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One out of every five 
professional servicemen 

has switched to Amperex 
TV replacement tubes 

It takes a lot of quality to change the buying habits 
of 20% of the most knowledgeable technicians in 
the business. These servicemen are following the 
pattern set by the leading TV manufacturers, who are 
designing more and more of their quality lines around 
tubes originated by Amperex. The Amperex line of 
popular types is expanding all the time. Look for the 
green and yellow cartons at your distributor's or write: 
Amperex Electronic Corp., Hicksville, L. I., N.Y. 11802. 

Amperex 
TOM0RRO \.,TS THINKING [N TODAY'S PRODUCTS 
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You are now in Radar Sentry Alarm's r.f. microwave field. 
Don't move a muscle! 

This security system is so sensitive, it can be 
adjusted to detect the motion of your arm turning 
this page. 

And if this Portable Model Unit were within 35 feet 
of you and you moved... people up to a half -mile away 
could hear the siren. Plus with optional equipment, 
it can detect fire... turn on lights... even notify police. 

What does a burglar alarm have to do with you? 
Just this: Radar Sentry is no ordinary alarm. It is 

the most modern and effective security system avail- 
able. And it's also electronic. 

That's why we need you. We need Dealers with 
technical knowledge. For the most successful Dealers 
for Radar Sentry Alarm are men who know electron- 
ics. This is a product that sells itself when demon- 
strated properly. 

It's been proven time after time. In fact, many of 
the more than one thousand readers of electronics 
magazines who became Dealers in the past year - 
sold a system on their first demonstration. 

And that's why we need men with technical knowl- 
edge and experience. 

Men like you. 

. Circle 7 on reader's service card 

How about it? 
Do you want to start a business of your own ... 

or exoand your present business with a product that in 
8 years has become the world -wide leader in its field? 

Do you want to earn up to $5,000 a year in 
your spare time? 

Do you want to earn $20,000 and more full time? 
We'll show you how. 

O.K., now you can move. 
Fill out the coupon and get complete Dealer /Distributor 
information ...free. 
r 

Circle 8 on reader's se 

Mail to: RADAR DEVICES MANUFACTURING CORP. 
22003 Harper Ave., St. Clair Shores, Michigan 48080 

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

RE-9 

Name 

Address 

City State & Code 
rice : urd 
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FROM THE EDITOR 

Brainwaves and Electronics 

Combining two branches of science is hardly 
new, and the results are often startling. Yet, 

despite the knowledge we have of body science 
and electronic science, there is one combination of 
the two whose development seems unduly slow. 

A close friend of mine is quadriplegic. A double 
case of polio -bulbar and spinal -a few years 
ago -left both arms mostly and both legs totally 
paralyzed. The polio bug "eats up" random sec- 
tions of the motor nerves running from the brain 
to muscles. When the bug severs nerves like this, 
the muscles at the ends of those nerves no longer 
receive the brainwaves that tell them to function. 
Paralysis results. 

The impulses or brainwaves that make muscles 
work are electrical. The waves are strong enough 
to be seen on an oscilloscope, heard on a set of 
headphones, or carried by wires and made to op- 
erate servomotors. These characteristics are put 
to work in some recently developed artificial arms. 

For example, the stump of an arm -amputee still 
contains the ends of certain nerves that originate 
at the brain. These are the nerves that formerly 
reached all the way to the forearm, wrist, and fin- 
gers. Impulses traveling down these nerves for- 
merly caused the forearm, wrist and fingers to 
work. Neurologists can find these nerves in the 
stump and attach electrical sensors to them. 

The nerve impulses from the sensors are fed to a 
tiny servo computer. The amputee can, with the 
motor section of his brain, go through the brain - 
motions of, let's say, making a fist, which takes im- 
pulses in several nerves. These brain waves travel 
down the several nerves to the stump as electri- 
cal impulses and are picked up by the sensors. The 
impulses are gathered into the tiny computer and 
fed to appropriate motors in the artificial limb. 
This electromechanical arm makes a fist, driven 
by the wearer's will to make a fist. 

This can't help my friend, though. His nerves 
are severed somewhere in his spinal column. Con- 
sequently, there are no nerve ends to tap onto. 

Anyway, he is not an amputee, nor would he want 
to become one, so prosthetic limbs are out. How- 
ever, he could use his own limbs. Tests with an 
electromyograph -a machine that measures the 
ability of a muscle to function -show that though 
there has been considerable atrophy of muscle tis- 
sue, my friend still has muscle capability in his 
legs. 

He is in the predicament of thousands who are 
crippled by polio and other nerve -damaging dis- 
eases or birth defects. His brain still functions ex- 
cellently. His muscles could still work. What keeps 
him from walking or using his arms is the "open 
wiring" in his spinal cord. The electrical brain - 
waves for his motor actions can't reach the mus- 
cles where they can do some good. Because of the 
atrophy from disuse, and because a certain amount 
of muscular damage was done during the acute 
stages of his polio, my friend's muscles probably 
need stronger brainwave impulses than yours or 
mine do, so amplification might be needed. 

Medical and electronic science, working to- 
gether, should develop an answer for this. My 
friend's motor brainwaves could be tapped off at 
the top of his spinal column or directly at his 
brain, amplified as much as necessary, processed 
by computer if need be, and fed to appropriate 
muscles in his arms and legs. 

What about cases where brain damage has oc- 
curred and motor impulses from the brain are miss- 
ing? Motor brainwaves from a normal person 
could be recorded on tape and then "played back" 
into the muscles of the handicapped person. Any 
number of central means could be devised, includ- 
ing balance sensors, speed regulators, and so on. 

No one today has the whole answer, and it will 
be a while in coming. But, I'll not be surprised, 
one day a few years from now, to see my friend 
come walking in like anyone else. 

VZ61)71- 
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Pocketable TV 

Future TV sets, judging by this 
Sony model, will be about half 
the size of a carton of cigar- 
ettes, weigh only 2 pounds, 
use integrated circuits and a 

1 inch CRT, receive all vhf and 
uhf channels, and operate on 
ac line or batteries. 

World's Smallest Detector 
Germanium -immersed infrared de- 
tector (tiny black area in center of 
white circle) is dwarfed by the bee's 
eye. Detector is .04 -inch in diameter. 
Produced by Barnes Engineering Co., 
Stamford, Conn., for spacecraft 
instruments to study Earth. 

NEWS 
BRIEFS 

Uhf TV Antenna 
RCA's 76 -acre test site near Cam- 
den, N. J., is being used to check 
this 131 /2 -ton uhf TV station antenna. 
Energy is radiated from the oblong 
slots in the 114 -foot cylinder. 

Lineless Telephone 

Bell Telephone Laboratories' experimental 
telephone -shown with case removed -con- 
tains a transmitter, receiver, ringer elements, 
antenna system, signaling circuit board and 
rechargeable batteries. Provides simultaneous 
2 -way conversation (not push -to -talk) as well 
as dialing and ringing. Range is 100 to 1,500 
feet from a fined station. 
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Even if you've never had a 
slide rule in your hands before 

...you can now start solving electronics problems 
fast with this new electronics slide rule and course 

HAVE YOU EVER ENVIED the way some fellows whip out a "slip stick" 
and whiz through a problem in multiplication, division, square 

root, logs, etc., instead of struggling through it with pad and pencil? 
Now you can "outshine" them -even if you've never used a slide 

rule before. (If you're already using a conventional slide rule, you'll 
learn new tricks with this one.) 

You can do, in just a few seconds, not only common mathematical 
calculations but also special electronics problems in resonance and 
reactance that even a conventional slide rule can't directly answer. 

The secret is in this new Electronics Slide Rule and a complete 
how- to -do -it Course developed especially for men in electronics by 
the Cleveland Institute of Electronics. 

This is a professional slide rule in every detail, made exclusively 
for us by Pickett, Inc. It can do everything a regular slide rule can - 
and more. It has two special scales for solving resonant frequency 
problems and inductive or capacitive reactance problems or any prob- 
lem involving the factor 2vr. On the other side ... a unique decimal 
point locator plus useful electronics formulas and conversion factors. 
Also included is a handsome leather carrying case with a heavy -duty 
plastic liner, removable belt -loop, and flip -open cover. 

The Course gives you not just printed instruction but personal tu- 
toring in the use of this lightning -quick calculator. You get four full - 
length AUTO-PROGRAMMED' lessons which "start from scratch" and teach you with actual examples everything you need to know. 
These lessons have been carefully designed to meet the same high educational standards as the electronics career courses for which our school is famous. Each lesson you do may be sent in to CIE, where it 
will be personally graded by one of our expert instructors the same day he receives it and returned to you with his comments. 

To make friends with career -minded electronics men around the 
country, we have deliberately underpriced the CIE Slide Rule and 
Course. The low cost will really surprise you. 

Find out more about this remarkable new Slide Rule and Course 
and what they can do for you. We have prepared a Free Booklet ex- 
plaining them in detail. Send for it today. No obligation, of course - 
just an opportunity to get in on the best offer ever made to people in electronics. Mail coupon, or write Cleveland Institute of Electronics, 
Dept. RE -144, 1776 East 17th St., Cleveland, Ohio 44114. C l E Cleveland Institute of Electronics 

1778 East 17th Street, Cleveland, Ohio 44114 

SEPTEMBER 1967 

Acclaimed by Electronics Experts 
"It opens a whole new era of quick calculations. Even if you 
never had a slide rule in your hands before, the four -lesson in- 
struction course that is included takes you by the hand and 
leads you from simple calculations right through resonance and 
reactance problems with hardly a hitch. If you already use a 
slide rule, you'll find the lessons a first rate refresher course. 
And they explain in detail the shortcuts built into this new 
rule." -WAYNE LEMONS, Radio- Electronics 
"Why didn't someone think of this before? ... the slide rule 
saved me time the very first day. The `refresher' course is a 
marvel of clarity. I couldn't help being amazed at how many 
standard formula functions I was performing the hard way." 

-OLIVER P. FERRELL, Editor, Popular Electronics 
"I was very intrigued by the `quickie' electronics problem solu- 
tions. It is an ingenious technique. The special scales should be 
of decided value to any technician or engineer. Your slide rule 
is a natural. " -JOSEPH J. DeFRANCE, Head of Electrical 

Technology Dept., New York City Community College. 

Mail this 
coupon for 
FREE 
BOOKLET 

How to Solve Electronics Problems in Seconds 

With new Electronics Slide Rule and Instruction Course 

Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 
Please send me without charge or obligation your 
booklet describing the CIE Electronics Slide Rule and 
Instruction Course. ALSO FREE if I act at once: 
a handy pocket -size Electronics Data Guide. 

Name 
(please print) 

Address 

City State Zip 
Accredited Member National Home Study Council 

A Leader in Electronics Training ...Since 1934. 
RE-144 

Circle 9 on reader's service card 
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Hang it fast 
and easy 

then forget it! 

The new Jensen VH -100 Series 
horn speakers were designed for 
fast installation and a lower in- 
stalled cost. Their new and ex- 
clusive features let you install 
three VH -100's for the labor pen- 
alty previously charged for two. 

KWIKON® connectors, an easily 
detached base, universal angle 
adjustment, accessible power 
control and an optional pre -inte- 
grated transformer are but a few 
of the many advantages of these 
rugged new weatherproof 32 watt 
speakers. 

Our new brochure tells all. 
Write Jensen Manufacturing 

Division, The Muter Company, 
6601 South Laramie Avenue, 
Chicago, Illinois. 60638. 

jens en 
Circle IO on reader's service card 

C orrespondence 

TWIN SLAVE 

Dear Editor: 
I have just read the article "Twin 

200 Watt- Second Solid -State Strobe 
Slaves" by E. F. Rice in March RA- 
DIO- ELECTRONICS. I would like to 
make one suggestion for improved 
safety. The 3pdt switch to discharge 
capacitors when power is turned off 
will leave the capacitors charged if the 
fuse blows or if the power cord is un- 
plugged with the switch left on. If SI 
were replaced with an spst switch and 
a relay, the capacitors will always be 
discharged except while power is actu- 
ally applied to the unit. The relay can 
have dpdt (or dpst normally closed) 
contacts, with a 6.3 -volt ac or 117 -volt 
ac coil. 
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The spst switch is connected in 
place of SI -a. The normally closed con- 
tacts of the relay are connected in 
place of SI -b and SI -c (see sketch). 
The relay coil is connected, depending 
on its voltage rating, to the 6 -volt 
transformer winding or across the pri- 
mary of the power transformer. 

W. J. STILr.s 
Wentzville, Mo. 

APRIL FOOL 

Dear Editor: 
I have a DUD service department, 

ready to service any and all DUDS 
(Digital Unit Diagnosis System). All 
have had five or more years of digital 
computer service as prerequisite for 
employment in my service shop. 

Please forward all information 
available, so we can start our service 
by the promised April 1. 

JAMES T. DINSMORE 
Fort Worth, Texas 
[Four large manufacturers wrote for 
more information on our April Fool 
story, and two, like you Mr. Dinsmore, 

6 continued on page 12 
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DeVry Not Only Trained Me... But Helped 
Me Get a Good Job in Electronics 

"One of the luckiest days of my life was when 
I sent for DeVry Tech's informative booklets on 
Electronics. It was my start toward a wonderful 
future," says William L. Hudson, originally 
from Pennsylvania. 

"I attended DeVry's Resident School. Upon 
graduation, without added cost, their Employ- 
ment Service helped me get a job. Like other 
graduates of their Resident School and Home 
Study programs, I am entitled to career -long place- 
ment service whenever I need it. That's a wonder- 
ful feeling!" concluded Hudson, who is shown 
above at his job as a laboratory electronics tech- 
nician for a prominent manufacturer in the space 
program. 

If you are between 17 and 45 years of age, send 
the coupon now for free details. See how DeVry 

Send for Full Facts! 
Get two FREE booklets with facts 
on how a DeVry educational pro- 
gram may prepare you to enter 
the big field of electronics. 

rel 
Ekdrorncs. .+ 

SPACE TRAVEL 

POCIOUNIDE 

Real 
Earnings 

ACCREDITED MEMBER, NATIONAL HOME STUDY COUNCIL 

DEVRY IfSTITUTE of TECHfOLO 
4141 BELMONT AVENUE, CHICAGO, ILLINOIS 60541 

may prepare you at home in your spare time - or 
in day or evening classes at one of its three resi- 
dent schools in Chicago, Phoenix or Canada. If 
you enroll in resident school, we help you find a 
part -time job to defray some of your expenses, 
if you wish. 

Start to make the big switch now toward a 
bright, profitable future. The first step is to fill in 
and mail the coupon below. 

Approved for Veterans 

A SUBSIDIARY OF el BELLHOWELL 

DeVRY INSTITUTE of TECHNOLOGY 
4141 Belmont Avenue, Chicago, Ill. 60641, Dept. RE -9 -X 
Please give me your two free booklets, "Pocket Guide to Real Earnings," 
and Electronics in Space Travel "; also include details on how to prepare 
for a career in Electronics. I am interested in the following opportunity 
fields (check one or more): 

Space & Missile Electronics Communications 
Television and Radio Computers 
Microwaves Broadcasting 
Radar Industrial Electronics 
Automation Electronics Electronic Control 

Name Age 

Address 

City 
State or 
Province 

Apt. 

Zone or 
Zip Code 

Check here if you are under 16 years of age. 
HOME STUDY AND RESIDENT SCHOOL PROGRAMS 

2107 AVAILABLE IN CANADA. SEND FOR DETAILS. 

Circle 11 on reader's service card 
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EXPERIENCE 

IS STILL YOUR 

BEST TEACHER 

8 

That is why NRI has invest- 

ed more in Professional 

Lab Equipment than all 

other home -study schools 

combined. It makes train- 

ing at home in Electronics fast and fascinating. Your 

hands are trained as well as your head. 

OLDEST AND LARGEST 
SCHOOL OF ITS KIND 
Accredited by the Accrediting Commission of the National Home Study Council 

RADIO -ELECTRONICS 
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You get more for your money 

fromNRI_more value, more solid experience 
so essential to careers in Electronics. NRI's pioneering 
"discovery" method is the result of more than half a 

century of simplifying, organizing, dramatizing subject 
matter. In each of NRI's major courses you learn by 
doing. You demonstrate theory you read in "bite- size" 
texts programmed with NRI designed- for -learning pro- 
fessional lab equipment. Electronics comes alive in a 
unique, fascinating way. You'll take pleasure in evidence 
you can feel and touch of increasing skills in Electronics, 
as you introduce defects into circuits you build, per- 
form experiments, discover the "why" of circuitry and 
equipment operation. 
Almost without realizing it, the NRI discovery method 
gives you the professional's most valuable tool -prac- 
tical experience. You learn maintenance, installation, 
construction and trouble- shooting of Electronic circuits 
of any description. Whether your chosen field is Indus- 
trial Electronics, Communications or TV -Radio Servicing, 
NRI prepares you quickly to be employable in this 
booming field or to earn extra money in your spare 
time or have your own full -time business. And you 
start out with training equivalent to months -even years 
-of on- the -job training. 

NRI Has Trained More Men for 
Electronics Than Any Other 
School -By actual count, the number of individ- 
uals who have enrolled for Electronics with NRI could 
easily populate a city the size of New Orleans or Indiana- 
polis. Over three -quarters of a million have enrolled with 
NRI since 1914. How well NRI training has proved its 
value is evident from the thousands of letters we re- 
ceive from graduates. Letters like those excerpted 
below. Take the first step to a rewarding new career 
today. Mail the postage -free card. No obligation. No 
salesman will call. NATIONAL RADIO INSTITUTE, 
Electronics Division, Washington, D.C. 20016. 

L. V. Lynch, Louis- 
ville, Ky., was a 

factory worker 
with American 
Tobacco Co., 
now he's an Elec- 

., tronics Technician with the 
same firm. "I don't see how 
the NRI way of teaching could 
be improved." 

Don House, 
Lubbock, Tex., 
went into his 
own Servicing 
business six 
months after 

completing NRI training. This 
former clothes salesman just 
bought a new house and re- 
ports, "I look forward to mak- 
ing twice as much money as I 

would have in my former 
work." 

G. L. Roberts, 
Champaign, Ill., 
is Senior Tech- 
nician at the U. 
of Illinois Coor- 
dinated Science 

Laboratory. In two years he 
received five pay raises. Says 
Roberts, "I attribute my pres- 
ent position to NRI training." 

Ronald L. Ritter 
of Eatontown, 
N.J., received a 
promotion be- 
fore finishing the 
NRI Communica- 

tion course, scoring one of the 
highest grades in Army pro- 
ficiency tests. He works with 
the U.S. Army Electronics Lab, 
Ft. Monmouth, N.J. "Through 
NRI, I know I can handle a job 
of responsibility." 

APPROVED UNDER NEW GI BILL. If you served since January 31, 
1955, or are in service, check GI line on postage -free card. 

SEPTEMBER 1967 

COLOR TV CIRCUITRY COMES ALIVE 
as you build, stage -by- stage, the onlycustom Color -TV engineered 
for training. You grasp a professional understanding of all color 
circuits through logical demonstrations never before presented. 
The TV -Radio Servicing course includes your choice of black and 
white or color training equipment. 

COMMUNICATIONS EXPERIENCE 
comparable to many months on the job is yours as you build and 
use a VTVM with solid-state power supply, perform experiments 
on transmission line and antenna systems and build and work 
with an operating, phone -cw, 30 -watt transmitter suitable for 
use on the 80 -meter amateur band. Again, no other home -study 
school offers this equipment. You pass your FCC exams -or get 
your money back. 

COMPETENT TECHNICAL ABILITY 
can be instantly demonstrated by you on completing the NRI 
course in Industrial Electronics. As you learn, you actually build 
and use your own motor control circuits, telemetering devices 
and even digital computer circuits which you program to solve 
simple problems. All major NRI courses include use of transis- 
tors, solid -state devices, printed circuits. 
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WHYbother with makeshift 

twist -prong capacitor replacements ? 

When you substitute capacitor sizes and ratings, 

you leave yourself wide open for criticism 

of your work ... you risk your reputation .. . 

you stand to lose customers. It just doesn't 
pay to use makeshifts when it's so easy to get the 

exact replacement from your Sprague distributor! 

Get the right SIZE, 

right RATING every time 

with improved 

SPRAGUE 

TWIST-LOK® 

CAPACITORS! 

2,365 different capacitors to choose from! 

The industry's most complete selection of twist -prong capacitors, 

bar none. Greater reliability, too. Exclusive Sprague cover design 

provides a leak -proof seal which permits capacitors to withstand 

higher ripple currents. 

GET YOUR COPY of Sprague's com- 

prehensive Electrolytic Capacitor 

Replacement Manual K -109 from 

your Sprague Distributor, or write 

Sprague Products Co., 81 Mar- 

shall Street, North Adams, Mass. 

WORLD'S LARGEST MANUFACTURER OF CAPACITORS 

66-136.6362 

SPRAGUE® 
THE MARK OF RELIABILITY 

Circle 12 on reader's service card 

CORRESPONDENCE continued 
offered maintenance. Very good. The 
last laugh may be on all of us. One 
company is close to computerized 
troubleshooting, and another has an in- 
frared device that analyzes operation 
by the heat patterns in a chassis. - 
Editor] 

MIDYEAR REPORT 

Dear Editor: 
The article "Midyear Report on 

Electronics" by Larry Allen in your 
June 1967 issue is most interesting and 
informative. However, I take issue 
with the statement "Citizens band is 
slowing down, but commmercial two - 
way radio is making up for it." 

LEO G. SANDS 
New York City 

MORE ON BAFFLES 

Dear Editor: 
James F. Novak, in `Baffle: 

Speaker -Air Interface" in the June is- 
sue, correctly points out that the range 
of low- frequency response in an infi- 
nite baffle or closed -box speaker sys- 
tem is determined exclusively by the 
bass resonant frequency, and that the 
level of bass response is determined by 
the Q. He then concludes with the fa- 
miliar saw: "A large box allows more 
and cleaner bass than a small box." 

The bass resonant frequency of 
an acoustic suspension speaker can be 
made as low as the designer wants it to 
be. The Q can also be adjusted to 
whatever value the designer thinks 
proper. There is nothing in the small 
size of the box which imposes special 
limitations (outside of efficiency). 

In short, the range and level of 
bass response in a properly designed 
acoustic suspension system is exactly 
the same as in a properly designed in- 
finite baffle system using the same size 
woofer. Further, the substitution of air 
springiness for mechanical suspension 
stiffness reduces bass harmonic distor- 
tion radically, usually by 75% to 90 %. 

ROY F. ALLISON 
END 

Acoustic Research, Inc. 
Cambridge, Mass. 

CORRECTION 

There are two errors in "Build 
Your Own Shortwave Receiver," in our 
August 1967 issue. On the schematic, 
one side of C22, the cathode of D1, and 
the sleeve of J2 are shown connected 
together. This common connection 
should also be tied to the ground bus. 
On page 58, middle column, second 
paragraph, the second sentence should 
read: "For 80 -meter coverage, the full 
80 -turn coil is required." END 
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New low cost. 

New ease of operation. 

No waiting. No warm -up. 

No adjustments. 
Brightest patterns in the industry. 

» MODEL 1242 SOLID STATE COLOR GENERATOR 

The CID 1242 Color Generator is all bu$ine$$ 
There's nothing else like it. The all -new 
B &K 1242 represents the highest state of 
the art today. Go ahead and compare it; 
it's unique. 

Ultrastable solid -state circuits make 
antiquated heating elements unnecessary. 
The 1242 works instantly in all service 

environments -no waiting, no warm -up, 
no adjustments. Other units have up to 
3 times as many front panel controls. For 
ease of operation, the 1242 has just two: 
color level and selector switch. It 
provides dots, crosshatch, horizontal or 
vertical Dines, and color bars. And these 
are the sharpest, brightest patterns in 
the industry. 

The 1242 handles easily, too. It's the 
smallest, lightest -weight color generator f 

Rugged, too; it's al steel, with storage 

B &K Division of Dynascan Corporation 
1801 W. Belle Plaine Chicago, Illinois 60613 

Where Electronic Innovation Is A Way Of Life 

space for leads. It's transformer powered 
and complete with leads. Calls take less 
time and you make more money, because 
you can go from a cold or hot truck into 
a home and get right to work. 

On every count, the new B &K 1242 is 
amazing. In time saved, it will pay for 
itself in just a few weeks -especially at 
this low price: $99.95 

www.americanradiohistory.com
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"the ANTENNA that captures the RAINBOW" 
No two reception areas are alike in the number of stations, UHF and VHF, 
station channel frequencies, and signal strengths. 
FINCO has developed the Color Spectrum Series of antennas-"Signal Customized" - 
to exactly fit the requirements of any given area. There is a model scientifically designed 
and engineered for every area, even the most troublesome, and for all combinations 
of signal conditions. 
Engineering studies show that a receiving antenna should have more gain as channel 
frequency is increased - that is, channel 6 more than channel 2, channel 13 more than 
Channel 7, and UHF from channel 14 on up ... 

1-to compensate for signal strength loss 
2-to compensate for down -lead loss 
3 -to meet receiver requirements for more signal to operate properly 

FINCO Color Spectrum Antennas obtain this frequency dependent characteristic through a 

newly developed principle of spacing between elements. Gain increases as frequency 
increases. This new FINCO engineering break -through, combined with superior flat 
response patterns and unusually high front -to -back ratios, assure the finest COLOR and 

B & W reception possible ... everywhere. 

ol1Ml ol 

F/NC 
Write for full information on "Signal Customized" Antennas: 

THE FINNEY COMPANY 

34 West Interstate Street Dept. RE Bedford, Ohio 44146 

Circle 14 on reader's service card 
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STRENGTH OF 
UHF SIGNAL 

AT RECEIVING 
ANTENNA 
LOCATION 

W 

Check this chart for the FINCO "SIGNAL CUSTOMIZED" Antenna best suited for your area 

NO UHF 

UHF SIGNAI 
STRONG 

))))) 

UHF SIGNAL 
WEAK 

»») > 

UHF SIGNAL 
VERY WEAK 

NO VHF 

Strength of VHF Signal at Receiving Antenna Location 

VHF SIGNAL 
STRONG 

W 

VHF SIGNAL 
MODERATE 

W 

VHF SIGNAL 
WEAK 

W 

VHF SIGNAL 
VERY WEAK 

CS-V3 
$10.95 

CS-V5 
$17.50 

CS-V7 
$24.95 

CS-V10 
$35.95 

CS-V15 
$48.50 

CS-V18 
$56.50 

$9.95 
CS-At 

$18.95 
CS-B1 

$29.95 
CS-C1 

$43.95 
CS-C1 

$43.95 

CS-A2 
$22.95 

CS-B3 
$49.95 

CS-C3 
$59.95 

Arrz* \...***10*v 
CS-U3 
$21.95 

CS-A3 
$30.95 

CS-B3 
$49.95 

CS-C3 
$59.95 

wt*' 
CS-D3 
$69.95 

Lqp."....' 

CS-D3 
$69.95 

NOTE: In addition to the regular 300 ohm models (above), each model is available in a 75 ohm coaxial cable downlead 
where this type of installation is preferable. These models, designated "XCS ", each come complete with a compact 
behind-the-set 75 ohm to 300 ohm balun -splitter to match the antenna system to the proper set terminals. 
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Why settle for less? Buy the Best! 
THE FABULOUS 

MARIUTEN 
CAPACITIVE DISCHARGE 

IGNITION SYSTEM 

Available in 
easy -to -build 
kit form 
at only 

Dramatically improve the performance of 

your car - or any vehicle. Racers and 

Pacers from Sebring to Suburbia by the 

thousands attest to the peerless perform- 

ance of the Mark Ten. Delta's remarkable 

electronic achievement, proven for four 

years, is often copied, never excelled. 

Ready for these? 

Dramatic increase in acceleration 
Longer point and plug life 
Improved gasoline mileage 

Complete combustion 

Smoother performance 

Ready? Order today! 

r 

L 

BE YOUR OWN MECHANIC 
Tune -up 

DWELL METER $12.95 ppd. 

A universal precision instru- 
ment for use in tuning all 
vehicles, regardless of the 
number of cylinders or bat- 
tery polarity. Gives correct 
point dwell readings on ve- 
hicles equipped with capaci- 
tive discharge, transistor or 
conventional ignition. Preci- 
sion accuracy at low cost. 

Portable, high- impact case for 
rugged work 

Large, easy -to -read 31/2 inch 
precision jeweled meter 

Wide scale - reads dwell angles 
in degrees 

All solid state 

Tune -up 

TACHOMETER $14.95 ppd. 

A universal precision instru- 
ment for making carburetor 
adjustments on all vehicles, 
regardless of the number of 
cylinders or battery polarity. 
Gives precise RPM readings 
on vehicles equipped with 
capacitive discharge, tran- 
sistor or conventional igni- 
tion. Gives you better gas 
mileage, fuel savings and 
peak engine operation. 

Large, easy -to -read 31 inch 

precision jeweled meter 

Portable, high- impact case for 
rugged work 

lí1 Range: 0 to 1200 RPM 

All solid state 

DELTA PRODUCTS, INC. 
DLLTA 

Please send: 

P.O. BOX 1147 RE GRAND JUNCTION, COLORADO 81501 

Enclosed is $_ - -__ _. Ship prepaid. Ship C.O.D. 

Dwell Meters á $12.95 Mark Tens (Assembled) (â $44.95 

Tach Meters rd $14.95 Mark Tens (Delta Kit) (ä $29.95 
(12 volt positive or negative ground only) 

Specify - Positive Ground Negative Ground 6 or 12 volt 

Car Year Make 

Name - 

Address 

City, State Zip 

Circle 15 on reader's .service card 
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NEW 
BOOKS 

AUDIO SYSTEMS, by Julian L. Bernstein. 

John Wiley & Sons, Inc., 605 Third Ave., New 

York, N. Y. 10016. 51 x 84 in., 110 pp. Paper, 

54.50 

A thorough study of audio systems, 
written somewhat in textbook form. In- 
cludes examples with solutions as a part of 
each chapter; then provides a number of 
problems but doesn't give answers for them. 
Takes up the nature of audio signals and 
noise, measurement units, attenuators. mix- 
ing systems, amplifiers. recording. and 
equalizers. Also studies the electromechani- 
cal devices used in audio systems. Enough 
mathematics to explain the principles, but 
nothing beyond ordinary algebra. The read- 
ing isn't light. but shouldn't be difficult for a 
high- school graduate. 

DESIGNING TRANSISTOR I.F. AMPLIFIERS 

and TRANSISTOR BANDPASS AMPLIFIERS, by 

W. T. Hetterscheid. Springer -Verlag, New York, 

Inc., 175 Fifth Ave., New York, N. Y. 10010. 61/4 

x 91/4 in., 358 pp. and 314 pp. Cloth, 512.00 and 

S11.40 

This pair of books is part of the "Philips 
Technical Library" series by this publisher. 
Both are designed as engineering texts, as 

the title of the first implies. They go well 
into the calculus of design. but. as is some- 
times the case with well -written books. the 
nonengineer can learn a lot between for- 
mulas. Well supported. too, with design 
curves and charts. Two good books for ad- 
vanced study. 

THE TREASURE HUNTER'S MANUAL, by Carl 
von Mueller. The Gold Bug, Box 588, Alamo, 

Calif. 94507. 5Y2 x 8l,'í in., 336 pp. Paper, $6.00 

Not technical. but a lot of our readers 
express interest in treasure -hunting devices. 
and this book deals with practically every 
facet of treasure- hunting. It discusses tools 
and instruments for treasure -hunting. but 
doesn't give any technical data on them. 
Even if you aren't a treasure- hunter, you 
might enjoy the tales of treasure- and -how- 
it -got -there that pepper the book. 

TRANSISTOR CIRCUIT ANALYSIS AND DE- 

SIGN, by Franklin C. Fitchen. D. Van Nostrand 
Co., 120 Alexander St., Princeton, N. J. 08540. 
61/2 x 91 in., 426 pp. Cloth, $8.50 

Second edition of a book published first 
in 1960. Covers most of the latest types of 
transistors. beginning with semiconductor 
physics and devices, and continuing through 
advanced pulse and switching circuits. 
Covers applications of transistors and con- 
sumer devices as well as communications 
and computer units. Although well loaded 
with mathematics. the text doesn't depend 
entirely on them for understanding. Each 
chapter is accompanied by a group of re- 
lated problems for the reader to work out; 
answers are provided for only a few of 
them. END 
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VIBRATION 
PROBLEMS 

SHOCK -MOUNTED 
UNISPHERE "" I 
Model 566. All the superb feedback 
and pop- control characteristics of the 
famed Shure Unisphere I, plus built - 
in vibration -isolation shock -mount 
which prevents pickup of mechanical 
vibrations and handling noise. 
$140.00 List. 

3 NE 

...PLUS: 
QUICK CUT -OFF 
PROBLEMS 

OVERLOAD 
PROBLEMS 

SWITCH -MOUNTED 
UNISPHERE" I 
Model 565S. Now, a built -in on -off 
switch and permanent swivel mount- 
ing are added to the premium -quality 
Unisphere I- already famous for its 
uniform pick -up pattern at all fre- 
quencies, in all planes, and built -in 
wind -noise and explosive breath 
"pop" protection. $100.00 List. 

ADJUSTABLE VOLUME 
UNISPHERE "' A 
Model 585SAV. One of the most in- 
genious microphones ever! Volume 
control right on the Unisphere en- 
ables the user to reduce output if 
audio break -up due to overload oc- 
curs. Also, enables a speaker or 
singer to control his own volume for 
dramatic effects. $72.50 List. 

Model 565SC. $102.00 List.* 

FROM CARDIOIDS 

F--IVF=1 
Write for Complete Data Sheets / Shure Brothers, Inc., 222 Hartrey Ave., Evanston, Illinois 60204 

*Same as 565S, but with "C" series (3 -in -1) connector attached. 
Circle 16 on reader's service card 

SEPTEMBER 1967 

01967 Shure Brothers. Inc. 
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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 

18 

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 job 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. 

;RADIO- ELECTRONICS 
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You're eligible for a CREI Program if you work in 
electronics and have a high school education. Our 
FREE book gives complete information. Airmail post- 
paid card for your copy. If card is detached, use cou- 
pon at right or write: 
CREI, Dept. 1409E 
3224 16th St., N.W., '9 

Washington, D.C. 20010. 

SEPTEMBER 1967 

L 

Founded 1927 

CREI 
Accredited Member 

of the National Home Study Council 

The Capitol Radio Engineering Institute 
A Division of McGraw -Hill, Inc. 
Dept. 1409E, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI Programs. I 

am employed in electronics and have a high school education. 

NAMF AGF 

ADDRESS 

CITY STATE 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 

APPROVED FOR TRAINING UNDER NEW G.I. BILL 
J 
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OXFORD 
The Full Line 

Commercial Sound 

Speaker Source... 

You never compromise with 
fidelity or quality when you 
specify Oxford on all your 
speaker needs. 

That's because Oxford electronic and 
sound engineers know that specialized 
applications require specialized devel- 
opments. Oxford doesn't produce just 
horn or cone types. Oxford studies the 
applica-ion and the problem 
develops specific units for specific 
needs. lou're never stuck with trying 
to pour a bushel basket into a pint 
measure. Paging and talk -back horns, 
outdoor hi -f, systems, P.A. systems and 
other ©mmercial sound installations 
all find the perfect speaker for the 
system at Oxford. 

Match your skills with the Oxford line 
of speakers that bring out the best 
in every sound installation. Write for 
the Oxford catalog of "speakers for 
every purpose" today! 

OXFORD /TRANSDUCER 
COMPANY A Division of 

Oxford Electric Corporation 

3911 S. Michigan Ave. 
Chicago, Ill. 60653 

Circle 18 on reader's service card 

In the Shop ...With Jack 
By JACK DARR 

"I'VE CHECKED EVERY l'ART in that 
circuit and it still doesn't work!" Does 
that sound familiar? It certainly does 
to me, for it's about the most common 
complaint in my Clinic mail. 

One, if you have checked every 
part in this circuit and it won't work, 
what about the possibility that the 
trouble isn't in this circuit at all? Two, 
the statement may be false! It should 
be: "I've checked every part in the cir- 
cuit that I can think of, and it still 
won't work." Consider this; if you have 
checked "every part" and replaced the 
bad ones, it would work! This is simple 
logic, something that we forget to use 
at too -frequent intervals. 

Let us look at a typical case, using 
the regular guinea pig (my wife's hus- 
band). 

He examines a fairly new Zenith 
color TV, and finds only a thin white 
line across the tube. First diagnosis is 
easy; no vertical sweep. Well, everyone 
knows that this defect is caused by a 
bad capacitor somewhere in the verti- 
cal oscillator, if new tubes won't cure 
it. (Or is it? Let's see.) 

Checking tubes, voltages, etc., 
plus moving the height and linearity 
controls (in case one of them had de- 
veloped a dirty spot under the slider) 
do no good at all. Quick check of yoke 
and output transformer shows okay. 
Low -voltage supply okay. Bench job. 

Humming a gay tune, he sets the 
chassis on the bench, without even 
connecting the extension cables, and 
starts checking capacitors very non- 
chalantly. Snap job. Ho -hum. But 15 

minutes later, he has checked all seven 
capacitors and found them perfect, 

SYN 

22 

.22 

/3 
6B/all .0082 

VERT OSC 

185V 

3301< 

VERT 
HOLD 

750K 

6.81< 

checked all "associated resistors," plus 
the controls. Not an easy job, now. 

He's got one symptom, now, 
though. The plate voltage on the triode 
section of the 6BA 11 "oscillator" half 
comes up to normal when first turned 
on, but drops very rapidly to about 
6-8 volts as the tube warms up. Well, 
he knows what causes this -a leaky 
coupling capacitor. Hmm. Coupling 
capacitor perfect, grid voltage zero. 
Since he had jumpered the heater 
voltage to the control grid of the 6HE5 
output tube, and produced a 6- to 8- 
inch raster, the trouble was in the os- 
cillator (input) section, but where? 

All the parts in the feedback loop 
were checked. All capacitors good, no 
leakage at all. He'd even unhooked the 
little PC integrator unit and checked it 
for capacitor leakage to ground; fine. 
(The diagram shows the complete cir- 
cuit, or all we need of it.) 

Rechecking the grid voltage of 
the 6BA11 triode, he now notices that 
there is a very small negative voltage 

continued on page 26 

This column is for your service 
problems -TV, radio, audio or general 
and industrial electronics. We answer 
all questions individually by mail, free 
of charge, and the more interesting 
ones will be printed here. 

If you're really stuck, write us. 

We'll do our best to help you. Don't 
forget to enclose a stamped, self -ad- 

dressed envelope. Write: Service Edi- 
tor, Radio -Electronics, 154 West 14th 
Street, New York 10011. 

K2 OPEN COR 

E 74017,5 .015 6HE5 

L_- 

VERT 
SIZE 

.0024 

IMEG 

470K 

1.5K 

50011 STOP 
840 V 
BOOST 

150K 

I 

2.2 MEG 

VERT 

OV 

VERT 
OUTPUT 

VERT OUTPUT TRANS 

350V 

2.2K 

410V 
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Getting a hernia and not getting paid for it? 

Let ArcolytiO capacitors lift the load off your mind. 
Or anywhere else it happens to be. 

These aluminum electrolytics are built to last: 
wound with computer -grade 99.99% pure aluminum 
foil so they'll keep operating in your customers' sets 
even at continuous temperatures of 85 °C. 

You'll find they take the worry right out of premature 
failure, lost customer confidence and costly call- backs. 

There's no premium cost, either.Arcolytics are priced 
along with other home entertainment capacitors. 

Ask your Authorized Arco Distributor for 
Arcolytic electrolytic capacitors in single - 
section tubular, multiple -section tubular, or 
twist -mount designs. It may be the best 
break you get this year. 

Arco Electronics / _ 
A DIVISION OF LORAL CORPORATION 
Community Drive, Great Neck, N.Y./ 
Arlington, Texas /Elk Grove Village, 
Illinois /Pasadena, Menlo Park, 
California. Write for our free catalog. 

Circle 19 on reader's service card 
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Look What's NEW In The 
NEW! Deluxe Solid -State Combo Amplifier 

& Speaker System! 

Kit TA -17 Kit TA -17 -1 

Amplifier Speaker System 

$175°° $12000 

Special Combo Offer! 
Kit TAS -17 -2 Amplifier & 

2 Speaker Systems 
Save 520.00 

$39500 
240 lbs. 

All the "big sound" features 
every combo wants ... trem- 
olo, built -in "fuzz ", bright- 
ness, reverb plus a shattering 
120 watts of EIA music power. 
Has 3 independent input chan- 
nels each with 2 input jacks. 
Handles lead or bass guitars, 
combo organ, singer's mike, 
even a record changer. Speak- 
er system features two special 
12" woofers, special horndriver 
and matching black vinyl- cov- 
ered wood cabinet. 

NEW! Low Cost Single -Channel 
Solid -State Guitar Amplifier 

Kit TA -27 

$8995 

NEW LOW PRICE On Heathkit "180" Deluxe 
Color TV 

Kit GR -180 
Was $379.95 

Now Only 

$3/1995 
(less cab.) 

Now Save $30 on this superb set. Features 180 sq. in. rectangular 
viewing area, plus exclusive built -in servicing facilities so you can 
converge and maintain the best color pictures at all times. Also has 
24,000 volt picture power, automatic degaussing, rare earth phos- 
phors f o r livelier colors, 3 -stage IF, plus many more advanced f e a - 
t u r e s . Choice of installation ... in a wall, your custom cabinet or 
an old black & white set cabinet, Heath assembled contemporary 
(Illust.' $49.95) or Early American ($75.00) floor cabinets, or new 
Heath table model ($24.95) cabinet. Build in 25 hours. 102 lbs. 

