
PE RATES THE NEW CASSETTE TAP 

0 

WORLD'S LARGEST= SELLIN'ELECTRONICS ldIv4GAZINE , NOVEMBER.1977/$1.25 
_ 

I7. sn -. . . 

REDUCTION 
PLAYIir+) 

TAPED 
l 

NOISE R 
C` 

. O RECORD 
(out 

OWTO BUILD AN 

AUDIO 
MPAND 
i Improves dynamic 

range of tapes 

. Réduées." noise .level ° 

Tips on making projects attractive '. o 

A Fiéld-Disturbance Sensor for Security Systems 
Adel Voltage Regulation to or Entarg 
Piracy On The Airwaves 

< 
. . ,¡ . P 

° o `:a , . . ¿ 

TESTE_DTHIS -ISSUE: Dúál 1245 AutornaticTurntábte 
Bu.rwéri 'IMF 1201A Noise Reduction 

- ='A15 Audio. 
3Sor NYS 

6Z166 ' b4a",. PrernYái 
. 

ap 
it 

6tnON 4151 060W0i59 >II 96160E 1%SSB CB Mob:Ie, 

,_ ár Floppy Disk, 14024'14278 
Popular E ectrooics 

t 

it 



Introducing the mobile that can move 
you out of the world of the ordinary 
and into the world of the serious CB'er. 
The Cobra 138XLR Single Sideband. 
Sidebanding puts 
you in your own 
private world. A 
world where there's 
less congestion. 
More privacy. 
More time to talk. 
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It's a1 possible because instead of 40. 
channels you get your choice of 120 
channels. Both AM and SSB. And 
instead of 4 watts of legal power you 
get 12 watts of legal power. So you get 
almost double the range of AM. 

With the 138XLR Single Sideband 
there's less background noise and less 
interference. So there's cleaner, clearer 
reception. Because like all Cobras, the 
138XLR SSB is engineered to punch 
through loud and clear. Even in crowded 
metropolitan areas. 

. 

And like all Cobras it comes equipped 
with such standard features as an easy - 
to -read LED channel indicator. 
Switchable noise blanking and limiting. 
An RF/signa- strength meter. And 
Cobra's exclusive DynaMike gain control. 

You'll find the 138XLR SSB wherever 
Cobras are sold. Which is almost every- 
where. Because Cobra's got a nationwide 
network of dea_ers and Authorized 
Service Centers offering sales, installation, 
service and advice. So come on in. 
And move on up. 

óbr a 
Punches through loud and clear. 

Cobra Communications Products 
DYNASCAN CORPORATION 

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

EXPORTERS: Empire Plainview. N Y CANADA: Atlas Electron,cs Toronto 
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New integrated circuit technology and 
a major electronic breakthrough brings you 
the world's smallest citizens band transceiver. 

Scientists have produced a personal com- 
munications system so small that it can easily 
fit in your pocket. It's called the PocketCom 
and it replaces larger units that cost con- 
siderably more. 

MANY PERSONAL USES 
An executive can now talk with anybody in 

his office, his factory or job site. The house- 
wife can find her children at a busy shopping 
center. The motorist can signal for help in an 
emergency. The salesman, the construction 
foreman, the traveler, the sportman, the 
hobbyist-everybody can use the PocketCom. 

LONG RANGE COMMUNICATIONS 
The PocketCom's range is limited only by 

its 100 milliwatt power and the number of 
metal objects between units or from a few 
blocks in the city to several miles on a lake. 
Its receiver is so sensitive, that signals several 
miles away can be picked up from stronger 
citizens band base or mobile stations. 

VERY SIMPLE OPERATION 
To use the PocketCom simply turn it on, 

extend the antenna, press a button to trans- 
mit, and release it to listen. And no FCC 
license is required to operate it. The Pocket - 

Corn has two Channels-channel 14 and an 
optional second channel. To use the second 
channel, plug in one of the 22 other citizens 
band crystals and slide the channel selector to 
the second position. Crystals for the second 
channel cost $7.95 and can only be ordered 
after receipt of your unit. 
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The PocketCom components are equivalent to 
112 transistors whereas most comparable 
units contain only twelve. 

EC: 

IN 

A MAJOR BREAKTHROUGH 
The PocketCom's small size results from a 

breakthrough in the solid state device that 
made the pocket calculator a reality. Scien- 
tists took 112 transistors, integrated them on 
a micro silicon wafer and produced the 
world's first transceiver linear integrated cir- 
cuit. This major breakthrough not only re- 
duced the size of radio components but im- 
proved their dependability and performance. 

BEEP -TONE PAGING SYSTEM 
You can page another PocketCom user, 

within close range, by simply pressing the 
PocketCom's call button which produces a 

beep tone on the other unit if it has been left 
in the standby mode. In the standby mode 
the unit is silent and can be kept on for weeks 
without draining the batteries. 

SUPERIOR FEATURES 
Just check the advanced PocketCom 

features now possible through this new circuit 
breakthrough: 1) Incoming signals are amp- 
lified several million times compared to only 
100,000 times on comparable conventional 
systems. 2) Even with a 60 decibel difference 
in signal strength, the unit's automatic gain 
control will bring up each incoming signal to 
a maximum uniform level. 3) A high squelch 
sensitivity (0.7 microvolts) permits noiseless 
operation without squelching weak signals. 
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EXTRA LONG BATTERY LIFE 
The PocketCom has a light -emitting diode 

low -battery indicator that tells you when 
your 'N' cell batteries require replacement. 
The integrated circuit requires such low 
power that the two batteries, with average 
use, will last weeks without running down. 
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EXECUTIVES POLICE MOTORISTS 

SHOPPERS HIKERS FOREMEN 

The PocketCom can be used as a pager, an 
intercom, a telephone or even a security 
device. 

MULTIPLEX INTERCOM 
Many businesses can use the PocketCom as 

a multiplex intercom. Each employee carries a 

unit tuned to a different channel. A citizens 
band base station with 23 channels is used to 
page each PocketCom. The results: an inex- 
pensive and flexible multiplex intercom 
system for large construction sites, factories, 
offices, or farms. 

NATIONAL SERVICE 
The PocketCom is manufactured exclusive- 

ly for JS&A and is the unit currently used on 
the hit TV show, Charlie's Angels. JS&A is 
America's largest supplier of space-age prod- 
ucts-further assurance that your modest in- 
vestment is well protected. The PocketCom 
should give you years of trouble -free service, 
however, should service ever be required, 
simply slip your 5 ounce PocketCom into its 
handy mailer and send it to our prompt na- 
tional service -by -mail center. 

The PocketCom measures approximately %" 
x 1 %" x 5%" and easily fits into your shirt 
pocket. The unit can be used as a personal 
communications link for business or pleasure. 

GIVE IT A REAL WORKOUT 
Remember the first time you saw a pocket 

calculator? It probably seemed unbelieveable. 
The PocketCom may also seem unbelieveable 
so we give you the opportunity to personally 
examine one without obligation. Order only 
two units on a trial basis. Then really test 
them. Test the range, the sensitivity, the 
convenience. Test them under your everyday 
conditions and compare the PocketCom with 
larger units. 

After you are absolutely convinced that the 
PocketCom is indeed that advanced product 
breakthrough, order your additional units, 
crystals or accessories on a priority basis as 

one of our established customers. If, however, 
the PocketCom does not suit your particular 
requirements perfectly, then return your units 
within ten days after receipt for a prompt and 
courteous refund. You cannot lose. Here 
is your opportunity to test an advanced 
space-age product at absolutely no risk. 

A COMPLETE PACKAGE 

Each PocketCom comes complete with 
mercury batteries, high performance Channel 
14 crystals for one channel, complete instruc- 
tions, and a 90 day parts and labor warranty. 
To order by mail, simply mail your check for 
$19.95 per unit (or $39.95 for two) plus 
$2.50 per order for postage, insurance and 
handling to the address shown below. (Illinois 
residents add 5% sales tax). But don't delay. 

Personal communications is the future of 
communications. Join the revolution. Order 
your PocketComs at no obligation today. 

NEW LOW PRICE! 
Credit Card Buyers Call Toll -Free 

$1995 
per 
unit 

'Sold originally for $40 per unit. 

NATIONAL 
SALES 

GROUP 
Dept. PE One JS&A Plaza 

Northbrook, III. 60062 (3121 564-9000 
CALL TOLL -FREE.... 800 323-6400 
In Illinois call (312) 498-6900 

©JS&A Group, Inc.,1977 
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Expandability- Proto-Board 
units can be instantly inter- 
connected for greater capacity. 

Visibility -All parts 
are instantly and easily 
visible. for quick circuit 
analysis and diagramming. 

Speed -Assemble. 
test and modify circuits 
as fast as you can push 
in or pull out a lead. 
Save hours on every 
project. 

tx , 

IF YOU'RE NOT DESIGNING 
WITH ACSC PROTO-BOARDLOOK 

ATALLYOU'RE MISSING. 
Utility -Models are available 
with or without built-in regulated 
power supplies (fixed or 
adjustable). 

Economy-Eliminate heat and 
mechanical damage to expensive 
parts. Save money by re -using 
components. 

Versatility -Use with virtually all 
types of parts. including resistors, 
capacitors, transistors. DIP's. 
TO -5's, LED's, transformers. 
relays. pots. etc. Most plug in 
directly, in seconds. 

Durability -All Proto-Board 
models are carefully constructed 
of premium materials. designed 
and tested for long, trouble -free 
service. / f, rr1 . 
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Adaptability -Use in design, 
packaging, inspection. OC. etc. 
Works with most types of circuits, 
in many, many applications. 

Accessibility -All parts are 
instantly and easily accessible, for 
quick signal tracing, circuit 
modifications, etc. 

PO4,E.R 

r... 
- 

'°o "'',,, 
- 

'II- - 
Ole - - -r I . 

" °'y, p 
h 

i ?34 
/_ 

Flexibility -Use independently. 
or in conjunction with other 
accessories. such as scopes, 
counters, CSC Proto-Clip'" 
connectors, Design Mate' test 
equipment, etc. One Proto-Board 
unit can serve a thousand 
applications. 

See your CSC dealer or call 203-624-3103 (East Coast) or 
415-421-8872 (West Coast) 9 AM to 5 PM local time. Major credit 

cards accepted. Add $2.50 for shipping and handling in the 
U.S. and Canada on direct orders of $50.00 or less; $3.00 for orders 

over $50.00. On all foreign orders add 15% to cover shipping 
and handling. 

CONTINENTAL SPECIALTIES CORPORATION 

44 Kendall Street, Box 1942. New Haven. CT 06509 
203-624-3103 TWX 710-465-1227 

West Coast: 351 California St.. San Francisco. CA 94104 
415.421-8872 TWX 910-372-7992 

MEXICO. ELPRO. S A.. Mexico City 5-23-30.04 
CANADA: Len I,inkier Ltd.: Ontario 

Variety -A wide variety of 
models are available with 
capacities ranging from 630 to 
3060 solderless tie -points (6 to 32 
14 -pin DTP's). to fit every technical 
and budget requirement. 
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Whatever type of 
electronic circuits you 

work with, you can do 
more in less time with 

CSC's solderless Proto- 
Board systems. As fast and 

easy as pushing in or pulling out 
a lead, you can design, test and 

modify circuits at will. Com- 
ponents plug into rugged 5 -point 

terminals, and jumpers, where 
needed, are lengths of #22 AWG 

solid wire. In the same time you took 
to read this ad, you could be well on 

your way to assembling a new circuit. 
For more information, pick up your phone 

and call your dealer-or order direct. 

CSC PROTO-BOARD SOLDERLESS BREADBOARDS 

NO. OF 

MODEL SOLDERLESS IC CAPACITY MANUFACTURER'S OTRER 
NUMBER TIE -POINTS (14 -PIN DIP'S) SUGG.LIST FEATURES 

PB-6 

PB-100 

PB.101 

630 

760 

940 

PB-102 1240 

P8-103 2250 

PB-104 3060 

PB203 2250 

P8 -203A 2250 

6 515.95 Kit - 10 minute assembly 

10 19.95 Kit -with larger capacity 

10 29.95 8 distribution buses. 
higher capacity 

12 39.95 Large capacity. moderate 
price 

24 59.95 Even Iargeltie- cappoacity.mt only 

32 79.95 

24 80.00 

24 129.95 

largest capacity. lowest 
price per he -point 

Bu 11 a 1% -regulated 
5V. IA low ripple Dower 
suaIlY 

As above plus separate 'ramp 
F 15v and -15V internally 

adjustable regulated power 
supplies 

© 1976Continental Specialties Corp. 
Prices and specifications subject to change without notice. 
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Home Computer Buying 
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How to Use Existing House 
Wiring.for Computer Control 
Applications 

Wire -Wrapping Techniques 
for Computer Hobbyists 

Computer Stores-A New 
Retailing Phenomenon 

NOW YOU CAN USE SOLAR 
ENERGY TO POWER YOUR 
PROJECTS 

HOW FM TUNERS WORK 
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SNIFFING OUT SMOKEYS 

Editorial 

Great Britain zapped the Luftwaffe through the use of radar during World War II! 
In the afteryears, highway police departments adopted the same principle to catch 
speeding motorists-with better than a 99 percent conviction rate on radar evi- 
dence. This was countered, with typical American ingenuity, by radar detectors for 
the motorist to spot radar signals before they reached him and had time to return to 
the police for readout. Thus, he was warned to slow down in advance. 

As the ownership of these detectors increased (now reported to be more than 
500,000), the police increased their radar setups tenfold-to some 50,000 
throughout the nation. Furthermore, whereas most police radar uses the X band 
(10.52 GHz), there is growing use of K -band radar (24.125 GHz), now said to con- 
stitute about 5 percent of the total in speed -enforcement work. Radar -detector 
manufacturers countered with K -band detectors and combined X- and K -band de- 
tectors. The police, in turn, introduced radar that's tuned slightly outside the stand- 
ard bands so that the detectors can't give the alarm. This was followed by the intro- 
duction of radar detectors that scan from 9 to 25 GHz (FCC police frequency allo- 
cation is actually 9.445 to 24.445 GHz). With all of these moves and counter- 
moves; it's now the police departments' turn to tip the balance. 

Now if this little game isn't sufficient to make you gasp, consider state. laws con- 
cerning the use of radar detectors by motorists. Until recently, the use of detectors 
was illegal in a handful of states, users being subject to fines and/or equipment 
confiscation. In some instances, there were no laws against use of radar detectors, 
but state police issued tickets for them anyway. In the past year, nine states voted 
down bills prohibiting radar detectors. This was not truly surprising since the air- 
waves are "free" for listeners. Besides, electromagnetic communications is the re- 
serve of the Federal Government, not the states. Nonetheless, there is still one 
state with an anti -radar -detector law-Virginia. (The state's house and senate vot- 
ed to repeal it recently, but the governor vetoed the repeal.) Of course, all this 
doesn't mean that you won't be ticketed in a state other than Virginia. There might 
be some local statutes that indicate it's illegal to pick up police signals-though 
they might not hold up in court. 

Therefore, the main consideration regarding the use of radar detectors is now 
one of morality. Is it morally correct to outfox the law (for the purposes of exceeding 
the speed limit)? That's just what the speeding motorist is doing when he uses a 
radar detector. He's set up so that he can be alerted to a police radar net lurking 
ahead, enabling him to slow down before he is caught. Can you think of another 
reason for having a radar detector mounted in a car? 

Proponents of radar detectors can whip up some other justifications, of course. 
One argument is that the system reminds the driver that he is going too fast and he 
slows down. Other "pro" views reflect the feeling that no one should rule us: we 
have highly efficient highway networks so why not take advantage of them? . . 

The police are spending too much time on an unimportant matter when other 
pressing problems are largely ignored . . . An unpopular law is being enforced, 
so let the people's will reign . . . And so on. 

The 55 -MPH speed limit was established to decrease the amount of gasoline 
used, thereby saving a much -needed resource. An important byproduct has been 
the reduction of automobile fatalities on the highways. Furthermore, we all, I be- 
lieve, have a social responsibility to obey our laws in order to strengthen our socie- 
ty. If an individual (or group of people) objects to a law, there are legal ways to 
eliminate it. In fact, that's just what has been done with radar -detector prohibitions! 
They've been virtually overcome legally, though I must admit that I find this broad 
interpretation of the Communications Act of 1934 (U.S.C. Title 47) unsettling. 
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Yours to examine FREE for 15 days. 

25 FACT -FILLED CHAPTERS 
ARRANGED IN "EASY -TO -FIND" 
QUESTION APiID ANSWER FORM 

Basic Principles of sound 
Acoustics, Studio techniques, and 
Equipment 
Constant -Speed Devices, Motors, and 
Generators 
Microphones 
Attenuators 
Equalizers 
Wave Filters 
Transformers and Coils 
Sound Mixers 
VU and Volume Indicator Meters 
Vacuum Tubes, Transistors, and Diodes 
Audio Amplifiers 
Disc Recording 
Cutting Heads 
Recording and Reproducing Styli 
Pickups 
Magnetic Recording 
Optical Film Recording 
Motion Picture Projection Equipment 
Loudspeakers, Enclosures, Headphones, 
and Hearing Aids 
Power Supplies 
Test Equipment 
Audio -Frequency Measurements 
Installation Techniques 
General Information. Charts and Tables 
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Be our guest. Examine the AUDIO 
CYCLOPEDIA free for 15 days. You'll find 
out why it is considered the most compre- 
hensive and authoritative book ever written 
on the subject. And you'll get a FREE $3.50 
bonus book to keep no matter what! 

The AUDIO CYCLOPEDIA is literally a one - 
book audio library. It has long been con- 
sidered "the bible" by amateur stereo buffs 
as well as professional technicians. That's 
why you'll find it in constant use not only in 

home workshops and at stereo centers, but 
also in recording studios, broadcast booths 
and concert halls. 
This giant reference book is over 3" thick, 

r 
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and packed with 1,757 illustrated pages. It 
features 3,645 questions and answers and 
a 50 page "instant -find" index for subject - 

identification. It is truly the big one in audio ' 

electronics and it puts all the information 
you'll ever need right at your fingertips, 
chapter by chapter. 

Send for the AUDIO CYCLOPEDIA today. 
If you don't agree that it's the most impor- 
tant piece of audio equipment you own, 
just return it within 15 days. You won't owe 
a cent. And no matter what you decide 
you'll get a free $3.50 copy of The ABC's of 
Tape Recording to keep just for mailing 
the coupon. 

FREE -BOOK 
FREE -TRIAL COUPON 

Save postage & handlings costs. Full 
payment enclosed (plus tax where 
applicable). 15 -day return privilege 
still applies. 

Yes, please rush me the AUDIO CYCLOPEDIA 
(421455) for my free trial. I understand if not 
completely satisfied, I may return it within 15 days, 
and owe nothing. Otherwise, it's mine to keep for 
only $34.00 plus postage and handling and local 
taxes (where applicable). 
And, whatever I decide, a copy of "The ABC's of 
Tape Recording" (valued at $3.50) is mine keel 

Name 

Address 

City 

State Zip 

Mail to Audel 
4300 W. 62nd Street 
Indianapolis, Indiana 46206 
A Division of Howard W Sams & Co.. Inc. 

Gt33SA. 
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Letters 
GETTING MANUFACTURERS' INFO 

In the August 1977 Solid State column, it 
was stated that a lot of good ideas and manu- 
facturers' information can be obtained from 

the pamphlets published by manufacturers. 
What I would like to know is how one goes 
about receiving these pamphlets. -Kenneth 
J. Goodnow, Tucson, AZ 

Each of the manufacturers mentioned in 
the Solid State column is accompanied by an 
address to which you can write to obtain 
more information (pamphlets, specifications 
sheets, etc.). 

MOS STATIC DAMAGE 

In "How to Avoid Static Damage to MOS 
Devices" (August 1977), a number of compa- 
nies that market products for safe handling of 
MOS devices were mentioned. We noted, 
however, that Walter G. Legge Company, 

Use Quick -Wedge to wire in panelights, 
rackmount components, connect a 

barrier block, fasten circuit modules. 

ir .. . a, -. 

They do all that ordinary screwdrivers do, 

17 sizes 

PLUS they hold and start the screw 

;,,,, 

. ,,-..,... 
_ 

Unconditionally guaranteed. 

QUICIf1I1EDcT S 
See 

A SET TODAY 
your dealer or write to: 

O Kedman Company, P.O. Box 25667, 
SCREW -HOLDING SCREWDRIVER Salt Lake City, 'Utah 84125 

© 1977 
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COMMUNICATIONS ELECTRONICS 
P.O. BOX 1002 DEPT. 

The Bearcat 210 super synthesized receiver 
scans and searches over 16,000 different 
frequencies without expensive crystals. 
The Bearcat 210 covers 32-50. 146-174 & 
416-512 Mhz., and has AC/DC operation. 
Save over $60.00 now by ordering on our 24 
hour toll -free credit card order line 
800-521-4414. In Michigan and outside the 
U.S. call 313-994-4441. Add $5.00 for 
shipping in the U.S. or $9.00 for air UPS to 
the west coast. Charge cards or money 
orders only. Foreign orders invited. 

ANN ARBOR, MICHIGAN 48106 
L --------------- IMO - INN t---- 
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Inc. (101 Park Avenue, New York, NY 
10017), one of the oldest firms in this field, 
was not mentioned. We manufacture very so- 
phisticated "Personnel Grounding Devices." 
All are insulated and have resistors to protect 
both the MOS devices and the personnel who 
handle them. 

We also make conductive coatings in vari- 
ous colors that can be used on benches, 
floors, containers, etc. This product costs 
about 50 per square foot to apply and elimi- 
nates tripping hazards from mats and trailing 
wires. -Ralph C. Ohlbach, Walter H. Legge 
Co., Inc., New York, NY. 

USING LIFT -IT ON GRAPH PAPER 

I read with interest "New 'No Camera' 
Printed Circuit Board Methods" (May 1977). I 

would like to know whether or not the Lift -It 
emulsion will remove any of the ruled lines on 
the graph paper I am using. -Len Buchanan, 
Scarborough, Ontario, Canada 

The Lift-lt emulsion works best when lifting 
the etching and drilling guides for pc boards 
from printed magazine pages. However, if 
you use it on home-made guides on graph 
paper, be aware that the paper must not have 
a glazed surface or be of "vellum" material. 
Also, the ink used must be printer's or similar 
type. You need not worry about lifting the grid 
lines of the graph paper if the lines are rela- 
tively fine and light blue or light green in color. 
Neither of these colors is opaque to the ul- 
traviolet light used when making exposures. 

OPTIMIZING PERFORMANCE 

I noticed with great interest the "Portable 
60 -Hz Clock Oscillator" article in the July 
1977 issue. I have design experience using 
the MM5369 IC used in this application at 

3.58 MHz and have found the IC to be unsta- 
ble at 5 volts Vcc. We found, after consulting 
the manufacturer, that the MM5369 is speci- 
fied for a minimum oscillating frequency of 2 

MHz at 6 volts. I recommend applying at least 
8 volts for proper operation at 3.58 MHz, rath- 
er than the 3 to 15 volts specified in the arti- 
cle. -Stan Apel, Torpey Controls & Engi- 
neering Ltd., Toronto, Canada. 

I would like to pass on a few hints for ad- 
justing the MM5369 for proper operation. 
Start off by setting the trimmer to the middle 
of its range, rather than matching the divided 
crystal frequency to the 60 -Hz power line. 
While the ac line is very accurate over a 24 - 
hour period, it is considerably less accurate 
over shorter periods of time. If a frequency 
counter is used to calibrate the circuit, be 
aware that connecting it to pin 7 of the IC will 
yield a slight frequency shift, even though the 
output is buffered. You do not really want the 
3.579545 MHz marked on the crystal; you 
want either 3.579600 MHz for early produc- 
tion MM5369's or 3.579540 MHz for the cur- 
rent MM5369's. 

The Parts List is misleading. Capacitors C2 
and C3 must be relatively stable. Use NPO 

(Continued on page 12) 
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ay we send>ou your choice of these :1 practical. 
IRE time -and -money -saying hooks as part of an un- 
usual offer of a Trial Membership in Electronics 
Rook Club^ 

Here are quality hardbound volumes. each 
especially designed to help you increase your 
know-how, earning power. and enjoyment of elec- 
tronics. Whatever your interest in electronics. 
you'll find Electronics Book Club offers practical. 
quality books that you can put to immediate use 

and benefit. 
This extraordinary offer is intended to prove to 

you. through your own experience. that these very 
real advantages can he yours...that it is possible to 
keep up vrith the literature published in your areas 
of interest. and to save substantially while so do- 

ing. As part of your Trial Membership. you need 
purchase as few as four books during the coming 12 

months You would probably buy at least this many 
anyway ..without the substantial savings offered 
through Club Membership. 

To start your Membership on these attractive 
terms. simply fill out and mail the coupon today. 
You will receive the 3 books of your choice for 
10 -day inspection. Y011 NEED SEND NO MONEY' 
If you are not delighted. return the hooks within 10 

days and your Trial Membership Hill be cancelled 
without cost or obligation. 

