machine 
even more powerful, including a CP /M 
update, and a host of user -oriented 
applications such as a full -featured 
word -processor package. 

Should you be interested in computer 
graphics, approach the buying decision 
carefully. If color capability is really 
important then you can't go too far 
wrong with the ISC Model 3651. Be 
aware, though, that ISC offers many 
options and it's up to you to specify the 
correct mixture. -Carl Warren 
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If building electronics projects turns 
you on, you'll definitely want a copy 

of the 1982 ELECTRONIC EXPERI- 
MENTER'S HANDBOOK! This brand - 
new edition is filled with dozens of plans, for 
constructing a wide variety of practical and 
entertaining home electronic devices you 
can put together in your own workshop! 

Here's just a partial listing of what you'll 
find in the HANDBOOK, with construction 
costs for many of the projects: 

NASA MOTOR CONTROLLER -Use 
space -age technology to optimize the power 
consumption of nearly any appliance that 
uses a motor. About $36. 

AUDIO SOUND -EFFECTS MACHINE - 
Create an almost unlimited range of sound 
effects for your tape recordings. About $25. 

ADD I/O PORTS TO A MICROCOM- 
PUTER -Learn about computer port opera- 
tion and how to use ports for added com- 
puter flexibility. 

BUILD A TRUE RMS VOLTMETER - 
Measures true effective AC voltage, instead 
of the usual average voltage. About $75. 

VIDEO ENHANCER WITH COPY - 
GUARD STABILIZER -Copy tapes from 
one VCR to another with little or no loss of 
quality. About $110. 

STEREO PARAMETRIC EQUALIZER - 
Tailor the sound of your stereo system to 
the room and equipment characteristics. 
About $100. 

DYNAMIC AUDIO FILTER -Clean up the 
signals from radio, tape or records in nearly 
any stereo system. About $160. 

55 MPH "CRUISE ALERT " -Sounds an 
alarm when your car exceeds 55 mph. 
About $30. 

GET THE 
COMPLETE 

GUIDE! 

SOLID -STATE HUMIDITY CONTROL - 
Feel more comfortable at lower thermostat 
settings by adding this circuit to your 
humidification system. About $30. 

CLIPPING INDICATOR FOR YOUR 
AUDIO AMPLIFIER - Protect your speak- 
ers with this voltage sensor that flashes a 
warning LED before the onset of clipping. 
About $20. 

ULTRASONIC SOUND DETECTOR - 
Converts ultrasonic sounds to the human 
audio range, from insect noises to com- 
pressed gas leaks. About $25. 

COMPUTER "CONTROL CENTER" 
CIRCUITS -Modify your small computer 
to perform external operations. 

PRECISION POWER SUPPLY FOR 
YOUR WORKSHOP -This simple project 
furnishes 1.25 to 33 volts and up to 1.5 am- 
peres with excellent regulation. 
About $35. 

TRIGGERED SWEEP FOR OSCILLO- 
SCOPES- Add -on test equipment circuit 
increases performance by permitting expan- 
sion of waveforms. About $20. 

PLAY "SPACE BATTLE" ON YOUR 
VIDEO MONITOR -An exciting visual 
game program for any computer using an 
RCA COSMAC 1802 CPU. 

BUILD A PSYCHO -ACOUSTIC "WHITE 
SOUND" PROJECTOR -Device simulates 
the sound of surf, gentle rain or white noise 
to provide a tranquil background for work 
or sleep. About $30. 

LOW COST R -F BRIDGE - Perform com- 
plete impedence measurements on R and X 
components over a wide frequency range. 

WALL -LIGHT "SMART" SWITCH - 
Build a simple, solid -state switch that 
remembers to turn off lights when you for- 
get. About $20. 

AM LOOP ANTENNA -An easy -to- 
construct air -core loop antenna that extends 
AM reception for inexpensive radio 
receivers. 

From the editors of 
POPULAR ELECTRONICS: 
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Everjyjbodys making money 
seuiun microcomputers. 

to malte money 
servicing them. 

New NRI Home -Study Course Shows You How to Make Money Servicing, Repairing, 
and Programming Personal and Small Business Computers 
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Training includes the new 
TRS -80 Model III microcompu- 

ter, 6- function LCD Beckman multimeter, and 
the NRI Discovery Lab with hundreds of tests 
and experiments. 

Seems like every time you turn 
around, somebody comes along with a 

new computer for home or business 
use. And what's made it all possi- 
ble is the amazing microprocessor, 
the tiny little chip that's a computer 
in itself. 

Using this new technology, 

the industry is offering compact, 
affordable computers that handle 
things like payrolls, billing, inven- 
tory, and other jobs for businesses 
of every size...perform household 
functions including budgeting, 
environmental systems control, 
indexing recipes. And thousands 

of hobbyists are already 
owners, experimenting 
and developing their 
own programs. 

Growing 
Demand 

for Computer 
Technicians 
This is only one 

of the growth factors in- 
fluencing the increasing 

opportunities for qualified 
computer technicians. The U.S. De- 

APRIL 1982 

partment of Labor projects over 100% 

increase in job openings for the decade 
through 1985. Most of them new jobs 

created by the expanding world of the 
computer. 

Learn at Home 
in Your Spare Time 
NRI can train you for this excit- 

ing, rewarding field. Train you at home 
to service not only microcomputers, but 
word processors and data terminals, too. 

Train you at your convenience, with 

clearly written "bite- size" lessons that 
you do evenings or weekends, without 
going to classes or quitting your present 
job. 

Your training is built around the 
latest model of the world's most popular 
computer. It's the amazing TRS -80TM 

Model III, with capabilities and features 
to perform a host of personal and busi- 
ness functions. No other small computer 

has so much 
software available 
for it, no other is 

Become the 
Complete Computer Person 

You're also trained in writing and 
debugging both BASIC and advanced 
machine language programs... gain 
hands -on experience in the operation 
and application of computers to busi- 
ness and personal jobs. You're trained 
to become the fully rounded, new breed 
of technician who can interface with 
the operational, programming, and 
service facets of today's computers. 
You're ready to take your place in the 
new electronic age. 

Other Opportunities 
NRI has been giving ambitious 

people new electronic skills since 1914. 

Today's offerings also include TV/ 

Audio/Video Systems servicing with 
training on our exclusive computer - 
programmable 25" diagonal color 
TV... Communications Electronics for 
servicing and installing microwave, 
broadcast, CB, radar, etc... and other 
state -of -the -art courses. 

used and relied on by so. many people. 
And it's yours to keep for personal or 
business use. 

You get plenty of practical experi- 
ence. Using the NRI Discovery Lab® that 
also comes as part of your course, you 
build and study circuits ranging from 
the simplest to the most advanced. You 

analyze and troubleshoot using the pro- 
fessional Beckman LCD digital mul- 
timeter you keep to use later in your 
work. Then you use the lab and meter to 

actually access the interior of your com- 
puter...build special circuits and write 
programs to control them. You "see" 
your computer at work and demonstrate 
its power. 

(TRS -80 is a trademark of the Radio Shack 
division of Tandy Corp.) 

Free Catalog. .. Mail Card 
No Salesman Will Call 

Send the postage -paid card for 

our 100 -page catalog showing all 
courses with equipment and complete 
lesson plans. There's no obligation other 
than to yourself. See how NRI can help 
you grow with the most exciting and 
important new field of the 80's. If card 
has been removed, please write to us. 

NRI NRI SCHOOLS 
McGraw -Hill Continuing 

Ai I) " Education Center 
C 3939 Wisconsin Ave. 

Washington, DC 20016 

We'll give you tomorrow. 
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OMPU1R 
DifS 
Training Tools and System Add-Ons 

IF you're interested in learning more 
about digital electronics, you might 

consider the E &L Instruments Inc. 
LD -1 Pencil Box Logic Designer. 

The Pencil Box sports such features as 
2 pulsers, 8 LED readouts, 8 logic 
switches, and an E &L SK -10 solderless 
breadboarding socket. 

Power to the unit is supplied via four 
1.5 -V C cells or you can purchase an 
optional ac adapter. The Pencil Box is 
available as a kit for $86 as part number 
325 -4301 or assembled for $114., part 
325 -1301 from E &L Instruments, 61 
First St., Derby, CT 06418. 

The unit weighs 1 lb, 6 oz and meas- 
ures 10" x 7.5" x 2.5 ", making it small 
enough to carry in a briefcase. The 
onboard l -kHz clock is user variable 
with an external capacitor and permits a 
logic 1 at 3.25 V or a logic 0 output at 
0.25 V, both at 10 mA. 

