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E -V 1122 30 -watt 
stereo amplifier 

$94.00 

E -V 1159 
FM /stereo tuner 

$94.00 

Sorry! We've just 
shot the bottom out 
of stereo prices! 

QWe think we're about to explode 
the current notions about how 

much high fidelity should cost (or- 
more accurately -how little). 

First, we resisted the temptation to 
take any shortcuts in the development 
of these new components ... unless you 
count our computer, used to design 
new circuits in a fraction of the time 
needed by ordinary methods. 

And we kept each component simple 
and easy to use, yet complete. Not 
that we stuck to just plain vanilla. 
You'll find thoughtful touches like an 
accurate zero- center FM tuning meter 

E -V 1180 30 -watt 
FM /stereo receiver 

$176.00 

and combination balance control/stereo- 
mono switch included, for instance. 

Finally, we knew that quality had to 
start high -and stay high. That's why 
we built spanking -new facilities, staffed 
with skilled craftsmen, and provided 
them with the most modern production 
equipment ... an inspired combination. 

The result? A new 30 -watt stereo 
amplifier and a sensitive FM /stereo 
tuner, each priced well under $100.00. 
and the E -V 1180 receiver that com- 
bines these two components for even 
greater savings -just $176.00. Each 
built in the U.S.A. and each one war- 

ranted free from defects in materials 
and workmanship for two years. A 
warranty we'll back to the hilt.* 

Listen to these exciting new com- 
ponents soon ... now at most leading 
independent high fidelity showrooms. 
Critically compare them and you'll find 
that our bargains offer you more in 
the bargain! 
*We don't expect much need for warranty 
service -but we're ready. Once the unit arrives 
at our factory or authorized service station, 
any defects we discover are repaired or replaced 
with no charge for parts, labor, or return 
transportation. Other repairs at nominal cost. 
Fair enough? 

ELECTRO- VOICE, INC., Dept. 5 84N 
629 Cecil Street, Buchanan, Michigan 49091 

Please send free literature on Electro -Voice 
high fidelity electronics and speakers. 

Name 
A SUBSIDIARY OF GULTON INDUSTRIES, INC. 

high fidelity speakers and systems tuners, amplifiers, receivers public address loudspeakers 
microphones phonograph needles and cartridges organs space and defense electronics 

Address 

City State lip 
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Never ask a 
lightweight rotor to do 
a heavyweight's job. 

Selling your customer a lightweight rotor when 
he has a large antenna array just doesn't make 
sense. Especially since you can offer him an 
alternative: the heavy -duty "Bell Series" rotor, 
from ODE. 

Available in both automatic and manual forms, 
this rotor is designed specifically for large, 

heavy antenna arrays... designed specifically for 
unmatched fringe -area reception...designed 
to give your customers the finest color TV reception 
possible. In fact, this is the only 
heavy -duty rotor available. 

We call it the Bell Series because of its 
completely weatherproof, die -cast aluminum 

housing. You'll call it rugged because it has 4 to 
5 times the stalling and braking torque of any other 
rotor! This means any antenna will turn, even 
under the most adverse weather conditions... 
and that your customers will get terrific color or 
black and white reception despite high winds 
or heavy icing. Great FM reception too! 

The Bell Series rotor: one -of -a -kind built for 
one -of -a -kind performance! 
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Just about every customer who walks into your shop, 
or whom you see on a service call, is a prospect for 
batteries. You can get yourself more sales and profits 
from battery business, by recommending Mercury 
Duracell® and Alkaline Duracell batteries - the 
different high energy batteries made by Mallory. 

Here are some facts about batteries that can help 
you trade customers up to today's best values in 
portable power. 

Which batteries are best for transistor radios? At the 
relatively low drain service in most radios, Mercury 
Duracell batteries are generally the best buy. They 
actually cost about 15% less per hour of service than 
ordinary zinc -carbon types. And they give you better 
listening; their output voltage stays constant through- 
out life, so you don't drop into the high distortion 
part of the transistor characteristic. Next best are 
Alkaline Duracell batteries. Both Duracell types 
have the further advantage of extremely long shelf 
life -no appreciable drop in power even after two 
years. So they can sit idle in a radio instead of dying 
even when not used, like ordinary batteries. 

How about cameras? For the electric eye devices which 
automatically adjust exposure, there's nothing like 
Mercury Duracell batteries. They last over a year, 
and produce highly accurate voltage required for this 
job. For built -in flash and for electric drive of movie 
cameras, Alkaline Duracell batteries are far superior 
to ordinary types. They drive 4 to 5 times more movie 
footage, and fire about three times more flashes. 

What's good for tape recorders? Motor drive is a fairly 
heavy drain job ... ideal for Alkaline Duracell bat- 
teries. These outlast zinc -carbon by 2 to 5 times in 
portable recorders. 

Flashlights? Toys? For ordinary flashlight duty, the 
old zinc -carbon is hard to beat. But if you're apt to 
use a light continuously for long periods, Alkaline 
Duracell batteries can give steady lighting for up to 
10 times longer than zinc- carbon. And they're much 
safer for emergency use, because they don't die in 
a few months on the shelf. Toys are real high drain 
duty; here Alkaline Duracell batteries are a real bar- 
gain, for they outlast zinc -carbon types by 5 to 8 times. 

Sell your customer on the greater value of Duracell 
batteries, and you'll make twice as much profit per 
sale. Get the story on the new Mallory battery 
merchandise displays from your nearby Mallory dis- 
tributor. Or write Mallory Distributor Products 
Company, a division of P. R. Mallory & Co. Inc., 
Indianapolis, Indiana 46206. 

DURACELL is a registered trademark of P. R. Mallory & Co. Inc. 
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THIS MONTH'S COVER is 
related to our lead story 
on the new solid -state color - 
bar generators. The RCA 
14 -in portable color -TV re- 
ceiver is displaying a nor- 
mal color -bar pattern from 
one of the generators. The 
small unit atop the set is 
the B & K Model 1242; the 
larger one is Sencore's CG- 
141. At the extreme left, the 
top generator is the Hickok 
GC 660; the bottom one is 
the RCA WR -502A. In front 
of the TV set, the top gen- 
erator is the Leader LCG- 
387; the bottom one is the 
Knight KG -685. At the right 
of the receiver, the upper 
unit is the Amphenol Model 
865; while the lower gen- 
erator is the Conar 680. For 
complete technical details 
and prices on these and 
other color -bar generators, 
see the table in our lead 
story Photo- 
graph by Dirone- Denver. 
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The Grantham Educational program 

BY CORRESPONDENCE 

prepares you for your 

A. S. E. E. 
(.Associate in Science in Electronics Engineering) 

DEGREE 
In today's world of electronics employment, an 
FCC license is important - sometimes essential 
but it's not enough! Without further education. 
you can't make it to the top. Get your FCC license 
without fail, but don't stop there. To prepare for 
the best jobs, continue your electronics education 
and get your Associate Degree in Electronics 
Engineering. 

This is good common sense for those who want 
to make more money in electronics. It also makes 
sense to prepare for your FCC license with the 
School that gives degree credit for your license 
training - and with the School that can then take 
you from the FCC license level to the Degree level. 

Accreditation, and G.I. Bill Approval 

Grantham School of Electronics is accredited by the 
Accrediting Commission of the National Home Study 
Council. and is approved for both correspondence 
and resident training under the G.I. Bill. Just mail 
the coupon, or write or telephone us for full informa- 
tion without obligation. 

It's Your Move 

The move you make today can shape your future. 
Begin now with a step in the right direction - 
Step #1 - and then follow through with Steps 
#2, #3, and #4. 

Step #1 is a simple request for full information 
on the Grantham Associate Degree Program in 
Electronics. You take this step by filling out and 
mailing the coupon shown below. We'll send full 
information by return mail. No salesman will call. 

Step =2 is earning your FCC first class radiotele- 
phone LICENSE and radar endorsement. You 
complete this step in the first two semesters of 
the Grantham educational program (by corres- 
pondence, or Washington resident classes). 

Step r3 is earning your ASEE DEGREE. This 
degree is conferred when you have earned credit 
for the Grantham course, one semester of which 
must be taken in residence if you have less than 
one year of practical experience in electronics. 

Step =4 is getting a better job, greater prestige, 
higher pay on the basis of your extensive knowledge 
of electronics. 

It's your move! Why not begin now with Step #1. 

Grantham School of Electronics 
Established in 1951 

1505 N. Western Ave. 818 18th Street, N.W. 

Hollywood, Calif. 90027 or Washington, D.C. 20006 

Grantham School of Electronics SEWS -68 

1505 N. Western Ave., Hollywood, Calif. 90027 

Please mail me your free catalog, which explains how 
Grantham training can prepare me for my FCC License 
and Associate Degree in electronics. I understand no 
salesman will call. 

Name Age 

Address 

City State Zip 
L 
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COMING 
NEXT 

MONTH 
SPECIAL FEATURE ARTICLE: 

EW LAB TESTS HI -FI AMPLIFIERS 
l'v 

Hear those sharp, snapping clicks of the castanets as the flamenco dancer whirls through 
his feruca? You'll be able to understand why you do.... or don't when you read next month's 
feature article on the new solid -state stereo amplifiers. Most of the popular models, in finished 
and kit form, will be covered. A large, easy -to -read table, which lists complete up -to -date 
specifications, test results, as well as cost, is included for use by the hi-fi buff and the "some- 
times" listener. Get the very best in components and information by checking this story. 

ELECTRONIC IMPLANTS 
Survival of the "not so fit" is possible 
because medical electronic instruments 
are making it so. Electronic implants 
have become part of some people's ev- 
eryday lives. They gather, measure, 
and transmit physiological information 
for external evaluation and control. 

TRADE SECRETS: THE COURTS AND YOU 
Scientific and technical personnel on the 
move from one job to another should 
stop, take a good look, and see if they're 
protecting their own rights and those of 
their former employer. An increasing 
number of employees and their corporate 
employers are being sued over so- called 
"privileged" information. 

1968 FM- STEREO CAR RADIOS 
Servicing those new FM receivers in the 
1968 model cars is not as difficult 
as you think. This round -up article 
covers the FM- stereo units made by 
Bendix, Delco, and Motorola. It dis- 
cusses their similarities and their differ- 
ences and gives technicians some helpful 
service hints. 

EARLY WARNING SYSTEMS 
FOR EARTHQUAKES 
Seismographs help locate the source of 
an earthquake too late to help those in 
danger. Many scientists are using newly 
developed equipment and techniques to 
forecast earth tremors. Some of their 
methods and equipment are discussed. 

All these and many more interesting and informative articles will be yours 
in the June issue of ELECTRONICS WORLD . . . on sale May 16th. 
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By FOREST H. BELT ;Contributing Editor 

Certified Electronic Technicians 
news 

There's a new catch- phrase and title around the television repair industry. It is Certified Electronic 
Technician, and don't be surprised if you begin seeing proud technicians who have qualified for the title 
putting CET after their names on business cards and in advertising. 

The title sprang up as a part of a program instituted by the National Electronic Association (NEA) to 

certify that its members were qualified to service television receivers. The idea behind the program is to 

convince the American consumer that competent technicians are available. Set owners complain of poor 
servicing ability among technicians they call for repairs; a CET has proven his technical know -how 

through a closely monitored examination, and NEA plans to point this out to set owners through a national 
publicity campaign. 

The idea has worked out so successfully in its early runs that the NEA quickly expanded it to include all 

service technicians who have four or more years of training and experience; membership in NEA is no 

required. Anyone interested in taking the examination may contact NEA Certification Program, 5302 W 

10th Street, Indianapolis, Indiana 46224. The exam is given (preferably in groups) by an NEA member 
in the locality, and there is a $5 charge. If the examinee flunks, he may brush up and take the exam again 
without additional charge. Each technician who passes is awarded a framed certificate and a wallet card, 
and is assigned a serial number in his state of residence. The newspapers and radio -TV stations in his 
town are notified of his certification, along with an explanation of what certification signifies. 

Thus far, only 19 states have Certified Electronic Technicians. Indiana has the most, Kentucky is sec- 

ond, with California, Iowa, and Michigan running a near -tie third. Other states with CET's are Connecti- 
cut, Georgia, Illinois, Kansas, Minnesota, Missouri, Nebraska, New Jersey, New York, North Carolina, 
Ohio, Pennsylvania, Texas, and Washington. NEA certification is an excellent example of an industry ef- 

fort to improve the image of television servicing by concrete proof of qualification instead of empty claims. 

Diagnostic Clinics for TV Sets 

Something unusual in television servicing has quietly begun to happen. TV owners in some cities can 
take their TV receivers -black -and -white or color -to a diagnostic clinic. There, neatly uniformed tech- 

nicians run a whole series of tests that reveal the operating condition of practically every critical circuit 
in the set. The owner is given a detailed report of what's wrong, and an estimate of the cost to repair. 
If the cost seems too high, the customer is free to take the set somewhere else for service, paying the 

clinic only a basic diagnostic fee. Prices for repairs are not cut -rate, but are reasonable in the opinion 
of most customers, very few take their repairs elsewhere. 

A young engineer named Royce Evans first put the idea into practice, in Fort Wayne, Indiana. He owned 
an ordinary TV service shop and wanted to make it profitable. What he came up with was the diagnostic - 
clinic idea and a "sure -fire" way to diagnose troubles throughout the entire TV set. He formed a company, 
Tele -Quick Corporation, and is now franchising his special Diagnostic Centers all over the country. So 

far, Centers are operating in Fort Wayne, Ind.; Indianapolis; Nashville, Tenn.; Clearwater, Fla.; and 
Gulfport, Miss. Others are opening soon in Baltimore, Denver, and Southern California. This is a good idea 
that will no doubt be copied -both well and poorly -as the Centers begin to spread. 

Integrated Circuit in a TV Tuner 

It was inevitable, although not expected this soon. Nevertheless, Oak Manufacturing Co. (division of 

Oak Electro /Netics Corp.) has built a v.h.f. tuner that uses a thick -film (hybrid) integrated circuit. The 
IC itself is inside a tiny matchbox -size module that fits neatly on top of the mechanical- tuning /frequency 
determining assembly that is familiar in present tuners. Over -all performance is electronically comparable 
to other modern tuners, and price will be about the same or only slightly higher. 

The IC module is a sealed unit. It contains 3 transistors, 10 resistors, and 15 capacitors (some inte- 

grated, some chip) to form a complete r.f. amplifier -oscillator -mixer combination. Asked about service- 

ability, Oak officials pointed out that the IC module -which will net for about $3 -could be replaced in the 
customer's home. If the alignment screws of the tuner are not tampered with, a replacement module can 
be inserted and connected without upsetting tuner alignment. 
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In the models to be offered soonest, the IC module is combined with another innovation: printed -circuit 
inductors that are part of the switching assembly. Together, the two offer exceptional stability of adjust- 
ment; once aligned, these tuners stay aligned. 

In another new design, Oak has combined u.h.f. and v.h.f. tuning into a single solid -state tuner. Al- 
though the company has been experimenting with varactor -tuned u/v tuners (this column, February 1968, 
page 23. "Radio -TV Tuned with Potentiometer "), the newest one is still mechanically tuned, but in a 
special way. Unorthodox switching allows using the same variable elements for u.h.f. and v.h.f. tuning. 
R.f. amplification is included in both u.h.f. and v.h.f. operation, and the noise figure at u.h.f. is lower 
than in previous tuners. Probably the most significant achievement, from the standpoint of the set owner, 
is the capability for detented u.h.f. ; a special mechanism provides 12 pre -set v.h.f. channels and 12 selec- 
table pre -set u.h.f. channels. - 

Speaking of varactor -tuned TV tuners, we've learned that Standard- Kollsman has one, but technical de- 
tails haven't been made available to us as yet. 

Voltage Without X -Rays - 

The worst generator of color -TV x -rays is the high- voltage regulator tube, with the high -voltage recti- 
fier running a distant second. One cure already tried is a method of regulation that is part of the hori- 
zontal deflection system ; at least it eliminates the shunt -type regulator tube. 

Another step has been taken with a solid -state high -voltage rectifier system developed by Varo, Inc. of 
Garland, Texas. Used in a voltage -multiplier circuit -also from Varo- special rectifiers develop both the 
CRT high voltage and the focus voltage. The chief objective is an all- solid -state color -TV, but the no -x -ray 
bonus is welcome, coming on the heels of all the adverse newspaper and broadcast publicity about x -rays 
from color sets. 

Others have developed solid -state rectifiers that withstand the high inverse voltages found in flyback -de- 
veloped high -voltage systems, but prices have been too high. A new fast -recovery diffused silicon device, 
with the voltage -multiplier circuit, is expected to be cheaper than the equivalent tubes. Now a solid -state 
picture display is all that stands between the industry and an all- solid -state TV set. Some such displays 
are in the works, but brightness is still too low. 

X- Radiation Measurement 

Flash 

6 

The U. S. Public Health Service finally let the industry get a closer look at the instrument it was using to 
make the controversial x -ray measurements in Florida and in Washington, D.C. The unit uses six Geiger - 
Mueller tubes, arranged in two rows. The chief advantage is sensitivity. The tubes cover about 240 square 
inches and can get a usable indication quicker than the Victoreen instrument that has been the industry 
standard. At 5 cm from the surface of a TV receiver, the PHS instrument can detect levels of radiation 
as little as 0.05 mR /hr -only a tenth of the maximum limit for color -TV receivers set by the National Cen- 
ter for Radiological Health (NCRH ) . 

In another development, Victor P. Bond, M.D., PhD., associate director of Brookhaven National Lab, 
and chairman of the Radiation Bio- Effects Advisory Committee of NCRH, says the probability of harmful 
effects from color -TV x- radiation is (in his words to Television Digest) "vanishingly small ". This supports 
our contention ( this column, February 1968, page 23, "Chasing X- Rays ", and April 1968, page 13, "The 
X -Ray Credibility Gap ") that there has been little to worry about all along from the soft x -rays emitted by 
color sets. Bond says, and many of his radiologist colleagues in the American College of Radiology sup- 
port him, that even with a markedly defective receiver and prolonged exposure at very close range, there 
is no likelihood of any significant or even detectable medical effects, either genetic (passed along to off- 
spring) or somatic (affecting the exposed individual). - 

es in the Big Picture 

ITT has a one -gun, one -phosphor CRT that produces different colors from mere changes in beam current. 
Problems remain before it can be used for color -TV, but it is a step.... Balance of payments concern is 
likely to affect import sales this year. No tariff restrictions expected, so soon after being relaxed, but 
publicity about b -o -p problems may influence retail buyers.... Declining interest rates in money market 
may reflect at retail level soon. Could give mid -year assist to consumer electronics sales ... Remember 
new Westinghouse on- screen color -TV tuning aid? Matsushita offers similar one, using green stripe on 
screen, which narrows to indicate best tuning Philco -Ford developed three integrated circuits 
that together form a complete AM -FM radio ; only tuning element need be added By mid -year, one - 
fourth of TV sets in the U. S. will be color. 

ELECTRONICS WORLD 



WHAT KILLS 

CRIME WAVES? 

MICROWAVES! 

NEW RADAR SENTRY ALARMS, 
THE FLOOR -TO - FLOOR, WALL -TO -WALL, 

SOLID -STATE BURGLAR TRAP 

Thousands of Radar Sentry Alarms protect businesses, 
homes and institutions from coast to coast. In instaLation 
after installation, they've proved their ability to stop 
crime before it starts. And now there's a new solid-state 
model that fights crime even more effectively. 

How Radar Sentry Alarms Stop Intruders 
The Radar Sentry Alarm is simple, yet foolproof. Completely 
solid state, its main components are a control unit End a 

remote detectcr. A very stable oscillator generates rricro- 
waves (400 MHz) which are radiated out into the protected 
area by the remote detector -actually an antenna. Each 

remote detector saturates a 5.000 square foot area, floor 
to ceiling. Because the oscillator is connected directly to 
the antenna, it is very sensitive to changes in load. Any 

human movement in the area will change the antenna 
load (small animals will not). This change will be refle:ted 
back into the oscillator, changing the frequency by a few 
Herz. The frequency change is amplified by a series of 8 

transistor stages, detected, and used to close the alarm 
relay. 

No burglar can thwart this system. Cutting off the paver, 
sets off the alarm. In case of power failure, the Radar 
Sentry Alarm aLtomatically switches to built -in rechage- 
able cadmium battery operation. And, if a burglar tampers 
with the unit during the day, it sounds a fail -safe alarm. 

Radar Sentry Alarms can be used with on- location police - 
type sirens to frighten off burglars, as a silent alarm with 
direct connection to police headquarters, or as a fire 
alarm. 

New Solid -State Radar Sentry Alarm 

The newest Radar Sentry features solid -state circuitry 
throughout. It is more sensitive, more reliable, virtually 
impregnable to false alarms. It is easier to service and 
maintain, because the heart of its electronics is a single 
printed -circuit Module. If there is a problem, the compl?te 
module is simply pulled out, and a new one plugged in. 
Instant repair; no lapse in security. 

Growing crime rate means big business opportunities 
In 1968, the crime rate is expected to soar. Businesses, 
homes, factories and institutions all want protection. The 
crime boom means a business boom for you. 

Break into the Burglary Business Today - - -- 
( RADAR DEVICES MFG. CORP. 
I 22003 Harper Avenue, St. Clair Shores, Michigan 4808( 

Please tell me how I can have a business of my owr 
distributing Radar Sentry Alarm Systems. I understand 
there is no obligation. 

Name 
EW -5 

Address 

!City State lip 

ON READER SERVICE CARD 
J 
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Discover the ease 
and excitement of NRI's 

° J DIMENSIONAL l METHOD 

of Electronics,Communications, 
TV -Radio Training 
12 HOME STUDY PLANS TO CHOOSE FROM 

Practically all vocational and engineering schools 
require students to conduct carefully planned 
laboratory demonstrations to prove theory pre- 
sented in textbooks. So does NRI. Why? Because 
the only way to really learn at home . .. to recog- 
nize and understand circuits ... is to get your 
hands on actual equipment, including transis- 
tors, printed circuits and today's other solid -state 
devices. NRI's unique, 3- Dimensional training 
method putstheoryyou learn into actual practice. 
You learn with your hands as well as your head. 
You learn by unique "discovery" methods the 
WHY of Electronics, Communications, TV -Radio 
. . . WHY circuits do the things they do. NRI 
training starts with carefully, condensed "bite - 
size," interesting books programmed with ab- 

OVER 50 YEARS OF LEADERSHIP 

sorbing, revealing experiments using the finest 
parts money can buy. You get the kind of tech- 
nical training that gives you experience equal to 
many, many months of performance on the job. 

Whatever your interest, whatever your education, 
the NRI 3- Dimensional training method can fill 
your needs. Learning becomes as close to being 
fun as any school can make it. Tens of thousands 
of men have learned the NRI way. Pick the field 
of your choice and mail the postage -free card 
today for your FREE NRI Color Catalog. 
NATIONAL RADIO INSTITUTE, Electronics Divi- 
sion, Washington, D.C. 20016. 

BEGIN NOW AN ABSORBING 
ADVENTURE -LEARN ELECTRONICS 
THE NRI WAY -MAIL CARD TODAY 

1 IN ELECTRONICS TRAINING 
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iFast with NRI's Educator- 
Acclaimed Achievement Kit 

The day you enroll with NRI this remarkable starter 
kit is on its way to you -regardless of the course 
you choose. It is specifically designed for you and 
your training objective. It has one purpose -to get 
you started quickly and easily. It is an outstanding 
way of introducing you to N RI training methods... 
an unparalleled "first dimension" that opens the 
way to new discoveries, new knowledge, new op- 
portunities. The Achievement .Kit is worth many 
times the small payment required to start your 
training. Find out more about it. Mail the postage - 
free card now. 

Ì 
NRI "Bite- Size" Lesson Texts 
Program Your Training 

Reading is a necessary part of any training pro- 
gram, but it takes a great deal of stamina to wade 
through a 300 -page technical textbook. Every NRI 
course is condensed into "bite- size" texts that are 
simple, direct, well -illustrated, averaging an easily - 
digested 40 pages. These are "programmed" with 
NRI training equipment you build, experiments 
you perform, to bring to life the fundamental laws 
of electronics, the theory, the training of your 
choice. You are always kept well supplied with these 
books, NRI does not require you to "pay as you go." 

You Get Practical Experience 
L. With Actual Electronic 

Equipment 
NRI does not leave the practical side of Electronics 
to your imagination. Electronics becomes a clear, 
understandable force under your control as you 
build, experiment, explore, discover. N RI pioneered 
the concept of home -lab training equipment to 
give you 3- Dimensional knowledge and experience. 
Every kit is designed by NRI to demonstrate prin- 
ciples you must know and understand. Kits con- 
tain the most modern parts, including solid state 
devices. NRI invites comparison with equipment 
offered by any other school, at any price. Prove to 
yourself what nearly a million NRI students could 
tell you ... that you get more for your money from 
NRI. Mail postage -free card for your NRI Color 
Catalog. No obligation. No salesman will call. 

APPROVED UNDER GI BILL If you 
served since January 31, 1955, or are in 
service, check GI line in postage -free card. 
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( and your audience, too ! ) 

WITH VOLUME II 

SOUND FOR 
A PICTURE 
EVENING 

This superb 12 -inch, 331/3 rpm record 
brings you 30 selections of sparkling, mood - 

setting off -beat music and hard -to -find, 
sound effects. For use "as is" by playing 
the appropriate tracks as your slide or movie 
show proceeds or for editing your selections 

and recording them on tape, "Sound For 
A Picture Evening" adds another dimen- 

sion to your photography -high 
fidelity sound. 

SOUND FOR 
A. PICTURE 
EVENING 

VOLt,` IC II 

30 bands of unusual 
background music 
& sound effects 

specially chosen for 
slide shows & movies 

17 i7aaete 44tee 

aiteecew-aí4u citudC. . 

l Vausda uK"auad' 4.440t"eg" pot 
aocod caeca.,, 

MADE WITH PHOTOGRAPHERS IN MIND 
Photographers are travelers . . . are parents ... are sportsmen are 
restless experimenters with the unusual. And so the editors of POPULAR 
PHOTOGRAPHY have produced this second volume of unusual music and 
sound effects expressly to match the activities and moods in the most 
popular types of pictures shown in slide and home movie shows. These are 
melodies and sounds selected from the vast resources of the Capitol Record 
Hollywood Library to fit the special needs of photographers. The 30 bands 
cf "Sound For A Picture Evening, Vol. II" supplement but do not duplicate 
any of those in the first edition of this popular record. . 

A POPULAR PHOTOGRAPHY EXCLUSIVE 
The "Sound For A Picture Evening, Vol. II" album has been produced by 
the editcrs of POPULAR PHOTOGRAPHY exclusively for our readers and is 
prepared by the Custom Se-vices Division of Capitol Records. This outstand- 
ing album, which cannot be purchased in any store, is available by mail 
only to the readers of Popular Photography and other Ziff -Davis magazines. 

YOU GET 30 SPECIAL MUSIC AND SOUND TRACKS 
There are 19 bands of mood and special- situation music ... 11 bands of 
unusual, hard -to -find sound effects. 
MOODS: Majestic, Backyard Nature, Experimental, Mysterious. Music of the 
Spheres NATIONAL PORTRAITS: Vive la France, German Village Band, 
Soul of Spain, American West, English Countryside, Buon Giorno, Italia 
SOUND EFFECTS: Bass Drum, Bassoonery, Cathedral Bells, Galloping 
Horses, Zoo Noises, Chilcren at Play, Cocktail Party, Birds on a Spring 
Morning, Outboard Motor, Oars in Water, Skis on Snow, Trumpet Fanfare, 
Solo Violin SPECIAL PURPOSE MUSIC: Music From Silent Movies, Music 
for Slow- Motion Movies, Music for Speeded -Up Motion, Music for Stop - 
Motion Movies, Underwater Music, Music for Old -Time Footage. 

For photographers with wanderlust, you'll find the ' National Portraits" to be 
authentic melodies to go with your vacation pictures of England, Frarce, 
Germany, Italy, Spain and the American West. 
There are also those special bands to accompany the kind of pictures sports- 
men take: The sound of galloping horses, of boat motors, of skis on snow, 
of oars n the water. You'll even find other -worldly mood -music chosen espe- 
cially to go with underwater pictures. 
Experimental photographers will find the electronic music ideal accompani- 
ment for abstract pictures. The music for stop -motion, slow- motion and 
speeded -up- motion pictures is fanciful and imaginative in helping to present 
the unusual scenes being portrayed on your screen. And there is even mood 
music to convey the visual grandeur of ancient museum relics and photo- 
graphs of the stars and planets. 
To these add many other tracks of carefully selected music and sounds - 
and you have "Sound For A Picture Evening, Volume II." 
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T IONS ND BA ND POINTR FREE 
A comprehensive instruction booklet comes with your reco *d, 
showing you how to make a successful sound -and -music tape 
track for your slide or movie show, or to use the record alone as 
background, even if you're a rank beginner. An ingenious band 
pointer which fits on top of your record instantly locates any 
band you want. No guessing, no wasted motion, no false starts. 

This 12" long playing vinyl album consisting of selections from 
the music masters of the Capitol Record Hollywood Library is 
available to you for 

only $ 3,.90 POSTPAID! 

It's a must for every slide and film show impresario and an 
album you will enjoy for many years to come. 

L" ItÉY 

"Sound For A Picture Evening, Volume II" 
P. O. Box 3118 
Church Street Station, New York, N.Y. 10008 

Please send "Sound For A Picture Evening, 
Volume II" albums at $3.98 each, postpaid. 

My check (or money order) for $ is encicsed. 

(Outside U.S.A. please send $6.00 per record ordered.) 
N. Y. State residents please add local sales tax. 

Name 

Address 

City 

EK'-58 

State Zip Code 

PAYMENT MUST BE ENCLOSED WITH ORDER 

'SOUN'D FORA PICTURE EVENING, VOLUME I" still available 
I missed this first release containing 17 specific mood music 
backgrounds and 8 tracks for special sound effects. Please 
send "Sound For F Picture Evening, Volume I" 
albums at $3.98 each, postpaid. (Outside U.S.A. send 56.00 
per record ordered.) 
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LAB TESTED 

HI -FI PRODUCT 
KEPOßT 
TESTED BY HIRSCH -HOUCK LABS 

Eico 3570 "Cortina" Stereo Receiver 
BSR TD -1020 Tape Deck /Preamp 

Eico 3570 "Cortina" Stereo Receiver 

For copy of manufacturer's brochure, circle No. 30 on Reader Service Card. 

f 1_ 

WHEN we reported on the Eico 
"Cortina" stereo amplifier in the 

December, 1967 issue, we commented 
on its compactness, attractive styling, 
and high -quality performance at a mod- 
est price. Another component of the 
"Cortina" series is the 3200 FM- stereo 
tuner, similar in size, style, and price 
to the 3070 amplifier. ( See our report 
in the March, 1968 issue.) Both units 
have been combined into a single -chas- 
sis integrated receiver, the Model 3570, 
which is the subject of this report. 

Since the Model 3570 is literally a 
"3200 plus a 3070 ", our comments and 
test results for the receiver apply equal- 
ly well to the individual components, 
and vice versa. The only shared por- 
tions of the receiver are the chassis 
and power supply; the circuit boards 
are the same ones used in the separate 
tuner and amplifier. 

The Model 3570 is an all- silicon 
solid -state receiver, measuring a corn - 
pact 45 /8' h'gh X 153/4" wide X 91/2" 

10.0 

5.0 
z 
ú a 
s 
z 2.0 
O 

s 

deep. It is one of the most compact 
receivers we have seen. The total au- 
dio output is rated at 30 watts con- 
tinuous into 8 -ohm loads, or 50 watts 
IHF dynamic -power output. Into 4- 
ohm loads, the output is 40% greater, 
and into 16 ohms it is slightly more 
than half the power available into 8 
ohms. 

The receiver is highly flexible, with 
a full complement of control functions. 
In addition to the volume and balance 
controls and the tone controls, it has 
high- and low -cut filters, switchable 
loudness compensation, a front -panel 
headphone jack, and an output selector 
for operating either or both of two pairs 
of speakers. The speakers can be cut 
off entirely for headphone listening. 
There are inputs for tuner, phono, and 
a high -level "Aux" source. A separate 
tape -monitor switch allows monitoring 
from a three -head tape machine while 
recording, or simply playing back from 
any tape deck. 

EICO 3570 
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The tuner section has a grounded - 
base r.f. amplifier, a mixer, and a sepa- 
rate oscillator. Unusual among tran- 
sistorized tuners is the availability of 
a.f.c., which is applied to the oscillator 
through a voltage -variable capacitor. 
We found the a.f.c. to be unnecessary, 
due to the excellent stability of the 
tuner, and it can be switched off if the 
user prefers. 

On a separate circuit board is the 
four -stage i.f. amplifier, with double - 
tuned transformers, followed by a ratio 
detector. A separate detector diode, 
driven by the third i.f. stage, supplies 
a.g.c. to the first i.f. stage. In a novel 
application of reflex circuitry, the first 
i.f. amplifier also acts as a d.c. a.g.c. 
amplifier. Its emitter current operates 
the tuning meter, and supplies a.g.c. to 
the r.f. stage. 

Eico uses a simple, yet highly effec- 
tive multiplex circuit. Following a 67- 
kHz SCA trap, a single transistor stage 
separates the 19 -kHz pilot carrier from 
the composite signal. After amplifica- 
tion, the pilot carrier is doubled to 
provide a 38 -kHz carrier for the 4- 
diode balanced modulator. In this 
stage, the composite signal is converted 
to left- and right -channel outputs. 

The rectified pilot carrier is ampli- 
fied in another stage, lighting a bulb 
in the collector circuit when a stereo 
broadcast is received. The audio out- 
puts, after deemphasis and filtering to 
remove 19 -kHz and other undesired fre- 

(Continued on page 81) 

FICO 3570 
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We've rectified 
high - voltage rectifiers. 

How it used to be. 

Take a look at our new "Posted filament" design. 
There's no delicately suspended heater- cathode 

system. There's no need to heat up a metal sleeve 
and then an oxide coating. 

It takes less than a second for the 3CU3 to start 
rectifying full swing. 

In case of a break, there's no way for the 3CU3's 
filament to fall against the anode, creating a short 
end knocking out other components in the circuit. 

The 3CU3's filament is always perfectly centered. 
It emits electrons uniformly in every direction. From 
a much larger surface than in the old design. There's 
no suspension post in the way to create an "electron 
shadow" that cuts down the plate current. 

The uniform electric field around the rigid support 
reduces high voltage stresses. Arcing and its result- 
ing troubles are eliminated. 

The 3CU3 is interchangeable with 3A3 and 3A3A 
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Our new 3CU3 

high voltage rectifiers. And it's made 
exclusively by Sylvania. 

The 3CU3 is just one of a new 
`'posted filament" family which in- 
cludes the new 3BL2 and 3BM2. 
They're designed for use in new color 
TV sets. These tubes are especially 
good for transistorized TV where 
their fast warm -up fits in with the 
"instant on" feature of solid state 
circuitry. 

Ths new construction has higher 
reliablity and longer life and should 
give you fewer and less troublesome 
callbacks. 

SYLVAN IA 
GENERAL TELEPHONE & ELECTRONICS 

From the outside 
you can hardly 
tell it's changed. 

ELECTRONICS WORLD 



`vì . . . -.. . - news 
If You Missed. . . . 

the IEEE show this year, yon may be unaware of some new developments. In the past, IEEE has been 
severely criticized for its handling of the technical sessions, both in quality and convenience to conference 
attendees. This year the number of sessions was reduced from 72 to 49. Other so- called attractions were 
added -- tutorial courses with textbooks and notes furnished, workshops, display- demonstrations, plays, and 
film shows. Did this improve the show's technical quality? We think it'll require more effort and reforms 
than this to give the show the prestige it once had, but this column was written before the meeting and like 
many others, we're busy looking and listening for reactions. 

This year the trend among many of the "Big Boye" to smaller exhibits continues. But the IEEE claimed 
there were more. exhibitors (over 700) this year than last. West Germany and Denmark were added to the 
list of foreign countries showing. Some of the new products included: aircraft safety equipment by Mar- 
coni Company Ltd.; function generators and X -Y recorders by Honeywell; two new image orthicon tubes 
for TV cameras by the Tokyo Shibaura Electric Co., Ltd. (Toshiba engineers claim these tubes have a 

service life of up to 3000 hours, 600 hours is average) ; CRT's from Fairchild -Du Mont; digital printers 
from Victor Co`mptomatic Corp.; new versions of microwave equipment were shown by Gabriel Electronics; 
miniature reed relays by dlagnecraft Electric Co.; and numerous ferrite components, motors, communica- 
tions, and biomedical electronic equipment from 15 Canadian exhibitors. 

The Air Inside. .. . 

the new Madison Square Garden was supposed to be the purest anywhere, but the electricians hadn't 
gotten around to hooking up the air cleaning system by the time Bob Hope opened his USO show in the 
main arena on February 11th. Consequently, the system which is supposed to keep air fresh, odorless, and 
contaminate -free, received its big test on March 4th, when Joe Frazier met Buster Mathis for the heavy- 
weight boxing title. Some people thought the air -cleaning system was as big a winner as Frazier. 

The system, which is called Cosa/Tron (Control of Secondary Air Electronically), is unlike conventional 
air conditioners in that it does not "temperature condition ". According to the manufacturer, CRS Industries 
Inc., it is not a filter, collector, or an electrostatic precipitator, but a de- ionizing device which neutralizes 
the space charge of the secondary air within a room and the primary air entering the room. 

The primary air (part outside air and part return air), which represents 1/10th of the air in circulation 
at any given moment, is passed through a mechanical filter or conventional air conditioner. It is then di- 
rected to an assembly which contains a number of electrodes over which the air flows. Static particle 
charges in the air (air contaminated by cigarettes, internal combustion engines, or industrial systems 
contain particles which have positive space charges) are neutralized by a pulsed d.c. voltage which varies 
in frequency from 60 to 300 Hz and amplitudes up to 25 kilovolts. The neutralized air particles combine 
with the contaminated air within a room to reduce its particle space charge by 70 to 80%. 

Madison Square Garden is just one big building, but if air pollution in the cities continues to rise at its 
present rate, we may find ourselves living in.glass -domed enclosures with air cleaned by systems like this. 

Computers. . . . 

are helping to make personal privacy' a luxury we no longer enjoy. The rapid grog% th of c;ectronic 
technology has caused us to leave a trail of easily accessible records from the moment of birth to death. 
Files are maintained by banks, credit services, insurance investigators; and city, county, state, and fed- 
eral agencies have our school records, property holdings, assessments, licenses -for dogs, businesses, and 
marriages -as well as our military records, income, and court records. All of this data is being stored in 
some computer's memory bank. 

In an address before the Boston Bar Association's Committee on Automation, Richard I. Miller, a law- 
yer and management consultant, warned that new techniques in data storage and retrieval have out- 
distanced laws which control the misuse of "private" information. According to Mr. Miller, "it is no longer 
a question of whether information about individuals is quickly and inexpensively available, but when, by 
whom, and under what circumstances ". To protect both citizen and country, Miller proposes the follow- 
ing technological and legal controls: 11) cryptographic device for transmission lines carrying personal in- 
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formation ; (2) security measures for data storage ; (3) regular audits of stored contents; and (4) devices 
that record who requested information. Legally, he says, the law has to be amended. Agencies or individ- 
uals requesting information should be required to tell the person involved what information was obtained 
and for what reason ; public authorities must be prevented from passing personal data to third parties 
without just cause; and a liability must be established for the dissemination of false information. 

Shortly, the Bureau of Census will mail to one -fourth of the U.S. households a 50- question, 20 -page 
questionnaire about such nonessential public knowledge as "Do you own an air conditioner ?" "What is the 
condition of your plumbing ?" "Do you share a shower, and if so, with whom ?" All of this information 
will be fed to computers and eventually you might get a form letter from the government asking why you 
are the way you are. Failure to answer the questions may bring a $100 fine and 60 days in jail. Congress- 
man Jackson Betts of Ohio doesn't like the situation one bit and is trying to introduce a law (HR10942) 
which would limit the "must answer" questions to essentials such as name and address, sex, date of birth, 
race, marital status, and number of visitors at the time of the census. Representative Betts thinks that the 
Census Bureau has overstepped its constitutional authority. If you agree with him, write Representative 
Jackson Betts, Room 2310, Rayburn House Office Bldg., Washington 20515 and tell him so. 

Metallic Moon Dust, .. . 

iron, aluminum, and magnesium may make up a considerable portion of the moon's ground cover. This 
is the theory of Dr. Kuan H. Sun, a scientist at Westinghouse Research Laboratories and an authority on 
the effects of radiation on materials in space. He predicted the existence of metal powders on the moon's 
surface before the magnet on the Surveyor V spacecraft indicated the presence of magnetic dust. 

The metals may prove to be both a help and a problem for future lunar astronauts. They may be able 
to separate the iron (magnetically) and use it for building purposes, and burn pulverized magnesium and 
aluminum for fuel and heat. On the other hand, it could be catastrophic. Remember the Apollo space cap- 
sule fire that took the lives of Astronauts Grissom, White, and Chaffee a little more than a year ago? Metal 
powders can burn spontaneously in a pure oxygen atmosphere and astronauts re- entering the Lunar 
Module will have to be careful not to bring moon dust in with them. Perhaps a super vacuum cleaner 
should be part of the Apollo equipment. 

Tax Dollars for Underseas.... 
technological development may soon be on a par with the aerospace industry. The first hint of how im- 

portant future underwater research activity will be was given by President Johnson in his State- of -the- 
Union message and, more recently, by Senator Hiram Fong of Hawaii. Exactly how much money will be 
allocated for ocean studies depends, of course, upon events in Viet Nam. 

The Environmental Science Services Administration (ESSA) has plans to explore 2500 feet of ocean 
bottom off the coast of Georgia, South Carolina, and Florida. The Navy Department's Facilities Engineer- 
ing Command has awarded a contract to the North American- Rockwell Ocean Systems Division for feasi- 
bility studies and possible construction of one -atmosphere living structures on 600, 2500, and 6000 -foot 
ocean bottoms. Westinghouse Electric Corp. is working on the technical details of the oceanographic pro- 
gram. 

If only a portion of the projected underwater research and development work is realized, it'll take up 
much of the anticipated cutback in the space program. In addition, it'll provide a growth area for business 
investments and a burgeoning labor market for scientists, engineers, and technicians. 

An Electric Truck... . 
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of a sort, is being performance- tested by the Army Tank Automotive Command. For a number of years, 
the Army has pushed electronic vehicle development as a possible solution to one of its most serious logis- 
tic problems. In Viet Nam, for example, large numbers of fighting men spend a lot of time trucking up 
gasoline to other trucks, jeeps, and tanks bogged down on muddy roads. 

This truck is not a true electric vehicle because it uses a 302 -cubic -inch, six -cylinder gasoline engine to 
drive an a.c. generator. The generator provides power to six electronically commutated brushless motors 
mounted at the wheels of the vehicle. Engineers at the Delco -Remy Division of General Motors, who de- 

veloped the truck, say that the electric drive system can propel the truck at speeds of 50 miles per hour 
with a seven -ton load. In its present state of development, the vehicle is more expensive than conventional 
types, but mileage per gallon is greater. In addition, the electronic control system enables each wheel to be 
driven individually. Thus it could be a boon for military men, farmers, and construction workers whose 
trucks often get stuck in mud holes. For the story of new developments in electric commuter -cars, see 
"Battery- Powered Cars: Fact or Fantasy" on page 39 of this issue. 
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Winter 1968 ELECTRONIC 
EXPERIMENTER'S HANDBOOK 

Special 10th Anniversary Issue! You'll build such 
'aluable units as . . a solid -state CD ignition 
system . . a sequence-operated lock . . a metal 
locator . a 70 watt per channel hi -fi amplifier 

an IC binary counter ... and Tesla's thermo- 
magnetic motor! Each has complete schematics, 
illustrations, parts lists and easy -to- follow instruc- 
tions that guarantee you perfect finished products. 

Spring 1967 ELECTRONNIC 
EXPERIMENTER'S HANDBOOK 

Another big package containing 35 of the most 
challenging, fun -to -build electronics projects ever! 
I ncluding . a transistorized auto-light minder 

a $2 intrusion alarm ... a tape recorder echo 
chamber (for under $10!) . a powerhouse 2 -tube 
SW receiver ... a solid -state scope calibrator .. 
even a super- charged salt shaker! Be sure to order 
this one today! 

1968 STEREO /HI -FI 
DIRECTORY 

A giant 182-page buyer's guide to virtually every 
new audio component on the market today. Over 
1600 products in all! From amplifiers to complete 
hi -fi systems to tape cartridge machines -all the 
latest offerings from 176 manufacturers are fully 
detailed and illustrated for your shop at-home con- 
venience. Also includes valuable 'what to look for 
-how to buy'" advice! 

For Knowledge... For prof lt . r , For Sheer 

Electronics 
FnI ® ene nt i 

ONLY s1.25 EACH 

1968 TAPE RECORDER 
ANNUAL 

Now it's o;asy to be an authority on tape recording. 
This fact -filled volume contains over 130 pages, 
19 complete features, covering every aspect of the 
recording. You get expert tips by the dozens. on 
selecting the right equipment- creative taping - 
editing- eopying -un everything you want and need 
to know. PLLS complete directories of machines 
and accessories! 

1968 COMMUNICATIONS 
HANDBOOK 

Far the ham, short wave listener, CB'er or business 
radio operator ... here's 150 pages of "how to do 
it -how to do it better" information. From choosing 
youi field ... to learning the code ... to gettiag 
your license . . . to selecting your equipment . . 

to setting up your own station . . to winning 
awards! Includes directories of the latest ham 
and CB gear! 

1968 ELECTRONICS INSTALLATION 
& SERVICING HANDBOOK 

Now, get the tricks of the trade for servicing every- 
thing. For TV, AM /FM, CB. PA, transistor radios, 
stereo hi -fi, home intercoms -even automotive 
electronics -you'll find the Ilatest technique advice, 
equipment and parts information and step -by -step 
"how to do it" hints. A. 140 -page "encyclopedia" 
that's a most for every serviceman and serious 
hobbyist! 

GET THE DELUXE 
LEATHERFLEX -BOUND 
EDITIONS FOR JUST 
$3- POSTPAID f 
These valuable an- 
nuals are also avail- 
able in handsome DE- 
LUXE EDITIONS. Each 
volume is bound in 
superb leatherflex -a 
softly textured, gold - 

embossed cover which 
also provides rugged, 
lasting protection. 
They are truly collec- 
tor's items .. , prized 
additions to your elec- 
tronics bookshelf. And 
they're yours, for just 
$3 each postpaid. 
(Please allow three 
additional weeks for 
delivery.) 

May, 1 96 3 

USE THIS COUPON TO ORDER YOUR COPIES TODAY! 
ZIFF -DAVIS SERVICE DIVISION Dept. W 595 Broadway, New York, N.Y. 10012 

Please send me the annuals I've checked below: 

Winter 1968 Electronic Experimenter's Handbook, $1.25 1968 Stereo /Hi -Fi Directory, $1.25 
Deluxe Edition, $3.00 Deluxe Edition, $3.00 

Spring 1967 Electronic Experimenter's Handbook, $1.25 1968 Tape Recorder Anneal, $I.25 
Deluxe Edition. $3.00 C Deluxe Edition, $3.00 

1968 Electronics Installation & Servicing Handbook, $1.25 1968 Communications Handbook, $1.25 
Deluxe Edition, $3.00 Deluxe Edition, $3.00 

In U.S.A., add 15c for shipping and handling for each Regular Edition; Deluxe Editions are postpaid. Outside 
U.S.A., add 50e for each Regular Edition; 75c for each Deluxe Edition. TOTAL ENCLOSED $ 

print name 

address EW58 

city state zip code 

PAYMENT MUST BE ENCLOSED WITH ORDER 
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How to get into 

One of the hottest money -making 
fields in electronics today- 
servicing two -way radios! 

AND 3t.S'NESS BAND 
2 -WAY RADIO 

HE'S FLYING HIGH. Before he got his CIE training and FCC License, Ec Dulaney's only professional skill was as a com- 
mercial pilot engaged in crop dusting. Today he has his own two -way radio company, with seven full-time employees. "I am 
much better off financially, and really enjoy my work," he says. Read here how you can break into this profitable field. 

More than 5 million two -way transmitters have skyrocketed 
the demand for service men and field, system, and R &D engi- 
neers. Topnotch licensed experts can earn $12,000 a year 
or more. You can be your own boss, build your own com- 
pany. And you don't need a college education to break in. 

HOW WOULD YOU LIKE to start col- 
lecting your share of the big 

money being made in electronics today? 
To start earning $5 to $7 an hour... 
$200 to $300 a week... $10,000 to 
$15,000 a year? 

Your best bet today, especially if you 

18 

don't have a college education, is prob- 
ably in the field of two -way radio. 

Two -way radio is booming. Today 
there are more than five million two - 
way transmitters for police cars, fire de- 
partment vehicles, taxis, trucks, boats, 
planes, etc. and Citizen's Band uses- 

and the number is still growing at the rate 
of 80,000 new transmitters per month. 

This wildfire boom presents a solid 
gold opportunity for trained two -way 
radio service experts. Many of them are 
earning $5,000 to $10,000 a year more 
than the average radio -TV repair man. 

