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

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

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

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

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

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

Watch for it! We predict great success for all 
those associated with the product. The power - 
saving device invented by NASA is a big hit. It 
will grow in popularity and save energy and 
make many companies very successful. 

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

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

This small company actually improved the 
NASA invention by adding its own refine- 
ments. ERI had a great deal of experience in 
solid state relays which use TRIACs and inte- 
grated circuits-two important elements in the 
NASA invention. A TRIAC is a bidirectional 
thyristor which controls AC from a single con- 
trol input. TRIACs also produce a great deal of 
heat. 

ERI's experience taught them how to control 
the TRIAC and its heat dissipation and thus 
they were able to reduce the device's cost 
through more efficient handling of the heat 
problem. They were already one of the 
nation's largest purchasers of TRIACs-thus 
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A new invention by America's space agency 
will help all Americans save energy and 
make some companies very wealthy. 

their costs were already low. 

NATIONAL PUBLICITY 
They called their product a Power Factor 

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

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

STILL PESSIMISTIC 
The manufacturer also felt that the product 

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

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

TEST ONE YOURSELF 
We called it the Power Chopper and agreed 

to offer it to the consumer market for $29.95-a 
major price breakthrough. 

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

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

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

When the Power Chopper arrives, plug it in 
and notice how much quieter and cooler your 
refrigerator runs. See how much less time the 
compressor must run. The compressor not 
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only will run more efficiently but will save 
energy every day you use it. 

AWARD WINNER 
If after 30 days you are not convinced that 

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

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

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

GOVERNMENT REBATE 
Purchase of the Power Chopper entitles you 

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

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

NASA technology was responsible for the 
development of the integrated circuit and 
many other space-age products. Their latest 
product could not have been developed at a 
better time. Start saving and order a Power 
Chopper at no obligation, today. 

o PRODUCTS 

O ® THTINKS 
Dept. PE One JS&A Plaza 

, 

Northbrook, III.60062 (312) 564-7000 
Call TOLL -FREE 800 323-6400 
In Illinois Call (312) 564-7000 

©JS&A Group, Inc.,1979 
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. One -Drive System: 

5399. (40 -track) & 5675. (77 -track) 

Two -Drive System: 

5795. (40 -track drives) & 51350. (77 -track drives) 

Three -Drive System: 

S1195. (40 -track drives) & 52025. (77 -track drives) 

Requires Expansion Interface, Level II BASIC & 16K RAM. 
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Low Cost Add -On Storage for Your TRS-80* 
- In -the Size You Want. 

rr 

- 

When you're ready for add-on disk -storage, -we're -ready for you. 
Ready with six mini -disk -storage systems - 102K bytes to 591K bytes of 

additional on-line storage for your TRS-80*. . - 

Choose either40-track TFD-100TH drives - 

or 77 -track TFD-200TH drives. 

One-, two- and three-drive,systems im- 
médiately available. 

*Systems include Percom PATCH PAK 
#1TM, on disk, at no extra charge. PATCH 
PAK #1'Mde=glitches and °upgrades} 
TRSDOS* for 40- and,77-track operation. 

TFD-100TH drives accommodate "flippy 
disks." Store 205K bytes Per mini -disk. 

Low prices. A single -drive TFD-100TH 
costs just.$399. Price includes ,PATCH 
PAK #1TM disk. 

"Enclosures are finished in system- 
, compatible "Tandy -silver" enamel. 

Whether you. need a single, 40 - 
track TFD-100TH add-on or a three -drive 
add-on, with 77 -track ,TFD-200TMs, you 
get more data storage for less money 
from. Percom. } a 

.. Our TFD-100TH drive, for example,, 
lets you store 102.4K bytes of data on 
one side of a disk --compared.to 80K 
bytes on a TRS-80* mini -disk drive - 
and. 102.4K bytes on the other side, too. 
Something you can't do with a TRS-80* 
drive. That's almost 205K bytes per 
mini -disk. 

And the TFD-200TH drives provide 
197K bytes of on-line storage per drive- 

- 197K, 394K and. 591 K bytes for one-, 
two and three -drive systems. 

- PATCH PAK- #1 TM, our- upgrade 
program for your TRSDOS*; not only 
extends TRSDOS%to accommodate 40 - 
and 77 -track drives, it enhances 
TRSDOS' in other ways as well. PATCH 
PAK #1 TM is supplied with each drive 
system at ho additionál charge. 

The reason you get more for less 
from Percóm is simple. Peripherals are 
not, a sideline at -Percom. Selling disk 
systems and other peripherals is our 
main business - the reason yoL gat 
more engineering, more reliability and 

"-more back-up support for less money. 

In the Product Development Queue ... a printer interlace for using your TRS-80* with any 

serial printer, and ... the Electric Crayon TM to map your computer memory onto your color TV 

screen - for games, animated shows, business displays, graphs, etc. Coming PH! 

TV TFD-100. TFD-200, PATCH PAK and Electric Crayon are trademarks of PERCOM DATA COMPANY. 

-IRS-80 and TRSDOS are trademarks of Tandy Corporation and Radio Shack which have no relationship to PERCOM DATA COMPANY. 

PERCOM 
PERCOM DATA COMPANY, INC. 
211 N. KIRBY GARLAND, TX. 75042 

To order add-on mini -disk storage fpr your TRS-80*, 
or request additional literature, call Percom's toll -free 
number: 1-800-527-1592. For detailed Technical infor- 
mation call (214) 272-3421. 

Orders may be paid by check or money order, or 
charged to Visa or Master Charge credit accounts. Texas 
residents must add 5% sales tax. 

Percom `peripherals for personal computing' 
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" Editorial 

ACTION & REACTION 

"We have met the enemy and he is us." 

Sometimes, technological advancements cause consequences that 

make one wonder why the latter weren't thought of beforehand. And 

why steps weren't taken to minimize them. 

History is fraught with such examples: burning coal without considering 

how minimal harm to people and the atmosphere can be accomplished; 

designing vehicles without regard to damage -causing projections in the 

event,of an accident; using CB radios with interference emissions ini- 

tially so limited that they played havoc with TV receiver reception; 

and so on. 

Technology should continue to be advanced, of course; but as it does, 

foresee the creation of new occupations to attack problems that might 

be caused. Indeed, the whole field of environmental science grew up to 

wrestle with minimizing of air and water pollution. If manufacturers ig- 

nore such possibly deleterious effects, experience in recent years indi- 

cates that the government won't! And when this happens, overregula- 

tion quickly follows. The result is more costly products and services 

and reduced productivity; just what we don't need. The OSHA, for ex- 

ample, has a standards proposal to reduce environmental noise levels 

in plants. When implemented, it will cost $19,000 per worker. But $50 

ear protectors would have done the job just as well. 

Now the FCC has redefined Part 15 rules governing low power commu- 

nication devices and the general requirements for a restricted radiation 

device (including computers, electronic games, tape recorders, calcula- 

tors, and electronic watches). It has defined a computing device as any 

electronic device or system that uses digital techniques and has r -f en- 

ergy exceeding 10,000 Hz or pulses per second. The standards set 

down are designed to head off TV interference problems caused by 

personal computers, which are escalating in sales, as well as by 

other products. 

There's no doubt that tighter limitations on radiation are required. I just 

wish that the manufacturers had recognized the need and acted ac- 

cordingly to correct the problem. The government's rules may be too 

stringent and the certification procedure too vexing for everyone's 

tastes. In any event, it's possible that digital electronic products will 

cost more next Christmas as a result of these rewritten rules. 

POPULAR ELECTRONICS 
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Personal Computers 
Cl P: $349 A dramatic breakthrough in price and performance. Features 

OSI's ultra -fast BASIC -in -ROM, full graphics display capability, and large 
library of software on cassette and disk, including entertainment pro- 

grams, personal finance, small business, and home applications. It's a 
complete programmable computer system ready to go. Just plug-in a 
video monitor or TV through an RF converter, and be up and running. 

15K total memory including 8K BASIC and 4K RAM-expandable to 8K. 

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

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

development disk operating system. 

Professional Portables 
C4P: $698 The professional portable that has over three times the display capability 
of C1 Ps. Features 32 x 64 character display in up to 16 colors, graphics, audio output, a 
DAC for voice and music generation, key pad and joystick interfaces, AC remote control 
interface and much more. Utilizes a 4 -slot BUS (2 used in base machine), 8K BASIC -in - 
ROM, 8K of static RAM and audio cassette interface. Can be 
directly expanded to 32K static RAM and two mini -floppy disks. 

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

Computers come with keyboards and floppies where specified. 
Other equipment shown is optional. 

Home/Small Business Systems 
C8P: $895 Same great features as the C4P in a tremendously expandable "main- 
frame package" Features over three times the expansion capability of the C4P for 
advanced home and demanding business applications. Can be expanded to 48K RAM, 
dual 8" floppies, hard (Winchester) disks and multiple I/0 devices such as Voice I/O and 
a universal telephone interface. 

r 

s-- Met 

© º P 

.. .=.. .- 
d 

e 

nukRs.,p .r 

INN 

C8P DF: From $2597 The ultimate 
Home/Very Small Business Computer at a 
personal computer price. Features 32K RAM 
(expandable to 48K) and dual 8" floppy disks 
(stores eight times as much information as a 
mini -floppy). Has all personal computer 
capabilities including 32 x 64 display, color 
graphics, sound, DAC, joystick interfaces, 
home features including real time clock, AC 
remote interface, home security and fire 
detection interface and can be expanded to 
include voice I/O and a universal telephone 
system for answering and initiating calls! Its 
large memory capability and 8" floppies allow 
it to run most Ohio Scientific business system 
software including a compete accounting 
system, word processor and information 
management system. 
For literature and the name of your local 
dealer, CALL 1-800.321.6850 TOLL FREE. 

OHIO SCIENTIFIC 
CIRCLE NO.42 ON FREE INFORMATION CARD 1333 SOUTH CHILLICOTHE ROAD 

AURORA, OH 44202 [216) 831-5600 



hn 

Letters 
OF RADS, REMS, AND RADIATIONS 

I read "A Personal Radiation Monitor" in your 
January 1980 issue with great interest. Howev= 

er, it contained some inaccuracies with regard 
to units of measure that, in view of the large 
amount of misinformation about the subject in 

circulation today, I would like to clear up. What 
is described as the roentgen (R) is actually the 
rad (r), the standard unit of absorbed radiation 
dosage (1 erg absorbed per gram of matter). 
Absorbed radiation need not be gamma only. 
Rem is "rads equivalent to man," which gives a 

uniform scale to measure radiation harm to 
human beings. One rad of gamma is equivalent 
to only 0.05 rad of low -energy alpha radiation in 

rem dosage, calculated by multiplying absorbed 
rads by a constant RBE (relative biological 
effectiveness) factor. 

The roentgen is actually a measure of radia- 
tion exposure or amount of radiation in any cubic 
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Nail -head pin rows 
offset for easy 
probe attachment. 
(Straight -pin models 
for attachment of 
connectors.) 

Now experience the easiest way 
there is to trouble -shoot DIP ICs. 
The A P Super Grip II is the 
ultimate test clip. 

You get positive contacts. 
No intermittents. No shorts, 
Ever. The contacts are gold- 
plated phosphor bronze 
arranged in a "contact comb" 
which separates contacts 
precisely. Narrow -nose 
design fits highest -density 
boards-even ICs with 
only .040" between rows. 
Flat contacts won't roll 
off IC leads. 

Heavy-duty industrial - 
grade spring maintains firm 
contact pressure. Engineer- 
ing -grade thermoplastic 
body is molded around 
contact pins. Eleven 
models from $4.50. All 
DIP sizes. 

Where to buy? Phone 
(toll -free) 800-321-9668 for 
the name of your local A P 

distributor. And ask for our 
complete A P catalog, "The 
Faster and Easier Book." 

AP PRODUCTS INCORPORATED 
1359 W. Jackson St., Painesville, Ohio 44077 Tel. 216/354-2101 TWX: 810-425-2250 
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volume of space. It is the amount of radiation 
required to release 1 coulomb of charge, by 
ionization, in 1 kg of air. 

Harmful effects are not directly related to the 
energy of the radiation. They are more closely 
tied to the nuclear reactions that occur once the 
radiation is absorbed by the body. -Peter L. 

Schestopol, New Paltz, NY. 

"PSEUDORANDOM" DEFINED? 

With reference to Mr. Mims' "Pseudorandom 
Number Generator" ("Project of the Month," 
December 1979), it has been my experience 
that the term "pseudorandom" refers to an 
apparently random output that has been created 
by an algorithm, not the spectral purity of the 
algorithm's output. In other words, a collection 
of pseudorandom numbers might be as random 
as you could wish and indistinguishable from 
"true" random numbers. -George R. Scott, 
Pensacola, FL. 

The article did not mean to imply that the 
spectral purity of the algorithm's output made it 
"pseudorandom." This quality comes from the 
design of the circuit itself. In any event, it noiv 
appears that the circuit presented is actually a 

great deal more random than was suggested. 
Mr. Mims will be taking up this subject in more 
detail in a future column. 

HAS COME OF AGE 

I noticed with delight Ray Wilkins' "LED Traf- 
fic Light" in the December 1979 issue of PoPu. 

LAR ELECTRONICS. It seems to me that my elec- 
tronic experimentation has "come of age" 
since I took up electronics as my hobby a 

couple of years ago. This past summer, I 

designed and built an identical -looking traffic 
light for my son. I run mine with just four 555 
timers. -lstvan Mohos, Phoenix, AZ. 

IN APPRECIATION 

"Computer -Aided Morse Code Practice" (De- 
cember 1979) is a beautiful article. It was 
refreshing to see a software article like this in 

POPULAR ELECTRONICS, especially since I own 
the correct hardware to take advantage of it. 
-Steve Stanley, W2FQG, Latham, NY. 

Out of Tune 
The etching and drilling guide of the "Audio 

Artist" (December 1979, p. 62) lacks one piece 
of connecting foil. The missing foil is indicated 
by an arrow in the half-size reproduction shown 
below. If you have already etched a circuit 
board, simply solder a jumper wire to take the 
place of the missing foil. 

0 
0/° p1 
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MORE CAPABILITIES THAN 
ANY OTHER PERSONAL COMPUTER 

UN 3)ER $1,000' 
Compare the built-in features of the 

ATARI°8301mwith other leading persona 
ccmputers. Whether.you program it 
yourself or use pre-programmed car- 
tridges or cassettes, the ATARI 800 gives 
you more for your money. 

Run -your own pogroms? Easy. Just 
plug in tie 8K BASIC or optional 
AEsember language cartridge, and 
gc. They''e ROM based. That means 
more RAM for your programs. 

Also Included with the ATARI 800 is 

ar interral speaker and four separate 
sound channels, FCC approval, a 
built-in [I -modulator, the ATARI 410" 
Program Recorder and a high speed 
se-ial-I/C. 

Periph3rals? Add up to 48K of 
us3r installable RAM. Or up to four 
individuclly accessiale floppies. 

C ̀ 

CD Atari 1979 

OA Warner Communicatiors Company 
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A.high-speed printer. And more to come: - 

Grcphics, programs? No problem. The 
ATARI 830 offers 128 color variations: 
16 colors- in 8 luminance levels. Plus ° 

29 keystroke graphics symbols and 8 
graphics modes. All controlled from a 
57 ct'aracterASCII keyboard. With upper 

' and lovrer case. 
Or, program it ourway.There are excit- 

ing programs available and mcny more 
on the way for the ATARI 800. Business 
programs. Home Management pro- 
grams. Entertainment. And with the 410 
audio'd gitál recorder, you can add 
Atari's unique Talk & Teach Educational 
System cassettes. 
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Your way or our way, you'll finc that 
the ATARI 800 is probably the most 
powelul computer that $999.99' 
can buy. 

Aic with that power, you get depend- 
cbil ty Dependability built into Atari's 
custom designed and fully -tested LSI cir- 
cuitry and -lower component count, (less 
oomponents, less chance for failure). 

Bit if anything ever does go wrong- 
yaull-ind a complete network of 
computer -connected Atari service facil- 
ities waiting for you throughout the 
country. 

Make your Own 'comparison. Hands 
on..\nywhere computers are soli. Or, 

send for a free chart that compares 
the features of the ATARI 800 to 
other leading fully -programmable' 
computers: 

"Suggested retail price $999.99 includes 
computer console, program recoraer 
and BASIC language cartridge. 

ATARI 
PERSONAL COMPUTER SYSTEMS 

1265 Borregas Ave., Dept. C, Slunnyvale, California 94086. Call toll -free 800-538-8547 
(In California 800-672-1404) for the name ofsrour nearest Atari retailer. 
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New Products 

page workbook. Software, memory, stor- 

age media, and input/output devices are 

discussed in a way that presupposes no 

prior knowledge of computers. Also cov- 
ered are personnel requirements, and the 

relative advantage of time-sharing vs. ser- 

vice bureau vs. owning. $50. 
CIRCLE NO. 90 ON FREE INFORMATION CARD 

Additional information on new products 
covered in this section is available from the 

manufacturers. Either circle the item's code ' 

number on the Free Information Card 
or write to the manufacturer at the 

address given. 

Computer -Controlled 
Car Stereo 
Kenwood's top -of -the -line Model KRC-71 1 

in -dash car stereo AM -FM receiver -cas- 

sette player contains four power ampli- 

fiers. Two, rated at 5 W/channel, are 
intended for speakers at the front; the 
remaining pair, rated at 20 W each, are for 

114, $Jú9 tom'I 
I mo! t5 El G0 

rear speakers. Among its micropocessor- 
controlled features are: automatic blending 

of FM channels, switching to mono, and 

hunting for a stronger station as more and 

more noise is encountered. If no station is 

available, the receiver can automatically 
switch to a cassette, which can be pre - 

cued and left in standby mode with safety. 

Tuning is by means of a phase -locked loop 

with digital readout, and Dolby noise 

reduction is included for tape playback 
and FM. $449. 
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NBS-Traceable - 

Frequency Counter 
Optoelectronics' Model 8010 is a frequen- 

cy counter sold with NBS-traceable cali- 

bration. Its rated frequency range extends 

to 1 GHz, with a 1-ppm TCXO. Aging of the 

timebase is said to be less than 0.1 ppm 

per month. Sensitivity is rated at 1-10 mV 

from 10 Hz to 60 MHz, with 1-megohm 

input impedance, and 5-25 mV from 25 MHz 

to 1 GHz with 50 -ohm input impedance. 
Resolution of 9 digits is available from a 

red LED readout 0.4" (10 -mm) high. The 

unit is housed ín a black anodized alumi- 

num case that is shielded against r -f. 

$325. 
CIRCLE NO. 91 ON FREE INFORMATION CARD 

Business -Computer 
Information Package 
Heath is offering an educational package 
designed to help business people learn 

how computers can provide benefits for 

their operations. Entitled Computer Con- 

cepts for Small Business, the program 
includes three audio cassettes and a 160- 

.. 

pw 

Stereo Headphones 
Koss Corp. announces that its new HV/X 
headphones offer new psychoacoustic 
benefits to the listener by combining the 

auditory characteristics of a closed type 
of dynamic headphone with the free sound 
field of a hear-tlirough, high -velocity type. 

1 

This was made possible, says Koss, by an 

exclusive, variable -density earcushion that 
remains transparent to high and middle 

frequencies while effectively forming a 

seal for the bass. HV/X stereophones 
also include dual suspension headbands 

and adjustable slide bars for a comfortable 
fit. Model HV/X sells for $70, and Model 

HV/XLC with individual balance controls 
for each earcup for $80. 

CIRCLE NO. 92 ON FREE INFORMATION CARD 

w- 

lamp or appliance plugs into a switch mod- 

ule that plugs into a nearby ac receptacle. 
Modules for incandescent lamps, rated for 

loads up to 300 watts, can be turned to on, 

dim, bright or off. Appliance modules han- 

dle devices rated to 15 amperes or incan- 

descent loads to 500 watts. A switch mod- 

ule designed to replace wall switches is 

available for incandescent lights up to 500 
watts total. "House code" settings on the 

control center allow up to 16 (256 circuits 
total) to be used at once. An "all -on" or 

"all -off" control can be used in case of 

emergencies. Dimensions are 43/4" X 31/2" 

X 3112" (121 X 89 X 89 mm). Control 
center $40; switch modules $15. 
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Wireless Remote Control 
The Plug 'n Power Wireless Remote Con- 

trol from Radio Shack handles up to 16 

ac -operated devices without installation of 

special wiring. The control box is plugged 
into any standard ac outlet, while each 

Glass -Mounted 
UHF Antenna 
Avanti is now offering Model AH450.5G, a 

mobile uhf antenna for ham radio applica- 
tions. Said to give 5 -dB gain, the new 

design is for work on 440-450 MHz and is 

tunable from 406-512 MHz. Its external 

portion mounts to a glass surface by 

means of a special adhesive, and signal is 

fed to it via a "High -Q" impedance cou- 

pling device that includes a noise -reduc- 
tion system. This eliminates the need for 
drilling holes in the vehicle and protects 
the feeder cable from deterioration. The 

0.75 -meter stainless steel whip is special- 
ly plated to reduce skin -effect losses; oth- 

er external parts are triple -chrome plated 
for protection. Also featured in the system 
is a horizontal phasing loop to link two 
separate antennas., 
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Mini Recording Studio 
Designed for musicians, composers, and 

recording enthusiasts, the new Portastudio 
20 from Teac combines a four -in two -out 
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Burglar Alarm 
Br - akthroug 
A new computerized burglar alarm reqúires no 
installation and protects your home or business 
like a thousand dollar professional system. 

It's a security system computer. You can 
now protect everything-windows, doors, 
walls, ceilings and floors with a near fail-safe 
system so advanced that it doesn't require 
installation. . 

The Midex 55 is a new motion -sensing com- 
puter. Switch it on and you place a harmless 
invisible energy beam through more than 
5,000 cubic feet in your home. Whenever this 
beam detects motion, it sends a signal to the 
computer which interprets the cause of the 
motion and triggers an extremely loud alarm. 

The system's alarm is so loud that it can 
cause pain-loud enough to drive an intruder 
out of your home before anything is stolen or 
destroyed and loud enough to alert neighbors 
to call the police. 

The powerful optional blast horns can also be 
placed outside your home or office to warn 
your neighbors. 

Unlike the complex and expensive com- 
mercial alarms that require sensors wired into 
every door or window, the Midex requires no 
sensors nor any other additional equipment 
other than your stereo speakers or an optional 
pair of blast horns. Its beam actually pene- 
trates walls to set up an electronic barrier 
against intrusion. 

NO MORE FALSE ALARMS 
The Midex is not triggered by noise, sound, 

temperature or humidity-just motion-and 
since a computer interprets the nature of the 
motion, the chances of a false alarm are very 
remote. 

An experienced burglar can disarm an ex- 
pensive security system or break into a home 
or office through a wall. Using a Midex system 
there is no way a burglar can penetrate the 
protection beam without triggering the loud 
alarm. Even if the burglar cuts off your power, 
the four-hour rechargeable battery pack will 
keep your unit triggered, ready to sense 
motion and sound an alarm. 

ARRIVE HOME SAFE 
There's personal danger in arriving home 

and finding a burglary in progress. And, if you 
surprise the burglar, you risk the chance of 
serious injury. With the Midex 55 protecting 
your home, you can open your front door with 
the confidence of knowing that no burglar lurks 
inside. 

When the Midex senses an intruder, it re- 
mains silent for 20 seconds. It then sounds the 
alarm until the burglar leaves. One minute 
MARCH 1980 

after the burglar leaves, the alarm shuts off 
and resets, once again ready to do its job. This 
shut-off feature, not found on many expensive 
systems, means that your alarm won't go wail- 
ing all night long while you're away. When your 
neighbors hear it, they'll know positively that 
there's trouble. 

PROFESSIONAL SYSTEM 
Midex is portable so it can be placed any- 

where in your home. You simply connect it to 
your stereo speakers or attach the two op- 
tional blast horns. 

Operating the Midex is as easy as its instal- 
lation. To arm the unit, you remove a specially 
coded key. You now have 30 seconds to leave 
your premises. When you return, you enter 
and insert your key to disarm the unit. You 
have 20 seconds to do that. Each key is regis- 
tered with Midex, and that number is kept in 
their vault should you ever need a duplicate. 
Three keys are supplied with each unit. 

As an extra security measure, you can leave 
your unit on at night and place an optional 
panic button by your bed. But with all its 
optional features, the Midex system is com- 
plete, designed to protect you, your home and 
property just as it arrives in its well -protected 
carton. 

The Midex 55 system is the latest electronic 
breakthrough by Solfan Systems, Inc.-a com- 
pany that specializes in sophisticated profes- 
sional security systems for banks and high 
security areas. JS&A first became acquainted 
with Midex after we were burglarized. At the 
time we owned an excellent security system, 
but the burglars went through a wall that could 
not have been protected by sensors. We then 
installed over $5,000 worth of the Midex com- 
mercial equipment in our warehouse. When 
Solfan Systems announced their intentions to 
market their units to consumers, we immedi- 
ately offered our services. 

COMPARED AGAINST OTHERS 
In a recent issue of a leading consumer 
publication, there was a complete article 
written on the tests given security devices 
which were purchased in New York. The 
Midex 55 is not available in New York 
stores, but had it been compared, it would 
have been rated tops in space protection 
and protection against false alarms-two 
of the top criteria used to evaluate these 
systems. Don't be confused. There is no 
system under $1,000 that provides you 
with the same protection. 

YOU JUDGE THE QUALITY 
Will the Midex system ever fail? No product 

is perfect, but judge for yourself. All com- 
ponents used in the Midex system are of aero- 
space quality and of such high reliability that 
they pass the military standard 883 for thermal 
shock and bum -in. In short, they go through 
the same rugged tests and controls used on 
components in manned spaceships. 

Each component is first tested at extreme 

The Midex security computer looks like a 
handsome stereo system component and 
measures only 4"x 101/2"x 7." 

tolerances and then retested after assembly. 
The entire system is then put under full elec- 
trical loads at 150 degrees Fahrenheit for an 
entire week. If there is a defect, these tests will 
cause it to surface. 

PEOPLE LIKE THE SYSTEM 
Wally Schirra, a scientist and former astro- 

naut, says this about the Midex 55. "I know of 
.no system that is as easy to use and provides 
such solid protection to the homeowner as the 
Midex. I would strongly recommend it to any- 
one. I am more than pleased with my unit." 

Many more people can attest to the quality 
of this system, but the true test is how it per- 
forms in your home or office. That is why we 
provide a one month trial period. We give you 
the opportunity to see how fail-safe and easy 
to operate the Midex system is and how 
thoroughly it protects you and your loved ones. 

Use the Midex for protection while you sleep 
and to protect your home while you're away or 
on vacation. Then after 30 days, if you're not 
convinced that the Midex is nearly fail-safe, 
easy to use, and can provide you with a 
security system that you can trust, return your 
unit and we'll be happy to send you a prompt 
and courteous,refund. There is absolutely no 
obligation. JS&A has been serving the con- 
sumer for over a decade-further assurance 
that your investment is well protected. 

To order your system, simply send your 
check in the amount of $199.95 (Illinois resi- 
dents add 5% sales tax) to the address shown 
below. Credit card buyers may call our toll -free 
number below. There are no postage and 
handling charges. By return mail you will 
receive your system complete with all con- 
nections, easy to understand instructions and 
a one year limited warranty. If you do not have 
stereo speakers, you may order the optional 
blast horns at $39.95 each, and we recom- 
mend the purchase of two. 

With the Midex 55, JS&A brings you: 1) A 
system built with such high quality that it com- 
plies with the same strict government stan- 
dards used in the space program, 2) A system 
so advanced that it uses a computer to deter- 
mine unauthorized entry, and 3) A way to buy 
the system, in complete confidence, without 
even being penalized for postage and hand- 
ling charges if it's not exactly what you want. 
We couldn't provide you with a better oppor- 
tunity to own a security system than right now. 

Space-age technology has produced the 
ultimate personal security computer. Order 
your Midex 55 at no obligation, today. 