The pulsers are fully debounced push- 
buttons with logic true and complemen- 
tary outputs with a logic 1 output cur- 
rent being 400 µA at 2.4V and a logic 0 
current 16 mA at 0.4V. 

The 8 LEDs serve as output ports or 
monitors and are driven by two 4 -bit 
latches with separate enables. These can 
be used in concert with a microprocessor 
to serve as bit indicators of addresses or 
data depending on how you implement 
the design. 

The basic kit takes about 2 hours to 
build and check out. Everything is 
mounted on a single, well- marked cir- 
cuit board, and all that is necessary is to 
follow the instruction manual. 

Further enhancing the Pencil Box are 
a set of books -Technibooks I and II, 
Logic and Memory Experiments Using 
TTL Integrated Circuits by Dr. Peter R. 
Rony. These books guide you through 
basic digital designs and are chock full 
of experiments. 

The Pencil Box, coupled with the 
books, make excellent items to add to 
your bag of tricks if you're teaching a 
basic digital design course. The nice 
thing is that it won't cost you or your 
students an arm and a leg to get going. 
Moreover, the Pencil Box can serve as 
an excellent design station for those 
quickie designs you may be working on, 
where you have to check out a circuit. 

For that system you already have, 
you might want to add a printer. A cou- 
ple that you should consider, are from 
C.Itoh Electronics, 5301 Beethoven St., 
Los Angeles, CA 90066. 

Since dot -matrix printers provide a 
great deal of capability, including near- 
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By Carl Warren 

letter quality printing, take a look at the 
Model 8500. This $775 printer is in C. 
Itoh's Prowriter series and sports 80 -col- 
umn capability at 100 cps, single and 
bidirectional printing, compressed- or 
double -width character sizes and the 
ability to do proportional spacing. 

In addition you can have friction or 
tractor feed at the flip of a switch. The 
unit comes with parallel and serial inter- 
faces that are dip- switch configurable. 

We checked this printer out under 
some fairly hard printing conditions and 
found that it performed well. Further- 
more, compared to similar printers, we 
found that the 8500 was very quiet 
mechanically. 

The 8500 is also very easy to config- 
ure. We set it up for 1200 -baud serial 
operation and the only difficulty we had 
was understanding the manual. Al- 
though very complete, it is a little con- 
fusing since C. Itoh forgot to spell out 
the exact location of the baud -rate 
switches as opposed to the function 
switches. 

In configuring, you can set up the 
desired protocol, DCI, DC2, ACK /NAK, the 
busy and the default signals. 

We especially liked being able to plug 
the 8500 into the parallel printer port on 
either the Atari 800 or TRS -80 Model 
III and get it to work without special 
drivers. We also were surprised at the 
wide array of character sets available. 
And the printer attaches directly to the 
RS -232 output of a Microterm ACT lA 
terminal and sends escape codes to get 
any desired function including reverse 
line feed, an italics -like print set, and 
full- raster -style graphics. 

Should you be using an Apple with a 
serial or parallel interface, you can do a 
screen dump to the printer by setting 
graphics mode and control -Q in the 
command mode. Whatever resides in 
high memory will be dumped to the 
printer. 

C. Itoh Pro /Writer 
Series 8500 

And for that unique networking or 
multiuser application, the 8500 can be 
daisychained (up to four printers) with 
each printer having its own unique 
address. You don't have to have special 
software to use this function, only be 
sure to send the proper escape sequence 
to toggle the desired printer. Although 
we weren't able to daisy -chain a group 
of printers, we were able to toggle the 
select line of a single printer in both a 
parallel or serial operation. 

As capable as the 8500 is, you might 
elect to have a fully- formed character 
printer on your system. C. Itoh has also 
introduced a new line of daisy wheels 
Models F10- 40/55. The F10 -40 runs at 
40 cps, handles 136 columns in pica 
pitch, and 163 columns in elite; the F10- 
55 runs at 55 cps and sports the same 
column -handling capability. 

Both daisy wheels have print spacing 
of 1 /12o -in. and a line feed spacing of 

1 /4s -in. The F10 -40, which we had under 
test, has a slower carriage return than 
the F10 -55, taking 900 ms versus 500. 
In addition, the F10 -40 will accept only 
a single color cartridge and will handle 
an original plus 2 copies, the F10 -55 
handles an original plus 5 copies. 

Other differences include: the F10 -40 
will operate at a maximum data rate of 
2400 bps while the F10 -55 will operate 
at 9600 bps. Both units use xoN /xoFF, 
or ETX/ACK protocol, and can be config- 
ured, via dip switches or software con- 
trol, to emulate virtually any other daisy 
wheel printer available. 

We found that with the F10 -40, we 
were able to emulate an NEC Spinwrit- 
er and Diablo Model 630 merely by set- 
ting the dip switches. We also found that 
the throughput equaled a Qume Sprint 
III, and that, while using Wordstar in 
the spooling mode, the printer was not 
requiring a handshake all that frequent- 
ly. The reason was that the model we 
reviewed had the optional 2K buffer 
rather than a 136 -character one -line 
buffer. This appears to make a world of 
difference when in a spooling mode. 

The unit we tested used a friction feed 
which, surprisingly, clamped the paper 
well enough so continuous forms could 
be used. We printed well over 100 pages 
without loosing registration which 
speaks well of the mechanism. You can, 
however, obtain a tractor feed or an 
automatic BDT 160 single -sheet feed. 

The manufacturer's suggested retail 
prices for the F10 -40/55 range from 
about $1300 to $1500. 

(Continued on page 40) 



Interested in computers or robotics ? Looking for info on 
hardware, software, theory, and applications? 

Thy CaRlpUtar Booti mUh offers you an incredible - range of computer books and a huge variety of tapes 
and disks ... ALL at low, low member prices! 

Select 6 fact -filled books 
for only $2 95 (total value up to $111.70) 
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Join now and get The "Compulator" Book ... FREE! (List $7.95) 

7 very good reasons to try 
The Computer Book Club 

Blue Ridge Summit, PA 17214 
Reduced Member Prices. Save up to 75% on books sure to 

increase your know -how 
Satisfaction Guaranteed. All books returnable within 10 

days without obligation 
Club News Bulletins. All about current selections- mains, 

alternates, extras -plus bonus offers. Comes 10 times a year 
with dozens of up -to -the- minute titles you can pick from 

"Automatic Order ". Do nothing, and the Main selection 
will be shipped automatically! But ... if you want an 
Alternate -or no books at all -we'll follow the instructions 
you give on the reply form provided with every News 
Bulletin 

Continuing Benefits. Get a Dividend Certificate with every 
book purchased after fulfilling membership obligation, and 
qualify for discounts on many other volumes 

Extra Bonuses. Take advantage of added -value promo- 
tions, plus special discounts of software, games, and more 

Exceptional Quality. All books are first -rate publisher's 
editions, filled with up -to- the -minute info 

APRIL 1982 

. M. 

æxr,>::aia,.cx;:«mes:x::: 

THE COMPUTER BOOK CLUB 
éfin\ Blue Ridge Summit, PA 17214 

Please accept my membership in the Computer Book Club 
and send the 6 volumes circled below, plus a free copy of 
The "Compulator" Book. I understand the cost of the books 
selected is $2.95 (plus shipping/handling). If not satisfied, I 

may return the books within ten days without obligation and 
have my membership cancelled. I agree to purchase 4 or 
more books at reduced Club prices during the next 12 
months, and may resign any time thereafter. 

952 1028 1045 1055 1062 1070 1085 1088 1095 1101 
1108 1111 1199 1200 1205 1241 1250 1251 1276 
1277 1290 1293 1295 1299 1303 1330 1345 1369 

Name Phone 

Address 

City 

State Zip 
¡Valid for new members only. Foreign and Canada add 20%. Orders outside I LS. 

or Canada must he prepaid with international money orders in t!.S. dollars. 
PEcc -482 MM-MM- - - - --- ILmmmmmmm 
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(Continued from page 38) 
For That Total System Approach 
to communications, there is Computer 
Development Inc., 6700 SW 105th, 
Beaverton, OR 97005, with the Micro - 
corn system. The Microcom employs a 
Zenith Z -89 as the basic building block, 
but incorporates a built -in smart mod- 
em. This modem employs firmware pro- 
tocol and error -checking control. Fur- 
thermore, it operates at either 300 or 
1200 baud, and sports auto answer and 
dial functionality. Coupled with the 
Term software package, the user has the 
ability to send Image- formatted docu- 
ments, hook into remotes systems, stand 
as a remote system, or serve in a Local 
Area Network environment. This latter 
function permits up to 2000 ft between 
repeaters, can support up to 255 stations 
and will operate at 56K baud on a single 
coax line. 

