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Should you be a nitpicker... 
Should you be a nitpicker when it 
comes to selecting a stereo deck? Only 
if you want to get yourself a deck 
you'll be happy with for years to come. 

Because every manufacturer claims 
to have the "guts" to make the best 
sound. But, if you had the opportunity 
to "tear apart" most of the tape 
recorders on the market, you'd 
find a lot of surprises inside. 

Like flimsy looking little felt pressure 
pads to hold the tape against the heads 
which actually cause the heads to wear 
out six to eight times faster than 
Ampex heads. 

Like stamped sheet metal and lots of 
other not -so -solid stuff that gets by 
but who knows how long? And all 
kinds of tiny springs and gadgets 
designed to do one thing or another. 
(If you didn't know better, you'd 
swear you were looking at the 
inside of a toy.) 

Like heads that are only adequate. 
Heads that might work fine at first, but 
wear out sooner and diminish the 
quality of sound reproduction as 
they wear. 

There are lots of other things, but 
that's basically what not to get in a deck. 

Okay, now for a short course in 
what to get. 

Exclusive Ampex dual capstan 
drive. No head -wearing pressure pads. 
Perfect tape tension control, recording 
or playing back. 

Exclusive Ampex rigid block head 
suspension. Most accurate head and 
tape guidance system ever devised. Solid. 

Exclusive Ampex deep gap heads. 
Far superior to any other heads on the 
market. Last as much as IO times 
longer. There's simply no comparison. 

So much for the "general" 
advantages of Ampex decks. Ready to 
nitpick about specific features on 
specific machines? Go ahead. Pick. 

Pick the Ampex 755 for example. 
(This is the one for "professional" 
nitpickers.) Sound -on- sound, 
sound -with- sound, echo, pause control, 
tape monitor. Three separate Ampex 
deep gap heads. 

Or, pick the 1455. For lazier 
nitpickers, because it has automatic 
two -second threading and automatic 
reverse. Plus sound -with- sound, pause 
control and tape monitor. Four 
separate deep gap heads. 

One more thing you should get on 
your next deck, whichever one you 
choose: the exclusive Ampex 
nameplate on the unit. Just big 
enough to let everybody know you've 
got the best. (Who says a nitpicker 
can't be a name -dropper too ?) 

So, pick, pick, pick. And you'll pick 
Ampex. Most straight- thinking 
nitpickers do, you know. 

AMPEX 
AMPEX CORPORATION 
CONSUMER EQUIPMENT DIVISION 
2201 LUNT AVENUE 

ELK GROVE. ILLINOIS 80077 

Model 755 Model 1455 

A deck And a deck 
for nitpickers. for lazy nitpickers. 
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Don't Just Monitor....MEASURE, 
Triggered Sweep Makes The Difference 

With The Type S54 Solid -State Oscilloscope 

A true waveform measurement system, with the im- 

plied control, range, and accuracy; and designed for 
the service industry. 

Full triggering capability with AUTO or LEVEL 
selective modes plus TV frame or line capability. 

Bandwidth is DC to 10 MHz. 

Deflection factor is 0.1 V /cm. 
X10 gain increases deflection factor to 10 mV /cm, 
DC to 4 MHz. 

Vertical attenuator and Horizontal timing accurate 
within 5 %. 

6 cm x 10 cm illuminated graticule. 

Type S54 $350 
U.S. Sales Price FOB Beaverton, Oregon 97005 

Or The Type D52 Double -Beam Oscilloscope 

A unique measurement package for applications re- 

quiring analysis between two time -related signals. 

The instrument combines two separate vertical chan- 

nels, a calibrated time base, and full triggered sweep 

capabilities with a low price of $360. 

Full level selective triggering has internal source 
from either channel plus TV frame and line 
capability. 
Bandwidth is DC to 6 MHz. 

Deflection factor is 0.1 V /cm. 

X10 gain increases deflection factor to 10 mV /cm 
at DC to 1 MHz. 

Vertical attenuator and Horizontal timing accurate 
within 5 %. 

Type D52 $360 
U.S. Valdes Price FOB Beaverton, Oregon 97005 

- 
. V V V V 

photos courtesy of 
SUNSET TV SERVICE, Portland, Oregon 

TEEEQUIPMENT OSCILLOSCOPES 
Designed for industry and education; backed by a one year warranty, 
replacement parts support, and 22 service centers; marketed through 
48 Tektronix Field Offices. 

For more information call your local Tektronix field engineer or write 
Tektronix, P.O. Box 500, Beaverton, Oregon 97005. 

TELEQU I PM ENT <0> 
. a subsidiary of Tektronix, Inc. 
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Tips for Technicians Vv- 
New circuit breakers for color TV 

DUAL CIRCUIT BREAKER 

THERMAL 
BREAKER 
ELEMENT 

I 
Typical hook -up for dual circuit breaker 

Dual circuit breaker 

REMEMBER TO ASK 

Practically all the new color TV sets have a new 
kind of dual circuit breaker in them which you 
may not have run into before. Here's the story. 
Remember back when black- and -white television 
used two fuses -one in the power supply input, 
and one in the horizontal output circuit? Next, in 
the interest of economy, the fuse in the horizontal 
output was eliminated. Then the designers switched 
to re- settable breakers, in the B+ line. 

Along came color. Overload protection became 
necessary, because the horizontal circuits are more 
complicated, and more expensive components in- 
cluding the flyback transformer could be knocked 
out by a defect in the horizontal circuit. 

The answer : a dual breaker which pops out from 
excess current in either the B + or the horizontal 
output ... in a single breaker case. It has two elec- 
trically isolated but thermally connected circuits, 
either of which can cause the B + contacts to open. 

The diagram shows a basic hook -up for the breaker. 
The thermal breaker element goes directly in the 
B+ line. A resistor inside the breaker, usually 
about L3 ohms, is connected between the cathode 
of the horizontal output stage and ground. This 
resistor is located so it will heat up the thermal 
breaker element. 

Along comes an overload in the B +. The thermal 
element pops the contacts open, in the usual man- 
ner. When there's excessive current in the horizon- 
tal output, the heating of the breaker's resistor 
has the same effect as a B + overload, opening the 
contacts and removing voltage from the circuit. 

Tip No. 1: breakers can fail because they get 
repeatedly reset into a fault. Check for gassy tubes 
and leaky capacitors before you replace the 
breaker, or you'll have the whole job to do over. 

Tip No. 2 : always replace with a Mallory breaker. 
We have three different dual breaker ratings in 
our line. They will replace the dual breakers in all 
existing color set applications. All are made to 
original equipment specifications. Your nearby 
Mallory distributor can supply you off the shelf. 
See him soon, or write to Mallory Distributor 
Products Company, a division of P. R. Mallory 
& Co. Inc., Indianapolis, Indiana 46206. 

i 
- 2V at LLi fZíGLL Azefet97" 

CIRCLE NO. 103 ON READER SERVICE CARD 
2 ''.ECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


Elml ionies 1lurld 

New 1969 
COLOR-TV' 
RECEIVERS 
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THIS MONTH'S COVER 
ties in with our lead story 
on "Color -TV for 1969" by 
Forest Belt. One of the 
trends for the new models 
is the appearance of a num- 
ber of smaller color sets 
with pictures of 15 -in or 
less. Typical of these are 
the three 14- inchers shown. 
The receiver at the bottom 
right is the RCA Model EL- 
424. We have removed the 
back cover to show the un- 
usually compact construc- 
tion required to get the 
size down. The receiver at 
the left is Zenith's Model 
Z3508W, while the set in 
the right background is Syl- 
vania's Model CB -34W. On 
the picture tubes of these 
two receivers we have simu- 
lated closed- circuit TV dis- 
plays showing two other 
rear views of the RCA set. 
... Photo by Dirone -Denner. 
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31 How to Add Remote Speakers to Hi -Fi Stereo Systems Victor Brociner 

By observing a few simple precautions, you can add speakers quite 
easily to either your tube or transistor stereo amplifier. Here's how. 
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Earn Your 

DEGREE 
in Electronics! 

The Grantham Electronics Degree Program 
(available mostly by correspondence) is divided 
into two main courses-( 1) Electronics Engineer- 
ing Technology, which leads to the Associate 
Degree, and (2) Electronics Engineering, which 
leads to the Bachelor Degree. The second course 
is an extension of (or addition to) the first course, 
both courses together making up the entire de- 
gree curriculum. 

The Associate Degree Course 

The course in Electronics Engineering Tech- 
nology, leading to the Associate Degree, con- 
sists of six semesters (or sections) and a final two - 
week class of review and examination. All sec- 
tions of this curriculum except for #3 are offered 
by correspondence. Section #3 may be taken in 
residence, or credit for it may be given for at 
least one year of fulltime experience as an elec- 
tronics technician. Thus, if you are an electronics 
technician, you may earn your Associate Degree 
in Electronics without any resident attendance 
except for a final two -week period of review and 
examination. 

The Bachelor Degree Course 

The curriculum in Electronics Engineering (lead- 
ing to the Bachelor of Science Degree) includes 
all of the Associate Degree course and, in addi- 
tion to that, includes one semester in resident 
classes at Grantham in Hollywood, and includes 
credits in English, Business, etc., which are to 
be earned at other colleges and transferred to 
Grantham. 

The Grantham educational program in elec- 
tronics places heavy stress on fundamental con- 
cepts of logic and mathematics rather than on 
superficial manipulative skills. Since these fun- 
damental ideas are largely unfamiliar to many 
'electronics technicians, it is necessary to develop 
them in a systematic manner, before real ad- 
vancement is possible. 

Accreditation and G.I. Bill Approval 
Grantham School of Electronics is accredited by 
the Accrediting Commission of the National 
Home Study Council, is approved under the G.I. 
Bill, and is authorized under the laws of the State 
of California to grant academic degrees. 

Grantham School of Electronics 
Established in 1951 

1505 N. Western Ave. 
Hollywood, Calif. 90027 

Telephone: 
(213) 469 -7878 

t 

or 
818 18th Street, N.W. 

Washington, D.C. 20006 

Telephone: 
{202) 298-7460 

Mail the coupon below for our free Bulletin. 

Grantham School of Electronics EW -1.69 

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

Please mail me your free Bulletin, which explains how 
the Grantham educational program can prepare me for 
my Associate in Science Degree, and my Bachelor of Sci- 
ence Degree in Electronics Engineering. I understand no 
salesman or counselor will call. 

Name Age 

Address 

City State Zip 
J 

COMING 
NEXT 

MONTH 
SPECIAL FEATURE ARTICLE: 

DIGITAL READOUTS 
Automation has changed the way we look at things. Only a few years ago, it was 
cheaper and easier to interpret data from a meter deflection. Today, information 
is available in digital form and so the trend is to digital readouts. This 
article discusses the advantages and disadvantages of a number of the most pop- 
ular types, and includes a table where the characteristics and cost of devices 
made by Tung -Sol, IEE, Dialco, Burroughs, Raytheon, and others, are compared. 

STEREO VS CONCERT HALL 
Most home music systems are better than 
some of the earlier professional models. 
Yet, they fall far short of "live" listening 
quality. Article points out some of the 
Iitttitations of stereo reproduction. 

CHROMA ALIGNMENT 
Alignment of the chroma section of a 
color -TV receiver is one job which even 
expert technicians fear. There are so 
many different circuits and methods. In 
this article, Forest Belt takes the high - 
mindedness out of the procedures and 
brings chroma alignment down to earth. 

GEOMAGNETIC OBSERVATORIES 
The earth's magnetic field is of prime 
importance to geophysical scientists, and 
not so surprisingly, the military is inter- 
ested too. In this article, some of the tech- 
niques and equipment scientists use to 
measure geomagnetic fields are covered. 

THE "REGVERTER" 
Most mobile electronics equipment has 
to use power -conversion devices. Some 
converters are huge, yet are only medi- 
ocre regulators. The "Regverter" is a 
solid -state circuit which combines re- 
liability and efficiency with small size. 

All these and many more interesting and informative articles will be yours 
in the February issue of ELECTRONICS WORLD . . . on sale January 16th. 
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B news y FOREST H. BELT /Contributing Editor 

Keeping Good Technicians 

It still looks like a long time before there will he enough service technicians to go around. Half the shop 
)wcners we talk with tell us how hard it is to find and keep able technical help. They all seem to wonder what 

the reasons are. 
The Service Committee of EIA sums up the problem in the word "motivation." At last fall's Confer- 

ence the Committee decided the biggest job lies in selling young people and their parents on the dignity, 
challenge, and reward of consumer -electronics service work. The place to start, they say, is in the high 
schools and colleges -letting teachers know what a vast market there is for this kind of trained manpower. 

Yet, how well does the service industry motivate these youngsters afterward? In many localities it 

offers low salaries, no fringe benefits, long hours, and dirty shops in which to work. How can we expect 
clean -cut young fellows to find anything glamorous or challenging in a business that, taken all around, 
shows less than average pride in itself? We can't -and therein lies one key to the motivation that is needed. 

Dr. Victor Howard, consultant in personnel management, has this to say about it. "Motivation is a 

pyramid of values an employee wants and needs. Physiological needs are at the base followed by safety or 
security needs; then social needs, ego needs and, finally, the need for self -fulfillment." 

In more specific terms, here is what it takes to motivate young service technicians: a comfortable, 
clean, well -lighted place to work ; safe, sturdy, trustworthy tools and equipment to work with; training in 

how to work safely ; satisfactory wages sufficient to permit family security and a reasonable social stan- 
dard; disability insurance and pension plans that relieve them of uneasiness and worry that saps useful 
energy; self- respect -which could best be evidenced by a firm conviction among those already in the ser- 
vicing business that it's a rewarding career; and advanced training to satisfy the willingness- indeed, the 
insistence -of today's young people to learn more and more about whatever interests them. 

These are the things it takes to find and keep good technicians. All of them are available and are already 
being provided by many business- minded service -shop operators. Without these, the independent service 
industry has little hope of attracting the kind of young men it needs to keep it alive and independent. 

Warranties Simplified? 

The wording is maybe ... but for the service dealer there is little change. What the major electronics 
manufacturers are doing is shortening the long- winded way warranties have been written. Of course, it 

may help servicers to spell out clearly that warranty "service, labor, and transportation charges ... are 
the purchaser's responsibility." Buyers may eventually quit expecting free labor under extended warran- 
ties. 

This simplification, however, is not what government (and private ) consumer protectionists are really 
after. Ostensibly, they want a warranty that covers everything -so the buyer pays nothing for repairs that 
become necessary during the warranty period. If you read between the lines though, and listen carefully to 
what they say, you come to realize that they are actually promoting a lifetime warranty -one that covers 
the entire useful life of an appliance. 

That's virtually a throw -away philosophy. Buy something. use it, and the manufacturer covers any re- 

pairs it needs until the time comes to get another. Then just throw it away and buy another. With most 
items, if there were any servicing at all, it would be done only by a manufacturer -operated servicing 
facility. 

One step in that direction has already been taken. It's called "exchange warranty." If an appliance goes 
bad in warranty, take it to a center and get another free. That doesn't go on forever but it does eliminate 
servicing through a certain period. The 2 -year exchange plan on Motorola's Quasar modules is similar. 
but so far it requires a technician to know which module to exchange. Still another angle on the same theme 
is part of almost all leasing plans. A user merely leases the equipment, with all maintenance furnished by 
the leasing company. When the time comes for a new unit, the user merely signs a new lease. Payments 
are made once a month, and no repair bills, ever. 

Simpler warranties, if not overdone, could improve industry- customer relations. It's important, however. 
to examine the deeper implications. They might not all he good. 
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What 1969 Will Bring 

With every new year, industry sages predict ie hat they think %rill happen during the ensuing 12 months. 
Columnists get that urge too; so here is what i expect in 1969. 

So much hinges on the economy in general. With a new President. a different party, we can he sure well 
see a changed approach to the seeming impossible task of maintaining a boom while cooling it. This boom 
has a lot of momentum, and won't cool much for awhile, even if peace is really achieved in Viet Nam. The 
consumer electronics industry is affected in a roundabout way, of course, through higher or lower wages 
brought on by war and defense spending. 

The boom will likely last till after midyear, even in spite of attempts to slow it down. Spending for home 
electronics will keep climbing at present rates. at least. If no further attempt is made to curb consumer 
spending. the second quarter of 1969 could become a record -breaker. Here arc just a few specific exam- 
ples: 

Color -TV in 1969. Color -TV. having failed to spurt significantly near the end of 1968. may wait until 
mid- or late next year to climb again. Color sets now outsell black- and -white. but the next surge in sales 
wont occur until the newness of solid -state wears off. After more transistor chassis have appeared (prob- 
ably in the spring lines I the public will lose its wariness. Then look for a sharp upturn in sales. 

11i-Fi in 1969. Hi -fi. still waiting for its next "big" innovation, will increase at about the same rate it is 

now -slowly, but steadily. There's no sign of anything startling to come, certainly not before late in the 
year. You'll hear a couple of good new ideas early in the spring but they won't start any new fads. 

Auto Stereo. Speaking of fads, this one is building a record of striking growth. An awful lot of 1969 cars 
will have auto stereos installed at the factory. Some will be combination systems -both cartridge tape and 
stereo -FM. The dominant cartridge system is 8 -track continuous loop. But there's rumbling that suggests 
more cassettes are usurping the automobile market. They won't sideline much 8 -track business but a lot of 
the natural increase in this field will go in the cassette direction. The chief encroachment will be in the 
used -car after- market. Cassette machines and tapes are less expensive than 8- track. Stereo cassettes neigh 

higher fidelity, played on machines with better heads. are only around the corner -and that will alter the 
emphasis. Look for more companies in the business and for auto stereo to be the fastest -growing segment 
of consumer electronics in 1969. It'll probably take til! 1970 for this particular mini -boom to slow down. 

Electronic Music in 1969. Here's one more home -entertainment product to watch in 1969. Any real 
growth at all will amount to a boom since the field is hardly scratched. I don't mean the amplified- instru- 
ment business, but "synthetic" electronic music. So far this has been mainly a lab or university curiosity. 
although it has gained some acceptance in avant- garde circles. It produces some of the strangest and wild- 
est sounds you've ever heard, and some of the most charming. The "instruments" now sell in the neighbor- 
hood of S3,000. The possibilities are enticing, though. Look for a less expensive version for home and 
junior band use. - 

Color -TV X -ray Radiation 

Back to the here -and -now. Almost after any need for it. at least for color -TV. there is a radiation law. 
It squeaked through Congress in October. But that's uoee here near the end of the matter. Even though most 

color sets now use circuits that can't cause the h.v.- regulator radiation problem that kicked off the x- radia- 
tion uproar. The Department of Health. Education and Welfare ( HEW ) still must set standards. The lack 

of such standards makes a fiasco of the law in most respects. Color set manufacturers must. at their own 

expense. remedy any radiation defect that occurs. (That's nehat G-E did. anyway.) The funny part is that 
there's no way -under the new law-to decide if there is a radiation defect. Even more to the point, there 
is still no evidence that the soft x -rays do any harm anyway. So the law enjoins HEW to sponsor research 
to find out if they do -hut to set standards whether or not they do. This seems like a strange tail- wag -the- 

dog law that developed from "scare" publicity and pressure. The bill does apply to other electronic equip- 
ment but it is virtually pointless for the equipment that triggered the whole thing. 

Solid -State (Almost) Color -TV Display 

In a laboratory in Tokyo. a Japanese professor found a way to draw a new type of optical fiber at very 

lose cost. One practical use he recently demonstrated is for a fiat color -TV screen. The fibers are arranged 
so that colors appear in lines instead of in dot triads. However, the optical fibers do not produce the 

colors themselves. They are merely connected to red, green and blue filters over three monochrome 
CRT's. The various color signals are applied to the tubes separately and carried to the viewing surface by 

the fibers. So we don't have a non -CRT color -TV display yet, but this kind of research helps keep the fires 

stirred. A 
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TV ghosts beware! We've got a full line of ghost - 
fighting antennas and we're out to get you. With all 
our experience in the TV business, you've got plenty 
of reason to be scared. 

Wait till you try to creep through our' " seam- 
less tubing. You'll never make it. Or just try to cross 
our double booms. They'll set you straight. 

And to make your life even more difficult, we've 

dipped our antennas in anti -corrosive material inside 
and out. So there'll be no rusty morsels for you to 
thrive on. 

Take a word of warning. Before you choose 
another living room to haunt, check the roof. Make 
sure a Sylvania antenna isn't installed. Because if 
it is, you don't stand S"17J\,T,\Ç Lk 
a ghost of a chance. 

GE 

- 
NERAL TELEPHONE & ELECTRONICS 

Sylvania goes into the 
ghost-fighting business. 

N 
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Discover the ease 

and excitement of NRI's 

J DIMENSIONAL 
METHOD 

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

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

OVER 50 YEARS OF LEADERSHIP 

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

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

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

IN ELECTRONICS TRAINING 

8 ELECTRONICS WORLD 
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Start Fast with NRI's Educator - 
Acclaimed Achievement Kit 

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

NRI "Bite- Size" Lesson Texts 
Program Your Training 

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

J 

You Get Practical Experience 
With Actual Electronic 
Equipment 

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

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

January, 1969 11 
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news 
Electronics Growth . . . 

has slowed and the industry expects this downward trend to continue to midyear. The reason. according 
to Electronics Industry Association's president, Mark Shepherd, Jr., is that "uncertainties in the general 
economy had turned business conditions `sluggish.' " 

Apparently, these "uncertainties" revolve around speculation of the direction which President -elect 
Richard M. Nixon will want (or be forced) to take as to Viet Nam, tax -surcharge, and general govern- 
ment spending. It is safe to assume, we believe, that there will be little change in the Vietnamese situa- 
tion because Nixon's Asian policy is not expected to be very different from that of LBJ. Thus, defense ex- 
penditures (DOD) probably will rise another $3 to $5 billion over the fiscal -68 request. 

Generally, most areas of electronic industries- consumer products, industrial electronics, government 
electronics, replacement parts, etc. -show some slight growth. The estimated total sales in 1968 (millions 
of dollars) were about $23,600; in 1969 the total expected sales are only $24.600. 

Software .. . 

is often the least -thought -about but perhaps most expensive and time consuming -as well as trouble- 
some -part of a computer operation. De- bugging a computer program may take months of tedious work 
with trial runs and sample calculations repeated over and over again. And after all of this, one tiny pro- 
gramming error can easily shut down a huge multimillion -dollar computer thereby making the entire sys- 
tem useless. 

According to Murphy's Law, "when there's a possibility of something going wrong, it will," and this 
is exactly what happened during the recent national elections. Two giant IBJI System 360 Model 40 com- 
puters suddenly began spewing false data -reporting wrong vote tallies and percentages for the wrong 
candidates -forcing a switch to a slower, back -up, vote- tallying system. However, the director of the New's 
Election Service said the computers were not to blame and that the difficulty was traced to programming. It 
seems that more than 10,000 hours were required to develop the program and other computer instructions 
hut, nevertheless, a simple numerical error concerning the number of precincts reporting caused the con- 
fusion. 

Programming has been called an exacting art. Instructions in symbolic form are fed via a typewriter, 
tape, or other similar machine, into the computer; from that point, the action becomes complicated. The 
data is stored in the computer's memory banks until required. Then, after passing through a series of 
addresses and shifts, the instructions are picked up and the calculations made. 

Lasers .. . 

may be a more efficient and rapid method of detecting and tracing air pollutants than existing methods 
which require substantial time and manpower. 

For some time, lasers have been used experimentally to detect clear air turbulence. The technique is 
based on the premise that laser light is reflected by miniscule particles ( pollutants) swirling around in 
clear air storms. This same premise will be used in an air pollution detection study by the General Electric 
Space Sciences Laboratory under the auspices of the Appalachian Regional Commission (Pennsylvania 
Chamber of Commerce). Under the program, G -E will build a trailer -mounted laser device capable of re- 
motely detecting the accumulation and motion of various types of air pollutants within a radius of five 
miles. 