ELECTRONICS BOOK CLUB. Blue Ridge Summit. Pa. 17214 

o Facts About Club Membership 
The 3 introductory books of your choice carry publishers' 

retail prices of up to $47.75 They are yours for only 99c 

each (plus postage and handling) with your Trial Mem- 

bership 
You will receive the Club News. describing the current 

Selection Alternates and other offerings. every 4 weeks (13 
limes a year) 

If you want the Selection. do nothing it will tie sect to you 

automatically If you do not wish to rece re the Selection. or d 

you want to order ore of the many Alternates offered. you 

simply give instructions on the reply form (and in the en- 

velope) provided. and return it to us by the dale specified 
This date allows you at least 10 days in which to return the 

form It. because of late mad delivery. you do net have 10 

days to make a decision and so receive an unwanted Selec- 

tion. you may return it at Club expense 
Personal service for your account-no computers used, 

To complete your Trial Membership, you need buy only 
tour additional monthly selections or alternates during the 

next 12 months You may cancel your Membership any time 

aher you purchase these lour books 
Ad books-including the Introductory Oner-are fully re. 

turnable aher 10 days if you're not Completely satisfied 
Alt books are offered al low Member prices. sus a small 

Postage and handling charge Prepaid orders shipped 
postpaid 

Continuing Bsnus If you continue after this Trial Mem- 
bership. you wit, earn a Dividend Certificate for every book 
you purchase Three Certificates. plus payment of the 
nominal sum 01 St 99. will entitle you to a valuable Book 

Dividend of your choice which you may choose from a list 

orowded Members 
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1 
Please open my Trial Membership in ELECTRONICS 

1 BOOK CLUB and send me the 3 books circled below. I 

understand the cost of the books I have selected is only 
99e each. plus a small shipping charge. If not de - 

1 lighted. I may return the books within 10 days and owe 

nothing, and have my Trial Membership cancelled. I 

agree to purchase at least four additional books during 

1 the next 12 months. after which I may cancel my mem- 
bership al any time. 

I T-97 101 300 652 666 708 

709 715/745 728 729 771 
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Two home training schools give you a 
hobby -kit Color TV to assemble. Two 
others give you a commercial set right 
off the shelf. Neither was designed to 
teach you how to repair Color TV's. 
Only NRI invested the time and money 
to design equipment with learning in mind! 

No other home training school gives 
you both a solid state Color TV and 
SO" Quadraphonic Receiver 
complete with four speakers ... all in 
one course. In fact, to even match this 
kind of thorough training at another 
school, you'd have to take an extra 

course costing hundreds of dollars 
more. And only NRI courses in Color 
TV/Audio servicing let you learn on 
equipment designed specifically for 
training. 

It's the only way you can (1) get the 
feel of typical commercial circuitry, (2) 
learn bench techniques while building 
complete units from the "ground" up, 
(3) perform over 35 "in -set" 
experiments during construction, and 
(4) end up with a 25" diagonal solid 
state Color TV with cabinet and a 4 - 
channel Audio Center. 

NRI passes the savings on to you 

NRI engineering eliminates the cost of 
buying from an outside source. We pay 
no salesman's commission. Students 
are enrolled by mail only. The savings 
are passed on to you in the form of low 
tuition fees, extras like the TV's console 
cabinet and the Quadraphonic System; 
professional test instruments like a 5" 
triggered sweep oscilloscope, CMOS 
digital frequency counter, and 
integrated circuit Color TV pattern 
generator. You can pay hundreds of 
dollars more for similar courses and not 

8 

Trademark of CBS, Inc. 
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get a nickel's worth more in training 
and equipment. 

More know-how per dollar 
It all boils down to the quality of 
training you get for your money. In our 
62 -year history, more than a million 
students have come to NRI and we're 
fully approved for career training under 
the G.I. Bill. We know the right way to 
make home training pay dividends for you. 

Some of those "right" things are bite - 
size lessons to ease understanding and 
speed learning ... personal 
consultation, and prompt grading of all 
tests . . . a full-time staff of 
engineer/instructors to help if you need 
it ... the right kind of kits and 
experiments to give you hands-on 
training ... and fully professional 
programs oriented to full or part-time 
career needs. 

Also CB, Computer, & Other Courses 
NRI offers not one, but five TV/Audio 
servicing courses so you can tailor your 
training to your budget. Or you can 
study other opportunity fields like Digital 
Computer Electronics, Citizens Band 
Radio, Communications, Aircraft or 

Is 

Marine Electronics, 
Mobile Radio and more. 
Send for your free catalog and 
see for yourself that no one gives you 
more training and equipment for your 
dollar. There's no obligation and no 
salesman will call. 

If card is missing, write to: 

NRI NRI SCHOOLS 
, McGraw-Hill Continuing 

Education Center 
YM 3939 Wisconsin Avenue, 

gall Washington. D.C. 20016 
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Performance, beauty, quality 
- three attributes that have 
always been the hallmarks of 
SAE products. SAE systems in 
the past have had them, this 
system's predecessor had them, 
and the new In The Black sys- 
tem has them and much more. 

The 2900 Parametric Pream- 
plifier offers our new flexible 
parametric tone control sys- 
tem, full dubbing and tape EQ. 
New phono and line circuitry 
results in unparalled clarity 
and definition with distortion 
of less than 0.01% THD & IM. 

The 2200 Stereo Power Ampli- 
fier with fully complementary 
circuitry delivers 100 Watts 
RMS per channel from 20-20K 
at less than 0.05% Total Har- 
monic Distortion, from 250mW 
to full rated power. 

The 8000 Digital FM Tuner 
has linear phase filters, phase - 
lock multiplex, and of course, 
our famous digital readout 
tuning indicator system. 

Combine these products to- 
gether and you have a system 
that ensures superior perform- 
ance in all areas, excellent 
control flexibility, and the sonic 
quality that is typically SAE. A 

Scientific Audio Electronics, Inc. 
P.O. Box 60271 Terminal Annex, Los Angeles, CA 90060 

LETTERS (Continued from page 6) 

ceramic, mica, or polystyrene. Anything else 
will cause the frequency to drift with tempera- 
ture changes. Resistor R1 need not be rated 
at 20 megohms and 5% tolerance; any resis- 
tor value between 5 megohms and 500 me- 
gohms will work fine. Also, Cl can be an ordi- 
nary 0.1-µF ceramic or 10-1.1.F electrolytic ca- 
pacitor instead of the expensive tantalum ca- 
pacitor specified. Finally, we recommend at 
least 5 volts Vcc, with 9 volts appearing to be 

the optimum. Going as high as 15 volts can 
sometimes cause the crystal to oscillate on 

its third harmonic. -Clive Tobin, Tobin Cine- 
ma Systems, Seattle, WA. 

ADDENDUM TO "READER CIRCUIT" 

Many thanks for publishing my circuit for 

the calculation/stopwatch adapter in the April 
1977 Solid State column. I note, however, 
that I omitted the connection from pin 13 of 

IC2 to ground. This connection must be made 
to enable the chip. Also, the debounce circuit- 
ry in some calculators apparently does not re- 

spond properly to the commands given at the 
10 -Hz rate. The solution to this is to put 
another divider into the circuit so that the 
switch operates at a 5 -Hz rate. Some circuits 
that can be used to accomplish this are 

shown below. Using these circuits, it may be 

/6 

IC 
P/N 
2 

2 IC2 i 
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BASE 2. 
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2. 1C2 
P/// 
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necessary to experiment with the value of C4, 
which determines the time the switch remains 
closed; I found 0.033 µF to work best on one 
of my slow calculators. With the slower rate, 
naturally, the calculator should be keyed ., 2, 

+, but the rest of the operation is the same. 
-Will Hobbs, Eugene, OR 

GREATER VISIBILITY 

Many thanks for the "Morse -A -Letter" 
(January 1977). When I built mine, I incorpo- 
rated a matrix of E/á' (6.35 -mm) high -bright- 
ness discrete LED's for the seven -segment 
displays specified. My 5 x 7 matrix measures 
approximately 3" x 2" (7.6 x 5.1 cm), which 
is much easier to read and excellent to use in 

code classes. My display can be read from 
20' (6.1 m) away.-Martin J. Forrest, 
WA6EWC/WB6VPC, San Jose, CA. 

GETTING STARTED IN AN 
Your "TV For Radio Amateurs" Editorial in 

the June 1977 issue interested me enough to 
want to know more about Amateur TV. Now I 

would like to know how one goes about find- 
ing out if there is an ATV group operating in 

his area. Also, is there a magazine published 
for or by the Amateur TV community?-Mel- 
vin D. Carpenter, Virginia Beach, VA. 

To locate an ATV group operating in your 
area, contact the ARRL (American Radio Re- 
lay League, Inc., Newington, CT 06111). 
There is also a bimonthly magazine, "Ama- 
teur Television Magazine," available for 
$4.00 per year by subscription. (Write: "A5: 
Amateur Television Magazine," P.O. Box 
128, Whitmore Lake, Ml 48189.) 

IT WORKS! 

After reading "Zap New Life Into Ni-Cd Bat- 

teries" (July 1977), I decided to give the 
procedure outlined a try. My grass trimmer's 
battery had given out just as described in the 
article. So, I had a good test for the zapping 
procedure. It works!-Charles DeVoe, Paint- 
ed Post, NY 

WANTS MORE SWL ARTICLES 

I am writing this letter to express my plea- 
sure with POPULAR ELECTRONICS, particularly 
for the seasonal articles on SWL'ing by Glenn 
Hauser and Dr. Richard E. Wood. I urge you 
to devote more space to shortwave listening 
articles; PE is one of two publications that 
feature regular SWL articles, but it is a long 
time between such articles. -David Jerard 
Duke, WDX5DJD, El Paso, TX 

The column will be increased to six times a 

year, as will Amateur Radio. 

OPENING STATEMENT CONTRADICTED 

The opening statement of "Battery Charge 
Monitor" by W.J. Prudhomme (June 1977) is 

contradicted by information contained in 

"Characteristics and Uses of Nickel -Cadmi- 
um Batteries," third edition, by the Interna- 
tional Nickel Co., Inc. I have, however, seen a 

number of examples of the failure with short- 
ing described in the article. On the other 
hand, it is sometimes recommended that the 

"memory" phenomenon sometimes ob- 

served in NiCd cells that are repeatedly 
charged after only partial discharge can be 

overcome by complete discharge, then re- 

charging. -Milford S. Brown, Albany, CA. 

Out of Tune 
In "Build a Digital Camera Shutter Timer" 

(August 1977), DIS1 through DIS5, DL -04 
seven -segment LED displays, are common - 
cathode types, not common -anode as de- 

scribed in the Parts List. 

In "Build 'Cabonga' Part 2" (September 
1977), Fig. 6, the anode of D4 and the cath- 
ode of D2 should not be grounded, but should 
be connected only to the secondary of T1, as 

in Fig. 7, the guides for the Combiner/Power 
Pack pc board. 
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á 6-dí it 6 function LCD Alarm Watch for only $69.95! 

At last, a constant readout (no buttons to push) precision quartz electronic watch 
with a built-in 24 hour alarm system. 

A quiet revolution has been taking place in the electronic watch industry during the last few years. Push-button 
LED's are being replaced with continuous -display LCD watches; 4 -digit displays are being replaced by 6 -digit 
readouts. This year there will be many such LCD watches available. 

However, Winthrop -Rogers prides itself on offering not only the most technologically -perfect products available, 

but also on introducing the most technologically -advanced products on the electronic market before they are 

readily available. Therefore, we are pleased to announce the most remarkable achievement in electronic watch 
technology to -date. 

By combining the quartz -accuracy precision of the LCD watch with miniaturized alarm technology, we proudly 
introduce the first CONTINUOUS DISPLAY ALARM WATCH. A watch that may not be available from other 
sources for years can now be yours at a price hundreds of dollars less than you would imagine. 
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And now consider the incredible conven- 
ience of a portable alarm clock handsomely 
adorning your wrist at all times ! ! ! 

Never again missing an appointment be- 
cause you lost track of time. 

Never again missing a plane or a train 
because you didn't relize how late it had 
become. 

Never again forgetting to make that all- 
important phone call. 

Never having to worry about forgetting 
to take important medication on time. 

Never worrying about waking up from 
that catnap, or at a hotel if your wake-up 
call isn't on time. 

Always being aware of when you should 
be coming or going or doing all that your 
hectic schedule demands - without de- 
voting your valuable time to trying to 
remember it all. 

j:55AM 
SET TO RING 
AT 7:55 A.M. 

THE ALARM 
The MICRO -ALARM has a 24 hour Alarm System, 

allowing you to set your watch to signal at any 

minute of the day or night (1,440 settings per day 

are possible). Once set, you need not be concerned 
about your next appointment or train, plane or 
phone call. The MICRO -ALARM will remember for 

you and remind you when you need to be reminded. 

SNOOZE/REMIND CONTROL 
For your convenience the MICRO -ALARM will 
give one short beep prior to its full alarm cycle, 

allowing you to turn it off without disturbing 
others. If not deactivated after the first short 

beep, the alarm will then beep for 15 continuous 
seconds. Push the deactivate button twice and the 

alarm is off. However, should you want a further 
reminder, then push the deactivate button only 
once and the alarm will go through its cycle again 

in exactly 5 minutes, allowing you to continue 
your current activity whether it he a snooze or 
phone call without fear of forgetting your next 
commitment. 

12:34 AND 56 
SECONDS 

6 -DIGIT LCD DISPLAY 
The MICRO -ALARM has a 6 -digit readout showing 

hours, minutes and seconds at a glance. Since the read- 

out is by Liquid Crystal Display (LCD) and not by 

Light Emitting Diode (LED), no button has to be 

pushed; the time is continuously displayed! A built 
in night -light functions at the push of a button for 

reading in darkness. 
AUGUST 15th 

FRIDAY 
CALENDAR DISPLAY 
Just one push of the control button converts the dis- 

play into a 3 -function calendar; displaying the month, 
date of the month, and day of the week. The remark- 

able memory built into the module knows each month 
and the number of days in that month and resets 

automatically on the first day of the new month. 

QUARTZ ACCURACY 
The MICRO -ALARM is extraordinarily accurate. Its 

module is manufactured by Hughes Aircraft Company, 

one of the world's foremost manufacturers of micro- 

electronics, and is guaranteed accurate to within 3 

minutes a year (averaging less than 15 seconds per 

month). You can depend on the accuracy year after 

year. There are no moving parts, so there is nothing 
to wear out or even require servicing. The result of 

this accuracy is that you can set your watch to the 

second. 

12: 3y55 

El: 15 FR 

THINK ABOUT IT! 

Even if you have no consistant need for a watch with a 

built-in electronic alarm, the MICRO -ALARM is a valu- 

able investment for its watch features alone: 

1. It is the most up-to-date fully -functioning electronic 
watch available today. 
2. It is accurate to +/- 15 seconds per month, and never 

has to be wound - put it on, and the time and date are 

correct even if it has been in a drawer for a month! 
3. Its elegant styling will compliment any attire - and 

elicit compliments from your associates and friends. 
4. At this price you can not find a better buy. 
5. One day you will have a critical need to be reminded of 

a vital appointment - and then, having used the alarm 

function once, you will never again return to any other 
reminder system 
6. Why buy an ordinary watch when you can own a 

MICRO -ALARM? 

I CRO-ALAR 
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ELEGANT MESH BRACELET 
Each MICRO -ALARM comes with a 1 year limited 
warranty. You may order in your choice of gold - 

tone or silvertone case. Each for only $69.95 plus 

51.99 for shipping and handling. Each MICRO - 

ALARM comes with a matching, elegant, thin 
mesh bracelet, more handsome and much more 

practical than those "pull over -snap" type bracelets. 

This band adjusts comfortably and easily, eliminat- 
ing cumbersome link adjustments. 

15 DAY TRIAL 
Wear the MICRO -ALARM for 15 days to assure 

yourself that this is no ordinary watch. If at 

the end of that time you are dissatisfied for any 

reason you may return it for a prompt refund, 
no questions asked. 

To order by credit Card please phone 

our 24 -hour toll -free number: 

800-325-6400 ask for Oper. 36 
In Missouri: 800-342-6600 ask for Operator 36 

or mail the attached coupon with your 
payment and the MICRO -ALARM will 
be on its way to you. 

Allow 3-4 Weeks For Delivery 

`ItntrP 1Z V5411 

Box Afi9, 1135 Greenridge Rd., Buffalo Grove, 1160090 

Please send-MICRO-ALARMS @ $69.95 each 

plus 51.99 for shipping and handling. 
_Silvertone MICRO -ALARM 
_Goldtone MICRO -ALARM 
If I am not completely satisfied I may return it 
for a full refund. Total amount enclosed S._ 
checkor money order. (Illinois residents please 

add 5% sales tax.) No C.O.D.s please. 

Charge: Amer. Exp. Bank Amer./Visa 
Master Charge MCBK=_ 

Card # Exp 

Signature 
Name 

Address Apt._ 
City State _ Zip 

To expediate shipping by UPS, please provide I 

street address rather than P.O. Box number. j 
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New Products 
Additional information on new products 
covered in this section is available from 
the manufacturers. Either circle the item's 
code number on the Reader Service Card 
inside the back cover or write to the man- 

ufacturer at the address given. 

J.I.L. CB/AM-FM STEREO/CASSETTE UNIT 

J.I.L.'s Model 615CB CB/car stereo/cassette 
unit features a 40 -channel CB transceiver, an 
AM stereo FM receiver, and stereo cassette 
player in a single in -dash package. An easy - 
to -use control. microphone puts all the CB 
functions at hand: thumbwheel channel se- 
lector, PTT control, r -f gain, LED channel 
readout. Complementing the controls on the 
mike are front -panel controls for CB/Radio- 
Tape mode selector, variable squelch, RX 
and TX indicator lights, and a stand-by con- 

Ler- 

r°+ IN) ow 

trol. The latter monitors CB while listening to 
cassettes or radio. Whenever a message 
comes through on a selected CB channel the 
circuit interprets the program then returns to it 

automatically at the end of the CB transmis- 
sion. The cassette section includes controls 
for fast forward/eject and tape play indicator. 
The audio section delivers 5 W/ch rms power 
output at a frequency range of 50-10,000 Hz. 
$369.95. 
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ASTATIC POWER MICROPHONE 

The Astatic Corporation has announced the 
introduction of its Model 1104C preamplified 
base -station communication microphone. 
Available in five colors, the new microphone 
features base -mounted slide controls for ad- 
justing the gain of the amplifier for the proper 
modulation level and tone quality for individu- 
al voices. An adjustable master gain control 
is provided for preventing overmodulation 
and distortion. The mike is powered by a 9 - 
volt battery and has a six -conductor coiled 
cord that can be wired for virtually any type of 
switching system in a transceiver. $83.00. 
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MICRO -ACOUSTICS PHONO CARTRIDGE 

The new Model 530-mp is the top -of -the -line 
phono cartridge offered by Micro -Acoustics 
Corp. Each cartridge is supplied with an in- 
dividual frequency curve. Rated frequency 

"-.---- 

response is 5 to 20,000 Hz ± 11/4 dB. Track- 
ing force range is 0.7 to 1.4 grams, and car- 
tridge weight is 4 grams. Claimed channel 
separation is 30 dB at 1000 Hz, 15 dB at 
10,000 Hz. Output voltage is 3.5 mV each 
channel at 5 cm/s peak recorded velocity. 
Load requirements and cable capacitance 
are specified at 10,000 to 100,000 ohms and 
100 to 1500 pF, respectively. Each stylus is 

light -beam oriented under a microscope. 
$200. 
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SBE MOBILE CB TRANSCEIVER 

SBE's new Tahoe 40 -channel AM CB trans- 
ceiver measures only 7.25"D x 4.5'W x 
1.4"H (18.4 x 11.4 x 3.6 cm) so that it can be 
installed in locations where space is at a pre- 
mium, such as in a minicompact or sports 
car. The transceiver includes all the standard 
features and controls available with large 
rigs, including a large LED channel display. 
Included in the front panel are volume and 
squelch controls, channel selector, a PA 

switch, and a red transmit (Tx) indicator that 
lights up when the transmitter is keyed. The 
transceiver includes PLL frequency synthesis 
and a double -conversion receiver circuit that 
employs a tiny four -pole bandpass filter. 
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SANSUI STEREO FM RECEIVER 

Sansui's Model G-3000 AM/stereo FM re- 
ceiver has a rated power output of 26 watts 
per channel minimum rms with both channels 
driven into. 8 ohms from 20 to 20,000 Hz, with 
a THD of 0.15%. The power amplifier fea- 
tures a differential input, Class A driver, and 
push-pull OCL output stages. Overall fre- 
quency response is said to be 10 to 50,000 
Hz, +1, -2 dB. The tuner section includes a 

PLL differential demodulator, quadrature de- 
tector, and a low-pass filter to suppress the 

ime .Arro .a 

ultrasonic carrier. Harmonic distortion is rated 
a 0.18% monaural, 0.25% stereo. The phono 
preamp uses low -noise pnp Darlington tran- 
sistors. Other features include microphone 
mixing with level control, signal strength and 
zero -center tuning meters, AM beat filter, 
loudness switch, tape monitor, FM muting, 
headphone jack, and a speaker selector 
switch. Measures 17 1/16" W x 13 15/16" D 
x 6 1/16" H (43.3 x 35.4 x 15.4 cm). $280. 
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HICKOK DUAL -TRACE 15-MHZ SCOPE 

Hickok's Model 517 is a dual -trace, triggered - 
sweep oscilloscope with 15 MHz response to 
within 3 dB and claimed fool -proof triggering 
to 27 MHz (30 MHz typical). Vertical sensitiv- 
ity varies from 10 mV/cm to 50 V/cm in 12 
calibrated steps, and is continuously variable 
(uncalibrated) from 5 mV/cm to 50 mV/cm. 
Risetime is said to be 24 ns, and overshoot 
3% or less. Input impedance is 1 megohm 
shunted by 30 pF. Operating modes are 
channel A only, B only, A and B chopped, A 
and B alternate, A + B (single trace algebraic 
sum), and B - A (single trace algebraic dif- 
ference). The Model 517's time base has 
sweep rates of 0.5 µs/cm to 0.2 s/cm in 18 
calibrated steps. A X5 expander is switch se- 
lectable. Among the Model 517's features are 
internal, line, external, auto, slope, and TV 
sync triggering, TV sync separators, TTL- 
compatible Z axis (intensity) modulation, an 
8- x 10 -cm display, and a regulated power 
supply. Includes two probes (10:1/direct and 
10:1) and vectorscope overlay. Measures 
171/2" D x 14-%". W x 7" H (44.5 x 37.2 x 
17.8 cm) and weighs 13.5 lb (6.1 kg). $695. 
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PIONEER PROGRAM SOURCE SELECTOR 

The Model U-24 program source selector 
from Pioneer adds to the number of inputs 

- 
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fAriQ -()b2pQ Croce ccc 

and outputs usually available in conventional 
preamplifiers and integrated amplifiers. It 

makes available two AUX inputs; three phono 
inputs; four tape input/output jacks; tape -to - 
tape dubbing facilities; and three power am- 
plifier outputs. All functions are pushbutton 
selectable. The switching circuits of the Mod- 
el U-24 are positioned near the rear panel, 
adjacent to the actual input/output terminal 
board, to reduce the use of shielded cable 
and cut down on high -frequency losses due 
to stray capacitance. 
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VISONIK SPEAKER SYSTEM 

The Sub -1 subwoofer from Visonik of Ameri- 
ca, Inc., is designed to match the company's 
David 502 speaker system. The Sub -1 fea - 
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Let Walter H. Buchsbaum, one of the nation's leading electronics experts, show you 

Don't spend one minute more than is necessary 
on any troubleshooting job! 

It's not a question of being lazy. It's just a 

matter of knowing a sure and quick way to find 
the defect. And that's the way you're going to 

know. 
Walter H. Buchsbaum, one of the most re- 

spected authorities in electronics, has been 
collecting surefire troubleshooting methods 
for many years. From experts. In all areas of 
electronics. Now he's put the best of them, 
along with his own proven techniques, into 
TESTED ELECTRONICS TROUBLESHOOTING 
METHODS. 

This book is presently selling for $12.95. But, 
now you can have it for just $1.98. YOU SAVE 

$10.97! 
It's our way of introducing you to the 

Electronics Book Service, the no -risk book club 
which is currently keeping over 50,000 techni- 
cians, troubleshooters and hobbyists informed 
of the best, more useful new books in the field of 
electronics. 

TESTED ELECTRONICS TROUBLE- 
SHOOTING METHODS is typical of the selec- 
tions we offer members. It gives you solid, expert 
help on all kinds of troubleshooting problems. It 

shows you how to save time-money-and work. 
This is why we have chosen it to introduce you 

to the Electronics Book Service. Join now, as a 

trial member, and you'll receive your copy of 

TESTED ELECTRONICS TROUBLESHOOTING 
METHODS-for just $1.98! This is your only fi- 
nancial commitment of membership. For the 
Electronics Book Service is a risk -free book 
club: As a member, you buy only what you want, 
when you want, and always at a substantial dis- 
count! 