Why You'll Earn Top Pay 

One reason is that the United States 
Government doesn't permit anyone to 
service two -way radio systems unless he 
is licensed by the Federal Communica- 
tions Commission. And there simply 
aren't enough licensed electronics ex- 
perts to go around. 

ELECTRONICS WORLD 



Another reason two -way radio men 
earn so much more than radio -TV serv- 
ice men is that they are needed more 
often and more desperately. A home 
radio or television set may need repair 
only once every year or two, and there's 
no real emergency when it does. But a 
two -way radio user must keep those 
transmitters operatin , 

must have their frequency modulation 
and plate power input checked at regu- 
lar intervals by licensed personnel to 
meet FCC requirements. 

This means that the available licensed 
experts can "write their own ticket" 
when it comes to earnings. Some work 
by the hour and usually charge at least 
$5.00 per hour, $7.50 on evenings and 
Sundays, plus travel expenses. A more 
common arrangement is to be paid a 
monthly retainer fee by each customer. 
Although rates vary widely, this fixed 
charge might be $20 a month for the 
base station and $7.50 for each mobile 
station. A survey showed that one man 
can easily maintain at least 100 stations, 
averaging 15 base stations and 85 mo- 
biles. This would add up to at least 
$12,000 a year. 

Be Your Own Boss 

There are other advantages too. You can 
become your own boss -work entirely 
by yourself or gradually build your own 
fully staffed service company. Instead 
of being chained to a workbench, 
machine, or desk all day, you'll move 
around, see lots of action, rub shoulders 
with important police and fire officials 
and business executives who depend on 
two -way radio for their daily operations. 
You may even be tapped for a big job 
working for one of the two -way radio 
manufacturers in field service, factory 
quality control, or laboratory research 
and development. 

How To Get Started 
How do you break into the ranks of the 
big -money earners in two -way radio? 
This is probably the best way: 
1. Without quitting your present job, 

learn enough about electronics fun- 
damentals to pass the Government 
FCC Exam and get your Commer- 
cial FCC License. 

2. Then get a job in a two -way radio 
service shop and "learn the ropes" of 
the business. 

3. As soon as you've earned a reputa- 
tion as an expert, there are several 
ways you can go. You can move out 
and start signing up and servicing 
your own customers. You might be- 
come a franchised service represen- 
tative of a big manufacturer and then 
start getting into two -way radio sales, 
where one sales contract might net 
you $5,000. Or you may even be in- 
vited to move up into a high -prestige 
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THIS COULD BE YOUR "TICKET" TO A GOOD LIVING. You must have a Com- 
mercial FCC License to service two -way radios. Two out of three men who take the FCC 
exam flunk it ... but nine out of ten CIE graduates pass it the first time they try! 

salaried job with one of the major 
manufacturers either in the plant or 
out in the field. 

The first step- mastering the funda- 
mentals of Electronics in your spare time 
and getting your FCC License -can be 
easier than you think. 

Cleveland Institute of Electronics has 
been successfully teaching electronics 
by mail for over thirty years. Right at 
home, in your spare time, you learn 
electronics step by step. Our AUTO -PRO- 
GRAMMEDT`1 lessons and coaching by 
expert instructors make everything clear 
and easy, even for men who thought 
they were "poor learners." You'll learn 
not only the fundamentals that apply to 
all electronics design and servicing, but 
also the specific procedures for install- 
ing, troubleshooting, and maintaining 
two -way mobile equipment. 

Get Your FCC License... 
or Your Money Back! 

By the time you've finished your CIE 
course, you'll be able to pass the FCC 
License Exam with ease. Better than 
nine out of ten CIE -trained men pass 
the FCC Exam the first time they try, 
even though two out of three non -CIE 
men fail. This startling record of achieve- 
ment makes possible the famous CIE 

warranty: you'll pass the FCC Exam 
upon completion of your course or your 
tuition will be refunded in full. 

Ed Dulaney is an outstanding exam- 
ple of the success possible through CIE 
training. Before he studied with CIE, 
Dulaney was a crop duster. Today he 
owns the Dulaney Communications 
Service, with seven people working for 
him repairing and manufacturing two - 
way equipment. Says Dulaney: "I found 
the CIE training thorough and the les- 
sons easy to understand. No question 
about it -the CIE course was the best in- 
vestment I ever made." 

Find out more about how to get ahead 
in all fields of electronics, including two - 
way radio. Mail the bound -in postpaid 
reply card for two FREE books, "How 
To Get A Commercial FCC License" 
and "How To Succeed In Electronics." 
If card has been removed, just send us 
your name and address on a postcard. 

ENROLL UNDER NEW G.I. BILL 
All CIE courses are available under 
the new G.I. Bill. If you served on 
active duty since January 31, 1955, 
OR are in service now, check box 
on reply card for G.L Bill infor- 
mation. 

C S E Cleveland Institute of Electronics 
1776 E. 17th St, Dept. EW -45, Cleveland, Ohio 44114 

A Leader in Electronics Training...Since 1934 Accredited Member National Home 

CIRCLE NO. 119 ON READER SERVICE CARD 

Study Council S I 
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NOW... a 
complete color 
bar generator 
for the pro's. 

Amphenol's NEW Deluxe Color Com- 
mander, Model 865, incorporates ad- 
vanced features for your protection 
against obsolescence ... and to save 
you time! 
Three color patterns: (1) exclusive 
single -bar, (2) exclusive three -bar, (3) 
familiar ten -bar gated rainbow. Plus, 
six line and dot patterns. To top it all 
off -instant pattern stability from 0° to 
+125°F without using old- fashioned 
heaters. True AC /DC operation. 
The simplified controls on the Color 
Commander reduce the time you must 
spend working on the customer's set 
and increase the number of set repairs 
you can complete. That means more 
profit for you! 

Other features that separate the Am- 
phenol Deluxe Color Commander from 
other color alignment equipment: color 
coded control panel. Two preset chan- 
nels. Built -in gun killers with lead pierc- 
ing clips. Laminated gloss -epoxy circuit 
boards. Storage space for leads and 
tools. Automatic shut -off. Luggage -type 
case measures 83/4" wide, 75 /s" high, 
51/2" deep and the whole unit weighs 
only 41/4 pounds. Runs on AC line or 
batteries. 
There's a lot more you'll like about the 
Deluxe Color Commander. Only 
$189.95. Stop at your nearest Am- 
phenol distributor and ask to see it. 
Don't know who your Amphenol distrib- 
utor is? Write Dept EW3 -58 Amphenol 
Distributor Division, 2875 S. 25th 
Avenue, Broadview, III. 60153. We'll 
give you his name. 

CIRCLE NO. 87 ON READER SERVICE CARD 
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X- RADIATION FROM COLOR SETS 

To the Editors: 
Your article entitled "Color -TV in 

the \iarketplace (January, 1968) 
notes that the recommendation of the 
National Council on Radiation Protec- 
tion (NCRP) for television receivers of 
0.5 mR /hr at 5 centimeters from any ac- 
cessible surface is barely above natural 
background radiation. Natural back- 
ground is normally in the range of 0.01 
to 0.02 mR /hr. Thus, the recommenda- 
tion of the NCRP is actually 25 to 50 
times the level of natural background. 

I am also enclosing a copy of the tes- 
timony presented by the Director of the 
National Center for Radiological Health 
before the Senate Commerce Commit- 
tee relative to Senate Bill 2067. The 
testimony documents some of the results 
obtained by our Electronic Products 
Radiation Laboratory on color television 
receivers. 
ROBERT L. ELDER, Sc.D. 
Asst. to the Center Director 
Dept. of Health, Education, and Welfare 
Rockville, Md. 

* * * 

C -D IGNITION SYSTEM 

To the Editors: 
Quite a few of your readers have 

asked about converting the capacitive - 
discharge ignition system described in 
my article in the November, 1967 issue 
of ELECTRONICS WORLD to 6 -volt elec- 
trical systems and to positive -ground 
electrical systems. 

Both of these conversions are sim- 
ple and the performance in either case 
will be equal to the original version. 

The schematic diagram shows a posi- 
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tive- ground system. The negative pulse 
from the distributor is applied to the 
cathode of the SCR (or thyristor) , and 
then the operation of the circuit is the 
same as the original circuit. All compo- 
nent reference designations and values 
are the same as in the original circuit. 
The external wiring diagram will be the 
same as the original, except that the "+" 
sign indicated on the coil should be 
changed to "- ". 

For a 6 -volt system, the appropriate 
circuit diagram for either positive or 
negative ground should be followed, 
but several component values must be 
changed. R2 and R4 are changed from 
250 ohms to 150 ohms, 5 watts; R8 is 
changed from 50 ohms to 25 ohms, 5 
watts; and F1 is changed from 61/4 am- 
peres to 8 amperes. 

I have been unable to locate any rea- 
sonably priced catalogue item trans- 
former that is suitable for the 6 -volt sys- 
tem, so the best solution appears to be 
to remove turns from the 6.3 -volt fila- 
ment transformer specified for the 12- 
volt system. All the filament transform- 
ers I have seen are wound with the 
filament winding on the outside, so it is 
a simple matter to remove turns. The 
transformer I used had 17 turns each 
side of the center tap, and when this 
was reduced to 10 turns, the power 
supply put out about 425 volts with 7 
volts input. Transformers from other 
manufacturers may have a few more or 
less turns, but the turns should be re- 
duced in about the same proportion, or 
10:17. 

After the transformer is modified, it 
should be tested on a.c. as a step -down 
transformer. With 117 volts a.c. on the 
line voltage winding, the low voltage 
winding should put out about 3.7 volts. 
Of course, if the line voltage is slightly 
different from 117, the low voltage 
should still bear the same relation to the 
line voltage as the ratio 3.7:117. 

BILLY F. CAWLFIELD 
Dallas, Texas 

We have had quite a few requests for 
this type of information and we apolo- 
gize for our delay in publishing it. We 
have published a letter from another 
reader that gives somewhat the same 
modifications in our March "Letters" 
column. Author Caul field has been 



waiting to test the circuit shown here 
at extremely low temperatures. He tells 
us that the operation of the circuit shown 
was just as reliable at a temperature of 
40° below zero as at normal room tem- 
perature. 

One of our readers has reported that 
the system's performance could be im- 
proved considerably at high engine 
speeds by adding a point -bounce filter 
in the gate circuit of the SCR. Such a 
filter is installed between C3 and the 
gate electrode of SCR /. It consists of 
a series television video peaking coil 
having an inductance of about 220 pH 
along with two shunt .0005 -11F capaci- 
tors to the low side of R5. Also, resistor 
R7 should be shunted with a 1000 -ohm 
resistor. -Editors 

* * * 

INCENTIVE LICENSING FOR HAMS 
To the Editors: 

The article "New Incentive Regula- 
tions for Hams" in your December issue 
starts off in fairly good shape. How- 
ever, toward the end it tails off rather 
badly and it's ground zero on page 62. 
I can't imagine where the comment re- 
garding Australian hams and "tube -type 
converter or transmitter" could have 
arisen. From personal experience, 
Australian hams use exactly the same 
equipment we do; in addition, there are 
no high -power transistors currently 
available for amateur transmitters. Even 
more to the point, I had a letter of in- 
quiry from Australia asking where 
parts could be obtained for a one -tube 
converter I designed and described in 
one of your previous issues. 

Except for that, it was a good issue 
as usual. 

K. H. SEEKER, Marketing Mgr. 
Semiconductor Div. 
Westinghouse Electric Corp. 
Youngwood, Pa. 

The comment referred to was: "For 
instance, in Australia if any of their 
6000 amateurs attempted to construct a 
tube -type converter or transmitter he 
would have a lot of official (and un- 
official) explaining to do. "- Editors 

* * * 

HOLOGRAPHY MATHEMATICS 
To the Editors: 

In your "Mathematics of Holography 
Process" (March issue, p. 43) the term 
"exp," which stands for exponential 
function, should not have been shown 
as a subscript. This term appears in 
quite a few of the equations, and it 
refers to the following rather than the 
preceding terms. 

EDWARD FOSTER 
Milwaukee, Wisc. 

We knew about the error and made 
the correction, unfortunately, just a little 
too late to catch our entire print run. - 
Editors. 
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SOME SHOP OWNERS DO MORE BUSINESS THAN 

OTHERS BY DOING BASIC THINGS LIKE THESE: 

1 
Reading what's new in 
leading technical mag- 
azines. 

4 Making sure their caddies 
are organized and prop- 
erly stocked. 

2 Keeping their trucks ready 
to roll at a moment's notice. 3 Arranging to have their 

phones answered promptly. 

r Keeping accurate track of J their time on each job. 6 Smiling ... often ... both 
on and off the job. 

DIMILM® BLACK BEAUTY'... 
Ultimate in molded tubulars 

DIMILM® ORANGE DROP'... 
The world's finest 
radial -lead capacitor 

7 INSTALLING SPRAGUE DIFILM® CAPACITORS 

These two great Sprague capacitors are expressly made for men 
who are in the TV service business to do business ... as it should 
be done. Both feature the ultimate in tubular capacitor construction 
to keep you out of call -back trouble: 
s Dual dielectric ... combine best properties of both polyester film 

and special capacitor tissue. 

s Impregnated with HCX® to provide rock -hard capacitor section. 
s Because impregnant is solid, there's no oil to leak, no wax to drip. 

Designed for 105 °C (220 °F) operation without voltage derating. 

DIFILM's ORANGE DROPS 

Dipped Tubular Capacitors 

A "must" for applications where 

only radial -lead capacitors will fit. 

Perfect replacements for dipped 

capacitors used in most leading 

TV sets. No other dipped tubular 

capacitors can match them. Dou- 

ble- dipped in rugged epoxy resin 

for positive protection against ex- 

treme heat and humidity. 

For complete listings, ask your Sprague distributor 
for Catalog C -617, or write to Sprague Products 
Company, 51 Marshall Street, North Adams, 
Massa chusetts 01247. 

DIFILM® BLACK BEAUTY® 

Molded Tubular Capacitors 

World's most humidity- resistant 

molded capacitors. Feature tough, 

protective outer case of non -flam- 

mable molded phenolic ... which 

cannot be damaged in handling 

or installation. Will withstand the 

hottest temperatures of any radio 

or TV set ... even in the hottest, 

most humid climates. 

DON'T FORGET TO ASK YOUR CUSTOMERS 

"WHAT ELSE NEEDS FIXING ?" 
63 7116 
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AZIVC'CI 
are "signal customized "` "" 

s 

for better color reception . , . 

"the ANTENNA that captures the RAINBOW" 
FINCO has developed the Color Spectrum Series of antennas - "Signal 
Customized" - to exactly fit the requirements of any given area. 

There is a model scientfically designed and engineered for your area. 

Check this chart for the FINCO "Signal Customized" Antenna best suited for your area. 

STRENGTH OF 
UHF SIGNAL 

AT RECEIVING 
ANTENNA 
_OCATION 

W 

NO UHF 

))))) > 

Strength of VHF Signal at Receivirg Antenna L3caticn 

NJ VHF 

W 

VHF SIGNAL 

STRONG 

W 

VHF SIGNAL 
MODERATE 

W 

VHF SIGNAL 
WEAK 

VHF SIGNA_ 
VERY WEAK 

'V 

CS-V3 
$10.95 

CS-V5 CS-V7 
$17.50 $24.95 

GS-V10 
$35.95 

CS-V15 CS-Y18 
$48.50 $56.50 

UHF SIGNAL 
STRONG 

UHF SIGNAL 
WEAK 

))))) > 

UHF SIGNAL 
VERY WEAK 

))>a 

<a 
4- 

FINCA 

CS-U3 
$21.95 

CS-A2 
$22.95 

CS-B1 
$29.95 

lews"-* 

CS-B3 
$49.95 

Ureto*** 

CS-A3 CS-B3 

$30.95 $49.95 

CS-C1 

S 43.95 

CS-C3 
$59.95 

CS-C3 
$59.95 

CS-C1 

$43.95 

CS-D3 
$39.95 

CS-03 
$69.95 

NOTE: In addition to the regular 300 ohm models (above), each model is aua'lable n a 75 ohm coati I cable downlead 
where this type of installation is preferable. These models, designated " XCS ", each ccme conplete with a compa:t 
behind -the -set 75 ohm to 300 ohm ba'un- splitter to match the antenna system to the proyer set terminals. 

THE FINNEY COMPANY 
34 West Interstate Street Dept. 410 Bedford, Ohio 44146 
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COLOR GENERATO 

Reach the 

Solid State 
By FOREST H. BELT 

Contributing Editor 

Improved stability, more reliability, longer life, cooler operation, light 
weight, and portability are the direct result of using transistors and IC's 
in a new generation of color -bar generators. Here is a complete directory 
of what's available, along with how the various units operate and compare. 

TRANSISTORS are supplanting tubes in most home - 
electronics test equipment. Improved manufacturing 
control has eliminated much of the nonuniformity 

among transistors of identical types, making it possible to 
build predictable circuit designs; formerly a working proto- 
type didn't necessarily mean that the production model 
would perform consistently. New types of transistors, too 
-notably MOSFET and unijunction types -have opened 
other avenues of approach to some of the design problems 
inherent in solid -state test equipment. 

Perhaps the one instrument which has benefited the most 
from this trend to transistorization is the color -bar generator. 
A unit that the service technician can carry into the home 
for convergence adjustments is the one that pays for itself the 
soonest. The size and weight advantages of solid -state de- 
sign are part of the answer. 

Early transistor color -bar generators suffered from instabil- 
ity. It was difficult to keep the patterns steady on the screen 
of a color receiver. There are models still around that have 
this problem. The counting (divider) circuits keep jumping 
off -frequency- down -counting by some unwanted factor in- 
stead of by the intended one. Some designers include con- 
trols to allow the operator to reset the counter's dividing 
frequencies -occasionally on the front panel with a knob, but 
usually at the rear or side as a screwdriver adjustment. 

Changes in the temperature around the transistors is the 
chief factor contributing to this instability, and therefore 
some designers have tried to control that environment. Oth- 
er solutions for unsteady patterns include temperature-corn - 
pensation in the circuits themselves. And there is the idea of 
designing a circuit so stable that parameter changes in the 
transistors can't cause a frequency shift in the divider. 

All these approaches are used in recent solid -state color - 
bar generators ( see the above photo) . As a result, most mod- 
em color -bar generators can put a stable pattern on the 
screen within a reasonable (15- minute) warmup, even from 
a below -freezing start. That's important to the home -call 
service technician. 

Knowing how an instrument works often helps in under- 
standing where and how to use it. The major applications 
May, 1968 

are, of course, obvious, but the finer techniques that distin- 
guish the expert from the mechanic are often the result of 
familiarity with the instrument. So, first, take a brief look 
inside a typical color -bar generator. 

What's In Them 
The principal use of a color -bar generator in the home has 

little to do with color reception, oddly enough. Its video pat- 
terns are used for convergence. They are: thin vertical 
lines, thin horizontal lines, crosshatch containing both, and 
dots (formed at the intersections of the crosshatch and dis- 
played without the lines) . Some generators add special video 
displays. 

The color bars themselves are seldom used outside the 
service shop. There, they make a good tool for analyzing 
operation and adjustment of the chroma section in color re- 
ceivers. Teamed up with an oscilloscope, the color generator 
is the focal instrument for troubleshooting color stages in 
a set. 

Fig. 1 illustrates how the various patterns are typically 
produced. The video patterns and the sync pulses are ini- 
tiated by a 189 -kHz crystal oscillator. The pulses are inte- 
grated in a shaper to form the vertical lines. At the 15,750 - 
Hz horizontal sweep rate of a TV set, the 189 -kHz signal 
produces 12 video "pips" on each raster line. In the full 
raster the pips form 12 thin white lines that run from top to 
bottom (vertical) . 

The 189 -kHz signal also triggers a multivibrator that op- 
erates as a frequency divider, firing only on every sixth 
pulse. The output is 31.5 kHz which, in turn, triggers two 
other counting multivibrators -a 5- divider and a 2- divider. 
The 2- divider output is at 15,750 Hz and this is shaped 
into horizontal sync pulses. 

The divider output is fed to a 7- divider, which down - 
counts the 6300 -Hz signal to 900 Hz. Properly shaped, the 
900 -Hz pulses can make a pulse of video 15 times during 
each raster scan from top to bottom (each field). If the 
pulses are wide enough -about 64 ps -each one occupies one 
full line of each raster field. The gate circuit forces each 
video line to begin exactly at the left of the raster. The re 
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Fig. 1 . Basic operating blocks of most color -bar generators. 
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Fig. 2. Single -bar NTSC display is generated by this method. 

suit is 15 horizontal bright lines that appear on a darker field. 
The pattern switch mixes the vertical and horizontal video 

lines to display a crosshatch. For dots, a diode clipper 
chops out the lines in a crosshatch, leaving only the inter- 
sections showing. 

In the divider chain, a 15- counter divides the 900 -Hz sig- 
nal to 60 Hz, which is made into vertical sync. Sometimes 
two dividers are used, to reduce the span of the down -count. 
A combination shaper -mixer stage puts the composite sync 
signal together. 

The rainbow pattern most color -bar generators produce is 
originated by the offset -subcarrier method. A 3.563795 -MHz 
crystal (called 3.56 for short) generates the signal. When 
it is mixed with the 3.579545 -MHz (3.58) signal generated 
in a color receiver, the result is a continuous 360- degree 
phase shift that extends exactly across each horizontal line 
because the two signals are just 15,750 Hz apart. The effect 
on the color demodulators in the receiver is to produce a 
color -hue change from one end of each line to the other. 
Looking at the raster as a whole, a viewer sees the full 
"rainbow" that goes from a reddish -yellow at the left to 
green at the right, ranging through gradual shades of red 
and blue on the way. 

All rainbow displays nowdays are keyed, or gated, so the 
technician can see accurately at what point along the raster 
lines each color is situated. The photo on the cover shows a 
TV receiver with a normal keyed- rainbow pattern. The black 
bars are formed by interrupting the colored rainbow dis- 
play every few microseconds along each raster line, and driv- 
ing the raster dark for the same number of microseconds. 
The result: alternating bars of color and black, with each 

successive bar from left to right bearing the rainbow color 
that would be in the space on the screen even if the color 
signal weren't keyed. 

In Fig. 1, the keying is accomplished in a simple way. The 
color keyer uses sharpened signals from the vertical -lines 
shaper to block the offset subcarrier (3.56 MHz) signal. 
Time constants in the keyer stage are such that the signal 
is allowed through again after about 2.5 µs. Just 2.5 more 
microseconds later, the next pulse comes along and cuts the 
color off again for another 2.5. The alternating bars of 
black and color are the result, each bar being about 2.5 µs 
wide along the lines of the raster. 

All the patterns, or the elements to form them, are fed 
to the pattern switch. It selects the signal(s) to form the de- 
sired pattern. Whatever is selected goes to a video amplifier, 
where it is mixed with the sync signal. A few generators 
make the composite video or color -bar signal available di- 
rectly from this point. The composite signal is also fed to a 
modulator where it is mixed with an r.f. signal at some TV- 
channel picture -carrier frequency. A few generators also 
have the sync signal brought out to a separate jack where it 
is available independently for testing in color sets with sep- 
arate video and sync detectprs. 

The other type of solid -state chroma generator (another 
name for the color -bar generator) is called a single -bar 
NTSC type. Its video- pattern functions are the same as in 
the keyed- rainbow just described, but the manner of gener- 
ating the color -bar signal is different. In fact, the display 
itself is different. 

Fig. 2 is a block diagram of just the color -bar section of a 
single -bar NTSC generator. The signal produced is more like 
a station signal than the keyed -rainbow signal is, in that it 
contains a color -sync burst on the horizontal -sync pedestal 
and the color is generated by phase- shifting a 3.579545 - 
MHz signal. It also contains the proper amount of bright- 
ness- component signal. A crystal oscillator furnishes the sig- 
nal which is fed to a delay line. Taps on the delay line 
permit the selection of whatever phase of signal is desired; 
that phase determines the color produced when the signal 
is demodulated in a color receiver. 

To put the color signal into the form of a bar, a gating 
stage is used. S'ecially shaped pulses from the 15,750 -Hz 
source are fed to the chroma gate stage, which blocks the 
color signal for the first few microseconds of each line, 
leaving the left side of the screen black. Then the gate 
stage allows the color signal through to the color -bar am- 
plifier for about 40 /Ls; on the color -TV screen, color is vis- 
ible. The gate then blocks color again, and the right side of 
the screen is dark. The screen pattern can be seen in Fig. 3. 
The bar in the center is in color. 

Meanwhile, the color -sync burst signal is developed in a 
switching stage. The 3.58 -MHz signal is turned on for a few 
cycles just at a time to coincide with the back porch (pedes- 
tal) of each horizontal sync pulse. (That is where the burst 
rides in a TV- station color signal, too.) Beyond the color -bar 
amplifier, mixing and distributing the color signal is car- 
ried out as in a keyed- rainbow unit. 

So What's New? 

Well, several things, and most of them are designed to op- 
timize stability. A few specifics illustrate the continuing con- 
cern with this particular bugaboo. 

For one thing, as was mentioned earlier, transistors are 
improved. The earliest solid -state designs used cross -coupled 
and emitter -coupled two -transistor multivibrators for count- 
ing. With any small temperature change, one transistor 
would shift characteristics in a manner different than the 
other. Some of these instruments were slow to warm up to 
stability and then a slight breeze from an open window 
might throw them off again. 

More recently, the newly developed unijunction transistor 
was incorporated by some designers. Their very nature 
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Table 1. Listing of solid -state and tube -type color -bar generators along with some of their characteristics. 

made these semiconductor devices ideally suited to down - 
counting, because slight changes in bids controlled the trig- 
gering closely. But that very sensitivity was found to be a 
detriment -the trigger point shifted around with tempera- 
ture. A number of models used them and still do, but only 
carefully engineered circuits offer enough stability to be 
satisfactory. 

Most of the instruments introduced in the past year have 
gone back to the twin-transistor multivibrator. A production 
engineer can now buy a batch of transistors, demanding cer- 
tain specifications of the supplier, and get units that have 
reasonably uniform characteristics. Hand -picked matching 
of multivibrator pairs is no longer necessary for acceptable 
stability. 

And yet, in some parts of the country, the instruments 
are still subjected to extremes of heat and cold. In a Mid- 
western and Northern winter, for example, a generator 
hauled around in a service truck gets pretty cold. That 
makes warm -up time lengthy -if not impossible, for home 
service calls. To overcome that kind of trouble, the tempera- 
ture inside the case of one model is thermostatically con- 
trolled; a heating element assures a constant ambient 
temperature for the counters, a quick warm -up time from 
any likely degree of cold, and steady patterns after warm up. 

Temperature -compensating components are sometimes in- 
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eluded in the counter circuits themselves. Another way is to 
design each divider stage so it isn't very temperature- sensi- 
tive in the fist place -not always an easy thing to do. 

In certain battery- operated color -bar generators, a zener 
diode on the d.c. supply line to the counters keeps battery 

Fig. 3. Wide center bar is color, chosen by generator switch. 
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Fig. 5. Unijunction transistor as color -generator down -counter. 

freshness from becoming a factor in pattern stability. In 
a.c.- operated models, regulation is equally important if the 
counter circuits are at all sensitive to voltage. In one new 
color generator, a mercury battery is used for power. Its 
constant -voltage discharge characteristic is considered ade- 
quate regulation for the counter circuits, which are them- 
selves carefully stabilized. 

Battery operation is not new, and several of the new 
generators include it. This freedom from the power cord is 
one of the more popular features for the home -call color -TV 
technician. Some recent instruments have both an a.c. power 
supply and battery provision. 

Recent Solid -State Color Generators 
The accompanying chart (Table 1) lists most of the avail- 

able models of color -bar generators, and presents their most 
important features in condensed form. It includes a few tube - 
type models for reference, but the trend is to solid state. 
The following elaborations on features, therefore, relate only 
to transistorized instruments. They represent manufacturers 
who have given us data on their most recent models as of 
press time. 
Amphenol- Newest version from this manufacturer is the 
Model 865 "Color Commander." A keyed- rainbow type, it 
has two special color -bar displays, not available -to our 
knowledge -on any other instrument. One is a three -bar col- 
or display for adjusting demodulators; it has R -Y (90 °), 
B -Y (180 °) , and inverse R -Y (270 °) bars, in that order. 
The other display is a single color bar, but its hue can be 
adjusted by a front -panel knob to any color phase from 
30° to 300 °. This model also generates two special video - 
pattern displays: One is a single dot that is movable to any 
spot on the color -TV screen -the center for static conver- 
gence or any other location for checking dynamic conver- 
gence. The other is a two -line crosshair pattern, both lines 
of which are movable and can be made to cross at any point 
on the screen; the object is also to improve convergence 
checking. The Model 865 is one of the units that operates 
from both a.c. and batteries. 

Internally, the Model 865 isn't as simple as the "typical" 
unit of Fig. 1. For example, the crosshatch pattern is gen- 
erated by special mixing stages, and dots are produced by 
altering certain connections inside those stages to accen- 
tuate intersections while blanking the rest of the crosshatch 
lines. Extra circuitry is required, too, for special color -bar 
patterns and for movable dots and lines. 

The counters are different from those in most, too. Fig. 

4 shows the difference. A 315 -kHz crystal oscillator is used 
instead of 189 -kHz. The counting sequence is therefore 
different. The most practical reason for so many stages of 
counting is greater stability -there is less tendency for a di- 
vider to skip a count when it is dividing by some low factor 
(3 to 7) instead of a higher one (15, for example, as in Fig. 
1) . Also, starting from 315 kHz, one of the intermediate 
rates is 15,750, which makes it unnecessary to have a sepa- 
rate counter for horizontal sync and timing pulses. To de- 
velop horizontal lines, however, an extra stage is needed for 
adder -type mixing to create the required 900 -Hz pulses. 
Another adder creates vertical sync. 
B &K -The Model 1242 is another keyed -rainbow unit. This 
one uses unijunction transistors -four of them. Unijunction 
transistors are stable in the right configuration, and certain- 
ly contribute to instrument simplicity. A unijunction and 
a few resistors do the job that, in multivibrator stages, 
takes two transistors and over a dozen resistors and capaci- 
tors. Fig. 5 shows the circuit of a unijunction counter. Ac- 
tually, as used in the 1242, this one is a controlled oscilla- 
tor, triggered by every 14th pulse of its input. The natural 
frequency of the stage is determined mainly by the time 
constant of the variable resistor in the emitter lead, working 
with the 3600 -pF mica capacitor. The diode is part of a 
circuit that aids stability with high down -count factors; the 
one shown in Fig. 5 is shaping the output pulses for the 
stage that follows. 

Two of these locked unijunction oscillators are controlled 
directly from the 189 -kHz crystal circuit. One works at 
15,750 -Hz, and the other at 13,500 Hz. From the latter, a 
900 -Hz unijunction oscillator is triggered on every 15th 
pulse. That signal, besides making the horizontal video lines, 
locks a 60 -Hz unijunction stage for vertical sync. 

The a.c. -only power supply is transistor -regulated, with a 
zener diode for reference. The unijunction circuits are volt- 
age- sensitive, and regulation is necessary. The use of a preci- 
sion mica capacitor in the emitter time- constant circuit 
(Fig. 5) is deliberate, an attempt to avoid any significant 
temperature -inflicted time- constant changes that would af- 
fect pattern stability. Other features and patterns of the 
1242 are standard. 
Conar -The Model 680 is the first color generator we know 
of that uses integrated circuits. Sixteen Type 914 digital 
IC's are used in the counting circuits. Besides the usual dis- 
plays, single -dot and single -crosshair patterns are provided, 
but they are stationary. A single vertical line and a single 
horizontal line are included. The color display is keyed - 
rainbow. The station- channel oscillator is crystal -controlled 
and comes with either channel 2 or channel 3 -but not both. 
Most other generators have a coil that can be tuned be- 
tween either of two or more channels, but their frequency 
is not so closely controlled as with a crystal. For power, 
the instrument can operate from either a.c. or four size -D 
(regular) flashlight batteries. The a.c. power supply is regu- 
lated by a series transistor, referenced to a zener diode. 
Eico -The Model 380, an all- transistor unit introduced 
about 2 years ago, is the only solid -state generator in our 
table producing an NTSC -type display. It generates a single 
wide bar of color on the color -set screen and a switch on the 
instrument lets the technician choose any one of 10 phases 
of chroma signal for that bar. Some of the ten are NTSC 
"colors ", but others are signal phase references, like R -Y, 
B -Y, I, Q, and so forth. An eleventh position of the switch 
produces a bar of white (Y or luminance signal only), 
which is fine for rough checks of the gray scale or purity. 

Two features of the 380 are its variable line- and dot -size 
controls and its pattern-sync controls. The first is a dual con- 
trol; one knob affects thickness of vertical lines in the video 
patterns and its concentric knob affects the thickness of hori- 
zontal lines. By their effect on lines, the two controls also 
change the size of dots. The second feature is also a dual - 
knob control, one of which adjusts the vertical sync of the 
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instrument and the other the horizontal sync. The two can 
make up for any normal instability that occurs in the counters 
during warmup. 

Unijunction transistors are included in this model, as in 
others introduced during that period. Eico has a new model, 
the 385, but we were unable to get data in time for this 
article. It is solid- state, and we have heard it will sell 
for about $100. The new Model 385 will be available in kit 
form at a lower price, whereas the Model 380 is available 
only in a factory -wired version. 
Heath -The present Heathkit model is a tube instrument, in- 
troduced several years ago. A new unit, expected to bow later 
this year, will be solid- state. We have been unable to get a 
model number or details of its design. 
Hickok -The Model GC660 is a keyed -rainbow generator, in- 
troduced some months ago; it has unijunction transistors in 
the counting circuits. One trick used to improve stability 
is more counting stages, with none of them dividing by a 
very large factor. The initial timer is a crystal- controlled 
378 -kHz oscillator. The first stage is a cross- coupled multi - 
vibrator-a down -counter by a factor of 2; the output is 189 
kHz. That is followed by a series of unijunction dividers: 
by a 6 factor, to 31.5 kHz; by a 5 factor, to 6300 Hz; by a 
5 factor to 1260 Hz; by a 3 factor to 420 Hz; and by a 7 
factor to 60 Hz. From the 31.5 -kHz counter, a 2- factor 
divider creates the 15,750 -Hz horizontal sync and timing 
pulses. Vertical lines are formed from the 378 -kHz pulses, 
shaped of course; that high frequency is why there are 18 
lines, so many more than usual. Instead of the 900 -Hz hori- 
zontal -line signal of most generators, a 1260 -Hz signal is 
used in the Model GC660; the result: 18 horizontal lines 
instead of the usual 13 or 15. The Model GC660 is a.c. 
powered only, and regulation is employed. 
Knight- Kit -Another keyed -rainbow generator, the Model 
KG -685 color -bar generator uses unijunction transistors for 
counting. A unique feature of this instrument is the stairstep 
signal that produces various shades of gray for gray -scale 
tracking tests. Fig. 6A shows a set with this pattern on its 
screen. A stairstep signal is generated just following the 189 - 
kHz oscillator, using a transistor and a pair of diodes. Its 
video waveform is shown in Fig. 6B, so you can see how 
the rising steps of voltage drive the color CRT to successively 
lighter bars, then start again at black and go through an- 
other set of steps. The other video patterns are approxi- 
mately standard, as is the color -bar display. 

The a.c. power supply is transistor -regulated, with a zener 
diode reference. In conjunction with the color -gun killer, 
pin jacks are brought out to the front panel of the KG -685. 
As long as the color -CRT guns are not cut off by any of the 
switches, a scope or v.t.v.m. can be connected to any of the 
test jacks and the gun -killer leads make test connections 
without going to the rear of the receiver. 
Leader -A relative newcomer to the field, the imported 
LCG -387 incorporates a number of unorthodox approaches 
to accomplishing the functions of a color -bar generator. 
Although familiar cross -coupled multivibrators are used pre- 
dominantly for timing and down -counting, diode logic cir- 
cuits are the heart of the LCG -387's system of combining 
(synthesizing) the several signals into the patterns selected 
by the front -panel switch. Repetitive modular construction 
is used in the counter and logic circuits; many of them are 
alike. 

The a.c. power supply is regulated by two transistors, ref- 
erenced to a zener diode. Considering that the entire unit 
contains 50 transistors and 78 diodes, the LCG -387 is a study 
in miniaturization. Its bulk is less than any other color -bar 
instrument -less than 90 cubic inches and barely over three 
pounds. 

No separate vertical or horizontal lines are developed, 
only crosshatch and crosshair patterns. There is a multiple 
dot pattern. The color -bar display is the standard keyed rain- 
bow. 
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Fig. 6. (A) Stairstep pattern is for checking gray -scale tracking. 
(B) Waveform shows two "stairs" between each horizontal pulse. 

Lectrotech -Introduced about two years ago, the V6 -B is 
an a.c.- powered keyed- rainbow generator, using unijunction 
transistors for all the divider circuits except the first -the one 
that steps the frequency down from 189 kHz to 31.5 kHz. 
For it, a cross- coupled multivibrator is used. The patterns 
generated by the V6 -B, both video and color, are standard. 
A distinctive feature is a panel control for adjusting the thick- 
ness of the horizontal lines displayed, making them as little 
.as one or as much as four raster -lines thick. There is also a 
special control, recessed at the rear of the instrument, to con- 
trol the relative brightness of the horizontal and vertical 
lines; it is adjusted with a screwdriver to bring them to ap- 
proximately equal intensity in any display. 
RCA -After many years with the pioneering WR -64 series 
of keyed- rainbow generators, RCA has brought out a new 
one; the Model WR -502A "Chro- Bar." This one is solid -state, 
keyed- rainbow, and operates without power line, from a 
single 4.2 -volt mercury battery. 

Multivibrators are used for all counting. Of the 20 transis- 
tors used throughout the unit, 17 are of the same type - 
RCA 40232 (SK 3020) . The other three are 40238's. 

The method of generating video signals is similar to that 
shown in Fig. 1, but there are important differences. The 
main timing oscillator is crystal -controlled at 189.645 kHz. 
The first down -count factor is 4, and the multivibrator out- 
put is 47.411 kHz. The next is 3, and yields the horizon- 
tal sync frequency, which in this unit is 15,802.7 Hz. 
( Scanning with the 4VR -502A is by a 264 -line system in- 
stead of the common 525 -line interlaced system.) A 5 -count 
multivibrator generates a 3951 -Hz signal, which is fur- 
ther divided by 6 to reach 659 Hz -which signal is used to 
generate eleven horizontal video lines. Of course, the 
vertical video lines are formed from the main 189.645 -kHz 
timing signal. The 659 -kHz signal is down- counted-to 59.9 
Hz for vertical sync. 

The odd horizontal sweep rate necessitates a slightly dif- 
ferent- than -usual frequency for the offset subcarrier. The 
subcarrier must differ from the 3.579545 -MHz receiver ref- 
erence by the horizontal -line frequency, which in this case 
is 15,802.7 Hz. The subcarrier crystal in the WR -502A is 
therefore cut to 3.563742 MHz instead of the usual 3.563795 
MHz. (Continued on page 64) 
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RECENT 

DEVELOPMENTS 

IN ELECTRONICS 

Electro- Optical Helmet Gun Sight. (Top left) This helicopter 
pilot is able to aim his weapon by merely moving his head 
and looking at his target. His hands are left completely free 
to carry out vital flying tasks. The system knows where the 
pilot is looking by tracking photodetectors mounted atop his 
helmet with invisible light beams that are aligned with the heli- 
copter's reference system. The photodiodes are set parallel 
with the eyepiece axis. Information on the helmet's position is 
fed into a digital computation device that calculates the firing 
angles to a target and then commands the selected weapons 
to be swung in the proper direction. After spotting his target, 
all the pilot need do is press the trigger on his control stick 
and the guns swivel to his line of sight so he can fire. The 
system grew out of a four -year study and development pro- 
gram by Honeywell. First units of the system are already in pro- 
duction for use in the U.S. Army's new Cheyenne helicopter. 

Field -Ion Electron Microscope Views Single Atom. (Center) A 
powerful new microscope that can focus on a single atom and 
then identify it produced this picture of a tungsten atom 
(shown by arrow). The lensless electron microscope is a major 
refinement of the field -ion microscope invented in 1956. Al- 
though the older microscope magnified metal atoms from two 
to five million times so that their image could be seen on a 

fluorescent screen as a cluster of luminous dots, it did not re- 
veal their chemical identity. With the new instrument, the 
image of a single atom can be moved to a tiny "probe hole" in 
the viewing screen. The atom is then evaporated from the 
whisker -like tip of the sample in the form of an ion which then 
travels through :he hole into a "time -of- flight spectrometer ". 
By recording the time it takes for the ion to drift through the 
yard -long spectrometer, it can be identified by its mass. In con- 
trast to this, the most powerful electron microprobe now in use 
needs at least 100,000 atoms in order to make an analysis. 
The new atom -probe field -ion microscope, as well as the origi- 
nal such instrument, was developed by Professor Erwin Mueller, 
along with his associates at The Pennsylvania State University. 

Satellite -Relayed Voice Communications for Aircraft. (Left) 
The cross- polarized yagi antenna shown was used recently at 
the ground terminal in a test that demonstrated the feasibility 
of satellite -relayed communications for helicopters. The sat- 
ellite relay used was the NASA ATS -1. An Air Force helicopter 
with v.h.f. FM radio equipment participated in the test. 
Communications were established between the aircraft and a 

NASA ground station located near Rosman, North Carolina (a 
distance of 600 global miles), and another NASA ground sta- 
tion located near Toowoomba, Australia (a distance of 8400 
global miles). Advances in communication satellite technology, 
especially in the use of operating frequencies in the v.h.f. and 
u.h.f. bands, permit use of relatively simple radio equipment. 
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Large- Screen Air -Traffic Display. (Right) Two 9 by 12 ft dis- 
plays show all the visual information used by controllers in 

handling air traffic in and out of the three major and sixteen 
satellite airports around New York City. The screens show 
composite information combining radar, computer alpha -nu- 

merics, and video mapping patterns. Four special high- resolu- 
tion Eidophor TV projectors operating at 945 scanning lines 
are employed. Projectors are located behind the two screens. 
The display has been installed at the J. F. Kennedy Interna- 
tional Airport in New York City by TNT Communications Inc. 

Computers for the Classroom. (Center) Students at three 
Santa Barbara (Calif.) district high schools are using a central- 
ly located computer, linked by telephone lines, to solve alge- 
bra and physics problems. Not only does this save time and 

avoid tedious problem -solving, but, more important, it demon- 
strates computer applications to the students. More than 50 
physics and 70 algebra computer programs were developed by 

the high school teachers for :he project. To obtain access to 
the computer, a student dials the telephone number serving 
it. Then, the teletypewriter in the classroom is linked to the 
computer so that the student can enter his data. The equip- 
ment was installed by General Telephone Co. of California. 

Ultrasonic Plywood Blister Detector. (Below right) The twelve 
rubber -tired wheels rolling over the surface of the sheet of 
plywood shown contain ultrasonic transducers. When these 
transducers and the associated electronic equipment at the 
right locate a blister (where there is no glue or no wood), 
one of the twelve nozzles next to the wheels sprays the defec- 
tive area with red paint. The system, developed by Automation 
Industries, is the first application of ultrasonic inspection tech- 
niques to the woodworking industry. The system operates at 
about 480 lineal feet per minute and can handle sheets rang- 
ing from 3/8 to 11/4-in thick. Blisters as small as 2 inches in 

diameter can be accurately located by the ultrasonic technique. 

ETV Teamed Up with Computer. (Below left) Some 70 Roman 
Catholic teachers in Brooklyn and Queens, N. Y. are staying 
after school to take an educational television course with the 
help of a computer and a speaker- equipped push -button tele- 
phone. After watching a lecture on the TV set in her classroom, 
the teacher places a call to an IBM computer located 50 miles 
away to request further information. The computer then sends 
back a pre- recorded voice -message in response to each query 
by the teacher. It also selects a related still picture stored in 

a slide projector at the Diocese's ETV studios in Brooklyn. The 
picture is then transmitted by the educational television sta- 
tion and it then appears on the TV set at the same time. 
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By L. GEORGE LAWRENCE 

Tactile systems may provide an answer to 
some space -age communications problems. 
Research into the theory has been stepped 
up by both military and industrial groups. 

IN a tumbling spacecraft, an astronaut may have to per - 
form a hundred tasks before he brings his capsule under 
control -all the while attempting to maintain communi- 

cations with Flight Control. Deep sea divers who have been 
given helium- oxygen mixtures produce unintelligible words 
that sound like ducks quacking. In both cases, a communi- 
cations system that didn't depend on the spoken word or 
visual recognition would be a help. 

Recently, military and space scientists have accelerated 
research into the utilization of the skin as a tactile communi- 
cations receiver or as an interface between men and ma- 
chines. Studies have shown that the skin of a normal adult 
contains some 1.2 million pain, 700,000 pressure, 250,000 
cold -spot, and 30,000 hot -spot receptors. Of these, the 
pressure receptors are the most useful for tactile communi- 
cations purposes. The hot and cold receptors are "out" be- 
cause rapid temperature cycling equipment is not available; 
and obviously, the use of the pain receptors borders on 
barbarism. 

The most developed of tactile communications systems is 
still very primitive. Scientists have much to learn about the 
human nervous system. Whether a sensation is "hot" or 
"cold" or whether it is "pressure" or "pain ", is determined 
deep within the nervous system and it requires great con- 
centration on the part of the subject to differentiate them. 

Tactile Stimulators 
The tactual sense can be stimulated in various ways but 

most of the practical methods require mechanical aids and 
electrical forces. Of the mechanical skin stimulators, vi- 
brating solenoid plungers and airjets create the most useful 
sensations. However, they have an audible output which can 
distract the user from his other duties and, thus, have a dis- 
advantage. 

Tactual sensitivities at various points of the body are 
shown in Fig. 1. The tongue and tips of the fingers are 
the most sensitive to tactual stimuli. In these areas, the re- 
ceptors are closely spaced. 

The data of Fig. 1 was obtained with a touch compass, 
or "Tasterzirkel", developed by E.H. Weber in Germany 
about 1834. The device, which resembles a compass with 
sharp points, is placed atop the skin and, by noting the 
spread of its two legs, it is possible to determine the prox- 
imity of those receptor points which discriminate between 
two distinct impressions. A bent piece of wire will serve the 
same purpose. Pressing its two ends against the upper leg 
makes the sensation of both impressions seem like one; 
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Fig. 1. Tactual sensitivities, expressed in millimeters of 
displacement, about various points on the human body. 

whereas two similar impressions on the tongue can readily 
be sensed as two distinctly different points of touch. 

However, since both the tongue and tips of the fingers 
are "out" as far as the attachment of mechanical appendages 
is concerned, it is necessary to use a more convenient, though 
less sensitive, part of the human body. 

Fig. 2 shows the attachment of a solenoid -type driver to 
the arm. The device consists of a vibrating plunger and bias 
magnet which is activated by pulses from a simple relaxa- 
tion oscillator. This scheme represents a one -point -only 
stimulation mode. A Morse code can be transmitted -but 
little else. However, its basic simplicity makes it ideal for 
emergency applications. 

A fairly complete set of data, especially letters of the 
alphabet, can be transmitted via chest -mounted matrices 
which contain a large array of identical stimulators. The 
signaling matrix can be computer or manually controlled to 
spell out the letter facsimiles. Fig. 3 shows matrices for 
96 -bit frames and illustrates the letters L, V, and A. With 
this technique, a trained subject can recognize approximate- 
ly 15 characters per second. 

Airjet devices have also been used to transmit tactual sig- 
nals. In Fig. 4, compressed air is fed into computer- steered 
solenoid- activated valves. In both systems it is possible to 
improve the skin's critical threshold sensitivities by stimu- 
lating an adjacent region at the same time. 

Tactile Dimensions 
The precise area of skin -felt sensations is difficult to in- 

vestigate and data cannot be derived directly by extrapolat- 
ing values obtained through the application of Weber's 
touch compass or esthesiometer. 

Mechanical vibrations, unlike static pressures applied to 
the skin, do not stay "within bounds" and, unless the vi- 
brators are suitably spaced, two or more vibratory inducers 
acting simultaneously will feel like one. Although a split - 
second time difference is all that's needed to restore the 
sensation of two local impressions, the electronic equipment 
needed to accomplish the time delay can be extensive. 

Compared to sinusoidal input vibrations (Fig. 5A) , clicks 
or pulses affect a smaller skin area. But because there are 
as many skin types as there are types of faces, a combination 

Fig. 4. Signal patterns from steered body matrix atop skin 
are produced by airjets with electrically activated valves.' 
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of Figs. 5A and 5B would be most desirable for the un- 
trained subject. 

In the fingers, the biological system's internal noise level 
may be so high that it masks any and all sensations applied 
to it by an artificial skin inducer. 

However, since fingers are easily accessible, scientists are 
trying to train these appendages to do essentially what the 
ear's tympanic membrane does -to distinguish sound pat- 
terns and pitch. In one experiment where human speech was 
amplified and applied to the fingers, the subject, with 30 
hours' practice, was able to recognize one out of every two 
words. 

Since tactile stimulators generate considerable mechanical 
force, care must be taken to keep the intensity of the stimu- 
lus within safe limits. In the regions of the chest, plunger or 
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intense over a smaller area than those from sinusoidal inputs. 
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trip- hammer vibrators have stimulus amplitudes ranging 
from 50 to 400 microns. Under these conditions, the subject 
can discern some 15 intensity steps. 