An Electron Microscope .. 

12 

twenty times more powerful than conventional 100,000 -volt instruments. is "on- line" at U. S. Steel 
Corp.'s research laboratory in Monroeville, Pa. The new million -volt unit. which was designed and built 
by RCA, can resolve structures down to their atomic dimensions. Thus, it should be able to detect particles 
of only two -angstrom size, or approximately 1 /250,000,000th of an inch diameter. 

Why is such a powerful tool needed? Well, metallurgists will use it to confirm old theories and postulate 
new ones on the fine structure of materials, to explain strength, fatigue, electrical and electronic proper- 
ties, phase transformations and chemical reactions. In short, they may be able to ti- ' it to develop new 
materials more fitting to the space age. Biologists see the instrument as useful in studv ing disease -produc- 
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Shocked? Don't be. Does this man look like a criminal? 
He's not. This man is in the business of preventing crime. (One of the 
fastest growing industries today.) He's a Radar Sentry Alarm dealer repre- 
sentative. 
What could this possibly mean to you? Perhaps nothing. On the other 
hand, it could change your entire life. 
As a Radar representative, you could make $1,200 a month if you sold 
only one system each week. Most of our dealers make much more. Two 
sales a week would net you $28,000 a year; five a week, $46,000 a year. 
We make the finest solid state microwave burglar alarm system available; 
one that's easy o install and easy to service ...for both home & business. 
We're presently expanding our organization of dealer representatives. We'll 
train you, provide you with leads and offer continuing counsel. You can 
operate full-time or part -time. Later, you may want to expand and orga- 
nize your own sales staff. 
But for now, let's get better acquainted. Fill out the coupon. n a few days, 
you'll receive complete details about how you can live a life of crime -and 
make it pay, handsomely. t. 

Radar 
Sentry Alarm. 
The Crimebuster. 
RADAR DEVICES MFG. CORP. 
22003 Harper Ave., St. Clair Shores, Michigan 48080 
Rush me RSA Distributor Info. 
I understand there is no obligation. L iA 

Name 
Address 
City State Zip 

Live a life of crime, 
honestly. 
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ing viruses and bacteria ; and (through observation of the beginning of certain life -functions) in finding 
the causes of some now -incurable diseases. 

Although the U. S. Steel microscope is extremely complex. it is highly automated and can he operated by 
one man. It contains three television systems, each employing small transistorized cameras to provide per- 
sonnel safety and instrument versatility. Two TV systems are trained on meters and other points so that 
the operation can be monitored without exposing the microscopist to radiation. The third system is used 
for image intensification. In this way, the strength of the electron beam can be reduced as much as 50 times 
to diminish the effects of heat and radiation on the specimen. 

Flat -Faced Display Devices . . . 

that could replace a cathode ray tube have been high on the priority list of military and commercial in- 
strument manufacturers but, so far, designers have been unable to come up with a practical working model. 
A matrix of light -emitting diodes could do the job but the problem has been interfacing each diode with 
buffer circuits which could individually turn each on or off. General Electric's Electronics Laboratory 
thinks it has the problem solved. Instead of adding control or buffer circuits to the matrix, they use a mo- 
nolithic IC which also contains a light- emitting gallium- arsenide diode. Thus, they have a miniscule com- 
ponent which contains its own logic, memory, and light. 

Not all the problems have been erased by this technique, however. The chips are limited in size -about 
an inch at a density of 400 dots per inch -and the gallium -arsenide phosphide gives off an infrared light. 
Thus, a special electroluminescent panel is needed for viewing. 

Since Artificial Heart . . . 

research has shifted into high gear, scientists are speeding up their search for sources to power them. 
Thus, bio- electric power supplies, which use chemical reactions inside the human body to generate power, 
are receiving more than passing scientific interest. In the January, 1968 issue of EW, we discussed the de- 
velopment at the University of Pennsylvania of a biological fuel cell, and in the March issue we talked 
about how platinum electrodes imbedded in the heart could be used to obtain voltage outputs of .25 volt or 
more. Now, space scientists at G.E.'s Re -entry Systems Division have developed a technique of implanting 
zinc and platinum electrodes within the body to produce 50 microamps at 0.8 volt. They claim no biologi- 
cal damage from galvanic chemical reactions, and a rabbit used in the tests has been generating power 
for a transmitter implanted in its body for over nine months. 

Some Thoughts .. . 

about things going on. Have you heard that RCA has developed a contraceptive device that can be in- 
spected electronically? The intra- uterine device is a plastic ring approximately three -quarters inch in 
diameter. Inside are electrical components and a flexible wire. When in proper position, the device gives 
off one signal -and another when it's distorted or displaced. ... A Connecticut -er, Luther Simjian, has pat- 
ented a method of transmitting messages while simultaneously translating them into one or more foreign 
languages. The system is called Teletrans. Here's how it works: a sensor automatically scans a taped or 
typewritten message and records it, matching the words to code characters on a revolving drum ; then it 
transmits the recorded code by wire or radio. The code for a word in English is also the key to the foreign 
language equivalent. When the coded message is decoded at the receiver, the operator controls the output 
language by inserting appropriate discs. The inventor of this new system claims a thousand word -and- 
figure vocabulary. . . . Sylvania's Ultronic Systems subsidiary will assist the brokerage firm of 
Paine, Webber, Jackson & Curtis in a six -to- eight -month study of the firm's information network and rec- 
ommend communications requirements. The study could result in a model communications system which 
other large investment firms could utilize. It is expected that the stockmarkets' average daily volume will 
soon reach 23- million shares a day. By 1980, the daily market volume could reach 36 million shares. This 
points up the need for a reliable, quick- reaction communications network.... Automatic highways are 
on the way. The Ford Motor Company is conducting tests on an electronic vehicle control system which 
may be a forerunner of automatic highways. The program is one of two Ford studies known as "Auto- 
matic Headway Control" (AHC) and is essentially a computerized brake and throttle control unit... . 

It's possible for commercial shipping to navigate anywhere in any weather by utilizing signals from polar 
orbiting satellites of the U. S. Navy Navigational Satellite System. The satellites, which cross over the 
North and South Poles, orbit the earth every 108 minutes and broadcast their position every 2 minutes. 
The navigational equipment was developed by ITT Federal Laboratories. ... Industry is complaining that 
university post -graduate programs are not enough and have taken it upon themselves to provide their 
upper -level engineering and technical personnel with their own brand of continuing education. 

14 ELECTRONICS WORLD 
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Radar Sentry Alarm 
supervises security from every angle. 

Radar Sentry Alarm covers every angle. 
It works on the same principle used by 
the U.S. government to protect our bor- 
ders. Microwaves beamed by an installa-. 
tion of modular units are foolproof. 
Any human movement, even the slight- 
est gesture, sets off the alarm. And what 
an alarm! An ear -splitting blast that 
would frighten anything. You can't 
beat it. 

And there's no way to escape detection 
... whether the intruder comes in from 
the wall, window, door or ceiling. Even 
if he shuts off the power, the alarm 
sounds. 
This is the newest and completely 
proven system that everyone's talking 
about. 
Take any of the set -ups pictured here. 

The smallest is our model 301: its re- 
mote detector unit covers up to 5,000 
square feet. Can set off an alarm that's 
heard half a mile away. Add up to 3 
antennas for a coverage of up to 15,000 
square feet. Model 5006 modular unit 
is 6 units in one. It will cover up to 
90,000 square feet. The big one on the 
right, 5010, will give customized cover- 
age of up to 150,000 square feet. 

Take any of these solid state numbers, 
add Dialtronic automatic telephone 
dialer, programmed to phone the police 
or direct -hook -up or, in case of fire, the 
fire department. Or add the special 
Radar Sentry Alarm holdup and prowl- 
er alarm. It can be used in combina- 
tion with any of these set -ups, plus the 
telephone alarm, without the thief's 
knowledge. 

There's no hiding place. These units are 
considered the best burglar traps in the 
world. Solid state circuitry gives effec- 
tive performance, means a minimum of 
false alarms and reliable operation. And 
the heart of the electronic system is 
printed on one single printed circuit 
module. To replace, just pull out the old 
one, plug in the new one, no lapse in 
security. 

Design your own inviolable customized 
system with Radar Sentry Alarm and 
accessories. You won't be able to find 
a more versatile, more adaptable sys- 
tem ...nor one that is more tamper- 
proof against burglars. 

Get the full story on Radar Sentry. 
Alarms. Write now for our new booklet 
covering all the facts. 

RADAR DEVICES MFG. CORP. 
22003 Harper Avenue 
St. Clair Shores, Michigan 48080 

Send me the alarming details. 
Also send me booklet outlining available 
dealerships. 

i 
EW1B 

Name 

Address 

City State Zip 
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compact sets 
SPEED DRIVING OF BRISTOL 
AND ALLEN HEX TYPE SCREWS- 

No. 99PS -60 Bristol Multiple Spline 
Type Screwdriver Set 

i 

4 and 6 -flute blades 
with diameters from 
.048" thru .183" 

-`, No. 99PS -40 Allen Hex Type 
Screwdriver Set 

Hex diameters 
from .050" thru 3/16" 

Compact, interchangeable blade, Xcelite sets 
permit quick selection of the right tool for the 
job. With greater reach than conventional keys, 
these handy blade and handle combinations make 
it easier to get at deep set or awkwardly placed 
socket screws, simplify close quarter work. 

Each set contains 9 precision formed, alloy 
steel, 4" blades; 4" extension; shockproof, 
breakproof, amber plastic (UL) handle with 
exclusive, positive locking device. 

Sturdy, see -thru plastic cases fit pocket, have 
flat bases for use as bench stands. 

WRITE FOR BULLETIN N365 

c 

XCELITE, INC., 12 BANK ST., ORCHARD PARK, N. Y. 

In Canada contact Charles W. Pointon, Ltd. 
CIRCLE NO. 88 ON READER SERVICE CARD 
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LETTERS 
FROM OUR 

READERS 

GI ENGINEERS 
To the Editors: 

Being a "GI Engineer" I must take 
issue with a statement made on the 
same subject in your June issue. 

You say, "Engineers who are drafted 
into the Army as enlisted men have 
limited opportunities for serving in en- 
gineering- related capacities unless they 
go to Officer Candidate School." 

Army regulations provide for a Scien- 
tific and Engineering Assistants Program 
for enlisted men with engineering, 
math, and science degrees. It has been 
my experience that a draftee with a 
technical degree will have a much bet- 
ter opportunity "for serving in engineer- 
ing- related capacities" in the S &E Pro- 
gram than if he chose to go to OCS. 
Where the S &E loses out is in that he is 
still responsible for the routine "dirty 
work" of the enlisted man which an 
officer does not contend with, and also 
he receives an income less than one - 
half that which he would receive in 
civilian life including all "benefits." 

The fate of the officer candidate is 
reflected in the fact that the schools 
now open are infantry, artillery, and 
engineers -the three combat specialties. 
In the Summer of 1967, the OCS pro- 
gram was closed to all but college grad- 
uates and /or enlisted men with one 
year military experience. In the Spring 
of 1968, OCS was re- opened to high - 
school grads mainly due to the fact that 
large numbers of OCS enlisted college 
grads were dropping out of the pro- 
gram. The Army claimed that these 
people were "improperly motivated." 

It is very distressing that civilian in- 
dustry generally looks down on a col- 
lege grad who went through the Army 
as an enlisted man. 

JOHN E. DUNSTAN, SP /4 
White Sands Missile Range, N. M. 

As mentioned in our story, the quo- 
tation and other information were taken 
from a report by the Engineering Man- 
power Commission of the Engineers 
Joint CounriL- Editors 

RARE -BLOOD CLUB 
To the Editors: 

Lou Goldberg, WB2SSM, has been 
named chairman of the Amateur Radio 
Div. of the National Rare Blood Club. 

Mr. Goldberg, a rare blood -er, will 
canvass the 300,000 amateur radio op- 
erators in the United States to seek out 
those with rare blood and invite them 
to join the Club, 164 Fifth Ave., New 
York, N. Y. 10010. The Club is search- 
ing for the 25% of the population that 
has rare blood, in view of the increas- 
ing shortage of the fluid in hospitals 
across the country. 

Rare -blood donors are not paid, nor 
does the recipient of rare blood pay for 
the blood he receives. 

SAM BLAKE 
New York, N. Y. 

* T * 

CO -OP ENGINEERS 
To the Editors: 

As one whose every waking hour is 
lived in an acute awareness of coopera- 
tive education, I was pleased to see the 
fine article which Mr. Greenwald and 
Professor Seidman wrote for ELEC- 
TRONICS WORLD magazine in August. 

I offer my congratulations on your 
handling of the subject and for the men- 
tions of Northeastern University. 

I have passed the story on to Dean 
Roy Wooldridge and to each of my staff 
writers, whose work so often revolves 
around this topic. 

Several of the statements you make 
are truly "quotable," and I would like 
your permission to use excerpts from 
your article from time to time. 

PAUL F. MCNEESE, Director 
Northeastern University 
Boston, Mass. 

We are pleased to grant reader Mc- 
Neese permission to quote from the ar- 
ticle provided ELECTRONICS WORLD is 
credited as the source.-Editors 

* * * 

FROM A CO.OP ENGINEER 
To the Editors: 

After reading the article in your Au- 
gust issue concerning "The Co -op Engi- 
neer," I wish to pass on information 
gained while participating in the co -op 
education program. At the time of par- 
ticipation I had four and a half years of 
experience in electronics with the mili- 
tary, a Second Class Radiotelephone 
FCC license, and a two -year degree 
from a local junior college. 

To begin with, co -op education is not 
free. Tuition fees vary according to the 

ELECTRONICS WORLD 
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university and the semester (work pe- 
riod) a student chooses to work. A 
student should keep lines of communi- 
cation open between the co -op adminis- 
trator and the employer, for the student 
is the first to be layed off in a work 
shortage. 

Also, due to different interpreta- 
tions of the Civil Service Rules, a stu- 
dent may hold different GS ratings for 
the same amount of education. This is 
unfair to the lower paid GS ratings. 
Prior military service does not count as 
longevity on student GS ratings. 

In my opinion, individuals with work 
experience should stay in school, for the 
co -op program will extend their educa- 
tion approximately one academic year. 
If a student has to work, I suggest he 
search out his own job because there 
are many employers with a sympathetic 
ear and higher wages. 

JOHN H. ALBERS, JR. 
Houston, Texas 

x 

SPECIAL SECTIONS 
To the Editors: 

I would appreciate receiving eight 
reprints of the Special Section "Shielded 
Cables & Connectors" which appeared 
in your October issue. The section con- 
tains excellent articles and I wish to 
distribute these to the engineers and 
technicians in my group. 

E. D. MENEES, Engineering Leader 
RCA Communications Systems Div. 
Camden, N. J. 

To the Editors: 
We would like to have for our engi- 

neering library a reprint of the Special 
Section "Shielded Cables & Connec- 
tors," as published in the October issue 
of ELECTRONICS WORLD. Please advise 
as to cost of your reprints in quantities. 

I have found your Special Sections 
very useful and am accumulating them 
in a binder. Is there a possibility you 
may publish these at some time in a 
hound volume? 

A. G. ANDREWS, Project Officer 
Acres Intertel Limited 
Telecommunications Consultants 
Ottawa, Canada 

We are not presently planning to 
hind our various sections into a single 
volume, although we do appreciate the 
suggestion. The following reprints are 
available at a cost of 25¢ each: 

Batteries 
Variable Resistors 
Solid -State Diodes 
Chokes & Coils 
Relays 
Transistors 
Power Supplies 
Linear Integrated Circuits 
Shielded Cables & Connectors 

Send orders directly to: ELECTRONICS 
WORLD Editorial Offices, One Park 
Ave., New York, N.Y. 10016. -Editors 
January, 1969 

We took our receiver 
to the experts 
... and as they said in Hi -Fi Stereo Review: 
"The IHF sensitivity, rated at 1.9 microvolts, measured 
1.7 microvolts. This places the 711B among the most 
sensitive FM tuners we have ever tested:' 

"The FM distortion was as low as we have ever measured:' 

"The unit was obviously very sensitive, yet was completely 
free of cross -modulation problems. It has an unusually 
clean sonic quality and even though we had a number of 
other receivers at our disposal, we always preferred to listen 
to the 711B:' 

"There are a number of receivers whose specifications are 
not unlike those of the 711B, but few of them could match 
its overall performance in a side by side comparison." 

That's how they hear it. 
''The front panel of the Altec 711B has a velvet- textured 
matte black finish that is extremely tough, virtually immune 
to scratches, and in our opinion uncommonly handsome'.' 

That's how they see it. 
'The price of the Altec 711B is $399.50:' 

That's how you buy it. 

See your Altec dealer. (He's listed in the Yellow Pages.) And 
send for our 1968 Hi -Fi Catalog and reprint of this Test Report. 

A division of : "t7 ':` Ling Altec, Inc., 1515 So. Manchester Awe., Anaheim, Calif. 92803. 
CIRCLE NO. 82 ON READER SERVICE CARD 
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Join "THE TROUBLESHOOTERS" 
They get paid top salaries 

for keeping today's 
electronic world running 

Suddenly the whole world is 
going electronic! And behind the 

microwave towers, push- button 
phones, computers, mobile radio, 

television equipment, guided 
missiles, etc., stand 

THE TROUBLESHOOTERS 
-the men needed to inspect, 

install, and service these 
modern miracles. They enjoy 
their work, and get well paid 

for it. Here's how you can 
join their privileged ranks - 

without having to quit your job 
or go to college in order 

to get the necessary training. 

18 
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JUST THINK how much in demand you would be if you 
could prevent a TV station from going off the air by 

repairing a transmitter ...keep a whole assembly line 
moving by fixing automated production controls ...pre- 
vent a bank, an airline, or your government from making 
serious mistakes by servicing a computer. 

Today, whole industries depend on Electronics. When 
breakdowns or emergencies occur, someone has got to 
move in, take over, and keep things running. That calls 
for one of a new breed of technicians -The Trouble- 
shooters. 

Because they prevent expensive mistakes or delays, 
they get top pay -and a title to match. At Xerox and 
Philco, they're called Technical Representatives. At IBM 
they're Customer Engineers. In radio or TV, they're the 
Broadcast Engineers. 

What do you need to break into the ranks of The 
Troubleshooters? You might think you need a college 
degree, but you don't. What you need is know -how -the 
kind a good TV service technician has -only lots more. 

Think With Your Head, Not Your Hands 

As one of The Troubleshooters, you'll have to be ready 
to tackle a wide variety of electronic problems. You may 
not be able to dismantle what you're working on -you 
must be able to take it apart "in your head." You'll have 
to know enough Electronics to understand the engineer- 
ing specs, read the wiring diagrams, and calculate how 
the circuits should test at any given point. 

Learning all this can be much simpler than you think. 
In fact, you can master it without setting foot in a class - 
room...and without giving up your job! 

For over 30 years, the Cleveland Institute of Electron- 
ics has specialized in teaching Electronics at home. We've 
developed special techniques that make learning easy, 
even if you've had trouble studying before. Our AUTO - 

PROGRAMMED® lessons build your knowledge as easily 
and solidly as you'd build a brick wall -one brick at a 
time. And our instruction is personal. Your teacher not 
only grades your work, he analyzes it to make sure you 
are thinking correctly. And he returns it the same day 
received, while everything is fresh in your mind. 

Always Up -To -Date 

To keep up with the latest developments, our courses 
are constantly being revised. This year CIE students are 

January, 1969 

NF WCOLLEGE -LEVEL 
COURSE IN 

ELECTRONICS 
ENGINEERING 
for men with prior experience 
in Electronics. Covers steady - 
state and transient network 
theory, solid state physics 
and circuitry pulse tech- 
niques, computer logic and 
mathematics through calcu- 
lus. A college -level course for 
men already working in Elec- 
tronics. 

getting new lessons in Laser Theory and Application, 
Microminiaturization, Single Sideband Techniques, Pulse 
Theory and Application, and Boolean Algebra. 

In addition, there is complete material on the latest 
troubleshooting techniques including Tandem System, 
Localizing through Bracketing, Equal Likelihood and 
Half -Split Division, and In- circuit Transistor Checking. 
There are special lessons on servicing two -way mobile 
radio equipment, a lucrative field in which many of our 
students have set up their own businesses. 

Your FCC License -or Your Money Back! 

Two -way mobile work and many other types of trouble- 
shooting call for a Government FCC License, and our 
training is designed to get it for you. But even if your 
work doesn't require a license, it's a good idea to get one. 
Your FCC License will be accepted anywhere as proof 
of good electronics training. 

And no wonder. The licensing exam is so tough that 
two out of three non -CIE men who take it fail. But our 
training is so effective that 9 out of 10 CIE graduates 
pass. That's why we can offer this famous warranty with 
confidence: If you complete a license preparation course, 
you get your FCC License -or your money back. 

Mail Card for 2 Free Books 

Want to know more? Send for our 44 -page catalog de- 
scribing our courses and the latest opportunities in Elec- 
tronics. We'll send a special book on how to get a 
Government FCC License. Both are free -just mail the 
bound -in postpaid card. If card is missing, use coupon 
below. 

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

CiECleveland Institute 
of Electronics 

1776 East 17th Street, Cleveland, Ohio 44114 

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

Please send me without cost or obligation: 
1. Your 44 -page book "How to Succeed in Electronics" describing 
the job opportunities in Electronics today, and how your courses can 
prepare me for them. 

2. Your book on "How To Get A Commercial FCC License." 
I am especially interested in: 

Electronics Broadcast First Class 

Technology Engineering FCC License 

Electronic Industrial Electronics 
Communications Electronics Engineering 

Name 
IIIEASE .fINTI 

Address 

City State 

Check here for G. I. Bill information. 

Lp 

EW53 L_ J 
CIRCLE NO. 1 2 1 ON READER SERVICE CARD 
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EW 

LAB TESTED 

III -FI PßODUCT 
REPORT 
TESTED BY HIRSCH -HOUCK LABS 

Acoustic Research AR -3a Speaker System 
Viking 433 Tape Deck /Preamp 

Acoustic Research AR -3a Speaker System 
For cope/ of m niufacturer brochure, circle .\ H. I ru, Reader Service Card. 

rrHE better any product is, the hard- 
er it is to improve it significantly. 

This self -evident proposition did not 
deter Acoustic Research engineers when 
they set out to improve the very popu- 
lar AR -3 speaker system. The result 
is the new AR -3a. 

The AR -3 is the direct descendant of 
the AR -1, the first acoustic -suspension 
speaker system, which AR introduced 
in 1954. The AR -1 upset many pre- 
viously held notions about how big a 
speaker had to be to reproduce the 
lowest audible frequencies. The "book- 
shelf" -sized AR speakers set new stan- 
dards for low- distortion, low- frequency 
reproduction. 

io 

5 

Several years ago, the company de- 
veloped midrange and high- frequency 
drivers which complemented its remark - 
able woofer, and the result was the 
AR -3. The hemispherical -dome drivers 
had unusually wide dispersion and 
smooth frequency response. The AR -3 
has enjoyed the highest reputation 
since its introduction. We have long 
considered it one Of the standards by 
which other speakers are to be judged, 
and we still do. 

Except for a change in grille cloth, 
and a subtle difference in the front 
molding, the new AR -3a looks like the 
AR -3. Its cabinet measures 25 inches 
by 14 inches by 11% inches deep. It 

-LOW-FREQ. PEAKS CAUSED BY ROOM RESONANCE 

111111111111 111. C1111= _ 

IS, 111111i 1ï iì11111 
`_..a, 

..... 
BURST 

.. _ 1C11I . _.. BURST BURST 

1= AVG ;OF 9 MIC. POSITIONS-LEVEL CONTS. AT MAX. 
E a , 
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weighs 5 :3 pounds mid requires sturdy 
shelves if it is to be wall -mounted. The 
woofer is the same 12 -inch acoustic - 
suspension driver used in the AR -3. but 
the crossover to the midrange now takes 
place at 575 Hz instead of 1000 Hz, as 
in the AR -3. The new midrange hemi- 
spherical -dome driver operates behveen 
575 and 5000 Hz, and a similar. but 
smaller, driver takes over above 5000 
Hz. In the AR -3, the transition between 
midrange cued tweeter occurs at 7500 
Hz. 