When you receive your copy of TESTED ELEC- 
TRONICS TROUBLESHOOTING METHODS, 
you'll learn an easy method that reduces the 
bulk of electronic repair to the simple applica- 
tion of 4 basic troubleshooting techniques. Four 
minimum -time, maximum -efficiency proce- 
dures that will solve 99% of your electronic re- 
pair problems. And with record ease. speed and 
accuracy. 

THE SYMPTOM -FUNCTION TECHNIQUE 
will quickly isolate the defect to a particu- 
lar part of the equipment. Once you iso- 
late the trouble spot.. 
THE SIGNAL -TRACING TECHNIQUE will 
help you find the stage-amplifier-logic 
gate-or whatever the cause of the trou- 
ble. 
THE VOLTAGE -RESISTANCE TECHNI- 
QUE will precisely pinpoint for you the 
defective component. 
THE VOLTAGE -SUBSTITUTION TECH- 
NIQUE will verify the trouble and, in some 
types of equipment, find the solution 
from among the remaining possibilities. 

These 4 basic techniques form the foundation 
for all successful troubleshooting. You can use 
them singly or in combination. They work like 
magic for all the top-level electronics experts. 
And they'll work for you! 

And these 4 techniques aren't the only sure- 
fire troubleshooting techniques you'll find in 
TESTED ELECTRON ICS TROUBLESHOOTING 
METHODS. Buchsbaum bring you a whole 
battery of time -saving, work -saving methods 

how 4 easy -to -use 
troubleshooting techniques 

can solve 99% of your electronic 
problems in record time! 

Act now. Save $10.97. Publisher's price: $12.95. 

Yours for just $1.98. 
-methods which the nation's most success- 
ful electronics experts are using. 

For bonuses, Buchsbaum gives you additional 
guidelines for getting the most out of your 
equipment. You'll see how to test and calibrate 
all standard meters. Even how to get the most 
for your money when you select test equipment. 

What's more, you'll discover methods for find- 
ing and solving intermittent defects-which are 
usually hard to find. And for dealing with inter- 
ference defects-which are often mistaken for 
component failure. 

TESTED ELECTRONICS TROUBLESHOOT- 
ING METHODScontainsover 100 illustrations 
that simplify these methods and formulas the 
experts use. You'll have the circuit and block 
diagrams- tables - charts -schematics - 
and checklists that make Buchsbaum's trou- 
bleshooting techniques easy to apply. 

With this battery of simplified troubleshoot- 
ing techniques, you'll be able to handle all 
kinds of electronic repair work quickly- 
easily-economically. And without wasting 
time-doing unnecessary extra work-or 
going through endless trial -and -error. For these 
reasons, TESTED ELECTRONICS TROUBLE- 
SHOOTING METHODS is a perfect introduc- 
tion to the ...ELECTRONICS BOOK SERVICE. 

The Electronics Book Service does a job 
which you don't have time to do for yourself. 
We carefully screen the hundreds of books on 
the subject, select those which are the most 
useful or whicn bring you the latest informa- 
tion on technical innovations and improve- 
ments of prime importance. 

Your membership is an ideal way to keep in 
touch with the onrushing advances in elec- 
tronics and its applications-to keep on top of 
a rapidly changing technology. 

As a member, you can build a professional 
library of superb quality and permanent 
value-one which will meet your every interest 
and requirement, always available for you to 
consult for expert help in any need. And you 
can acquire this library as quickly or as slowly 
as you choose. 

Remember, the Electronics Bock Service 
has no minimum purchase requirements as do 
many book clubs. Once you've paid $1.98 for 
TESTED ELECTRONICS TROUBLESHOOT- 
ING METHODS, you don't need to purchase 
any further selections! 

txw, 
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Why delay? Mail the coupon below to get your 
copy of this $12.95 handbook for only 
$1.98-and to receive all the benefits of mem- 
bership in the Electronics Book Service on a 

risk -free trial basis. Fill out and mail your coupon 
light away. 

Here is the practical 
and efficient way 
in which the Electronics 
Book Service operates. 

1. When you enroll as a member, you 
receive-for only $1.98 (plus postage and 
handling, with tax where applicable)-your 
copy of TESTED ELECTRONICS TROUBLE- 
SHOOTING METHODS. This is the only obliga- 
tion you are committed to make. 

2. You are under no obligation to accept any 
minimum number of selections within any 
time limit. You can take as many or as few as 
you wish. And, you may resign at any time with 
no obligation once you have paid for your copy 
of TESTED ELECTRONICS TROUBLE- 
SHOOTING METHODS. 

3. On selections you do accept, your mem- 
bership entitles you to a discount from the 
publisher's list price. This discount is availa- 
ble to members only and provides you with 
substantial savings. 

4. Every four weeks we'll send you a free 
bulletin describing the current selection. If 
you want the selection, no action is required; it 
will be shipped to you automatically. If you 

don't want it, just return the card enclosed 
with the bulletin. 

5. You have at least 10 days to decide 
whether you want the selection or not. Return 
the card so we receive it no later than the date 
specified. If you don't have 10 days to answer 
and receive an unwanted selection, return it at 
our expense. 

6. Each bulletin also describes a number of 
alternate or additional selections. also availa- 
ble to you at the special discount price for 
members. 

r - FILL OUT AND MAIL THIS COUPON TODAY.. 

ELECTRONICS BOOK SERVICE 
Dept. 6651-P1(5), P.U. Box 42 

Weal Nyack, N.Y. 10994 

' Please enroll me in Electronics Book Service on a risk -free trial basis. I am to 

receive announcements free of charge, and will be entitled to full privileges as a 

member-without obligation to buy any specific number of club selections. As my 

first selection under this trial membership, send me TESTED ELECTRONICS 
TROUBLESHOOTING METHODS for only $1.98 (plus postage and handling, with 
tax where applicable). 

Name 

Address 

City State Zip 

Oiler Smiled to new members (U.S. and Canada) only. 
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IDEAL FOR 
SHORE 

cartridges 

One size Sita 

all Shure 
p 

cartridges 

Replacer 
stylus t, 

Shure 
v-15 

Needle in the 
hi-fi haystack 
Even we were astounded at how 
difficult it is to find an adequate 
other -brand replacement sty/us for a 
Shure cartridge. We recently 
purchased 241 random styli that were 
not manufactured by Shure. but were 
being sold as replacements for our 
cartridges. Only ONE of these 241 
styli could pass the same basic 
production line performance tests 
that ALL genuine Shure styli must 
pass. But don't simply accept what 
we say here. Send for the documented 
test results we've compiled for you in 
data booklet # AL548. Insist on a 
genuine Shure stylus so that your 
cartridge will retain its original 
performance capability-and at the 
same time protect your records. 

Shure Brothers Inc. 
222 Hart rey Ave., Evanston, IL 60204 
in Catada: A.C. Sirmnonds at Sons Limited 

=SHURE. '® 

71 

SNU 
. 

Mann/acturers of high fidelity components. 
microphones. sound systems and related circuitry. 
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POPULAR ELECTRONICS 

SENCORE CB SCOPE CONVERTER 

Sencore's Model CB44 27 -MHz CB scope 
frequency converter allows the display of CB 
modulation envelopes on any oscilloscope 
having a 1 -MHz vertical bandwidth. In opera- 
tion, the CB44's input cable is attached to the 
transceiver's antenna output jack and the 
scope probe is attached to universal output 
loops on the converter's enclosure. Power for 
the converter circuity is taken from the incom- 
ing CB signal. An internal dummy load dissi- 
pates the transceiver's r -f output. A 1.2-V p -p 
max. output at the transmitted frequency is 
also provided for use with frequency count- 
ers. The CB -44 can be used on any of the 40 
CB channels. $75. 

CIRCLE NO. 99 ON FREE INFORMATION CARD tures a 12" (30 -cm) woofer and matrix cross- 
over. The D-502, an improved version of the 
David 50, is said to have an improved woofer 
and crossover network. A LED in the D-502 
flickers when the tweeter reaches its power - 
handling limit to warn the user of an overdrive 
condition. The Sub -1/D-502 combination is 
rated to handle up to 200 watts/channel, 
while minimum driving power is specified to 
be 40 watts/channel. Frequency response of 
the system is rated at t2 dB from 28 to 
20,000 Hz. Crossover is nominally at 160 Hz. 
The Sub -1 is available in a walnut wood cabi- 
net with dark brown grille ($450) or dark gray 
cabinet with handles, black foam grille, and 
bright metal surround ($500). The D-502 and 
Sub -1 are available separately. 

CIRCLE NO. 97 ON FREE INFORMATION CARD 

HAMMOND AUDIO EQUIPMENT RACK 

The Audio -File equipment rack from Ham- 
mond Industries, Inc. is designed to hoLse 

e 

HEATH TRI-OUTPUT POWER SUPPLY 

The Heath Company's new Model IP-2718 
experimenter's power supply kit has three 

I!E 
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r .. 
floating outputs that can be interconnected as 
the user desires. A fixed 5 -volt output at 1.5 A 
dc and two variable 0 -to -20 -volt outputs at 
0.5 A dc each are available at front -panel 
binding posts. The two variable outputs can 
be tracked to "follow" each other at any spec- 
ified voltage difference. All outputs are short- 
circuit protected with current limiting. They 
can be operated independently, in series, or 
in parallel. A switchable front -panel meter 
monitors output voltages and currents. The 
supply is also available factory assembled, 
Model SP -2718. Prices are $80 (IP-2718) 
and $140 (SP -2718). 
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AUDIO-TECHNICA TONEARM LIFT 

The Model AT6005 pneumatic tonearm lift 
from Audio-Technica is designed to add a 
built-in cueing feature to turntables not so 
equipped. The arm operates by air pressure - 

stereo equipment in a rack that takes up 22" 
x 19" (55.9 x 48.3 cm) of floor space and 
stands 48" (121.9 cm) high. The brushed alu- 
minum mainframe is accented with black 
Plexiglass side panels. The Audio -File is 
available in kit form for $350. It is also avail- 
able in a Decor Matching Kit of aluminum - 
only design for about $210, which gives the 
buyer the opportunity of selecting panels and 
shelves to color match existing decor. Ad- 
dress: Hammond Industries Inc., 155 Michael 
Dr., Syosset, NY 11791 
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rather than fluid to eliminate leakage and 
pressure changes that often occur as a result 
of changes in temperature. The lift mech- 
anism is said to be easily mounted on most 
turntable bases and raises the tonearm 9/64" 
(3.6 mm). For flexible mounting, the lift 
comes with a 20" (50.8 -cm) rubber tube that 
permits placing the lift actuator on any turnta- 
ble base location. $30. 
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The Realistic Mach One isn't just for your ears! 
Multicell midrange horn 

Provides a true spatial image. 
Smooth 800-8000 Hz response 
for a "live" presence. 

Heavy-duty tweeter horn 
Delivers crisp and clean highs 
from 8000 to 25,000 Hz. 

Treble, midrange L -pads 
Calibrated controls for precise 
adjustment of response to suit 
room acoustics. 

Oiled walnut veneer 
We make speaker positioning 
easy by including a cabinet with 
the look and feel of fine furniture - so the Mach Ore looks great 
anywhere! 

. 

Removable grille 
The sturdy grille frame snaps on 

and off for easy access to the 

response controls. 

9'' 

. 

. 

I....-... _ _ 

e 

Massive 
15" woofer 

The acoustic suspension, 
large -excursion cone has 

an effective radiating 
area of over 100 square 
inches-the equivalent of 
a huge air -pump - for 
bass you can feel all the 
way down to 20 Hz. The 
four -layer voice coil is 

wound on a brass form for 
heavy power handling 

° y capacity-over 100 watts 
peak program material. 

,t - - 

A great loudspeaker doesn't just please your ears. It reproduces deep bass 

with a power and punch your entire body feels ... it recreates the live 

ambience so accurately that when you close your eyes, you're "on location" in 

that auditorium, concert hall or night spot ... and it delivers top performance 
with both moderate and high-powered amplifiers. If you think we're talking 

about a $400 speaker, you haven't experienced the Mach One. For under 

$200 each*, you get incredible "live theatre" sound from a name you can 

depend on: Realistic. Backed by 56 years in audio design, manufacture, 

sales and service. So bring in your favorite record for a Mach One 

audition, and discover the feel of music. 

FREE! New '78 Catalog 
Come in for your copy 

' and see what's really 
new in electronics. 164 

pages, 100 in full color. 
2000 exclusive items. 

Retail price may vary at individual stores and dealers. 

SOLD ONLY WHERE YOU SEE THIS SIGN: 

Radie IhaeK 
A TANDY COMPANY FORT WORTH. TEXAS 76102 

OVER 6000 LOCATIONS IN NINE COUNTRIES 
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HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS! 
Write and run machine language programs at home, display video graphics 
on your TV set and design microprocessor circuits - the very first night - even if you've never used a computer before! 

RCA COSMAC microprocessor/mini- SPECIFICATIONS 
ELF II features an RCA 
COSMAC COS/MOS 8 -bit 
microprocessor address- 
able to 64k bytes with 
DMA. interrupt, 16 regis- 
ters. ALU, 256 byte RAM, 
full hex keyboard, two 
digit hex output display, 
5 slot plug-in expansion 
bus, stable crystal clock 
for timing purposes and a 
double -sided plated - 
through PC board plus 
RCA 1861 video IC to dis- 
play any segment of mem- 
ory on a video monitor or 
TV screen. 

USE ELF II FOR... 
GAMES 
Play interactive keyboard games, 
games with analog inputs, games 
utilizing your TV set for a video 
display! 

GRAPHICS 
Create pictures, designs, alpha-, 
numerics and fabulous animated 
effects on your TV screen for 
hour after hour of family fun! 
CIRCUIT DESIGN 
Design circuits using a micro- 
processor. Use ELF II as a 
counter, alarm system, lock, 
controller, thermostat, timer, 
telephone dialer, etc. The pos- 
sibilities are infinite! 
Coming Soon! 
Exclusive Netronics Plug -In 
Program Debugger and monitor 
allows visual display of any 
program on a clock pulse by 
clock pulse basis to help you 
learn programming f-a-s-Il 4k 
memory Cassette I/O D to 
A, A to D Controller plug -ins. 

va= zi computer 

s 
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A THOUGHTFUL GIFT 
FOR ANYONE WHO MUST 

STAY UP TO DATE IN 
COMPUTERS AND 

ELECTRONICS' 

$9995 
ELF- II 

SEND TODAY -amt_-NMMN1 
I NETRONICS R&D LTD., Dept. PEI I 

333 Litchfield Road, New Milford, CT 06776 Phone (203) 354-9375 
Yes! / want ro run programs at controllers, etc. (soon to be 
home and have enclosed: available as kits). Manual in- I 

$99.95 plus $3 p&h for RCA eludes instructions for assembly, 
COSMAC ELF II kit. Featured testing, programming, video I 
in POPULAR ELECTRONICS. graphics and games plus how 
Includes all components plus you can get ELF II User's Club I 
everything you need to write bulletins. Kit can be assembled 
and run machine language pro- in a single evening and you'll 
grams plus the new Pixie chip still have time to run programs, that lets you display video including games, video graphics, 
graphics on your TV screen. De- controllers, etc., before going to 
signed to give engineers practice bed! $4.95 for 1.5 amp 6.3 
in computer programming and VAC power supply, required for II I 
microprocessor circuit design, ELF II kit. $5.00 for RCA 
ELF II is also perfect for college 1802 User's Manual. 
and college -bound students (who I want mine wired and tested must understand computers for with the power transformer and II I any engineering, scientific or RCA 1802 User's Manual for I business career). Easy instruc- $149.95 Plus $3 p&h, tions get you started right away, Conn. res. add sales tax. even if you've never used a com- 
puter before! NAME 

As your need for computing 
ADDRESS power grows, five card expan- 

sion bus (less connectors) allows CITY memory expansion, program de- 
bugger/monitor, cassette 110, A STATE 7IP 
to D and D to A converters, O Send info on other kits! 

LPROM, ASCII keyboard inputs, Dealer Inquiries Invited M----ri mom u^-t:-i_tir 
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tt 11ILIntosh CATALOG 
ia. and FM DIRECTORY 

Get all the newest and latest information on the new McIntosh Sol- 
id State equipment in the McIntosh catalog. In addition you will 
receive an FM station directory that covers all of North America. 

II If It D 'E H '42. 
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MX 113 
FM/FM STEREO - AM TUNER AND PREAMPLIFIER 

i 

NAME 

TODAY!... I 
ADDRESS 

I CITY STATE ZIP 

McIntosh Laboratory, Inc. 
East Side Station P.O. Box 96 
Binghamton, N.Y. 13904 
Dept. PE 

If you are in a hurry for your catalog please send the coupon to McIntosh. 
For non rush service send the Reader Service Card to the magazine. 
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New Literature 

ALLISON SPEAKER CATALOG 

Allison Acoustics' new catalog describes its 
line of loudspeaker systems. An introductory 
section explains the operating principle of Al- 
lison's convex -diaphragm, mid -range and 
tweeter drivers and how its room -matched 
speaker systems generate flat power output. 
Comprehensive mechanical, electrical and 
performance specifications for each model 
are included. Address: Allison Acoustics, 
Inc., 7 Tech Circle, Natick, MA 01760. 

UL SAFETY REQUIREMENT SPECS 

"How to Specify Products That Meet UL 
Safety Requirements" is a new brochure 
from Underwriters Laboratories, Inc. Written 
in a question and answer format, the guide 
provides information on the specification of 
products, materials and systems that meet 
UL requirements. Address: Underwriters 
Laboratories, Inc., Public Information Office, 
207 E. Ohio St., Chicago, IL 60611. 

CITIZENS BAND BOOKLET 

"The ABC's of CB" by Sparkomatic dis- 
cusses the components of a CB system and 
what to check before buying them; FCC rules 
and regulations; and the advantages of own- 
ing a CB radio. A glossary of code terms and 
a list of sample "handles" are also included. 
Price, 50 cents. Address: Sparkomatic Corp., 
Milford, PA 18337. 

ALEXANDER BATTERY CATALOG 

An 8 -page catalog from Alexander Manufac- 
turing describes its line of batteries for com- 
munications and portable video equipment. 
Nickel -cadmium and alkaline -mercury batter- 
ies are listed, including a line of replacement 
batteries for ENG video tape recorders and 
cameras. Comprehensive electrical specifi-' 
cations are provided. A section describing the 
company's automatic battery chargers is also 
included. Address: Alexander Manufacturing 
Co., Box 1645, Mason City, IA 50401. 

CONSUMER GUIDE TO METRICS 

The Commerce Department's National Bu- 
reau of Standards has revised and updated 
its guidebook "What About Metric?" The new 
edition includes changes that resulted from 
the passage of the Metric Conversion Act of 
1975, and explains how the metric system 
will be used on a daily basis with common 
measures and weights problems. Price, 35 
cents. Address: Consumer Information Cen- 
ter, Pueblo, CO 81009. 
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 Stereo Scene 

NEW TESTS FOR LOUDSPEAKERS 
THE MORE I think about it, the more 

convinced I become that your typi- 
cal little neighborhood hi-fi test lab is no- 
where without-at the very least-a 
spectrum analyzer. A colleague dropped 
in the other day with his Hewlett-Pac- 
kard 3580A, in order to examine a lac- 
quer disc he had just had mastered at a 
downtown studio. The ease with which 
he rocketed through a series of tests 
that would have taken me endless time 
and interconnecting cables (only to find 
out, much later, that what I had mea- 
sured was the hum from some faulty 
ground) was most depressing. 

With practice my friend has become a 
fair hand with his instrument, so that he 
was halfway finished with his work be- 
fore I had abandoned my search for an 
unused ac wall outlet (not realizing that 
the H -P has a self-contained battery 
pack). So now, contemplating my only 
recently acquired and quite conventional 
THD and IM analyzers, I know how a 
modern commando might feel when he 
must face the world armed only with a 
stone axe. Furthermore, things have 
gotten to the point where some people 
feel that even a spectrum analyzer is 
primitive equipment. "Your basic spec- 
trum analyzer is okay, to be sure, but it 
doesn't begin to achieve its full useful- 
ness until interfaced with your basic lab- 
oratory computer." And etcetera. 

The Well -Tested Speaker. What 
the new shape of test instrumentation 
will mean to the development and evalu- 
ation of loudspeakers is as yet a little 
hard to say. Several speaker manufac- 
turers and even a few speaker reviewers 
have embraced the new technology for 
its awesome power, particularly in stud- 
ies relating to loudspeaker performance 
in the time domain. Here, there appears 
to be much remaining to be accom- 
plished. To date their work has generally 
shown that, yes, in the objective sense, 
the typical loudspeaker's performance is 
every bit as bad as we all suspected. 
Thus, we have been left to puzzle out 
why devices that measure so bad can 

r.. .. o _ 'i =. ¿' ' 45 
By Ralph Hodges 

manage to sound so good to our ears. 
On the other hand, the new measure- 

ment techniques have permitted some 
appreciable (objective) improvements in 
these areas of speaker performance, 
and the products embodying them have 
been marching into the marketplace in 
steadily increasing numbers. So far, 
most reviewers have found that the best 
of these is every bit as good as the best 
speaker systems designed without 
benefit of the new techniques. However, 
they have not as yet had any universally 
persuasive or consistent reason to de- 
clare them any better. 

For example, in recent years hologra- 
phy has provided a whole new way of 
studying the behavior of loudspeaker 
diaphragms. And, sure enough, coher- 
ent -light photographs have shown time 
and again that speaker cones move as 
ideally rigid pistons a.Iot less of the time 
than we would like. In particular, photo- 
graphs of tweeter domes have revealed 
that as frequency increases, there is of- 
ten a tendency for the central region of 
the dome to physically decouple from 
the periphery near the voice coil. In ef- 
fect, under high accelerations the center 

of the dome tries to stand still, turning 
the diaphragm into a ring radiator in- 
stead of an integral piston. Since a ring 
radiator of this type has undesirable dis- 
persion characteristics, it has been sug- 
gested that a cone tweeter with a small - 
diameter voice coil is likely to exhibit bet- 
ter dispersion at very high frequencies 
than a dome. However, the plausibility of 
this case notwithstanding, you'll notice 
that the popularity of the dome device 
has not perceptibly declined with speak- 
er designers. For many applications it 
apparently remains the best compro- 
mise between power -handling ability 
and acceptable dispersion, and the so- 
phistication with which its misbehavior 
can be measured has not yet changed 
the situation very much. 

Isolating Meaningful Distortion. 
Elsewhere, the new techniques and in- 
strumentation show signs of leading to 
immediate and meaningful progress. In 
the August 1977 Stereo Review, Peter 
Fryer of Rank HI Fl in England describes 
investigations into several postulated 
loudspeaker faults (Doppler distortion, 
for example) that no one has yet really 
succeeded in pinning down. These were 
all phenomena that are difficult to mea- 
sure, and hence their effects on the mu- 
sic -listening experience have not been 
characterized or quantified. Instead of 
trying to measure them as they exist in 
available products, Fryer artificially gen- 
erated these distortions through various 
means and injected them (in known 
amounts) into speakers he had reason 
to believe were acceptably free of them 
to begin with. 

When Fryer was finished, the "mys- 
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There are few DC amplifiers in the world 
with THD as low as 002%. 
But there's only one prcediJnder400. 

Introdudrg the Technics SE -9060 stereo/monc DC 

amplifier. Its concept is simple: amplification with 
inaudible distortion. 

How Technics achieved this elusive goal is 

not quite so simple. Like the difference our newly 
developed dual FETs make in the current mirrcr-load 
differential ampl f.er. They enable the SE -9060 to 
achieve the DC stability necessary for the highest gain 
in the crucial firsr stage. 

Another difference is the constant current 'road 

and cur-ent feedback used in the voltage amplifier to 
reduce distortion to c minimum. A minimum so low -it 
is barely detectable with the -most advanced 
measuring equipmen-. 

Butt inaudibne distortion was not the engineers' 
only goal. That's why Technics SE -9060 is a DC 

amplifier. Each cmp section and the NFB loop is direct 
coupled without the use of any capacitors. So. tie 
SE -9060 not only has inaudible distortion, it also 

CIRCLE 

boasts flat frequency -esponse from DC to 100 kHz 

with almost norexistens phase shift. 
In addition.to-all the improvements in the 

amplifier stages, Technics alsc eliminated all signs of 
transient distortion with completely independent 
power supplies to: each channel. 

Compare specifications and prices. And you'll 
reat'ize there's no ccriparison for the SE -9060. 

POWER OUTPL.11: 70 wats per channel (stereo), 
18C watts (mono) min. RMS into 8 ohms from 20 Hz to 

20 kHz with no m,o"e than 0.002% THD. INTERMOD- 

ULATION DISTORTION (60 Hz: 7 kHz, 4: 1): 0.02%. 
FREQUENCY RESPONSE: DC -100 kHz, +0 dB, 
- dB. POWER 3ANCWIDTI{ 5' Hz -50 kHz, -3 dB. 