There are, for all practical purposes, no abrupt changes 
in sensitivity from one small spot of skin to the next. Sensi- 
tivity and thus discrimination can be increased by cooling or 
heating the skin with an ethyl -chloride spray or an infrared 
lamp. Heating is more comfortable and produces an im- 
mediate awareness of a change. 

It should be kept in mind that the application of tactile 
signaling systems forces the living skin to learn a new 
language which is quite alien to its natural purpose. 

Applications 
If five vibrators are placed along a line of the skin of the 

forearm, 2 centimeters apart, and the amplitudes of vibra- 
tions adjusted so that they feel equally intense when acti- 
vated separately, only the vibrator in the array's center will 
be felt (Fig. 6) when all are activated simultaneously. 
Pitch sensations of the other units will be completely in- 
hibited. Strangely enough, the intensity of the inhibited out- 
side vibrators increases the loudness of the vibrator in the 
middle. Von Bekesy describes this interaction as "funneling ". 
Unfortunately, in standard communications tasks, this phe- 
nomenon cannot be tolerated since it leads to a loss of sys- 
tem resolution. 

For a tactile communications system to be practical, the 
apparatus must be designed so that it will not be handi- 
capped by the normal neural inhibition processes. Since this 
is an extremely difficult problem, the designer should avoid 
complex coding and, if possible, sensory cues of different 
frequencies. In most emergency situations, it is unreasonable 
to expect a harassed individual to pay close attention to 
various tactile codes and modifications of pitch patterns. In 
most critical situations, the single -unit, "on -off" stimulator 
is the only answer. 

Electronic steering of tactile skin contactors can be ac- 
complished by various keying modes. Fig. 7B shows the 
electronics for the "Vibrotactor", developed by the author as 
an emergency signal for astronauts. 

The device consists of a solenoid -type plunger mechanism 
equipped with d.c. excitation bias. The activation interval is 
determined by positive pulses applied to the gate of the 
silicon controlled rectifier (SCR). In the diagram, the sys- 
tem is shown in abbreviated form. During "on" time, the a.c. 
portion of the solenoid winding is energized and the skin 
contractor vibrates. The pulse (Continued on page 80) 

Fig. 8. Thorax -mounted tactile spin inducer can create an 
artificial whirl in a human observer. Device is suitable 
for some aeronautical and astronautical warning systems. 
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TI 1 G author purchased two expensive 12 -inch coaxial 
speakers of high repute with the intention of mount- 
ing them in bass -reflex enclosures custom- adjusted 

for optimum performance. Plenty of information is avail- 
able on designing and building such enclosures, less on 
testing the results, and practically nothing on what to do 
next if the test results indicate that the promised perform - 
ance has not been obtained. 

Of all the literature providing design data, two articles 
were chosen. The first reference (p. 38) is a comprehensive 
presentation which not only relates cabinet volume, port 
size. and frequency, but also, on one large nomogram, port 
aspect ratio and duct length. The second reference article 
is concerned mainly with smaller -sized cabinets and ducted 
ports, but it introduces a contradiction to the commonly 
recommended "the bigger the cabinet, the better the bass ". 
It stipulates that for each speaker there is one optimum 
size enclosure and presents precise information on how to 
determine the optimum size. 

The author's speakers have a free -air resonance of 40 Hz. 
Working into an enclosed box of 1 cubic foot volume, the 
resonant frequency rises to 93 Hz. According to the second 
article, the optimum cabinet size for such speakers is 5500 
cubic inches (about 31/4 cu ft). \Vhile larger enclosures 
could be tuned properly, a flabbier bass could result. Nev- 
ertheless, a 4- cubic -foot cabinet was chosen for test pur- 
poses on the assumption that the results obtained would 
still be valid in a relative sense for other sizes of cabinets. 
\\'hat was wanted was information on how to adjust enclo- 
sures to give optimum performance rather than a precise 
enclosure design. 

The British literature also yielded some information on 
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By M.G. O'LEARY 

Best enclosure design occurs with larger port 
areas and with cabinets completely filled with 
damping material. Here are results obtained 
during a number of experiments with enclosures. 

the internal damping of cabinets. One article3.4 concerned 
a labyrinth -type of enclosure internally filled with long - 
fiber wool. Others36T s show how small reflex cabinets 
could be designed to be almost completely resistive if they 
were pressure -filled with wood -wool or other similarly act- 
ing materials, such as kapok or Terylene quilt batting 
(similar to Dacron filling for quilts) . 

The test cabinet walls were 11/2 inches thick -except at 
the port periphery which had been cut back to give a duct 
length of 3/4 inch. All internal faces but the front one were 
lined with at least one inch of under- carpet felt. 

The first step in the test program was to find the cor- 
rect port area. The following data from the design article' 
shows the cabinet resonance for an enclosure volume of 
4 cu ft with a port duct length of 3/4 in: 

Port Area Isq in) 10 15 33 75 
Port Aspect Ratio 0.9:1 1.7:1 2.7:1 3:1 
Cabinet Resonance 1Hz) 40 47 61 76 

\Vhile it appeared that a 10- square -inch port area was 
what would be required to match the 40 -Hz resonance of 

Fig. 1. Voice -coil voltage (which varies directly with imped- 
ance) of a 40 -Hz speaker mounted in a 4 -cu -ft bass -reflex en- 
closure with duct length of 1/4 in for four different port areas 
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Fig. 2. Test setup used for impedance, phase measurements. 

the speakers, it was decided to check the effects of vary- 
ing the area; 10, 15, 191/2, and 33 square inches being 
selected. 

For each test setting a relative impedance curve was 
plotted by feeding the 6000 -ohm output of a sine -wave 
generator directly to the voice -coil and measuring the volt- 
age. Fig. 1 shows the plotted results. In all cases the 
double -humped bass -reflex curve was obtained. But the 
effects of too small or too large a port area are also clearly 
illustrated. As the port area is increased: (1) the low -fre- 
quency hump becomes higher and its frequency increases; 
(2) the high- frequency hump becomes lower and its fre- 
quency increases; and (3) the valley frequency increases 
markedly. 

Despite the fact that the design data indicated a port 
area of 10 square inches, examination of the test results 
suggests a port area of 15 square inches as being best. 
Even though the high- frequency hump was higher than 
the low- frequency one, the valley frequency was close to 
the loudspeaker resonant frequency of 40 Hz. 

We wanted to check the British claim that by filling up 
reflex enclosures with damping material, low- frequency 
phase shift could be reduced to negligible proportions, thus 
easing the problems of the amplifier- speaker instability. 

Impedance & Phase Measurements 
It was thus decided to use a little more sophisticated 

set -up in order to read off actual voice -coil impedances and 
at the same time provide phase -shift information. Crow - 
hurst9 was the inspiration for the test setup shown in 
Fig. 2. By setting the gain of the preamp and using the 
16 -ohm calibrating resistance, the v.t.v.m. reading could 
be brought to indicate ohms directly. Phase -shift readings 
were qualitative ones made by comparison with accurate 
phase -shift patterns on the oscilloscope. 

Tests were made on the cabinet with different port open- 
ings and varying amounts of Terylene batting and kapok 
damping material. The results can best be appreciated 
graphically by examining the figures to be discussed below. 

Wood wool is hard to obtain and difficult to use; thus, 
it was not tested. Kapok tends to compact together, and it 
was well "teased out" before being used. The Terylene bat- 
ting comes in sheets 78 inches X 100 inches X 1/2 inch. It 
is very light and when held up, one can almost see through 
it. Terylene is a synthetic fiber chemically similar to Da- 
cron. The material used in these tests was obtained in Can- 
ada under the name "Bonded 100% Terylene Fibrefill Quilt 
Batt". In the United States, the equivalent Dacron product 
is "Mountain Mist Dacron, Filling for Quilts" and is avail- 
able in leading department, variety, and chain stores. 

Results of the Tests 
Most bass -reflex construction articles recommend not 

only lining the cabinet to absorb standing waves, but also 
various methods of damping the "Q" of the system. A corn- 
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mon recommendation is to shroud the back of the speaker 
with a fiber glass blanket or other sound -absorbent material. 
This was tried using three 1/2 -inch layers of Terylene bat- 
ting as the shrouding material. The results are shown in 
Fig. 3. This damping causes both humps to be reduced and 
the lower- frequency hump to drop from about 90% to 80% 
of the height of the higher frequency hump. 

The port area was then increased to 20 square inches 
and this brought the two humps back to the same height - 
at the same time moving the valley from 42 Hz to 44 Hz. 
Also, as shown in Fig. 3B, the phase -angle curves are not 
significantly changed by this amount of damping. However, 
worthy of note is the evidence that as damping is added, 
the port area should be increased to maintain the lower 
hump response. This is much more clearly shown by Fig. 4 
where the lower hump almost disappears when the cabinet 
is filled with Terylene batting. 

Fig. 5 shows the results of progressively more damping in 
a cabinet where the need for a larger port area had been 
anticipated by an increase from 15 to 33 square inches. 
Not only does increased damping reduce the relative height 
of the lower hump but the frequency of this hump in- 
creases as well. Simultaneously the frequency of the higher 
frequency hump is reduced, but only slightly. 

The port area of the test enclosure was now increased to 
75 square inches and the results of damping are shown in 
Fig. 6. Fig. 6A depicts the sanie cabinet conditions, except 
for port area size, as does Fig. 5C. Similarly, Fig. 6B com- 
pares with Fig. 5D. The larger port area not only changes 
the relative size of the humps as expected, but also in- 
creases the frequency of both the humps and also the 
valley, as predicted in Fig. 1. 

Fig. 7 shows what happens when kapok is used as damp- 
ing material instead of Terylene batting. Kapok turns out to 
be very potent -even with as little as is required to just fill 
the cabinet. The impedance curve indicates a cabinet having 
too much damping or too small a port. We could not make 
the 75- square -inch port larger, and any less kapok would 
have been impractical in this application. Thus kapok was 
dropped as an alternative for this cabinet. 

Figs. 3B and 8 show the phase -angle conditions for 
empty- cabinet, shrouded -speaker damping, and, two condi- 
tions of filling the cabinet with Terylene batting. The shroud 
damping has no material effect on phase, but the Terylene 
batting shows a marked reduction of phase angle between 
the two frequency humps. This should be a definite advan- 
tage even though the phase in the 20 -Hz and 70 to 150 -Hz 
areas has not been improved. However, for this 4 -cubic -foot 
enclosure, no damping conditions gave significantly better 
phase -angle reduction than those of Fig. 5C. 

Narrowing the Choice 
At this stage it was decided that the best damping condi- 

tions should be determined in order to have one choice of 
this type for further comparisons with empty cabinets and 
speaker- shrouding damping. The choice narrowed down to 
those conditions represented by Figs. 5C and 6B. While the 
latter had the largest port, which suggested better extreme 
bass response, its humps were at 42 Hz and 66 Hz com- 
pared with 32 Hz and 62 Hz for the Fig. 5C conditions. The 
latter promised a smoother bass. Additionally, the former 
had much more Terylene batting packed into the cabinet, a 
condition which might give rise to "choking" on heavy pas- 
sages, a state of affairs where the damping material restricts 
the air behind the speaker to the point where it causes non- 
linear cone excursions and distortion. 

Since phase -angle results were similar, the only hesitation 
we had in choosing the Fig. 5C conditions was the possibil- 
ity of poorer bass response. Listening tests soon dispelled 
any fears on this score. The writer has not yet heard any 
reflex enclosure which gave a smoother, deeper, or cleaner 
bass response than this one. Later, the results of tone -burst 
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Fig. 4. Effect of loosely filling the 4 -cu -ft cabinet hav- 
ing a port area of 1 5 sq in with Terylene or Dacron bast. 

tests for various cabinet conditions will be presented. At this 
stage it should be mentioned that neither of the Fig. 5C and 
6B conditions showed any superiority over the other in tone - 
burst tests. 

The conditions represented by Fig. 5C were thus chosen 
as those to represent a bass -reflex enclosure with damping 
material of optimum design. 

Dacron or Terylene batting are certainly the easiest to use 
of all the damping materials readily available. Fig. 9 shows 
the test cabinet being filled. Holes are cut in the batting to 
allow for the speaker. The material should be laid in place 
layer upon layer until the desired amount has been intro- 
duced. The minimum should be just enough to barely fill 
the cabinet without any compression. The maximum can be 
any greater amount that will still allow the back of the 
cabinet to be screwed in place. 

Tone -Burst Tests 

Since listening tests are difficult enough to interpret under 
A -B conditions, and impossible when alterations are required 
between tests, a test was sought which might give some sort 
of qualitative or quantitative comparison among the various 
damped conditions. What we wanted to find out was wheth- 
er our damping experiments had any beneficial results in 
reducing speaker hangover. Accordingly, experiments were 
conducted using tone -burst tests. 

Room resonances make it impossible to interpret oscillo- 
grams of microphone pick -up of loudspeaker response to 
tone bursts. Oscillograms of voice -coil voltages when tone 
bursts are fed to it through a hi -fi amplifier are hard to 
interpret due to amplifier damping and other effects. 

The arrangement of Fig. 10 was finally adopted. Purists 
will probably condemn this system as being meaningless, 
quantitatively. However, it has a valuable qualitative value, 

Fig. 9. Damping material is shown here being added to 
test cabinet. Note the 1 /2 -in thick layer draped over back 
with hole cut to accommodate speaker. One layer of damping 
material is added to the next until enclosure is filled 
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ISO 

O- NO DAMPING 

O- CABINET LOOSELY 
FILLED WITH 
TERYLENE BATTING 

10-2 ADDITIONAL I/2" 
LAYERS OF 
TERYLENE ADDED 

O- 9 ADDITIONAL 1/2" 
LAYERS OF 
TERYLENE ADDED 

200 

ut 75 

f 75 

o 
1i1 50 
u 2 
0 25 

a 
Z 

20 30 50 70 
FREQUENCY-Hz 

Go. 

0-SAME AMOUNT OF DAMPING AS IN 
FIG. SC 

10-7 ADDITIONAL 1/2" LAYERS OF 
TERYLENE ADDED 

100 

Fig. 6. Effect of adding various amounts of damping material 
to the 4 -cu -ft cabinet with a port area of 75 square inches. 

_ o 
iL 53 

(D- CABINET FILLED TO OVERFLOWING 
WITH KAPOK BEFORE BACK WAS 
PRESSED ON 

0-SOME KAPOK REMOVED, LEAVING 
ONLY LOOSE FILLING 

i 

.z0 50 70 
FREQUENCY -Hz 

Fig. 7. Effect of adding various amounts of kapok damping 
to the 4 -cu -ft cabinet with port area of 75 square inches. 

100 

411, ///,/1 ,.1I " \\,,..,{//.. 
-KAWR, 

30 50 70 100 
FREQUENCY -Hz 

Fig. 8. Phase -angle curves relating to previous curves. 

150 

-FIG. 3Á,4A 

--- FIG. SC 

---P10.68 

200 

and results support this. While the burst is `on ", the scope 
is measuring burst generator output into the loudspeaker 
load. When the burst is `off ", the only thing that it can 
measure is any voice- coil -generated voltages into the 100 - 
ohm impedance of the generator. Hangover tendencies are 
thus detected and Fig. 11 is testimony to the fact that these 
exist in abundance. (Space limitations prevent us from show- 
ing any more than a sampling of the large number of tone - 
burst waveforms taken by the author. -Editor) One hundred 
ohms is very much higher than the usual output impedance 
of a typical high -fidelity amplifier and hence, in the latter 
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Fig. 10. Arrangement used for tone -burst measurements. 

case, hangover tendencies in the loudspeaker are pretty well 
damped out. However, the smaller the hangover before 
amplifier damping, the better the end result after damping is 
introduced. 

It was found that this experimental arrangement was not 
very sensitive to any coloration resulting from high- frequen- 
cy bursts. It really only responds to frequencies in the region 
of the bass resonances of the system being studied. Fig. 11 
tells the story and quite clearly illustrates the reduced hang- 
over tendencies of the Terylene- batting damped system. The 
shrouding type of damping is shown to be much less effec- 
tive in reducing hangover tendencies. The "off" portion of 
the curve can be determined by finding the breaks in the 
trace. At any rate, if the "off" portion is impossible to 
determine, it is certainly clear that there exists a tremendous 
hangover tendency. 

These oscillograms (as well as many others taken but not 
shown here- Editor) certainly reinforce the previous evi- 
dence of smoother impedance curves and reduced phase 
angles in favoring the filling of the enclosure with damping 
material. Listening to the final system, represented by Fig. 
5C, is convincing. The bass is certainly present without 
bass- boost, and is clear and smooth. 

Fig. 11. Tone -burst waveforms of undamped and damped bass- 
reflex speaker systems. Frequency used was 77 Hz at an 11 -Hz 
rate for the top three waveforms and 55 Hz at an 11 -Hz rate 
for the bottom three. The small upper waveforms are 60 -Hz hum 
pickup used for timing purposes. (Al Speaker in 4 -cu -ft un- 

Conclusions 
1. Filling a bass -reflex enclosure with damping material 

gives desirable results in smoothing out the impedance 
curve, reducing phase shifts and hangover, and in improving 
speaker loading. 

2. Damping significantly alters the tuning of the enclo- 
sure. Final tuning should not be carried out until the desired 
amount of damping has been applied. 

3. Damping may be an easier way of tuning reflex cabi- 
nets than port alterations. A broad timing range is available 
between the minimum practical amount of damping mate- 
rial and that amount which would seem to indicate the 
maximum tolerable limit of damping material compression. 

4. A suggested method for final timing is to first enlarge 
the port to about 2;z times its empty- cabinet area, and 
subsequently add Terylene or Dacron quilt batting until a 
desirable impedance curve has been obtained. If too much 
batting is required, a portion of the port should be blocked 
off and the procedure repeated. 
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damped cabinet with 15 -sq -in port area. IB) Port area in- 
creased to 20 sq in and rear of speaker shrouded with 11/2- 
in thickness of Terylene batting, as per Fig. 3C. IC1 Port 
area increased to 33 sq in and entire cabinet filled with 
Terylene batting, as shown in the curve of Fig. 5C graph. 
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Two lithium -nickel fluoride power packs (rear) can energize the "Amitron" for 
150 miles. The flat bipolar nickel -cadmium units (foreground) ore for acceleration. 

BATTERY -POWERED CARS: 
Fact or Fantasy 

By W. J. EVANZIA /Associate Editor 

Recently several auto makers announced they were developing 
electric cars. Their problems today are the same as in 1900: 
winning public acceptance and finding adequate power source. 

WE may have become so accustomed to the smell 
and taste of gasoline fumes and to the feel of a 
powerful engine in front of us that we can't give it 

up. At least, not in favor of a quiet, low- powered, non -air- 
polluting automobile such as an electric car. 

Powering automobiles by electricity is not a new idea. 
Electric cars were available before the development of the 
internal combustion automobile engine. But, they couldn't 
take us far enough and fast enough so they didn't last. Re- 
cently, the electric car, or a version of it, has been reborn 
and several manufacturers are working on development 
models. Some of them, however, would like to prove that 
the electric car is as impractical today as it was yesterday. 

Probably the biggest hurdle the electric car must over- 
come is the power source. Batteries of reasonable size, with 
long life and high energy transfer rates, are needed to make 
the electric car practical. Gulton Industries, Inc. is tackling 
the battery problem and has teamed with American Motors 
Corp. to provide a power system for the AMC "Amitron" 
commuter car. 

Without a doubt, the regenerative braking technique, or 
more properly defined, the system which uses braking en- 
ergy to recharge the propulsion battery, is the most signifi- 
cant new feature of the Gulton- designed power system. An 
equally important new device is the lithium -nickel fluoride 
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(Li /NiF2) battery which will provide the main propulsion 
energy for the "Amitron ". 

Brakes Make Power 

Almost all of an urban automobile operator's driving 
time is spent accelerating or coming to a stop. An idea of 

Table 1. Driver activity during average urban automobile trip. 

ACTION PERCENTAGE TIME 

Idle 15% 

Cruise 16% 
0 -20 mi /h 6.9% 
20 -30 mi /h 5.7% 
40 -50 mi /h 3.4% 

Acceleration 36.7% 
0 -20 mi /h 1.1% 
0 -25 mi /h 10.6% 
15 -30 mi /h 25.0% 

Deceleration 32.3% 
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Fig. 1. IA) Basic circuit connections for a regenerative braking 
system. (B) Circuit diagram for controlled braking. During nor - 
mal drive, SCRI directs power to the motor. When brakes are 
applied, the shunt field feeds energy to the battery ria SCR2. 
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BOOSTER 
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NICKEL -HALIDE 

PROPUL SIC 
BATTER*, 

Fig. 2. Control system for the hybrid battery supply of the 
AMC electric car. The lithium nickel -halide propulsion bat- 
tery charges bipolar unit while the automobile is cruising. 

how much time is involved in these various maneuvers is 
shown in Table 1. Much of the energy dissipated in slowing 
the car or bringing it to a stop can be used to recharge the 
batteries and thus extend the driving range of the car. 

As an example, consider the case of a 2500 -pound elec- 
tric vehicle moving along at 35 miles per hour, and requir- 
ing 5 kilowatts to maintain cruising speed. The mass of the 
vehicle is 2500 (lbs) /2.205 (lbs /kg) = 11.34 X 102kg. At 
35 mi/h, the velocity is 35 X 1.4667 (ft/sec/mi/hr) X 
0.3048 (meter /ft) = 15.6 meters /sec. The National Safety 
Council says that it requires 120 feet or 36.6 meters to 
bring a vehicle this heavy to a full stop. If we were to as- 
sume that the speed is reduced linearly, the average veloc- 
ity is 7.8 meters /sec and the time required to come to a full 
stop is 4.7 seconds. Thus, the vehicle's kinetic energy 
('/z mV2) is 1.38 X 105 joules. 

If all this energy were available for charging purposes, 
the 1.38 X 105 joules would equal Elt, where E is the bat- 
tery voltage during the charge period (180 volts for the 
lithium battery) , t is 4.7 seconds, and I is 163 amperes. At 
the 5 kW power rate, 1.38 X 105 joules could power the 
car an additional 28 seconds, or a distance of about y mile. 
Using a figure of 24 stops per hour, the range of a vehicle 
traveling 35 mi /h could be extended 30 miles over a five - 
hour period. In other words, regenerative braking has the 
capability of extending the vehicle's range 25 to 50 %. 

It must be kept in mind, however, that in the regenera- 
tive mode the car's drive motor becomes a generator. Fig. 

IA shows the basic motor braking operation. Current flows 
from the armature through the controlled rectifier, SCR2, 
and recharges the battery. The amount of current flowing 
back into the battery is given by 1 = (Ea- EscxS -Ea) /R 
where E is the generator voltage, E.(.X2 is the voltage 
across SCR2, and Et, is the battery voltage. The generator's 
voltage (E) is equal to kyuo where k is a constant, (P is the 
control field's flux density and m is the angular velocity of 
the armature. Since the angular velocity is proportional to 
car speed, the equation may be rewritten k w v. 

The function of the regenerative brakes is not to stop the 
car, but to return as much energy as possible to the battery 
system. The generator loads the brake system and absorbs 
the previously wasted braking energy while slowing the 
vehicle down. At some minimal speed, the braking force is 
eliminated by the motor and the operator has to depress 
the mechanical brake pedal fully to stop the car. But since 
kinetic energy is proportional to the square of the velocity, 
reducing the car's speed by one -fourth will absorb 90% of 
the initial braking energy. The motor -generator /mechanical 
brake mixture can stop a car in 3 seconds. 

Fig. 18 is a typical regenerative braking control circuit. 
When the driver depresses the brake pedal, he causes tran- 
sistor Q1 to conduct. This in turn passes current through 
the shunt field and generates a voltage at the armature ter- 
minals 1 and 2. When the generator voltage exceeds the 
battery voltage, SCR2 fires and current flows into the bat- 
tery at a rate determined by the equation for I. 

Parallel Operation 
According to Steve Charlip, Research Section Head at 

Gulton Industries, two battery systems will power the 
AMC electric car. "A lithium -nickel fluoride battery", he 
said, "will provide energy for cruising while a bipolar unit 
will provide the high peak power necessary for accelera- 
tion." Fig. 2 is a simplified diagram of the proposed paral- 
lel battery system while the graph of Fig. 3 shows the 
operating points of each unit. Table 2 lists some of the 
characteristics of the Guiton- developed lithium propulsion 
and the bipolar nickel -cadmium booster batteries. 

While cruising (at a speed of about 35 miles per hour) , 
the motor and other electrical systems in the car draw 
about 50 amperes from the lithium battery. At this time, the 
battery's terminal voltage is 100 volts and the 69 -cell (1.45 
volts per cell) nickel- cadmium booster is on trickle charge. 
However, when the car accelerates, up to 450 amperes may 
be required. During the speed -up process the lithium bat- 
tery's potential drops, and the discharge control senses the 
increasing load and connects the nickel -cadmium battery in 
parallel with the lithium unit. In the beginning, the bipolar 
unit's terminal voltage drops sharply, but as the load con- 
tinues to increase, it declines slowly. After the period of 
acceleration has passed, the charge control disconnects the 
nickel -cadmium battery from its on -line position and recon- 
nects it for charging by the lithium unit. 

One of the prime movers of lithium battery development 
has been Dr. Robert Shair, head of electro- chemical re- 
search at Gulton. He claims that the NiFG batteries will 
push the AMC car 150 miles without the necessity for re- 
charging. This is 68 miles farther than the estimated range 
for the sodium -sulphur power unit being developed by the 
Ford Motor Co. for its electric car. 

Briefly, this is the manner in which the lithium- nickel 
halide cell is made. An expanded metal screen of Monet 
400 is used for the nickel fluoride electrode's substrate. 
The lithium electrode uses pure nickel. The two are sep- 
arated by a polypropylene fabric. In a mineral -oil base, a 
blend of 90 mole percent lithium metal powder and a 10 
mole percent of conductive carbonyl nickel powder is mixed 
to the consistency of a paste. The binder is carboxymethyl 
cellulose dissolved in dimethyl sulfoxide (DMSO). Cell 
cases and covers are made from molded polypropylene. 
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The paste is applied to the Monel screen and the plates 
passed through two doctor blades, after which they are 
dried in warm moist air. Then they are compressed at two 
tons per square inch pressure. The coating cycle is repeated 
until 0.05 inch of dry mix builds up on the plates. 

The voltage of a single lithium- nickel fluoride cell, under 
no load, is 3.2 volts. This is considerably higher than the 
1.82 volts of a silver -zinc cell, the 2.2. volts of a lead -acid 
cell, and the 1.28 volts of a nickel -cadmium cell. 

Prototype lithium batteries have achieved energies of 100 
watt -hours per pound. This is by far the most efficient of the 
common battery types -nickel- cadmium has an efficiency of 
16 watt -hours per pound, silver- cadmium produces 2 
watt-hours per pound, and silver -zinc has an efficiency of 45 
watt -hours per pound. Lead -acid batteries have efficiencies 
of only 10 watt -hours per pound. 

The bipolar nickel -cadmium battery derives its name 
from its electrode configuration. The positive element of 
one cell and the negative element of the next cell are placed 
on two sides of a conducting thin sheet called the substrate. 
When bipolar electrodes are stacked in series, they are 
positioned so that a positive electrode surface and a nega- 
tive electrode surface of adjacent plates face each other 
with a battery separator and electrolyte between them. 

Recently, the Cornell Aeronautical Laboratory completed 
one of the most intensive and in -depth mass transportation 
studies ever conducted. Again, air pollution as well as traffic 
congestion were motivating forces behind the research. The 
study was called "Metrotran 2000" and its primary concern 
was to develop a balanced metropolitan or "megalopolitan" 
transportation system for the year 2000. 

Significantly, perhaps, the study called for the develop- 
ment of the Urbmobile -a system that blended in a small 
electric car, the flexibility and privacy of an automobile 
with the high capacity and speed of a train. In the CAL 
Metrotran concept, the Urbmobile's car would be driven 
like an ordinary automobile and powered by an electric 
storage battery on city and suburban streets. Between cities, 
the Urbmobile would travel at 60 or 70 miles an hour on 
rails like a train with power provided by a third electrified 
rail. Guidance and control would be fully automatic while 
the car rides the rail. 

In its present design, the Urbmobile has 850 pounds of 
lead -acid batteries with a capacity of 12,500 watt -hours. 
This energy source is representative of present battery de- 
velopment, but coincidently, the CAL researchers see the 
evolution of other secondary energy sources -notably those 
using sodium -air, sodium- sulphur, and lithium -halogen com- 
binations-as pushing electric car development. Any of these 
futuristic power sources could reduce battery weight to 
well under 200 pounds while maintaining the same peak 
power output and driving range as lead -acid cells. 

Certainly, electronic control techniques for electrically 
powered vehicles have been proven and are available. And, 
it would appear that an adequate power source (in terms 
of state -of- the -art) is well along in development. However, 
if the electric car is to be a success, it might require a bat- 
tery other than as we know it. For it is unlikely that the 
American driving public will be impressed by the necessity 
for constantly recharging batteries or by the car's limited 
range -it matters little if the distance is 75, 150, or 200 
miles- between charges. Some scientists are attempting to 
develop fuel cells as power supplies for automobiles, others 
are looking to atomic energy for that "get up and go ". 

But, the electric car may be the "impossible dream" for 
Americans. Perhaps, like the "taste" of cigarettes, it'll prove 
almost impossible to eliminate the idea of speed and power 
from our minds. But something will have to be done. High- 
ways and city streets are already choked with poisonous - 
fume- spewing vehicles. Electric cars may not be the com- 
plete answer to our traffic congestion and air pollution, but 
... if they aren't what is? 
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Fig. 3. Voltage- current relationship for a 250 amp -hour lithium 
battery and a 100 -in2 bipolar nickel- cadmium booster battery. 

LITHIUM BATTERY 
Purpose To provide a lightweight, high- energy battery 

Characteristics 15 Whr /Ilb of energy; sealed and rechargeable 

Weight Two units 75 lbs each 

Dimensions 231/2 "x131/2 "x12" each unit 
Storage Capacity 225 ampere -hours at 100 volts 
Energy Output 8 kilowatts for cruising (10 kW maximum) 

BIPOLAR NICKEL -CADMIUM BATTERY 
Purpose Specially constructed nickel- cadmium batteries 

for extremely high power applications 
Characteristics Sealed and maintenance free; long -lived and re- 

chargeable; capable of delivering 800 watts of 

power per pound of battery 
Dimensions 24 "x12 "x8" 
Storage Capacity 10 ampere -hours 
Energy Output 40 kilowatts 

Table 2. Characteristics of Guiton propulsion and booster batteries. 

Prototype Li /NiF2 cells have yielded up to 0.2 Ah /in2 of 
electrode area. Operating potential is 2.0 volts average. 
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This photo shows the corona on a high -voltage d.c. test line operated by the Bonneville Power Adminis- 
tration near Tie Dalles, Oregon. Streaks in sky are produced by stars and are result of time exposure. 

D. C. POWER TRANSMISSION 
By EDWARD A. LACY 

The major part of the Pacific Northwest- Southwest Intertie, now being buiüt by 
the Federal Government, City of Los Angeles, and six private utilities, uses 
EHV electrical transmission. Here are system characteristics and advantages. 

TfIE Federal Government, the City of Los Angeles, and 
six private utilities are building the Pacific Northwest - 
Southwest Intertie, which promises to be this country's 

largest single electrical transmission development. Surprising- 
ly, the major part of this 800,000 -volt system will use direct 
current. 

Not to be outdone, the Russians have announced that they 
are considering building a 1,500,000 -volt d.c. system to trans- 
mit 5,250,000 kW' of power. And, considering their past per- 
formance, they just may be able to build it -their Volgograd - 
Donbass d.c. transmission line has been operating since 1964 
at 800,000 volts. The Intertie, however, won't be in operation 
until 1969. 

Are the Russians ahead of us in this new technology? It has 
been pointed out that the Russians were conducting extensive 
research into d.c. power transmission at the Direct Current 
Institute in Leningrad as long ago as 1957. Even before that, 
they had an experimental d.c. line in operation between 
Kashira and Moscow, a distance of 70 miles. 

In all fairness to U.S. engineers, it should be noted that 
Russia's large hydro complexes are located at great distances 
from their load centers. With such problems of distance. 
which U.S. engineers usually don't have, it was only natural 
that the Russians turned to EHV and d.c. 

Whether the Russians are ahead or behind us, there is no 
denying that direct current has been a controversial subject 
among power engineers in the U.S. 
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In 1962, a prominent group of engineers, who had best not 
be identified for their short- sightedness, reported that "d.c. 
development has been given appropriate consideration in this 
country. And," they concluded, "the only reason for building 
an overhead EHV d.c. line in this country at the present time 
would appear to be for experimental study...." 

That same year, however, engineers at the Bonneville Pow- 
er Administration, a part of the Department of the Interior, 
received Congressional approval to build an extra high voltage 
direct- current test center at The Dalles, Ore. 

Experience gained with this center enabled Government 
engineers to report in 1964 that the use of a high- voltage 
direct- current transmission line as a part of the Pacific Intertie 
would be financially feasible and would pay for itself over its 
service life. 

But there was a catch. It seems that American manufac- 
turers didn't have the necessary know -how and experience in 
high -voltage d.c. to undertake such a system. On the other 
hand, Secretary of the Interior Stewart Udall felt that it was 
in the national interest to encourage American firms in the 
development of this new technology. So the contract negoti- 
ated for the 11 -state Intertie allowed General Electric to team 
up with the Swedish firm of Allmanna Svenska Electriska 
Aktiebolaget (or ASEA for short), which had built most of the 
free world's direct -current power transmission systems. 

Although relatively unknown in the U.S., ASEA is one of 
the world's oldest and largest electrical equipment companies. 

J.: -i..-.L:i. 
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Its interest in direct current goes back to the 1920's when 
work was begun in earnest on the crucial item in direct -cur- 
rent power transmission systems -the mercury -arc rectifier, 
trying to bring its power ratings up to the point where it could 
be used for power transmission. 

As currently developed, the mercury -arc rectifier consists 
of the following major components: a pool of mercury used as 

a cathode, control grid, grading electrodes, and anodes. 
The control grid allows the rectifier to function as an in- 

verter, that is, change d.c. to a.c. This is accomplished by 
delaying the firing point in the cycle to the appropriate point. 
The grading electrodes, when connected to an external volt- 
age divider network, insure that there is a uniform voltage 
distribution along the path of the arc. Without such elec- 
trodes, high -power rectifiers of this type would not be practi- 
cal since the voltage distribution would be so high in the 
vicinity of the anode that arc -backs would occur. The final 
element is the anode, which may be one of several connected 
in parallel for higher current.. 

The rectifiers which ASEA and G -E are to provide for the 
Pacific Intertie will be rated 133,000 volts at 1800 amperes. 
Connected in a three -phase full -wave bridge rectifier circuit, 
they will provide 400,000 volts negative with respect to 
ground and 400,000 volts positive with respect to ground. 
Power engineers express it as -+-400,000 volts, which of course 
makes a potential difference of 800,000 volts between lines. 

Advantages of EHV 

Extremely high voltages like these are used for one very 
simple reason -as the voltages get higher and higher, the cost 
of lines and terminal equipment goes up approximately in 
direct proportion, but the power capability of the line in- 
creases as the square of the voltage. Thus, a 700 -kV line will 
carry nine times as much power as a 230 -kV line, but will cost 
only three times as much. 

In a typical EHV d.c. system, a three -phase alternating - 
current generator produces the power to be used, just as in a 

system which is entirely a.c. This three -phase voltage is then 
transformed up to extremely high voltages. The mercury-arc 
rectifiers change the a.c. to d.c. at the same high voltages. The 
d.c. is then transmitted to the approximate point where it will 
be used and is then changed back to a.c. by more mercury-arc 
rectifiers. Step -down transformers then reduce the voltage to 

Fig. 1. Map showing the Pacific Northwest -Southwest Intertie. 
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a safe level for final distribution to the ultimate user. 
The user, of course, is never aware that his power was in 

the form of direct current for many miles and probably 
couldn't care less. However, he may notice that his power bill 
is lower because d.c., in many cases, can be transmitted over 
long distances at a lower cost than a.c. Bonneville's engineers 
state that d.c. lines cost approximately $100 per kV -mile 
whereas a.c. lines cost approximately $225 per kV -mile. 

One of the reasons that d.c. is less expensive for power 
transmission is that only two lines are required rather than 
the three which would be needed for economical a.c. trans- 
mission. This means that you spend less for cable, you need 
fewer insulators, your towers can be smaller and thus you 
need less right -of -way (which can be pretty expensive near 
cities ). Also, EHV d.c. lines don't need expensive high -volt- 
age shunt reactors and series compensators as do EHV a.c. 
lines. 

Against the reduced costs of line and right -of -way must be 
added the costs of the mercury -arc rectifier terminal stations, 
which are not inexpensive. Nevertheless, when the transmis- 
sion lines get longer than about 300 -500 miles, d.c. lines start 
getting competitive with a.c. lines. For the Nelson River EHV 
d.c. project to be built in Manitoba, Canada, engineers have 
calculated that d.c. will be 15% cheaper than a.c. 

It is possible that the cost of d c. systems may be cut dras- 
tically by using the earth or sea as a return line for the current 
and using only one overhead line. ( This would be impossible 
with a.c. because of inductance effects.) 

When it was first proposed for d.c. systems, it was thought 
that stray earth currents in an earth return would make buried 
cables and metallic pipes corrode and interfere with railroad 
signaling circuits. Fortunately, engineers have discovered 
that the direct current flows through the interior of the earth 
and doesn't affect the surface, except in the immediate vicinity 
of the electrodes. 

Whether or not the earth return is used on a regular basis, 
it can be used in an emergency. For example, if one line goes 
out for some reason, say from a lightning strike, the d.c. sys- 
tem can use an earth return as an emergency conductor. While 
the system output will be cut in half, one half is better than 
none. 

Still another advantage of EHV d.c. is apparent when it is 
used to interconnect two a.c. sys- (Continued on page 69) 

Prototype of 6 -anode mercury -arc rectifier for Pacific Interne. 
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The 
Engineer's 

STEREO 
PREAMP 

By JAMES G. HOLBROOK 
Senior Engineer, Varian Associates Top view of the printed -circuit version of the stereo preamp. 

Theory, design, and testing of a preamp for magnetic phono cartridges 
is covered. Pole -zero terminology is employed in the circuit design. 

HIS article presents the theory, design, construc- 
tion, and testing of a simple but extremely high - 1 quality stereo preamplifier for magnetic -type phono- 

graph cartridges which use RIAA equalization. The circuit 
has been designed to appeal primarily to engineers, tech- 
nicians, and the more serious music enthusiasts who can 
appreciate the many small points considered. 

We will use pole -zero terminology here, as this is well 
understood generally by engineers. If necessary, a good 
review can be had by consulting a reference such as "La- 
place Transforms for Electronic Engineers" ( second edition) 
by J. G. Holbrook, published by Pergamon. Press, New 
York and London, 1966. 

The RIAA transfer function ZT(s) completely describes 
the shape of the required compensated gain curve. It is 
easy to show the gain curve graphically, but this serves no 
purpose as the graph cannot be used for creating design 
information except for approximate cut -and -try methods. 

In terms of complex frequency s, the RIAA transfer 
function is given by: 

K(sT2 1) 

ZT(s) = (sTI + 1) (sT3 1) (1) 

TI, T2, and T3 are the critical time constants and are 
specified as: 

Ti = 3180 µs, T2 = 318 µs, and T3 = 75 µs (2) 
Since equation (1) is second -order, network theory in- 

dicates that a minimum of two reactive elements will be re- 
quired in the frequency- compensating network. For our 
initial discussion, however, let us examine the feedback 
arrangement shown in Fig. IA. 

A is a high -gain feedback amplifier, where the T sign 
represents a non -inverting input terminal and the - sign 
is an inverting input terminal. Our justification for exam- 
ining this network is based on past experience; the ultimate 
justification will be based on final results. 

Fig. 1. IA) Basic feedback arrangement. (B) Additional section. 
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When we analyze Fig. 1A, the complex gain ex, /eIN is 
found to be: 

f R1 + RR2 + R3] [sR1C1(R2 
R+ R33) 

L sR1C1 + 1 (3) 

ex 

eIN 
If we let 

and 

Rl + R2 + R3 
R2 

R1C1(R2 + R3) 
T2, Rl+R2+R3 

R1C1 = TI 
then equation (3) can be rewritten as: 

ex K(sT2 +1) 
eIN (.sTl + 1) 

Now suppose we start at ex and add one additional RC 
section to Fig. lA as in Fig. 1.13. If we now define 

R4C2 = T3 (S) 
then 

eouT 1 

ex sT3 +1 (9) 
and the complete transfer function eorT /eIN becomes the 
product of (7) and (9) , or: 

eaUT K(sT2 +1) 
eIN (sT1 -{- 1) (sT3 + 1) 

It is permissible to multiply these directly, since the am- 
plifier output impedance is essentially zero, and hence there 
is no loading effect of R4C2 on the previous network. 

Since (10) is identical with (1) , we see that the three 
time constants are given by equations (5) , (6) , and (8) . 
We know the time constant values from the RIAA standard, 
so we can write: 

R1C1 (R2 + R3) 
0.000318 second, (11) 

(10) 

and 

R1 +R2 +R3 
R1CI = 0.00318 second, (12) 

R4C2 = 0.000075 second (13) 
By choosing two of these values, equations (11) , (12) , 

and (13) are solved algebraically. Solutions are: Rl =15,000 
ohms, R2 = 120 ohms, R3 = 1600 ohms, R4 = 2200 ohms, 
C1 = 0.22 1 F, and C2 = 0.033 ..F. Values are selected 
which are available as standard parts. 

The Preamplifier Circuit 
Now that we have determined a suitable feedback net- 

work, let us investigate the basic amplifier. First consider 



the basic circuit shown in Fig. 2. Only the d.c. potentials 
are involved; no signals are applied. 

The a.c. signal will eventually appear at point E, and 
thus this point should be free to have the maximum possible 
swing either side of its static position. This means that the 
d.c. bias at E should be exactly one -half the B+ value for 
light loading -in this case, +3 volts. The output can thus 
swing down 3 volts to ground and up 3 volts to B+ before 
any clipping can occur. 

The base of Q3 will always be about 0.6 volt more posi- 
tive than point E, and since this is also the collector of Q2, 
Q2 will be operating at about +3.6 volts. This is permissible 
since there is no local feedback in the emitter of Q2 and the 
emitter -base voltage of Q2 is also about 0.6 volt. 

The emitter -base voltage of Q2 is also directly across R3 
and therefore the current in R3 is: 

i( = 0.6/R3 (14) 
The base current in Q2 is very small compared with the 

current in R3, and thus ie is the collector current of Q1. 
Since the base current of Q1 is negligible compared with 
there is only the one current through Q1 and this same cur- 
rent is drawn from point E through R5. We will not be 
concerned with the exact voltage across R5 as long as it 
is small. 

Now as a first approximation, ignoring the drop across 
R5, the can say that the emitter voltage at Q1 is the same 
as the output voltage at point E. Moreover, since the emitter 
voltage B is a replica of the voltage at A, we see that E is 
identical to A. With regard to d.c., E will always adjust it- 
self to be a duplicate of A. In our final schematic, we will 
naturally set A somewhat higher than +3 volts to allow for 
the drop across R5 and the Q1 emitter -base. 

If an a.c. signal is coupled into point A through a ca- 
pacitor, the output E will follow the input. However, if 
point B is heavily bypassed to ground, then the full open - 
loop gain comes into play; in this circuit, this will ordinarily 
measure about 1000 or more. 

In considering the total open -loop gain, we note that the 
gain of the output stage is unity. The entire openrloop gain 
is thus divided between Q1 and Q2. We know the d.c. col- 
lector cunent /, in each stage, and we know from the gen- 
eral transconductance formula that: 

g,= ql( /kT (15) 
where T is temperature in degrees Kelvin, q is electron 
charge in coulombs, and k is Boltzmann's constant in 
joules / °K. 

For normal ambient temperatures, this reduces to: 
g,,, = 39 I. (16) 

(Example: In any reasonably modern transistor, a 1 -nut 
collector current corresponds to a transconductance of 
39,000 micromhos.) 

Since the stage gain is: 
gain = g,,,RL (17) 

we conclude that the first stage gain should be about 20 
and the second stage gain about 80, or total open -loop gain 
of about 1600. The exact value is relatively unimportant. 

The Complete Amplifier 
We now combine the basic amplifier with the RLAA feed- 

back network to give the complete schematic in Fig. 3. Only 
one channel is shown. However, the second channel is ex- 
actly the same, and both channels fit onto the one board 
referred to in the parts list. This board measures 2 X 3' z 

inches, which includes adequate free area at the edges for 
mounting. 

Both channels connect on the board to one zener diode 
(point X); also, the R10 resistor is common to both. Other- 
wise there is no interaction. Readers who so wish may of 
course omit both the zener and R10 and operate both 
channels directly from a 6 -volt d.c. source. One word of 
caution, however -the 6 -volt source would have to have a 
low impedance, otherwise there would be signal leakage 
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+6V 

Q3 

R6 

eIN 

Fig. 2. Basic d.c. circuit of preamp with no signals applied. 

+6V RIO 

R1- 15,000 ohm resistor 
R2 -120 ohm resistor 
R3 -1600 ohm resistor 
R4 -2200 ohm resistor 
R5- 56,000 ohm resistor 
R6- 220,000 ohm resistor 
R7,R9 -4700 ohm resistor 
R8- 10,000 ohm resistor 
R10 -1000 ohm resistor 
(All resistors are 1/4 W, 5' carbon.) 
C1 -0.22 µF, 80 V capacitor 

RB 

R3 

+12V 

r°vr 

C2 -0.033 µF, 80 V capacitor 
C3 -1 ,F, 25 V capacitor 
C4 -22 .tF, 15 V capacitor 
D1- 1N4735A 6.2 V, 1 W zener diode 
Q1,Q3- 2N1711 transistor 
Q2- 2N3134 transistor 
(Epoxy -glass etched boards, drilled 

and gold- plated, are available from 
Mr. Royal Roberts, P.O. Box 821, 
Los Altos, Calif. 94022 (ii) $5 each 
by return airmail, postpaid.) 

Fig. 3. Complete schematic diagram of the phono preamplifier. 

between the two channels. The resistor -zener combination 
will prove to be adequate decoupling from almost any 
source. Zener impedances vary considerably from unit to 
unit, and in some cases it may be desirable to bypass the 
zener with a 100 - tF, 20 -volt external capacitor. If neces- 
sary, this is easily done when the board is mounted. 

The technical reader will observe that the d.c. output 
impedance is about 2200 ohms. This is a convenient value 
and also makes it impossible to damage the unit if the out- 
put is accidentally shorted. The output has approximately 
2.5 volts d.c. present, but there will seldom be any need 
to use a blocking capacitor here, as practically all amplifiers 
are a.c.- coupled at the input. 

If a gain control is used between this unit and the fol- 
lowing amplifier, it should be 25,000 to 100,000 ohms, and 
110 blocking capacitor is needed. Lower values may cause 
distortion and higher values may increase noise. 

As with all such preamplifiers, one must take care with 
all ground connections and signal leads to avoid ground 
loops which might easily cause oscillations. The preamplifier 
itself is unconditionally stable and will not be adversely 
affected by temperatures as high as 130° F. 

For readers who do not wish to use the layout shown in 
the photo, any compact arrangement with equivalent parts 
may be used. Almost any good modem transistors of rea- 
sonably similar characteristics may be used in place of the 
2N1711's and the 2N3134, but these are good choices and 
readily available at low cost. 

Input impedance is approximately 50,000 ohms. When 
the magnetic cartridge level is 5 to 10 millivolts the output 
is suitable for any normal audio power amplifier. 
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-he CO2 LASER 
By JOHN H. McELROY / Physicist, Space Optics 

National Aeronautics and Space Administration 

Carbon -dioxide lasers are probably the most exciting development in 
the laser field. They are about 200 times more efficient than most 
other laser types and can produce as high as 3000 watts continuously. 

WHEN a technical man confronts a new device, two 
questions are likely to occur to him. First, how 
much power output can it supply? Second, how 

much power must be supplied to the device? In the laser 
field, the carbon -dioxide laser has the best answers. And, 
after the mass of propaganda which accompanied the birth 
of the laser some seven years ago, the carbon -dioxide 
laser is the first solid indication that the laser may begin to 
live up to early predictions. 

What are the CO2 laser's answers to the questions men- 
tioned above? To the first question, the CO2 laser produces 
a continuous infrared beam which may reach multi- kilowatt 
power levels. The power of such a beam is difficult to com- 
prehend. When an unfocused 30 -watt CO2 laser beam is di- 
rected at a sheet of 1/4' thick asbestos, the beam requires 
only seconds to burn its way through. A 100 -watt beam 
literally melts away the asbestos that tries to block its path 
and, in less than three seconds, an 800 -watt beam can burn 
through a four- inch -thick fire brick. The answer to the sec- 
ond question may sound less spectacular, but it is no less 
significant. The CO2 laser produces these dramatic powers 
at efficiencies approaching 25 %. Since most laser systems 
have efficiencies in the range of a fraction of a percent, this 
is a highly important breakthrough. 