The new midrange and high- frequen- 
cy drivers have smaller voice -coil (and 
dome) diameters: Pi inches and 3/4 

inch, respectively, compared to 2 inches 
and 13rá inches in the AR -3. Constructed 
with new diaphragm materials and sus- 
pensions, and using copper instead of 
aluminum wire in their voice coils, the 
new midrange and tweeter, compared 
to those of the AR -3, have superior pow- 
er- handling ability and distortion char- 
acteristics. The smaller domes on the 
mid -range and tweeter are also responsi- 
ble for the improvement in the disper- 
sion characteristics, compared to the al- 
ready excellent AR -3. 

We have seen AR's frequency-re- 
sponse curves showing the response of 
each driver of the AR -3a measured in- 
dividually in an anechoic chamber. 
They are impressively flat and smooth. 
It is to be expected that our "live- room" 
measurements of the complete system 
would show greater deviations because 
of room effects, and they do. However. 
even taking our data at face value, the 
over -all response was 6.5, -10 dB 
from 20- 15,000 Hz. This is the best 
speaker frequency-response curve we 
have ever measured using our present 
test set -up. 

Even more significant to us was the 
flatness of the output between 550 and 
15,000 Hz. Except for a single sharp 
clip of about 5 dB at 10,000 Hz, which 
was probably caused by room or test - 
microphone phasing effects, the total 
variation was only ±1.5 dB over this 
entire frequency range. Since this curve 
represents the average of nine micro- 
phone positions in a more -or -less nor- 
mal listening room, it indicates an out - 

(Continued on page 7M) 
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The New 1969 Improved Model 257 A RE VOLUTIONA R Y NEW 

TUBE TESTING OUTFIT 

COMPLETE WITH ALL 

ADAPTERS AND ACCESSORIES, 

NO 'EXTRAS" 

STANDARD TUBES: 

i/ Tests the new Novars, Nuvistors, 10 Pins, 
Compactrons and Decals. 
More than 2,500 tube listings. i/ Tests each section of multi- section tubes 
for shorts, leakage and Cathode emission. 
Ultra sensitive circuit will indicate leakage 
Megohms. 
Employs new improved 41/2" dual scale meter 
unique sealed damping chamber to assure accurate, 
vibration -less readings. 
Complete set of tube straighteners 
panel. 

Magnovals, 

individually 

1/1 

up to 5 

with a 

mounted on front 

Tests all modern tubes including 

Novars, Nuvistors, Compactrons and Decals. 

All Picture Tubes, Black and White 

and Color 

ANNOUNCING... for the first time 
A complete TV Tube Testing Outfit designed specifi- 
cally to test all TV tubes, color as well as standard. 
Don't confuse the Model 257 picture tube accessory 
components with mass produced "picture tube adap- 
ters" designed to work in conjunction with all corn - 
petitive tube testers. The basic Model 257 circuit was 
modified to work compatibly with our picture tube ac- 
cessories and those components are not sold by us to 
be used with other competitive tube testers or even 
tube testers previously produced by us. They were 
custom designed and produced to work specifically in 
conjunction with the Model 257. 

BLACK AND WHITE PICTURE TUBES: 

fro Single cable used for testing all Black and White Picture 
Tubes with deflection angles 50 to 114 degrees. if The Model 257 tests all Black and White Picture Tubes 
for emission, inter -element shorts and leakage. 

COLOR PICTURE TUBES: 

i/ The Red, Green and Blue Color guns are tested individ- 
ually for cathode emission quality, and each gun is 
tested separately for shorts or leakage between control 
grid, cathode and heater. Employment of a newly per- 
fecteddual socket cable enables accomplishments of all 
tests in the shortest possible time. 

The Model 257 is housed in a handsome, sturdy, portable case. Comes complete with all $475° adapters and accessories, ready to plug in and use. No "extras" to buy. Only 

NOTICE 

We have been producing radio, TV and electronic test equipment since 1935, which means we were making 
Tube Testers at a time when there were relatively few tubes on the market, 'way before the advent of TV. The 
model 257 employs every design improvement and every technique we have learned over an uninterrupted pro- 
duction period of 32 years. Accurate Instrument Co., Inc. 

SEND NO MONEY WITH ORDER 
PAY POSTMAN NOTHING ON DELIVERY 
Try it for 10 days before you buy. 
If completely satisfied then send 
$10.00 and pay the balance at the 
rate of $10.00 per month until the 
total price of $47.50 (plus P.P., 
handling and budget charge) is 
paid. If not completely satisfied, 
return to us, no explanation 
necessary. 

CIRCLE 
January, 1969 

r 
ACCURATE INSTRUMENT CO., INC. 
Dept. 617 2435 White Plains Road, Bronx, N. Y. 10467 

Please rush me one Model 257. If satisfactory I agree to pay $10.00 within 10 days 
and balance at rate of $10.00 per month until total price of $47.50 (plus P.P., handling 
and budget charge) is paid. If not satisfactory, I may return for cancellation of account. 

Name 

Address 

City lone State 
Save Money! Check here and enclose $47.50 with this coupon and we will pay all shipping 
charges. You still retain the privilege of returning after 10 day trial for full refund. 

L 
NO. 125 OK READ :r SZRV:CE CARD 
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Viewed 
from a 
dollar and sense 

standpoint 

You can't get a better buy or your new hi -fi system than a Shure cartridge, whether it's the 
renowned "Super Track" V -15 Type II at $67.5C or the new M91 E Easy -Mount "Hi- Track" at $49.95, 

made in the trad tion of all fine Shure cartridges. If you're new to hi -fi, benefit from the published 
opinions of experts the world over: tl- _ -Shure V -15 Type II Super Track makes a decidedly hear - 

able difference If you want to spend les:, the M91 E is right for you. You can always "trade -up" to 
a V -15 Type II at a later date.. Shure Brothers, Inc., 222 Hartrey Avenue, Evanston, Illinois 60204. 

NEW! M91E Hi -Track Elliptical Cartridge with optimized design parameters for trackability second only to the 
incomparable V -15 Type II. IBI- radlal .0002" x .0007" diamond stylus. 20- 20,000 Hz. Channel Separation: more than 
25 db @ 1 KHz. Trackiyg force range 44 to 11/2 grams. Treckab lily specifications @ 1 gram. 20 cm /sec @ 400 Hz.; 
28 cm /sec @ 1 KHz.; 25 cm /sec @ 5 KHz.; 18 cm /sec @ 10 KHz. 949.95. 

CIRCLE NO. 95 ON READER SERVICE CARD 
24 ELECTRONICS WORLD 
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COLOR -TV 
for 1969 

RCA's Harlequin 14 -in portable color set. By FOREST H. BELT /Contributing Editor 

There will be more transistors and IC's in the new 
models, and most makers are offering smaller picture 
tube sizes. Users will also find more sets with quick 
warmup and automatic- fine -tuning features. Here's a 
complete roundup of new sets and their innovations. 

WITH all the improvements that have been added to 
color -TV sets in the past couple of years, you'd 
think there would be few changes in the new sets 

for 1969. That's not the case, however. Quite a bit has 
changed, and -as always in this fast -paced branch of con- 
sumer electronics- design engineers have outdone them- 
selves and each other in developing new attractions for the 
latest lines. 

Some trends of last year continue: fine -tuning aids to 
make it easier to tune color stations; more transistors to take 
the place of tubes; and a few integrated circuits to take over 
new functions. None of the 1968 innovations has been 
abandoned. 

But 1969 color models are starting a few trends of their 
own. One of the most noticeable, and probably the most im- 
portant to future sales, is the trend toward smaller- screen 
portables. A dozen or so manufacturers now have portable 
color sets in 15 -inch or smaller screen sizes. Prices, as would 
be expected, are lower than for consoles. Yet, prices haven't 
dropped enough to create any stampede by prospective 
buyers. The little General Electric 11 -inch portable still 
holds the distinction of being the lowest -priced color set 
available, selling at less than $200. Other portable prices 
range between that and around $400, but their popularity 
is nevertheless rising. 

Oddly enough, bargain -priced portable color receivers are 
not making the big splash that was expected in the "first -set" 
market. A significant number are going as a second set in 
families that already own a console color model. This is un- 
usual, considering that first -set color -TV has barely 
scratched its market. (Fewer than 30% of U.S. homes have 
color-TV.) 

At the more expensive end of the color -price spectrum, 
sales remain respectably high. Buyers want fancy features 
and nice furniture. The newest all- transistor and hybrid sets, 
which usually sell for more than comparable tube models, 
are in demand. 

There was some worry during early 1968 that public un- 
easiness about x -rays from color sets might spoil some sales. 
It may have, slightly. But, by the time the 1969 models 
reached the retailers, there was little evidence of hesitancy 
in buying -at least not for that reason. Furthermore, in many 
1969 models, manufacturers have taken steps to eliminate 
even the possibility of x -rays; nearly half the models we 
checked have no shunt -type high -voltage regulator tube - 
the usual source of possible x -rays. The tiny amounts that 
can be generated by faulty h.v. rectifiers and picture tubes 
have been proven insignificant. 

January, 1969 

The Admiral 4017P 14 -in color portable. 

Another trend, noticeable at least in color sets built in this 
country, is some form of quick -warmup circuit. Transistor 
black- and -white (and color) receivers show a picture almost 
instantly after being turned on; many set -buyers now like 
that feature in any set they buy. We counted ten manufac- 
turers who offer fast -warmup on at least one of their models; 
some include it on all. 

There are other "little things" to help pull 1969 color -TV 
sales up to the 8- million -plus expectation. Sylvania, for ex- 
ample, has put the transistors in its hybrid receivers into 
sockets instead of soldering them to circuit boards; the re- 
sult is easier servicing. Another Sylvania sales feature is 
called Color Minder. It consists of installing the color, tint, 
brightness, and contrast knobs so they all point straight up 
when set properly; that way, they can be easily reset if 
someone misadjusts them. 

Probably the greatest tool for 1969 color sales is an ex- 
tended warranty, particularly on the costly picture tube. 
Admiral led the way (and still does at press time) with a 
3 -year picture -tube warranty. Practically all set- makers now 
offer a 2 -year warranty on the color picture tube. A few have 
elaborate prorating schemes for easing the cost burden on a 
customer who is unfortunate enough to have a picture tube 
go bad. One prorating plan runs for 8 years. The customer 
pays for the plan at the outset, but it does make a new pic- 
ture tube less expensive than the near -$200 one ordinarily 
costs. 

One criticism of these extended warranties comes from 
service technicians. They complain that the set -owner is 
seldom told that, even though the replacement picture tube 
or other part comes free or at some reduced price, the set - 
owner must pay the usual service and repair installation 
charges. A good many manufacturers are taking steps to 
educate customers to this. Others include such charges in 
their warranties, and pay the service technician themselves. 

The color -TV market is growing at a steady clip, what- 
ever blandishments are responsible. Every reader needs to 
know more about these features that make modern color 
sets better, safer, more attractive, and more acceptable. In 
the next few pages, you can see what these features are and 
how they work. Then you can decide for yourself which ones 
are the most worthwhile or desirable. 

The Right -Now Picture 
Turn on a transistor radio and sound comes on instantly; 

there's no warmup time. The same is true of most transistor 
TV sets. If you've seen one of the 1968 -model Motorola 
transistor color receivers, you know that the sound comes on 
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instantly, followed in 3 or 4 seconds by the picture. Since 
transistors require no warmup, most of the circuits operate 
instantly. However, the picture -tube heater must warm up 
before a raster can be seen; a quick -heating picture tube 
can handle that. 

Even fast- warmup tubes haven't proved the answer for 
tube -type color receivers. Yet, customers want the instant 
viewing they're becoming accustomed to. So, designers 
worked out a way to keep tube filaments partly heated all 
the time, even when the set is "off." When the owner turns 
the set on, the tubes warm up completely and are ready to 
work in a couple of seconds. 

The method is not new. In fact, neither is the idea. West - 
inghouse introduced its Instant -On feature a number of 
years ago. However, only this year, has the idea been ap- 
plied widely to color receivers of both tube and hybrid 
(tube -and -transistor) design. 

The basic method consists of applying reduced voltage to 
all tube heaters at all tines, even though the set switch is 

"off." Turning on the switch causes full voltage to be applied 
to the tubes and also activates the "B-F" supply. The entire 
set comes on almost instantly -within 8 seconds in the slow- 
est. Sound is usually a little faster, sometimes preceding 
the picture by 5 or 6 seconds. 

Exactly hose the system works in a 1969 Westinghouse 

120V A.C. 

o-x QS) QQ 4 

' s3ok 

Fig. 1. Rather common in 
the 1969 models is some 
sort of instant- warm -up 
circuit. Here is the West- 
inghouse color -TV version. 

SIA 

INSTANT 

S2 
CRT 

HEATER 
XFMR. 

RN-OFF SWITCH 

DEFEAT 

DIODE I 

SIC 

3Á,3W 

150k IOOk 

t27SV 

TO II+ 
RECTIFIERS 

TO SERIES 
HEATER 
STRINGS 

TO CRT NEATER 

chassis is diagrammed in Fig. 1. A single -pole, double -throw 
switch on the rear of the chassis allows the set -owner to 
choose Instant -On or ordinary operation. That's S2 in the 
diagram, and it is shown in its Instant -On position. The 
silicon diode in series with the heater strings is a half -wave 
rectifier for the a.c. line voltage that is applied. Voltage is 
applied even when the "on -off" switch (S 1) is open. Since 
there is no filter capacitor, the diode is very inefficient. The 
r.m.s. or effective voltage applied to the filament string is 
only about half the rams. value of the line voltage. How- 
ever, that is enough to keep the tube heaters fairly warm. 

The picture -tube heater, meanwhile, is also getting partial 
voltage. Full line voltage is applied to the heater transfor- 
mer, but the secondary voltage is reduced by the 3 -ohm, 
3 -watt resistor. (The other two resistors are merely for CRT 
protection.) 

As you can see, the "13+" rectifiers get no voltage until 
switch Si is turned on. That's a three -section switch. Section 
A applies power to the "B+" rectifiers, and plate voltage is 
developed throughout the receiver. Section B simultaneous- 
ly shorts across the diode, allowing full voltage to reach the 
heater strings. Section C shorts out the CRT -heater dropping 
resistor, and normal heater voltage is applied. Within 3 or 4 
seconds, the whole set is operative. 

Most instant- picture systems have a means for defeating 
their action. In this Westinghouse version, moving S2 to the 
Defeat position is what it takes. Section A of Si is no longer 
bypassed, and the action of the other two sections becomes 
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MANUFACTURER CHASSIS CRT SIZE' DESIGNI 

ADMIRAL 4H12 
6H10,9H10 

K10 -2A 

23 
18,20 

14 

tube 
tube 

7/252 

ANDREA VCX -325 -1 to 6 

VCX -325 -7 

23 

23 

hybrida 

hybrid 

CONAR (kit) 600 18 tube 

OELMONICO 150 18 17/142 

IC's 

sound sect. & 
remote control 
sound sect. & 

remote control 

15 III ume 
7208 14 9/262 - 

DUMONT 120926,28 23 tube a. f. t. 

ELECTROHOME C5 23 tube - 
EMERSON 120921,23,24 18,21,23 tube a. f. t. 

GENERAL ELECTRIC HC 10 tube - 
KE 18,20,23 tube - 

HEATH (kit) GR -180 18 tube - 
GR -227 20 tube - 
GR-581 23 tube a. f. t.; remote 

rec'r. 

HITACHI CNA -24T 18 tube - 
CNA-1900T 18 tube - 

MAGNAVOX T924 18,20 tube - 
T831,33 23 tube - 

T932 15 tube - 

MOTOROLA TS -915 23 trans. sound sect. 

TS -921 20,23 tube - 
TS-924 14 tube - 

OLYMPIC CTC -30,31 22,23 tube - 
CT911 18 tube - 

PACKARD BELL CG-962 23 17/92 sound i. f. 

C0-964 23 tube 

CG-966,8 23 17/10 sound i. f. 

CR -424 14 11/332 - 
CR- 634,36 , 18 tube - 

CR -932 23 tube - 
PANASONIC CT -21 12 10/252 - 

CT -62,63 15 10/29 - 
CT-92 19 tube .- 

PHILCO -FORD 19FT20 15 19/172 - 
19KT40 18 hybrids color osc. 

19QT85 21,23 hybrid - 
RCA CTC -22 14 tube - 

CTC-28 23 tube a. f. t. 

CTC -31 20,23 tube - 
CTC-36 18 tube - 
CTC-38 21,23 17/82 a.f.t. 
CTC40 23 trans. a.f.t.,sound 

SETCHELL -CARLSON U806,7 18,23 tube - 
U809 14 7/252 - 
U810 18 hybrid - 
2700 23 tube - 

SHARP CJ -45P 15 tube - 
CN -32TA 18 tube - 

SYLVANIA 008 23 tube - 
010/09 23 17/142 sound i. f. 

D11 -1 -2 14 hybrid - 
012/13 23 12/23 sound i. f. 

TOSHIBA C2 /C3 11 12/152 - 
C4 /C5 15 20/11 - 

WESTINGHOUSE V2655 18,23 tube - 
V2656 23 24/112 - 

ZENITH 15Y6C15 14 hybrid - 
16Z7C19 18 hybrid - 
16Z7C50 20,23 hybrid a. f. t. 

20Y1050 20,23 tube - 
Notes: 1. Viewable diagonal inches; 2. Some hybrids show how many tubes /transistors; 

3. All u.h.f. tuners are transistor; 4. auto. = automatic; 5. lo = lo level, hi = high level, D = 
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1969 COLOR -TV CHASSIS 
FINE -TUNE REMOTE QUICK 

AID V.H.F. TUNERS CONTROL WARM -UP DEGAUSSING4 H.V. REG. 
NO. VIDEO 

I.F. s. 

NO. COLORDIFF. 
CHROMA B'PASS DEMOD.5 AMPS. 

a.f.t. tube 7- function Instant Play auto. shunt 3 2 X -Z hi - 
a.f.t. tube 7- function Instant Play auto. pulse 3 2 X -Z hi - 
- trans. - - auto. pulse 3 2 R -Y, B -Y yes 

eye tube 7- function - auto. n.a. 3 2 X -Z lo yes 

eye tubez 7- function - auto. n.a. 3 2 X -Z lo yes 

_ tube - - none shunt 2 1 R -Y, B -Y G only 

- tube - - auto. shunt 3 2 X -Z hi - - tube - - auto. shunt 3 2 X -Z lo yes - tube - - auto. pulse 3 2 X -Z D yes 

a.f.t. tube - Quick -On auto. shunt 3 2 X -Z lo yes 

a.f.t.a tube - Insta-Vu auto. pulse 3 2 R -Y, 8 -Y yes 

a.f.t. tube - Quick -On auto. pulse 3 2 X -Z lo yes 

- tube - - none pulse 3 1 R -Y, B -Y D yes 

a.f.t. tube - Insta -Color auto. shunt 3 1 X -Z D yes 

- tube 6- function - auto. shunt 3 2 X -Z lo yes - tube 6- function - auto. shunt 3 2 X -Z lo yes 

a.f.t. tube 6- function - auto. shunt 3 2 X -Z lo yes 

- tube - - auto. shunt 3 1 X -Z lo yes 

- tube - - auto. shunt 3 1 R -G -B yes 

a.f.t. tube 4- function Quick- Picture auto. pulse 3 1 R -Y, B -Y G only 
a.f.t. tube 6- function Quick -Picture auto. shunt 3 1 X -Z lo yes 

- tube - - auto. pulse 3 2 R -B -G D you 

FTI /FTL9 trans. 7- function yes auto pulse 3 2 R -B -G D yes10 

FTI /FTL tube 4- function - auto.12 pulse 3 2 X -Z hi - 
- tube _ - auto. pulse 3 2 X -Z D yes 

eye tube - Rapid -On auto. shunt (30) pulse (31) 3 1 X -Z Is yes 

- tube _ - auto. shunt 3 2 X -Z hi - 
- tube - - manual shunt 3 2 X -Z lo yes 

- tube - - manual shunt 3 2 X -Z Is yes 

a.f.t. tube 3- function - manual shunt 3 2 X -Z lo yes 

- trans. - - auto shunt 4 2 X -Z D 

- tube 3- function - auto.12 pulse 3 1 X -Z lo yes 

- tube, - - manual pulse 3 2 X -Z lo yes 

light trans. - yes auto. pulse 3 2 X -Z D 11 

light trans. - - auto.1 2 pulse 3 2 X -Z D 11 

light tube - - auto.72 pulse 3 1 X -Z lo yes 

- trans. - - manual shunt 3 2 R -B -G yes 

eye trans. - - na. n.a. n.a. n.a. n.a. n.a. 

1a trans. 8- function - auto. pulse 3 2 X -Z lo yes 

- tube - - auto. pulse 2 1 X -Z lo yes 

a.f.t. tube 8- function - auto. shunt 3 1 X -Z lo yes 

- tube - - auto. shunt 2 2 X -Z lo yes 

- tube 5- function - auto. pulse 2 1 X -Z lo yes 

a.f.t. hybrid 7- function - auto. shunt 3 2 X -Z D yes 

a.f.t. trans. - yes n.a. pulse 3 3 R -B -G yes10 

light & a.f.t. tube - - manual shunt 3 1 X -Z lo yes 

- trans. - - manual pulse 4 2 X -Z D yes 

light tube - - manual shunt 4 2 X -Z D yes 

light tube - - manual shunt 3 1 X -Z lo yes 

- tube - - auto. pulse 3 2 X -Z D yes 

- tube - - auto. shunt 3 1 X -Z D yes 

- tube - - auto. shunt 3 2 X -Z lo yes 

a.f.t. tube yes - auto. shunt 3 2 X -Z lo yes 

- tube - - auto. pulse 3 2 X -Z lo yes 

a.f.t. tube yes - auto. shunt 3 3 X -Z lo yes 

- trans. - - auto.1 2 pulse 3 2 R -G -B D yes 

- trans. - - manual shunt 3 2- R -G -B yes 

- tube -- - auto. pulse 3 2 X -Z lo yes 

on- screen bars tube - Instant -On auto. pulse 3 2 X -Z lo yes 

- tube - - auto/ pulse 3 3 X -Z lo yes 

- tube 4- function - auto. pulse 3 3 X -Z lo yes 

a.f.t. tube 6- function - auto. pulse 3 3 X -Z lo yes 

a.f.t. tube 6- function - auto. pulse 3 2 X -Z hi - 
diodes; 6. No tube /transistor count available; 7. Motor- driven, but push -button operated; for each color; 11. Has X and Z amps, plus R, Gand 8 amps; 12. Using thermal relay; 13, 

8. Called "Electrolock"; 9. Fine Tuning Indicator and Fine Tuning Lock; 10. Two stages Has eye and a.f.t. (called "Autolock Channel Tuning"); n.a.= information not available. 
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Fig. 2. This simpler version, from Electrohome, can- 
not be turned off completely except by pulling the plug. 
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Fig. 3. Olympic quick warmup circuit is the simplest. 
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Fig. 4. Common automatic de- 
gaussing circuit uses varistor 
and thermistor to confine ac- 
tion to the set's warmup time. 

irrelevant; nothing operates at all when S1 is open and S2 
is at the Defeat position. 

There are a few other special considerations in quick - 
warmup circuits in other sets. In DuMont, for example, a 
special quick -heating high -voltage rectifier is used. The 
3CU3 or 3CN3A tube should never be replaced by one of a 
slower- heating type, such as a 3A3, even though they are 
otherwise alike. 