S/N: 120 dB (IHF A). RESIDUAL HUM & NOISE: 100 µV. 

INPUT SENSITNTY & IMPEDANCE: 1 V/47k52. 
SUGGESTED RETAIL PRICE: $399.95Y 

Technics' SE -906+0. A rare combination of audio 
:.;=technology. A new standard of audio excellence. 

7ecFnics recommended arce. but actual retail price will be set by dealers. 

Technics Professional Series 
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tery distortion" that stood out as being 
most irritating to listeners, even in rela- 
tively small amounts, was a rather 
prevelant distortion that he calls "de- 
layed resonance." Delayed resonance 
is simply whatever "sound" of a reso- 
nance persists after the input signal to 
the loudspeaker has ceased. Because it 
persists, it is presumably less subject to. 

psychoacoustic masking than a distor- 
tion that cuts off with the input. Fryer re- 
ports he confidently expected the sharp, 
"high -Q" type of resonance to be the 
most objectionable to listeners. It wasn't. 
It seems such resonances involve so 
narrow a band of frequencies that most 
program material sets them off relatively 
rarely. Nor were broadband low -Q reso- 
nances a problem; they tended to be 
heard as equalization errors, and could 
be equalized out effectively. No, it was 
the intermediate conditions that raised 
the most objection-something that 
would not have been obvious without 
these investigations. 

Measuring Delayed Resonances. 
From the evidence of Fryer's work, it ap- 
pears that something quite definite is 
now known about a rather elusive loud- 
speaker fault. Where can we go with this 
knowledge? Very shortly, if not immedi- 

ately, we can go into newly instrumented 
laboratories well equipped to examine 
complicated acoustic phenomena on a 
real-time basis. The sort of work done by 
JVC in computer -derived acoustic - 
wave -form representations (as reported 
in this column last year) has been con- 
tinuing rapidly. And it happens that Fry- 
er's work largely coincided with the de- 
velopment at Acoustic Research of a 
computer system that draws frequency - 
response plots of a loudspeaker's output 
at time intervals as closely spaced as 
fifty millionths of a second (as shown in 
the diagrams). AR refers to this process 
as the "fingerprinting" of a speaker sys- 
tem, and the result as a transient decay 
plot. It begins with the speaker's stimula- 
tion by an impulse-a "gunshot" type of 
input, well-defined in duration and in- 
volving all audio frequencies. The test 
microphone's pickup then undergoes 
spectrum analysis which goes to a com- 
puter to evolve the frequency -response 
plots shown, advancing along a time 
axis that extends into the paper and be- 
gins at the top of the diagrams. 

Part A of the figure shows the poorer 
loudspeaker, and the response ir- 
regularities are precisely those delayed 
resonances studied by Fryer. Note that 
they occupy small -to -medium band- 

widths, tending to confirm Fryer's view 
that moderate -Q resonances are the 
worst degraders of audio quality. 

Interestingly, the AR computer will 
provide these graphical data in three di- 
mensions (using the overlaid red and 
green lines once employed by 3-D com- 
ic books), so that a sort of landscaped 
profile of response plots receding into 
the page can be viewed. Our editorial 
budget does not provide for this kind of 
printing (or for the red- and green -lensed 
goggles that would have to be bound 
into the magazine in order for you to see 
it properly), so you'll have to take my 
word for it. 

Doppler Distortion Revisited. Af- 
ter all these years there seems still to be 
no agreement about Doppler distortion. 
Can it be heard? If so, under what cir- 
cumstances? And is it likely to be trou- 
blesome with real program material 
played on real audio systems? While 
Fryer's investigations were busy dis- 
proving the importance of Doppler dis- 
tortion as an audio "problem," other 
voices were raised to indict it once 
again. 

Doppler distortion is a frequency mod- 
ulation of a high frequency or frequen- 
cies by a low frequency, taking place 

C. ^ YOU OUTS T 
OUR COMPUTER? 

Don't be too sure. The computer built into 
Parker Brothers' new game Code Name: 
Sector"' is capable of making thousands 
of calculations per second. It's as 
powerful as early computers that filled 
entire rooms and sold for millions of F., rco dollars. And, while it gives you 
clues to track down and sink a 
hidden electronic submarine, it 
also helps the sub escape and 

w. 

counter-attack. That's the 
catch that makes,every game - 

a real challenge. Whether L 

you re playing alone or 
4164,91,.. 

against others, your 
toughest opponent is the 
computer. Code Name: 
SectorTM, the new elec- 
tronic board game from 
Parker Brothers. It's a 
game with a mind of its own. 

'PARKER 
G4MES 

FT,A'O))N 

re.0 
1'UIIiV l.l, 

©1977 Parker Brothers Division of General Mills Fun Group Inc.. Salem, Mass. 01970. 
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Introducing the 
Purists would feel better [fit cost over $1j000. 

"To some, hiners' thatoffer 0.08% -HD, 50 cB stereo 
separation, a capture ratio of=0.8 dB and waveform 
fidelity should demand a price.tag of over $1,000. 
-But with the ST-9030'this performance canoe yours 
for. under $400* 

That's quite a feat for a tuner. But then` the 9 

ST -9030 is gcite c tunec.It has two completely 
independent IF circu ts: A narrow band, for ultra -sharp 
selectivity.'And a wide band, for ultra -high separation 
and ultra -law distort on. It even selects the -ight band,. , 

depending on recep-ion conditions, automatically. 
Both bcnds give you the same extended flat r 

frequency response. Because, unlike conventional 
tuners, tie S--9030 utilizes an electronic pilot cancel 
circuit that cjts the pilot signal; without cu-ting any of 
the high end. It's ingenious. And aTechnics nnovation: 

The Technics S--9030 has one of the quietest, ' 

most sensitive front ends of any tuner.. With an ' 

advanced linear frequency 8-garged tunirg capacitor' ° 
and 3 double -tuned circuits, plus dual-gate_MOS° 

- . 

. 

. _ 
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FETs in the 2 -stage RF amplifie- and bolcnced mixer - ° 

circuit. What's n -ore, there's a servo tLning ci _uit that 
lock_ into the -used frequency, egardlessoll -minor 

fluctuations. The result: Negliciole drift disto --ion and 
mcx mum stereo separation. 

Technics ST -9030, Compere specificeti i s. 

Con -pare prices, 'And you'll realize theres redly no 
comparison. 

THD (stereo): Wide -0.O8á ()kHz). Now iw-0.3%: 
(lkl-z): SIN: 80 dB. FREQUENCY RESPCNSE: 

18 kHz 0.1, - 0.5 dB. SELEcrIV,TY: 'de -25 dB. 

Nar-ow-90 dB 'CAPTURE RATl): Wide-11adB. ° 

Narow-2.0 dE. IF, IMAGE and SPURIOCS R=S9ONSE 

REJECTIONS (98 mHz): 135 dB AM SUPPEESEIDN 

(wioe): 58 dB. STEREO SEFARA11JN (1 kHz): /,ide-50 
dB. Marrow -40 dB. CARRIER LEAK: Vcricble - 65 dB " 
(19 KHz). Fixed ---70 dB (19 k -z, 38 <H:). SUGGESTED 

RETAIL PRICE: $399.95 
Technics S--9030. A "rare =oinbinat on o: audio 

"tecl-nolcgy. A new standard cf audio excel ence. 
Techrics recommended price, but cctual cloil orice «il be -t by dealers. 

Technics Profession' Series 
by Panasonic ° ' 
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cordless 
soldering 
iron for 
heavy -use 
applications: 

Complete 
recharge in an 
hour; 

partial recharge 
for use in a 

few minutes. 

Up to 125 electronic joints or more 
per charge. Low voltage, battery 
powered, ground free isolated tip 
design. Ask your electronics dealer. 

16 snap -in tips 
to fit any job 
plus a PC Drill. 

WAHL CLIPPER CORPORATION 
Originators of Practical Cordless Soldering 
Sterling. Illinois 61081 (815) 625-6525 

"Manufacturing Excellence Since 1919" 
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Try this exciting, 
-new hobby! Build 

your own electronic concert 
organ. It's easy. Nó téchnical" 
knowledge required. Just. 
follow the clearly pictured 
instructions, of the famous 
Wersi do-it-yourself system. 

° ° Choose from seven different 
models. Send $2.00 

' (refundable) with coupon for 
colorful 104 page catalog. 

®WEREL. 

.*11"1"C"k"."11.7-71 
srryr r++ .. . .° 

. 

,',-,.0 "-___ 

O eAP. 

Wersi Electronics, Inc. 
Dept.42. Box 5318 

1720 Hempstead Road 
Lancaster. PA 17601 

Enclosed is $2.00 for my copy of your 104 page catalog. 

Name 

Address 

City State Zip 
J 

when a single loudspeaker 'diaphragm is 
called upon to reproduce both. Woofers 
are. usually the accused agents when 
Doppler distortion is cited, because 
theirs are the only diaphragms making 
large enough in -and -out excursions to 
make the effect possible at all. 

Fryer used frequencies within the au- 
dio range in experiments that seemed to 
prove that Doppler effects virtually never 
achieve sufficient magnitude to be audi- 
ble with typical hi-fi speakers. Now, 
Tomlinson Holman of Apt Corporation 
reports that it is precisely those frequen- 
cies outside the audio range that are go- 
ing to cause the trouble: specifically, fre- 
quencies from record warps and defor- 
mations, which peak in energy around 4 
to 6 Hz on many record players (as a re - 

Decay of an impulse 
signal with time as 
reproduced by a 
poor loudspeaker 
(above) and a good 
one (at right). 

B 

suit of arm -cartridge resonance). It hap- 
pens that the ear's sensitivity to flutter 
also peaks at about 4 Hz. Moreover, it is 
certain that the woofer .of an air -suspen- 
sion or ported speaker system will be 
undergoing very large excursions if it is 
being stimulated by any significant 
amount of 4 -Hz energy. 

Holman confidently claims that he has 
heard and demonstrated Doppler effects 
produced by infrasonic signals any num- 
ber of times, and that this is the primary 
reason for the steep low-cut filter he 
builds into his phono preamplifiers. I 

cannot yet report on this matter from 
first-hand experience, but I can at least 
pass along the information for the bene- 
fit of those readers who would like to 
look into it themselves.' 
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WHAT THE EXPERTS 
CALLED THE BEST 

LAST YEAR WASN'T 
GOOD ENOUGH FORUS. 

"IT CANNOT BE FAULTED" 
SA 9500 -STEREO REVIEW 

"AS NEAR TO PERFECT AS WE'VE 
ENCOUNTERED" TX 9500 -POPULAR 

ELECTRON ICS 
"CERTAINLY ONE OF THE BEST... AT ANY 

PRICE' TX 9500 -MODERN HI Fl 

1 r ]r 

sti95Ooi1 
Last ybar, the experts paid Pioneer's 

integrated amps and tuners some of the highest 
compliments ever. 

But rather than sitting back and resting on 
our laurels, we set out to build even better amps 
and tuners. Amps and tuners that would not only 
surpass anything we'd ever built before, but 
anything anyone ever built before. 

Our new TX 950011 tuner is a perfect 
example. 

Its front end features three newly developed 
field effect transistors that work to let you pull in 

beautiful FM reception no matter how far you 
live from the transmitter. 

It has separate bandwidths for weak and 
strong stations. Which means you can filter all 
the noise out of weak stations without worrying 
about overfiltering strong ones. 

And where most tuners have multiplex 
circuits that accidentally cut out some of the 
frequencies that add depth and presence to the 
music, the multiplex circuit in the TX 950011 
preserves them. So the music begins to sound as 

if it's coming live from your living room, instead 
of from some radio station miles away. 

Naturally, after developing a tuner this 
advanced, we had no choice but to create an 
amplifier that could match it. 

That amplifier is our new SA 950011. A fully 

i n a -s 

. ".-. 

1X9 50011 

integrated ámplífíer that's capable of producing a 

continuous power output of 80 watts per 
channel RMS into eight ohms, from 20 to 
20,000 hertz, with no more than 0.1% total 
harmonic distortion. 

In other words, an amp that cannot only 
reproduce the entire audible frequency range of 
every conceivable instrument, but an amp that 
can reproduce all music with a total harmonic 
distortion level well under what the human ear 
can hear. 

Obviously, both the SA 950011 and the TX 

950011 are very sophisticated pieces of 
equipment. But all of the engineering skill that 
went into making them has gone into every tuner 
and amplifier in our new series II. No matter 
what the price, no matter what the 
specifications. 

And that's something you don't have to be 
an expert to appreciate. 

High Fidelity Components 

CD PIONEER.' 
WE BRING IT BACK ALIVE. 

© 1977 U.S. Pioneer Electronics, 85 Oxford Drive, Moonachie, New Jersey 07074. 
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When you do,you'll probably pick CIE© 
You can't afford to settle for less when it comes to something like 

electronics training that could 
affect your whole life. 
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Ivhen you shop around for 
tires, you look for a bar- 

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

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

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

;f * 
If you talked to some of our 

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

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

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

What you should look 
for first. 

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

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

This is the next big impor- 
tant question. After all, your 
career will be built on what you 
can do - and on how 
well you do it. 1111 

Here are r"` 
ways some - 

of CIE's 
trouble- d 

" 

shooting 
programs z 
help you get 
your "hands-on" 
training .. . 

With CIE's 
Experimental 
Electronics 
Laboratory... 
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you learn and review the basics - 
perform dozens of experiments. 
Plus, you use a 3 -in -1 precision 
Multimeter to learn testing, 
checking, analyzing! 

iG - ;¡:w 

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

study, understand and inter- 
pret them! 

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

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

When 
you work with a completely 

Solid -State Color 
Bar Generator- 
actually a TV signal 
transmitter- you study 
up to ten different 
patterns on your TV 

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

the action of a crystal -con- 
trolled oscillator! 

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

simply this: 
All this training takes 

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

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

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

More than half of CIE's 
courses prepare you for the 
government -administered FCC 
License exam. In continuing 
surveys, nearly 4 out of 5 CIE 
graduates who take the exam 
get their Licenses! 
Shop around ...but send 
for CIE's free school 
catalog first: 

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

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

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

IN IM Ell MIR Illa la Ell NZ 
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1 

1 

CIE Cleveland Institute `/ of Electronics, Inc. 
1776 East 17th St,eet. Cleveland, Ohio 44114 

Acc.ediied Member N.don.l Home Stud, Colored 

YES . . I'm shopping around 
for the right kind of career training 
in electronics troubleshooting-and 
CIE sounds well worth looking into. 
Please send me my FREE CIE school 
catalog - including details about 
troubleshooting courses- plus my 
FREE package of home study 
information! PE -4 6 

Print Name 

Address_ Apt 

City 

state Zip 

Age Phone 
(area code) 

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

Mail today: 
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DYNAMIC CROSSTALK 

TO ANYONE who remembers when 1% distortion 
was considered to be "negligible," the refinement 

of modern amplifiers is nothing less than amazing. 
Conventional distortion measurements, either of har- 
monic or intermodulation components, can now be 
made only with the aid of the most sophisticated test 
instruments, and few people would seriously claim 
that a total harmonic distortion measurement of 
0.002% implies a better sounding amplifier than one 
of 0.02%. 

Nevertheless, amplifier designers continue to 
search for ways to improve the performance of their 
products. Admittedly, the audible benefits of most re- 
cent "improvements" are quite subtle, and in some 
cases debatable. Usually, the "improvement" is not 
measurable by established techniques, necessitating 
the creation of new measurement methods or in- 
strumentation. A case in point is the so-called "dy- 
namic crosstalk" effect, which has received attention 
from a number of amplifier manufacturers. This is a 

very -low -frequency phenomenon in which a power- 
ful transient at a low audio or subaudible frequency 
is present in one stereo channel but influences the 
output of the other channel. It is the result of a com- 
mon power supply impedance, where a large current 
drawn by one channel causes a temporary shift of the 
operating voltages in the other channel. In an ex- 
treme case, it is claimed, this can modulate the pro- 
gram in the second channel with the low -frequency 
transient in the first channel. 

One might ask, how does this differ from ordinary 
intermodulation distortion? As I see it, ít differs ín 
two basic respects: First, the low- and high -frequency 
signals are not present in the same program channel, 
so that the intermodulation occurs only through in- 
teractions via the common power supply impedance. 
Second, the IM effect is not caused by a direct modu- 
lation of one waveform by another, but rather by the 
envelope of a low frequency transient affecting high- 
er -frequency signals. This being so, no IM would be 
detectable in a conventional steady-state measure- 
ment, but only when a low -frequency transient oc- 
curs. 

If this effect exists, the most logical way to elimi- 
nate it is by separating the power supplies for the two 
channels (assuming that the amplifier circuits have 
already been designed to minimize the effects of tran- 
sient supply voltage changes). This can be done at 

minimum expense by using separate rectifier and 
filter systems with a common power transformer. A 
more complete isolation results from using separate 
power transformers as well for the two channels. 

This was the approach taken by the designers of 
the Mitsubishi Model DA -A15 amplifier reviewed 
here. Of course, this use of separate power supplies 
and transformers is not new. Harman-Kardon has em- 
ployed separate power transformers for some years in 
its receivers and amplifiers and, more recently, this 
feature has been used in amplifiers from Kenwood, 
Pioneer, and other well-known manufacturers. 

Two questions naturally come to mind. Can the 
effect of separate power supplies (or the lack thereof) 
be measured, and can it be heard? Dynamic crosstalk 
can be measured by applying a low -frequency tran- 
sient signal (such as a pulse, square wave, or tone 
burst) to one channel and a high -frequency continu- 
ous signal, or no signal at all, to the other channel. 
The magnitude of low -frequency output in the sec- 
ond channel, compared to that in the first, is a mea- 
sure of the crosstalk between channels, and the mod- 
ulation imposed on the high -frequency signal, if any, 
is a measure of the probable effect of such crosstalk 
on program material. 

In our laboratory tests, the crosstalk on amplifiers 
with dual power supplies has been too low to mea- 
sure, and the tests were not applied to enough con- 
ventional amplifiers to provide a basis for compari- 
son. Another test, potentially more sensitive, is to 
drive one channel with a low-level, high -frequency 
signal (we used 10,000 Hz at 0.1 watt) and the other 
channel with a 10 -Hz square wave at full power, such 
as 100 watts. When the high -frequency signal is dis- 
played on a spectrum analyzer, using a narrow, high 
resolution scan, it should be possible to see the side - 
bands resulting from even very low modulation per- 
centages. (Our Hewlett-Packard Model 3580A 
analyzer can reveal such sidebands down to a -90 - 
dB or lower level, corresponding to less than 
0.003%). Even with this technique, no modulation 
effects have been visible on dual power supply 
amplifiers. 

Much more pertinent is the second question, how- 
ever. If it cannot be heard on conventional amplifiers, 
"dynamic crosstalk" can hardly be considered a seri- 
ous problem in sound reproduction, and its elimina- 
tion, however praiseworthy, is of secondary impor- 
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tance. I have never heard anything that could be 
identified as "dynamic crosstalk." To me, amplifiers 
lacking such crosstalk sound exactly like others that 
presumably are not immune to the effect. 

This is not to say that dynamic crosstalk does not 
exist. Under laboratory measurement conditions, 
with the appropriate test signals, it certainly does (or 
can) exist. However, a little thought will reveal why 
it is not, and cannot be, a significant effect from the 
listener's viewpoint. Stereo channel separation at 
very low frequencies is drastically degraded com- 
pared to the midfrequency separation in stereo discs 
(and sometimes in FM tuners). This is of little impor- 
tance, since real music has little or no separation (di- 
rectionality) at very low frequencies. Thus, a low fre- 

quency transient, should it exist, will be present in 
both playback channels at the same time, at nearly 
the same level. Any direct crosstalk will be masked 
by the high-level signal already present in the other 
channel, and intermodulation of higher frequencies 
will be masked by the high level of those signals. It is 
difficult to imagine any "real world" condition, as 
opposed to contrived laboratory conditions, in which 
dynamic crosstalk might be heard (unless it were of 
extraordinary amplitude). 

As things stand, I must conclude that "dynamic 
crosstalk" is one of the lesser aberrations with which 
we have to cope in sound reproduction and is hardly 
worth the effort and expense lavished by some manu- 
facturers on its elimination. 

MITSUBISHI MODEL DA -P10 PREAMPLIFIER AND 
MODEL DA -A1 5 BASIC POWER AMPLIFIER 

Preamp and power amplifier can be combined for 150 watts/channel integrated amplifier. 

r- 
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HIRSCH- 
HOUCK 
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Mitsubishi, a ma- 
jor manufacturer 
in Japan, has en- 
tered the U.S. 
market with a line 

of unusual deluxe high-fidelity compo- 
nents. Two of these, tested here, are the 
Model DA -P10 preamplifier and Model 
DA -A15 basic power amplifier. They are 
sold as separate components but are 
physically and electrically designed so 
that they can be joined to form a single 
integrated amplifier. The power amplifier 
is rated to deliver 150 watts/channel into 
8 ohms at 20 to 20,000 Hz with less than 
0.1% harmonic and IM distortion when 
driven by a 1 -volt input. The preamplifier 
has a nominal 1 -volt output but can actu- 
ally deliver up to 9 volts output to drive 
any amplifier on the market. 

The handles supplied with the amplifi- 
er can be installed at the user's option. 
When in place, they permit the pream- 
plifier to bolt into place to form a single 
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rigid and heavy unit. Another option, not 

tested here, is a peak -indicating power 
meter in place of the preamplifier. In 

this case the latter must be used as a 

separate component. 
The Model DA -P10 preamplifier 

measures 163/4'W x 8"D x 63/4"H (42.5 
x 20.4 x 17 cm) and weighs 13 lb (15.8 
kg). The Model DA -A15 power amplifier 
has the same width and height dimen- 
sions and is 113/4' (28.5 cm) deep and 
weighs 40 lb (18 kg). The nationally ad- 
vertised value of the preamplifier is 

$290; the power amplifier is $590. 

General Description. The most in- 

teresting feature of the two units is their 
complete separation of the two signal 

channels. Mitsubishi calls this design 
approach "Dual Monaural" construction. 
The Model DA -P10 is literally two inde- 
pendent monaural preamplifiers that 
share only a common transformer (sep- 
arate regulated power supplies are used 

for the two channels), function selector, 
volume control, and chassis. In the pow- 
er amplifier, the separation is even more 
complete, since each channel has its 

own power transformer as well. 
The controls for each of the pream- 

plifier's channels are arranged in a hori- 
zontal row. They include a switch for a 

subsonic filter with a 12-dB/octave rate 

below 18 Hz, 11 -position BASS and TRE- 

BLE tone controls (with center DEFEAT 

settings), and a LEVEL control. The large 
ATTENUATOR knob, common to both 

channels, is lightly detented at 2 -dB in- 

tervals over much of its range, with the 

steps increasing in magnitude as the 

control nears its -60 -dB setting. In the 
final counterclockwise position, the AT- 

TENUATOR control shuts off the signal 
entirely. 

Lever switches along the bottom of 
the control panel permit selection of 

stereo or mono MODE, activating and 
deactivating the TAPE MONITOR function, 
and turning on and off the POWER. The 
input SELECTOR at the upper right of the 

panel has positions for two magnetic 
phono cartridges and two high-level 
sources (TUNER and Aux). There is a 

PHONES jack that is designed to drive 
low -impedance (8 -ohm) phones from a 

separate amplifier stage within the 
preamplifier. 

At the upper left of the panel is a 

SPEAKERS switch that can connect either 
of two pairs of speaker systems but not 

both to the power amplifier or silence áll 

speakers for headphone listening. To 
accomplish this, the power amplifier's 
speaker outputs are not brought into the 
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Chances are, someone you know just bought 
a professional 31/2 digit DMM kit for less than 70. 

MOOEL 2000 

FUNCTION 

POWER AC VOLT` AMP OHM 

RANGE 

-. 100~ 10V .1KV 

IO0A ImA 10On,A 

I MIS 10K 100f1 it 10 

Thousands of people have already bought the 
Sabtronics Model 2000... for two main reasons. First, its 
incredible accuracy, range and professional features. 
And second, the incredibly low price of $69.95. 

People everywhere appreciate this bench/portable multi - 
meter. They depend on its basic DCV accuracy of 0.1% ±1 
digit, its readings to ±1999 and its five functions giving 
28 ranges, overload protection and 100% overrange. 

The 2000 is automatically appealing to hobbyist and 
professional alike. With automatic overrange indication, 
automatic polarity, even automatic zeroing. 

Best of all, it's easy to assemble. All the parts you'll need, 
including the high -impact case, come right along with 
the clear, step-by-step instructions. 

The result is a professional quality 31/2 digit DMM 
that you could have paid a lot more than $69.95 for .. 
possibly receiving a lot less. But this one's from 
Sabtronics, specialists in digital technology. 

Maybe you should order yours before you turn the page. 

sabtronics 
INTERNATIONAL INC.INTERNATIONAL INC. 

P.O. Box 64683 Dallas, Texas 75206 (21 4) 369-7310 

GUARANTEE: 

Our guarantee to you; examine the 2000 
DMM kit for 10 days. If you're not satisfied, 
return it unassembled for a full refund of 
purchase price. 