NOW Available Fully Assembled ... 
Heathkit "Starmaker" Dual -Channel 

Guitar Amplifier 

Boasts 20 watts EIA music power, 40 watts peak 
power ; variable tremolo & reverb; two inputs that 
handle lead guitars; singer's mike; special heavy - 
duty 12" speaker ; line bypass reversing switch that 
reduces hum; transformer -operated power supply; 
and handsome leather- textured, black vinyl cov- 
ered wood cabinet with extruded aluminum front 
panel and chrome knobs. 35 lbs. 

Assembled 
TAW -16 

$19995 
(Kit TA -16 
$134.95) 

Features all solid -state circuit; 25 watts EIA, 60 
watts peak power; two channels, one for accom- 
paniment, accordion or mike, the other for vari- 
able tremolo & reverb; two inputs each channel; 
two 12" heavy -duty speakers; line bypass revers- 
ing switch for hum reduction ; leather- textured 
black vinyl covered wood cabinet with extruded 
aluminum front panel & chrome knobs. For extra 
savings, build the kit version in just 15 hours. 
52 lbs. 

NOW Available Fully Assembled ... 
World's Most Advanced Stereo Receiver! 

Assembled 
ARW -15 

$ 49995 
Kit AR -15, 

$329.95 

(less cab.) 

Acclaimed by owners & audio experts for its advanced features like 
integrated circuits and crystal filters in the IF amplifier section; ultra - 
sensitive FET FM tuner; 150 watts dynamic music power ; complete 
AM, FM and FM stereo listening; positive circuit protection; all - 
silicon transistors; "black magic" panel lighting; stereo only switch; 
adjustable phase control for best stereo and many more. 34 lbs. 
Optional wrap- around walnut cabinet $19.95 

24 

NEW! Heathkit 
Soldering Iron 

Ideal for kit -building or other elec- 
tronic soldering jobs. Safe 6 volt, 25 
watt GE midget iron with non - 
corroding tip. 3 heat ranges. Excel- 
lent heat recovery time. Quick warm - 
up ... iron ready in 2 minutes. Pro- 
tective metal cage. Build in an hour. 
5 lbs. 

NEW ! Professional 10 -Band Shortwave 
Listener's Receiver 

Kit SB -310 

$249 °° 
Covers 6 shortwave bands (49, 41, 31, 25, 19 & 16 meters) ... 80, 40 
& 20 meter ham bands ... 11 meter CB. Includes 5 kHz crystal filter 
for AM, SSB and CW listening. Features selectivity that slices sta- 
tions down to last kHz ... no more guessing station identities ; 11 -tube 
circuit ; crystal -controlled front -end for same rate tuning on all bands; 
prebuilt & aligned LMO; tuning dial to knob ratio 4 to 1; and many 
more deluxe SWL features. 2 -tone green metal cabinet included. Op- 
tional crystal filters for optimum CW & SSB available. 20 lbs. 
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'68 HEATHKIT® Catalog! 
Introducing The Exciting New Look Of Heathkit Solid -State Instruments! 

Now from Heath ... the most exciting innovation 
in electronic instrumentation ... new ultra -functional 
cabinet styling. These new Heathkit instruments 
feature a cabinet frame consisting of front and rear 
panels with side rails that completely support the 
component chassis independent of the top and bot- 
tom cabinet shells ... allows complete freedom for 
assembly, checkout and calibration. You'll like the 

NEW! Deluxe Solid -State Volt -Ohm Meter ... 
Battery Plus Built -In AC Power 
Features 8 DC and 8 AC voltage ranges from 0.5v to 1500 v. full 
scale; 7 ohmmeter ranges xl (10 ohms center scale), x10, x100, xlk, 
x10k, x100k and xl megohm; 11 megohm input resistance on DC 
ranges; 1 megohm on AC ranges; internal battery or 120/240 v., 
50/60 Hz AC power for portable or "in- shop" operation; large, 
easy -to-read 6" 100 uA meter; separate switches for individual 
functions; single test probe with finger -tip flip switch for all meas- 
urements; simple circuit board construction. 

Solid -State High Impedance Volt -Ohm- 
Milliammeter 
All silicon transistors plus FET's. Features 9 AC and 9 DC voltage 
full scale ranges down to 150 mv; 11 current ranges from 15 uA to 
1.5A full scale; 7 resistance ranges (10 ohms center scale) measure 
one ohm to 1000 megohms; AC plus battery power for portability; 
6' 200 uA meter with zero center scale for + & - voltage measure- 
ments without switching; accuracy of ± 3% full scale on DC volts, 
± 5% on AC volts; separate range switches for each function; 1 

precision resistors; 10 -turn thumbwheel zero adjustment; fast cir- 
cuit board construction. 10 lbs. 

New FM Stereo Generator For RF, IF and 
FM Stereo Alignment 
Produces virtually all signals for trouble -shooting & aligning multi- 
plex adapters, FM tuners and receivers. Generates mono FM or 
composite stereo FM signals. Crystal -controlled 19 kHz (± 2 Hz) 
pilot signal, adjustable from 0 to 10% for checking tuner lock -in 
range. Switch -selection of 400 Hz, 1000 Hz, 5000 Hz, 19 kHz, and 
65 kHz or 67 kHz SCA signals for complete alignment capability. 
100 MHz sweep signal (adjustable ±2 MHz)for overall RF and IF 
alignment. Built -in crystal controlled marker oscillator for IF and 
dial tracking checks. Phase test capability. No balance adjustment 
needed for equal right and left channel modulation levels. 

New Variable Regulated High Voltage 
Power Supply 
Features 6v. and 12 v. AC filament voltages; also furnishes B+ 
from 0 to 400 volts DC, bias from 0 to -100 volts DC; separate 
panel meters monitor B+ output voltage & current; voltmeter 
switched to read C- volts; output terminals isolated for safety; 
high voltage and bias may be switched "off" with filaments still 
"on" for maximum testing efficiency and safety. 

New Solid -State Regulated Low Voltage 
Power Supply 
New Zener reference -voltage power supply. New up -dated circuit 
that is virtually immune to overload from exotic transients. Relay - 
protected against short circuit & overload. Provides 0.5 to 50 volts 
DC with better than ± 15 millivolts regulation. 4 current ranges: 
50 mA, 150 mA, 500 mA & 1.5 A. Adjustable current limiter: 30 
to 100% on all ranges. Panel meter shows output voltage or current. 
Choice of kit or assembled versions. 

HEATHKIT 1968 

SEPTEMBER 1967 

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 Compan , Benton 
Harbor, Michigan 49022. 

r- 

L 

clean bold panel & meter markings for easier reading 
... the easier -to -grasp knobs ... the compact size 
... and the retractable carrying handles that are 
concealed in the side rails. The die -cast front panel 
bezel styled in chrome and black, the black side rails, 
and the special two -tone beige front panels and cab- 
inet shells give these new instruments an appearance 
as up -to -date as their performance. 

Kit IM -16 

$4495 

Kit 1M -25 

$8000 
Wired IMW -25 

5115.00 

Kit 1G -37 

$7995 

Kit IP -17 

$5995 

Kit IP -27 

$7695 

Wire d IPW -27 
$119.95 

HEATH COMPANY, Dept. 20 -9 
Benton Harbor, Michigan 49022 
In Canada, Daystrom Ltd. 

Enclosed is $ , including shipping. 

Please send model (s) 

Please send FREE Heathkit Catalog. 

Name 

Address 

City State Z 
Prices & specifications subject to change without notice. 

p 
CL-301 
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A 
plug 
for... 

snsr At, Stereo Headset 
Extension Coil Cord 

"Molded -On" Stereo head 
set extension coil cord. 

Three conductor phone plug one end 
of 15' (extended) coil cable. The other 
end, a 3 conductor phone jack. Re- 
tracted length 3'. 

Guitar Coil Cord 
Molded -On guitar coil cord. Engi- 
neered to connect guitar to amplifier. 
Molded -On right angle, completely 
shielded phone plug, one end of 20' 
(extended) black jacket, shielded coil 
cable. The other end a straight 
Molded -On phone plug. Retracted 
length is 3'. Part No. 20' RSP -RE. 

BARKE R 
MOLDED -ON' PLUGS 
AND CONNECTORS 

The World's Largest Manufacturer 
of Molded -On Cables and Connectors 

The greatest name in "Molded - 
On" plugs and connectors is Bark- 
er- manufacturers of connecting 
cables for every audio, hi -fi and 
stereo need. 
Barker plugs are solid plastic 
units, molded directly onto the 
wire ends to provide unfailing per- 
formance and unexcelled appear- 
ance. Barker has the most manu- 
facturing experience ... the most 
engineering experience. 
If you are a manufacturer of -am- 
plifiers, tuners, record changers, 
microphones, speaker accessories, 
stereo head sets or musical instru- 
ments -let Barker be your source 
of supply. Let us quote you! Dis- 
tributors and dealers: write for 
our latest catalog. All our prod- 
ucts made on our U.S.A. premises. 
Circle Reader's Service # for our 
latest catalog. For speedier serv- 
ice, write us direct. 

BARKER PRODUCTS CO. 
344 Central St., Saugus, Mass. 01906 

Subsidiary of 
Component Manufacturing Service, Inc. 

Circle 21 on reader's service card 

In the Shop . . . With Jack continued 

on it. He hasn't used the scope up to 
now, for the circuit obviously was not 
oscillating, and there were no wave- 
forms to look at! So now, up with the 
LO -CAP probe and see what's going on. 
After all, this is a multivibrator, and 
about the only way you can keep an 
MVB circuit from oscillating is take a 
hammer to one of the tubes. 

Oh, ho! A very tiny "ripple" on 
the grid. Turning up the scope gain, 
he finds an odd pattern; instead of the 
60 -Hz sawteeth, a "sinewave- looking" 
sort of waveform, but fast; about 600 
Hz at least! (By turning the height con- 
trol wide open, he gets a small raster. 

Now, he takes the obvious next 
step in the process; he goes and gets a 
cup of coffee. Returning, he sits and 
stares at the set. It's trying very hard 
to tell him something. Finally, it dawns 
on him -if the oscillator is running 
fast, there must be an open part in the 
frequency- determining circuit! 

All the capacitors in the feedback 
loop had been checked for capacitance 
as well as leakage, so that wasn't it. 
What was left. Oh, ho. He sees one. 
Unhooking the little PC integrator in 
the feedback loop, he checks it for 
continuity; previous check had been 
only for capacitor leakage. Whee! It's 
open! This one is supposed to have 
90K of series resistance with .0024 µF 
of capacitance! The C is pretty close, 
but there's no R at all; it's almost com- 
pletely open! Replacing the integrator 
cures the trouble! 

Now, let us use perfect 20 -20 
hindsight to see what stuck our guinea 
pig for so long. One, he'd frozen on 
the idea that this had to be capacitor 
trouble, because it is in a very large 
percentage of similar cases. Two, he 
wasn't thinking clearly about possible 
causes of this kind of trouble if the ca- 
pacitors were okay, as they were. With 
the feedback loop open; the oscillator 
couldn't work at its normal frequency, 
but it was trying as hard as it could. 
With one of the components out, it 
had to work at a much higher fre- 
quency, with, of course, a much re- 
duced amplitude. 

The first thought, after the ca- 
pacitor test failed, was a "tube trou- 
ble." Incorrect bias (positive) caused 
the tube to draw so much current 
through the very- high -value plate re- 
sistors that the plate voltage fell to al- 
most zero. Well, in itself, this was true; 
however, it was not due to a shorted 
coupling capacitor, but simply to the 
fact that the grid had gone to zero bias, 
and, in this tube and circuit, that was 
enough to kill the plate voltage! 

The conclusions to be drawn from 
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this are: One, suspect everything in the 
circuit, no matter how unusual you 
think it might be for this particular 
part to fail. Two, if "checking every 
part in the circuit" doesn't produce a 
cure, look somewhere else! It is en- 
tirely possible that this circuit is not 
the cause of the trouble you see. Three, 
don't sit there and fight it: go get a 
cuppa coffee! 

Selective color loss 
I get good color on channel 4, but 

not on channel 5, 8, or 11, all in the same 
town. I've tried substituting tubes in the 
color circuits, burst amplifier, phase de- 
tector, and so on, but no luck. I use coax 
lead -in with a balun at the set. To get all 
channels I had to add a small trimmer 
capacitor across the antenna terminals. 
What's wrong ? -A.P., Dallas, Tex. 

I believe you're working in the 
wrong section. If you do get color on 
even one station, your color section 
must be okay, since it is common to 
all channels! This type of trouble can 
only be caused by something which is 
changed for different channels. The 
tuner, for example. Check your oscil- 
lator settings to make sure that you're 
on the right side of the color carrier, 
etc. 

I would also, very definitely, 
check your antenna and lead -in system. 
Try taking it off entirely and substitut- 
ing rabbit ears for a test. See if you 
can get color with this kind of setup, 
even if it is terribly snowy. If so, then 
your present antenna system has a 
"suckout" or trap effect in it some- 
where that is attenuating the color sig- 
nal on all channels except 4. 

Car radio overload 
I have a 1962 Chevrolet auto radio 

for repair, and the complaint is blurring 
and distortion when the customer gets too 

near to the radio station. Is there anything 
that can be done about this ? -L.P.G., 
Secaucus, N..1. 

The first step, which you may 
have already taken, is to make sure 
that his antenna trimmer is adjusted 
properly, for maximum volume at 
about 1,400 kHz. If this doesn't cure 
it, then you may have to modify the 
front end of the radio slightly. 

The basic trouble is overloading 
of the rf transistor by the strong sig- 
nal. Take the antenna coil out of the 
set, and, very carefully, unwind two 
turns from the secondary. This will cut 
down on the level of rf signal, and 
should reduce the distortion. END 

RADIO -ELECTRONICS 
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"Out here in the fringes, your reputation 
depends on the pictures you deliver... 

That's why we stick to JFD Color 
Laser antennas," affirms HARRY 
MELANDER, of Melander's Appli- 
ance Center, Alta, Iowa. 

"The nearest TV stations to us are 
channels 4 and 9 from Sioux City, 
over 60 miles away and channel 21 
from Fort Dodge, some 70 miles 

4 away in the opposite direction. And 
on their way here the signals have to 
get through some heavily wooded 
hills. This makes it real easy for snow 
and ghosts to creep into the pictures 
-especially in color. 

"We rely on JFD LPV antennas ex- 
clusively because they always come 
through with reception that's ghost- 

free and color- true -despite this dis- 
tance and terrain." 
Harry Melander depends on both 
LPV -TV Log Periodics and Color 
Lasers -like other professionals -to 
deliver the performance his custo- 
mers expect from a professional. 
Here's why: 

W -I -D -E BAND LPV LOG PERIODIC 
DESIGN delivers more gain, higher 
signal -to -noise ratios, pinpoint direc- 
tivity that kills ghosts -VHF and UHF. 

SHOWROOM QUALITY COLOR - 
flat response across each channel. 
No "suck- outs" or "roll-off." Out-per- 
forms any other antenna in color or 
blacks white -keeps customers sold. 

JFD ELECTRONICS CO. 
15 Avenue at 62 Street, Brooklyr, N.Y. 11219 

CAPACITOR -COUPLED ELE- 
MENTS work cn both fundamental 
and harmonic modes. Entire antenna 
(not just part of it as in other an- 
tennas) responds to every channel. 

RUGGED NEW `'FLIP -LOK" 
ASSEMBLY snaps oLt elements - 
keeps them tight and right on target. 

Switch to the .JFD LPV -the profes- 
sional's antenna Your JFD LPV 
distributor can prove it to you! 

JFD® 
JFD International, 64 -14 Woodside Ave., Woodside, N.Y. 11377 JFD Canada, Ltd., Ontario, Casada 

JFD de Venezuela, S.A., Avenida Los Haticos 125 -97, Maracaibo, Venezuela 
LIC(NS(D UND(R ON( OR MOR( O( U.S PAT(NIS 7,951 011, 7.915.179: ].Otl,lól; 0.701.710, 7,150.774; 3.710.767. R( 75,710 AND ADDITIONAL PAT(NMS P(NDIN6 IN U S.A. AND CANADA. PNDDUC(D DV JVD (L(CTpONICS CO. UND(R (ACLUaV( LIC(NS( (ROM Da UNIV(RSIIV Or ILLINOIS (DUNOATION. LIC(NS(D UNDIR ON( ON MON( O( US PA7(NIS 7,955.717 AND 7,0(5,1)1 AND ADCITIONAL PATtNTS FINDING, 
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Gene Frost was "stuck" in low -pay TV 

repair work. Then two co- workers suggested 
he take a CIE home study course in 

electronics. Today he's living in a 

new house, owns two good cars and a 

color TV set, and holds an important 
technical job at North American Aviation. 
If you'd like to get ahead the way 
he did, read his inspiring story here. 

I 
FYOU LIKE ELECTRONICS -and are 
trapped in a dull, low- paying job - 

the story of Eugene Frost's success 
can open your eyes to a good way to 
get ahead. 

Back in 1957, Gene Frost was 
stalled in a low -pay TV repair job. 
Before that, he'd driven a cab, re- 
paired washers, rebuilt electric mo- 
tors, and been a furnace salesman. 
He'd turned to TV service work in 
hopes of a better future -but soon 
found he was stymied there too. 

"I'd had lots of TV training," Frost 
recalls today, "including numerous 
factory schools and a semester of ad- 

vanced TV at a college in Dayton. But 
even so, I was stuck at $1.50 an hour." 

Gene Frost's wife recalls those days 
all too well. "We were living in a 
rented double," she says, "at $25 a 
month. And there were no modern 
conveniences." 

"We were driving a six -year -old 
car," adds Mr. Frost, "but we had no 
choice. No matter what I did, there 
seemed to be no way to get ahead." 

Learns of CIE 

Then one day at the shop, Frost got 
to talking with two fellow workers 
who were taking CIE courses ... pre- 

paring for better jobs by studying elec- 
tronics at home in their spare time. 
"They were so well satisfied," Mr. 
Frost relates, "that I decided to try 
the course myself." 

He was not disappointed. "The 
lessons," he declares, "were wonder- 
ful -well presented and easy to under- 
stand. And I liked the relationship 
with my instructor. He made notes on 
the work I sent in, giving me a clear 
explanation of the areas where I had 
problems. It was even better than tak- 
ing a course in person because I had 
plenty of time to read over his com- 
ments." 

Studies at Night 

"While taking the course from CIE," 
Mr. Frost continues, "I kept right on 
with my regular job and studied at 
night. After graduating, I went on 
with my TV repair work while look- 
ing for an opening where I could put 
my new training to use." 

His opportunity wasn't long in 
coming. With his CIE training, he 
qualified for his 2nd Class FCC Li- 
cense, and soon afterward passed the 
entrance examination at North Amer- 
ican Aviation. "You can imagine how 
I felt," says Mr. Frost. "My new job 
paid $228 a month more!" 

"CIE training helped pay 
for my new house," 
says Eugene Frost 
of Columbus, Ohio 
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Currently, Mr. Frost reports, he's 
an inspector of major electronic sys- 
tems, checking the work of as many 
as 18 men. "I don't lift anything 
heavier than a pencil," he says. "It's 
pleasant work and work that I feel is 
important." 

Changes Standard of Living 

Gene Frost's wife shares his enthusi- 
asm. "CIE training has changed our 
standard of living completely," she 
says. 

"Our new house is just one exam- 
ple," chimes in Mr. Frost. "We also 
have a color TV and two good cars 
instead of one old one. Now we can 
get out and enjoy life. Last summer 
we took a 5,000 mile trip through the 
West in our new air -conditioned 
Pontiac." 

"No doubt about it," Gene Frost 
concludes. "My CIE electronics 
course has really paid off. Every min- 
ute and every dollar I spent on it was 
worth it." 

Why Training is Important 
Gene Frost has discovered what many 
others never learn until it is too late: 
that to get ahead in electronics today, 
you need to know more than solder- 
ing connections, testing circuits, and 

replacing components. You need to 
really know the fundamentals. 

Without such knowledge, you're 
limited to "thinking with your hands" 
...learning by taking things apart and 
putting them back together. You can 
never hope to be anything more than 
a serviceman. And in this kind of 
work, your pay will stay low because 
you're competing with every home 
handyman and part -time basement 
tinkerer. 

But for men with training in the 
fundamentals of electronics, there are 
no such limitations. They think with 
their heads, not their hands. They're 
qualified for assignments that are far 
beyond the capacity of the "screw- 
driver and pliers" repairman. 

The future for trained technicians 
is bright indeed. Thousands of men 
are desperately needed in virtually 
every field of electronics, from 2 -way 
mobile radio to computer testing and 
troubleshooting. And with demands 

ENROLL UNDER G.I. BILL 
All CIE courses are available under 
the new G.I. Bill. If you served on ac- 
tive duty since January 31, 1955, or 
are in service now, check box on 
reply card for G.I. Bill information. 

4411114 like this, salaries have , 

Many technicians earn $8, 
000, $12,000 or more a yea. 

How can you get the train, Jc u 
need to cash in on this booming de- 
mand? Gene Frost found the answer 
in CIE. And so can you. 

Send for Free Book 
Thousands who are advancing their 
electronics careers started by reading 
our famous book, "How To Succeed 
In Electronics." It tells of the many 
electronics careers open to men with 
the proper training. And it tells which 
courses of study best prepare you for 
the work you want. 

If you'd like to get ahead the way 
Gene Frost did, let us send you this 
40 -page book free. With it we'll in- 
clude our other helpful book, "How 
To Get A Commercial FCC License." 
Just fill out and mail the attached card. 
Or, if the card is missing, write to 
CIE at the address below. 

CIE 
Cleveland Institute 
of Electronics 
1776 E. 17th St., Dept. RE -39 
Cleveland, Ohio 44114 

Accredited Member National Home Study Council 
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Fig. 1 -The aperture mask guides the beams. 

GREEN BLUE 
APERTURE MASK 

RED GUN ASSEMBLY 

PHOSPHOR 
DOT i 

SCREEN i 

SURFACE 

Fig. 2 -If one beam doesn't track with the others, 
it can pass through the wrong hole in the mask. 

Learn Color the Programed Way 
You'll find this an easy system for picking up the fundamentals painlessly 

Do you hate to study? Do you have trouble 
remembering what you've read? Maybe you'll 
find this question -and -answer technique easier 
to follow. Just begin by reading BLOCK 1. 

As you can see in Fig. 1, the neck of a color 
picture tube contains three electron guns. They 
are focused through an aperture mask so the 
electron beam from each gun strikes only a 
particular group of phosphor dots on the screen 
surface. Unlike black- and -white TV, where only 
one type of phosphor material is used, three 
types are required for color. Each phosphor 
emits either red, blue or green light when struck 
by an electron beam. The phosphor dots are ar- 
ranged in a triangular pattern. Normally, the 
beam from one of the guns strikes only the red 
dots, another the green, and the third strikes 
only the blue dots. If any two of the guns are 
turned off, the screen should then be a solid - 
color display of either red, blue or green; obvi- 
ously this depends on which gun is on. This 
proper gun dot relationship is called purity. 

In practice you can't obtain an absolutely 
pure screen. By careful adjustment, though, 
you'll get nearly perfect purity. In general, there 
are two purity adjustments: Whole- screen pur- 
ity is adjusted by moving a double ring- magnet 
assembly around the neck of the tube. Purity 
near the outer edges of the screen is accom- 
plished by moving the deflection yoke forward 
or backward on the neck of the picture tube. 
Both these adjustments magnetically affect the 
electron beams of all three guns; each beam 
then strikes only its own color phosphor dots on 
the screen surface. Important point: purity ad- 
justments affect all three beams simultaneously. 
So will a stray magnetic field near the CRT. 

Question: Which of the following would have 
the most effect on the screen purity 
of a color receiver? 

Adjustment of the i.f. strip. Go to Block 20. 
Received signal strength. Go to Block 8. 
A stray magnetic field near the area of the 
picture tube. Go to Block 7. 
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By GLENN M. RAWLINGS 

Not correct. Return to BLOCK 12 and restudy. 

4 
Wrong. Go back to BLOCK 7, restudy and select 
another answer. 

Would you believe ... false! Go back to 
BLOCK 11 for the correct answer. 

Through the process of elimination, you have 
chosen the correct answer. This same pro- 
cedure should be used for all servicing. 

The color picture tube can reproduce 
black- and -white images only under certain con- 
ditions. When no signal is being received, the 
screen (or raster) will seem white (assuming 
the color circuits are operating properly). This 
is so because all three guns are turned on. Your 
eye mixes the colored light into white. 

The light values between black and white 
are called gray -scale values. 

As shown in Figs. 1 and 2, there are three 
different color phosphor dots on the screen sur- 
face. To produce a correct gray scale, the 
amount of light emitted from each phosphor dot 
must be equal to the others. Since there is a 

considerable difference in the efficiency of the 
phosphors, a different beam intensity is required 
for equal light emission. For example, to pro- 
duce a white screen, the green gun may con- 
tribute only about 25 %; the red and blue guns 
contribute the remaining 75 %. 

In order for the various light levels in a 
monochrome picture to appear as proper values 
of gray, a definite relationship of the three beam 
currents must be maintained. The primary ad- 
justments for setting this relationship are the 
screen and background controls. 
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illillg neck of the tube (Fig. 3) . These coils crest, 
fields which deflect the electron beams slightly. 
Thus proper convergence is maintained during 
the entire scanning process. 

Question: Which of the following best des- 
cribes a convergence problem? 

The raster is not a pure, solid color. Go to 
Block 3. 
When viewing a black- and -white picture, you 
see a fringe of green on the edge of objects 
in the scene. Go to Block 12. 
In a black- and -white picture, areas of low 
brightness seem to be more purple than 
black. Go to Block 18. 

Your answer is wrong! Return to BLOCK 1. 

Wrong. While it is true that some technicians 
have a permanent "crosshatch" burned on their 
eyeballs from long convergence sessions, this is 
not the answer. Return to BLOCK 17. 

Wrong. Return to BLOCK 17 and reread. 

11 

Question: In a color tube producing a white 
raster, the beam currents from each 
gun are different. Why? 

To compensate for losses in beam energy 
due to their striking the aperture mask. Go 
to Block 14. 
To compensate for the difference in emis- 
sion efficiency of the red, blue and green 
phosphor materials. Go to Block 21. 
Because of improper adjustments to the 
screen controls. Go to Block 16. 

i No. Return to BLOCK 15 and try again. 

Your answer is right. A stray magnetic field 
would put a steady deflection force on the 
beams, causing them to strike improper phos- 
phor dots. The symptom of this unwanted field 
usually is a colored patch on some area of the 
screen. Degaussing the picture tube will elimi- 
nate the problem. 

As previously mentioned, the purity ad- 
justments affect all three guns simultaneously. 
The next adjustments to be mentioned control 
beam deflection of each gun separately. 

Even though you get correct purity, it is 
possible for one, two or all three of the beams 
to be passing through the wrong holes in the 
aperture mask. Notice in Fig. 2 that the blue 
beam is actually passing through a different hole 
in the mask than the other two. Although it is 
striking the proper color, the blue beam isn't 
positioned properly with respect to the other 
beams. 

For proper color pictures, the beams must 
be converged, or aligned, so that all three pass 
through the same hole at the same time. This is 
called convergence. If the beams do not con- 
verge properly, a color fringe will appear 
around the edge of objects on a b -w picture. 

To make convergence adjustments, you 
must use a dot or crosshatch pattern to see 
what effect you're having on the beams. The 
convergence controls interact; if you adjust 
one, you'll have to adjust the others. 

During static convergence adjustments, the 
beams are first made to overlay each other in the 
center of the screen. When the beams are de- 
flected toward screen edges, they travel farther 
and pass through the mask at a different angle 
than before. Because of this, dynamic conver- 
gence voltages are applied to coils around the 

Fig. 3 -If you 
could look into the 
neck of the tricolor 
CRT from behind 
the screen, this is 
what you'd see. 
Electron beams 
from the three 
guns are deflected 
dynamically by 
magnetic fields pro- 
duced by the coils. 
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Your answer is correct. When proper, the de- 
lay causes black- and -white (luminance) and 
color (chrominance) signals to overlap each 
other at the picture tube. Troubles in the de- 
lay line can cause symptoms such as ghosts or 
a complete loss of picture. 

As previously mentioned, the 3.58 -MHz 
local oscillator is synchronized to the transmit- 
ted color burst signal. This phase -locked signal 
is then "mixed" in the color demodulator tubes 
and compared with the transmitted color side - 
band information. The instantaneous color -de- 
modulator -tube plate voltage represents picture - 
tube beam intensity for a given color at a 
specific time. In practice, only red and blue side - 
bands are mixed in the demodulator tubes. 
Green is produced by comparing the blue and 
red demodulated signals against the reference 
luminance signal. Luminance (or Y) contains 
all three colors -red, green and blue. This re- 
establishes a definite relationship which existed 
at the transmission of these signals. A process 
called matrixing produces the proper amounts 
of red, blue and green by algebraic summation 
of the various signals. 

Question: The 3.58 -MHz crystal controlled 
(local) oscillator is synchronized to 
the color sideband signal. 

[] True. Go to Block 4. 
[] False. Go to Block 17. 
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Your answer is correct! 
As a rule of thumb, before any purity or 

convergence adjustments are made to a color 
receiver, the raster should be centered. All lin- 
earity, height, width and drive controls should 
be properly adjusted. The agc should be cor- 
rectly set and the picture tube completely de- 
gaussed. The high- voltage power supply should 
be checked for the correct voltage. This value 
should not vary beyond 5% as the brightness 
and contrast controls are moved over their nor- 
mal operating range. 

By now you should have some idea of the 
construction and makeup of the three -gun color 
tube and its ability to produce a pure screen of 
either red, blue or green. But what about the 
time and position on the screen that these col- 
ors should appear? And how are colors that are 
not specifically red, blue or green obtained? 
Let's answer the second question first. You've 
seen that the CRT screen surface is composed 
of thousands of phosphor -dot sections. These 
dots are so small that for all practical purposes 
the human eye cannot resolve one from another 
-even though they are of different colors. 

As you have probably guessed, there must 
be a means of synchronizing the color beams to 
the transmitted signal, to produce the correct 
picture. The circuits needed for color are shown 
as shaded blocks in Fig. 4; the unshaded blocks 
are common to all television receivers. 

At the front end or tuner of the color re- 
ceiver, the following signals are received: pic- 
ture carrier (including sync pulses), brightness 
(or Y) information, color burst (3.58 MHz), 
color sideband information and the sound car- 
rier (4.5 MHz) . 

During color processing by the various 
amplifiers and demodulators, a slight delay is im- 
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DET. 
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posed upon the color signals before they reach 
the picture tube. Because of this effect, it is 

necessary to delay the brightness (Y) signal 
with an electronic delay line. Thus all video 
signals reach the CRT at the same instant. 

The 3.58 -MHz color burst signal is re- 
moved from the carrier and used to synchronize 
the local crystal oscillator in the receiver. 

Question: The purpose of the delay line in the 
color receiver is: 

To prevent the chrominance (color) signals 
from reaching the picture tube before the 
luminance (Y or brightness) signal gets 
there. Go to Block 2. 
To prevent the luminance (Y or brightness) 
signal from reaching the picture tube be- 

fore the chrominance (color) signal gets 
there. Go to Block 11. 
To delay the transmitted 3.58 -MHz burst 
signal in order to synchronize the local 
crystal oscillator. Go to Block 19. 

Best to overlook alignment of these circuits un- 
til more data are obtained. Never attempt align- 
ment without proper equipment. Your answer is 
wrong. Return to BLOCK 15 and select another 
answer. 

4) 
Hold on now. Better go back to BLOCK 5 and 
try again. 
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Fig. 4 -In this re- 
ceiver block diagram, 
color circuits are in 
the colored boxes. 
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Your answer is correct. 
Color television is a lot like black and 

white; you can diagnose many troubles by a 
careful examination of the picture. For in- 
stance, a herringbone pattern in a color picture 
can be caused by the beat between the 3.58 -MHz 
color signal and the 4.5 -MHz sound signal. 

Other troubles and causes: displaced colors 
(or color fringing) -a sign of misconvergence. 
Running colors or bars of colors moving verti- 
cally through the picture -loss of sync to the 
3.58 -MHz local oscillator. Missing, weak or 
wrong colors can be caused by demodulator 
troubles, chroma amplifier problems, or a num- 
ber of other things. 

Before suspecting improper color opera- 
tion, you should first verify correct b -w. 

Question: When servicing a color set, generally 
the first thing to do is: 

Check the alignment of the i.f. and color 
circuits. Go to Block 13. 
Disconnect and use an ohmmeter on all 
paper capacitors in the receiver. Go to 
Block 6. 
Sit down, carefully study the symptoms, 
then logically take corrective steps to elimi- 
nate the problem. Go to Block 5. 

Wrong. Return to BLOCK 5 and reread the ques- 
tion. 

Your answer is correct. The 3.58 -MHz crystal 
oscillator is synchronized to the transmitted 
color burst signal. 

Referring once again to Fig. 4, the burst 
amplifier amplifies the incoming 3.58 -MHz 
signal and the color phase detector compares 
this burst with the locally generated 3.58 -MHz 
signal. If the local oscillator drifts (compared to 
the incoming burst), the phase detector sends 
an error signal to the oscillator. 

The chroma bandpass amplifier separates 
the color signals and has a variable gain adjust- 
ment for color control. 

The color -killer circuit normally disables 
the chroma bandpass amplifier as long as no 
burst is being received. Hence no color appears 
on the screen during b -w programs. When a 
color program is received, the 3.58 -MHz burst 
cuts off the color killer. 

The convergence coils, as previously men- 
tioned, are around the CRT neck and have 
adjustable current controls associated with them. 

To keep convergence voltages stable despite 
variations in the high -voltage power supply, that 
supply uses a shunt voltage regulator circuit (see 
Fig.5). This regulator circuit has a vacuum tube 
in parallel with the output. Since the tube's con- 
trol -grid voltage changes with the loading on 
the high -voltage supply, the result is a constant 
output voltage to the picture tube. 
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HV RECTIFIER 

SHUNT REGULATOR TUB 

TO HV CRT 

FLYBACK 
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FROM BOOSTED B4- 

HV 

ADJ 
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Fig. .5-Shunt regulator stabilizes high voltage. 

Question: For what primary reason is the high - 
voltage power supply regulated in 
a color set? 

To keep the high voltage constant while 
making convergence adjustments. Go to 
Block 10. 
To keep the red, blue and green beams 
converged at the aperture mask, regardless 
of the variations in high -voltage loading. Go 
to Block 15. 
To keep from burning a permanent "cross- 
hatch" pattern on the screen. Go to Block 
9. 

Sorry about that! Return to BLOCK 7 and try 
again. (The symptom you selected is caused by 
improper gray -scale adjustments, to be men- 
tioned later.) 

Wrong! The delay line does not affect the local 
oscillator. Return to BLOCK 12 and select another 
answer. 

Sorry about that. You had better go back and 
reread BLOCK 1 again. Select another answer. 

Your answer is absolutely right. 
Sometimes when troubleshooting a color 

set, the problem may not be in the set at all, but 
rather in the antenna or lead -in system. This is 
a possibility that should not be overlooked. A 
perfectly good b -w picture might be obtained 
with an antenna incapable of receiving the wider 
bandwidth of a color transmission -especially 
in rural areas. The antenna should have a flat 
response over all the channels received. Make 
sure the lead -in is in good condition, whether it 
is twinlead or coax. 

We haven't intended to give you specific 
instructions for making adjustments or correc- 
tions to a color receiver. Rather we hoped to 
enlarge or refresh your knowledge of color 
technology. Hope you had some fun at the 
same time. END 
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Fig. 1- Diagram of a variable L -pad. 
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The L -pad 
The L -pad is less expensive to build 

than the T -pad, since only two resist- 
ance sections are ganged together. The 
resistance element in the front section 
is called the series leg; the back element 
is called the shunt leg. The L -pad (Fig. 
1), consisting of two sections, maintains 
the circuit impedance independent of 
attenuation at only one pair of terminals. 

To analyze the operation of an L- 

pad, refer to Table I, "Rotational Meas- 
urements for a 16 -Ohm L- Pad." As an 
example, let us use a 16 -ohm speaker 
connected to a 16 -ohm L -pad and an 
amplifier. (The data in this table are 
actual measurements made on produc- 
tion L- pads.) Notice that the resistance 
of the series leg is the same as the char- 
acteristic impedance of the L -pad, 

L PAD ATTENUATION a RESISTANCE CURVES 

SHUNT 
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OPE 

How to set up stereo and hi -fi systems with 
speakers in several rooms By JAMES A. FRED 

KNOW YOUR L- AND T -PADS 
FREQUENTLY, IT IS NECESSARY TO VARY 

the volume of a loudspeaker independ- 
ently of the amplifier, as in the case of a 
remote speaker in a bedroom. To 
achieve attenuation and to avoid the in- 
troduction of distortion, a "pad" can be 
used. A pad is an attenuator that does 
not change the circuit impedance as at- 
tenuation is varied. 
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while the resistance of the shunt is eight 
times as much. At the counterclockwise 
end, or 0° of rotation, series resistance 
is 16.29 ohms, shunt resistance 0.2 ohm, 
impedance 16 ohms, and attenuation 
38.2 dB. At 50% or 150° of rotation, 
series resistance is 7.76 ohms, shunt re- 
sistance 18.5 ohms, impedance 16.35 
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Fig. 3 -A typical 8 -ohm variable l' -pad. 
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Fig. 2 -How attenuation of L -pad changes as shaft is rotated. Fig. 4- Typical 
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ohms, and attenuation 5.4 dB. At 100% 
or 293° of rotation, series resistance is 
0.19 ohm, shunt resistance is infinite, 
impedance is 16.19 ohms, and attenua- 
tion is practically zero. As the L -pad is 
rotated from one end to the other, the 
impedance stays essentially the same. 

The graph of Fig. 2, "L -Pad At- 
tenuation and Resistance Curves," can 
be used to approximate the necessary 
resistance values for the resistance legs. 
Notice that the series leg is linear, while 
the shunt resistor is a tapered winding 
in three linear sections. This tapered 
winding gives the L -pad a more nearly 
linear attenuation. Total resistance of 
the shunt leg will be eight times that of 
the series leg. The series resistance will 
be the same as the rated impedance of 
the L -pad. Total attenuation is 45 dB. 
Since the threshold of audibility usually 
is assumed to be -60 dB, you will still 
be able to hear a signal even with the L- 
pad turned to the counterclockwise end 
of rotation. If it becomes necessary to 
cut the sound out completely, a switch 
must be used to open up the line. If so. 
it would be best to have the switch sub- 
stitute a fixed resistor of the same value 
as the L -pad, to maintain proper load- 
ing in the circuit. 

L -pads can be used as described to 
control the volume of loudspeakers, but 
T -pads are generally preferred for this 
purpose, as explained in the following 
section. 

The T -pad 
Where it is important that an atten- 

uator and the amount of attenuation 
have no effect on circuit impedance, a 
T -pad is used. The T -pad (see photo 
and Fig. 3) consists of three control sec- 
tions ganged together and operated by 
a single shaft. The front and middle ele- 
ments have resistance values equal to 
the impedances they are to be matched 
to, and are referred to as the legs. The 
resistance of the rear element, or shunt 
leg, is usually eight times the value of 
either of the series legs. 

Table II, "Rotational Measure- 
ments For an 8 -Ohm T- Pad," shows how 
the T pad operates. When the control 
is at the ccw end of rotation, the input 
series resistance is 8.26 ohms, output 
series resistance 8.09 ohms, impedance 
8.26 ohms, and attenuation 53.5 dB. At 
50% or 150° rotation, the input series 
resistance is 3.93 ohms, output series re- 
sistance 3.92 ohms, impedance 7.87 
ohms, and attenuation 9.65 dB. At full 
clockwise rotation, the input series re- 
sistance is .036 ohm, output series re- 
sistance .029 ohm, impedance 8.06 ohms, 
and attenuation practically zero. From 
one end of rotation to the other, the T- 
pad impedance stayed at essentially 8 
ohms. 

The graph of Fig. 4, "T -Pad At- 
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tenuation and Resistance Curves," can 
be used to approximate the resistance 
necessary for the resistance legs. For 
example, let us say that we need a 16- 
ohm T -pad. From the curves, we find 
that the series leg will be a 16 -ohm lin- 
ear -wound element, and that two will be 
needed. 

The shunt element will be eight 
times this value, or 128 ohms, made 
in three linear sections. The first section 
of the shunt element should be 10% of 
the overall resistance, or about 13 ohms 
in the first 55% of rotation. The second 
section should be 15% of the overall 
resistance, or 20 ohms in the next 21% 

of rotation. The third section of the 
shunt winding should be 75% of the 
overall resistance, or 95 ohms in the 
next 21 % of rotation. The shunt coil is 
open for the last 3% of its rotation. 

Those who are content to accept 
the preceding explanation on faith alone 
can stop here, and will probably be satis- 
fied to buy and use L- and T -pads as al- 
ways in the past. For those who are 
mathematically minded, we will pro- 
ceed a little deeper into the subject. 

The attenuation of a resistance pad 
is expressed as a number of decibels 
(dB), where the dB expresses the ratio 
between two different amounts of power 

TABLE I. 

Rotational Measurements For a 16 -Ohm L Pad. 

Degrees of 
Rotation 

o 

Series 
Resis. 

16.29 

Shunt 
Resis. 

0.20 

Impedance 

16.00 

Decibels 
Atte n. 