Currently, the Microcom is priced at 
under $6000 for a 64K byte system, 
with Digital Research's CP /M operat- 
ing system, Image, and Term, modem, 
and dual 5.25 -in. single- density floppy 
disk drives. In addition, CDI is offering 
5M -byte hard -disk add -on bringing the 
price up to about $10,000. 

CDI is presently unbundling the soft- 
ware and modem. Prices for the individ- 
ual products are: Image wordprocessor, 
$495; Forms, a specialized forms gener- 
ator, for $295; the Term communication 
package, $295. The modem should be 
available soon for under $600 (single 
unit). All the software packages, should 
be available in most computer stores, or 
through local distributors. You'll need 
to contact CDI directly for specifics on 
who has the products. 

The Image wordprocessor permits the 
use of graphics in the generated text. 
Furthermore, the graphics can be 
printed on a daisy -wheel printer. Cur- 
rently, CDI offers drivers for the NEC 
Spinwriter and will later provide drivers 
for most daisy wheels. 

If you're planning on getting the IBM 
personal computer, you can expect 
Image software for it by mid year, and 
by NCC time in June, Zenith is 
expected to introduce the Z -100 system 
that uses the 8088, the MSDOS operat- 
ing system (the same one used on the 
IBM machine), and CP /M -86. In addi- 
tion, the new machine is expected to give 
you the option of color graphics as well 
as full- featured monochrome. And CDI 
is expected to offer Image software with 
elements that support the new machines 
unique display attributes. 

Looking for a Tape-to -disk Driver? 
Then drop a note to E. Mark Mears at 
Cheerhart Cleaners, 122 Woodman Dr., 
Dayton, OH 45431. He has developed a 
tape /disk system for the Meca Alpha -I 
tape system and Meca disk drives using 
MDOS. This driver integrates the disk 
drives into the Alpha Microsoft ex- 
tended BASIC, thus giving you the best 
of both worlds. 

The table printed here is a list of the 
commands used, and apparently Mr. 
Mears is offering the software free to 
any user of the Meca Alpha -I system. 
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r.omputers 
A Controller Update. This past De- 
cember, we reviewed the double- density 
controller from Magnolia Microsys- 
tems. We incorrectly told you that you 
couldn't change the density of the drives 
under software control. We were only 
partly correct. 

You can't change the density of the 
5.25 -in. standard Heath drives, but you 
can change the 8 -in. from single to dou- 
ble or vice versa. You do this by using 

the SET command. A typical command 
would look like: SET D.DD. On entering. 
the CRT will respond that the drive is 
now set for double density. Unfortunate- 
ly, however, the controller won't sense 
the density of the diskette on insertion; 
you must supply this information. We 
think this is a slight shortcoming based 
on the reliability of the controller. Ours 
has been in use for over 8- months with 
no failures. 

MECA ALPHA -I COMMAND TABLE 

/MAOS BASIC -- IIISt' (t) AND TAPE COMMANDS 
* LOAID NNt TO *LOAD NNNNNt 
*LOAIt NNNNt AAAA OR *LOAD NNNNt Y. AAAA 

*LOAD NNW :X AAAA NOT *LOAD NNNN AAAAA (TAPE). 
SHOULD NOT LOAD ASSY FROG THAT WILL OVERLAY(BASIC 
AREA) BUT THEY CAN BE FORCE -LOADED IN HIGH MEMORY. 

CLOAD " NNNNt TO CLOAD "NNUMMt. NOT CLOAD "NNW AAAA 
CLOAD "NNNN :X OR CLOAIL _!Nt1NNt :X (TAPE OR DISK) 

FNAME MUST HAVE 4/5 CHARACTERS. 

CLOAII "NNNNN :X + TAPE FROG ADDED TO ENIt OF CURR PROGRAM. 
CLOAD " NNNNNt + DISK PROG ADDED TO END OF CURR PROGRAM. 
FOR DISK: DRIVE CONTROL CAN BE 'REM* DIRE :DX ' IN PROGRAM 
PRIOR TO MERGING PROGRAMS. CHAINING PROGRAMS IS THE SAME. 

CLOAD " *R NNNNNt :X IS RECOMENDED OVER CLOAD " *R NNNNNt 

CSAVE " *R NNNNNt :X WILL PROMPT AND WAIT FOR CR 
FOR ARRAY FILES: THE VARIABLE MUST HAVE BEEN 'DIM'EII 

PRIOR TO ARRAY CLOAD. 

FUR CSAVE'S AND CSAVE ARRAY'S TO DISK. THE DISK WILL 
BE MOUNTED (IF NOT CURRENT DR) AND OPERATOR PROMPT WILL 
WAIT FOR CR. IF ANY KEI ENTERED: FILING IS SKIPED. 
THIS K/B INPUT(STOPF'ING) CAN BE SKIP ED BY THE: AF1C 
CHANGE LISTED BELOW. 

PROMPT = NNNNN AAAA BBBB OK F = CR 

ANY INPUT BUT CR WILL ABORT FILING 

*DIRE :0 OR *DIRE :1 ARE THE SAME(TAPE). 
*DIRE :D WILL READ CURRENT DIR IN OS. 

*DIRE :D1 WILL FORCE DISC( READ OF THAT DIR. 

REM* DIRE :DI - IS VJALIII BASIC COMMAND. 

OVER -RIDE OPTION, c : ' AND DIRECTORY LRE :[iI: (:AN 

BE OVERIDEN. THE NATURE OF THE ERROR WILL CONTROL 
THE SUCESS OF THIS. 

AF1C - 44828 - 35 NO DISK SAVE OPTION 30 NORMAL 
B68C - 46732 - 195 NO DISK DIR UPDATE 205 NORMAL 
48D7 - 18647 - 201 NO TAPE DIR UPDATE 200 NORMAL 
4517 - 17687 - 51 NO WIN IN TAPE DIR 102 NORMAL 
BEFC - 48892 - 122 NO WIN IN DISK DIR 191 NORMAL 

APEO - 44000 - HOLDS LAST OS ERROR CODE 

B001 - 45057 - HOLDS t OF FILES IN DISK DIR 

3B39 - 151:1 - HOLDS 4 OF FILES IN TAPE DIE: #0 

3971 - 14705 - HOLDS 4 OF FILES IN TAPE DIE: #1 

POPULAR ELECTRONICS 



test equipment 

Popular Electronics Tests 

Sa:iiva LCD- ')OO 

Multifester 

THE Sanwa LCD -900 Multitester is 
an analog multimeter with a differ- 

ence, and as they say, "Vive la differ- 
ence!" Although this instrument is an 
analog device, using a circuit that has 
proven itself over many years, its "me- 
ter" is a unique LCD display. Each of its 
21 scales -one for each position of the 
function /range switch -is displayed 
only when required, with each indepen- 
dent scale provided with its own numer- 
ical display and function identifier. 
Unused scales do not appear, so there is 
no confusion as to which scale is in use 
at any moment. This action is similar to 
what happens to the face of a digital 
watch as the function button is operated 
to change the readout. 

The analog meter movement has a 
sensitivity of 17.5 µA full scale, having a 
deflection angle of 98 °, and it features 
spring -back jewel bearings and diode 
overvoltage protection. When the func- 
tion /range switch is in the OFF position, 
the meter movement is shorted, thus 
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highly damped. This makes it safe to 
carry the meter around without pegging 
the needle and possibly bending it. 

The high- impact plastic case is 41/2" 
W X 6" H X 21/4" D, and it weighs 28 
oz. Two 1.5 -volt cells are used for mak- 
ing resistance measurements, and a sin- 
gle 9 -volt battery drives the LCD read- 
out. When operated between -10 and 
50 °C, LCD lifetime is estimated at 
50,000 hours. An optional carrying case 
is available. The suggested list price is 
$162.50. 

General Description. The LCD -900 
is provided with four input connectors - 
COM(-), +, OUTPUT, and AC3A (am- 
peres); and three manual controls-0g 
ADJ, power ON /OFF (which also doubles 
as a polarity inverter), and a 21- position 
function /range switch having color - 
coded ranges. The OUTPUT terminal is 
used to measure ac voltages riding on a 
dc level. The carrying handle doubles as 
a tilt stand. 