The names of quick- warmup circuits are as similar as the 
principles of their operation. Admiral calls it Instant Play; 
DuMont has Quick -On; Electrohome uses Insta -Vu; Magna- 
vox says Quick -Picture; Olympic calls it Rapid -On. Moto- 
rola and RCA, whose all -transistor color chassis have the 
feature inherently, don't bother to give it a name; it's just 
one more advantage of transistorization. 

The method used in the latest Electrohome color chassis is 
different, but is easy to understand. Three- section switch Si 
is shown in Fig. 2 in its "off" position. The line voltage is 
connected to the oversize primary winding of the power 
transformer, which reduces secondary voltages to about 
30% below normal. Section B of the switch keeps plate - 
supply voltage from reaching the rectifier bridge, so no "B +" 
28 

is developed. Tube and CRT heaters receive reduced volt- 
ages, so they're kept warm though not hot. 

When the switch is turned on, section A connects the in- 
put voltage across the normal portion of the transformer 
primary, bringing all secondary voltages up to normal; the 
tube heaters rise to full temperature. Section B connects the 
plate -supply voltage to the rectifiers, and they develop 
"B +" for plates and screens throughout the set. Section C 
turns on the pilot light. 

This Electrohome chassis has no provision for disabling 
the Insta -Vu circuit. The set remains partially on unless the 
line cord is unplugged. Some manufacturers claim an ad- 
vantage to leaving the set thus warmed up at all times: it 
keeps moisture out, they say. It is true that constant warmth 
eliminates condensation that can occur in some humid cli- 
mates when a set is alternately hot and cold. 

Simplest of all in operation is probably the Olympic fast - 
warmup version in Fig. 3. With S2 open, operation of the set 
is normal. The only thing unusual is that one section of "on- 
off" switch Si is used to open the "B +" circuit. With 
Rapid -On switch S2 closed, an inductor is placed be- 
tween the line voltage and the power transformer. The 
voltage is reduced because of the inductor in series, and 
the secondary voltages applied to the CRT and tube heaters 
are therefore low. The tubes are kept warmed up, but not to 
full temperature. Then when Si is closed to turn the set on, 
the inductor is bypassed, applying full voltage to the 
transformer. The tubes heat to full temperature. The B sec- 
tion of the switch also closes the "B +" circuit, applying 
plate voltages through the set. Picture and sound both come 
on within a very few seconds. 

(Editor's Note: All quick- warmup vacuum -tube circuits 
will add something to the user's electric power bill, although 
not much. Power consumption may be about i/s of the set's 
normal full -power drain on the a.c. power line. Some users 
may also worm/ that their tubes won't last as long if they are 
kept warm all the time. However, the repeated thermal 
shock of the usual "on -off" operation may result in a shorter 
tube lifetime than if the heater is kept partly on at all times. 
Fence, tube life should not be affected one way or the 
other.) 

Preventing CRT Magnetization 

One popular feature in 1969 color sets is a degaussing cir- 
cuit. Its job, of course, is to keep the CRT shadow mask 
from becoming magnetized and spoiling purity. Most de- 
gaussing circuits are automatic; the set -owner never bothers 
with them. In a very few sets, the degaussing process is 
done at the customer's will, manually, even though it is as 
simple as manipulating a special switch. The color set with- 
out built -in degaussing is a rarity this year. 

The common automatic version is shown in Fig. 4. Two 
special resistors, R1 and R2, are the heart of the automatic 
action. When the receiver is turned on, the resistance of 
voltage -variable resistor R2 is very low, and that of tern - 
perature- variable resistor R1 is high. Alternating current 
flows through the degaussing coil to the "B +" rectifiers. As 
the set warms up, voltage across R2 causes its resistance to 
rise, which forces some more current to flow through R1. 
As R1 begins to heat from current flow, its value drops. 
This chain reaction continues for several seconds -R2 in- 
creasing in value and R1 decreasing, with each aiding the 
action in the other. After several seconds, practically all cur- 
rent flows through the now- very -low resistance of R1, corn - 
pletely bypassing the degaussing coil and the now- quite- 
high resistance of R2. 

The degaussing coil is wrapped around the periphery of 
the color picture tube. The alternating current in it creates 
a varying magnetic field that erases any residual magnetism 
ill the shadow mask. The field is collapsed rather gradually - 
over several seconds -by the thermistor /varistor action; by 
the time the raster shows up, there are no remaining fields 
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from the degaussing coil. The set -owner is virtually unaware 
that anything has taken place. 

This circuit is easy to check. Just short out Rl before 
you turn on the set, and the set comes on normally. Then 
remove the short. You'll be able to see the degaussing action 
by the multicolor lines it makes on the raster. They should 
fade away in a few seconds. Of course, multicolor lines -on 
the screen at all times means Rl is open or is remaining at 
its highest ( "cold ") resistance. 

Some color receivers use a thermal relay for automatic 
degaussing action. Again, the demagnetizing occurs before 
the raster appears, and is unnoticeable. The circuit diagram 
of one model is shown in Fig. 5. Some imports that use this 
system may put the thermal element directly across the line 
voltage; in the one shown here (from a Panasonic CT -63), 
the voltage drop across part of the heater string makes it 
possible to use a lower voltage thermal relay. 

Like the degaussing system in Fig. 4, the one in Fig. 5 
uses the warmup sensor to bypass or short out the degauss- 
ing coil after the set has been on several seconds. The 
thermal -relay contacts are normally open when the receiver 
is off. With the receiver on, current heats the element and 
closes the contacts, shorting across the degaussing coil. 

This circuit can't be checked out the same way as Fig. 4, 
however. For this one, you have to remove the connection 
from one relay contact, if you want to "see" the degaussing 
action after the raster comes on. Don't disconnect the ther- 
mal element, since it is part of the voltage- dividing circuit 
for the tube heaters. 

Both degaussing coils shown here are in series with the 
"B +" rectifiers. The chief reason for this is to keep `B+" 
low or nonexistent until after degaussing action has ended. 
This reduces the likelihood that a raster might come on 
while the degaussing coil is still making magnetic fields 
around the CRT face. Hence, the set -owner isn't bothered 
by weird lines that would accompany degaussing action 
which might be the case if a raster were visible. 

One manual degaussing circuit for 1969 models is typi- 
fied by the Philco 19FT20 chassis. The circuit is extremely 
simple, (Fig. 6). In the normal position, the two degaussing - 
switch sections (S2A and B) are closed. When the receiver 
is turned on, warmup and operation are perfectly normal. 

PILOT LITE 
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8.,0611HF PILOT LITE 

0 

VHF PILOT LITE 

ANT 

120V 
A.C. 

TO LOW B+ TRANSFORMER WINDING 

ÁNó REECTSS.. 

DEGOUSSING 

Fig. 5. Some sets use a thermal relay to cut off the de- 
gaussing action before the receiver raster comes on. 
Action of large B+ filter capacitor causes current to 
taper off gradually in degaussing coil before it is shorted. 
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Fig. 6. Manual degaussing system employed in a Philco. 

Since section S2A is closed, the degaussing coil is shorted 
out and there is no degaussing action. 

To initiate degaussing, the volume control is turned 
backward (counterclockwise), with the set off. A click indi- 
cates that the two degaussing -switch sections have opened. 
The set is then turned on by pulling outward on the 
volume -control shaft. No raster comes on, because section 
S2B of the degaussing switch is open; no "B +" is devel- 
oped. The coil degausses the CRT only for as long as it takes 
the voltage -doubler capacitors to charge -a few seconds. 

When the volume control is rotated clockwise, the de- 
gaussing sections of switch S2 close. The coil is no longer in 
the circuit, and the `B +" circuit is completed. 

The advantage of this circuit is that the set can be de- 
gaussed again if it needs it. The owner need only turn the set 
off and wait a few seconds while the capacitors discharge. 
With heat- operated degaussing circuits, the set must be off 
long enough for the thermal elements to cool before another 
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Fig. 8. This Motorola transistorized v.h.f. tuner in- 
cludes voltage -variable tuning diode for a.f.t. circuit. 
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degaussing action is possible. With a very tough case of im- 
purity, a single occasional demagnetizing might not be ade- 
quate. That's why a few sets -notably this Philco model, 
most of Setchel Carlson's, and one Toshiba -use manual de- 
gaussing instead of the more popular automatic version. 

V.H.F. Tuners Go Solid -State 
For several years, now, all u.h.f. tuners have been transis- 

torized. Not so with v.h.f. tuners in color sets. Solid -state 
has been applied to v.h.f. tuners only in all- transistor re- 
ceivers. For 1969, an impressive number of models include a 
transistor v.h.f. tuner. Admiral, Packard -Bell, Panasonic, 
Setchell- Carlson, and Toshiba each have it in at least one 
model. Philco -Ford has it for all 1969 models. The all -tran- 
sistor sets from RCA and Motorola of course have transistor 
v.h.f. and one RCA model has a hybrid v.h.f. tuner that 
combines a transistor with a nuvistor. 

Some set makers have dabbled with transistor v.h.f. be- 
fore, but this is the first year a trend in this direction has 
developed. Most of the solid -state tuners are part of hybrid 
sets. 

Transistor v.h.f. tuners aren't radically different from their 
tube counterparts. Fig. 7 is a diagram of one. This Philco 
version is a switch -type tuner, with a transistor for oscillator, 
one for mixer, and one for r.f. amplifier. You can see how 
nearly it resembles an ordinary v.h.f. tuner. 

The diagram in Fig. 8 shows something a little different 
in transistor v.h.f. tuners. This one is from Motorola's all - 
transistor Quasar color set. What's different is that it con- 
tains circuits for automatic fine tuning (a.f.t.) -which Mo- 
torola calls FTL, for Fine Tuning Lock. 

Connected across the channel -tuning coil in the oscillator 
stage is a voltage -variable tuning diode, Dl. Whenever the 
tuner drifts off frequency, shifting the i.f. slightly, a correc- 
tion voltage from the FTL section ( elsewhere in the receiv- 
er) is applied to the tuning diode through Rl. As the volt- 
age changes on the anode of the tuning diode, capacitance 
across the channel- tuning coil varies and returns the oscilla- 
tor to a frequency that produces the correct i.f. It is ob- 
vious, if you're familiar with tube -type a.f.t. tuners, that 
the transistor oscillator with a.f.t. works just about the same 
way. 

Something really new is a field -effect transistor in a tele- 
vision tuner. RCA has one-a dual -gate MOSFET, no less- 
in the 5- transistor KRK 142 v.h.f. tuner used with the new 
CTC 40 all- transistor color set. This transistor can handle 
automatic fine tuning too; it uses one of the transistors as a 
tuning diode. The two gates of the MOSFET are connected 
together through an isolating resistor. 

Toward "Just- Right" Tuning 
From the looks of 1969 models, 1968 was the year of the 

30 

FROM 3RD 
VIDEO I.F. 01 
TRANS. AMP. 

DISC. TRANS.. 

02 
OUT 82 

I.F. ACC LINE 

RF AGC LINE 

15kn 

0015 

loon 22kn 

Ion 

5V 

0015 n p 
_n. 

p 33k1 

Ikn 35v air 35V 

IOOk1Y 

6 0 
DET. 

45.75 MH z 
COIL 

i .0015 

1 0015 SENS. 
solen 

I- 

TO 
TUNER 

A.F.T. DEFEAT 
SWITCH SHOWN 
IN DEFEAT POS. 

0015 I 120kf1 LAMP 

100V 1 
Fig. 9. Motorola's a.f.t. system, called "Fine- Tuning Lock." 

fine -tuning aid. This year's sets have just as many, but there's 
been no great rush to put them on models or brands that 
didn't already have them. 

You've already seen a transistor tuner with an automatic 
fine -tuning circuit (Fig. 8). If you're interested in where the 
automatic fine tuning control voltage comes from, take a look 
at Fig. 9. This circuit is typical, except that it also includes 
a tuning light. 

The automatic fine tuning stage takes its sampling signal 
from the third video i.f. amplifier in almost all sets. The 
45.75 -MHz signal is amplified and applied to a discriminator 
of some sort ( diodes in Fig. 9) . If the tuner frequency has 
drifted, and the picture i.f. carrier is no longer exactly 45.75 
MHz, a correction voltage is developed by the discriminator 
and applied to the tuner. 

In the Motorola a.f.t. stage shown, a couple of extra tran- 
sistors light a neon lamp if the frequency drifts beyond 
"reach" of the a.f.t. section. 

The 1969 Philco has a new a.f.t. system that goes by the 
name of Autolock Channel Tuning, or just ACT. Whereas 
a tuning diode is used in the tuner of Fig. 8, the Philco v.h.f. 
tuner uses a transistor ( connected base and collector, with 
emitter open) as the voltage -tuned element. Otherwise, the 
system is similar to others: the 45.75 -MHz signal is ampli- 
fied and applied to a discriminator. A d.c. amplifier is used 
to boost the control voltage -a trick used in a few other 
brands. 

Few color -set owners realize how important precise fine 
tuning is. It can make the difference between watching a 
color show in color and watching it in monochrome. Al- 
though the rush to fine -tuning aids seems to have passed, 
you can expect them to continue appearing until virtually 
all color sets have them. 

High Voltage ... The Regulator Story 
Considerable publicity was given last year to the possibili- 

ty of dangerous x -rays emanating from color -TV sets. 
Though small doses of x -rays (Continued on page 66) 
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HOW TO ADD 

REMOTE SPEAKERS 
TO Hi -Fi STEREO SYSTEMS 

By VICTOR BROCINER /Assistant to the President, H. H. Scott, Inc. 

1/ a few simple precautions are observed, additional speakers 
can readily be added to either tube or transistor stereo amps. 

WE HAVE become so used to the conveniences of 
our constant -voltage power line, into which one 
may plug household appliances almost at will, that 

it is sometimes difficult to remember that the output of a 
high -fidelity amplifier must be treated somewhat differently. 
Even in the case of the power line one has to be careful not 
to plug in too many appliances, or the fuse will blow. A 
similar precaution must be exercised when connecting mul- 
tiple loudspeakers to amplifiers, with the difference that in 
the case of solid -state amplifiers it can be the power tran- 
sistors that blow instead of the fuse. However, if a few 
simple precautions are observed, no problems need arise. 

Why is total available power not the only thing that needs 
to be taken into consideration when adding speakers to a 
hi -fi installation? One reason is that while the power line 
operates at a nearly constant voltage, the output of an am- 
plifier fluctuates over a tremendous range from moment to 
moment as the audio signal varies, and the limits between 
which the output fluctuates are also variable depending 
upon the setting of the volume control. This is why it is not 
feasible to rate the loads ( the speakers) in terms of power 
consumed or current drawn and why the concept of im- 
pedance comes into the picture. 

The impedance of a circuit is equal to the voltage across 
the circuit divided by the current through the circuit: 
Z = E /I. When this is rearranged as follows: I = E /Z, it 
becomes a little clearer that impedance is the current - 
determining element for a given applied voltage, and in the 
case of amplifiers it is the current drawn by the loudspeak- 
er load that we are concerned about. The internal heating 
in the power devices of an amplifier increases rapidly as 
the current drawn from them goes up. Of course, there is a 
point beyond which this heat damages the device. In the 
case of tubes, reasonably short periods of overload may 
cause the plates and screens of the tubes to glow red hot, 
but the tubes can recover from this. With solid -state devices 
the allowable time for an extreme overload may be on the 
order of microseconds. 

There is an additional difference between the behavior of 
tube and solid -state amplifiers that is inherent in their de- 
sign. With any output device, the power output varies as 
the load impedance is varied. At zero impedance the power 
output is obviously zero, as it is at infinite impedance. As the 
impedance is increased from zero value, the power output 
increases to a maximum and then decreases. Maximum pow- 
er output is delivered when the load impedance is equal to 
the internal impedance of the amplifier. For impedance 
values near this optimum, the variation in power output is 
relatively small. 

Tube amplifiers are designed to produce maximum 
power into a load whose value is somewhere near the opti- 
mum impedance, and the matching is done by means of 
taps on an output transformer. With transistor amplifiers the 
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internal impedance of the amplifier is so low that if a match- 
ing impedance were used to obtain maximum power, the 
current drawn from the transistors would be far in excess of 
their maximum capability. Consequently transistor ampli- 
fiers are designed to operate into impedances considerably 
higher than the optimum impedance; furthermore, since 
they are almost invariably output -transformerless, the power 
delivered is determined by the value of the load impedance 
and there is nothing one can do about it. 

Suppose that a solid -state amplifier is designed to deliver 
its rated power into a 4 -ohm load. If it is well -designed, the 
current drawn by this load will be such as to keep the in- 
ternal heat dissipation in the output devices appreciably be- 
low their maximum. However, the safety margin is not made 
so great that a 2 -ohm load, for example, which would draw 
double the current of the rated load, would be safe. Fuses 
do not act quickly enough to protect against the effects of 
extremely brief overloads. Electronic protective circuits may 
do so, but they add considerably to the cost of the amplifier 
if they are designed to provide adequate protection. Even 
when the danger of damage to the power transistors is small 
-and today's solid -state amplifiers are remarkably rugged - 
there is another factor that must be taken into account: dis- 
tortion. Operating a solid -state amplifier into a load im- 
pedance lower than the rated value results in increased dis- 
tortion -and not only at very high power; the performance 
is deteriorated even at ordinary listening levels. Hence, with 
transistor amplifiers especially, it is important to keep the 
load impedance equal to or greater than the rated value. 

Assume now that we want to connect one or more sets of 
loudspeakers to a hi -fi system, svith the thought of operating 
more than one at one time. How shall we proceed? 

Amount of Power Required 
When a number of speakers are operated from the same 

amplifier, the power output of the amplifier is shared among 
them. This limits the number of speakers that can be 
operated from a given amplifier, depending on the levels at 
which they are to be operated. If an amplifier is just ade- 
quate to provide the desired levels in the main listening 
room, it will not be able to provide full room volume in 
an additional room as well. On the other hand, if the remote 
installation is intended to provide soft background music 
only, the arrangement will be quite acceptable. 

In making judgments on the adequacy of the power 
available, it should be kept ill mind that doubling the power 
output, or increasing it by 3 dB, does not double the loud- 
ness. A 7 -10 dB power increase, the exact amount depend- 
ing on the nature of the program material, is required to 
double loudness. Looking at it the other way, halving the 
power results in a noticeable but not pronounced change in 
loudness. Halving the loudness involves a decrease in power 
of 1/ to "/o. Of course this information has to be applied with 
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Fig. 1. Continuous power requirements for various room 
sizes and acoustics, for speaker systems of different effi- 
ciencies. In general, completely closed acoustic- suspen- 
sion systems are fairly low in efficiency while closed and 
ported systems with efficient speakers and horn systems 
are high in efficiency. If most listening is done at very high 
levels, somewhat more power is needed; for listening at 
low background levels; somewhat lower power is required. 
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Fig. 2. Method of connecting remote mono speakers to 
amplifier using center- tap -grounded output transform- 
ers. Stereo speakers are connected to impedance taps 
having half nominal impedances of the speakers used. 
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a certain amount of judgment; otherwise it might well lead 
to the connection of 50 additional speakers, based on the 
argument that each speaker that is added results in an only 
slightly noticeable decrease in loudness! 

The amount of amplifier power required in an average 
living room depends, among other things, on the efficiency 
of the loudspeakers used. A guide to power requirements is 
given in Fig. 1. From this chart it is easy to determine the 
power requirements for each speaker station, and from this 
to find the total power required. If all of the loudspeakers 
are not going to be used simultaneously at any time, the 
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power should be determined for the combination requiring 
the greatest total power. 

Remote Speakers: Stereo or Mono 

If stereo reproduction is desired wherever additional 
speakers are installed, each installation requires a pair of 
speakers for the two stereo channels. If monophonic repro- 
duction is desired, things are a little less simple. Connecting 
a speaker to only one of the channels is obviously not a good 
solution. It is necessary to obtain the sum of the left and 
right channels in some manner to recover the monophonic 
program content. Many amplifiers have a low -level center - 
channel output connection which provides such a signal. 
While originally intended primarily to provide a center 
channel for wide- spread stereo using three speakers, it is 
eminently suited to the purpose we have in mind. This 
connection provides sufficient voltage to drive a separate 
power amplifier for the remote speakers. 

Where sufficient power is obtainable from the main 
amplifier, it is of course far more convenient to use an 
arrangement which does not require an additional power 
amplifier. Bridging speakers across the respective outputs of 
the left- and right -channel amplifiers is not a satisfactory 
solution because, among other things, this provides a 
difference rather than a sum signal. Nor is it possible to 
remedy this by reversing the output of one of the channels 
because they have a common internal ground connection. 

Some tube amplifiers have their transformers' secondaries 
grounded at a center -tap instead of at the end of the wind- 
ing. With this arrangement it is possible to connect a 
speaker to obtain the full monophonic signal, as illustrated 
in Fig. 2. 

A novel system for obtaining a center channel is shown in 
Fig. 3. The part of the circuit illustrated, if used alone, has a 
detrimental effect on the separation of the stereo channels. 
In practice, a special input network is used ahead of the 
two channels of the amplifier to compensate for this. 

A very simple and convenient provision for obtaining a 
powered monophonic channel is embodied in H. H. Scott 
amplifiers and receivers ( Fig. 4A) . The remote speakers are 
connected directly to the amplifier terminals marked "Re- 
mote" and switch S3 set to "Mono." For amplifiers not 
equipped with such conveniences, it is possible to use a high 
quality 1:1 transformer to reverse phase, as shown in Fig. 
5A. For those who do not wish to go to the expense and 
trouble of using a transformer and are willing to tolerate a 
6 -dB loss in level when using a single remote 8 -ohm loud- 
speaker, the circuit of Fig. 5B offers a simple solution. 

Impedance Matching 
Although the term "matching" has been used in this sec- 

Fig. 3 Novel method of obtaining center mono channel. 
Special network ahead of amps maintains separation. 
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FOR ADDITIONAL 
SPEAKERS 

MAIN 
SPER. 

tion heading in accordance with common practice, it 
should be pointed out that it is not really matching at all 
that we are concerned with, but rather the connection of the 
correct value of total load impedance to the amplifier. Tube 
amplifiers generally offer a choice of transformer taps for 
4 -, 8 -, and 16 -ohm loads. As already mentioned, this flexi- 
bility is not provided on modern solid -state amplifiers; con- 
sequently additional speakers must be connected in such a 
way as not to present a total load impedance of less than the 
minimum value specified for the amplifier being used. Since 
hi -fi loudspeakers are made with impedances of 4, 8, and 
16 ohms, depending on the model and manufacturer, and 
since most solid -state amplifiers have a minimum specifica- 
tion of 4 ohms for load impedance: (1) up to four 16 -ohm 
speakers may be used in parallel, (2) two 8 -ohm speakers 
may be used in parallel, but (3) multiple 4 -ohm speakers 
represent a problem. 

If speakers of different impedances are paralleled, the 
resulting impedance can be found from the formula: 
Zrur = Z1Zs /(Z1 + Z0). 

When using a combination of speakers which present 
an unacceptably low value of impedance when paralleled, 
one is tempted to consider putting the speakers in series so 
that their impedances add. This is permissible provided the 
speakers are identical -and this means identical not only in 
impedance, but in all respects. With dissimilar speakers, 
interaction takes place between the two speakers, resulting 
in deteriorated performance for both. The same considera- 
tion also holds true, of course, for series- parallel arrange- 
ments. 

To avoid the problem presented by speaker combinations 
that would result in too low an impedance, as in case (3) 
above, one can resort to a transformer. Fig. 6 shows the 
large number of impedance transformations that can be ob- 
tained with a 0- 4 -8 -16 -ohm transformer. A high -quality 
output transformer designed for tube amplifiers can be used 
for this purpose, provided care is taken to cut off and insu- 
late the high -impedance primary winding connections. 