38.2 

lo 15.74 0.26 16.00 35.9 

20 15.18 1.45 16.51 21.6 

30 14.49 2.41 16.58 17.7 

40 13.94 3.52 16.83 14.9 

50 13.39 4.62 16.98 13.0 

60 12.84 5.73 17.06 11.6 

70 12.30 6.67 17.00 10.3 

80 11.74 7.72 16.94 9.7 

90 11.06 8.62 16.66 9.1 

100 10.51 9.72 16.56 8.4 

110 9.86 10.83 16.42 7.9 

120 9.41 11.71 16.17 7.5 

130 8.87 12.82 15.99 7.0 

140 8.31 14.73 15.99 6.4 

150 7.76 18.50 16.35 5.4 

160 7.10 22.17 16.40 4.7 

170 6.54 25.94 16.44 4.2 
180 5.98 29.75 16.60 3.8 

190 5.44 33.56 16.25 3.4 

200 4.90 37.39 16.11 3.1 

210 4.38 41.20 15.90 2.9 

220 3.80 44.47 15.56 2.7 

230 3.27 52.34 15.52 2.3 

240 2.80 65.50 15.66 1.9 

250 2.32 83.10 15.62 1.5 

260 1.61 99.30 15.37 1.3 

270 1.01 115.5 15.06 1.2 

280 (hop-off) 0.41 125.3 14.56 1.0 

290 0.16 inf. 16.16 0.09 

293 0.19 inf. 16.19 0.09 

37 

www.americanradiohistory.com

www.americanradiohistory.com


KNOW YOUR L- AND T -PADS 
at two points -input and output, in this 
case. 

decibels = 10 Log 
PI 
131 

VI RI 
= 20 Log 

V2 
= 20 Log 

R2 

Strictly speaking. dB's can be used 
to express voltage or current ratios only 
when the two points in question have 
the same impedance value. However, 
when matching stereo controls in actual 
practice, input and output impedances 
are ignored. It is mainly in speaker 

matching, in the telephone industry, and 
in the broadcast industry that imped- 
ances are so critically matched. 

Let us go back to the impedance 
of the T -pad and draw an equivalent - 
circuit diagram (Fig. 5), but with a 

load. As you can see, the first series leg 

(8.26 ohms) is in series with the shunt 
leg (.034 ohms), which is in parallel 
with the second series coil (8.09 ohms) , 

which is in series with the 8 -ohm load 
impedance. Working it out in simple 
arithmetic, we have 16.09 ohms in paral- 
lel with .034 ohm, which gives us .03 

ohm. The 8.26 ohms and .03 ohm added 

TABLE II. 

Rotational Measurements For an 8 -Ohm T Pad. 

Degrees of 
Rotation 

Series 
in 

Resis. 
Shunt 
Resis. 

Series 
out 

Resis. Impedance 
Decibels 
Atten. 

0 8.26 .034 8.09 8.26 53.5 

10 7.98 .0826 7.98 8.08 45.8 

20 7.68 .480 7.68 8.14 30.6 

30 7.40 .910 7.38 8.26 25.1 

40 7.09 1.35 7.04 8.33 21.7 

50 6.80 1.78 6.78 8.39 19.4 

60 6.53 2.22 6.53 8.46 17.6 

70 6.23 2.66 6.22 8.47 16.05 

80 5.92 3.02 5.91 8.40 15.00 

90 5.63 3.47 5.61 8.40 13.85 

100 5.33 3.90 5.38 8.35 12.9 

110 5.03 4.27 5.02 8.25 12.15 

120 4.79 4.72 4.78 8.23 11.4 

130 4.49 5.10 4.50 8.16 10.8 

140 4.24 5.51 4.22 8.04 10.2 

150 3.93 5.87 3.92 7.87 9.65 

160 3.69 6.30 3.63 7.78 9.10 

170 3.37 6.87 3.32 7.65 8.45 

180 3.09 8.53 3.10 7.90 7.25 

190 2.80 10.20 2.80 8.05 6.30 

200 2.50 11.95 2.50 8.08 5.20 

210 2.20 13.63 2.20 8.03 4.90 

220 1.95 15.00 1.90 7.91 4.45 

230 1.65 18.09 1.65 7.94 3.70 

240 1.40 27.08 1.35 8.35 2.80 

250 1.10 36.10 1.11 8.39 1.95 

260 .806 45.18 .858 8.20 1.60 

270 .507 54.2 .57 7.91 1.30 

280 .231 63.1 .28 7.57 1.05 

285 (hop -off) .083 63.3 .107 7.27 1.05 

290 .0307 inf. .0286 8.05 .065 

293 .036 inf. .029 8.06 .065 
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Fig. 5- Equivalent circuit of a T -pad and 
its load set up for the maximum loss. 
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Fig. 6 -A variable bridge -T attenuator 
has only two elements which change value. 
( "Front" and "rear" labels are reversed.) 
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Fig. 7- Variable bridge-11 attenuator has 

three variable and four fixed resistors. 

together give us approximately 8 ohms, 
the nominal impedance of this T -pad. 

An equivalent- circuit diagram of 
the L -pad can be drawn and analyzed 
the same way. 

This article is limited to L- and T- 
pads, because these are the ones most 
readily available to technicians and ex- 
perimenters. There are other types. 

Instead of T -pads, some compan- 
ies supply variable bridged -T pads; these 
require only two variable sections plus 
two fixed resistors. This is less expensive 
and, in many cases, a bridged -T pad 
(Fig. 6) will work adequately in place 
of a straight 3- section T -pad. 

Another type usually available on 
request is the bridged -H pad (Fig. 7). 
This pad consists of a conventional T- 
pad with four fixed resistors connected 
as shown. The resistors help to give a 
more linear attenuation curve. END 
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Creative Electronic Servicing 
Think logically before you troubleshoot and you'll solve She problem faster 

By LARRY ALLEN 

CAUSE -TO- EFFECT REASONING. TUBE 
changing. Parts substitution. Hit -and- 
miss. Cut -and -try. Localizing. Signal 
tracing. Parts checking. Sectionalizing. 
Signal injection. Half- section analysis. 
Divide and test. 

All these terms are familiar. Each 
represents an approach to the problem 
of finding the cause of trouble in a faulty 
piece of electronics gear. There are two 
more terms I'd like to add: psychology 
and creativity. 

You may already have a pretty 
good idea how psychology applies to 
troubleshooting. My dictionary calls 
psychology the science of the mind - 
why people think and act as they do. 
Your most powerful troubleshooting 
tool is your mind; it sorts and classifies 
whatever trouble clues you track down 
and figures out what is causing them. 

If your mind tracks down and 
processes the clues logically, you are a 
good troubleshooter. If you jump around 
from clue to clue, in no logical order, 
chances are you run into tough dogs 
more often than you should. 

So . . . what about creativity? 
Creativity, according to the dictionary, 
has to do with inventiveness. In just 
those terms, then, we can say that crea- 
tive troubleshooting is finding (invent- 
ing) new ways to locate faults in elec- 
tronic equipment. 

What thoughts run through your 
mind when you first walk up to a repair 
job on your bench -say, a television re- 
ceiver? If you have a paper handy right 
now, jot down what your first step is. 

You will use at least three of your 
senses: sight, to see if the raster or pic- 
ture comes on or if the tubes light, and 
to watch for smoke or other visual signs 
of trouble; hearing, to verify if the sound 
section works or has too much hum, 
or if the horizontal oscillator is working, 
or if the telltale crackling is there when 
the high voltage first comes on; and 
smell, to decide if anything is overheat- 
ing, or sniff ozone caused by corona. 

In all these cases, sensory stimuli 
(as psychology manuals call them) are 
being sent to your brain in hopes it can 
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Creative Electronic Servicing 

decipher their meanings. All the infor- 
mation from the four senses funnels 
into the computer you think of as your 
brain; the output is some conclusion 
about the information. 

Now, about the psychology of that 
conclusion. Here is how a conclusion is 

synthesized (another psych -book term) 
in one example. You sniff: no smell of 
burning, so on to the next sense. You 
listen: no station sound, but you can hear 
the horizontal oscillator start and the 
high voltage charge up the aquadag on 
the CRT, so your brain registers that 
something is blocking station sound. You 
feel: the volume -control knob is all the 
way down and turning it up brings on 
station sound. Your brain registers that 
the set's stimuli to smell and hearing are 
normal. 

Finally you look: the screen is black. 
Brain says, aha! Here is a major clue. 
Conclusion, then: The trouble in this set 
is something that prevents a raster in 
spite of the high voltage you already 
know is present (you heard it crackle 
into existence) . 

Then you go on to other stimuli or 
combinations of them. You probe with 
your senses for other clues. When your 
senses have reached their limits, you em- 
ploy extensions of them. Meters, scopes, 
probes, and other instruments give your 
brain -via your senses, even with the in- 
struments-a clue to where the real 
trouble lies. 

For most effective troubleshooting, 
the thought process or psychology of 
your actions should follow a logical pat- 
tern. This pattern can be broken down a 
little further. It can be thought of as yes 
and no responses to questions your brain 
is asking through your senses. Take a 
look at the brief example in Fig. 1. 

When you reach the point where your 
senses can't tell you any more (and this 
point is reached quickly, for the brain 
sorts clues rapidly), then test instru- 
ments provide the next clues for your 
brain to process. 

From this you can see that trouble- 
shooting can be broken down psycho- 
logically into fairly simple steps or 
decisions. Many of them take only split 
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fractions of a second. To the experienced 
technician these decisions seem second - 
nature and are made almost without 
conscious thought. The many conclu- 
sions are drawn so automatically, quick- 
ly and unnoticeably that the uninitiated, 
watching an old -timer work, is almost al- 
ways totally unaware so many decisions 
are even being made. An apprentice of- 
ten doesn't even learn about this logical 
-psychological reasoning that is so 
important a part of competent trouble- 
shooting. He gets the idea that the 
old- timer's speed is all the result of 
experience. 

Now let me get back to creativity, 
and how it applies to troubleshooting. 
An interesting thing about the creative 
approach to servicing is that it is useful 
to newcomer and old -timer alike. 
Learned thoroughly and used properly, 
creative methods do not depend on ex- 
perience. You do not have to memorize 
hundreds of case histories. You can trou- 
bleshoot a set using the creative ap- 
proach without ever having serviced that 
particular complaint or set before. 

One warning! No system of servic- 
ing- creative or otherwise -is a substi- 
tute for knowing the operation of the 
system or equipment you are servicing. 
You must learn the operation of basic 
circuits and their interrelationships, and 
then you can apply creative techniques 
to servicing any possible combination of 
these circuits. That is why no electronic 
equipment will be beyond your ability. 

Creativity equals inventiveness. 
That doesn't mean you have to redesign 
or reinvent the circuit to service it prop- 
erly. It means you should practice inven- 
tiveness in your approach to servicing 
the circuit. 

Creativity begins when you decide 
what question to ask of the set, section or 
circuit. Take the yes no approach, for 
example. In the troubleshooting situa- 
tion cited earlier, you smelled, listened, 
looked, and felt. Each time, you made an 
answer. If you looked to see if a tube was 
lit, you decided either yes it was or no it 
wasn't. If you smelled to see if the power 
transformer was smoking, you decided 
it was or wasn't. If you felt to see if it 
was too hot, either it was or it wasn't. 
You have to analyze the circuit to ask 
the right question. 

If the yes no system will work 
when you ask questions with your sen- 
ses, it will also work when you ask them 
with test instruments. If you're checking 
with a voltmeter at the plate of a tube, 
you're asking: Is voltage there? Answer, 
yes or no. If yes, is it low? Yes or no. If 
no, then is it high? Yes or no. You ask 
and answer this series of questions in the 
time it takes to touch the probe to the 
tube pin. The instrument lets you see 
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CAPACITOR 

TUNES COIL 
TO 
INTERMEDIATE 
FREQUENCY 

something you couldn't observe with 
your unaided senses. 

Suppose you're signal- tracing an 
audio section by the injection method. 
You touch the generator output probe 
to the audio amplifier plate and listen. 
Is there sound at the speaker? Yes or no. 
If no, go on to the next point nearer the 
speaker. If yes, move back toward the 
detector or audio input point. You're us- 
ing instruments to supplement your sen- 
ses. And you're employing creativity to 
select the questions you ask of the cir- 
cuit. In any overall servicing process, 
you can put creativity to work on sec- 
tion stage, circuit, part. 

If you still don't understand how 
creativity fits in, here are some long sen- 
tences that may clarify it for you: Crea- 
tivity is involved when you decide just 
what troubleshooting technique you will 
use in a particular set or with a particular 
complaint. Creativity is being used when 
you adapt a single principle of trouble- 
shooting to fit the many servicing situa- 
tions or the various equipments you en- 
counter. Creativity means putting clues 
together to draw a conclusion: Which 
system is at fault, which section is at 
fault, which stage is at fault, which cir- 
cuit is at fault, and finally which part is 
at fault. Creativity is in the picture when 
you are deciding what to do about the 
fault: Do you align, repair or replace? 
Do you order an exact replacement or 
can you substitute? And so on. 

Now let's move back to psychology 
-the thought processes of creative serv- 
icing. The best place to start servicing 
any equipment is by visualizing it as a 
whole system, made up of main sections. 
Fig. 2 shows how a receiver is sectional- 
ized and how this division applies to a 
TV receiver and to a radar receiver. The 
identical main sections exist in a CB re- 
ceiver, a satellite receiver, a microwave 
relay receiver, transistor radio, and in 
any other kind of receiver that you can 
imagine. 

Fig. 3 shows the same principle of 
breaking into sections as it is applied to 
transmitters. You can easily see how it 
applies to TV and radar transmitters. 
The same principles apply to other 
transmitters, no matter what their pri- 
mary purpose. 

Understanding the basic premise, 
you can move on to the next step in 
creative troubleshooting: breaking the 
section down into stages. Fig. 4 shows 
the fundamentals. We're taking the A 
section of both receivers in Fig. 2 and 
breaking down only that section. You 
can see how nearly alike these sections 
are in a radar receiver and a television 
receiver. If you apply creative think- 
ing to your troubleshooting, you'll find 
you can service the one just as easily as 
the other. 
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Creative Electronic Servicing 

Creative troubleshooting now has 
brought you to the logical breakdown of 
sections into stages. What do you do 
with the stages? Ask them questions just 
as you did the sections. Is the signal get- 
ting through the mixer? Yes or no. Is the 
signal reaching the third i.f.? Yes or no. 

On each answer you base your next logi- 
cal step. Good psychology (thinking). 

Suppose the signal is being blocked 
at the fifth i.f. stage in the radar receiv- 
er. Fig. 5 shows, in blocks that are 
equivalent to the schematic, how you 
can break down the i.f. stage in your 
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Fig. 7 -Your troubleshooting steps should take you over (a) the complete 
system, (b) the section at fault, and (c or d) the stage containing trouble. 
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next psychologically correct step of 
troubleshooting. The blocks represent 
the factors you must examine. You can 
apply your creative practice of asking 
the yes -no question about each factor. 

Next in your line of psychologically 
correct troubleshooting procedures is a 
breakdown of the stage into circuits. 
You noticed Fig. 5 -b was already broken 
down into circuit segments: grid, cath- 
ode, screen, plate, and socket. Fig. 6 -a 
shows schematically both the screen and 
plate circuits in this stage, with the 
screen circuit in heavy lines. The circuits 
and the components have several func- 
tions; Fig. 6 -b labels them. 

Will the creative servicing method 
we've been using apply here? Most em- 
phatically, yes. Each component has a 
function, sometimes more than one. 
Consider the transformer as a good ex- 
ample. You must ask: Is it feeding dc 
voltage to the plate of the tube? Is it 
tuning to the correct frequency? Is its 
tuning too broad? Is it coupling the i.f. 
signal to the next stage? Each question 
has a yes or no answer, and can then be 
followed with: why? 

With that why ?, the next step in 
our creative troubleshooting procedure 
has been reached. You either replace the 
faulty part or you test it further. 

Let's run through this logical pro- 
cedure once more -this time with a CB 
transceiver. Fig. 7 shows the several steps 
in breaking it down into psychologically 
manageable sections, stages, circuits, 
parts. It's easy. Try breaking down 
something you've been asked to trouble- 
shoot. You'll find you can reduce the 
most complicated electronic gear to eas- 
ily understood proportions. 

When I began defining creativity 
for you, I pointed out that it means in- 
ventiveness. You can be as inventive 
about your servicing techniques as you 
like. Most useful will be a method that 
applies to almost every situation and 
kind of equipment. If you find yourself 
changing methods to fit various types of 
equipment, you haven't yet found the 
one most versatile. 

One final point about being the top- 
notch troubleshooter that creative 
methods of servicing qualify you to be. 
Neither creative servicing nor psycho- 
logical reasoning can fix a set for you. 
Mechanical and muscular movements 
are still needed. You have to take sec- 
tions apart, sometimes, to reach the 
parts that are causing trouble. It often 
takes digging. Once you have mastered 
a psychologically sound approach to 
servicing, one that is creative enough to 
be applied to any kind of electronic 
equipment you're asked to service, the 
difference between you and the true ex- 
pert will be in how well and how confi- 
dently you dig in. END 
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Squeaks, rattles and bangs make 
difficult listening, no matter 
where they are in a tape deck 

By GLEN F. STILLWELL 

WHAT A BOTHER, WHEN YOU FLIP THE 

play switch of your tape machine and 
get set to hear some good music, to hear 
instead a lot of sound -hum, squeals, 
rattles, squeaks, clicks, sighs, moans, and 
what -have -you -you didn't bargain for. 
It's enough to drive a tape listener to 
distraction. 

Mostly these are mechanical noises 
that develop in tape machines, and about 
which there is very little in the books. 
You can sometimes hear them being 
picked up by the microphone, so that 
they are part of that tape no matter what 

WHAT KIND OF NOISE 
ANNOYS A TAPE? 

You can use a sheet of sandpaper to 
smooth out any high spots that may 
develop on the flywheel of a tape deck. 

Fan and fan -cage screen can be a source 
of rattle. Bent fan blade can scrape, or 
the fan shaft may extend and rub screen. 
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machine it might be played on and no 
matter how good that machine might be. 

The electronic technician and the 
recording buff should both know what 
to do about these annoying defects. In 
more than a decade of using, testing, re- 
pairing, and experimenting with tape re- 
corders, I've run into some real noise- 
makers. So I'll pass some of them along 
to you. 

I'll skip experiences with earlier 
machines that are not around anymore 
and deal with present -day models. As a 
matter -of -fact, the latter, with their 
complicated controls and accessories, are 
the big offenders in the unusual -noise de- 
partment. One of the first troublemakers 
I ever encountered was a recorder that 
developed a strange squeak that was 
finally traced to a faulty counter. 

To locate the source of noise in a 
recorder, you must first decide in what 
part of the machine the noise is originat- 
ing. A noise in the speaker is often diffi- 
cult to locate because it may be being 
picked up far back and amplified. Poor 
shielding, faulty connections and a mi- 
crophonic tube are a few of the things 
that can cause this kind of noise. Best 
start out your troubleshooting by check- 
ing all tubes. An intermittent howl I once 
heard in an extremely compact recorder 
originated in one of the tubes -easy to 
correct, hard to find. 

Tape or deck trouble? 
When the noise shows up in the 

speaker, you also have to suspect the 
playback head and the tape. If the tape 
is suspected of "printing through" (thin 
tape), the solution is obvious -new tape. 
However, if there is a bleeding from one 
track to another, realignment of the 
magnetic head may be the answer to the 
problem. 

On the other hand, faulty linkages 
and noisy mechanical action are so often 
the cause of noise that little more need 
be said about electronic faults. At the 
outset, in troubleshooting mechanical - 
movement noises, check for vibrations 
by applying finger pressure to various 
areas of the recorder case and deck. 
You can determine this way whether 
the recorder is properly put together and 
all screws tightened. 

Intermittent clicking or squeaking 
noises often develop in older recorders 
as a result of hardened rubber -faced 

Sections of garden hose can be pushed 
elver hardened rubber feet to absorb noise. 

Tilting the machine to different positions 
is one way to check for unusual noises. 

driving wheels. Spotty wear of this kind 
can be caused by the user's too -rapid 
tape -speed shifting. The wheel may look 
satisfactory, but an undetected flat spot, 
even though very slight, can be an awful 
noisemaker. 

When you have to replace defec- 
tive rubber -faced wheels, it is generally 
advisable also to renew drive pinions and 
belts to make sure that the noise is com- 
pletely eliminated. In a Telefunken re- 
corder that had this trouble, the pinion 
had been redesigned to improve quiet- 
ness of operation. 

An initial step in troubleshooting is 
to remove all protective covers and then 
replace the control knobs so that me- 
chanical linkages and their movements 
can be observed in actual operation. A 
model 400 Norelco recorder developed 
a high -level, continuous scuffing sound 
that could not be found until the case 
was opened up and the mechanism ob- 

continued on page 93 
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Build This Transistor 
Characteristic Plotter 

A construction project to display curve families on your scope screen By JOHN H. FASAL* 

A CURVE OF COLLECTOR CURRENT VS 

collector voltage with constant base cur- 
rent is useful when you are designing 
transistor circuits. Applying manufac- 
turer's data to characteristic curves as- 
sures proper use of a transistor. You can 
determine the limits of thermal dissipa- 
tion and transient operation as well as 
correct values for current transfer and 
saturation. In addition the rapid display 
of a set of curves is an excellent way to 
match transistor pairs. 

Devices for plotting transistor char- 
acteristics are commercially available. 
However, they're expensive. An electro- 
mechanical version costs less but does 
most of the work of a design- engineer's 
model. 

17V 
PEAK 

1Y/TIYAT/ 

Operating principles 
The basic schematic of an electro- 

mechanical plotter is shown in Fig. 1. A 
fluctuating dc voltage from a full -wave 
rectifier is applied between collector 
and emitter of transistor Q. This voltage 
is fed to the horizontal input of a scope. 
The voltage drop across resistor RE in 

the emitter circuit is proportional to 
emitter current. This drop drives the 
vertical amplifier of the scope. The 
horizontal beam deflection is propor- 
tional to the instantaneous emitter 
collector voltage while vertical deflec- 
tion is proportional to the emitter 
current. This value is practically equal to 
the collector current. The base is biased 
by i,, obtained from a constant -current 

12V RMS 

SCOPE 

VERT HORIZ- 
o 9 

VARIABLE C SOURCE 

Fig. 1 -Here is the basic schematic of the characteristic plotter. 

Parts List 
R1 -pot, 5,000 ohms, 5 

watts 
R2 -see text 
R3 -68K, 1/2 watt 
R4 -200 ohms, '/2 watt, 5% 
R5 -pot, 10K, '/2 watt 
R6, R7, R8, R9, R10, R11- 

pot, 250 ohms, 2 watts, 
WW, (CTS series 115, type 
117 or equivalent; Feder- 
ated Purchaser, Inc., 155 
U.S. Highway 22, Spring- 
field, N.J. 07081. Stock 
No. 117R -251A. $1.25 
each.) 

R12 -see text 
D1, D2, D3, D4, D5- silicon 

diode, at least 150 mA, 
100 piv 

T1 -117V pri to 12V sec, at 
least 150 mA 

T2 -117V pri to 12V sec, at 
least 2 amps 

Si, S2 -spst toggle switch 
S3 -spdt slide switch 
S4 -spdt toggle switch 
S5- rotary switch, 4 poles, 

3 circuits, nonshorting 
S6- pushbutton, NC 
S7 -a, S7 -b, S7 -c, S7 -d, S7 -e, 

S7 -f -reed switch (Gordos 
MR600 or MR606 or 
equivalent. MR600 -New- 
ark 60F3407, $1.00; MR- 

606 -Newark 60F3408, 
$1.05.) 

J1, J2, J3, J4, J5, .16-pin 
jacks 

Magnets -Alnico V, '/e x '/8 
x 3/4 inch, (Permag S5B- 
559 or equivalent) and '/4 
x '/4 x 11 /e inches, (Per - 
mag S5B560 or equiva- 
lent) Available from Per- 
mag Corp., 88 -06 Van 
Wyck Expressway, Jamai- 
ca, N. Y. 11418; $2.50 for 
both. 

Motor -600 -rpm synchro- 
nous -clock type (Haydon 
or equivalent) 

Transistor sockets (3), TO-5 
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source consisting of a 6 -volt NiCad bat- 
tery, adjustable voltage divider R0 and 
series resistor Rs. 

This circuit causes the scope beam 
to trace the VEcIC characteristic of the 
transistor. Circuit nonlinearities may in- 
troduce some errors; these must be 
avoided. 

Series resistor RE is across the 
scope vertical input. The voltage drop 
across RE -which is what the scope dis- 
plays-is caused by a current which re- 
duces emitter collector voltage. This 
VET reduction has no relation to the 
driving voltage. So, to minimize this 
nonlinearity between driving voltage 
and emitter collector voltage, the drop 
across RE must be small compared with 
the driving voltage. This means the 
vertical scope amplifier has to be run- 
ning at higher gain than the horizontal 
amplifier. 

Bias current should be applied be- 
tween base and emitter rather than base 
and ground, to avoid negative feedback 
across emitter resistance RE. This feed- 
back may become disturbing if current 
amplification in the transistor is high. 
This necessity of using a floating bias 
source makes the use of a line -powered 
constant -current source impractical. 
Since there's no common ground, effi- 
cient filtering is almost impossible; 120 - 
Hz ripple would get into the sensitive 
base circuit and distort the scope traces. 

For the same reason, the NiCad 
battery can't be trickle- charged during 
plotter operation. The charging device 
has to be disconnected at this time from 
both battery terminals. An OPERATE - 
CHARGE switch disconnects the battery 
from the load circuit so that battery dis- 
charge is avoided even if the line is dis- 
connected. 

A third precaution must be taken to 
assure constant -current base bias. Base 
current is determined, not only by ap- 
plied dc voltage and series resistor R., 
but also by base resistance r,,. This value 
is determined by collector current and 
transistor Beta. RR has to be high com- 
pared to r to stabilize base current. 

It's desirable to display several 
curves simultaneously on the CRT, each 

"Assistant chief engineer, Alarms Engineering, 
Walter Kidde Co., Belleville, N. J. 
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determined by a different bias value. 
Due to CRT persistence, bias voltages 
can be changed rapidly so that five or 
six curves can be traced and will appear 
almost at the same time. It works out 
that a set of curves must be traced in 
about 1,6 sec. The time available for 
horizontal sweep is about No sec. With 
rectified 60 -Hz ac, a square wave is pro- 
duced that can be used to sweep four 
times (two times up and two times 
down). This produces four superim- 
posed traces. These four traces for each 
curve are more than sufficient to create 
the impression of persistence. 

The sweep system 

Commercial plotting instruments 
often use a complicated sweep genera- 
tor and an electronic switching device 
to vary bias current. This version is 
simpler, using a rectified sine wave as 
sweep. Bias is switched by a simple 
rotating magnet that activates a set of 
reed switches. 

Fig. 2 is the plotter schematic. R1 
varies the amplitude of the voltage 
through T1, to adjust sweep length of 
the curve. R2, in parallel with this sec- 
ondary, corrects sine -wave distortion 
caused by R I. The value of R2 must be 
determined by experiment with a scope 
connected to T1 secondary and a resis- 
tor box in parallel with both. 

The output of the rectifier bridge 
DI -D4 is connected to polarity- rever- 
sal switch S5, which permits changing 
two things at once. One is the polarity 
of the sweep applied between emitter 
and collector of the transistor: the other 
is the polarity of the dc biasing voltage 
from the 6 -volt NiCad battery. 

This change in polarity is necessary 
to switch from pnp to npn mode. The 
scope horizontal deflection plates are 
controlled by the sweep voltage, and the 
vertical deflection follows the voltage 
drop across resistor RE (R4 in Fig. 2). 
This resistor is a shunt for emitter -cur- 
rent measurement. 

Transformer T2 with independent 
switch S2 and fuse F2, serves two pur- 
poses: It provides energy to charge the 
NiCad cells if switch S3 is in the CHARGE 
position. If S3 is on OPERATE, T2 powers 
the motor driving the rotating magnet. 
This magnet activates the six reed 
switches which change the bias currents. 
A third set of contacts on S3 disconnects 
the voltage divider from the battery cir- 
cuit if the plotter is not in operation. 
The voltage divider itself consists of an 
adjustable series resistor R5 (10,000 
ohms) and potentiometers R6 -Rl 1 (250 
ohms each). Each resistor center point 
is connected with the base of the tran- 
sistor through the closed reed switch 
(S7- a- S7 -f), spdt switch S4, normally 
closed pushbutton switch S6 and series 
resistor R3. Bias current can be meas- 
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Fig. 3 -a -Make a photocopy exactly twice this size and you have the pattern for laying 
out the PC board. b- (below) -Here's where the parts are mounted on the PC board. 
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Fig. 4- Suggested front -panel layout. Note second transistor socket on panel, 
wired in paralled with one on board. Use plug (made from third transistor 
socket) and cable between sockets on panel and the printed circuit board. 

Fig. 5 -(at right) -Small printed hoard is mounted on standoffs behind the 
main board. Reed switches go between boards. Motor is mounted on front of 
main board. Tl and T2 are on front and rear of the main hoard, respectively. 

ured by connecting a microammeter at 
test points J I and J2 and by opening S6. 

Switch S4 has two positions: In 
OPERATE it connects to the reed switch 
assembly, which is one of the arms of 
pots R6 to R11; in sET it connects to the 
highest obtainable bias, which is con- 
trolled by R5. 

The value of limiting resistor R12 

PL` 

pHES 

PRINTED BOARD STANDOFF SCREWS 

6 REED 
SWITCHES 

(S7 -a TO 57 -f) 

BALANC- 
ING 
WEIGHT 

ROTATING 
MAGNET 

PRINTED 
SIDE 

is chosen so that charging current does 
not exceed 25 mA (to be applied for 14 
hours for full charge). 

A printed circuit (Fig. 3) contains 
all components shown in Fig. 2 within 
the dotted line. The printed board is at- 
tached to the front panel with standoffs. 
Rotary switch S5 and pot R5 are 
mounted on the printed board; their 

SWITCH S7.c 

OPERATION OF STEPSWITCH S7 

Fig. 6 -As the motor turns, the magnet rotates, closing the reed switches one by one. 
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shafts are passed through the front 
panel, where the knobs are mounted. 
Front -panel layout is shown in Fig. 4, 
and the following parts are mounted on 
it: switches Si. S2, S3, S4 and S6: fuses 
F1 and F2; terminals J1-J6; line rheo- 
stat R1, and a transistor socket. This 
panel- mounted socket is connected with 
short leads and a plug to an identical 
socket on the printed board. 

It's convenient to connect front- 
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Fig. 7- Position for proper operation. 
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panel components with the printed - 
board terminals by a wiring harness. 

To sweep through the reed switches 
in Mo sec, the motor speed must be 600 
rpm. Synchronous clock motors of this 
speed are readily available. The torque 
necessary to rotate the magnet is not 
high if the rotating magnet is well bal- 
anced. Of course, the torque has to be 
high enough to overcome the interaction 
between magnet and reeds. A torque 
of at least 100 -150 inch- ounces -refer- 
ring to 1 rpm -is advisable. 

The motor is mounted on l -inch 
standoffs on the component side of the 
board. The hole in the printed board for 
the motor shaft should be at least 11/2 

inch in diameter. The magnet is Vs x 
t/a x 1/2 inch. Fig. 5 shows how to 
mount the magnet on a bracket attached 
to the motor shaft. It's necessary to 
attach a piece of nonmagnetic material 
to the lighter end of the bracket as a 
counterbalance to the magnet. 

One end of each of the six reed 
switches is soldered to an eyelet on the 
printed board, so the switches form a 
circle around the motor -shaft hole. A 
second, smaller printed board is used 
for soldering the other ends of the reed 
switches. This smaller board is mounted 
on two standoffs. A Vs -inch hole in the 
center of the small board allows motor - 
shaft adjustments. Each reed switch is 
about 11/2 inches long and should have 
a sensitivity of at least 50 ampere- turns. 

It is very important that the rotat- 
ing permanent magnet be adjusted to 
activate only one switch at a time. This 
means that the magnet should always 
release one switch before closing the 
next. Fig. 6 illustrates reed switch layout 
and magnet triggering. 

Switch alignment 

You'll have to position each reed 
switch carefully before soldering, rotat- 
ing the magnet while you do so. Mag- 
netic force must attract the longer reed 
and close the switch. Be sure the axis of 
the rotating magnet is well centered 
within the reed -switch circle. Fig. 7 
shows how to adjust each reed switch 
for best triggering. 

Reed -switch make -and -break inter- 
vals can be controlled another way - 
slin an open magnetic ring over the glass 
tube of the switch. After adjustment, 
glue the ring to the tube with a drop of 
cement. You should adjust the reeds as 
follows: Use a screwdriver to turn the 
motor shaft and thereby rotate the 
magnet. Turn each reed switch until it 
is triggered by the magnet each time 
around. Make sure all switches are 
activated consecutively. Finally, adjust 
the counterbalance for minimum vibra- 
tion of the magnet during rotation. 

Make preliminary adjustments be- 
fore you install the printed board in the 
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PLOTTING OF THE EC -IC CHARACTERISTIC 

Fig. 8- Plotting of the Eel. characteristic on the CRT screen. 

cabinet. First, the batteries must be 
charged and the value of resistor R12 
determined for the correct charging 
rate. Connect a decade resistor box in 
series with a milliammeter on the 100 - 
mA range. This combination should be 
substituted for R12 in the circuit. Set 
S3 in CHARGE position and adjust the 
decade box for a 15 -25 -mA meter 
reading. Install for R12 a 1 -watt resistor 
of the value found by the box test. A 
discharged battery will take about 14 
hours to charge fully. At the end of this 
time its open- circuit terminal voltage 
should be 7 volts. 

(A) Display of a single curve rep- 
resenting the highest bias setting: 

1. Disconnect T2 by throwing S2 oFF. 
(The motor has to be stopped to dis- 
play a single curve only.) 

2. Throw S3 to OPERATE. This discon- 
nects the charging circuit from the 
battery and connects the battery to 
the pot. 

3. Turn bias pots R6 to Rll and R5 
to midrange. 

4. Set polarity switch S5 to the PNP 
or NPN position corresponding to the 
transistor type to be tested. 

5. Insert the transistor into the socket. 
6. Connect the horizontal and vertical 

outputs of the plotter to the scope. 
7. Put switch S4 in the SET position. 

(This produces a fixed base bias ad- 
justable by R5.) 

8. Set the scope sweep selector to 
EXTERNAL position and the scope 
vertical and horizontal sensitivities 
for 1 volt /inch and 0.5 volt /inch, 
respectively. 

9. Energize transformer T1 by throw- 
ing S1 to the ON position. 

10. Slowly increase the sweep voltage 
by decreasing resistor R1 and cor- 
rect, if necessary, the horizontal and 
vertical sensitivities until one char- 
acteristic curve appears sharp and 
well centered on the screen. 
A typical pnp curve is shown in 

Fig. 8. If the curve appears rotated by 
180° the transistor is an npn. Fig. 9 
shows how the curve display changes 
with various scope gain settings. 

If the curve doesn't appear as in 
Figs. 8 and 9, several things may be 
wrong. If the curve is a straight line 
only, the vertical sweep voltage may be 
too small. Try decreasing R1 and ad- 
justing scope vertical gain. If the flat part 
of the curve is too short, try increasing 
horizontal gain. 

If you find double- tracing or loops 
in the curve, there's probably noise in 
the bias circuit. The cure is to shorten 
connections and keep ac line connections 
away from sensitive parts of the circuit. 
You may have to shield some portions. 
Check resistor R2 for a sine waveform 
of the sweep. 

If the steep part of the curve is too 
short, the vertical scope amplification 
may be too low, or there may be insuf- 
ficient bias voltage. Try increasing verti- 
cal gain or reducing resistor R5 (or 
both) . 

If the slopes of the steep and flat 
parts of the curve are too large, and the 
breakdown region is too extended, the 
horizontal gain is too low or the sweep 
voltage is too high. Try readjusting hori- 
zontal amplifier gain and rheostat R1. 

(B) Display of a family of six 
continued on page 88 
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MAT MOST MOSFET UFET FET: 
UNDERSTANDING SOLID -STATE TALK 

Names and abbreviations for the semiconductor family 

EMITTER - COLLECTOR 

PIT INDIUM DOT 
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BASE EMITTER 
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T EPITAXIAL 
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COLLECTOR 

Fig. 1 -First improved junction tran- 
sistor was the surface- barrier type. 

Fig. 2 -With the drift transistor came 
an increase in upper -frequency limit. 

Fig. 3 -To overcome low voltage lim- 
it, the mesa transistor was developed. 

Fig. 4 -Still higher voltage- handling 
was built into the epitaxial mesa. 
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A QUICK GLANCE THROUGH TODAY'S 
technical literature leaves the impres- 
sion that the electronics field has as 
many abbreviations and acronyms as 
Washington does. And indeed there are 
quite a few -some bewildering. Consid- 
er, for example, MAT, MOST, MOS- 
FET, FET, UFET, and IGFET! 

A great many of these creations are 
in the family of transistors and related 
devices. But it was not always so. In the 
beginning, in the midst of a vacuum - 
tube population explosion, there was 
only a transistor -a point- contact thing 
that resembled a germanium diode with 
two whiskers instead of one. If the tran- 
sistor had remained as it was, manufac- 
turers might have varied its character- 
istics all over the lot but just assigned 
type numbers like those of tubes -or 
perhaps even simpler ones. 

But along came another kind of 
transistor, more rugged and stable and 
easier to make. This junction transistor 
was dubbed NPN and PNP according 
to the order in which the negative and 
positive layers were placed in the semi- 
conductor sandwich. This not only intro- 
duced two three -letter symbols, but 
required that the first transistor also 
have its own distinguishing initials (PC 
for point- contact). The letters game was 
under way. 

How early terms grew 
Two limitations of early transistors 

were low input impedance and low oper- 
ating frequency. The junction transistor 
didn't improve matters much when it 
first appeared. Overcoming these short- 
comings has spawned many types of 
transistors, eventually requiring the de- 
scriptive acronyms which name them. 

First, the surface barrier transistor 
raised the top frequency capability to 50 
MHz and beyond. This new device had 
a thin base layer and smooth submina- 
ture electrodes, formed through a revo- 
lutionary process: Tiny pits were etched 
in the germanium substrate by electroly- 
sis. Fine jets of metallic (indium) salt 
solution, carrying direct current, were 
sprayed against opposite faces of the 
semiconductor wafer. When the wall be- 
tween the pit floors was thin enough, the 
dc polarity was reversed, causing a tiny 

By RUFUS P. TURNER 

dot of the metal (Fig. 1) to be plated 
at the bottom of each pit, forming emit- 
ter and collector. The term surface bar- 
rier transistor is a good mouthful; so, 
with typical American zest for abbrevia- 
ting, we quickly cut that down to SBT. 
With that step, the family of acronyms 
grew to PC, NPN, PNP and SBT. 

MAT and MADT (SBDT) 
Later work showed that operation 

of the SBT could be improved further 
by alloying the tiny electrodes to some 
extent into the semiconductor base. 
That was done by heating the structure 
after the indium dots had been deposited 
deep in the SBT pits. The result was the 
microalloy transistor (MAT). 

Still further work in this SBT fam- 
ily showed that reliability could be in- 
creased and parameters controlled more 
closely by diffusing a base -doping impur- 
ity into the semiconductor wafer of the 
MAT before depositing the electrode 
dots. The result: the microalloy diffused 
transistor (MADT). This type has also 
been called surface barrier diffused 
transistor (SBDT). 

Progressively, the SBT, MAT and 
MADT (SBDT) offered higher top - 
frequency operation (important in vhf 
radio and high -speed computers) than 
that available with either the PC, NPN 
or PNP. However, voltage ratings were 
still low. 

The next device to raise the high - 
frequency limit was the drift transistor. 
In this alloy -junction unit (Fig. 2), the 
concentration of impurity in the wafer 
(base) is graduated, being highest in the 
region of the emitter. The internal drift 
field created by this distribution speeds 
up the transistor's internal currents. 
Faster action inside the device increases 
the maximum frequency at which it will 
operate efficiently. 

Hills and plains 
To achieve higher voltage -handling 

ability to go with improved high -fre- 
quency operation, designers evolved a 
somewhat hill- shaped device which then 
became immensely popular. The odd ap- 
pearance results from restricting the 
junction region to a small swelling atop a 
much larger semiconductor wafer. The 
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wafer also acts as collector. The post - 
alloy -diffused transistor (PADT) is one 
result of this odd conformation. 

The starting point of the PADT is 
the collector -a wafer of P -type semi- 
conductor large enough to handle the 
desired voltage. First, a thin N layer is 
diffused into the top of the wafer and 
becomes the base. Next, a small P region 
is diffused or alloyed into the thin base 
and becomes the emitter, and a small 
pellet of N material is alloyed into the 
base for contact. Finally, the unneeded 
part of the wafer is etched away, leav- 
ing the emitter and base in the swelling, 
and the collector occupying most of the 
remaining wafer. 

The SBT, MAT, MADT and 
PADT all used a thin base region in a 
comparatively thick wafer, thus avoid- 
ing the fragility of the extremely thin 
wafer a PNP or NPN would require for 
high frequencies. But still other higher - 
frequency units came forth. Fig. 3, for 
example, shows the cross -section of an- 
other transistor in which an extremely 
thin base layer is deposited in a thick, 
therefore mechanically rugged, sub- 
strate. The starting point is a wafer of 
P -type semiconductor of the thickness 
indicated by dashed lines. First, a very 
thin N layer is diffused into the top of 
the wafer to form the base. Next, a small 
P region is alloyed into the N -type base 
to make the emitter. Finally, most of 
the wafer structure is etched away, leav- 
ing the base and emitter in a little pla- 
teau. The Spanish word for hill or table 
-mesa -names this transistor. 

The mesa transistor may be im- 
proved (Fig. 4) by forming a thin, high - 
resistivity layer in the original P material 
before the N -type base is diffused in. 
This resistive layer divides the collector 
into two parts. Because its atoms inte- 
grate neatly into the crystalline struc- 
ture of the collector, the resistive layer 
is termed epitaxial. This layer permits 
higher- voltage operation of the epitaxial 
mesa transistor. What it does is allow 
heavy doping in the main part of the 
collector, for low saturation voltage, 
without reducing the voltage -handling 
ability of the entire collector. 