O PRODUCTS 

O 
® THINK® 

Dept. PE One JS&A Plaza 
Northbrook, III.60062 (312) 564-7000 

Call TOLL -FREE 800 323-6400 
In Illinois Call (312) 564-7000 
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mixer with a multi -track cassette recorder. 
The recorder runs at 33/4 ips for greater 
dynamic range than possible at the normal 
cassette speed, and can record two 
tracks in sync or play back all four at once. 
Using simul-sync and "ping-pong" record- 
ing, the unit is said to be able to record 10 

separate parts without dubbing any more 
than once. A pitch control of ± 15% is also 
included. Specifications include: S/N 68 
dB weighted, for the mixer; S/N 50 dB 
(with Dolby), wow and flutter 0.04%, fre- 
quency response 20-18,000 Hz for the 
recorder. Total weight is under 20 lb (9.1 
kg). $1,100. 
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tortion. This is accomplished without refer- 

ence to tables and without measuring 
effective arm length. The unit is made of 
heavy plastic and comes with a carrying 
case. $20. 
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Component Lead Bender 
Companion to the familiar Model 801 

Speedy Bend I, which handles 114-W and 
1/2M resistors and diodes, the new Model 
901 Speedy Bend II from Production 

. 

111111114444, 

rr 

Devices forms the leads of 1- and 2-W 
resistors and components 1" (25.4 mm) 
and 11/4" (32 mm) long. Spacing between 
the bends can be adjusted in 0.050" (1.27 - 
mm) increments. Speedy Bend I, $2; Spee- 
dy Bend II, $3. Address: Production De- 
vices, 7859 Raytheon Rd., San Diego, CA 
92111. 

Protection for 
Floppy Disks 
"Floppy Saver" is a reinforcing ring of 7 - 

mil Mylar with adhesive backing which 6s 

put on computer program disks to protect 
them from possible damage. A kit is avail- 

able which includes a number of the rein- 

forcing rings, a tool for putting them on the 
disks, and a centering post. The kit is 

$14.95. Address: Tri-Star Corp., P.O. Box 
1727, Grand Junction, CO 81501. 

EAR jack of the cassette deck and the 

cable to the TRS-80 keyboard. It requires 

no electrical power or batteries. C -LOAD 

is available in two models: Model 800 is for 

programs generated on the TRS-80 and 

most commercially available tapes, while 
Model 810 is for machine -language tapes 
recorded with inverted polarity. $12.95. 
Address: GB Associates, P.O. Box 3322, 
Granada Hills, CA 91344. 

Automotive Air Freshener 
Air pollution lurking in automobiles and 

trucks is the largest of Electrolert's new 

"Airbuster." Readily attachable to a vehi- 

cle's dashboard, the unit is said to freshen 
the air by causing an increase in the num- 

ber of negative. ions. The manufacturer 
claims, in addition, that the Airbuster 
cleans the air by causing precipitation of 

dust and particulate pollutants. $110. 
CIRCLE NO. 97 ON FREE INFORMATION CARD 

VTR Control Center 
Superex's Model VTRS-4 is a switching 
center capable of accommodating four vid- 

eo tape decks. Dubbing can be performed 

from one deck onto three others without 
the necessity of changing connections. An 

alternate camera input enables multiple 
recordings of live sources to be made. 

Insertion loss of the device is said to be 

unmeasurably low, with rated frequency 
response extending from dc to 10 MHz. 

$60. 
CIRCLE NO. 99 ON FREE INFORMATION CARD 

Phono Stylus Protractor 
New from DB Systems is the DBP-10 
Phono Alignment Protractor, an instrument 
said to be able to measure the lateral 

tracking error of a mounted cartridge to a 

precision of ±0.25°. The manufacturer 
states that, by using the recommended 
adjustment procedure, a user can align a 

phono cartridge for optimum geometry 

(a compromise in the case of pivoted tone - 
arm) and achieve minimum playback dis- 

I,,,.L*+; ' 

SAE Two Integrated Amp 
The A7 integrated amplifier was recently 
added to the SAE Two line from Scientific 
Audio Electronics. Provided with full com- 
plementary output stages, the unit is rated 
to deliver 70 watts per channel to an 8- 

cz 
- 

I 

ohm load, 20-20,000 Hz, with no more than 
0.05% THD and IM. In addition to its low - 
noise phono section, the A7 includes an 

external processor loop to allow connec- 
tion of external accessories. It also con- 
tains a fluorescent bargraph display of 

Power output at the speaker terminals of 
voltage output at the tape monitor jacks. 
1400. 
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TRS-80 Cassette Loader 
GB Associates' C -LOADER is said to elim- 
inate CLOAD and CLOAD? problems 
encountered in TRS-80 computers. The C - 

LOADER device connects between the 

Rugged Bookshelf 
Speaker 
The Model V-6 from Genesis Physics is a 

compact . bookshelf loudspeaker whose 
designation comes from the design of its . 

low -frequency section (vented, with a 6 - 

inch driver). Rated frequency response is 

52-20,000 Hz, ±4 dB, with moderately 
high efficiency of 89 dB at 1 meter for a 

1-W input. Said to be capable of handling a 

continuous 75-W input, the speaker should 

Q 

- 
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be able to produce 107 dB SPL at 1 meter. 
The tweeter is designed to withstand 
repeated 1 -kW pulses and, with the rest of 

the system, carries a lifetime warranty to 
the original owner. The manufacturer 
states that the enclosure, constructed of 
walnut -veneered 3/4" particleboard, is op- 
timized to work with the woofer. $116. 
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NEW 
Scanners: 
NEW Prices! 
NEW Club! 

Communications Electronics':. the 
world's largest distributor of radio scan- 
ners, has new prices, on new scanner 
models and accessories. A scanner, when 
teamed up with your CB, will give you up - 
to -the -second information that you can't 
get elsewhere. If you don't have at least 
one scanner, the time to buy is now! 

Since CE distributes more scanners world- 
wide than anyone else, we can give you rock 
bottom prices. Our warehouse facilities are 
equipped to process over 1,000 scanner orders 
per week and our order lines are always staffed 
24 hours. We also export scanners to more than 
300 countries and military installations. Almost 
all items are in stock for immediate shipment, 
so purchase your scanner from CE now! 

NEW! Bearcat°300 
Available April- May, 1980 
List price $519.95/CE price $339.00 
7 -Band, 50 Channel Service Search No - 
crystal scanner AM Aircraft and Public 
Service bands. Priority Channel AC/DC 
Bands:32-50, 118-136 AM, 144-174,421-512 MHz. 
The new Bearcat 300 is the most advanced auto- 
matic scanning radio that has ever been offered to 
the public. The Bearcat 300 uses a bright green 
fluorescent digital display, so it's ideal for mobile 
applications. The Bearcat 300 now has these 
added features: Service Search, Display Intensity 
Control, Hold Search and Resume Search keys, 
Separate Band keys to permit lock-in/lock-out of 
any band for more efficient service search. 

Bearcat® 250 
List price $419.95/CE price $269.00 
50 Channels Crystalless Searches 
Stores Recalls Self -Destruct AC/DC 
Priority Channel 6 -Band Count Feature. 
Frequency range 32-50, 146-174, 420-512 MHz. 
The Bearcat 250 performs any scanning function you 
could possibly want. With push button ease you can 
program up to 50 channels for automatic monitoring. 

Aircraft Bearcat® 220 
List price $419.95/CE price $269.00 
Aircraft and public service monitor. Frequency 
range 32.50, 118-136 AM, 144-174, 420-512 MHz. 
The Bearcat 220 is one scanner which can monitor all 
public service bands plus the exciting AM aircraft band 
channels. Up to twenty frequencies may be scanned at 
the same time. 

Bearcat° 211 
List price 5349.95/CE price $239.00 
Frequency range: 32-50, 146-174, 420-512 MHz. 
The Bearcat 211. It's an evolutionary explosion of 
features and function. 18 -channel monitoring. With no - 
crystal six -band coverage. Dual scan speeds. Color - 

coded keyboard. Even a digital clock. All at a modest 
price. More scanning excitement than you bargained for. 

Bearcat° 210 
List price.S299.95/CE price $199.00 
10 Channels 5 Bands Crystalless 
Frequency range: 30-50, 146-174, 420-512 MHz. 
Use the simple keyboard to select the 10 channels to be 
scanned. Automatic search finds new frequencies. The 
210 features patented selectable scan delay, push 
button lockout, single antenna, patented track tuning, 
AC/DC operation. With no crystals to buy. Ever! 
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Bearcat 5 and 4-6 Thin Scan" 
MARCH 1980 

Buy a Bearcat 12 between February 1 and Ma-ch 31, 1980, 
and you'll get a coupon good for four free crystals sent 
directly to you from Electra Company. You'll get two free 
crystals with your purchase of the Bearcat 8 -Track or any 
Hand-Helds. Offer valid only on purchases of Bearcat 
Crystal Scanners between February 1 and March 31, 1980. 
Restricted to one Free Crystal Offer per consumer regardless 
of number of scanners purchased. Void where taxed or 
prohibited by law. Requests must be postmarked no later 
than April 18, 1980. Allow four to six weeks for delivery. To 
qualify for this offer you must send proof of purchase and the 
Bearcat Stringed Card attached to the front of your new 
crystal scanner, along with the frequencies desired to: 
Bearcat Free Crystal Offer, Electra Company. Box 29243. 
Cumberland, Indiana 46229. 

Bearcat° 12 
List price $179.95/CE price $119.00 
10 Channels 5 Bands AC or DC 
Frequency range: 33-48, 146-174, 450-512 MHz. 
More features, more channels, more action. The Bearcat 
12 has automatic squelch, individual lockout and more. 

NEW! Bearcat° 5 
Available April - May, 1980 
List price $129.95/CE price $94.00 
8 Channels 4 Bands AC only 
Frequency range: 33-50, 146-174, 450-512 MHz. 
The Bearcat 5 is a value -packed crystal scanner built for 
the scanning professional - at a price the first-time 
buyer can afford. Individual lockout switches. 

Bearcat° 8 Track 
List price $99.95/CE price $79.00 
4 Channels 2 Bands Plays off any AC or DC 
Powered 8 Track Tape Player. 
Frequency range: 36-44, 152-162 MHz. 
This incredibily compact 4-channel/2-band crystal 
scanner plugs into the tape player where an 8 track 
cartridge normally goes. 

Bearcat® Four -Six 
List price $179.95/CE price $119.00 
The first 4 Band, 6 Channel, Hand -Held Scanner. 
Frequency range: 33-47, 152-164, 450-512 MHz. 
The Bearcat Four -Six offers "hip pocket" access to 
police, fire, weather and special interest public service 
broadcasts. Lightweight. Extremely compact. 

NEW! Bearcat° 
Four -Six ThinScan" 
List price 5179.95/CE price $119.00 
Frequency range: 33-47, 152-164, 450-508 MHz. 
The incredible, new Bearcat Four -Six Thin Scan'- is like 
having an information center in your pocket. This four 
band, 6 channel crystal controlled scanner has patented 
Track Tuning on UHF. Scan Delay and Channel Lockout. 
Measures 23/4 x 6'/: x 1:' Includes rubber ducky antenna. 

Bearcat® ThinScan" 
List price $149.95/CE price 599.00 
World's smallest scanner! 
There are now three models available. The BC 2-4 L/H 
receives 33-44 and 152-164 MHz. The BC 2-4 H/U 
receives 152-164 and 450-508 MHz. The Aircraft 
ThinScan" model BC 2-4 AC receives 118-136 and 
450-470 MHz. The Bearcat ThinScan" measures 23/4" 
across. Just 1" deep. And 53/4" high. 

INCREASED PERFORMANCE ANTENNAS 
If you want the utmost in performance from your 
scanner, it is essential that you use an external antenna. 
We have six base and mobile antennas specifically 
designed for receiving all bands. Order #A60 is a 
magnet mount mobile antenna. Order #A61 is a gutter 
clip mobile antenna. Order #462 is a trunk -lip mobile 
antenna. Order #A63 is a 3/. inch hole mount. Order 
#A64 is a 3/e inch snap -in mount, and #A70 is an all band 
base station antenna. All antennas are $25.00 and 
S3.00 for UPS shipping in the continental United States. 

OTHER SCANNER ACCESSORIES 
SP50 AC Adapter 512.00 
SP51 Battery Charger $12.00 
SP55 Carrying Case for Bearcat Four -Six $15.00 
SP57 Carrying Case for Bearcat 2-4 only $15.00 
F8 -E Frequency Directory for Eastern U.S $15.00 
FB-W Frequency Directory for Western U.S $15.00 
B-31.2 V AA NI -Cad's for Four -Six (Pack of 4) $15.00 
B-41.2 VAAA Ni -Cad's for ThinScan" (Pack of4) $15.00 
B-SReplacement memory battery for Bearcat 210 .... $5.00 
A-135cc Crystal certificate $4.00 
Add $3.00 shipping for all accessories ordered at the same time. 

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

NEW! Improved Regency K500 

FREE Bearct® Crystal Offer NEW! Regency®t K500 
CE price $269.00 
40 Channel Synthesized Service Search 
Digital count Weather with tone alert 
Search/Store Priority Channel AC/DC 
Frequency range: 30-50, 144-174, 440-512 MHz. 
The new Regency Touch K500 is an advanced 
synthesized scanner with many new features. 

OTHER REGENCY` SCANNERS 
Touch K100 $189.00 
Aircraft Touch 720-A $239.00 
NEW! Touch M100 $189.00 
E-106 $109.00 
R-106 $95.00 
R-804 $89.00 

World Scanner Associations" 
The WORLD SCANNER ASSOCIATION is spon- 
sored as a public service by Communications 
Electronics" When you join, you'll receive a 
quarterly newsletter with scanner news and fea- 
tures. You'll also get a wallet I.D. card, an Official 
Personalized WSA Membership Certificate, and 
the latest FCC news affecting monitoring such as 
frequency allocations. FREE classified ads for 
members so you can contact other scanner owners 
when you want to sell or buy a scanner. FREE 
membership in the WSA Buyer's Co-op. Your Co-op 
membership will allow you to get special discounts 
on scanners and scanner related products. Since 
the WSA Buyer's Co-op gives you group purchas- 
ing power, you can easily pay for your membership 
dues the first time you make a Co-op purchase. 
WSA is your united voice to governmental and 
public service agencies as well as scanner man- 
ufacuturers. You'll get inside information on the 
latest scanner products before the general public. 
Since WSA is not affiliated with any scanner 
manufacturer, you can rely on accurate product 
reports. You get all this for only $12.00 annual 
dues! And if you join before June 30, 1980, CE will 
pay $2.00 of the cost of your first year's dues as a 
"charter member: You can charge your "charter 
membership" on Visa or Master Charge so join 
now! Add $5.00 for foreign memberships. 

BUY WITH CONFIDENCE 
To get the fastest delivery from CE of any scanner, send 
or phone your order directly to our Scanner Distribution 
Center' Be sure to calculate your price using the CE prices 
in this ad. Michigan residents please add 4% sales tax. 
Written purchase orders are accepted from approved gov- 
ernment agencies and most well rated firms at a 10% 
surcharge for net 30 billing. All sales are subject to availa- 
bility. All sales on accessories are final. Prices and specifi- 
cations are subject to change without notice. Out of stock 
items will be placed on backorder automatically unless CE is 
inst-ucted differently. International orders are invited with a 
$10.00 surcharge for special handling in addition to ship- 
ping charges. All shipments are F.O.B. Ann Arbor, Michigan. 
No COD's please. Personal checks require three weeks 
bank clearance. 

Mail orders to: Communications Electronics; 
-Box 1002, Ann Arbor, Michigan 48106 U.S.A. Add 
$5.00 per scanner for U.P.S. ground shipping, 
$9.00 for -faster U.P.S. air shipping or $30.00 for 
overnight delivery to most major U.S. cities via 
Federal Express or Airborne Air Freight. If you have 
a Master Charge or Visa card, you may call anytime 
and place a credit card order. Order toll free 
800-521-4414. If you are outside the U.S. or in 
Michigan, dial 313-994-4444. You may also order 
via TWX 810-223-2400. Dealer inquiries invited. 
All order lines at Communications Electronics" 
are staffed 24 hours. 
WSA: Scanner Distribution Center" and CE logos are 
trademarks of Communications Electronics" 
t Bearcat is a federally registered trademark of Electra 
Company, a Division of Masco Corporation of Indiana. 
# Regency is a federally registered trademark of Regency 
Electronics Inc. . 

Copyright 01980 Communications Electronics" 
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COMMUNICATIONS 
ELECTRONICS - 

854 Phoenix O Box 1002 0 Ann Arbor, Michigan 48106 U.S.A 
CiI TOLL -FR E E (800) 521 4414 or eai,id U.S.A. (313) 994-4444 
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No matter how 
food your sent 
stereo system, 
we can improve its 
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Add effortless clarity and 
transparency with our new 
Omnitecre series Vector- 

AlignedTM dual magnet cartridge or 
AT3OE moving coil cartridge with 
user -replaceable stylus. 

Laboratory precision is the hallmark 
of every A -T tone arm for home, studio, 
or disco. 

Éo 
, 

U S.. 

You might pay $1000 or more for 
speakers almost as good as these 
remarkable electret stereophones. 
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Use our complete line of record and 
stylus cleaners to keep your collec- 
tion sounding great years from now. 

.011 

LIFESAVER is the first truly com- 
plete record preservative. Stops 
static and record wear for years. 

Create your own "Grammy award - 
winning" tapes with studio -quality 
Audio-Techníca microphones. 

45 
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Make it all worthwhile with thrilling 
direct -to -disc and digitally -mastered 
performances from around the world. 

When you add Audio-Technica, you 
multiply listening enjoyment. At 
leading audio stores. Write for cata- 
log and dealer list, today. 

audio technica 
INNOVATION o PRECISION o INTEGRITY 

AUDIO-TECHNICA U.S., INC., Dept. 30P 
33 Shiawassee Avenue, Fairlawn, Ohio 44313 

New Literature 
INFORMATIONS SYSTEMS CATALOG 

A 52 -page catalog of minicomputer, comput- 
er, word-processing, and microfilm supplies 
and accessories is available, featuring 
brand -name diskettes, cassettes, and stor- 
age and retrieval systems. Address: Comput- 
er Resources Co. of NY, Suite 1500, 2 Penn 
Plaza, New York NY 10001. 

BASICS OF HI -Fl 

"An Introduction to Stereo," is the title of a 

16 -page booklet giving the fundamentals of 
high fidelity-without being too technical. Its 
chief purpose, according to the sponsors, is 
to enable the consumer to understand a man- 
ufacturer's technical specifications and make 
intelligent comparisons. Send self-addressed 
stamped envelope to: Yamaha Audio, P.O. 
Box 6600, Buena Park, CA 90620. 

COMMUNICATIONS ANTENNA CATALOG 

Cushcraft's new Proline PL -8 catalog pro- 
vides detailed electrical and mechanical data 
on over 25 different antenna models that are 
broadbanded or field tunable and cover from 
30 to 512 MHz. It also depicts both 5- and 
10 -element CATV/MATV single -channel Yag- 
is and information on phasing. Address: Cush - 
craft Corp. Box 4680, Manchester, NH 

03108. 

APPLE SOFTWARE CATALOG 

Rainbow Computing's 45 -page Apple Soft- 
ware Catalog includes software, accesso- 
ries, and peripherals listings as well as over 
100 programs. The latter cover games (a 
"Pot O' Gold" special is 49 games and 
demos on a single cassette for $49); fifteen 
business applications; and software develop- 
ment programs. Address: Rainbow Comput- 
ing, Inc., 9719 Reseda Blvd., Northridge, CA 
91324. 

DX LISTENING LITERATURE 

The WTFDA (Worldwide TV -FM DX Associa- 
tion) has released a new pamphlet of interest 
to TV, FM, and V -UHF -utility DXers. In it is a 

description of WTFDA and the organization's 
monthly journal, VHF -UHF Digest, member- 
ship information, and brief summaries on the 
advantages of TV, FM, and V -UHF DXing. 
Send a self-addressed stamped envelope for 
a free pamphlet. For $1, a sample copy of 
VHF -UHF Digest may be obtained. Address: 
WTFDA, Box 97, Calumet City, IL 60509. 

ENCLOSURE KIT DATA SHEET 

A 2 -page data sheet published by Pac Tec 
describes its six lines of electronics enclo- 
sures kits for prototype designers, model 
builders, and hobbyists. The enclosures 
using ABS material with molded -in color, 
come with hardware and parts to permit cus- 
tom work on the user's part. Address: Pac 
Tec Div. of LaFrance Corp., Enterprise and 
Executive Aves., Philadelphia, PA 19153. 
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Not Júst Another Limited Area Motion Detector! 

Protects: Every Square 

Turns' On:Lights',A utorn 

':°Powerful Electronic Siri 

nch Of Your Building' 
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n 

Low Cost Computerized 
Burglar Alarm System 
Home - Office - Business 

NO INSTALLATION 
Just plug the Guardex 8000 alarm system in, make several 
simple control adjustments to suit your particular building and 
it works! There are no other wires to run. This totally self-con- 
tained burglar alarm can completely seal off every square inch 
of the surface of your building. It protects doors, windows, and 
what most alarms miss...your roof, walls and floors. 

HOW CAN ONE SMALL COMPUTER PROTECT MY 
WHOLE BUILDING? 

Guardex 8000 Alarm System works on the principle of audio 
discrimination. This, put simply, is the process of electronic- 
ally separating normal everyday sounds, such as voices, tele- 
phones, etc. from break-in type noises such as breaking glass, 
prying metal, or forcing a door open. The Guardex 8000 pro- 
tects one story homes and offices up to 2000 square feet and 
open commercial buildings up to 10,000 square feet. The 
Guardex 9300 with wireless remote sensor capability is avail- 
able for multi -story homes and offices or single story with 
more than 2000 square feet. Call the factory for more detailed 
information. 

TURNS ON LIGHTS AUTOMATICALLY 
When the first break-in type sound is detected, the system will 
instantly turn on lights, radio, or other electronic equipment 
that you have plugged into the back of the alarm. These lights 
or other equipment will remain on for a period of five minutes, 
then automatically turn off. 

POWERFUL ELECTRONIC SIREN 
The Guardex 8000 alarm is equipped with a loud built-in siren. 
If during the five minute period the lights or other electronic 
equipment has been activated, a second break-in sound is de- 
tected, (it can be only a second or two after the first break-in 
sound) the built-in siren will start blasting for90 seconds. At the 
end of approximately 90 seconds the siren will shut off and the 
alarm listens again. If another break-in sound is heard, the 
siren will come on for another 90 seconds. If no other break-in 
sound is detected, the siren will stay off and at the end of the 
five minute period the lights will shut off and the alarm in- 
stantly resets. 

The rear control panel 
contains two standard AC 
plug receptacles for a table 
lamp, spot lights, radio, etc.; 
terminals for connecting 
optional outside siren and 
back-up battery (not 
included); entry delay time 
control and sensitity control. 
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The Guardex 8000 Alarm System is walnut grained and dis- 
guised to look like a small stereo speaker (63/4"x93/."x8') 
and weighs less than 61/4 pounds. 

EXIT AND ENTRY DELAY 
The Guardex 8000 alarm has a built-in exit delay allowing you 
approximately one minute to lock up and leave the building 
before the alarm is armed. When you enter your building you 
may find that just your normal entering sounds activate the 
siren. You may delay it from starting for up to 30 seconds by 
turning up the siren entry delay control. 

BATTERY BACK-UP 
Burglars rarely cut power. However, to give you total protec- 
tion from a burglar and possible power failure, our alarm has 
provisions for a battery back-up. (Batteries not included). 12 
volt lantern batteries are available at most hardware stores. 

THE BURGLARY PROBLEM 
The F.B.I. statistics show that at the present rate, one out of 
every four Americans are going to be burglarized. That is not a 
very pleasant fact, but it is true. You have a greater chance of 
being burglarized than being a victim of a fire or automobile 
accident. The time is now to help protect yourself and your 
valuables with a Guardex 8000 alarm system. 

OUTSIDE SIREN 
The Guardex 8000 alarm is equipped with a loud, built-in siren, 
but if you desire an additional siren to mount outside or in an 
area away from the main alarm, they are available with 50 feet 
of wire for $24.95. (Connecting terminals are provided on the 
back of the alarm). 

30 DAY NO RISK TRIAL 
This is your opportunity to purchase an alarm system directly 
from the factory for only $199.95. Try it in your home or busi- 
ness for thirty days without risking one cent. Put our Guardex 
8000 alarm to your own test. See for yourself! It will protect 
every window and door from break-in. If you are not completely 
satisfied, return the alarm within 30 days for a complete refund. 
To order your Guardex 8000 alarm, CALL TOLL FREE to charge 
your credit card or send your check to Guardian Electronics, 
Inc. in the amount of $199.9E. If you want the optional outside 
siren, add $24.94. (California residents add 6% sales tax.) 

(If you require more information. 
call during California business 
hours. Monday - Friday) 

Dealer Inquiries Invited 

CALL TOLL FREE 
(800) 423-5499 

master charge 

California residents: 
(213) 889-1414 collect. 

GUARDIAN 
ELECTRONICS, INC. 

31133 Via Colinas, Dept. PE. Westlake Village, Calif. 91361 
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"A Technological` 

Masterpiece :. , " 
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McIntosh C 32° 

"More Than a,.Preamplifier' 

McIntosh has. received peerless ac- 

claim `from prominent product 

testing laboratories and.óuts.tand- 

ing international.recognitiOn! You .0 

car, learn why the "more than a .- 

preamplifier .C_ 32 has beén"° 

seléctéd fór.these .údique honors: 

Send ú:s: your náme ,and address 

and .we'll send you the complete 

product réviews: and data on all 

McIntosh products, copies of the . 

international awards, and a North 

.American FM directory. You .will . . 

understand why McIntosh product 

research. and development always 

has .the 'appearánce ..and tech- - 

nological look to the future. 

Keep' up to .dáte. 

Send 'now,'- . - 

McIntosh Laboratory Inc. 

Box 96 East Side Station 
Binghamton, NY 13904 

Name 

Address 

City State Zip 

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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Stereo Scene 

CASSETTE TOPICS 

METAL -PARTICLE tape and hardware are M receiving a good deal of attention these 
days, and deservedly so. The new tape 
offers considerable advantages in perform- 
ance over earlier types and seems capable 
of circumventing what had been considered 
some built-in pitfalls of the cassette format. 

Yet there are those who have amassed 
evidence to demonstrate that the advan- 
tages of metal tape are not consistently 
delivered in practice and may not be needed 
anyway. An opposing camp holds that the 
advantages are obvious. From what I've 
heard, I'd have to go along With the second 
group, especially when program material rich 
in high -frequency content is involved, and in 

live recording situations where the headroom 
requirements cannot be known in advance. 
The key feature of metal tape is the high - 
frequency headroom that it delivers to a for- 

mat in which there was previously a dire 
shortage. But the holders of this second view 
do grudgingly admit that the benefits are not 
always there in practice. 

According to these partisans, the reason 
is that metal tapes, instead of adhering to a 

standard coercivity and remanence, are 
becoming too variable, leaving hardware 
manufacturers in a quandary as to how to set 
their bias and equalization adjustments as 
decks leave the factory. The net effect is that 
if Brand X tape gives excellent results on a 

particular deck, Brand Y probably will not. 
Rigid adherence to standards, it is claimed, 
will solve this problem. That is probably true 
to a degree, but certainly not completely. The 
cry for standards has been heard before con- 
cerning other tape types, and yet the mille- 
nium has perversely refused to arrive. 

Some of the difficulty can be blamed on 

the fact that tape manufacturers have tradi- 
tionally been less than eager to establish 
standards. This is understandable if one con- 
siders that each company, at least in its own 
eyes, sees advantages in its own product 
and is reluctant to change it just because one 
or more of its competitors has a different 
opinion. Additionally, virtually no manufactur- 
er will tolerate the prospect of adjusting his 
product to parameters established first by a 

competitor-the loss of face is just too 
great. But all of this notwithstanding, there 
are technical reasons, in my opinion, why 
standards will never foster total harmony 
between tape and recorder. 

The Time -Honored Conundrum. As many 
a recordist has learned to his chagrin, mating 
a tape to a particular recorder has never 
been easy. In general, you must use a tape 

By Harold A. Rodgers 
Executive Editor 

identical in coercivity and retentivity to the 
one for which the deck's bias and equaliza- 
tion were adjusted if you are to achieve the 
results the designers of the deck and the 
tape intended. If the coercivity is off, the 
high -frequency response will be as well, and 
retentivity affects low -frequency output in a 

similar way. As the low -frequency output 
defines the sensitivity of the tape, it controls 
the overall output level as well. That is, the 
bias level can be varied to a degree in order 
to match the high -frequency output to :that 
available at low frequencies. More bias 
depresses high -frequency output and sensi- 
tivity, and vice versa. 