SPECIFICATIONS: 

r 

. MAX INPUT' 

2A - 

COMMON 

Made In U.S.A. 

To: Sabtronics International, Inc. EH78 
P.O. Box 64683, Dallas, TX 75206 

Please send me Sabtronics Model 2000 DMM kit(s) at 

$69.95 each. subtotal 

DC volts in 5 ranges:10011V to 1000V Shipping and handling, $5.00 per unit` subtotal 

AC volts in 5 ranges: 100µV to 1000V Texas Residents Add Sales Tax 

DC current in 6 ranges: 100nA to 2A TOTAL enclosed 
AC current in 6 ranges: 100nA to 2A Name 
Resistance: 0.111 to 20MS/ in 6 ranges 
AC frequency response: 40Hz to 50KHz Street Address 
9mm (.36") LED display 
Input impedance: 10M0 City 
Size: 8"W x 6.5"D x 3"H 
(203W x 165D x 76H mm) State Zip 

'USA only. Canada $6.50. All other countries, $10.00 (surface mail) 
Power requirements: 4 "C" cells (not included) a- 
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Total harmonic distortion and 60/7000 -Hz distortion 

preamplifier as is sometimes done. In- 

stead, the switch controls relays within 
the power amplifier. The relays then 
control speaker switching and are part of 

the amplifier's protective system that 
disconnects the outputs in the event of a 

malfunction and provides a few seconds 
of delay when power is initially applied. 

The signal connectors are recessed 
into the right side of the preamplifier. 

The power amplifier has no operating 
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Harmonic distortion at three power levels 

controls other than a pair of screwdriver - 
adjustable input level controls near the 
input connectors and a speaker selector 
slide switch that is used when the am- 
plifier is driven by preamplifiers other 
than the Model DA -P10. Two pairs of in- 
sulated screw -type speaker terminals 
are provided. The large heat sinks for 
the output transistors occupy the two 
sides of the chassis, while the two power 
transformers and power supply filter ca- 

pacitors occupy the space between the 
heat sinks. 

When the power amplifier and 
preamplfier are joined together, a re- 

mote -control cable links their speaker 
selector sockets and a short cable joins 
the preamplifier outputs to the power 
amplifier inputs. The power cord of the 
power amplifier plugs into one of the 
switched ac receptacles on the pream- 
plifier. The various cables can be folded 
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NOT ALL THREE -HEAD CASSETTE DECKS ARE CREATED EQUAL. 
Some manufacturers have designed their dec<s with 

separate erase, record and playback heads primarily for 
convenience. So you can tape monitor as you record. 

But our new KX-1030 uses separate heads primarily for 
performance. Each designed with the optimum gap to 
record or play back sound more accurately. 

As a result, the KX-1030 has a frequency response of 
35-18,000 Hz (-+- 3 dB using Cr02 tape). 

And to let you take full advantage of the separate record 
and playback heads, the KX-1030 has a Double Dolby' 
system with separate circuits for the record amplifier and the 
playback preamplifier. That way, as you record with Dolby, 
you can also tape monitor with Dolby, so you hear the 
sound precisely as its being recorded. 

The KX-1030 also has a Variable Bias Adjustment 

Control and a built-in oscíllctor, so you can adjust the 
exact bias for the type or brand of tape you use. 

We also built in a rlumbe- of other features like MIC/LINE 
mixing, memory rewind and a peak indicator. 

But as good as all this sounds, wait until you hear the price. 
Because at S375.00", no other cassette deck can match 
the performance and features of our new KX-1030. 

Of course, the only way you're really going to appreciate 
the KX-1030 is to visit your Kenwood dealer. Once you do, 
you'll be convinced: Performance, convenience, and value 
set the l0<-1030 apart from all the rest. 

-Dolby Is the trademark of Dolby Laboratories, Inc. 

"Nationally advertised value. Actual prices are established by 
Kenwood dealers. 

KENWOOD 
For the Kenwood Dealer nearest you, see your yellow pages, 
or write Kenwood, 15777 S. Broadway, Gardena, CA 90248 
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and concealed in special channels along 
the side of the power amplifier. The 
channels are styled to resemble the heat 
sink fins above them. 

The electrical performance specifica- 
tions of the amplifier and preamplifier 
are impressive. In addition to being rat- 
ed to deliver 150 watts/channel at very 
low distortion, the amplifier's specified 
channel separation is 90 dB at 1000 Hz 
and 80 dB at 20,000 Hz, while the un - 
weighted hum and noise in the output is 
rated at less than 0.3 mV with a shorted 
input. The preamplifier's specified 1 -volt 
output is actually rated to deliver a max- 
imum of 9 volts. Depending on the fre- 
quency and input source, its channel 
separation is rated at 80 to 100 dB, and 
its phono input overload level at 1000 Hz 
is specified as 270 mV. 

Laboratory Measurements. We 
laboratory tested the power amplifier 
and preamplifier separately, but for lis- 
tening tests, we joined the two and used 
them as an integrated amplifier. The 
tone controls of the preamplifier had a 
variable bass turnover frequency. The 
bass boost or cut began at frequencies 
from 100 to 400 Hz, depending on how 
far the control was moved from its center 
position. The treble response curves 
were hinged at about 2000 Hz. The 
maximum range of the tone controls was 
about ±12 dB, which is more than suffi- 
cient for their purpose but not so great 
as to invite the possibility of misuse. At 
their DEFEAT settings, the tone controls 
produced a completely flat response, 
within ±0.5 dB from 20 to 20,000 Hz. 

The RIAA equalization was equally 
accurate, well within the normal limits of 
measurement error. It measured within 
±0.5 dB from 20 to 20,000 Hz, including 
the effect of the response of the basic 
amplifier with tone controls defeated. It 

did not change detectably when mea- 
sured through the inductance of typical 
phono cartridges. The subsonic filter 
dropped the output by 2.3 dB at 20 Hz 
and 14 dBat5Hz. 

The rated 1 -volt output of the pream- 
plifier was developed with a high-level 
input of 145 mV or a phono input of 1.95 
mV. The phono overload point was an 
excellent 310 mV. The unweighted 
noise output of the preamplifier was be- 
low our measurement capability of 100 
µV (80 dB below 1 volt) through the 
high-level inputs and measured -79.2 
dB through the phono inputs. This is the 
lowest phono preamplifier noise level we 
have yet measured. 

The outputs of the preamplifier 
clipped at 10.3 volts. At the rated 1 -volt 
36 

level, the THD was 0.0025% at 1000 Hz 
(approximately the instrument residual 
distortion level), 0.0056% at 15,000 Hz, 
and 0.047% at 20 Hz. At 3 volts output, 
which is more than sufficient to drive any 
power amplifier to its full output, the dis- 
tortion at these three frequencies was 
0.0063%, 0.01%, and 0.05%. The IM 

distortion rose from 0.012% at 1 volt to 
0.03% at 3 volts output. 

The power amplifier passed the one - 
hour preconditioning period at one-third 
rated power without difficulty. A novel 
feature is the use of temperature sen- 
sors on the amplifier's heat sinks that 
change color from red to black at 140° F 

(60° C). This alerts the user to the fact 
that the heat sinks should not be 
touched with the bare hand. This is all 
academic because at no time during our 
tests did the sensors change color. 

The outputs clipped at 178 watts/ 
channel into 8 -ohm loads at 1000 Hz. 
The 4- and 16 -ohm outputs measured 
267 and 112 watts, respectively. The 
distortion of this amplifier was among 
the lowest we have yet measured and, 
under most conditions, it was apparently 
less than the residual of our test instru- 
ments, which is approximately 0.002%. 
At 1000 Hz, the measured THD was 
0.0022% to 0.0027% from 0.1 watt to 10 
watts output. It rose to 0.0036% at 100 
watts and to 0.0056% at 180 watts, just 
at the clipping point. The IM distortion 
was 0.004% to 0.008% up to 10 watts 
and 0.013% at 180 watts. Unlike almost 
every other amplifier we have tested, the 
distortion of this amplifier did not rise at 
very low power levels. Although the IM 
measurements indicated an apparent 
rise from 0.004% in the vicinity of 1 watt 
to 0.032% at a few milliwatts, this proved 
to be the random noise within the inter - 
modulation analyzer. 

At the rated 150 -watt output, the THD 
was about 0.02% between 20 and 30 Hz 
and about 0.005% from 100 to 1000 Hz. 
It rose smoothly to 0.04% at 20,000 Hz. 
At lower -power outputs the shape of the 
distortion curve was similar, although 
the percentages were. generally less. 
The amplifier was driven to a reference 
output of 10 watts by a 0.27 -volt input, 
and the unweighted noise output was a 

very low -87 dB referred to 10 watts. 
The square -wave rise time of 0.7 µs was 
exactly as rated, and the measured slew 
rate of 20 V/µs was slightly better than 
the rated 15 V/µs. 

We also measured the interchannel 
crosstalk, since it is claimed to be a spe- 
cial quality of the amplifier. With the aid 
of our Hewlett-Packard Model 3580A 
spectrum analyzer, we were able to veri- 

fy that the crosstalk was -120 dB at 20 
Hz, -110 dB at 1000 Hz, and -80 dB at 
20,000 Hz. These figures not only meet 
or surpass the manufacturer's claims, 
they are well-nigh unmeasurable without 
the use of sophisticated and expensive 
test equipment. 

User Comment. Both the power am- 
plifier and the preamplifier are hand- 
somely finished in semigloss black, and 
the latter has a satin -finished aluminum 
front panel with matching metal knobs. 
The power amplifier's major compo- 
nents-power transformers, filter capa- 
citors, and heat sinks-are exposed to 
view instead of being hidden by a dust 
cover or cabinet, resulting in a most at- 
tractive piece of equipment. When the 
two units are joined together, they form 
an integrated amplifier system of excep- 
tional power and performance, with a 
combined depth of only 16 3/4' (42.4 cm). 

In its S/N, distortion, flatness of re- 
sponse, and interchannel isolation, the 
system is far above the norm. A few oth- 
er amplifiers can match one or more of 
its individual characteristics, but none 
we have yet tested show the overall per- 
fection of performance exhibited by this 
preamplifier/power amplifier system. 

In the quest for certain levels of elec- 
trical performance, Mitsubishi engineers 
have chosen to eliminate some func- 
tions commonly found on lesser amplifi- 
ers. We concur with the omission of 
"loudness compensation," although the 
separate level controls on each pream- 
plifier channel, in addition to their chan- 
nel balance functions, would also have 
made it possible to add a well -designed 
loudness compensation system to its 
maximum effectiveness. Similarly, the 
absence of a high -cut filter is hardly a 
drawback, in view of the ineffectiveness 
of most such filters. On the other hand, 
we were surprised to see an amplifier of 
this quality and price with provision for 
only one tape recorder, since even me- 
dium-priced receivers often can control 
two tape decks, thus providing cross - 
dubbing capability. 

No stereo program will have more 
than 30 dB or so of midrange isolation 
between channels (considerably less at 
the frequency extremes), which would 
make the 100 -dB isolation of the Mit- 
subishi amplifier a case of "overkill." 
However, if normal crosstalk levels are a 

source of audible signal degradation, as 
it is sometimes claimed, the Mitsubishi 
amplifier certainly sets a standard for the 
industry. Interestingly, the channel isola- 
tion is so great here that it would be pos- 
sible to use the DA-P10/DA-A15 corn - 
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bination as two independent mono am- 
plifiers with completely different pro- 
grams and have no audible interaction 
or crosstalk between them. 

We have said nothing about the 

sound of the Mitsubishi preamplifier/ 

amplifier for the simple reason that, like 

other fine amplifiers, it has no sound. 

The special appeal of this system lies in 

its superb construction, uncompromis- 

ing quality standards, and general aura 

of elegance. For those who have no 

need for the full power of the Model DA - 

A15, the company's Model DA -A10 is 

available at a lower price. Except for its 

100 watt rating, it is identical to the Mod- 

el DA -Al 5. 
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DUAL MODEL 1245 AUTOMATIC TURNTABLE 

Belt -driven automatic player provides extremely quiet operation. 

HIRSCH. 
HOUCK 
LABS 
REPORT 

The Dual Model 

1245 is a two - 
speed, belt -driven 
automatic player. 
It boasts features 

such as the improved tonearm used on 

the company's expensive Model CS721. 

The tonearm is 8.7" (22.1 cm) from sty- 

lus to pivot and has a dual counter- 
weight structure, with an inner mass 

suspended elastically from the outer 
shell. This reduces the effect of the bass 

resonance of the mass of the tonearm 
and cartridge compliance, lowering its 

amplitude and distributing it over a wider 
frequency range. 

The player is supplied installed on a 

wood -trimmed plastic base, with a 

hinged clear plastic cover that remains 
open at intermediate angles. Even the 

platter is mounted in place, leaving only 
the cartridge to be installed to make the 

player ready to be put into service. The 
record player in its base measures 
143/4'W x 141/2"D x 57/é'H (37.5 x 36.8 
x 15 cm) and weighs 14 pounds (6.4 
kg). Nationally advertised value is $230. 

General Description. The tracking 
force dial, located on the side of the 
tonearm's gimbal pivot structure, is cali- 
brated from 0 to 3 grams at 0.1 -gram in- 

tervals over the lower half of the range. 

On the motorboard, next to the base of 

.111/ACE solderless breadboards are more reliable 
than others. 

u, 

A P made the first solder - 
less breadboard way back in 

1968, and we still make them best. 
Because our experience taught us to avoid the pit- 
falls that can mean circuit errors. We do it by paying 
attention to details. Like using non -corrosive nickel - 
silver in our frankly superior terminals. And like 
using a vinyl -insulated back that prevents short 
circuiting. That's why you can count on the reliability 
of our solderless boards when you specify A P ACE 
All Circuit Evaluator Boards, Super StripsTM, Ter- 
minal and Distribution Strips. 

Order from your A P distributor today. For the name 
of the distributor nearest you call Toll -Free 
800-321-9668. 

Faster and easier is what we're all about. 

. N. 

Part 
No. 

ACE 
Model No. 

Tie 
Points 

DIP 
Capacity 

No. 
Buses. 

No. 
Posts 

Board Size 
(Inches) 

Price 
Each 

923333 200K (kit) 728 8 (16's) 2 2 4.9116x59116 $18.95 

923332 208 (assem.) 872 8 (16's) 8 2 4.9116x5.9116 28.95 

923334 2011< (kit) 1032 12 (14's) 2 2 4.9116x7 24.95 

923331 212 (assem.) 1224 12 (14's) 8 2 4.9116x7 34.95 

923326 218 (assem.) 1760 t8 (14's) 10 2 6112x7.118 46.95 

923325 227 (assem.) 27.12 27 (14's) 28 4 8x9114 59.95 

923324 236 (assem.) 3648 36 (14's) 36 4 10.114x9.114 79.95 

Send for our complete A P catalog, The Faster and Easie Book. 

A P PRODUCTS 
INCORPORATED 
Box 110. 72 Corwin Drive 

Painesville, Ohio 44077 
2161354.2101 TWX: 810-425-2250 0, 
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.only $35 
Don Lancaster's ingenius design 

provides software controllable options 
including: 

Scrolling Full performance cursor 
Over 2K on -screen characters 

with only 3MHz bandwidth 
Variety of line/character formats 
including 16/32, 16/64 .... 

even 32/64 
User selectable line lengths 

TELL ME MORE! 
I I Send instruction manual for the TVT-6 Kit 

with full operational details. $1 enclosed. 

Name - 

Address: 

City: State: Zip' 

I I SEND FREE CATALOG 
ELECTRONICS, INC. 

DEPT. 10-P 1020 W.WILSHIRE BLVD.. OKLAHOMA CITY, OK 73116 

CIRCLE N0. 43 ON FREE INFORMATION CARD 

Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Electronics Career through 

HOME 
STUDY , 

' 
Earn Your 

DEGREE 
by correspondence, while continuing your 
present job. No commuting to class. Study 
at your own pace. Learn from complete and 
explicit lesson materials, with additional 
assistance from our home -study instructors. 
Advance as fast as you wish, but take all the 
time you need to master each topic. Profit 
from, and enjoy, the advantages of directed 
but self -paced home study. 

The Grantham electronics degree pro- 
gram begins with basics, leads first to the 
A.S.E.T. degree, and then to the B.S.E.E. 
degree. Our free bulletin gives complete 
details of the program itself, the degrees 
awarded, the requirements for each degree, 
and how to enroll. Write for Bulletin E-77. 

Grantham College of Engineering 
2000 Stoner Avenue 

P. O. Box 25992 
Los Angeles, CA 90025 

Worldwide Career Training thru Home Study 

the tonearm, is an antiskating dial that 
has separate scales for conical, ellipti- 
cal, and CD -4 styli. The cueing lever 
raises and lowers the pickup with a slow, 
damped motion in both directions. A 
small knob can be set to play a record 
only once or to repeat it indefinitely until 
the player is manually shut off. 

The operation of the record player is 
initiated and controlled by a single lever 
near the front of the motorboard. When 
moved to START, it turns on the motor 
and causes the pickup to index to the 
lead-in groove of a 12" (30.5 -cm) record 
if the player is set for 3311 rpm. When 
the 45 rpm speed is selected, the tone - 
arm indexes to a 7" (17.8 cm) diameter. 
After playing the record, the pickup auto- 
matically returns to its restpost and the 
motor shuts off. This action can be ini- 
tiated at any time by moving the control 
lever to STOP. Alternatively, the pickup 
can be lifted from its rest by hand, which 
starts the motor, and placed on the rec- 
ord manually. 

For multiple play operation, the short 
single play spindle, which rotates with 
the record, is removed and replaced 
with the multiple -play spindle supplied. 
Up to six records of the same size and 
speed can be loaded and will be played 
automatically and in sequence. 

The 3 -pound (1.3 -kg) cast nonferrous 
platter is driven through a soft belt by an 
eight -pole (900 -rpm) synchronous mo- 
tor. The speed selector, located at the 
left front of the platter, shifts the belt to a 

different diameter of the pulley on the 
motor shaft, and a concentric knob ex- 
pands the pulley slightly to vary each 
speed over a nominal ±3% range. 

A single ring of stroboscope marks is 
cast into the edge of the platter, with an 
unconventional pattern that allows a sin- 
gle set of markings to be used with 
either 50- or 60 -Hz power sources. (The 
drive pulley must be changed to match 
the line frequency). The marks are il- 
luminated through a small window near 
the edge of the platter and are stationary 
only when the turntable is operating at 
331/2 rpm when that speed has been ac- 
curately set. Switching to 45 rpm will 
also produce the correct speed. 

Laboratory Measurements. The 
record player uses the same easily re- 
movable cartridge mount that has been 
part of every Dual record player for a 

number of years. We installed a Picker- 
ing Model XV -15/750E cartridge in the 
tonearm for our tests. With the arm bal- 
anced according to instructions, the cali- 
brations of the tracking force dial were 
exact. The tracking error of the tonearm 

was less than 0.4° per in. of radius at all 
playing diameters. The measured arm 
mass without cartridge was 19.4 grams, 
which is typical of the better automatic 
record players we have tested recently. 
The resonance of the tonearm mass and 
cartridge compliance combination was 
at 10 Hz, at an amplitude of 6 to 7 dB. 

The unweighted rumble of the turnta- 
ble was typical of medium-priced belt - 
driven record players, measuring -32 
dB, essentially all in the lateral plane. 
With ARLL audibility weighting, the rum- 
ble was -53 dB, which is also a satis- 
factory and typical figure for a player of 
this type and price range. The wow and 
flutter were respectively 0.03% and 
0.04%, giving a very good combined 
reading of 0.045%. 

The turntable speed could be varied 
over a +5.5% to -4.7% range at 331/3 

rpm. When it was set to exact speed, 
changing the speed selector to 45 rpm 
resulted in a negligible error of 0.2%. At 
45 rpm, the turntable could be varied 
over a +2.4% to -1.3% range. The 
speed was unaffected by line voltage 
changes from 95 to 135 volts. 

The calibration of the antiskating dial 
was reasonably accurate, although we 
found the best compensation, to pro- 
duce equal distortion on both channels, 
occured when the dial was set 0.5 to 1 

gram higher than the tracking force. The 
cueing device operated with exceptional 
smoothness and freedom from lateral 
pickup drift. In multiple -play operation, 
the change cycle required 14 seconds, a 
typical figure for record changers. How- 
ever, automatic single -play operation re- 
quired considerable patience on the part 
of the user, since it took 16 seconds 
from the time the lever was moved to 
START to the time the pickup touched the 
record. At the end of play, another 14 
seconds was required to return the arm 
to its rest and shut off the motor. 

The capacitance to ground of the 
tonearm wiring and signal cables was 
168 pF/channel. Although the manual 
states that the record player is compat- 
ible with CD -4 cartridges, it evidently re- 
fers only to the internal wiring of the 
tonearm. A special low -capacitance ca- 
ble should be obtained from the importer 
(United Audio) and substituted for the 
standard cable if CD -4 operation is 
planned for the future. 

The entire record player is suspended 
from its mounting base by soft spring 
mounts, which proved to be very effec- 
tive in isolating it from subsonic vibration 
conducted through the mounting sur- 
face. In fact, the entire unit could be 
jarred rather violently wihout causing 
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groove jumping. However, the transmis- 
sion of vibration in the region of 50 to 60 
Hz was observable. It was about the 
same as we have measured on other 
record players from Dual and most com- 
petitive manufacturers. Hence, the Mod- 
el 1245 should not be placed too near 
speakers systems to avoid acoustic 
feedback problems. 

User Comment. Because of the con- 
tinuity of basic design and performance 
that has characterized Dual products 
over the years, we noted little difference 
in operation between the Model 1245 

and earlier Dual record players we have 
tested and used. It is not necessary to 
make comparisons between the mea- 
sured performance of the Model 1245 
and its predecessors to appraise its 
worth. The Model 1245 is a first-rate rec- 
ord player, judged objectively on its own 

merits. It was also mechanically one of 
the quietest automatic record players we 

have used. 
The convenience of buying an almost 

ready -to -play package such as this can- 

not be overstated. Many record players, 
including some previous Dual models, 
required the removal of numerous 
screws, cable ties, and plastic shipping 
restraints before the player mechanism 
could be installed on its base. Then, the 

belt (if it was a belt -driven unit) and plat- 
ter had to be installed. Finally, after in- 

stalling and adjusting the cartridge, cov- 
er, and cables, the record player was 
ready for use. 

When the Model 1245 is unpacked, 
only the installation of the cartridge and 

the counterweight is needed to put it into 

service. Of course, there is still the bal- 
ancing of the tonearm and the overhang 
adjustment of the cartridge position to 

be done, but these apply to any record 
player that does not include a factory - 
installed cartridge. Dual makes these 
tasks as easy and foolproof as possible, 
and in our experience, when the direc- 
tions are followed, the result is a proper- 
ly set up record player. 

We should point out, however, that 
the instruction manual lacks clear infor- 
mation on the channel orientation of the 
cartridge wiring and the color coding of 
the cartridge wires in the mounting slide. 
An illustration does show the cartridge 
connections; but with no clue as to 
whether it is a top or bottom view, there 
is only a 50% chance of the left -right 
channel orientation's being correct. (We 
were lucky in our guess.) 

Aside from this minor inconsistency, 
the Dual Model 1245 is as good a record 
player as one can find in its price range. 
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BURWEN MODEL DNF 1201 A NOISE REDUCER 
"Swishless"dynamic low-pass noise filter is very effective in reducing hiss. 

a . . _ 
et f8 e '1"5. 

LABS 
REPORT 

The Burwen Mod- 
el DNF 1201A dy- 
namic low-pass 
filter is designed 
to reduce the high - 
frequency noise 

(hiss) in any program with little or no ef- 
fect on the audible frequency response. 
Unlike the Dolby and ANRS systems, it 

does not require that the program mate- 
rial be previously processed. 

The Model DNF 1201A is basically 
similar to the Model DNF 1201 sold by 

Burwen before the company was ac- 
quired by KLH, but the time constants 
and other characteristics in the new 
model have been modified to make the 
filter more effective and less obtrusive. 
In the 1201A, the bandwidth of the filter 
varies between 500 and 30,000 Hz, de- 
pending on the level and frequency con- 
tent of the program. The rated cutoff 
slope is 9 dB/octave. 

The filter comes in a physically flat 
package that measures 171"W x 81/"D 
x 27/8"H (44.5 x 21 x 7.3 cm) and 
weighs 8 lb (3.6 kg). The walnut finished 
wood cabinet is complemented by a sil- 
ver -colored front panel. Nationally ad- 
vertised retail value is $379. 

General Information. Like any 
"open-ended" noise reducing system, 
the Model DNF 1201A is faced with the 
seemingly impossible task of determin- 
ing whether the high -frequency energy 
in the program is part of the recorded 
material or is noise. Having made the 
determination, the bandwidth of the filter 
must be reduced as much as possible 
without sacrificing the higher -frequency 
program components. The variation of 
the bandwidth must also be done at 

such a rate that it cannot be audibly de- 
tected by the listener. That this can be 

accomplished successfully is due to the 

phenomenon of "masking," which 
means that certain frequencies can be 

rendered inaudible by the presence of 
others, even though by themselves they 
can be plainly heard. Hence, the pres- 

ence of the program is used to mask 
noise, leaving the filter with the task of 
removing the noise during quiet intervals 
in the program. 