We drop from the hills to the plains 
when we move from the mesa transistor 
to one which is processed completely in 
a flat wafer, hence called planar. The 
starting point is a wafer of N -type sili- 
con, the bulk of which will become the 
collector. First, a coat of silicon oxide is 
formed on the top face. Next, a circular 
trough is etched out of the oxide; 
through this "hole," a large P -type base 
region is diffused and spreads into the 
wafer (Fig. 5). Then, a concentric disk - 
shaped area of the oxide is etched away, 
and an N -type emitter region diffused 
into the wafer through that bared space. 
Finally, ring- and disk -shaped contacts 

are deposited, as shown. The emitter - 
base and collector -base junctions would 
be exposed on the top face of the wafer 
and subject to contamination and short 
circuit if they were not protected by the 
oxide layer. The latter is said to passi- 
vate the planar transistor. 

The advantages of the epitaxial 
layer in the mesa transistor are available 
also for the planar. Fig. 6 shows this 
layer added to the planar structure pre- 
viously described. The result is the 
planar epitaxial passivated (PEP) tran- 
sistor. (Incidentally, we also have PEP 
diodes.) 

The field- effect family 
The devices just described -SBT, 

MAT, MADT, PADT, mesa, epitaxial 
mesa, planar, PEP -improved high -fre- 
quency operation of the transistor, and 
the latter ones in the group also raised 
operating voltages. None, however, ac- 
complished anything in the direction of 
increasing input impedance; low input 
impedance had been a limiting factor in 
many applications. The first device with 
high input impedance was the field -elect 
transistor (FET). 

Fig. 7 shows the basic FET. An N- 
type silicon bar (the channel) has con- 
tacts (source and drain) attached to 
opposite ends, and P regions (gate 
electrodes) diffused a shallow depth into 
opposite faces. The source acts like the 
cathode of a tube, the drain like the 
plate, and the gate like the control grid. 

A depletion region inside the chan- 
nel surrounds the gate electrodes, as 
shown in Fig. 7 -a. If negative bias volt- 
age applied to the gate is increased, the 
depletion regions expand toward each 
other, narrowing the channel and reduc- 
ing current flow from drain to source. 
At some high value of bias, the regions 
meet (Fig. 7 -b), closing the channel 
completely and cutting off the current. 
Thus, the gate acts like the negative - 
biased grid of a triode tube. The gate, as 
a reverse -biased PN junction, is respon- 
sible for the FET high input impedance. 

The channel may be N -type and the 
gates negative- biased P -type (as shown 
in Fig. 7). Conversely, the channel may 
be P -type material and the gates N -type, 
in which case positive bias is necessary. 
Separate acronyms are sometimes used 
to show which is which: NFET or 
PFET. The term unipolar field- ei9`ect 
transistor (UFET or UNIFET) also is 
sometimes used, to denote that the cur- 
rent carriers passing through the chan- 
nel are of one type -holes or electrons, 
depending on the type of channel mate- 
rial used. (Conversely, conventional 
transistors are called bipolar, to indicate 
that their operation depends upon emis- 
sion into the semiconductor of carriers 
of the opposite type. There is no such 

continued on page 83 
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Fig. 5- Planar transistor is so- called 
because it's shaped like a plain. 

Fig. 6- Planar epitaxial passivated 
transistor, a further improvement. 

Fig. 7-a -Basic field-effect transis- 
tor uses gate field as control. 
b -With high gate field, current 
flow from source to drain is small. 
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ANTENNA REPORT 
LAST FALL AN unusual antenna - 
the Americus SkyProbe -was intro- 
duced in Lewisburg, Ohio, by its devel- 
opers, UniScience Laboratories. As re- 
ported in R -E's July 1967 News Briefs, 
the SkyProbe was demonstrated by be- 
ing dropped 139 feet into a metal -cased 
water well and connected to a TV re- 
ceiver with 300 -ohm lead -in. A Dayton, 
Ohio, newspaper reported that the an- 
tenna produced good pictures on the 
TV from stations 20 to 50 miles distant. 

We wrote Dr. John Eagle, head of 
UniScience, who replied that his antenna 
is "not a diapole [sic] but can receive 
both color and uhf beneath the earth's 
surface." He further claimed that classic 
theories of TV and radar reception are 
"incorrect or incomplete," and that 
neither antenna size nor height is a 
"controlling factor" in reception. 

On May 7, 1967, The New York 
Times carried an advertisement by a 
New York City department store, offer- 
ing the SkyProbe antenna for $12.99. 
The ad stated: "SkyProbe revolutionary 
outdoor TV antenna gives clear, sharp 
reception from every direction. . . . 

It's a brand new concept that utilizes 
basic radar techniques to give you clear, 
sharp reception from any angle." Per- 
haps the most interesting line in the ad 
read: "This solid -state outdoor antenna 
is only 18" . . ." (emphasis supplied). 
We found these same claims in an ad in 
the Cincinnati Post & Times Star during 
October 1966, and in literature sent to us 
by UniScience. 

A RADIO -ELECTRONICS staffer pur- 
chased a SkyProbe from the store, pay- 
ing the advertised price. The name of 
the magazine was not mentioned. Sev- 
eral of us then compared the perform- 
ance of the SkyProbe with existing an- 
tennas at four locations. The experi- 
ments were performed using the signals 

Under the plastic sheath, a wire helix. 
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The SkyProbe (top) R -E purchased had 
two lead -ins (one for TV, one for FM). 
"Impelator" (see text) is next to pliers. 

received from New York City TV sta- 
tions on channels 2, 4, 5, 7, 9, 11 and 13. 

An R -E staffer took the SkyProbe 
to his home in Plainfield, N.J. -about 25 
miles from the TV transmitters atop the 
Empire State Building in Manhattan. At 
this location, an outdoor antenna is 

essential for good TV reception. The 
SkyProbe produced only marginal re- 
sults when compared with the existing 
outdoor antenna -a stacked dipole re- 
flector director combination which had 
been installed some years before. 

Our next test was in the Rockaway 
Beach section of Queens, at a site with 
a clear shot at the TV transmitter site 
14 air miles distant. Normally the port- 
able TV with built -in antenna used at 
that location picks up a good picture 
with a few ghosts now and then on all 
vhf channels. When the SkyProbe was 

TV lead (right) connected to the helix 
and to bunched -up wire within. FM lead 
and mesh capacitive coupler are at left. 

substituted for the built -in telescoping 
antenna, there was a barely noticeable 
improvement in picture quality on chan- 
nel 5, and a slight impairment of quality 
on channels 7 and 11. Otherwise recep- 
tion was the same. 

Next the SkyProbe was placed on 
the window sill facing toward the trans- 
mitter site -a practice suggested in the 
ad. There was no noticeable change in 
signal quality except on channels 5 and 
13, which got worse. 

Similar experiments were carried 
out on the 16th floor of an apartment 
building in Lower Manhattan. Although 
this site is only 1.6 miles (line -of- sight) 
from the TV transmitters, nearby build- 
ings cause severe ghosting when indoor 
antennas are used. The SkyProbe was 
compared with rabbit ears. There was 
no noticeable difference in performance 
between the two, whether the SkyProbe 
was placed atop the TV set or on the 
window sill -which faced away from 
the TV transmitter site. 

Finally, we brought a portable TV 
to the R -E editorial offices on 14th 
Street, just one air mile from the Empire 
State Building. Again, we tried the Sky - 
Probe and compared it with rabbit ears. 
Ghosts from the nearby buildings caused 
poor pictures on nearly all channels, and 
this condition was not noticeably im- 
proved by the SkyProbe- whether lo- 
cated inside the office or on the window 
sill facing toward the transmitter loca- 
tion. 

Antenna prices 
We found rabbit -ear TV antennas 

at discount houses, parts distributors 
and department stores, at prices ranging 
from $1.50 to $4.50. These were simple 
rabbit ears -with nothing to switch or 
change in the circuit. We used the same 
type of antenna in our experiments. 

Finally, we took the SkyProbe 
apart to find out what was inside it. The 
photos show what we found. Once we 
had removed the plastic outer sheath, 
we found a spiral of aluminum wire - 
about No. 8 -wound on a cardboard 
tube. Foam -type plastic filled all empty 
space within the sheath. Inside the card- 
board tube we found another black 
plastic tube, and inside this we found 
No. 12 aluminum wire, bunched to- 
gether. The spiral was connected to one 
side of the 300 -ohm lead, while the 
bunched wire was connected to the 
other. A second piece of 300 -ohm lead, 
marked "radio" (for FM) was found to 
terminate (one side of the line only) in 
a piece of wire mesh measuring 1 by 3 

inches. This mesh seemed capacitively 
coupled to the spiral. 

Along with the SkyProbe, our pur- 
chase included what was called an "im- 

continued on page 84 
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Be Brave! Take On 
Transistor Radios! 

If you're turning away people with little 
squawkboxes, you're losing your share of a 

booming business By HOMER L. DAVIDSON 

DON'T LOOK AT THAT SMALL POCKET 
transistor set and say, "We don't fix 
them." Why let Joe's Radio Repair down 
the street have the job? 

Time is the important factor in re- 
pairing transistor radios. If the repair 
runs over half the cost of the radio, most 
customers will not have them fixed. I 
don't blame them. Do you? 

Most of the trouble with that small 
transistor radio is the owner himself. He 
has left the batteries in too long, dropped 
the radio, or tried to fix it himself. Yes, 
wear and tear does enter into the pic- 
ture, but only about 20% of the time. 

Break transistor radio repair jobs 
down into sections and components and, 
with a little experience, you're in busi- 
ness and making money. 

Test equipment? It isn't elaborate 
or costly: a harmonic generator for au- 
dio, i.f. and rf signal injection; a volt - 
ohmmeter to check voltage and resist- 
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ance; and a low- voltage supply with a 
milliammeter, to supply voltage to the 
radio and measure current drain. Basic 
equipment with knowledge beats elab- 
orate equipment and no knowledge. 

Before we begin, let's look at the 
trouble listed on the repair ticket. When 
you take the set, write down everything 
the customer says is wrong with the ra- 
dio. Be complete. Some customers re- 
sent too many questions, but you are 
trying to save time to make money. 

On the repair ticket it states that 
the radio is dead, intermittent, was 
dropped by the owner, had a new bat- 
tery only last week, or will just pick up 
the local stations. You will rarely read 
that the owner tried to repair it himself. 
Yet, it happens. Remember, most of the 
trouble is what the owner has done. 

He has let the batteries run down, 
or put them in backwards. Or, since the 
earphone was plugged in, the speaker 
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doesn't work. He, or his son or daugh- 
ter, dropped the radio -which was sup- 
posed to have an unbreakable case. The 
owner tried to fix the radio himself after 
it was dropped and the printed circuit 
board was partly broken. He decided on 
soldering the joints (with acid -core sol- 
der) and what a mess! He thought he 
could improve the reception by turning 
those small screws, which happen to be 
i.f. adjustments. Of course, he didn't 
have a small screwdriver, so the i.f. can 
is torn and has to be replaced. 

Enough about the customer. Let's 
start finding the trouble in a dead tran- 
sistor radio. The radio has a new bat- 
tery in it -that was the first thing the 
customer thought of. A weak battery 
will cause low volume, no sound, squeal- 
ing, or motorboating. Check for correct 
battery polarity. You can check batter- 
ies with a battery checker or with a volt-, 
ohmmeter. The radio's switch should be 

INJECT AUDIO 

2N410 
455KH,2NDIFAMPL '455KHzIN60 DRIVER 

1101 
5.71 3.7V 

DET 
3.7V 

IN60 
OVERLOAD 
DIODE 

IK 3301 

.03 
-1 

N408 (3 ) 

OUTPUT PHONE JACK 

2.5K 
VOL 

10,,F 

15K 

24011 

I00µ F 

7211 

DRIVER 
TRANS 

22011 

INJECT 
AUDIO 

.IV 

SW ON 4.5V 
VOL (3X I.SV) 

Circuit of a fairly typical six -transistor radio. Note center -tapped speaker and lack of output transformer. Diagram also shows 
where to inject what kind of signal as an aid to troubleshooting. All the necessary signals can come from a single generator. 
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Service pocket sets 

on. If a 11 -volt battery drops to 1 volt, 
discard it. 

Generally, you'll hear hiss in the 
speaker if the audio and some of the i.f. 
section is working. Run the volume con- 
trol up and down. A scratchy or rushing 
sound indicates that at least part of the 
amplifying section is working. But this 
radio is dead. Clip the dc power supply 
in place of the batteries. Set the correct 
battery voltage and then switch the me- 
ter to current. If the current reads above, 
let's say 30 mA, you have a shorted 
transistor, or leaky filter capacitor. The 
average current drain of different sizes 
of radios is shown below: 

5- transistor radio 
6 
7 
8 

5 to 11 mA 
5 to 20 mA 

10 to 25 mA 
10 to 25 mA 

Testing by signal injection 
If you still have no sound and the 

current drain is fairly normal, inject an 
audio signal from the harmonic genera- 
tor to the center terminal of the volume 
control. You can also place a screw- 
driver there or touch it with your finger 
and listen for a click or hum in the 
speaker. Another simple method is to 

hold a soldering gun near the first au- 
dio transistor. The 60 -Hz field from the 
soldering gun will make a hum in the 
speaker. By starting at the volume con- 
trol, you have divided the transistor cir- 
cuit in two and can go either way to find 
the trouble. 

Proceed to the base of each audio 
transistor with the audio signal and 
through to the speaker until you can 
hear the tone. Many times the earphone 
jack gets jammed and opens the connec- 
tion to the speaker. An open speaker 
is unlikely, but it does happen occasion- 
ally when the voice coil is center -tapped. 
In this case there is low volume and dis- 
torted sound. A bad transistor or defec- 
tive bias will also cause distortion, so 
check voltages. Speaker trouble is gen- 
erally caused by rattling and dented 
cones. 

Let's assume you have audio at the 
speaker when the signal is injected at 
the volume control. Proceed by insert- 
ing an i.f. signal at the base of each i.f. 
transistor, working back toward the mix- 
er, until you hear the tone. A defective 
i.f. transformer will generally show up 
as a loss of gain, or no signal at all, or 
very broad tuning during alignment. 

If the i.f.'s seem okay, inject an rf 
signal at the base of the converter tran- 
sistor, then at the antenna. The small 
antennas give a lot of trouble. They are 
usually mounted on a separate fiber 
board and then soldered to the circuit 
board. The connections often break, 
making reception erratic. 

The alignment of most transistor 
radios can be touched up with the har- 
monic generator. Inject an i.f. signal in- 
to the base of the converter stage and 
adjust each i.f. transformer for loudest 
tone. Set the harmonic generator for 
as low a reading as possible, with the 
tuning capacitor plates full open. Tune 
in a station around 1,000 kHz and ad- 
just the oscillator section trimmer while 
you rock the variable capacitor shaft 
backward and forward through the 
1,000 kHz station. Inject an rf har- 
monic signal into the antenna, set the 
tuning capacitor to 1,600 kHz on the 
dial and peak the rf trimmer. Check 
stations around the high and low ends of 
the band. Readjust the oscillator and rf 
trimmers as needed to get correct dial 
readings and good sensitivity. (I know 
of a technician who uses his fluorescent 
bench light to align radios. He simply 

411- 

4 

Instruments for transistor -radio fixing: A broadband signal The customer admitted trying to improve reception by tight - 
generator, a volt -ohm -milliammeter and a battery eliminator. ening those little screws. But he didn't use the right tool! 
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at a profit with a few well -known troubleshooting techniques. 

holds the radio close to the light and 
uses it as a noise generator.) 

Intermittents 

When the repair ticket says the ra- 
dio is intermittent, you can safely bet 
that the board is broken or parts have 
come loose. One customer said, "I just 
press on the case and my radio quits." 
Dropping the radio is one of the great- 
est hazards and, generally, something 
gives. A broken board is quite easy to 
see. The best thing to do is to order a 
new board and replace all the compo- 
nents, but what customer is going to 
wait a month for the board when he 
wants the radio fixed today? Excuse me -I should have said right now! 

A PC board isn't too hard to fix. 
On direct lines, run a heavy piece of 
bare copper wire across the break and 
solder it in place. Do this in a couple of 
places to make the board rigid. I still 
use hookup wire to solder around the 
other breaks. The solder supports often 
break off where they fasten to the plas- 
tic case. Solder eyelets or larger washers 
in place to make a solid mount. 

Larger components, such as output 
and interstage transformers, the tuning 

capacitor and the volume control, can 
become loosened when the set is 
dropped. Pressing on the board shows 
the set is intermittent. This is especially 
true of the variable capacitor, where 
connections stick through the board and 
are soldered to the printed circuit. Hit 
these joints with a good hot iron, be- 
cause the contact may be had above the 
soldered connection, where you cannot 
see it. 

A customer brought in a small radio 
that used up a battery in 4 to 5 days. 
For 2 weeks it would play perfectly. 
Then the same thing would happen. 
Upon checking the radio, I found that 
when the radio was turned off, I could 
still hear a small sound from the speak- 
er on local stations. A small wire from 
the switch was being pressed against a 
sharp junction on the board, shorting 
across the on -off switch. When the con- 
tact was made, the radio was on all the 
time, but the volume was down. 

When you replace a transistor or 
i.f. transformer, heat the connection and 
pull the solder downward. This will leave 
only a small portion soldered, or none. 
Keep working the component back and 
forth when doing this. You can clean 

This receiver was dropped, and batteries fell against the tun- 
ing capacitor, amputating three plates. Cure -a new capacitor. 
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the holes with a toothpick or sharp pen- 
cil. (Pick up a couple extra toothpicks 
during your coffee break.) I always like 
to let the radio play when I solder any 
connections. That way I know that I've 
made a good joint. Also, if I get careless 
and solder runs onto the next lug, I 
know it at once. Have the milliammeter 
in series with the battery when you do 
any soldering with the radio on. A short 
will show as heavy current drain. 

Many technicians stay away from 
printed circuits of any kind. Become one 
who doesn't, for they are here to stay. 
Learn all you can about printed circuits 
and get experience in repairing them. 
You can make money at it. Trouble is 
my bread and butter. In the radio and 
TV business, every minute of the day 
you are taking care of your customer's 
electronic troubles. 

Why learn transistor radio servic- 
ing? One of our customers -Mr. Jones 
-has eight of them in his household. 
We repair them and make money doing 
it. Oh, yes . . . I almost forgot: Mr. 
Jones also has two automobiles with a 
radio in each, two TV sets, one small 
table radio, and I just sold him a big 
stereo set last Christmas. END 

Another case of a drop breaking the circuit board; opens 
were bridged with insulated wire to correct the trouble. 
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There's more than one road 
to success. 

1/4k 
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An integrated circuit enlarged several thousand limes 

RCA Institutes can help find the one best for you! 
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! 
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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 

rlk 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. 
FREE PLACEMENT SERVICE, TOO 
In recent years, 9 out of 10 Resident 
School students who used the Free 
Placement Service have been placed be- 
fore or shortly after graduation. This 
Service is available to Home Study 
students. 

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, INC. Dept. ZRE.97 

350 West 4th Street 
New York, N.Y. 10014 

The Most Trusted Name In Electronics 
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IT CAN'T BE ALL BAD 
By PHIL PRINDLE 

AS SOON AS I UNLOCKED THE DOOR OF MY SHOP I 

knew it was going to be one of those days. The 
phone was ringing already! 

"Good morning, Ernie's TV Repair," I greet- 
ed the caller as cheerfully as possible. Early morn- 
ing isn't my best time of day and I hadn't had my 
second cup of coffee. It was Mrs. Stumpp. She lives 
about five miles out of town, has six kids that are 
really terrors and never pays her previous bill until 
her set breaks down again. 

Glumly I assured her that I'd be out as soon 
as Charlie showed up to watch the shop. Charlie's 
my part -time helper, a crackerjack technician but 
decidedly not the punctual type. 

While waiting for Charlie to make his appear- 
ance I checked my answering service to see what 
other house calls were in store. 

Mrs. Whitaker was one. I'd told her six 
months ago the picture tube was going. No doubt 
by this time it was gone for good. Better take one 
along just in case. 

One call was from the school. They wanted 
me there before noon because six teachers were 
planning to have their classes watch Mr. Dan the 
Mathemagics Man at 1:30. I hoped I'd be magician 
enough to have the set fixed by then! 

And finally a call from a Miss Marner. 
Hmmmmm, might be interesting. Bachelor that I 
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am, I'm always willing to check out new material 
providing it's over twenty -one and under forty! I 
decided to leave that call for last -just in case it 
was a complicated job. 

Drat that Charlie -where the heck was he this 
morning? 

I had just decided to get some bench work 
done while I waited for Charlie to come in, when 
a customer walked in with a portable phonograph. 
"Can you fix this ?" she asked. "The turntable goes 
around but there's no sound!" 

"We'll try," I smiled, "We'll try." Then my 
smile faded. "Where did you get this ?" 

"Oh, I bought it down at the discount store a 
couple of years ago. They had a big sale." 

"Ummmm," I said as I searched for a brand 
name. Just as I thought. One of those import jobs 
where it's impossible to find a circuit diagram and if 
you're lucky enough to find the trouble it's almost 
certain you can't get a replacement part. 

"We'll look it over," I told the customer after 
explaining the possible difficulties. "We'll call you 
and let you know what we find." 

I'll leave that one for Charlie, I decided, if he 
ever gets here. 

I turned back to the workbench to recheck a 
color set that had been giving us trouble for a cou- 
ple of days. It had trouble in the color -sync stage. 
We'd checked the sync -phase detector and the ref- 
erence oscillator, and had tried to find the trouble 
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with a scope, but so far no luck. Just as I was really 
getting somewhere a client came in with a bunch 
of tubes to check -one of these do- it- yourselfers 
who would no doubt end up by bringing the set in 
anyway. Especially since all the tubes checked out 
okay. 

Fortunately, Charlie finally showed up. He'd 
had a flat on the way. I told him to keep working 
on the color set and to check out the phonograph. 

Storm clouds were gathering as I hopped into 
my truck. Looks like rain, I thought, reminding 
myself I had better get a new windshield wiper 
blade -no sense driving the truck into a ditch to 
go with the other troubles I'd had today. 

I bee -lined for the school, which seemed to be 
the most urgent call. Mrs. Stumpp and her six kids 
would just have to go without TV for another hour. 

At the school, a secretary led me to the set 
where I spent forty -five minutes checking it and 
finding nothing wrong. Then the principal ap- 
peared. 

"We had some vandalism here over the week- 
end," he said. "Now that I think of it, the antenna 
looks bent." 

Fifteen minutes later we had located the cus- 
todian, who provided a ladder. Sure enough, some 
mischievous student with a grudge against the 
school had not only bent the antenna but had dis- 
connected the lead -in. I had service restored in five 
minutes -in time, I hoped, for the kids to see Mr. 
Mathemagician. 

Grabbing a quick sandwich at the lunch coun- 
ter on the edge of town, I drove out to Mrs. 
Stumpp's house. Sure enough there sat four of her 
six children staring at the dark screen. Unfortu- 
nately, one of her school -age boys was home with a 
cold. He opened the door and greeted me with, 
"What took ya so long? I missed all the cartoons!" 

I ignored his comment and attacked the dilap- 
idated set. The back hung loosely by one screw. It 
was necessary to remove a toy airplane, a handful 
of marbles and several wads of stale bubblegum 
before I coud get at the tubes. All the while, the 
younger children were pummeling each other and 
shrieking loudly. School -age boy was fingering 
something that looked suspiciously like a bean 
shooter. As I leaned over the set, "Ping!" He had 
zeroed in right on the back of my neck. I was mut- 
tering under my breath as I completed my investi- 
gation. The two speaker wires dangled loosely. No 
doubt one of the kids had pulled them loose while 
reaching in for the toys he had hidden there. 

"That will do it, Mrs. Stumpp," I said when 
the wires had been secured. "Umm, about that 
last bill I sent. . . ." 

"Guess I do owe you sumthin'," she mut- 
tered, producing two grimy one -dollar bills from 
her apron pocket. "Just send me another bill for 
today's job will ya ?" 

It suddenly struck me that at this rate I 
wasn't going to make any money today. 

"But Mrs. Stumpp," I protested, "the last 
bill was for ten dollars and this house call will be 
seven- fifty." 
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"Two's all I got. And look how long it took 
ya to get here. I oughta get a reduced price!" 

"Yeah, I missed all my cartoons!" inter- 
rupted Junior. 

I had to bite my tongue to keep from telling 
her it was worth double time to drive out to her 
place and put up with her offspring. I forced a 
smile. "Well, thank you, Mrs. Stumpp. Just have 
your children keep their toys somewhere else and 
maybe the set will keep working for a while." 

Breathing a sigh of relief to be finished with 
that call, I dashed back to town to check on Mrs. 
Whitaker's set. The picture tube, as I had sus- 
pected, was quite, quite dead. 

I had to haul off her old TV for nothing. 

"I can have this fixed up good as new in no 
time," I told her happily. No problems here, I 
thought. 

"How much is it going to cost ?" she de- 
manded. I quoted the price of the tube and in- 
stallation charge. 

"Will that be one of those modern up -to -date 
picture tubes ?" 

"Yes." I was a little puzzled. 
"Then that'll fix it so I can get color on it!" 
I explained as patiently as possible that 

changing the picture tube would not make a black - 
and -white set receive color. Mrs. Whitaker seemed 
to be giving the matter great thought. 

"Well, in that case," she said finally, "if you'll 
haul off this old set for me, I'll just go downtown 
and get me a new color TV!" 

Oh, no, I grumbled inwardly, now she wants 
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When I came to, I saw a lovely face near mine. "Oh you poor man," she squealed. "You're bleeding!" 

me to play junk man. "Why don't you call the 
Goodwill or something ?" I protested feebly. 

"Why bother? You're right here. And I'll be 
sure to call you when I need someone to fix the 
color set." 

What doesn't a guy have to do these days to 
keep a satisfied customer ?! 

Reluctantly I lugged the set out to the truck. 
By this time, the sky was really dark and a few 
large drops of rain were splattering my windshield, 
so I stopped at a service station for a new wiper 
blade. I spotted a phone and called Charlie to see 
if any more calls had come in. There weren't any, 
but he reported no progress on the color set. In- 
stead, he'd discovered trouble in the scope and 
was busy trying to fix that! I told him to close up 
at six if I wasn't back, and headed for my last 
call. What a day this had been so far! 

I had some difficulty finding the address Miss 
Marner had given. I finally located it -a cute rose - 
covered cottage in back of a larger house. Noting 
there was no antenna on the smaller house I 
knocked on the door. 

"M -Miss Marner," I stammered as a vision of 
loveliness opened the door. 

"Yes, come in," she invited in a soft, husky 
voice. 

"I I'm the TV man," I quavered, for Miss 
Marner was truly a dream after the nightmarish 
day I'd had. 36 -24-36 if my eyes didn't deceive me. 

"Yes, I know," she smiled. "It says `Ernie's 
TV' on your shirt. Now," she said, pointing to a 
large box on the floor, "I'd like you to put up my 
antenna. I just moved here from an apartment and 
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I can't get any reception with rabbit ears." 
Suppressing a shudder at the thought of the 

nasty weather building up outside, I replied, "Yes, 
Miss" and proceeded to unwrap the antenna. 

"I'll make some coffee," she suggested. "You'll 
be cold when you come down." 

A real doll, I thought. No one else had of- 
fered me anything all day. 

Since there was no ladder in sight I climbed 
cautiously up the rose trellis. The rain was still 
just a sprinkle, but the rolling of thunder made me 
work as quickly as possible. I was just tightening 
the last guy wire when Crrrack! a flash of lightning 
hit the antenna. 

I regained consciousness with Miss Marner's 
lovely face just inches above mine. I was lying on 
the wet grass but she was thoughtfully holding an 
umbrella over us. 

"You poor, poor man," she cooed as she 
prodded me gently to see if I had any broken 
bones. I let her poke while I gingerly wriggled my 
arms and legs and decided I was okay. 

"Ooh, you're bleeding!" she squealed. I 
reached up to my forehead and felt a small gash. 

"It's nothing," I said bravely. "But it is cold 
out here." Miss Marner was shivering and so was I. 

"You just come right in and I'll get you some 
nice, hot coffee and a Band -Aid for your head." 

For service like this I was happy to install an- 
tennas in the rain and even to shed a few drops of 
blood! It's been a heck of a day, I thought as Miss 
Marner assisted me into her cozy cottage. It's a 

good thing I called Charlie. I had a feeling I 

wouldn't get back to the shop by six! END 
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Updating the Self -Holding Relay 
Semiconductors are used in the modern version of an old, old circuit 

By RONALD L. IVES 

A few years before World War I, a 
number of experimenters, mostly in the 
telephone industry, discovered how to 
make a relay hold itself on. Con- 
nected as in Fig. 1, if it were turned 
on by a short pulse, it would remain on 
indefinitely. Closing the pushbutton mo- 
mentarily energizes the relay coil. The 
armature then pulls down, connecting 
the main supply to the coil; ergo, the 
relay remains closed indefinitely. You 
can open the contacts only by opening 
the supply, by a switch, relay or any 
other means. 

The turn -on pulse can be obtained 
from a capacitor discharge or even from 
the flyback of an inductance. In a few 
sophisticated devices, shutoff is obtained 
by means of a second winding on the 
core. This winding is so polarized that, 
when energized, the magnetic field of the 
first coil is cancelled. 

The classic circuit of Fig. 1 works 
on either ac or dc; more sophisticated 
circuits work on dc only. 

Transistorized shutoff 
Shortly after World War II, tran- 

sistors became available, and the shutoff 
function of the self -holding relay could 
be greatly simplified. The basic circuit 
for transistorized shutoff is shown in 
Fig. 2, with constants for a specific ex- 
ample. Turn -off function here is per- 
formed by the transistor. Under normal 
conditions, its base is tied to system 
negative, and it is conducting. When an 
adequate positive bias is applied to the 
base, the transistor cuts off, opening the 
circuit through the relay coil. Note that, 
so long as there is a common negative, 
the turn -on, supply and turn -off voltages 
(all positive) need not come from the 
same source. 

Turn -on and turn -off voltages can 
be pulses supplied through capacitors. 
This is usually inconvenient, however, 
as the pulses must have an amplitude 

E I= 
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1 > TO 

; 
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RY 

Fig. l -The classical self- holding relay. 
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about equal to the relay voltage. Fur- 
thermore, pulse duration must be at 
least as long as the response time of the 
relay (about 1/25 second in most in- 
stances) . 

Operating limits are quite flexible 
with the circuit of Fig. 2. Relay voltage 
can be anything from 5 to 25, and relay 
current anything up to 1.5 amps. Ranges 
can be extended by the use of higher - 
voltage or higher- current transistors. 

Although the 2N307 audio transis- 
tor is quite rugged, resisting thermal and 
other abuse, you won't get dependable 
operation for long unless the transistor 
is equipped with an adequate heat sink. 
With negative -ground systems, this re- 
quirement can be met by bolting the 
transistor to a metal chassis. When the 
transistor is not at chassis potential, a 
heat sink consisting of a sheet of copper, 
3 x 3 x 7/s inch, is usually adequate. Al- 
low plenty of room around it for con- 
vectional cooling. 
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,TD 

t--oáCK1TTROLLED 
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L 1/ 

-t- -I,SEE TEXT 

2N30T 
ON HEAT SINK 

Fig. 2- Transistor substitutes for a 
normally closed switch. A positive 
pulse applied to the base opens it. 

SCR turn -on 
Within the last year or so, the sili- 

con controlled rectifier, which is practi- 
cally a solid -state thyratron, has become 
available at reasonable prices. The SCR 
is a rectifier that doesn't conduct until 
triggered; once triggered, it conducts 
until it's shut off. The circuit of a relay 
arranged for SCR turn -on and transistor 
shutoff is shown in Fig. 3. It operates as 
follows: When the power supply is 
turned on, the SCR, which has not been 
triggered, does not conduct, and the re- 
lay is not actuated. The transistor, whose 
base is tied to system minus, is capable 
of conducting whenever energized. 

RN-ON 

PIL5E 

25mSEC 

TURN -OFFJ 1 

TO CONTROLLED CKT 

15V 

F-6, IN2071 
OR EQUIV 

50pSECM, 

flL5vN 
O.I 

RY 

12V 

CURRENT 
UP TO 

1.5A 

SCR0I -C 
(IR)oN 
HEAT SINK 

2N307 
OR EQUIV 
ON HEAT 
SINK 

100A 

15 V 

Fig. 3- Newest version uses SCR, turn -on. 

When the SCR is triggered, by a 
pulse of approximately +5 volts last- 
ing about 50 µsec, the entire circuit con- 
ducts and the relay operates. As the 
SCR, once triggered, remains conduct- 
ing until it is turned off by a supply in- 
terruption, the relay is held on. 

The controlled circuit is turned off 
by putting a positive bias on the base of 
the transistor. This cuts off the transis- 
tor, interrupting the supply, so that the 
SCR stops conducting and the relay re- 
leases. The shutoff pulse must have suffi- 
cient amplitude to cut off the transistor 
completely. In the circuit of Fig. 3, 15 
volts is required. If a lesser value is used, 
the relay will release momentarily (the 
SCR is still conducting), and then be 
actuated again at the end of the pulse. 

Turn -on and turn -off potential can 
be obtained from the main supply, or 
from any other convenient source, so 
long as all sources have a common nega- 
tive. 

Performance and service life 
The circuits outlined here are ex- 

cellent performers, needing a minimum 
of maintenance. As far as can be deter- 
mined, the service life of the circuit de- 
pends chiefly on the life of the relay, 
provided the solid -state devices are not 
overvolted and have adequate heat sinks. 

The oldest direct -relay device I 
know of (Fig. 1) recently quit after 23 
years of service. (The relay wore out.) 
One of the first relay- transistor circuits 
I built (Fig. 2) is still working per- 
fectly after 51/2 years of commercial 
service. It's reasonable to assume that a 
silicon controlled rectifier, if operated 
within its ratings and not mistreated, 
should last indefinitely. END 
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Servicing Ultrasonic Cleaners 
A useful sideline for electronics technicians By R. C. ROETGER 

THE ELECTRONIC SERVICE TECHNICIAN 

who wishes to expand his activities will 
find servicing ultrasonic cleaners a profit- 
able field which does not require vast 
learning of new techniques. Because 
many plants do not have sufficient elec- 
tronic equipment to warrant a full -time 
electronics expert, they are frequently 
faced with the necessity of calling on a 

"factory man." This involves, not only 
the high charge for such service, but 
also often costly production delays. 
These factors make a strong case for hav- 
ing a technician available locally. 

If a service technician understands 
audio -oscillator principles and is well 
versed in audio -amplifier maintenance, 
he has 90% of the required know -how 
already. True, the frequencies involved 
in ultrasonics are above the audible 
range but basic audio principles still ap- 
ply. It only remains for the technician to 
become acquainted with the general 
configuration of commercial cleaners so 
that he will have some idea of where to 
look for what. Such information is im- 
portant mostly when no service manual 
is available. The troubleshooting hints at 
the end of this article are based on prac- 
tical experience and should help you if 
you are a newcomer, until you develop 
your own methods. 

The first time a technician opens a 

62 

cleaner he may be somewhat discon- 
certed by the conglomeration of pipes, 
valves, heaters and so forth. There is no 
need to worry, however, for these are 
plumbing components, and have noth- 
ing to do with generating ultrasonic 
power. 

All ultrasonic cleaners include a 
minimum of three sections: 

1. The generator produces the ul- 
trasonic energy -at a frequency of 20 to 
50 kHz. 

2. The transducer converts the 
electrical energy to mechanical move- 
ment and agitates the cleaning liquid. 
The transducer is mounted on or made 
integral with the bottom of the ultra- 
sonic cleaning tank. 

3. The control equipment starts 
and stops the cleaner. In more elaborate 
equipment, it also controls liquid tem- 
perature, cleaning time and filtering. 

Other items may include electric 
heaters and thermostats to maintain the 
cleaning liquid at a desired temperature, 
timers which automatically determine 
the length of the cleaning period, spray 
rinses that wash off dirt loosened by ul- 
trasonic action, and a system for filter- 
ing the cleaning liquid. 

Most of the work to be done by the 

electronic technician will be on the gen- 
erator and transducer. On the other 
hand, there are some accessory items 
which he may handle profitably, de- 
pending upon his ability and facilities. 

Ultrasonic generators 
Ultrasonic generators are either 

high -power oscillators with the output 
taken off directly or low -power ones 
coupled to an amplifier which drives the 
transducer. 

With a knowledge of tube types, 
the technician looking into his first 
cleaner can spot the oscillator and am- 
plifier. But he may have trouble finding 
a dc plate supply. Why? There is none. 
This type of generator can use ac on 
the tube plates. Ultrasonic power is gen- 
erated only during the half -cycle when 
the plates are positive. The stage may 
be either single -ended or push -pull, 
equivalent in efficiency to a half- or full - 
wave rectifier. 

The major differences among man- 
ufacturers are the methods of producing 
ultrasonic oscillations. The most corn - 
mon systems use either a tapped oscil- 

lator coil or a feedback transformer. 
Sometimes there is a power amplifier 
driven by a tertiary winding on the os- 
cillator transformer. Fig. 1 shows some 
typical commercial units with tubes. At 
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least one manufacturer produces a solid - 
state generator, with 32 transistors in 
push -pull parallel and a full -wave sili- 
con rectifier. 

Transducers 
Transducers used in commercial 

cleaners are of the magnetostrictive or 
piezoelectric type. If the cleaning tank is 
small, say a quart or so, the transducer 
will be of the single- element type. Larger 
tanks holding many gallons are driven 
by a number of transducer elements in 
parallel or series -parallel. The specific 
makeup of elements vary with the par- 
ticular manufacturer. In magnetostric- 
tive types. an element usually consists of 
a core and a winding. Crystal transducer 
elements are generally blocks about 
3 x 3 x 5 inches or slightly larger. Mag- 
netostriction transducers are polarized 
by either permanent magnets or dc from 
a small solid -state rectifier. 

Controls 
A pair of toggle switches is usually 

all that is required to control small, sim- 
ple cleaners. One of them controls fila- 
ment power; the other, through a relay, 
controls plate power. Large elaborate 
units will require controls for various ac- 
cessories. Fig. 2 illustrates a typical con- 
trol circuit for a high -power cleaner. It 
is shown not so much to indicate a par- 
ticular setup as to acquaint the techni- 
cian with a typical sequence diagram. 
Points to remember about these dia- 
grams are: 

Relay contacts are seldom shown near 
the actuating coil. 
Transformer secondaries are not al- 
ways shown near the primary. 
Electronic components are not identi- 
fied on the equipment but can be lo- 
cated by the wire or terminal -strip 
number. 
Control equipment is usually operated 
on 117 volts ac, even though the main 
equipment uses a higher voltage. 

Troubleshooting 
Once trouble is encountered and 

the technician has made the usual volt- 
age and resistance checks, replaced 
tubes with available spares, or impro- 
vised bench -test setups to check high - 
power output tubes, it then becomes 
necessary to have some specific trouble- 
shooting hints to ease the job. 

Other than complete failure, or fail- 
ure of auxiliary equipment, the most 
common complaint is the loss of cleaning 
efficiency. Although this can be caused 
by cleaning- liquid faults (dirty, too 
cold, etc.), a plant or operator problem, 
other causes may be defective transduc- 
ers or low generator output. 

When it is suspected that the trans- 
ducer or generator is the source of trou- 
ble, here's what to do: 
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Fig. 1-Schematics of ultrasonic 
oscillators represent range of 
systems from low -power self - 
rectifying oscillator (a) through 
medium -power three -stage unit 
(b), push -pull oscillator -amplifier 
(c), and elaborate high -power 
system (d) which employs push - 
pull buffer, driver and output stages. 
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Nickel, iron, chromium, cobalt and other ferromagnetic materials change dimensions when in a 
magnetic field. This effect -called magnetostriction -varies with material and strength of the field. 

In ultrasonic transducers, the most- often -used magnetostrictive effect is the change in length along the 
axis of the external field. In an oscillating field, the material expands and contracts at the frequency 
of oscillation. A magnetostrictive transducer is generally made of tin tubes, rods or laminations formed 
into a core as the driving coil. 

Piezoelectric transducers are quartz or ceramic crystals which vibrate at the exciting frequency. 
The amplitude of the vibrations is greatest at the resonant frequency of the crystal. 
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Servicing Ultrasonic Cleaners 
1. Rotate the oscillator tuning con- 

trol to determine if it is set for maximum 
agitation in the tank. If the cleaner has 
a tuning meter, compare the reading 
with the manufacturer's specifications. 
A normal meter reading with poor agi- 
tation suggests transducer trouble; a low 
or very high reading is indicative of gen- 
erator trouble. 

2. Isolate the transducer elements 
and check. In many transducers a dam- 
aged element will not knock out the en- 
tire unit. In wound types, look for opens, 
shorts or a short to the core (grounding). 
Compare winding resistance of all ele- 
ments to detect shorted turns. If avail- 
able, a bridge should be used for this 
measurement. A check for opens, shorts, 
or grounds should also be made in crys- 
tal transducers. An open will be indi- 
cated by the absence of a capacitive kick 
with the vom on the R X 1O0K range. 

3. Check for loss of polarizing volt- 
age (when used) on magnetostriction 
transducers. Rotating the polarizing con- 
trol (if any) should cause a change in 
the output plate current. 

4. Using the ac scale of the vom 

and a .05 -µF 600 -volt capacitor in series 
with the probe, measure the signal on 
the grid(s) of the output stage and com- 
pare it with the manufacturer's data or 
handbook values. If it is too low, work 
back toward the oscillator until the loss 
of gain is located. 

5. In push -pull -parallel solid -state 
generators look for defective transistors. 
These can often be detected by their 
burned emitter resistors. 