Switching of Speakers 
Most of today's receivers and amplifiers are provided with 

terminals for extra speakers and some form of front-panel 
switching. The more elaborate units provide switching to 
pennit changing from the main to the remote speakers and 
also to operate both at the same time. A series resistor is 
usually switched into the circuit when both sets of speakers 
are in operation to permit using 4 -ohm speakers for both 
main and remote positions. This protects the amplifier 
against possible overload; it also results in a loss of total 
power available, usually on the order of 6 dB, plus a re- 
duction of damping factor to around 1. These effects are 
proportionally less with speakers of higher impedance. The 
decreased damping factor results in a slight exaggeration of 
the very deep bass with low- efficiency speakers. The loss in 
power in unfortunate, especially since it takes place when 
extra power is needed for the operation of the extra speaker 
system, but this is the penalty one pays for using low- 
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Fig. 4. Various switching circuits which may be 
used to operate a remote loudspeaker system. 

3- POSITION 
SLIDE SWITCH 

FROM 
AMPLIFIER 

A 

REMOTE 

o 

AMP. AMP. 
CH.A ' CH.A 

STEREO 
SPEAKERS 

AMP. 
CH.B 

INDICATES SAME PHASING 

(A) 

MAIN 
SPKR. 

A 

REMOTE 
SPER. 

A 

AMP. 
CH.B 

(B) 
Fig. 5. (A) Using 1:1 transformer to power remote mono 
speaker. (B) Simple circuit but with 6 -dB power loss. 

impedance speakers without any provisions for matching. 
If switching is not provided in the amplifier or if the 

switching that is present does not include operation of both 
sets of speakers simultaneously, the circuit of Fig. 4A can be 
incorporated into a separate switch box and connected be- 
tween the standard amplifier output terminals and the 
speakers. The third switch, and associated resistors, for 
stereo -mono operation, may be omitted if desired. Slide 
switches rated at 2 amperes or more are satisfactory. If the 
total load presented by all the speakers that are going to be 
operating at the saine time is no lower than the minimum 
value specified for the amplifier, the protective resistors 
may be omitted. 

If more than one set of additional speakers are to be used, 
all of them can be wired in parallel to the "remote' termi- 
nals, unless they are to be independently controlled by 
switches. In this case, a series of double -pole switches, 
wired as shown in Fig. 4B, is (Continued on page 71) 

Fig. 6. Using the transformer - 
secondary taps for matching. 
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RE CENT 

DEVELOPMENTS 

IN ELECTRONICS 

Superconducting Power Supply. (Top left) This power sup- 
ply, called a "superconducting flux pump," was developed to 
supply electric current to a magnetic hammer used by NASA 
to shape space -vehicle pressure and fuel -tank walls. The 
unit converts low- voltage alternating current to high direct 
current in its top section. The energy is then stored in an 
electrical coil at the bottom of the supply. The magnetic 
hammer does not use any moving parts but instead relies on 
the magnetic force produced when 20,000 amperes flow 
through the coil. In order to obtain this high value of cur- 
rent, superconducting materials are used which offer virtual- 
ly no resistance to current when kept at a very low tempera- 
ture. In this case, cooling is produced by using liquid helium 
which lowers the temperature to minus 452 degrees F. The 
power supply was developed by North American Rockwell. 

Shore -Based Submarine Trainer. (Center) The two crew- 
men and officer at the left are fighting a mock sub battle 
with replicas of sonar, fire control, and associated commun- 
ications equipment that would be installed on a sub -chasing 
destroyer. The shore -based electronic trainer permits stu- 
dents to practice tactics under realistic conditions ashore. 
The 2.4- million device was built for the Naval Training De- 

vice Center at Orlando, Fla. by Honeywell Marine Systems. 
Two other similar trainers have been in use training crews 
at U.S. naval bases in San Diego, Calif. and Newport, R.I. The 
system sets up computer -controlled engagements between 
two target submarines and a destroyer equipped with anti - 

sub rockets, and supported by two other destroyers and three 
aircraft. Imaginary conflicts are fought on a make -believe 
sea of up to 128 miles square. The progress of 12 to 16 stu- 
dents in detecting, tracking, and attacking can be monitored. 

Phone -Line Security System. (Bottom left) The apartment - 
entrance security system shown here permits an occupant to 
dial a single digit on a conventional telephone in his apart- 
ment to unlock the building's lobby door. When a visitor 
picks up the lobby handset and presses the button for an 
apartment, a distinctive two -ring signal is heard over the 
resident's phone. The occupant can then talk to the visitor 
over the telephone and, if he decides to admit the visitor, he 

simply dials the digit "6" to unlock the lobby door. If the 
phone is being used in the apartment at the same time, then 
the resident hears a tone superimposed on the conversation. 
He can then either put his call on hold by dialing "3" or dial 
"6" to open the door. The new intercom system, called "En- 
terphone," is being installed by telephone operating compa- 
nies. The system is niade by Automatic Electric (Canada). 
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Portable X -Ray Tester. (Top left) This 160,000 -volt portable 
x -ray unit was used to inspect the circumferential welded 
seams of four 247 -ton aluminum heat exchangers. The x -ray 
head was mounted on a self -propelled carriage attached to a 

geared track on the 198 -foot exchangers. Strip film, placed 
against the weld inside the shell, permitted the x -ray unit to 
record a continuous image while in motion. By using this 
technique, a 100 -percent inspection of 1800 feet of welded 
seams was performed in near -record time. The heat exchang- 
ers are part of a system used to cryogenically liquify natural 
gas for shipment to other countries from a new Esso plant 
in Libya. X -ray unit was made by Automation Industries. 

Circuit Design via Computer. (Top right) using a light pen, 
the engineer is designing an electronic circuit on the screen 
of a new graphic -display subsystem. From a number of com- 
ponent symbols shown in the upper part of the screen (re- 
sistors, capacitors, transformers, diodes, transistors, trans- 
formers, etc.), the designer can select those components he 
needs to construct the circuit on the grid shown. Featuring 
the first announced commercial digital -deflection technique 
in graphic display, the new Univac subsystem can be used 
for direct interconnection with a larger computer system. 

Tape Cassettes Are Up and Away. (Center) The hottest prod- 
uct to hit the audio market in a long time is the pre- recorded 
tape cartridge in cassette form. With holiday sales of cas- 
sette recorders and players expected to be high, the tape - 
duplicating companies are working long and hard to meet 
the expected demand. One of the largest duplicating lines in 
the industry is this automated facility at Dubbings Electron- 
ics. The plant is turning out over 30 million feet of cassette 
tape each week and there are plans for a considerably great- 
er output in the near future. Each multiple duplicator shown 
records at 16 times the speed at which the tape will be 
played, that is, at 30 in /s. Fourteen tapes are recorded 
simultaneously, or 420 minutes of program per minute. 

Apollo TV Camera. (Below right) If you watched the TV pic- 
tures relayed by our Apollo astronauts recently, you saw 
what this little 41 /2 -lb TV camera can do. A technician is 
holding the RCA space camera in front of the ground -based 
scan converter which received the TV signals from the space- 
craft and converted them to commercial broadcast standards 
for use by the TV networks. Extensive use of IC's made the 
small size and low power consumption (6 W) possible. 
Bandwidth of the system was 500 kHz, the frame rate was 
10 per second, and the number of scanning lines was 320. 
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This is what the BART train will look 
like. Although an attendant will be on 
board, the train will be completely 
automatic in control and operation. 
The attendant will be able to override 
the automatic controls in an emergency. 

BART: 
electronics aids rapid transit 

By JOSEPH H. WUJEK, Jr. 

The Bay Area Rapid Transit system being built in the San Francisco area 
may be the prototype for future mass transit. Electronics will play 
a key role in permitting safe, high - speed, fully automatic operation. 

WrTtr the continued growth of our metropolitan re- 
gions, new emphasis is being placed upon the de- 
velopment of mass- transit systems. These systems 

must provide safe, swift, dependable, low -cost, and efficient 
service between the centers of employment and the outlying 
residential areas. Transport between the home and cultural/ 
amusement centers is also desirable. 

The automobile does not meet the requirements of mass 
transit in the future of our cities. Beyond the gross ineffi- 
ciency and high operating cost of the automobile, we are 
faced with the added specter of air pollution. While the car 
of the future may not contribute to pollution, the auto re- 
mains a highly inefficient and dangerous mode of mass 
transportation. Studies have shown that a modern urban rail 
system can transport ten to fifteen times as many passengers 
per hour as can an auto -carrying, four -lane, limited -access 
(freeway or expressway) highway, and with a high degree 
of safety. Since the cost of operating a car averages about 
10 cents per mile ( not including parking, tunnel /bridge 
fees), even the most ardent "autophile" must concede the 
merits of an urban rail system for intra- and inter -city trips 
of moderate length. (The 10- cents -a -mile figure includes all 
operating costs; i.e., fuel, maintenance, depreciation, in- 
surance, etc. ) 

The problems of transportation are not alien to the elec- 
tronics engineer. The April, 1968 issue of The Proceedings 
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of the IEEE, in a special issue, dealt entirely with transpor- 
tation. Since electrical engineers have always worked with 
systems, a natural extension of system theory is found in 
transport. In this article we will examine some of the features 
of the Bay Area Rapid Transit (BART) system, thought by 
many to be the prototype for future mass- transit systems. 
As we shall see, electronics plays a key role in permitting 
safe, high -speed operation. 

The BART System 
The BART system is a 1.2- billion -dollar complex that will 

comprise 75 miles of track in the Greater San Francisco Bay 
area ( Fig. 1) . Initial service is presently scheduled to begin 
in late 1970, with completion of the entire system set for 
early 1972. Included is a tunnel under the Bay and extensive 
subway operation in Oakland, Berkeley, and San Francisco. 
Aesthetic values have been considered in the design of sur- 
face and elevated lines, and in station architecture. There 
are no street crossings at grade anywhere on the entire line, 
thereby adding considerably to the safety of operation of the 
system. 

In July 1963, the engineering firm of Parsons Brincker- 
ho$- Tudor- Bechtel (PBTB) issued specifications for func- 
tional requirements of the automatic train control ( ATC ) 

system. As consultants and test administrators of the BART 
system. PBTB operated a test track and shop facility at Con- 
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cord, California for evaluation of ATC equipment. Three 
test cars were built and, from March 1965 to February 
1966, tests were conducted. After screening of proposals, 
contracts were let to furnish test systems. Five companies 
participated in these tests: General Electric Co., General 
Railway Signal Co., Westinghouse Air Brake Co., Westing- 
house Electric Corp, and Philco -Ford Corp. 

From the comprehensive test program, the feasibility of 
80- mile -per -hour operation was demonstrated. Passenger 
comfort is maintained with peak acceleration /deceleration 
of 3.3 mi /h /sec, even while maintaining train separations 
(headway) as short as 90 seconds. The tests also indicated: 

1. That all ATC systems responded safely to their control 
and indication signals. 

2. That speed- distance profiles can be accurately repeat- 
ed run after run. 

3. That deviation from any nominal speed can be regu- 
lated to within 2.2 mi, h and that this deviation is not a 
function of the reference speed. 

4. That deviations in runtime on station -to- station rums of 
two to three minutes can be held to less than 20 seconds. 

5. That automatic station -stops can be made to an accur- 
acy of plus or minus 12 inches. 

6. That trains can turnback (reverse direction) within six 
seconds. 

Subsequently, Westinghouse Electric Corp. was the low 
bidder on the contract to furnish ATC equipment (Fig. 2). 

BART trains will vary in size from two -car units to as 
many as ten cars in maximum length. Each 70 -foot car 
will seat 72 passengers; with air- conditioning; large, tinted - 
glass windows; recessed lighting; and wide aisles to provide 
maximum comfort. The track width of 5 feet, 6 inches in- 
stead of the standard 4 feet, 81/2 inches allows a spacious car 
interior and smoother ride. 

The traction system will use 1000 -volt d.c. motors, with 
power pickup from a third rail ( Fig. .3). Since the average 
distance between stations is two miles, the 80 mi /h peak 
speed is needed to maintain an approximate average speed 
of S0 mi /h. 

Train operation is totally automatic, with an attendant 
present to stop or slow the train in emergencies, make an- 
nouncements, and maintain radio communications as re- 
quired between the train and central control. The operator 
can also override to optimize train performance, such as 

1.110Ixe 

Fig. 1,, Over -all map of BART system. Now nearly half complet- 
ed, the $1.2 billion system will link San Francisco communities. 

closing the doors before the scheduled interval has elapsed 
if there are only a few people boarding the train. 

Automatic Fare -Collection System 
A modern electronic system will be used to facilitate fare 

collection at stations. Although automatic fare -collection sys- 
tems are in use in such cities as Stockholm, London, and 
Chicago, the BART system will include some features not 
found in earlier devices. 

The fare -collecting system, to be built by IBM Corp., will 
perform several distinct functions. In addition to ticket- 

Fig. 2. Typical performance of the Westinghouse ATC system. This particular data was derived from some of the test results. 
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This integrated- circuit logic board is one of hundreds 
that will be used in the automatic train control system. 

vending and currency change- making, the system will auto- 
matically tabulate and subtract fares from a magnetically 
coded ticket. Upon insertion of the ticket, either an access 
gate remains open to the passenger or a signal directs him 
to an ` Addfare" machine. The gate mechanism also prints 
on the ticket the amount remaining before expiration. 

A special feature of the gate is the ability to remain open, 
with no barriers, as long as a valid ticket is presented. The 
"open- gate" feature thus assures a minimum of interruption 
in the flow of pedestrian traffic. The "Addfare" machine 

permits increasing the value of a magnetic ticket by deposit- 
ing currency in the machine and "transferring" the currency 
value to the ticket. 

The prime consideration in the design of the fare- collec- 
tion system was "keep it simple." Careful attention was 
given to "human factors" engineering so as to minimize the 
possibility of user confusion. Directions will be given in pre- 
cise, unambiguous terms on how to use the system. 

Automatic Train Control (ATC) System 
The Westinghouse ATC system may be considered to con- 

sist of three separate subsystems, according to function. A 
"fail- safe" train -spacing subsystem overrides the other two 
subsystems and provides anti- collision protection. In the 
event of equipment failure, the "fail- safe" mode always 
maintains proper intervals between trains. 

The second, a scheduling subsystem, has to do with oper- 
ation of trains. This subsystem starts and stops train, opens 
and closes doors, and dispatches trains as the passenger load 
requires. The third subsystem renders BART unique among 
the world's rail systems. The Train Supervisory System 
(TSS) monitors, and continuously updates, the performance 
of each train on the line. While other rail systems use 
scheduling and train -spacing ATC, the TSS has not, at this 
writing, been used elsewhere. 

The TSS and scheduling function is handled by a West- 
inghouse P -250 digital computer. This medium -sized ma- 
chine (375,000 -bit memory), originally developed for in- 
dustrial process control, will examine the BART traffic and 
transmit coded information to on -board equipment in order 
to control train dynamics. A second P -250 machine will be 
available on standby service. 

The computer can also be used as a simulator, to "play 
games" as it were. By simulating various traffic situations, 
operating conditions and load factors can be "tried ", and an 
optimum (if it exists) operational solution deduced. Since 
these tests and decisions are made at computer speeds, 
trains need not wait for the human decision -making process. 
In fact, the number and rapidity of the decisions required of 
a system as demanding as BART could not be made by a 
human operator, or a team of operators. At that, the sheer 
physical effort involved would leave the operators fatigued 
and prone to dangerous errors. (Continued on page 84) 

Full -scale mock -up of supervisory and control iroom. Dominated by display panels 88 feet wide and 9 feet high, the room 
will be located in BART's Oakland headquarters and will be the control center for the three- county transit network. 
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This version of the organ, using heat sinks and forced -air cool- 
ing, can operate a 2500 -W (625 W /chan) lamp load. A more 
reasonable maximum power would be 1800 W though for a 
standard household circuit, while a power of about 400 W will 
produce a reasonably bright display for use in the home. 

A New Approach to 

COLOR -ORGAN 

DESIGN 
By J.M. POWELL /Engineer, TRW Inc. 

l 'sing active filters. this new color organ produces a sharper, more 
vivid visual displav than previous designs, even at low volume levels. 

THIS article covers a distinctly different design for 
building i color organ, a device which is becoming 
more and more popular as a complement to both 

mend and stereo systems. While the object of such visual 
displays is to give sharp color response to specific tones. 
the limited selectivity of passive -filter systems causes color 
w;tshout whenever multi-instrument recordings are played. 
The main feature of an active -filter design is accurate dif- 
ferentiation of musical tones, resulting in a brilliant and 
dynamic show of colors. 

The active -filter color organ also operates at lower sound 
levels than previous designs, creating a pleasing effect with 

0 

120V A.C. 

more types of music. In addition to these advantages. parts 
cost for this design is actually less than for a comparable 
passive -filter device. 

The circuit is basically a full -wave unfiltered bridge driv- 
ing four differently colored lamp loads through series silicon 
controlled rectifier ( SCR) switches. A musical signal at the 
input terminals allows the control circuitry to han on an 
SCR, and its accompanying colored lamp, when the ap- 
propriate tone and volume are reached. 

The full -wave bridge -SCR lamp- driver combination is a 

standard arrangement and has appeared in previous arti- 
cles (see "Simplified Solid -State (Continued on page 61) 

Fig. 1. In this color organ, an active filter is used to increase selectivity. See parts list for values of feedback capacitor C. 

LAMP POWER 

SI 

IRV CIRCUIT POWER 

MUSIC 
INPUT 
Ion 

loon 
C.T. 

D6 

R5 

R3 I R6 
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RIO 

INPUT 

COMMON 

POWER SUPPLY INPUT 

RI -1500 ohm, 10 \V res. ±10% 
R2 -820 ohm, 1 W res. ±10';; 
R3 -50 ohm poc "Color Control" 
C1 -15 µF, 35 V elec. capacitor 
D1, D2- 1N3495 rectifier (Motorola) 
D3, D4- 1N3495R rectifier (Motorola) 
1)5. D7- 1N4001 diode 
D6 -18 V zener diode (Motorola 1N4746) 
TI- Interstage trans. 100 ohms c.t. /IO ohms c.t. 

(Stancor TA -2 or equiv.) 
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R7 

02 

0 D7 

()COLORED 
LAMP 

PLI 

RB 

FEEDBACK 
R9 

ACTIVE FILTER TRIGGER OUTPUT 
REPEAT THIS SIDE 4 TIMES 

S1 -10 A toggle sw. 
F1 -10 A, 120 V fuse 
The following parts are for a single channel. 

Four channels are required. 
R4 -3300 ohm, 1/2 W res. ±101/4 
R5 -1 megohm, 1/2 W res. ±1055 
R6 -4700 ohm, 1/2 W res. ±10% 
R7- 10.000 ohm, 1/, W res. í-10c -5 

R8-2700 ohm, 1/2 W res. -!-10% 
R9 -2000 ohm pot (Mallory "Trim -Pot" MTC -I) 
RI0 -560 ohm, !G \V res. ±10% 

SCRI 

SCR1 -7.4 A SCR (General Electric C -20 -B) 
PL1 -120 V incandescent bulb -in color (20 to 

450 W total per channel) 
QI, Q2- 2N3391 transistors 
C -0.1 µF, 50 V capacitor (for l.f. green channel) 
C -0.047 µF, 50 V capacitor (for medium -1.f. blue 

channel) 
C -0.022 sF, 50 V capacitor (for medium -h.f. red 

channel) 
C -11.01 )1F, 50 V capacitor (for h.f. yellow channel) 
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Link Coupling Nomogram 
By DONALD W. MOFFAT 

Calculating coupling coefficient values, ke, can be a tedious and 
messy mathematical process. But if the link coupling's physical 
length is less than the wavelength, this nomogram can do the job. 

WHEN a signal source is physically separated from 
the circuit it supplies, link coupling like that shown 
in Fig. 1 is often used to match impedances. A 

second transformer matches the link to the load. Although 
air -core radio frequency transformers are shown in the dia- 
gram, this method of coupling is equally applicable at low 
audio frequencies. 

Link coupling would probably be used more often except 
that the mathematics discourages a designer from attempt- 
ing to predict the over -all coupling coefficient, ke. How- 
ever, if one assumes that the length of the link is signifi- 
cantly less than a wavelength of the frequency being 
coupled, then the equations become manageable. A nomo- 
gram can then be made and k,, found without any calcula- 
tions. As the length of the link approaches the wavelength, 
the nomogram becomes less dependable. And when the 
link is longer than a wavelength, this nomogram does not 
apply at all. 

Using the Nomogram 
It will be helpful to first examine the curves in the 

upper left of the nomogram. The scale on the left and the 
background grid of light horizontal and vertical lines serve 
as guides when determining values of Effective k. Although 
only nine curves are drawn, the user should visualize an 
unlimited number of curves, all of the same shape, filling 
in the spaces. 

When the instructions say to follow a curve from the 
vertical axis, it will often be necessary to picture a curve 
which starts from a given place .on the axis, and follows the 
same shape as the others. This is shown in example. 

To find ke on the nomogram, we must know the induc- 
tances of the windings at either end of the link and the co- 
efficients of coupling of the two transformers. The order of 
the five steps in the following paragraphs should be adhered 
to when determining k values. 

(a) Locate the correct inductance values on the L3 and 
L4 scales and draw a straight line through these points, ex- 
tending the line to cross the heavy horizontal line at the 
bottom of the curves. 

Fig. 1. In radio- frequency circuits, air -core transformers 
are often used to match the source impedance to the load. 

kI 
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k2 

L3 L4 

(b) From that point on the heavy horizontal line, draw 
a vertical line straight up through the curves, using the 
nearest vertical grid line as a guide. 

(c) Locate the correct values of individual coefficients 
of coupling on the kl and k2 scales and draw a straight 
line through them. Extend this line and cross the heavy 
vertical line that bounds the curves on the right. 

(d) Follow the curve which also intersects at this point 
on the heavy vertical line, until it intersects with the vertical 
line drawn in Step (b). It may happen that one of the 
curves in the drawing starts at that intersection, or it may 
be necessary to visualize a curve which has the same shape 
as the others. 

(e) From the point where the curve intersects with the 
line drawn in Step (b), proceed straight out to the k scale 
on the left. Use the nearest horizontal grid line as a guide 
and at the ke scale read the effective coefficient of coupling 
from input to output. 

It is interesting to note that k, increases if either of the 
individual coefficients of coupling is increased and, for a 
given combination of kl and k2, the maximum k occurs 
when L3 is equal to L4. The value of maximum ke (when 
the inductances are equal) is equal to one -half the product 
of the individual coefficients of coupling, so a theoretical 
maximum of k,. = 1/2 is approached when kl and k2 both 
approach unity and both inductances have the same value. 

Example 
Find ke if the circuit diagram has L3 and L4 values of 

10 and 7 microhenrys, respectively, and kl and k2 values 
of 0.5 and 0.2. Total length of the link is significantly less 
than a wavelength of the frequency being coupled. 

1. Draw a line from 7 on the L4 scale, through 10 on the 
L3 scale, to the heavy horizontal line that bounds the curves 
in the upper left corner. 

2. Draw a line straight up from that point, parallel to 
the nearest vertical grid line. 

3. Draw a line from 0.2 on the k2 scale, through 0.5 on 
the kl scale, to the heavy vertical line that bounds the 
curves on their right. 

4. The dotted curve shows how a curve should be visual- 
ized if a printed one does not meet the line drawn in Step 3. 
Follow the curve to where it intersects with the line drawn 
in Step 2. 

5. From that intersection, use the nearest horizontal grid 
line as a guide and proceed straight out to the Effective k 
scale. Read the answer of k = 0.084. 

Since no units are shown on the L scales, the user of 
the nomogram can supply any set of units that applies to 
his circuit, as long as he uses the same units on both scales. 
For instance, both scales can be called microhenrys, 
henrys, or or even tenths of a microhenry if such values would 
be most useful in a particular application. 
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Fig. 1. Classroom- studios acquaint student -teacher 
interns with TV techniques. Graphic art cards are 
used for tape identification purposes. The students 
operate the equipment and do the practice teaching. 