In the Model DNF 1201A, if the pro- 
gram has significant amounts of 

high -frequency energy, the bandwidth of 

the filter opens up to pass it. If there are 

no highs present, or if the overall level of 
the program drops, the bandwidth of the 

filter reduces to decrease the noise. The 
four variables that control the operation 
of the Model DNF 1201A are the level 
and frequency distribution of the incom- 
ing signal and the attack and decay 
times (rates at which bandwidth in- 

creases and decreases). 
Front -panel controls on the filter give 

the user considerable latitude in his se- 
lection of its operating parameters. 
Hence, the action of the filter can be op- 
timized for any program. The basic oper- 
ation of the filter is controlled by four 
pushbutton switches and a slide -type 
control. The buttons are labelled OFF, 

MAx, MED, and MIN. With the OFF button 
pressed, the incoming program by- 
passes all the circuitry in the filter and is 

delivered directly to the outputs. Opera- 
tion of any of the three remaining but- 
tons adjusts the manner in which the 
bandwidth controller circuit, which sup- 
plies the control voltage to the filter cir- 
cuits, responds to signals of different fre- 

quency and attack times. MAX is used 
for very noisy programs, such as 78 -rpm 
discs and poor quality broadcasts and 
tapes. Ft provides a slow response time 
to minimize the "swish" of noise that can 
accompany a rapid change in bandwidth 
with a noisy background. MED provides 
a shorter attack time, and MIN gives the 
fastest filter response and the least se- 
vere filter action, making it suitable for 
relatively high quality program material. 

At low program signal levels, the 
bandwidth changes rather sedately, 
tracking the signal without introducing 
excessive background noise modula- 
tion. However, a sudden transient can 
open up the filter in as little as 600 µs. 
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 DiscTraker 

1 
Dirákér. 
-a revolutionary 
tonearm damper 
from Discwasher 

Disctraker is a precision 
damping device that improves - 

the performance of tonearm/ 
cartridge systems by adding a= 

protective cushion between the' 
record and the tracking stylus. 

reduces.low frequency reso- 
nance that colors the sound of 
even the best tonearm/cartridge 
systems on all records. 

reduces record -warp reso- 
nance-as witnessed by a 
dramatic reduction of woofer- 
flutter. 

permits accurate tracking of 
even badly warped -records. 

reduces record wear and 
stylus damage from warps. 

reduces distortion caused 
by high velocity groove 
overload, mistracking and 
intermodulation. 

adaptable to most tonearms. 

P1 ascTraker 
I, 

FIG. 1 

Figure 1 shows the amplitude 
of low frequency resonance 
in a typical tonearm/cartridge 
system using a "flat" record. 
Figure 2 shows the identical 
conditions with the Disctraker 
damping system on the tonearm. 

discwasher®, inc. 
1407 N.,Providence Rd. 
Columbia, Missouri 65201 

FIG. 2 

The decay time, during which the band- 
width closes down, is determined by the 
dynamic characteristics of the program 
and can vary between 50 ms and 1.5 
seconds. 

Proper use of the SENSITIVITY slide 
control is vital to the successful opera- 
tion of the filter. At its left limit is a red 
SUPPRESSION LED and at the right limit 
is a green WIDEBAND LED. The LED's 
glow in accordance with the instantane- 
ous condition of the voltage controlled 
filter. When the green LED is on, the 
program passes with its full bandwidth; 
when the red LED is on, the bandwidth 
reduces. In use, the control is adjusted 
until the two LED's flash alternately or if 
the program is highly complex, until both 
LED's appear to be illuminated simul- 
taneously. 

The filter normally connects in the 
tape monitoring path of an amplifier or 
receiver. Tile tape recording input and 
output jacks are duplicated in the rear of 
the filter, activated by a pushbutton 
MONITOR switch on the front panel, so 
that none of the tape monitoring flexibil- 
ity of the system is lost. In addition, there 
is a PRE/POST button that places the fil- 
ter in the signal path either ahead of the 
tape recorder or in its playback output. 
This permits the program to be "de - 
noised" before it is recorded, and (if de- 
sired) again upon playback. In addition, 
other noise -reduction systems, such as 
Dolby or ANRS, can be used in the tape 
recorder itself. 

The filter operates on both channels. 
Its control voltage is derived from a mix- 
ture of the two channels. This assures 
that there will not be any interchannel 
bandwidth variations. 

The filter is a unity -gain device 
(screwdriver adjustment on the rear 
panel permits some variation about 
gain). It has nominal rating of 1 volt in/1 
volt out. The filter can handle signal out- 
put levels up to 6 volts without distortion. 
The internal noise is rated at 100 µV, or 
80 dB below 1 volt. The total harmonic 
distortion (THD) is rated at less than 
0.2%. The amount of noise reduction 
can be from 5 to 14 dB above 400 Hz, 
and as much as 30 dB above 5000 Hz. 

Laboratory Measurements. Very 
few conventional measurements can be 
made on the Model DNF 1201A, be- 
cause the presence of a test signal itself 
affects the filter bandwidth. At the fac- 
tory, the do control loop is opened and 
the filter characteristics are measured 
with an external control voltage. 

We made frequency -response mea- 
surements with different signal levels at 

a fixed setting of the SENSITIVITY control 
and at a fixed signal level with different 
settings of the SENSITIVITY control. The 
results in general confirmed the manu- 
facturer's ratings. (Since they were stat- 
ic measurements, they did not reveal 
anything about the dynamic properties 
of the unit.) We noted, however, that al- 
though the "full -cut" filter response had 
the rated 9 dB/octave slope, beginning 
at about 500 Hz, when the filter was par- 
tially activated by the swept input signal 
the apparent slope was much steeper- 
about 24 dB/octave. 

Distortion was measured with a 
400 -Hz input signal at a level of 1 volt. 
With the our button pressed, the THD 
was 0.014%. With full suppression 
(MAX) maximum distortion was only 
0.11%. And when the SENSITIVITY con- 
trol was moved to turn on the WIDEBAND 
LED, the THD was only 0.031%. 

User Comment. Since the measure- 
ments we were able to perform can do 
little more than suggest the performance 
of the filter, we depended largely on use 
tests for its evaluation. 

We tested one of the original Burwen 
Model 1201 filters several years ago and 
found a tendency for a noise "swish" to 
be audible. Thus, we were curious to 
learn if this problem had been solved in 
the 1201 A. It has! Only by the most obvi- 
ous misuse of the new filter, on very 
hissy programs, could a swish be heard. 
Such incorrect operation of the filter is 
unlikely in practice, since its controls are 
meant to be adjusted to provide the 
maximum possible noise reduction with- 
out unacceptable side effects. 

When the two LED's flashed alter- 
nately, the filter operation was almost 
never detectable, but the hiss reduction 
was quite impressive. Like any open- 
ended noise reduction system we have 
used, the technique employed by Bur - 
wen is most effective with a relatively 
noise -free program. But though a good, 
quiet program might seem to be an un- 
likely candidate for noise reduction, the 
filter can usually convert it from merely 
quiet to dead silent. 

Neither did the 1201A produce any 
dulling of the highest frequencies when 
properly adjusted. Here, too, the end re- 
sult is under the user's control. 

In conclusion, we feel that Burwen 
has proved the worth of its basic con- 
cept. The redesigned filter has elimi- 
nated all of our former reservations 
about the original filter. In its present 
form, the DNF 1201A is a highly useful 
adjunct to any good music system. 
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The Basic Box (left) and the Peripheral Plate. 

With no-nonsense 
organizers from the Digital Croup. 
Not so long ago, the microcomputer domain 
belonged to a special group of creative, inventive 
folks - the inveterate hardware hackers who de- 
lighted in making a thing work and didn't really care 
all that much about how it looked. 

The Digital Group was a part of it. Our original 
microprocessor systems were designed not to 
require any cabinets at all - they simply worked 
well. 

Of course, along the line we couldn't resist making a 

good thíng look good too ... and we added our 
complete line of custom, deluxe cabinets to cover up. 

Well, we haven't forgotten those no-nonsense com- 
puter builders who just want a way to organize their 
systems. So the Digital Group has taken a step back 
to come up with a basic answer: The Organizers - 
the Basic Box and the Peripheral Plate. 

Beautifully simple. No paint. No anodizing. No frills. 
Just exactly what you need. 

The Basic Box houses your CPU, power supplies, fan, 
switches and I/O connectors in one tight little 16" by 
17" package. It's available completely naked - a 

metal box with a card rack so you can add to it from 
your own parts supply; or we'll spiff it up for you 
with optional equipment. 

decks or an audio cassette recorder. All at your 
fingertips. For organization. 

War 

,-S 

Card rack swings out for service. 

Naturally, our basics have down-to-earth prices, too. 
The Peripheral Plate is a mere $19.50 ... the basic 
Basic Box goes for $45 (a little more depending on 
options). 

Want to up your organization? It's simple. Just call or 
write the Digital Group for details. 

rii@C"Hwax 
The Peripheral Plate is a piece of bent metal with P.O. Box 6528 Denver, Colorado 80206 
room for your keyboard, video monitor, two Phi- (303) 777-7133 
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Why take a chance? 
Why accept counterfeits in place of Genuine 

Pickering Replacement Styli? 
No other manufacturer is licensed to copy 

or duplicate the genuine Pickering product: 
Bogus styli made by others can't be very 
good because they were created by "reverse 
engineering" ... meaning, of course, that at- 
tempts to copy the exacting dimensional tol- 
erances can only approximate the original. 

Here are some things to remember: 
1. A Pickering cartridge is a precision 

instrument. A genuine Pickering re- 
placement stylus assures a proper fit 
and perfect performance. 

2. The attempts of others to duplicate the 
genuine product are by definition ille- 
gitimate and/or illegal, and probably 
won't work up to expectations. 

3. The Dustamatic Brush, which cleans 
the record's grooves in advance of the 
stylus, is also covered by Patents 
issued only to Pickering. 

4. Always look for the on the stylus 
handle. It identifies the genuine Pick- 
ering replacement stylus. 

Genuine Pickering Replacement Styli are 
covered by one or more of the following 
patents: Patent #3146319; 3297831; 3546399; 
3572725. 

PICKERING & CO., INC., COPYRIGHT 1977 

For further information write to Pickering & Co., Inc., Dept. PE 101 Sunnyside Blvd., Plainview, N. Y. 11803 

A GENUINE PICKERING 
'for those who can [hjar the difference." 

REPLACEMENT STYLUS 
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Provides greater dynamic range 
and reduces noise. 

BY JOHN ROBERTS 

PERHAPS the last frontier yet to be 

crossed by high-fidelity program 
sources is dynamic range. For example, 
the best consumer tape decks have a 

dynamic range of about 65 dB when 
used with premium tape formulas. Com- 
pare that to the 115 -dB range of music 
produced by a symphonic orchestra at a 

live performance. 
This project-a 2:1/1:2 compander- 

will allow you to record live music on 
your existing tape deck and later play it 

back without losing its original dynamic 
range. Other benefits of compansion are 

increased tape headroom during record 
and noise reduction during playback. 
These advantages can be realized 
whether the program material is being 
recorded live or transcribed from anoth- 
er format. The compander is easy to 
build and use, employs a new Signatics 
IC, and has a low parts count. A stereo 
compander is available in kit form as de- 
scribed in the Parts List. 

Compansion involves compressing a 

signal's amplitude before it is committed 
to the recording medium, and then ex - 
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panding it in a complementary fashion 
when it is recovered. This is typically 
accomplished by inserting a fixed -slope 
(2:1) compressor in the signal path be- 
fore the tape deck's record preamp and 
a fixed -slope (1:2) expander at the out- 
put cf the deck's playback preamp. The 
process is shown graphically in Fig. 1. 

Practicalities of electronic circuitry in 

preamps and power amplifiers limit their 
dynamic range to 100 to 120 dB. How- 
ever, this approaches the dynamic 
range of live music and (comfortable) 
human hearing, easily attainable by a 

good tape deck working with a 2:1/1:2 
compander. 

The improvement in S/N becomes 
apparent when we look at a specific ex- 
ample. Let's assume that we have a 

tape deck with a noise floor of -45 dBm 
and that we want to record a piece ,of 
music with passages as low as -50 
dBm. In the absence of any processing, 
the soft passages would disappear into 
the hiss, However, if we pass the signal 
through a 2:1 compressor before record- 
ing it, the minimum amplitude recorded 
is -25 dBm, a full 20 dB above the 
noise. On playback, passing the tape 
output through a 1:2 expander restores 
the -25-dBm signal to its original -50 
dBm. Simultaneously, the noise drops 
by the same -25 dB to -70 dBm. 

Improvements are also realized in the 
upward direction. That is, headroom is 

increased. A tape that previously satu- 
rated (causing distortion) at +10 dBm 
can now handle a +20-dBm signal at 

the compressor input. Although corn - 
pan sion increases S/N and headroom, it 

places more stringent requirements on 
the medium's frequency response and 
amplitude stability. Because the ex- 
pander's gain depends on the level of 
the compressed signal applied to it, any 
amplitude errors will be magnified. In the 
case of a 2:1/1:2 compander, any fre- 
quency response errors or amplitude 
anomalies will be doubled. 

A Compander IC. Signetics Corpora- 
tion has recently developed an IC 

called the NE570. It is a dual -channel 
linear IC, and either section can be used 
independently of the other as a com- 
pressor or expander. A block diagram 
and pinout of the NE570 is shown in Fig. 
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Photo shows prototype assembled on pc board and mounted in metal chassis. 
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Fig. 1. Compression is used during recording, expansion on playback. 
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Fig. 2. Block diagram (A) and pinout (B) of the NE570 IC. 
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Fig. 3. Using the NE570 as an expander (A) and compressor (B). 
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2. Packaged in a 16 -pin DIP, only the 
power supply and ground connections 
and an internal 1.8 -volt bias regulator 
are shared by the two companders. 

Each compander comprises a áG 
(variable gain) cell, a full -wave rectifier, 
and an output amplifier. The áG cell 
governs compander gain. Its control 
voltage is developed by rectifying an in- 
put signal. The output signal is generat- 
ed by the op amp, which is driven by a 

scaled current supplied by the áG cell. 
Whether a section of the NE570 func- 
tions as a compressor or expander de- 
pends on how the basic blocks are inter- 
connected. Typical specifications for the 
NE570 are in table on next page. 

A 1:2 dynamic range expander (Fig. 
3A) is formed by placing the áG cell at 
the input of the op amp. Its control signal 
is generated by sampling the input sig- 
nal, rectifying and filtering it. The fixed 
feedback impedance sets the overall 
gain at unity when the input signal is 0 
dBm or 0.775 volt. As the input in- 
creases or decreases from this level, the 
gain increases or decreases proportion- 
ally. For example, if the input level in- 
creases by a factor of two (+ 6 dB), the 
output level is quadrupled (+12 dB). If 

the input decreases by one half (-6 dB), 
the output drops to one quarter (-12 
dB) of its previous value. 

Rearranging the blocks to form the 
network shown in Fig. 3B results in a 2:1 

dynamic range compressor. Here, the 
AG cell is connected as a feedback 
impedance, and its control signal is de- 
rived from the op amp output. The fixed 
input network sets overall gain at unity 
for a 0-dBm signal. If the input signal lev- 
el increases by a factor of four (+12 dB), 
the output amplitude is dóubled (+6 dB). 
If the input amplitude is decreased by a 
factor of four (-12 dB), the output signal 
decreases by a factor of two (-6 dB). 

About the Circuit. The schematic 
diagram of the compander is shown in 
Fig. 4. A conventional full -wave rectifier 
and RC filter supply the required operat- 
ing voltages. Note that only one corn - 
pander channel is shown. The compo- 
nents with the suffix "A" are for the 
channel A compander only. Integrated 
circuit pin numbers in parenthesis are 
the corresponding inputs and outputs of 
the channel B compander. For example, 
pin 1 is connected to C4A, and pin 16 
should be connected to C4B. 

Diodes D3 and D4, LED1, transistors 
01 and 02, and their associated compo- 
nents form a level indicator. The LED 
glows when input signal peaks exceed 0 
dBm. Switch S2 interconnects the 
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TYPICAL SPECIFICATIONS 
NE570 COMPANDER 

Maximum input/output level: 
Maximum output current: 
Unity gain level: 
Tracking error: 
Gain change with temperature 

(0° to 70° C): 

Output slew rate: 
THEY (compressor or expander only): 
Expander noise output (measured 

with input shorted): 
Frequency response; 

Compressor: 
Expander: 

+12 dBm 
± 20 mA 

OdBm 1 dB 
± 0.2 dB 

±0.1 dB 
±0.5 V/µs 

0.3% 

-96 dBm "A" weighting 

20 to 20,000 Hz, +0, -1.5 dB at 0 dBm 
20 to 20,000 Hz, +0.5, -1 dB at 0 dBm 

*-Harmonic distortion is caused primarily by áG cell offsets and modulation of the 

cell by control voltage ripple. When the recorded signal is expanded by the same áG 
cell that compressed it, the distortion cancels out, leaving tape noise or tape distortion 
dominant. Note-a phase inversion in the record/playback path will affect the accura- 
cy of this cancellation. 

117 V . 
AC 

PARTS LIST 

DI ' 

IN 4001 

r.. 
CI 

1000 

1N4001 

C1-1000-1.LF 25 -volt axial -lead electrolytic 
capacitor 

C2 -100-1F, '16 -volt radial -lead electrolytic 
capacitor 

C3, C12 -0.1-µF disc ceramic capacitor 
C4*,C5*,C8*-1-µF, 25 -volt radial lead elec- 

trolytic capacitor 
C6*,C7*,C9*-10-µF, 16 -volt radial lead 

electrolytic capacitor 
C10*-5-pF disc ceramic capacitor 
C 1 I *-2700-pF disc ceramic capacitor 
D1 ,D2 -1N4001 silicon diode 
D3,D4-1 N914 silicon diode 
F1 -1/2 -ampere, fast -blow pigtail fuse 
IC I -NE570N compander 
JI * through J4*-RCA phono jack - 

LED1-20-mA light emitting diode 
Q1 ,Q2-2N3904 npn silicon transistor 
,The following are 3/4 -watt, 5% tolerance car- 

bon composition resistors: . e 

RI ,R2-750 ohms 
R3,R4,R5*,R6*-47,000 ohms 
R7,R8*,R9*,R l0* -100,000 ohms - 

R11,R12-I megohm 
R 13*,R 14* -20,000 ohms 
R 15* -120,000 ohms 
R16*,R17*-100 ohms 
S l-SPST switch 
S2-4PDT switch 
TI -34.5 -volt, 50-mA center -tapped trans - 

75011 

100pF 

C4A + 1 p 

52 
75011 

LEDI 

NE57oN 

2.(15) 6 (II) 7 

RI4A 
20K 

blocks of each section of the NE570 so 
that the IC functions as a compressor on 

record and an expander on playback. 
Pulsating dc from the full -wave rectifier 
is smoothed into the áG cell's control 
signal by capacitor C4A. Capacitors 
C5A, C6A, C8A, and C9A provide ac 

coupling between various parts of the 
compander circuit. 

Construction. The compander is best 

assembled using a printed circuit board. 
Suitable etching and drilling and parts 
placement guides are shown in Fig. 5. 

When mounting electrolytic capacitors 
and semiconductors, be sure to observe 
polarity and pin basing. An IC socket or 
Molex Soldercons are preferable to sol- 
dering the compander IC directly to the 

circuit board. Use the minimum amount 

Cl2 
.IpFll* 

2N3904 

02 
2N3904 

R5A +1C7A 
IopF 

- CIOA 
SpF 

CUA 
2700 ' 

pF ' 
. 

*PLAYBACK 

RECORD 

D4 
1N914 

03 

IOOKR7 1 4 
FROM 
C58, C 6B 

R12 
IM 

RIBA 10-ta 

C9A 
10pF 

J2A 
EXPANDER " / INPUT 

J34 
COMPRESSOR 
OUTPUT 

J4A 
EXPANDER 
OUTPUT 

Fig. 4. In schematic of the compander_ the "A" sufx is for one 
channel only. Duplicate components are needed for "B" channel. - 

former (Signal Transformer Co. No. 
241-3-28 or equivalent) 

Misc.-Line'cord, strain relief, suitable enclo- 
sure, hookup wire, printed circuit board, 
metal spacers, machine hardware, solder, 
etc. 

Note-The following are available from Phoe- 
nix Systems, 375 Springhill Road, Monroe, 
CT 06461 complete kít of parts including 

case (No. P=518 -S), $59.00; NE570N corn - 
pander IC (No. P -518-C), $12.50; power 
transformer TI (No. P -518-T), $5.00; 
etched and drilled pc board (No. P -518-B), 
$4.50. Connecticut residents please add 7% 

sales tax. Canadians please add $2.50 han- 
dling and shipping charges. 

*-One component required for each corn - 
pander channel. ' 
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of heat and solder consistent with the 

formation of good solder joints at each 

pc board pad. 
If an alternate construction technique 

is used, care must be taken to keep all 

signal leads, especially those to switch 

S2, as short as possible. In any event, 
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C3 
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R4 - - 
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the circuit should be mounted in a metal 

enclosure that is connected to the audio 
system ground. 

Using the Compander, Interconnect 
each channel of the compander and 

your system's tape deck and amplifier 

PLAYBACK 
OUTPUT 

IN : OUT 

Fig. 6. Interconnection of the 
compander and other components 
of a typical audio system. 
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Fig. 5. Etching 
and drilling 
guide (left) and 
component placement 
(above) guides 
for the pc board. 

as shown in Fig. 6. Place S2 in the RE- 

CORD position and adjust the deck's re- 

cord preamp level controls for a reason- 
able record level. With the added dy- 
namic range supplied by the compand- 
er, you can afford to trade a few dB of 

the deck's S/N for reduced distortion 
levels. (Some tape machines are set to 
run very close to saturation to get the 
highest S/N possible.) Indicator LEDI is 

included not to alert you of clipping, but 
as an aid in setting record levels. The 
compander has at least 10 dB of head- 
room above the threshold at which the 
LED glows. 

To play back a compressed tape, sim- 
ply place S2 in the PLAYBACK position 
and put the deck in its playback mode. 
You will then retrieve the recorded pro- 
gram with its original dynamic range. O 
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SELECTING 
THE 

CASSETTE T8 
FOR 

YOU1 
RECORDING 

NEEDS 

T'S not easy to pick the best cassette 
II 
'TS 

for your recording needs from the 
dozens óf "name brands" and hundreds 
of unknowns on the market today. Natu- 
rally, there is some correlation between 
price and performance, reflected not 

only in the tape itself, but also in the 
plastic shell containers and their assem- 
bly. These -can affect performance móre 

than the differences between oxide for- 
mulations of the same, type. But high 

price alone will not guarantee satisfac- 
tion if your tape deck has not been ad- 

justed for the cassette you select. 
Almost all high-fidelity cassette re- 

corders hive "bias and equalization" 
switches designed to accommodate at 

least two basic tape types> ferric oxide 

NOVEMBER 1977 

and chromium dioxide. Unfortunately, 
there are at least four major cassette 
types on the market, and very few cas- 
sette decks have switch positions for all. 

Let's look at their characteristics. 

Ferric Oxides. All pure gamma ferric 
oxide cassettes today 'use the same 
playback equalization (often identified 
as. "120. microseconds"). In terms of 

their recording needs, however, they 
tend to fall into two different categories. 
The first are tapes designed to use 

"standard," "LN," or "DIN" bias, and in- 
clude almost all American and European 
ferric oxides (e.g. 3M, Capitol, Ampex, 
BASF), as well as such Japanese tapes 
as Sony, Maxell LN, and TDK SD and 

No"" 
-1r _ 

BY CRAIG STARK 

TDK D. This is the largest group of ferric 

oxides, and includes all quality levels. 
Thé other major ferric group is de- 

signed to use about 5% to 10% more 
record bias current than the DIN stand- 

ard. This group consists almost entirely 
of premium -quality Japanese tapes 
(Maxell UD and UD XL I, TDK AD, Naka- 
michi, and Fuji FX and FL). A recorder 
that is properly biased for a tape in this 
latter-gróup will be over -biased for tapes 
requiring DIN -standard bias; while re- 

corders set up for DIN standard tapes 
will be under -biased for Japanese tapes 
in the "high -bias" group: Figure 1 shows 
the effects of such mismatching. 

`Under -biased tapes have exaggerat- 
ed treble response; over -biased ones 
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Fig. 1. Results of improper bias vary: (A) DIN bias 
settings used with typical Japanese ferric 
tape over -emphasize highs due to underbiasing. (B) Correct bias for same tapes over -biases DIN ferric tapes. 

suffer unnecessary treble loss. If you've 
found the upper frequencies a little 
"soft" when using a top-quality domestic 
or European cassette tape on a high- 
priced Japanese deck, or found the tre- 
ble too "hot" when using Japanese 
tapes on European or U.S. recorders, 
mismatched bias is almost certainly the 
reason. And while there are many fine 
tapes ín the DIN group, the trend is to- 
ward higher -bias ferrics. 