Dc voltage ranges are 1, 3, 10, 30, 
100, 300, and 1000 volts, ± 3% full scale 

at an input resistance of 50,000 ohms/ 
volt. The ac voltage is selected from 10, 
30, 100, 300, and 1000 volts, ± 4% full 
scale and at 10,000 ohms /volt. The dc 
current ranges include 0.3, 3, 30, and 
300 mA, ± 3% full scale, while the ac 
current range is limited to one range of 3 

amperes ±6% full scale. Three resis- 
tance ranges cover 1, 10, 100, and 1000 
kilohms within ± 3% of arc. 

Four rubber bumpers on the under- 
side keep the instrument from slipping 
off the work surface. The carrying han- 
dle /tilt stand is also provided with a 
skidproof rubber fitting. 

Comments. The Model LCD -900 was 
checked by the Lockheed Electronics 
Instrumentation Measurement Labs 
(Plainfield, NJ) against standards 
traceable to the National Bureau of 
Standards. After the tests, the IML 
issued a certificate attesting that the 
LCD -900 met or exceeded its published 
specification in all respects. 

The LCD -900 was put to work on the 
bench, and immediately made a lot of 
friends, mostly due to the unique "me- 
ter" display. For the first time, we were 
able to use an analog meter without hav- 
ing to worry about which scale we had to 
look at. Interestingly enough, since only 
one scale at a time appears on the dis- 
play, we found that we could make more 
accurate numerical readings since there 
were no extraneous scale distractions. If 
you use analog instruments (and there 
are some benefits, such as reading a jit- 
tery voltage), take a look at the LCD - 
900. You will like this novel approach to 
an old reliable measuring instrument. 

-Les Solomon 
CIRCLE NO. 104 ON FREE INFORMATION CARD 
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/\DD 
WAVEFORM STORAGE 
TO YOUR OSCILLOSCOPE 
Converts any scope with external trigger input 
into a digital storage unit 

BY JONATHAN WANG AND DENNIS MURPHY 

HAVE you ever wished you owned a 
storage oscilloscope to see those 

transient waveforms and random events 
that escape you? Now you can savor 
these signals without spending thou - 
sa ids of dollars. Moreover, you can 
enjoy the advantages of digital storage 
as compared to analog (CRT) storage, 
all for about S228. 

Called the "Wavesaver," this black 
box can convert virtually any conven- 
tional oscilloscope that has an external 
trigger input into a digital storage scope. 
Its 1K x 8 memory stores random or 
repetitive analog waveforms with a 'ver- 
tical resolution of 256 discrete steps 
(8 bits) sampling to a 500 -kHz rate. It 
features pretriggering to capture signals 
before the trigger occurs, as well as post - 
trigger viewing. In conjunction with an 
ordinary oscilloscope, you can view sig- 
nals as they occur or save them for later 
examination. Furthermore, the Wave- 
sa ver can save waveforms to obtain hard 
copy when used in its plot mode since 
interfacing is built in for use with a 
chart recorder. 

How It Works. The Wavesaver com- 
bines A/D (analog -to- digital) and D/A 
(digital -to- analog; converters with 
RAM (random access memory) to sig- 
nificantly enhance a conventional sin- 
gle -trace oscilloscope. It also has digital 
storage features that provide "sam- 
pling" and "quantizing." Sampling in- 
volves obtaining voltage levels repre- 
senting an analog input signal at dis- 
crete points in time and quantizing is the 
transformation of these values into bina- 
ry numbers by an A/D converter. You 
determine how often this process occurs 
by using a very precise digital clock. 
Once the data is in the digital memory, 
it can be read out at a fixed rate and 
reconstructed for displaying. (See box.) 

In the Wavesaver, sampling and 
quantizing are performed so that every 
voltage sample derived from a series of 
very narrow contiguous time slots is con- 
verted to a binary number using an A/D 
converter. The binary data is then stored 
in a 1024 by 8 -bit RAM with each time - 
slot's value stored as one 8 -bit byte. The 
process continues until all 1024 bytes in 
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the RAM are filled. The digital data can 
then be read out of the memory and 
passed through a D/A converter, which 
reconstructs the original analog wave- 
form for application to the conventional 
single -trace oscilloscope. Since the 
RAM can be nondestructively read out 
indefinitely, the reconstructed display 
will remain on the CRT screen as long 
as the user desires. 

Besides the previously mentioned 
A /D, D /A, and RAM features, the 
Wavesaver, shown i-i block diagram 
form in Fig. 1, also las provisions for 
driving an external plotter or other digi- 
tal system. 

Three operating controls -TIME PER 

POINT, ± VOLTS, and TRIG LEVEL -can 
be compared to the scope sweep speed, 
vertical gain, and sweep trigger controls 
respectively. Signals can be sampled up 
to 500 kHz (2 µs) producing 256 data 
points, enough to make a very smooth 
waveform. This sampling can be select- 
ed in 1 -2 -5 steps from 2 gs to 100 ms, via 
the crystal -controlled internal clock or 
an external clock. Input sensitivity is 
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Improve Your Memory 
With a Free 
Scotch® Brand 
Data Cartridge. 
Buy One, 
Get One Free! 
We want you to try our Scotch Brand DC100A 
Certified Data Cartridge. We're so sure you'll 
like it that we'll send you a free cne when you 
order one data cartridge at the regular price of 
just $18.00. No strings attached. Two of these 
superior data cartridges for the price of one. 

Scotch Brand 
Data Cartridges 
are compatible 
with all 
Hewlett- 
Packard 
mini - 
cartridge 
computers, including the popular HP -85 model. 
They also fit the Savin Veritexr 950 word 
processor, the TI -770 terminal, Tektronix 
models 4041 and DAS -9100 and many others. 
We invented the certified data cartridge and 
our special back treatment process makes our 
tape extra durable and longer lasting. Enlarged 
end -of -tape sensor holes are provided for 
improved end -sensing reliability. Scotch Data 
Cartridges are quiet, too, and come with a one 
year warranty. 

Order Now! Get a Free 
Protective Case. 
Order now and we'll send you a rugged, heavy - 
duty protective shipping and storage case 
that holds two data cartridges. But don't wait, 
quantities are limited. (Offer limited to one free 
data cartridge per 
customer.) HOW TO 
ORDER: Send check 
or money order for 
$18.00 (plus 
applicable state 
sales tax) or 
charge to 
your 
Master 
Card or 
VISA account. 
RII out the coupon 
and send to the 
address shown. Please 
allow 6 -8 weeks for delivery 
Offer expires September 30, 1982. 

rHIP 
Name 

Company 

Address 

City State Zip 

Phone Computer Type 

Signature 

1 

1 

1 

Title 

Total enclosed $ 
Make check or money order payable to 3M. 
Charge to Visa or Master Card. 
Card No. Expires 

($18 plus state sales tax). 

SEND TO: 3M, Dept. CC -S4 , DATA RECORDING PRODUCTS DIVISION /3M, 
PO. Box 33133, St. Paul, MN 55133. 

1 

1 

1 

1 

3M hears you ... 

3M 
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Fig 2 The input to the 
Wevesaver is epplied first 

to a dual field- effect 
transistor which provides 
buffering and a high input 

impedance. The desired range 
is chosen by switch S9. 
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Fig. 1. Block diagram of the 
Wavesaver system from the 
input signal to the 
scope's vertical input. 
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Fig. 3. The analog /digital 
converter is an 8-bit 
successive -approximation circuit 
formed by IC35 and IC36. 
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8 I I I 
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4 13 12 II 6 5 4 3 

-comp 5TÀRi:CLK 
R36 
3 617 

from 50 mV to 10 volts at one -megohm 
input impedance and is overload pro- 
tected. The analog output is 8 volts full 

D scale, trigger output (for external de- 
vices) is at TTL level, and the digital 
output for the external digital system is 

8 -bit parallel, TTL, word serial. 
7 The Wavesaver has three different 

TIME 
BASE 
FROM 
FIG 7 

.`ÑF +5V' triggering modes. The first uses the set- 
ting of the front -panel TRIG LEVEL con- 
trol to preset an input level and polarity 
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so that, when the viewed signal exceeds 
these parameters, the system starts stor- 
ing data. In this mode the system can 
monitor ( "babysit ") a signal line, allow- 
ing you to leave the equipment and go 
about other business. If the event occurs 
during your absence, it will be recorded. 
At your convenience you can "see" what 
went on before the event, the event 
itself, and a short period after the event. 
This is great for observing "glitches." 