The CO2 laser also possess two other important attri- 
butes. One of these is its relative simplicity in comparison 
with other lasers. Only the most modest laboratory facili- 
ties are required to produce a 10- or 20 -watt laser. Second, 
the laser wavelength is able to pass through the atmosphere 
with relatively little loss. Because the CO2 laser radiates at 
a wavelength of 10.6 microns (within the highly transmit- 
ting 8 to 13 micron energy "window ") , interest has been 
re- awakened in laser communications. 

Unfortunately, there are also disadvantages associated 
with the CO2 laser. The five principal disadvantages are: 
invisibility of the beam, detector problems, materials prob- 
lems, physical size, and modulation difficulties. 

Some Problems 
The invisibility of the infrared beam makes mechanical 

alignment of systems employing it a difficult task. How- 
ever, this particular disadvantage might be regarded as an 
advantage in certain military systems. 

A second disadvantage of the CO2 laser is that most de- 
tectors do not work well at the 10.6- micron wavelength. 
In fact, available detectors do not perform as well as some 
photomultiplier tubes used with visible lasers. In addition, 
they require liquid helium or, at the very least, liquid nitro- 
gen cooling. 

Obtaining suitable materials for use at 10.6 microns is 
also a difficult problem. Relatively few substances pass in- 
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frared radiation well and those that do are apt to be hygro- 
scopic and mechanically weak. 

A fourth disadvantage of high -power CO_, lasers is their 
physical size. One multi- kilowatt unit constructed by the 
U.S. Army is 178 feet long; other units in the 700 -watt to 
one -kilowatt range are from 30 to 50 feet in length. 

The fifth disadvantage of the laser is the difficulty in 
modulating the beam. Modulators are still in an early stage 
of development, but are being studied intensively. 

To overcome these disadvantages, public and private or- 
ganizations are devoting huge sums to CO2 laser research. 

An Energy Converter 
The theory of operation of the CO., laser may be easily 

understood if a few basic principles are applied. First, the 
CO2 laser, or any other laser, is fundamentally an energy 
conversion device, that is, it converts electrical energy into 
infrared energy. To understand the laser, it is necessary to 
examine the manner in which energy is changed. 

Laser action depends upon the establishment of a "popu- 
lation inversion." This merely means that, within the sub- 
stance which is to be forced to "lase," the number of mole- 
cules or atoms in one energy state is greater than the num- 
ber in a lower energy state. To understand what this implies 
for the CO2 laser, refer to the left side of Fig. 1. This dia- 
gram shows a simplified view of the permitted energy 
levels for the CO2 molecule. To produce lasing, molecules 
must be raised to the 00 °1 energy level. The number of 
molecules which have been raised (excited) to this level 
must exceed the number in the next lower energy level, 
the 10 °0 level. The designations employed for the various 
energy levels are those used by spectroscopists and their 

Fig. 1. To produce lasing, the energy level of a CO2 molecule 
must be raised from the ground state to the 00 °1 energy level. 

000l 
Ee -O` iE 

VIBRATIONAL 

t 
v -I 

ENERGY 
LASING TRANSFER 

TRANSITION 

oolo r 

CARBON DIOXIDE GROUND STATE 0000 Xi 

POSSIBLE 
ELECTRON 
IMPACT 
EXCITATION 

r =0 
NITROGEN GROUND STATE 

ELECTRONICS WORLD 



s-,cy,. 

exact meaning need not be of concern, they may be regarded 
simply as labels for the energy levels. 

The energy of a molecule is determined by lour com- 
ponent energies: electronic, translational, rotational, and 
vibrational. Only the rotational and vibrational energies 
our invoked in the CO., laser action. Rotational energy refers 
h) the rate at which the molecule is spinning or tumbling. 
Vibrational energy is contained in minute vibrations of the 
atoms which make up the molecule with respect to one 
another. A molecule can have resonant vibrations or modes 
similar to the cavity nodes of microwave resonators. 

The carbon -dioxide molecule is a linear molecule with 
two oxygen atoms symmetrically positioned about the 
carbon atom. There are three dominant vibration modes 
for the CO., molecule: symmetric stretching mode, asym- 
metric stretching mode, and bending mode. The symmetric 
stretching node is diagrammed in Fig. 2A. This figure 
shows how the atoms in the CO., molecule change position 
as the molecule vibrates. As time progresses, the carbon 
atom stays fixed and the oxygen atoms move in and out, 
remaining equal distances from the carbon atom. The 
asymmetric stretching mode is shown in Fig. 213. The two 
oxygen atoms vibrate in -phase with one another, while the 
carbon atom vibrates 180° out -of -phase with them. The 
final vibrational mode, the bending mode, is shown in Fig. 
3. This mode merely represents a flexing back and forth by 
the molecule. 

Changes Energy Levels 
The energy level diagram of Fig. 1 shows the vibrational 

energies of the CO., molecule. The rotational levels have 
been omitted, but they may be visualized as sub- levels 
within each of the vibrational energy levels. When energy 
is supplied to the molecule, it may be raised to the 00 °1 
energy state. Because of certain characteristics of the mole- 
cule, it can remain in this state without decaying to a lower 
state for a relatively long period of time. Therefore, if the 
gas is highly excited, a large population of molecules in 
the 00 "1 state may result. Of equal importance are CO.. 
molecules which have been raised to the 10°0 energy level, 
or which fell to that level from the 00 °1 state. These 
quickly decay to the ground state through an intermediate 
state, the 0010 level. The combination of a long -lived upper 
state and a short -lived lower state makes the attainment of 
a population inversion between the 00 °1 state and the 10 "0 
state a relatively simple matter. 

Once the population inversion has been obtained, the gas 
acts like a charged capacitor. It is only necessary to supply 
a trigger to initiate discharge of the stored energy. just as 
the amount of charge stored in a capacitor determines how 
much energy can be withdrawn from it, the degree of popu- 
lation inversion controls the intensity of the laser energy. 

. The trigger which releases the energy stored during the 
population inversion is the process of stimulated emission. 
In fact, the word "laser" is an acronym formed by the words 
light amplification by stimulated emission of radiation. 
Stimulated emission is simply the process by which a pho- 
ton possessing the appropriate amount of energy strikes an 
excited atom or molecule and causes it to decay. The atom 
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emits a second photon which accompanies the original pho- 
ton as it passes out of the atom. Since one photon enters 
the excited atone or molecule and two photons leave it, 
amplification has occurred. in the specific case of excited 
CO., molecules, stimulated emission occurs when a photon, 
possessing an amount of energy equal to the difference be- 
tween the 00 "1 and the 10 "0 states, strikes an excited 
molecule and triggers it, causing it to decay from the 00 °1 
to the 10"O state. The energy of the second photon is equal 
to the energy of the original photon which triggered its 
emission. Thus, two photons would trigger the emission of 
other photons arid, in this manner, create a cascade of pho- 
tons, each having the sane amount of energy. And, since 
each photon would have the same energy, each would have 
the same wavelength. In this way, if replenishment of the 
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Fig. 2. (A) In the symmetric stretching mode, the oxygen atoms 
move back and forth equidistant from the molecule's carbon 
atoms. (8t In the asymmetric stretching mode, two oxygen atoms 
are in -phase with each other, out -of -phase with carbon atom. 

Fig. 3. In the bending mode, the molecules flex back and forth. 
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Fig. 4. A typical CO_ laser has five sections: an excitation source, 

an optical resonant cavity, a laser tube, a gas -flow system, and a 
tube cooling system. This particular laser system was built by NASA. 

upper lasing level by the excitation source is assumed, a 

continuous beam of radiation can be generated at a particu- 
lar wavelength. 

Population Builder 
With the background developed in the preceding para- 

graphs, it is now possible to understand the operation of the 
CO, laser. The excitation source continually raises molecules 
from the ground state to the 00 °1 state. This is represented 
by vibrations in the asymmetric stretching mode and, be- 
cause of this state's long life and the short lifetime of the 
next lower state, the 10 "0 state ( which represents vibra- 
tions in the symmetric stretching mode), a population in- 
version is built up. "Lasing" then occurs through the stimu- 
lated emission of photons which accompanies the decay of 
molecules from the upper lasing level to the lower lasing 
level. Upon reaching the lower level, the molecules relax 
via a bending mode vibration in the 0010 state and fall to 
the ground state. 

Although the first CO, lasers employed only carbon diox- 
ide, it has since been found that there are two additives 
which enhance power output. The first additive is nitrogen. 
By happy coincidence, nitrogen has an easily reached, long - 
lived energy level that is very close to the upper lasing level 
of the CO, molecule. And because the levels are close, 
energy can be easily and efficiently transferred between 
their molecules. Therefore, the addition of nitrogen aids in 
populating the upper lasing level. The second additive is 

helium. It aids in the depopulation of the lower lasing level 
and also helps populate the upper level. The cumulative 
effect of the two additives is an enhancement of the popula- 
tion inversion and, consequently, an increase in the laser's 
power output. Although there have been experiments with 
other mixtures, the vast majority of CO_ lasers use a mix- 
ture of carbon dioxide, nitrogen, and helium gases. 

Typical System 

The basic construction of the CO., laser is uncomplicated 
and there appear to be no obstacles to the production of 
rugged units suitable for field use. The CO., laser usually 
consists of five sections: excitation source, optical resonant 
cavity, laser tube, gas flow system, and tube cooling system. 
A typical short CO2 laser is shown in Fig. 4. This particular 
laser was designed by Harold E. Walker of NASA's God- 
dard Space Flight Center. Although the electrode spacing is 
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only twelve inches, it is capable of sup- 
plying two watts of power. It will be 
used in the following discussion to show 
the construction of a CO., laser. 

Examining Fig. 4, it is seen that the 
three gases are combined in a mixing 
tank and pumped through the laser 
tube by a simple mechanical vacuum 
pump. The gas within the laser tube 
is ionized by the application of a high 
direct voltage. A ballast resistor is 
placed in series with the d.c. power 
supply. This keeps the power supply's 
input impedance constant during the 
tube's discharge period. It would also 
have been possible to use high -voltage 
a.c., rectified a.c., or r.f. power from a 

small transmitter, but d.c. is simple to 
use and produces a constant lasing ac- 
tion. To simplify construction, separate 
electrodes were not employed in the 
tube. Instead, the Pyrex -to -Kovar seals 
that serve as connections to the gas 
flow system are used as electrodes. Due 
to the positive ion bombardment, the 
cathode tends to run very hot, therefore, 
it is cooled by a slow flow of tap water. 

A simple radiator provides ample air cooling for the anode. 
The laser tube is made from Pyrex and Brewster -angle 

windows are cemented to both ends of the tube to polarize 
the output beam. The tube is mounted between two gold - 
coated mirrors which form the optical resonant cavity. One 
of the mirrors has a hole drilled through its center to pro- 
vide the laser output. Adjustable irises are mounted in the 
cavity to permit selection of the desired laser mode. Notice 
that the laser tube is surrounded by a water jacket. As 

mentioned earlier in this article, a small population in the 
lower lasing level is necessary for a strong laser action. 
Heat raises the population level. The addition of helium 
counteracts the thermal effects to a degree, but a rise in gas 
temperature negates the effect of the helium. This necessi- 
tates water cooling the laser tube. 

New Applications 

Since 1964, when the first report of a CO, laser appeared, 
CO_, laser applications have remained in a very primitive 
state. However, a number of possible uses have been sug- 
gested, and some of the more interesting ones are discussed 
in the following paragraphs. 

Many attempts were made to drill and machine various 
metals such as aluminum, copper, steel, Kovar, nickel, 
rhenium, and others with CO, lasers. In general, the at- 
tempts were unsuccessful at power levels of 20 watts and 
below, but some limited success has been attained at higher 
powers. Studies are not yet completed. Most metals are 
highly reflecting at a wavelength of 10.6 microns so that 
the bulk of any energy directed at the metal is simply 
turned away. In addition, most metals are good conductors 
of heat. These two facts make laser metalworking very diffi- 
cult. 

While most efforts with metals have not met with suc- 
cess, the application of the CO_, laser to operations on cloth, 
certain glasses, ceramics, and plastics seems to be prom- 
ising. An English tailoring film is experimenting with a 
40 -watt CO., laser which is capable of cutting cloth at a rate 
of more than one inch per second. The laser is useful be- 
cause its searing action cuts cleanly, heat -sealing the cut 
edges so that fraying is prevented. 

Glasses such as Pyrex, quartz, and other materials with 
low thermal coefficients of expansion can be either drilled 
or machined with the CO., laser. Other types of glass can be 
machined, but can crack as they (Continued on page 77) 
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By WILLIAM BARDEN 

Real -time computer- controlled devices require digital inputs. Three 
basic analog -to- digital converter techniques are used to change speed, 
temperature, pressure, and viscosity into equivalent digital values. 

WHEN computers are used to control machines mak- 
ing paper, petroleum products, or drugs, physical 
properties such as temperature, pressure, viscosity, 

and speed must be converted to a form that the computer 
can use. This is a function of a group of devices known as 
analog -to- digital converters. There are three basic types of 
analog -to- digital (or A -D) converters: position -to- number, 
time and frequency -to- number, and voltage -to- number. Al- 
though differing widely in design, each performs the same 
function: physical data, or a form of the data, is sampled 
and encoded to a form acceptable to the computer or con- 
trol equipment and is then transmitted to the control de- 
vice. 

Physical Quantities, Analogs & Digital Form 
The analog of temperature, pressure, speed, and other 

physical quantities is a form of the quantity that may be 
easily handled and measured. For example, the speed of a 
car is represented by the position of the speedometer needle 
and the angular position of the needle is the analog of the 
car's speed. A second analog is frequency. Transducers are 
available which convert a voltage to a frequency analog or 
to a pulse output. Another common analog is voltage. Volt- 
age can represent temperature (voltage output of a thermo- 
couple) , speed (electric tachometer output) , or pressure 
(strain -gage output). There are other useful analogs, but 
shaft position, frequency, and voltage are the most common. 

Once physical quantities are changed to a representative 
analog mode, they can be converted to digital form by the 
A -D converter. Although the "digital" in "analog -to- digital 
conversion" could mean ordinary decimal digits, the digits 
almost invariably take the form of a binary code of one type 
or another which a computing, measuring, or printing device 
can interpret. In most cases, natural binary coding is used, 
but binary -coded decimal or special anti -ambiguity codes 
are also used. 

Sampling 
The time required to change a physical variable into a 

form which the computer can use is called the "sampling 

time" of the converter. The rate at which the sampling takes 
place varies with the application. For example, to arrive at 
a solution, the computer may need fifty or more samples 
of a physical variable each second. In this case the converter's 
sampling time must be less than 1 /50 second and the sam- 
pling rate for any of the variables must be at least one sample 
per second. 

Fig. 1 illustrates one technique used to convert the speed 
of a rotating shaft into a digital format. On the graph, the 
shaft speed is represented by an analog voltage. This voltage 

Fig. 1. Binary coded output of an analog -to- digital converter 
is representative of the analog of a rotating shaft's speed. 
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BINARY DECIMAL BINARY DECIMAL 

0000 0 1000 8 

0001 1 1001 9 

0010 2 1010 10 

0011 3 1011 11 

0100 4 1100 12 

0101 5 1101 13 

0110 6 1110 14 

0111 7 1111 15 

Table 1. Binary number system showing progression from 0 to 16. 

GRAY CODE DECIMAL EQUIV. 

0000 0 
0001 1 

0011 2 
0010 3 

Reflection 
4 

-* 
Line 0110 

0111 5 

0101 6 
0100 7 

1100 8 
1101 9 
1111 10 
1110 11 
1010 12 
1011 13 
1001 14 
1000 15 

Table 2. The Gray code, a "reflected" binary code. Refer to text. 

is the input to the A -D converter. (The A -D converter has 
four output lines, representing 2 °, 21, 22, and 23- decimal 
1, 2, 4, and 8 respectively. If a line holds a positive voltage, 
a binary 1 is represented. If zero volts is on a line:, a binary 
zero is represented. ) 

At time Ti, when the first sample is taken, the analog 
voltage level is 3 volts and its corresponding digital equiva- 
lent is expressed by the state of the converter's four out- 
put lines. The 2° line is "high ", indicating 1 x 2° or a decimal 
1; and the 21 line is high which indicates 1 X 21 or a decimal 
2. The 22 and 33 lines are "low" and indicate 0 x 22 and 0 
X 23 respectively. Therefore, the representative binary volt- 
age is 0011, or decimal 3. 

The time between T1 and Tl+ is the converter's sam- 
pling time. Between times T1+ and T2, the binary output 
is constant. At time T2 another sample of the analog voltage 
is taken and a new binary voltage output of 0100, or 4 volts, 
is indicated. Four more samples and conversions are made 
at T3, T4, T5, and T6. 

In this example, the time interval is one second and dur- 
ing this period six discrete samples are made. When the six 
sample values are plotted on graph paper, they approximate 
an analog of the shaft's speed curve. 

Position -to- Number Converters 
Position -to- number A -D converters convert the angular 

position of a shaft to digits. The angular position of the shaft 
itself might be the physical quantity to be measured or it 
might be the analog of another physical quantity or a com- 
bination of both. 

Although other types of position -to- number converters are 
in use, the code -wheel type is perhaps most useful. 

Code wheels are discs which are divided into sectors by 
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the code contained on the disc. The position of the wheel 
with respect to stationary pickups is measured by reading 
the sector of the disc opposite the pickups. Code wheels 
have been made using many types of pickups, such as 
brushes, switches, or photocells. The brush -type pickup is 

considered in this discussion, although the same scheme is 

used in the other types. 
A natural binary-coded disc is shown in Fig. 2A. The 

disc is either fixed on the shaft or geared to the shaft rota- 
tion. Four brushes, represented by dots in the diagram, are 
positioned as shown while the paths of the four brushes 
are concentric rings or channels. Each brush and channel 
represents one binary order of magnitude: the outside brush 
represents 20, the next 21, the third 22, and the innermost 
brush 23. The colored portions of the disc are conducting 
areas and the light portions insulating material. 

The disc is divided into pie -shaped wedges called "sec- 
tors". When the 0000 sector is under the brushes there is 
no output. However, when the shaft has rotated to the 0001 
sector, the 20 brush conducts and a binary 1 is indicated. 
Further rotation of the shaft causes a progression of outputs 
from 0000 to 1111, sixteen in all. Greater resolution can 
be obtained by adding more channels and brushes. 

There is a problem which arises with this type of coding, 
however. Suppose that the shaft has stopped and that the 
brushes are directly on the line separating the 0111 sector 
from the 1000 sector. If the innermost brush is slightly mis- 
aligned, it may touch the conducting (colored) portion 
of the disc while the other brushes also remain on the con- 
ducting area of the three outer channels. Instead of a cor- 
rect reading of 0111 (or 1000) , a reading of 1111 is ob- 
tained, an error of about 180 °. Misaligned brushes can cause 
ambiguous readings at any transition point on the disc. There 
are two possible solutions to the problem of ambiguity: one 
involves using multiple sets of brushes with logical selec- 
tion of the set of brushes to be used while the other in- 
volves the use of special codes in which only one bit changes 
at a time. 

One type of encoding disc, using multiple sets of brushes, 
is the V -brush type. This disc uses two brushes for each 
channel except for the least significant digit channel which 
has one brush in line with the centerline of the circle. The 
other brushes lead or lag the single brush, as shown in 
Fig. 2B. The more significant brushes are displaced farther 
and farther away from the centerline. The distance between 
each set of brushes is equal to the width of the next lower 
order segment. 

The theory behind the V -brush method may be seen from 
the way in which the binary number system progresses when 
counting from binary 0 to binary 16. This is illustrated in 
Table 1. 

If any bit changes from a zero to a one, the next higher 
bit never changes. If any bit changes from a one to a zero, 
the next higher bit also changes. Therefore, if the nth bit 
is a zero, the nth + 1 leading brush is read (the nth + 1 

bit will not change), and if the nth bit is a one, the 
nth + 1 lagging brush is read (the nth + 1 bit may change). 
An external logic circuit chooses the brush that is always 
squarely in the center area of a conducting or non- conduct- 
ing portion of the channel. Therefore, no ambiguities arise 
except in the least significant digit channel. 

Gray Code 

Special codes can also be used to solve the problem of 
ambiguity. Since ambiguities are the result of the simultane- 
ous changing of more than one bit, a disc coded so that only 
one bit changes would eliminate the problem. There are 
many codes that accomplish this. One of the more common 
is the cyclic or Gray code. The Gray code (Table 2) is a 
"reflected" binary code. It is developed in the following fash- 
ion. The first two natural binary numbers are noted. The 
next two numbers are a reflection of these except that the 
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22 22 2' 

(1011 IN THIS EXAMPLE) 

(A) (8) (C) 

Fig. 2. Code wheels or discs may be used as analog -to- digital converters. (Al The four dots represent brushes. 
Each brush is equal to one binary order of magnitude. (B) V -brush encoders are sometimes used to reduce am- 
biguity. (C) Some discs employ special codes to solve problem of ambiguity. Gray code changes one bit at a time. 

third digit from the left is changed from zero to one. These 
four numbers are then used to form a second reflection, with 
the second digit changing from zero to one, and so on. The 
result is the code for four bits in Table 2. 

A disc incorporating the Gray code and divided into six- 
teen sectors is shown in Fig. 2C. Notice that only one bit 
changes at a time in going from one sector to another. The 
ambiguity problem is solved although the solution requires 
the use of external logic to convert the Gray code into natural 
binary. 

Time and Frequency -to- Number Converters 
It is often necessary to convert time to a digital form. 

This is especially true when time is used as the input to a 
"real- time" computing system. 

Time intervals may be measured by dividing them into 
very small increments of known time and counting the num- 
ber of increments in the time interval. This method is shown 
in Fig. 3. The measured time interval is between pulses 
1 and 2. The first pulse enables the control flip -flop and pulses 
from the crystal oscillator and shaper are counted by the 
binary counter. The second pulse disables the gate and re- 
sets the control flip -flop. The counter now reads the number 
of oscillator pulses which passed through the gate during the 
time interval. If the oscillator frequency were 1 kHz, each 
pulse represents 1 ms. If the binary counter's 23, 22, 21, and 2'I 
outputs read 1, 0, 1, and 0, respectively, the time interval is 
10 -1 ms long. The one count discrepancy arises from 
the uncertainty of counting a partial pulse. 

Frequency, the inverse of time, is also useful as an analog. 
Pressure, temperature, humidity, and speed are other quanti- 
ties that can be represented by a frequency analog. 

A frequency analog is converted to digital form by a modi- 
fication of the time -interval conversion technique. However, 
the unknown frequency pulses are counted with the count 
gate enabled for a known period of time. 

Fig. 4 shows the method of measuring frequency. In this 
example, frequency is the analog of shaft speed, i.e., the 
shaft's speed is converted to a frequency output by a mag- 
netic pickup which generates a pulse each time a magnetized 
spot on the shaft passes the pickup. The pulse output is 
amplified, squared, and then fed to the binary counter which 
displays the frequency digitally. 

The crystal oscillator's output is a pulse train whose fre- 
quency is "divided down" into timing pulses of very long 
duration. The gate control flip -flop is set by the falling edge of 
one timing pulse and reset by the falling edge of the next. 
Therefore, when the control flip -flop is set, the count gate is 
enabled and the input pulses pass through. 

Pulses from the magnetic shaft pickup are only counted 
during the time the gate is enabled. If the gate has been en- 
abled for one second, the counter indicates the speed of the 
shaft in r/s for the first sampling period. After the digital 
count has been transferred from the counter's flip -flops to 
the computer or recording equipment, a new sample is taken. 
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Fig. 3. Time period can be measured by dividing it into known 
intervals and counting the accumulated pulses in the interval. 
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TOTALED INPUT PULSES 
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Fig. 4. Frequency is an analog of shaft speed. A transducer 
emits a pulse for every shaft cycle. The pulses are counted by 
binary counter which indicates speed in revolution /second. 

Of course, sample times may be made much faster than one 
second by using scaling factors in the gating. For example, if 
10 pulses are counted in 1 /10 second, a speed of 100 r/s is 
represented. 

Voltage -to- Number Converters 
Since voltage analogs are the most common form of analog, 

there are a large number of A -D converters which utilize 
voltage inputs. Two conversion methods are discussed here: 
the ramp and sucessive approximations. 

The ramp method of A -D conversion is essentially a voltage - 
to- time -to- number conversion process and is similar to the 
time -to- number conversion process discussed previously. This 
method is employed in many digital voltmeters. As in the 
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Fig. 5. Digital voltmeters often utilize a ramp generator 
and binary counter to measure and indicate voltage levels. 
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Fig. 6. Voltage can be converted from an analog to a digital 
form by the successive approximation method. It compares 
the current generated by the input voltage signal with the 
currents generated by the flip -flops. The state of the flip - 
flops represents the digital value of input voltage signal. 

time -to- number converter, internal clock pulses are totaled 
over a period of time. But, unlike the other converter, the 
count gate is disabled when coincidence is detected be- 
tween the external voltage and an internally generated volt- 
age. 

A block diagram of the circuit is shown in Fig. 5. The 
gate control flip -flop is initially reset (1 output is false) . 

When the start signal is given, the flip -flop is set and the 
count gate is enabled. At the same time the flip -flop's set 
output applies a voltage to the ramp generator, which pro- 
duces a linearly increasing voltage. When the ramp generator's 
output matches the analog voltage input (the coincidence 
point shown on the graph), the coincidence detector resets 
the gate control flip -flop. This disables the count gate and 
removes the input to the ramp generator. 

During the time the count gate was enabled, clock pulses 
were accumulated in the counter's flip -flops. The accumulated 
pulses are proportional to the gate's enable time which is, in 
turn, dependent on the slope of the output signal from the 
ramp generator. For example, assume a clock frequency of 
100 kHz. If the input voltage is 1.2 volts and the ramp gen- 
erator output increases at a rate of 1 volt /10 ms, the num- 
ber of pulses accumulated will be: 
(Vi,put /slope) (clock frequency) = count or [1.2/(1/10)] 

1 X 105 pulses /sec) = 120 pulses = 11110002 pulses. 
After the count has been recorded by the control equip- 

ment, the counter is reset and the command given (manual- 
ly or automatically) to start another sample. Other variations 
of this method are possible. 

Unlike the ramp method, the successive approximations 
method is a strict analog- to-digital voltage transformation. 
One type of successive approximations uses current summa- 
tion ( see Fig. 6) . In this system the flip -flops deliver zero 
current when they are reset and a precise amount of current 
when set. Actually each flip -flop is connected to deliver ex- 
actly one -half the current of its preceding stage. A resistor 
matrix is used to determine the current values. 

The analog input voltage generates a proportional amount 
of analog current which is used as one of the inputs to a 
comparator. The other input comes from the sum of the 
current -generating flip -flops. The method of successive ap- 
proximations proceeds as follows. Initially, all current- generat- 
ing flip -flops are reset, then the most significant flip -flop 
( the one generating the most current) is set. Next the cur- 
rents produced by the flip -flop and resistor matrix are com- 
pared with the input current in the comparator. If the 
flip -flop current is larger than the analog current, the com- 
parator output goes high and resets the flip -flop; if the flip - 
flop current is smaller or equal to the analog current, the 
comparator output is low and the most significant flip -flop 
remains set. The next most significant flip -flop is now set in 
the same manner. 

The total current from the flip -flops is now compared with 
the analog current, and the second flip -flop is set or reset 
depending upon the comparator output. (If the first output 
were 4 mA, setting the second flip -flop produces a total cur- 
rent of 4 + (1/2) (4) or 6 mA.) The process is repeated for 
each current- generating flip -flop. After all flip -flops have been 
tested against the input current, the state of all the flip -flops 
represents the digital value of the input current which, in 
turn, is proportional to the input voltage. 

As an example, assume that the analog input voltage range 
is ±8 volts and that the current produced from the analog 
voltage is 1 mA /V. If the analog input voltage is exactly 2.8 
volts, an analog voltage of 2.8 mA will be produced. The 
configuration of flip -flops at the end of the conversion will be 
as follows ( assuming the most significant flip -flop gen- 
erates 4 mA) . 

Flip -Flop FF1 FF2 FF3 FF4 FF5 FF6 
State 0 1 0 1 I 0 
Current (mA) 0 2 0 0.5 0.25 0 

Binary point 

The binary number represented is 010.110 or decimal 2.75, 
corresponding to the input voltage ± value of the least sig- 
nificant digit. 

Analog -to- digital conversion is a necessary process when 
computers perform real -time or control functions and when 
digital recording or measuring devices are used to process 
data. Although not all of the A -D conversion techniques have 
been covered in this article, the position -to- number, time and 
frequency -to- number, and voltage- to-number conversions 
discussed are three of the most widely used methods. Many of 
the other techniques use these same basic concepts.. 

( EDITOR'S NOTE: The design of high -speed, high -capacity 
digital systems was pushed by the development of solid - 
state devices, particularly transistors and integrated circuits. 
Almost all digital systems, have in the real world, analog 
inputs which must be converted to a digital language before 
they are usable. Analog -to- digital converters are being used 
in aircraft to change air data and synchro information into 
a form which the computer can use to guide the plane along 
a prescribed course. Converters are also being used in sys- 
tems that plot missile trajectories, and in systems that pre- 
pare graphical data for computer processing.) 
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PIN -POINT RECORD 
New thin -film and a ruby laser 
record smallest data bit ever. 

rve- hundred photographs or 10 mil - 
lion data bits on a square -inch strip 

of magnetic film? Impossible! Very 
probable, say two researchers at the 
California Institute of Technology's Jet 
Propulsion Laboratory. They have suc- 
ceeded in recording magnetic spots or 
"bits" with diameters less than a micron 
(forty -millionths of an inch) on thin 
films of manganese bismuthide in lab- 
oratory tests. 

The scientists, Drs. Dimiter I. Tcher- 
nev and George W. Lewicki, are re- 
searching the laser /thin -film -recording 
process for the National Aeronautics 
and Space Administration. They say 
that success of the process may lead to 
a substantial reduction in the size of 
computers on board spacecraft; and 
when used with television cameras, 
could store a thousand times more pic- 
tures than the present video tape method 
employed in lunar and planetary photog- 
raphy. 

The writing is done with a pulsed 
ruby laser similar to the type used by 
eye surgeons to "spot- weld" detached 
retinas. The laser beam, focused on the 
film through a microscope, heats up a 
tiny spot to 360° centigrade. By con- 
trolling the beam's strength, the re- 
searchers can record a spot half a mi- 
cron wide. As the heated spot cools, 
the direction of its magnetization is 
reversed by the cooler portions of the 
film around it. At that precise moment, 
a "bit" of data can be magneto- printed 
011 the film. 

Extra -thin film, only 3/100,000 of an 
inch thick, is used for the recording. 
It is made by evaporating manganese 
and bismuth into a mica base. 

Two polarizing crystals, polarized 
light, and a microscope with an enlarge- 
ment power of 500 are needed to view 
the recorded bits of information. De- 
pending on the setting of the crystals, the 
bits are seen either as black spots on 
a white background, or white on black. 
The light and dark portions of the film 
are due to the Faraday effect. 

According to the JPL researchers, 
magnetic film has a very important ad- 
vantage over regular photographic film 
-bits can be erased at will and rewrit- 
ten if necessary. 

The technique of using a laser to 
write on magnetic film is called Curie - 
point writing. It was named for Pierre 
Curie, the French scientist who discov- 
ered that magnetization vanishes at high 
temperatures. JPL is conducting other 
Curie -point writing experiments that 
are designed especially for spacecraft 
applications. A 
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OHN FRYE 
Incentive licensing for American amateurs promises 
to make the FCC's intention into reality by next fall. 

UPGRADING AMATEUR RADIO 
BOTH Mac and Barney showed signs of spring fever 

this beautiful May morning. They sat silently side by 
side on the service bench obviously trying to make 

the cups of coffee Matilda, the office girl, had brewed last 
just as long as possible. 

"Hey, Barney," Mac finally observed, "you don't look 
quite so bright -eyed and bushy -tailed this morning as you 
usually do. Too much heavy dating?" 

"Aw no, nothing like that," the youth answered yawning. 
"I just stayed up until the wee small hours stalking a JT1 

. station in Mongolia on twenty meters. I wanted him for my 
DXCC Award which they give for working a hundred or 
more countries. But I might as well have gone to bed. 
Either he didn't show or I couldn't hear him." 

"You seem to be doing quite a bit more hamming lately. 
How come ?" 

"Actually there are a couple of reasons. For one thing, the 
11 -year sunspot cycle is rising and is supposed to peak by 
the end of this year. This makes propagation conditions on 
the short -wave bands excellent. You can hear the whole 
world pouring in on the 10 -, 15 -, and 20 -meter bands. 
Early last evening on fifteen meters I was talking with a 
fellow in India running only 25 watts into the 2E26 final 
tube of his homebrew single -sideband transmitter, and he 
had a good strong signal, too. He was getting around 350 
miles to the watt, and that's good mileage on any track. 
When you call `CQ' on the 10 -, 15 -, or 20 -meter bands these 
days, you never know if you're going to get an answer from 
the other side of town or from halfway around the earth. 

"But these conditions aren't going to last long. Not only 
will the sunspot cycle start a five or six year decline after 
the first of the year, but some people who study such stuff 
believe there's a long -time trend towards a decline in sun- 
spots. If they are right, conditions may never be as good 
again during my lifetime as they are right this year. Such 
being the case, it behooves me to make DX hay while the 
sunspots shine." 

Mac held his nose in not -too -delicate disapproval of 
Barney's metaphorical mayhem, but the latter just grinned 
and continued: 

"The other reason is that I'm bucking for my Amateur 
Extra Class license, which requires proof that I can send 
and receive the code at a speed of 20 five -letter -words a 
minute; so I'm spending a lot of time on the c.w. bands try- 
ing to get my code speed back up." 

"I thought you had a certificate testifying to the fact that 
you could handle 35 words per minute." 

"I do, but I got that several years ago when I was a real 
c.w. hotshot, working daily in c.w. traffic nets. At that time 
I thought a fellow who used a microphone instead of a key 
or bug was some kind of a nut. But then I started fooling 
around with phone just to see how the other half lived, and 
the first thing you know I was hooked. For the past several 
years I have been almost exclusively on SSB, and it is 
downright shameful the way my ability to copy and send 
decent code has slipped. I'm not kidding myself a bit: it 
will take several weeks of diligent practice before I can go 

up and take that 20 -words -per- minute exam with confi- 
dence. From experience I know I should have at least a 
5- words -a- minute margin to take care of nervousness, 
strange surroundings, etc.; and I find I'm hard put just to 
write twenty -five words a minute with a pencil, let alone 
copy code that fast." 

"I listen in on the ham bands quite often," Mac said, 
"and I hear some of the boys saying they are sure they can 
go up and get that Extra Class license whenever they care 
to. They mention the Code Speed Certificate they hold and 
express a rather immodest confidence in their technical 
knowledge. I get the idea they can drop in at the examining 
office any day they please -say during a coffee break -and 
pick up that Extra Class license." 

"I know what you mean," Barney replied with a grin. "I 
hear these blowhards, too. But you will notice they keep on 
and on trying to bolster their sagging egos in this fashion 
instead of putting their alleged technical knowledge and 
code copying ability to the test. I hold an Advanced Class 
license and so must take only the 4B part of the written 
examination, but let me give you a few representative ques- 
tions likely to be asked on that exam and see if you would 
want to tie into them without a little boning up: 

"What are A5 and F5 emissions? On what amateur fre- 
quencies can these emissions be transmitted? 

"Draw a block diagram of an RTTY system showing the 
function of each stage. What is the proper way of identify- 
ing an RTTY transmission? 

"A 70 -ohm half -wave antenna operating on a frequency 
of 7300 kHz is to be matched to a 50 -ohm transmission line. 
Calculate the characteristic impedance of a quarter -wave 
matching section and the physical length of the antenna at 
the frequency given. What is the s.w.r. between the antenna 
and the transmission line without a matching section? 

"Define the alpha cut -off frequency of a transistor. How is 
this parameter of use in circuit design? 

"How are phasing capacitors used in crystal filters?" 
"Hm- m -m -m," Mac said. "I see what you mean. As I 

understand it, you must be ready to answer not only ques- 
tions pertaining strictly to amateur operation but also ques- 
tions in the fields of remote control, conventional TV, slow - 
scan TV, microwaves, etc. In other words, the questions are 
not necessarily confined to amateur transmitters and re- 
ceivers." 

"That's right, and that makes it a little sticky for the ham 
who has confined his activity to one phase of amateur opera- 
tion, such as handling traffic, Dx -ing, bouncing signals off 
the moon, teletypewriter, or transmitting and receiving TV 
pictures." 

"How would you say the amateurs in general are taking 
the new incentive licensing regulations. I heard a lot of 
griping while the idea was still being considered by the 
FCC." 

`All in all, I think things are going surprisingly well. Of 
course you still hear some static from the diehards, but the 
rank and file of the amateurs are rising to meet the challenge 
of the new licensing set -up. Those holding General licenses 
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are working for their Advanced, and 
the Advanced boys are brushing up on 
code and theory to get their Extra 
Class. Hearing the ones who already 
have their Extra Class licenses coming 
on the air with their new two -letter 
calls, which they can request if they 
have been licensed for twenty -five years 
and are willing to cough up twenty 
bucks, sort of gives you the urge. On 
top of that, the Radio Amateur's Call 
Book is now listing the type of license 
held by each amateur so the whole 
world can see just how you rate as a 
ham.' 

"What do you, personally, think of 
incentive licensing ?" 

"I'm all for it. I always felt doing 
away with the old Class A license and 
the privileges that went along with it 
was a mistake. That destroyed much of 
an amateur's incentive to improve his 
operating ability and his technical 
knowledge. Along with that went a 
good bit of pride in being a radio ama- 
teur. A well -heeled slob who scarcely 
knew the difference between a.c. and 
d.c. could buy himself a ready -made 
kilowatt and a super -duper antenna and 
become an Instant Mr. Big on the ham 
bands, and there was no place you 
could go to get away from him and his 
rock -crushing signal. 

"Now, after November 22nd of this 
year, he will either have to get himself 
an Advanced or Extra Class license or 
stay off those frequencies reserved for 
holders of these licenses. A year later, 
still more frequencies will be off -limits 
to him. And if he does study and pass 
the exams for the higher grade licenses, 
exposure to all that technical knowl- 
edge and the discipline of building up 
his code speed will chasten him and 
teach him to use that power in such a 
way as to command respect instead of 
contempt. 

"But there's more to it than that. 
American amateurs, because of their 
sheer number and the high power per- 
mitted them, are heard daily in every 
portion of the globe. To those critical 
listeners, these hams project the image 
of America. All too often, I'm afraid, 
the image has been one of sloppy, care- 
less operating procedure, of hazy tech- 
nical knowledge, and of an attempt to 
substitute brute power for skill and effi- 
ciency. I'm not expecting any overnight 
miracles, but I really believe the prod- 
ding of incentive licensing will do much 
to upgrade our image. 

"And while I'm on the subject, let 
me say that I know amateur radio can 
be a potent force for peace in the 
world. So would anyone else know this 
if they would hear, as I do, a Russian 
arranging a schedule for an American 
friend to work a rare station in Mon- 
golia; an Englishman making arrange- 
ments to meet a ham friend from Brazil 
who is flying into England on business; 
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an American offering to send some 
hard -to- obtain parts to another ham in 
the Congo; and a station in Capetown 
joyfully accepting congratulations from 
country after country on the successful 
heart transplant operation there. And it 
does me good to hear non -linguistic 
Americans ending a QSO with a casual 
cheerio for the English, ciao for the 
Italians, auf wiedersehen for the Ger- 
mans, aloha for the Hawaiians, au re- 
voir for the French, sayonara for the 
Japanese, and something that sounds 
like `desueedahnya' for the Russians. 
The accents may not be too good, but 
the effort to say at least a word of the 
other's language is always well received. 
Sometimes I think amateur radio is 
really an international, cost -free, stay - 
at -home Peace Corps." 

"There's another angle," Mac offered. 
"Before World War II, the holder of an 
amateur license had a good running 
start over the competition when apply- 
ing for a job in electronics, for that li- 
cense meant he very likely had consid- 
erable experience in building and op- 
erating electronic equipment. Lately 
this has not been true because employ- 
ers found out anyone could memorize 
the answers to the General Class exam, 
buy himself a complete factory-made 
ham station, and operate on the air for 
years with only a rudimentary knowl- 
edge of electronics. Now a prospective 
employer can be sure the holder of an 
Extra Class license has the very sub- 
stantial knowledge and experience re- 
quired to obtain that license and can 
act accordingly." 

"Yes, and don't forget the FCC spe- 
cifically stated it was confident the ham 
who worked to get a higher class li- 
cense would not then fall back to his 
former level of competence. They are 
betting self -improvement will become 
a habit, and I go along. I read the 
other day that when the people think 
about a thing long enough, they usually 
think right; and we know the FCC con- 
sidered the matter of incentive licens- 
ing a long time before coming to a de- 
cision. I and almost all the hams I know 
personally feel their action was in the 
best interests of amateur radio." 

RADIO -7V 
REPAIRS 

NEW 

"tray biens" 
most versatile 01 all 

omtlrirar scis 
Handy "Tray Bien" sets lie flat or sit up an a 
bench, hang securely on a wall, pack neatly in a 
tool caddy. 

Lightweight, durable, molded plastic trays 
feature fold -away stands, wall mounting holes, 
and a snap lock arrangement that holds tools 
firmly, yet permits easy removal. 

Professional quality Xcelite nutdrivers have 
color coded, shockproof, breakproof, plastic (UL) 
handles; precision fit, case -hardened sockets. 

Holds tools 
securely 

No. 127TB "Tray Bien" set -7 solid shaft nut- 
drivers (3/16" thru 3/8" hex openings) 

No. 137TB "Tray Bien" set -5 solid shaft nut - 
drivers (3/16" thru 3/8" hex openings) and 2 
hollow shaft nutdrivers (1/2" and 9/16" hex 
openings) 

No. 147TB "Tray Bien" set -7 hollow shaft nut - 
drivers (1/4" thru 1/2" hex openings) 

WRITE FOR BULLETIN N666 

"Just how do you determine your charges? 
XCELITE, INC., 12 Bank St., Orchard Park, N. Y. 14127 

In Canada contact Charles W, Pointon, Ltd. 
CIRCLE NO. 89 ON READER SERVICE CARD 
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"He's a goodworker. 
I'd promote him 
right now if he had 
more education 
in electronics." 

Could they be talking about you? 
You'll miss a lot of opportunities if you try to get along 

in the electronics industry without an advanced edu- 

cation. Many doors will be closed to you, and no 

amount of hard work will open them. 
But you can build a rewarding career if you supple- 

ment your experience with specialized knowledge of 

one of the key areas of electronics. As a specialist, 

you will enjoy security, excellent pay, and the kind of 

future you want for yourself and your family. 

Going back to school isn't easy for a man with a 
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full-time job and family obligations. But CREI Home 

Study Programs make it possible for you to get the 

additional education you need without attending 

classes. You study at home, at your own pace, on 

your own schedule. You study with the assurance that 

what you learn can be applied to the ÿob immediately. 

CREI Programs cover all important areas of elec- 

tronics including communications, radar and sonar, 

even missile and spacecraft guidance. You're sure to 

find a program that fits your career objectives. 

ELECTRONICS WORLD 



You're eligible for a CREI Program if you work in elec- 
tronics and have a high school education. Our FREE 
book gives complete information. Airmail postpaid card 
for your copy. If card is detached, use coupon at right 
or write: CREI, Dept.,1105G, 3224 16th St., N. N., Wash- 
ington, D.C. 20010. IN71MR9 

founded 977 

Accredited Memde, of the Natfonat Home Study Council 

CREI, Home Study Division 
McGraw -Hill Book Company 
Dept.1105 G,3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI Programs. I 

a-n employed in electronics and have a high school education. 

NAMF AGF 

ADDRESS 

CITY STATF ZIP CODF 

EMPLOYED BY 

TYPE OF PRESENT WORK G.I. BILL 

I am interested in Electronic Engineering Technology 
Space Electronics Nuclear Engineering Technology 

Industrial Electronics for Automation 
Computer Systems Technology 

L J 
APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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"ELECTRONIC MUSICAL INSTRUMENTS" 
by Richard H. Dorf. Published by Ra- 
diofile, 43 West 61st St., New York, N.Y. 
10023. 390 pages. Price $10.00. 

This Third Edition is, in reality, a com- 
pletely rewritten and updated version of 
the author's 1954 text and takes into ac- 
count all of the many changes which 
have taken place in the organ field. 

The first eight of the 19 chapters are 
generalized and cover such topics as ele- 
ments of music, what an organ is, tone 
generators, keying and coupling, tone 
coloring, special effects and equipment, 
sound production and reverberation, and 
tuning and servicing. 

The balance of the chapters deal with 
specific commercial organs including 
the Baldwin, Schober, Thomas, Lowrey, 
Gulbransen, Wurlitzer, Seeburg, Ham- 
mond, Rodgers, Allen, and Conn units. 
These chapters contain information of in- 
terest to engineers and service techni- 
cians who work on electronic organs. 
This section of the book is lavishly illus- 
trated with line drawings, partial sche- 
matics, photographs, and tables to make 
the job of tracking down a circuit fault 
easier and faster. 

The early chapters of the book will be 
of interest to laymen considering the pur- 
chase of an electronic organ since they 
outline features and options which the 
prospective buyer will have to consider 
before making a decision. 

* * * 

"PRACTICAL COLOR TV SERVICING TECH- 
NIQUES" by Robert L. Goodman. Pub- 
lished by TAB Books, Blue Ridge 
Summit, Pa. 17214. 291 pages. Price 
$4.95. Soft cover. 

This handy little book is written by a 
practicing technician for practicing tech- 
nicians and includes many troubleshoot- 
ing and installation hints which should 
prove invaluable to anyone called upon 
to install or service a color set. 

The author cites a number of case -his- 
tories which he uses to analyze color -TV 
problems from the antenna terminals to 
the picture tube. The author also out- 
lines new and helpful techniques for 
using service test instruments to best 
advantage and how to use specialized, 
sophisticated test equipment. 

The book includes a special color 
photo section to assist the service techni- 
cian in recognizing the correct and in- 
correct patterns on the screen. In addi- 

tion to this special section, the book is 
crammed with photos, scope patterns, 
partial schematics, tables, and even an 
8 -page foldout which carries two com- 
plete receiver schematics. Practicing 
technicians should find this little book 
helpful and its compact size makes it 
suitable for carrying along on calls. 

* * * 

"RADIO AND LINE TRANSMISSION" by 
D. Roddy. Published by Pergamon Press 
Inc., 44-01 21st Street, Long Island City, 
N.Y. 11101. 245 pages. Price $6.00 hard 
cover, $4.50 soft cover. 

This volume is part of a larger corpus 
of technical literature prepared for spe- 
cific industrial segments in England. 
This particular volume is addressed to 
technicians working in telecommunica- 
tions and is designed to prepare them 
for the national certificate in their field. 

Since the material presented is based 
on a series of lectures the author gave 
on the subject, the treatment, avoids 
mathematics as much as possible but the 
reader will need some algebra, some 
arithmetic, and know how to deal with 
trigonometric functions. The author has 
assumed that the reader has some tech- 
nical background as he starts out with 
waves and moves immediately into log- 
arithmic units, speech and music, ampli- 
tude modulation, passive components, 
series and parallel tuned circuits, electro- 
acoustic devices, semiconductor and 
thermionic devices, rectifier and demod- 
ulator circuits, amplifiers, tuned oscilla- 
tor circuits, radio systems, line telephony, 
and line telegraphy. 

* * * 

"CHARACTERISTICS AND OPERATION OF 
MOS FIELD -EFFECT DEVICES" by Paul 
Richman. Published by McGraw -Hill 
Book Company, New York. 145 pages. 
Price $10.00. 

Since the author, who is a senior en- 
gineer at GT&E Laboratories' Research 
Center has been intimately associated 
with MOSFET research and develop- 
ment, this is a no- nonsense, down -to- 
earth handling of the subject. It is 
assumed that the reader is either a prac- 
ticing engineer or at least at graduate 
school level in his engineering training. 
For this reason, it has been possible for 
the author to pack a lot of information 
into a relatively few pages since it wasn't 
necessary to cover a lot of background 
material. 

After an introductory chapter, the text 
covers the basic physics of the field 
effect, the theory of operation of the 
MOSFET, the modes of MOSFET oper- 
ation, the state of the technology, 
electrical characteristics and circuit 
parameters, and digital applications for 
MOSFET's. Three appendices provide 
information on symbols and notation, 
constants, and offers a definition of 
threshold voltage. The text is illustrated, 
the treatment is mathematical, and each 
chapter is referenced for further study. 

* * * 

"ATOMIC LIGHT: LASERS" by R. B. Neh- 
rich, Jr., G. I. Voran & N. F. Dessel. 
Published by Sterling Publishing Co., 
Inc., 419 Park Ave., New York, N.Y. 
10016. 102 pages. Price $3.95. 

For all those who are interested in 
laser technology but lack the engineering 
background to cope with scientific texts 
on the subject, this little volume should 
be helpful. In everyday language and 
non -technical terms, the authors -all of 
whom work with lasers -explain laser 
applications in the fields of medicine, 
communications, optics, travel. business, 
and industry. The text material is divid- 
ed into 18 chapters with the first four 
chapters devoted to a discussion of laser 
technology. The authors next describe 
some of the various types of lasers -crys- 
tal, gas, liquid, and semiconductor -and 
then delve into a number of present - 
day applications. 

As a basic text for the intelligent and 
intellectually curious layman, this would 
be a hard book to beat. Even those in 
the laser field should derive benefit from 
a discussion of laser types and techniques 
other than their specialities. 