Chromium Dioxide. All Cr02 cas- 
settes use a "70 -microsecond" playback 
equalization curve, which provides 
about 4.5 dB less treble boost in play- 
back than the 120 -microsecond equali- 
zation used for ferric oxides. This is 
made possible by Cr02's inherently 
greater treble output. The decreased 
treble boost makes possible, in turn, a 
4.5 -dB reduction in tape hiss. 

However, this distinct advantage is 
partially offset by. Cr02's lower output in 
the rest of the frequency range, as well 
as higher distortion levels compared to 
the performance of top -grade ferrics. A 
better known Cr02 disadvantage-rapid 
head wear-is actually a myth at cas- 
sette speeds and pressures. Believe it 
only when you find someone who has 
actually worn out a cassette head using 
any kind of tape. 

Ferrichrome. When ferrichrome cas- 
settes were introduced several years 
ago, they seemed to offer the best of 
both worlds: high overall output (provid- 
ed by a relatively thick layer of ferric ox- 
ide) and abundant high -frequency ener- 
gy (provided by a thin, top layer of 
Cr02). The drawback is that there is no 
standard for ferrichrome; Sony and 3M 
make radically different FeCr tapes. So 
even when a recorder has a "ferri- 
chrome" switch position, the only way to 
find which tape it matches is to consult 
the instruction book. To add to the con- 
fusion, some machine makers recom- 
mend that you record ferrichromes with 
"ferric" bias and equalization and 

"chrome" playback, while others recom- 
mend exactly the opposite. (Neither is 
really optimum.) Nonetheless, when fer- 
richrome tapes are correctly biased and 
equalized, they yield spectacularly gocd 
results, as the test section of this survey 
shows. 

Cobalt -Treated Ferries. Another at- 
tempt to combine the virtues of two dif- 
ferent magnetic materials is represented 
by the cobalt -treated (or "cobalt -doped") 
ferric oxides. Here, the two materials are 
not layered, as ferrichromes are. In- 
stead, each ferric oxide particle is en- 
riched with cobalt ions through a com- 
plex molecular -binding process. The re- 
sult is a tape with much greater overall 
output than chrome, but with equal 
high -frequency energy.. These new 
tapes also take advantage of the stand- 
ard bias and equalization settings used 
for chrome tapes; that's why they're re- 
ferred to in our test table as "Cr02- 
equivalent" ferrics. TDK's SA ("Super 
Avilyn") was the first of these tapes, and 
was followed by Nakamichi SX and 
Maxell UD XL -II. (3M's Master II is 

x 

m 2 

another tape in this category, but was 
not available for test at this writing.) 

What Makes a Tape "New and 
Improved?" Improvements to a tape's 
performance can take many forms. Two 
of them are shown in Fig. 2a and b. Fig- 
ure 2a shows the frequency response of 
Maxell's now -venerable UD and its new 
UD XL -I, both recorded with the same 
signal. Both tapes have the same fre- 
quency response, but the higher curve 
for the UD XL I indicates greater output 
at all points in the audio spectrum-with 
a correspondingly improved signal-to- 
noise ratio. 

A second kind of improvement, and 
one you're likely to see more and more 
of these days, is an increase in tape co- 
ercivity. This raises high -frequency re- 
sponse, as illustrated by the output - 
vs -frequency curves of Fig. 2b (which 
compares TDK's older Audua with its 
brand new "AD" tape). This rising high - 
end response can be accepted as a 
"brighter" sound, if you prefer, but it's re- 
ally intended to be traded off for other 
benefits. Decks with adjustable equali- 
zation and bias let you trade it off for re- 
duced distortion and a slight reduction in 
noise by diminishing treble boost in the 
recording. Also, the rising high end can 
compensate for the drooping treble of an 
inexpensive system's speakers. (It won't 
compensate for playback -head limita- 
tions, though.) In other stereo systems, 
turning down your amplifier's treble con- 
trol will at one stroke restore proper fre- 
quency balance and reduce audible 
tape hiss. 

Test Results. The results obtainable 

0 
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Fig. 2a and b. In (a), at top, Maxell gave its new 
UD XL -I tape (A) more output than older UD (B), but 
same response. In (b), below, new TDKAD tape has 
more high -end response (A) than earlier Audua (B). 

5.0, iO.N, 20,0 
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CASSETTE TAPE TEST RESULTS 

Sensitivity: 
(333 Hz 
"0 VU") 

Distortion: 
(3rd Harm. 
Dolby level) 

Maximum 
Output: 
(3% HD 
333 Hz) 

Signal -to -Noise Ratio 
Unweighted Weighted 

Saturation: 
(db below 
'0 VU" 
10kHz) 

Frequency 
Response 
(see text 
for code) 

DIN bias ferrics , 

DIN Std. cass. ±0.0 0.44% +2.5 51.3 52.9 -11.2 A 

Ampex 20/20+ ±0.0 0.32% +4.1 53.0 55.3 -12.8 B 

Ampex Plus +0.4 0.39% +4.6 " 53.4 55.2 -11.3 A 

Ampex 370 -1.8 2.35% -0.8 49.0 50.9 -18.2 D 

BASF Studio ±0.0 0.38% '+4.4 53.4 55.7 -13.3 B 

BASF Performance -1.8 1.22% +1.1 50.3 53.0 -14.5 C 

Capitol "Music" +0.5 0.25% +3.9 52.8 55.4 -13.6 B 

Capitol l -1.1 1.9 % +0.4 49.3 51.2 -19.8 D 

Memorex MRX2 , -0.7 1.2 % +0.8 49.7 52.1 -11.6 A 

Maxell LN -1.8 1.95% -0.1 48.8 50.9 -14.5 B 

Scotch Master I +0.1 0.6 % +2.8 51.9 54.2 -10.2 A 

Scotch LN/HD -0.6 1.75% +1.2 50.4 52.9 -13.8 D 

Scotch Highlander -1.1 1.65% +0.4 49.5 52.0 -17.5 D 

Sony UHF -0.5 0.72% +2.7 51.4 53.3 -10.1- A 

Sony Plus 2 -2.3 2.28% -0.7 48.1 50.2 -13.0 B 

TDK SD -0.9 0.65% +2.8 51.7 53.6 -12.8 C 

TDK D -0.5 ' 0.8 % +1.6 50.1 51.4 -12.5 B 

"High" bias ferrics 
Fuji FX -0.1 0.28% +4.0 52.4 53.4 - 9.8 A 

Fuji FL -2.4 2.5 % -1.7 . 47.9 49.9 -12.8 C 

Maxell UD -0.8 1.1 % +2.5 51.1 52.8 -10.4. A 

Maxell UD XL -.I +1.0 0.35% +6.1 54.7 56.3 - 9.8 A 

Nakamichi EX -0.6 0.74% +2.6 51.2 52.8 -10.2 A 

Nakamichi EX -II +0.9 0.28% +5.7 54.3 55.8 -10.2 A 

TDK Audua -0.8 1.15% +1.5 49.7 50.7 - 8.7 Ar 

TDK "AD" -0.7 0.37% +3.7 52.4 54.2 - 7.2 Ar 

Cr02 
BASFCrO2 -1.5 1.9 % +0.2 52.6 54.8 - .9.2 A 

Capitol Cr02 -1.0 1.85% +0.2 52.6 54.6 -10.5 . A 
Fuji FC -1.4 2.2 % -0.2 52.4 55.5 -10.5 A 

Memorex Cr02 -2.2 3.2 % -2.1 50.3 ' 52.5 -11.5 B 

Scotch Chrome -1.9 2.4 % -0.8 51.9 54.4 -11.1 B 

Sony CRO2 -1.9 2.45% -0.7 51.5 53.3 - 8.4 ' Ar 

Cr02 Equivalent ferrics 
Maxell UD XL -II +1.9 0.6 % +4.0 55.6 57.4 - 8.2 A 
Nakamichi SX +1.3 0.85% +2.8 , 54.5 55.7 - 8.7 A 

TDK SA +1.0 .0.9 % +2.3 53.7 55.6 - 8.8 B 

FeCr bias & eq 
Scotch Master III -1.7 0.45% +4.9 57.2 59.4 -11.2 A 

Sony FeCr -2.6 0.71% +3.2 55.5 57.5 - 9.4 A 

Ferrichromes, DIN* ~ 

Scotch Master III +0.8 0.64% +3.0 51.8 53.9 - 6.5 * 

Sony FeCr -1.2 1.52% +1.2 49.8 52.2 - 5.4 * 

Ferrichromes, "High"* 
Scotch Master III +1.2 0.52% +4.5% 53.2 55.5 - 6.8 * 

Sony FeCr -0.8 1.03% +2.9 51.5 53.7 - 5.0 * 

*Neither ferrichrome tape is designed for this bias/equalization, but it may be all the consumer has to use with them. Frequency 
response, however, rises from 1 kHz to 19 kHz, to between +10 and +12 dB. 

from any tape depend as much upon the 
recorder and its settings as upon the 
tape itself. Differences between my test 
recorder and your recorder make it al- 
most inevitable that the cassettes I test- 
ed would produce somewhat different 
results if tested on your deck. Where dif- 
ferences between tapes are small, a 

slight adjustment of bias or equalization 
can turn the scale in favor of one or the 
other. So ignore small differences in the 
NOVEMBER 1977 

results. Only the larger ones give 
grounds for definitely judging that one 
tape has a higher performance potential 
than another, regardless of the machine 
used. 

Selecting a Tape. The test results 
here can be used as a starting point in 

selecting the right cassette for your own 
use. A glance at the table will reveal 
which tapes are of the same type as the 

tapes your recorder's instructions rec- 
ommend. The table will also help you 
weed out those tapes whose require- 
ments differ significantly from that of the 
factory -recommended tape. 

In the last analysis, the most signifi- 
cant tests are those you make on your 
own machine. To check frequency re- 
sponse for yourself, the interstation hiss 
from an FM tuner is an excellent and 
handy test signal. Record and play back 
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Fig. 3. Measured at low recording levels, modern 
cassettes are capable of extended frequency response. 
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Fig. 4. When saturation occurs, high -frequency output 26 
28 actually declines if the input signal increases further. 

a few moments of it, flipping between 
"source" and "tape;" see which tape 
comes closest to matching the original 
sound. If you try this, however, remem- 
ber to maintain the record level 10 to 20 
dB below 0 VU on your recording me- 
ters. The high -frequency energy in the 
hiss signal would otherwise drive the 

HOW TESTS WERE MADE 
In making these tests, three C-60 samples 
of each cassette were checked, and an av- 
erage of the two more similar samples is 
reported. In most cases, where the thick- 
ness of the oxide coating is the same, C-90 
versions of the same tapes should perform 
essentially identically. Where a manufac- 
turer chooses to use a thinner oxide layer 
in his long -play length, however, low-fre- ; 

quency sensitivity and distortion figures 
may suffer. 

The tapes in this survey were tested on 
a new Technics RS -99000S cassette 
deck. In addition to its three -head design 
(a practical necessity where machine -run 
frequency response curves are to be 
made), this deck offers continuously vari- 
able bias and equalization controls on the I 

front -panel, as well as the usual fixed bias j 

and EQ switch positions. It would thus 
have been possible to "optimize" the deck 
for every tape tested; but since this would 
represent an unrealistic picture of the per- 
formance to be expected from typical 
home cassette decks, a practical compro- 
mise was employed. For the tapes listed in 
the charts as "DIN bias and equalization," 
the machine was optimized for the new 
DIN Standard Blank Cassette (TP 18 
LHS), a special cassette made for test pur- 
poses. For the "high bias" Japanese fer- ) 

rics, the deck was set up using Maxell UD 
XL -I. For Cr02 and the cobalt -treated 
"chrome equivalent" ferries, the set-up 
tape was Fuji FC. 
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tape into saturation and thereby invali- 
date the test. 

Note that the "best" cassette is not al- 
ways the best choice for every applica- 
tion! As the results in the chart show, 
several low- and mid -priced tapes have 
been improved (some very recently) to 
the point where they can challenge the 
premium tapes for anything that doesn't 
require the full sizzle of a cymbal. But 
avoid cheap, unbranded cassettes, un- 
less you really enjoy cleaning up the 
loose oxide they so often shed. 

How to Interpret Test Results. 
Because tape test results are so de- 
pendent upon the equipment used to 
make the tests, you won't find final full 
specifications listed for tape as often as 
you will for components. So, many of the 
specifications listed below will be un- 
familiar, while others may seem unfamil- 
iar in their current form. Here is what the 
numbers in our table mean: 

Sensitivity: Here we compare the out- 
put of each tape with the output of the 
DIN Standard Blank test cassette, with 
each fed an identical input signal. This 
signal ís a mid -frequency tone (333 Hz) 
of sufficient strength to record a magnet- 
ic flüx level of 250 nanoWebers per me- 
ter on the DIN tape. This particular flux 
level, higher than the "0. VU" of most 
(but not all) home cassette decks, is an 
internationally accepted comparison lev- 
el. All else being equal, the larger the 
number in this column, the better. 

Distortion at Dolby Level: This is a 
comparison of the harmonic distortion 
levels of the various tapes at a standard 
level of recorded signal. Since tape - 
deck manufacturers are free to set their 
"0 VU" point at any level of recorded flux 
they choose, a measurement made at 

16 14 12 10 

IN 
8 6 4 -2 

333Hz 

OkHz 

0+2 4 6 

any one deck's "0 VU" point would not 
be too meaningful. But as the "Dolby 
level" marks found on nearly every man- 
ufacturer's VU meters is a standard level 
(200 nWb/m), we used that as our refer- 
ence point for this test. Since this is only 
1.9 dB less than DIN "0 VU" level, it's at 
least near most manufacturers' "0 VU" 
markings. 

The distortion levels may look lower 
than you're used to seeing for tape. 
That's because conventional "total har- 
monic distortion" meters measure ev- 
erything that isn't signal-which in- 
cludes not only all harmonics, but also 
hum and noise. Since the hum and 
noise on the tape are often greater than 
the distortion at this recording level, you 
will rarely see THD measurements of 
less than 1%. But since tape produces 
only odd harmonics, of which the 3rd 
harmonic is the lowest (and hence most 
prominent), a General Radio 1900-A 
Wave Analyzer was used to read only 
the tape's output at 999 Hz, the 3rd har- 
monic of the 333 -Hz input signal. 

Maximum Output Level: It is standard 
practice to consider a tape's Maximum 
Output Level (MOL) to be, for all practi- 
cal purposes, the point at which its third 
harmonic distortion just reaches 3%. 
Beyond this level, moderate increases in 
input signal lead to very rapid increases 
in distortions. Consequently, satura- 
tion-at which point the tape's output 
will increase no further in spite of in- 
creases in input-is only a few dB away. 

The number shown in this column is 
the "signal" part of each tape's signal- 
to-noise ratio, in decibels above the 250 
nWb/m reference level. The higher the 
number, the better. 

Unweighted S/N Ratio: This column 
indicates the ratio, in decibels, between 
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the Maximum Output Level (MOL) of the 
tape and the output from a section of the 

tape which has been recorded with no 

input signal at all. The higher this num- 

ber, the better, too. 
Weighted S/N: Since the frequency 

response of the human ear at the low 

volume levels of tape noise is not "flat," 
a more meaningful measure of noise au- 

dibility is obtained by weighting its vari- 

ous frequency components according to 

the ear's sensitivity to each. 
There are several weighting filters for 

this purpose. The most common is the 
NAB "A" weighting curve, which is de- 
rived from the famous Fletcher -Munson 
"equal -loudness" curves. More recent 

studies, however, suggest that a slightly 
different weighting curve, the CCIR 

curve, corresponds more closely to the 
perceived obtrusiveness of noise such 

as tape hiss. This weighting system, 
widely adopted abroad (and used by 

Dolby measurements of noise -reduction 
effectiveness), was used for our mea- 

surements in this column. The larger the 
number, the less perceptible tape hiss 
will be. This makes it a slightly more sig- 
nificant measure of tape performance 
than the unweighted S/N in the preced- 
ing column. 

Saturation (10 kHz): Tape saturation 
level varies with signal frequency. At 

high frequencies, saturation occurs 
much earlier (Fig. 3). For this reason, 
and because the high -frequency content 
of most program material is far below 
the "0 VU" level, frequency response 
(next column) is usually measured at a 

level far below "0." 
While dramatic in itself, Fig. 3 does 

not tell the whole story about high -fre- 

quency saturation. Although a tape's 
middle- and lower -frequency output will 

not increase past saturation even if input 
level increases, its high -frequency out- 
put actually declines when input levels 

are increased beyond the saturation 
point (Fig. 4). 

Consequently, the figure shown in the 

"10 -kHz Saturation" column represents 
the tape's absolute peak response and 
the onset of saturation. Distortion occurs 
long before this point (by about 10 dB), 

but is difficult to measure because the 

third harmonic generated (30 kHz) is 

outside the recorder's passband. The 
audible distortion products caused by 

high -end saturation are all too obvious, 
however, so the closer the negative 
number (in decibels below DIN "0" level) 
is to zero, the better. 

Frequency Response: Individual fre- 

quency -response charts were made for 

each tape tested; but since the response 
patterns were so similar, they have been 

summarized in five categories here. An 

"A" curve indicates a response within 
±1 dB over the 100 to 20,000 -Hz range. 

Three tapes (Sony CRO2, TDK Audua, 
and TDK AD) showed a response that 

rose gradually above 1 kHz, reaching a 

maximum between +3 and +5 dB at 

approximately 19 kHz. Because,' as ex- 

plained previously, this may be looked 

upon as an advantage rather than as a 

defect, these tapes have been given an 

' Ar" (A, rising) denomination. Category 
"B" covers a span of ±2 dB over the 

same range. With only minor adjust- 
ments of the bias and/or equalization, 
any of these tapes could have been 
made to show an "A" characteristic. 
Class "C" encompasses a ±3 dB varia- 

tion over the 100 -to -20,000 -Hz range, 

but would certainly be suitable for all but 

very critical applications. Class "D" 
tapes are definitely "limited perfor- 
mance" products whose response (even 

at the -30 VU test level employed on all 

the frequency response measurements) 
was typically down by about 5 decibels 
at 10 kilohertz. O 

TIME KEEPING EXCELLENCE FROM. DIGITAL CONCEPTS 

TIME TUBES ADD A NEW DIMENSION TO TIME ITSELF 

r ,'ii+ 
1[ 3E 

CK-2001 
CK-2002 
CK-2010 
CK-2012 

A bright 0.5 Fluorescent display provides easy to read numbers that 
brighten and dim automatically according to the light. The acrylic tube 
with acrylic or hardwood ends gives these clocks a unique look of simple 
elegance. AM/PM & Power Failure Indicators. Alarm Models have easy to 
set beep alarm, snooze, and alarm set indicator. 3.5" X 3.5" X 5.75. 

Complete Kits 

Solid Clear Time Tube (shown) 
Clear Tube with Walnut Ends 
Solid Smoke Time Tube 
Smoke Tube with Walnut Ends 

539.95 
$34.95 
$42.95 
536.95 

All models available with alarm features. Add $5.00 and specify "Alarm Version" 
and model number when ordering. 

TIME CUBES LEND AN ELEGANT EFFECT TO ANY HOME OR OFFICE 

The 2020 Cube combines simplicity of design with the ultimate in technology. 
It features bright 0.5" fluorescent digits in a contemporary smoke and chrome 
enclosure. Includes AM/PM, Power Failure Indication, Easy set controls. 

Model 2120 is same as above with pleasant beep alarm, photo electronic 
dimming system and alarm set indicator. It also features a 9 -minute snooze 
which is activated by simply tipping the cube. Alarm on/off switch and 
"Tilt -Snooze" make wake up time easy to set. 4.5" X 4.5" X 4.7" High. Add 
to your collection with on -time designs from Digital Concepts. 

CK-2020 
CK-2120 

Complete Kits 

Smoke Time Cube 
Smoke Time Cube with Alarm 

$34.95 
$39.95 

Send your check or money order today for fast delivery. Add 5% ro total order to cover shipping and 

insurance. Outside Continental U.S., add 10%. N.J. residents must also add 5% sales tax. Call (2011 

845-7102 to charge your order to BankAmericard or Mastercharge. 

All clock kits are 100-120 VAC, 50/60 Hz. 
All models can be built for 12 or 24 -hour format. 
We pay shipping and insurance within the Continental U.S. on orders over $100.00. 

245 ROUTE 46 SADDLE BROOK, N.J. 07662 (2011 845-7101 

SYSTEM 5000 THE FULL FEATURE 
PROGRAMMABLE CLOCK KIT 

Have it your way with System 
5000. After the circuit has been 
assembled, add the appropriate 
jumpers and switches to create a 

truely individualized time piece. 
There are enough features to 
satisfy the most discriminating 
enthusiasts. Build an Alann/Clock/ 
Calendar, full feature Desk, Com- 
puter Room, Radio Station Clock, 
or any combination to suit your 
tastes. 

FEATURES 

Time of day and duplicate time register, two 24 -hour 
alarms, four year calendar, one hour down counter, and 
10 -minute snooze and ID timer; Direct -Drive 0.5" fluoures- 
ent panel with automatic brightness. PM and power fail- 
ure indication; Forward or reverse time setting, 9 -volt 
battery backup, seconds display on demand. Many morel 

System 5000 includes all components, two test switches 
and complete instructions. 1.5" H. X 4" W. X 4" D. 

Case not included. 534.95 

SYSTEM 5000 OPTIONS 

RELAY OPTION-$4.00 Includes 700 watt relay and in- 
terlace to control appliances, steroes, etc. 
SWITCH OPTION-$3.75 Includes 4 SPST push buttons, 
2 DPDT push buttons, and 2 SPST slide switches. Pro- 
grams all major features. 
QUARTZ TIME BASE-$6.95 Generates precise 60 Hz. 
output with exceptional stability and accuracy. Direct 
interface to system 5000 and most other clocks. Includes 
all components and instructions. 
CASE OPTION I-$5.95 Includes simulated walnut 
cabinet, blue face plate, rear panel, and all mounting 
hardware. Ideal for many projects. 8.3" X 5" X 3.8". 
CASE OPTION II-$11.00 Deluxe hand finished. solid 
3/8" walnut cabinet, complete with blue or green face 
plate and rear panel. 5.75" X 5.75" X 3.0". 
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SWTPC announces first dual 
minifloppy kit under $1,000 

Ir.:-__ : `. - 

5"ItivTlif 6800 SVST'EMER Q 

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

. . .. 

1.- ti 

5TaiTd OISKF SYSTEM 

$995 MF-68 Dual Minifloppy 
You need dual drives to get full benefits 
from a minifloppy. So we waited to offer a 
floppy until we could give you a dependa- 
ble dual system at the right price. 

The MF-68 is a complete top-quality 
minifloppy for your SWTPC Computer. The 
kit has controller, chassis, cover, power 
supply, cables, assembly instructions, two 
highly reliable Shugart drives, and a 
diskette with the Floppy Disk Operating 
System (FDOS) and disk BASIC. (A floppy 
is no better than its operating system, and 
the MF-68 has one of the best available.) 
An optional $850 MF-6X kit expands the 
system to four drives. 

I 'r 
w 

I I 

/ sigenT._a . 

rtit 

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

Enclosed is: - $1 990 for the full system shown above 
(MF-68 Minifloppy, CT -64 Terminal with 
CT-VM Monitor). 
$995 for the Dual Minifloppy 
$325 for the CT -64 Terminal - $175 for the CT-VM Monitor - $395 for the 4K 6800 Computer 

$250 for the PR -40 Line Printer 
$79.50 for AC -30 Cassette Interface 
Additional 4K memory boards at $100 
Additional BK memory boards at $250 
Or BAC / Exp Date 
Or MC r Exp. Date 

Name Address 
City State Zip 

S-wTd 6800 :vW" _ 

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

. Products Corp. 
219 W. Rhapsody, San Antonio, Texas 78216 
London: Southwest Technical Products Co., Ltd. 
Tokyo: Southwest Technical Products Corp./Japan 

Southwest Technical 
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Tips on how to make your 
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look professional. 
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tering kit. There are generally two types 
of dry -transfer kits-the type that you cut 
out and stick down and the type that you 
rub down directly from the carrier sheet. 
The latter is recommended. Dry -transfer 
type can be obtained from art supply, of- 
fice supply, and drafting equipment 
stores in a wide range of type styles, 
sizes, and colors. Some manufacturers 
of printed circuit materials also offer 
transfer sheets of electronic symbols, pc 
patterns, and control -labelling kits with 
commonly used legends. 

When you use a dry -transfer lettering 
kit, do the following. First, draw a light 
pencil line on the panel about 1/s" away 
from the bottom of the letter line you 
want to produce, as shown in Fig. 4. You 

Fig. 1. Protective paper on 
acrylic sheets is used to draw 
guidelines and dimensions. 