Bias also has an effect on distortion; there 
is a definite level at which distortion is mini- 

mized. Generally, more bias depresses low - 
frequency output, too, though not as marked: 
ly as it does the highs. One common compro- 
mise between distortion and output level is to 
use 2 dB more bias than that which gives 
maximum output at low frequencies. 

Assuming then, that you know what tape 
the manufacturer set the recorder for, you 
should be home free. In actuality you are no 

better than in the ballpark (stiff standards 
would keep you well in the ballpark). But 

matters are rarely that simple in the real 
world-there are manufacturing tolerances 
to be dealt with. To my knowledge, no tape 
manufacturer claims uniformity between dif- 
ferent batches of tape better than ± 1 dB. 
This is pretty close, but it can cause audible 
differences in frequency response, especially 
when Dolby noise reduction (which can dou- 

ble such errors) is used. It is entirely possible 
that a recorder adjusted for tape A might 
sound better with a particular sample of tape 
B, provided that B's nominal bias and EQ 
requirements are not too different, all 
because of manufacturing tolerances. 

Sometimes, unfortunately, information as 

to the identity of the reference tape for a 

given machine is not disclosed, or if it is, the 
tape is unavailable. What is to be done then? 

One solution, advocated by some, is to 
record and play back a wide variety of music 
on your machine, using different cassettes 
and noting which are best for different kinds 
of music. This approach is taken very seri- 
ously in Japan, where audio critics have been 
know to make extensive listening tests with 
an assortment of decks and tapes in order to 
advise audiophiles about the sound charac- 
ter to be expected from each combination. It 

is entirely possible that by such a method 
you will arrive at some tape formulations that 
you prefer on your particular machine, but the 
problem of consistency remains. There is no 

(Continued on page20) 



Introducing a totally new 
concept in stereophones. 

The new Koss HV/X 
high velocity stereophone 
represents a remarkable 
breakthrough in hear-thru 
stereophone design and 
performance. For the 
first time, Koss engineers 
have been able to create 
a lightweight, hear-thru 
stereophone that com- 
bines the transparency of 
high velocity phones with 
the superior bass per- 
formance of closed -type 
phones. The result is a 
breathtaking musical 
experience. 

CONTOURED 
VARIABLE -DENSITY 

EARCUSHIONS 

While most lightweight, 
hear-thru stereophones 
have earcushions that fit 
against the ear, the new 
Koss HV/X features a . 

unique, contoured, vari- 
able -density cushion that 
fits around the ear. Not 
only does this unique 
earcushion design create 
a far 
more com- 
fortable 
stereo - 
phone but 
it has also 
allowed 
Koss engi- 
neers to 
create a 
dramati- 
cally better element 
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design as well. 
These new variable - 

density earcushions are 
made up of a very porous 
material that is acousti- 

cally transparent at the 
perimeter of the ear - 
cushion yet corn- 

- pressed toward the 
center region. This 
aries the pattern of 

acoustic resistance over 
portions of the earcush- 

ions creating the proper 
seal for specific bass 
frequencies while al - 
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Koss HV/XLC 

lowing the 
flow of 
middle and 
high fre- 
quencies at 
the perim- 
eter of the 
earcushions. 

LIGHTWEIGHT 
ELEMENT 

The uniqueness of the 
new variable -density ear - 
cushions made it possible 

for Koss engineers to 
design a lightweight ele- 
ment that reproduces a 
Sound of Koss you have to 
hear to believe. Incredibly, 
even though the overall 
weight of the element was 
reduced, Koss engineers 
were able to develop a 
magnet with enough mag- 
netic density to drive an 
extra large diaphragm. 
With a response range of 
15 to 35,000 Hz, the new 
Koss HV/X will drive you 
into ecstacy and our 
competitors nuts. 

HEARING 
IS BELIEVING. 

Slip into the new Koss 
HV/X or HV/XLC with 
volume/balance controls 
at your audio dealer soon. 
You'll like the best of both 
worlds: thé open, airy, up- 
front sound of hear-thru 
stereophones and the deep, 
rich bass performance of 
closed -type stereophones. 

And while you're with 
your audio dealer, listen 
to our full line of Koss 
stereophones and CM 
loudspeakers. There's no 
sound quite like the 
Sound of Koss. 

For more information 
on the HV/X, our full line 
of stereophones and loud- 
speakers or our new Koss 
K/4DS digital delay 
system, write c/o 
Virginia Lamm. 

© 1980 Koss Coro. 

K O S S®stereophones/loudspeakers 
hearing is believingrM 

KOSS CORPORATION, 4129 N. Port Washington Ave.. Milwaukee. Wisconsin 53212 International Headquarters: Milwaukee/facilities: Canada France Germany Ireland 
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NRI will train you at home 
to be an electronics professional 

in the growing world 
of communications. 

Learn to service, repair, and install everything from microwave antennas 
to two-way radios... from radar sets to TV transmitters. 

TV Tape Recorders 
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No other home -study course 
gives you such complete, professional 
training in so many fields of com- 
munication. No other gives you the 
actual bench training with kits and 
demonstration units specially designed 
for learning. Only NRI gives you the 
thorough preparation and training 
you need to achieve professional 
competence in the wide world of 
communications. 

Learn at Home 
in Your Spare Time 

Learn at your own pace, right in 
your own home. There's no need to 

quit your job or tie up your evenings 
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Aircraft Guidance & 
Landing Systems 

with night classes. No time or gas 
wasted traveling to school... NRI 

brings it all to you. You learn with 
NRI-pioneered "bite -size" lessons and. 
proven, practical "power -on" training. 

Build Your Own 2 -Meter, 
Digitally Synthesized 
VHF Transceiver or 

40 -Channel CB 
NRI training is "hands-ori" 

training. You get honest bench ex- 
perience as you build and test this 
industrial -quality two-way radio and 
power supply. You reinforce theory les- 

sons as you induce and correct faults, 
study individual circuits and learn 
how they interface with others. Or, at 
your option, you can train with a full 
forty -channel mobile CB and base - 
station power supply converter. 

You also build and keep for use 
in your work a transistorized volt -ohm 

AM & FM Broadcasting 

Microwave Relay 

.... , 

CB Radio 

,, 

- 

meter and digital CMOS frequency 
counter. NRI even gives you special 
lessons to get your Amateur License so 

. 
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you can go on the air with your VHF 

transceiver. 

FCC License 
. or Full Refund 

In all, you get 48 lessons, 9 

special reference texts, and 10 training 
kits... the training you need to become 
a professional. And NRI includes train- 
ing for the required FCC radiotele- 
phone license examination. You pass 
or your tuition will be refunded in 

full. This money -back agreement is 

valid for six months after the com- 
pletion of your course. 

Free Catalog, 
No Salesman Will Call 

NRI's free, 100 -page full -color 
catalog shows all the equipment you 
get, describes each lesson and kit in 
detail, tells more about the many 
specialized fields we train you for. It 

includes all facts on other interesting 
areas like TV and audio servicing or 
digital computer electronics. Mail the 
postage -paid card and see how we can 
make you a pro. 

If the card has been removed, 
write to: 

NRI Schools 
McGraw-Hill Continuing 

Education Center 

,d 3939 Wisconsin Ave. 

I ; 1 Washington, D.C. 20016 
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STEREO SCENE (Continued from page 14) 
way you can be sure that two cassettes of a 

particular brand will sound exactly alike. 
It should be clear by now that since cas- 

settes will give results that can be objectively 
verified as optimum only when treated- as 
individuals, we will have to be able to adjust 
the deck. Some manufacturers have recog- 
nized this by introducing models on which the 
recording bias (or sometimes equalization) 
and Dolby level controls are easily accessi- 
ble to the user. One or two of these decks 
also include high- and low -frequency oscilla- 
tors. The procedure is quite simple: One 
adjusts the bias until the recording sensitivity 
is the same for the high- and low -frequency 
tones. Record a low -frequency tone and 
check the level of the high -frequency tone 
against it. If the high tone is too weak, back 
off the bias a bit; if it is too strong, turn the 
bias up. Finally, the recording Dolby level is 

set to match the level used by the playback 
decoder. 

Obviously, if a two -head deck is being 
used, you'll have to record, rewind, and then 
play back, and you won't have a meter to 
look at while doing the actual tweaking. Nev- 
ertheless, it's quite easy to do, and you may 
be surprised at the level of performance that 
can be extracted from even garden-variety 
ferric tapes this way. 

If your deck doesn't include a test oscilla- 
tor, any signal source that can supply reason- 
ably clean sine waves to the recorder's line 
inputs can be used. The low frequency should 
be between about 333 and 1000 Hz, and the 
high frequency in the neighborhood of 8 to 10 

kHz. Lacking instructions to the contrary from 

the deck manufacturer (decks with built-in 
oscillators may set recording test levels 
automatically), be sure to run the test at -20 
dB. A convenient alternative to doing all this 
yourself is to purchase one of the new 
recorders in which a microprocessor does if 
for you. 

Bias and Headroom. As we noted earlier, a 

fixed bias is a compromise between the con- 
ditions needed to record high and low fre- 
quencies optimally. Good performance at the 
low end and in the middle require some sac- 
rifices at the top, or vice versa. What would 
happen if the bias could change on a 

dynamic basis dependent on the character of 
the signal being recorded? Dolby Laborato- 
ries has looked into this question, and the 
answer has formed the basis of the compa- 
ny's Headroom Extension System (HX). 

What the system does is sample the pro- 
gram material and reduce the bias when it is 

rich in highs, thereby extending the overload 
characteristics of the tape. Done by itself, 
this would also boost high -frequency re- 
sponse, so a compensating change in record 
equalization is made simultaneously. The 
price paid for the increased headroom at the 
highest treble frequencies is a modest 
increase in midrange distortion, but since the 
extraneous products fall, for the most part, in 

the high part of the spectrum, the program 
material masks them. When highs are 
absent, the bias can be totally optimized for 
the midrange and bass frequencies, giving 
even cleaner reproduction than does a com- 
promise bias. 
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Quality Printed Circuit 
Boards INSTANTLY With fi 
1ó.oá a+ ATM ` 

by i °Bishop Graphics, Inc. r, 

SENSITIVE. COPPER 
Desigñ Products 

With E -Z CIRCUIT's revolutionary new 
pressure -sensitive Copper Design 
Products, you actually build "instant" 
professional caliber PC boards right in 
your own shop or home, WITHOUT 
chemicals, artwork, photography, 
screening or etching. 

The exclusive new E -Z CIRCUIT 
Copper Design System contains every- 
thing you need to produce or repair a 
professional, printed circuit board with 
electrical and mechanical character- 
istics that simulate those of etched 
"production house" PC boards. Our 
unique Technical Manual, with easy -to - 
follow, illustrated "how to" tips and 

For your copy of this value- packed 
EZ CIRCUIT Technical Manual & Cata og 
102, including information on the 
location of your nearest E -Z CIRCUIT 
Distributor, send $1.00 - plus 50t for 
postage and handling - along with 
your name and address to: 

ti 

SY 

techniques shows and tells you how. 
E -Z CIRCUIT's pressure -sensitive 

copper products are only one 
dimension of the E -Z CIRCUIT family. 
The comprehensive E -Z CIRCUIT 
Technical Manual & Catalog 102 
contains detailed information on the 
entire product line, including: 

PC Drafting Aids to help you create 
professional PC board artwork 
General Purpose PC Plug Boards, 
DIP & SIP Sockets, Terminal Pins, 
Wire and Accessories for building 
PC boards with today's fast, modern 
wire wrapping methods 

1 ml N 1[ nu !II 
TM 

N 
by ® Bishop Graphics. Inc. 

5388 Sterling Center Drive P.O. Box 5007 
Westlake Village, CA 91359 U.S.A. 
(213) 991-2600 Telex: 66-2400 

A part of the attractiveness of the system, 
as far as Dolby is concerned, is that the 
control signal used to effect signal -depen- 
dent pre -emphasis for noise reduction has 
the characteristics necessary to vary the 
bias and EQ. Once HX has been applied to a 

tape, however, playback can be executed by 
any Dolby equipped cassette deck. HX itself 
requires no additional playback processing. 

I have heard brief demonstrations of the 
system, and it seems to work very well 
indeed. It is being offered to Dolby licensees 
at no additional charge. Thus, manufacturers 
including it in their decks will incur no costs 
beyond those of providing the extra electron- 
ics. If cassette decks incorporating Dolby HX 
are not yet available, they should be soon. 

An additional possibility that I hope is not 
overlooked is that commercial duplicators 
could apply HX to prerecorded, Dolby - 
encoded tapes. These, remember, could be 
played back by the majority of decks now in 

use. More high -frequency headroom and 
sparkle might go a long way in helping these 
tapes to compete with discs. 

Audiophile Recordings 
Continuing briefly with tape before going 

on to discs, it has come to my attention that 
RVC of Japan, a company known for its 
directly mastered discs, is distributing, in 

Japan, prerecorded cassettes on metal -par- 
ticle tape. These are not yet available here, 
though I suspect that they will be before long. 
As soon as I get my hands on any, they'll be 
written up in this column. Metal tapes, of 
course, can play back on any machine that 
can handle chromium dioxide. Now for some 
new discs: 

LIVE IN TOKYO, Archie Shepp Quartet. Denon 
PCM YX7538. Denon, an early pioneer of 
PCM recording, has produced a winner with 
this disc. The recording is of a live concert 
that obviously pumped Shepp and sidemen 
up for some truly inspired playing. Two selec- 
tions are on the long side-almost 16 min- 
utes in one case-but they keep on unfolding 
to give a nearly hypnotic effect. And the 
recording (and the pressing) are essentially 
free of nasties that would shock you out of 
musical concentration. 

TCNAIKOWSKY: 1812. CAPRICCIO ITALIEN. "COSSACK 

DANCE" FROM MAZEPPA, Cincinnati Symphony 
Orchestra, Erich Kunzel conducting. Telarc 
DG -10041. This disc, clearly, was recorded 
to be a spectacular, and the feature presen- 
tation is, naturally enough, the "1812" Over- 
ture, Op. 49 of Tchaikowsky. The recording 
was made in three stages-orchestra, bells, 
cannon-and the three were then mixed dig- 
itally. Total dynamic range is awesome (on 
the order of 64 dB), and frequency compo- 
nents down to 6 Hz are present as a result of 
the cannon shots. If your system can handle 
this (particularly the problem of keeping the 
stylus in the groove) it can play just about 
anything-until fully digital discs come along. 
Actually, I think the engineers went a bit over- 
board in leaving the 6 -Hz material in. No 
speaker can reproduce it at a meaningful 
level, and well -tuned tonearm/cartridge com- 
binations (resonant frequency at 9 to 13 Hz) 
will just about filter it out. If the resonant 
frequency fulls at 6 Hz or below-watch out! 
Still, this disc is a tour -de -force of production 
and a fearsome challenge to an audio sys- 
tem. Not only is it a lease -breaker, it may be 
a voice -coil popper as well. 
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PIONEER 
WINS THE 

AMP & TUNER 
BATTLE 7i 
A TECHNICAL 
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KNo: 
THE PIONEER TX 9800 TUNER. 

At one time the struggle between amplifiers was won by 
the amp that had the most muscle. And the tuner that brought in the most stations also 
brought in the most acclaim. 

Today, there's one series of amplifiers whose technology has put it in a class by 
itself. And only one series of tuners that is its match. 

They're Pioneer SA -9800 amplifiers. And TX -9800 tuners. 
Until Pioneer's SA -9800, you had two choices when selecting an -amplifier. Either 

you paid through the nose for a heat producing Class A amp. Or you paid through the 
ear for a distortion producing Class B. 

Pioneer's SA -9800 offers the efficiency found in the tinest Class B amplifiers. 
With a distortion level found in the finest Class A. An unheard of 0.005% at 
10-20,000 hertz. 

What's more, instead of slow -to -react 
VU meters.that give you average readings 
or LED's that give you limited resolution, 
the SA -9800 offers a Fluroscan metering 
system that is so precise and so fast, it 
instantaneously follows every peak in the 
Dower to make sure you're never bothered 
Dy overload or clipping distortion. 

And while you're certain to find conventional power transistors in most conven- 
tional amplifiers, you won't find them in the SA -9800. Instead you'll find R.E.T. 
transistors that greatly increase frequency response. So instead of getting distortion at 
high frequencies, you get clean clear sound. Nothing more. Nothing less. 

Obviously, it took revolutionary engineering to build Pioneer's new series of 
amplifiers. But that same technology and skillful engineering also went into Pioneer's 
new line of tuners. 

While other tuners offer features that just sound great, every feature in Pioneer's 
new TX -9800 helps to produce great sound. 

Like Pioneer's new Quatrature Discriminator Transformer that helps reduce dis- 
tortion to 0.05% at I KHz and raise signal-to-noise ratio to 83 dB. A specially designed 
Quartz Sampling Lock Tuning 
System that automatically 
locks onto your desired broad- 
cast. And automatically elimi- 
nates FM drift. And two band 
widths for both AM and FM 
stations. 

By now it must be quite 
obvious, that when it comes to 

CLASS A AMPLIFIER. CLASS B AMPLIFIER. SA 9800. 
LEAST DISTORTION MOST DISTORTION LESS DISTORTION, LESS 

BUT MOST HEAT. BUT LESS HEAT. HEAT, AND MORE POWER. 

r.c..v.a... 

THE PIONEER SA -980C AMPLIFIER. 

engineering only a few amps 
and tuners are in Pioneer's 
class. 

But when it comes to 
value there's íV? PIONEER, 
no contest. We bring It back alive. 

C 1979 U.S. Pioneer Electronics Corp.. 85 Oxford Drive. Moonachie. N.I. 07074 
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Pioneer Model SR -303 
reverberation amplifier 
uses bucket -brigade 
time -delay integrated circuit 

The Pioneer Model 
HIRSCH- SR -303 is the first 
HOUCK home reverberation 

unit we have tested 
,.« 1 that uses a bucket - 

brigade IC device 
(BBD) time -delay system. The BBD pro- 
vides a time delay by analog means with- 
out the unpleasant distortions, limited and 
irregular frequency response, and tenden- 
cy to add a "twangy" coloration to the 
sound that were characteristic of consum- 
er spring -type reverb units. 

The Model SR -303 has a single initial 
time delay that is continuously adjustable 
between nominal limits of 25 and 100 ms. 
A switch recirculates a fixed percentage 
of the delayed signal output back to the 
BBD input to obtain longer reverb times. 
Delayed signal is recombined with unde- 
layed input signal in a proportion that is 

adjustable from zero to a maximum of 
about 30 dB less than the undelayed sig- 
nal level. 

External dimensions of the SR -303 are 
169/16"W X 13114"D X 37/8"H (420 X 335 
X 100 mm); weight is 9.5 lb (4.3 kg). 
Suggested retail price is $195. 

General Description. Two control knobs 
are found on the SR -303, one for setting 
REVERB TIME and the other for setting DEPTH, 

the latter being the amount of delayed 
signal mixed with the input signal. With 
REVERB TIME pushed in, the delayed signal is 
recirculated to give what Pioneer calls 
EFFECT 1, a long reverberation time of about 
3 seconds maximum. Pulling out the knob 
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slightly gives EFFECT 2, a single time delay 
of up to 100 ms with no reverberation. 

There are also several pushbutton 
switches. Pressing REVERBERATION ON Con- 

nects the SR -303's active circuits in the 
signal path, but the tape-recording outputs 
on the rear panel of the reverb unit carry 
only the undelayed signal. (The tape- 
recording jacks on the SR -303's rear pan- 
el replace those occupied by the reverb 
unit on the rear of the amplifier to which it 

is connected, thus restoring .the taping 
facility to the system.) If the RECORDING but- 
ton is pressed instead, the tape recorder 
in the system receives the combination of 
undelayed and reverberant signals being 
heard. The OFF button bypasses all delay 
circuitry and directly connects the input to 
the output terminals, even when the reverb 
unit is turned off. 

On the front panel is a rectangular win- 
dow behind which is a series of concen- 
tric ellipses, each on a separate layer of 
acrylic plastic, forming a three-dimensional 
"time/depth" display. When signal input is 

zero, the display glows blue. When a sig- 
nal is present, the edge of each ellipse 
changes color according to signal level. 
The greater the level, the "deeper" the 
display flashes in green. 

On the rear of the SR -303 are the vari- 
ous input and output jacks, an unswitched 
accessory ac outlet, and a pushbutton 
switch that permits input sensitivity to be 
reduced by 6 dB. 

Laboratory Measurements. This is a 

nominally unity -gain device for undelayed 

input signals. The level of the delayed sig- 
nal in the output was never less than 28.5 
dB down, referred to the undelayed signal. 
It could be reduced to zero with the DEPTH 

control. 
Frequency response was within +0/ 

- 1 dB from 15 Hz to 100 kHz. Although 
rated maximum input and output levels are 
2 volts, actual clipping at 1 kHz was 5 to 8 

volts, depending on the DEPTH control set- 
ting. Unweighted noise was 100 microvolts 
(80 dB below 1 volt). With A weighting, the 
noise was below our minimum measure- 
ment limit. 

The 1 -kHz distortion was nearly un - 

measurable with the DEPTH control set to 0 
(no delay signal in the output). It was less 
than 0.003% up to more than 1 volt output 
and reached 0.008% at 5 volts. With max- 
imum DEPTH, distortion was about 0.06% up 

to more than 1 volt and 0.45% at 3 volts. 
Maximum delay time was 100 ms in the 

EFFECT 2 mode, as rated. However, at mini- 
mum REVERB TIME, minimum delay was only 1 

ms instead of the specified 25 ms,which 
constitutes an extension of the reverb 
unit's capability rather than a limitation. 

Separate signal paths are maintained 
from input to output for the left and right 
channels, but the two are summed to form 
a monophonic signal that passes through 
the single time -delay channel. The delayed 
signal is then split into two paths and 
recombined with the undelayed signal 
before going to the output. 

User Comment. As with any signal -pro- 
cessing device, the best way to evaluate 
the SR -303 was to connect it into a music 
system and use it. We found that the con- 
trolled amount of "liveness" it added to 
programs greatly enhanced our listening 
enjoyment. Adjustment was easy and not 
at all critical, although it was possible to 
impart an unpleasant sound to many pro- 
grams using a combination of maximum 
reverberation time and level in EFFECT 1. 

Reducing the level of the reverberant sig- 
nal or using a shorter delay time cured this 
problem. 

With EFFECT 2, it was possible to use 
maximum control settings without introduc- 
ing unpleasant side effects on the music. 
On voices, however, it was usually desir- 
able to use less reverberation or delay 
time to avoid a hollow, ringing quality. 

Although instructions are given for using 
the time/depth display as a metering 
device, lacking calibrations; it did not 
strike us as particularly useful. We find it 

easier to detect excessive reverberation 
by ear. The display does, however, pro- 
duce visual effects some users may find 
appealing. 

The SR -303 should not be compared to 
conventional time -delay boxes that use 
four channels of amplification. This mod- 
estly priced model does, however, provide 
a sense of space and "life" to excessively 
"dry" program material and it does it with 
a minimum of expense and inconvenience 
to the user. 
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The incredible, new Bearcat Four -Six 
Thin Scan"' is like having an 
information center in your pocket. 

The super slim, super small, 
super light Four -Six Thin ScanTM' 
tunes in more emergencies arourd 
town-fires, police calls-anythinc 
that says you're needed-the 
second it happens. 

4 band and 6 channels, high, 
low, UHF, and UHF -T make the big 
difference in this small wonder. 

The crystal controlled Four -Six 
Thin Scan also has patented Track 
Tuning on UHF. Scan Delay. 
Channel Lockout. And comes with 
wire and Rubber Ducky antennas. 

All this, plus all the Bearcat 
Scanner quality you've come to 
rely on. 

The new Bearcat Four -Six Thin 
Scant From the people who 
invented the whole wide world 
of scanning. 
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Crown Model SA2, 
"indestructible" 
stereo power amplifier, 
delivers 220 W/channel 

HIRSCH- 
Crown 
'al'sInternation- SA2 stereo 

HOUCK power amplifier, a 

component of its 
u , -y "Distinction Series" 

and a companion to 
the Crown DL2 Control Center, is rated to 
deliver 220 watts per channel to 8 -ohm 
loads, 20 to 20,000 Hz with no more than 
0.05% total harmonic distortion (THD). It 

features extensive protection circuitry for 
its output transistors and an input -output - 
comparator system (IOC) that warns of 
nonlinearity in operation. 

In addition, the SA2 is rated to deliver 
350 watts per channel to 4 -ohm loads, 20 
to 20,000 Hz with no more than 0.08% 
THD. With a 2 -ohm load, the SA2 can 
deliver 600 watts per channel at 1000 Hz 
with no more than 1% THD. A switch on the 
rear of the amplifier converts it for mono 
operation, in which it can drive 700 watts 
into 8 ohms from 20 to 20,000 Hz with no 
more than 0.12% THD, or 1200 watts into 4 
ohms at 1000 Hz with 1% THD. 

The Crown SA2 has a standard EIA- 
slotted panel 19" X 7" (484 X 178 mm), 
and extends 143/4" (375 mm) behind the 
panel. Optional handles extend 2I/B" (54 
mm) in front of the panel. The weight of the 
amplifier is 57 lb (25.8 kg). Suggested 
retail price is $1595. 

General Description. The two channels 
of the SA2 have separate power supplies 
and power transformers. The output tran- 
sistors are mounted within an airduct heat - 
sink system, through which air is blown by 
a two -speed fan mounted in the rear of the 
amplifier. Normally the fan runs at a low 
speed, but if thermal sensors detect 
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excessive temperatures, the fan speed 
increases. Air is drawn in at the rear and 
exhausts through front panel grilles. 

The protective circuits of the SA2 have 
been designed to work with the minimum of 
audible side effects. By means of compt,t- 
er analysis, Crown engineers have estab- 
lished the safe operating limits of collector 
voltage and current, as well as tempera- 
ture, for the eight output devices used in 

each channel of the SA2. A built-irS analog 
computer monitors these parameters and 
reduces the drive to the output stage if the 
safe operating limits are approached. This 
is done without any interruption of the sig- 
nal, and the full drive is automatically 
restored when the stress clears. 

The complex protective system of the 
Crown SA2 probably accounts for an 
appreciable part of the total cost of the 
amplifier. However, it allows the SA2 to 
drive almost any conceivable load at the 
highest possible power level without risk 
of damage to the amplifier and without 
transient distortions caused by the protec- 
tive circuits. 

Two vertical rows of green LEDs light in 

sequence at 3 -dB intervals as the instanta- 
neous power output of each channel varies 
over a 42 -dB range. In addition, the light 
showing the highest level reached in each 
channel remains on for four seconds. The 
0 -dB light corresponds to rated power and 
the -42 -dB light to less than 15 milliwatts. 
Virtually any listening level will excite the 
visual display. 

Amber STANDBY lights below each column 
of LEDs glow during the 7 -second turn -on 
delay; a red POWER pilot light is located 
between them. Above each display column 
is a red LED marked ioc. These are oper- 

ated from comparator circuits that detect 
any difference between input and outpút 
waveforms. 

On the front panel are individual contin- 
uously variable level control knobs for the 
two channels, and a knob -operated POWER 

switch. On the rear apron, in addition to 
the cooling -fan air intake (which has a 

washable filter) there are four heavy-duty 
multi -way binding posts on 3/4 -inch centers. 
Standard twin banana plugs can be used 
for speaker connections, even for a single 
mono speaker connected across the two 
"hot" amplifier output terminals. A slide 
switch above the speaker terminals con- 
nects the amplifier for mono operation by 
inverting the phase of one channel and 
driving both channels from one input. A 

second switch disables the turn -on delay, 
and a third bypasses the low -frequency 
protection circuit that disconnects the out- 
put of either channel if it contains exces- 
sive dc or infrasonic signal energy. The 
two input jacks are standard phono con- 
nectors. The heavy-duty, three -wire line 
cord (five feet long) is fitted with a 20 - 
ampere, 120 -volt male plug. A short adapt- 
er cable is furnished for plugging into a 

standard household (15-A) receptacle. 