* * * 

"ELECTRONIC INSTRUMENTATION FUN- 
DAMENTALS" by A. P. Malvino. Pub- 
lished by McGraw -Hill Book Company, 
New York. 452 pages. Price $7.95. 

Although designed as a classroom 
text for courses in technical institutes 
and junior colleges, the author has kept 
the non -matriculating technician in mind 
and presented his material in such a way 
that the book can be used as a home 
study or self -improvement text. 

Since familiarity with all types of test 
instruments is requisite for any person 
hoping to make a career in electronics, 
the author provides both practical and 
theoretical data on a representative as- 
sortment of instruments. While the treat- 
ment is somewhat mathematical -algebra 
and trig would be useful -the level is 
below that of calculus with advanced 
concepts explained in familiar language 
rather than as mathematical concepts. 
Diagrams, tables, and graphs are used 
throughout to amplify the text material. 
A glossary, review questions, and prob- 
lems are included at the end of each 
chapter for either classroom or home - 
study checking of the student's grasp 
of the material just covered. 

60 ELECTRONICS WORLD 



Now There Are 3 Heathkit® Color TV's 

The NEW Deluxe 
Heathkit "227" Color TV 

Exclusive Heathkit Self- Servicing Features. Like the famous Heathkit 
"295" and "180" color TV's, the new Heathkit "227" features a built -in 
dot generator plus full color photos and simple instructions so you can 
set -up, converge and maintain the best color pictures at all times. Add 
to this the detailed trouble- shooting charts in the manual, and you put 
an end to costly TV service calls for periodic picture convergence and 
minor repairs. No other brand of color TV has this money -saving 
self -servicing feature. 

Advanced Features. Top quality American brand color tube ... 227 sq. in. 
rectangular viewing area ... 24,000 v. regulated picture power ... im- 
proved phosphors for brilliant, livelier colors ... new improved low 
voltage power supply with boosted B+ for best operation ... automatic 
degaussing ... exclusive Heath Magna -Shield to protect against stray 
magnetic fields and maintain color purity ... ACC and AGC to reduce 
color fade and insure steady, flutter -free pictures under all conditions 

. preassembled & aligned IF with 3 stages instead of the usual 2 .. . 

preassembled & aligned 2 -speed transistor UHF tuner ... deluxe VHF 
turret tuner with "memory" fine tuning ... 300 & 75 ohm VHF antenna 
inputs ... two hi -fi sound outputs ... 4" x 6" 8 ohm speaker ... choice 
of installation - wall, custom or optional Heath factory assembled 
cabinets. Build in 25 hours. 

Kit GR -227, (everything except cabinet) 
. $42 dn., as low as $25 mo. $419.95 

G RA-227-1, Walnut cabinet... no money dn., S6 mo. $59.95 
G RA- 227 -2, Mediterranean Oak cabinet (shown above), 
... no money dn., $10 mo. $94.50 

Kit G R-295 

$47995 
(less cabinet) 

$42 mo. 

Deluxe Heathkit "295" Color TV 
Has same high performance features and built -in servicing facilities 
as new GR -227, except for 295 sq. in. viewing area (industry's 
largest picture) ... 24,000 volt picture power ... universal main con- 
trol panel for versatile in -wall installation ... and 6" x 9" speaker. 
Kit G R-295, (everything except cabinet), 131 lbs.... 
$48 dn., $42 mo. $479.95 
GRA- 295 -4, Mediterranean cabinet (shown above), 90 lbs.... 
no money dn., $11 mo. $112.50 
Other cabinets from $62.95. 

Kit GR -227 

$41995 
(less cabinet) 

525 mo. 

Kit G RA-27 

1995 
New Remote Control 
For Heathkit Color TV 
Now change channels and turn your Heathkit color TV oil 
and on from the comfort of your armchair with this new remote 
control kit. Use with Heathkit GR -227, GR -295 and GR -180 
color TV's. Includes 20' cable. 

Kit G R-180 

$34995 
(less cabinet 

& cart) 
$30 mo. 

Deluxe Heathkit "180" Color TV 
Same high performance features and exclusive self -servicing 
ities as new GR -227 (above) except for 180 sq. in. viewing 

Kit GR -180, (everything except cabinet), 102 lbs.... 
$35 dn., $30 mo 
GRA- 180 -5, table model cabinet & mobile cart 
(shown above), 57 lbs.... no money dn., $5 mo. $39.95 
Other cabinets from $24.95 

facil- 
area. 

$349.95 

Deluxe 12" Transistor Portable B &W TV- First Kit With Integrated Circuit 

Unusually sensitive performance. Plays any- 
where ... runs on household 117 v. AC, any 
12 v. battery, or optional rechargeable battery 
pack ($39.95); receives all channels; new inte- 
grated sound circuit replaces 39 components; 
preassembled, prealigned tuners; high gain IF 
strip; Gated AGC for steady, jitter -free pic- 
tures; front -panel mounted speaker; assembles 
in only 10 hours. Rugged high impact plastic 
cabinet measures a compact 111/2" H x 15'/4" W 
x 9 %" D. 27 lbs. 

Kit GR -104 

$11995 
$11 mo. 

Kit GR -104, 27 lbs.... no money dn., 
$11 mo. $119.95 

No Money Down On $25 to $300 Orders - Write For Credit Form 
CIRCLE NO. 108 ON READER SERVICE CARD 
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14 New Kits From Heath... 
New! Heathkit Wireless Home Protection 

System for Your Family's Safety 
4 

GD -97 
Utility Transmitter 

for Universal Protection 

GD -77 Wireless Receiver /Alarm 
fail -safe, always alert 

G D -87 
Wireless Smoke. Heat 
Detector -Transmitter 

Applications Unlimited ... Customize Your Own System. Here's re- 
liable, low cost, 24 -hour protection for your family and property. Sys- 
tern warns of smoke, fire, intruders, freezing, thawing, coolirg, rising 
or receding water, pressures ... any change you want to be warned 
about. Uses unique new signaling method developed by Berkeley 
Scientific Labs.; exclusively licensed to Heath. Your house is already 
wired for this system, just plug the units into any AC outlet. "Load 
transmission" design (not a carrier type as in wireless intercoms) 
generates unusual signal that is practically unduplicable in other devices 
or random noise sources. Solid -state circuitry has built -in fail -safe 
capability to sound alarm if power fails, if power supply components 
in any unit fail, or if 50,000 hour bulb in smoke detector fails. Receiver/ 
Alarm has 2800 Hz transistor alarm and receptacle for extra 117 VAC 
bell or buzzer to extend range, plus rechargeable battery (always kept 
charged) to sound alarm if power fails. Smoke -Heat Detector- Trans- 
mitter capability may be extended to other areas by adding extra heat 
sensors to its built -in sensor. Utility Transmitter accepts any type of 
switch or sensor for any purpose; examples: magnetic reed switches 
for doors and windows to warn of entry ; step -on switches for door or 
driveway; micro switches with trip wire around yard; heat sensors; 
water pressure switches warn of pump failure; thermal switches warn 
of freezing in gardens, or thawing in freezers; two wires act as switch 
to warn of changing water levels in sump -pump wells, pools, etc. Units 
are small and unobtrusive in beige and brown non -reflecting velvet 
finish. Any number of units may be used in the system. All units feature 
circuit board construction; each unit takes only 3 hours to build. 
Operating cost similar to electric clocks. Invest in safety for your 
family now with this unique Heath system. 

Kit GD -77, receiver /alarm, 4lbs. S39.95 

Kit GD -87, smoke /heat det.- trans., 5 lbs. $49.95 
Kit GD -97, Utility trans., 4 lbs. $34.95 

Inumerous accessory switches available from Heath) 

New! Heathkit 2- Channel, 200 Watt SSB 
Transceivers for CAP, MARS &160 Meters 
Kit HW -18 -1 

CAP model 
with crystals 

$119.95 

Assembled 
H W W -18 -1 

CAP model 
with crystals 

$179.95 

Kit HW -18 -2 
MARS model 
less crystals 

$109.95 

Kit HW -13 -3 
160 Meter model 

less crystals 

$109.95 
Good News For CAP, MARS And 160 Meter Ops. This unique series 
of Heathkit SSB Transceivers was designed with your needs in mind. 
No more adaptations, no more conversions, no more make -shift rigs. 
These new transceivers are tailored for your needs with the sensitivity, 
selectivity, power output and operating convenience that make for 
effective communications at a fraction of previous costs. 
Compare. 200 watts PEP SSB input. 25 watts input with carrier for 
compatibility with AM stations. Crystal filter sideband generation. 
2 channels, switch -selected, crystal controlled. Fixed tuned for easy 
PTT operation. Transmit and receive freqs. locked together for true 
transceive operation. Clarifier control adjusts transceiver frequency 
±250 Hz. Relayless transmit -receive switching. Local- Distance switch 
prevents receiver overload from strong local stations. Built -in speaker. 
PTT mie. & mobilemount included. Carrier & sideband suppression 
45 dB. Sensitivity I uV. Selectivity 2.7 kHz. 50 ohm coax output. Ac- 
cessory power supplies (Kit HP -13, mobile, 564.95; Kit HP -23, fixed 
station, $49.95). 

New! Heathkit Solid -State Utility 
Monophonic Amplifier 

Kit 
AA -18 

$19.95 

This amazing little amplifier accepts ceramic phono cartridges, AM 
tuners, FM tuners, tape recorders, etc., and delivers a solid 4 watts of 
music power from 20 Hz to over 100 kHz at a low 1.5' THD. Drives 
high efficiency speakers of 4 to 16 ohms. Ideal for small music system 
or testing amp. for service shops. Circuit board construction is easiest; 
just 5 short hookup wires and 6" cable. Single knoS tone control. Head- 
phone jack. Pilot lamp. Transformer operated, 120/240 VAC, 50 -60 Hz. 

New! Heathkit Crystal -Controlled 
Post Marker Generator 

- Kit IG -14 

IS10 mo. 
$99.95 

Fast, accurate color TV and FM alignment at the touch of a switch! 
15 crystal -controlled marker frequencies. Select picture and sound IF's, 
color Sandpass and trap freqs., 6 dB points, FM IF cente: freq. and 100 
kHz points. Use up to six markers simultaneously. Birdie -type markers. 
Trace and marker amplitude controls permit using regular 'scope. 400 
Hz modulator. Variable bias supply. Input and output connectors for 
use with any sweep generator. Also has external marker input. BNC 
connectors. Solid -state circuit uses 22 transistors, 4 diodes. Two circuit 
boards. Handsome new Heathkit instrument styling of beige and black 
in stackable design. Until now, an instrument of this capability cost 
hundreds of dollars more. Order your IG -14 now, it's the best invest - 
ment in alignment facilities you can make. 

Kit IG -14, 8 lbs., no money dn., $10 mo. $99.95 
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pew! Low Cost Heathkit 
5 MHz 3" Scope 

Kit 10 -17 

$79.95 

Here is the wideband response, extra 
sensitivity and utility you reed, all 
at low cost. The Heathkit IC -17 fea- 
tures vertical response of 5 Hz to 5 

MHz; 30 my Peak -to -Peak sensitiv- 
ity; sertical gain control tv.th pull- 
out X50 attenuator; front panel 1 

volt Peak -to -Peak reference voltage; 
horizontal sweep from internal gen- 
erator, 60 Hz line, or external 
source; wide range automatic sync; 
plastic graticle with 4 major vertical 
divisions & 6 major horizontal; front mounted controls; completely 
nickel -alloy shielded 3" CRT; solid -state high & low voltage power sup- 
plies for 115/230 VAC, 50 -60 Hz; Zener diode regulators minimize trace 
bounce from line voltage variations; new professional Heath instrument 
styling with removable cabinet shells; beige & black color; just 91/2" H. 
x 51/2" W. x 141/2" L.; circuit board construction, shipping wt. 17 lbs. 

^ 400 ® 3 . 

tt 

. 
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See 300 More in FREE Catalog 
New! Heathkit /Kraft 5- Channel Digital 
Proportional System with Variable 
Capacitor Servos 

System Kit G D-47 

$219.95 
521 mo. 

its i 
1251 
7/6f: ,) 

This Hcathkit version of the internationally famous Kraft system saves 
you over $200. The system includes solid -state transmitter' with built -in 
charger and rechargeable battery, solid -state receiver, receiver recharge- 
able battery, four variable capacitor servos, and all cables. Servos 
feature sealed variable capacitor feedback to eliminate failure due to 
dirty contacts, vibration, etc.; three outputs: two linear shafts travel 
5/a" in simultaneous opposite directions plus rotary wheel. Specify 
freq.: 26.995, 27.045, 27.145, 27.195 MHz. 

System Kit GD -47, all of above, 5 lbs. , . 5219.95 
Kit GDA -47 -1, transmitter, battery, cable, 3 lbs 586.50 
Kit GDA -47 -2, receiver, 3 lbs. 549.95 
G DA -47 -3, receiver rechargeable battery, 1 Ib. 59.95 
Kit G DA -47 -4, one servo only, 1 lb $21.50 

World's Most Advanced Stereo Receiver 

Kit AR -15 

$329.95 
(less cabinet) 

$28 me. 

Acclaimed by owners & experts for features like integrated circuits & 
crystal filters in IF amplifier; FET FM tuner; 150 watts music power; 
AM /FM and FM stereo; positive circuit protection; all-silicon tran- 
sistors; "black magic" panel lighting; and more. Wrap -around walnut 
cabinet $19.95. 
Kit AR -15 (less cab.), 34 lbs.... $33 dn., $28 mo. $329.95 
Assembled ARW -15, (less cab.), 34 lbs....$50 dn., 
543 mo. $499.50 

New! Solid -State Portable 
So Handy, So Low Cost we call 
it "every man's" meter. Just 
right for homeowners, hobby- 
ists, boatowners, CBer's, hams 

. it's even sophisticated enough 
for radio & TV servicing! Fea- 
tures 12 ranges ... 4 AC & 4 DC 
volt ranges, 4 ohm ranges; 11 

mcgohm input on DC, 1 meg- 
ohm input on AC; 41/2" 200 uA 
meter; battery power; rugged 
polypropylene case and more. 
Easy 3 or 4 hour kit assembly. 

4 lbs. 
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Volt- Ohm -Meter 

Kit IM -17 

$19.95 

NEW 
FREE 1968 
CATALOG! 

Now with more kits, more color. 
Fully describes these along with 
over 300 kits for stereo /hi-fi, 
color TV, electronic organs, elec- 
tric guitar & amplifier, amateur 
radio, marine, educational, CB, 
home & hobby. Mail coupon or 
write Heath Company, Benton 
Harbor, Michigan 49022. 

What would you expect to pay for a Vox 
"Jaguar" Combo organ with a 180 -watt 
3- channel amp? 
$1000? $1250? 
$1500? More? Kit TOS -1 

Organ, Amplifier 
& Speaker Kits 

(240 lbs.) 

$598.00 

Kit TOS -2 
Organ Kit, 
Assembled 
Amplifier & 

Speaker (240 lbs.) 

$698.00 
1111111, 

You can get both for only $598 
during this Special Heathkit Offer! 

Now you can get this famous professional combo organ with a versatile 
high -power piggy -back amp. and matching speaker system for just a 
little more than you'd expect to pay for the "Jaguar" alone! The Heath - 
kit /Vox "Jaguar" is solid -state; two outputs for mixed or separated 
bass and treble; reversible bass keys for full 49 key range or separate 
bass notes; bass volume control; vibrato tab; bass chord tab; four voice 
tabs (flute, bright, brass, mellow); keyboard range C2 to C6 in four 
octaves; factory assembled keyboard, organ case with cover, and stand 
with case. Also available separately; you'll still save. $150 (order Kit 
TO -68, $349.95). 
The Hcathkit TA -17 Deluxe Super -Power Amplifier & Speaker has 180 
watts peak power into one speaker (240 watts peak into a pair); 3 -chan- 
nels with 2 inputs each; "fuzz ", brightness switch; bass boost; tremolo, 
reverb; complete controls for each channel; foot switch; 2 heavy duty 
12" speakers plus horn driver. Also available separately kit or factory 
assembled (Kit Amplifier TA -17, $175; Assembled $275; Kit Speaker 
TA -17 -1 $120; Assembled $150; Kit TAS -17 -2, amp. & two speakers 
$395; Assembled TAW -17 -2, amp. & two speakers $545). 

New! Heathkit Guitar 
Headphone Amplifier 

Kit TA -58 

$9.95 
Practice your electronic guitar playing in private! Plug this miniature 
amp. into output jack of guitar and use mono or stereo headphones 
(4 to 2 megohms). Solid -state circuit has tailored response, automatic 
on -off switching, powered by battery (not supplied). 2 lbs. 

New! Heathkit Solid -State 
"Fuzz Booster" For 
Guitar Amplifiers 

Kit TA -28 

$17.95 
"Fuzz" is what it's called, harmonic distortion is what it is, and you 
can add it to your guitar amp with this kit. Transistor circuit is con- 
tained in die cast footswitch housing and powered by internal battery 
(not supplied). Two controls adjust tone and intensity of "fuzz ". 
Build it in one evening. 4 lbs. 

rHEATH COMPANY, Dept. 15 -5 
Benton Harbor, Michigan 49022 
In Canada, Daystrom Ltd. 

Enclosed is $ , including shipping. 

Please send model (s) 

Please send FREE Heathkit Catalog. 
Please send Credit Application. 

Name 

Address 

City State Zip 
Prices & specifications subject to change without notice. CL-326 
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Solid -State Color -Bar Generators 
(Continued from page 29) 

The advantages of the unusual sweeping system in the 
WR -502A, as explained by its designer, are greater 
stability and cleaner video pattern displays. A built -in meter 
to check battery voltage, and a switch to cut in a fresh 
battery (a dual battery holder is used to carry a spare mer- 
cury battery), contribute to reliability in the field. The con- 
stant- voltage characteristics of mercury cells and the low 
(22 mA) drain make possible stable operation over a bat- 
tery life of 100 hours or more. 
Sencore -This manufacturer has two solid -state models, the 
CG10 and the CG141, both keyed rainbow types. As you can 
see from the chart, the CG141 is the more elaborate (and 
expensive) of the two. 

The CG10 is battery- operated. Its counting circuits are 
something not seen before in color -bar generators: transistor 
blocking oscillators. They seem to be as steady in this ap- 
plication as the old- standby blocking oscillator has been in 
many another piece of tube equipment in years past. A 189 - 
kHz crystal oscillator starts the timing chain. A 12- divider 
is controlled by a special bistable multivibrator as well as 
by the 15,750 -Hz signal from the first counter; the divider 
down -counts alternately by factors of 17 and 18, producing 
an average 450 -Hz output from the bistable multivibrator. 
The 900 -Hz signal for horizontal lines is developed by mix- 
ing 450 -Hz pulses from a second source with the 450 -Hz 
pulses already mentioned. It is this odd way of developing 
the 900 -Hz pulses for horizontal video lines that allows an- 

Fig. 7. Keyed- rainbow waveform pattern: (A) as it comes 
from generator, and (B) as it appears at set's video detector. 

Fig. 8. Waveforms in chroma section of color -TV receiver 
with color -bar pattern applied are strong troubleshooting aid. 
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other innovation -variable interlacing. The third counter also 
has a dividing factor of 15, forming the 60 -Hz pulses needed 
for sync. 

The unique feature called interlace is an adjustable delay 
in the timing of interlocking between the 450 -Hz pulses from 
the second source mentioned -a circuit called a half -line 
multivibrator -and the 450 -Hz ( average) pulses from the 
bistable multivibrator. The adjustment is on the front panel 
and is turned to make the horizontal video lines start wher- 
ever the operator desires. It can blend distinctly separate 
video lines together to form a single thicker one. Because 
of the way dots are formed, it can also be adjusted for nice, 
round dots to make center convergence easy. 

The Model CG141 is similar in basic circuitry to the 
CG10. The same kind of counting is used, but there are 
some additions in the pattern -combining circuits. The 
CG141, introduced last year, was the first color generator to 
offer the movable single -dot and movable crosshair patterns. 
It is accomplished with special delay multivibrators that de- 
termine- according to how the operator sets the controls - 
where on the screen the single vertical and horizontal lines 
are positioned, therefore where they intersect. It is, of 
course, that intersection which forms the movable dot. 

The Model CG141 operates from the a.c. line only. It is 
the only color -bar generator we know of with a thermo- 
statically controlled heating element inside. This is done in 
the interest of stability and quick warmup. And it is ef- 
fective. With stable blocking- oscillator counters, a zener- 
regulated power supply, and almost absolute temperature 
control ambient to the counting transistors, there is little rea- 
son to expect anything but stability. 

How Are They Used? 
Not much mystery remains to using the video patterns of 

a color generator for convergence. The dot -line pattern gen- 
erator antedated color TV. Besides, no home -service or in- 
stallation technician who values his professional reputation 
can function without knowing at least the rudiments of con- 
vergence. The operation and application of color -bar gen- 
erators for this purpose is, therefore, familiar to most of our 
readers. 

Fewer technicians know as much about the color -bar 
pattern as they would like to. The keyed -rainbow display 
makes an easily indentifiable waveform for tracing through a 
chroma section with an oscilloscope; the distinctive normal 
shape is easily compared against shapes discovered at various 
circuit points, offering significant clues to the nature of any 
defect. The position of the rainbow patterns' colors, viewed 
on a color -set screen, is an indicator of correct (or incorrect) 
phase adjustment in the color -sync section of a receiver. 
Closer examination of the relative positions of individual bars 
of color on the screen gives a clue to proper adjustment of 
the color demodulators. When any of these adjustments is 
wrong, the color -bar pattern is the standard against which 
it is corrected. 

The keyed -rainbow colors are illustrated in their correct 
positions on the receiver shown on the front cover. Fig. 7A 
is an oscilloscope photograph of the keyed- rainbow wave- 
form as it appears coming from the video output of a typical 
generator. Fig. 7B is of the waveform at the video detector 
of a color receiver, the rainbow signal being fed into the re- 
ceiver through the tuner on an r.f. carrier. In both wave- 
forms, the first "bar" after the sync pulse is the color - 
synchronizing burst and the remaining ones coincide with 
the bars of color shown on the front cover. Compare them 
and become familiar with the color sequence. Memorize it; 
you'll need to remember it if you troubleshoot many color 
receivers. 

Chroma- section troubles yield readily to signal tracing, 
with the keyed -rainbow generator as the signal source and 
a scope as the tracer. Starting at the video detector, the 
technician moves progressively through the band -pass ampli- 
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fiers, checking the action of various controls and adjustments 
as he goes. Fig. 8 is a block diagram of the chroma section 
of one popular color set. It is useful as a guide to the steps 
of signal- tracing the keyed- rainbow signal. 

Significant Waveforms 
A few of the most significant keyed- rainbow waveforms 

are shown in Fig. 8. The waveform at the band -pass ampli- 
fier grid contains all the bars, but the horizontal pulse 
has been chopped out from between each bar sequence. The 
small -value coupling capacitor that feeds video to the band - 
pass amplifier will pass the keyed- rainbow information at 
3.56 MHz; the 15,750-Hz pulse can't get through. 

In the burst amplifier, a keying pulse is dominant in the 
waveform. That is because the color- synchronizing pulse is 

the only information that is important; it is visible at the 
top of the large pulse. As you can see from the waveform, the 
color bars are subjugated; in some receivers, they may be 
completely swamped out at this point. The signals fed to the 
killer detector and phase detector from the burst amplifier 
need carry nothing but color -sync information. 

Both the killer detector and the phase detector that con- 
trols the 3.58 -MHz oscillator also receive a signal from the 
3.58 -MHz oscillator. Its waveform isn't shown, but it ap- 
pears on the scope as a blur of r.f. signal. Moving the Tint 
control while observing the 3.58 -MHz signal entering the 
phase detector tells nothing, because it is impossible to see 
any phase shift there with the scope. That phenomenon is 
best observed on the screen of the picture tube, or in the 
waveforms at the demodulators. 

You can trace the color -bar signal through the band -pass 
amplifier (sometimes there are several stages) with the 
scope. Beyond the Color control, you can check its action. 
As you turn it up and down, the amplitude of the color - 
bar waveform reaching the demodulators should increase 

and diminish noticeably. You can also check the action of 
the killer adjustment. Turn it to maximum and the wave- 
form should disappear from the output of the band -pass 
amplifier; be sure to reset it to the proper operating point 
after you've checked its action. 

The waveforms you see at the output of the demodulators 
are free from 3.58 -MHz signals. They are simply lines rep- 
resenting the rising and falling signal levels at the various 
CRT grids for each color bar seen on the CRT face. As an 
example of how to interpret these waveforms, consider the 
one at the R -Y amplifier. Notice that maximum amplitude 
is the upward excursion third from left. In a normal color - 
bar display on the color -set's picture tube, the third bar is 
the deepest red. In the waveform, the sixth bar is at the zero 
line and the remaining ones go in the negative direction. 
On the CRT screen, the sixth bar is blue with virtually no 
red in it; the remaining ones are some combination of blue 
and green, with the red gun of the picture tube cut off 
completely. 

Now you can twist the Tint knob back and forth and view 
the result of its action. If something is wrong with it, the 
highest amplitude of red will fall somewhere other than at 
the third bar. When the tint control is at its center of rota- 
tion, the third bar should be maximum red, and the sixth 
bar should fall at the zero line. If you decide to use the de- 
modulated B -Y signal as a reference instead of the R -Y, 
normal action would place the amplitudes differently; the 
waveform at the B -Y amplifier shows normal positioning. 

It takes practice to become familiar with the appearance 
of all the waveforms in the chroma section of a color re- 
ceiver. Those few shown in Fig. 8 are the basic ones. Learn 
to trace them, and to recognize abnormalities, and you'll cut 
minutes -even hours -off your troubleshooting time in color 
sets. The best tool you can have is the steady standard sig- 
nal from a good color -bar generator. 

ZENITH TUBES 
built to the quality 
standards of Zenith 
original parts 
"Royal Crest" Circuit Tubes 
More than 875 tubes -a full line' 
with the same quality as original 
Zenith equipment. Get Zenith tubes 
for greater dependability and 
finer performance. 

Order all genuine Zenith replacement parts and accessories 
from your Zenith distributor. 

BEST YEAR YET 

TV Picture Tubes 
For color TV, B &W TV 
or special purposes. 
A complete Zenith line 
of more than 200 tubes 
built for greater 
reliability, longer life. 

Zenith B &W replacement 
picture tubes are made only 
from new parts and materials 
except for the glass envelope 
in some tubes which, prior to 
reuse, is inspected and tested to 
the same high standard as a 
new envelope. Some color 
picture tubes contain used 
material which, prior to reuse, 
is carefully inspected to meet 
Zenith's high quality standards. 

TO SELL THE BEST 

tizzirm 
The quality goes in before the name goes on 
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RCA WV -500A Solid -State Volt- ohmmeter 
For copy of manufacturer's brochure, circle No. 32 on Reader Service Card. 

HE new RCA WV -500A "Volt- 
-1- is a solid- state, battery - 

operated electronic volt- ohmmeter, es- 
pecially designed for stable, drift -free 
operation. It measures d.c. voltages 
from 0.01 to 1500 volts, a.c. (r.m.s.) 

S2 
FUNCTION 

52A 
REAR 

voltages from 0.1 to 1500 volts, a.c. 
peak -to -peak voltages from 0.5 to 4200 
volts, and resistance values from 0.2 
ohm to 1000 megohms. Seven over- 
lapping ranges are provided for a.c. and 
resistance measurements, and eight 
ranges are provided for d.c. measure- 
ments, including a 0 and 0.5 -volt range. 
Accuracy of the meter is ± 3% of full-. 
scale reading. 

An input resistance of 11 megohms 
on all d.c. ranges prevents overloading 
the circuit under test. The 11- megohm 
input resistance has the advantage of 
not being so high as to impair the sta- 
bility of the instrument. 

Special solid -state circuitry is used 
to assure stable, drift -free operation 
with minimum effect due to tempera- 
ture variation. Advantages of solid -state 
construction include the elimination of 
warm -up time and a reduction in zero - 
shift that can occur in tube -operated 
volt -ohmmeters. 

Since the WV -500A is battery -oper- 
ated, the measuring circuit is complete- 
ly isolated from the a.c. power line. 
For this reason, the instrument can be 
used to make measurements on equip- 
ment with high ground potentials -an 
important consideration in many indus- 
trial and laboratory applications. 

SV 
10K 
CA.. 

e 

60K 
1.15V CAL 

Q1 

5 CAL 

t9 
The operation of the instrument is 

based on a four- transistor amplifier cir- 
cuit see diagram) , especially designed 
for high input impedance with good 
stability and linearity. The input volt- 
age (from the a.c. /d.c. voltage divider 
or ohms divider) is applied between 
the bases of Q3 and Q4, which serve 
as preamplifiers driving the bases of 
Q1 and Q2. The output of Q1 and Q2 
drives the 50- microampere meter that 
is used. 

High impedance is achieved through 
controlled positive- feedback networks 
consisting of four 91- megohm resistors. 
A 6- megohm pot between the collectors 
of Q3 and Q4 is used to balance the 
input. The front -panel Zero control bal- 
ances the amplifier output with no in- 
put signal applied. The 3.3- megohm re- 
sistors connected to the two bases of 
the two input transistors serve to iso- 
late and protect the amplifier circuit. 
Bypass capacitors prevent a.c. signals 
from affecting the metering circuit in 
any way. 

The accuracy of the circuit is main- 
tained throughout the usable life of the 
batteries. The 9 -volt output -stage sup- 
ply batteries, B2 and B3, are connected 
in parallel to assure long life. Total 
battery drain is only about 1 mA. The 
other 9 -volt battery, B4, powers the 
driver transistors Q3 and Q4, and pro- 
vides bias to bases of Q1 and Q2. The 
current drain from this battery is only 
a few microamps, so that a stable sup- 
ply voltage for the input circuit is pro- 
vided throughout the entire shelf -life of 
the battery. This, of course, maintains 
over -all meter stability. 

The instrument is completely port- 
able, requiring no external power 
source. Four batteries are used in all; 
one 1.5 -volt "C" cell and three 9 -volt 
batteries. The unit weighs only 3i2 
pounds and measures 6 76' x 5iß' x 3ië'. 
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See 
hear 

Good sound also has its special 
look. And the 711B is no excep- 
tion. It has the look of quiet engi- 
neering authority. Styling is 
elegant, with a walnut- grained 
trim and a rich satin black and 
gold panel. 

Behind its handsome face are 
some very sound electronics 
(FET's, IC's and fully silicon tran- 
sistorized circuitry) for some 
very sound sound. Between - 
station noise is completely elim- 
inated by Altec's new muting 
circuit. 

At 100 watts, the 7118 is engi- 
neered to drive almost any 
speaker system you may prefer. 
(And naturally we prefer you'd 
choose an Altec system.) 

Altogether, the 711B is an 
instrument that's more than 
worth seeing and hearing. Espe- 
cially at only $399.50. Visit your 
Altec dealer, or write us for free 
catalog. 

El`-ANSING® 
ALTE[ 

A Division of Ling Altec, Inc.. 
1515 South Manchester Avenue. 

Anaheim, California 92803 
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Optional user price of the WV -500A is 
$75.00. 

Hewlett- Packard 
Model 204C Audio Oscillator 

For copy of niauufacturer's brochure 
circle No. 151 on Reader Service Card. 

T/HEN the Hewlett- Packard Co. was 
founded in 1939, its first prod- 

uct was an RC Wien- bridge oscillator 
invented by William R. Hewlett, now 
HP president. In its newest version, the 
Model 204C oscillator is now advanced 
in many ways over its several predeces- 
sors. 

Significant improvements are flatter 
frequency response (now better than 
± 0.5% or ± 0.05 dB) over increased 
frequency range (now 5 Hz to 1.2 
MHz), lower distortion ( < 0.1% over 
the whole range, including the low - 
frequency extreme in the low- distortion 
mode) , syncability, greater stability, 
and better human engineering. The dial 
is recessed for no- parallax setting; com- 
plete disassembly for maintenance is a 
two -minute operation. 

Light in weight and compact (it is 
one -third of a rack -width wide and less 
than 7 inches high) , the new oscillator 
sells for $250. Three plug -in interchange- 
able power supplies are offered -a.c. 
line -operated, battery, and recharge- 
able battery. 

When fed to the instrument's front - 
panel sync input, any waveform in the 
oscillator's range will produce an ex- 
cellent sine -wave output, synchronized 
in phase. The instrument can thus func- 
tion as a high- quality tunable filter, or 
it may be phase -locked to a frequency 
standard. 

The oscillator- amplifier uses a FET 
input and a FET automatic gain con- 
trol in the feedback loop to stabilize 
output and to reduce distortion. Ampli- 
fier frequency response is independent 
of transistor parameters so transistors 
may be changed without recalibration. 

Soft 
touch 
Tunes like a breath. Or like the 
precision instrument it is, with 
its finely balanced, bal -bearing 
tuning mechanism and its accu- 
rately calibrated scale. 

The experts say it has a hot 
front end. And that means 
exceptional sensitivity better 
than 1.9 microvolts. Capture 
ratio is 2.5 dB. 

Of course this 100 watt 
receiver makes use of all the 
latest sound electronics: field 
effect transistors, integrated cir- 
cuits, silicon transistor circuitry 
throughout. 

If you're anywhere near the 
market for a $399.50 receiver, 
your Altec dealer will be glad to 
put you in touch with the 7118. 
Or write us for a free catalog. 

A Division of Ling Altec, Inc 
South Manchester Avenue. 

Anaheim. California 92803 
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CONtROLLED QUALITY CRYSTALS 

e -, 

Tried and True 
Complete Range 
Guaranteed 
Ready for you a 

your dealer 

1 

=.w, 

-i- 
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CRYSTEK 
TEXAS CRYSTALS 

Division of Whi:fehall Electronics Corp. 

1000 CRYSTAL DRIVE 
FORT MYERS, 

FLORIDA 33901 
Plants in Fort Myers 

and Los Angeles, Calif. 
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IN ELECTRONICS CALCULATING 
Still plodding through math and electronics 
problems the slow pencil- and -paper way? 
Smash the paperwork barrier with this new 
Electronics Slide Rule. 

Even if you've never used a slide rule 
before, you can whiz through resonant fre- 
quency calculations and inductive or capaci- 
tive reactance problems. You can find 
reciprocals for resistance formulas in- 
stantly. You can even locate tricky decimal 
points in a jiffy. 

You can also work regular math proh- 
lems in a flash: multiplication, division, 
square roots, logarithms, trigonometry. 

Anyone can use this sturdy 12 -inch, all - 
metal slide rule. We show you how with 
our complete 4- lesson instruction course. 
Slide rule, course, and handsome leather 
carrying case celiberately priced low as our 
way of making friends with men in Elec- 
tronics. FREE booklet gives full deta ls. 
Mail coupon below today. 

MAIL THIS COUPON FOR FREE BOOKLET 

EC I ` 1776 E.17th St..Cle e and,lOhio 44114 
Please send me, without charge or obligation, your booklet 
describing the Electronics Slide Rule and 4- lesson instruc- 
tion cou rse. Also FREE if I act at once -a handy, pocket - 
sized Electronics Data Guide. 

How to Solve Electronics Pro r lems in Seconds 

VV. new Electronics Blin Nule an Instruction Course 

Name 

Address 

City 

(please oreo 

State Zip 
Accredited Member National Home Study Council A Leader in Electronics Training...Since 1934 

L 
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The heart of the oscillator, a classical 
Wien bridge, has been reconfigured. 
The tuning capacitors are electrically 
isolated and the number of sections re- 
duced from three to two. These now ap- 
pear in the bridge circuit in such a posi- 
tion that their stators are both located 
at low- impedance points ( one at ground, 
one at amplifier output). The result is 
lowered stray capacitance shunt effects 
and greater tuning range. 

Hickok Model DMS -3200 DP -170 
Digital Ohmmeter 

For copy of manufacturer's brochure, 
circle No. 152 on Reader Service Card. 

DIRECT digital display of resistance 
measurements at very high ac- 

curacy is provided by the new Model 
DMS- 3200 /DP -170 available from 
Hickok. The new instrument consists of 
a plug -in unit along with a digital dis- 
play main frame. It is able to measure 
resistance from 0.001 ohm to 1000 
megohms in ten ranges with an ac- 
curacy of -!- 0.1 percent. An unusually 
low power is applied to the resistor 
under measurement -a maximum value 
of 1 milliwatt. Four -terminal input, with 
guard terminal, permits accurate meas- 
urement of both extremely low and high 
resistance values. 

All- electronic "Nixie" type display 
tubes are used for the readout and the 
decimal -point indication is automatic- 
ally displayed. A 100- percent overrange 
capability is provided and display time 
is variable, with provision for holding a 
reading indefinitely. 

The instrument is fast, simple, and 
accurate with the minimum possibility 
of operator error. It is intended for 
general laboratory use, for calibration of 
resistors and resistance thermometers, 
for checking transducers, and for gen- 
eral component inspection. 

The unit uses all -solid -state design 
and employs glass -epoxy printed -circuit 
boards. It measures 9" x 7" x 13" and 
weighs 13 pounds. Price is $560. 

Also available now is a new digital 
capacitance meter, the Model DMS- 
3200 /DP -200. Using the same main 
frame but with a different plug -in unit, 
this instrument provides digital display 
of capacitance measurements from 1.0 
picofarad to 10,000 microfarads in eight 
ranges at ± 0.1 per cent accuracy. 
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EHV D.C. Power Transmission 
(Continued from page 43) 

tems -any fault:: or damaging power 
surges on one a.c. system will not be 
transmitted to the other a.c. system. If 
such a system had been in use in 1965, it 
is just possible that the Northeast power 
failure would not have occurred. 

Olov Berglund, executive engineer for 
ASEA, puts it this way: "An h.v. d.c. line 
will only transmit what it is set to trans- 
mit. It will not transfer a fault from the 
sending end to the receiving end -which 
a.c. does automatically, without the pos- 
sibility of the operator checking it." 

What About the Future? 
With all of these good things to be said 

for EHV d.c., what does its future appear 
to be? To make d.c. even more competi- 
tive, it appears that solid -state conver- 
sion equipment must be developed. 

Some engineers believe that thyristors 
( SCR's and power -switching diodes) , 
the most likely device to repk.ce the 
mercury -arc rectifier, will be better and 
more economical than the mercury -arc 
rectifier within 5 years. To take advan- 
tage of such progress, engineers for the 
Nelson River project have specified that 
either mercury -arc rectifiers or thyristors 
may be used. 

Until thyristors become competitive 
with the mercury -arc rectifiers, terminal 
stations for d.c. are likely to remain ex- 
pensive, and EHV d.c. will probably be 
used only in specific situations where 
large blocks of power must be trans- 
mitted long distances. Tapping off power 
for intermediate stations would require 
a terminal station for each tap, which 
would change the cost situation tremen- 
dously. 

With U.S. power needs doubling ev- 
ery 10 years, it is important that our 
electric utilities push ahead with new 
techniques such as EHV d.c. 

Back in 1939, J.D. Ross, the first head 
of the Bonneville Power Administration, 
predicted that transmission of power 
from 1000 to 2000 miles would become 
a comparatively simple matter with d.c. 
Truly, as Ross said, the possibilities of 
this new technique of power transmis- 
sion stagger the imagination. 

"Oh, come on, I'll test your tubes free!" 

May, 1968 

JOHNSON'S Spring " " °tgft 

YOU MAY HAVE ALREADY 

STRUCK l'i 
GOLD AWARD MESSENGER 

III's. Every CB call area will have a 
winner. YOUR call number may be 
lucky! See your Johnson dealer and 
find out if you have already won. 

-91 wix 

PLUS! Participating Johnson 
dealers in most areas will also give 
away Gold Award Messenger III's. 
See your dealer to find out how you 
can strike it rich! You have TWO 
chances to WIN! 

(Contest ends June 30,1968) 

In commemoration of Johnson's production of its 100.000th Messenger 
III, the E. F. Johnson Company is releasing a limited number of 24 -carat 
gold -plated Messenger III's to be given away free! Incorporating all the 
famous features that have made the Messenger III the standard of the in- 
dustry, these Gold Award models will truly become CB collectors' items! 

ANTENNA METER -MATCHBOX (Expires 
COMBINATION ($30.90 value) 
Get maximum range from your CB unit - 
eliminate mismatch between transceiver 
and antenna. Either of above with pur- 
chase of Messenger I or 110: both with 
purchase of any other Johnson 5 watt 
transceiver -for only $1.00'. 

AC POWER SUPPLY ($32.95 value) 
Converts any transistorized Johnson 
transceiver into a full -power base station. 
Mounts beneath transceiver. With your 
purchase of Johnson Messenger III, 100. 
300, 320 or 323 -for only $1.00'. 

SEE YOUR JOHNSON 
tvo,d where prehibited by law. 

.SSOP- 
June 30, 1968) 

HALF PRICE SALE 

PORTABLE 
POWER PACK ($79.95 value) 

Permits full- power, portable op. 
eration for up to 8 hours without 
recharging. With purchase of 
Johnson Messenger 111,100, 300, 
320 or 323 for only $39.97'. 

'at participating Johnson dealers 

® DEALER TODAY 

E. F. JOHNSUN COMPANY 
1165 Tenth Ave. S.W., Waseca, Minnesota 56093 

Providing nee sntury of communications leadership 
CIRCLE NO. 106 ON READER SERVICE CARD 

Simplify Circuitry With These 

DESIGN 
BOARDS 
and Plug -in Terminal Strips 

$10.95 Ceramic Alcostrips a ideal for 
breadboarding which may be 
quickly inserted or removed as de- 

sired to simplify circuit design. A mating circuit board 
measuring only 5"x 6 ". is provided to form a base for 

uces 16 strips ( sixes) 
design 

and one board. 
kit in- 

duces 

E nShipped 
DINSION 

LCO ELECT ROniC 

prepaid 

rs. 

check accompanies order 

RROOUC inc. no. anoavER. nass o,es 

%T° ELECTRONICS 
V.T.I. training leads to success 
as technicians, field engineers, 
specialists in communications, 
guided missiles, computers, 
radar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology and Elec- 
tronic Technology curricula 
both available. Assoc. degree in 
29 mos. B. S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Sep- 
tember, February. Dorms. 
campus. High school graduate 
or equivalent. Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 

Dept. RD, Valparaiso, Indiana 46383 
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There's more than one road 
to success. 

An integrated circuit enlarged several thousand times 

RCA Institutes can help find the one best for you! 
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Are you trying to find your way through a maze of career possibili- 
ties? Find out how RCA Institutes can start you on your way to- 
ward a well paying job in electronics. Send the attached card today! 

ELECTRONICS WORLD 



Learn electronics at home 
faster, easier, 
almost automatically - 
with RCA AUTOTEXT 

Are you just a beginner with an interest 
in the exciting field of electronics? Or, 
are you already earning a living in elec- 
tronics and want to brush -up or expand 
your knowledge in a more rewarding 
field of electronics? In either case, 
AUTOTEXT, RCA Institutes' own 
method of Home Training will help you 
learn electronics more quickly and with 
less effort, even if you've had trouble 
with conventional learning methods in 
the past. 

THOUSANDS OF WELL PAID JOBS 
ARE OPEN NOW TO MEN SKILLED 
IN ELECTRONICS! 
Thousands of well paid jobs in elec- 
tronics go unfilled every year because 
not enough men have taken the oppor- 
tunity to train themselves for these 
openings. RCA Institutes has done 
something positive to help men with an 
aptitude and interest in electronics to 
qualify for these jobs. 

HOME STUDY CAN TRAIN YOU FOR 
REWARDING CAREER OPPORTUNITIES 

To help fill the "manpower gap" in the 
electronics field, RCA Institutes has de- 
veloped a broad scope of Home Train- 
ing courses, all designed to lead to a 
well paying career in electronics in the 
least possible time. You also have the 
opportunity to enroll in an RCA 
"Career Program" exclusively created 
to train you quickly for the job you 
want! Each "Career Program" starts 
with the amazing AUTOTEXT Pro- 
grammed Instruction Method. And, all 
along the way, your program is super- 
vised by RCA Institutes experts who 
become personally involved in your 
training and help you over any "rough 
spots" that may develop. 
VARIETY OF KITS ARE YOURS TO KEEP 
To give practical application to your 
studies, a variety of valuable RCA 
Institutes engineered kits are included 
in your program. Each kit is complete 
in itself, and yours to keep at no extra 
cost. You get the new Programmed 
Electronics Breadboard for limitless ex- 
periments, including building a work- 
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ing signal generator, multimeter, and a 
fully transistorized superheterodyne 
AM receiver. 

ONLY FROM RCA INSTITUTES - 
TRANSISTORIZED TV KIT - 
VALUABLE OSCILLOSCOPE 
All students receive a valuable oscillo- 
scope. Those enrolled in the Television 
program receive the all -new transistor- 
ized TV Kit. Both at no extra cost and 
only from RCA Institutes. 

CHOOSE THE "CAREER PROGRAM" 
THAT APPEALS MOST TO YOU 

Start today on the electronics career of 
your choice. Pick the one that suits 
you best and mark it off on the attached 
card. 

Television Servicing 
Telecommunications 
FCC License Preparation 
Automation Electronics 
Automatic Controls 
Digital Techniques 
Industrial Electronics 
Nuclear Instrumentation 
Solid State Electronics 
Electronics Drafting 

ADVANCED TRAINING 
For those already working in electron- 
ics, RCA Institutes offers advanced 
courses. You can start on a higher level 
without wasting time on work you al- 
ready know. 

UNIQUE TUITION PLAN 
With RCA Institutes Training, you pro- 
gress at your own pace. You only pay 
for lessons as you order them. You 
don't sign a long -term contract. There's 

no large down -payment to lose if you 
decide not to continue. You're never 
badgered for monthly payments. Even 
if you decide to interrupt your training 
at any time, you don't pay a single cent 
more. 

CLASSROOM TRAINING 

ALSO AVAILABLE 

If you prefer, you can attend classes at 
RCA Institutes Resident School, one of 
the largest of its kind in New York City. 
Coeducational classroom and labora- 
tory training, day and evening sessions, 
start four times a year. Simply check 
"Classroom Training" on the attached 
card for full information. 
JOB PLACEMENT SERVICE, TOO! 

Companies like IBM, Bell Telephone 
Labs, GE, RCA, Xerox, Honeywell, 
Grumman, Westinghouse, and major 
Radio and TV Networks have regularly 
employed graduates through RCA 
Institutes' own placement service. 
SEND ATTACHED POSTAGE PAID 
CARD TODAY. FREE DESCRIPTIVE 
BOOK YOURS WITHOUT OBLIGATION. 
NO SALESMAN WILL CALL. 

All RCA Institutes courses and 
programs are approved for veter- 
ans under the New G.I. Bill. 

RCA INSTITUTES, DEPT. EW -58 
320 West 31st Street, 
New York, N.Y. 10001 

Accredited Member National Home Study Council 

RC,' 
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LOW -POWER 

TRANSISTOR 

SWITCHING CIRCUITS 
By IRWIN MATH/ Frequency Electronics, Inc. 

Operation and design of several low -power multivibrator 
circuits employed for digital switching applications. 

WITH the advent of transistors, the total power re- 
quired to operate an electronics circuit decreased 
substantially. Today, primarily as a result of satellite 

needs, power requirements have become still smaller and 
various techniques have been developed to obtain the small- 
est power drain from the power supply. By becoming famil- 
iar with some of these techniques and resulting circuitry, 
devices can be built that will give the longest possible 
battery life while maintaining reliable operation. 

Emphasis will be on switching (two- state) circuits. In 
these circuits many kinds of semiconductor devices, such 
as p -n -p and n -p -n transistors, unijunctions, SCR's, and 

s 

(A) 

RL B+ 
MAMA o IC 

B1 

Fig. 1. Basic transistor switch for (A) "n -p -n" and (B) 
"p -n -p" transistors showing direction of electron flow. 

Fig. 2. Two -stage pulse amplifier along with waveforms. 

INPUT VOLTAGE 0 

OUTPUT VOLTAGE 0 
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CURRENT - 

8+ 

(B) 
TIME 

diodes -often in various combination -will be employed. 

Basic Switch 
Fig. lA is a schematic of the basic transistor switch. When 

the base voltage (VB) is zero, the base current (IB) is also 
zero and the transistor does not conduct. As a result, IC is 
zero and the voltage at the collector (VB) is equal to "B + ". 
This condition is known as cut off. It is important to note 
that no appreciable current is drawn during this state. 

Now, as VB begins to increase in the positive direction, /, 
starts to flow and the transistor begins to conduct. This causes 
IC to begin flowing with a resultant voltage drop across RL, 
causing V0 to decrease. As IB continues to increase, a point is 
reached where there is no longer any increase in IC. This 
point is called the saturation point. V is at its lowest, about 
0.1 to 0.8 volt (depending on the transistor), and is known 
as the saturation voltage. This causes the voltage across RL 
to be the full `B +" minus the small saturation voltage. 
Thus, the transistor can be thought of as practically 
a short circuit from collector to emitter. In comparison, the 
cut -off transistor can be thought of as an open circuit. 

It should be pointed out that the same situation is also 
true for a p -n -p transistor. In this case, however, the supply 
must be negative, and the input signal must increase in a 
negative direction to cause the transistor to conduct. Fig. 
1B shows this arrangement. It is interesting to note the elec- 
tron current flow direction for the p -n -p as compared to the 
n -p -n. It is important to understand, however, that the oper- 
ation is exactly the same for both transistors. 