TV Systems 
for TEACHER 

EDUCATION 
By L. GEORGE LAWRENCE 

Breakthroughs in the manufacture of small, low -priced video tape recorders have 
placed a superior training aid within reach of every teacher - training college. 

SALESMEN know that seeing yourself as others see you 
often makes the difference in selling. And, although 
many business men have, for some time, used various 

means of "seeing oneself" in training their personnel, school 
teachers and teacher- training institutions have just begun to 
recognize that such a technique is a very valuable teaching 
aid. 

Perhaps the responsibility for this new approach lies in 
the availability of new low -cost video tape recorders cou- 
pled with a change in the direction of academic teacher - 
training procedures. For example, a few years ago video tape 
machines cost $50,000 to $70,000; now portable video tape 
recorders, including camera, microphone, And other equip- 
ment can be obtained for less than $1600. 

Although the new VTR's are simple to operate and low in 
price, they cannot be used effectively for instructional pur- 
poses unless the teacher- training objectives are clearly de- 
fined. Basically, these objectives encompass the use of tele- 
vision as a feedback aid. Thus the teacher intern program 
takes the form of "microteaching" and has these character- 
istics: 1. A specific teaching skill is studied by the intern. 
2. The intern attempts to apply the skill in a short lesson, 
usually five to ten minutes in length, with four or five pupils. 
3. This lesson is recorded on video tape and the intern 
watches a replay of the session. 4. During the replay, a su- 
pervisor or senior teacher gives the intern feedback (includ- 
ing constructive comments) on his performance. 5. The in- 
tern replans the lesson and reteaches it to another group of 
pupils. Thus, the microteaching concept -a term originated 
at Stanford University and encompassing the use of class- 
room video tape recorders- provides a teaching encounter 
which is scaled down in time and the number of students 
taught by the trainee. It is a great help in alleviating some 
of the complexities and trauma which often accompanies 
initial teaching experiences by young men and women fresh 
out of college. 

Fig. 1 shows an introductory classroom- studio situation 
intended to acquaint student teachers with techniques of 
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program preparation, use of VTR's, oral presentations. 
The equipment is basic. It consists of a portable VTR, a 

camera with 1:5 zoom lens, a display /recording monitor, a 
mike with desk stand, a headset for the VTR operator, and 
an oscilloscope. The latter is a training aid in itself, since it 
shows proper video shapes when recording film by "natural" 
synchronization as provided by a xenon -arc projector. How- 
ever, the scope is not a "must." 

Any bright student, especially if he or she is technically 
inclined, makes an excellent recording engineer and can be 
taught how to operate the equipment in an hour or less. 
Maintenance, if and when necessary, is best performed by 
the equipment manufacturer's service department or by re- 
liable, independent TV repair shops equipped for this type 
of work. (In specific figures, maintenance of the complete 
VTR package seldom exceeds $120.00 a year.) 

Portability is one of the main considerations in choosing 
VTR sets. Many states have laws limiting the weight a worn - 
an may carry. California has set this limit at 50 pounds. 
However, there are several top -brand VTR's which use f- 
inch and 1/z -inch tape and weigh 60 pounds or less, so two 
girls can carry the machine without much strain. The Am- 
pex 5100, for example, will meet the weight requirement. 

However, many schools purchase capital equipment by 
"bid" rather than buying outright from audio /visual equip- 
ment vendors. Thus it is possible to have (in one classroom) , 
two or more electronically incompatible VTR's. 

The trouble is that sync is injected at a different portion 
of the video tape; the sync track on one machine might be 
the sound track on the other, etc., because heads are spaced 
and placed differently. 

However, it is not difficult to make dubbings (copies) of 
video tapes and transfer program material from one "odd- 
ball" machine to another. Since video signals always include 
standard sync pulses with the video information, it is rela- 
tively immaterial what kind of source feeds the master VTR. 
Dubbing connections, shown in Fig. 2, can be made by sim- 
ple patchcords having BNC or u.h.f. connectors at both 
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ends. In most cases, no intermediate processing is required. 
The master VTR's video and audio gain controls suffice and 
the video monitor and sound system provide continuous 
quality control while the dubbing is in progress. 

The merits of dubbing, especially in a teacher -training 
situation, cannot be emphasized enough. It makes it easy to 
omit undesirable program contents by simply switching the 
master recorder to standby. Likewise, a tremendous amount 
of visuals such as pertinent fihn clips, film strips, slides, and 
transparancies, can be inserted during the dubbing process. 

Electronic Injection of Visuals 
Visuals raise the quality of in -class lectures by making the 

"message" come through stronger. In most classrooms, im- 
ages on the film clips, slides, and so forth are projected onto 
a screen. The TV camera is pointed at the screen and its 
signal is fed onto the video tape. It's an inexpensive and 
easy process. For example, take the case of film clips. The 
clip, in most cases a length of 16 -mm film with an optical 
sound track, may be inserted into a lecture to shed more 
light on a fairly complex topic. 

Unfortunately, a common shutter -type 16 -mm film pro- 
jector of the incandescent type usually cannot be used with 
a direct video pickup because black bars appear on the 
monitor due to out -of -sync shutter closures, camera retrace 
or blanking intervals, and pull -down during critical scanning 
periods. Thus there may be dark, pictureless intervals. 

The arrangement in Fig. 3 shows how to use a shutterless 
xenon -arc projector, in this case the Bell & Howell Model 
566. Since both the television system and the "on -off" cycle 
of the xenon -arc lamp are automatically synchronized by the 
60 -Hz power line, nearly perfect sync is established. How- 
ever, a critical observer, using an oscilloscope and examining 
the projected image directly, will observe a slight but un- 
objectionable flicker. 

In addition, the video's geometry is not perfectly linear, 
but shows a slight bulge. However, due to the projector's 
very high light output (approximately four times higher 
than that of a machine with an incandescent lamp), colors 
reproduce exceptionally well. System saturation is avoided 
by placing a neutral- density filter over the projector's optics 
or by adjusting the VTR's video gain control. A simple audio 
patch, with an 8 -ohm dummy load and a divider network, 
will transfer sound from the projector to the VTR's audio 
input. The recorder should be switched to "Unbalanced Line" 
to avoid distortion. 

Transport and Installation 
Properly selected VTR equipment will include a combi- 

nation console /carrying case designed for easy transporta- 
tion to and from off- campus classrooms. Discrete units 
(small VTR, 9 -inch monitor, automatic camera without op- 
erating controls) weigh much less than composite packages 
and the small items can be stored, together with stands and 
cables, in a reinforced suitcase. "Boom" microphones, spe- 
cial lights and the like are superfluous. The average modern 
camera will work at ambient light levels of 50 or more foot - 
candles. A normal passenger car, rather than a truck or sta- 
tion wagon, suffices for transport. 

In the classroom, two mikes may be used: one a lavalier 
type hung around the teacher's neck; the second unit sim- 
ply put on a desk to record pupils' reactions. A second per- 
son will operate the VTR. Note that the audio should be 
monitored by headset only to avoid feedback. Using only 
one mike allows good fidelity and operation at continuous 
high gain and there are no cords to tangle with. 

The use of wireless microphones can produce some un- 
expected headaches. Unless the customary FM receiver is 
carefully insulated by an isolation transformer, sharing a 
common power line with the VTR can lead to serious audio 
interference due to noise transients from the recorder's servo 
system. 

January, 1969 

DIRECTIONAL OR 
OMNIDIRECTIONAL 
MICROPHONE 

9" TV MONITOR MOUNTED ATOP 
OR ADJACENT TO CAMERA 

AUTOMATIC TV 
CAMERA WITH 
ZOOM LENS 

VIDEO 
CABLE 

AUDIO 
CABLE 

SPEAKER 

21" 
DISPLAY 
MONITOF 

07. 
LIGHTWEIGHT, I/2 VTR HEAVY, I VTR FOR 
FOR OFF- CAMPUS USE ON- CAMPUS USE 

Fig. 2. Dubbing set -up for electronically incompatible VTR's. 

Economy 
It's possible to use inexpensive surplus computer tape for 

video taping. A reel of 1 -inch or 1/2-inch tape, wound onto 
a 15 -inch spool, gives two hours' video recording time and 
usually costs less than $4.00. A new video tape costs about 
$112.00 ( two 1 -hour reels, 93/4 -in o.d.) . Of course, the sur- 
plus tape's oxide might be more grainy and it does not have 
the high -quality lubricant which reduces head wear during 
stop- motion or standby operation (with tape gates closed). 
A new helical -scan head costs around $100.00, and cleaning 
is not difficult. However, excessive abrasion and accumula- 
tion of oxide can become a problem with the surplus compu- 
ter tapes. If tape gates are opened -thus relieving pressure 
on the heads during standby operation -surplus tapes give 
excellent service. 

Owing to the size of the 15 -inch reel, surplus tape must 
be wound onto VTR -sized reels by a special mechanism. 
Since a hub of several inches o.d. is required, the tape may 
be taken to a commercial broadcaster's studio for rewinding. 
Usually his machine will accommodate these large reels, but 
even so they probably will have to be supported at both 
driving ends to maintain even winding. Tape wound in this 
manner should be rewound, with the school's VTR, to 

Fig. 3. VTR -recording of film clips with xenon -arc projector. 
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smooth out possible folds. Alternately, two suitable hub in- 
serts can be constructed and the reels wound on a "film edi- 
tor" with long spindles. It will also afford bulk -spooling 
from supply reels. 

Special Production Aids 
Generally, a student teacher is a dedicated person who 

hopes to produce a lesson of high quality. Since his material 
is prepared for self- criticism and, /or evaluation by superi- 
ors, some arrangement should be made to give him or her a 
hand with graphics. 

Use of graphics is shown in Fig. 1. A professional polish 
is imparted to a video taped experimental lecture by starting 
the program in this manner: 1. Test pattern with music. 2. 
Title Card (information on the card shown reads "CSCSB 
Television, The Language Arts, 1968 "). 3. Theme Card (the 
example reads "Program Contents, Introduction, Film, Na- 
tive Speakers "). 4. Program Details (the example, partially 
covered by a Colortran door, reads "Exercises in Spanish "). 

These principal cards can be modified to include name of 
student teacher, time and place of lecture, supervisor, etc. 
In this setup, all graphics and insertions were prepared by 
one student teacher -the young lady working as recording 
engineer. It serves to illustrate, perhaps, that one highly tal- 
ented individual can cut staff requirements to an absolute 
minimum. 

High- quality title cards and similar items can be prepared 
\kith a Leroy set. If very large letters are required, they can 
be traced on black construction paper using a paper stencil 
and cut out with small scissors. These "signatures ", as they 
are called, must have a lettering large enough to accommo- 
date the optics and pickup characteristics of the TV camera's 
vidicon. A critical size is two (2) inches, depending upon 
color and field of the paper background. Resolution, the 
ability to discern differences between characters, will suffer 
if letters are smaller than l inch. 

TV as a Behavioral Study Aid 
The weakness of current theories on learning and adapta- 

tion may be traced to the fact that an objective conception 
of human behavior is still incomplete. Only in a very limited 
area, mainly in the case of automatic responses by trainable 
organisms, was it possible to obtain more insight. I.P. Pav- 
lov's work with dogs and B.F. Skinner's efforts with pigeons 
stand out in this regard. The task of translating these be- 
havioral profiles to humans remains, notably in a way that 
would promote the learning process in a young child. 

Television transponders, a basic model of which was 
evolved by the author and shown in Fig. 4, afford rapid 
presentation and modification of stimulus codes as presented 
to an experimental specimen -a pigeon in this case. The 
method features the standard elements of "reinforcement by 
rewards" if specific responses to stimulus patterns are ob- 
tained. Typically, the pigeon is taught to peck the key of 
a food -release mechanism when a desired task has been per- 
formed. It is by virture of these and related methods that a 
naive animal can be trained to respond to images, correct 
letters on electronic diodes, or -if the experimenter is pa- 
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Fig. 4. This TV transponding assembly is used to study 
the behavioral patterns and learning processes of pigeons. 

tient enough -guide a vehicular system by aiming at refer- 
ence symbols or comparing coinciding images. The training 
situation is severe and specific: Self- criticism is made effec- 
tive by withholding food, acceptable behavior patterns are 
rewarded at once. But here as in orthodox teaching situa- 
tions dealing with children, the degree to which public 
manifestations survive, the extent to which private or quasi - 
unmotivated stimulus takes over, is never too certain. But 
systems of this type demonstrate to both student teachers 
and psychologists that learning experiences are based upon 
a regimen of reinforcements and rewards. 

Technically, the model system shown in Fig. 5 is corn- 
posed of a high- resolution TV display, a transponding key 
in front of the screen, a video camera with random interlace, 
and a prompter. A specific train of cues is provided by the 
prompting device, alternately displaying a set of changing 
patterns to the animal. Although background information 
may be changed at will, cues remain the same. The bird's 
pecking of the transponder key upon presentation of cue 
information, regardless of attendant distractions, is rewarded 
immediately. There is no physical punishment as it is not 
conducive to truly effective learning. The television system, 
by its very nature, allows superimposition of images, rapid 
roll, geometrical distortions, and other program modifications 
impossible to achieve with traditional methods of image 
display. 

In conclusion, effective communication is the key to suc- 
cessful teaching. One of the greatest hazards in communica- 
tion is the illusion that it has been achieved when, in reality, 
there has been no intellectual interaction. TV forms an ac- 
ceptable and useful bridge. 
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Unique 
Capacitor -Dichavge 
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Authors' system was built into a 4" x 5" x 5" utility box which, with suitable brackets, was mounted on engine fire - 
wall. The two inverter transistors, Q1 and Q2, along with SCR1 are mounted on heat sink outside of utility box. 

Igitition System 
By CHARLES C. MORRIS & R. D. MORTON 

A proven system using a pair of SCR's and a LIJT oscillator trigger circuit that does 
away with problems of poor high -speed performance cause by point- bounce triggering. 

0 NE of the three major auto ignition systems, the ca- 
' pacitor- discharge type is rapidly gaining in popu- 

larity. Engineers, designers, and experimenters from 
hobbyists to race drivers and manufacturers are turning to- 
wards these "CD" systems as the near ultimate in internal 
combustion engine ignition. 

The circuit presented here is the result of many hours of 
designing and testing a 12 -volt, negative- ground CD system 
which operates exceptionally well under many and varied 
conditions. Some of the tests and their results will be dis- 
cussed later. While this system is not the cheapest to con- 
struct, it is not the most expensive either. Because of several 
unique design features, the additional ten dollars or so it 
costs is outweighed by improved performance and reliability, 
not to mention reduced tune -up and component costs. Mane 
of the hugs found in other CD circuits have been eliminated 
in this design. 

The most widely used ignition system is the conventional, 
or Kettering, system. It can be manufactured economically 
and is reliable as long as it is serviced periodically. From the 
user's standpoint, the system is not so economical since 
points, plugs, and capacitors must be replaced more fre- 
quently. If this is not done, fuel economy drops rapidly, en- 
gine performance deteriorates, or malfunctions show up. A 
typical ignition tune -up will cost anywhere from 810 to $20 
using new components, and should be done about every 
10,000 to 15,000 miles. Conventional systems also have cer- 
tain inherent drawbacks, such as "point bounce" and spark 
voltage drop -off at higher driving speeds. 

A better, but somewhat controversial, ignition system made 
its appearance several years ago. This is the transistorized 
ignition. This system offered improved performance and 

economy in several areas, particularly in increased point life 
and general engine performance. The main advantage of 
these systems was that the heavy circuit currents could be 
switched by a transistor, thus bypassing the points and great- 
ly reducing point wear. The points are only used to switch 
the transistor on and off. Through the use of specially 
wound ignition coils, high -speed voltage drop was improved 
and plug life was increased. Most of the controversy arose 
from claims of greater fuel economy, "lifetime" components, 
and engine performance improvements. Probably most of 
these claims are valid, and many tests have verified some of 
these improvements. 

About the same time that transistor ignition circuits were 
being evaluated, a third system made its debut. This was 
the capacitor- discharge ignition and it appears to be the 
most promising. CD ignition is similar to transistor ignition 
in several ways, but offers significant improvements. We 
have found these improvements to be in the areas of still 
longer component life, engine starting, high -speed driving. 
acceleration, and power pickup. Large increases in fuel 
economy were not obtained nor were they expected. Since 
fuel economy depends on many factors besides ignition, it 
is questionable whether or not claims of 20% or better in- 
creases are valid. Increases of 1 to 3 mi /gal and possibly up 
to 5 mi /gal could be achieved. In most of the cars we 
tested, the "old" ignition components were left in the en- 
gine. Only cleaning and regapping were done where neces- 
sary. One car alone has been driven over 15,000 miles since 
installation and the combined mileage of all vehicles has ex- 
ceeded 50,000 miles with no point or plug malfunction. 

Generally, CD ignition offers the following advantages 
over other types: 
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Fig. 1. Block diagram of basic SCR CO ignition system. 

1. The points are replaced by a high -current semiconduc- 
tor in the circuit. 

2. Due to faster circuit rise times, maximum spark -plug 
energy can be stored for delivery to the combustion cham- 
ber over a wider range of engine speeds. 

3. Higher spark voltage helps to clean plug electrodes and 
can help the plugs fire more efficiently, even through carbon 
and other fouling deposits. 

4. If properly designed, point bounce or "floating" can 
be eliminated -a cause of multiple firing or misfiring. 

5. Over -all engine performance improves. 
One of the biggest problems facing the designer of a CD 

system is to make the proper engine cylinder fire at the right 
time. Of the many circuits tried and discussed, misfire or 
multiple firing seemed to be the main drawback, especial- 
ly at speeds of 50 mi /h and higher. Most SCR's used in pres- 
ent CD systems are sensitive enough to be triggered by point 
bounce, or floating, unless sufficient blocking or filtering cir- 
cuitry is used. Ideally the SCR only wants to see the original 
"timed" opening of the points for correct cylinder firing to 
take place. 

Another serious problem lies in designing the high -volt- 
age power supply so that it will deliver maximum energy fast 
enough to follow various engine speeds. Many circuits have 
been designed around power -supply transformers that sim- 
ply cannot meet this criterion. Anything less can only re- 
sult in reduced performance. The power- supply transformer 

in the circuit to be described was tailor -made to suit circuit 
demands far in excess of those actually encountered. At 60 
mi /h, a V -8 engine has a firing time of a little more than 
2 milliseconds from one cylinder to the next. This circuit is 
designed to deliver maximum energy to its storage capacitor 
within about 1 millisecond. 

The two most unusual features of this design are the 
power -supply and SCR -firing circuits. Both design prob- 
lems mentioned before have been solved satisfactorily to in- 
sure good system reliability and performance. 

Fig. 1 is a block diagram of the SCR ignition system. The 
power supply steps up the car battery voltage from 12 volts 
to about 375 V d.c. and charges the energy storage capaci- 
tor, Cl. When the engine firing cycle comes up, the SCR is 
triggered into conduction by the opening of the distributor 
points. The storage capacitor is then shorted to ground 
through the ignition coil. Induced energy pickup by the 
coil's secondary winding is then delivered to the spark plugs. 
The collapsing field in the coil turns the SCR off again and 
the system begins charging for the next firing cycle. 

Circuit Operation 
Fig. 2 is the schematic diagram of the CD ignition sys- 

tem. Basically, the power supply is a conventional d.c. -to- 
a.c. inverter, which also includes a diode bridge rectifier 
which converts the a.c. to about 375 V d.c. The back -to- 
back diodes D6, D7 in series with load resistor R5, serve 
as a constant supply load and provide some amount of regu- 
lation. Diodes D6, D7 are actually contact protectors having 
the ability to break down like zener diodes when certain 
voltage levels are exceeded. These particular diodes are less 
expensive than zeners and work very well in this application. 

The power -supply transformer, T1, is home -made, simply 
because of economics and because no exact commercial 
equivalent was available. It was also necessary to tailor it 
to meet specific circuit parameters. Operating frequency of 
the supply is about 10 kHz. This higher operating frequency 
aids in faster restarting of the inverter after heavy system 
loads are placed upon it. These loads tend to keep the in- 
verter from oscillating, and fast restart is necessary for high- 
er circuit performance. 

Silicon controlled rectifier SCR1 is a conventional type, 
selected for its higher current rating in order to increase 

Fig. 2. Complete schematic diagram and parts listing for the two -SCR CD system. 
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D 

ALL GROS MADE COMMON TO EACH OTHER 

SCR i* 

C4 - 

RI -200 ohm, 5 W res. 
R2, R4 -1000 ohm, V2 W res. ±5% 
R3 -100 ohm, 1/2 W res. ±5`4 
R5- 33,000 ohm, 5 W res. 
C1 -1.0 p,F, 600 V metallized film capacitor 
C2 -0.1 µF, 200 V Mylar capacitor 
C3 -100 µF, 15 V elec. capacitor 
C4 -0.005 µF, 1000 V disc ceramic capacitor 
D1, D2, D3, D4, D5- 1N4005 600 V p.i.v., 1 A 

silicon diode (Motorola) 
D6, D7 -S5V5P suppressor diode (International 

Rectifier) (Can also use ITT 8A5PA5, 130 V 
a.c., 200 mA diodes; Sarkes Tarzian S -490 or 
S -871 diodes. Alternatively, three 1N4764, 100 
V, 1 W zeners connected in series with anodes 
toward "B+" can be used.) 

SCRI -400 V, 25 A silicon controlled rectifier 
(General Electric C3OD) (The Motorola MCR- 
2604-6 or 2N4156, 400 V, 8A SCR units have 
been used in some CD systems with good re- 
sults and are recommended for cost savings.) 

SCR2 -200 V, 0.6 A silicon controlled rectifier 
(General Electric C6B) 

Tl- Inverter trans. wound on Ferroxcube core, 
K3- 005.01.3E (see text) (Can also use Indiana 
General core CF117, H material.) 

T2 -Pulse trans. 15 mH, 1:1:1 (Pulse Engineering 
No. PE2225 or equiv.) or wound on Ferrox- 
cube core 266T125 -4C4 or Indiana General core 
CF102, H material (see text). Pulse Engineering 
Co., 560 Robert Ave., Santa Clara, California. 
(Can also use Sprague 11Z13 pulse transformer. 
If terminal identification differs, maintain phas- 
ing shown by dots on diagram.) 

Ql, Q2- 2Ná235 transistor (Westinghouse) 
Q3- 2N2646 unijunction transistor (General Elec- 

tric) 
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circuit reliability. However, an 8 -amp unit has been in op- 
eration in two of the systems without malfunction. Normally, 
SCR1 is in a state of nonconduction, allowing an "open" to 
exist in the series circuit formed by SCR1, the ignition -coil 
primary, Cl, and ground. It is at this time that the power 
supply begins charging Cl and the first engine firing cycle is 
coming up. When the distributor points open, SCR1 is trig- 
gered into its state of conduction, closing the series circuit. 

Two things then happen simultaneously: SCR1 puts a 
short across the power supply which stops the inverter oscil- 
lator and prevents further charging of Cl, and Cl is dis- 
charged to ground through the primary of the ignition coil. 
The induced current and high voltage in the coil's secon- 
dary winding then feeds the spark plug to be fired. As soon 
as the field in the ignition coil begins to collapse, a voltage 
reversal is applied across SCR1, driving it back into a state 
of nonconduction. The power -supply short is also removed, 
allowing the inverter oscillator to restart and begin charging 
Cl again in time for the next firing cycle. This sequence re- 
peats itself as each engine cylinder is ready to be fired. 
Capacitor C4 helps eliminate any self -oscillations that might 
occur within SCR1, sometimes caused by too rapid an ap- 
plication of high voltage across the SCR. 