Laboratory Measurements. During pre- 
conditioning (one-third rated power to 8 - 

ohm loads for one hour, and full power for 
five minutes), the exterior of the amplifier 
became only moderately warm. It re- 
mained so during our high -power tests, 
which occasionally caused the fan to 
switch to its high speed (it usually returned 
to the lower speed within 30 seconds). In 

normal operation in a home music system, 
temperature rise was not appreciable. 

Power output at clipping into 8 -ohm 
loads with both channels driven at 1000 Hz 

was 282 watts per channel. Into 4 ohms 
and 2 ohms, respectively, clipping oc- 
curred at 458 and 650 watts per channel. 
IHF Clipping Headroom was 1.08 dB for 8 
ohms and 1.17 dB for 4 ohms. IHF Dynamic 
Headroom was 1.68 dB and 2.17 dB for 8 

and 4 ohms, respectively. 
Harmonic distortion was extremely low 

at all power outputs short of clipping. At 
1000 Hz, THD was just over 0.001% at low 
power and just under 0.001% from 10 to 
100 watts. It increased only to 0.0014% at 
270 watts, just before the output clipped. 
The IOC light came on just at clipping. 

THD was slightly higher for 4- and 2 - 

ohm loads, but still extremely low. At 4 
ohms it typically peaked at 0.005% from 
0.1 to 440 watts output. The 2 -ohm distor- 
tion was about the same up to about 500 
watts, increasing to 0.008% at the rated 
600 watts and 0.07% at 650 watts, where 
the output clipped. Intermodulation distor- 
tion, which is rated at not more than 0.014ó 
into 8 ohms, was between 0.002 and 
0.003% up to the rated 220 watts, reach- 
ing 0.08% at clipping (about 280 watts). 

Distortion varied with frequency in ac- 
cordance with Crown's published data. At 
rated power, the THD was under 0.001% 
from 50 to 700 Hz, rising smoothly to 
0.027% at 20,000 Hz. It was about 0.002% 
between 20 and 30 Hz. At reduced out- 
puts, the THD characteristic was similar. 

Reference power output of 1 watt was 
reached with an input d 0.14 volts, corre- 
sponding to the rated 2.1 volts for 220 

(Continued on page 3/) 
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SAVE $60 ON.REALTIME'S 

MIRACULOUSLY THIN.W 
The engineers at 

Realtime have pulled 
another rabbit out of 
the hat. 

In just half the thickness of conventional 
watches, they've squeezed a full -feature 
alarm watch, a 12 -hour stopwatch, two -zone 
timekeeping, automatic calendar, and day of 
the week function. 

If you've shopped recently, you've surely 
been discouraged with the current crop of 
bulky alarm watches. Well now you can wear 
one that's thinner than two quarters. It's only 
5 millimeters; 5 millimeters trimmer than 
Casio's alarm chronograph -5.5 millimeters 
trimmer than the $250 Seiko. 

r 

And slender as it is, this chronograph 
even exceeds the precision promised by 
most of its competitors. Its special stabilized 
quartz crystal guarantees you accuracy to 
±5 seconds per month. 
Realtime quality isn't any secret. 

You probably never heard of Realtime 
when we started selling it three years ago. 
Since then, thousands of their watches have 
been through-and proven themselves-in 

higher prices. Why 
even now, ins the few 
stores that have had the 
chance to stock this 

ultra thin genius-it's tagged at $149. 
But you can order yours directly from 

The Sharper Image and pay just $89. And 
save $60. 

Of course, you may also choose to 
spend considerably more for an alarm 
chronograph. But your higher investment 
won't put a thinner, better constructed or 
more precise timekeeper on your wrist. 
Spend less for an alarm chronograph 
-and it won't be one with stainless steel 
construction-a critical factor in the longe- 
vity of any watch. 

the world's most strenuous sports. 
Famous marathoner Walt Stack swims in 

the San Francisco Bay every day with his. 
Another Realtime recently returned from the 
bitter cold Himalayas-without missing a 
second. One man wrote us to say his Real- 
time survived kayaking in white -water 
rapids. This dedicated company couldn't 
have better compliments than those. 

No other electronic timepiece we know 
of can take this kind of abuse; it simply holds 
up, no matter how you treat it. 

Different than the rest. 
You probably know that most watches 

under $200 are made of chrome over brass, 
or "silvertone" Perspiration causes them to 
pit, and they're literally eaten up by salt 
water. And the so called water resistant 
one's don't take kindly to water; even 
their manufacturers don't recommend them 
for swimming. 

In this price range, it's virtually impos- 
sible to find a chronograph with both case 
and bracelet made from 100% solid stainless 
steel. And the case is thoroughly tested to 
make sure it can take water immersion to 100 
feet below the surface (first, before assembly 
-and again after the hardened mar -resistant 
mineral glass crystal is tightly fitted). 

The wrist band is an engineering feat 
as well. It's constructed of a tight mesh of 
steel, polished inside and out to a velvety 
smoothness. This flexible band never pulls at 
skin or hair. A design especially suited to 
active people. 
S89 gets you in at a discount. 

Some day Realtimé s name will be a 
household word. And with a more universal 
demand for its products, you'll surely see 

We stand behind you. 
We'd be surprised if you weren't 

one -hundred percent satisfied with your 
Realtime. So we're giving you two full weeks 
after delivery to decide if this watch is 
for you. 

If not, simply mail it back in new condi- 
tion for a prompt, courteous refund. It comes 
with a one year manufacturer's warranty and 
convenient service by mail. And though the 
need for servicing is highly unlikely (even 
after years of hard use), it's nice to know 
it's there. 

1 
THE SHARPER IMAGE' 
260 California St., Dept. UA - 
San Francisco, CA 94111 (415) 788-8880 

ORDER NOW TOLL -FREE. 
MI C3 RIP N 111111111111 
1 Order product #108 and take advan- 

1 tage of our introductory price. Credit 
card holders may call the toll -free number 

1 7 days a week. Or send check for $89 
plus $2.50 delivery (in California please 
add sales 

800 227-3436 
In California 800 622-0733 
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At any level it 
takes work and 
a few sac 
But CIE, 
it's worth it. 
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Whoever said, "The best things in life 
are free;' was writing a song, not living 
a life. Life is not just a bowl of cherries, 
and we all know it. 

You fight for what you get. You get 
what you fight for. If you want a 
thorough, practical, working knowl- 
edge of electronics, come to CIE. 

You can learn electronics at home 
by spending just 12 hard-working 
hours a week, two hours a day. Or, 
would you rather go bowling? Your 
success is up to you. 

At CIE, you earn your diploma. It 
is not handed to you simply for putting 
in hours. But the hours you do put in 
will be on your schedule, not ours. 
You don't have to go to a classroom. 
The classroom comes to you. 

Why electronics training? 
Today the world depends on 

technology. And the "brain" of 
technology is electronics. Every year, 
companies the world over are finding 
new ways to apply the wonders of 
electronics to control and program 
manufacturing, processing...even to 
create new leisure -time products and 
services. And the more electronics 
applications there are, the greater the 
need will be for trained technicians to 
keep sophisticated equipment finely 
tuned and operating efficiently. That 
means career opportunities in the 
eighties and beyond. 

Which CIE training fits you? . 

Beginner? Intermediate? Advanced? 
CIE home study courses are designed 
for ambitious people at all entry 
levels. People who may have: 
1. No previous electronics knowledge, 
but do have an interest in it; 
2. Some basic knowledge or experience 
in electronics; 
3. In-depth working experience or 
prior training in electronics. 

You can start where you fit and fit 
where you start, then go on from there 
to your Diploma, FCC License and 
career. 

Many people can be taught 
electronics. 

There is no mystery to learning elec- 
tronics. At CIE you simply start with 
what you know and build on it to 
develop the knowledge and techniques 
that make you a specialist. Thousands 
of CIE graduates have learned to 
master the simple principles of elec- 
tronics and operate or maintain even 
the most sophisticated electronics 
equipment. 

CIE specializes exclusively in 
electronics. 

Why CIE? CIE is the largest 
independent home study school that 
specializes exclusively in electronics. 
Nothing else. CIE has the electronics 
course that's right for you. 

Learning electronics is a lot more 
than memorizing a laundry list of 

facts about circuits and transistors. 
Electronics is interesting! It is based 
on recent developments in the industry. 
It's built on ideas. So, look for a 
program that starts with ideas and 
builds on them. Look to CIE. 

Programmed learning. 
That's exactly what happens with 

CIE's Auto -Programmed° Lessons. 
Each lesson uses famous "programmed 
learning" methods to teach you 
important principles. You explore 
them, master them completely, before 
you start to apply them. You 
thoroughly understand each step 
before you go on to the next. You 
learn at your own pace. 

And, beyond theory, some courses 
come fully equipped with electronics 
gear (the things you see in technical 
magazines) to actually let you perform 
hundreds of checking, testing, and 
analyzing projects. 

Experienced specialists work 
closely with you. 

Even though you study at home, 
you are not alone! Each time you 
return a completed lesson, you can be 
sure it will be reviewed, graded and 
returned with appropriate 
instructional help. When you need 
additional individual help, you get it 
fast and in writing from the faculty 
technical specialist best qualified to 
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MAIL TODAY! 

answer your question in terms you can 
understand. 

CIE prepares you for your FCC 
License. 

For some jobs in electronics, you 
must have a Federal Communications 
Commission (FCC) License. For 
others, some employers tend to 
consider your license a mark in your 
favor. Either way, your license is 
government -certified proof of your 
knowledge and skills. It sets yob apart 
from the crowd. 

More than half of CIE's courses 
prepare you to pass the government - 
administered exam. In continuing 
surveys, nearly 4 out of 5 graduates 
who take the exam get their licenses! 
You can be among the winners. 

Today is the day. Send now. 
Fill in and return the postage -free 

card attached. If some other ambitious 
person has removed it, cut out and 
mail the coupon. You'll get a FREE 
school catalog plus complete 
information on independent home 
study. For your convenience, we'll try 
to have a CIE representative contact 
you to answer any questions you may 
have. 

Mail the card or the coupon or write 
CIE (mentioning name and date of 
this magazine) at: 1776 East 17th 
Street, Cleveland, Ohio 44114. 

Pattern shown on 

oscilloscope screen 

is simulated. 

EN MI MI MI MN MN 

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

Accredited Member National Home Study Council 

YES...I want to learn from the specialists in electronics-CIE. Send me my FREE 
CIE school catalog plus my FREE package of home study information. PE -10 
Print Name 

Address Apt 

City 

State Zip 

Age Phone (area code) 

Check box for G.I. Bill bulletin on Educational Benefits: Veteran Active Duty 
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DSI STOPS.'BRANDS'A.thrU; Z 
with more counter :for less money 
FACTORY WIRED 500 MHz .1 PPM TCXO 8 DIGITS 

9 95 
.Without Battery Capability 

11 ̀9Includes Rechargeable 
Battery Pack and AC -9. 

95 

Two BNC Inputs 
; 1, Meg and 

50 Ohm Input 
Factory Wired 
and Tested 
Made in USA 

, 50 Hz to 512 MHz 

Compare These,-Featürés and You WiII "Büy 'DSI 
'- 8 Digits Not'6 or 7 Digits ' Resolution '1 Hz @ 50 MHz Not 10 Hz 

1 PPM TCXO Not 1.5 PPM - 10 PPM Resolution 10 Hz @ 450 MHz Not 100 Hz. 

501-lz - 512 MHz FREQUENCY COUNTER 

l ..rl , In 11 
° ' ..l '.l..l.'.1 l.a-._I L,,tl 

DIR 50 Nz 50 Wiz i PRE 30PANZ512MHz 
DSI' Model 5500 

RESOLUTION I 
MR l0 S, S PRE 10014: 

FREQUENCY COUNTER STRAIGHT TALK 

There are only three functional requirements for a frequency 
counter: 1. Good accuracy over, temperature 2. Resolution 

'3. Sensitivity 
Good accuracy° over temperature. Crystal oscillators drift with 

temperature changes. This change is specified in parts per million 
(PPM). The 5500 TCXO (temperature compensated crystal oscillator) 
holds an accuracy of 1 PPM from 17° to 40°C. This corresponds to ± 450 
Hz at 450 MHz. Counters with 2 PPM accuracy would read tó ± 900 Hz at 

°450 MHz. Counters with 10 PPM accuracy would read to ±4500 Hz and so 
on. 

Resolution. Vhat°is the 'alue of the least sinificant digit displayed? A 

counter with 10 Hz 'resolution would display 146.52000 MHz as 146.52000 
°i.e. with the las't digit left off. A cotinter with 100 Hz resolution would 
display 146.5200. The 5500 with 8 Digits is capable of resolving 1 Hz from 

.50 Hz to 50 MHz and 10 Hz from 50 MHz to 500 MHz. Counters with only 
7 digits usually can only resolve 10 Hz to 50 MHz and 100 Hz to 500 MHz. 
The above effects, accuracy and resolution are cumulative. Example: a 
seven -digit counter with 1.5 PPM aleuracy reading 450 MHz would only 
be accurate to ± 675 Hz ±100 Hz (last digit error) or ± 775 Hz. The 5500 
with eight full digits and 1 PPM accuracy,would be accurate to ± 450 Hz 
± 10 Hz (last digit error) or ± 460 Hz maximum.. Not bad for $99.95. You 
really need that eighth digit to achieve real accuracy. 

NH 1 Hz . 

PAE _10_11r 

Sensitivity. The 5500 requires only 10.15 mv,of signal to stabilize and 
achieve an accurate reading. A one watt hand-held can be read with 
accuracy at a distance of 15-20 ft. from the counter using the T600 
antenna. Counters with 150 my sensitivity will only stabilize at distances 
of less than a foot. 

The outstanding sensitivity of the 5500, the result of its unique 
engineering design, and built-in preamp assures stable, accurate 
readings every time you key up your transmitter. 

If you are tired of receiving a plastic bag of sometimes surplus, 
sometimes defective material only to spend all night trying to solder 
both sides of the PC Board because the manufacturer chose to use low 
cost PC Boards without plated-thru holes; if you chose a kit because you - 
only budgeted a hundred dollars for a frequency counter, then the DSI 
5500 Counter is the answer. It is 100% factory assembled and tested. DSI 
strives to purchase the highest quality, prime materials imposing the 
most rigorous quality requirements possible. Every PC Board that DSI 
manufactures is plated-thru solder .re -flowed, and 100% factory 
assembled, tested,and burned -in in the USA, assuring years of tr'ouble- 
free°service. DSI has worked hard to achieve our worldwide reputation 
for the best price to quality features ratio in the industry. DSI's 5500'now 
makes it possible tó buy a 100% factory assembled accurate 8 -digit 

o frequency counter for under 8100.00. Buy quality - Buy performance - Buy cost effectiveness - Buy DSI. 

FOR INFORMATION - DEALER LOCATION - ORDERS - OEM ' 

CALL 800-854-2049 ° CALIFORNIA RESIDENTS CALL 800-542-6253 
Model Price 

- - ." 
Frequency Range i Accuracy Over 

Temperature 

SENSITIVITY 
~@ Number of 

Readouts 

_ 
- - 

Power Requirements 
H 

Size 
W 

- 

D 
@ 

100 Hz - 25 MHz 
@ 

50 - 250 MHz 250 - 450 MHz 

5500 $99.95 50 Hz - 512 MHz TCXO 
'1 PPM 17° - 40°C. 

10-'15MV 
., ... 

10-15 MV 15-50 MV 8 '115 VAC or ,' 
8.2 - 14.5 VDC _. 

11" x 5" x'5'h" 

5500 wired factory burned -in 1 year limited warranty. Prices 
and/or specifications subject to change without notice. 
TERMS: MC - VISA - AE - Check - M.O. - C.O.D. in U.S. Funds. 
Please add 10% to a maximum of $10.00 for shipping, handling 
and insurance. Orders outside. of USA & Canada, please add 
$20.00 additional to cover air shipment. California residents 
add 6% Sales Tax. 

55 ws, 

DSI INSTRUMENTS, INC. 
9550 Chesapeake Drive 

San Diego, California 92123 
(714) 565-8402 

. 'With AC -9 Adaptor, 

5500 Wired $99.95 
5500/W 55BA 119.95 
Includes Rechargeable NiCad Battery Pack 
and AC Adapter. 

° T600 BNC Antenna 
AC -9 AC Adapter 

7 95 
7 95 

CIRCLE NO.23 ON FREE INFORMATION CARD 



H I R SC H REPORTS (Continued from page 24) 
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watts output. A -weighted noise was 80.4 
dB below 1 watt. Amplifier rise time was 4 
microseconds, and slew rate, specified at 
30 V/µs, was 25 V/µs. IHF slew factor 
was 2.5, with the waveform collapsing sud- 
denly at 50 kHz when we drove the ampli- 
fier with the voltage sufficient to develop 

1000-IIz THD, bolh 
channels driven, 
left measured and 
IM distortion into 
8 -ohm load. 

the rated output at 1000 Hz. 

We observed that the harmonic distor- 
tion, oddly, consisted of a large number of 
nearly equal -strength harmonics. This 
spectrum is typical of so-called "cross- 
over distortion," which consists of a very 
brief spike generated when the output 

Fig. 1. A 5-1.1lz output at 1 watt (upper trace) 
with an amldi_tied version of its distortion content below. 

'1 

Fig. 2. Spectrum analysis of distortion shows nearly unrfarm 
amplitude out to the 10th harmonic. Fundamental (leftmost trace) 
has been attenuated by 40 dB. Harmonics are about 90 dB down. 

MARCH 1980 

waveform crosses the zero -voltage axis. 
The lower trace of Fig. 1, an oscilloscope 
photo of the distortion waveform, highly 
amplified, confirms the acicular shape 
without pinpointing the cause. The spec- 
trum analyzer photograph (Fig. 2), taken 
under the same conditions, shows the first 
10 harmonics of the input frequency, all 
with nearly uniform amplitude, about 90 dB 
below 1 -watt output. The THD + N reading 
(all harmonics plus noise) of 0.012% helps 
to underscore the fact that this distortion 
is, despite its unusual characteristic, 
inconsequential in listening. 

User Comment. Normally, the testing of 
a high -power amplifier is worrisome, in that 
the stresses applied in determining its per- 
formance limits all too often prove destruc- 
tive. Crown's emphasis on total protection 
of the SA2 against overload damage ulti- 
mately proved reassuring, as we con- 
firmed their claims to our satisfaction. 

The temperature -rise problem has cer- 
tainly been solved by the cooling system 
used in the SA2. It was not possible to 
make its exterior surfaces more than 
slightly warm in our tests, and as soon as 
that happened, the fan switched to high 
speed and rapidly cooled the amplifier. 

As the flow of cooling air in the SA2 is 
from back to front, there is no harm in 

blocking its top, bottom, or sides, as can 
occur in some kinds of cabinet or rack 
installations. Never is the air emerging 
from the front more than slightly warm. 

At normal speed, the fan is relatively 
quiet, but it can be heard in a reasonably 
quiet room within about 5 feet of the ampli- 
fier. This is about par for the course in the 
case of a fan -cooled amplifier. Still, if the 
music is played at more than a back- 
ground level, it will mask the fan noise. 
When the fan goes into its high-speed 
mode (and we cannot imagine how that 
could happen in a home installation) it is 
loud and gives an unmistakable warning of 
the high -temperature condition. Fortunate- 
ly, it is unlikely to stay in that mode for 
more than a few seconds. 

Overdrive to the point of fairly hard clip- 
ping did not harm the amplifier. At one 
point, the output of one channel became 
shorted while being driven at full power. 
This condition persisted for perhaps a min- 
ute, after which removing the short instant- 
ly restored the amplifier to normal opera- 
tion, none the worse for the abuse. 

The LED power display, although seem- 
ingly similar to those used in other ampli- 
fiers, is unique. Its range is wide enough to 
cover any listening level, and its four -sec- 
ond "hang time" ensures that even a brief 
transient exceeding the average program 
level will be detected. It responds rapidly 
enough to give accurate readings of the 
20 -millisecond tone bursts used for dy- 
namic headroom measurements. 

As far as we are concerned, the Crown 
SA2 has no characteristic sound. It is 
about as distortionless and free of internal- 
ly generated noise as an amplifier can be 
or has to be-and by a very wide margin. 
Further, it can deliver prodigious power to 
any imaginable speaker load without dis- 
tortion or overheating, and seems to be 
indestructible. In view of these qualities, its 
price seems quite reasonable! 

CIRCLE NO. 103 ON FREE INFORMATION CARD 

(More Reports on page 33) 
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fact: 
a Shure stylus 
is a sound 
investment 
A new stylus (needle) can actually save you 
money. Even a precision crafted diamond 
stylus eventually wears out, and a worn or 
broken stylus tip can damage your records 
in a single play! Protect your records by 
checking your stylus at least once a year. 
Your Shure dealer can inspect it, and if 

necessary, replace your stylus with a 
Genuine Shure replacement stylus that will 
bring your cartridge right back to its 
original specifications. 
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Brothérs Inc. rtrey Ave., Evanston, IL 60204 

In Canada: A. C. Simmonds & Sons Limited Outside the U.S. or Canada, write to Shure Brothers Inc., Attn: Dept. J6 for information on your local Shure distributor. 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
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Garrard Model GT350ap 
plays single record 
manually or automatically 

Heading Garrard's 
4 Writ CH- "Advance Design 
HOUCK Group" of four rec- 

ord players is the 
' -". ". Model GT350ap, 

powered by a dc 
servo motor and designed to play only 
single discs manually or fully automati- 
cally. It has a cast -aluminum platter, 
weighing about 3 lb (1.4 kg), including rub- 
ber mat, with stroboscope markings cast 
into its rim and lit by an LED. A vernier 
speed control offers a nominal ±3%varia- 

tion about the player's 33'h- and 45 -rpm 
speeds. All controls, except the speed 
vernier are located on the front edge of the 
base, where they are accessible even with 
the cower lowered. 

Overall size, with cover lowered, is 
173'4"W X 143/4"D X 6"H (450 X 375 X 
152 mm), and weight is approximately 133/ 
lb (6kg). Suggested retail price is $210. 

General Description. The black -finished, 
low -mass aluminum tonearm tube, slightly 
"J" shaped, terminates in a universal four - 

pin plug-in carbon -fiber headshell. The 
headshell has been trimmed for minimum 
mass and has a novel and convenient 
means of adjusting stylus overhang. The 
removable finger lift contains 1/2" (12.7 - 
mm) spaced cartridge mounting holes; the 
body of the headshell is narrow enough to 
fit between the holes. A groove on top of 
the headshell mates with a protrusion on 
the bottom of the finger lift to maintain the 
cartridge parallel to the shell axis as it is 
moved longitudinally to adjust overhang. 
The correct setting places the stylus 50 
mm from the end of the connector on the 
arm tube. As a check on this, the reverse 
side cf the soft rubber turntable mat has 
groups of parallel lines against which the 
edges of the headshell can be visually 
aligned to verify tangency. 

The threaded counterweight of the tone - 
arm is calibrated for tracking force from 0 
to 3 grams in 0.25 -gram intervals. Pivoted 
on low -friction jewel bearings, the arm 
cues automatically or by means of a front - 
panel cuing lever. Next to the base is a 
calibrated antiskating control. Extending 
forward of the base is the arm rest, with an 
integral safety lock. 

The molded player base is black, con- 
trasting with a silver -colored front panel 
strip that contains all operating controls. 
These are horizontally operating levers, 
except for a pushbutton that trips the auto - 
return mechanism. One lever selects the 
turntable speed and adjusts the stylus set - 
down diameter for 45 -rpm 7" (178 -mm) or 
331/3 -rpm 12" (305 -mm) records. Nonstan- 
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!RB'l DIGITAL1LO5I1 PROBE = 

Compatible with DTL, TTL, CMCS, 
'MOS and Microprocessors using a 4 
to 15V power supply. Thresholds su-. 
tomatically programmed. Automa:ib 
resetting memory. No adjustment re- 
quired. Visual indication of logic ley- 
els, using LED's to show high, Ion, 
bad level or open circuit logic) and 
pulses. Highly sop,isticated, shirt 
pocket portable (protective tip can 
and removable coil cord). 

DCto> 50MHZ 
10 Nsec. pulse response 
120 K D impedance _ Automatic pulse stretch-. 
ing to 50 Msec. 
Automatic -resetting memory- 
Open circuit detection 

'Automatic threshold resetting 
Compatible with all logic 
families 4-15 VDC 
Range extended to. 15-25 VDC 
with optional PA -1 adapter - 

Supply O.V.P. to ± 70 VDC 
No switches/no calibration -' 

* ADD;2.00 FOR SHIPPING 
(N. 7. CITY AND STATE RESIDENTS ANY TAX) 

OK MACHINE 8 TOOL CORPORATION 
- 3455 Conner St, Bronx, N.Y. 10475. (212) 994-6600 / Telex 125091 
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dard combinations must be played manual- 
ly. The AUTO START lever has OFF/MAN/AUTO 

positions. MAN simply turns on the motor, 
leaving the arm to be cued by hand. Auro 

turns on the motor and indexes the arm to 
the appropriate diameter. In either mode, 
the player returns the arm to its rest at 

end -of -play and shuts off automatically. 
The cuE lever is clearly marked to show 
that moving it to the r¡ght lifts the arm. 

The GT350ap features the company's 
Delglide automatic mechanism, which is 

claimed to be exceptionally quiet during 
automatic cycling. 

Laboratory Measurements. We tested 
the player with a Shure M95HE cartridge 
installed in its headshell. Installation was 
relatively easy and uncomplicated, al- 

though the mounting screws furnished may 
not fit all of the cartridges. (The longest 
were barely long enough for the M95HE, 

and the shorter pair would have been too 
long for cartridges having thin metal 
mounting flanges.) 

When the arm had been balanced 
according to instructions, the actual track- 
ing force was slightly less than indicated 
on the counterweight. The error was minor, 

typically 0.1 gram or less, but it would be 

advisable to operate any cartridge in this 
arm slightly above its minimum rating (that 
is good practice in any case). With stylus 
overhang properly adjusted, tracking error 
did not exceed 0.33°/in., and was typi- 
cally much less than that. 

Platter speed could be adjusted over a 

range of +6% to -3.7% at 33l b rpm and 
+8.9% to -4.7% at 45 rpm, more than 
specified, and did not change detectably 
with large line voltage shifts. Weighted 
peak flutter (DIN or CCIR) was ±0.08%, 
and weighted rms (JIS) flutter was 0.06%. 
Unweighted rumble was -30 dB, reduced 
to -59 dB by ARLL weighting. (This is not 
inconsistent with the -68 -dB DIN B rating, 
but there is no way to compare the two.) A 

discrete rumble peak appeared at about 
20 Hz. Automatic cycling times were typi- 
cal of most record players: 11.5 seconds 
for the pickup to reach the lead-in groove 
after the AUTO cycle was started, 9.5 sec- 
onds for the tonearm to return to its rest 
after lift-off. 

Capacitance from arm signal -cable wir- 
ing to ground was about 125 pF/channel. 
Effective tonearm mass, after subtracting 
the 6 grams of the cartridge, was 11 

grams; it resonated with the compliance of 
the Shure cartridge at a nearly ideal 9 Hz 

with an amplitude of 5 dB. 
Antiskating compensation had to be set 

to its 3 -gram maximum with a tracking 
force of 1.5 grams to obtain equal distor- 
tion from both channels when tracking very 
high level records. The player has a very 
high friction contact between the lift bar 
and underside of the tonearm, preventing 
any detectable arm drift during cuing. The 
mechanism lowered the arm with a slow, 
damped motion, but had to be moved 
slowly on lift to avoid bouncing the arm. 

The entire player is supported on four 
softly sprung feet that give it exceptional 

isolation from conducted vibration in the 
audio range. Its major conducted response 
was at 100 Hz, with low-level responses 
up to 400 Hz. Overall, the immunity of the 
GT350ap to vibration transmitted through 
its feet rivals the top ranking belt -driven 
models we have tested and far surpasses 
the direct -drive turntables. 

User Comment. The handling character- 
istics of the Garrard GT350ap were excel- 
lent. Its controls worked smoothly and log- 

ically, and setting up (including the car- 
tridge installation) was a relatively simple 
operation. The tonearm mechanism's op- 
eration was inaudible. Our only criticism 
concerns the lifting action of the cuing con- 
trol, which can toss the arm into the air if 

moved too rapidly. Once one is aware of 
the problem, however, it is easy to move 
the lever slowly, in which case the cuing 
action is just fine. 