Now with this background information in mind, let's 
examine the first practical circuit, a pulse amplifier ( Fig. 2A) . 

This is a simple two -stage amplifier with three interesting 
features. No current is drawn when the circuit is not in 
operation; there is no polarity or phase reversal from input 
to output; and both input and output signals swing from 
zero to a maximum -more about this last feature later. 

With no positive signal applied to the base of Ql, it is 
cut off and Vl is equal to `B + ". This causes the base of Q2, 
a p -n -p transistor, to also be at `B + ". Since the emitter of 
Q2 is also at "B + ", there is no negative voltage on the base 
( with respect to the emitter ) . Therefore, Q2 is also cut 
off and V2, the output voltage, is zero. At this time, no cur- 
rent is drawn. 

Now let's assume that a positive pulse is applied to the 
base of Ql. If enough current is present in the pulse, Ql 
will turn on into saturation, causing V1 to drop to a few 
tenths of a volt. This will, in effect, apply a negative voltage 
to the base of Q2 (with respect to its emitter ) , and it, too, 
will go into saturation. Full "B +" minus the small drop in 
Q2 will now be applied across RLS and can be taken as an out- 
put. The total amount of current drawn during this opera- 
tion is essentially the current through RL1 and RL2. This is eas- 
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ily determined by Ohm's law. For example, if "B +" = 10 
volts and RLi and RL2 are both 10,000 ohms, then the cur- 
rent is I = E/R = 10 /10 k= 1 mA through each resistor, 
or 2 mA total. 

In order to be sure saturation will occur, it is important 
to know the minimum input pulse that can be amplified 
by this circuit. This is determined by the value of RLl and 
the transistor specifications. In this example, the saturation 
current is 1 mA as just calculated. If the d.c. current gain 
(hFE) of Q1 is 100, for example, then all that is required at 
the base is 1 mA /100 or 0.01 mA. 

The value of RB2 is also based on this fact. When Ql does 
saturate, the `B +" is present across RL1 and, in order to sup- 
ply just enough current to the base of Q2 to bring it to the 
saturation point, R12 acts as a current limiter. If the hFE 
for Q2 is also 100, 0.01 mA is all that its base requires. RBo 
can then be calculated from Ohm's law to be R = E/I = 
10 /0.00001 = 1 megohm. To be sure of saturation, though, 
it is usually good practice to supply at least 2 to 3 times 
the base current required. Therefore, in the actual circuit, 
330,000 ohms would be used. Then, there would be no 
doubt that Q2 would saturate. 

The value for hFE for any transistor can be easily obtained 
from the data sheet for that transistor as can the saturation 
voltage and maximum allowable base current. One more 
point that should be emphasized is the actual choice of the 
collector load resistor. Since the value of RL determines 
the collector current and power- supply current, it is usually 
advantageous to use large values. A current of 1 mA maxi- 
mum per stage is usually adequate for good performance 
and low operating power. 

Due to the fact that this amplifier is, in essence, a two - 
stage common -emitter amplifier, two polarity inversions oc- 
cur and the output signal has the same polarity as the input. 
Fig 2B shows this relationship. Notice that the input and 
output are identical except for amplitude and that current 
is only drawn when the signal is present. 

In many directly coupled pulse amplifiers, the zero level 
is never obtained. Fig. 3 shows this. Since the output 
comes directly from the collector of the transistor, when it 
goes into saturation, the small saturation voltage is present 
ill the output. Usually diodes or special circuitry are used 
to drop this level to zero. In the amplifier that was pre- 
viously discussed, the level is true zero, since the p -n -p 
transistor is completely off. 

One -Shot Multivibrator 
Now that we have a basic building block, let's go on to 

examine a couple of other low -power switching circuits. 
Fig. 4A is a schematic of a typical one -shot or monostable 
multivibrator. This circuit has the characteristic of supply- 
ing an output pulse of constant duration (width) no matter 
what the width of the input. Such circuits are used for 
pulse generators, pulse restorers, and electronic timers. 

In the circuit shown, Q2 is "on" (in saturation) causing 
the voltage at the base of Q1 to be practically zero and Q1 
is therefore cut off. When a positive pulse is applied to the 
base of Q1, it turns "on ", grounding the side of Cl con- 
nected to the collector of Q1, and Cl starts to charge 
through Rl, as shown. When a capacitor just begins to 
charge, it acts as a short circuit, therefore the base of Q2 is 
momentarily grounded, and it turns "off ". As soon as the 
voltage across Cl reaches the proper level, Q2 again turns 
on and QI turns off. 

The values of Cl and R1 determine how long it will take 
for Cl to charge and, consequently, how long Q2 will re- 
main off. Varying these values will vary the output pulse 
width. Fig. 4B shows the relationship of these voltages. 
The problem with this circuit is that when no input pulse 
is present, Q2 is in conduction. If the "B +" value is 10 
volts, the current drawn is approximately 10/560 amperes 
or 18 mA. Let's see how to eliminate this "wasted" current. 
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Fig. 3. Conventional transistor amplifier and output. 
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Fig. 4. One -shot (monostable) multivibrator and waveforms. 
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Fig. 5. A low -power 
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multivibrator and waveforms. 
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Fig. 6. A long- pulse -width monostable circuit and waveforms. 

Fig. 5A is a schematic of a low -power one -shot multivi- 
brator. Its main feature is that with no input, zero current 
is being drawn. Operation is similar to the monostable 
circuit of Fig. 4A except that Q2 is a p -n -p transistor. 
Initially, Q2 is cut off since there is no effective negative 
voltage between its base and emitter. As a result, no col- 
lector current flows and the voltage across the 3.3 k resistor 
is zero. This assures that Q1 is also off. At this time, no 
current is drawn from the power supply. 

When a positive pulse is applied to the base of Ql, it 
turns "on ", essentially grounding one side of Cl as in the 
standard monostable circuit. The capacitor begins charging 
through Rl. This causes the base voltage on Q2 to become 
negative with respect to the emitter and it turns `on ", keep- 
ing Ql on and producing an output. 

Eventually Cl charges to a value that causes Q2 to turn 
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Enjoy the "music- only" programs 

now available on the FM broadcast 
band from coast to coast. 

NO COMMERCIALS 
NO INTERRUPTIONS 

It's easy! Just plug Music Associated's Sub 
Carrier Detector into multiplex jack of your FM 
tuner or easily wire into discriminator. Tune 
through your FM dial and hear programs of con- 
tinuous, commercial -free music you are now 
missing. The Detector, self- powered and with 
electronic mute for quieting between selections, 
permits reception of popular background music 
programs no longer sent by wire but transmitted 
as hidden programs on the FM broadcast band 
from coast to coast. Use with any FM tuner. 
Size 51/2" x 9 ". Shipping weight approx. 7 lbs. 

KIT 54950 
(with pre -tuned coils, no alignment necessary) 

WIRED $7500 
COVER $4.95 EXTRA 
Current List of FM Broadcast Stations with SCA authorization $ 1.00 

MUSIC ASSOCIATED 
65 Glenwood Rood, Upper Montclair, N.J. 07043 
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IRCLE NO. 100 ON READER SERVICE CARD 

Fill in coupon for o FREE One Year Sub- 
scription to OLSON ELECTRONICS' Fantas- 
tic Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name 
Speakers, Changers, Tubes, Tools, Stereo 
Amps, Tuners, CB, Hi -Fn's, and thousands 
of other Electronic Values. Credit plan 
available. 
NAME 

ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you have a friend interested in electronics 
send his name and address for a FREE sub- 
scription also. 

OLSON ELECTRONICS, INC. 

862 S. Forge Street Akron, Ohio .44308 

CIRCLE NO. 99 ON READER SERVICE CARD 
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off. The output then drops to zero and 
Q1 also turns off. Cl now discharges 
through the diode and the circuit is back 
to its starting condition. As in Fig 4A, Cl 
and Rl determine the width of the out- 
put. Fig. 5B shows the voltage and cur- 
rent relationships in the circuit. It is in- 
teresting to note how similar these wave - 
shapes are to those of Fig. 4B. 

Another interesting monostable multi- 
vibrator, and one that can be used for 
very long duration pulses, is shown in 
Fig. 6A. In this circuit, an SCR, unijunc- 
tion transistor, and conventional p -n -p 
transistor are used. Initially, the SCR is 
cut off and therefore the voltage at point 
A is zero. The p -n -p transistor is biased 
into the saturation region because of the 
effective negative voltage between its 
emitter and base. But, because there is 
no current path through the SCR, no 
collector current flows at any rate. 

Circuit Operation 
When the SCR is triggered, it im- 

mediately turns "on." The voltage at 
point A now rises to the "B+" level 
and this voltage is applied to the uni - 
junction circuit through diode Dl. Cl 
begins to charge through R1 until the 
firing point of the unijunction is reached. 
At this time the unijunction conducts, 
producing a positive pulse across the 
470 -ohm base #1 resistor. This pulse 
is coupled to the base of the p -n -p 
transistor which momentarily turns off 
thereby cutting off "B+" to the SCR. 
Since an SCR is turned off by removing 
"B+" voltage from its anode, it cuts off 
and the circuit returns to its initial 
condition. 

In this circuit, R1 can go as high as 
150 k and Cl can go into the fairly 
high microfarad region, giving output 
pulse widths of 1 to 5 minutes. The 

Ikn 

01 

output of this circuit is taken from 
point A. Fig. 6B shows the wave - 
shapes that are produced in the circuit. 

Free -Running Multivibrator 
We now come to a very commonly 

used circuit, the astable or free-running 
multivibrator. This device is used for 
signal generation, frequency generation, 
light flashers, and a host of other ap- 
plications. Fig. 7 is a schematic of the 
basic astable circuit. At any given 
time, one transistor is conducting and 
one is cut off and, therefore, the cir- 
cuit is always drawing a fixed amount 
of power. 

Fig. 8A is also an astable multivi- 
brator but this time low power tech- 
niques have been used. When power 
is first applied, Q1 and Q2 are both 
cut off because the base of Q1 has a 
discharged capacitor between it and 
ground through a low (in comparison 
with the base resistor) resistance. The 
capacitor then begins to charge through 
Rl and R2 with the polarity shown. 
Eventually a point is reached where 
Cl has enough voltage to cause Q1 to 
conduct. This immediately turns on 
Q2 also forcing the capacitor to sud- 
denly discharge through the base -emit- 
ter junction of Ql and the cycle re- 
peats. Although current is actually 
drawn during the entire cycle ( the 
charging of Cl does require some cur- 
rent), the amount is substantially less 
than in the conventional circuit. Fig. 
8B shows this varying current as well 
as the other waveforms in the circuit. 
It should also be pointed out that the 
use of low -leakage silicon transistors 
and a large Ql base resistance -to -Q2 
collector resistance ratio is necessary 
for optimum operation of this particular 
circuit. A 

Fig. 8. Low -power astable 
multivibrator, waveforms. 
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The Ca Laser 
(Continued from page 48) 

cool. Some early work indicates that part of these difficul- 
ties may be overcome by using short duration pulses of 
laser energy instead of a continuous beam. Most ceramic 
materials can he worked rather easily with the laser, as can 
nearly all plastics. A promising application in this area is 

that of slitting plastic -base materials that have a magnetic 
coating. The magnetic coating on the material wears out 
cutting blades very rapidly and, as the blades wear out, the 
edge of the material becomes progressively more and more 
ragged. This causes waste. The CO_ laser can cut through 
such material easily at a high rate (approaching 1000 feet 
per minute) at relatively low power levels. A CO° laser be- 
ing used in a machining operation is shown in Fig. 5. 

CO., lasers may also be used to trim deposited resistors. 
These resistors are formed by depositing a resistive material 
on an insulating substrate and attaching leads to the resis- 
tive element. At present, the finished resistors are trimmed 
to the desired resistance value by etching or sandblasting 
techniques. A CO., laser can vaporize the layers of resistive 
material and precisely trim the resistor to the desired value 
in a much shorter time. 

There is also interest in the application of the CO., laser 
to bio- medical research. Although there have been no re- 
ports of a successful effort, some of the medical profession 
is interested in using the CO_ laser as a bloodless surgical 
knife that could simultaneously cut and cauterize. One 
corporation has even conducted experiments on drilling 
teeth with lasers. The laser drilled holes in teeth with ease 
but technicians observed a side effect which may prove to 
be important. When a cavity that has a great deal of decay 
material in it is irradiated by the laser, it is distinguishable 
by a yellow flame which shoots out of the hole. After the 
decay material has been burned away, only an intense 
white glow remains. 

The CO.. laser is also being investigated for possible use 
in space communications. A highly efficient CO2 laser on a 
spacecraft could provide wideband communications even at 
interplanetary distances. 

Bright Future 
In succeeding years the large CO., lasers will be reduced 

to a more practical size. One technique is to "fold" the tube 
in half or in thirds and use mirrors to couple the beam 
around the corners. Although they are still relatively uncom- 
mon, sealed -tube CO2 lasers are available. They do not use 
vacuum pumps or bulky gas bottles. As these and other im- 
provements are made, the CO_ laser will become more and 
more common and important. 

Fig. 5. This CO_ laser, built by Perkin -Elmer Corp., is being 
used by scientist to develop techniques to cut materials. 
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dB's, 
and how 
to read 
them 
By ROBERT BALIN 

Voltage and power levels, and 
amplifier gain are often given 
in large unwieldly numbers. dB's 
make them easy to calculate. 

e 

VOLTAGE 
RANGE 

dB 
FACTOR 

2.5 0 
10 + 12 
50 + 26 

250 + 40 

\-0 dB =6mW IN 50011 
OdB=ImW 1N60011 

Fig. 1. On this meter face, bolh the 1 -mW and 6 -mW reference levels are shown. Most 
meters have either one or the other. Pointers A and B are given as examples in the text. 

IN audio amplifier systems, we often find it necessary to 
determine the amplitude of a signal in volts, or its pow- 
er in watts. We may also need to know how much the 

signal voltage or power has been amplified by one or more 
of the stages. However, we are not usually as interested in 
the increase in voltage or the difference between the output 
and input signals as we are in the gain of the stage or the 
ratio of the output to input signal. In many amplifiers these 
gains are often very large, unwieldy numbers. 

A simpler, and more meaningful, way to indicate signal 
voltage amplitude or voltage gain is to state its decibel 
rating. A decibel is, essentially, a ratio -actually the logarithm 
of the ratio between two voltages, currents, or powers. Con- 
sequently, whenever the unit "dB" is used, a reference 
level must be either stated or implied. For example, when 
an output signal is compared with an input signal, the input 
signal is used as the reference level. Several standard ref- 
erence levels for voltage and power are widely used in audio 
applications. 

If we wish to determine the signal voltage level or power 
level, in dB, at any given point in a circuit, we can use the 
dB scale available on almost any v.o.m. or v.t.v.m. If the 
instrument carries the notation "0 dB = 1 mW in 600 
ohms ", it can provide dB voltage readings to a standard 
voltage reference level of 0.775 volt. When 0.775 volt is 
placed across 600 ohms, one milliwatt of energy is dis- 
sipated. This is shown by: P = (E2 /R) _ (0.7752) /600 = 
1 rmW. Most meters have a decibel scale calibrated and 
referenced to the 1 -mW power level. 

Impedances Change Meaning 
Voltage -level measurements taken on a meter whose 

power reference is the 1 -mW power level are called dB 
voltage readings. Usually signal source impedance will not 
affect these readings. However, when power -level readings 
are made by the meter, the impedance of the source must 
be known. For example, if the signal- voltage measurement 
is made across a 600 -ohm source, we can call our dB indica- 
tion a "dBm" reading (a dBm is a power level unit based on 
a 1 -mW reference power). But, if the signal source has an 
output impedance of some value other than 600 ohms, a 
correction factor or conversion formula must be used. Some 
meter instruction manuals provide a nomogram for this 
purpose. 

To illustrate how to read a decibel scale, let's take a dB 

voltage reading of an a.c. signal voltage using the simpli- 
fied drawing of the meter face in Fig. 1. Pointer A indicates 
that the meter is measuring a 165 -volt a.c. signal on its 250 - 
volt a.c. range. To find the dB voltage level of the signal, 
we first read +6.5 dB on the 1 -mW dB scale and add to 
this the +40 -dB range factor indicated on the meter face 
chart. This adds up to a total of +46.5 dB. We know that 
our 165 -volt signal is 46.5 dB above the 0.775 -volt refer- 
ence level. But where did the +6.5 dB and +40 dB figures 
come from? 

The +6.5 -dB reading actually represents the dB level of 
a 1.65 -volt signal referenced to 0.775 volt. This is because 
the 1 -mW dB scale represents the dB levels of corre- 
sponding points on the 2.5 -volt a.c. range. This is shown by 
the calculation: 20 logro (1.65/0.775) = +6.5 dB. 

The +40 -dB range factor denotes the dB difference be- 
tween the 2.5 -volt and 250 -volt ranges and is shown by the 
calculation: 20 logro (250/2.5) = +40 dB. 

Any dB reading on the 250 -volt range is, therefore, al- 
ways exactly 40 dB above, or 100 times greater, than any 
corresponding reading on the 2.5 -volt range. 

dBm, a Common Power Reference 
If our 165 -volt signal happens to be measured across a 

600 -ohm source, we also have a power level reading of 
+46.5 dBm, with a 1 -mW power reference level being im- 
plied. But, if the signal were measured across a source hav- 
ing an output impedance known to be only 8 ohms, such as 
the impedance of a speaker voice coil, we would need to 
add or subtract a correction factor from our dB reading to 
convert it to a dBm reading. This factor relates the two im- 
pedances, and can be obtained from the calculation: 10 
logs o ( 600/8) = +18.8 dB. The correction factor is added 
to the original dB reading if the impedance used is smaller 
than our 600 -ohm reference, and subtracted if it is greater. 

In our example, a 165 -volt signal was taken across 8 
ohms, and the meter read +46.5 dB (voltage level). By 
adding the + 18.8 dB impedance correction factor to the 
reading, we can now say that our signal has a power level 
rating of +65.3 dBm. 

Another reference level, "0 dB = 6 mW in 500 ohms" has 
been used with many older meters. These instruments pro- 
vide dB voltage readings to a voltage reference level of 
1.723 volts and dB power level readings to a reference pow- 
er of 6 mW if the signal is taken across a 500 -ohm source. 
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The power reference signal level is calculated in the same 
manner as in the previous example. 

If one of these instruments is used to measure the 165 - 
volt signal, we would first obtain a -0.5 -dB reading from 
the 6 -mW dB scale, and to this we would add the +40 -dB 
range factor to obtain a total reading of +39.5 dB. 

If the signal is received from a source known to have an 
output impedance of 500 ohms, our signal can also be said 
to have a power level rating of +39.5 dB above 6 mW. 

If the signal is taken across an impedance having a val- 
ue something other than 500 ohms, an appropriate im- 
pedance correction factor must be used. Again, if the signal 
is taken across an 8 -ohm voice coil, we calculate the correc- 
tion factor as we did before and conclude that it is +18.0 
dB. Adding +18.0 dB to +39.5 dB gives a power level 
rating for the signal of +57.5 dB. 

Changing Reference Levels 
Although we have shown dB scales for both the 1 -mW 

and 6-mW reference levels on the meter face in Fig. 1, 

you are not likely to find this in actual practice; conven- 
tional meters will either have one or the other. If your meter 
does not employ the reference level that you prefer to use, 
there is a simple way to make conversions between them. 
Notice that the 0 -dB point on the 6 -mW scale is directly 
above the +7 -dB point on the 1 -mW scale, and that 0 dB 
on the 1 -mW scale is directly below the -7 -dB point on 
the 6 -mW scale. Since the constant 7 -dB difference between 
the two scales is true for any reading, simply add 7 dB 
when converting voltage level readings from the 6 -mW to 
1 -mW reference. The 7 -dB difference is based upon the 
two reference voltages involved, as shown by the calcula- 
tion: 20 loglo (1.732/0.775) = 7 dB, and can be verified 
by making the voltage measurements on two different meters. 

If we wish to convert a dB power -level reading made on 
a 6 -mW instrument into the dBm reading which would have 
been obtained by measuring the same signal source using a 
1 -mW instrument, a conversion factor which takes into 
account the change in both the reference voltage and im- 
pedance levels is required. Since power relates both voltage 
and impedance, the conversion factor can be obtained from 
the ratio of the two power reference levels. This is shown 
in the calculation: 10 log10 (6/1) = 7.8 dB. The 7.8 dB 
difference between a dB (6 mW) and a dBm (1 mW) 
power level can be verified by noting the difference be- 
tween the readings obtained in our example on two dif- 
ferent meters: 65.3 - 57.5 = 7.8 dB. 

Now that you have gone over an example of how decibel 
scales are used, let's see how you can do on your own. Us- 
ing the pointer shown in position B, try to answer the fol- 
lowing questions: 

1. What is the a.c. signal voltage being measured on the 
250 -volt range? 

2. What is the dB voltage level of the signal using the 
1 -mW reference? 

3. What is the signal's dBm power level if it is taken 
across 600 ohms? 

4. What is the signal's dBm power level if it is taken 
across 1000 ohms? 

5. What is the dB voltage level for the same signal using 
the 6 -mW reference? 

6. What is the signal's dB (6 mW) power level if it is 
taken across 500 ohms? 

7. What is the signal's dB (6 mW) power level if it is 
taken across 1000 ohms? 

ANSWERS 
L 68 volts 4. +36.8 dBm 
2. +39 dB 5. +32 dB 

3. +39 dBm 6. +32 dB 
7. +29 dB 

ARE YOU CASHING -IN 

ON THE PROFITABLE 

2 -WAY RADIO SERVICE BUSINESS ? 

* Motorola will train you for this rewarding, elite profession 

* Send for our FREE EVALUATION EXAM. Prove to yourself that 
you are ready to learn FM 2 -way radio servicing. 

Opportunities in 2 -way radio servicing are virtually unlimited. 
Just one of the hundreds of successful Motorola Service 

Stations writes, "we would be pleased to interview any graduate 
of your school that has received some training in 2 -way radio 
maintenance. We are an established firm, 10 years old, with 
a promise of expansion governed by our ability to obtain com- 
petent technicians." Get all the facts today. There is no 
obligation and no salesman will call. 

IMMOTOROLA TRAINING INSTITUTE 

L 

4545 West Augusta Blvd. Chicago 51, Illinois Dept. AEF 811 

Send me FREE entrance exam. 
['Send full details on Home Study Course on FM 2 -way Radio 

Servicing 
Send me details on how you can help me prepare for an FCC 
License. 
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City Zone State 
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STEREO /HI -FI 
DIRECTORY 
Giant 180 page buyers guide to 
virtually every new audio compon- 
ent on the market - amplifiers 
changers and turn tables re- 
ceivers tuners tape machines 

speakers, etc. 

1968........ #56 
1967........ #45 

TAPE RECORDER 
ANNUAL 
The only buyers guide of its kind 
available to the brands and models 
on the market. Over 132 pages of 
full information on over 250 
models plus articles covering 
every aspect of tape recording. 

1968........ #59 
1967 #42 
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The Model 6000 Modular Frequency Meter will measure frequencies 
10 KHz to 600 MHz with .000125% accuracy. Special plug -in modules 
allow the instrument to be used as an audio frequency meter from 
500 Hz to 20 KHz full scale and in addition to be used as a dc 
voltmeter (10,000 ohms /volt). 
The wide variety of plug -in oscillator accessories and range modules 
makes the Model 6000 adaptable to a number of jobs in the field 
and in the laboratory. Portable, battery operated with rechargeable 
batteries. 

Model 6000 with 601A charger, less plug -in modules $195.00 

INTERNATIONAL MODEL 6000 FREQUENCY METER 

measures frequencies 10 khz to 600 mhz with 
accuracy as close as .000125% 

CHARGER Range Modules (Mixers) 
$25.00 to $45.00 each 

Oscillator Modules 
(Crystal Controlled For 
Frequency Measurement) 

$30.00 to $90.00 each 

Special Modules 
Audio Frequency $45.00 
DC Voltmeter 25.00 

where 
accuracy 
counts! 

1 

a 

a. Range Modules 

b. Oscillwor Modules 

. For complete information 
write International today. INTERNATIONAL 

'141111111111100/ 

CRYSTAL MFG. CO., INC. 
1C NO. LEE OKLA. CITY, OKLA. 73102 

Tactile Communications 
(Continued from page 34) 

stretcher (Fig. 7A) is an extra feature 
since it enables short, rapid, high -fre- 
quency pulses with very short time 
bases to activate the \'ibrotactor corn - 
plex. Pulses or taps of the skin contac- 
tor shorter than 0.5 microsecond dura- 
tion cannot be felt by man. 

A different and fairly unique form of 
tactual sensations is experienced when 
vibratory signals are applied, in rapid 
succession, to points located some dis- 
tance from each other. If, for example, 
a ring of vibrating contactors is placed 
around the human body -three across 
the back of the thorax and three across 
the front -and energized successively 
with pulses spaced 0.1 second apart, a 
pronounced swirling motion can be ex- 
perienced. The triggering scheme is 
shown in Fig. 8. A "panic button" is in- 
cluded because the phenomenon is con- 
fusing and the subject feels as if he 
were in the center of a whirlpool. He 
may also become nauseated. 

Systems such as these can be of in- 
valuable help in both aeronautical and 
astronautical situations. The apparatus 
can indicate, in a rather personal and 
direct manner, any deviations from 
course or orbital trajectories. The pos- 
sible use of semi -coded signaling is of 
special significance. 

However, it should be kept in mind 
that only mechanical -type vibratory in- 
ducers have been investigated in depth 
and, to date, no practical stimulators 
are available. 

The response of the human skin to 
pulsating skin forces is not well defined. 
Basically, as the frequency of alter- 
nating currents applied to the skin is 
increased, there is a rise in the thresh- 
old of sensitivity and the investigator 
experiences sensations ranging from a 
mild tingle to uncomfortable pain. 
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EW Lab Tested 
(Continued frone page 13) 

quencies, go to the amplifier tuner 
inputs. 

In our laboratory tests, the IHF 
usable sensitivity of the receiver was 
3.3 microvolts. Its distortion (mono) 
was about 1% at 75 -kHz deviation. 
The stereo separation was better than 
35 dB from 250 to 2000 Hz and better 
than 20 dB from 30 to 8000 Hz. The 
automatic stereo switching worked well 
and unobtrusively. The stereo light on 
the dial face glows on interstation noise, 
but will not remain lit when a station 
is tuned in, unless it is transmitting a 
pilot carrier. 

The amplifier performance was mea- 
sured next. At its full rated output of 
15 watts per channel with both chan- 
nels driven, the distortion was 0.25% 
from 50 to 10,000 Hz, rising to 0.45% 
at 20,000 Hz and to 0.65% at 30 Hz. 
At half power or less, the distortion was 
between 0.25% and 0.40% over the full 
20 to 20,000 Hz range. The 1000 -Hz 
harmonic distortion was under 0.35% 
up to 21 watts output and the IM dis- 
tortion was under 0.2% up to 11 watts, 
increasing to 1% at 15 watts. 

The tone -control characteristics per- 
mit moderate boost or cut at the fre- 
quency extremes without appreciable 
effect on the middle frequencies. The 
loudness contours are exceptionally well 
chosen, being pleasingly subtle in their 
action and totally free from unnatural 
coloration. The RIAA equalization was 
accurate to within ± 0.5 dB from 30 
to 15,000 Hz. The filters had rather 
gradual slopes, which limited their ef- 
fectiveness, but by the same token did 
not cause undue loss of program ma- 
terial. Hum and noise were inaudible, 
being 60 to_ 67 dB below 10 watts on 
both phono and high -level inputs. 

The power transistors in the receiver 
are protected by 1- ampere fuses in the 
individual speaker lines, in addition to 
the a.c. line fuse. Although we blew 
the speaker fuses several times during 
our full -power tests, the amplifier suf- 
fered no damage. 

Like most Eico products, the 3570 
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© 1968, H.H. Scott, Inc. 

See your 
Scott dealer 

and review the 
new LT- 112B -1 for yourself. 

Only $199.95. Matching 
120 -Watt LK -60B amplifier 

kit, only $199.95. 

CaSCOTT 
H.H. Scott, Inc., Maynard, Mass. 01754 Dept. 160-05 
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Important E & E Books 

AMATEUR RADIO INCENTIVE 
LICENSING STUDY GUIDE 

by Robert M. Brown, 
K2ZSQ /W9HBF, and 
Tom Kneitel, K2AES. 
Fully explains the new 
incentive licensing 
which affects both new- 
comers and old- timers. 
Covers all the new FCC 

Regulations and band allocations. Includes 
multiple- choice questions and answers (as 
close to actual FCC exams as possible) cov- 
ering the new Advanced -Class, and the 
modified requirements for the Extra -Class 
exams. Also includes sample exams for 
Novice, Technician, Conditional, and Gen- 
eral -Class licensing. 160 pages; 5 x 8W. 
Order EE -050, only $2.75 

17th EDITION OF THE FAMOUS 
RADIO HANDBOOK 
Tells how to design, 
build, and operate the 
latest types of amateur 
transmitters, receivers, 
transceivers, and am- 
plifiers. Provides ex- 
tensive, simplified theory on practically every 
phase of radio. 832 pages. 
Order No. EE -167, only $12.95 

Order from your electronic parts 
distributor or send coupon below. 

WORLD'S 
FINEST 

EDITORS and ENGINEERS, Ltd. 

P.O. Box 68003, Now Augusta, Indiana, Dept. 
Ship me the following books: EWE -58 

No. EE -050 No. EE -167 $ encl. 

Name 

Address 

city 
CIRCLE NO. 

State Zip J 
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ERSIN 

MULTILORE 

BUY IT AT RADIO -TV PARTS STORES 
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DON'T MISS... POLICE 
and FIRE ACTION 

PERFECT FOR 
INDUSTRIAL, COMMERCIAL 
and GOVERNMENT USE 

DUAL CONVERSION 
SMALL SIZE LOW POWER DRAIN 

HIGH STABILITY CRYSTAL CONTROLLED 
Specifically designed for simplicity of operation 

. efficiently engineered to give you years of service. Fits the smallest auto yet powerful 
enough to deliver a clear signal. Operates on 6 crystal controlled frequencies. Dual limiter & Foster Seeley discriminator. Quadruple tuned 
RF stage for greater image rejection. Noise Free 
squelch. PLUG IN crystals for instant frequency 
change. Compatible with major continuous tone systems. Operates on 117VAC and 12VDC.'Size: 
6 %a" x 25i3" x 81/z'. Wt. 3 lbs. 8 oz. 

FR -104 Complete with AC and 
(25-50 MHz) 

$140 
OC power cables, 
mounting bracket, 

FR 105 less crystals. 
(150-175 MHz) Crystals 55.30 ea. 

SONAR RADIO CORPORATION 
73 Wortman Ave , Bklwn, N. Y. 11207 Dept. 627 
Please send me irformation on Model 

FR104 /105 FM Monitor Receivers. 

Name _........ 
Address 

City Zone State 

LISTEN TO: 

POLICE, FIRE and 
WEATHER REPORTS! 

FR-103 
150.175 MR: 

FR-106 
25-$0 MHI 

With Battery 
Earpione, & 
less Crysta s 

Crystals 
S5.03 ea. 

Perfect for Iniustrial, 
Commercial, Utility 

and Goverment Use 

SONAR SENTRY 
VHF MONITOR 

RECEIVERS 

Designed and engi- 
neered for simplicity 
o operat on. compact 
enough to ti: a shirt 
pocket yet powerful 
enough to celiver a 
c ear clean signal -it's 
dependable Operates 
on two crystal con- 
trolled VHF channels 
plus broadcast band 
Complete'y solid state 
for long life use Vis- 
ible batte-y indicator to 
show bat:ery condition 
at all times Built in 
antenna 5r /e" H x 
21/2" W x 13'e" D. Wt. 
11 oz. 

SONAR RADIO CORPORATION 
I 73 Wortman Ave., 3klyn, N. Y. 11207 Dept.627 
I Please send me information cn Model 

VHF Monitor Receivers. 

Name 

Address 

City _G_t ..............._ ..... Zone_ _State 
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FREQUENCY-H: 
is available either in kit form or factory - 
wired. Kit assembly is simple and 
straightforward, aided by the use of 
pre -wired and aligned tuner front -end, 
i.f., and multiplex circuits. Our instru- 
ment alignment failed to improve the 
performance of the tuner, confirming 
the manufacturer's statement that the 
kit builder should not attempt to align 
the receiver. 

The 3570 worked perfectly in our 
listening tests. Its sensitivity is more 
than adequate for most listening loca- 
tions, and the tuner is completely free 

from fussiness or critical tuning require- 
ments. The sound is as clean as could 
be desired, and the power output of 
15 clean watts per channel is sufficient 
to drive medium- efficiency speakers in 
ordinary -sized rooms. 

The receiver, which sells for $159.95 
in kit form, or $239.95 factory- wired, 
is an excellent value at either price. 
We particularly appreciated its small 
size, which allows installation on book- 
shelves of standard depth. An attrac- 
tive walnut- finished, vinyl -clad steel 
cabinet is included in the price. 

BSR TD -1020 Tape Deck /Preamp 
For copy of manufacturer's brochure, circle No. 31 on Reader Service Card. 

THE British -made BSR TD -1020 
stereo tape deck /preamp is a low - 

priced yet flexible instrument designed 
to be built into a component high -fidel- 
ity system. It is supplied mounted on 
a walnut base and is designed to be 
operated in a horizontal position. 

The TD -1020 is a solid- state, four - 
track, three -speed recorder. Two pairs 
of phono jacks in the rear of the base 
provide all the necessary interconnec- 
tion facilities, normally going to the 
"Tape Output" and "Tape Input" jacks 
of a stereo amplifier or receiver. A pair 
of microphone jacks is located on the 
front panel of the recorder. Plugging 
in a microphone automatically discon- 
nects the corresponding rear input. 

The tape transport is a single -motor 
type, with speed selection (71, 33/0. 
and 17 /8 in /s) by means of a lever on 
the side of the head housing. The tape 
motion is controlled by a single lever 
moving in a "T- slot ". Its left and right 
positions correspond to rewind and fast - 
forward operation, and pushing the lever 
along the other arm of the "T" puts the 
tape into normal motion. A separate 
"Record" interlock lever must be op- 
erated to make recordings and is re- 
leased automatically when the tape 
motion lever is returned to its "Stop" 
position. There is a three -digit index 
counter with a knurled wheel for zero 
reset. 

The preamp electronics are simple 
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and basic in their design. Each channel 
has a single amplifier, used for record- 
ing and playback. The combined rec- 
ord /playback head is switched to the 
input or output of the amplifier, as re- 
quired, by means of the "Record" 
switch. A playback "Equalizer" switch 
selects the correct equalization for the 
selected tape speed and is out of the 
circuit when recording. 

The bias /erase oscillator operates at 
57 kHz. The recorder has separate left - 
and right -channel erase heads, selected 
by a recording "Mode" switch. In 
"Stereo ", both channels are erased; in 
"Mono Left" or "Mono Right ", only one 
is erased. The same switch shorts out 
the record head of the opposite channel 
so that either stereo or four -track mono 
recordings can be made. 

The single level meter (called a "vu 
meter" but not a true vu meter in its 
ballistic properties) has a three -position 
selector switch which connects it to read 
either channel or the sum of both chan- 
nels. It functions in both record and 
playback modes. The two level con- 
trols are concentric, coupled by a very 
effective clutch. Pressing the top knob 
down slightly disengages them and al- 
lows the two controls to be adjusted 
independently; releasing the knob cou- 
ples them rigidly. 

The record /playback frequency re- 
sponse was measured at ±3.5 dB from 
80 to 14,000 Hz, at 71/2 in /s. There 
was a shelf -like drop of about 5 dB be- 
low 200 Hz and a 12 dB /octave drop -off 
below 80 Hz. At 33/4 in,- s, the response 
was down 6 dB at about 100 Hz and 
7000 Hz. At 1' /8 in /s, the highs rolled 
off steadily above a few hundred hertz 
to -12 dB at 4300 Hz. The 73_ -in /s 
playback response, with the Ampex 
31321 -04 test tape, was ±5 dB from 
50 to 15,000 Hz. 

The mechanical operation of the deck 
was excellent. Wow and flutter were 
low, measuring 0.02% and 0.07% at 71/2 
in /s and 0.04% and 0.10% at 33/4 in /s. 
These compare favorably with our mea- 
surements on the most expensive home 
tape recorders and are well below the 
manufacturer's specified limits. The 
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signal -to -noise ratio was 40 to 42 dB at 
all tape speeds, referred to "O -vu" re- 
cording level. An input of 85 millivolts 
(0.8 mV at the microphone inputs) was 
sufficient to produce a 0 -vu recording 
level. The level meter calibration was 
accurate, with 0 vu on playback corre- 
sponding to an output of 0.78 volt, or 
0 dBm into 600 ohms. 

The T -slot control was very easy to 
use. It allowed rapid changes of direc- 
tion and, when locating a specific por- 
tion of a taped program, at no time broke 
or spilled the tape. The tape playback 
speeds were exact, but the fast speeds 
were disappointingly slow. Handling 
1200 feet of tape required 200 seconds 
in fast -forward and 165 in rewind. 

The sound quality of the machine at 
in /s was good, both in record /play- 

back operation and when playing corn - 
mercially recorded tapes. The loss of 
the lowest frequencies could sometimes 
be heard, but fortunately most program 
material has surprisingly little content 
below 80 Hz. At 33/4 in /s, the quality 
was adequate for non -critical recording, 
such as popular music. The slowest 
speed was suitable only for voice. 

In the price range of the BSR 
TD -1020, one obviously can't expect 
the features and performance of ma- 
chines costing several times as much. 
It does a highly creditable job and can 
be a useful adjunct to many medium - 
and low -priced music systems. The 
BSR TD -1020 sells for just under 
$ 100. A 

"I have it going now, but it just plays 
in one position." 
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unretouched 

MICROPHONE 
BURNED 
IN 
CLUB 

BLAZE 

This Shure 55SW Unidyne survived 
a very hot time the night Rosalie's 
Club burned in Houston. Even though 
the heat melted the hard plastic 
section of the switch plate, the mi- 
crophone was in almost perfect work- 
ing order. But, since Shure routinely 
tests microphones at a searing 185° 
F. for day -long periods, it wasn't 
particularly surprising that after the 
fire 

1 
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NEW PRODUCTS 
& LITERATURE 

Additional information on the items 
covered in this section is available 
from the manufacturers. Each item 
is identified by a code number. To 
obtain further details, fill in cou- 
pon on the Reader Service Card. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

RECHARGEABLE BATTERIES 
A new line of "Perma -Cell" batteries which 

can be recharged 1000 times or more has just 
been introduced in three popular sizes: Type D, 
Type C, and Type AA. 

The battery system, which consists of the 
nickel -cadmium battery and a simple, automatic 

charger, is the company's answer to the problem 
of keeping a supply of batteries on hand. A major 
part of the battery system is the flip -top auto- 
matic charger. The charger operates off 117 -volt 
a.c. and can charge any two or four of the bat- 
teries or any combination simultaneously. The 
charger accommodates the different sizes of 
batteries automatically and there are no dials to 
set or switches to move. Placement of the bat- 
teries starts the charging cycle. A red indicator 
light glows when the batteries are in the charger. 
Batteries may be removed after 14 hours or left 
in the charger indefinitely. 

The nickel- cadmium batteries leave the factory 
uncharged and are activated with the charger. 
The batteries must be charged in the Model BC1 
charger. It measures 71/2" long x 51/2" wide x 
21/2" high. General Electric 
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MINIATURE INDICATOR LIGHTS 
A full line of miniature, subminiature, or 

ultra -miniature indicator lights with incandes- 
cent or neon bulbs is now available from a single 
source. 

Engineered for long service, several models are 
actually rated for 100,000 hours of life, according 
to the manufacturer. The lights are made from 
high- impact material in a wide range of trans- 
parent and translucent colors. They are available 
in round, square, or flat shapes which apply 
optical lens designs for brightness and clarity, 
in addition to 180° visibility on all models. 

Ultra- miniature sizes mount in 3/16" panel 
holes, the subminiature in 5,16" holes, and the 
miniature in 3 /s" holes. A catalogue describing 
the line in full is available on request. General 
Illumination 
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MATV ANTENNAS 
A line of rugged LPV antennas designed for 

master antenna applications has been introduced 
as the "Rough Rider" series. 

According to the company, these antennas pro- 
vide the high gain, clean lobes, flatness, and 
excellent front -to -back ratio typical of log -pe- 
riodic designs. They are made of heavy gold 
anodized aircraft aluminum. The heavy -duty 
elements and double boom construction add to 
their ability to withstand the most severe weather 
conditions. 

Output of these antennas is matched to 75 -ohm 
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coaxial cable, eliminating the need for a matching 
transformer. All units come complete with an F59 
coax connector and weather boot. The line con- 
sists of four basic types of antennas and full 
details on the individual units will be supplied 
on request. JFD 
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SNAP -IN PILOT LIGHT 
A new rear- assembly, snap -in pilot light which, 

according to its maker, offers significant opera- 
tional and production advantages in electrical 
applications is now available. 

The light snaps in from the rear and locks into 
position firmly to provide simpler, swifter pro- 
duct assembly. It saves valuable production time 
consumed threading wire leads in conventional 
front -of -panel lights. No additional hardware is 
needed. Removal from the rear of the panel is 
effected by compressing a release mechanism on 
the unit. 

The new light is available in both neon and 
incandescent models over a full voltage range. 
It can be inserted in panels 13." to %I". Other 
thickness can be adapted. The unit is available 
with wire leads or 3/4" male tab terminals. Lee - 
craft 
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REGULATED POWER SUPPLY 
A regulated power supply which is available 

in both kit and wired versions is now on the 
market as the Model 1030. Regulated `B +" is 
continuously variable from 0 to 400 volts d.c. 
while the regulated bias supply can be varied 
continuously from 0 to -150 volts d.c. Ripple 
is less than 3 mV r.m.s. 

Two double- jeweled d'Arsonval meters are 

provided: the voltmeter with switched ranges of 
0 -400 volts d.c. and 0 -200 volts d.c.; the milliam- 
meter with 0 -200 mA scale for monitoring the 
regulated "B +" supply. Power requirements are 
160 watts at 120 V a.c., 50/60 Hz. 

The supply measures 8'/2" high x 121/2" wide 
x 9" deep and weighs 21 pounds. Eico 
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INTRUSION ALARM SYSTEM 
A new, low -cost intrusion- detection system for 

fenced areas has been introduced as the "Perim - 
Alert". 

The low -voltage unit is a closed- circuit system 
with electronic sensors, installed at intervals on 
a fence, connected by wiring along the entire 
perimeter to be protected. Almost any receiver 
unit capable of picking up a closed- circuit signal 
will respond to Perim -Alert, including bells, 
buzzers, sirens, cameras, closed -circuit TV, tele- 
phone dialer units, central -station receivers, and 
intercoms. Each sensor can be adjusted for the 

sensitivity required in its specific location. This 
prevents over -alarm and false triggering of the 
system. 

The system may be powered by a choice of 6 
to 24 volts d.c. or a 110 -115 volt power -pack 
with standby battery power. The system is 
weatherproof. Air Space Devices 
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TONE -BURST GENERATOR 
An outstanding feature of the new Model TG- 

210 1 -MHz tone -burst generator is its ability to 
produce an output waveform which is phase co- 
herent where input frequency content is con- 
sistent and controllable. 

Consistency and controllability of the output 

waveform are accomplished by selecting the de- 
sired input waveform and by setting the gate - 
open and gate -closed cycle ratio. According to 
the company, the TG -210 will gate a wide range 
of waveform inputs: sinusoidal, periodic, asyn- 
chronous, even noise. The unit is of integrated 
circuit design. 

Frequency range is d.c. to 1 -MHz input, dy- 
namic range is greater than 30 dB, input im- 
pedance is greater than 10,000 ohms, tone burst 
and dwell times are independently variable from 
1 to 1024 cycles in 20 steps, and switching 
transients are more than 50 dB below maximum 
signal input. 

A technical bulletin with complete specifica- 
tions will be forwarded on request. Aritech 
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FLASHING INDICATOR LIGHT 
A subminiature indicator light that mounts in 

/2" clearance hole and provides a choice of red 
or amber lens caps with refractive inner surfaces 
for warning /caution signal indications is now 
available. 

Intermittent light -flashing operation is obtained 
without use of thermal elements or any moving 
contacts. The flashing action is made possible by 
a special high -brightness neon lamp plus solid - 
state circuitry. Operation is obtained on ordinary 
110 -125 volt a.c. circuits. 

The driving -circuit components are soldered 
to a PC card which is enclosed within the body 
of the indicator light. An extending edge of the 
board exposes the terminations which are eye - 
letted openings adapted for soldering connections. 
Dialight 
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CHEBYSCHEV FILTER 
A new subminiature filter of 0.01 -dB Cheby- 

schev design, with center frequencies from 200 
to 600 MHz, is now available as the Model TSA. 
The new filter is of magnetically coupled reso- 
nator design and may be specified with two to 
eight sections depending on bandwidth and other 
characteristics desired. 

In cross -section, the filter measures only t /4" 
x %6" and is 2" to 31/2" long, length being a 
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FROM HiFi STEREO REVIEW 

DELUXE 
PADDED 

DUST -PROOF RECORD 

AND TAPE CASES 
plus FREE cataloging forms 

4.,c," nft 
These decorative, yet sturdily con- 
structed cases are just what you've 
been looking for to keep your records and 
tapes from getting tossed about and damaged, 
disappearing when you want them most and just 
generally getting the "worst of it" from constant 
handling. They're ideal too for those valuable 
old "78's" that always seem to get thrown 
about with no place to go. 
Constructed of reinforced fiberboard and covered 
in rich leatherette in your choice of nine dec- 
orator colors, the HIFI /STEREO REVIEW Record 
and Tape Cases lend themselves handsomely to 
the decor of any room, whether it be your library, 
study, den, music room or pine -paneled garage. 
The padded leatherette back (in your color 
choice) is gold tooled in an exclusive design 
available only on HIFI /STEREO REVIEW Record 
and Tape Cases. The sides are in standard black 
leatherette to keep them looking new after con- 
stant use. With each Record and Tape Case you 

order you will receive, free of charge, 
a specially designed record and tape 
cataloging form with pressure- sensi- 
tive backing for affixing to the side of 
each case. It enables you to list the 
record names and artists and will prove 
an invaluable aid in helping you locate 
your albums. The catalog form can be 
removed from the side of the case at 
any time without damaging the leath- 
erette. 

Record Cases are available in three sizes: for 7 ", 
10" and 12" records. Each case, with a center 
divider that separates your records for easy acces- 
sibility, holds an average of 20 records in their 
original jackets. The Recording Tape Case holds 
6 tapes in their original boxes. 

The Tape Cases and the 7" Record Cases (with 
catalog forms) are only $3.25 each; 3 for $9; 
6 for $17. 

The 10" and 12" Record Cases (with catalog 
forms) are $3.50 each; 3 for $10; 6 for $19. 

Add an additional 75c per order (regardless 
of number of cases ordered) for shipping and 
handling. 

Extra 

ta 

Ziff -Davis Publishing Company, Dept. SD 
One Park Avenue, New York, N. Y. 10016 
My remittance in the amount of $ 
is enclosed for the Cases indicated below. 

Quantity 
Tape Case at $3.25 each; 3 for 
$9; 6 for $17. 
7" Record Case at $3.25 each; 
3 for $9; 6 for $17. 
10" Record Case at $3.50 each; 
3 for $10; 6 for $19. 
12" Record Case at $3.50 each; 
3 for $10; 6 for $19. 

Add 75c PER ORDER for SHIPPING and HANDLING 

Check color choice for back of case (sides in 
black only): 

Midnight Blue Red Saddle Tan 
Pine Green Orange Yellow 
Grey Black Spice Brown 

Name 
Ew ne 

Address 

City State lip Code 
PAYMENT MUST BE ENCLOSED WITH ORDER 
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MC 

function of the number of sections and pass band- 
width. Input and c utput connectors may be 
specified as Sealectro Q OSM, or any combination, 
and may be located at ends or sides. 

Performance includes minimum 3 -dB band - 
k idths from 1.0 to 15 %, depending on the 
number of sections; v.s.w.r. at center frequency 
of less than 1.5:1; and insertion loss on the order 
of 2.45 dB for a typical 4- section unit with a 10% 
bandwidth. The average power input is 0.2 to 5 
watts with peak power ratings of 1 to 30 watts. 
Telonic 
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CATHODE -CURRENT INDICATOR 
A compact. easy -to -use service aid, which in- 

dicates minimum cathode current and permits the 
replacement or adjustment of horizontal output 
tubes for minimum cathode current, is now 
available as the MCC -I. 

The new tool has universal application and can 
be used with all novar, compactron, octal, and 
noval tubes now in use as horizontal outputs. 
Catalogue No. 11568 containing complete infor- 
mation on the device will be forwarded on 
request. Eby Sales 
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BENCH POWER SUPPLY 
A variable -voltage bench power supply which 

will provide continuously variable voltage from 0 
to 34 volts at currents up to 1.5 amps is now 
on the market. 

The solid -state circuit has built -in protection 
against overload or accidental shorts. Other fea- 

tures include regulation of 0.005% and ripple of 
just 250 microvolts. The supply incorporates the 
UNI -88 variable voltage module and a metered 
control module. 