6. Make certain the cleaning liquid 
is at the correct temperature; a faulty 
thermostat might be cutting off the heat. 

Complete equipment failure usually 
makes it easier for the technician. The 
following "cookbook" approach has been 
found to be practical in such cases: 

1. Check all fuses. 

2. Check door and cover safety in- 
terlocks. 

3. Check the time -delay relay if 
filaments are on but plate voltage is not. 

4. Check coax cable between gen- 
erator and transducer for a short or open. 

30 
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^o 
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DISCONNECT 

IIOVAC AN\ 

LATE TRANS PRI, AMP 

CONTACTS OPERATED 
BY COIL M 

STEP DOWN TRANS 

TDI DOOR 

BLOWER AIR FLOW 

TO HEATER a PUMP CONTROLS, IF ANY r 

14- 
NORM OPEN 

[-I1 
ORM 

CLOSED 

REFERENCE 

WHITE PILOT, EQUIP ON 

LOW VOLT PLATE a HTR TRANS PRI 

AMPL FIL TRANS 

BLOWER 

TIME DELAY RELAY MOTOR (OR HEATER) 

PUSHBUTTONS 

RED PILOT, PLATE ON 

GREEN PILOT, READY 

OPERATION - AFTER TD TIMES OUT TDI CLOSES. 
M MAY BE ENERGIZED THRU START SW 
IF BLOWER IS DELIVERING AIR a DOOR 
TO HV COMPARTMENT IS CLOSED. 
M LOCKS IN THRU M2 UNTIL STOP SW 

IS PRESSED. 

Fig. 2-Sequence diagram shows order in which power is applied to ultrasonic cleaner 
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5. Check the transducer when loss 
of efficiency is the symptom. 

6. See that the oscillator is not de- 
tuned. Tinkering with the oscillator or a 
defective component could cause the 
frequency to be outside the response 
range of the transducer, or may even 
cause complete failure to oscillate. 

7. If a thermostat is used to hold 
the generator off until the cleaning liquid 
reaches a certain temperature, check it. 

8. Check any air -flow interlock 
switches used in connection with the os- 
cillator. If a multichassis, self -rectifying 
unit has been dismantled for any reason, 
make sure the polarity phase of the in- 
terconnecting ac lines has not been re- 
versed. 

Normally the electronics man will 
not be asked to work on the accessory 
equipment. Nevertheless, some knowl- 
edge of the related problems may prove 
useful. Some common troubles: 

Liquid not heating or heating insuffi- 
ciently: 

Cause -Defective thermostat or 
defective heating elements. 

Remedy- Isolate heating elements 
and check for opens. Defective elements 
must be replaced. Some thermostats 
may be repaired if the trouble is con- 
fined to the contacts. 

No circulation: 
Cause- Clogged filter, stuck valve, 

or faulty pump. 
Remedy -If pump motor is not 

running, check for applied voltage and a 
tripped protective device. (If pump mo- 
tor is running, a plumbing problem is 
suggested.) A faulty motor may be re- 
pairable economically. 

Inoperative solenoid valve: 
Cause -Mechanical binding or 

open coil. 
Remedy- Replace coil. 

Power -tube cooling fan inoperative: 
Cause -Defective motor winding 

or bad bearing. 
Remedy- Replace fan. 

Precautions 
The high voltages employed in the 

output stage of modern generators are 
dangerous. Be especially careful when 
measuring or working around them. 

Respect the ultrasonic- frequency 
output voltage even on transistorized 
generators operating with less than 50 
volts bias. 

Avoid physical contact with the 
cleaning liquid unless you are sure it will 
not harm the skin. 

Avoid breathing vapors from the 
liquid. If possible, work with plain water 
in the tank. END 
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THE OHM SPLITTER 
Use almost any vom to measure fractions of an ohm accurately with 

this adapter 

IN THESE DAYS OF TRANSISTOR IGNITION 
systems and powerful amplifiers 
working at low voltage, it is sometimes 
necessary to get the lowdown on a re- 
sistor whose value is less than 1 ohm. 

4 This inexpensive ohm -splitting gadget 
will let you spread 1 ohm clear across 
the face of your multimeter. 

Unlike the R X 1 range of the usual 
ohmmeter, the gadget's accuracy is in- 
dependent of battery condition. More- 
over, you read fractions of an ohm di- 
rectly on the dc scale -just as you do . 
volts and amperes. 

The Ohm Splitter can be used with 
any vom or multimeter that has a 50 -, 
60- or 100 -µA current range. It can 
have its own meter if frequent use justi- 
fies the expense. The percent accuracy 
of the meter has no bearing on the ac- 
curacy of resistance measurement, but 

SEPTEMBER 1967 

By J. T. McCORMICK 

linerarity does. The meter should have 
good linearity. 

The gadget uses the principle that 
any part of a series -connected dc circuit 
carries exactly the same current as any 
other part. Fig. 1 shows the idea. R, 
is a 1 -ohm resistor used as a standard. 

BATT 

+ 

RI 

ago 

Fig. 1 -Principle of Ohm Splitter is to 
adjust current through standard and un- 
known for known voltage drop across 
standard, then transfer meter to unknown. 

R.'s value is unknown, but presumably 
less than R.. The meter's resistance is 
much more than 100 times R., conse- 
quently the error caused by meter load- 
ing is less than 1 %. Current in the cir- 
cuit is adjusted with Rl until the meter 
stands at full scale (or at the "50" mark 
if the scale has 60 divisions). We call 
this full -scale reading (actually the volt- 
age drop across R.) 1 ohm. The meter 
is now disconnected from R. and con- 
nected across R,. The drop across R. 
is in direct proportion to its resistance 
and, since the current values in R. and 
in R. are the same, the meter reading 
directly indicates the value of R. in 
parts of an ohm. If the meter has 50 
(or 60) scale divisions, each division in- 
dicates .02 ohm. 

(Somehow the situation seems fun- 
ny: we use a microanlmeter to measure 
a fraction of a volt and call it a fraction 
of an ohm. Isn't electronics grand ?) 

To give the necessary range of ad- 
justment without burning, the rheostat 
of Fig. 1 is replaced by a cheap transis- 
tor in the actual gadget. The full circuit 
is shown in Fig. 2. RI controls the tran- 
sistor's bias. R2 limits base current to 
avoid the possibility of burning R1. R3 
and R4 are resistance standards. R4 
adds a second range (5 ohms) to make 
the gadget more useful. S2 is the range 
switch. S3, as you can see, painlessly 
switches the meter from standard to un- 
known by the push of a button. D limits 
meter voltage to less than 1 volt in case 
the button is pushed with no R. con- 
nected. 

That's really the whole story. The 
Ohm Splitter can be built to suit your 
taste, but some remarks about the com- 
ponents may be helpful. 

Q can be almost any "bargain" 
germanium power transistor, even a 
rather leaky one. It dissipates only a 
fraction of a watt and needs no heat 
sink. D, too, can be of the "bargain" 
variety, but don't use a miniature diode. 
Current can he quite heavy, depending 
on the setting of 121. 

Ordinary lamp cord can be used for 
test leads. Attach these leads perma- 
nently: the uncertain resistance of plugs 
and jacks cannot be tolerated. Any 
means of connecting the meter is ac- 
ceptable. Five -way binding posts will 
take any meter. 

I know of at least one multimeter 
which has a resistance of 6,000 ohms 
on its 60 -µA range. This means a 300 - 
mA load on the Ohm Splitter's battery 
when using the 1 -ohm range. Use C- 
size cells or alkaline cells if you are like- 
ly to use such a meter. 

Wirewound resistors are specified 
because they are readily obtainable. In- 
cidentally, I used a 10% wirewound for 
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Q 

S3 

S2 

R2 

FM 

RI- 
SI 

R3 

Solder connections must be good, especially in series circuit including SI, Q, the battery, R3 and R4, and the clips. 

5 
S2 
OHMS 

READ 

BLACK 

JI 

TO METER 

J2 J 
RED TO Rx 

Fig. 2- Circuit of the entire Ohm Split - 
ter. Transistor and diode can be almost 
any kind. See the parts list for data. 

PARTS LIST 
BATT -3 -volt battery (2 C- cells) D- 500 -mA silicon diode, any voltage 
J1 -black 5 -way binding post 
J2 -red 5 -way binding post 
Q- germanium power transistor (1 -watt dis- 

sipation or higher) 
RI-pot, 1,000 ohms, with spst switch 
R2 -150 ohms, 1/2 W, 10% 
R3 -1 ohm, low- wattage wirewound, 5% 
R4-4 ohms, low -wattage wirewound, 5% 
S1 -spst switch on R1 
S2 -spdt slide switch 
S3 -dpdt pushbutton switch 
Case (author used 2'% x 21/a x 4 -inch alumi- 

num box), 2 crocodile clips, 2 -cell bat- 
tery holder, knob, etc. 
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Fig. 3 -DON'T try this circuit arrange- 
ment: It puts the unpredictable contact 
resistance of the switch into the circuit. 

Since the indicating meter acts as a 

millivoitmeter, a higher range but 
lower resistance will often work better. 
For example: a 1 -mA, 100 -mV move- 
ment (meter resistance 100 ohms) 
reads full scale at 100 mA with the 
unknown terminals shorted, and, of 
course, less than that for any read- 
able value of unknown. What is re- 
quired for this instrument is a low - 
resistance meter, rather than a small - 
current type. 

R4, and had to pad it with a foot of 
No. 32 wire rolled up in a piece of tape 
to bring it more nearly into line. If you 
want to use 1% resistors, 1/s -watt rat- 
ing will do. Burstein -Applebee lists them 
in the 1 -ohm value -but not the 4 -ohm. 
Solder four 1- ohmers in series for R4; 
don't be tempted to use the idea of Fig. 
3. The resistance of the switch would 
be included in your standard -and you 
would have no standard. The resistance 
of a switch cannot be assumed to be 
zero, nor expected to remain at a par- 
ticular value. 

The resistance of the test leads is 
the first thing to measure with the Ohm 
Splitter. Clip the ends together, cali- 
brate, and push the button. This resist- 
ance must be subtracted from all fu- 
ture measurements. I shortened my 
leads to .02 ohm, so that it is necessary 
to subtract only one scale division. When 
using the 5 -ohm range (where each 
scale division equals 0.1 ohm), lead re- 
sistance can usually be ignored. END 
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loin the PHOTOFACT -OF- THE -MONTH Club 
and receive each and every month 

THE WORLD'S FINEST TV RADIO SERVICE DATA 

Complete up -to -the- minute coverage Save over $60 per year! 

Howard W. Sams now offers 
this great new monthly package 
exclusively for P.O.M. members! 
You get your 6 new PHOTOFACT Sets every 
month in sturdy new file folders sealed in 
factory carton to insure perfect condition 
and completeness- easier -than -ever to file 
and use. Now -only $10 per month and 
you get 20'; MORE COVERAGE! 

NOW! more current model 
coverage each month to keep 

you ahead earning more - 
AND YOU SAVE OVER 

$60 PER YEAR! 
As a PHOTOFACT-OF-THE - 
MONTH CLUB member, you get 
6 new PHOTOFACT Sets every 
month -the world's finest 
TV -radio service data -with 
all the time -saving, profit - 
boosting help you want! 

SpyqFfi DER Sf1 N8. 

r 
A SAMS PHOTOFACT FOLDER SET NO 826 
isamescson 

..,.._ 
l.p;OTOFACT E010ER SET N0. $25 ... 

NOW! ONLY 

10 PER MONTH 

rìngs you 

20% MORE 

PHOJOFACT 

COMM! 

complete current coverage of 
at least 50 chassis each and 
every month for less than 

2Oper chassis model! 

To stay ahead, to save money (indi- 
vidually purchased sets now sell for 
$2.50 each) -join the PHOTOFACT - 
OF- THE -MONTH CLUB now! 

TRY A THREE -MONTH P.O.M. SUBSCRIPTION 

(- HOWARD W. SAMS & CO., INC. Dept. REF -9 
4300 W. 62 -id St., Indianapolis, Ind. 46268 

Enroll me for a 3 -month membership in the Photofact-of-the - 
Month Club. I agree to pay $10 per month, and understand I 

will receive 6 current Photofact Sets monthly for 3 months to 
be delivered by my Sams Distributor (named below). 

see how PHOTOFACT boosts your earning power! Name 

Shop Name 

Address 

City State Zip 

My Sams Distributor is 

LSigned: 
j 

Circle 26 on reader's service card 

SUBCRIBE TODAY THROUGH 
YOUR SAMS DISTRIBUTOR OR 

USE THIS HANDY ORDER FORM 

1 
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CA 122B-- Deluxe Color Cir- 

cuit Analyzer for black & 

white and color. $181..50 

W 

CIRCL IT AVIZERS PICTURE TUBE TES FERS & REJ. COLOR GENERATORS 

Notre! 

Aso 

CC 10 o ,y' Stand- 

Color Bar Generator - bat- 
tery operated. 

--"Nlatow,_ 
PS 121 -Wide Band 5" Os- 

cilloscope wits direct read- $199.50 
ingPtoPvots. 

CR 143 -CRT Champion De- 

luxe CRT checker and rejuv- $99.59 
enator. A must for accurate 
color CRT testing. 

CG 12 -- Lo Boy Standard 

Color Bar Generator - AC $109,95 
operated and 4.5 mc tuning 
crystal. 

CR 13 -CRT Cadet: CRT 

checker and rejuvenator. 
Easy to set -up; fast to use. $79.95 

SM 112B - Combiration 
VTVM -VOM with automatic $89.95 
scale indication 

SS 1311- ïirrep Crcit Ana- 

lyzer for notk black Z. white $94.50 
and color TY 

NEW 
for 1967 
the 
most complete 
line of quality 
time -saving test 
instruments by 

CG 141 -Color King Stand- 
ard Color Bar Generator $149.95 
with exclusive TEMP CON- 

TROL for absolute stability. 

FS 134 -meld Strength Met - 

er coves all V -IF and UHF 

chariel: plus FM. $199.50 

NO. 7 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

Here's the big SENCORE 
line -up for '67. All new, all 
improved. Each instrument 
is the finest in the field, de- 
signed, engineered and built 
to save time, make you mon- 
ey. Every instrument is 

triple tested for guaranteed 
accuracy. Compact, port- 
able, rugged. All steel en- 
cased. Priced right - check 
and compare. SENCORE .. . 

your best buy, always. 

Circle 29 on reader's service card 
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TIANSISTOF TESTING MULTIPLEX TUBE TESTE 

TA 139-ln-Circuit, Out of 

Circuit Transistor Tesler S89.50 
that .i . tim 

MX 129 -Deluxe Multiplex 
Generator for fast repair of 
FM Stereo receivers. $169.5' 

MU 140 Continental Mutual Conductance 
Tube Tester -also speedy Mighty Mite 

tester with first three con- 

trols. $179.50 

(r. `s 'a J 
TR 11 5.-Or: t of 
Circuit Trznsistor Teste 

Easy to use. 

IMO 4, mks 
MX 11- Channelizer FM 

Stereo Multiplex Generator 
simplifies $99.50 

T C 131- Semi - Automatic Tube Tester 

for you or your customer. 

Easy to operate - sensitive. $99.50 

SUBSTITUTION 

$24.95 

óöóöitátáö; 
BE 124 -Eatery Elim nator 
for fast rep3'r of trarsistr 
radios. ¡14.95 

RC 144- -Handy 3 
Resistor - Capacitor 

substitution unit - 
lower than 
the cost of $ 14.95 

the parts. 

RC 145 -- -Handy 53 

Resistor, Capacitor 
and Electrolytic 
substitution with 
full protection. 

$34.95 

RC 146-- Handy 

15. Resistors, 

capacitors, I 
Electro. 
lytics, 

ower Resistors, 

and Universal Silicon and Selenium 

Rectifiers at your fingertips. 

1C 142- -New Mighty Mite V 

speedy and sensitive in home 

or shop tube tester. $14.50 

FC 147- Filament 

Checker. A must 

for series string - . 

filament testing. $4.95 

RiP - ì BE 113 --Dual IV Bias ` 
Supply. Two 0 to 20 volts 

DC supplies for alignment 
or AGC trouole shooting. )12.15 

û 0úú Ouuu.IuuÔ 666 6666666ÓÓ666n0666 NGRE 
$ SENCORE, INC. 426 S. Westgate Dr., Addison, III. 60101 

1111111_ 

SEND 
FOR NEW 1967 
SENCORE 
CATALOG 

Please rush me your FREE 1967 catalog, showing all your 
new instruments. 

NAME 
(Please print) 

ADDRESS 

CITY STATE ZIP 

1111111111111111 111111 111111 111111111111111 
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A CLASS -D HI -FI AMPLIFIER 
A practical circuit using pulse -width modulation 

By I. QUEEN 

SWITCHING AMPLIFIERS HAVE BEEN DE- 
scribed several times in recent publica- 
tions. A build -it- yourself amplifier of this 
kind was covered in a series of articles 
by Norman Crowhurst which . began in 
RADIO -ELECTRONICS for July 1965. The 
response of the amplifier was quite lim- 
ited and I wondered what could be done 
to broaden it for hi -fi use. I found my 
answer during a trip to England. I came 
across the Sinclair X -20 switching -type 
hi -fi amplifier. This mode of operation is 
also called class D and pulse -width 
modulation. This is a description of that 
unit. 

The X -20 uses 12 transistors, is 
mounted on a printed -board measuring 
81/4 x 31/4 x 1 inches, and weighs less 
than 41/2 oz. It has less than 0.1% total 
harmonic distortion at 10 watts. Though 
it is capable of 40 watts peak music 
power, Sinclair specifies it at 20 watts 
of average music power. 

The X -20 was available without 
power supply or volume and tone con- 

TO PREAMP 

INPUT 

&43-12 
12V 
qtr 

DISC 

100 
6V 

4.7 K 

trois. We mounted the X -20 in an alumi- 
num chassis (10 x 5 x 3 inches) and 
added the tone and volume controls and 
power supply. Fig. 1 shows the simple 

100V/ 2A 
-4--o 

Ion 2211 

IW+ 
II7 VAC 24v 

I.2A 
26V 

L500 /50V ° 
Fig. I- Poorer supply for the amplifier. 

MAX 

10K 

(LOG) 

MIN 

7 

6 13 

VOLUME CONT TREBLE (CUT) 

.02 

15 + 4 

MIN 
BOOST 

100K ,01 

MAX 
BOOST 

22K 

3 

BASS (BOOST) 

Fig. 2- Amplifier controls. Either or 
both tone controls can be user!. 

supply we used, and Fig. 2 the controls. 
The schematic of the X -20 is shown 

in Fig. 3. The operation is as follows: 
Q1 is a preamplifier stage which can 

handle as little as 1 mV (into 5,000 
ohms). The preamp stage is followed by 
high -gain stages Q2 and Q3, after the 
external volume control. Q4 and Q5 
form a free -running multivibrator at 
about 75 kHz. The output of Q5 is a 
square wave. It is fed into Q6, a feed- 
back integrator -note the capacitor be- 
tween collector and base. After integra- 
tion, the waveform becomes triangular, 
and is fed into Q8 and Q9. Q7 (a tran- 
sistor with collector left open so it acts 
as a diode) conducts only when the ap- 
plied signal exceeds the negative bias at 
its emitter -that is, its anode in this 
hookup. 

C7 and Q8 differentiate the square 
waves, converting them to pulses. Neg- 
ative peaks drive Q8 to conduction, 
blocking Q9. Positive peaks will block 
Q8, thus permitting Q9 to conduct. Due 
to the large amplification of Q8 and Q9, 
the transistors are overloaded by these 
pulses, and their tops are flattened. The 
output becomes a symmetrical square 
wave, assuming there is no audio signal 
being fed into the amplifier. 

When audio is applied, signals from 
Q3 are fed through R8 and C12. Q7, 
acting as a diode, mixes them with the 
pulses from Q6. When the speech signal 
is positive -going, it adds to the positive 
pulse, increasing and widening it. At the 
same time, the positive -going speech sig- 
nal will reduce and narrow the negative 
pulse, when it is present. Of course, when 
the audio wave goes negative, the oppo- 
site will happen (see Fig. 4). During a 
complete audio cycle, the output wave- 
form from Q9 will look like Fig. 4 -a, 
then like 4 -b, back to 4 -a, then to 4 -c, 
then finally back to 4 -a. The pulses, vary- 
ing in width according to the audio -rate 
signal being fed to the amplifier, are re- 
duced in amplitude by R20 and R21, 
then fed to the base of Q10. 

Transistor Q10 acts as a control de- 

.01 

1.5K 4.7K 12V 

5 1K 

2.2 K 

270K 

10/6V 

4 
Q 

470pF 

4.7 K 

02 

125 K 

39K 
3.3K 

C7- 
I/12V 7 

100 
6V 

6 

Q4 
Q6 

C46 R22 T0 R25 
I000pF (SEE TEXT) 
25V 
"+ 

T l; 0C 

ó1LX2 
11 

OB 
8 OR 1611 

SPEAKER 

FROM PREAMP OUTPUT > 

72 

10K 

.05 

T3" 

22011 
R8 3.3K Cl2 5/6V 

)1+ Q7 

(2) 
300 
9V 

+ + 
0 

150V 10011 
IOW 

R26 IK -tier 
USE C BA WITH EXTERNAL FILTER 

Fig. 3- Schematic of the Sinclair X -20 pulse -width modulated amplifier. 

A 
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NO AUDIO INPUT r- r 
_J 

a b 

Fig. 4- Amplifier output waveforms. 
Pulse width -above and below baseline - 
varies with instantaneous polarity 
and frequency of the audio signal. 
a -No audio input, b -the negative au- 
dio half- cycle, c -the positive half- cycle. 

012 o 

0 

C16 

pt 
011 Op SPKR 011 

012 r 

012 CONDUCTS 
011 BLOCKS 

a 

C16 

t 
o 

Tt 
012 BLOCKS 
011 CONDUCTS 

b 

SPKR 

Fig. 5 -Basic output circuit with 
Qll and Q12 represented by switches. 

vice, whose resistance varies with its hase 
bias. When the hase goes more positive 
(than its emitter) QI0 conducts. The 
transistor blocks when the hase goes 

more negative. of course. 
The two -transistor output stage. 

QI I and QI 2, is in series across the 
power supply. When the control tran- 
sistor conducts, the bases of both output 
transistors are in effect connected to 
negative. Therefore, Q12 conducts, 
while QI1 blocks. On the other hand, 
when the control transistor is blocked, 
the hases of the output transistors return 
to positive, through resistors R22. R23, 
R24, R25 (shown as a 100 -ohm, 10 -watt 
unit) and the speaker. Qll conducts, 
and Q12 is cut off. 

What effect does this have on the 
speaker? Fig. 5 shows. For the moment, 
assume there is no audio to the ampli- 
fier. QI O will have equal on -off intervals 
at the high switching frequency of 75 
kHz. Q11 and QI 2 are represented by 
switches. In Fig. 5 -a, CI 6 will charge 
through the speaker. In 5 -h, it discharges 
and current goes through the speaker in 
the opposite direction. 

When audio is applied to the input 
of the amplifier, conditions change. The 
negative and positive pulse widths are 
no longer equal. One output transistor 
will conduct for a longer period than the 
other. During the next half -cycle, the 
second transistor will conduct longer. 
And so on. This pulse width varies at the 
audio rate of the input signal, which 
becomes audible in the speaker. END 
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GC 
ELECTRONICS 

has 

everything 

in 

Telco Snap -In 
Chimney Mount 
Cat. No. 8610 

Telco Ratchet Type 

hardware 
GC- Telco, the world's largest basic manufacturer 
of TV antenna hardware, is your most complete 
single source for all TV antenna installation 
needs, indoor and outdoor antennas, and antenna 
accessories. 

Choose from the largest selection of chimney, 
roof, wall or vent -type mounts, all available in 
attractively carded kits, antenna masts, lead -in 
and rotor wire, stand -offs, lightning arrestors, 
ground and guy wire needs ... everything needed 
to make any installation easier, faster, more 
efficient. 

For quality, versatility, and dependability, go 
with the leader . . . make GC -Telco your No. 1 

source today. 

Write for your Giant FREE GC Catalog today . 

over 12,000 items including 
TV Hardware, Phono Drives, 
Chemicals, Alignment Tools, 
Audio, Hi -Fi, Stereo & Tape 
Recorder Accessories, Nuts 
& Bolts, Plugs &Jacks, Serv- 
ice Aids, and Resistive 
Devices. 

auch/ Ge ycveá Stil 

euveyeitue9 ¿It eleda eia. 

idt mittat 40 gave! 

t 

6C Elertex,rs 
GENERAI CFNFNI 

INEII:Lal.1 

GC ELECTRONICS COMPANY 
400 South Wyman Street 
Rockford, Illinois 61101 

A DIVISION OF HYDROMETALS. INC. 

Circle 28 on reader's service card 

Telco Vent Mount 
Cat. No. 8802 

Telco E -Z Stand -011 

Cat. No. E -Z 8027 
Wood Screw Stand 011 

Cat. No. 8028 

Telco 3 -Way Antenna Klip 
Cat. No. 9015 

GG 
T ELCO 
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RADIO- ELECTRONICS READER'S SERVICE 

Here's how you can get manufacturers' 
literature fast: 

1. Tear out the post card on the facing 
page. Clearly print or type your name 
and address. 

Include zip code! Manufacturers will 
not guarantee to fill your requests un- 
less your zip code is on the reader 
service card! 

2. Circle the number on the card that cor- 
responds to the number appearing at 
the bottom of the New Products, New 
Literature or Equipment Report in which 
you are interested. 
For literature on products advertised in 

this issue, circle the number on the card 
that corresponds to the number appear- 
ing at the bottom of the advertisement 
in which you are interested. Use the 
convenient index below to locate quick- 
ly a particular advertisement. 

3. Mail the card to us (no postage required 
in U.S.A.) 

Advertisements in this issue offering free 
literature (see the advertisements for prod- 
ucts being advertised): 

AMPEREX ELECTRONICS CORP. (Second 
Cover) Circle 7 

AMPLIFIER CORP. OF AMERICA (Pg. 90) Circle 132 
ARCO ELECTRONICS (A Division of Loral Corp.) 

(Pg. 23) Circle 19 

B & K (Division of Dynascan Corp.) (Pg. 13) 
BARKER PRODUCTS CO. (Audio Division of 

Component Manufacturing Services, Inc.) 
(Pg. 26) Circle 21 

BROOKS RADIO & TV CORP. (Pg. 90 -91) Circle 133 
BURSTEIN -APPLEBEE CO. (Pg. 88) Circle 129 

Circle 13 

CASTLE TV TUNER SERVICE, INC. (Pg. 83) Circle 123 
CLEVELAND INSTITUTE OF ELECTRONICS 

(Pg. 5) Circle 9 

CLEVELAND INSTITUTE OF ELECTRONICS 
(Pg. 28 -31) Circle 23 

CORNELL -DUBILIER (Third Cover) Circle 149 
CORNELL ELECTRONICS CO. (Pg. 102) Circle 146 

DELTA PRODUCTS, INC. (Pg. 16) Circle 15 
DEVRY INSTITUTE OF TECHNOLOGY (A Subsidiary 

of Bell & Howell) (Pg. 7) Circle 11 

EDMUND SCIENTIFIC CORP. (Pg. 101) Circle 144 

FINNEY CO. (Pg. 14 -15) Circle 14 

GBC AMERICA CORP. (Pg. 77) Circle 114 
GC ELECTRONICS CO. (Pg. 73) Circle 28 

HEALD ENGINEERING COLLEGE (Pg. 93) Circle 138 
HEATH CO. (Pg. 24 -25) Circle 20 
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INTERNATIONAL CRYSTAL MFG. CO., INC. 
(Pg. 104) Circle 148 

JFD ELECTRONICS CO. (Pg. 27) Circle 22 
JENSEN MANUFACTURING DIVISION (The Muter 

Co.) (Pg. 6) Circle 10 

LAFAYETTE RADIO ELECTRONICS (Pg. 85 -86) Circle 127 

MALLORY, P. R. & CO. (Pg. 81) 
MICROFLAME, INC. (Pg. 89) 
MIKE QUINN ELECTRONICS (Pg. 84) 
MUSIC ASSOCIATED (Pg. 82) 

Circle 118 
Circle 131 
Circle 125 
Circle 121 

OLSON ELECTRONICS, INC. (Pg. 83) Circle 124 

OXFORD TRANSDUCER CO. (A Division of Oxford 
Electric Corp.) (Pg. 22) Circle 18 

PERMOFLUX CORP. (Pg. 98) Circle 140 

POLY PAKS (Pg. 103) Circle 147 

QUAM -NICHOLS CO. (Pg. 80) Circle 117 

QUIETROLE CO. (Pg. 82) Circle 122 

RADAR DEVICES (Pg. 1) Circle 8 

RADIO SHACK (Pg. 94 -97) Circle 139 

READING IMPROVEMENT PROGRAM (Pg. 91) Circle 134 

RYE INDUSTRIES, INC. (Pg. 88) Circle 128 

RYE INDUSTRIES, INC. (Pg. 89) Circle 130 

S & A ELECTRONICS INC. (Pg. 92) Circle 135 

SALCH & CO., HERBERT (Marketing Division of 
Tompkins Radio Products) (Pg. 84) Circle 126 

SAMS & CO., INC., HOWARD W. (Pg. 69) Circle 26 

SAMS & CO., INC., HOWARD W. (Pg. 82) Circle 120 

SENCORE (Pg. 70 -71) Circle 29 

SHURE BROS. (Pg. 17) Circle 16 

SOLID STATE SALES (Pg. 100) Circle 142 

SONY CORP. OF AMERICA (Pg. 81) Circle 119 

SPRAGUE PRODUCTS COMPANY (Pg. 12) Circle 12 

SURPLUS CENTER (Pg. 98) Circle 141 

TURNER MICROPHONE CO. (Pg. 87) Circle 110 

UNITED RADIO CO. (Pg. 101) 

WARREN ELECTRCNIC COMPONENTS 
(Pg. 102) 

Circle 143 

Circle 145 
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NEW PRODUCTS 
More information on new products is available free from the manufacturers of 
items identified by a Reader's Service number. Turn to the Reader's Service 
Card facing page 74 and circle the numbers of the new products on which you 
would like further information. Detach and mail the postage -paid card. 

5 -BAND PORTABLE POLICE RE- 
CEIVER AND RADIO DIRECTION 
FINDER, Action!! 14 transistors. Solid - 
state. Covers 30-50 and 150 -175 -MHz 
Business bands, low- frequency beacon 
and weather band, marine /shortwave 
band and standard AM broadcast band. 
4 -way power supply. Rotating antenna. 
Includes squelch control, Morse -code 
plate, calibrated optical sights, removable 
mounting bracket, 2 headphone jacks, dial 
light, 3 extendable ship antennas. Also in- 
cludes leather carrying case, batteries, 
miniature earphone, house -current adap- 
ter. 3 x 9 x 8 in. 2% lb. $129.95 -Nova- 
Tech, Inc. 

Circle 46 on reader's service card 

AMPLIFIED SPLITTER, the Ho- 
mer, model HVB -3P for TV and FM. Fea- 
tures the inductive- coupled emitter feed- 
back circuit. The new I.C.E.F. circuit 
combines the low distortion and strong - 
signal- handling properties of the common - 
base circuit with the low -noise high -gain 
properties of the common -emitter circuit. 
Interset isolation, 14 dB. 75 -ohm coax. 
Includes 5 BTF -591 solderless male coax 
connectors for RG -59 /U type cable. 4% x 
1% x 118 in. $27.50. -Blonder -Tongue Labo- 
ratories, Inc. 

Circle 47 on reader's service card 

SEPTEMBER 1967 

14 -PIECE NUTDRIVER /SCREW- 
DRIVER ROLL KIT, model no. 99PR. 
Includes a regular Series 99 Service Mas- 
ter handle, 9 interchangeable nutdriver 
blades with hex openings from 3,46 in to 
h in., Nos. 1 and 2 Phillips single -end 
screwdriver blades, 2 single -end blades 

for slotted screws with tip widths of 3/16 

and h in. Shockproof, breakproof plastic 
handle holds all blades from Series 99.- 
Xcelite, Inc. 

Circle 48 on reader's service card 

AUTOMATIC VOLTAGE REGU- 
LATOR, model D -210. For appliances 
rated up to 400W. Automatically boosts 
line voltage 10V when the line drops be- 
low 110V. -Perma -Power Co. 

Circle 49 on reader's service card 

HAND- AND -STAND MIKE, model 
631. Features a magnetically operated 

77 

This Unique 

FREE 
BOOK 
can put you into the 

TOP PROFIT 

CCTV BUSINESS 

420 

The encyclopedia of the CCTV industry 
covers everything from cameras to wall 
mounts, all of them exclusive -available 
only thru GBC. 

SHOWS YOU HOW YOU CAN CASH IN 
BIG in the market the experts describe as 
"fantastically big "... "scratched only on 
the surface" and "ready to break wide 
open. 
EVERY ITEM YOU NEED to pick up the 
business that's waiting for you, all around 
you. Everything to help you make any type 
of CCTV installation a simple one. It's all 
here in this permanent hard -bound, loose 
leaf book, and it's all yours FREE. 

The only one complete source supplier in 
CCTV. 

cAmelliCQ COP- 
89 FRANKLIN ST., NEW YORK, N.Y. 10013 Phone. WOrth 6 5412 

r 

L 

GBC AMERICA CORP. 
89 Franklin St., New York, N.Y. 10013 

Gentlemen: 
Please send me the GBC Book with no obli- 
gation on my part. (Attach coupon to your 
letterhead, please.) 

Name 

Business Name 

Address 
p 

City, State Code 

Circle 114 on reader's service card 
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One of a series of brief discussions 
by Electro -Voice engineers 

THE SEARCH 

FOR 

REACH 
JOHN R. GILLIOM 
Loudspeaker Project Engineer 

Horn -and -driver loudspeakers are generally 
used in applications where extended reach 
and high efficiency are needed, such as at 
stadiums, athletic fields, etc. Where maximum 
reach is needed, large horns are often used to 
concentrate all of the available energy in a 
narrow beam. This technique is effective at 
low and mid frequencies. 

At high frequencies, however, the large horn 
mouth is several wavelengths in diameter, so 
that the radiated power is concentrated into 
an increasingly narrow beam that does not 
fully cover the desired sound field. Secondly, 
the reentrant folds in the horn path have di- 
mensions on the order of a wavelength at high 
frequencies. Acoustic losses are inevitable 
when the air path dimension at the bend is 
greater than about one quarter wavelength. 
Even with the use of wide -range drivers, se- 
vere losses in intelligibility are encountered 
with large reentrant horns. 

A third problem is the production of harmonic 
and intermodulation distortion at high fre- 
quencies. The narrow throat section typical of 
most large reentrant horns gives rise to non- 
linear compression of air. For example, a large 
horn with 150 cycle cutoff and Ye" diameter 
throat produces about 17% second harmonic 
distortion at 3kc with just one acoustic watt 
output from the driver.' This type of distortion 
rises with increasing frequency because it is 
proportional to the number of wavelengths 
through which sound passes at high pressure. 

A unique solution to the problem of high -level 
propagation of high frequencies is the Elec- 
tro -Voice Model AC100 Compound Concen- 
trating Projector. The driver is horn -loaded on 
both sides of the diaphragm, with energy be- 
low lkc being radiated from the rear into a 
large low- frequency horn. Output above lkc 
radiates from the front of the diaphragm into 
a small, short horn with only two 90° bends, 
mounted coaxially with the low frequency 
horn. Both horns have similar dispersion pat- 
terns for uniform coverage. 

Harmonic distortion is significantly reduced in 
the compound horn, due to the very short 
horn length at high frequencies. Intermodula- 
tion distortion is also lessened since lows and 
highs are separated. The resultant lower dis- 
tortion and extended frequency response in- 
creases intelligibility in the listening area. A 
larger useful listening area also results from 
the uniform distribution of energy at all fre- 
quencies. 

The AC100 horn and its matching drivers offer 
an economical and efficient answer to problems 
of extended reach. Its compact dimensions belie 
its ability to extend sound coverage where low 
distortion and high sound levels are required. 

' L. Beranek. Acoustics, p. 276. 

For technical data on any E -V product, write: 
ELECTRO- VOICE, INC., Dept. 973E 

613 Cecil St., Buchanan, Michigan 49107 

gLertgrY0 1 e 
SETTING NEW STANDARDS IN SOUND 

NEW PRODUCTS continued 

reed relay switch, the Uniseal. 4 -stage 
filter traps dirt and provides blast protec- 
tion. Mechanical nesting construction. 
Frequency response, 100 -13,000 Hz. 
Output, -55 dB. Includes the 310 stand 
clamp. Available in satin chrome or 
matte satin nickel finish. $60- Electro- 
Voice, Inc. 

Circle 50 on reader's service card 

CRT TESTER, model CR143. Fully 
automatic. Separate G2 screen grid con- 
trols. Makes all standard color and b -w 
CRT tests. Rejuvenation and shorts re- 
moval made with Automatic Rejuvena- 
tion Circuit. Includes plug -in sockets. 
10 x 9 x 33i in. 11 lb. $99.50 -Sencore 

Circle 51 on reader's service card 

PORTABLE VHF MONITOR RE- 
CEIVERS, models FR -103, FR -106, AR- 
107 for 150- 175, 20 -50 and 108 -136 
MHz, respectively. Solid- state. Operate 
on 2 crystal- controlled vhf channels plus 
broadcast band. Built -in battery- condi- 
tion meter, adjustable antenna. Include 
earphone and carrying strap. 5% x 2h x 
1%1 in. 11 oz. $39.95 -Sonar Radio 
Corp. 

Circle 52 on reader's service card 

AUDIO AMPLIFIER, model MC- 
1554G. Fully monolithic. Output, 1W. 
Total harmonic distortion, less than 0.4% 

78 

from 20- 20,000 Hz. Housed in a 10 -pin 
low- profile metal can Input impedance, 
10 ohms; output impedance, 0.2 ohms. 
Voltage gain adjustable to 9, 18 or 36. 
Output voltage sensitivity to power -sup- 
ply variations, 40 mV/V. Drain current, 
11 mA dc with a 16 -V power supply at 
zero signal input. -Motorola Semicon- 
ductor 

Circle 53 on reader's service card 

STEREO COMPACT, model 230. 4- 
track stereo record and playback system. 
Built -in solid -state stereo control center. 
Input and switching facilities for the con- 
nection of external hi -fi components. 3 
tape speeds, retractomatic pinch roller, 
automatic end -of -reel shutoff, digital tape 
counter. Includes 2 VU meters; stereo 
headset jack; left, right, and stereo speak- 
er modes; 2 Sony F-45 cardioid dynamic 
mikes. -Sony Superscope 

Circle 54 on reader's service card 

PROFESSIONAL VTVM, model 
V -95. Has solid -state power supply which 
replaces the batteries normally required 
in ohmmeter section. Includes mirrored 

RADIO- E'.ECTRON ICS 
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New RCA Parts Catalogs make it easier 
for you to locate the right number fast. 
You'll find these new easy -to -use catalogs save 
you time and money ... reduce parts hunting 
time; to increase profitable bench time. 

A complete complement of RCA replace- 
ment parts catalogs offers a new, easy arrange- 
ment for locating genuine RCA replacement 
parts, for popular home instruments. 

Original Equipment Manufacturers' Part 
numbers are also listed -with suggested RCA 
replacement part numbers. Items are listed 
by part name, manufacturer and part number 
-from Audio Output to Yoke; from Diode 
14m7 to ZD100B; from brand "A" Phono 
Cartridge to "X" Transformer. 

For every RCA Victor Color TV from 1963. 
through 1966, there is a complete parts list by 
model name and number. Each model is illus- 
trated. Sub -assemblies, such as Tuner and 
Record Changer, are pictured with an exploded 
view, showing correct line -up of parts. 

To obtain your copies, of the catalogs listed 
below, contact your RCA Parts Distributor. 

THE MOST TRUSTED NAME IN ELECTRONICS 

RCA PARTS AND ACCESSORIES, Deptford, N.J. 

I 

The following RCA Catalogs are available now: 
MLP- 155 -RCA VICTOR COLOR TV. 1963 Models. Parts Lists by Model 
MLP -156 -RCA VICTOR COLOR TV. 1964 Models. Parts Lists by Model 
MLP -157 -RCA VICTOR COLOR TV. 1965 Models. Parts Lists by Model 
MLP -158 -RCA VICTOR COLOR TV. 1966 Models. Parts Lists by Model 
MCP - 198 -DIODE REPLACEMENT GUIDE 
MCP -199- TRANSISTOR REPLACEMENT GUIDE 

SEPTEMBER 1967 

MCP -104 -RCA TV TUNER TO REPLACEMENT STOCK NUMBER 
CROSS REFERENCE 

MCP -105 -RCA COLOR TV COMPONENT REPLACEMENT GUIDE 
MCP -106 -RCA PHONOGRAPH CARTRIDGE AND NEEDLE REPLACE- 

MENT GUIDE 
MCP -1C7 -RCA COLOR AND BLACK -AND -WHITE TV COMPONENT 

REPLACEMENT GUIDE 
MCP -168 -RCA ELECTROLYTIC CAPACITOR REPLACEMENT GUIDE 
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Imedaoce 
mismatch 

profliems? 

When most voice 
coil impedances 
were either 3.2 
ohms or 8 ohms, 
speaker replace- 
ment was relative- 
ly simple. Then 
came transistor 
sets, and equip- 

ment without output transformers, and 
now voice coil impedances range all over 
the map. 

It's important to remember that a mis- 
matched impedance in a speaker replace- 
ment will almost surely create problems... 
from a loss of volume to a blown transistor. 

Qua.. 
and only Quam... 

helps you avoid 

these problems 

these three ways: 

1. WIDE CHOICE -As Photofacts/ 
Counterfacts participants, we know in 
advance what voice coil impedance the 
new equipment will require, so we generally 
have the right speaker in our comprehen- 
sive line when you need it. 