The second trigger mode, AUTO, up- 
dates the stored data every two seconds. 
The stored image can be "frozen" on 
screen as long as the user desires. In the 
third trigger mode, the system is oper- 
ated manually via a front -panel push- 
button. The data remains on screen until 
the manual pushbutton is depressed. 
This is ideal for detailed study of a 
waveform of interest. 

The digital storage technique used in 
the Wavesaver allows direct connection 
to a computer for further signal process- 
ing, or storage on a diskette. The data 

Fig. 5. The control logic 
is shown here and in 

Fig. 6 on the next page. 
The combination of IC18 

and IC 19 supplies the 
actual start and stop 

signals of the recording mode. 

can also be passed to a plotter that can 
generate permanent records for later 
study. 

Circuit Description. As shown in Fig. 
2, the signal to be observed is applied via 
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Fig. 4. The digitized signal 
is converted back to analog 

form by IC3. 
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Fig. 6. Random- access memory is 
contained in IC4 and IC5, 
with IC8, IC9, and IC 10 serving 
as address counters. 

signal levels. The network consisting of 
R48 and a resistance selected by the 
± VOLTS switch (S9) provides the de- 
sired signal input range. Diodes D14 and 
D15 protect the IC38 input against 
damage from high -level signals. The sig- 
nal is amplified in IC38 to provide the 
A/D converter (Fig. 3) with the correct 
levels, while diodes DII through DI3 
act as level clamps to protect the A/D 
converter. The output of IC38 also 
drives half of IC37, to provide the trig- 
ger signal for the control logic (Fig. 5). 

The A/D converter of Fig. 3 is 
an 8 -bit successive -approximation type 
formed by successive- approximation 
register IC35, current -sensing A/D con- 
verter IC36, and half of IC37. It takes 
nine clock cycles for each conversion, 
with IC21 and IC20 acting as a start/ 
stop enabling circuit. On completion of 
each conversion, the data at the output 
of IC35 and latched into IC13 on the ris- 
ing edge of the signal and then passed to 
the memory (IC4, IC5, Fig. 6) on the 
trailing edge of the waveform. Inte- 
grated circuit ICI and its associated 
components develop the reference cur- 
rent required by both D/A converters 
(IC36 and IC3). In Fig. 6, IC8, IC9 and 
IC/0 serve as the address counters for 
RAMs IC4 and IC5, and are "clocked" 
by IC11. Pin 12 of ICIO generates a 
"memory full" signal for the system, 
and after inversion by a portion of IC21, 

I 1 1 T42 
437'50 

IyF IµF 33y 
F 

J4 
TRIG 
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+SV 

+5V 

supplies the "sync" signal for the oscillo- 
scope. 

Selection of the Wavesaver's display 
or record mode is determined by the 
state of IC11 (Fig. 6). An element with- 
in IC17 (Fig. 5) selects either the 
SCOPE or PLOT mode via S2, while 
another element within ICI7 operates in 
conjunction with TRIGGER switch S3 to 
determine whether INT or EXT triggering 
was selected. The combination of IC18 
and IC19 supplies the actual start and 
stop signals of the recording mode. A 
dual- decade counter (IC16) provides the 
auto -arm function and disables the 
manual -arm feature (Fig. 5). 

The crystal -controlled clock oscillator 
is formed by elements of IC28 and its 
5 -MHz output is used to clock the A/D 
converter (Fig. 7). It also drives a chain 
of eight decade counters (IC23 through 
IC26, and IC29 through IC32) arranged 
in a 1 -2 -5 sequence to produce time 
pulses from 2 µs to 100 ms. Multiplexers 
IC27 and IC33 of Fig. 8 accept these 
timing signals while the 16- position 
TIME PER POINT Switch (SIO) determines 
the sampling rate. 

To display the stored waveform on a 
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Fig. 7. The crystal -controlled 
clock circuit and time 
pulse generators. 
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INSIGHTS TO DIGITAL STORAGE 

There are two digitizing techniques that 
you shouldn't confuse: real-time sampling 
and equivalent -time sampling. Digital stor- 
age scopes use real -time sampling so that 
they can capture both repetitive and single - 
shot signals. Sampling scopes use equiva- 
lent -time sampling and are limited to cap- 
turing repetitive signals. Equivalent time 
sampling- random or sequential -builds 
up a picture of the input waveform by cap- 
turing a little bit of information during each 
signal repetition. Eventually enough infor- 
mation is available to reconstruct the entire 
waveform. Among the drawbacks of ana- 
log -type storage is fading or blooming of 
the recorded waveform, which does not 
exist with digital storage. 

Accuracy vs. Resolution. The digital 
storage scope's A/D converter must be 
able to "resolve" (discriminate between) 
different input signal levels. Here, resolu- 
tion is determined by the number of "bits" 

10 
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2.5 

1.25 

O 

ANALOG 
VOLTAGE 

A/O 
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Fig. A. In an A/D converter, the analog input 
is sampled at the midpoint of each 

quantization level, the distance between 
levels being denoted by O, the bit size. 

(binary digits) that will be used to approxi- 
mate the analog input signal. For example, 
a 2 -bit number that forms all combinations 
of 1 and 0 produces 11, 10, 01, and 00. If 

the analog input range to be measured is 
10 volts, as shown in (A), the four possible 
sub ranges must be 0 -21/2, 21/2 -5, 5 -71/2, 

and 71/2 -10 volts (each bit will switch half 
way up its input level -not very smooth). 
Thus, the more bits, the better the resolu- 
tion. In the Wavesaver's 8 -bit converter 
there are 256 levels with each level repre- 
senting 0.3906% of the input voltage, or 
3906 parts per million. 

Accuracy and resolution are not the 
same thing. Resolution is the distinguishing 
of individual elements, while accuracy is 
another term for repeatability- conformity 
to an indicated value with repeated mea- 
surements. For example, assume your 
DMM has just 3 digits (21/2 digits if you're 
fussy). If you apply any level from 149112 - 

1501/2 volts dc to it and the display always 
indicates 150 V, the resolution of this par- 
ticular DMM is 1 volt. It cannot distinguish 
between smaller voltage differentials. 

Accuracy, on the other hand, means that 
if you apply exactly 150 volts to the instru- 
ment, it should display 150 and nothing 
else. If you do apply exactly 150 volts, and 
the display indicates 147, the accuracy of 
the instrument is 2% (3 divided by 150) at 
150 volts. Accuracy cannot be better than 
the resolution. 

A Unique Error. Pushing a digital storage 
scope past its upper frequency limit results 
in an error different from that encountered 
with an analog scope used under similar 
conditions. The error is called aliasing, as 
illustrated in (B) and there is only one way 
to avoid it: always digitize more than twice 
as fast as the highest frequency in the ana- 
log input signal. If a suitable digitizing rate 
is not available, you can use an anti- alias- 
ing filter to eliminate frequencies above the 
Nyquist limit. That avoids aliasing, but it 
also removes any indication that higher -fre- 
quencies are present in your input signal. 

ORIGINAL SIGNAL 

ALIASES SIGNAL 

Fig. B. If a signal is digitized less 
often than necessary, aliasing results. 

Here a 120-Hz signal digitized at 160 Hz; 
gives an aliased waveform at 40 Hz. 

Anti -aliasing filters have at least 12 -dB/ 
octave rolloff, while bandwidth -limiting fil- 
ters are 6 dB / octave. 

Once you know the maximum digitizing 
rate of a digital storage scope, you can 
determine if the instrument will meet your 
needs by applying sampling theory. Appli- 
cation of the theory shows that any signal 
with a frequency denoted by f must be digi- 
tized more than 2f times to be fully recov- 
ered (exactly two times won't do). 

Another way of stating the same rule 
uses the Nyquist frequency (half the digitiz- 
ing frequency). No frequency at or above it 
can be recovered without error. 

Remember, a digital storage scope is 
not the same as a sampling scope. A digi- 
tal storage scope captures the entire sig- 
nal-be nt repetitive or single occur - 
rence-in one shot, while a sampling 
scope requires many "shots" at a repeti- 
tive signal before it can build up a usable 
image. Thus, a sampling scope cannot be 
used to observe non -repetitive random 
events, but it is not constrained by aliasing 
when examining high- frequency inputs. 0 

scope, requires that the digitized signal 
be converted back into analog form. 
This is the purpose of IC3 in Fig. 4. This 
chip accepts an 8 -bit digital data stream 
from the RAM and, using a fixed refer- 
ence voltage, generates the analog 
equivalent at its output. (Since the D/A 
converter is a "current" device, IC34 is 

used as a current -to- voltage converter.) 
A simple active filter (IC2) smooths the 
reconstructed waveform. The digitized 
signal, as well as certain "handshake" 
signals, are also available from connect- 
or PI (Fig. 9). The digitized signal is 
buffered by IC6 and IC7, with the hand- 
shake signals available for flexibility 
when direct interfacing with external 
digital devices is involved. The power 
supply is shown in Fig. 10. 