Complete information and full specifications 
will be supplied on request. Power /Mate 
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HIGH- VOLTAGE TEST PROBE 
A new 40,000 -volt d.c. high -voltage portable 

test probe that is designed to operate with the 
company's Model 600 11- megohm input imped- 
ance, battery- operated transistorized v.o.m. is 
available as the Model 72 -265. 

The probe permits the user to perform accurate 
and safe high- voltage checks on all color as well 
as black- and -white TV receivers prior to making 
color alignment adjustments on the picture tube. 
It can also be used for checking power supplies of 
radio and TV transmitters. 

Three ranges can be checked with the probe: 
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MICROPHONES 
KEEP 

Oti 

...ABOVE AND 
BEYOND THE CALL 

OF DUTY 

Shure microphones undergo exceed- 
ingly rigid and demanding laboratory 
and field tests -are designed to per- 
form faithfully for years even if 
subjected to severe use and abuse. 
They are backed by special know - 
how and critical quality -control that 
assure you the utmost in reliability. 
When the pressure is on they work! 

send for complete catalogs: 

Shure Brothers, Inc. 
222 Hartrey Ave., Evanston, Ill. 60204 

© 1967 Shire Brothers ,. Inc. 
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Experts say this is 
the best integrated turntable 

in the world. 

Too bad everybody doesn't know that. 
In the Thorens TD-150AB. the tonearm and turntable have a unified suspension, 
minimizing vibration and acoustic feedback. Speeds of 331/3 and 45 rpm are 
derived from a Thorens double motor on a single -otor shaft, turning at the 
unusually low speed of only 425 rpm. 
The result is completely silent and absolutely precise operation. SLch factors 
as rumble and wow are virtually eliminated. An exclusive low mass, plug -in 
shell, adjustable vertical tracking angle, pneumat c tonearm cueing or lower- 
ing device, a hardsome slim line chassis are among the many features that 
make this instrument a proud possession for any enthusiast. TD-150A.B; $99.75. 
(Also available without tonearm & base - TD-150) 
For more details and a FREE Record Omnibook, see your hi -fi dealer, or 
write ELPA MARKETING INDUSTRIES, INC., NEW HYDE PARK, N. Y. 11040 

THORENS TD-15O AB 
CIRCLE NO. 111 ON 

"REAL PIPE ORGAN TONE 
acclaim thousands of satisfied users 

ASSEMBLE THIS MAGNIFICENT E'- ECTRONIC 
ALL -TRANSISTOR ORGAN YCUREELF AND 

READER SERVICE CARD 
of 

SAVE 

......-*. 
Kit prices 
from $1850. 
12 models 
available... 
church & 
theater 
styles - ..-.o - 

SFECINUSTS 

Save dealer profit and factory labor 
%FUN TO ASSEMBLE & EASY TO PLAY 

Pay as You Build - Play as You Build 
You don't have to be a professional 

11 
organist to make your Artisan sound great. 

FINEST SOUND - independently keyed oscilla- 
tors, independent sets of tone generators, 
independent amplifiers & speakers (will play 

iiithru large stereo system.) 
CREATE YOUR OWN SOUND - plug -in voicing fil- 
ters, adjustable vibrato and voices; percus- 

elsions, sustain. reverberation. 
HEAR IT YOURSELF - the "King of the Kits" - 
SEND ORDER FOR "Greg Rister at the Mighty 

JArtisan" (12" stereo LP) - $4.00 p.p.p. 
LEARN ALL ABOUT IT - send for Artisan's giant 
260 page ORGAN BUILDERS MANUAL - 
packed with information, pictures, prices - 
S5.00 p.p.p. (fully refunded with first order). 

Write: 
Artisan Organs 
factory showroom 
1732 -E East Walnut Street, 
Pasadena, California 91106 
(213) 449 -0814 

the original kit organ 
CIRCLE NO. 121 ON READER SERVICE CARD 
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TOP SAVINGS ON 
THE BEST IN 
ELECTRONICS 

FOR EVERYONE 
Shop by mail and save at 

Allied, world's largest 
electronics headquarters. 
Hundreds of 
money- saving values. 

NO MONEY DOWN. 
Up to 2 years to pay I 

MAIL COUPON 
BELOW 

1 
p 

ALL /E© 
NEW 1968 

CATALOG 

518 
PAGES 

SAVE ON: 
Famous Knight -Kits 
Stereo H' -Fi 
Type Recorders, Tape 
CB 2 -Way Radios 
Wa4ie- Talkes 
FM -AM & AM Radios 
Shortwave Receivers 
Po-table TV 
PhonograLhs 
Amateur Gear 
Intercoms & PA 
Automotive Electronics 
Test Instruments 
TV Antennas & Tubes 
Power Tools, Hardware 
Tubes, Transistors 
Parts, Batteries, Books 

ALLIED RADIO, Dept.l E 

P.O. Box 4398, Chicago, III. 60680 

NAME (Please Print) 

ADDRESS 

CITY 

STATE ZIP 

CIRCLE NO. 125 ON READER SERVICE CARD 

40 kV d.c., 16 kV d.c., and 4 kV d.c. To obtain 
proper readout, the Model 600's selector range 
switch is set to 40 V, 16 V, or 4 V d.c. ranges 
and the readings multiplied by a factor of 1000. 

The probe weighs approximately 71/2 ounces 
and measures 121/2" long x %a" in diameter. 
Triplett 
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ILLUMINATED SWITCH 
A new line of illuminated switches which 

comes in a wide variety of options is now avail- 
able. Both slide and rocker versions can be had 
with illumination either neon or incandescent. 
Standard colors are red, white, clear, blue, green, 
and yellow. Light source voltages are 6.3, 14, 

I and 28 volts for incandescent bulbs and 125 
volts for neons. Rated life is 25,000 hours or more 
at rated voltages. The switches are UL listed. 
LID Electronics 
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DIGITAL PANEL METER 
A new digital panel meter which features ex- 

ceptional long -term accuracy, small size, and no 
flicker- according to its maker -is now being 
marketed as the "Digiteer ". The new unit is 
designed for either OEM meters, when it re- 

quires a panel area only 3 inches high and 41/2 
inches wide, or for independent operation with 
table mounting. Since it measures the most popu- 
lar standard ranges of either d.c. current or d.c. 
voltage, the meter may be used with any suitable 
sensors. 

With dual slope integration, the long -term ac- 
curacy of voltage -reading models is ±0.1% of 
reading, ±1 digit. Accuracy of current- reading 
models is ±0.25% of full scale. Standard current 
ranges include 0 to 2, 20, and 200 microamperes 
and 0 to 2, 20, and 200 milliamperes. Standard 
voltage ranges are 0 to 200 millivolts and 0 to 2, 
20, 200, and 1000 volts. Flashing lamps indicate 
when input voltage is overrange or when the 
signal is the wrong polarity. BCD output is avail- 
able as an option. API Instruments 
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TV MATCHING TRANSFORMER 
A completely new 75 -300 ohm matching trans- 

former featuring maximum shielding for strong 
signal areas, improved return loss and linearity 
to 300 MHz, and dual capacitive blocking has 
jast been introduced as the Model T -16. 

Housed in a durable metal case with the twin - 
lead securely attached to a circuit board and 
sealed in plastic to prevent pull out, the trans- 
former has a special C -F -61A fitting which ac- 
cepts all popular cables used in CATV, MATV, 
srtd home TV installations. 

The unit measures 41/2" long x ?/s" diameter. 
Craftsman 
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LOW -PROFILE POTS 
A line of low- profile potentiometers for 

printed- circuit board installation in compact en- 
tertainment equipment is now available. Maxi- 
mum height above the PC board is 1.15 inches 
(0.681 inch to potentiometer center line). 

The 2/2 -watt, 15/16" diameter carbon composi- 
tion pots have design parameters including shaft 
and -bushing options similar to the firm's con- 
ventional Model 2 line with terminal configura- 
tions adaptable to compact TV, stereo, AM and 
FM, and tape recorder styling. Resistance range 
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is 100 ohms to 10 mrgohms in a variety of tapers. 
S.p.s.t. snap -action switches are available, rated 3 
amperes at 125 V a.c. or 1 any at 250 V a.c. 
Centralab 
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RECHARGEABLE POWER PACK 
The new CD -33 rechargeable nickel -cadmium 

power pack is designed to provide 6 -volt power 
for lighting or ignition use. It has its own built -in 
recharger, can be plugged into any 117 -volt a.c. 
electrical outlet for recharging, and can be left 
on charge indefinitely without harm. Burgess 
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HI- FI- AUDIO PRODUCTS 
HOME CASSETTE SYSTEM 

The Model 200 -S ;.s a three -piece system that 
includes two matched speakers in decorator- styled 
walnut enclosures, plus a separate cabinet which 
holds a cassette deck with preamps and amplifiers. 
Inputs and outputs have been provided for the 
two dynamic microphones (included), a stereo 
headphone, and two line inputs and outputs. 

The system also features separate tone and 
volume controls for each channel, two vu meters, 
a.c. pilot light, three -digit counter with push- 
button reset, as well as a pop -up compartment 
for loading or unloading the stereo cassettes. 
Concertone 
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AUTOMATIC TURNTABLE 
The "Module SLx" automatic turntable comes 

complete with base and magnetic cartridge and 
features the firm's "Svnchro -Lab" motor which 
maintains constant speed under all conditions. 

The turntable incorporates a new toncarm which 
is unusually light and thin. This permits a coun- 
terbalance of small size and light weight and 
keeps tracking force down to a minimum. 

The unit comes prewired with audio and a.c. 
lead -ins, ready for installation. The turntable 
operates at all three speeds with a single lever 
controlling all speeds and sizes of records. The 
base measures 15" wide x 131/4" deep. Over -all 
height is 7;/4 ". Garrard 
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30 -WATT STEREO RECEIVER 
The SX -700T AM -FM- stereo receiver is rated 

at 30 watts per channel and is designed to meet 
the needs of those seeking a budget unit. 

The receiver incorporates a sensitive wide -band 
FM tuner and an automatic switching multiplex 
section. The multiplex section uses a two -step 
discriminating circuit with a Schmitt trigger cir- 
cuit for reliable performance. Stereo separation is 
34 dB. The AM tuner section is a high -gain 
unit with built -in ferrite antenna. 
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Important New SAMS BOOKS 

isSIStor 
Substitution 

NEW 8th Edition of the famous 
Transistor Substitution Handbook 

by the Howard W. Sams Engineering Staff. Over 1000 mere 
transistor substitutions have been added to make this inva =u- 
able updated computer -compiled handbook more complete 
than ever. Lasts thousands of direct substitutions; covers 
manufacturers of all transistor types. Includes basing da- 
grams and polarity indications; substitutions for U.S. and for- 
eign (including Japanese) home -entertainment, industrial, and 
military types. For easy reference, all types are in one ns- 
merical- alphabetical listing. Accompanying text explains why 
transistor substitution is possible, when substitution is appro- 
priate, how to select proper substitutes, and the precautions to 
observe when using a replacement. 
128 pages; 5M x 8 %". Order 20625, only f195 

Semiconductor Handbook 
by Robert B. Tomer. Here, in one comprehensive, 
heavily illustrated volume, is your complete, 
modern sourcebook for industrial semiconductor 
data. Covers semiconductors used in thermo- 
electricity, energy conversion, power inverters, 
converters, high -power audio, modulators, mi- 
cromodules, high -power rf, thin -film circuits, 
integrated circuits, high- density packaging, and 
grown- junction, alloyed -junction, draft, MADT. 
mesa, planar, and epitaxial mesa transistors. 288 
pages; 5'4 x 83 ". An invaluable reference S 

on transistors. Order 20620, only 5 
ABC's of Electrical Soldering 

by Louis Dezettel. Covers the important art of 
soldering, including the fundamentals, such as 
how to make a good solder connection. This is a 
how -to book for the beginner, a review for the 
technician, a valuable reference for the manu- 
facturer who buys and uses solder, flux, and 
printed -circuit boards. Tells what soldering is 
and does, how to solder properly, and how to 
make solder repairs. Explains solder alloys, 
fluxes, soldering irons, instant -heat guns, pro- 
duction soldering, and other soldering and con- 
necting methods. 128 pages; 534 x 83. qq 

Order 20627, only 

101 Questions & Answers About Color TV 
by Leo G. Sands. Here are the clear answers to 
the most frequently asked questions about color 
tv -its basic theory, installation, servicing, and 
modifications. The answers are reinforced by 
dozens of schematics, illustrations, and photo- 
graphs. Typical questions answered are: "What 
is meant by compatible color tv ?" "How are 
various colors produced on the picture tube ?" 
"Why do flesh tones on a performer's face vary 
when he moves from one side of the screen to 
the other ?" 64 pages; 534 x 8% ". 
Order 20624, only $1 á 

How to Repair Major Appliances 
by Ernest Tricomi. No other book offers you as 
much helpful information on so many household 
devices as this handy, fact -packed volume. Ab- 
solutely essential for anyone who sells, installs, 
or repairs appliances. Explains the theory, func- 
tioning, electrical characteristics and major 
components of refrigerators, freezers, washing 
machines, clothes dryers, ranges, dishwashers, 
garbage disposers, room air conditioners, water 
heaters, humidifiers, and dehumidifiers. Provides 
tips on repairing, electric motors, and even ap- 
pliance finishes. Fully illustrated for complete 
understanding. 224 pages; 534 x 834 ". 
Order 20650, only. 545D 

These and over 300 other SAMS Books are available 
from your local Electronics Parts Distributor. 

Transistor Specifications Manual 
Transistor Fundamentals 

(The definitive 4- volume work on 
Basic Semiconductor Principles and Circuits) 

Y HOWARD W. SAMS & CO., INC. 
4300 W. 62nd St., Indianapolis, Ind. 46268 
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ELECTRONICS INSTALLATION 8 SERV. HANDBOOK 
The only complete guide for servicemen and hobby- 
ists to every major phase of consumer electronics 
servicing. 

1968.. $1.25 . #58 1967..51.25.. #43 
1966 .. $1.25 .. #32 

Order by number from 
Ziff -Davis Service Div., 595 Broadway New York, 
N.Y. 10012. Enclose add'I 15¢ per copy for ship- 
ping and handling (50¢ for orders outside U.S.A.) 

CHEMTRONICS 

coto COLOR -LURE 
21 SPECIALLY FORMULATED 

TUNER CLEANER FOR 
COLOR TY TUNERS 

. Accept no substitutes 

Just Published 

How 88,648 
Heavy Smokers 
Stopped Smoking 
NEW YORK - The Anti -Tobacco Center of 
America has just published a booklet which 
explains how 88,648 heavy smokers (of whom 
many are physicians) have stopped smok ng 
without straining their will power. This book- 
let is available free of charge to smokers. All 
you need to do, to obtain it, is to send your 
name and address to The Anti -Tobacco Cen- 
ter of America, Dept.A -248 -w, 276 Park Avenue 
South, New York City, 10010. This offer is 

open while the supply of these booklets lasts. 
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Delta Launches the 

C OUTACH®* 

The 
Great 
One! 

An exclusive computer - 
tachometer for precise RPM 
measurement in easy -to- 
build Kit form? 

Delta, pioneers in CD ignition who pro- 
duced the fabulous MARK TENS, now offer 
a precise computer- tachometer which obso- 

letes any type tachometer on the market 
today! You achieve unbelievable accuracy 
in RPM readings due to the advanced, 
solid -state electronic matched components 
used in the computer, coupled with the 
finest precision meter in the world. In kit 
only for all 12V, 8 cyl. cars. 

Check these Delta features: 
0-8000 RPM range 

Perfect linearity - zero paralax 
Adjustable set pointer 

A Wide angle needle sweep 

A Translucent illuminated dial 

Chrome plated die -cast housing 

All -angle ball & socket mounting 
Use it with any ignition system 

Meter: 31/8" dia. X 33/8" deep 

Kit complete, no extras to buy 

Orders shipped promptly. 
Satisfaction guaranteed. 
Send check today! ` 

"file stereo amplifier is rated at 30 watts (IHF) 
dynamic power per channel with an r.m.s. rated 
output of 22 watts per channel. Distortion is 
1% THD at 25 watts (IHF). Over -all frequency 
response is 25- 50,000 Hz ±1 dB. 

The front panel is brushed white gold with 
contrasting dark panel on which are lighted slide - 
rule markings. A tuning meter indicates maxi- 
mum signal strength and an automatic stereo 
indicator shows when stereo broadcasts are being 
received. The receiver measures 16" x 57,i6" 
x 13131,;". Pioneer 
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DYNAMIC BALL MICROPHONES 
A series of omnidirectional, dynamic ball mi- 

crophones has just been added to the company's 
line. Designed for all types of on -stage perform- 
ances- singing groups, combos, professional 
artists, as well as taping, the new units feature 
ari acoustical lined "ball" at the head of the micro- 
phone. The ball lets the user work as close to the 
microphone as, he wishes without popping or 
wind noises. 

Currently available in three models, the series 
offers the Model DM70- 150 -B, a high -impedance 
unit with "on -off" switch and a frequency re- 
sponse of 50- 15,000 Hz; the Model DM70 -250- 
B, a 10,000 -ohm model with "on -off" switch 
and a 50- 16,000 Hz response; and the DM70- 
550-B, a low -impedance model with "on -off" 
switch and a response of 40- 18,000 Hz. 

Complete specifications on all three models are 
included in a data sheet which will be supplied 
on request. Sonotone 
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SOLID -STATE STEREO AMP 
The compact KA -2000 stereo amplifier de- 

livers 40 watts (IHF Standard 4 ohms) and 35 
watts (IHF Standard 8 ohms) with 13 watts 
continuous power per channel at a THD of 0.5 %. 
IM distortion is 0.5% ( -3 dB of rated power). 
Frequency response is 20- 50,000 Hz ±1 dB with 
a damping factor of 40 at 16 ohms and 20 at 8 
ohms. The bass control is ± 11 dB at 100 Hz and 
the treble control is ±11 dB at 10,000 Hz, while 
speaker impedance is 4 to 16 ohms. 

Built -in circuits include a tape monitor switch, 
loudness control, bass and treble controls, plus 

/DELTA DELTA PRODUCTS,-;c: 

P.O. Box 1147 EW / Grand Junction, Colo. 81501 

Enclosed is $ Ship ppd. ] Ship C.O.D. 
Please send: 

COMPUTACH' Kits .a $29.95 ppd 
(12 VOLT 8 CYLINDER VEHICLES ONLY) 

Name 

Address 

City State Zip 
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a stereo headphone jack. There are terminals for 
Mag. Phono, Tuner, Aux. 1, and Tape. The am- 
plifier measures 101/4" wide x 41/4" high x 9h" 
deep. It weighs 10 pounds. Kenwood 
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STEREO CASSETTE DECKS 
Two stereo cassette decks, both for use with 

existing hi -fi equipment, have been introduced as 
the "2500" and the "Continental 450A ". 

The "2500" is a stereo cassette playback -only 
unit, while the "Continental 450A" is a stereo 
cassette recorder /player. Heart of the new decks 
is a special synchronous motor which is compact 
yet provides increased reliability and speed con- 
trol. The "2400" comes in a highly styled walnut 
and brushed aluminum cabinet, measures 8" x 
41/2" x 21/4 ", and weighs just 23/4 pounds. It has 
a single selector control switch for play, stop, fast- 

forward, and rewind as well as cassette ejector 
and "on-off" push -buttons. The "Continental 
450A" is housed in a teak cabinet and has vol- 
ume, tone, balance, and record level controls and 
keyboard push- buttons for play, stop, fast -for- 
ward, rewind, record, and cassette eject functions. 
It also has a digital counter with automatic zero 
rese= and a vu meter. Norelco 
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MATCHING TUNER /AMP 
For those wishing to have separate tuners and 

amplifiers in their hi -fi systems, the KG -865 
50 -watt stereo amplifier and the KG -795 FM- 
stereo tuner are now available. 

The amplifier provides a power bandwidth of 
20- 20,000 Hz and frequency response within 
1 dB from 18 to 30,000 Hz. The tuner features 
two tuned r.f. stages for best image rejection, 
drift -free tuning, FM- stereo reception, precision 
tuning indicator, automatic stereo switching, and 
a stereo indicator light. 

Each unit measures 3'lt;" x 13" x 10" deep. 
Optional oiled -walnut wood cabinets are available. 
These companion units are being offered in easy - 
to- assemble kit form. Allied Radio 
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COMPACT CASSETTE RECORDER 
The Model 6303 lightweight cassette recorder 

will operate on four "C" cells or from a.c. power 
with an optional adapter- charger. 

The recorder comes with a remote- control 

pencil -type microphone and stand, accessory case, 
earphone, carrying strap, and a prerecorded dem- 
onstration tape cassette. Optional accessories, 
other than the adapter- charger, include a remote - 
control footswitch, and a direct recording patch 
cord kit. Channel Master 
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CB- HAM -COMMUNICATIONS 
SOLID -STATE SSB TRANSMITTER 

The Model PH17M is a transistorized SSB ra- 
diotelephone transmitter which will operate on 
up to six channels anywhere within the 1.6 to 
12.5 MHz range. It may be used as a mobile unit 
in motor vehicles, aircraft, or ships, or at fixed 
locations. 

Power output is 70 -100 watts p.e.p., depend- 
ing on channel and antenna used. Audio frequen- 
cy response extends from 250 to 3000 Hz and is 
down only 2.5 dB at 500 and 2400 Hz with re- 
spect to 1000 to 2100 Hz. The transmitter can be 
operated in the A3J mode with carrier suppressed 
46 dB or more, or in the A3H mode with carrier 
transmitted (compatible AM). 

Frequency tolerance is ± one part per million 
per week. At room temperature, frequency sta- 
bility is better than ±5 Hz when operating at 
12.5 MHz. Within an ambient temperature range 
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Electronics ̀  \orld 
SUBSCRIBER SERVICE 

Please include an address label when writing about 
your subscription to help us serve you promptly. 
Write to: Portland Place, Boulder, Colo. 80302 

CHANGE OF ADDRESS: 
Please let us know you 
are moving at least 
four to six weeks in 
advance. Affix maga- 
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MultiBand Coverage will 

MAKE YOU MONEY! 
LOW BAND 

BUSINESS 

AIRCRAFT 

MARINE 

CITIZENS 
BAND 

NO EXTRA CRYSTALS 

Lampkin Frequency Meter Type 105 -B 

GUARANTEED ACCURACY .001% 

Range: 100 KHz -175 MHz. $295.00 

You can buy separate frequency meters 
for mobile -radio transmitters in the sep- 
arate bands - BUT - when you need 
just ONE channel outside that band, you 
are money ahead with the LAMPKIN. 

Dial readings for virtually EVERY mobile. 
radio channel (printed by computer) now 
available at less than 3c per channel. 

For complete specifications - MAIL 
COUPON TODAY! 

Use this coupon for FREE booklet "How 
To Make Money in Mobile -Radio Main- 
tenance" and information on Lampkin 
meters. 

Name 

Address 

City State Zip 

LAMPKIN LABORATORIES, INC. 
MFM Div., Bradenton, Fla. 33505 

CIRCLE NO. 105 
May, 1968 

ON READER SERVICE CARD 

of -30° to +60° C, frequency stability is better 
than ±40 Hz. 

The transmitter is available with power 'sup- 
plies for operation from 115 or 230 volts, 50 or 
60 Hz or from a nominal 12 -, 24 -, or 32 -volt d.c. 
source. Kaar 
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SELECTIVE CALLING UNIT 
A new selective calling unit monitors all tele- 

phone numbers dialed on the channel being re- 
ceived and signals the user when his own 

telephone number is dialed by the marine oper:l- 
tor. The device eliminates the need for constant 
monitoring of the channel: the speaker can he 
switched off until a phone call is received, unless 
audio monitoring is desired. 

The new unit, called a "ringer" selector /de- 
coder, is designed to operate with any marine 
radio on any frequency -AM, FM, or SSB. In ef- 
fect, it makes any marine radio into a radiotele- 
phone. When the user's number is dialed by the 
marine operator, the device generates both audio 
and visual signals -triggering a lamp and buzzer 
to notify the boat operator that he has been called. 

The Model 1313 is all- solid -state and is com- 
patible with the telephone company dialing sys- 
tem. Up to five digits are accommodated in the 
decoder unit. Detailed literature and specifica- 
tions are available from the manufacturer. Scant - 
lin Electronics 
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BASE- STATION CB ANTENNA 
The new "Astro Plane" base -station antenna is 

an all -direction type with radiation concentrated 
at the very tip, thus providing a power gain of 4 
dB. Weighing only 31/2 pounds, the clean -line 
design permits easy and economical installation 
on a simple pipe mast, thus eliminating radials. 
It is rated at 120 mi /h wind survival. The short, 
sturdy radials at the tip of the antenna provide 
full signal power on top and also direct an ex- 
tremely low angle signal take -off for maximum 
distance. 

Designed to operate in a frequency band of 27 
to 29.7 MHz, the unit is omnidirectional, vertical- 
ly polarized, and has a v.s.w.r. of less than 1.4:1 
on all 23 CB channels. Avanti Research 
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MARINE RADIOTELEPHONE 
A new, popularly priced marine radiotelephone 

has been introduced as the "Cruise /Aider ". It 
has five crystal -controlled channels to make it 
effective for either ship -to -shore or ship -to -ship 
use. 

The radio has 60 watts of power to facilitate 
communications when boats are well offshore or 
to give the extra margin of readability to local 
conversations to raise them over the threshold of 
distant static on the most actively used marine 
channels. 

The unit is shipped from the factory with three 
pairs of crystals installed. Two additional pairs 
can be installed locally to give the boat owner full 

The TRUE electronic solution to a 

major problem of engine operation! 

DELTA'S FABULOUS 

MARK TEN® 

Only $44.95 ppd. 
In easy -to -build Deltakit0 

Only $29.95 ppd. 

CAPACITIVE DISCHARGE 

IGNITION SYSTEM 
You've read about The Mark Ten in 
Mechanix Illustrated, Popular Mechan- 
ics, Electronics and other publications! 

Now discover for yourself the dramatic im- 
provement in performance of your car. 
camper, jeep, truck, boat - any vehicle! 
Delta's remarkable electronic achievement 
saves on gas, promotes better acceleration, 
gives your car that zip you've always wanted. 
Find out why even Detroit has. finally come 
around. In four years of proven reliability. 
Delta's Mark Ten has set new records of 
ignition benefits. No re- wiring! Works on 
literally any type of gasoline engine. 

Why settle for less when you can buy the 
original DELTA Mark Ten, never excelled and 
so unique that a U.S. Patent has been 
granted. 

READY FOR THESE BENEFITS? 

A Dramatic Increase in Performance and in 

Fast Acceleration 

A Promotes more Complete Combustion 

A Points and Plugs last 3 to 10 Times 
Lo age r 

A Up to 20% Mileage Increase (saves gas) 

LITERATURE SENT BY RETURN MAIL 

BETTER YET -ORDER TODAY! 

DELTA PRODUCTS:;:. 

P.O. Box 1147 EW Grand Junction, Colo. 81501 

Enclosed is $ Ship ppd. Ship C.O.D. 
Please send: 

Mark Tens (DeltakjtÂ) @ $29.95 
(12 VOLT POSITIVE OR NEGATIVE GROUND ONLY) 

Mark Tens (Assembled) @ .$44.95 

6 Volt: Negative Ground only. 

12 
Positive Ground 

2 Volt: Specify 
Negative Ground 

Car Year Make 

Name 

Address 

City /State.- Zip 
J 
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coverage in his particular area of operation. The 
radio can also be used as a loud hailer simply by 
adding an external speaker as an accessory. An 
external socket on the radio makes it a simple, 
add -it- yourself accessory. 

Measuring approximately 121/2" square by 4" 
thick, the unit is supplied with a trunnion mount- 
ing bracket for attachment to shelves, overheads, 
or bulkheads. The mount permits easy removal 
for off- season storage. Raytheon 
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R.F. DIRECTIONAL WATTMETER 
The new 4110 series "Thruline" r.f. directional 

wattmeters are palm -sized power meters for ser- 
vicing communications equipment in the 2 -175 
MHz range. They weigh just one pound. Built 
with 1 % -2% components, the new units match 
the ±5% accuracy that is available in the com- 
pany'. Model 43. 

The wattmeters, only 2" x 3" x 41/2", can be 
switched from forward to reflected power on the 
blow- protected front panel. The 50 -ohm instru- 
ments are completely self- contained -without bat- 
teries, line power, charts, or plug -ins. 

Three models a:e currently available: Model 

4113 -1000 /100 W, 2 -30 MHz; Model 4112- 
200/20 W, 2 -30 MHz; and Model 4111 -150/ 
15 W, 25 -175 MHz. Bird Electronic 
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NAM ANTENNA IN KIT FORM 
The new Model DIV -SO kit permits maximum 

legal power on each band, 10 through 80 meters, 
from an antenna cut and designed by the user. 
Calculations can be made by means of technical 
information supplied with the kit. 

The antenna features elements made with dur- 
able Copperweld wire for greater strength. The 
company's Model DPC -1 dipole connectors make 
it easy to build the antenna. The DPC -1 fits RG- 
8/U or RG -58 /U coax. Weatherproof construc- 
tion with corrosion -proof hardware is featured 
throughout. 

The kit includes 140 feet of Copperweld wire, 
the DPC -1 dipole connector, ceramic end insu- 
lators with anti -arc serrations, and all necessary 
hardware. Moseley 
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LOW -COST CB UNIT 
The Model 750 is a ruggedly constructed, sol- 

id.state CB transceiver which provides the full 5 
watts of r.f. allowed under FCC regulations for 
effective HELP program communications. 

In spite of its compact size (434 x 2" x 
51/4"), sensitivity rating is 0.5 µV for 10 dB S/N 
ratio. Features of the new unit include an adjust- 
able squelch control for noise -free monitoring, 
an effective automatic noise limiter to minimize 
ignition whine and hash, and a superhet receiver 
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which provides good sensitivity, selectivity, and 
image rejection over the entire 27 -MHz band, 
according to the maker. The unit's microphone 
doubles as a speaker when the unit is set in the 
"receive" position. 

The unit is supplied with a channel -9 crystal 
and sockets for five more transmit and receive 
channels. Amphenol 
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MANUFACTURERS' LITERATURE 
PICTURE -TUBE DATA 

A 12 -page illustrated brochure, ID -1304, show- 
ing the latest technological advances in the com- 
pany's "Hi -Lite" line of color picture tubes is 
now available on request. 

The booklet explains the brightness improve- 
ment that has been obtained with the new red 
phosphor and the servicing advantages of such 
features as Perma- Chrome and unity current 
ratios for technicians using these replacement 
types. RCA Electronic Components. 
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D.C. VOLTAGE REGULATORS 
A four -page data sheet describing the new 

miniature, self -contained Series 805 d.c. voltage 
regulators has just been released as No. 68485. 

The publication provides complete specifica- 
tions for fixed -output, +3- to +9 -volt hybrid 
series, presented in an easy -to -read "minimum - 
typical- maximum" performance chart. Significant 
construction, performance, and environmental 
characteristics are also discussed. 

The data sheet provides full details on circuit 
design and includes a circuit schematic. Helipot 
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POWER SUPPLIES 
A new 8 -page, full-color catalogue covering a 

line of modular power supplies for commercial, 
industrial, and military applications has just been 
issued. 

The publication describes all units made by 
the firm, including the new CS 7 -3, CS 1S -2, 
and CS 30 -1 card supplies. Price and delivery 
information is also given. Valor 
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PRECISION POTS 
A 6 -page condensed catalogue of precision 

potentiometers is now available for distribution. 
The publication outlines the company's capabil- 
ities in custom- designed conductive plastic and 
wirewound pots and elements, and provides spe- 
cific data on the fum's standardized "Waferpot" 
and "Econopot" lines. Included throughout the 
catalogue are rotary and linear motion models 
and linear and nonlinear functions. New England 
Instrument 
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MODULAR D.C. POWER SUPPLIES 
A 20 -page catalogue covering modular d.c. 

power supplies and voltage references is now 
available as #168. 

Offering a choice of four regulations from 
0.05% to 0.0005% to allow the engineer to spe- 
cify just as close a regulation as his instrument 
or system requires, the publication oudines all 
supplies in the line. 

A unique ordering system that allows selec- 
tions in almost unlimited cross combination of 
center voltage, regulation, and additional options 
is explained in detail in the catalogue. CEA 
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COLOR -TV COIL GUIDE 
A four -page cross reference guide (NR #29) 

for twelve new color -TV coils is now available. 
The twelve coils provide exact replacements for 
550 video and chroma coils for sets produced by 
virtually all manufacturers. J.W. Miller 

Circle No. 25 on Reader Service Card 

BOOKLET ON CCTV 
A new 8 -page booklet which tells in detail how 

a 16- channel closed -circuit instructional television 
system has revolutionized observation of class- 
room methods by student teachers at Appalachian 
State Teachers College is now available. 

The booklet tells how two sets of microphones 
and TV cameras are located in each of eight class- 
rooms at the high school. One set picks up the 
high school teacher's presentation; the other picks 
up the student responses. The video and audio 
signals are transmitted simultaneously by cable 
to observation rooms at the college, more than 
11/2 miles away. 

A two -page technical section of the booklet 
gives details on how the electronic equipment is 
used and contains a schematic diagram of the 
cable system. Copies of Form No. ECSD -C -8020 
will be supplied on request. Jerrold 
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D.C. POWER -SUPPLY DATA 
An 88 -page catalogue and handbook has just 

been issued which combines a text -like discussion 
on d.c. power supplies with a complete listing of 
the firm's line of power supplies. 

In addition to full descriptions and specifica- 
tions, a selection guide and condensed listing 
makes it easy for the prospective purchaser to 
select the supply which best meets his own par- 
ticular needs. 

The handbook section includes discussions of 
circuit principles, operating features, performance 
measurements, and special applications of regu- 
lated d.c. power supplies. Harrison Division 
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DIFFERENTIAL VOLTMETERS 
An 8 -page brochure describing differential 

voltmeters made by the firm is now available as 
publication D -3043. 

Included are the company's new solid -state 
models for measuring e.m.f. up to 1100 volts in 
four ranges with ±0.0025 percent accuracy. Op- 
erating features and related operations of other 
voltmeter models, both a.c. and d.c., are also 
presented in the illustrated booklet. Honeywell 
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INVERTERS /FREQUENCY CHANGERS 
Catalogue #138a is a four -page condensed 

description of the company's line of solid -state 
inverters and frequency changers. Models de- 
scribed include unregulated, regulated, and sinu- 
soidal types converting d.c. ingut to 60 or 400 Hz 
a.c. with power ratings from 15 VA up to 500 
VA. Electronic Research Assoc. 
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DIGITAL READOUTS 
A new 12 -page booklet covering some state -of- 

the -art advances in illuminated digital displays has 
just been published. 

Entitled "The Second Generation Optimum 
Contrast Digital Displays ", the booklet discusses 
three major developments which have significant- 
ly improved the total performance of illuminated 
bar readouts. The booklet also contains a de- 
scription of the system characteristics of the firm's 
readouts along with a discussion of pertinent 
reliability considerations. 
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There is a detailed presentation of the wide 
selection of heat sink and mounting arrangements 
in which the readouts may be employed. Com- 
plete physical and electrical specifications are 
included. Tung -Sol 
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CALCULATORS AND TECH BOOKS 
An all -new, 1968 catalogue has been issued 

containing full descriptions of slide and circular 
calculators, drafting templates, handbooks, man- 
uals, technical boc!:s, curves, slide rules, conver- 
ters, and other time -saving devices and reference 
works for electronic, mechanical, and manufactur- 
ing designers and engineers. 

Copies of this 16 -page, illustrated catalogue 
will be supplied on request. TAD Products 
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STRIP -CHART RECORDERS 
A four -page folder, No. L -1001, gives complete 

details on the Model 2750 precision low -speed 
strip -chart recorders. The recorders described have 
an accuracy of ±1.5% of the full -scale value and 
also provide continuous visual readout. 

In addition to full technical data, the illustrated 
folder lists accessories and operating ranges for a 
large number of a.c. and d.c. instruments. Simp- 
son Electric 
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H.F. POWER TRANSISTORS 
An 8 -page engineering data sheet has been 

issued which provides detailed descriptive infor- 
mation on both B -14800 and B -15500 series high - 
frequency silicon transistors. 

SOAR (Safe Operating ARea) charts and corn - 
prehensive specifications charts and graphs are 
a special feature. SOAR is defined for d.c. and 
pulsed operation, resistive, unclamped inductive, 
and unclamped switching operation. Bendix 
Semiconductor 
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ELECTRICAL SWITCHES 
Three new catalogues covering its lines of 

electrical switches have been published. Catalogue 
100, an 84 -page publication, describes basic 
switches; actuator brackets and terminal enclos- 
ures; metal enclosed switches and door interlock 
and appliance switches. In addition, there is a 
section on replacement parts and an equivalent 
guide. 

Catalogue 200 covers subminiature, miniature, 
series 1 and 4 Tyni, rotary, and open -blade 
switches. There is also an equivalent guide in 
this 48 -page publication. 

Catalogue 300, 20 pages, describes panel mount 
and modular push- button switches and includes 
an equivalent guide. Robertshaw Controls 
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TECHNICAL DATA ON RESISTORS 
A brochure which features a number of techni- 

cal articles published by its Engineering and R &D 
staffs is now available. 

Among the articles reprinted in this 12 -page 
booklet are: "Faster Risetimes in Wirewounds ", 
"How to Measure Resistor Self -Heating Effects ", 
"How to Specify Temperature- Compensated 
Wirewound Resistors ", and "How to Measure 
Performance of Wirewound Resistors ". RCL 
Electronics 
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DATA SHEET ON VERNIER CONTROLS 
A two -page, two -color data sheet, No. 1150, 

illustrates and technically describes two carbon 
and one wirewound vernier variable resistors. 
Included are dimensional drawings and complete 
electrical and mechanical specifications for carbon 
types VA -45 and 5VA -45 and wirewound type 
VA -AW. CTS Corp. 
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SERVICE INSTRUMENT DATA 
A two -page data sheet, Bulletin SP -11, which 

details the company's line of Snap- Around volt- 
ammeters and volt- ohm -ammeters, has just been 
published. The units are pictured and their fea- 
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turcs and operation described in some detail. 
A. W. Sperry 
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SOLID -STATE REGULATORS 
A complete new line of pre -engineering solid - 

state VSR regulators for process control and drive 
speed control is covered in Bulletin D- 2523 -1 
which is now available. The 4 -page booklet is il- 
lustrated. Reliance Electronic 
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MINIATURE CHART RECORDERS 
A 20 -page catalogue which gives details on 50 

different models of miniature strip chart recorders, 
all of which feature a unique dry writing process, 
has just been issued. It includes detailed informa- 
tion on chart paper, drive motor specifications, 
accessories, optional features, dimensions, weights, 
and complete ordering information. Rustrak 
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QUARTZ CRYSTAL UNITS 
A six -page, letterhead -size, three -color bro- 

chure describing a line of quartz crystal units that 
are available in solderseal or coldweld holders is 
now available. 

Frequency range of each quartz crystal element 
is charted and solderseal and coldweld holders 
are illustrated in actual sizes. Technical infor- 
mation includes frequency tolerances over various 
temperature ranges and details of crystal manu- 
facture. Tabular information is also given on crys- 
tal filters and crystal oscillators. Reeves -Hoffman 
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DIODES AND SCR'S 
A 48 -page catalogue, C- 67/68, contains des- 

criptions, ratings, and specifications for zener 
voltage- regulator diodes, voltage -reference diodes, 
and low -power silicon rectifiers. 

The catalogue lists 66 different series of zeners, 
ranging from 150 mW to 50 W in nine package 
designs. In addition, there are 11 different series 
of voltage- reference diodes listed with nominal 
temperature coefficient ratings to five parts per 
million, as well as 34 different series of low - 
power silicon rectifiers in current ranges from 
0.4 ampere to 16 amperes and voltage ratings 
(maximum peak reverse) from 50 to 100 volts. 
International Rectifier 
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BROCHURES ON MATERIALS 
The American Society for Testing and Mate- 

rials (ASTM) is now making available a 34 -page 
"List of Publications ". Issued in September, 1967, 
the book contains a listing of more than 500 
ASTM publications dealing with materials, mate- 
rials evaluation, and the standardization of 
methods for testing and specifying materials. 

Single copies are available free of charge on 
letterhead request from American Society for 
Testing and Materials, Dept. HHH, 1916 Race 
Street, Philadelphia, Pa. 19103. A 
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FIRST WITH 
Digital Integrated Circuits 
4 Crystal -Controlled 
Oscillators 
Battery & AC Operation 
Standard 

The New Pace -Setting 
CONAR Model 680 

COLOR 
GENERATOR 
KIT $83.50 WIRED $114.50 

Until now, no commercially 
available color generator has 
offered so many quality fea- 
tures in a single ins,rument at 
such a low price. Only the 
CONAR COLOR GENERA- 
TOR has all these features at 
any price: exclusive digital 
integrated circuits; exclusive 
4 crystal- controlled oscillators; 
exclusive AC or battery opera- 
tion standard; completely solid 
state; color amplitude control; 
color phase adjustment; regu- 
lated power supply; stability 
control; TV station sync and 
blanking pulses; nine patterns; 
red, blue and green gun killers; 
compact; lightweight; portable. 

For details write Dept. EB8C 

CONAR Instruments 
DIVISION OF NATIONAL 
RADIO INSTITUTE 
3939 Wisconsin Ave. 
Washington, D.C. 2OÓ16 

WRITE FOR 
FREE CONAR CATALOG 

STEREO /HI -FI 

DIRECTORY 

1968....$1.25....#56 
1967....$1.25.... #45 

Giant 180 page buyers 
guide to virtually every 
new audio component on 

the market -amplifiers changers and turn tables 
receivers tuners tape machines speakers, etc. 

Order by number from 
Ziff -Davis Service Div., 595 Broadway New York. 
N.Y. 10012. Enclose add.' 15¢ per copy for ship- 
ping and handling (50¢ for orders outside U.S A.) 
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MARKET PLACE 
COMMERCIAL RATE: For firms or individuals offering commercial products or services. 700 per word (including name and address). Minimum order 
$7.00. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% 
for 12 months paid in advance. 
READER RATE: For ndividuals with a personal item to buy or sell. 40,0 per word (including name and address). No Minimum! Payment must accom- 
pany copy. 
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 100 extra per word. 
All copy subject to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st). Send order 
and remittance to: Hal Cymes, ELECTRONICS WORLD, One Park. Avenue, New York, New York 10016 

FOR SALE 

JUST starting in TV service? Write for free 32 
page catalog of service order books, invoices, 
job tickets, phone message books, statements 
and fille systems. Oelrich Publications, 6556 W. 
Higgins Rd., Chicago, III. 60656. 

GOVERNMENT Surplus Receivers, Transmitters, 
Snooperscopes, Radios, Parts, Picture Catalog 
250. Meshna, Nahant, Mass. 01908. 
METERS -Surplus, new, used, panel and port- 
able. Send for list. Hanchett, Box 5577, River- 
side, Calif. 92507. 
INVESTIGATORS, FREE BROCHURE, LATEST 
SUBMINIATURE ELECTRONIC SURVEILLANCE 
EQUIPMENT. ACE ELECTRONICS, 11500 -J NW 
7TH AVE., MIAMI, FLA. 33168. 
CONVERT any television to sensitive big- screen 
oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans, $2.00. Relco -A22, Box 10563, Houston, 
Texas 77018. 
R.F. CONVERTERS World's largest selection. 
Also CCTV cameras, etc. Lowest factory prices. 
Catalog 10¢. Vanguard, 196 -23 Jamaica Ave., 
Hollis, N.Y. 11423. 

MUSIC LOVERS, CONTINUOUS, UNINTER- 
RUPTED BACKGROUND MUSIC FROM YOUR 
FM RADIO, USING NEW INEXPENSIVE ADAPT- 
ER. FREE LITERATURE. ELECTRONICS, 11500 -Z 
NW 7th AVE., MIAMI, FLORIDA 33168. 

TREASURE HUNTERS! Prospectors! Relco's new 
instruments detect buried gold, silver, coins. 
Kits, assembled models. Transistorized. Weighs 
3 pounds. $19.95 up. Free catalog. Rei_o -A22, 
Box 101339, Houston, Texas 77018. 

FREE ELECTRONICS (new and surplus) parts 
catalog. We repair multimeters. Bigelow Elec- 
tronics, Bluffton, Ohio 45817. 
DETECTIVES! Free brochures! Electronic Sur- 
veillance devices. SILMAR ELECTRONICS, 3476 
N.W. 7th Street, Miami, Florida 33125. 
SURVEILLANCE EQUIPMENT -NEW HIGH PER- 
FORMANCE SUBMINIATURE MODELS. ELEC- 
TRONIC COUNTERMEASURE DEVICES TO PRO- 
TECT PRIVACY. FREE DATA: SECURITY ELEC- 
TRONICS-EW, 15 EAST 43RD STREET, NEW 
YORK, N.Y. 10017. 
JAPANESE PRODUCTS CATALOG by air mail $5, 
sea $3. Intercontinental, CPO 1717, Tokyo, 
Japan. 

CRYSTALS . largest selection in United 
States at lowest prices. 48 Hr. delivery. Thou- 
sands of frequencies in stock. Types include 
HC6 /U, HC18 /U, FT -241, FT -243, FT -171, etc. 
Send 10f for catalog with oscillator circuits. 
Refunded on first order. Jan Crystals, 2400E 
Crystal Dr., Fort Myers. Fla. 33901. 

YOUR SERVICE AND 
QUALITY LEADER 

We promise to supply you with the 
highest quality products at the most 
att-active prices with the fastest 
service in the industry. 

TRIACS 
TO -66 
5 AMP 

PRV 
loo 
200 
300 
400 
500 

.30 
1.40 
1.75 
2.25 
2.80 

ZENE'RS 1 Watt 7 -33V $ .50 
10 Watt 7 -200V $ .75 
50 Watt 7 -200V $1.75 

P- CHANNEL TO -18 FET'S plastic 
units. Vos -40V. -20 ma drain cur- 
rent, gain of 1500 -5000 Ammo's. 
$ 1.75 w th data sheet. 

N- CHANNEL FET'S T0.18 plastic 
units, low noise, low leakage, 25 volts 
source to gate. 50 ma gate current 
Gain of 2000 -9000 µmho's. $1.00 

O T A 
L A L 
I T E 
D E S 

SIM to 2N3429 (NPN). SI 7/1" 
stud, min HFE of 30, 7.5 Amps. 

175 watts, VCe of 75 $1.75 
SILICON BILATERAL SWITCH. 
Replaces two SCR's by firing in 

either direction when breakdown 
voltage is exceeded. Used in light 
dimmers, etc. 2/$1.00 

NEON LIGHT OR NIXIE TUBE 
DRIVERS. An NPN, TO -18, SI 

Transistor. With a VCBO of 120 
3/$1.00 

SIM. to 2N2875 (PNP). Silicon 
20 watts with 30 MHz cut off 

$.75 
500 HFe plastic transistors. 
NPN, TO -18, SI unit similar to 

2N3565 4/$1.00 
Silicon Power Rectifiers 

PRV 3A 12A 20A I 40A 
100 .09 .30 .40 i .75 
200 .16 .50 .60 11.25 
400 .20 .70 .80 11.50 
600 .30 1.00 1.20 11.80 
BOO .40 1.25 1.50 I 

1000 .55 1.50 1.80 I 

Terms: FOB Cambridge. Mass. 

Send check or Money Order. Include 
Postage. Average Wt. per package 
y lb. No C.O.D.'s. Minimum Order 
$3.00 

Rated companies 30 days net 
TELEPHONE (617) 547-4005 

POST OFFICE BOX 74B 
SOMERVILLE, MASS. 02143 
featuring transistors, rectifiers and 

components 
SEND FOR OUR SPRING CATALOG 
Business Address: 325 Elm St., Cambridge, Mass. 

INTEGRATED 
CIRCUITS 

JK & SRT flip flop dual in -line 
pack $1.40 

SR Flip Flops $ .90 
SR Clocked Flip Flops $1.15 
SRT Flip Flops $1.15 
Dual Nand Nor Gates $1.00 
8 Input Nand Nor Gates $1.00 
Dual and Gates $1.00 
Quad hand Nor Gates $1.00 
TO-85 flat pack with holder Guar- 
anteed to work. 
They come complete with schematic, 
elect. characteristic sheet & some 
typical applications. 

Top Mat & Epoxy 1 AMP 

PRV 
100 
200 
400 
600 
800 

.07 1000 I .35 

.09 1200 I .50 

.12 1400 I .65 

.18 1600 I .80 

.22 1800 I .90 

Silicon Control Rectifiers 
PRY 

I 
3A I 7:5 

I 
70A 

Sc .35 I . 

20A 
70 

300 I .50 I .65 11.00 4.00 
200 .70 

I .95 1.30 8.00 
300 I .90 1.25 I 

1.70 
400 1.20 1.60 I 2.10 12.00 
500 1.50 12.00 2.50 
600 11.80 2.40 3.00 116.00 
700 2.20 12.80 

1000 I I 15.00 
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SURVEILLANCE COUNTERMEASURES BRO- 
CHURE $1.00. ENGINEERING LABORATORIES, 
BOX 1036, ANDERSON, INDIANA 46015. 