Adjust lie 
wldtk wrfk 
linuv>t6 saPaw 

90° l fiJ/ f° 

STRAIGHTF 

Fig. 2. When you use a pen and straightedge to draw 
lines, hold pen perpendicular to panel as shown here. 

Fig. 4. In using dry -transfer letters, first draw 
a light line Vá' from bottom of line you want to produce. 

should be able to see through the trans- 
fer sheet clearly enough to line up your 
letters parallel with the guide line. As 
each letter is properly positioned, trans- 
fer it by rubbing with a soft, blunt pencil 
over the area of the letter to be trans - 
54 

ferred, as shown in Fig. 5. Practice 
transferring letters on scrap to deter- 
mine the optimum rub pressure to use to 

. assure a good transfer. Do not press too 
hard, or the letters will spread, crack, 
and flake. 

Fig. 3. To make a final line, 
hold the pen slightly in the 
direction of the line drawn. 

After all letters for a given panel leg- 
end have been transferred, carefully 
erase the guide line. 

When labelling your control panel, 
keep it simple. Shown in Fig. 6 are ex- 
amples of the right and wrong ways of 
labelling panels. If one word will do to 
convey the function of a control, switch, 
jack, etc., never use two words. Also, 
group related items together by boxing 
them in. Use arrows or other graphics to 
indicate signal or traffic flow-but only if 
they are necessary to clarify things. A 
well -designed and properly labelled con- 
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Fig. 5. Transfer each letter by 
rubbing with a blunt pencil. Too 
much pressure may ruin the letter. 
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INPUT 

POWER 

OUTPUT 1 

OFF 

OUTPUT 2 

WRONG 

POWER 

OFF 

TRADEMARK 

' AUSe 
Saf -ADHESIVE PYáS 

^ RANTEE OF 
NGAIN: 

Mt 

I 
3 

OUTPUT 

RIGHT 
Fig. 6. Examples of the right and wrong ways to 
label a panel. Group related items, and if one word 
will describe a group, never label each unit separately. 

trol panel is not only pretty to look at, it is 

functional and completely lacking in con- 
fusion and ambiguity. 

Finishing Up. Transfer lettering and 

inked lines scratch easily and very 

quickly deteriorate if they are not pro- 
tected. While it may at first appear that a 

couple of coats of clear spray lacquer 
will provide the required protection, its 

use can be very tricky. For example, you 
cannot be assured of perfectly even 
coating over the entire panel surface. 
Also, if the first coat of lacquer is too 
thick, it will in all likelihood lift up or even 
dissolve the lettering. 

The best protection for a control pa- 

nel's lettering and graphics is clear 
transparent ConTact plastic film, obtain- 
able from most hardware stores. To use 
this film, cut it about 1/2" (12.7 mm) long- 
er and wider than the panel to be cov- 
ered with it. Do NOT remove the entire 
paper backing from the film. Instead, 
peel it back gradually as you apply the 
film to the panel. Bear in mind that you 

cannot put the film down, change your 
mind, lift it again, and reapply it. If you do 

this, you will dislodge the transfer letter- 
ing and graphics. 

The best technique to use in laying 
down the clear film is to work very 
slowly, peeling away only enough of the 
paper backing to assure that the work 
progresses at a manageable rate (see 

f 
Fig. 7. In using plastic film for 
protecting a panel, peel the paper 
from the film slowly. It 
can't be lifted, once it is down. 

f I! 1{Ali 1 I_,\( I'li' I±Ya'r Irli 
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Fig. 8. An example of a completed control panel. The 
film has been cut away from all holes and the 
various components have been mounted in proper locations. 

Fig. 7). Small air bubbles should be of a completely assembled control panel 

chased to an edge or a hole; larger bub- is shown in Fig. 8. 

bles should be lanced with a razor blade 
or X -acto knife. When the film is down, Closing Remark. We have given only 

go Over every square inch of it with the the basic techniques to use for design - 

back of a table spoon, tongue depres- ing and fabricating professional -quality 

sor, or other blunt instrument to burnish control panels. By applying these tech - 

it down solidly. Then cut the film away niques and gaining some experience in 

from all holes and mount the various design, you can make projects you will 

components on the panel. An example value and be proud to display. O 
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HE Federal Communications Com- 
mission is having problems these 

days with pirates. No, the FCC isn't tak- 
ing over the duties of the Navy and 
Coast Guard. These pirates are known 
as WCPR, WHGC, "Radio King Kong," 
"Wild Turkey Radio," and even "Radio 
Clandestine." More and more adventur- 
ers, either ignorant or contemptuous of 
the law, are taking to the airwaves and 
setting up their own broadcasting sta- 
tions. 

Bootlegging is not a new develop- 
ment. Even in the early days of radio, 

band (540 to 1600 kHz) is fair hunting 
ground for pirate broadcasters. How- 
ever, recent years have found pirates to 
be more commonly using frequencies in 
the upper end and just above the stand- 
ard broadcast band, say from 1550 to 
1650 kHz. This range is becoming popu- 
lar with pirates because many old AM 
phone transmitters which cover the 160 - 
meter ham band (1800 to 2000 kHz) can 
be easily retuned to cover 1550 to 1650 
kHz. Much of the available surplus AM 
gear will cover this range as well. 

A second favorite place for pirates is 

Piracy on the Airwaves 
when communication was by Morse 
code and spark transmitters, an occa- 
sional wireless enthusiast would "bor- 
row" another callsign, usually of rare or 
distant locations, to attract more replies. 
Amateur radio in the 1930's jokingly had 
what was called the "bootlegger" class 
of license, which allowed the holder to 
use all the power and bands he pleased, 
plus select his own call-at least until he 
was caught! Such bootlegging continues 
today on the amateur bands, with rare 
DX station callsigns often used by other 
stations, and operation taking place 
from countries (such as Turkey) where 
amateur radio is frowned upon. 

The new breed of radio pirates is in- 
terested in broadcasting, but not in com- 
municating with other stations. Indeed, 
there is no shortage of perfectly legal 
avenues for communication if your de- 
sire is to talk with other people by radio. 
However, if you want to broadcast, 
you're limited to a mere 100 milliwatts of 
power in the AM and FM broadcasting 
bands under Part 15 of the FCC rules. 
For a growing number of pirates, that 
simply isn't enough power. Note that 
neither the author nor POPULAR ELEC- 
TRONICS advocates that anyone set up a 
pirate station. The FCC rules provide for 
a maximum penalty of $10,000 fine and/ 
or a year imprisonment for those caught 
broadcasting illegally. 

Where Pirates are Found. Almost 
any frequency in the standard broadcast 

the 49 -Meter international shortwave 
broadcasting band (5900 to 6200 kHz). 
The upper end of 49 meters, around 
6200 kHz and just above, has long been 
favored by pirate broadcasters in Eu- 
rope. A big advantage of this band is 
that much wider range can generally be 
obtained than on the broadcast band, 
particularly since fully resonant anten- 
nas are generally more feasible on 49 
Meters than on the standard broadcast 
band. 

A final good place to look for pirates is 
in the 41 -Meter amateur/international- 
broadcast band (7000 to 7300 kHz and 
just above). This range is populated by 
both broadcasters and amateur opera- 
tors. A big advantage of this band for pi- 
rates is that plenty of AM equipment is 
available for the band ready to use with- 
out any further modification. A big disad- 
vantage is that interference is often tre- 
mendous, and the relatively flea -pow- 
ered pirates often can't cut the mustard. 

Those readers in urban areas might 
also want to keep an ear on the 88 - 
to -92 -MHz segment of the FM broadcast 
band. This portion of the band is normal- 
ly reserved for educational stations, 
some of which use powers as low as 10 
watts. Quite often, a "pirate" station of 
sorts will pop up here, generally for a 
day or two. These are almost always the 
result of students at a school using a le- 
gitimatey licensed transmitter in an un- 
authorized manner. Due to the highly 
sporadic nature of such operations, and 

their limited range, we will not deal with 
them in this article. 

Strictly Hobby Pirates. The major 
portion of pirate activity in the United 
States falls into the category of "hobby" 
activity. These stations are operated 
solely for the amusement and diversion 
of the pirates, who have no political 
cause to advocate. A typical example 
was WHGC, operating on a varying fre- 
quency around 1610 kHz, in Charlottes- 
ville, Virginia. This station first popped 
up in late 1975, and was reported by 

The state of 
illegal broadcasting 
is explored. 

BY Harry L. Helms 

members of the National Radio Club as 
far away as Delaware. Programming 
consisted of gospel music and religion 
(quite a contrast from the rock music 
and obscenities that many pirates put 
out). When the station was contacted by 
members of the National Radio Club, 
the operator claimed that it was oper- 
ated on a limited -radiation carrier -cur- 
rent basis that was legal under FCC 
rules Part 15, and that he couldn't imag- 
ine how the station was being heard so 
far. One resourceful NRC member even 
managed to extract a verification from 
the station that specified power as 100 
milliwatts. 

On March 4, 1976, however, FCC 
agents from the Commissions's Norfolk 
office raided and shut down WHGC. Far 
from being a mere 100 milliwatts, the 
station was actually operating at 50 
watts. The gospel music programing 
was explained by the fact that the station 
was built and run by the son of a minis- 
ter, with the station itself being located in 
the back of a church in Charlottesville! 
Luckily for the young operator, the FCC 
merely issued a warning, suspending 
further action on the condition that no 
more illegal operation take place. 

A bizzare operation was the "WDRC- 
FM" relay that operated on 1630 kHz. 
This station did nothing more than relay 
the programs of station WDRC-FM in 
Hartford, Connecticut. In late December, 
1974, various BCB DX'ers noted a sta- 
tion on 1630 kHz that identified as 
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WDRC-FM. In fact, the station itself got 
a report from a frequency monitoring 
and checking service in Cleveland, Ohio 
about the strange signal. An NRC mem- 
ber and WDRC's chief engineer used di- 
rection -finding techniques to determine 
that the illegal transmitter was in Merid- 
en, Connecticut. In mid -January, 1975, 

Federal Communications Commission 
agents, alerted by DX'ers and the 
WDRC staff, shut down the illegal trans- 
mitter. The station operator turned out to 
be a former employee of WDRC. 
WDRC-AM, by the way, transmits on 
1360 kHz-and the pirate used 1630 
kHz! 

The grandaddy of all hobby pirates, 
however, has to be the WCPR opera- 
tion. WCPR used a varying frequency of 

around 1620 kHz from its location in 

Brooklyn, New York. The station was 
first noted in late December 1975 and 

was quickly reported over a wide area 
from the Southeastern states to the Mid- 

west. Station programming consisted of 
rock music and listener phone-ins week- 
end nights from approximately 0430 to 

0700 GMT. The station announcer 
called himself, somewhat unoriginally, 
"John Doe." 

Callers to WCPR's announced num- 
bers were given an address to which to 

send reports. Unfortunately, reporters 
only received "thank you for tuning in" 
letters instead of detailed verifications. 
Meanwhile, some DX'ers noted that the 
numbers that WCPR announced were 
some of those that the telephone com- 
pany uses for internal purposes, and 
speculation arose that someone inside 
the telephone company was aiding in 

the operation, because when the WCPR 
numbers were called when the station 
was not operating, nothing happened- 
no busy signal, no dial tone. 

WCPR continued along, featuring 
calls from DX'ers and casual listeners 
from all over the eastern half of the Unit- 
ed States, until it was raided and closed 
by the FCC on February 7, 1976. Trans- 
mitter power was only 100 watts, and 

FCC agents expressed amazement that 
it had been heard in the Midwest. As is 

usually the case, the operators of the 

SAMPLER OF RECENT PIRATE BROADCASTING ACTIVITY 

Frequency 
(kHz) 

850 

1580 

1610v* 

1620v 

1629 

1630 

5035v 

6025v 

6030 

6158v 

7229 

7415 

Comments 

WHBL, Bayonne, New Jersey (announced location), rock music and 

identifications as "The Music Machine, WHBL, Radio 86, Bayonne." Ac- 

tive mid -January 1975, poor technical quality. 
Menomonee Warriors' Station, near Keshena, Wisconsin, active during 

unrest in area, early Spring 1975. 
WHGC, Charlottesville, Virginia, gospel music and religion, pretended to 

be carrier current, 50 watts of power, run by son of a minister, active late 

Autumn 1975 until closed by FCC March 4, 1976. 

WCPR, Brooklyn, New York, used rock music and telephone call -ins, 

widely heard from December 1975 until closed by FCC in early February 

1976. Transmitter was 100 watts. 

WCPU, location unknown but believed to be in the Midwest, announced 
1615, urged listeners to write FCC and Congress to open up frequencies 

for hobby broadcasters, excellent signals, active mid -February 1976 fol- 

lowing WCPR closing. 
"WDRC-FM Relay," Meriden, Connecticut, relayed WDRC-FM pro- 

gramming from late December 1974 until closed by FCC in mid -January 

1975. 
"Wild Turkey Radio," location unknown, English talks, much profanity, 

DX items from radio club bulletins. Even verified reports of its reception 

in club bulletins! Active December 6 through 10, 1973. 

"Radio King Kong," announced as being 20 miles off coast but believed 

to be in middle Atlantic states, rock music and obscenities, February and 

March, 1974. 
"Radio Clandestine," announced as being on a ship but believed to be in 

New York -Pennsylvania area, rock and political commentary, requested 

reports to NYC address, active mid -December 1973. 

Unidentified station, believe USA location, programs against telephone 

and other excise taxes (a favorite target of anti -Vietnam War groups), 

active early autumn 1972. 

Unidentified, believed to be in Philadelphia area, rock music and dedica- 

tions, active early September 1973. 

WTIT, location unknown, "The Sound of Young America," rock music, 

announced 50 watts, mid -February 1973. 

*v =frequency varies somewhat 

station turned out to be rather young, in 

their late teens and early twenties. Al- 

though the FCC apparently decided not 
to prosecute the persons involved for 
operating a transmitter illegally, prob- 
lems still remain. Prosecution may still 
result from the tampering with telephone 
company circuits. 

A glance at our "sampler" of pirate ac- 

tivity will show similar operations scat- 
tered throughout the three main pirate 
bands. Of particular note, however, is 

the "Radio King Kong" operation report- 
ed around 6025 kHz in February and 
March of 1974. Many pirate broadcast- 
ers over the years have called them- 
selves "Radio King Kong," as one of the 

"pioneer" pirate broadcasters used that 
name. However, it is not believed that 
any of the various "King Kong" opera- 
tions are related. Don't be too surprised 
if another "Radio King Kong" pops up 

sometime in the future! 

Political Pirates. Political pirate 
broadcasters are much more common in 

Europe than here. Much of the political 
pirate broadcasting activity is govern- 
ment run. Relatively little such activity 
has occurred in the United States. 

In the early Spring of 1975, an illegal 
station showed up on 1580 kHz near Ke- 

shena, Wisconsin. Operated by sympa- 
thizers of the Menomonee Indians, the 
station billed itself as the Menomonee 
Warriors' Station and announced its fre- 

quency as 1600 kHz, despite its actual 
frequency. It was strong enough to inter- 
fere with reception of WAPL, Appleton, 
Wisconsin on 1570 kHz. 

The most recent political pirate was 
WCPU on 1629 kHz, which appeared in 

mid -February 1976 shortly after the FCC 
closure of WCPR. The announcer urged 
listeners to write the FCC and Congress 
urging them to open up frequencies 
above 1610 for hobby broadcasters. 
WCFU claimed to be the most powerful 
pirate broadcaster ever, and its signals 
gave credibility to that claim. Location 
was believed to be somewhere in the 
Midwest. 

"DX" Pirates. Many DX'ers and 
SWL's get a big kick out of hearing a pi- 

rate. Do they ever get the urge to put a 

pirate station on the air themselves? 
Many members of various radio clubs 

who are known to have somewhat sym- 
pathetic "live and let live" views toward 
pirate broadcasting have at times re- 

ceived advance notification that a pirate 
was about to take to the air. But since 
many DX clubs publish membership 
lists, complete with addresses, such 
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advance notification did not prove that 
any DX'ers or SWL's were guilty of pi- 
rate activity. 

Many pirates show a surprising knowl- 
edge of DX'ing. One example is the 
case of "Radio Clandestine," which 
showed up in mid -December 1973 on 
6030 kHz. Reception was good through- 
out the Northeast, with programming 
consisting of rock music and political 
jokes. The host gave his name as "R.F. 
Burns," claimed to be operating from a 
ship off the Atlantic coast, and request- 
ed reports to a New York City address in 
care of the "SIN PO code foreman." 
Quite obviously, the operators of this 
station were aware of clandestine activ- 
ity (a favorite subject with many DX'ers) 
and were well aware of that favorite 
SWL reporting code, the SINPO system. 

The "clincher" to link some SWL's 
and DX'ers to pirate activity came in De- 
cember of 1973. From December 6 

through 10, a station was heard around 
5035 kHz announcing as "Wild Turkey 
Radio, the Voice of the Pilgrim Under- 
ground." Programming consisted of En- 
glish language talks spiced with much 
profanity. One feature was a "DX cor- 
ner" that featured items straight out of 
"FRENDX," the monthly DX bulletin of 
the North American Shortwave Associa- 
tion. A DX'er in Ottawa, Canada heard 
the station and reported reception of it to 
the January, 1974 issue of "FRENDX." 
He did not send a report to the station 
because no address was given. 

A surprise arrived a few months later 
for the Canadian DX'er. It was a verifica- 
tion letter for "Wild Turkey Radio," 
signed by "Pullet" and "Gobbler," and 
airmailed from Turkey! Despite the post- 
mark, Canadian government monitors 
believed the station to be located some- 
where in the Winnipeg, Manitoba area. 
Quite clearly, though, the operators of 
"Wild Turkey Radio" had connections 
with the SWL community and access to 
"FRENDX." More probable, in the opin- 
ion of many people, was the notion that 
"Pullet" and "Gobbler" were members 
of NASWA! 

Hearing Them Yourself. Most 
broadcast -band pirate activity takes 
place on weekends, usually after mid- 
night, and many DX'ers scan 1600 to 
1650 kHz every weekend night in the 
early hours. Activity on the 49- and 41 - 
Meter bands tends to be concentrated in 
the afternoon hours, as heavy interfer- 
ence from legal broadcasters often 
makes evening and night reception on 
these frequencies difficult for low -power 
stations. O 

Making 
Digital Electronic 
Clocks Immune 
to AC Flicker 
BY ANDREW FRASER 

AN OCCASIONAL "flicker" on the ac 
line can interrupt power to a digital 

clock for up to a second. This can cause 
the filter capacitor in the clock's power 
supply to discharge through the displays 
to the point where the clock must be re- 
set for accurate time. If you have en- 
countered this problem, the circuit we 
present here can correct it. 

A typical power supply for a digital 
clock consists of transformer Tl, diodes 
D1 and D2, and filter capacitor Cl. The 
flicker -eliminator modification in this cir- 
cuit consists of the components inside 
the dashed -line box. Now, power for the 
clock chip is obtained via D3, R1, and 
C3. When the ac line flickers, the current 
drawn by the displays will begin to dis- 
charge C1 but the charge on C2 will not 
go to the displays because under this 
condition D3 will be in reverse bias. 

117 V 
AC 

DI 

MM5316 clock chip that draws 5 mA and 
can operate down to 8 volts, C2 can 
keep the clock chip (but not the displays) 
operating for several minutes. Most line 
flickers do not last this long. Also, this 
means that you can unplug your clock 
and move it to another location without 
having to reset it. 

Resistor R1 in the add-on circuit limits 
the current flow to C2 during the charge 
cycle. If the power supply delivers 12 
volts, a value of 100 ohms at 12 watts for 
R1 will limit charging current to 120 mA. 
This allows C2 to become fully charged 
in several seconds. If you use a lower - 
value capacitor for C2, RI's value and 
power -handling capabilities can be re- 
duced proportionately, or R1 can be 
eliminated altogether. 

This flicker -eliminator technique can 
also be used with low -power RAM's in 

iV TO DISPLAY 
r 

CI 

D3 RI 
(SEE TEXT) 

C2 
(SEE TEXT) 

This circuit provides power to a clock chip to prevent flicker. 

Hence, while the charge on Cl might be 
quickly drawn off by the displays, the 
power delivered to the clock chip from 
the charge on capacitor C2 will remain 
relatively constant. 

If a power supply normally delivers 12 
volts and capacitor C2 is a very high val- 
ue (say 10,000µF) and you are using an 

+VCC TO 
CLOCK CHIP 
ONLY 

GND 

computer memory systems to prevent 
loss of stored data when a transient 
flicker occurs. The amount of "safety" 
time again depends on the value of C2 
and the current demands of the memory 
system. Therefore, the higher the value 
of C2 and the lower the current demand, 
the longer the safety time. O 
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For The CBer 

S9's the oldest, biggest and most widely read CB 
magazine in the world. Edited by Tom "Tomcat" 
Kneitel, it's got all the best writers in the CB field, 
plus great extras for the swl, vhf buff, or would-be 
ham. S9 not only tells you what's happening now, but 
what's going to happen in the future and why. Must 
reading for every CBer from 18 to 80. 

For The Radio Amateur 

CQ's the oldest and best read independent ham 

radio magazine anywhere. Mostly aimed at the oper- 
ating end of ham radio, with a goodly amount of tech 
projects, radio theory and, of course, all the new pro- 
ducts for the amateur. If you're already a ham, or 

about to become one, you'll love CQ. 

For The Music Recording Buff 

Modern Recording's only two years old, and al- 

ready hailed as the "only" mag to read for anyone 
interested in creative sound. Features stories on all the 
top recording stars, and what goes into the sound they 
make. Heavily electronic oriented. Covers, mixers, 
amplifiers, instruments, and naturally, people. 

For the Electronic Hobbyist 

A brand new monthly magazine that covers all 

phases of hobby electronics with a different twist. 
Modern Electronics tells you what's new in computers, 
audio, electronic gadgets, personal communications, 
and TV games. But it goes much further. This mag 

covers what's new and why. How -to -do -it projects 
galore. Many new devices never before covered in any 

electronic magazine. The hobby magazine of electron- 
ics tomorrow --for reading today. You can't be without 
it. 

Regular Sub 
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BUILD A 

FOR SECURITY 
Inexpensive alarm device 
detects light changes 
in its field 
of view. 

The Field Disturbance Sensor pre- 
sented here is a useful security de- 

vice wherever a reasonable amount of 
ambient light exists, such as in an office 
supplies area or a store showroom. 
Since it does not radiate an r -f or ultra- 
sonic signal, it cannot be easily detect- 
ed. Featuring a quasi -memory, it can de- 
tect removal of an object as well as the 
addition of one within its field of view. 

Thus, the Field Disturbance Sensor is 
difficult to defeat, versatile and easy to 
build owing to a low parts count, and 
readily available components can be 
used. Initial adjustments require only a 
multimeter. 

Theory of Operation. The Field Dis- 
turbance Sensor functions like a simple 
camera, with two light -dependent resis- 
tors (LDR's) or photocells taking the 
place of film. A lens projects the image 
or field of view onto the sensitive sur- 
faces of the photocells. The resistance 
of each cell is determined by the amount 
of light reaching it. When the field of 
view is normal (that is, when desired 
conditions in the field exist), the cell re- 
sistances will assume specific values. If 
an object passes through, is added to, or 
removed from the field, the intensity of 
light impinging on the cells, and thus 
their resistance values, deviates from 
the chosen norm. Any change in the am- 
bient light level also changes the photo- 
cells' resistances. 

Two IC comparators monitor the 
LDRs' resistances and activate 
an audible alarm if they 
vary by more than a 
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BY KEN POWELL 

predetermined amount. The alarm will 
continue to sound as long as the field is 
disturbed. Thus, if a person is moving 
through the field, the comparators acti- 
vate the alarm as long as he is in view. If 
an object is added or removed from the 
field, the alarm continues to sound until 
the object is withdrawn or replaced, re- 
spectively. 

About the Circuit. The schematic 
diagram of the Sensor is shown in Fig. 1. 
Cadmium -sulfide photocells LDR1 and 
LDR2 are connected in series to form a 
voltage divider and placed behind a lens 
(see Fig. 2). As the field of view is al- 
tered, the resistances of the photocells 
vary inversely in proportion to the 
amount of light striking their sensitive 
surfaces. An object entering the right 
side of the field of view produces a 
greater effect on the left photocell, and 
vice versa. A change in resistance of 
either cell causes a variation in the volt- 
age at the junction of the two cells. This 
voltage is called VIN. 

A second voltage divider comprising 
R2, R3, and R4 provides reference volt- 
ages for comparators ICI and IC2. 
These references are designated VUT 
and VLT. The upper threshold (VUT) is 
applied to the noninverting input of ICI 
and the lower threshold (VLT) is applied 
to the inverting input of IC2. Voltage 
from the junction of the photocells (VIN) 
is applied to the inverting input of 1C1 

and the noninverting input of IC2. 
Potentiometer R1 is placed in 

parallel with LDR1 so that `id VIN can be trimmed to one 
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