Probably the most unique feature of this system is the 
triggering circuit. A standard UJT relaxation oscillator has 
been modified to provide one -shot operation. When the dis- 
tributor points open, C2 is charged through R2 to the 
threshold voltage of Q3. When this threshold voltage is 
reached, C2 then discharges through Q3 and the primary 
winding (3, 4) of pulse transformer T2 to ground. It will be 
noted that T2 has two secondary windings. One secondary 
winding (5, 6), which is connected in -phase with the pri- 
mary winding, provides a trigger pulse to the gate of 
SCR1. Some degree of isolation is also obtained. The other 
secondary winding (1, 2) is connected in reverse -phase to the 
gate of SCR2, providing a trigger pulse due to the field col- 
lapse in T2. The function of SCR2 is to simulate the closing 
of the distributor points after one pulse, preventing multiple 
triggering, or firing, of SCR1. SCR2 is an inexpensive 1 -2 
amp unit. Diode D5 prevents early triggering, or firing, 
of SCR2. When the distributor points actually do close, the 
holding current of SCR2 is bypassed to ground, arming the 
circuit for the next opening cycle of the points. 

Resistor R3 provides the bias for Q3, and R2 and C2 
provide the timing and trigger energy for the combination 
of Q3 and T2. While in many ignition circuits, especially 
conventional and in some transistorized, the distributor 
points are used to interrupt rather higher current; in this 
circuit they are used only to short out a capacitor which 
prevents unwanted oscillation of Q3. From the circuit it is 
obvious that the maximum current carried by the points is 
only about 12 milliamps due to R2. This low current helps 
prolong point life. 

Point cleanliness is not as important to proper circuit op- 
eration as some authors claim. This circuit was tested with 
up to 150 ohms series resistance added in the point circuit 
before the unit malfunctioned. This is considerably more re- 
sistance than that encountered in contacts or normal amounts 
of dirt contaminating the points. Although no malfunctions 
have been caused by low point current, periodic cleaning 
and proper adjustment would still be in order. 

Construction Techniques 
Good construction techniques were followed in building 

the system. Layout is not critical. The components were 
mounted and wired within a 4" X 5" X 5" utility box (see 
photo) which, with suitable brackets, can be mounted on 
the engine firewall. The enclosed box keeps out dirt and 
moisture. A finned heat sink was used for mounting tran- 
sistors Q1 and Q2 and SCR1. These components must be in- 
sulated from each other and from ground. Mounting kits con- 
taining insulated hardware are satisfactory. If a commer- 

cial heat sink is used, a special mounting location will have 
to be fabricated to mount SCR1. This can be done by cutting 
out a portion of one fin and drilling a suitable hole for 
SCR1's mounting stud. Be sure to allow for stud- mounting 
hardware. SCR1 can be mounted by using mica washers 
and a hole bushing. A light coat of silicone grease may be 
applied to all mounting surfaces on Q1, Q2, SCR1, and the 
heat sink to improve heat- transfer characteristics. When the 
mounting is completed, check for shorts between leads, 
cases, and ground -using an ohmmeter. 

Inverter transformer T1 is a special hand -wound unit. As 
mentioned, commercial transformers are expensive and prob- 
ably would need to be modified to meet certain circuit cri- 
teria. The three windings for T1 are made on an insulated 
toroid core. All windings are wound in the same direction 
(see Fig. 3A). Mark the beginning and end of each winding 
so they can be identified later for proper phasing and 
hookup as shown in Fig. 2. 

The high -voltage, or secondary, winding is put on the core 
first, and consists of 275 turns of #26 enameled copper 
wire. An easy way to wind this section is to make a long 
bobbin out of a tongue depressor, forking both ends. Then 
wind about 60 feet of the #26 wire onto the bobbin and 
pass bobbin, wire, and all in and out of the core center as 
you wind the 275 turns. Wind the wire to fill up the circum- 
ference of the core. With this winding finished, wrap a 
layer of insulating tape over it and identify the start and 
finish leads. Leave the leads about 8 inches long. 

The primary winding is put on the core next, over the 
winding just completed. This winding is the one that con- 
nects to the collectors of Q1 and Q2. The winding consists 
of 20 turns of # 14 enameled copper wire and is center - 
tapped. This winding is put onto the core more easily by 
hand threading since it is so stiff. Wrap the turns fairly 
tight so that the wire will not take up all of the inner core 
space; then again wrap the wire uniformly around the core 
circumference. Wind this in the same direction as the sec- 
ondary winding and leave about 8 inches of lead length, in- 
cluding the center -tap. Identify the start and finish leads. 

The last to be placed onto the core is the feedback wind- 
ing connected to the bases of Q1 and Q2. This winding con- 
sists of 10 turns of #26 enameled capper wire and is also 
center- tapped. The winding can be closewound anywhere 
away from the other winding leads. It may be placed directly 
over the primary winding just completed and wound in the 
same direction. Leave 8 -inch leads and identify each lead. 
After all windings are complete, the core may be wrapped 
securely with insulating tape. 

The completed transformer is then mounted to an inside 
wall of the utility box, preferably near where the transistors, 

Fig. 3. (Al Cross- section view of T1 and portion of wind- 
ings along with over -all pictorial view (right) of T1 with 
secondary winding not shown. (B) Construction of T2 if com- 
mercially available pulse transformer is not used. (C) The 
mounting of transformers TI and T2 to inside corner of box. 
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Q1 and Q2, will be mounted. The transformer is mounted 
using a Y4-20 nylon bolt and nut with a large nylon or fiber 
flat washer. Do not use conductive hardware to mount ei- 
ther this transformer or T2, discussed later. One note con- 
cerning these transformer windings is that due to the high 
efficiency and flux distribution in the toroid cores, winding 
position and spacing are not critical. None of the trans- 
formers we made failed to perform as desired. 

Although T2 is a commercial unit, it too can be hand - 
wound, further reducing construction costs. We wound one 
of these units and bench -tested it. The performance seemed 
to be all right, but some experimentation might be neces- 
sary to insure proper circuit operation. T2 consists of three 
identical windings wound on a small toroid core. If the core 
is not insulated, paint it with coil dope prior to winding. 
Each winding consists of 50 turns of #28 enameled copper 
wire. Divide the core into three equal sections and scramble - 
wind each winding to fill one core section. The windings 
can be put on the core using a smaller bobbin, and must be 
wound in the same direction. Again, carefully identify each 
start and finish lead, as improper phasing when wiring will 
cause circuit malfunction. When complete, the transformer 
can be painted with coil dope to help hold the windings 
in place. Follow the mounting procedure as discussed for 
Ti. 

As seen in Fig. 2, there are some large dots near one lead 
of various windings. These are phasing dots and indicate 
the connecting point for transformer "start" winding leads. 
Note that T2 has one winding connected in opposite phase 
with respect to its other windings. Occasionally trouble can 
be encountered with starting failures in power- supply in- 
verter oscillators. One cause of this can be the use of tran- 
sistors (Q1 and Q2) that are too nearly matched. The best 
remedy is to replace one of the transistors. A more frequent 
reason is improper phasing of either the primary or feedback 
windings of T1. While we never experienced any of these 
difficulties, they are possible. If wiring and construction are 
done properly, the cure is to try reversing either the primary 
or feedback winding connections to allow for proper oscilla- 
tions. 

The remaining components are mounted and wired on a 
phenolic or other suitable board, sized to fit inside the utility 
box. This board can be anchored to the box walls using 
small right -angle brackets. Capacitor C1 may have to be 
mounted elsewhere due to its large physical size. One way 
is to mount it to a box wall using a plastic cable clamp. 
The diodes, SCR2, and Q3 were mounted by their own leads 
and soldered into place. Avoid using transistor sockets for 
these components since vibration and road shock could loos- 
en connections. When soldering these components, always 
heat sink each lead with long -nose pliers or the like. All of 

the board- mounted components can be soldered to either 
standard terminal lugs or to special lugs that may be de- 
signed for multi -hole circuit -board material such as Vector 
boards and lugs. Again, layout is not critical, although the 
components for the triggering circuit should not be placed 
right next to high -voltage circuits or Ti. 

No. 14 hookup wire was used for all of the primary 
power- supply and 12 -volt input circuits, as well as for all 
external wiring to the car. No. 20 hookup wire can be used 
for the remaining circuitry. The four leads going externally 
from the CD unit may be terminated at a suitable plug. 

Installation 
After the CD unit is finished, it can be mounted within 

the engine compartment of the car. A preferable spot is on 
the firewall, away from exhaust manifolds and where mois- 
ture is not apt to be around or on the unit. Although all of 
the semiconductors are silicon types which can operate over 
a wide temperature range, it is still good practice to allow 
for free air movement around the mounting location. 

After mounting, the external wiring is completed between 
the CD unit and the ignition switch, coil, and distributor. A 
switching or plug arrangement can be devised which would 
allow for simple restoration of the conventional ignition 
should the CD system ever fail. (Details on this were given 
in the article "Universal Wiring for Automotive Ignition 
Systems" in the August 1967 issue of this magazine.) If such 
a circuit is used, it should be installed under the hood so 
as to eliminate long leads and circuit losses. In general, all 
leads should be kept short and made with clean, tight con- 
nections. Finally, run a #14 ground wire from the CD unit 
circuit ground directly to the auto system ground. 

Many cars with 12 -volt electrical systems use a ballast 
resistor between the ignition switch and ignition -coil input. 
As far as we know, these resistors are of two types. One type 
is an externally mounted body type, usually ceramic, that 
mounts somewhere under the hood. The second type is a 
resistance wire built into the dashboard wiring harness. 
While testing the CD unit, try it with this resistor connected 
in its normal manner. The positive 12 -volt lead going to 
the CD unit would be the same lead normally connected to 
the ignition coil positive terminal. If trouble is encountered 
then there is probably too much voltage drop across the bal- 
last resistor. You should then connect the 12 -volt source lead 
from either the ignition switch terminal or the switch side 
of the ballast resistor, whichever is easier. Remember to in- 
clude restoration of the ballast circuit in any switching cir- 
cuitry if such is used. 

In the past, considerable emphasis has been placed on re- 
adjustments of such things as points, timing, plug gap, and 
plug heat range. Our recommenda- (Continued on page 56) 
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Fig. 4. (A) Single pulse across ignition - 
coil primary at about 2500 r /min. Rise 
time ( <10 µs) is measured between dot 
at left center and lower left starting point 
of the trace. (B) Series of pulses across 
coil at same speed. (C) Single trig- 
ger pulse applied to the gate of SCR1. 
ID) D.c. power -supply pulse to charge 
Cl. (E) Power -supply inverter oscilla- 
tor waveform at 01, 02 base. The 
frequency is approximately 10,000 Hz. 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


PART 2 
By DONALD L. STEINBACH/ Research Engineer 
Lockheed Missiles and Space Co. 

Complete frequency divider and counter systems. Synchronous dividers 
for division ratios from two through ten are given, along with a simple 
decade counter using inexpensive, readily available integrated circuits. 

ART 1 of this article discussed in some detail the char- 
acteristics of a family of IC flip -flops, gates, and 
buffers. In this part we extend this information to 

complete frequency divider and counter systems. 

Logic Elements in Dividers and Counters 
The frequency dividers and counters described in this 

article are made up of one or more JK FF's (flip -flops) in- 
terconnected in such a way that as each CP (clock pulse) 
arrives at the divider input one or more of the FF's in the 
divider change state. This is accomplished by "forcing" the 
FF's to particular states by use of the S and C inputs and/ 
or appropriate selection of the source for input T. In some 
cases gates are used to derive signals for S and C that do 
not already exist somewhere in the divider. Buffers are 
used as required to increase drive levels and /or provide 
isolation from external circuitry. 

The frequency divider has a division ratio n if its output 
waveform passes through one complete cycle as its input 
waveform passes through n complete cycles. The number 
of FF's required in a particular divider is determined by 
the desired division ratio. The highest possible division ra- 
tio for a given number of FF's is 2` where x is the number 
of FF's in the divider. Thus, one FF is needed to divide by 
two; two FF's are needed to divide by three or four; 
three FF's are needed to divide by five, six, seven, or eight, 
etc. 

The signal input connected to T (pin 2 of the particular 
IC discussed last month in Part 1) of each FF in the di- 
vider will be either the incoming CP or the output of a pre- 
ceding FF. If T of each FF is connected to the incoming 
CP, the divider is a synchronous. divider. If the incoming 
CP is connected to T of the first FF only, and T of the 
second FF is connected to the output (Q or Q) of the first 
FF, etc., then the divider is called an asynchronous divider. 

The FF propagation delays in the asynchronous divider 
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are cumulative and the time between CP's must be sufficient 
to allow each FF in the divider string to change state. In 
general, no more than about six 9923 JK FF's should be used 
in any one asynchronous divider intended to operate at an 
input frequency of 2 MHz. All FF's in the synchronous di- 
vider are triggered simultaneously and the time delay be- 
tween the CP and the resulting change in divider output is 
equal to the propagation delay time of one FF rather than 
the combined propagation delays of a string of FF's. Syn- 
chronous dividers should always be used when the divider 
input and output waveforms must be in synchronism. 

Fig. 1. These are the before and after flip-flop states 
that exist for all possible input /output combinations. 

BEFORE CLOCK PULSE AFTER CLOCK PULSE 

LEVELS AT 
CONTROL FLIP-FLOP FLIP -FLOP 

INPUTS STATE STATE 

S C Q Q 

I O O I 

O I O O 

O O O I 

I I 0 0 

I 0 I I 

0 I I 0 

0 0 I o 

I I I I 
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ONE FLIP -FLOP 

STATE F F I 

STATE 

THREE FLIP -FLOPS 

F F 1 F F 2 F F 3 I 0 

2 I I 0 0 0 

2 I 0 0 

3 0 0 
TWO FLIP -FLAPS 

4 1 0 

STATE F F I F F 2 5 0 0 1 

1 0 6 I 0 

2 I 0 7 0 1 

3 0 1 8 I 

4 I 1 

FOUR FLIP -FLOPS 

STATE F F I F F 2 F F 3 F F 4 

I 0 0 0 0 

2 I 0 0 0 

3 0 I 0 0 

4 I I 0 0 

5 0 0 0 

6 I 0 0 

7 0 1 0 

8 I I 0 

9 0 0 0 

10 I 0 0 

I I 0 I 0 

12 1 I 0 

13 O 0 

14 I 0 

15 0 I 

16 I I I I 

Fig. 2. All possible states of divider with up to 4 FF's. 

The control inputs S and C (pins 1 and 3 respectively) 
of a particular FF are connected to ground (0 level), +V,.,. 
(1 level) , or the outputs of other FF's either directly or 
via gates. The level applied to S, the level applied to C, 
and the "present" FF state determine the state of the FF 
after the next CP or 1 -to -0 transition of a preceding FF. 
Fig. 1 is an expanded version of the truth table in Fig. 7 of 
Part 1. It lists all possible combinations of S, C, and JK FF 
states that might exist before the arrival of a CP and gives 
the FF state that will then result after the arrival of the CP. 
Keep in mind that a CP is simply a 1 -to -0 transition at T 
( pin 2 ) and that the state of the FF is the level at Q 
(pin 7). 

If Preset (pin 6) of all the 9923 FF's in a divider are 
connected together, all of the FF's will be forced to the 0 
state (output Q at the 0 level) when this "preset line" is 
momentarily connected to V,,,. (+3.6 V d.c.) . This tech- 
nique provides a convenient starting point for the dividing 
action both in the operating circuit and on paper. 

It is customary to define the instantaneous state of the 
divider as the states of the FF's in the divider written in 
some logical order. Thus, if the divider is made up of 
four FF's labeled FF1, FF2, FF3, and FF4, and FF states 
are 1, 0, 1, and 1, respectively, then the state of the di- 
vider is 1011. Since each FF has two states (1 and 0) , the 
number of possible divider states is 2' where x is the num- 
ber of FF's in the divider. All possible states of a divider 
having 1, 2, 3, or 4 FF's are tabulated in Fig. 2. 

Circuit waveforms for the more complex dividers are de- 
termined from a state fable. The state table is a CP -by -CP 
tabulation of the levels at S, C, and Q of every FF in the 
divider. It is most convenient to assume that the divider 
starts from the Preset state (Lc., all Q's at 0) . The levels 
of each FF S and C input are then determined from the 
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AFTER SI CI QI S2 C2 02 
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ìE IS FIRST COMPLETE DIVISION CYCLE 

Fig. 3. Circuit and operation of synchronous n = 3 divider. 

divider schematic. Knowing S, C, and Q, the FF states 
after the first CP may then be determined from Fig. 1. The 
"new" S and C levels are determined and the FF states 
after the second CP are determined. This process is con- 
tinued until the state table begins to repeat itself, indicat- 
ing that one complete division cycle has occurred. 

The completed state table should be compared with Fig. 
2 to determine which (if any) of the possible divider states 
in Fig. 2 do not appear in the state table. Additional state 
tables are then constructed using each of these "unused" 

INPUT I 

0 

QI 

Fig. 4. Synchronous n = 4 divider with an n = 2 output. 
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Hg. 5. Circuit and operation of synchronous n = 5 divider. 

divider states as the initial starting point in order to deter- 
mine if the divider will recover and divide by the desired 
ratio. If it does not, two courses of action are available: 
redesign the divider, or make provisions for Presetting the 
divider. 

There may be more than one circuit that will yield a 
particular division ratio. The circuit finally chosen will 
usually be the one that uses the fewest components or pro- 
vides the most desirable output waveform for the particular 
application. It frequently happens that more than one di- 
vision ratio can be obtained from a single divider. For ex- 
ample, a divide -by -ten circuit may be able to simultaneously 
deliver a divide -by -two or divide -by -five output from some 
point in the circuit. 

The circuits to follow are drawn using the logic symbols 
of the IC devices. Refer to Fig. 8 in Part 1 for the actual 
Fairchild IC pin numbers. Although not shown, pin 4 of 
each IC is grounded and pin 8 of each IC is connected to 
V(.c ( +3.6 V d.c.). If the Preset feature of the JK FF's 
is employed, then connect pin 6 of each of the FF's together 
and connect this to Vet, through a normally open momentary 
switch. 

Either Q or Q of any FF in the divider may be chosen 
as the divider output(s). For a given FF, the more light- 
ly loaded of the two output terminals is usually used, al- 
though this is not mandatory as long as the output drive 
factor of the FF is not exceeded. 

In the figures that follow, the input signal is drawn as a 
square wave only for purposes of illustration. The input 
waveform may be of any shape as long as the fall -time is 
small enough to be accepted by the FF's as a clock pulse. 
The area marked "first complete division cycle" is the wave- 
form that will repeat with every n clock pulse. 

Dividing by Two 
The simplest possible frequency divider is an n =2 

divider made from a single JK FF. If the S and C inputs 
are both (permanently) at 0, the FF changes state with 
each CP. If the FF is initially in the 0 state, it will change 
to the 1 state when the first CP arrives. When the second 
CP arrives, the FF returns to the 0 state. On the third CP, 
the FF changes back to the 1 state, completing the output 
cycle. The FF state alternates with each consecutive CP 
and the output frequency is one -half the input frequency - 
or the output waveform period is twice the input waveform 
period. 
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Fig. 6. Circuit and operation of synchronous n = 6 divider. 

Dividing by Three 
Then n =3 divider in Fig. 3 is a synchronous divider: 

the CP is applied simultaneously to the T input of both 
FF's. The input load factor is 10 since each FF has an in- 
put load factor of 5. 

The state table for the divider of Fig. 3 is constructed 
as follows: 

a. After Preset, Q1 (output Q of FF1) and Q2 (output 
Q of FF2) are both O. These 0's are entered in the Q1 and 
Q2 columns on the Preset line of the table. 

b. Now that Q1 and Q2 are known, all of the S and C 
levels may be determined directly from the divider sche- 

Fig. 7. Circuit and operation of synchronous n = 7 divider. 
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Fig. 8. Synchronous n = 8 divider with synchronous n = 2,4 outputs. 

matic: S1 -Q2 =1; C1 =0; S2 =0; and C2 =Q1 =1. These 
levels are entered in their appropriate columns on the 
Preset line of the table. 

c. The levels entered on the Preset line of the table are 
the levels at S, C, and Q that now exist before the arrival 
of the first CP. The levels at Q1 and Q2 after the arrival of 
the first CP are obtained directly from Fig. 1: Q1 =1 and 
Q2 =0. These levels for Q1 and Q2 are entered on the CP1 
line of the table. 

d. Now that Q1 and Q2 after CP1 are known, the S and 
C levels after CP1 are determined: S1 =Q2 =1; C1 =0; S2 =0; 
and C2 =Q1 =0. These levels are entered in their appro- 
priate columns on the CP1 line of the table. 

e. Continuing in this manner, after CP2: Q1 =1; and 
Q2 =1. Also, S1 =0; C1 =0: S2 =0; and C2 =0. 

f. After CP3:Q1 =0 and Q2 =0. Also S1 =1; C1 =0; 
S2 =0; and C2 =1. This divider state is identical to the 
Preset state; therefore, the cycle will be repetitive. 

If a CP4 line were added to the table, it would look ex- 

INPUT 

Fig. 9. Circuit and operation of synchronous n = 9 divider. 
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Fig. 10. Arrangement employed for synchronous n = 10 di- 
vider with its counting sequence chosen for easy decoding. 

actly the same as the CP1 line; a CP5 line would be the 
same as the CP2 line; a CP6 line would be the same as the 
CP3 line, a CP7 line would be the same as the CP1 line, etc. 
The waveforms in Fig. 3 are constructed directly from the 
information in the state table. 

The three states of the divider are 00, 10, and 11. Com- 
paring these states with Fig. 2 reveals that the 01 state is 
missing from the divider operating sequence. A state table 
using an initial state (U1) of 01 demonstrates that the di- 
vider will perform exactly the same as when the initial 
state is 00; the divider state one CP after the initial state 
is the same in both cases and the waveforms are identical. 

Bear in mind that if the Preset friction is used as ex- 
plained earlier, this evaluation of the divider recovery from 
an "unused" state is unnecessary. It is explained in this 
section only to demonstrate the technique. 

Dividing by Four 
The simplest means of dividing by four is to divide by 

two twice. The output of the first divider is at one -half the 
input frequency and is connected to the input of the second 
divider. The second divider divides the output frequency 
of the first divider by two and the resulting output frequen- 
cy is one- fourth the input frequency to the first divider. 
Simultaneous n =2 and n =4 outputs may be obtained 
from this divider. The n =2 output is synchronous, but the 
n =4 output is asynchronous since it is delayed from the in- 
put CP by the sum of the propagation delays of both flip - 
flops. 

The synchronous divider in Fig. 4 also provides simul- 
taneous n =2 and n =4 outputs. The synchronous n =4 out- 
put is obtained at the expense of slightly increased circuit 
complexity and a larger input load factor. 

Dividing by Five, Six, Seven, Eight & Nine 

Fig. 5 is a 1t =5 divider. All outputs are synchronous and 
have the same waveshape, but are time -displaced from one 
another. The circuit will recover from its unused states so 

the use of the Preset function is optional. 
Fig. 6 is a simple synchronous n =6 divider. In addition 

to the n =6 output from FF3, n =3 ouputs are available 
from either FF1 or FF2. The divider has two unused states 
and will recover from either. A division ratio of six may 
also be obtained by dividing by two and then by three (or 
vice versa) . 

A synchronous n =7 divider appears in Fig. 7. The di- 
vider has one unused state and will recover on the next 
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CP. An asynchronous n =7 divider can be constructed and 
requires one less gate than the synchronous divider. 

An asynchronous n =8 divider is most easily assembled 
by cascading three n =2 dividers. A synchronous divider is 
shown in Fig. 8. Regardless of the method used, n =2 and 
n =4 outputs will also be available and there are no unused 
states. 

Fig. 9 is a synchronous n =9 divider. It has seven unused 
states and will recover from each. Cascading two n =3 di- 
viders will provide an asynchronous n =9 output and a 
synchronous n =3 output. 