The mass of the Garrard arm comple- 
ments the compliance of most high -quality 
cartridges, such as the Shure M95HE we 
used in our tests. The 9 -Hz resonant fre- 

quency we found would provide an excel- 
lent combination of insensitivity to record 
warps and ability to track the lowest fre- 

quencies recorded on discs. Installations 
that have proven susceptible to acoustic 
feedback may benefit from the use of the 
GT350ap, whose mounting feet give it vir- 

tual immunity to conducted audio -frequen- 
cy vibration. Overall, this is a neatly con- 
ceived design at an attractive price. 

CIRCLE NO. 102 ON FREE INFORMATION CARD 

,11 t0 pERw., 

I ; 
,,;. : . 

M 

, 

Classical-ST6007 

DEMON 

.. 

sift.0-41 

¢t 

Avoid the high cost. 
of digital recordings! 

Denonnowmakes available digital 
samplers of classical and jazz for only $7 each. , 
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Jazz-ST6008 
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Hear selections from Denon's best 
selling digital albums, compiled and 
pressed with the same quality standards 
as all of Denon's outstanding digital 
catalog. 

Both sampler albums, one of classical 
and one jazz, are distributed by 
Discwasher, Inc. and are available at 
record stores and audio shops 
nationwide. 

discwasherº inc. 
1407 N. Providence Rd. 

Mil -Columbia, Missouri 65201 
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The new Heathkit® Hand-held DMM 

Top performance 
and easy operation 
make the Heathkit IM -2215 
your best buy in a solid- 
state, hand-held multimeterl 
The new IM -2215 brings you features you would 
only expect in hand-held digital multimeters 
costing much more! Take measurements with 
outstanding accuracy - DC vpltage, ±.25%a - 
AC voltage, ±.5% - DC current, ±.75% - AC 
current, ±1.5% and resistance, ±.25% (basic)! 
Alternating high -low resistance test voltage 
makes measuring semiconductors or in -circuit 
resistance easy! One -hand operation, a large 
31/2 -digit LCD display and built-in calibration 
references make the IM -2215 ideal for field use: 
Includes a pivoting stand to adapt it to bench 
use. The low -drain circuitry stretches typical 
alkaline battery life to 200 hour s! Battery condi- 
tion is monitored, and a LO -BAT indicator warns 
you of the last 20% of battery life. 
You can easily assemble the IM -2215 in just one 
night, with the help of the clear, concise Heath - 
kit assembly manual. And if you need advice or 
service, experts are as close as your telephone! 
It operates on 9 -volt battery (no: included), or on 
120 or 240 VAC with optional cords. The latest 
technology and traditional Heathkit value are now 
built into a new hand-held digital multimeter 
weighing only 14 ounces! 

Heathkit If coupon is miss,ing, order from: 
Heath Company Dept. 010-636 
Benton Harbor, MI 49022 

-every feature you need 
at a GREAT LOW PRICE 

Measures voltage, current and 
resistance 

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

Single PC board for simple, 
quick assembly 

EASY 
'ONE -EVENING 
KIT ASSEMBLY 

only $9495 
Mail Order 

Price 

ORDER YOU RS TODAY! 
For fastest delivery, use 

CALL (616) 982-3411 the Heathkit Hot Line I - - ttttttttt - tttttttt ttttttt ttttttttt 

Send to: Heath Company, Dept. 010-636 
Benton Harbor, :VII 49022 

Please send me... - Heathkit Hand -Held DMI4(s)(IM2215) 
@ $94.95 plus $1.80 shipping anc handling each. - Rugged Leather Carrying Case(s) with Belt Loop for IM -2215 
(IMA-22151) @ $14.95 plus S2.50 shipping and handling each. - 120 VAC Cutlet Cord(s) for :M-2215 (PS -2350) @ $4.95 plus 
$1.60 shipping and handling each. 

Total before snipping & handing $ 

Michigan residents add 4% sales ta S 

Add shipping & handling $ 

Total $ 

check money order VISA (7 Master Charge: Code # 

Ct 'Sg 
to 

a,a// Rtda 
9r? P 

4 es 
17 

Acct. # Exp. Date 

Signature 

Name 

Address 

(Ne;essory-o send merchandise) 

(Pleise Print) 

City State 
Prices are mail order and subject to change without notice. `a - - a -- - - - - Zip 

GX-375 
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ONG BEFORE the invention of the 
mechanical clock, man used a sun- 

dial to keep tabs on how much of his day 

was left, or approximately what time of 

day it was. Other than cosmetic 
changes, the main elements of a sundial 
have remained unchanged over the 
years. 

Now, recent developments in tech- 
niques and devices-solar cell electrici- 
ty generators, light-sensitive detectors 
and amplifiers, power semiconductors, 
rechargeable batteries and small dc 

motors-have made it possible to de- 

sign a truly modern sundial. As de- 

scribed here, the sundial is a solar -pow- 
ered, servo -controlled heliotropic (sun 

following) mechanism that not only indi- 

cates solar time, but also uses the sun 

as the source of its operating power. 
Unlike the standard sundial, that has 

a fixed time scale and gnomon (shadow - 
casting element) to indicate the time, 

the solid-state sundial's gnomon is ser- 

vo controlled to "follow" the sun, which 
it can do even under limited overcast 
conditions. The passing hours are indi- 

cated as the gnomon moves across a 

fixed time scale. 
Besides being a conversation piece, 
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BY WINN L. ROSCH & MARTIN BRADLEY WEINSTEIN 

State-of-the-art sundial built 
around semiconductors follows the 
sun and indicates passing hours 
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SONIC 
HOLOGRAPHY! 

Carver Sonic Holography - 
it is absolutely astonishing. 

Sonic Holography technology provides a 
dimensionally realistic sonic image from any 
stereo tape, record, or broadcast. Instru- 
ments and voices appear naturally and 
convincingly within a wide and deep sonic 
stage, behind, in front of, and off to the sides 
of the two front speakers. This remarkable 
achievement until recently has been a 
laboratory curiosity demonstrated with 
special recordings or in anechoic chambers. 
Carver research brought Sonic Holography 
out of the laboratory and into the listening room. 

Top view of room with listener facing speakers 

The holographic image places instruments in a broad 
proscenium arc. Primary sound images (x) clearly 
emerge from beyond the room boundaries each in a 
fixed and totally natural position. There is no spatial 
distortion in size or location of the instruments. Such 
holographic imaging is not possible with conventional 
stereophonic or time -delay enhanced reproduction. 
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Here's what the experts said about Carver 
Sonic Holography: 

"The results were positively breathtaking... . 

With the lights out, we could almost have sworn we 
were in the presence of a real -live orchestra." 

Harold A. Rodgers 
Senior Editor, Popular Electronics, May 1979 

"The instrumental' sounds, originally heard in 
a more or less narrow line between the 
speakers, were suddenly located down the 
side walls of the room to a point nearly as far 
back as we were stting (about 12 feet from the 
speakers). The sound took on a rich, solid 
quality ... " 

"The 'miracle' in Carver's technique is that it 
uses only the two normal front speakers-and 
that it works!" 

Julian Hirsch 
Hirsch -Houck Laboratories 
Stereo Review May 1979 

"My listening experiences leave no doubt that 
the technique produces a far more plausible 
sonic illusion of space and localization than is 
produced by normal stereo.... it brings the 
listener substantially closer to that 
elusive sonic illusion.of being in the presence 
of a live performance." 

Larry Klein, Technical Director 
Stereo Review, May 1979 

"In sum, listening to the C-4000 in its 
hologram position was a thrilling sound 
experience for me. Plain old stereo will never 
be the same." 

Arthur Salsberg, Editorial Director 
Popular Electronics. May 1979 

Sonic Holography is now available in the Carver C-4000. It 
is a versatile control console that also includes a sophisti- 
cated preamplifier, third generation Autocorrelator for noise 
reduction, Peak Unlimiter for restoration of dynamic range 
& Time Delay with built-in power amplification. For copies of 
the complete reports write to the Carver Corporation or use 
the reader service card 

CARV ER 
C O R PORATI-ON 
P.O. Box 664 
Woodinville, Washington 98072 
CIRCLE NO.12 ON FREE INFORMATION CARD 
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SOLAR -POWERED SUNDIAL continued 

and a Science Fair project, the solar - 
powered sundial will teach you how ser- 

vo systems operate, how light-sensitive 
circuits work, and the elements of solar - 
powered battery charging. 

How It Works. As shown in Fig. 1, the 
opaque gnomon is placed between a 

pair of light -to -current converters so that 
if the gnomon is not pointing directly at 

the sun, one of the light detectors is 
shielded and the other receives more of 
the sun's light. 

Since the outputs of the light -to -cur- 
rent converters used in this project 
reduce with increased illumination, they 
are cross -coupled, inverted and applied 
to a commutating bridge formed from 
four VMOS power FETs that simulate a 

double -pole, double -throw switch. This 
"switch," in turn, controls the operation 
of a small dc motor. When current flows 
one way through the dc motor, it rotates 
in one direction. When the current flow is 

reversed, so is the rotation. A small rub- 
ber wheel is attached to the dc motor 
shaft so as to rotate the bearing - 
mounted platform that carries the elec- 
tronics and the gnomon. 

Operation of the system shown in Fig. 
1 is such that the motor -driven rotating 
platform is kept aligned and each light - 
to -current converter receives equal 
amounts of illumination. Thus, the gno- 
mon will track the sun and can be used 
to indicate the passing hours on an arc 
scribed on the fixed baseplate. 

Fourteen solar cells provide a charge 
for a set of nickel -cadmium cells that 
power the circuit and the dc motor. The 
solar array is tilted to face the sun at the 
local latitude angle so that the cells 
receive maximum light and thus gener- 
ate maximum output. 

Circuit Operation. The "heart" of the 
electronic sundial is the LM1890 Light - 

to -Current Converter shown in Fig. 2. 

This new IC is designed as a general- 
purpose building block for use in both 
visible light and infrared applications (its 
output peaks at 700 nm). The device 
includes a built-in light sensor, and provi- 

sion is made to add fixed, light -indepen- 
dent comparator bias. The chip is mono- 

lithic, linear over several decades of 

light level, and can be operated with 

supply voltages down to 2.5 volts. The 

case is fabricated from clear plastic and 

has a recess for an optical filter. An 

internal zener diode regulator adds to 

the stability. 
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The outputs of both the light sensor 
and comparator can be converted into a 

voltage by using a resistor as the load 
and extracting the signal across this 
resistor. 

As shown. in Fig. 3, the light sensors 
are cross -coupled to the inputs of each 
comparator. Resistors R1 and R2 serve 
to convert the light -sensor output current 
to voltage. Since the comparator within 

the light sensor has an uncommitted col- 
lector output, resistors R3 and R4 are 

used to develop the output signal. 
Capacitors C/ and C2 combine to insert 

a pause (hysteresis) before allowing the 
circuit to change states. This prevents 
the rotating platform from moving in 

small erratic spurts. 
The outputs of both light -sensing ICs 

are fed to inverters (ín IC3) whose out- 

puts are coupled to a motor control cir- 

7 SOLAR 
CELLS 

cuit formed by power FETs 0/ through 
Q4. These FETs control the direction of 

current flow, hence rotation, of motor 
M 1. This circuit then forms a basic light- 

sensitive servo system. 
VMOS-type FETs are used because 

their very low gate current requirements, 
low voltage drop, and low "on" resist- 
ance make them directly compatible 
with CMOS inverter IC3. Assume that 
IC3A has a high output and IC3B a low 
output. In this case, both 0/ and Q4 will 

turn on and allow current to flow from the 
power supply through Q1, the motor and 

Q4 to the return circuit. The motor then 
rotates. 

When the output of IC3B is high, and 
that from IC3A is low, the current flow is 

through Q2, the motor and 03. Since 
current flow through the motor is now 

reversed, it rotates the other way. When 

LM 1890 
LIGHT 

TO 
CURRENT 

CONVERTER 

MOVE 
RIGHT BEARING 

OPAQUE 
GNOMON 

LM 1890 
LIGHT 

TO 
CURRENT 

CONVERTER 

MOVE 
LEFT 

COMMUTATING 
BRIDGE 

(VMOS POWER 
DRIVERS) 

I II 
DC 

MOTOR 

111 ,,` RUBBER 
WHEEL 

HOUR ARC 

7 SOLAR 
CELLS 

COMMON 

FIXED 
BASEPLATE 

Fig. 1. Diagram showing general operation of solid-state sundial. 
The servo loop keeps the gnomon (shadow caster) pointed at the sun. 
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SOLAR -POWERED SUNDIAL 
both light sensors receive equal illumina- 
tion, the voltage generated across the 
FET "bridge" is equal and the motor 
remains stationary. When both light sen- 
sors are in the dark (nighttime), the volt- 
age applied to the FETs is low, thus 
turning off the power semiconductors. 

Power for the sundial comes from five 
AA -size NiCd cells that are recharged 
by 14 solar cells connected in series. 
Since each solar cell can generate 0.5 
volt at 100 mA in bright sunshine, about 
7 volts at 100 mA is available for the 
cells. If you live under a perpetual over- 
cast, add an extra solar cell or two in 
series with the original 14. Diode D1 is 
used to isolate the solar cells electrical- 
ly from the battery. 

Construction. Other than the solar 
cells, battery and motor, all the electron- 
ic components can be mounted on a 
solderless breadboard. (This will be 
done later.) The physical placement of 
the two light -to -current converters /C1 
and /C2) is contingent on the particular 
design you select. However, two consid- 
erations should be observed: some form 
of shadow caster must be used between 
the two light sensors and the solar cells 
must be facing the sun at all times to 
generate their maximum output. 

The sketches on succeeding pages 

Fig. 3. Light-sensitive 
circuits drive a 

commutation bridge formed 
from four VMOS devices. 
These act as a dpst switch 

to change the direction 
of current flow th rough 

the platform motor. 
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DI -1N4002 
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show some ways that the sundial can be 
physically arranged. Final design is left 
up to the individual builder. 

The following explanation covers the 
author's prototype and can provide 
some help in building your own version. 

A photo of the prototype sundial is 
shown in Fig. 4. The 12" stationary 
baseplate and the 8" rotating platform 
were made of tia -inch plexiglass. In the 
prototype, a conventional bicycle ball - 
bearing race was used to mount the 
rotating platform in the center of the 
baseplate. A hole, large enough to form 
a press -fit over the bearing, was cut at 
the center of the moving platform. When 
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Ql through Q4-VN40AF VMOS FET 
(Siliconix) 

RI,R2-1000-ohm, I/4 -watt resistor (see 
text) 

R3,R4-75.000-ohm, I/4 -watt resistor 
Solar cells -0.5 -volt, 100-mA (14) (Ra- 

dio Shack 276-120 or similar) 

Fig. 2. Pinout guide and 
internal schematic of the 
LM1890 light -to -current 
converter used in sundial. 

4 
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fitted together, the moving platform 
rotated smoothly on the bearing. 

In assembling the remainder of the 
sundial, use the following procedure: 
Before finally mounting the rotating plat- 
form to the baseplate, mount the solder - 
less breadboard so that one long side is 
adjacent to, and just clearing, the bear- 
ing hole. Use four 4-40 screws and nuts 
to secure the breadboard in place. 

Obtain another 8 -inch diameter circle 
of plexiglass and cut it in half. One of 
these sections will form the solar -cell 
support while the other half will be used 
as the gnomon. Opaque the gnomon 
section with matte -black paint. 

01 I 02 

12 

8I- 
5 -AA"" - 
CELLS 

Misc.-Solderless breadboard (CSC Ex- 
perimentor 300). battery holder, sili- 
cone adhesive, double -sided pressure - 
sensitive tape, masking tape, transpar- 
ent bubble dome, opaque plastic sheet 
or plexiglass sheet and black paint, 
bearing, interconnecting leads, mount- 
ing hardware, etc. 
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' SOLAR -POWERED SUNDIAL continued 

Hold the solar -cell support section 
against the back of the solderless 
breadboard closest to the bearing hole. 
You may have to make a small cutout so 
that the solar -cell support will clear the 
bearing. Tilt the support to the approxi- 
mate latitude of your location. Now, cut a 

wédge shape out of the gnomon half 
circle to hold the solar -cell support at 
the latitude angle. The latitude wedge 
should be at right angles to the solar - 
cell support. 

Using epoxy or plastic cement, care- 
fully affix the solar -cell support to the 
platform and to the latitude wedge, and 
the bottom of the latitude wedge to the 
platform. Allow the cement to dry. 

The remaining section of the gnomon 
half circle will form a continuation of the 
latitude wedge and is mounted at right 
angles to the solar -cell support. After 
cutting a slot large enough to clear the 
solderless breadboard, and possibly a 

slot for the bearing, cement the opaque 
gnomon in place. 

-The mechanical construction is now 
complete. Allow all cement to dry. Make 
sure that the gnomon (and if desired, the 
remainder of the plastic) is opaque and 
that the platform rotates easily. 

Six solar cells are mounted on one 
side of the support and another six on 

the other side cf the gnomon. Double - 
sided tape, or silicone adhesive can be 
used to mount the cells. A seventh cell 
on each side of the gnomon is mounted 
(using silicone adhesive) between the 
front of the solderless breadboard and 
the rotating platform. These two cells 
must be at the same angle as the rest of 
the solar -cell array. (The locations of the 
two seventh cells are necessitated by 
lack of space on the regular cell support 
piece in the prototype.) 

All 14 cells are connected in series 
and terminated in a pair of color -coded 
leads-red for positive and black for 
negative. The ends of these two leads 
are brought to the solderless socket to 
form the "plus" and "minus" lines. 

As shown in Fig. 4, the battery holder 
is cemented to the platform "under" the 
solar -cell support. Leads to the battery 
are coded with the same colors as 
those to the solar cell array. 

The platform positioning motor can be 
taken from a battery -operated toy car 
and will often have its own reduction 
gear and rubber wheel. Such 1.5 -to -3 - 
volt dc motors can be found in many 
discarded toys or can be purchased at 
most hobby stores. 
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Fig. 4. Photo of the author's prototype sundial showing construction 
details. Any configuration can be used as long as the two 
light-sensitive ICs have the gnomon between them. 
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This artist's conception of a possible sundial design 
shows the solar cells actually mounted on the gnomon. 
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1118 -Making 8 Using Electricity From the Sun 144 p. 55.95 881-666 Science Tricks 8 Experiments 406 p.. 386 d. 57.95 I1142-84 Practical IC Projects You Can Build 140 p.. 113.1. 54.95 805-99 Test Equipment Projects You Can Build 378 p.. 337 il. $7.95 la 804 -Master Hdbk of 1001 MORE Practical Electronic Ciro. $12.95 1105 -How To Casl Small Metal 8 Rubber Pairs 144 p., 132 i1. 55.95 
1101 -How To Design 8 Build Your Own Custom TV Games 546 p 59.95 
806 -The Power Supply Handbook 420 p, 292 il. $7.95 1108 -Lasers, The Light Fantastic 294 p. 158 il. $6.95 I1079 -How to Build 8 Use Low -Cost Hydrophones 140 p. 98 il. 54.95 

1113 -Understanding Electronics 182 P. 265 d. $4.95 I800 -Master Hdbk. of 1001 Practical Electronic Circuhs 602 p 512 95 1060-303 Dynamic Electronic Circuits 308 p.. 303 il. 56.95 
1023 -Beginner's Guide to Designing /Bldg. Transislor Radios $4.95 I965 -Modern Transistor Radios 64 p., 112 ll 52 50 
958 -Beginner's Guide to Making Electr. Gadgets 140 p. 113 J. 54,95 II 921 -The ABC Book of Hi -F Audio Projects 168 p. 131 II $4.95 
909 -How to Budd Metal/Treasure Locators 140 p. 60 d $3.95 

I935-Bu,ldII Book el Optoelectronlc Projects 238 p. 175 ii. $5 95 
964 -Modern Crystal Radios (Make and Use Series) 64 p 101 11.52.50 
637 -Fun with Electronics 140 p. 50 it $3.95 
836-Optoelectronics Guidebook-w4h Projects 196 p 11511 $5.95 905-BwldIt Book of Digital Electronic Timepieces 294 p. 20911. $6 95 I926 -Model Railroad Electronics 308 p. 218 il. $5.95 912-88 Practical Op Amp Circuits You Can Build 140 p. 120 3.$4.95 
868-CBer's Handybook of Simple Hobby Projects168 p. 114 il. 53.95 I887-106 Easy Electr. Projects -beyond the transistor 224 p. 55 95 790-21 Simple Transistor Radios You Can Budd 140 p. 122 il. 53.95 
861 -Display Electrons 252 p. 195 il, 55.95 771 -Integrated Crrcuds Guidebook 196 p. 119 d. $5.95 I706 -Indexed Guide to Modern Electronic Circuits 216 p 92 d. 54.95 
787 -OP AMP Circuit Design 8 Applications 280 p. 239 il. 56,95 I796-MOSFET Circuits Guidebook -with 100 Projects 322 p 19611. 65.95 714-Ratlio Astronomy for the Amateur 252 p. 88 rl. 55.95 
571 -Radio Electronics Hobby Projects 192 p. 214 il. 56 95 

I591 -Solid State Projects for the Experimenter 224 p. 228 3. 54 95 780-111 Digital 8 Linear IC Projects 210 244 it :-5 95 
699 Solid State Circuits Guidebook 252 p. 227 3. .55 95 
629 -Handbook of IC Circuit Projects 224 p. 136 il. .55.95 487-64 Hobby Projects for Home 8 Car 192 p. 195 rl .54.95 I537-125 One -Transistor Protects 192 p. 125.1 04.95 
83 -Fun with Electricity 128 p. 94 il. $3.95 I647-Stereo/Ouad HeF, Principles 8 Projects 192 p. 100 it 14.95 464 -Electronic Hobbyist's IC Project Handbook 154 p. 86 d 54 95 

613 -New IC FET Pnnciples 8 Protects 154 p. 60 d. 54.95 

111 
462-104 Easy Transistor Protects You Can Build 224 p. 105 II 57 95 
590 -Practical SolidState Principles 8 Projects 176 p. 127 d. 53.95 in 568 -IC Projects for Amateur 8 Experimenter 192 p. 252 t1. 55 95 1. 542 -Transistor Projects for Hobbyists 8 Students 192 p. 153 fl :14 55 
70 -Electronic Puzzles 8 Games 128 p 75 d 53 95 

II BASIC & GENERAL ELECTRONICS TECHNOLOGY 
f 

1066-I1lustrated Dictionary of Electronics 882 p . 472 d $14 95 
510 -How to Read Electronic Circuit Diagrams 192 p 140 11 56 95 
588 -Basic Electronics Course 384 p. 27511. 59.95 
882 -Transistor Ignition Systems 252 p 162 d 55 95 
749 -Auto Electronics Simplified 256 p., 202 II 55.95 
746 -The Complete Auto Electric Handbook 210 p., 13911. 55 95 
891 -Practical Sold -Slate DC Power Supplies 196 p. 151 ii. 56.95 
628 -Basic Electricity 8 Beginning Electronics 252 p. 191 il. $6.95 
830 -Introduction to Medical Electronics 320 p. 126 d. 57.95 
655 -Modern Electronics Math 686 p. 424 il. 5' 1 95 
728 -Basic Digital Electronics 210 p. 117 il. 54 95 
691 -Electronics Unraveled 228 p. 96 il. 55 95 
828 -Switching Regulators 8 Power Supplies 252 p. 128 3. 1.695 
583 -Industrial Electronics'. Principles & Practice 416 p 380 11. 56.95 
930 -Servicing Medical 8 B,oelectronic Equipment 350 p 165 3.58.95 
60t -Basic Color Television Course 420 p. over 300 d. 09.95 
104 Basic Radio Course 224 p. 128 it 55 95 
638 -Manna Electronics Handbook 192 p. 106 11. S4 95 
528 -Pulse 8 Switching Circuits 256 p. 184 it. 55.95 
585 -Digital Electronics: Principles 8 Practice 292 p. 191 il. 55.95 
105 -Basic TV Course 224 p. 128 it 5 5 95 
111 -Basic Transistor Course 224 p. 179 il. 17.95 
791 -Mathematics Unraveled -A New Commonsense Approach', 6.85 LEI.. -...........i 
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AUDIO. RECORDING. HI-FI & STEREO 

1234-21 Custom Speaker Enclosures You Can Build 240 p.. 177 il. 57.95 
1206 -How to Design 8 Build Digital Audio Amplifiers 350 p.,249 11.59.95 
1167 -Electronic Music Synthesizers 168 p.. 127 il. 55.95 
1034 -How To Select 8 Install Your Own Speakers 238 p.. 13111. 55.95 
1166 -Build a Small Budget Recording Studio From Scratch 58.95 
867 -Electrical Hdbk for RVs, Campers, Vans, Boats. Trailers 53.95 

1001 -Master Handbook of Still 8 Movie Titling for Amateur 8 Pro 59.95 
1011 -How To Repair Movie 8 Slide Projectors 304 p . 270 11. $7.95 
911 -Restoring 8 Collecting Antique Reed Organs 320 p., 124 il. 58.95 

1064 -How to Deslgn/Build/Test Complete Speaker systems 336 p 57.95 
1056 -Install Everything Electr. in Cars/Boats/Planes/Trucks 364 p 57.95 
1042-Jap Radio, Record/Tape Player Schein Manual -V. 2 200 p.57.95 
1017 -Understanding Sound. Video & Film Recording 140 p., 7411. 55 95 

966 -Complete Handbook of P A Sound Systems 272 p., 148 it 57 95 
681 -Questions & Answers on Tape Pecording 264 p.. 102 it 55 95 
610 -How to Repair Musical Amplifiers 288 p.. 50 il. 68 95 
736 -Amateur Filmmaker's Hdbk Sound Sync/Scormg 210 p. 55 95 
875 -Microphones -How Work$ How to Use Them 224 p. 9211. 56.95 
646 -Acoustic Techniques for Home 8 Studio 224 p. 168 il. $6.95 
781 -Handbook of Multichannel Recording 322 p. 115 11. 58.95 
934 -Photo Garde to AM/FM Stereo Repair 288 p. 281 II. 57 95 
756 -4 -Channel Stereo -From Source to Sound 252 p. 102 d, $4.95 
634 -Basic Audio Systems 240 p. 203 il. 54 95 

1031 -Produce Exciting Slide Shows & Movies With Sound $6.95 
689 -Cassette Tape Recorders -How Work/Care/Repair 204 p. 55.95 
497 -Tape Recording for Fun 8 Profit 224 p. 171 d 55.95 
681 -Questions 8 Answers About Tape Recording 264 p. 102 .1.55.95 
716 -Servicing Cassette 8 Cartridge Tape Players 294 p. 19611. $6.95 
505 -Installing 8 Servicing Home Audio Systems 256 p. 136 11 $5 95 

67 -Elements of Tape Recorder Circuits 224 p. 14511. $4 95 642-Jap Radio, Record 8 Tape Player Service Manual 228 p 56 95 
59 -Servicing Record Changers 224 p. 173 rl 55 95 

HAM RADIO. CB,COMMUNICATIONS & TELEPHONES 
1194 -How to Repair Amateur Radio Equipment 448 p , 385 il. 59 95 
1152 -Antenna Data Reference Manual-incl dimension tables 57 95 
1120 -OSCAR: The Ham Radio Satellites 128 p.. 95 it 54 95 
802 -The Giant Book of Amateur Radio Antennas 462p.. 255 it $8.95 
999 -How to Hear 8 Speak CB In a Short -Short 176 p 53.50 
665 -Mobile Radio Handbook 192 p . 175 II. 54 95 