2. VERSATILE SPEAKERS -Guam 
mu /ti -tap speakers offer a choice of imped- 
ances in a single unit. Available in all the 
sizes you need for automotive replacement, 
Guam multi -taps handle 10, 20, or 40 ohm 
applications. 

3. SPECIAL SERVICE -Just in case 
you run across an oddball, we offer this 
convenient exclusive: any Quam speaker 
can be supplied with any voice coil imped- 
ance, only $1.00 extra, list price. 

GUAM 
THE QUALITY LINE 

FOR EVERY SPEAKER NEED 

QUAM -NICHOLS COMPANY 
234 East Marquette Road Chicago, Illinois 60637 

Circle 117 on reader's service card 

NEW PRODUCTS continued 

scales to eliminate parallax, specially cali- 
brated scales for reading low- voltage 
measurements during transistor analysis 
in the 0.5 -, 1 -, 1.5- and 5 -V ranges, and 
simplified peak -to -peak and dB scales. 
Accessory high -voltage and rf probes 
available at $12.95 and $7.95, respective- 
ly. $79.95- Precision Apparatus 

Circle 55 on reader's service card 
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FYREBALL. 

CAPACITOR- DISCHARGE TRAN- 
SISTORIZED IGNITION SYSTEM, the 
Fireball. For racing cars and boats, 12 
or 24V. Positive and negative ground sys- 
tems. Fiberglas printed -circuit board. Can 
be dry-cell- operated. Uses stock ignition 
coil and distributor. 4 x 6 x 6 in. Under 2 
lb. $84.75- Sydmur Electronic Special- 
ties 

Circle 56 on reader's service card 

MOLDED -CASE ELECTROLY- 
TIC CAPACITORS. MTA and MTV 
capacitors. 12 case sizes, axial and verti- 
cal lead types. Fully molded in plastic. 
Voltage, 3-50V dc. Capacitance to 1,000 
µF. $0.09-0.15 ea. in quantity. -P. R. 
Mallory & Co., Inc. 

Circle 57 on reader's service card 

6- CHANNEL CB RECEIVER, the 
PACE 100. Solid -state. Built -in S- meter. 
Double- conversion receiver. Designed for 
mobile use. 5 -W transmitter boosted by 
automatic speech compression. Communi- 
cations up to 20 miles. Also features life- 
time- guaranteed glass -fiber circuit board, 
1 -year warranty on all parts, all- silicon 
transistor design, adjustable squelch con- 

80 

trol, automatic deep noise clipping, pro- 
vision for Pace Selective Call system. 
$129.95 -Pace Communications Corp. 

Circle 58 on reader's service card 

COLOR GENERATOR, model 
1242. Solid- state. Features complete sta- 
bility in all service extremes. Only 2 
front -panel controls: amplitude and pat- 
tern- selector switch. Also features over 
5,000 mV rf output on channels 3 and 4, 
built -in gun killer with Miniclips for easy 
connection, Zener- diode -regulated trans- 
former power supply. 6% x 9% x 2 in. 2 lb. 
$99.95 -B & K 

Circle 59 on reader's service card 

CARDIOID DYNAMIC MIKE, 
model M0264. For recording, PA. In- 
cludes desk stand, 20 -ft cable. Response, 
100- 14,000 Hz. Impedance, 50K. 7l in. 
long x 1!I in. diam. -Olson 

Circle 60 on reader's service card 

AMPLIFIED STEREO HEAD- 
PHONE, the Amplitwin. Features a 
speaker, miniaturized 4 -stage solid -state 
amplifier, battery, on-off switch, volume 
control, high- and low -level inputs in 
each ear cup. Operates as a standard 
headphone when the amplifiers are 

RADIO -ELECTRONICS 
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switched off. Acoustic response, 16-15; 
000 Hz. Includes connecting cords, pad- 
ded storage /carrying case. $79.50 -Telex 
Corp. 

Circle 61 on reader's service card 

TAPE CARTRIDGE CLEANER 
KIT, the Musi- Kleen. Includes cleaning 
solution and 5 replaceable Kleen -Tape 
belts. Plastic container. $5.95. -Audiotex 

Circle 62 on reader's service card 

Write direct to the manufacturer for in- 
formation on the item listed below: 

ELECTRONIC DOMINOES, a 
learning aid for electronic theory. More 
than 90 experiments possible with a single 
set, including AM radio receivers, elec- 
tronic thermometer, fire alarm, directional 
signals, light measurement, tone genera- 
tion, dusk switch, battery checker, volt- 
age divider, rectifier, amplifier, sound - 
level meter, flash circuit. Individual units 
held together by built -in magnets. Each 
domino contains a circuit element inside 
a plastic container, with the element sym- 
bol imprinted on the top of the element. 
Instruction book of experiments included. 
-Macalaster Scientific Corp., Div. of Ray- 
theon, Lexington, Mass. 02173 END 
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Low -drain 
Solid -state tone signal 

needs no amplifier 
The Sonalert` Signal makes it a cinch to rig 
all sorts of alarm circuits for the home, shop, 
auto or boat. Works with just about any 
triggering device, operates on 6 -28 VDC, 
draws only 3 -14 ma. 110 -volt AC model 
draws only as much current as a neon 
pilot lamp. 
It's completely solid- state. No arcing con- 
tacts, no RF noise. Highest reliability. Tone 
output is either 2800 or 4500 Hz, at 68 
to 80 db. 

Ask your Mallory Distributor for booklet of 
ideas, circuits, projects. Mallory Distributor 
Products Company, a division of P. R. 
Mallory & Co. Inc., Indianapolis, Ind. 46206. 

MALLORY 
Circle 118 on reader's service card 

A TIME MACHINE YOU CAN BUILD -It does great tricks with 
your home -movie camera. Film a flower's growth during a whole 
day, then watch it leap from seed to blossom in minutes on 

the screen. This electronic time- compression machine triggers 
your camera at precise intervals. Read about it in the October 
RADIO -ELECTRONICS 

The new Sony FM Stereo Tuner is 
highly sensitive. It pulls in the weak- 
est stations sharply and clearly. For 
all its sensitivity, it is unusually 
insensitive. An ingenious new cad- 
mium- sulfide CdS bandpass RF 
attenuator protects weak stations 
from being blanketed by strong sig- 
nals. There's so much to recommend 
the ST- 5000W. Double- tuning IF 
transformers, at all 8 stages of the 
IF section, reject spurious signals 
and noise. A 5 -gang, high precision, 
silver -plated tuning capacitor con- 
tributes to excellent sensitivity. A 

tuning meter pinpoints the center of 
any channel visually. Another meter 
helps adjust the antenna for maxi- 
mum signal pick -up. A stereo switch 
automatically selects the correct 
mode - stereo or mono. An indicator 
light spots stereo programs. An 
adjustable muting switch suppresses 
ínterstation noise. Tune in the 
ST -5000W at your hi -fi dealer. Sug- 
gested list $399.50. Sony Corp. of 
America, Dept. H., 47 -47 Van Dam 

SONYSt., Long Island City, 
New York 11101 

Can a sensitive FM Stereo Tuner also be insensitive? 
Tune in and find out. 

ti( ?'-t 
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How to Read Schematic Diagrams (2nd Ed.) 
by Donald E. Herrington. En- 
larged, updated and more valu- 
able than ever. Explains all types 
of schematics; shows symbols 
for all circuit components, and 
explains their functions. De- 
scribes how components are con- 
nected into circuits and gives 
symbols for these connections. 
With this background of under- 
standing, a signal is traced 
through a typical superhet re- 
ceiver. Explains in detail varia- 

tions likely to be encountered in both symbols and 
designations. Includes review questions at end of 
each chapter. An invaluable reference for everyone 
in electronics. 160 pages; 5% x 83a ". f2 Order 20568, only 

Walkie -Talkie Handbook 
by Leo G. Sands. Describes basic 
types of walkie- talkies (licensed 
and unlicensed) now on the mar- 
ket. An indispensable guide to 
the proper selection of a walkie- 
talkie for prospective buyers. 
Describes types of applications 
and circuitry used in various 
units; covers accessories, speci- 
fications, maintenance, and licensing requirements 
(Part 95 of FCC rules covering the citizens band 
in which most walkie- talkies operate is included). 
An extremely practical and helpful book. 1 
176 pages; 53 x 8W. Order 20572, only... . gJ95 

Transistorized Amateur Radio Projects 
by Charles Caringella, W6NJV. Presents a broad 
range of transistorized ham radio construction proj- 
ects for the beginner as well as the advanced ama- 
teur. Projects include: electronic c -w keyer, code - 
practice oscillator, VOX transmitter control, tran- 
sistor tester, field -strength meter, regulated power 
supplies, 80- and 40 -meter novice c -w transmitter, 
2- and 6 -meter voice transmitters, and low -noise 
converters. Provides full information and parts lists 
for each project; all projects have been designed, 
built, and carefully tested to insure trouble -free 
construction and operation. Several projects utilize 
printed -board construction; negatives are included 
for etching required boards. 138 pages; í325 53§ x 835 ". Order 20570, only JJ 

CB Radio Antennas (2nd Ed.) 
by David E. Hicks. This updated edition is the 
most complete book on the subject; explains how to 
set up a CB antenna system to get maximum 
"reach" with CB units. A practical guide for those 
planning to get into CB operation, or for present 
operators who want to improve the performance 
of their present setup. Requires no prior knowledge 
of antenna design and installation. Explains radio 
wave characteristics as they affect antenna design, 
communicating ranges to be expected, base- and 
mobile- antenna installations, how to improve exist- 
ing antenna systems, and antenna maintenance. j 

23 144 pages; 532 x 8W'. Order 20567, only 3 

Bridges and Other Null Devices 
by Rufus P. Turner. Fills the "information gap" on 
bridge -type instruments- covering every present 
significant bridge design. Begins with an explana- 
tion of the null principle and basic theory of bridge 
circuits, then shows how design is applied to specific 
instruments for widely varying applications. Pro- 
vides practical "know -how" in the proper use of 
bridge instruments and helps in the selection and 
purchase of the right bridge instruments to meet 
the reader's requirements. 144 pages; 

53 q 25 5% x 8% ". Order 20564, only 

These and over 300 other SAMS 
Books are available from your local 
Electronics Parts Distributor ... 

HOWARD W. SAMS & CO., INC. 
4300 WEST 62nd ST. INDIANAPOLIS, INDIANA 46266 

Circle 120 on reader's service card 

NEW 
LITERATURE 
All booklets, catalogs, charts, data 
sheets and other literature listed here 
are free for the asking with a Reader's 
Service number. Turn to the Reader's 
Service Card facing page 74 and 
circle the numbers of the items you 
want. Then detach and mail the card. 
No postage required! 

TEST INSTRUMENT CATALOG, No. 360. 
12 pp. Includes Sencore's two new picture -tube 
checkers, the CRT Cadet, model CR13, and the 
CRT Champion, model CR143.- Sencore 

Circle 63 on reader's service card 

CB ANTENNA AND ACCESSORIES BRO- 
CHURES. Illustrations and specs of CLR an- 
tennas, Duo -Beams, roof mounts, fender and 
cowl mounts, and toppers. -Hy -Galn Electronics 
Corp. 

Circle 64 on reader's service card 

COMPONENTS CATALOG. 5 pp. Specs of 
ceramic disc and tubular capacitors, precision 
trimmers, film capacitors, and semiconductors. - 
Erie Technological Products, Inc. 

Circle 65 on reader's service card 

COMPLETE CATALOG FOR OPTICS, 
SCIENCE AND MATH. No. 674. 147 illustrated 
pages. Describes more than 3,800 items. -Ed- 
mund Scientific Co. 

Circle 66 on reader's service card 

TEST EQUIPMENT CATALOG. No. 67D. 
8 pp. Describes color -bar generators, CRT testers, 
oscilloscopes, probes, radio analyzers, signal gen- 
erators, sweep generators, transistor testers, tube 
testers, video scanners, vom's, vtvm's.- Hickok 
Electrical Instrument Co. 

Circle 67 on reader's service card 

CATALOG OF GOLD LINE UHF CON- 
NECTORS, ADAPTERS, AND SPECIAL 
ACCESSORIES FOR HAMS AND CB'ERS. 
Illustrated, 6 pp. Accessories featured include the 
Signal Hunter direction -finding antenna, coaxial 
switches, automobile alternator and generator 
filters, a lightning arrester and a CB Matcher 
antenna matching network that insures a VSWR 
of 1.1:1 for full power. -Gold Line Connector, 
Inc. 

Circle 68 on reader's service card 

MICROPHONE CATALOG, SAH -115, A 
Microphone For Every Purpose. 12 pp. Lists 
Sonotone's complete line of dynamic and ceramic 
mikes. Includes microphone parts and accessories. 
-Sonotone Corp. 

Circle 69 on reader's service card 

1967 CATALOG. 31 pp. Illustrated. Specs, 
graphs and descriptions of MIL -T -27B military 
transformers and commercial- industrial trans - 
formers.-Microtran Co., Inc. 

Circle 70 on reader's service card 

NICKEL -CADMIUM BATTERY DATA 
CATALOG, No. BA -189. 8 pages. Includes com- 
mercial nickel- cadmium sealed cells, commercial 
and military aircraft batteries, special- purpose 
batteries and nickel- cadmium space battery. Sec- 
tion on PCA -131 nickel- cadmium battery charger/ 
analyzer. Specs.-Sonotone END 

Circle 71 on reader's service card 
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1 1 p 4 .mil .Ov1 ; I A 
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 
continuous 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 $4950 
(with pre -tuned coils, no alignment necessary) 

WIRED $7500 (veres xtra 
$4Co95 a.e) 

Current list of FM Broadcast stations 
with SCA authorization $1.00 

MUSIC ASSOCIATED 
65 Glenwood Road, Upper Montclair, N. J. 

Phone: (201)- 744 -3387 07043 

F1+.FZFrFFLMF 
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FOR BIGGER PROFITS 

make 

QUIETROLE 

IpIETRbti 

your silent partner! 

QUIETROLE is thé qúality lu- 
bricant- cleaner that silences 

noisy radio, TV, (black 
and white, color too) 
and instrument con- 
trols. Works as silent 
partner to save time, 
build added income 
for you. 
Harmless to plastics 

or metals , - . 
is non -con- 

ductive, non- 
corrosive, 
non -flam- 

mable. Zero 
effect on ca- 

pacity and 
resistance. 
Leader for 

over 20 years. 
Get 
QUIETROLE 

Mark II for tuners 
Spray Pack for 
controls and switches 
Silitron for general use 

manufactured by 

QUIETROLE COMPANY 
Spartanburg, South Carolina 

111111111111111111111.111111111111 
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UNDERSTANDING SOLID -STATE TALK 

continued from page 49 

emitter action in unipolar FET's, since 
the gates are reverse -biased and serve 
only to set up a transverse electric field 
in the channel.) And the term JFET 
(junction field -effect transistor) may be 
found in some data. 

Higher input impedance than that 
afforded by the conventional FET is pro- 

HI -FI 1968: What's available to audio 

lovers tomorrow? There's a real assort- 

ment to choose from, and innovations 
abound. Read about what you can do with 

systems and components, speakers and 

cartridges, in the October issue of RADIO - 

ELECTRONICS 

LIFE INSURANCE 
ISSUED BY MAIL KEEP IT FOR LIFE 

MAIL THIS AD NO OBLIGATION 

APPLICATION MAILED TO YOU 

$5000 ENTRY AGES 21 to 10 $2000 ENTRY AGES 21 to 80 
Whole Life Policy pays world wide for death from any cause. 
any time. except during first policy year for either suicide 
ar death from undisclosed ore -existing health conditions. 
Mail your -name. address. zip code. year of birth and ad to 
Great Lakes Insurance Co.. Elgin, Ill. 60120.Dept. JD12516 

HOW TO 

TEST... 

ALMOST 

EVERYTHING 

ELECTRONIC 

By 

JACK 

DARR 

The title tells the story. Increase 

and improve your testing ability 
with your own test equipment plus 

a few easily and inexpensively 
made devices. Darr covers almost 

every technique for nearly every 

piece of electronic equipment in 

an easy, breezy fashion. A very 
readable, clearly illustrated text. 

160 pages. G/L #132. 
Softbound $2.95. 

At your 
Gernsback Library dealer 

vided by the device shown in Fig. 8. 
Separate N regions are diffused (for 
source and drain electrodes) into a P- 
type substrate. An oxide layer is formed 
on the top face of the substrate, and a 
metallic gate electrode is deposited on 
top of the oxide. From its configuration, 
this type of field -effect device is termed 
metal -oxide semiconductor (MOS), 
metal- oxide -semiconductor . transistor 
(MOST), or metal- oxide -semiconduc- 
tor field -effect transistor (MOSFET). It 
is also sometimes called an insulated - 
gate field- effect transistor (IGFET) 
from the fact that the oxide layer in- 
sulates the gate electrode from the sub- 
strate. 

tNS VAAMINXNWMOWNIN 

Fig. 8 -The basic insulated -gate FET. 

The extremely high input imped- 
ance of the MOST results from its al- 
most zero leakage current from the gate, 
because of the oxide insulation. The dc 
stability of the MOST is less than that 
of the FET, possibly also because of the 
oxide layer, but the MOST is a good rf 
device. 

Other acronyms 
One of the newest solid -state acro- 

nyms is RGT -for Resonant Gate Tran- 
sistor. The heart of each RGT is a tiny 
solid -gold tuning fork, which makes it 
possible to tune IC's without bulky coils. 
A silicon wafer the size of a quarter 
holds 500 RGT's. 

In addition to acronyms and abbre- 
viations which describe the transistors 
themselves, another one seen on tran- 
sistor and diode data sheets is JEDEC. 
This one stands for Joint Electronic De- 
vice Engineering Council, and its pres- 
ence means that the component has been 
registered by that group and given 
an identifying number. 

Outside of the transistor diode cor- 
ner of the electronics world, there are of 
course many other acronyms- MASER, 
LASER, RADAR, SONAR, SOFAR, 
and many more -but that is another 
story. . . . END 
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COMPLETE TUNER 

OVERHAUL 

ALL LABOR 
AND PARTS 
(EXCEPT TUBES 
& TRANSISTORS)` 

1 

, 

VHF UHF COLOR tl-Y ttlANSI$TOA 

COLOR TUNERS 
GUARANTEED COLOR 

ALIGNMENT - NO 

ADDITIONAL CHARGE 

r Simply send us the defective tuner complete; include tubes, 
shield cover and any damaged parts with model number 
and complaint. Your tuner will be expertly overhauled and 
returned promptly, performance restored, aligned to original 
standards and warranted for 90 days. 
UV combination tuner must be single chassis type; dismantle 
tandem UHF and VHF tuners and send in the defective unit 
only. 
Exact Replacements are available for tuners unfit for over- 

haul. As low as $12.95 exchange. (Replacements are new or 
rebuilt.) 
And remember -for over a decade Castle has been the leader 
in this specialized field ... your assurance of the best in 
TV tuner overhauling. 

CASTLE 
TV TUNER SERVICE. INC. 
5715 N. Western Ave., Chicago 45, Illinois 
41 -96 Vernon Blvd., Long Island City 1, N. Y. 

For service in Canada write to Chicago or use 
reader service card in this magazine. 
Major parts are charged extra in Canada. 

rrcle 123 on reader's service card 

Fill in coupon for a 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 -FL's, and thousands 
of other Electronic Values. Credit plan 
available. 
NAME 

ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you hove a friend interested in electronics 
send his name and address for o FREE sub - 

L.scription also. 

OLSON ELECTRONICS, INC. 

702 S. Forge Street Akron, Ohio 44308 

Circle 124 on reader's service card 
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INTEGRATED CIRCUIT AND 

MICRO- DEVICE SALE 
IC's TO -5 or all TO -46 Case, Gates, Flipflops, etc. 
with 8 hole test socket, 100 asstd. $10.95 
IC's Flat Packs, as above, 100 asstd $12.50 
All IC's sample test over 50% good. Schematics, 
identification & test info. included. 

HI -Gain (Darlington) Amplifier, T0.18, 4 lead Sim- 
ilar 2N998, Tested 6 for $2.95 

Field Effect Trans. (FET) P channel Similar 2N3277. 
TO -5, 4 lead, tested 3 for $2.95 

Chopper, NPN Hi- Speed, dual emitter TO -18 Similar 
3N87, tested 6 for $2.95 

Dual Trans. 6 lead, choice TO -18, NPN or TO -5 
PM' or NPN, Diff. Amplif. Choppers, dual switches 
Similar 2N2980, 3726, 2060. Tested 6 for $2.95 

Microclareed Relay 3/4" sq. x 11/4" Ax. leads, Norm. 
open 3000 ohm. Pick on 6V 3ma. 4 for $2.95 

Memory Plane 5" x 8" with 4000 wired toroid bits. 
$935. Complete 8 plane unit . $75.00 
Ultra -Tiny "Steeltab" Transistors, .060" sq. HF 
Amplif. & Osc. or Univ. Amplif & Switch. Elect. 
similar 2N913, 915, 916. choice ....6 for $2.95 

Same Steeltab Diodes similar FD100 12 for $2.95 

Above steeltabs Bubblepak indiv. cards. 

GRAND MIX Over 1000 3, 4, 6, 8, 10 lead TO-5, 
TO -18. TO-46, mostly Transistors, but include Darl. 
IC's, FETs and diodes. sample Test 50% to 90% 

good $19.50 

Free Goody Bag with $10 order, 
Canadian order $10 minimum. 

Calif. orders 4% sales tax. 
Postage please for Amazing Free Catalog. 

MIKE QUINN ELECTRONICS 

Bldg. 727 Langley Street 

Oakland Airport, Calif. 94614 

Ord(' le 125 an reader's service card 
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TUNAVERTER 
POLICE- FIRE -AIRCRAFT CALLS 
-TUNABILITY - USABILITY - QUALITY - 

ss 

TUNAVERTER 
MODEL 156. IS t+ RADIO CONVERTER 

ISIS 

O ON 
) 
OUTPUT 1500 e 

t , 

Tesp Polio Products 

TUNABLE, CALIBRATED solid state converters . 

to change your auto and home radios into 
excellent, sensitive, selective, calibrated and 
VHF receivers! 
"Your little converters are absolutely tremendous? 
I would recommend them to anyone." 

Paul English, Canada 
6 -1 reduction tuning! Plug into auto radio! 
HF -2 gang tuning! American Made! 
VHF -3 gang tuning! 9 volt btry powered! 
FREE 24" conn. coax! Size 21/4 x 31/2 x 41/2 

2 WEEK MONEY BACK GUARANTEE! 

Models for AM & FM 
BAND MODEL COVERS OUTPUT 
Marine Marine 2.3 -3.0 me 550 kc 
SW & WWV SWL 9.3 -10 me 550 kc 
CB & 10 M 273 26.9 -30 me 1500 kc 
6 meters 504 50 -54 me 1500 kc 
2 meters 1450 144 -150 me 1500 kc 

PRICE 
$19.95 ppd 
$19.95 ppd 
$29.95 ppd 
$29.95 ppd 
$29.95 ppd 

Police, 1 ( 308 30 -38 mc 1500 kc $29.95 ppd 
fire, & J} jl 375 37 -50 mc 1500 kc $29.95 ppd 
Marine 1564 150 -164 me 1500 kc $29.95 ppd 

Aircraft 1828 118 -128 me 1500 kc $29.95 ppd 

Radiation loop for use with home radios $1.25 ppd 
Fast AIR MAIL add $.85 ea. 

Order from: 

HERBERT SALCH & CO 
Marketing Division of 
Tompkins Radio Product+ 

Woodsboro RE9, Texas 78393 
Dealers invited 
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ANTENNA REPORT 

continued from page 50 

pelator for set attachment between vhf 
and uhf lugs" (quoted from slip of pa- 
per found with the device). As shown 
in the photo, the "impelator" appeared 
to be a plaster disc with two short pieces 
of 300 -ohm lead coming from each side 
of it. When we broke the plaster, we 
discovered that the 300 -ohm line was a 
single intact piece, with no components 
of any kind attached. There was no ap- 
parent purpose for the plaster, and the 
line apparently served merely as a 
jumper. 

To summarize: Despite advertising 
claims, the SkyProbe antenna is not 
solid- state; it no transistors or 
diode. §. Inside the plastic -sheath we 
found nothing but wire, plastic foam 
and cardboard. The SkyProbe seems to 
work about as well as ordinary rabbit 
ears- except that it is not essentially 
directional, and thus cannot null out 
ghosts. (We oriented our reference rab- 
bit -ears for best pictures.) Furthermore, 
the SkyProbe does not appear to per- 
form as well as an outdoor directional 
antenna. 

The SkyProbe sold in New York 
City for $12.99. In Cincinnati the price 
was $8.57. Each figure is several times 
the price of rabbit ears, which we found 
comparable in performance. 
-Thomas R. Haskett. 

lAs we were preparing the above 
report, we received the following letter 
and photos. Editor] 

Dear Editor: 
In your July 1967 News Briefs you 

told of a demonstration of a new anten- 
na, the Americus SkyProbe, developed 
by John M. Eagle of UniScience Lab- 
oratories, Inc. 

Being very much interested in new 
antenna developments, especially the 
new Air_Force Subminiature Integrated 
Antenna (SIA, which was also men- 
tioned in the July News Briefs), in our 
broadcast and CATV activities, we 
ordered an Americus SkyProbe antenna 
from UniScience Laboratories. We re- 
ceived three antennas: SkyProbe model 
D -19, SkyProbe model D -19A, and a 
MiniProbe (advertised for local recep- 
tion only). The accompanying photo 
shows, on the left, the assembled D-19A 
with the fancy hardware on one end. Our 
costs for these antennas (presumably net 
prices) were $5.99, $7.47 and $3.50, re- 
spectively. 

A cursory test of these antennas was 
all it took to convince us that the most 
elaborate of the three was almost as 
effective as a set of rabbit -ears. Most, if 
not all, reception came from the lead -in 
wire rather than the antenna. 

An Abraham & Straus advertise- 
. ment in The New York Tithes of Sun- 
day, May 7, 1967, intrigued us. It de- 
scribed the SkyProbe model D -19, 
priced at $12.99, and said: "This solid - 
state outdoor antenna is only 18 ", yet 
gives amazing black and white, color 
and AM /FMreception. It's a brand new 
concept that utilizes basic radar techni- 
ques to give you clear, sharp reception." 
(Emphasis added.) We decided to dis- 

Reader Sellars bought D -19A SkyProbe (assembled left) and D -19 (disassembled right). 
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assemble the D -19 to see what was in- 
side. The photo shows the results. 

There was no evidence of any tran- 
sistors, diodes or anything else which 
could be called "solid- state" devices. We 
found nothing resembling any "basic 
radar techniques" except for the wire it- 
self which, I guess, is basic to any radar 
unit. 

The crowning blow of all, however, 
was the small, round device with two 
short lead -in wires in the lower center of 
the photograph. It was described as the 
"fantastic new Americus Impelator to 
replace all other jumper systems." It is 
to be used to connect the uhf to the vhf 
antenna terminals on the receiver so that 
one antenna could serve both terminals. 
Normally such a device would be a 
matching transformer. After the photo- 
graph was made we broke the device 
open. The last photograph shows the re- 
suits. It proved to be a solid piece of 
epoxy material with one piece of lead -in 
wire running into it and directly back 
out -nothing else! Indeed, it was "fan- 
tastic"! 

The " Impelator" purchased by reader 
Sellars turned out to be an antenna - 
terminal jumper -just as R -E's did. 

My reason for writing this letter is 
not to take you or your fine magazine 
to task. I felt that you would want to 
have the results of our investigation and 
to know that this antenna is in no way 
related to the SIA. It is merely a hunk of 
junk worth perhaps $1.00 at the most. In 
my opinion UniScience is perpetrating a 
hoax and cheating the unsuspecting pub- 
lic. 

By means of copies of this letter and 
photographs I am also informing the Na- 
tional and two local Better Business 
Bureaus as well as the Federal Trade 
Commission, and two consumer mag- 
azines so they may take whatever action 
they deem appropriate. 

LACY S. SELLARS 
Jefferson Standard Broadcasting Co. 
Charlotte, N. C. 

ENI) 
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For home recording, 
stereo taping, 
public address work... 

Eliminate 
background 
noise, feedback, 
with the 
TURNER 500 
C ardioid. Model 500 List Price $84.00 

The Turner Microphone Company -Cedar Rapids, Iowa 

Circle 110 on reader's service card 
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A clever tape file 
Stores 5 reels in one sturdy plastic case with swing -out 

compartments. Protects these valuable tapes, keeps them 
handy, indexed and orderly. Stacks hori- 
zontally or vertically, comes in three sizes 
(for 3 -, 5 -, 7- inch reels) . Handsome two - 
tone beige. (A neat 8 -mm film file too ! ) 

3rß: $2.99 
5rr: $4.49 

7 ": $4.95 
(all prices less reels) 

TAvailable through your local distributor, or write to: 

RYE INDUSTRIES INC. 
iv o u arwea 

123 Spencer Place, Mamaroneck, N.Y. 10543 
Circle 128 on reader's service card 

FREE! 
BIGGER ... BETTER 

THAN EVER! 

40th ANNIVERSARY 

1967 CATALOG 
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OUR ,DYING GUIDE 
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Fi Systems & Com- 
ponents. Tope Re- 
corders. Electronics 
Parts, Tubes, Tools. 

Phonos & Records. 
Hom Gear. Test 

Instruments & Kits. 
Cameros & Film. 
PA. Citizens Band. 
Radio & TV Sets. 
Musical Instruments. 

SEND FOR 
YOURS TODAY! 

BURSTEIN- APPLEBEE CO. 
I Dept. REI, 1012 McGee, Kansas City, Mo. 64106 
I D Rush me the FREE 1967 B -A Catalog. 

I Name 

I Address 

City State _Zip Code 
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Build This Transistor Characteristic Plotter 
continued front page 47 
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ORIGINAL 
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Ec 

Fig. 9 -The scope amplification affects the slope of the curves. 

curves from six different bias values. 
Put S4 in OPERATE position. Adjust pots R6 through Rl l 

for 6 different bias values. Turn the rotating magnet with a 
screwdriver and observe the scope. Each time the magnet 
closes a reed switch, the bias will change and another curve 
will appear on the screen (compare with Fig. 8). If all 
switches are correctly operating and the bias values are set 
correspondingly higher, six different characteristics will ap- 
pear on the screen at almost equal distances from each other. 

Throw 53 to OPERATE and close 52. The motor will start 
to rotate, and the set of six curves should appear simulta- 
neously on the screen. 

Again you may find a few malfunctions. A single miss- 
ing curve is probably the result of reed- switch failure or im- 
proper operation. Readjust the failing switch. 

If a curve jumps on the screen, one switch is probably 
closing before the preceding switch has opened. Readjust the 
incorect switches by observing action while slowly turning 
the magnet by hand. 

If the curves have different values of intensity or bright- 
ness, the closing times of the reed switches are unequal. Try 
centering the axis of the rotating magnet with respect to the 
reed switches. Check reed switch adjustments. 

If only five characteristics are visible, the sixth is prob- 
ably lost in the bottom of the trace. This indicates that bias 
on R11 is lower than threshold voltage. Increase bias by re- 
adjusting Rl l and R5 or both. Readjust the vertical amplifier 
of the scope if necessary. 

Excessive flicking of the display indicates that transfer 
time is too long or the motor speed is too slow. The remedy is 
to reduce transfer time by decreasing the gap between the 
rotating magnet and the reed switches and by readjusting the 
reed switches. Be sure the motor speed is not less than 600 
rpm. 

Calibration 
Displaying a family of characteristic curves is an excel- 

lent way to match and compare transistors. However, the ad- 
vantage of plotting characteristics can best be realized by 
calibrating the scope screen in terms of transistor parameters. 
What you need is a grid which will fit over the CRT face, so 
you can read values of voltage and current through the tran- 
sistor. 

Here's a simple method of calibration: Obtain a sheet of 
clear plastic as large as the CRT face. Draw on the sheet 25 
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to 50 horizontal and vertical parallel lines at equal distances 
from each other. Display a set of transistor characteristics on 
the screen. Adjust centering so the curve origin starts at a 
lower -left grid intersection (if pnp transistor -put the origin 
in the upper right -hand corner for npn). 

Don't touch the scope gain controls, but disconnect 
horizontal and vertical inputs from the plotter and center the 
trace. Inject an undistorted ac signal into the horizontal and 
then into the vertical amplifier in turn. (In each case the 
unused input must be grounded.) Adjust the input- signal am- 
plitude (not scope gain) until the trace fills about three - 
quarters of the screen both horizontally and vertically. 

Measure the rms values of the two injected voltages. 
Multiply these rms voltages by 2.28 to find the peak -to -peak 
values. The beam deflections are proportional. For easier grid 
reading, change the input voltages so the distances between 
the parallel grid lines correspond to convenient voltage values 
(for instance, 0.1 volt, 50 mV, etc.) 

Record these voltages for later reference. 
Since the vertical deflections have to be calibrated in 

current, not voltage, each voltage value must be divided by 
200 (the value of R4) to obtain the corresponding value of 
current. (Assume that 10 vertical divisions correspond to 1 

volt p -p. That's equal to 0.355 volt rms. Each vertical division 
is then 0.1 volt divided by 200, or 0.5 mA of current.) 

Display the set of curves again, with- origin at the same 
intersection as before. Readjust, if necessary, the sweep volt- 
age with Rl, to fit the family of curves well into the screen 
area. 

Connect a microammeter (250 -500 µA full scale) to 
jacks J1 and J2. Stop the motor by throwing switch S2 to OFF. 

Turn the rotating magnet by hand until it faces reed switch 
S7 -a. Push S6 and read bias current. Adjust pot R6 for a con- 
venient bias -current reading. The curve should be near the 
original position on the screen. 

Repeat this bias setting for each curve in turn. Place the 
magnet in positions facing reed switches S7 -b to S7 -f, and 
adjust the pots R7 to R11 for equal increases in bias currents 
(for instance 480, 400, 320, 240, 160 and 80 steps of 80 ,aA 
each) . Record these settings for later reference. 

The preceding calibration method is useful for many 
transistors, if you adapt the array to the characteristics of each 
transistor. Do this by adjusting the sweep voltage only (R1). 
Under these conditions, as long as the vertical and horizontal 
gain and bias settings are not changed, the calibration remains 
valid. 

Any change in gain or bias current requires new calibra- 
tion. 

After you've finished calibrating the instrument, mount 
the front panel and PC board in the cabinet. Pot R5 is the 
only front -panel control affecting calibration. Because of this, 
it's advisable to provide a dial with exact graduation. This 
permits precise recalibration (Fig. 4). The positions of all 
other switches and controls should be well designated. 

Don't forget to make notes of scope gain -control settings, 
since they affect the calibration. In any case you can check for 
correct calibration by taking voltmeter readings at the scope 
inputs and microammeter readings on jacks J1 and J2 (after 
pressing the pushbutton). END 

PRACTICAL HINTS FOR CB SERVICE are yours in an article on CB talk 
troubles. Without proper modulation, a CB transceiver is useless. Keep 
your customers happy with correctly adjusted talk power, and keep your 
cash register full. 

TOUGH DOGS- the benchman's nemesis -can be solved if you're will- 
ing to take them on fearlessly. Find out about some peculiar radio and 
TV receiver troubles, and how they were corrected. Read both these 
up- to- the -minute servicing articles in the October issue. 
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Clever Kleps 30 
Push the plunger. A spring -steel forked 
tongue spreads out. Like this 120- 
Hang it onto a wire or terminal, let go 
the plunger, and Kleps 30 holds tight. Bend it, pull it, let 
it carry dc, sine waves, pulses to 5,000 volts peak. Not a 
chance of a short. The other end takes a banana plug or a 
bare wire test lead. Slip on a bit of shield braid to make a 
shielded probe. What more could you want in a test probe? 

Available through your local 
distributor, or write to: 
RYE INDUSTRIES INC. 

123 Spencer Place, Mamaroneck, N.Y.10543 
Circle 130 on reader's service card 

$147 

r- GAS 

WELDING 

PORCH 

Uses OXYGEN 
and LP GAS 

Completely self -contained. 
Produces 5000° pin-point flame. 
Welds, brazes, solders. 
Hundreds of lightweight uses. 
Suggested list -- $19.95. 

GET COMPLETE DETAILS AT MOST IN- 
DUSTRIAL DISTRIBUTORS,OR WRITE TO 
MICROFLAME, INC. 

HOv 
WORKSHOP 

TECHNICIANS 

REPAIR AND 
SERVICE SHOE 

MICROFLAME, INC. 
7800 COMPUTER AVENUE 

MINNEAPOLIS, MINNESOTA 55424 J 
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Ma gneraser" 
- flee dúgt+ca1 awe .tie Ile Beat! 

Quickly erases a reel of magnetic tape or sound film 
of any size or type. Erasure is 100% complete even 
on severely overloaded tope. Lowers background noise 
level of unused tope 3 to 6 db. Also demagnetizes 
record -playback and erase heads. Only $24.00. Two - 
Year Guarantee. Available at your dealer's or write us. 

I%u< ULTRA -SENSITIVE 
FLUTTER METER 

S 9 [ tes 4T e 

With built -in Three -Range 
Filter, 3 kc Test Oscillator, 
High Gain Preamplifier 
and Limiter. Filter Ranges: 
0.5 to 6 cps; 0.5 to 250 
cps; 5 to 250 cps. 

Designed for rapid visual indication of flutter and wow. 
Meets standards set by the IEEE .. Condensed Specs.: 

Input Voltage, 0.001 to 300 Volts; Ranges, 
0.01 to 37.; Limiter Range, 20 db.; Oscil- 
lator (built -in), 3000 cycles; Net Price, 
$495.00 Write for complete specifica- 
lions and free 12 -page booklet on Flutter. 

AMPLIFIER CORP. of AMERICA 
75 Frost St., Westbury, N. Y. 11590 (516) 333.9100 
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NEW SEMICONDUCTORS, 
MICROCIRCUITS & TUBES 
TWO NEW TUBES FOR 2 -WAY RADIO 

The Amperex 8603 is a beam 
power tetrode specifically designed to 
have the lowest possible IM distortion 
when used as a linear rf power amplifier 
in SSB transceivers and mobile marine 
and aircraft equipment operating up to 
75 MHz. It can deliver 43 watts PEP 
with third -order IM distortion better 
than 40 dB down under CCS operation. 
Under ICAS, 56 watts output may be 
obtained with slightly higher distortion. 

The 8647 is designed for use as an 
rf power amplifier, oscillator and fre- 
quency multiplier up to 250 MHz and is 
recommended for class -C FM service. 
At 175 MHz .typical CCS, ICAS and 
PTTS (1 minute on, 4 minutes off) rat- 
ings are 33, 40 and 49 watts, respective- 
ly. These outputs can be obtained with 
about 2.5 watts of rf drive power. 

Designed for use in transistorized 
mobile equipment, both these Amperex 

$1000 REWARD 
TO ANYONE -Who can show us an Established Competitor who could sell & deliver 
all the items on this list at the prices & in the quantities that we do! HOW D0 WE DO IT? 

Our TREMENDOUS BUYING POWER & PURCHASING EXPERIENCE make it possible. We invest Thousands of Dollars 
(in just a single item) to create a good DOLLAR BUY, resulting in the AMAZING & EXCITING OFFERS that follow: 

D 
D 
111 

D 

D 

FREE $1 

$35 POWER SUPPLY input 110v 
output 12v, 1 amp (filtered D.C.) $ 

r-1 

for Trans. TV, Radio or Amplifier 

1 - LB SPOOL ROSIN -CORE $1 
SOLDER 40/60 top quality 

2 -G.E. PIECES OF EQUIPMENT S1 
stacked with over 200 useful parts 

3 -50' SPOOLS HOOK -UP WIRE $1 
assorted colors 

50 - ASSORTED MYLAR CON- 51 
DENSERS popular selected types .. 

100 - MIXED DEAL "JACKPOT" $1 
Condensers. Resistors, Surprises .. 
10- ASSORTED SLIDE SWITCHES $1 
SPST, SPDT, DPDT, etc. 

20 - EXPERIMENTER'S COIL 
$ 1 "JACKPOT" assorted for 101 uses 

20 -ASST. PILOT LIGHTS 
E44, 46, 47, 51, etc. 

$1 

50 - ASST. DISC CERAMIC 51 
CONDENSERS popular numbers . 

10 - ASST. RADIO ELECTRO- 51 
LYTIC CONDENSERS 

20 - STANDARD TUBULAR 
CONDENSERS .047600v 

$1 

3- 1 /2MEG VOLUME CONTROLS $1 
with switch, 3" shaft 

4 - TV ALIGNMENT TOOLS 51 most useful assortment 

7 - ASST. TV ELECTROLYTIC 51 
CONDENSERS popular selection . 

$15.00 TELEVISION PARTS 51 
"JACKPOT" best buy ever 

BONANZA "JACKPOT" not gold, 
not oil, but a wealth of Electronic $C 
Items- Monenack. guarantee .... 
10 SETS - DELUXE PLUGS & $1 
JACKS asst. for many purposes .. 
10 - SETS PHONO PLUGS & S1 
PIN JACKS RCA type 

I-1 
10 - SURE -GRIP ALLIGATOR S1 
CLIPS 2" plated 

50 - RADIO & TV SOCKETS $1 
all type 7 pin, S pin, 9 pin, etc. 