Construction. It is recommended that 
the Wavesaver be constructed using the 
dual -sided pc board shown in Figs. 11 

and 12. Component installation is shown 
in Fig. 13, and external elements are 
connected as shown in Fig. 14. 

To avoid possible static damage, 
mount QI only after its associated com- 
ponents are installed. Rectifier diodes 
D3 through D6 are mounted on the 
underside of the board so that trans- 
former TI can be properly installed. The 
dot on TI specified in the Parts List 
indicates pin 1, and sockets should be 
used for all semiconductors. After com- 
pletion, the board can be mounted with- 
in a selected metal enclosure. 

Other than S9 (the ± VOLTS rotary 
switch mounted on the pc board to pro- 
trude through the front panel), switches 
S3 through S7 along with LEDI (TRIG), 
LED2 (POWER), and INPUT Connector JI 
are mounted on the front panel of the 
selected enclosure. Each front -panel ele- 
ment should be identified with press -on 
type. 

The three BNC output connectors - 
J2 (NORM), J3 (LIN), and J4 (TRIG), 
along with S2 (SCOPE /PLOT), fuse FI, 
and the power line cord should be on the 
rear panel of the enclosure. The I 5-pin 
external connector P1 should be 
mounted on the pc board to protrude 
through a slot cut in the rear panel. 

Calibration. A high -input- resistance 
dc voltmeter (preferably a 31/2 -digit 
DMM), an oscilloscope, and an audio 
signal generator should be used to cali- 
brate the Wavesaver. When power is 
applied, the POWER indicator (LED2) 
should glow. Check that 5 -, 15 -, and 
-15 -volt supplies are delivering the cor- 
rect voltages. 

To set the reference level, connect the 
dc voltmeter between test point A (Fig. 
13) and ground. Adjust R2 for 9.92 volts 
(given as 9.98 on the schematics to corn- 
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Fig. 11. Reduced pattern for foil side of the double -sided pc board. Note correct size. 

4. Use either the ARM pushbutton 
switch (S7) or pin 13 of the rear panel 
PI. LEDI above the TRIG LEVEL control 
should glow if arming is successful. 

5. After arming, the data recording 
process will begin instantly and can be 
stopped only by triggering the system. 

6. If INT trigger was selected, after the 
correct signal level (determined by the 
TRIG LEVEL control) is detected, the sys- 
tem will trigger automatically. If EXT 

trigger was selected, the system has to 
be triggered either manually with the 
TRIG pushbutton (S6), or via pin 15 of 
PI. After detecting the trigger, the data 
recording will stop immediately. 

50 

7. If the ARM toggle switch is in the 
AUTO position, the system will be auto- 
matically armed after two seconds of 
display time elapses. If it is desired to 
"hold" a waveform, flip the ARM toggle 
switch to the MAN position before the 
two -second interval has elapsed. 

8. During pre- trigger recording, if the 
trigger occurs before the entire sweep of 
the memory has elapsed, the display 
might include a portion of the previously 
recorded waveform if not erased. To 
erase the memory, place the TRIGGER 
toggle switch in the EXT position before 
arming and after the time interval deter- 
mined by 1024 times the setting of the 

7 -7/8" 

TIME PER POINT switch. After erasing, 
place the TRIGGER switch back to the 
desired position. 
Post - Trigger Mode: 

1. Select the desired TIME PER POINT, 
± VOLTS, TRIG LEVEL (if INT trigger is 
selected), INPUT coupling, and either 
MAN or AUTO arm (as required). 

2. If MAN arm is selected, use either 
the front -panel ARM pushbutton or pin 
13 of Pl. 

3. After detecting the trigger, the 
recording will begin, and after the RAM 
has accepted one full sweep, the system 
will go to the display mode. Until a new 
ARM signal is applied, the data just 

POPULAR ELECTRONICS 



Fig. 12. Reduced foil pattern for component side of pc board. Note correct size. 

stored in the RAM will be continuously 
displayed. 

4. In the AUTO arm mode, the system 
arms itself after displaying the data 
stored in the RAM for two seconds. 
After two seconds, any new trigger will 
automatically initiate updating the 
RAM with new data. 

5. To retain a waveform when operat- 
ing in the AUTO mode, place the ARM 
toggle switch in the MAN position. 
Waveform Voltage Level: 

1. Although the ± VOLTS switch can 
be set as desired, the analog output level 
of the Wavesaver is always 8 volts for a 
full -scale display. 

APRIL 1982 

2. If the recorded waveform measures 
two graticule divisions, the scope verti- 
cal sensitivity is set at 2 V /division, and 
the ± VOLTS switch is set at 0.5 volt, the 
recorded signal has an amplitude of 0.5 
volt. 
Plotter Use: 

1. When SCOPE /PLOT switch S2 is 
placed in the PLOT position, this enables 
connector Pl. 

2. On PI, pins 1 through 8 are digital 
data with pin 1 the most significant bit 
and pin 8 the least significant bit. Pin 9 
is ground, pin 10 is sync (or data valid), 
pin 11 is the input for an external clock, 
and pin 12 is a 50 -Hz pulse that can be 

7 -7/8" 

used as the "write" pulse to an external 
computer. If the Wavesaver's internal 
clock is used, pin 11 and pin 12 must be 
shorted together. Pins 13 through 15 are 
external inputs for remote arming, trig- 
gering, and then clocking data into 
memory. All signals to PI must be TTL, 
and pins 1 through 8 can drive three 
74LS (low -power Schottky) loads. 

Applications. Uses for a storage oscil- 
loscope are many. The test instrument 
presented here, for example, enables the 
user to see events before triggering. This 
is useful in solving a variety of problems 
before they would normally occur, such 
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Fig. 13. Component layout for the pc board. 
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POWER 

Fig. 14. Connections 
to external components 
from the pc board. 

as witnessing a glitch that blows a fuse. 
With post- trigger only, it would be too 
late. You can record events while you're 
out having a cup of coffee, since the 
instrument has an automatic mode. In 
the manual mode, you can catch those 
fleeting one -shots. And the digital out- 
put interface enables you to plug in the 
stored information to a computer for 
analysis. 

Here's a sampling of applications: 
switch- bounce testing, microphone per- 
formance, speech synthesis, loudspeaker 
analysis, television servicing, audio sys- 
tem testing, automotive engine perfor- 
mance, logic- circuit testing, capacitor 
characteristics, and so on. Clearly, the 
Wavesaver can open up new horizons on 
your test bench. 
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Complete Satellite Receiver 
System brings you movies, 
concerts, sports events.* 
The Heathkit Earth Station includes a 
heavy -duty, 3 -meter antenna, an inte- 
grated low -noise amplifier /down- 
converter, and a receiver with electroni- 
cally- synthesized tuning for stable, 
drift -free reception. 24 channels let you 
receive just about everything the sat- 
ellites have to offer. Special Earth 
Foundation Kit anchors your antenna 
firmly to withstand winds of up to 
100 mph. And it's all yours at a very 
affordable price. 

:.._... 

^ Iat=.1 

The first fully programmable 
keyer stores commands as well 

as text. 
You HAM's will love the Heathkit.tMatic 

Memory Keyer with custom microproc- 
essor to store up to 240 characters of 
text or commands. Variable- length 

buffers eliminate wasted memory space. 
Command strings take several text buf- 

fers and string them together in any 
sequence for most efficient use of mem- 

ory. Command strings can also select 
speed, weight, spacing and auto -repeat 
count. Integral capacitive touch paddles 
unplug and store in their own compart- 

ment. Put the fun back in CW. 

Complete computer system 
in one compact unit. 
The Heathkit All -In -One Computer takes 
the guesswork out of selecting a bal- 
anced computer system. It includes 
built -in floppy disk drive, smart video 
terminal, heavy -duty keyboard, 12 -key 
numeric pad, two Z80 CPU's, and 48K 
RAM -all in one compact unit. Save 
30% over comparable assembled units. 
Heath makes it easy to build with 
detailed, step -by -step assembly 
manuals that anyone can follow. 
A complete line of software for home, 
work and play is also available. 