1097 -All About Telephones 192 p. 140 ,I $4 95 
1052 -Radar Detector Handy Manual 80 p , 63 rl. 52.25 
1054 Antenna Construction Hdbk. for Ham. CB 8 SWL 238 p. 55.95 
1005-Hdbk of Solar Flare Monitoring 8 Prop. Forecasting 196 p 56 95 
997 -The Handbook of Telephones 8 Accessories 432 p. 215 i1 59 95 
969-CBer's Handy Manual of Base Stations 96 p. 55 $2.50 
801 -Master Handbook of Ham Radio Circuits 392 p , 301 il. $8.95 
963 -Home -Brew HFNHF Antenna Handbook 210 p. 143 1I 55 95 
959-CBer's Handy Manual of SSB 80 p. 42 11. 52 25 
685 -The Complete Shortwave Listener's Handbook Zee p 10111 56.95 683-P ctonal Guide to CB Radio Install/Repair 256 p. 304 d. 55 95 
673 -How to Be A Ham-Incls. Latest FCC Rules 192 p. 2511 $3.95 
950 -III. Dst. of Broadcast-CATV-Telecomms. 420 p 104 11 $8.95 
799 -CB Radio Operator's Guide -2nd Edition 256 p 139 3 55.95 
899-CBer's Handy Manual 48 p. 51.50 
735 -Tee Complete FM 2 -Way Radio Handbook 294 p. 111 it 56.95 
859 -The Complete Handbook of Slow -Scan TV 304 p 169 il. 59,95 
954 -Practical CB Radio Troubleshooting 8 Repair 401 p. 16911 57 95 
597-RTTY Handbook 320 p. 230 il. $6 95 
933-CSer's Handy Atlas/Dictionary 64 p. $1 95 
722 -Amateur FM Conversion 8 Const. Projects 276 p. 187 it 55.95 
678 -Modern Communications Switching Systems 276p. 171 8. 517.95 
581 -Citizens Band Radio Service Manual 228 p. 84 O. $5.95 
621 -The 2 -Meter FM Repealer Cornets Handbook 312 P. 194 11. S569955 

ELECTRONIC TEST EQUIPMENT 
1177 -Practical Tshtg. with Modern Test Instruments 304 p.. 288 it 57.95 
1162 -Practical T'shtg. with Modern Scopes 288 p . 267 tl 57.95 
132 -How to Test Almost Everything Electronic 160 p 144 rl. 53.95 
730 -Effective Troubleshooting with EVM/Scope 238 p.. 1851l. 55.95 

1012 -How To Design (Build Electr, Instrumentation 4212 p. 210 rl. 59.95 
792 -Budd -It Book of Miniature Test 8 Msmt. Instr. 236 p. 15111. $4.95 
472 -Working with the Oscilloscope 104 p. 18311. 7" . 9,4" $4,95 
672 -Understanding 8 Using the VOM 8 EVM 192 p. 187 it 55 95 
927 -How to Use AF 8 RF Signal Generators 238 p. 162 ,l, 55 95 
702 -Electronic Measurements Simplified 240 p. 217 J. 54 95 
723-Elecrronrc Test Equipment -8 How To Use It 20= p.. 174 rl 54 95 729-RF 8 Digital Test Equipment You Can Build 252 p. 217 11 55 95 
877 -Under. 8 Using Modern Signal Generators 294 p. 12011 $6 95 
664 -Understanding 8 Using the Oscilloscope 272 p 170 3 $5,95 
577 -How to Use Color TV Test Instruments 256 p. 230 rl 55 95 
131 -Test Instruments for Electronics 192 p. 15511. 54 95 
680 -How to T'shoot 8 Repair Electr, Test Eger. 252 p 143 il, 56.95 
777 -Under /Using Modern Elect, /Svcing./Test Equlprr.enl 252 p.55.95 483-99 Ways to Use Your Oscilloscope 192 p. 327 4 55 95 
485 -How to Use Test Instr. in Electronics Servicing 256 p. 23411 54.95 

ELECTRONICS ENGINEERING & REFERENCE 
1133 -The Active Filter Handbook 280 p 251 d. 56 95 
1132-Hdbk of Electrical Noise Measurement and Technology 56.95 
1038 -Electronic Designer's Handbook -3rd Edition 3509.278 d $995 
1087 -How to Repair Briggs 8 Stratton Engines 182 p., 135 d. 54 95 
1035 -Instrumentation 8 Control Sys. Eng. Hdbk. 434 p 184 11 519 95 

929 -Solid -State Motor Controls 322 p., 162 3. $8 95 
742 -Prof Electrical/Electr. Engi s License Study Guide 476 p 57.95 
750 -Electronic Conversions. Symbols 8 Formulas 224 p. 46 3 55.95 
829 -Impedance 196 p. 9011 55 95 
774-Dgital/Logic Electronics Hdbook 308 p. 226 d $6.95 
118 -Electronics Data Handbook 256 p. 149 3, 55 95 

' FCC LICENSE STUDY GUIDES 

1073 -Amateur Rad Lic. Sty. Gde. for Nov. Tech & Gen. Class $6.95 
1092 -Forst Class Commercial FCC Lic. Study Guide 392 p. 205 i1.57 95 

582 -Commercial FCC License Handbook 444 p. 150 I. 58 95 
652 -2nd Class FCC Encyclopedia Study Guide 602 p 600 II. $7 95 
893 -Thud Class FCC License Study Guide 322 p. 88 II. 56.95 
873 -Ham Radio Novice Class License Study Guide 224 p. 57 II 55 95 
851 -Ham Radio General Class License Study Guide 448 p 57 95 TAB BOOKS, P 17214 827 -Ham Radio Advanced Class License Study Guide 252 p. 56.95 
543 -Ham Radio Extra -Class License Study Guide 224 p. 162 II. 55.95 
989 -Ham Radio Incentive Licensing Gurde 154 0. 34 I 54.95 

SEMICONDUCTORS. TUBES & TRANSISTORS 
1218 -Towers' Internatronal OpAmp Linear -IC Selector 190 p 57 95 
1016 -Towers' International FET Selector 140 p . 97 d 54 95 
1010 -Towers' Inter Transistor Selector 200 p. 179 J. 7' x 10" 56 95 
856 -Masser OP -AMP Applications Handbook 476 p 320 it 59 95 
960 -IC Function Locator 224 p.. 28 it 55 95 
984-CMOS Databook 280 p. 270 rl. $6 95 
870 Master Tube Substitution Handbook 322 p 576 d 54 95 
717 -Transistor Theory for Technicians 8 Engrs 224 p. 116 11. 55 95 
938 -Linear IC Applications Handbook 280 p. 183 II. 56 95 
470 -Transistor Circuit Guidebook 224 P. 110 N. 55 95 
794 -Microelectronics 266 p. 228 3 $5 95 
708 -Modern Applications of Linear IC's 276 p. 301 il. 59,95 

MODEL RADIO CONTROL 

-174-Model Radio Control 252 p . 237 II 56 95 
1093 -Radio Control Handbook -4th Edition 420 p. 315 d 59 95, 

135 -Radio Control Manual -Sys.. Circuits, Const.-3rd Ed. 55.95 
825 -Flying Model Airplanes/Helicopters by RC 192 p. 147 11. $5 95 II 
747 -RC Modeler's Handbook of Gliders 8 Sailplanes 196p 14311. 54.95 
612 -Radio Control for Models 350 p 417 d $6 95 
693 -Model Sail 8 Power Boating by Remote Control 192p. 12511 54,95, Pa. add 6'5 Sales tan. All orders outside USA pE-380 

APPLIANCES, ELECTRICITY & 'ENERGY 
1138 -Buyer's Guide to E'thing Electronic for the Home 224 p. $5,95, 119E Addrrg Solar Heat to your Home 280 p., 185 ii. $7 95 
1163 -Complete Hdbk. of Sewing Machine Repair 308 p., 240 II. 58,55 II 
1081 -Build Your own Log Cabin from Scratch 350 p., 239 il. 57.95 
968 -How to Convert Your Car or Van to Diesel 210 p., 166 II. $6.95 

1140 -Basic Gunsmithing 288 p., 152 il, $7.95 
925-Practcal Electrical Installation, Repair 8 Rewiring 406 p. 57.95 LI 

1178 -How To Make Your Own Solar Electncily 68 p.. 87 II, 55.95,' 
1020 -Auto Air Conditioning Handbook -Install. Maint. 8 Repair $6.95 
1176 -The Master Handbk of ALL Home Heating Systems 352 p.57.95, 
631 -Aviation Electronics Handbook 406 p., 227 it. $8,95 

1128 -Make Home Electricity From Wind, Water 8 Sunshine 55,95, 
1019 -The Master Handbook of Electrical Wemg 406 p., 289 II. 56.95 
1036 -Cut Your Electric Bill, Install Your Own Emerg, Power Sys. 52.95, 1063 -How To Install Your Own Home or Mobile Ele. Power Plant $5,96 
931 -Direct Current Motors 252 p. 170 3. 514,95 II 
817 -How to Repair Diesel Engines 308 p., 237 il. $7.95 
604 -Using Electronic Testers for Auto Tuneup 252 p., 226 3. $4.95, 987-Hearleg Aid Handbook 336 p. 224 3. .58 95 
913 -Complete Hdbk. o1 Electncal 8 House Winng 476 p 193 il. 56 95 
906 -Homeowner's Gde. to Solar Heating/Cooling 196 p. 113 d. 54 95, 
962 -Microwave Oven Service 8 Repair 420 p. 210 il, 59 95 
903 -Guide to Modern Energy -Efficient Heating/Cooling Sys. SS 95, 
758 -How to Completely Secure Your Home 224 p. 162 rl. 55 95 

1030-101 Practical Uses for Propane Torches 140 p 98 il. 53.95, 
1006 -Build -It Book of Solar Heating Projects 196 p. 111 .1. $4 95 
820 -Central Heating/Air Cond. Repair Guide 320 p 285 3. $6 95, 
T -97 -Electric Motor Test 8 Repair 160 p. 102 3. 56.95 
515 -Small Appliance Repair Guide -Vol. 1 224 p. 100 d $5.95, 
917 -How to Repair Small Gasoline Engines 392 p. 251 il. 57.95 
904 -Homeowner's Guide to Saving Energy 288 p. 183 d. $5,95 
745 -The Home Appliance Clinic 196 p. 61 il. 

5554551.999565 ill 
885 -How to Repair Home Kitchen Appliances 294 p. 205 il. $5.95 920 -Complete Hdbk. of Locks 8 Locksmehmg 392 p. 200 il. 56.95, 
855 -How In Repair Home Laundry Appliances 280 p. 137 d. 55 95 
715 -Small Appliance Repair Guide -Vol. 2 210 p. 119 if. 54 95, 
555 -Major .Appliance Repair Guide 288 p. 278 il. 55,95 
671 -Electrical Wiring 8 Lighting for Home 8Office 204 p. 155 rl. $4.95 Ill 
520 -How 10 Repair Home 6 Auto An Conditioners 208 P. 100 3 $5 95 
295 Relrixration 160_1 53 d. $3 95, 
ELECTRONIC MUSIC 

FI 

743 -Electronic Music Circuit Guidebook 252 p 18011 56,95, 843-Sourcebook o1 Electronic Organ Circuits 168 p. 101 II. $4.95 718 -Electronic Music Production 156 p. 79 ii $3,95, 546 -Electronic Musical Instruments 192 p 121 rl $5.95 832 -Electronic Musical Instr. Manual 210 p. 7" x 10" 385 it. $6.95, 
503 -Servicing Electronic Organs 196 p Six" x 11" 145 il. 59.95 

TV, RADIO & ELECTRONIC SERVICING I' 1 
1148 -How to Repair OId-Time Radios 252 p . 162 II. , 
1013 -Beginner's Guide to TV Repair -2nd Edition 224 p., 56 3 5557.9955 
1082 -TV Fled & Bench Servicer's Handbook 208 p 165 t1 56.95 1119 -Color TV Trouble Factbook--4th Edition 434 p., 100's of 11 57 95, 
1028 -How To Repair Video Games 270 p.. 182 i1, $7 95 
939-Hdbk of Marine Electronic 8 Electrical Systems 546 p. 59 95, 
901 -CET License Handbook -2nd Edition 448 p, 381 il. 59 95 
821 -TV Troubleshooter's Handbook -3rd Ed. 448 p. over 300 it 54 95, 
956 -Fore 8 Theft Security Systems -2nd Ed. 192 p. 108 II. $5 95 
876 -Color TV Case Histories Illustrated -Vol. 2 352 p 243 d. $7 95 
746 -Color TV Case Histories Illustrated 238 p 219.1. $5 95, 136-A New Way to Service Color TV 192 p.. 137 d. 54 95 544 -TV Trouble Diagnosis Made Easy 256 p., 213 il. 55 9$ 
809 -Photo Symptom/Guide: Solid -State Color TV Troub. 224 p 55 95 
772 -Troubleshooting with the Dual -Trace Scope 224 p 252 rl $5 95 738-N Schematics: Reading Between the Lines 252 p. 188 3 55 95, 
605-Iestell.;Svcing Electr. Protective Systems 252 p. over 160 it $7 95 696-N Tuner SchematiUServicing Manual -Vol 1 224 p 287 d 56 95, 
979 -TV Tuner Schematic/Servicing Manual -Vol. 2 200 p. 374 il. 56.95 690-1 Isar Color N Troubleshooting 240 p 151 il. 55 95 II 559-199 N Tough -Dog Problems Solved 252 p 199 it 55 95 
580 -Modern Radio Repair Techniques 260 p 207 3 55 95 
532 -How to Repair Solid -State Imports 192 p., 855" x 11" 122 i1 57,95, 
761 -Jack Darr's Service Clinic No 3 252 p. 122 il. 54.95 
133 -Jack Dan's Service Clinic No. 1 192 p. 125 J. 54 95, 430-Pinpoirt Transistor Troubles in 12 Minutes 492 p 243 il 56 95 595-199 Color TV Troubles 8 Solutions 224 p. 178 d. 55 95, 
507-101 TV Troubles -From Symptom to Repair 224 p. 170 it $6 95 
619-T'shoofing Sold -State Elect,. Power Supplies 208 p 85 it $4 95 
778-Small.Screen TV Servicing Manual 240 p. 367 d 56.951 
653-T'shoo'ing Sold -State Wave Gen. 8 Shaping Circs. 92 p. 54 95 
636 -Installing TV 8 FM Antennas 166 p 156 3, $4 95 
835-VHF/UHF Fire, Police, Ham Scanners Ser Manual 250 p 56 95 
625 -Troubleshooting Solid -State Amplifiers 256 p. 95 il. $4.95 
732-Jap Consumer Electr Ser Man í96p Intl schematic foldout 5595II 
694 -Auto Stereo Service & Installation 252 p 245 rl 55.95 

BROADCAST CATV CCTV & VIDEOTAPE j 
890 -Anatomy of Local Radio.TV Copy -4th Ed, 140 p. 55 95, 865-CATV Program Onglnabon 8 Production 256 p 64 11, $14 95 
811-Complese Hdbk of Videocassette Recorders 280 p. 160 '1 $5,95, 852 -Beast Engr, 8 Maintenance Hdbk 532 p 23511 519 95 815-Desig (Maintain. CAN/Small TV Studio 288 p 100 il. $12 95, 768-Cablecastmg Production Handbook 210 p., 44 11. $12 95 1009 -CCTV Installation, Maintenance 8 Repair 294 p., 20811. 58.95 773 -Talk -Back TV: Two -Way Cable Television 238 p. 64 d. $5.95, 833 -Complete Broadcast Antenna Handbook 448 p. 310 3. 517.95 523 -Guide to Radio -TV Beast Engineering Pract. 288 p 140 il. 512.95, 733 -Directional Broadcast Antennas 210 p. 60 11. 512.95 
557 -How To Become A Radio Disc Jockey 256 p 36 it $12.95 645 -How to Prepare a Production Budget' Film 8 Videotape 512.95, 541 -Videotape Prod 8 Comm Techniques 256 p. 100 d, 512,95 793 -TV Ligrring Handbook 228 p 230 it $12.95 
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SOLAR -POWERED SUNDIAL continued 

The motor is attached to the rotating 

platform so that the wheel makes con- 

tact with the fixed baseplate. If the 

wheel is large, the motor assembly can 

be mounted on a block. The two leads 
from the motor are also brought to the 
solderless breadboard. 

Final Assembly. All that remains now 

is to build the circuit of Fig. 3 on the 

STATIONARY 
BASEPLATE 

IC2 

POINTER 
LEAF 

""1 

solderless breadboard and make the 
necessary connections between the cir- 
cuit board, battery, solar -cell array and 

servo motor. 
Install /C1 and /C2 on the solderless 

breadboard, one on each side and as 
close to the gnomon as possible. Refer 

to the top view of this IC shown in Fig. 3 

to determine the correct pin -out. The IC 

has a cutout at each end, and only the 

i 

BATTERY 
AND 

MOTOR 

WHEEL 

SOLAR CELLS 

ROTATING 
PLATFORM 

HOUR ICI 
ARC ELECTRONICS MUSHROOM 

LIGHT SHIELDS 

In this design, a f ower and mushrooms made of plastic hold the 
solar cells and light sensors with a leaf fog a pointer. 
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location of the indentation on the upper 

surface of the chip correctly identifies 

the position. 
None of the remainder of the circuitry 

is critical, so conventional solderless 
breadboard wiring practice can be used. 

In the prototype, FETs Q1 and 04 were 

located on one side of the breadboard 
and 02 and Q3 on the other side. 

Because room illumination is not as 

bright as sunshine, increase system 
sensitivity by changing the values of R1 

and R2 to approximately 33,000 ohms. 

For outdoor use, re -install the 1000 -ohm 

resistors specified in the Parts List. 

After all wiring is complete, and the 

circuit checked, insert the fully charged 
battery in the holder. The mechanism 
should go into immediate operation if a 

bright light is played across the gnomon 

so that the latter's shadow falls on one 

or the other light sensors (/C1 or 1C2). 

The mechanism should try to align itself 
with the gnomon pointing at the light 

source. If the system tries to orient itself 

away from the light source, reverse the 

two leads to the dc motor. 
If the platform bearing is too smooth, 

inertia may cause the platform to over- 

shoot and cause mechanical oscillation 
as the system "hunts" for the center of 

the light source. In this case, cement a 

small pad of cotton to the underside of 

the platform to act as a gentle friction 
brake between the moving and station- 
ary parts. 

A do voltmeter can be used to check 
operation of the solar -cell array as a 

bright light is played across the solar 
cells. Make sure that the voltage 
change occurs on the circuit side of Dl. 
If not, then D1 should be reversed. Keep 
in mind that the solar cell output will 

greatly increase when the array is 

exposed to bright sunlight. 

Calibration. The sundial is calibrated 
by placing it outdoors on a flat surface 
so that it is exposed to the sun all day. 

Don't forget to use the proper values of 

R 1 and R2. If the batteries are charged, 
the platform, should rotate to point the 

gnomon at the sun. 

Using a watch as the time reference, 

at each hour, mark the point on the hour 

arc that the gnomon points to at that 

time. If you are north of the equator, at 

12 noon, the gnomon should be pointing 

south. This is the "12" mark, and on the 

opposite side of the baseplate place an 

arrow to indicate north. This arrow can 

be used to orient the sundial if it is 

POPULAR ELECTRONICS 



SOLAR -POWERED SUNDIAL 

CORRECTION FACTORS FOR SOLAR TO SIDEREAL TIME 

Jan. 1 + 3.5 Feb. 1 + 13.4 Mar. 1 + 12.5 Apr. -.1 

6 + 5.8 6 + 14.1 6 +11.4 6 + 2.6 
11 + 7.9 11 + 14.3 11 + 10.2 11 + 1.2 
16 + 9.8 16 + 14.2 16 + 8.8 16 - 0.1 
21 +11.3 21 + 13.7 21 + 7.4 21 -- 1.2 
26 + 12.6 26 +13.0. 26 + 5.8 26 - 2.1 . 

May 1 2.9 June 1 - 2.3 July 1 + 3.9 Aug. 1 + 6.3 
6 3.4 6 - 1.5 6 + 4.6 6 + 5.8 

11 3.6 11 - 0.6 11 + 5.3 11 + 5.2 
16 3.7 16 + 0.4 16 + 5.9 16 + 4.3 
21 3.5 21 + 1.6 21 + 6.2 21 + 3.2 
26 3.1 26 + 2.6 26 + 6.4 26 + 1.9 

Sept. 1 + 0.1 Oct. 1 - 10.2 Nov. 1 - 16.4 Dec. 1 11.0 
6 - 1.5 6 -1 1.7 6 -16.3 6 9.0 

- 11 - 3.2 11 '-13.1 11 - 16.0 - 6.9 
16 - 5.0 16 - 14.3 16 -15.2 16 - 4.5 
21 - 6.8 21 r-15.2 ' 21 -14.2 21 2.0 
26 - 8.5 26 15.9 26 12.8 26 + 0.4 

Source. Suntl'als by Roy K. Marshall. MacMillan Co.. New York 1963 

moved to another location. Simply point 
the arrow north and the hour arc is cor- 
rectly positioned. 

A sundial keeps solar time, which 
may differ from "clock" time by as much 
as 16 minutes either way, depending on 
the date. The Table gives correction fac- 
tors for sidereal time. For example, on 
March 1, the sundial will be 12.5 minutes 
"fast," while on April 16, the dial will be 
almost correct. On November 1, the sun- 
dial will be 16.4 minutes "slow." 

The hour "tics" and numerals can be 
painted on the hour arc, or press -on type 
may be used. Weatherproof these indi- 
cations for protection. 

Ortce the hours have been marked, 
check that the dc voltage output of the 
solar -cell array is slightly higher than the 
battery voltage so that charging can 
take place. 

A transparent bubble dome can be 
fitted over the moving platform, or the 
complete assembly, to provide weather 
protection and to create a greenhouse 
effect to maintain a reasonable internal 
temperature for the circuit. The bubble 
dome can be secured as desired. 0 
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Uniform specifications and measurement 

procedures for car amplifiers, 

tuners and tape players 

BY LEONARD FELDMAN 

IN THE last few years, car stereo 
equipment has sold at so rapid a pace 

that some observers believe it has out- 
distanced hi-fi gear for use in the home. 
Somewhat surprisingly, this phenomenal 
growth has taken place despite a chaot- 
ic, "caveat-emptor" situation with re- 
spect to published specifications and 
measurement standards. 

As matters have stood until ,now, a 

power designation of 20 watts might, if 

measured on the same basis as that 
used for home hi-fi components, mean 
as little as 2 watts. Similarly, the real 
meaning of a specified tuner sensitivity 
of, say, 2.0 microvolts, was often any- 
one's guess. The fact that the stringent 
rules adopted by the Federal Trade 
Commission in 1974 for disclosure of 
power -output capability applied exclu- 

sively to home hi-fi equipment provided 
a convenient loophole for many car ster- 
eo makers. 

Recognizing that this state of affairs 
was unfair to the consumer and un- 

healthy for the industry, a group of dedi- 
cated car stereo equipment manufactur- 
ers formed the Ad Hoc Committee on 

Car Stereo Standards. In October of last 
year, the committee finished work on 

Editor's Note: Readers wanting details 
of measurement procedures may obtain 
copies of the related standards from the 
Institute of High Fidelity, 489 Fifth Ave., 
New York, NY 10017. They are identified 
as IHF-T-200,1975, for $6 and IHF-A-202- 
1978 for $7. 
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AFTER 500 PLAYS OUR HIGH FIDELITY 
TAPE STILL DELIVERS HIGH FIDELITY. 
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If your old favorites don't sound as good as they used to, the problem 
could be your recording tape. 

Some tapes show their age more than others. And when a tape ages 
prematurely, the music on it does too. 

What can happen is, the oxide particles that are bound onto tape 
loosen and fall off, taking some of your music with them. 

At Maxell, we've developed a binding process that helps to prevent 
this. When oxide particles are bound onto our tape, they stay put. And 
so does your music. 

So even after a Maxell recording is 500 plays old, you'll swear it's not 
a play over five. 

Moxell Corpnronion of America, 60 Oxford Drive, Moonachie, N.J. 07074. 
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CAR STEREO STANDARDS continued 
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Fig. 1. Power output per channel of a car stereo 
amplifier varies with changes in supply voltage. 
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Fig. 2. Measured at standard 
reference level (1 watt), 
amplifiers with equal 
noise outputs have equal 
S/N specifications 
regardless of ratings. 

Fig. 3. A -weighting network 
yields S/N measurements 

that correspond more 
closely to human 

sensitivity to 
low-level noise. 
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Car Stereo Standards of Measurement 
relating to amplifiers, tuners, and tape 
players. (Receivers, of course, are cov- 
ered by the amplifier and tuner stan- 

dards in combination.) Further, the com- 
mittee invited lust about all car stereo 
manufacturers who market equipment in 

the U.S. to endorse the standards. By 

this action a manufacturer would agree 
that by June 1, 1980, all its printed cat- 
alogs, specification sheets, advertise- 
ments, and other literature will be in con- 

formance with the standards. If, as 

seems likely, widespread industry en- 

dorsement occurs, consumers will, at 

long last, be able to assess and com- 
pare specifications for car stereo equip- 
ment in a meaningful way. 

In writing the measurement standards 
for amplifiers and tuners, the Committee 
was able to borrow extensively from 

those previously formulated by the Insti- 
tute of High Fidelity (IHF), and repeated 
references are made to various para- 
graphs in the corresponding IHF Stan- 

dards. With tape -player measurements, 
however, the Committee was pretty 
much on its own, as the IHF is still work- 
ing on its standards for this product 
category. In general, fewer disclosures 
are called for in the Car Stereo Stan- 
dards than in the IHF Standards, but 

these should certainly help clarify prod- 
uct performance for prospective equip- 
ment purchasers. 

Amplifier Measurements Stan- 
dards. Six specifications concerning 
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CAR STEREO STANDARDS 

amplifier performance are called for in 

the new standards: power output, fre- 
quency response, signal-to-noise ratio, 
sensitivity, minimum input impedance, 
and tone control action. To be in confor- 
mance, power output must be desig- 
nated in watts per channel minimum 
average continuous power into a speci- 
fied load (e.g. 8 ohms, 4 ohms, etc.) 
over a specified frequency range (e.g. 
20 Hz to 20,000 Hz) with no more than a 

specified percentage of total harmonic 
distortion. An acceptable statement of 
power output might read: "Power Out- 
put: 10 W per channel into 4 ohms, 40 to 
15,000 Hz, at 0.5% THD". This format 
pretty well follows that required by the 
FTC and by the new IHF-A-202 Amplifier 
Standards for home audio equipment. 
except that the abbreviations and slight- 
ly condensed verbiage shown in the 
example are allowable. The required 
test method is more fully described in 

paragraph 3.1 of the IHF Amplifier Meas- 
urement Standard. 

While the procedure is essentially the 
same as for home equipment, the Com- 
mittee had to consider one important 
additional matter. The supply voltage in 

most cars can vary between 11 and 16 

volts under actual driving conditions. 
Figure 1 shows how this might affect the 
power output of a typical car stereo 
receiver. With 11 volts, rated distortion 
is reached at 8 watts per channel (- 1.2 
dB), while with a 16 -volt supply, the 
same receiver would deliver more than 
12 watts (+0.6 dB) for the same level of 
distortion. To keep things uniform, the 
new standard calls for a 14.4 -volt dc 
supply which would give this receiver a 

10.5 -watt rating. 
Frequency response for a car ampli- 

fier must be stated as follows: Frequen- 
cy Response: _Hz to - Hz, ± _ dB. 
Measurements must be made at a 1 - 

watt output level, with the amplifier ter- 
minated in its rated load impedance. 
Where the amplifier is not separately 
accessible, as in a car stereo receiver, 
the input may be regarded as the input 
to the volume control. 

Signal-to-noise ratios of audio prod- 
ucts have often confused consumers. 
Given two amplifiers, one with a power 
output rating of 10 watts and the other 
100 watts, both with identical residual 
output noise, the one with higher power 
will have a 10 -dB higher signal-to-noise 
ratio if each is measured relative to its 
own rated output. Figure 2 shows this 
graphically. Yet, in listening, one would 
MARCH 1980 

hear the same noise from both. The IHF 

Standard took care of this by specifying 
an output level of 1 watt as the refer- 
ence, regardless of the rated power out- 
put. In addition, if a volume control is 
available, a standard input of 0.5 volts 
must also be used. Finally, because it 

was felt that weighted measurements 
more accurately reflect the perceptibility 
of low-level noise, the car standard fol- 
lows the IHF practice of prescribing the 
use of an "A" weighting network. The 
"A" weighting characteristic curve is 

shown in Fig. 3. 