50 - ASSORTED #3AG FUSES $1 popular ampere ratings 

100 - STRIPS ASSORTED SPA- 51 GHETTI handy sizes 

100- ASSORTED RUBBER GROW 51 
METS bent sisen 

50- ASSORTED PRINTED CIR $1 
types 

10- ASSORTED VOLUME CON- 5 
TROLS less switch 1 
7- ASSORTED VOLUME CON- $ 
TROLS with switch 1 

BUY WITH EVERY 10 YOU ORDER 

RCA 110° FLYBACK TRANSFORMER 

We scooped the Market 
Latest type - standard 
for all 110° TV's 
RCA's design of large 
Coil produces 18KV- 
assuring adequate width 
loci Schematic Diagram 
application for any TV 

List price $13.90 

Your price .. $3 
10,70 off In Lds o[ 0 

1-I 
110° TV DEFLECTION YOKE 
for all type TV's Mel schematic 53 
same as Thordarson Y502 list $20 

"COMBINATION SPECIAL" 
RCA 110° FLYBACK 
plus 110' DEFLECTION YOKE $5 

90° FLYBACK TRANSFORMER $2 
for all type TV's Mel schematic 

90° TV DEFLECTION YOKE 52 
for all type TV's Mel schematic . 

70° FLYBACK TRANSFORMER $1 
for all type TV's incl schematic 

70° TV DEFLECTION YOKE $1 
for all type TV's incl schematic 

20- ASSORTED TV COILS $1 I.F. video, sound. ratio, etc. . 

Only applies 
to "SI" Buys 

IMMEDIATE DELIVERY ... Scientific light packing for safe delivery at minimum cost. 
HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter 
F in box for Free $1 BUY. Enclose with check or money order, add extra for shipping. 
Tearsheets will be returned as packing slips in your order, plus lists of new offers. 

Please specifÿ refund on shipping overpayment desired: O CHECK POSTAGE STAMPS MERCHANDISE (cur choice) with advantaae to customer 

Name 

Address 

UNIVERSAL 4" PM SPEAKER 49c Alnico 5 magnet, quality tone .. 

100 - ASST. RADIO KNOBS 51 
all selected popular types 

El 

40 - ASSORTED TV KNOBS 
51 all standard types, $20 value 

10- ASSORTED DIODE CRYSTALS 
51 1N34, 1N48, 1N60, 1564, 1N82 

10- STANDARD TRANSISTORS $1 
NPN & PNP 2N404, 2N414, etc. 

5 - TOP HAT SILICON RECTI- 51 
FIERS 500ma -400v - big value . 

BSR #UA -25 STEREO RECORD 
CHANGER complete w %cartridge 516 
latest deluxe nothing better made 

BSR MONAURAL CARTRIDGE $1.49 
Universal dual fllpover sapphire 

BSR STEREO CARTRIDGE $2.49 
Universal dual fllpover sapphire 

ASIATIC #13T STEREO CAR- $2.78 
TRIDGE plug -in, power point .. 
3- SAPPHIRE STYLUS NEEDLES Si 
Ronette type for most cartridges .. 

3- STANDARD SAPPHIRE NEE- Si 
DLESfor all thumbscrew cartridges 

10 -v G.E. SAPPHIRE NEEDLES $1 
4G, VR -11, etc. ($25.00 value) .. 

FREE GIFT WITH EVERY ORDER 

Cost of 
goods 
shipping 
estimated 
TOTAL 

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 TELEPHONE 
212-874 5600 
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tubes feature zirconium -coated molyb- 
denum anodes and instant- heating cath- 
odes. The tubes have a special base in 
which the anode pin is brought out 
separately from the normal pin circle to 
simplify under -chassis input and output 
circuit shielding. 

LOW -COST PLASTIC FET'S 

The MPF103, -104 and -105 make 
up a series of three new Motorola 
n- channel junction field -effect transis- 

tors for general- purpose audio and 
switching applications. The low price - 
50 cents each in 1,000 up quantities -is 
expected to lead to their wide accept- 
ance in operational amplifiers and in the 
input stages of audio amplifiers and 
other consumer and industrial products 
where high input impedance is desirable. 

Major characteristics: 

Characterstics MPF MPF MPF 
103 104 105 

Forward trans- 
fer admit- 
tance (µmhos) 3,000 4,000 

Max gate - 
source cutoff 
volts (dc) -6 
Zero -gate- 
voltage drain 
current (mA) 1 -5 2 -9 4 -16 
Min gate- source 
breakdown volts -25 
Max input 
cap (pF) 
Max output 
admittance 
(µmhos) 50 

4,500 

-7 -8 

-25 -25 

7 7 7 

Max reverse 
transfer 
cap (pF) 

50 50 

3 3 3 

END 

Why Do 
You Read 
So Slowly? 
A noted publisher in Chicago reports 
there is a simple technique of rapid 
reading which should enable you to 
double your reading speed and yet 
retain much more. Most people do 
not realize how much they could'in- 
crease their pleasure, success and in- 
come by reading faster and more ac- 
curately. 

According to the publisher, any- 
one, regardless of his present reading 
skill, can use this simple technique to 
improve his reading ability to a re- 
markable degree. Whether reading 
stories, books, technical matter, it 
becomes possible to read sentences at 
a glance and entire pages in seconds 
with this method. 

To acquaint the readers of this 
publication with the easy -to- follow 
rules for developing rapid reading 
skill, the company has printed full 
details of its interesting self- training 
methods in a new booklet, "How to 
Read Faster and Retain More" mailed 
free to anyone who requests it. No 
obligation. Send your name, address, 
and zip code to: Reading, 835 Diver - 
sey Parkway, Dept. 684 -019, Chicago, 
Ill. 60614. A postcard will do. 
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CANADIANS: Ordering is easy 
SARKES TARZIAN TV TUNER 41 me 

Latest Compact Model -good for all 41 me TV's 
BRAND NEW -MONEY BACK GUARANTEE 

Bcst TUNER "SABRES TARZIAN" 
ever made -last word for stability, 
definition & smoothness of operation. 
An opportunity -to improve and 
bring your TV Receiver up -to -date. 

COMPLETE with Tubes 8 Schematic ..$7.95 

1000 -ASST. HARDWARE KIT $1 
screws, nuts, washers, rivets, etc. 

300 - ASSORTED HEX NUTS 51 
2/56. 4/40, 5/40, 6/32, 8/32 .. 

250 -ASST. SOLDERING LUGS $1 
best types and sizes 

250 -ASST. WOOD SCREWS $1 
finest popular selection 

250 - ASST. SELF TAPPING Si 
SCREWS #6. #8. etc. 

150 -ASST. 6/32 SCREWS S 
and 150 6/32 HEX NUTS 1 
150 -ASST. 8/32 SCREWS $1 
and 150 -8/32 HEX NUTS 

150 -ASST. 2/56 SCREWS 
5 and 150 -2/56 HEX NUTS .. 1 

150 -ASST. 4/40 SCREWS 
and 150 -4/40 HEX NUTS 

150 -ASST. 5/40 SCREWS 
and 150 -5/40 HEX NUTS 

500- ASSORTED RIVETS $1 
most useful selected sizes 

500- ASSORTED WASHERS $1 
most useful selected sizes 

100 - ASST. RUBBER 8 FELT 51 
FEET FOR CABINETS best sizes 

E 

. . we do the paperwork . . . try a 
HIGHWAVE AM -FM PORTABLE RADIO 

Elegance in Ehony & Chrome 
14 Transistors _ A Powerhouse 
of Quality Reception with AFC 
Operates on 4 "C" Cells 
22" Telescoping FM Antenna & 
Personal listening attachment 
Money refund _ if not better 
than any Known Brand selling 
for even twice the price 

8 "x51/4 "x21/4" _ 4 lbs 
FREE - extra set of batteries 

COMPLETE ... $19.50 

small order 

'ill 
41111, la* 

. -41,.r 

IBM 
R SECTIONS 

8 assorted Unite we 
sell for 

v 
$1 are 

loaded with over 
150 valuable parts. 
Incl. - Transistors 
Condensers. 
ors, Heat Sinks. Di- 
odes. Etc. 

8 ter $1 
100 for $10 

UNIV. 3" x 5" PM SPEAKER 590 Rest type for Radios, TV. Etc. . 

3- ELECTROLYTIC CONDENSERS 51 
most popular number 50/30 -150v 

3 -TOP BRAND SILICON RECTI- $1 
FIERS I amp, 1000 PIV 

15 - G.E. #NE -2 TUBES 
Neon Glow Lamp for 101 uses .. $1 
CLEAN UP THE KITCHEN "JACK- 
POT Big Deal $1 
only one to a customer 

HEARING AID AMPLIFIER 
Incl. 3 Tubes, Mike, etc. (as is) $ 

CHAPT ZU DI MITZIA "JACK- 
POT" double your money back if $1 not completely satisfied 

50 - ASST. TERMINAL STRIPS 51 all types, 1 -lug to 6 -lug 

25 - INSTRUMENT POINTER $1 
KNOBS selected popular types .. 

5 - I.F. COIL TRANSFORMERS 51 
sub -min for Transistor Radios .... 
5 - AUDIO OUTPUT TRANS- 51 
FORM Sub -min for Trans Radios 

4 TOGGLE S WITCHES HES $1 
SPST. SPOT. DPST. DPDT 

100 -ASST 1/4 WATT RESISTORS 
stand. choice ohmages, some in 5% 

100 - ASST 1/2 WATT RESISTORS 
stand. choice ohmages, some in S% 

70 - ASST 1 WATT RESISTORS 
stand. choice o)unages, some in S% 

35 - ASST 2 WATT RESISTORS 
stand. choice ohmages, some in S% 

50 - PRECISION RESISTORS 
asst. list -price $50 leas 98% .. 
20 - ASS'TED WIREWOUND 
RESISTORS, 5, 10, 20 watt .... 
100 - ASST. MICA CONDEN- 
SERS some in 5% 

TELEPHONE RECORDING DE- 
VICE instant suction cup fit 

CRYSTAL LAPEL MICROPHONE 
high impedance, 200 -6000 cps 

25' - MICROPHONE CABLE 
deluxe, 2 conductor, shielded .. 
515.00 RADIO PARTS "JACK- 
POT" handy assortment $1 

5 - PNP TRANSISTORS 51 
general purpose, TO-5 case 

5 - NPN TRANSISTORS 
general purpose, TO -5 case $1 

32' -TEST PROD WIRE $1 15 - ASST. ROTARY SWITCHES 51 deluxe quality, red or black all popular types $20 value .... 

10 - 7" TV TAPE REELS $1 
all you want, 8000 in stock 

TAPE RECORDER - assorted types $A 
good, bad, broken, as -is, potluck h 
TRANSISTOR RADIO oast type 51.50 
good, bad, broken, as -is. potluck 

10 - TRANSISTOR RADIO EAR- $.1 
PIECES wired complete with plug 

100 - ASST. TUBULAR CON- $1 
DENSERS .001 to .47 to 600v 

50 -TUBE CARTONS (colored) 
assorted sizes for Popular Tubes 

J. or-50 of any site you select 

10 - ASSORTED TUBES $9 
Radio, Television and Industrial . 

10- TUNGSOL 12FK6 TUBES $ 
L_1 brand new individually cartoned .. 1 

ALL AMERICAN TUBE KIT 
Top Standard Brand - 12BAS, $2 
12BE8, 12AV8, 5005, 35W4 ... 
2 - TV VERTICAL OUTPUT $1 
TRANSFORMERS 10:1 ratio .. 

L._1 
5- ASSORTED TRANSFORMERS Si 
Radio, TV and Industrial 4 - AUDIO OUTPUT TRANS- $ 
FORMERS asst. 6L6, SOLE, 6K6, 3Q4 1 
20 - ELECTROLYTIC CORDER- $1 
SERS 25mfd6v, top quality 

MERCHANDISE WANTED In any quantity - TUBES (all types) - RADIO & TV PARTS - EQUIPMENT finished or unfinished - immediate cash. 
Please send samples, quotes & amounts - only new merchandise bought. 
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3 -Way Combination 

FREE SPACE STANDING WAVE 

MAGNETIC ANTENNA 

Z ydR SIGNAV 

Discriminates Between 
Desired Signal and 
Unwanted Noise! 

Here is an antenna with the unique ability to 
discriminate between the desired signal and 
unwanted noise! A complete absence of minor 
lobes and an extremely high front to back 
ratio are characteristics of these antennas. 
This is made possible by the development of 
the Free Space Standing Wave Magnetic 
Drive Antenna system (F.S.M.). The out- 
standing electrical qualities, combined with 
the simplified mechanical construction of this 
system yields a total performance package 
unparalleled in today's market. 4 models, 60- 
in( h to 180 -inch boom, all modestly priced. 

UNfXCfCLFD! 
UHF - VHF -FM -COLOR 

INVESTIGATE NOW! Ç84 E IN. 
Manufacturers of the TARGET ANTENNA 

210 West Florence Street 

Toledo, Ohio 43605 
Circle 135 on reader's service card 

TECHNDTES 
ROTATOR MOTOR REPAIR 

The antenna rotator had quit -and of course stopped 
in the wrong direction for good TV reception: I took the 
rotator down and disassembled the motor. The small direc- 

tion- indicator rheostat had opened where the wiper blade 
slides on it. This was Sunday, the rotator had to be repaired, 
and naturally I didn't have an extra rheostat on hand. I laid 
a small copper strip inside the rheostat and soldered it to the 
copper turns. This completed the circuit, and the rotator has 
been working ever since. Homer L. Davidson 

1965 DELCO /CHEVROLET RADIOS 

An intermittent oscillator trimmer capacitor in early 
1965 Chevrolet auto radios can cause intermittent reception, 
frequency drift and cutting -out at the low end of the dial. 
This can be checked by using a pencil or blunt tool to push 
gently on the oscillator adjustment screw -usually sealed with 
red paint. 

It is quite a job to change this capacitor because it is 
mounted under the circuit board. First, loosen the board from 
the chassis. Unsolder the tuning unit and pry the soldered 
terminals away from the soldered connections. Apply heat to 
the trimmer capacitor terminals and suck the molten solder 
off the board. Clean out all trimmer terminal holes before 
inserting the replacement unit. Solder all terminals, button up 
the chassis and then realign the front end. David Mark 

END 
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WHAT KIND OF NOISE 

ANNOYS A TAPE? 
(continued from page 43) 

inner surface of a drive belt was hitting 
one of the tube shields. 

In a similar category is the loose 
motor fan with blades that strike a pro- 
jection on the housing. The early 1500 
series Wollensak had a fan -shaft pro- 
jection that caused no end of noise when 
the recorder was not properly positioned. 
Fortunately the trouble was easily spot- 

ted. In the case of most such noises, the 

sound is telegraphed to other areas and 
you may spend hours trying to locate 
the source. 

Such was the case when the takeup 
reel on a Sony was rubbing against a 

high spot on the cover. Similarly a high 
spot on the brake of a Uher recorder 
had me scratching my head for more 
than an hour. These puzzlers are at their 
worst when the offending noise comes 
and goes. Invariably it is on hand at 
demonstration time or when you are us- 
ing the microphone and want recording - 
studio quietness. 

Linkage vibration at odd times is 

another hard -to- locate source of noise. 
For this reason, when the recorder is an 

old one, time in locating a noise can ac- 

tually be saved by getting the machine 
into operation and simply watching it 
for a while. Look for broken tiny ten- 
sion springs and for missing or displaced 
pads or cushions. 

Portable recorders that develop 
what sounds like excessive hum may 
need an additional end -play washer on 
the motor shaft. Test for this by tilting 
the instrument this way and that while 
it is in operation. The rubber feet on 
some recorders may harden and won't 
absorb normal motor vibration. This can 
be corrected easily by pushing sections 
of garden hose over the worn feet. Also, 
in extreme cases, a felt pad under the 
instrument will silence the noise. END 

50 pearz Ago 

In Gernsback Publications 

From September, 1917 

Electrical Experimenter 

U.S. Blows Up Tesla Radio Tower 
Spy Aerials 

The Marvels of Radio- Activity 

The Franklin Experimental Club 

The Present Status of the Audion 

SEPTEMBER 1967 

's`T 

SERVICING 
SYNC 

CIRCUITS 

By 

ART 

MARGOLIS 

A comprehensive guide to sync 

circuitry, its uses and varieties in 

TV receivers. It tells how and with 
what to troubleshoot problems. 

Completely illustrated with actual 

case histories based on specific 

makes and models, "Servicing 
Sync Circuits" contains a "photo 
index" of sync troubles 
photographed right off the TV 

screen. Includes new transistor 
sync circuits, too. 141 pages. 

G/L =134. Softbound $2.95. 

At your 
Gernsback Library dealer 

c 4udio -Go1or 
Lets you see your music 

ASSEMBLED KIT FORM 
$54.95 $44.95 

$5 DOWN - $5 MONTH 

Walnut finished cabinet included 
Shipped REA Collect 

Easy to build, easy to install. All transistor 
AUDIO -COLOR adds a visual dimension to mu- 
sical enjoyment. A brilliantly moving panorama 
of color casts dancing images on a soft frosted 
screen, reflecting rising and falling volume with 
each beat of the music. Here's a truly unique 
and exciting new musical experience. Make 
check or money order to CONAR. 

SEND FOR FREE CONAR CATALOG 

CONARDivision of National Radio Institute 
Dept. 1C7C, 3939 Wisc. Ave., Washington, D.C. 20016 

IS WIDE BANDWIDTH ESSENTIAL FOR HIGH FIDELITY? Everyone has his own theory, 

so why not try an ear test, using a roomful of listeners? That's what our audio editor 

did, to find out how important bandwidth is to hi -fi. Read what he learned in the 

October RADIO- ELECTRONICS. 

ELECTRONICS 
Engineering -Technicians 

The Nation's in- 

creased demand 

Bachelor of Science Degree, 30 Months 
Save Two Years' Time 

Radio -Television Plus Color Technician (12 Months) 

Electronics Engineering Technology (15 Months) 

Electronics Engineering (B.S. Degree) 
Electrical Engineering (B.S. Degree) 

for Engineers, Mechanical Engineering (B.S. Degree) 

Electronic Technicians, Radio TV Technicians is at an Civil Engineering (B.S. Degree) 

all time high. Heald Graduates are in demand for Architecture (B.S. Degree) 
(36 Months) 

Preferred High Paying Salaries. Train now 

for a lucrative satisfying lifetime career. 
Approved for Veterans 

410 440 

o 
1215 Van Ness Avenue 
San Francisco, California 

r 
DAY AND EVENING CLASSES 

Write for Catalog and Registration Application. 
New Term Starting Soon. 

Your Name 

Address 

City 

State 

Circle 138 on reader's service card 
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RADIO SHACK\vkrtak SPEAKER RIOT! 
Giant Special Purchase! 

The Audio Buy of the Year! 
Another Radio Shack exclusive - the speaker kit riot of the 
century! Were offering the "guts" of a WHARFEDALE 
speaker system in kit form, including woofer, tweeter, all 
network parts, and detailed instructions for installation in 
your existing cabinet or for building an enclosure. This same 
speaker was nationally advertised by the manufacturer at 
$122.50 in a cabinet. 

YOU 
PAY 

ONLY 4995 
Wharfedale features: heavy -duty 121/2" long -throw die -cast- chassis woofer with massive 
51/2 -Ib. Sheffield steel magnet; high- excursion cone suspension with cone resonance of 24 cps! 
4" tweeter has huge 11/4 -lb. magnet and die -cast basket! Wool cloth suspension! The pro- 
fessional 2- section LCR crossover network includes an aluminum -clad series capacitor for 
tweeter, variable potentiometer to let you custom- compensate system for room acoustics. 
SPECIFICATIONS: Response: 35- 18,500 cps. Power (IHF per Channel): 8 watts (Min.), 30 
Watts (Max.). Impedance: 8 ohms. Acoustic Control: treble, continuously variable. Cross- 
over Point: 1000 cps. #40 -922 

COMPANION SPECIAL PURCHASE FROM EMI 
99 

EACH 

High Compliance 4" Speaker Value! 
4 to 12: 3.77 

[ 13 to 24: 3.69 

British acoustic suspension speaker for custom hi -fi replacement in compact en- 
closures, or as an extension. Cone is suspended by cloth surround that provides cone 
excursion never before possible in a speaker this size. Massive ceramic magnet 
develops over 13,000 Gauss' 15 watt music power; 50- 15,000 cps response; 8 ohms. 
401908. 

3 BLAZING WATTS OF 

TRANSCEIVER POWER! 

4- Crystal 2- Channel Operation! 
Call Alert! Range Gain! 
Center -Loaded Antenna! 
Separate Mike and Speaker! 

79 95 MONEY 
DOWN 

NEW FOR '68 -the fabulous Realistic 
TRC -99. Has 19 solid state devices on 
military quality PC boards; RF stage; 
center loaded 57" telescopic whip for 
the ultimate in performance. Plus call 
alert; separate ceramic mike and 
speaker; exclusive lock -to -talk switch; 
battery condition meter; and a die cast 
case that can really take it! AGC and 
ANL; squelch; dual channel operation 
WITH ALL 4 CRYSTALS for channel 5 

and I I - plug -in, of course, so it's 
really a 23- channel transceiver! 6 side 
facilities for external speaker, beep 
tone, channel, external mike, external 
antenna and 12 VDC power supply. 
Optional I2V battery pack available. 
#21 -107. 

TRC -66 /ALSO NEW FOR '68! 
A step down in power and cost, the dual - 

channel TRC -66 is similar to the "99" but 
is rated at 11/2 watts and ín- 

95 cludes crystals for Ch. 11 

only. #21-105 59 

NEW! = M /AF'ClM-Q 61/2" VTVM 

3995 
Factory Wired & Tested! 

Easy -to -Read 2 -Color Scale! 
Response: 30 cps to 10 MC! 

Features zero -center scale for alignment 
of FM /TV detector circuits; high -input 
impedance; precision resistors for accu- 
rate readings. AC Volts: RMS: 0.1 to 
1500 V. (7 ranges); DC Volts: 0.1 to 1500 
V. (7 ranges). Peak -to -peak 4-4000 V. 

(7 ranges); Output -20 db - +65 db 
(7 ranges). Resistance: 0.20 to 1000 
meg -ohms (7 ranges). 117 VAC, 50/60 cy. 
With leads and instruction manual. Size: 
7l /z x 63/4 x 81/2'. #22 -025 

50,000 OHMS/VOLT 
26-RANGE MULTITESTER 

2795 
4" Meter w/ Mirrored Scale! 
1c/c, Precision Resistors! 
Meter Protection Circuit! 

DC Volts: 0.0.5- 2.5- 10 -50. 250 -I000V at 
50,000 12 /volts. AC: 0- 2.5- 10 -50- 250 -100V 
at 12,500 11 /volts. DC current 21x a -2.5- 
250ma - 1.10 amps. DC resistance: Rx 

1 /10 /100 /1000. Center reading scale 
90/900/9000/90,000 R. DB: -20 to +64 in 
5 ranges. Batteries, leads, instructions 
included. 7 x 51/z x 2% "- #22-150 

Circle 139 on reader's service card 
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TRY THIS ONE 
SHORTING STICK FOR TV 

HIGH VOLTAGE 

If you are tired of being belted by 
high -voltage discharge -especially in 
color sets -when you change the voltage - 
regulator tube or high -voltage rectifier, 
you'll find this gadget a valuable addi- 
tion to your tool kit. It is very inexpen- 
sive and goes together in minutes. 

Start with a flat (or round) piece of 
insulated material (I used a 12 -inch 
piece of a broken yardstick). Next, get 
a small piece of brass shim stock from 
your auto supply house. Cut a "V" in 
the shim stock and then bolt or rivet 
it to the stick so about 2 inches pro- 
trudes from the end. Solder an 18 -inch 
piece of test lead to the brass and add 
an alligator clip as in the drawing. 

To use, clip the test lead to the 
chassis and, using the stick as a handle, 
slide the strip under the rubber insulator 
on the CRT high -voltage anode lead. 
The brass strip touches the anode con- 

JACK 

DARR'S 
SERVICE 

CLINIC 

Packed with the most helpful 
material from RADIO -ELECTRONICS' 

Service Editor Jack Darr's monthly 
"Service Clinic." A must for testing 
and troubleshooting. Every 

chapter crammed with precise, 
concrete instruction based on 
actual reader questions and 
answers. Hundreds of questions 
chosen for lasting practicality and 
listed under convenient categories 
for handy reference. 192 pages. 

G/L #133. Softbound $2.95. 

At your 
Gernsback Library dealer 
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BOLT OR RIVET TOGETHER 

BRASS SHIM STOCK NOTCHED 

AND DRILLED 

PIECE OF YARDSTICK 
OR SLAT 

12° 

SOLDER 
TEST LEAD TO 

SHIM STOCK 

ALLIGATOR CLIP 

nector and the residual charge drains 
off to ground. You can then put your 
hand in the cage and remove the tubes 
without getting smacked. 
-John H. Larry END 

Solution to 
R -E Puzzler for 
August 1967 

1 superheterodyne 13 arrester 
2 lithium 14 electrode 
3 antinodes 15 detent 
4 etchant 16 germanium 
5 spaghetti 17 analyzer 
6 conduit 18 duodiode 
7 connection 19 ceramic 
8 kilovoltmeter 20 dielectric 
9 doublet 21 getter 

10 raster 22 soldering 
11 element 23 prototype 
12 friction 24 joint 

25 radiogoniometer 

Deduct 4 points for each part you missed. 

Your rating: 
60 -64 Walk. 76 -84 Double. 
68 -72 Single. 88 -96 Triple. 
100 OHM RUN! Congratulations) 

By Edmund A. Braun 

SCHOOL DIRECTORY 
ENGINEERING MATHEMATICS 

NOW! A NEW WAY TO LEARN -I. H. S. I. 
WAY. A complete home study course in engi- 
neering math to help you get the position you 
want -MORE MONEY -MORE RESPECT. 

COURSE PREPARED BY 
COLLEGE PROFESSORS 

who have lectured to thousands of men on math 
and engineering. You learn at home quickly, 
easily -AS FAST as you want. 

YOU SIGN NO CONTRACTS 
Pay only if satisfied -you owe it to yourself to 
examine the INDIANA HOME STUDY IN- 
STITUTE COURSE IN ENGINEERING 
MATH. 
FREE BONUS -if you join now, a refresher 
course in basic arithmetic. 

Write for Brochure -No Obligation. 
THE INDIANA HOME STUDY INSTITUTE 

Dept. RE -9, P.O. Box 1189 
Panama City, Fla. 32401 

Get Your First Class Commercial 

p 

F. C. C. LICENSE 
thru spare -time study by correspondence. 
Our money -back warranty protects your in- 
vestment. (A proved for Veterans) Write for 
Brochure 87. It's free. 
Grantham School of Electronics 

1505 N. Western Av., Hollywood, Cal. 90027 

Learn Electronics for your 
SPACE -AGE EDUCATION 

at the center of 
America's aerospace industry 

No matter what your aerospace goal, 
you can get your training at Northrop 
Tech, in sunny Southern California. 

COLLEGE OF ENGINEERING. 
Get your B.S. degree in engineering in 
just 36 months by attending classes year 
round. Most Northrop Tech graduates 
have a job waiting for them the day 
they're graduated! 

A & P SCHOOL. Practical experience 
on real aircraft. One -year course pre- 
pares you for F.A.A. A & P certificate. 
WRITE TODAY FOR CATALOG. 
NORTHROP INSTITUTE OF TECHNOLOGY 

1 199 W. Arbor Vitae. Inglewood, Calif. 

for a professional career 
Tri-State graduates hold important engineering and busi- 
ness administration posts throughout the Il. S. This pro- 
fessionally- oriented small college has outstanding place- 
ment record. Four -quarter year permits degree in three 

years. Excellent faculty. Well- equipped labs. 
Beautiful 300 -acre campus. Accredited. Small 
classes. Mddeat costs. One -year Dratting- 
Design Certificate program. Enter Jan.. 
March June, Sept. For Catalog. write Direc- 
tor Admissions indicating career Interest. 
TRI -STATE COLLEGE i 2497 College Avenue. Angola. Indiana 46703 

GET INTO 

ELECTRONICS 
V.T.I. training leads to success as 
technicians. field engineers. specialista 
In communications, guided missiles. 
computers, radar and automation. Basic 
& advanced courses in theory d labora- 
tory. Electronic Engineering Technol- 
,,gy and Electronic Technology curricula 
both available. Assoc. degree In 29 

A.S. also obtainable. O.I. ap. 
proved. Graduates in all branches ot 
electronics with major companies. Start 
.Sept., Feb. Dorms. campus. High 
=ohool graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Department C, Valparaiso, Indiana 

TELEVISION 
RADIO 

COLOR TV 

MAIL COUPON FOR FREE BOOK 
Coyne Electronics Institute Dept. 67 -05 
1501 W. Congress Pkwy., Chicago, Ill. 60607 

Send information as checked below 

DHOME TRAINING in TV Radio 
Color TV Electronics D RESIDENT SCHOOL COURSES in Elec- ironica, Electricity, Engineering, Radio -TV, 
Color TV, Refrigeration, and FCC 

Name 

Address 

City State 
Phone 

Zip 

Age 
VA Approved -GI Bill 
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MARKET 
CENTER 

NAVY mBANDEWALKIE TALKIE 
TRANS. & RECEIVER -This equipment is crystal con- 
trolled and can be operated on any one channel in freq. 
range 2.3 to 4.5 MC. Voice (A3) communication only; out- 
put of Trans. is 0.2 watts & satisfactory communication be- 
tween units over average terrain should be maintained 
approx. up to one (1) mile. With tubes: 1/195, 1/1115. 
2/1T4, 3/3S4. Voltages required: 67.5 VDC 3 MA; 135 
VDC 4 MA; 1.5 VDC 225 MA for REC. -67.5 VDC 
1.5 MA; 135 VDC 19 MA; 1.5 VDC 225 MA; & -6 VDC 
30 MA for TRANS. Unit comes in a waterproof plastic 
case with space for bait. or power supply. Telescoping 
antenna 8 ft. has special loading coil. Complete w /tubes, 
antenna, 2 crystals FT -243 (no choice of freq.) headphores, 
carbon mic., canvas cover, & manual. Size: $9.95 8 x-8 x 21/2"; Wt. 8 lbs. P 
"DAV" MODEL -Same as above. but with direction 
finding loop circuit for homing: & lip mic. Comes in Ply- 
wood case w /carrying straps. Size: 14 x 10 $12.95 x 3 "; Wt.: 11 lbs. P 
Prices F.O.B. Lima, 0.-25% Deposit on COD's -BIG 
CATALOG -Send 2M, Receive 500 credit on your order! 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 45802 

"TAB" SILICON ONE -AMP DIODES 
Full Leads Factory Tested & Gtd! U.S.A. Mfg 

Piv /Rms 
50 /35 

.08 
.71-1507151T 

.1000/700 1 
.50 

"TAB" 

Piv Rms 
100/70 

_ .07 
600 /420 

11002/ 770 
.70 
TERMS 
Our 22nd 
Add 5h'pping 

Piv /Rms 
200/140 

.10 
80030500 

1700 'ZOO 
1.20 

Money Rack 
Year. $2 Min. 

Charges 

Piv /Rms 
300/210 

.12 
900//0630 

2400 -1680 
2.00 

Guarantee 

III GD LIBERTY ST., N. Y. 6, N. Y. 
Send 250 Phone: RECtor 2 -6245 for Catalog 

AC POWER 
BATTERY Standard home electricity (60 

cycle, 117 volts) for small ap- 
pliances, record players, tape 
recorders, tools, etc. 
Inverters from 25 to 600 watts, 
priced as low as $15.95. 

See your Electronics Parts Dealer, or 

FROM YOUR 
CAR OR BOAT 

CORPORATION 
1053 Raymond Ave., St. Paul, Minn. 55108 

GENERAL 
CONVERT ANY TELEVISION to sensitive Big - 
Screen Oscilloscope. Only minor changes re- 
quired. No electronic experience necessary. Il- 
lustrated plans $2.00. RELCO -A25, Box 10563, 
Houston 18, Texas 

TV SERVICE ORDER BOOKS for use with your 
rubber stamp. Duplicate or triplicate. Low cost. 
Write for FREE 32 PAGE CATALOG and Special 
Rubber Stamp Offer. OELRICH PUBLICATIONS, 
6556 W. Higgins, Chicago, III. 60656 

FREE ELECTRONICS (new and surplus) Parts 
catalog. We repair multimeters. . BIGELOW 
ELECTRONICS, Bluffton, Ohio 45817 

TREASURE HUNTERS! PROSPECTORS! Relco's 
new instruments detect buried gold, silver, 
coins. Kits, assembled models. Transistorized. 
Weighs 3 pounds. $19.95 up. Free catalog. 
RELCO A25, Box 10839, Houston, Texas 77018 

BACK -ISSUES, Electronic, Scientific Magazines. 
SEMCO, Box 130, Roxboro, Quebec, Canada 

WANTED 
QUICK CASH . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, New York, N. Y. 10012, 
212 WALKER 5 -7000 

AUDIO - HI -FI 

RENT STEREO TAPES -over 2,500 different -all 
major labels - free brochure. STEREO -PARTI, 
1616 -R Terrace Way, Santa Rosa, Calif. 95404 

HI -Fl COMPONENTS, Tape Recorders, at guaran- 
teed "WE will not be undersold" prices. 15 -day 
moneyback guarantee. Two -year warranty. NO 
Catalog. Quotations Free. HI- FIDELITY CENTER, 
239R East 149th St., _N.Y., N.Y. 10451 

TAPE RECORDER SALE. Brand new, latest mod- 
els, $10.00 above cost. ARKAY SALES, 1028 -E 
Commonwealth Ave., Boston, Mass. 02215 

JK FLIP FLOPS $1.15 
DUAL NAND NOR GATES $1.00 
SR CLOCKED FLIP FLOPS $1.15 
SRT FLIP FLOPS $1.15 
EXPANDABLE OR SATES $1.00 
T0-85 flat pack. Guaranteed to 
work. They come complete with 
schematic elect. characteristic 
sheet and some typical applica- 
tions. 

1.25 Amp 
(Glass Amps) 
A controlled ava- 
lanche rectifier in 

Top Hat & 
Epoxy 

PRV AMP 
which the PRV 100 .07 
may be exceeded 
without destroy- 200 .09 
ing the rectifier. 400 .12 

PRV 600 .20 
100 .12 800 .25 
200 .15 1000 .50 
400 .20 1200 .65 
600 .25 1400 .85 
800 .35 1600 1.00 

1000 .50 1800 1.20 

POST OFFICE BOX 74 D 
SOMERVILLE, MASS. 02143 
Send For Our Latest Catalog Featuring 
Transistors, Rectifiers And Components 

Silicon Control Rectifiers 
TO -66 pack Studs 

PRV I 3A 
I 

7A 20A 
50 .35 .50 .80 

100 .50 .70 1.35 
200 .75 1.05 1.90 
300 1.25 1.60 2.45 
400 1.50 2.10 2.85 
500 1.75 2.80 3.50 
600 2.00 3.00 
700 2.25 -- 3.50 

- 1000 5.00 

Terms: FOB Cambridge, Mass. 
Send check or Money Order. 
Include Postage, Average Wt. 
per package 1/2 lb. -Allow for 
C.O.D. Minimum Order $3.00 

Circle 142 on reader's service card 
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ADVERTISING 
INDEX 

RADIO -ELECTRONICS does not assume 
responsibility for any errors which may 
appear in the index below. 
Allied Radio Corp. 65 -66 
Amperex Electronic Corp. Second Cover 
Amplifier Corp. of America 90 
Arco Electronics (A Division of Loral Cor- 

poration) 23 
B & K (Division of Dynascan Corporation) 13 
Barker Products Co. (Audio Division of Com- 

ponent Manufacturing Service, Inc.) 26 
Brooks Radio & TV Corp. 90-91 
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WRITE for highest discounts on components, 
recorders, tapes, from franchised distributors. 
Send for FREE monthly specials. CARSTON, 
1686.R Second Ave. N.Y.C. 10028 

STEREO TAPES. Save up to 60% (no member- 
ship fees, postpaid anywhere USA). Free 60 -page 
catalog. We discount batteries, recorders, tape 
accessories. Beware of slogans "not undersold," 
as the discount information you supply our com- 
petitor is usually reported to the factory. SAXI- 
TONE, 1776 Columbia Road, Washington, D. C. 
20009 

TAPEMATES makes available to you ALL 4- 
TRACK STEREO TAPES -ALL LABELS -post- 
paid to your door -at tremendous savings. For 
free brochure write TAPEMATES CLUB, 5727 
W. Jefferson Blvd., Los Angeles, Calif. 90016 

HI- FIDELITY COMPONENTS, Ham Marine and 
Communication equipment at considerable sav- 
ings. If you want to save money write us for our 
low prices on all your needs. AIREX RADIO 
CORP., 132 (RE) Nassau St., New York, N.Y. 
10038 

LIKE MUSIC WITHOUT COMMERCIALS? Com- 
pletely wired 67 KHz SCA (background music) 
adapter Model SCA -2 for $34.95. Five tuned cir- 
cuits, two silicon transistor amplifier and ratio 
detector. Four connections to your FM receiver. 
Instructions included -No adjustments. Oper 
ates on 6 to 12 Volts DC. Size: 21/2 x 3 x 3/4 

inches. Dealer inquiries invited. Available in- 
stalled in a nationally advertised six tube AM -FM 
radio for $59.95. Also available installed in a 

nationally advertised ten transistor AM -FM port- 
able for $79.95. Texas residents add 2% sales 
tax. KENZAC CO., P.O. Box 66251, Houston, 
Texas 77006 

NEW HAMMOND REVERBERATION Mechanisms 
-$4. CAL'S, Box 234, Dearborn, Michigan 
48121 

INVENTIONS 
& PATENTS 

INVENTIONS -IDEAS developed: Cash /Royalty 
sales. Member: UNITED STATES CHAMBER 
COMMERCE, Raymond Lee, 130 -U W. 42nd, 
New York City 10036 

BUSINESS AIDS 
JUST STARTING IN TV SERVICE? Write for FREE 
32 PAGE CATALOG of Service Order books, 
invoices, job tickets, phone message books, 
statements and file systems. OELRICH PUBLI- 
CATIONS, 6556 W. Higgins, Chicago, III. 60656. 

1,000 Business Cards, "Raised Letters" $3.95 
postpaid. Samples. ROUTH, 5717 Friendswood, 
Greensboro, N. C. 27409 

BUSINESS 
OPPORTUNITIES 

Business for sale- TELEVISION RADIO APPLI- 
ANCE SERVICE SHOP. Connected, well equipped 
in thriving small town with good payroll. Good 
location. Building under lease with 4140 sq. ft. 
floor. P.O. Box 5, Pittsboro, North Carolina 
27312 

ELECTRONICS 
BARGAINS in Canadian Electronic equipment 
and surplus. Send $1.00 for giant catalogs. 
ETCO, Box 741, Dept. R, Montreal, Canada 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or serv- 

ices): 60¢ per word ... minimum 10 words. 
NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items): 30¢ per 

word . . . no minimum. 
Payment must accompany all ads except those placed by accredited advertising agencies. 

10% discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable 

ads not accepted. Copy for October issue must reach us before August 10th. 

WORD COUNT: Include name and address. Name of city (Des Moines) or state (New York) 

counts as one word each. Zone or Zip Code numbers not counted. (We reserve the 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 or groups such as 8 -10, COD, AC, etc., count 

as one word. Hyphenated words count as two words. Minor over- wordage will be edited to 
match advance payment. 

r 

CLASSIFIED ADVERTISING ORDER FORM 
For complete data concerning classified advertising please refer to box elsewhere in 
Market Center section. 
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.30 Non -Commercial Rate 
No.ofWords 1 .60 Commercial Rate =$- 
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Payment must ac 

Insert time(s) company order un 
less placed 
through accred - 

Starting with issue ited advertising 
agency 97 
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10 

15 

20 

25 

30 

35 

RAMP 

ADDRESS 

CITY STATE ZIP 

SIGNATURE 
MAIL TO: RADIO- ELECTRONICS, CLASSIFIED AD 
DEPT., 154 WEST 14TH ST., NEW YORK, N.Y. 10011 

L -1 

$1.00 SALE $1.00 SALE 

THE PACKS LISTED BELOW 
ARE YOURS FOR $1 EACH 

Compare Our Prices 

4-50' SPOOLS HOOKUP WIRE 
125 -MIXED DEAL "JACK -POT" Cond. Resist. Surprises 
25- EXPERIMENT. COIL Assort. for 101 uses. 
24 -ASST. PILOT LIGHTS 
75 -ASST. DISC. CERAMIC COND. 
12- ASST. RADIO ELECTROLYTIC CONDENSERS 
60 -ASST. TUB. CONDENSERS .001 to .47 to 600 v. 
6 -ASST. SELENIUM RECTIFIERS 65, 100, 300 ma. etc. 
8 -ASST. TV ELECTROLYTIC CONDENSERS 
6 -ASST. TRANSFORMERS /6 -AUDIO OUTPUT. TRANSF. 
15 -ASST. DIODE CRYSTALS /12- STAND. TRANSISTORS 
6-TOP HAT SILICON RECT. /4 -ELEC. COND. 50-60-150Y 
6-I.F. COIL TRANSFORMERS sub. min. for Transist. 
12- TOGGLE SWITCHES -SPST Removed from new equipt. 
75 -ASST. 1 W. RESISTORS Stand. choice ohm. 
40 -ASST. 2 W. RESISTORS Stand. choice ohm. 
60- PRECISION RESISTORS ASST. 
24 -ASST. WIREWOUND RESISTORS 5, 10, 20 watt 
110 -ASST. MICA CONDENSERS 
6 -PNP TRANSISTORS General purp. TO-5 case 
6 -NPN TRANSISTORS General purp. TO-5 case 
17 ASST. ROTARY SWITCHES All pop. types 

No C.O.D. Orders -$5.00 Min. 

PLEASE INCLUDE POSTAGE 
WRITE FOR OUR PARTS & TUBE CATALOG, 
LOWEST WORLD PRICE ON BRAND NEW 
TUBES, ESTABLISHED 1926 
LARGEST STOCK OF XMITTING & SPECIAL 
PURPOSE TUBES IN THE U.S.A. 