Heathkit 
If coupon is missing, write Heath Co. 

Dept. 010 -882 . Benton Harbor, MI 49022 
In Canada, write Heath Co. 
1480 Dundas Highway East, 

Mississauga, Ontario L4X 2R7. 
Heathkit Products are displayed, sold and serviced at Heathkit Electronic 
Centers+ in major cities in the U.S. and Canada. See your telephone white 
pages for locations. 

+Units of Veritechnology Electronics Corporation in the U.S. 
'Viewing of some satellite TV channels may require the customer to obtain per- 
mission from, or make payment(s) to, the programming company. The customer 
is responsible for compliance with all local, state and federal governmental 
laws and regulations, including but not limited to construction. placement and 
use. For use only in Continental U.S. 

Solar Water Heater saves you 
up to 80% on hot water costs. 

As fuel costs rise, the Heathkit 

44"1 
Solar Water Heater keeps - 

paying you back. Because 
you build it yourself, you 

build it better, for less. And with 
Federal and State tax credits, solar pays 
for itself in no time. Based on computer- 

ized data, we help you select the cor- 
rect system size to produce 50 to 80 per- 
cent of the annual BTU requirement for 

water heating, based on available sun- 
light in your area. So you know it's 

practical before you buy. The system 
includes solar panels, pumps, heat 

exchanger, storage tank, and complete 
assembly and installation instructions. 

Free Catalog 
See all the newest innovations in build -it- yourself 
kits in the new, free Heathkit Catalog. 

Send to: Heath Co., Dept. 010 -882 
Benton Harbor, MI 49022. 

Yes. Send me a Heathkit Catalog. 
I am not currently receiving one. 

Name 

Address 

City State 

CL -753 Zip 

L 
CIRCLE NO. 2 ON FREE INFORMATION CARD 



ADDA DST\CTVE 
EXTENSION PHONE RING 
TO YOR TELERHO\E 

THE low -cost (approximately 
$12) telephone -line -powered 

tone ringer described here will enable 
you to add an extension ringer in your 
garage or other area where the tele- 
phone ring cannot be heard. It will 
also make the ringing sound of a stan- 
dard phone more pleasant. 

The tone ringer is based on ICI 
(Fig. 1) a two -tone oscillator whose 
power supply and interface were de- 
signed specifically to be used with the 
telephone system (so no dc power sup- 
ply is required). Up to four tone ring- 

TIP 
(RED) 

RING 
IGREEN) 

*SEE TEXT 

ers can be used on a single telephone 
line, and a remote can be used on a 
25 -foot extension. 

Circuit Operation. On a non -busy 
telephone line, about 50 V dc is pres- 
ent between tip and ring (red and 
green wires, respectively). As shown 
in Fig. 1, capacitor CI blocks this dc 
voltage in the normal "hung -up' state. 
To ring the telephone, an ac voltage 
between 85 and 125 volts (peak -to- 
peak) is applied between tip and ring 
(the "ring wire" is not to be confused 

C2 C3 
22 yF T 07uF 

Fig. 1. The tone generated by ICI is about 575 Hz. 

PARTS LIST 

C1 -1 -µF, 100 -V, capacitor 
C2-22-AF, 35 -V, capacitor 
C3- 0.47 -µF, capacitor 
C4- 0.005 -MF, capacitor 
C5- 0.22 -µF disc capacitor 
IC1- ML8204 tone ringer (MITEL) 
R1 -2.2 -kit, "2 -watt resistor 

R2 -See text 
R3 -See text 
RECT1-Diode bridge (Radio Shack 276- 

1161, or similar) 
SPKR -8 -ohm loudspeaker 
Note: The ML8204 (IC1) is available for 

$5 from Mark Forbes, 1000 Shenan- 
doah Drive, Lafayette, IN 47905. 

To 
SPEAKER 

RED 

GREEN 

Fig. 2. Actual -size foil pattern and component layout are shown above. 

BY MARK FORBES 

with the "ring voltage "). This ac sig- 
nal is coupled by CI and RI (which 
acts as a current limiter) to RECTI, a 
diode bridge, then filtered by C2. 
Thus, the supply voltage for ICI is 
provided by the phone line, and is 
present only when the ac ring signal is 
present. A threshold circuit is pro- 
vided within the IC to prevent 
"chirps" on the ringer often heard 
when another phone on the same line 
is being dialed. 

When ICI is on, it generates an 
audio tone of approximately 575 Hz 
modulated between 510 and 640 Hz 
at a 10 -Hz rate to simulate a bell ring- 
er. The center frequency (575 Hz) is 
determined by RC network R3 and 
C4. This frequency can be varied 
somewhat by the selection of compo- 
nents. For the given value of C4, resis- 
tor R3 can range from 180 to 330 
kilohms. The modulating frequency is 
determined by the R2 -C3 combina- 
tion and with the given value of C3, 
the range for R2 is roughly 120 to 180 
kilohms. With proper selection of 
these components, several telephones 
can be differentiated by different 
tones. 

Capacitor C5 couples audio to the 
speaker. The ICI manufacturer rec- 
ommends the use of a 1000 -to -8 -ohm 
transformer with a 15- kilohm resistor 
across the primary. Acceptable per- 
formance has been obtained with the 
direct connection illustrated in Fig. 1. 

If a slight volume increase is desired, 
the transformer may be used. 

Construction. The simple circuit 
can be assembled on a perf board or a 
small pc board such as that shown in 
Fig. 2. Double -check the polarity of 
all components before soldering in 
place. 

When used with a miniature loud- 
speaker, the entire ringer can be 
mounted within a small plastic enclo- 
sure which can be mounted near the 
telephone, or up to 25 feet away as a 
remote ringer monitor. 

Keep in mind that some telephone 
companies require that you inform 
them that you are using one of these 
circuits. 
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LEARNING QUIZZES 
FOR 

BY FREDRICK W. HUGHES 

Device Symbol Quiz 
Match each of the following solid -state device schematic sym- 
bols with its proper name. 

8. 

J 

10. 

17. 

4. 

11. 

a 

18. I 19. 

5. 

74h, 4 

7. 

1 
T 

20. 21. 

Choices: 
a. diode 
b. zener diode 
c. LED (light emitting diode) 
d. tunnel diode 
o. capacitor diode 
f. SCR (silicon -controlled rectifier) 
g. DIAC (diode ac semiconductor de- 

vice 
h. TRIAC (triode ac semiconductor 

switch) 

i. PUT (programmable unijunction 
transistor) 

I. LASCR (light activated SCR) 
k. UJT ( unijunction transistor) 
I. NPN bipolar transistor 
m. PNP bipolar transistor 
n. N- channel JFET (junction- field -ef- 

fect transistor) 
o. P- channel JFET 
p. N- channel depletion -type MOSFET 

(metal -oxide- semiconductor FET) 

q. P- channel depletion -type MOSFET 
r. N- channel enhancement -type MOS- 

FET 
s. P- channel enhancement -type MOS- 

FET 
t. solar cell 
u. OP AMP (operational amplifier) 

1.1.Z 'e OZ 'a '6l 'i '9l 'o 'LL '9l 'q 
'Sl 'b't+l 'P 'El 's 71. 'u 'll 'rot 'l'6'g'9 
'o L '6 9 'd S 'i g 'w g 'e :sJeasuy 

Transistor Troubleshooting Quiz 

Troubleshooting transistor circuits is done by comparing dc 
voltages of the transistor leads (Ve, Va and V[.) with the val- 
ues of a normally operating circuit. Generally, when a tran- 
sistor is conducting heavily its V, will be low. If it is cut off, 
V, will equal +Vee. A change in the transistor characteris- 
tics or a change in the biasing components can affect the dc 
operating voltages. Normal operating voltages are shown on 
the circuit. Each question indicates the operating voltages 
measured. Select the condition of the component from the 
voltage indications given. 
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quizzes for learning 