Input sensitivity, the fourth required 
specification, is also referred to a 1 -watt 
output level and is to be expressed in 

EQUIVALENT VOLTAGES FOR 
- 75 -OHM AND 300 -OHM 

ANTENNA INPUTS 

Input Across Across 
(dBf) 75 ohms 300 ohms 

(pV) (µV) 

11.2* 1.0 2.0* 
14.7 1.5 3.0 
17.2* 2.0* 4.0 
20.8 3.0 6.0 
23.3 4.0 8.0 
25.2 5.0 10.0 
31.2 10.0 20.0 

*A difference of 6 dBf represents a four - 
to -one power difference. 

volts. In this case,. an additional sensitiv- 
ity rating may be given for the input volt- 
age required to produce full rated out- 
put. The minimum input impedance 
called for in the new standard is aimed 
at separate amplifier components only 
and is intended to establish compatibili- 
ty between models and brands. It is 

stated, simply, in ohms. 
The last required disclosure for ampli- 

fiers is tone control (or equalizer) action, 
and the format is to be: Tone (Equalizer) 
Action: ± _ dB at - Hz and - Hz. In 

the case of bass and treble controls, the 
recommended frequencies for testing 
are 100 Hz and 10,000 Hz. For multiband 
equalizers, appropriate center frequen- 
cies are used. 

Tuner Measurements Stan- 
dards. The second section of the pro- 
posed Car Stereo Standards has to do 
with measurements made on tuners, or 
the tuner sections of complete receiv- 
ers. Nine disclosures are called for. The 
first of these is usable sensitivity in 

mono. Like most of the other tuner mea- 
surements, it is derived from the IHF 

Tuner Measurement Standard, IHF-T- 
200 and is to be stated in dBf, rather 
than in microvolts, as has been the com- 
mon practice up to now. 

The change to dBf is especially 
important, because the antenna input 
impedance of most car stereo radios is 

50 or 75 ohms, not 300 ohms as com- 
monly found in home tuners or receivers. 
Sensitivity of a tuner is rightly measured 
in terms of power, not voltage, at the 
antenna terminals. But look what hap- 
pens if voltage is used without taking 
impedance into account. The Table 
shows the equivalent microvolts across 
75 -ohm and 300 -ohm antenna imped- 
ances to produce equal power levels in 

dBf. (0 dBf equals 10-i5 watts, or 1.0 

femtowatt). As you can see, 2.0 µV 
across a 75 -ohm impedance is four 
times as much power as 2.0 µV across 
300 ohms. This could easily confuse 
someone accustomed to sensitivity val- 
ues in microvolts across 300 ohms, as 
was used for home equipment. 

Another important indicator of tuner 
sensitivity which must be stated by man- 
ufacturers endorsing the new Car Stan- 
dards is 50 dB quieting sensitivity in 

mono. This degree of quieting is consid- 
ered to be the least acceptable for high- 
fidelity listening quality, whereas the 30 - 
dB S/N figure, often used by car stereo 
manufacturers, really amounts to barely 
tolerable performance. The signal 
strength required to produce 50 dB of 
S/N must also be quoted in terms of 
power; that is, in dBf. 

Frequency response of a tuner sec- 
tion is to be stated over the range from 
30 to 15,000 Hz, with the usual "plus or 
minus" dB tolerance required in the 
reporting format. Stereo FM separation 
figures are required only for a 1000 -Hz 
signal, though they may also be option- 
ally stated for 100- and 10,000 -Hz test 
frequencies, as required in the IHF Stan- 
dard frcm which the measurement tech- 
nique is derived. 

Several less common tuner specifica- 
tions are also called for in the new stan- 
dard. Included are capture ratio, the abil- 
ity of a tuner to suppress the weaker of 
two signals on the same frequency; 
alternate channel selectivity, the ability 
to separate signals that are two channel 
bandwidths or 400 kHz apart; image 
rejection, the ability of the tuner to reject 
frequencies that are 10.7 MHz above 
the local oscillator frequency; i -f rejec- 

47 



PICK YOUR SIZE 
AND ASSORTMENT. 

CAR STEREO STANDARDS continued 

r. 

fil 

Xcelite® 

attache 

toot cases 
Indispensable to technicians, ser- 
vicemen, field engineers. Selected 
Xcelite professional hand tools in 

see-thru pockets on removable 
trays. Fixed handle and interchange- 
able blade nut and screwdrivers, 
pliers, cutters, adjustable wrench, 
strippers, electronic snips, and elec- 
trician's knife. Handsome, rugged, 
simulated leather attache' case. 
Generous space for test instru- 
ments, parts boxes, soldering tools. 

Model TC-100/ST - Top -of -line, 86 - 
piece set. 

Model TC-150/ST-Intermediate set, 53 
pieces including Weller pencil -type sol- 
dering iron, measuring tape. 

19 4 

Model TC-200/ST - Economy 37 -piece 
set with quality, flexibility. 

Available nationwide 
through local distributors. 

COOPER 
IFS 

I 

a,. 

TheCooperGroup 
Electronics Division - 

WELLER'. WISS' XCELITE 
P.O. BOX 728. APEX. NORTH CAROLINA 27502. 919/362.7511 

CIRCLE NO. 18 ON FREE INFORMATION CARD 

tion, the ability of the tuner to reject 
signals at its own i -f frequency (10.7 
MHz). All of these specifications are to 
be stated in dB and measured in a man- 
ner consistent with the equivalent IHF 

standard. 
An additional measurement called 

maximum output voltage is applicable to 
tuners, tape decks and integrated units 
that have line output terminals. It is 

intended primarily to establish interfac- 
ing compatibility between different mod- 
els and brands. The minimum recom- 
mended load impedance for such sepa- 
rate units must also be stated. 

Tape Player Measurements. The 
third section of the Car Stereo Stah- 
dards deals with tape playback equip- 
ment -8 -track cartridge or cassette. 
Six required measurements _and re- 

ported specifications are called for. The 
first is playback response, which must 
be stated as follows: Frequency Re- 

sponse: - Hz to _ Hz, ± - dB. The 
data must be referred to 1000 Hz as a 

0 -dé level. While a 3 -dB tolerance is 

recommended, it is not mandatory; any 

tolerance may be used, as long as it is 

specified. Car stereo tape players 
equipped with' tape selection switches 
should have frequency response specifi- 
cations for each tape type (ferric, 
chrome, etc.). 

Wow -and -flutter performance of tape 
players is to be measured using an rms- 

responding meter with weighted re- 

sponse. The meter is read for random 
10 -second periods at the beginning, 
middle and end of the tape cassette or 
cartridge and the average of the peak 
readings noted, excluding random peaks 
that do not occur more than twice in any 

30 -second period. Although the stan- 
dard does not specifically say so, we 
presume that some pre-recorded stan- 
dard test tape, having a continuous 
3000 Hz or 3150 -Hz signal is used in this 
test, since those are the test frequen- 
cies normally found on such test tapes 
and also the frequencies to which most 
wow -and -flutter meters are calibrated. 
Wow -and -flutter is reported as a per- 
centage, followed by the notation 
WRMS (Weighted -root -mean -square). 

This method of wow -and -flutter meas- 
urement represents current industry 
practice. It is expected that in the forth- 
coming IHF Tape Measurement Stan- 
dards, WRMS wow -and -flutter measure- 
ments will be abandoned in favor of 
more meaningful DIN unweighted peak 

measurements. In that event, the Com- 
mittee will appropriately revise the Car 
Stereo Standards. 

In measuring stereo Separation of 
tape players, a reference level of 250 
nWb/m at 1 kHz iS used, recorded on 

one channel. The opposite channel is 

played back through a narrow -band filter 
that includes 1 kHz, and the residual 
signal is measured. The filter is to mini- 
mize the masking effect of tape noise, 
since crosstalk may actually be lower in 

level than random noise and still audibly 
objectionable. 

The "A" -weighted signal -to-noise ra- 

tio for car tape players must be speci- 
fied and measured with respect to a 

1 -kHz recorded signal at a reference 
level of 250 nWb/m, ' usirig a 20 -to - 
20,000 -Hz bandpass filter. Required for- 
mat is: Signal/Noise Ratio (A -Weighted) 
_dB. Units having selectable equaliza- 
tion for various tape formulations, must 
have S/N ratio reported for all equaliza- 
tion settings. Finally, if the tape player is 

a separate component, maximum output 
voltage, with load impedance, must be 

specified to establish compatibility be- 
tween models. 

In Conclusion. Certainly, a great 
many more specifications might have 
been included in the new standard. For 
example, in the tuner -section, 50 -dB 
quieting sensitivity measurements for 
stereo FM are notably absent. This 
seems a bit odd, considering that most 
listening these days is done in stereo. 
Possibly, concern for the feelings of 
manufacturers who fear that some of 

their competitors may not endorse the 
standards prompted the committee to 
settle for the less stringent mono spec. 
Strangely, too, the committee requires 
no distortion measurement in the tuner 
section even though one is included in 

the amplifier section. 
However permissive these measure- 

ment standards may seem to those who 
are accustomed to the more compre- 
hensive disclosures demanded of home 
hi-fi manufacturers, it is significant that a 

group of audio manufacturers was able 
to agree on them without government 
pressure. The result of their efforts will 
substantially benefit the audio consumer 
who wants to assess the suitability of 
equipment for use in his vehicle. He can 
now be confident that the specifications 
from competing manufacturers (who en- 

dorse the standard) are comparable and 
not designed to mislead. 0 
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"A craftsman is only as good as the tools 
with which he works" is as true in the 
field of hobby electronics as ány other. 
Tools are no substitute for knowledge, of 
course, but lacking key items or using 
improper ones can put severe limitations 
on an experimenter's activities. 

The type and variety of tools and test 
equipment that an electronics hobbyist 

The Work Area 

The workbench is the one place above 
all others where the electronics buff 
pursues his hobby. It is there that he 

takes a circuit idea or description and 
reduces it to a working model. Since a 

serious hobbyist spends a substantial 
amount of his special -interest time at 
his workbench, it should be designed 

POPULAR ELECTRONICS 

o, 
, 

BY JOHN McVEIGH, Technical Editor 

possesses have a direct bearing on which 
areas of personal electronics he will be 
able to explore. 

In this editorial focus, we discuss how 
an electronics workbench should be set 
up and consider several factors that 
should be taken into account in deciding 
what items you need for your workbench 
as related to your electronics interest. 

for maximum user comfort and safety, 
and minimum fatigue. If space availabil- 
ity and resources permit, the electron- 
ics workbench should be just that and 
only that, because many projects 
require more than just a day's work. 
Thus, a partially assembled (or re- 
paired) project can be left undisturbed 
until the next time it is to be worked on. 
In contrast, a work area that serves 
double duty, as, say, a kitchen table, 
would cause gross inefficiency and 
frustrations. In this case, everything 
would have to be periodically removed 
so that the "work area" could be used 
for its original purpose. 

The fundamental requirement for an 

electronics workbench is that it provide 
a solid, flat, rugged, nonmetallic surface 
on which one can work. Of course, an 

actual workbench-a structure specifi- 
cally designed and constructed for this 
purpose-can be used. However, if 

budgetary constraints rule this out, a 

sheet of 1/2- or 3/4 -inch plywood and a 

pair of wood saw horses can form the 
nucleus of a fine workbench. 

In any event, the work area should be 
at least 24 inches (61 cm) deep and 48 
inches (122 cm) wide. Having a work 
area of that size or larger will allow you 
to spread out components, a schematic 
drawing or assembly manual, a chassis, 
and tools, and still have some elbow 
room! A smaller work area will likely lead 
to crowding, fatigue, impatience and wir- 
ing errors. 

A highly desirable feature is having 
one or more shelves above the main 
work area. Such shelves allow one to 
mount frequently used test equipment (a 
multimeter, oscilloscope, power supply, 
etc.) within easy reach without perma- 
nently tieing up substantial portions of 
limited work space. 

The work area surface should be cov- 
ered with a ribbed rubber runner. This 
runner will absorb punishment that would 
otherwise damage an unprotected work 
surface. Also, its ribbed surface will pre - 
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vent hand tools, hardware, and small 
components from rolling off the work- 
bench and onto the floor. 

Selecting a chair will largely be 
influenced by the physical characteris- 
tics of the workbench. The chair should 
be high enough to put one's elbows at 
the same level as the work area. If the 
workbench is much higher than the aver- 
age kitchen table, use of a common 
kitchen -type chair would be inadvisable. 
The ultimate in work chairs is a drafting 
chair with adjustable seat height and 
back support. 

Lighting and Power. The area in 

which the workbench is installed should 
be well illuminated. If possible, the work- 
bench should be directly below a ceiling 
light fixture. Light from this fixture can be 
supplemented with that from a lamp on 

the workbench. A compact high -intensi- 
ty type will provide good spot illumina- 
tion, but many experimenters prefer to 
use a drafting lamp with an articulated 
support arm, such as the Luxo Model 
LS -1/A. This lamp can accommodate a 

100 -watt incandescent bulb, has a 45 - 
inch adjustable arm, and includes a 

clamp so that it can be mounted on the 
edge of the workbench. For work on 

densely packed circuit boards and com- 
pact projects, a similar lamp with an 

illuminated magnifier is an invaluable aid. 
If the need for an illuminated magnifier 
arises only occasionally, a less costly, 
hand-held unit such as the GC Electron- 
ics Model 22-282 is a good choice. 

Use of pegboard and hooks 
permits convenient 
storage of tools. 

Heath Model HD1274 
power distribution strip. 
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There should be a source of ac elec- 
trical power near the workbench. The 
bench should therefore be positioned 
near at least two electrical wall outlets, 
and a bench -mounted power distribution 
strip with a minimum of six sockets 
should be plugged into one of them. The 
strip will be used to channel power to 
test equipment, lamps, soldering tool, 
etc. Choose a strip with a minimum cur- 
rent rating of 15 or 20 amperes and 
three -conductor sockets. One with a 

master on/off switch or individual 
switches for each outlet is convenient to 
use. Some include a master fuse or cir- 
cuit breaker, or even individual ones for 
each outlet to back up the line's master 
fuse or circuit breaker. 

Storage. A key to high workbench utility 
is organization. Tools, hardware, electri- 
cal components and similar items should 
be stored in a logical manner that 
ensures quick accessibility. Certain 
tools, for example, can either be kept in 

nearby drawers or hung on a piece of 
pegboard mounted on a nearby wall. 

The best way to store hardware and 
small electrical components is in suit- 
ably sized storage bins. There are mod- 
ular ones with drawers that are made of 
transparent styrene to allow quick visual 
inspection of their contents. 

Hobbyists with many items to store 
can buy several such small storage cab- 
inets. Some manufacturers models with 
different characteristic drawer sizes to 
hold certain items. Modular storage cab- 

inets can be stacked either vertically or 
horizontally on shelving above the main 
work area. 

After a few years, most electronics 
hobbyists build up a respectable "junk 
box" of discarded chassis, old projects, 
etc., which are kept around for parts 

scavenging purposes. Such items are 
usually much too large to fit in modular 
storage cabinets. A nearby closet that is 
not being put to another use is ideal for 
junk -box storage. If one is not available, 
a wooden toy chest or a free-standing 
metal cabinet will probably do. 

Tools for Electrical 
Work 

Much electronic -building and service 
work is centered around the process of 
making secure connections between 
conductors by soldering. That is the 
process by which two or more pieces 
of metal are bound together by a metal 
alloy that's applied to the connection in 

Luxo Model LFM-1/A 
illuminated magnifier. 

a molten state. This section will deal 
with implements needed to do this 
work, as well as other facets that relate 
to electrical assembly. 

Soldering Irons. A soldering tool 
should supply sufficient heat to melt 
solder by heat transfer when the iron tip 
is applied to a connection to be sol- 
dered. There are two general classes 
of soldering irons-guns and pencils. 

A typical soldering gun is larger, 
heavier and generates more heat than 
the average pencil. Soldering of heavy- 
duty conductors or connectors calls for 
use of a gun because it can generate 
enough heat to quickly bring a heavy 
metal joint up to the proper soldering 
temperature. 

Soldering irons in this category are 
called guns simply because they re- 
semble pistols, as shown in an accom- 
panying photo. The gun's "trigger" is 
actually a switch that controls applica- 
tion of ac power to a built-in transformer 
and thence to the heating element. The 
working temperature is reached almost 
immediately. Some models feature mul- 
ti -position trigger switches to provide 

(Continued on page 56) 
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IN FACT, NTS ELECTRONICS 

PROGRAMS INCLUDE THE 

WIDEST ARRAY OF SOLID-STATE 

AND DIGITAL EQUIPMENT EVER 

OFFERED BY ANY HOME STUDY SCHOOL. 

Now, for the first time, you can learn all about micro- 
computers by working with your own production model at 
home. We'll explain the principles of troubleshooting and 
testing this remarkable instrument and, best of all, we'll 

p show you how to program it to do what you want. M% It's the perfect opportunity for you to learn BASIC 
high level language programming and assembly 
language programming. 

Then, to learn how to localize microcomputer problems - - 

and solve them, you'll experiment and test with a digital 
meter and other testing gear. 

But most important, you get to assemble and work with , n 
today's most sophisticated microcomputers, not home-made oi.:36 
training devices. We believe this makes learning a lot more ~, 

t 

relevant and exciting. 
In fact, production -model equipment is featured in all 

14 NTS electronics programs. 
Our Color TV servicing program boasts the NTS/HEATH 

digital color TV (25" diagonal) you actually build and keep. 
In Audio Electronics, you build and keep an NTS/HEATH 

digital stereo receiver with 70 watts per channel. 
Whichever NTS electronics program you choose, you can count on working with much 

the same kind of equipment you'll encounter in the field. 
Find out more in our full color catalog on the program of your choice. 

NTS also offers course in Auto Mechanics, 
Air Conditioning and Home Appliances. Check 

I card for more information. 
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1. The NTS/HEATH H-89 Microcomputer features floppy disk stor- 
age, "smart" video terminal, two Z80 microprocessors, 16K RAM 
memory, expandable to 48K. Available in NTS's Master Course in 
Microcomputers. 

2. The NTS/Rockwell AIM 65 Microcomputer A single board unit 
featuring an on -board 20 column alphanumeric printer with 20 
character display. A 6502 -based unit 4K RAM, expandable. 
Available in NTS's Microprocessor Technology Course. 

3. The NTS/KIM-1 Microcomputer A single board unit featuring a 
6 digit LED display with an on -board 24 key hexadecimal 
calculator -type keyboard. A 6502 based microcomputer with 1K 
of RAM memory, expandable. Available in NTS's Master Course in 
Electronic and Industrial Technology. 

NO OBLIGATION. NO SALESMAN WILL CALL. 
APPROVED FOR VETERAN TRAINING. 
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4000 South Figueroa St., Los Angeles. Calif. 90037 
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(Continued from page 51) 

different heat levels. For example, a 

two-detent switch might give the user a 

choice of generating 100 watts or 150 

watts, depending on whether the trigger 
is fully or partially depressed. 

At the other end of the spectrum are 

small, lightweight soldering pencils. 
They can generate as little as 12 watts 
of heat, or as much as 50 watts, 
depending on the particular model. A 

relatively low -power pencil such as a 

25 -watt unit is well suited for light -duty 
work such as soldering on printed -cir- 
cuit boards. Some medium -duty appli- 

cations like chassis wiring require a 

higher -wattage heating element. Many 

pencils, called modular soldering irons, 

use interchangeable heating elements 
and tips which mate to a main pencil 

body. Such elements screw into a 

threaded receptacle at the end of the 
pencil. 

Some heating elements have ceram- 
ic bodies with tips of various shapes 
permanently bonded to them. Others 
are ceramic or stainless steel units that 
are terminated with threaded studs on 

which any one of several different - 
shaped tips can be mounted. The 

advantage of such a modular soldering 
pencil is that it can be assembled in any 

of several permutations that is optim- 
ized for a specific soldering job. 

There are tips available for modular 
soldering pencils to handle most sol- 

dering tasks. Very fine, almost needle - 
like tips are used on printed -circuit 
boards with IC and component foil pads 
that are very closely spaced. Larger, 
blunt chisel and pyramid tips can store 
and transfer greater amounts of heat for 
more massive, widely spaced connec- 
tions. Bent -chisel types can get into 
difficult -to -reach areas. Whatever size 
and shape tips are chosen, it's best to 
buy plated (as opposed to raw copper) 
tips. Plated tips cost more, but they last 
up to ten times longer than raw copper 
tips. The principal advantages of raw 
copper tips are low cost and more effi- 
cient heat transfer. Plated tips, howev- 
er, transfer heat with enough efficiency 
for almost any soldering job. Note that 
before any tip is mounted, its threads 
and those of the heating element stud 
should be treated with an antiseize 
compound to facilitate tip removal. 

Power is usually applied to a solder- 
ing gun on an intermittent basis. The tip 
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Wahl Model 7295 safety stand 
holds iron and cleans tip. 

Ungar Solder -Off desoldering bulb. 

Alpha STRP-25 
` plastic -blade ! wire strippers 

Unga1 776 modular 
soldering pencil. 

Channellock 
long -nose 
pliers. 

Wahl Model 7.500 

Isotip cordless iron 
and recharging stand. 
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Ungar Model 6966 
heat gun for 

heat -shrink tubing 

Making a pc board 
using Bishop Graphics 
E -Z CIRCUIT aids and 
an X -acto knife. 

AP Products Logical Connections 
for interconnecting breadboards 
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of the gun will heat up to working tem- 
perature very quickly, and it will cool off 
soon after power is removed. ThePé- 
fore, the gun can be left lying on its side 
on the workbench, picked up and pow- 
ered to make the required connection, 
and then laid on its side again. A typical 
pencil, however, takes a few minutes to 
attain working temperature. This means 
that during a typical work session the 
pencil will be continuously powered and 
its tip will remain hot for the entire inter- 
val. Therefore, some method must be 
employed to keep the iron secured in a 

safe place at working temperature. 
One solution to this problem is a spe- 

cial soldering iron holder. This may be a 

coiled steel form into which the hót 
soldering iron can be inserted. Most 
stands of this type also include a 

sponge which can be kept moistened 
and used periodically to clean the sol- 
dering tip. A more deluxe solution incor- 
porates the foregoing with an iron and a 

control console that offers switch - 
selectable temperatures, usually low, 
medium, and high. This system is called 
a soldering station. Obviously, this is 
more convenient than waiting for a mod- 
ular pencil's heating element to cool, 
unscrewing it from the holder, and then 
replacing it with another heater/tip 
combination. Predictably, however, sol- 
dering stations are expensive com- 
pared to basic soldering pencils. 
Among the manufacturers that produce 
solderilg stations are Weller, Ungar, 
and Heath. 

Special Considerations. The prolifer- 
ation of metal -oxide semiconductor de- 
vices has focussed the attention of 
some manufacturers upon characteris- 
tics of certain soldering irons that were 
largely ignored until recently. As you 
may know, MOS devices have gate 
structures that are extremely suscepti- 
ble to damage by electric potential gra- 
dients such as those which can be gen- 
erated by friction (i.e., static electrici- 
ty). A source of such electric fields can 
be the soldering equipment itself. 

There are two sources of trouble- 
some potential differences associated 
with soldering irons. The first is com- 
mon to most soldering irons-electro- 
static tip potential. Static electricity can 
be set up in an ordinary soldering tip 
and can be transferred to the compo- 
nent to be soldered when the tip is 
placed next to one of its leads. If the 
electrostatic potential is high enough 
and the MOS device is unprotected, its 
delicate gate structure will be de - 
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stroyed. The solution to this problem is 

to place the tip at ground potential so 

that static charges do aot have a 

chance to accumulate. Several manu- 

facturers now produce special solder- 
ing irons whose heater/tip assemblies 
are grounded. These units are readily 
identifiable by their three-conductdr 
NEMA plugs for insertion into three -con- 
ductor power sockets. 

Another source of potential trouble is 

peculiar to a certain type of soldering 
iron. Some of the more sophisticated 
soldering implements (most of them 
soldering stations) feature automati- 
cally controlled tip temperature. These 
implements employ some type of heat 
sensing and closed -loop feedback con- 
trol to gate power to the heating ele- 

ment. This allows the control circuit to 

compensate for variations in the 
amóunt of heat being drawn from the 
soldering tip and keep the tip at a con- 
stant temperature. The switching action 
of some controlled -output soldering im- 

plements can generate voltage spikes 
which can be transmitted to and 
adversely affect a MOS device. So 

manufacturers, such as Ungar, have 
designed their controlled -temperature 
soldering stations and irons in such a 

way that voltage spikes are kept to a 

low value. 

Cordless Irons. All of the soldering 
irons discussed so far rely on ac power 
cords. However, there are times when it 

is inconvenient to be tied to a 117 -volt 
line. Here, a cordless, battery -operated 
soldering iron serves well. These com- 
pact, hand-held tools employ recharge- 
able NiCd batteries as a power source. 
Recharging is done automatically when 
the iron is placed in its recharger/stand 
(assuming the charger is plugged into 
an ac outlet, of course). 

In operation; the tips come up to 
working temperature in five to eight 
seconds and cool off to ambient tem- 
perature in one minute or só. They can 
be used to make the same kinds of 

solder connections that pencils do. 
The number of solder connections 

able to be made before recharging is 

required varies according to a particu- 
lar model. Typically, about 125 or so 
soldering connections can be made on 

one charge. For a standard iron, a typi- 
cal charging interval of approximately 
14 hours is needed to return the cells to 
full strength. There are quick -charge 
irons, however, that require only one 
hour. Others take three or four hours. 

Many optional tips for battery -pow, 
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ered irons, all differing in shape and 
size, can be snapped into the bodies. A 

light is often built into the case of the 
iron to illuminate the work area whenev- 
er battery power is applied to the heat- 
ing element. 

It is obvious that there are many dif- 
ferent types of soldering irons avail- 
able. Some are better suited for a par- 
ticular kind of soldering job than are 
others. An experimenter who works 

+i only with printed circuit boards will find 
that a soldering pencil (especially a 

rrodular one) will be adequate for most 
(if not all) of the soldering connections 
he has to make. Someone who builds 
projects employing coaxial connectors 
and heavy -gauge wiring will need a 

higher -power soldering gun. Another 
person will find a cordless soldering 
iron an invaluable implement for work 
far from ac outlets.The choice is often 
easy for hobbyists with broad electron- 
ics interests. They own one of each. In 

fact, many hobbyists have more than 
one modular pencil body so that much 
tip switching is avoided. 

Solder. No solder connection can be 
made without solder. The most common 
type 01 solder used in electronic work is 
an alloy consisting of 60% tin and 40% 
lead. This alloy is drawn into a hollow 
wire whose center is filled with an 
organic paste -like material called rosin. 
The resulting product is known as "60/ 
40 rosin -core solder." It is completely 
molten when heated to approximately 
375°F (190°C) and solidifies as it 

cools. If conditions are right, it will form 
a rigid, conductive bond with the metals 
to which it has been applied. 

There are other solder alloys con- 
taining different proportions of tin and 
lead that are sometimes used in elec- 
tronics work. The eutectic alloy of 'tin 
and leád, that mixture having the lowest 
melting point, is 63/37. It melts at 361° 
F.(183° C) and is used in applications 
where applied heat must be kept to as 
low a level as possible. An equal mix- 
ture of tin and lead, called 50/50 sold- 
er, is completely molten at 415°F 
(213° C), while a 40/60 tin/lead alloy 
has melted completely by the time it 
attains a temperature of 455° F (235° 
C). The latter two alloys are not used 
very often in electronics work today 
because their higher melting tempera- 
tures require more heating of the solder 
joint, which might damage heat -sensi- 
tive semiconductors. 

For almost all electronics work, 60/ 
40 rosin -core solder should be used. 
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This alloy is available in wire form in 

several gauges. Thinner gauges are to 

be preferred over thicker ones. For 
general-purpose soldering, 18 -gauge 
wire solder is a good choice. Close 
printed -circuit work calls for the use of 
No. 20 or 22 solder. Finely drawn solder 
is not only easier to position above a 

connection on a densely packed board, 
but also requires less heat for the for- 
mation of a given joint. This is true 
because fine solder sinks away less 
heat into the roll of solder than do thick- 
er gauges. 

To allow solder to form a good joint, 
rosin flux must be applied to the con- 
nection. The flux is available separate- 
ly, as well as imbedded in wire solder. 
Even with the latter, it's a good idea to 
have extra flux on hand so that some 
can be added to a stubborn joint that 
won't readily accept solder. Flux is 

needed to scrub away the microscopic 
film of oxides on the surfaces of metals 
to be soldered, and it forms a protec- 
tive film that prevents reoxidation while 
the connection is heated to the point at 
which the solder melts. 

For applications other than electrical 
wiring, solders with acid fluxes are 
available. However, the acid is highly 
corrosive and will damage both electri- 
cal components and wiring. Accord- 
ingly, it should never be used in elec- 
tronics applications. 