UNITED RADIO CO. 
56 FERRY ST., NEWARK, N.J. 07105 

Circle 143 on reader's service card 

UNUSUAL BARGAINS ... MANY U. S. GOV'T SURPLUS 

GIANT WEATHER BALLOONS 
"Balls of fun" for kids, traffic 
stoppers for stores, terrific for 
amateur meteorologists. Create a 
neighborhood sensation. Great back- 
yard fun. Exciting beach attrac- 
tion. Made of heavy duty neoprene. 
Inflate with vacuum cleaner or 
auto air hose; or locally available 
helium for high rise. 

Stock No. 60,568EH 
(8' diam. 

Stock Na. 60,632EH° Pte' 
(16' diem.) $7.00 Ppd. 

NEW SURPLUS Ni -Cd BATTERIES Nil 
Save more than 

Ni-Cd 
Long 

BATTERIES 
life- 

a ccept 300 charge and discharge cy- 
cles. 1.25 Volts per cell -750 millt- 
amper hours capacity. Excel. charge retention. Hermetically 

Baled. Indefinite storage life. Multiple cells welded in 
series -easily cut. Combine to form btry. 7/8" dia. X 
1 -5/8" high. Spec. price for 100 up. Low -cost charger 
separate. 
Order # Cells DC Volt. Price Ppd. 
40,986EH 1 1.25 $ 1..50 
40,887EH 2 2.50 2.75 
60.633EH 3 3.75 3.60 
60,634EH 4 5.00 4.80 
70,812EH Trickle Charger (1 -10 cells) 10.95 

DUPONT PLASTIC LIGHT GUIDE KIT 
Experiment with amazing new plastic 
fiber optic light guides. 1001 uses for 
mfrs., experimenters, hobbyists. Use fore citing new projects and products. 
Guides transmit light same as wire con- 
ducts electricity. Use to illuminate re- 
mote areas, multiple locations from 
single source, confine light to small 
areas, conduct sensing and control sys. 

tems. Inc. two 2, guides, source, lens, dyes, connectors. 
Stock No. 70, 855EH $10.00 Ppd. 
Order by Stock No. Check or M. 0.-Money-Back Guarantee. 
EDMUND SCIENTIFIC CO., Barrington, N. J. 08007 

CLIP AND MAIL COUPON TODAY 
SEND FOR FREE CATALOG "EH" 
Completely new 1967 edition. New items, 
categories, illustrations. Dozens of elec- 
trical and electromagnetic parts, accesso- 
ries. Enormous selection of Astronomical 
Telescopes, Microscopes, Binoculars, Mag- 
nifiers, Magnets, Lenses, Prisms. Many 
war surplus items: for hobbyists, expert 
menters, workshop, factory. Mail coupon 
for catalog "EH ". 

NAME 

ADDRESS 

CITY STATE ZIP 
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SILICON RECTIFIER SALE 
IMMEDIATE DELIVERY 

FULLY GTD NEWEST TYPE 
AMERICAN MADE FULLY TESTED 

1 AMP SILICON "TOPHAT" & EPDXY DIODES 
LOW LEAKAGE FULL LEAD LENG111 

PIV /RMS 
50/35 
OS ea. 

PIV RMS 
107/70 
.07 ea. 

PIV /RMS 
200/140 
.10 ea. 

PIV /ßM5 
300/210 
.12 ea. 

PIV /RMS 
400/200 
.14 ea. 

PIV /RMS 
500/350 
.19 ea. 

PIV /RMS 600/420 
21 ea. 

PIV /RMS 
700/490 

25 e . 
PIV /RMS 
8.0300/ 560 

ea. 

PI' /RMS 
900 /630 
.40 ea. 

PIV /RMS 
1000/700 

.50 ea. 

PIV /RMS 
119,13 /770 

ea. 

ALL TESTS AC & DC & FWD & LOAD 
SILICON POWER DIODE STUDS 

D.C. 50 PIV 100 PIV 150 PIV 200 PIV 
AMPS 35 RMS 70 RMS 105 RMS 140 RMS 

3 .08 ea 12 ea .16 ea .22 ea 
12 .25 .50 .65 .75 
35 .65 .90 1.25 1.40 

100 1.00 1.20 1.50 1.75 
160 2.50 3.00 - - 3.75 
D.C. 300 PIV 400 PIV 500 PIV 

AMPS 210 RMS 280 RMS 350 RMS 
600 PIV 
4.50 RMS 

.45 ea 
1.65 
3.00 
5.00 
Ask 

3 .27 ea .29 ea .37 ea 
12 .90 1.30 1.40 
35 2.00 2.35 2.60 

100 2.50 3.50 4.00 
160 4.25 4.75 5.10 

"SCR" SILICON CONTROLLED RECTIFIERS "SCR" 
7 16 25 7 16 25 

PRV AMP AMP AMP PRV AMP AMP AMP 
25 .50 .75 1.00 '50 1.75 2.15 2.50 
50 .60 .90 1.251300 2.00 2.40 2.75 

100 .80 1.25 1.50 400 2.40 2.75 3.25 
150 .90 1.60 2.00 500 3.20 3.40 3.80 
200 1.25 1.80 2.25 000 3.40 4.00 4.50 

SPECIALS! 
Westinghouse 
STUD RECTIFIER 
Limited quantity. 

100 Different 
% -1 -2 Watt 

Asst transistor 
All popular types. 

Computer Grade 
12 VDC American 

Type IN34 DIODE 

Money Back 
additional $ 
order. C.O.D. 

Warren 
230 Mercer St., 

SPECIALS! 
160 AMP, 500 PIV SILICON 

IN1666. 
$5.10 ea. 10 

HI -POWER 

for $45.00 

$1.25 

for $9.95 

.75 ea. 
100 for $5 

Include 
or money 

OR 3-2620 

Precision Resistors 
1 /2% -1% TOL 

Kit. P.N.P.- N.P.N. 
Unchecked 

100 for $2.95 500 

Condenser 15,500 MFD 
Mfg. 

GLASS .07 ea 

guarantee. $2.00 min. order. 
for postage. Send check 
orders 25% down. 

Electronic Components 
N. Y., N. Y. 10012 212 

Circle 145 on reader's service card 

MARKET 
CENTER 

TUBES. "Oldies ", latest. Lists free. STEINMETZ, 
7519 Maplewood, Hammond, Indiana 46324 

RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, All Brands -Biggest Discounts. Techni- 
cians, Hobbyists, Experimenters- Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jeri- 
cho Turnpike, Mineola, N.Y. 11501 

Discharge IGNITION, PHOTOFLASH. Free cata- 
log parts, kits. TRANSPARK, Carlisle, Mass. 
01741 

ELECTRONIC PARTS! Components, transistors, 
diodes, kits, relays, and many special items. 
Guaranteed. Send 250 for 100 page catalog. 
GENERAL SALES CO., P.O. Box 2031C, Freeport, 
Texas 77541 

88 -108 MC F.M. RECEIVER 
10 TUBE CRYSTAL CONTROLLED F.M. RECEIVER 
WITH TUBES VOLUME TONE CONTROLS 4 WATT 
OUTPUT. 115 V 60 CYCLE. METAL CABINET 
8H 1 10D 1 12W. WITH DIAGRAM LESS CRYSTAL 
AND SPEAKER. REMOVED FROM SERVICE BY 
STORECAST OUTFIT THAT WENT SOLID STATE. 
$14.50 EA: 2 for $25.00 PLUS SHIPPING. 

LEED'S RADIO, 57 WARREN ST., N.Y.C. 10007 

RADIO & TV TUBES 330 each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL, 4217 -E University, San 
Diego, California 92105 

MESHNA'S TRANSISTORIZED CONVERTER KIT 
Converts car radio to receive police & fire. 35- 
50Mc or 100- 200Mc. (one Mc tuning) with sim- 
ple step instructions $5.00. MESHNA, No. Read- 
ing, Mass. 01864 

TV CAMERAS: Assembled and kits. Also plans, 
vidicons, lenses, scan coils, etc. NEW catalog 
104. ATV RESEARCH, Box 453, Dakota City, 
Nebr. 68731 

GIANT JAPANESE ELECTRONICS CATALOG. $1. 
DEE, 10639A Riverside, North Hollywood, Calif. 
91602 

FREE ARCTURUS CATALOG 
A Trusted name in Electronics Since 1925 

Electronic parts, tubes. Wholesale. 
Thousands of items. Unbeatable prices. 

ARCTURUS ELECTRONICS CO. 
502 -22nd St., Dept. RE, Union City, N. J. 07087 

8 PIECE TOOL KIT 

.10 9,0049 
contains 
4 Bristo 
Wrenches 

1 Hex Blade 
2 Alignment 

i (tuning) Tools 

CORNELL TUBES 
1111.(iIJAR în 1) 

Mutual Conductance Labteat 
Boxed. Branded and Code Dated, Tubes 

are new, or used and no marked. 

INTERFERENCE 
la 1 ' Y TRAPPER 

SUPPRESS PICTURE INTERFERENCE 

CAUSED BY: 
AUTO ¿ 
AIRPLANES !Vf 

APPLIANCES a 
NEON SIGNS 
OIL BURNERS 
AMATEUR RADIO TRANSMITTERS 

ppiN 

I TV LIFESAVER! 
STOP TUBE BURNOUTti1 

IluxubMU 
u 

l, 
up CUTS NNn 

T/1 Ny,HClalu! 
IV4 

n 
1n e LHfINaNn 

WOW 

s, pp.l. 1pTlRnpr n o,ow( mu TUN., 

S LICON 
RECTIFIERS 

100 TUBES OR MORE 

30, PER TUBE 

OZ4 
183 
113/11(3 
1H5 
1L4 
1T4 
1U4 
1X2 
3BZ6 
3004 
504 
Sut 
5V4 
5Y3 
6A6 
6A8 
6AB4 
6AC7 
6AG5 
6AK5 

6A55 
6AT6 
6AT8 
6AU4 
6AU5 
6AU6 
6AV6 
6AW8 
6A X4 
6BA6 
6BC5 
6806 
6BG6 
6816 
681.7 
68N4 
68N6 
68Q6 
68Q7 

6C 06 
6CF6 
6CG7 
6CG8 
6CM7 

61(6 
6K7 
607 
654 

65A7 

6X4 
6X1 
7A7 
7A8 

If not shipped in 24 hrt 
YOUR ORDER FREE! 
6CZ5 
606 
60A4 
6DE6 
60Q6 
6EA7 
GEMS 
6F6 

6AL5 6BZ6 6GH8 

6ÁN8 6C4 6H6 

TUBE 
CARTONS 

6AQ5 
6C6 615 
6CB6 6J6 

Other tubes at low orices_ send for free 

all purpose 
ELECTRONIC 

CLEANER 

ó9C 

NIGH GLOSS 
CLAY COATED Fina e1..sCN 

A 149 11UILT IN 
1 LAGL 'S A L 

PAM'EITIU3> 
1IItNNnE 

cieanel 

29 

PI rol 
CANO.: 

6SN7 
65)7 
6SK7 
6517 
6SN7 
6SQ7 
6SR7 

608 
6V6 

7C5 
7N7 
774 
12AD6 
12AE6 
12ÁF6 
12AT7 
12ÁU7 
12AX7 
12BA6 

6W4 12806 
6W6 128E6 

12BF6 
12BH7 
1281.6 
128Y7 
12C5 
12CÁ5 
125N7 
12507 
251.6 
25Z6 
35W4 
35Z3 
5016 
24 
27 

77 
78 

84/6Z4 
5687 
6350 
6463 
7044 
list 

Wo Llmdl from this list. 
6AG5 6SN7 
6AQ5 6CB6 654 

\ 6AU6 6J6 6W4 

NEW 45V r0C7sE 

BARGAIN 
CORNER 

Solder Iron 1.49 

Elect Tape .89 

Epoxy (pr.) ,79 

Diode Kit .39 

Noise Filter .89 

Neon Tester .59 

Solder .39 

Antenna 
Coupler 1.89 

Battery 
Charger 4.95 

Prestige 4 .1ttere1A rire 1OUr 

(v.5 rI,,ELECTRONIC EXPER 
roa coRNElI CUSTOMERS ONLY b. 

udl ancnv.n,n,.nh ib. p.bL,AO.,h.,. 
mnpnns barge,. a. n.ml.bl. 

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION 

RADIO -TV 
TUBE TESTER 

x789 
2.59 

.001, 

COM11L 

IBS11iB1ES 

JW1` .: 

CORNELL ELECTRONICS CO. 
Dept. RE 9 4217 University Ave., San Diego , Calif 9 2 1 0 5 

It` - Plus loc 
ärlf s14o nx 

TEST and REPAIR 
TV a RADIO SETS 

NEW PRACTICAL TV TRAINING COURSE 

_Ml1 13 SO 

AppI WIC ES 

TERMS: Add 3c per tube 
shipping. Orders under $5.00 
add 3c per tube shipping 
plus 50c handling. Canadian 
orders add approximate 

postage. Send 25% deposit 
on C . orders. No C.O.D. 
orders under 55.00 or to 
Canada. No 24 hr free offer 
on personal check orders 
S.oAY MONEY BACK OFFER 

SEND FOR 

,FREE CATALOG 
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RADIO SHACK'S FRANCHISE STORE PLAN: 
A REAL OPPORTUNITY FOR SELF- RELIANT 
MEN TO JOIN THE RADIO SHACK FAMILY! 

An invitation fo you, and men like you who would like to 
come with us as owners rather than employees. You may be 
a young man just starting; or one who's already in business; 
or a retired man who wants to get back into action. With 
little more than a desire to be "the boss" and the will to 
work, you can now open a Radio Shack franchise store 100% 
owned, located, and operated by you under the 45 -year- 
famous Radio Shack name. 

If qualified - NO ELECTRONICS EXPERIENCE is needed - you could be in a profitable business of your own in a 

matter of weeks, having avoided many of the costly pitfalls 

;7-1: 

and waste of starting out from scratch! 

1 11111111111 I 'n) 

If you want to win with a winner, contact Mr. Bruce Russell, c 
Radio Shack, 730 Commonwealth Ave., Boston, Mass. 02215 
(Phone: (617) 734- 1000). You'll be talking with a mature 
man who knows the business from every angle, backed by the 
know -how and resources of a $60- million corporation. 

Radio Shack President and 
Board Chairman of Tandy Corp. 

r 

At last! Electronic kits that let you work 
the same way engineers do - by "bread- 
boarding". Designed by Radio Shack's 
engineers and produced by our new Science 
Fair Electronics Division, the kit line fea- 

TRANSISTOR 
RADIO KIT 

Tunes standard AM 
band; use also as a 

tuner! Battery-operated. 
Earphone. #28 -102 

395 

TRANSISTOR 
ORGAN KIT 
Each note on the seven 
note scale is separately 
tone variable. Battery 
operated. #28 -101 

595 

Fair ELECTRONICS KITS 
Lures step numbered construction data, 
pictorial, schematic and add -on instruc- 
tions. Each kit includes, as needed, poten- 
tiometers, line cords, and other components 
often left out of kits. 

WIRELESS AM 
MIKE KIT 

Transmit to any radio 
up to 20 ft. away! 
Battery - operated. A 
real broadcaster! #28- 
103 

395 

1 -TUBE DC 
RADIO KIT 

BatteryOperated! Learn 
tube theory and buitd 
a real working radio. 
Earphone. 28 -100 

395 

NEW! RADIO SHACK PERFBOXTM 
The bloody -knuckle brigade will like Radio Shack's effort to 
stop chassis cutting and drilling, and make things prettier! 

New bakelite chassis box into which 
is installed (4 screws) a 31/2" x 6" 
perfboard top. The back of the box 
is pre -drilled for a 21/4" or other 
PM speaker, and there's a pre - 
drilled 1/4" outlet hole on one side! 
As an added fillip, there's a corn- 

IiATTERT.DPERATLD 

ELECTRONIC 

ORGAN KIT 

Kit No'. 28-i0I 

panion set, Radio Shack's Experi- 
menter's 5 -Piece Panel Set (Cat. 
No. 270 -100) consisting of 3 perf- 
boards and I aluminum and I bake - 
lite panel board, each 31/2" x 6" 
pre -drilled to fit the PERFBOXTM 
#270 -097. Each 1.69 

ORDER NOW FROM YOUR NEAREST RADIO SHACK STORE! 
ARIZONA - Pho,,l 
ARKANSAS -Litte Rock 

CALIFORNIA- Anaheim, 
Bakersfield. Covina, Downey, 
Garden Grove, Glenda e, 
Inglewood, La Habra, Long 
Beach, Los Angeles, Mission 
Hills, Mountain View, Oakland. 
Pasadena, Pomona, Reseda, 
Sacramento, San Bruno, 
San Diego, San Francisco, 
Santa Ana, Santa Monica, 
Torrance, West Covina 

COLORADO - Denver 
CONNECTICUT- Hamden, 

Manchester, New Britain, New 
Haven, New London. Orange, 
Stamford, West Hartford 

FLORIDA-Jacksonville, 
Orlando 

GEORGIA - Atlanta 
ILLINOIS - Belleville, Chicago, 

Harvey 
INDIANA- Richmond 

KANSAS -- Wichita 
LOUISIANA - Gretna, New 

Orleans 
MAINE- Portland 
MARYLAND - Langley Park, 

Rockville 
MASSACHUSETTS - Boston, 

Braintree, Brockton, Brookline, 
Cambridge. Dedham, 
Framingham, Lowell, Medford, 
Natick, Quincy, Saugus, 
Springfield, Waltham, West 
Springfield, Worcester 

MICHIGAN - Detroit, Lincoln 
Park 

MINNESOTA-Minneapolis, 
St. Paul 

MISSOURI - Kansas City, 
St. Joseph, St. Louis 

NEBRASKA-Omaha 
NEW HAMPSHIRE - 

Manchester 
NEW JERSEY- Pennsauken 
NEW MEXICO - Albuquerque 

NEW YORK 
Binghamton, c..',.,, -, New 
York, Schenectady, Syracuse 

NORTH CAROLINA- Char',,, 
OHIO - Cincinnati. Clovela::i 

Lima 
OKLAHOMA-Oklahoma C: I , 

Tulsa 
OREGON - Portland 
PENNSYLVANIA - Greensbu, 

Philadelphia, Pittsburgh 
RHODE ISLAND - Providence, 

- East Providence 
TENNESSEE - Memphis, 

Nashville 
TEXAS- Abilene, Arlington, 

Austin, Brownsville, Corpus 
Christi, Dallas, El Paso, Fort 
Worth, Houston, Lubbock, 
Midland, San Antonio, 
Sherman, Waco 

UTAH -Salt Lake City 
VIRGINIA - Arlington, Norfolk, 

Virginia Beach 
WASHINGTON - Seattle I 

RADIO East: 730 Commonwealth Ave., Boston, Mass. 02215 
SHACK! West: 1515 So. University Dr., Ft. Worth, Tex. 76107 

Send me FREE Radio Shack 

Catalog '68 

#40 -922, Wharfedale Speaker Kit 
#40 -1908, 4" Speaker 

D #21 -107, TRC -99 Walkie Talkie 
#21 -105, TRC -66 Walkie Talkie 

E #22 -025, 61/2' VTVM 

L #22 -105, Multitester 
#28 -102, Radio Kit 
#28 -101, Organ Kit 
#28 -103, Mike Kit 

O #28 -100, Tube Radio 

Kit 
#270 -097, Perfbox 

Name 

Street 

City 

State Zip 

Add 50f per item for postage and handling. Dept. TF 

1 
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PERMOFLUX e a a 

ANNOUNCES A BRAND 
NEW HEADPHONE. e. 
the "HM" SERIES 
The entire audible spectrum, from the 
resounding bass smoothly thru the soothing: 
middle ranges to the clear tingling highs, 
is awaiting you in the miniature 
earspeakers, as these headphones 
comfortably engulf your ears. 
Feather -lite in weight, fully adjustable, 
the superior Permoflux quality is 
now available at popular prices. A 
wide selection of impedances. 
All ear speakers are 
fully tvarranteed for life. 

STANDARD OF THE WORLD 
futi?tAitl..., 

a ® X Corp. 

P.O. Box 6364, Dept. RE 9 
GLENDALE, CALIFORNIA 

Circle 140 on reader's service card 

U.S. GOV'T ELECTRONIC SURPLUS 

Nationally. Known -World Famous SURPLUS CENTER otters 
finest, most expensive, Government Surplus electronic units and 
components at a fraction of their original acquisition cost. 

ORDER DIRECT FROM AD or WRITE FOR CATALOGS 

STANDARD DIAL TELEPHONE Ji 
( ITEM #715 ) - - standard, commercial - 

telephone as used throughout U.S.A. trac- 
tive polished black, like new ondition- Use as ,- 
extension phone o private systems or connect 

temUral phones etogether for local intercom sys- 
, 6'all instmctions are fumished. Wt. 9 tbs. $5.95 Original Cost 524.50, FAR. 

STEP -BY -STEP AUTOMATIC SWITCH 
it t ITEM #738 1 - - Amagin5 "up- and -around ", ...--, 

eleclxo- magneOe telephone snitch. Dial any lank 
pair from 1 to 100. slake your ono telephone system. I . 
Can also be used to remotely control up to 100 cir- 
cuits over a single pair of wires. 

One f our FOUR STAR bargains. Comes corn- 1",,. ' 

piele ith data, one dial and one Ilse bank. Size. Imo. ,. 
S" a 7" x 15 ". wt. 16 lbs, Cost Gov't Over $75.00. 
CnmP11V Switch, cpveq $9.95 0 ' alai, tine bank, inarocuons F.O.B. 

TYPICAL BUYS FROM OUR 1967 CATALOGS 

s 350,00 - Geared 5 -hp Battery Golf Car Motor $24.95 
$ 15.00 - Westinghouse DC Ammeter, 0 to 300 $ 7.11 

$ A0,00 - Vacuum /Pressure Pump, 13 -YOC $11.95 
- - - - 80 -MW Walkie- Talkies, Per Pair $19.60 
- - - - Déluxe, Multi- Range, AC /DC Tester S 8.98 

$4000.01. Carrier Telephone Amplifier System $13.91 

SPECIAL SALE 
Correspondence °Course 

In 
ELECTRICAL 

ENGINEERING Seluls 
ts 

Fdoe r 
r.$.A9 $839 Postpaid._. 

to U.S 

( ITEM #AI81 I - - Wonderful chance to obtain 'echo( 
ing at Amazing Low Cost! Lincoln Engineering School has suspended 
Its Correspondence Courses because or increased operating 
offer limited number of the school's complete Electrical Engineering 
Course but without the esaminatlon paper maaino sere k, the 
Ionslsls of 14 lesson unit books. each hook has the regular r 
na separate section, "Standard !limners.' to each exam questio 

Course Is well written. easy to understand, profusely Illustrated. 
Reader's Digest size. easy to carry and study in spare time 
coin Engineering School students bidding excellent jobs as a 
L.E.S. training. Course contains latest inIonnatian on transistors. 
Ico,, diodes, etc. Additional book on how to Wild and operate 
Laboratory and Experimental Hooch" furnished with each course. 

r 
A. -- 
al train- 

costs. We 

course 
0/115, and 

may Lin. 
result or 

sll- 
a "Rome 

SEND 25G COIN OR STAMPS FOR 3 MAIN CATALOGS 

All Items FOB Lincoln Money Back Guarantee 

SURPLUS CENTER 10 DEPT. RE -097 LINCOLN, NEBR. 68501 

Circle 141 on reader's service card 

NOTEWORTHY 
CIRCUITS 

AUDIO SWITCHING CIRCUIT 

A means of selecting either of two 
audio signals from a remote locations is 
a desirable feature not often included in 
PA, broadcast and other sound- distribu- 
tion equipment. Here is a circuit, 
that you can adapt for this purpose. 

INPUT 

I- 
.05 

CI 

0.I 

()INPUT 

470 K 

SEE TEXT 

411 
39K 

50 25 4.7K 

OUTPUT 

.05 

25 

SWITCH OR RELAY 

200 -250V 

R4 150K 

R5 200K -50V 

Fig.l 

The circuit in Fig. 1, abstracted 
from Radio and Fernsehen (Berlin), is 
designed for high- impedance circuits. 
The tubes are EF83's but any pentode 
can be used with minor adjustments in 
the values of R1, R2 and R3 to provide 
normal screen and cathode voltages. 

The desired signal is selected by a 
dpdt switch or relay connected as shown. 
The unwanted channel is biased to cutoff 
by returning its control grid to -50 
volts. CI, C2, R4 and R5 are compo- 
nents in RC networks used to minimize 
switching transients and clicks. 

UNUSUAL SQUELCH CIRCUIT 

Here is a novel squelch circuit that 
you can add to a CB or similar monitor- 
ing receiver. It can be inserted between 
two audio stages in the set. 

V1 -a is an audio amplifier and V1 -b 
is the squelch control tube. A neon glow 
lamp is the squelch element. When it is 
extinguished, it "opens" the circuit and 
prevents audio from appearing across 
the output terminals. When the lamp 

98 

fires, it conducts and feeds the signal to 
the following stage. A negative avc volt- 
age that swings from zero to at least -2 
is used to switch the lamp on and off. 

The neon lamp may be any conven- 
ient-type with a firing voltage of 90 or 
less and an extinction voltage of 55 or 
more. When the switch is open, the 220K 
plate resistor maintains the plate of V1 -a 
at a level at least 5 -10 volts above the 
firning voltage of the glow lamp. When 
the switch is closed, the voltage on both 
plates of VI is the difference between 
the supply voltage (250) and the drop 
across the common plate resistor (R). 

If the grid of Vl -b is at zero volts, 
the plate current is at maximum and 
both plates drop to around 40 volts. At 
this level the neon lamp is off and the 
set is squelched. When an incoming sig- 
nal develops avc voltage, plate current in 
V1 -b drops and both plates rise to 
around 100 volts. This fires the lamp and 
conduction continues until the plate volt- 
age drops below the extinction voltage 
of the lamp. 

The lamp in my circuit operated in 
an ambient light level of 5 to 50 foot - 
candles. Increasing the ambient light re- 
duces the firing voltage; lowering the 

R 

220K 
250V 

.05 i VI a VI-b 

INPUT 
500K 12AU7 

IMEG 

SQUELCH 
SENSITIVITY 

N E -2 
SEE TEXT 

H I- 
.05 

OUTPUT 
220K 

TO AVC 
VOLTAGE 

light level increases the voltages needed 
to fire the lamp. 

The bottom of the 5- megohm 
squelch control is returned to a tap on 
the V1 -a cathode resistor. This applies a 
small positive voltage that bucks the 
negative self -bias on V1 -b when the avc 
voltage is zero. 

Within the range of 50 to 4,000 Hz, 
the distortion caused by the neon lamp is 
probably less than that caused by some 
more conventional squelch circuits. 
-Kendall Collins END 

RADIO -ELECTRONICS 
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GOVERNMENT 
SURPLUS 

72 page illustrated Government Surplus Radio, 
Gadgeteers Catalog 25¢. MESHNA, Nahant, 
Mass. 01908 

EDUCATION/ 
INSTRUCTION 

LEARN ELECTRONIC ORGAN SERVICING. New 
home study course covering all makes elec- 
tronic organ including transistors. Experimental 
kits -schematics -trouble -shooting. Accredited 
NHSC -GI Approved. Write for free booklet. 
NILES BRYANT SCHOOL, 3631 Stockton Blvd., 
Dept. F. Sacramento 20. Calif. 

CORRESPONDENCE COURSES- B.Sc., Engi- 
neering, Electronics, Catalog $1. CANADIAN 
INSTITUTE OF SCIENCE & TECHNOLOGY, 263E 
Adelaide St. W., Toronto 

WANTED! TV- RADIOMEN to learn aircraft elec 
tronics servicing. Numerous job openings every- 
where. Write: ACADEMY AVIONICS, Reno /Stead 
Airport. Reno, Nevada 

SLEEP LEARNING. Hypnotism! Tapes, records, 
books, equipment. Details, strange catalog 
FREE. RESEARCH ASSOCIATION, Box 24 -RD, 
Olympia, Wash. 

HIGHLY EFFECTIVE HOME STUDY COURSE in 
Electronics Engineering Mathematics with cir- 
cuit applications. Earn your Associate in Science 
degree. Free literature. COOK'S INSTITUTE OF 
ELECTRONICS ENGINEERING, P.O. Box 36185, 
Houston, Texas 77036 (Established 1945.) 

HIGHLY EFFECTIVE HOME STUDY REVIEW for 
FCC commercial phone exams. Free literature. 
COOK'S SCHOOL OF ELECTRONICS, P.O. Box 
36185, Houston, Texas 77036 

ASSOCIATE DEGREE IN ELECTRONICS earned, 
first half by correspondence and second half in 
residence. Free catalog. GRANTHAM INSTI- 
TUTE, 1505 N. Western Ave., Hollywood, Calif. 
90027 

FCC First Class License in six weeks- nation's 
highest success rate -approved for Veterans 
Training. Write ELKINS INSTITUTE, 2603E In- 
wood Road, Dallas, Texas 75235 

"SLEEP- LEARNING." Send for free brochure, 
"What's It All About." TAPES, Box- 190RE, 
Quincy, Mass. 02169 

SERVICES 
Transistorized products dealers catalog. $1. 
INTERMARKET, CPO 1717, Tokyo, Japan. 

WHEN YOU ORDER 

MERCHANDISE 

BY MAIL .. . 

Be sure to include your name and ad- 
dress. Include your zip code number. 
Type or print if you can -if not, write 
clearly. 
Don't send cash! Remit by check or 
money order. 
Include allowances for postage charges 
if you know the weight of what you're 
ordering. 
Mention you saw it M 

RADIO- ELECTRONICS 

SEPTEMBER 1967 

SALE ON ELECTRONICS 

BOOKS! 

5 FOR $3.98- 
$16.50 VALUE 

Guaranteed $16.50 Value. Grab bag of 5 
Gernsback electronics books on testing, 
test equipment, TV, radio, hi -fi, stereo, 
etc. Clearance of books which sell for 
as high as $4.50. Guaranteed retail value 
of $16.50. Retail prices clearly printed on 
covers. Send check or money order to: 
GRAB BAG DEPT. D97, Gernsback Li- 
brary, Inc., 154 West 14th Street, New 
York, N.Y. 10011. 

IND BURIED TREASURE!' s, 
10 -DAY MONEY BACK GUARANTEE 

Tr?EP UREP 
v 

.- IPR42:46e 
$1088 pad y,Y % ALL TRANSISTORIZEC 

;- 3 ft. portable detector finds 
buried metal objects, Signals 

location with loud audible sound. .. 
Detects gold, silver, metallic ore and nuggets 
of all kinds. Find lost coins, jewelry, indian 
artifacts, civil war souvenirs. Treasureprobe 
guaranteed to equal detectors selling to $150 
or yourmoney back. Absolutely complete, sen- 
sitiveearphone,9v battery, nothing else to buy 
TO ORDER:Send check, cash or money order, 

T55.00 
deposit for COD in 

t. 
CaREASUREPROBE 

DepB 
add 760 tax. 

P.O. Box 3446, Granada Hills, Calif. 91344 

[FREE MO 
$001 

WORTH OF 
TRANSISTORS 

RESlsTORs ITEM 
CONDENSERS FREE DIODES ET _ Add 25c for ha dl,n9 , 

(BOTH FREE WITH ANY $10 ORDERI 

TESTED 
FACTORY 

$1 SEMI- KON- DUCTORS 
02 -85 WATT 2N424 PLANAR, silicon. TO -53 elm $1 

DUAL T ANSISTORS Li PNP 12N28071 NPN 
$1 

03-40W NPN SILICON MESA 2N1648, transistor $1 

4 2N170 TRANSISTORS, by GE, npn for gen'l rf $1 

10 3 Amp RECT's, studs, silicon, to 800 V no test $1 4 -2N255 POWER TRANSISTOR EQUALS. $1 

010 PNP SWITCHING TRANS'TRS. 2N404. no test $1 

2N3088 "N" Channel FET'S Very High Input Z $1 
5 2N107 TRANS'TRS, by GE, pnp, pop, audio pak $1 

3- 2N1613 3W NPN SIL. 120 mc, by "Rheem" $1 

LI 3-45 AMP POWER RECTIFIERS, stud, silicon $1 

1 AMP 
*Zr7 Ply 

50 
100 
200 
400 
600 

SILICON RECTIFIERS 

Sale PIV 

5t 800 
7t 1000 
9t 1200 

114 1400 
19, 1600 

Sale 
23t 
40r 
591 
69r. 
$9t 

Pl, Sale 
1800 ri 99r. 
2000 

! 1.50 
3000 ! ! 1 .90 
4000 i] 2.50 

5 2N706 500MW, 300MC NPN transtrs, TÚ18 f1 
10 PNP SWITCHING TRANSISTORS. no test. TO5 .$1 
4 2N43 OUTPUT TRANSISTORS, by CE, pnp, TO5 .$1 1- IGNITION SWITCHING TRANSISTORS, 10 AMP $1 

IUI 25 GERMANIUM & SILICON DIODES. no test ....$1 
25 TOP HAT RECTIFIERS, silicon, 750 ma, no test $1 
2 -1000 MC- TRANSISTOR 2N918 NPN SILICON .$1 
4 2N333 NPN SILICON transistors, Transitron ..$1 
4 BIDIRECTIONAL TRANSISTORS, 2N1641 ....$T 
10 NPN SWITCHING TRANS'TRS, 2N338 no test $1 
15 PNP TRANS'TRS, CK722, 2N35, 107, no test 1 

15 NPN TRANSISTORS, 2N35, 170, 940, no test 1 

30 TRANSISTORS, rf, If, audio osc -ifs, TO5 no test 1 

B10 FAMOUS CK722 TRANSISTORS. pnp no test .. 1 

30 TRANSISTORS, rf,ir,audto, no test, TOS no test $1 

4 35 -W. TRANS'TRS, 2N1434, t'ns, T010. sturi...51 

SILICON POWER STUD RECTIFIERS 

AMPS Foctorli 50 PIV 
3 Tested T 

74 
15 224 
45 Alt 754 

160 'rests 2.50 
250 1 

4.50 

AMPS 400 PIV 

15 0 
45 

160 El 
250 

90t 
1.59 
5.75 
9.59 

600 PIV 
31t 

1.35 
Ó1.90 
7.50 

12.5.) 

100 PIV 
111 
40t 
90t 

2.95 
5.50 

800 PIV 
40t 
1.59 
2.50 
9.25 

15.00 

200 PIV 
170 
65t 

1.25 
4.05 
6.89 

1000 PIV 
59t 

1.79 
2.95 

10.95 
1_1 19.95 

0,03 SILICON 

vßese6F CONTROLLED 
RECTIFIERS 
7 16 25 

AMP AMP AMP PRV 
50 

100 
200 
300 
400 
500 
600 

48 
70 

1.05 
1.60 
2.10 
2.80 
3.00 

70 
1.05 
1.30 
1.90 
2.30 
3.00 
3.30 

80 
1.20 

1.70 
JJ2.20 
2.70 

3.30 
_ 3.90 

SILICON 
TUBE SPECIALS 

SU46B 
5R4 
OZ4 
6AU4GTA 
866A 

2.39 

4.39 
2.39 
2.39 

11.19 

Amp 
1000 39 1000 PIV EA 

Circle 147 on reader's service card 

6- MONTHS' GUARANTEE 
Poly Paks, the only company of its kind in the world 
due to its tremendous purchasing power, quality and 
factory testing procedures, GUARANTEES all items 
AS ADVERTISED for 6 months or your money back. 
A 'FIRST' ANYWHERE 

1 AMP 
Actual Size 

MICROMINIATURE 

SILICON RECTIFIERS 
PIV Sale ply Sale 

50 5t 600 190 
100 7t 800 25« 
200 Ll 9« 1000 454 
400 124 

2N1100 r 

51.99 
VCB (volts)120 I.1 

TRANSISTORS 

1.00 for 
Power, Audio,RF, untetted 

WORLD'S 
MOST POPULAR 

ZENER 
DI r'`- - 1 WRECTIFIERS ATT .49 

V 
10 WATTS 

4 

211. 00 
5.41/lo .4 19V 3 00 
6.4 20 7 91 110 
8.0 22 51 120 
9.1 24 58 130 
10 

30 
62 

160 
123 

68 1R0 3 33 75 200 
GLASS AMP* 
ONE AMP 

CRV may be es. 
seeded without the rectifier 
breaking down. 
PIV Sale PIV Sale 

50 5t 600 19« 
too 7; 800 29, 
200 9« 1000 45i 
400 13t 1200 f] 59« 

$1 PARTS PAKS 
10 TRANSISTOR ELECTROLYTICS: 10mí to 500mf .S1 
40 "TINY" RESISTORS, 1 /1OW, 6 % too! .... $1 
10 TRANSISTOR SOCKETS for pnp -npn transistors $1 
30 MOLDED COND'S. mylar. porc, black beauty $1 
10 TRANSISTOR ELECTROLYTICS: 1Omf.to 600mí $1 
50 COILS It CHOKES, if, rf, ant. ose, & more .. $1 
35 TWO WATTERS, asst incl: A.B.,.5 Va too! . Si 

R30 "YELLOW" MYLAR CONDENSERS, asstd val Sl 
60 CERAMIC CONDENSERS, discs, npo's, to .05 1 

60 TUBULAR CONDEN'RS, to .5 mf, to 1 Kv, asst 1 

40 DISC CONDENSERS, 27mmf to .05mí to 1Kv 1 

60 TUBE SOCKETS, receptacles, plugs, audio, etc. 1 

30 POWER RESISTORS, 5 to 50W. to 24K ohms 1 

65 HALF WATTERS, asst incl: A.B., 5% too! ... $1 

60 HI -Q RESIST'RS. 1/2, 1, 2W, 1% & 5% values $ 1 

10 VOLUME CONTROLS, to 1 meg, switch too! .$1 
10 ELECTROLYTICS, to 600mí, asst FP & tubulars $1 
50 RADIO & TV KNOBS, asst. colors & styles ...$1 
4 TRANSISTOR TRANSFORMERS, asst. worth $25 $1 

40 PRECISION RESISTORS 1/2, 1, 2W; 1% values $1 

40 CORNING "LOW NOISE" resistors, asat. ...$1 
10 PHONO PLUG & JACK SETS, tuners, amps ... $1 

50 TERMINAL STRIPS. 1 to 8 solder lug types . .$1 

$25 SURPRISE PAK: transistors, rect, diodes, etc. $1 

Ï] 10 TUBULAR ELECTROLYTICS, to 600 mf $1 

r FOR OUR '' XMAS " BARGAIN CATALOG ON: 
1 OY Semiconductors Pely Paks Pans 

OLY 
AKS 

TERMS: send check, money 
order, include postage -avg. wt. 
per pak 1 Ib. Rated, net 30 days. 
CODs 25% 
P.O. BOX 942 R 
SO. LYNNFIELD, MASS. 01940 

"PAKKING" of the World 
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 IL 
IN 

1,1/ TERNA TIONAL 'S 6024 FREQUENCY METER 

SECONDARY FREQUENCY STANDARD 

SIGNAL GENERATOR 

POWER METER 

The all new 6024 packs three test instruments into one small pack- 

age for fast, professional servicing on all makes of Citizens Radio 

transceivers. You have at the flick of a switch, a SECONDARY 

FREQUENCY STANDARD, range 26.965 to 27.255 MHz with 

Counter Circuit, zero to 2500 Hz; SIGNAL GENERATOR, 26.965 to 

27.555 MHz and DUMMY LOAD /POWER METER up to 5 watts. 

Order your International 6024 today! It's all new. 

Complete with connecting cable, dummy $34500 
load, rechargeable battery and charger. 

Circle 148 on reader's service card 
104 

THE 6024 COMES 
COMPLETE WITH 

CHARGER. 

WRITE FOR CATALOG 

INTERNATIONAL 

CRYSTAL MFG. CO., INC. 
10 NO. LEE OKLA. CITY, OKLA. 73102 

RADIO -ELECTRONICS 
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/.. 1- I 1-. 1 ( I 

'- ----"\ Be On tftelloo out for the Wide 

anger. He represents .CDE's 
ide -rangé electrolytic pro - 

rarrl in he TV serviceman's 
'liever ending fight fpr èasier, 
faste.r, more profitable service 
¡calls, 

THE UOT Kl 

It doesn't pay you to go looking for the 
Exact Kid -any Exact Kid. 
The Wide Ranger's 200 -plus replace- 
ment electrolytics do the job of the Exact 
Kid's thousands. So your distributor al- 
ways has the wide range electrolytic 
you need, in stock. 
That's why everybody calls the CDE 
WIDE RANGER}aGoodGuy. 

© CornellOubilier 1967 

C DfÉ CORNELL- 
DURILIER 

Circle 149 on reader's service card 
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You need this guide for 
RCA Color Home Service Calls! 

RCA'S NEW FIELD SERVICE GUIDE, ERT -200 helps you 
make all adjustments on all RCA color sets from 1955 
tc 1966 that can be performed in the home ... including 
step -by -step procedure for replacing a color picture tube. 

WHAT THIS GUIDE CONTAINS: 
Schematics on all RCA color sets from 1955 to 1966 
Field service adjustments (AGC, linearity, centering, etc.) 
Convergence, purity and black and white setup 
adjustments 
Parts lists 
Wave forms keyed to test points for majority of chassis 
Top and rear chassis views 
Photos of typical receivers 
Index of models from CTC2 through CTC20 
Separate section on tuner schematics 
Separate section on remote tuner schematics 

See your RCA Tube Distributor today and arrange to get your copy. 

Three part index lets you look up the set you are working on 
by model number, name or chassis number. You'll find the 
ERT -200 Field Service Guide indispensable. There's noth- 
ing like it on house calls for RCA color sets. 

FIELD -SERVICE GUIDE 
RCA COLOR -TV RECEIVERS 

1955 -1966 

FEATURES. 

l7,a44«....1011, 

Wopo....- 

w......_... 

....,-..ra 4.4 4.6. 

RCA Electronic Components and Devices, Harrison, N.J. 07029 

The Most Trusted Name in Electronics 
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