TRANSISTOR- Tube -Radio -Television- Phono, SIG- 
NAL GENERATOR, $4.00. Takoma Servicing 
School, 11808 Pittson Road, Wheaton, Maryland 
20906. 

ELECTRONIC Ignition, various types. Free litera- 
ture. Anderson Engineering, Epsom, N. H. 03239. 

PROXIMITY switch detects nearness of human 
body! Free information. Claremont Products, 
860 Reed, Claremont North, Calif. 91711. 

WORN shafts repaired economically with steel 
or stainless; motors, pumps, machinery, pat- 
ented process introductory offer $10.00 gives 
you 2 yr license, 30 day money back guarantee. 
Watson, 772 Hastings Ave., Salinas, Cal. 93901. 

TV Electronics men try us for yokes, transform- 
ers, filters, controls, tubes, antennas, test equip- 
ment, radio phono, TV supplies our specialty, 
wholesale only. Ship anywhere. Signal Elec- 
tronics, 555 Newpark Ave., West Hartford, Conn. 
C6110,. 

EIGHT Color 42" x 33" Outer Space Map, $1.00. 
CHESPA, Barrington, New Jersey 08007. 

METAL -TREASURE Detectors, transistorized, 
lightweight. $29.95 to $129.50. Free catalog. 
JETCO ELECTRONICS, Box 132 -E, Huntsville, 
Texas 77340. 

SURVEILLANCE EQUIPMENT, latest devices, 
also construction plans, free catalog, FISHER 
ELECTRONICS, Box 350, N. Miami Beach, Flor- 
ida 33160. 

LOCATE Hidden open circuits in cables fast! 
Cable break locator $40.00. Plans $2.30. Cata- 
log of interesting items 20¢. Franks Scientific 
Co., P. O. Box 156, Martelle, Iowa 52305. 

DISCOUNT MICROPHONES -Best discounts in 
the nation on all Shore and Turner Microphones. 
Save almost 50 %. Send 50¢ for catalog to: 
Discount Microphones, 515 Pauline, Ann Arbor, 
Michigan 48103. 

SOLID -STATE 50 Watt RMS plug -in D.C. thru 
25KC, $30.00. OPAMP LABS., 172 So. Alta Vista 
Blvd., Los Angeles, California 90036. 

DO -IT- YOURSELF 

PROFESSIONAL ELECTRONICS PROJECTS - 
$1.00 up. Catalog 25¢. PARKS, Box 15265B, 
Seattle, Wash. 98115. 

URETHANE Foam. Direct from factory. Free 
catalog. Lists foam for cushions, mattresses, 
boats, upholstery -any home project. Perma- 
Foam, Inc., 605 -H South 21st Street, Irvington, 
New Jersey 07111. 

EXPERIMENTERS, HOBBYISTS, TECHNICIANS! 
Give your work Professional Performance and 
Appearance by using PRINTED CIRCUITS. CIR- 
CUITRY CONSULTANT to Nation's Largest Com- 
panies explains how, without Equipment or 
Dangerous Chemicals, in ILLUSTRATED BRO- 
CHURE. Also how to secure FREE MATERIAL 
FOOLPROOF, Satisfaction Guaranteed. Postpaid 
$2.25. J. Lockridge, 9104 Darnestown Road, 
Rockville, Maryland 20852. 
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CLASSIFIED ADVERTISING ORDER FORM 
Please refer to heading on first page of this 
frequency discounts, closing dates, etc. 

section for complete data concerning terms, 

1 2 3 4 5 

7 6 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 

Words , @ .40 Reader Rate = 
t @ .70 Commercial Rate 

Insert time(s) Total Enclosed $ 

NAME 

ADDRESS 

CITY STATE 7IP 

SIGNATURE 

WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one 
word each. Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does not permit.) 
Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols such as 
35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW -568 

L 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 

ASSOCIATE Degree in Electronics Engineering 
earned through combination correspondence - 
classroom educational program. Free brochure. 
Grantham Technical Institute, 1505 N. Western 
Ave., Hollywood, Calif. 90027. 
LEARN ELECTRONIC ORGAN SERVICING at 
home. All Makes including transistors. Experi- 
mental kit -troubleshooting. Accredited NHSC. 
Free Booklet. NILES BRYANT SCHOOL, 3631 
Stockton, Dept. A, Sacramento, Calif. 95820. 
FCC First Class License in six weeks -nation's 
highest success rate -approved for Veterans 
Training. Write Elkins Institute, 2603C Inwood 
Road, Dallas, Texas 75235. 
HIGHLY effective home study course in Elec- 
tronics Engineering Mathematics with circuit 
applications. Earn your Associate in Science 
Degree. Free literature. COOK'S INSTITUTE OF 
ELECTRONICS ENGINEERING, P.O. Box 36185, 
Houston, Texas 77036. 
ELECTRONICS! Associate degree -29 months. 
Technicians, field engineers, specialists in com- 
munications. missiles, computers, radar, auto- 
mation. Start September, February. Valparaiso 
Technical Institute, Dept. N, Valparaiso, Indiana 
46383. 
R.E.I. s famous (5) week course for the First 
Class Radio Telephone License is the shortest, 
most effective course in the nation. Over 98% 
of R.E.I. graduates pass F.C.C. exams for 1st 
class license. Total tuition $350.00. Job place- 
ment free. Write for brochure Radio Engineer- 
ing Institute of Electronics, 1336 Main Street, 
Sarasota, Florida 33577 -or 3123 Gillham Road, 
Kansas City, Missouri 64109 -or 809 Caroline 
Street, Fredericksburg, Virginia 22401. 

TUBES 

TUBES, SEMICONDUCTORS, ELECTRONIC 
EQUIPMENT & COMPONENTS. Quality mer- 
chandise only! Serving engineers, Purchasing 
Agents, TV /HiFi Servicemen and Hams for 20 
years. Write for Catalog or call 212 -WA 5-7000. 
BARRY ELECTRONICS, 512 Broadway, New 
York. N.Y. 10012. 
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-J 
RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, All Brands -Biggest Discounts. Techni- 
cians, HobJyists, Experimenters- Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jericho 
Turnpike, Mineola, N.Y. 11501. 
TUBES -33¢ each. Year guarantee. Tuner Clean- 
er $1.09. Free catalog. Cornell, 4213 -W Uni- 
versity, San Diego, Calif. 92105. 

WANTED 

QUICKSILVER, Platinum, Silver, Gold. Ores An- 
alyzed. Free Circular. Mercury Terminal, Nor- 
wood, Mass. 02062. 
QUICK CASH . for Electronic Tubes, Semi- 
conductors, Equipment (Receivers, Transmit- 
ters, Scopes, Vacuum Variables, etc.) Send lists 
now! Write: BARRY ELECTRONICS, 512 Broad- 
way, New York, N.Y. 10012 (212 -WA 5-7000). 

GOVERNMENT SURPLUS 

JEEPS Typically From $53.90... Trucks From 
$78.40. . . Boats, Typewriters, Airplanes, Elec- 
tronics Equipment, Photographic Equipment, 
used. 100,000 Bargains Direct From Govern- 
ment. Complete Sales Directory and Surplus 
Catalog $1.00 (Deductible First $10.00 Order). 
Surplus Service, Box 820 -K, Holland, Michigan 
49423. 
GOVERNMENT Surplus How and Where to Buy 
in Your Area. Send $1.00 to: Surplus Informa- 
tion EW, Headquarters building, Washington, 
D.C. 20036. 

AUTHORS' SERVICES 

AUTHORS! Learn how to have your book pub- 
lished, promoted, distributed. FREE booklet 
"ZD," Vantage, 120 West 31 St., New York 10001. 

PERSONALS 

MAKE FRIENDS WORLDWIDE through interna- 
tional correspondence. Illustrated brochure free. 
Hermes, Berlin 11, Germany. 
LOOSE DENTURES? Sore Gums? Distressed? 
Write: Marshall, 1221EW, Dania, Florida 33004. 

"ARCTURUS" SALE- 
Tube bargains, to name just a few: 

#6146....$2.95 45725/6AS6 79C: 46AQ5 616 
3 for $2.00 

#6360 3.50 #5842/417A 2.50 #6BQ7 940 
46688.... 3.50 #5847/404A 2.50 #6CG7 590 
46939.... 3.50 41AX2 490 5 for 2.00 #616 .... 496 
47025.... .59 #6K7.... 390 3 for 1.00 #678 .... 880 
47788.... 3.75 412BN6 590 3 for 1.49 #6U8 .... 780 
42021.... .49 #25L6 59$ 3 for 1.49 #12AU7 59$ 

Tube cartons: 6AU6 etc. size, S .95 per 100. 
6SN7 etc. size, $2.35 per 100. 5U4GB size. $2.75 
per 100. 5Ú4G size, .030 each. 

Obsolete tubes: #UX200, $1.69; #80, $1.20: 
410Y, 690. 

7 inch 90 degree TV bench test picture tube with 
adapter. No ion trap needed. Cat. #78P7, $7.99. 

Silicon rectifier octal -based long-range replace- 
ment for 5U4. 5Y3, 5AS4, 5ÁW4, 5T4, 5V4, 5Z4. 
With diagram. Cat. # Rect 1, 990 each. 

Silicon rectifier replacement, octal based. for 024. 
Cat. # Rect 2, 990 each. 

10 silicon rectifiers, 750 MA., 50 to 300 p.i.v. 
Cat. 4 330F, 990 each. 

RCA -I10 degree flyback transformer, latest type. 
Produces 10 KV. Includes schematic diagram appli- 
cation for any TV. Cat. # BR -I $2.99. 

Transistor circuit boards containing up to 6 
transistors, plus diodes. resistors, capacitors, etc. 
Cat. # TB10. 990. 

Needles: values such as # AS22 sapphire, 390: 
diamond, 990. 

Color yokes. 70 degree for all around color CRT's. 
Cat. # XRC70, $12.95. 90 degree for all restaneular 
19 to 25 inch color CRT's, Cat. # XRC90, $12.95. 

Transistorized U.H.F. tuners used in 1965 to 1967 
TV sets made by Admiral, RCA, Motorola, etc. Re- 
movable gearing may vary from one make to another. 
Need only 12 volts d.c. to function. No filament volt- 
age needed. Easy replacement units. Cat. # U.H.F. 
567. $4.95. 

Flyback transformer in original carton. Made by 
Merit or Todd. Most with schematic drawing of unit. 
Please do not request specific type. Cat. #, 506, 990 
each. 

Kit of 30 tested germanium diodes. Cat. # 100. 
990. 
Send for our free catalog listing thousands of 
similar best buys in tubes, parts, kits, transistors, 
rectifiers, etc. Orders under $5.00, add 500 handling 
charge. Include 40/ of dollar value of order for 
postage. Canadian postage $1.00 extra. 

ARCTURUS ELECTRONICS CORP. 

502 -22nd St., Union City, N.J. 07087 Dept. MEW 
Phone: 201 -UN 5568 
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8 %GCATALOG 
World's "BEST BUYS- 
in GOVT, SURPLUS 

Electronic Equipment 

TELEVISION TELEMETER 
TELEMETER PAY 
TELEVISION PROGRAM 
SELECTOR -chore of :1 pro. 
grams that are tone perated 
In the VHF band, with pro- visions for depositing the amount of money required for 
each program as indicated on 
the coin register, and that also shows a credit balance when an over -payment is made. Apr -recorded tape will give program Information when desired. With Tubes: 1/12B117, 1 /88E6. /6BAe. 
2 /BUS: 4" speaker, coin mechanism. tape *3.4.y5 magazine. etc Size: 15 x 7 x 7 "; Wt.: 25 lbs. #1001/5 

tilllAsD 

LM FREQUENCY 
METER NAVY TYPE FREQ, 

METER: 155 -20,000 
KC crystal calibrated indicating equiVp- ment, heterodyne type; accuracy O1 to .02 depending on frequency. With modulation 500 cycle. Voltage re- quired 12/24 for Flt. and 180 411 5 MA /475 VDC 0 20 MA. With 1000 KC crystal re tubes. Also calibration book. Units have been used and may need replacement of some switches or minor parts. Otherwise guaranteed serviceable. 524.95 Size: ? 71/2 x 8 ". Wt.: 13 lbs. y Prize-(As described above) 

Or: With All Parts: $29.50 

RADIATION DETECTOR 
AN /PDR -27 RADIAC SET 
Is a portable. water- tight, battery operated radiation detector and indicator. It is capable of detecting and measuring Beta and Gamma radiations together -or Gamma radiation alone. The test unit can be carried by hand or by the shoulder strap. The Probe is attached to the main unit by 
a coiled cord. Visual indication is provided by the radiac meter, aural indication is provided by the headphones. Battery volt- 
age required: 135 VVDD 

moCC 

22.5 -DCV. With Tubes: 3 /502AX. 1 /3V4, 2 CM tubes BS -1 & 2. Headset and Manual contained $19.95 in metal carrying case: 91/2 x 15 x 105/4 ". 
Wt.: 2S lbs. Price -Used 
BIG FREE CATALOG -Send for your copy today! 
Address Dept. EW Prices F.O.B. Lima, O. 

25% Deposit on C.O.D.'s 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 45802 
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Reconditioned & Used FM 

2 -WAY RADIO EQUIPMENT 
Here's a small part of enlarged inven- 
tory now on hand for practically every- 
thing you need -at savings! 

SENSATIONAL SAVINGS ON 
450 -470 MC MOBILE UNITS 

RCA -CM U 15A, 6 / 12 Volts / 15 Watts 
Complete with accessories $ 68 

RCA CMUE 12 Volts/ 15 Watts 
Complete with accessories $158 
With quiet channel $183 

RCA -CMU 156, 6 / 12 Volts/ 15 Watts 
Complete with accessories $ 88 

MOTOROLA 15 to 18 Watts 
Complete with Accessories 

T44A -6 or 12 volts $ 48 
T44A6 -6/12 volts $ 58 
T44A6A -6/12 volts $ 68 
T44AAV -6/ 12 volts $ 88 

GENERAL ELECTRIC 4ES14A1- 
450 -470 MC 6/12 volts, less 
accessories -12 to 15 Watts $ 38 

Voice Commander 
132 to 172 MC, 1W 9.5 "x 
5.3" x 1.7" Lowest price 
ever, including brand New 

t) ----l7 04-,,,,r Rechargeable Nickel Cad - ! mium Battery Pack 

$148 
If crystal & tuning is de- 
sired add $45.00 

- Battery charger for these 
units $16.00 

,- Write for Quantity Prices 

VOICE COMMANDER 
Monitor Receiver only - 

$78 Tuned & Crystalled r' 
with dry Batteries 

We Buy Late Model Equipment for Cash 
Send For '68 Catalog- Write; Wire or Phone! ¡^ GREGORY 

ELECTRONICS ----- CORPORATION 
249 RT. 46, Saddle Brook, N.J. 07662 

Phone: (201) 489 -9000 

CIRCLE NO. 109 ON READER SERVICE CARI 

TAPE AND RECORDERS 
BEFORE renting Stereo Tapes, try us. Postpaid 
both ways - no deposit - immediate delivery. 
Quality- Dependability- Service -Satisfaction- 
prevail here. If you've been dissatisfied in the 
past. your initial order will prove this is no idle 
boast. Free Catalog. Gold Coast Tape Library, 
Box 2262, Palm Village Station, Hialeah, Fla. 
33012. 
SCOTCH Recording Tapes. Tape Recorders. Cat- 
alog 10¢. Tower, Lafayette Hill, Pa. 19444. 
RENT Stereo Tapes -Over 2,500 Different -all 
major labels -free brochure. Stereo -Parti, 1616 
-E. W. Terrace Way, Santa Rosa, California 
95404. 
TAPEMATES make available to you ALL 4 -TRACK 
STEREO TAPES -ALL LABELS- postpaid to your 
door -at tremendous savings. For free brochure 
write: TAPEMATES, 5727 W. Jefferson Blvd., 
Los Angeles, California 90016. 
RENT STEREO TAPES -75¢ week. Catalog. Art's 
Tape Service, 16131/2 North Mariposa Ave., 
Hollywood, Calif. 90027. 

94 

TAPE RECORDER SALE. Brand new, nationally 
advertised brands, $10.00 above test. Special 
prices on HI -Fl Components and color television. 
Arkay Sales, 1028 -B Commonwealth Avenue, 
Boston, Mass, 02215. 
STEREO Tapes, Save 30% and up; no member- 
ship or fees required; postpaid anywhere U.S.A. 
Free 70 -page catalog. We discount batteries, 
recorders, tape /accessories. Beware of slogans, 
"not undersold," as the discount information 
you supply our competitor is invariably report- 
ed to the factory. SAXITONE, 1776 Columbia 
Road, N. W., Washington, D. C. 20009. 

WHOLESALE - 4 -8 -track STEREOTAPES - Car, 
Home PLAYERS -CB, Recorders. MUSICO, Box 
2705, Montgomery, Alabama 36105. 
HI -FI Components, Tape Recorders at guaran- 
teed "We Will Not Be Undersold" prices. 15 -day 
money -back guarantee. Two -year warranty. No 
Catalog. Quotations Free. Hi- Fidelity Center, 
239 (LT) East 149th Street, New York 10451. 

THE Tape Library- Postage Paid Rentals Cata- 
log. Scotch Tape Discounted. Box 8146, D.C. 
20024. 

PLANS AND KITS 

BUILD seven transistor coin and metal detector. 
Send $1.000 for Easy To Follow Plans and Parts 
List. Electronics, Box 1133, Merritt Island, 
Florida 32952. 
INTEGRATED CIRCUIT KITS; COMPUTER LOG- 
IC, IC's; others. Catalog free. Kaye Engineering, 
Box 3932 -B, Long Beach, California 90803. 

RECORDS 

SPECIAL INTEREST RECORDS AVAILABLE, PRO- 
DUCED BY THE EDITORS OF THE WORLD'S 
LEADING SPECIAL INTEREST MAGAZINES. 
SEND FOR FREE CATALOG. RECORD CATALOG - 
EW, ZIFF -DAVIS PUBLISHING COMPANY, ONE 
PARK AVENUE, NEW YORK, N.Y. 10016. 

HIGH FIDELITY 

FREE! Send for money saving stereo catalog 
#E5W and lowest quotations on your indi- 
vidual component, tape recorder or system re- 
quirements. Electronic Values Inc., 200 West 
20th Street, N.Y., N.Y. 10011. 

HI -FI Components, Tape Recorders at guaran- 
teed "We Will Not Be Undersold" prices. 15- 
day money -back guarantee. Two -year warranty. 
No Catalog. Quotations Free. Hi- Fidelity Cen- 

ter, 239 (L) East 149th Street, New York 10451. 
HIFI EQUIPMENT -Get Our "ROCK BOTTOM" 
prices on NAME BRAND amplifiers- tuners- 
tape -recorders - speakers FRANCHISED - 59 
YEARS IN BUSINESS. Write for this month's 
specials -NOW! Rabson's 57th St., Inc., Dept. 
569, 119 W. 57th St., New York, New York 10019. 
LOW, LOW quotes: all components and re- 
corders. Hi -Fi, Roslyn, Penn. 19001. 
HI -FI components, tape recorders, sleep learn 
equipment, tapes. Unusual Values. Free cat- 
alog. Dressner, 1523 R Jericho Turnpike, New 
Hyde Park, N.Y. 11040. 

HYPNOTISM 

FREE Hypnotism, Self- Hypnosis, Sleep Learning. 
Catalog! Drawer H400, Ruidoso, N.M. 88345. 

HYPNOTIZE SUCCESSFULLY - or money re- 
funded! Complete illustrated course- including 
Self -Hypnosis $1.00. Arthur Fowler, Box 4396, 
Woodbury, New Jersey 08096. 
AMAZING HYPNOTIC record kit releases fantas- 
tic mental power! Free offer expires soon. Write: 
Forum, Studio AA5, 333 North Michigan, Chi- 
cago 60601. 
HYPNOTIZE Others -Unnoticed. Quietly, Quickly, 
Safely, Instruction $1.00. Anderson, 32AA, 
Randallstown, Maryland 21133. 
FEMALE HYPNOTISM! Easily! Instantly! Secret 
Nerve Centers! $2.20. Brugenheimer Publishers, 
Box 158 -E30, Lexington, Mass. 02173. 
HYPNOTIZE FEMALES!- Unnoticed! Instantly! 
Nerves! Exciting! Send $2.25. Research Enter- 
prises, 29 -SN21 Samoset, Woburn, Mass. 01801. 

RUBBER STAMPS 

RUBBER ADDRESS STAMP $1.50. SIGNATURE 
$3.50. FREE CATALOG. JACKSON, BOX 443 -G, 
FRANKLIN PARK, ILL 60131. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

MEDICAL FILM -Adults only -"Childbirth" one 
reel, 8mm $7.50; 16mm $14.95. International 
W. Greenvale, Long Island, New York 11548. 

SCIENCE Bargains- Request Free Giant Catalog 
"CJ" -148 pages -Astronomical Telescopes, Mi- 
croscopes, Lenses, Binoculars, Kits, Parts, War 
Surplus bargains. Edmund Scientific Co., Bar- 
rington, New Jersey 08007. 

STAMPS 

RUSSIA HIGH -VALUE COLLECTION. 32 different 
Russia -some over 50 years old! Commemo- 
ratives. Czarist Issues, Airmails. Catalog price 
$2.99. Special Get -Acquainted Offer -all for only 
10¢ H. E. Harris, Dept. GG -13, Boston, Mass. 
02117. 

110 WORLDWIDE Stamps 10¢ with approvals. 
The La Dows, 631 N. W. 71st. Ave., Hollywood, 
Fla. 33024. 

EMPLOYMENT OPPORTUNITIES 

RADIOTELETYPE TECHNICIANS -The U.S. In- 
formation Agency needs Technicians to service 
radio receivers and teleprinters overseas. Must 
have had at least two years such experience. 
Positions entail 80% overseas travel. Salary 
ranges from $8,351 to $9,267 per annum de- 
pending on qualifications, plus travel and per 
diem. Must be U.S. citizens. Send applications 
to U.S. Information Agency, IPT /R, 1776 Penna. 
Ave., N. W., Washington, D. C. 20547. An Equal 
Opportunity Employer. 

MANUFACTURERS' Representative with excel- 
lent contacts in Electronic and Aerospace In- 
dustry in the Chicago and Midwest area to 
hand e full line of precious metal platings for 
one of the largest AAA -1 aircraft specification 
job shops in the country. ELECTRONICS WORLD, 
Classified, Box 586, 1 Park Avenue, New York, 
N.Y. 10016. 

UNUSUAL BARGAINS ... MANY U. S. GOV'T'SURPLUS 
NICKEL- CADMIUM BATTERY BARGAIN! 

Terrific value- 
slightly used govt 
surplus. Lightweh'i.t 
5 cell, 6 volt. 4 

Amp -hour battery 
with a most unlimuc : 

life. Extremely high 
current output. It 
charges in I hour with Edmund kit Won't deteriorate 
when left discharged. inimum mainte- nance-few '''':: 

drops of 
v ter per year. Rugged, shock- and -vibration resistant 

nylon case- Delivered Martially charged, filled with 
electrolyte, t/ " x 2" x 6 2 lb. 
Stock No 73,942AK, (battery) 515.00 Ppd. 
Stock No. 70,807ÁK, (charger kit) 5 8.00 Ppd. 

NEW SURPLUS NI -CD BATTERIES 

,m...t, 
Ordir S Cell=_ 

sage n than s. . 

Long t life- accept 
sou charge and dis- 
charge cycles. 1.25 
Volts per cell-750 

Iliamper hours ca- pacity. Excel. charge 
retention. Hermeti- 
cally ealed. indefi- 
nite storage life. 
Multiple cells welded 
in cut. 
Combine to Form 

price for 100 up. Low- 

DC Volt. 
40,986AK 1 1.25 
40,987AK 2 2.50 
60,633AK 3 3.75 
60.634A1í 4 5.00 
70.812ÁK Trickle Charger (1.10 cens) 

Price Ppd. 
5 1.50 

2.7s 
3.60 
4.80 

10.95 

Order by Stock No.-Check or M.O.-Money-Back Guarantee 

EDMUND SCIENTIFIC CO., 300 EDSCORP BUILDING 
BARRINGTON, NEW JERSEY 08C07 

MAIL COUPON for FREE CATALOG' 
148 Pages- 1000's of Bargains! 
EDMUND SCIENTIFIC CO. 300 EDSCORP 
BUILDING, BARRINGTON, N.J. 08007 
Completely 196f edition. New items g 
categories. illustrations. Dozens of electrir;i. 
and electromagnetic parts. accessories 
Enormous selection of Astronomical Telr- ' " 

s. Microscopes, Binoculars, Magnifiers. ar 
Ma,etnets. Lenses. Prisms. Many war corpi,,. 
Items: for hobbyists. experimenters, nrk 
shop, factory. Mall coupon for catalog ...AK". - 

NAME 

ADDRESS 

CITY STATE ZIP 
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G & G SURPLUS SPECIALS! 

BC -659 FM TRANSMITTER- RECEIVER, 27 to 38.9 Mc. 
Crystal- controlled on any 2 preselected channels. 
Complete with 13 tubes, built -in speaker and meter. 
EASILY CONVERTED FOR CITIZENS' BAND!$21.50 

BC -620 FM TRANSMITTER- RECEIVER, 20 to 27.9 
Mc. Crystal control on any two pre -selected channels. 
Complete with all tubes. Fine mobile Ama- 
teur, CB or commercial use. Exc. Used. $14.50 

VIBRATOR POWER SUPPLY for BC -659 or BC -620 
above. INPUT 6/12/24 VDC. Exc. Used con- 

$6.95 dition with all tubes and vibrator 

ARR -I5 COLLINS RADIO RECEIVER, 1.5 to 18 Mc 
tunable in 6 bands, AM & CW. Complete with 14 

tubes 
and dynamotor power supply. Exc.$79.50 

Use 

ARC -3 RECEIVER & TRANSMITTER 100 to 156 Mc, 
easily adapted for Ham 2 -meter band! Re- $21.50 
ceiver, exc. Used. with all tubes 
Transmitter, exc. used with all tubes, in- 

$18.50 cluding two 832s 

BC -221 FREQUENCY METER, 125 to 
20,000 Kc range, unmodulated. Exc. 
Used. Checked out, in guaranteed work- 
ing order, with all tubes, crystal 4 
and original calibration book . $79.50 

LM FREQUENCY METER, Navy unit, 125 Kc to 20 
Mc, with tubes and crystal, less calibration 
book. Exc. Used $29.50 

VISIT OUR NEW SHOWROOM 
AT 45 WARREN STREET, N.Y.C. 

WILLARD 2 -VOLT STORAGE BATTERY Model 
20 -2 rated at 20 Amp. Hours. Rechargeable. 
3x4x5y2 ". Shipped dry. Uses stan- 
dard electrolyte, see below. NEW $2.79 

et fP 

I -Qt. Acid for above, 1280 Specific Gravity $1.25 

HEADSETS 
HS -33 Type, Dynamic, Lo-Imp. NEW $5.45 
CD -307 Extension Cord for above, NEW $1.35 
Chamois Ear Cushions for above, Per Pair $1.50 

T -17 MICROPHONE, NEW $8.50; Exc. Used.. $435 
TG -34 Code Keyer, Brand New $24.50 
Code practice Tapes for above P.U.R. 
APX.6 Transmitter- Receiver Transponder, 950 -1150 
Mc (convertible to 1215, 1296 Mc). With 30 tubes. 
Exc. used P.U.R. 
SCR -522 Transmitter -Receiver 100 to 156 Mc 
Exc. Used $32.50 
APN -1 Transmitter -Receiver, FM 400 -450 Mc Exc. 
Used, with all tubes, dynamotor & wobbulator $8.95 

NEW G &G CATALOG 24 Pages Terrific Buys 
in Military Electronic 

Gear. SEND 250- Refunded with First Order. 

TERMS: Either 25% Deposit with order, balance 
C.O.D. -OR- Remittance in Full. Mini- 

mum Order $5.00. All shipments F.O.B. our Ware- 
house, NYC. All merchandise subject to prior sale 
and price change. 

G & G RADIO SUPPLY COMPANY 
Telephone: (212) CO 7 -4605 

75 -77 Leonard St., New York, N.Y. 10013 

PRINTING 

LOW Cost Offset, Mimeographing, Business 
Cards, Envelopes, Free Brochures, Introductory 
offer. Seaview, 8115 -R Avenue "L ", Brooklyn, 
N. Y. 11236. 

INVENTIONS WANTED 
PATENT SEARCHES, $6.00! FREE "Invention 
Record" /Information. Miss Hayward. 1029HE 
Vermont, District of Columbia 20005. 
INVENTIONS - IDEAS developed Cash /Royalty 
Sales. Member: United States Chamber Com- 
merce. Raymond Lee, 230 -GE Park Avenue, New 
York City 10017. 
INVENTORS. We will develop, help sell your 
idea or invention, patented or unpatented. Our 
national manufacturer clients are urgently 
seeking new items for outright cash sale or 
royalties. Financial assistance available. 10 
years proven performance. For free informa- 
tion, write Dept. 42, Wall Street Invention Bro- 
kerage. 79 Wall Street, New York, N.Y. 10005. 

May, 1968 

INVENTORS! Receive free invention analysis at 
no risk to you. Send for FREE disclosure form 
today. New York Invention Service, Dept. 19, 
160 Broadway, New York, N.Y. 10038. 

EMPLOYMENT INFORMATION 

FOREIGN and USA job opportunities available 
now. Construction, all trades. Earnings to $2,- 
000.00 monthly. Paid overtime, travel, bonuses. 
Write: Universal Employment, Woodbridge, Con- 
necticut 06525. 
AUSTRALIA. New Life. Jobs. Opportunity. Gov- 
ernment Shares Fare. Information $1. Pacifico, 
Box 4385 -R, Los Angeles, Calif. 90043. 

EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep, hypnotize with your re- 
corder, phonograph. Astonishing details, sensa- 
tional catalog free! Sleep- Learning Association, 
Box 24 -ZD, Olympia, Washington 98501. 
LEARN WHILE ASLEEP. Miraculously build Mind 
Power, achieve Self Confidence, improve Health, 
gain Success. Method 92% effective. Details 
free. ASR Foundation, Box 7021EG Henry Clay 
Station, Lexington, Kentucky 40502. 
USED Correspondence Courses and Books sold 
and rented. Money back guarantee. Catalog 
free (Courses Bought). Lee Mountain, Pisgah, 
Alabama 35765. 

MAGNETS 

MAGNETS. All types. Specials -20 disc mag- 
nets, or 2 stick magnets, or 10 small bar mag- 
nets, or 8 assorted magnets, $1.00. Maryland 
Magnet Company, 5412 -E Gist, Baltimore, Mary- 
land 21215. 

BUSINESS OPPORTUNITIES 

$75.00 WEEKLY POSSIBLE. ADDRESSERS, 
Home workers wanted. New sensational list of 
firms wanting mailers, send $1.25. Smyre's, 
953 -P2, Newark, N.J. 07101. 

GET IT from GOODHEART! 
WHAT'S NEW: 

BECKMAN *6126 & r607: COUNT DC to 1000 mc. 
Solid state. milt' 5%" high. 1óií." wd. 8 Electrohuni- 
iiescent digits in basic 25 uc Universal Counter, w /basic 
'login. rack -handle 'uluptt'1s. 2 l'U extender boards, 
hook.., & Feb. I:Ii.M NGS- traeable Certificate of Calib. 
5 parts /11111 mill run. long tern 5 parts /billion. I'lus #luir plugii 25 -Irmo roc; lias tuning Dieter, easy to 
nisi.. eliminate all ambiguity. Today's price is $3245.00! 
From us. like brand new, with books 
and Coniheaies of Calib $1950.00 
OTHER COUNTERS: 0.1, 1.2, 220 & 510 mc ASK! 
HIGH -FREQ. DUAL -TRACE OSCILLOSCOPES: Hewlett - Packard salt!: 

- 

. . is the scope to use anywhere from 1/C to 10(10 mc. It offers the same simplicity of operation. the s fie big bright steady trace as conven- tional low -fret, 
.scopes. 

yet is swift and easy to use 11 the wary to 1000 mc." The scopes sold for viiioili.00. The piuginx were 1000`00 extra. The 120 n.se Delay Line was S20Ú.00extra. Now see our prices: All with the Delay Line. with the dual -trace 
plUgin, 2 probes for the 'login. books, and NBS- traceable Certif. of Cali). SLEEPERS! 
8185A arceptti triggers 50 ey to 50 mc. With it 187A 
pluniu tt -hieh is useful to greater than 500 me $750.00 
S I 85A with #187B 'login whic!t is useful to 1000 
lift $850.00 
H01 -184A Synchronizing Trigger Unit is a countdown 
to view up to 8011 me with the 1SSA; generates sq- 
waves licked to the input freq. Regular $215.00 $150.00 

OTHER SCOPES ASK! 

STODDART NM -206 Noise & Field Strength Meter 
130 he to 2:7 fife $550.00 
OTHER STODDARTS 14 he to 1000 nie ASK! 
POLARAD TSAW Spixt. ADUlyz 10 -1000 the ....5750.00 
OTHER heads to 41.1100 Inc ASK! 
llewl- I`.tck. GIP.1 signal generator 10 to 500 Mc $475.00 
Other Ilewl- Pack., Boonton. Meas. Corp.. General 
Radio, & ocher SIGNAL GENERATORS ASK! 
Grusin. list-An g. Sanborn & other RECORDERS ASK! 
Aer. Radioshop. Amplifiers. Attenuators, Audio Test, Bridges. Potentiometers, (calvos. Voltage Dividers, 
Decade Boxes. Communications, Freq. Meters, Freq. Standards. Calibrators. DVM's. Meggers, Mod. Me- ters. Phase Meters. Precision Meters, VTVM's, Power Supplies. Freq. Converters, Pulse Generators, Line 
Voltage Regulators, Etc. Etc . . . NAME IT BY CATE- 
GORY & ASK! 

Above is 
, 

ll sampling of our terrific inventory. We a 
ALSO BUY! We want Tektronix scopes, Hewlett -Packard 
(smut., Aeronaut, radio shop erupt., etc. . . . AND Mili- 
tary f'nnlmun irations of all kinds. 

DO NOT ASK FOR CATALOG! ASK FOR SPECIFIC 
ITEMS OR KINDS OF ITEMS YOU NEED! 

R. E. GOODHEART CO. INC. 
Box 1220 -A, Beverly Hills, Calif. 90213 

Phones: Area 213, office 272.5707, messages 275 -5342 

"HAM SHACK PAK" 
WORTH OF 

TRANSISTORS 
RECTIFIERS 
RESISTORS 
CONDENSERS 
DIODES/ ETC. 

Add 25C for handling 
BOTH FREE WITH ANY $10 ORDER 

PLUS 
ANY 

$11 00 

ITEM 
FREE 

* or items 
totalling 
$1.00.) 

EPDXY TRANSISTORS & IC's 
Fairchild, 

n 
n 
n 

n n 

Motorola, Texas, Bendix 
3- 2N3683 1000 MC 200MW TRANSISTORS SI 4- 2N3563 NPN, 600MC, 200MW Fairchild $1 4- 2N3643 NPN, 250MC, 350MW Fairchild $1 3-B -5000 5W. 3Amp, NPN. liendis transistors _$1 4-2N431 3 PNP 600MC, 200MW Fairchild $1 3- 2N3565, 500HFE, NPN, 200MC.by Fairchild 5? 3- 2N4265, 400HFE, NPN, 350MC by Motorola$1 
1 -DUAL 4 IN. GATE, EXPANDER by Fairchild $1 
1 -QUAD 2 IN. NAND /NOR GATE $1 1-703 LINEAR RF AMP. Fairchild $2.49 

STEREO 9s 
PREAMP 4 
* 8 TRANSISTORS 

by Fairchild 
* Ready to Play thru 
tape Amplifier, 
radio, TV * Vo l ume, Tone. 

Controls sw 

4 Transistor 
Amplifier 

tuners, 'J N9 

mikes, SO 1E 
phono- SP 

1 AMP TOP HAT AND EPDXIES 

PIV Sale 50 5e 
100 7t 
200 

0 
8t 

400 10t 
600 15c 

Ply Sale 
800 19c 

1000 29, 
1200 42g 
1400 55e 
1600 69c 

PIV Sale 
1800 82e 
2000 1.25 
3000 1.50 
4000 1.95. 

Actual Size.. -- 
PIV Sale PIV Sole 

1 AMP 50 7t 600 210( 

MICROMINIATURE 100 n 9t 800 25t 

SILICON RECTIFIERS 4000 ó 17e 100° 39` 

2 AMP 
SILICON 

RECTIFIERS 

PIV 
200 
400 

600 
800 

Sale PIV Sale 
12c 1000 45, 
16C 1200 59, 
191 1400 69, 

n 29t 1600 89, 

1.5AMP 
2000 PIV 
SILICON s 

RECTIFIERS 

TRIACS * SCRS .. 
3A* 6* 

PRV AMPS AMPS 
50 .35 n - 

100 .50 .85 
200 111 .75 1.35 
400 1.251.95 
600 n 1.80 2.60 

SILICON POWER STUD RECTIFIERS 

PIV 
50 

100 
200 
400 
600 
800 

1000 

3A 
.06 

0.07 
.09 
.16 
.20 

D .30 
.40 

6A 
.16 

.30 

.40 

.55 

.90 

SOLITRON DEVICES, 

5 AMP 
Epoxy Rectifiers 

/_ PIV 

'GLAS P 
ONE AMP 
PRV may be ex- 
ceeded ithout 
the rectilier 
breaking down. 

12A 
.20 
.25 p .39 
.50 
.75 

1.15 

55A 
.50 
.75 

1.25 
1.50 
1.80 
2.3J 
2.70 

Sel, PIV Sale 
50 19t 600 59t 

100 250 800 0 69c 
200 39t1000 89t 
400 45, 

"SILICON 
RECTIFIERS 

y Ply Sale Ply Sale 
50 Sa 600 19t 

100 7(.'800 21e 
209 9e 1000 n 32c 
400 TI 12e 1200 45t 

"SUMMER" BARGAIN CATALOG ON: 
eduators Poly Pak, Parti 10¢ FOR OUR 

Semite 

o LY 

KS 

TERMS: send check, money order, 
Include postage -ase. wt. per Pak 

1 Ib. Rated net 30 davS. CODS 
25 
P.O. BOX 942W 
S0. LYNNFIELD, MASS. 01940 

"PAK -KING" of the World 

ON READER SERVICE CARD 
95 



U.S. GOV'T ELECTRONIC SURPLUS 

Nationally Known -World Famous SURPLUS CENTER offers 
finest, most expensive, Government Surplus electronic units and 
Components at a fraction of their original acquisition cost. 

ORDER DIRECT FROM AO or WRITE FOR CATALOGS 

STANDARD DIAL TELEPHONE 
r ( ITEM /47I5 Standard. 

o 
m al 

`telephone 

same used yi t U.S.A. c \, ^ lire polished black. like tscoed titan. 
se 

extension phone u peso ystems o connect 
several phones together for local intercom sys- 
tem. instructions are furnished. rai. b 

F.O.B. $7.50 Original Cost .924.30. 

STEP -BY -STEP AUTOMATIC SWITCH a; 
( ITEM h1S6 ) - - Amazing "up- and -around ", `_ 

eleetro- maenetin telephone switch. Dial any bank 
pair from I to 100. m r akes own telephone s i system. 
Can also be sed to remotely control up to l00 cir- 
cuits over a single pair of wires. 

One of our FOUR STAR bargains. Comes com- 
plete with data, one dial and one line bank. Size, 
5" x T" z /S ", Nt. 16 Ms. i ost Gov't Over 5;3.00. 

` _... 
Complete; swurh, co 
dial. lice hank. itra«ir,s...... F.O.B. $9.95 

TYPICAL BUYS FROM OUR 1968 CATALOGS 
S 350.00 - Geared 2 -hp Battery Golf Car Motor $26.95 
S 15.00 - Westinghouse DC Ammeter, 0 to 300 S 7.11 

S 90.00 - Vacuum /Pressure Pump, 12-VDC $11.95 
- - - - 80-MW Walkie- Talkies, Per Pair $19.60 
- - - - Deluxe, Multi- Range, AC/ DC Tester S 8.98 

SPECIAL SALE 
Correspondence $ 

Course In 
ELECTRICAL 

E NGINEERING sous sir sto.ts $ Outside D.S.A, 

( ITEM OAiOl ) - - Wonderful chance 

Its Coß 
Amazing 

ó wCourrseeLincoln ca 
Co 

n{i 
Engineering 

Correspondence pl increased 
offer a I butted number of the school's ompletd 
Course but 

lesson 
the examination paper 

consists of a lesson unlit books. Each book 
Ìn a separate serum, "'Standard Answers.' to 

Course is well wrltien. easy to understand, 
Readers Digest size. ease In aro and study 
coln Engineering School .students holding excellent 
L.E.S. training. Course contains latest Information 
icon diodes, etc. Additional bock on how to 
Laboratory and Experimental Bench" furnished 

j 
Id 

0 19 Postpaiá 
U In 

to obtain technical 
School 

etl ctrirati 
g service 

has hoe 
each 

rxam 
each exam 

profusely 
in spare time. 

jobs 
on transistors. 

butte and operate 
with each 

l'.5.1. 

has suspended 

Engineering 
. The 

exams, 
question. question. 

illustrated. 

as a 

course. 

riff 
train - 

ger N'e 

curse 
and 

Stony Lin- 
result of 

sil- 
a "Rome 

SEND 25e COIN OR STAMPS FOR 3 MAIN CATALOGS 

+.x All Items FOB Lincoln Money Back Guarantee 

SURPLUS CENTER 
-- !° DEPT. EW -058 LINCOLN, NEBR. 68501 

INVESTIGATE ACCIDENTS: Earn to $1000 
monthly. Men urgently needed. Car furnished. 
Business expenses paid. No selling. No college 
education necessary. Pick own job location. 
Investigate full time or earn to $8 hour spare 
time. Write for FREE information. No obligation. 
Universal Schools, CZ -5, 6801 Hillcrest, Dallas, 
Texas 75205. 
FREE CATALOGS. Repair air conditioning, re- 
frigeration. Tools, supplies, full instructions. 
Doolin, 2016 Canton, Dallas, Texas 75201. 

MADE $40,000.00 YEAR by mailorder! Helped 
others make money! Start with $10.00 -Free 
proof. Torrey, Box 318 -N, Ypsilanti, Mich. 48197. 
FREE BOOK "990 Successful, Little -Known Busi- 
nesses." Work home! Plymouth -245Y, Brooklyn, 
New York 11218. 

COMPUTERS can make money for you. Turn 
spare time into cash. Free details. Southwest, 
Box 416, Duncanville, Texas 75116. 

$200.00 DAILY In Your Mailbox! Your Oppor- 
tunity To Do What Mailorder Experts Do. Free 
Details. Associates, Box 136 -K, Holland, Mich- 
igan 49423. 
REBUILD Color /B.W. TV Picture tubes. Kit 
cost $950.00. 80 hours assembling time. 
Send $2.00 for additional information. ELEC- 
TRONICS WORLD, Classified, Box 587, 1 Park 
Avenue, New York, N.Y. 10016. 

REPAIRS AND SERVICES 

SPEAKER REPAIR. HFi, guitar, organ speakers 
reconed good as new at fraction of new speaker 
price. For details and Reconing Center in your 
area write: Waldom Electronics, Inc., Dept. EW, 
4625 W. 53rd St., Chicago, III. 60632. 

MISCELLANEOUS 

WINEMAKERS: Free illustrated catalog of 
yeasts, equipment. Semplex, Box 7208, Minne- 
apolis. Minn. 55412. 

WATCHES AND CHRONOGRAPHS -Import from 
Switzerland, save 50 %. Color catalog. DFI, West 
Dennis, Massachusetts 02670. 
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a / Here's an easy and convenient way 
for you to get additional information 
about products advertised or mentioned 
editorially in this issue. Just follow the 
directions below...and the material will 
be sent to you promptly and free of 
charge. 

b / Tear out one of the perforated post- 
age -free cards. Please print or type your 
name and address where indicated. 

el Circle the number on the card that 
corresponds to the key number at the 
bottom of the advertisement or editorial 
mention that interests you. (Key numbers 
for advertised products also appear in the 
Advertisers' Index.) 

t/ / Simply mail the card. No postage is 

required. 

40/ Inquiries for information other than 
"Free Information Service" are to be 
directed to Electronics World, One Park 
Avenue, New York, N.Y. 10016. 

`/ The "Free Information Service" is 
available to all readers of Electronics 
World. If your copy is passed along, the 
next reader can also take advantage of 
this service. All he has to do is tear out 
the remaining card and follow the same 
directions. 

J/ Electronics World's Free Information 
Service lets you "shop by mail ". 

Important: BLACK numbers are of general interest and you do 
not have to include your company name and address to receive 
the information requested. 

BLUE numbers correspond to an ad or editorial men- 
tion of professional interest. Manufacturers will honor your re- 
quest only if it is to be mailed direct to your company -so be sure 
to include your company's name and address. 

I AM EMPLOYED IN: INDUSTRY -1 COMMERCIAL -2 

COMMUNICATIONS -3 MILITARY /GOVERNMENT -4 OTHER -5 

NAME (Print Clearly) TITLE 

ADDRESS 

CITY STATE ZIP CODE 

(Fill in the following only if you circle any BLUE numbers below) 
NAME (Print Clearly) TITLE 

COMPANY NAME 

COMPANY ADDRESS 

CITY STATE ZIP CODE 
(Zip Code must be included to insure delivery.) (Void 60 days after date of issue.) 

Please send me additional information on products I have circled. 
(Key numbers for advertised products also appear in Advertisers Index.) 

sé 568 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
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126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 15; 
151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 
176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 

I AM EMPLOYED IN: INDUSTRY -1 COMMERCIAL -2 

COMMUNICATIONS -3 MILITARY /GOVERNMENT -4 OTHER -5 

NAME (Print Clearly) 

ADDRESS 

CITY STATE ZIP CODE 

(Fill in the following only if you circle any BLUE numbers below) 

TITLE 

NAME (Print Clearly) 

COMPANY NAME 

COMPANY ADDRESS 

CITY STATE 

TITLE 

ZIP CODE 
(Zip Code must be included to insure delivery.) (Void 60 days after date of issue.) 

Please send me additional information on products 
I have circled. 

(Key numbers for advertised products also appear in Advertisers Index.) 
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WORLD'S LARGEST SELLING 
AND WORLD'S NEWEST Hand Size v0M's 

MODEL 310-C 
V /orld's Newest 

olt- Ohm -Milliammeter 

OE IN IAA. 
BiUFFTON, O 

I0,C 

RIPLE77 ELEC. 
INSTR. CO. 

DE IN U S.A. 
UFFTON, 

MODEL 310 
World's Largest Selling 
Volt- Ohm -Milliammeter 

t 
2 
3 

HAND SIZE V -O -M WITH PROVISION FOR ATTACHING AC 
CLAMP -ON AMMETER. 

20,000 OHMS PER VOLT DC SENSITIVITY; 5,000 AC. 

ONE SELECTOR SWITCH MINIMIZES CHANCE OF INCOR- 
RECT SETTINGS AND BURNOUTS. 

SELF -SHIELDED Bar -Ring instrument; permits checking in strong magnetic fields. 
FITTING INTERCHANGEABLE test prod tip into top of tester makes it the common 
probe, thereby freeing one hand. UNBREAKABLE plastic meter window. BANANA - 
TYPE JACKS -positive connection and long life. 

Model 310 - $44.00 Model 310 -C- $56.00 Model 369 Leather Case- $4.20 

ALL PRICES ARE SUGGESTED U.S.A. USER NET, SUBJECT TO CHANGE 

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 
CIRCLE NO. 90 ON READER SERVICE CARD 

BOTH TESTERS 

SHOWN 

ACTUAL SIZE 

310 -C PLUS FEATURES 
1. Hand size V -O -M with provision forattach- 

ing AC Clamp -on Ammeter. 
2. 15,000 OHMS per volt AC sensitivity; 

(20,000 DC same as 310). 
3. Single fully enclosed Lever Range Switch, 

plus DC Polarity Reversing. 

MODELS 100 AND 100 -C 
Comprehensive test sets. Model 100 
includes: Model 310 V -O -M, Model 10 

Clamp -on Ammeter Adapter; Model 
101 Line Separator; Model 379 Leather 
Case; Model 311 leads. ($83.20 Value 
Separate Unit Purchase Price.) 
MODEL 100- U.S.A. User Net.. $78.00 

MODEL 100 -C- 
Same as above, but 
with Model 310 -C, 
Net $88.00 

1 

FIELD ENGINEERS ELECTRICAL, RADIO, TV, AND APPLIANCE SERVICEMEN ELECTRICAL 
CONTRACTORS FACTORY MAINTENANCE MEN ELECTRONIC TECHNICIANS HOME OWNERS. HOBBYISTS 

OR'S STOCK 



Customer satisfaction consequently your service reputatior... 
can very often depend o0e quality of the replacement parts you use 
When it comes to replacement picture tubes, you can depend on an RCA 
HI-LITE for picture brightness and color fidelity at its finest Install tiem 
andyou|itera||y'up'date''yourcustomer'ssetwiththesamequa|ity... 
the same tubes.. that go into today's original equipment sets. 

Enjoy the conlidence of offering the finest. Rely on RCA picture 
tubes to protect your service reputation. They are designed to n 
protect the biggest reputation in the Color TV industry , 