Other Soldering Tools. Very useful in 

soldering work is a small hand tool 
called the soldering aid. It consists of a 

plastic or wood wand with a pointed 
metal tip at one end and a notched 
metal tip at the other. The blunt end of 
the aid is used to clear solder from 
holes in pc boards and from solder 
lugs. The notched end can be used to 
make right-angle bends in components 
leads, to hold leads and wires while the 
solder joint is. made, and to pry leads 
away from pc boards and lügs during 
desoldering operations. There are sev- 
eral other soldering aids available, 
each with different types of tips (metal 
brushes, reamers, scrapers, etc.) 
suited for a specific task. 

To protect heat -sensitive compo- 
nents during soldering, heat sinks are 
required to divert potentially damaging 
heat from delicate components. A set 
of alligator clips or commercial clip -on 

heat sinks made for this purpose can 
be used. They are clipped onto compo- 
nent leads while the soldering job is 

accomplished. 
Those who work with printed circuit 

or perforated boards will find a so - 
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called "third hand" circuit -board holder 
a valuable aid. This type of device 
usually includes a pivoting head that 
can rotate to just about, any desired 
angle to facilitate soldering. 

Desoldering Equipment. On those 
occasions when a component must be 

replaced or a circuit rewired, desolder- 
ing must be performed. There is a 

whole series of desoldering implements 
and aids available to today's electron- 
ics hobbyist. Most rely on either vacu- - 

um or capillary action to remove the 
solder after it has completely melted. 

A common desoldering tool that 
employs the vacuum principle is a rub- 

ber suction bulb with a Teflon tip. The 
bulb is employed in the following man- 

ner: A soldering iron is applied to the 
connection to be undone until the solder 
has melted completely. Then the bulb is 

squeezed and its tip butted up against 
the solder joint. The bulb is allowed to 
expand quickly, creating a mild vacuum 
which draws the molten solder up into 
the bulb. Another vacuum type uses a 

spring -loaded plunger. 
The other method of removing solder 

is to employ capillary action. If a copper 
braid is placed over the solder to be 

removed and a soldering iron placed 
over it, the solder will melt and be 

drawn up by the wicking action of the 
copper braid. Specially constructed 
braids are available for this purpose. 

Removing multi -lead components 
such as ICs presents a special prob- 
lem. If the component to be removed is 

still functional, it must be unsoldered 
quickly lest it be damaged by heat. 
Alternatively, if the device is defective, 
it must be removed fairly quickly or else 
printed -circuit foil conductors might be 
lifted from the board by excessive heat. 
The solution to this problem is to 
employ specialized devices. These 
might be a special DIP -shaped solder- 
ing iron tip and a spring -loaded IC 

extractor tool. The tool is placed above 
the IC to be removed and locked into 
position. The special tip is then 
mounted on the heating element of a 

modular iron. When the tip is hot, it's 
applied to all the dual-inline IC's pins on 

the foil side of the board. The extractor 
tool lifts the IC off the board as soon as 
the solder holding it melts. There are 
desoldering tools available for use with 
other IC and transistor cases. 

The final item we will mention with 
respect to solder is flux remover. 
Although rosin flux is not very corrosive 
and can usually be left on a circuit 
board with no ill effects, there are some 

purists who insist on removing all of it. 

The circuit board can be scrubbed with 
a toothbrush and an organic solvent like 
Toluene to remove flux, or it can be 
sprayed with a product such as GC 

Electronics No. 22-270 Flux Remover & 

Cleaner Spray. 

Printed -Circuit Aids. For those who 
intend to make their own printed -circuit 
boards, special items are needed for 
layout and fabrication. If pc foil patterns 
are to be taken from the page of a 

magazine, a kit like GC Electronics' Lift 
It (No. 22-326 or 22-318) is ideal. 
Those who are designing complex 
boards from scratch might choose to 
employ Bishop Graphics or similar pc 
materials and photosensitizing com- 
pounds to produce sharp, detailed foil 
patterns. A glass or plastic pan, 
etchant solution, rubber gloves, blank 
boards, a heat lamp, a thermometer, 
and a small drill will also be needed. 

Complex circuit boards are best pro- 
duced by means of photographic tech- 
niques employing master artwork or the 
copying of etching and drilling guides 
published in magazines. Simple boards, 
however, can be fabricated by the 
direct application of etchant-resist ink 

by means of a felt-tip pen made espe- 
cially for this purpose. Whichever 
means is employed to produce a 

printed -circuit board, it should be pre- 
pared to accept solder well. One item 
that's well suited for this application is 

a nonmetallic scrubbing pad such as 
the Scotchbrite pad. It can be used to 
remove etchant resist from the board 
prior to drilling as well as to remove 
oxidation from foil. 

Wrapping Wire Equipment. A fairly 
new method of making connections 
between points in a circuit .is the wrap- 
ped -wire technique. This involves tight- 
ly wrapping the stripped ends of a wire 
around square (usually 0.025 -by -0.025 - 
inch or 0.6 -by -0.6 -mm) terminal posts. 
Wrapped -wire connections are quickly 
and inexpensively made, and are used 
most often in digital circuits assembled 
on perforated board. 

There are many tools available to 
those who want to assemble projects 
using the wrapped -wire construction 
method. These include a manual, multi- 
function tool that strips insulation from 
No. 30 wrapping wire, makes a modi- 
fied wrapped -wire connection (which 
adds about 11/2 turns of insulated wire to 
enhance mechanical stability), and un- 

wraps the wire when a connection is to 
be changed or removed. 

(Continued on page, 62) 
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Besides the manual wrapping -wire 

tools manufactured by OK Machine and 

Tool Corp., Vector Electronics Corp., 

and other companies, there are motor- 

ized tools available for wrapping -wire 

applications. One such motorized tool is 

the Model BW-2630 by OK Machine and 

Tool Corp. It's powered by two NiCd C 

cells (not included) and accepts one of 

two bits-one for No. 30 wire, the other 
for No. 28 or 26 wire. 

Besides a wrapping tool, there are 
several other items the hobbyist inter- 

ested in utilizing this construction tech- 
nique must have. The most obvious addi- 
tional one is wrapping wire. This special 
wire is available in a variety of colors 
and comes in spools or in packs of pre- 

cut lengths with stripped ends. Also nec- 

essary are IC sockets designed for 

wrapped -wire applications and perfo- 
rated circuit boards with holes of the 
proper spacing. 

Solderless Breadboards. Ideal for de- 

signing or experimenting with circuits is 

a solderless breadboard. This is a plas- 
tic block with arrays of holes spaced 0.1 

inch (2.5 mm). The block is mounted on 

a supporting structure and has embed- 
ded in it a series of electrical conductors 
which interconnect adjacent rows or col- 

umns of holes. These boards readily 
accept IC pins and the leads of other 
electronic components, allowing the 
hobbyist to build up a circuit with secure, 
reliable connections without having to 

resort to soldering or wrapping wire. 
A typical solderless breadboard is 

Continental Specialties' Proto Board No. 

103. This board has binding posts for 
ground and three supply or signal volt- 
ages and offers enough tie points for a 

fairly complex circuit. AP Products, in 

turn, offers three sophisticated bread- 
boards. These POWERACE models include 
power supplies and, depending on mod- 

el, logic indicators, one -shots, pulse 
detection, two-phase clock, and data 
switches. Among other companies offer- 
ing breadboard products are the OK 

Machine and Tool Corp. and the Heath 
Company. There are a large variety of 

finished breadboards available, ranging 
from simple units with perhaps two bind- 

ing posts to complex models with built-in 
fixed or variable regulated supplies, sig- 

nal generators, potentiometers, etc. 
Solderless breadboards are valuable 

design and experimenting aids that 
greatly facilitate circuit prototyping. No 

well-appointed electronics workbench is 

complete without one! 

Wire Cutters and Strippers. We now 

move into the area of hand tools 
designed for the manipulation of electri- 
cal wires. Before a wire can be sol- 

dered, wrapped, or a connector crimped 
onto it, it must be cut to length and its 

insulation removed. 
The most popular implement used to 

cut electrical wires and the leads of 

electronic components is the diagonal - 

cutting pliers, usually called diagonals or 

dykes. The diagonal cutters intended for 

electronics applications should be used 

only to cut soft metal conductors-nev- 
er to cut iron or steel wire. 

The size of the diagonals to be used 

is determined by the diameter of the 
wires to be cut. Cutters up to 5 inches 
long are often employed in electronics 
applications. Any cutters chosen should 

be made of high -quality tool steel so 

that they will make a sharp, clean cut. 

The tips of the cutters should be tapered 
to allow the user to reach a particular 
wire in a crowded area. Cutter jaws 
should be very well aligned so that cut- 

ting edges meet squarely and allow little 
or no light to pass through when held 

together. Cutter action should be 

smooth and clean. 
There are, too, a wide variety of spe- 

cialized cutters-tip cutters, end nip- 

pers, etc.-that are handy to have if the 

budget allows. Diagonal cutters can, if 

used with care, be employed to strip 
insulation from wires. Also suited for this 
purpose is the familiar, inexpensive, yel- 

low -plastic -handled wire cutters/strip- 
pers. The object of wire stripping is to 
remove insulation from the wire without 
nicking or cutting the conductor. 

Far more convenient than traditional 
wire cutters/ strippers are precision, au- 

tomatic strippers. Although such tools 
are expensive, they can be real timesav- 
ers when there's a lot of point-to-point 
wiring to be done. 

Sometimes a situation arises where 
insulation is to be added to a wire or 

wire splice. Although PVC (not cloth!) 
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electrical tape can be used for this pur- 

pose, heat -shrink tubing is far more con- 
venient..It is composed of a special 
plastic material which contracts when 

heated to a relatively high temperature. 
Heat -shrink tubing comes in a variety of 

lengths and diameters to suit any num- 

ber of applications. There is even heat - 
shrink electrical tape available for a 

really tight fit. 

Pliers. One of the most commonly used 
class of tools is pliers. In electrical work, 

needle- and long -nose pliers are neces- 
sities. Mechanical work, on the other 
hand, often involves the use of slip -joint 

or gas pliers. 
Frequent tasks for long -nose pliers 

include holding wires in place during sol- 

dering, acting as a heat sink to protect a 

delicate component, bending component 
leads to fit mounting holes on a circuit 
board, and pulling wires through a panel 

or chassis hole. 
Such pliers are available in a wide 

range of sizes and configurations. A 

small size (about 4.5 inches) with a long, 

thin nose is best for electronics applica- 
tions. A single pair of Iongnose pliers is 

adequate for most jobs, but having sev- 

eral on hand can simplify a task. 

Alignment Tools. If a hobbyist intends 
to work on communications projects, he 
should have a set of alignment tools on 

hand. Among the items in this category 
are a neutralization tool (a plastic or 

wooden tubular holder with a small metal 
blade inserted in one end), a nonmetallic 
screwdriver, and a plastic hexagonal 
slug -alignment tool. Most alignment 
tools are nonmetallic and fairly long in 

size. Using a nonmetallic tool enhances 
safety because of the tool's insulating 
property. It also prevents disturbance to 
sensitive r -f circuits that can be detuned 
merely by bringing a metal tool near fre- 

quency -determining devices. Similarly, 
the use of a long alignment tool mini- 

mizes the effects of hand capacitance. 

Tools For 
Mechanical Work 

Drivers. This category includes screw- 
drivers and nut drivers. Both are 
extremely important to the mechanical 
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is a word that Realistic' 
uses very very very rarely. 
But nothing else describes our 
new STA-2200 all -digital receiver. 

Up 

HOLD 

AUTO 

TUNING 

MANUAL 

Could Radio Shack have scooped its peers (like Pioneer, Technics and Kenwood) in technology 
as well as features? Before you buy a conventional receiver that may be old-fashioned 

before 1980 is over, you can see what's really new at any of our stores. And decide for yourself! 

The Computerized Tuner. Quartz -locked, micro- 
processor -controlled digital synthesis circuitry ends 
mechanical tuning errors and problems. No dial, no 
knob, no tuning meters. Instead, bright fluorescent 
digits display each station's frequency with absolute 
accuracy. Computer -type "feather -touch" tuning auto- 
matically scans up or down the FM and AM bands. Or 
you can select manual tuning. Store any six FM and 
any six AM stations in the microprocessor memory for 
instant recall. Even command the receiver to sample 
the stations in the memory, then touch -select the pro- 
gram of your choice. There's also battery back-up 
memory protection, Dolby* FM noise reduction, LED 
signal level indicators, and dual -sensitivity muting. 
And the display "off" is a quartz clock. 

P . 

PHONES 

The High -Technology Amplifier. The Realistic 
STA-2200 uses a new generation of power transistors 
called MOSFETs. Their ultrahigh -speed operation 
brings you stunningly accurate sound reproduction 
through superior linearity, superior slew rate and in- 
audible TIM. They are more reliable than ordinary tran- 
sistors and generate less heat. The amplifier features 
go on and on. 11 -step bass and treble controls with 
turnovers for controlling ranges below 150 Hz and 
above 6 kHz. Tone control defeat. Hi-MPX filter. Mon- 
itoring and dubbing controls. And more. Power is 60 
watts per channel into 8 ohms, 20-20,000 Hz, with no 
more than 0.02% THD. And one more thing: it's made 
by the same company that makes the breakthrough 
TRS-80T" microcomputer. 

STA-2200 is 599.95, at participating stores and dealers, price may vary. 'TM Dolby Laboratories. 
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Radie ShaeK 
The Nationwide Supermarket of Sound® 
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work ancillary to personal electronics 
hobby activities. 

There are two basic types of screw- 
drivers-blade and Phillips. A typical 
electronics project will employ a dozen 

or more screws to fasten circuit boards, 
terminal strips, etc., to the chassis or 

enclosure. Therefore, a complement of 

screwdrivers must be kept on hand. 

Blade screwdrivers come in a great 

number of sizes. A minimum of three 
should be at hand for electronics work, 
with the following blade sizes: 1/8 inch; 

3/16 to 1/4 inch; and 5/1s inch or larger. If 

possible, a larger selection of blade 
screwdrivers should be maintained. 

There are several "specialty" screw- 
drivers which are not necessary, but are 

on occasion very handy. One is a "stub- 
by" screwdriver with a short shaft. It's 

very useful in tight quarters. In really 

tight situations, an offset screwdriver 
can be especially helpful. Another useful 

"specialty" screwdriver is one that 
holds a screw against the blade of the 

driver. The Stanley Works makes such a 

device, called the "Screwstart", which 

can be added to an existing driver. 
Phillips screws, those with star - 

shaped holes in their heads as opposed 
to straight slots, are often found in elec- 

tronic equipment. Phillips screwdrivers, 
like many other hand tools, come in a 

variety of sizes. There are four standard 
points, No. 1 through 4. The star -shaped 
hole in a Phillips screw and the tip of a 

Phillips driver must fit together properly 
so that the walls of the screw head or 

the tip of the driver or both will not be 

damaged. In electronics work, No. 1 and 

No. 2 Phillips drivers are those usually 

employed. 
One way to satisfy screwdriver re- 

quirements is to buy a driver set contain- 
ing a handle into which any of several 
driver shafts can be inserted, such as 

Xcelite's Model CK-5 driver set. Each of 

the shafts is doubled -ended, yielding 
two different tips on each shaft. 

Nutdrivers are like screwdrivers ex- 

cept that they fit nuts instead of screw- 
heads.They are very useful in mounting a 

nut on a captive threaded stud and in 

holding a nut while its screw is being 

tightened. (A pair of pliers should not be 

used to hold hex- or square -head 

screws.) Nutdrivers are available as 

individual drivers with separate handles, 

as individual driver shafts that plug into a 

common handle, or as individual sockets 
that plug into a universal handle/ shaft 

combination. There are master driver 
sets available that include nutdriver 

shafts, slotted screwdriver shafts, and 

Phillips screwdriver shafts. 

Nutdrivers are available with either 
solid or hollow shafts. The major advan- 

tage to hollow -shaft drivers is that they 
allow the user to keep a grip on the nut 

even though the screw on which the nut 

is mounted is protruding. Stubby nutdriv- 

ers are handy when work is to be done in 

tight places. These can be bought in 

sets that include a large slip-on handle 

that multiplies torque. Extra -large nut 

drivers permit the installation of potenti- 

ometers and rotary switches without 
risking damage to the control panel. 

Selecting Drivers. As in the case of 

pliers, cutters, and other hand tools, 
there are many, many companies manu- 

facturing drivers. It is better and more 

economical in the long run to buy high - 

quality tools than so-called "bargains." 
How can the electronics hobbyist tell 
that the tools he is thinking of buying are 

of high quality? Here are a few things to 

look for. 
The handles should be sturdy, made 

of heavy-duty plastic, and preferably 
have rubber grips for comfort. Tool 
shafts should be deeply and firmly 

embedded into handles in the case of 

individual drivers (as opposed to plug-in 

sets). The shafts of plug -ins should lock 

firmly into place when inserted in the 
master handle. Tools should have shafts 
of tempered, plated steel and have 

ground tips. They should be well-bal- 
anced and comfortable in the hand. Per- 

haps the easiest way to choose high - 

quality tools is to stick with established 
names such as Xcelite, Stanley, Vaco, 

Channellock and Sears Craftsrm n. 

Allen Wrenches and Miniature Driv- 
ers. Many control knobs have small Al- 

len or slotted setscrews. To install or 

remove such knobs, a set of Allen 
wrenches and miniature screwdrivers 
should be kept on hand. There are other 
uses for miniature tools, especially in 

such fields as remote control modeling, 
model railroading and slot -car racing, 
and the fabrication of miniaturized elec- 
tronic projects. Performing such work 

when equipped with a precision minia- 

ture tool set is so much easier that the 

purchase of such a set is well justified. 
One of the big names in miniature 

precision tools is Moody Tools, Inc. (42- 

60 Crompton Avenue, East Greenwich, 
RI 02818). Jensen Tools & Alloys is 

another, with a host of precision tools, 
including many tool kits (1230 So. Priest 
Dr., Tempe, AZ 85281). 

Wrenches. There are several types of 

wrenches that the electronics hobbyist 
will need from time to time. Among them 

are the open-end wrench, the box 
wrench, and the plier wrench or "vise - 
grips" tool. 

Open-end wrenches are used primari- 
ly on the large hexagonal nuts that 
secure switches and controls to project 
panels (actually, a large nut driver is 

better suited for this application) and to 
operate chassis punches. The box 
wrench has similar applications but has 

the advantage of completely enclosing 
the nut, thus eliminating the danger of 

slippage that can mar a finished front 
panel. Box wrenches are not essential, 
but are handy to have around if the 
workbench budget permits. 

The plier wrench or "vise -grips" is a 

tool that is not found on every electron- 
ics workbench, but it should be. Not only 

is this an excellent tool for applying 
brute torque to the task of turning bolts, 
nuts and shafts, it can also serve as a 

restraining tool and as a "third hand" for 
holding small parts, circuit board assem- 
blies, etc. A pair of vise -grips can be 

adjusted for a given jaw opening and has 

a locking lever and in some cases a 

separate unlocking lever for quick -action 
clamping and release. Vise -grips come in 

several sizes, but a 10 -inch model is suffi- 

cient for most workbench applications. 

Metal -Working Tools. Experimenters 
who mount their projects in metallic 
enclosures will need an assortment of 

metal -working and metal -finishing imple- 

ments. A hacksaw is used to cut large 

and irregular -shaped chassis holes, to 

trim control shafts, to cut off brackets, 
etc. Most hacksaws are adjustable so 

that they can accept blades of several 

different lengths. More important than 

blade length, however, is coarseness. 
The number of teeth per unit length 

determines blade coarseness. For gen- 

eral-purpose work, a hacksaw blade 
should have between 14 and 18 teeth 
per inch. A relative of the hacksaw, the 

"coping saw," has a thin blade and is 

very handy when cutting curved and 

irregular -shaped holes. 
Metal shears allow the hobbyist to 

cut sheet metal for chassis, brackets, 
shields and other items. Chassis 

punches take much of the drudgery out 

of cutting large holes in chassis and 

panels for meters, connectors, sockets, 
etc. Chassis punches, which are manu- 

factured by such companies as Green- 

lee Tool and GC Electronics (both in 

Rockford, IL), come in a variety of 
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wh-n you . join the 
COMPUTER 
PROFESSIONALS'. 
BOOK CLUB 

Choose any one of these books at the special club discount, and 
select any other as your gift Free of Charge when you enroll: 
AUTOMATIC DATA PROCESSING HANDBOOK 

Edited by The Diebold Group, Inc. 
16&075 Pub. Pr., $38.95 Club Pr., $25.75 

PROGRAMMING LANGUAGES By A. B. Tucker, Jr. 
654158 Pub. Pr., $22.00 Club Pr., $16.50 

MINICOMPUTER SYSTEMS, 2nd Ed. By R. H. 
'Eckhouse 
7871026 Pub. Pr., $21.95 Club Pr., $16.50 

MICROCOMPUTERS/MICROPROCESSORS: 
Hardware, Software & Applications By J. L. 
Hilburn & P. N. Julich 
771/499 Pub. Pr., $22.50 Club Pr., $16.50 

MICROPROCESSOR APPLICATIONS MANUAL 
By Motorola, Inc. 
435/278 Pub. Pr., $38.00 Club Pr., $26.50 

THE 8080A BUGBOOK: MICROCOMPUTER IN- 
TERFACING AND PROGRAMMING By P. R. 
Rony, D. G. Larsen & J. A. Titus 
783/845 Pub. Pr., $9.95 Club Pr., $8.45 

MICROCOMPUTER -BASED DESIGN By J. Peat - 
man 
491/380 Pub. Pr., $26.50 Club Pr., $18.95 

DATA BASE DESIGN By G. Wiederhold 
701/30X Pub. Pr., $24.50 Club Pr., $18.25 

PRINCIPLES OF INTERACTIVE COMPUTER 
GRAPHICS, 2nd Ed. By W. M. Newman & R. F. 

Sproull 
463/387 Pub. Pr., $24.95 Club Pr., $19.95 

PROGRAMMING FOR MINICOMPUTERS By J. C. 
Cluley 
785/49X Pub. Pr., $17.50 Club Pr., $13.50 

REAL-TIME PROGRAMMING WITH MICRO- 
COMPUTERS By R. C. Turner 
786/372 Pub. Pr., $16.95 Club Pr., $13.95 

MEMORY DESIGN: Microcomputers and Main- 
frames By Electronics Magazine 
191/549 Pub. Pr., $18.50 Club Pr., $15.50 

Why YOU should join now! 
BEST BOOKS IN YOUR FIELD -Books are selected from a wide 

range of publishers by expert editors and consultants to give you 
continuing access to the latest books in your field. 

BIG SAVINGS -Build your library and save money too! We guaran- 
tee savings of at least 15% off publishers' list prices on every book. 
Usually 20%, 25% or even higher! 

BONUS BOOKS -You will immediately begin to participate 
in our Bonus Book Plan that allows you savings between 
70-80% off the publisher's price of many books. 

CONVENIENCE -14 times a year you receive the Club Bulletin 
FREE, fully describing the Main Selection and alternate selections, 
together with a dated reply card. If you want the Main Selection, you 
simply do nothing -it will be shipped automatically. If you want an 
alternate selection -or no book at all -you simply indicate it on the 
regular reply card and return it by the date specified. You will have at 
least 10 days to decide. If, because of late mail delivery of the Bulletin 
you should receive a book you do not want. just return it at the Club's 
expense. 

As a Club member, you agree only to the purchase of four books 
(including your first selection) over a two-year period. 

r 

HOW TO DESIGN AND BUILD YOUR OWN CUS- 
TOM TV GAMES By D. L. Heiserman 
786/585 Pub. Pr., $14.95 Club Pr., $11.95 

HANDBOOK OF OPERATIONAL AMPLIFIER 
CIRCUIT DESIGN By D. E Stout, edited by M. 
Kaufman 
617/97X Pub. Pr., $29.95 Club Pr., $17.50 

ANALOG SYSTEMS FOR MICROPROCESSORS 
AND MINICOMPUTERS By P. H. Garrett 
786/496 Pub. Pr., $18.95 Club Pr., $14.95 

ENCYCLOPEDIA OF COMPUTER SCIENCE 
Edited by A. Ralston & C. L. Meek 
789/01X Pub. Pr., $60.00 Club Pr., $39.95 

MICROPROCESSOR AND MICROCOMPUTER 
SYSTEMS By G. V. Rao 
7831659 Pub. Pr., $24.50 Club Pr., $19.50 

THE Z-80 MICROCOMPUTER HANDBOOK By W. 
Barden, Jr. 
784/914 Pub. Pr., $8.95 Club Pr., $7.60 

Computer Professionals' Book Club 
P.O. Box 582, Hightstown, New Jersey 08520 
Please enroll me as o member and send me the two books indicated, billing me for my first 
selection only at the discounted member's price, plus local tax, postage and handlings If 
not satisfied, I may return the books within 10 days and my membership will be canceled. I 

agree to purchase o minimum of 3 additional books during the next 2 years os outlined 
under the club plan described in this ed. Membership in the club is continuous but 
cancellable by me any time after Me lour book purchase requirement has been fulfilled. 

Write Code # of Write Code # of 
FREE selection here FIRST selection here 

Orders from outside the U.S. 'rust be prepaid with international money orders in U.S 
dollars. 

Charge my O VISA MASTER CHARGE Exp. Date 

Credit Card # 'MC Bank # 

Signature 

Name 

Address 

City. State Zip 

Corporate Affiliation 

This order subject fa acceptance by McGraw-Hill. All prices subject to change without 
notice. Offer good only to new members. A postage and handling charge is added to all 
shipments. P39í 3a 
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shapes and sizes, and should be select- 
ed for the types of holes that might have 
to be made. 

A metal nibbling tool can be used to 
make just about any needed chassis or 
panel opening. This tool starts at a pre - 
drilled hole and is guided along the area 
to be cut out, taking bite -size chunks out 
of the metal as it is moved along. Cutting 
a large hole in a piece of sheet metal 
can be a tedious procedure with a nib- 
bling tool, but the nibbler will provide 
good results if care is taken in using it. 

Drills. Perhaps the most commonly 
used metal -working tool from the elec- 
tronics hobbyist's point of view is the 
electric drill. A drill for the electronics 
workbench should have a chuck capac- 
ity of 1/4 or 36 inch (6.4 or 9.5 mm) and 

should have variable -speed control. 
(Slow speeds are ideal for starting holes 
and for drilling through soft materials.) 

The drill should also have either a 

three -conductor power cord and a metal 
body or a two -conductor cord and a dou- 

ble -insulated plastic body. Its motor 
should be rated at a minimum of 1/4 

horsepower. For maximum user comfort, 
the drill should fit comfortably in the 
hand and should be well balanced. 

The piece of metal that does the 
actual cutting of the material being 
drilled is called a drill bit. There are two 
general classes of drill bits-those 
composed of carbon steel and those 
composed of tungsten -molybdenum 
steel. The latter is called "high-speed 
steel" and is used in the manufacture of 

high-speed drill bits. Because of their 
superior cutting and wearing character- 
istics, high-speed bits are the clear 
choice for the electronics hobbyist. The 
most economical way to purchase an 

array of high-speed drill bits is in a set 
that includes units with diameters rang- 

ing from approximately 3/32 inch (2.4 mm) 

to 94 or 3+a inch (6.4 or 9.5 mm). 
Ancillary items for drilling and other 

metal work are a center punch, a ball - 

peen hammer, a reamer, a heavy-duty 
bench vise and a set of files. 

At least one centerpunch is needed to 

make indentations in the material to be 

drilled at the exact centers of the holes 
to be made. These indentations will pre- 

vent the bit from wandering around the 
surface when first brought up to speed. 

A reamer is used to enlarge holes in 

sheet metal, and can also be used to 
remove burrs around the perimeter of a 

freshly drilled hole. General -duty work 
calls for a 1/2 -inch (1.3 -cm) tapered 
reamer. A heavy-duty bench vise will be 

Moody Tools 
miniature precision tools. 
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Xcelite Model 99 -PR driver set. 
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Xcelite Model PS -89 Allen drivers. 
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Crescent Tool 
adjustable 
offset wrench 

Many small tool sets include torque -multiplying handle. 

Stanley ScrewstarM screw holder. 

Wahl Model 6500 PC drill attachment 
for Isotip soldering irons. 
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