1. Vc= 12 V, VB= 0 V, VE= 0 V 
a. RA open 
b. RB open 
c. RL open 
d. CE open 

2. Vc= 3 V, VB= 2.8 V, VE= 2.2 V 
a. RA open 
b. RB open 
c. RE open 
d. CE open 

3. Vc= 12 V, VB= 2.4 V, VE= 1.8 V 
a. RL open 
b. RE open 
c. CE shorted 
d. CE open 

4. Vc= 0 V, VB= 0.7 V, VE= O V 
a. RL open 
b. RE open 
c. CE shorted 
d. RA open 

5. Vc= 6 V, VB = 2.2 V, VE= 1.6 V, Vo, = 2 Vp -p 
a. RA open 
b. R6 open 
c. RE open 
d. CE open 

6. Vc= 1 V, VB= 0.7 V, VE= O V 
a. RB open 
b. RL open 
c. CE open 
d. CE shorted 

7. Vc= 12 V, VB= 0 V, VE= 0 V 
a. RL open 
b. B -E shorted 
c. B -C shorted 
d. E open 

8. Vc =2 V, VB= 2.4 V, VE =2 V 
a. RL open 
b. RA open 
c. B -E shorted 
d. C -E shorted 

9. Vc= 2.5 V, Va= 2.5 V, VE= 1.8 V 
a. C -B shorted 
b. RB open 
c. CE shorted 
d. C -E shorted 

10. Vc= 12 V, VB = 2.4 V, VE= 0 V 
a. C open 
b. C -B shorted 
c. E open 
d. CE shorted 

11. Vc= 12 V, VB= 2.4 V, VE= 0 V 
a. RL open 
b. B open 
c. RA open 
d. RB open 

12. Vc= 12 V, V6= 0.7 V, VE= 0 V 
a. RL open 
b. RA open 
c. RB open 
d. C open 

(s8utpea.i 
leatluapt ut ipso.' latm ialltuia io aseq 
undo uy .olstsueil agi jo undo 1euualut 
us si aiagl uagm Z I pus `I I`01 smalgo.d 
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Diode Operation Quiz 
A diode conducts when its anode is more positive than its 
cathode (about +0.2 V for germanium and +0.4 V for sili- 
con). Diodes can be used as rectifiers to clamp ac voltages to a 
reference level and /or clip portions of an ac signal. If the 

input to each circuit is a 20 V p -p sinewave, match each of the 
following circuits to its proper output waveform. Consider the 
diodes ideal, either completely open or shorted. (Answers may 
be used more than once.) 

VIN 

VIN 

VOUT VIN VOUT VIN 

10K 0. N 10K fl 

1. 

oon 

v 

O 

5V 

I o 

OUT VINO 

ti 

o 

2. 

100n 

5. 6. 

- 5V 

To 

VOUT VIN 

loon loon 
VOUT VIN 

ti Z 10K 0. 

3. 

/L 

VOUT 

IOKn 

loon loon 
-O VOUT 

ti 

+- 
5V 

O O 
7. 

4. 

N V 

ti 

O 
8. 

VOUT 

= 5V 

T O 

Choices: 

a. 

+10V 

OV 

+10V 

d. Ov 

- 5V 

b. 

- IOV 

e. OV 

-5V 
-10V 

c. 
+5V OV 

-I0V V 
+10V ^ 
+ 5V , \ i OV 

'P 8 'e'L' ;9'0'g'e q'q.E'q ¿'e 1. :sJeMsuyf 

Op Amp Quiz The input voltage is + 1 V to all of the op amp circuits shown. 
Match each circuit with its proper output voltage. (Power 
supply voltage is ± 12 V.) 

47K 56K 

2. 3. 

I0K 

6. 

v, 10K IOK 

2K 10K 
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quizzes for learning 

Choices: a. 0 V, b. +6.6 V, c. +1 V, d. -4.7 V, e. - 10.8 V, f. - 1 V, g. -7 V, h. -2 V. 
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Transistor Operation Quiz Some transistors are "normally on" (conducting) devices with 
zero bias, while others are "normally off " (not conducting) 
and must be turned on by a positive or negative bias or volt- 
age. Match the voltages given to the following circuits in 
order to turn on the transistors. (Answers may be used more 
than once.) 

VIN 

NPN 
Bipolar 

1. 

VIN 

.= 

P -chi. 
Dep.-type 
MOSFET 

6. 

+Vcc 

N 

VIN 

N-chl. 
JFET 

2. 

Pchl. 
JFET 
7. 

+ VDD 

'NOD 

VINO 

VIN 

N-chl. 
Dep.-type 
MOSFET 

3. 

+VDD 

VIN 

PNP 
Bipolar 

4. 

-Vcc 

+VDD +V88 

N IH 

N-chl. 
Enh.-type 
MOSFET 

8. 

VIN 

UJT 
9. 

VIN 

P-chl. 
Enh.-type 
MOSFET 

5. 

NPN 
Bipolar 

10. 

+vcc 

Choices: 

+v 

b. _ó -1 E a. p C. o 
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BUILD A 
SYNCHRONOUS DETECTOR 
FOR AV RADIO 
BY DAVE HERSHBERGER, W9GR 

Improves frequency response and removes distortion 

THERE IS a misconception that 
AM radio is inherently a low - 

fidelity medium. Many people assume 
that since the channel spacing be- 
tween AM stations is limited to 10 
kHz, there must be some legal restric- 
tion to 5 -kHz audio response. This is 

not true, since FCC regulations per- 
mit full frequency response to 15 kHz 
(the same as FM) and the FCC fre- 
quency allocation structure takes this 
into account. However, geographical- 
ly adjacent transmitters must be 
spaced at least three 10 -kHz channels 
apart to provide sideband interference 
protection (FCC Part 73.40, par. A, 
sub. 12 and 73.182). 

AM has a major advantage over 
FM radio in that it provides better 
reception in moving vehicles because 
of the absence of rapid -flutter multi - 
path effects. And AM signals travel 
much farther than FM signals, thus 
expanding the listening range. 

Most AM radios still use envelope 
(diode) detection that, when coupled 
with narrow i -f filtering, greatly re- 
stricts the audio bandwidth to pro- 
duce "muddy" sounding audio be- 
cause the higher audio frequencies are 
removed. Envelope detection also pro- 
duces distortion, further adding to the 
poor sound. 

An advanced method of demodulat- 
ing an AM signal is to use a wideband 
i -f (when reception conditions per- 

mit), and replace the envelope detec- 
tor with a synchronous detector. The 
wide i -f allows a better frequency 
response, while the synchronous de- 
tector will remove distortion produced 
by selective fading, slight receiver 
mistuning, modulation overshoots in 
the i -f filters (transient intermodula- 
tion distortion), co- channel interfer- 
ence, and interference or cross modu- 
lation. Impulse noise interference is 
also reduced. 

IF 
SIGNA L 

IA) 

used with a wideband AM tuner, the 
synchronous detector will offer recep- 
tion quality rivaling FM. 

Theory. A synchronous detector re- 
covers an unmodulated carrier from 
the incoming signal and uses it as a 
reference to discriminate against 
noise and distortion. Usually, a phase - 
locked loop (PLL) is used to regener- 
ate the carrier, which then drives a 
product detector (multiplier or 

DIODE 
DETECTO 

AUDIO IF AUDIO 

OUT SIGNALS OUT. 

RECOVERED 
J NMO DUL ATED 
CARRIER T 

FILTER 

RI 

Fig. 1. Simplified diagram of the basic 
synchronous (A) and envelope (B) detection circuits. 

This article will show you how to 
build a synchronous detector to re- 
place the envelope detector in your 
AM receiver. It can be used with most 
any AM (or shortwave) receiver hav- 
ing a 455 -kHz i -f. The circuit includes 
optional SSB detection capability to 
reject interference such as adjacent 
channel or other carriers, which oc- 
curs primarily in one sideband of a 
conventional DSB AM signal. When 

LOCK 

PLI 

usb rune on 

04:6 11104.01.1 -oc-O 
INb env. off 

Synchronous Detector 

R 

switch) to recover the modulation. In 
a more familiar application, synchro- 
nous detection is commonly used to 
demodulate FM stereo L -R and color - 
TV chrominance signals. Figure 1 

shows basic synchronous and envelope 
detection systems. 

Some examples of common AM 
phenomena are shown in Fig. 2, along 
with the resulting outputs of envelope 
and synchronous detectors. In each 
case, the synchronous detector gives 
an undistorted output, as opposed to 
the envelope detector. (The frequency 
response may not be flat, but there 
will be no distortion.) The envelope 
detector works correctly only when 
the carrier is large enough, and when 
the sidebands are perfect mirror 
images of each other in both ampli- 
tude and phase. The synchronous de- 
tector, not having this restriction, can 
demodulate a much wider range of 
AM signals such as DSB AM, DSB 
AM with reduced carrier, SSB with 
full or reduced carrier, vestigial side - 
band (VSB) AM, quadrature AM, 
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