Dividing by Ten 
Many n =10 dividers have been devised due to their 

popularity in dividing and counting applications. An asyn- 
chronous n =10 divider could be built from an n =2 divider 
and an n =5 divider. A synchronous n =2 or n =5 output 
(depending on which divider is connected to the incoming 
CP) would also be available. 

The synchronous n =10 divider in Fig. 10 operates in the 
so- called "shift mode." Although this divider requires one 
additional FF and provides only n =10 outputs, it is partic- 
ularly useful in counting applications as we shall see later. 
The divider has 22 unused states -an ideal opportunity to 
utilize the Preset function. 

Practical Systems 

Typical frequency -divider systems consist of one or more 
divider stages cascaded to provide the desired division 
ratios and outputs. A common application is that of cas- 
cading several n =10 dividers to divide a 1 -MHz or 100 - 
kHz signal down to 10 kHz, 1 kHz, etc. Buffers are used 
between divider stages when an increase in drive level is 
required. They should also be provided on the output lines 
if external circuit loading is appreciable. 

Whatever the ultimate application, the first problem en- 
countered is usually that of converting the input waveform 
to a fast -fall -time pulse to act as a clock pulse for the di- 
viders. The circuit of Fig. 11 will accept any input wave- 
form and has been used by the author to drive some of the 
dividers in this article at frequencies in excess of 10 MHz. 

The circuit functions like a low- hysteresis Schmitt trig- 
ger that switches at a threshold voltage of about 0.9 V d.c. 
Dl may be any signal diode -its only function is to protect 
IC1 from negative -going inputs. Naturally, the voltage at 
pin 1 of ¡Cl should not exceed 3.6 volts in the positive 
direction. The choice of Cl is based on the input signal 
amplitude and frequency. For inputs of 100 kHz and over, 
a 0.1 -µF capacitor is adequate. If R4 is set midway be- 
tween the two trigger levels, the circuit will operate relia- 
bly on a.c. inputs well under 100 mV peak -to -peak. If R3 
and R4 are omitted, then the minimum a.c. input must be 
on the order of 2 volts peak -to -peak. 

The power supply requires no particular attention other 
than assuring that its output voltage is low in ripple and 

INPUT 

Fig. 11. Circuit for generating clock pulses from any input. 
Output can drive the equivalent of 16 flip -flop "T" inputs. 
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Fig. 12. Decoder for the n- 10 divider shown in Fig. 10. 

X 
TO NEXT 

STAGE 

transient -free. A full -wave rectifier followed by a filter ca- 
pacitance of 25,000 ftF or more will be adequate on both 
counts. An allowance of about 25 mA d.c. per IC will 
suffice for estimating total d.e. current requirements. 

Frequency Counters 
Although the term "frequency divider" has been used 

throughout this article, the frequency dividers are actually 
repetitive counters. When the input CP's to the counter are 
regular and periodic, frequency division is obtained as a 
by- product of the repetitive counting operation. In frequen- 
cy- dividing applications, one is interested in the time -vary- 
ing waveforms present at the FF outputs during the count- 
ing operation; in counting applications, one is interested in 
the states of the individual FF's at a particular instant of 
time. 

In order for the counter to be of any real value, informa- 
tion on the FF states must be presented in some usable 
form. Typically a lamp -driver /lamp circuit is used. The 
lamp driver is designed so that the lamp illuminates when 
the lamp driver input is at the 1 level and extinguishes when 
it is at the 0 level. 

Decade Counters 
The decade counter is designed to display the number of 

clock pulses counted in numbers from 0 to 9. On the 10th 
CP the counter resets to 0 and delivers an output pulse. If 
this pulse is connected to the input of a second decade 
counter, the display of the second counter advances one 
count for every ten counts of the first decade counter. Con- 
nected in this manner, one decade counter counts from 0 
to 9 clock pulses, two decade counters count from 0 to 99 
clock pulses, three decade counters can count up to 999 
clock pulses, etc. 

A decade counter is designed around an n =10 divider. 
Since the divider state is different for each successive CP, 
the lamp responses can be related to the divider states 
through appropriate decoding techniques. Any n =10 di- 
vider can be decoded, but the divider of Fig. 10 is ideally 
suited since it can be completely decoded using only ten 
two -input gates. 

A decoder for the Fig. 10 divider is shown in Fig. 12. 
The inputs Q1 through 05 are connected to the correspond- 
ing FF outputs of Fig 10. When the divider /counter is 
Preset (all FF outputs at the 0 level) only the "0" de- 
coded output is at the 1 level. After the first CP only the 
"1" decoded output is at the 1 level. After the second CP 
only the "2" decoded output is at the 1 level. After the ninth 
CP only the "9" decoded output and output X are at the 1 

level. Coincident with the tenth CP output X switches to 
the O level providing a CP to drive a second decade 
counter. 
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Unique CD Ignition System 
(Continued from page 48) 

tion based on tests with this system, is 
to keep components adjusted to factory 
specifications. We did run several tests, 
but without specific instruments it 
would be hard to make any valid claims 
as to improved performance. In many 
cases performance was actually derated. 
The most significant test made was 
where spark -plug gaps were opened to 
as much as 0.150 inch and still fired 
properly. This would indicate that plugs 
could have many thousands of miles on 
them before they would need to be 
regapped or replaced. By tuning the 
engine with good ignition testing equip- 
ment, some adjustments may prove 
beneficial with some cars. 

Finally, as with any high -voltage 
equipment, be careful when testing or 
adjusting the CD unit. If possible, in- 
sulate all exposed high -voltage leads 
and terminals. Remember that 400 -500 
volts can be across the ignition coil 
terminals when the CD system is op- 
erating. Since the spark -plug voltage 
now reaches considerably higher values, 
the plug wiring and distributor cap and 
rotor should be in top shape. Otherwise 
losses can occur through shorts and 
leakage. If necessary, plastic tubing can 
be slipped over plug wires. Another 
point to check is arcing between the ig- 
nition -coil positive terminal and high - 
voltage output terminal. Should this oc- 
cur, you might try some sort of plastic 
baffle between these terminals or spray 
the coil with anti- corona solution. A dark 
night is a good time to look for shorts or 
high- voltage corona. Some light corona 
discharges may always be present but 
should cause no concern. 

Bench Testing 
Should you have the equipment and 

interest, we thought it worthwhile to 
include some of the test notes and re- 
sults obtained during the design and 
construction of this unit. 

The photographs of scope traces in 
Fig. 4 show circuit performance under 
medium -speed (2500 r /min) operation. 
A variable speed motor was coupled to 
an old distributor to represent an "on- 
the -bench engine." Note, in particular, 
the inverter oscillator waveforms and 
the fast rise -time obtained to charge Cl. 
Also of interest is the "clean" trigger- 
ing signal being applied to the gate of 
SCR1. For comparison with actual sig- 
nals coming from conventionally operat- 
ed distributor points, connect a scope 
across the points and observe the erratic 
and high current and voltage spikes that 
occur. This is what causes point burning 
and pitting which shortens point life. 
Finally, the distributor was run fast 
enough to represent engine speeds of 
6000 r /min, where Cl would have to 

be charged at least every 2.5 ms to 
deliver maximum energy. In this case 
the criteria not only have been met, 
they have been exceeded. The high - 
voltage load, incidentally, was an ac- 
tual spark plug being fired in air. 

Conclusions 
As mentioned before, the most sig- 

nificant improvements obtained with 
these units were increased engine per- 
formance and longer component life. 
Plug and point adjustments can vary 
quite a bit before performance suffers, 
and plug fouling or misfiring has not 
been observed. No trouble has been 
encountered during hot and cold driving 
conditions. The only failures that oc- 
curred were due to radiator hoses com- 
ing loose and throwing water into the 
CD unit. When dried, the unit again 
performed as before. 

Four of these units were constructed 
and placed into several types of ve- 
hicles. One unit was placed in a 1960 
Ford V -8 which had about 90,000 miles 
on it and several bad valves. The CD 
unit made a marked difference in the 
Forci, and even more so after a valve 
job. Over 10,000 more miles have been 
added since. Another CD unit was 
placed in a 1955 Buick and run about 
six months. The driver again reported 
better performance. A third unit was 
placed in a 1964 International pickup 
used frequently with a camper. The 
pickup has 5000 -10,000 miles with 
marked improvements. The most dra- 
matic installations were made on modi- 
fied racing engines. One of these was a 
Chevy 427 used for eight races with en- 
gine speeds of 6000 -8000 r /min. The 
other was a Shelby GT 500 Cobra used 
for six months; this showed the best 
over -all performance. Although the 
average driver doesn't use high -speed 
engines, this test does show reliability 
and indicates that more than adequate 
performance can be expected with nor- 
mal driving. 

When the initial investment is made to 
construct one of the units, the savings 
in tune -up bills alone pay dividends. 
If tune -up bills are reduced by even one - 
half, the CD unit will eventually pay for 
itself. This is especially true when you 
consider that the unit can be easily 
transferred to a new car when trade -in 
times comes. Then the economy begins 
all over again. 

(Editor's Note: The unique capacitor - 
discharge ignition system described 
here has been designed by the authors 
and has been constructed from the 
schematic diagram shown. The unit is 
not a commercial product nor is there 
a kit of components available for con - 
structing the circuit described here. 

Also, we are sorry that we do not 
have any information on modification of 
the circuit for positive- ground use or for 
autos with 6 -volt electrical systems.) 

ELECTRONICS WORLD 
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Some customers, by their attitudes, almost seem to ask 
the service technician for overcharging and poor service. 

HOW TO BE A GOOD SERVICE CUSTOMER 
MAC," Barney said to his employer, "do you know 
the name of the joker who first said, `The custom- 
er is always right' ?" 

"Can't say as I do, right offhand," the service shop owner 
replied, "but you sound as though you don't agree." 

"I most certainly don't," the redheaded Irish youth said 
emphatically, "and I'll bet that glib -tongued guy would 
choke on his words if he had to deal with some of the 
chiseling characters who come in here." 

"I get it! You've just had another run -in with Catalog - 
Carrying Charlie!" Mac guessed, grinning broadly. 

"You're so right. He left just before you came back from 
lunch. He was in here brandishing that dog -eared whole- 
sale electronic parts catalog of his under my nose and de- 
manding to know why we charged him $1.40 for a radio 
tube he could have ordered from the catalog for only 83e." 

"I hope you told him." 
"And how I told him! I said if he had known which tube 

he needed, and if he could have been sure that was all that 
was wrong with his radio, and if he had been willing to pay 
postage on the order for the tube plus the charge for his 
check or money order, and if he had been willing to wait a 
week on the tube, and if he had been willing to accept the 
fact that if the new tube were bad he'd have to pay postage 
to return it, he probably could have ordered the new tube 
for only slightly more than we charged him." 

"What did he say to that ?" 
"He spluttered a lot, but I didn't let him off the hook that 

easily. I went on to explain the difference between the 
wholesale and the list price of the tube was to pay us for 
giving time and place utility to the electronic parts we stock. 
We're being paid for having those parts right here waiting 
on him when he needs them. What's more, we made sure 
that (a) his radio really needed that particular tube, and 
(b) that was all it needed. If his new tube becomes defec- 
tive within the warranty period, we replace it immediately 
at no charge. Since we must pay rent, lights, heat, water, 
telephone, insurance, and several other bills if we are to 
keep this place open, ready for his convenience when he has 
trouble Nvith his electronic equipment, we can't sell parts for 
what they cost us any more than can any other store." 

"I'll bet that sent him off talking to himself." 
"It surely did. But Charlie isn't the only pain -in -the -neck 

customer we have. The Electronic Hypochondriac is just as 
bad. You know the type I mean. He's the sort who is con- 
stantly looking for trouble with his electronic gear. He calls 
us to see if we don't think maybe the bass response of his 
hi -fi isn't a bit too boomy, or if the linearity of his TV set 
isn't a bit imperfect, or if perhaps the sensitivity of his radio 
may not be off a trifle. Then he becomes indignant if we 
charge him for telling him there's nothing wrong with his 
equipment but his imagination." 

"My pet peeve is the Stop -the -Presses Guy," Mac said. 
"He's the bird who comes dashing in all in a lather and gives 
us a terrific song and dance to the effect he has to have his 
radio or TV set repaired immediately. It reportedly belongs 
to a poor old aunt who is a shut -in and lives only for her 

programs. Every hour she is without her radio or television 
set causes her acute mental anguish and may even shorten 
her life. We drop everything and get the set out muy pronto. 
Then what happens? It sits here for two or three weeks be- 
fore the guy drops in very casually to pick it up, lingering 
only long enough to gripe a little about our `hounding' him 
to get the set!" 

"The Belittler rubs me the wrong way just about as 
much," Barney went on. "He's the one who tries to beat 
down the service charge in advance by `belittling' the diffi- 
culty in the set. He assures you there can't be much wrong. 
`Probably just a weak tube or a loose wire,' he tells you. He 
reasons there can't be much wrong `because it was playing 
perfectly just before it quit.' I like to remind him that sounds 
very much like what they say about a fellow who drops dead 
of a heart attack." 

"You've got a real mean streak in you," Mac said with a 
grin. "But how about the Man with a Relative in the Racket? 
Said relative is usually a nephew who 'is taking up radio' in 
the army or maybe a cousin who wires houses and conse- 
quently `knows a lot about electricity and radio and stuff 
like that.' At any rate, this relative looked at the defective 
set and instantly knew what was wrong with it -which is a 
pretty neat trick that I wish I could emulate. He would have 
fixed it himself if he only had his equipment with him, but he 
assured our customer that `any serviceman worth his salt 
could fix the set in ten minutes and should not charge more 
than a buck or so.' That leaves us with the ticklish and 
thankless job of proving the genius relative guessed wrong - 
which he does, of course, in the great majority of cases." 

"Suspicious Sam is probably the hardest to stomach of the 
whole lot," Barney offered. "He has read every article ever 
published on the general subject of 'The TV Serviceman Will 
Gyp You' and quotes freely from them at every opportunity. 
He makes it plain he is on to all our little crooked ways and 
schemes and that he is not going to be gypped without a 
struggle. He wants all work -even major realignment -done 
right in his house, and he breathes on the back of your neck 
every moment you're working on his set. He demands actual 
proof that every component you remove is bad, and he 
threatens you with the Better Business Bureau if a replace- 
ment part is not an identical twin of the one you removed. 
His whole attitude is a constant reminder he fully expects 
you to try to cheat him; and, quite candidly, were I going to 
cheat anyone, he would be the one I'd do it to -just to prove 
how foolish it is to try to check up on a technician working 
at something you know nothing about." 

"That brings up a subject about which I've been thinking 
for some time," Mac remarked. "Perhaps we've had too 
many articles on how to be a suspicious customer and not 
enough on how to be a good service customer. After all, the 
brutal fact is that it is no longer a customer's market; it is a 
repairman's market today. There are simply not enough 
available service technicians to take care of all the radios. 
TV sets, automobiles, washing machines, and other house- 
hold appliances that break down by the thousands every 
hour. A good service technician can have all the business he 
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CIRCLE NO. 115 ON READER SERVICE CARD 

One of a series of brief discussions 
by Electro -Voice engineers 

CARL GOY 
Senior Electronics 
Engineer 

While most people think of a computer as a vast 
mathematical machine, its advantages go be- 
yond its ability to handle numbers. The design 
needs of the computer itself have created new 
techniques in component packaging that can be 
translated into design features in other products 
with considerable benefit to the end user. 

Etched and printed circuit design has received 
perhaps its greatest stimulus from the needs of 
the computer to provide high reliability from 
an astronomical number of components, in as 
small a volume as possible. 

One of the techniques developed to fulfill this 
need was the creation of circuit modules, corn- 
posed of separate etched circuit boards with a 
complete sub- circuit on each board. Large num- 
bers of modules could be combined to form a 
complete device of virtually any power. Ini- 
tially the modules were connected by wires, 
but this created bulky wiring harnesses that 
required lengthy testing, and often were the 
source of poor or mis -wired connections. 

In order to eliminate interconnections as a 
source of trouble, wiring was transferred onto 
a master etched circuit board, and each module 
plugged directly into the "wiring" board. De- 
velopment of highly reliable phosphor bronze 
connectors simplified construction and assem- 
bly while reducing faults due to interconnec- 
tion, to a minimum. Several new Electro -Voice 
stereo receivers (Models E -V 1181, E -V 1182, 
E -V 1281, and E -V 1282) are among the first to 
use this computer -derived assembly technique. 

Male connectors are staked into the main wir- 
ing board wherever needed, then flow -soldered. 
Receptacles are located on each of the cir- 
cuit modules, and flow- soldered along with the 
individual components on the module. Each 
module is then simply plugged into the wiring 
board, and locked in place with suitable me- 
chanical fasteners. 

Since wiring is identical for each receiver, the 
exact capacitive, inductive and resistive param- 
eters of every production receiver can be pre- 
dicted in advance. This permits optimizing 
circuits (especially RF and IF circuits) without 
the broad tolerances needed when normal lead 
dress variations must be taken into account in 
a hand wired receiver. 

In addition, testing is greatly simplified. Indi- 
vidual modules can be tested before insertion in 
the receiver, then the entire unit tested as a 
whole. Trouble shooting is also simplified by 
the use of discrete circuit modules. Since vir- 
tually all circuit connections are flow -soldered, 
cold solder joints and mis- wiring are almost 
unknown in production. 

Adoption of the plug -in module concept has 
meant that designs can more closely duplicate 
laboratory models, and performance is un- 
diminished by the rigors of shipment and mis- 
handling. A higher level of performance can be 
assured with no increase in cost. 

For reprints of other discussions in this series, 
or technical data on any E -V product, write: 

ELECTRO- VOICE, INC., Dept. 193N 
629 Cecil St., Buchanan, Michigan 49107 
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wants and more; so a customer is not 
doing him a tremendous favor by 
dumping an ailing piece of equipment 
on his bench. 

"But if he is a good technician, he 
still takes pride and satisfaction in do- 
ing a good repair job, expecially for a 
customer he likes and respects. On the 
other hand, he is not at all inclined to 
try to hold a whining, complaining, 
chiseling customer; and he certainly 
will not make a special effort to do a 
first -class job for one of these. The 
sooner such a customer takes his busi- 
ness elsewhere, the happier the service 
technician will be. Maybe that's not 
the way it should be, but that's the way 
it is; and the service customer must 
face up to it if he hopes to get good 
service." 

"Hear, hear!" Barney applauded. 
"And since service technicians are also 
service customers, I've got an idea. Let's 
see if we can't cook up a sort of Ten 
Commandments for our service custom- 
ers that will also apply when we have 
to have our automobiles or washing 
machines or lawn mowers repaired." 

"Not a half -bad idea," Mac agreed. 
"Let me start with the first command- 
ment: Make sure you really need a ser- 
vice technician before you call one. 
Make sure the device is properly 
plugged in. Are all switches and knobs 
in the proper position? Are the antenna 
leads in place? Is the station on the air, 
or are you sure the TV cable system is 
functioning? If you haven't used the 
equipment for a spell, get out the in- 
structions and study them. You know, 
for example, how many radios we get 
that have nothing wrong except the 
radio -phono switch is in the phono po- 
sition, a bandchange switch is set to a 
dead short -wave band or the FM po- 
sition. By sheer coincidence, of course, 
such things are especially prone to hap- 
pen after a visit from grandchildren." 

"I think Commandment Two should 
read: Pick a service technician you 
think you can trust. Rely more on the 
recommendation of friends and neigh- 
bors than you do on advertising claims. 
If you know one good technician -be it 
a garage mechanic, appliance repair- 
man, or what have you -ask him. One 
technician is usually a good judge of 
another, even in a different line of 
work." 

"Number Three: Be Ready for the 
technician when he calls. His time is 
valuable, and you're paying for it. Have 
all pertinent symptoms written down. 
List any long- standing little annoy- 
ances, such as loose knobs, you want 
repaired while the technician is work- 
ing on the set. And have everything 
cleared off the top of the TV set before 
he arrives." 

"Number Four: Don't hesitate to ask 
for an estimate before okaying the re- 
pair, and find out the estimate charge 
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when you call the shop," Barney ad- 
vised. "A reputable technician will re- 
spect you for doing so." 

"Number Five," Mac chimed in, 
"might go: Don't expect a technician to 
display much enthusiasm for working 
on foreign -made electronic equipment. 
It may have been low in cost and work 
well, but when it fails it's tough to ser- 
vice because of a lack of adequate ser- 
vice information and the difficulty of 
securing replacement parts." 

"Here's Number Six," Barney offered: 
"Don't try to tell the technician what to 
do. If you do, he will carry out your 
suggestions first and then find what is 
really wrong with the set and fix it. 
You'll be paying for things you didn't 
need." 

"Along that same line, I can suggest 
three other commandments," Mac said. 
"Number Seven: Don't try to rush the 
technician. Give him time to do a good 
job. 

"Number Eight: Don't insist on 
watching the technician work or try to 
help him. Good troubleshooting re- 
quires intense concentration and the 
application of all the senses. Talking to 
the technician or allowing children to 
annoy him is bound to cost you money." 

"Yeah, that reminds me of a sign I 
saw in a service shop. It read: 'We 
charge five dollars an hour; or seven 
dollars if you watch; or ten dollars if 
you help." 

"There's more truth than poetry 
there," Mac chuckled. "Anyway, here's 
Number Nine: Let the technician know 
you respect both his ability and his 
honesty. People -even technicians -have 
a funny habit of giving what is ex- 
pected of them." 

"Let me suggest the last one," Bar- 
ney said. "Number Ten: If you are 
pleased with the repair job, call the 
shop and say so. This will doubtless 
astonish them no end, but it may very 
well react in your favor the next time 
you have to call them." 

"Amen," Mac concluded; "and let's 
be sure that you and I remember all 
these when we are asking for service 
instead of dishing it out." 
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First of a 
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-from Sherwood 
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This is what high performance is all about. A 
bold and beautiful new FM Stereo Receiver 
bred to leave the others behind. 160 crisp, clean 
watts -power in reserve. Up- front, ultra -now 
circuitry featuring Field -Effect Transistors and 
microcircuitry. Front -panel, push -button 
command of main, remote, or mono extension 
speakers and loudness contour. Sherwood high - 
fidelity -where the action is -long on reliability 
with a three -year warranty. 

Sherwood Electronic Laboratories, Inc. 
4300 North California Avenue, Chicago, 

Illinois 60618 Write Dept. EW- 12 

CIRCLE NO. 85 ON READER SERVICE CARD 
60 

MOTOROLA'S NON- MECHANICAL 

REMOTE CONTROL 

PROBABLY the most unusual single feature introduced with the 
1969 models is a thoroughly electronic remote -control system - 

the TRR -7, built by Motorola for use with the all- transistor Quasar 
color chassis. The only mechanical devices are a tuner motor and relay, 
and an "on -off" relay. Without noisy motor -driven potentiometer 
controls, this unique seven- function remote -control system lets the 
viewer turn the set on and off, turn volume up or down, set color - 
picture hue, adjust color intensity (chroma), and change channels - 
all with a hand -held ultrasonic transistor oscillator transmitter. 

The heart of the system is an insulated -gate field- effect transistor 
(IG`FET), encapsulated with a neon switching tube and a high -quality 
capacitor, into a tiny device called a "memory module." The module 
can store, for many hundreds of hours, any particular level of voltage 
charge. It is that level of charge which controls the various functions. 

As an example, consider how the memory module controls volume. 
The audio from the color receiver is fed through a special two- transistor 
amplifier in the remote -control chassis. The arrangement is diagrammed 
in block form in Fig. 1. The incoming control signal is amplified, as 
in any other remote arrangement. The signals detected by the audio - 

control discriminator circuit in the remote chassis are 38.5 kHz for 
volume up and 44.5 kHz for volume down. The volume -up signal 
produces a positive output voltage; and the volume -down signal, a 

negative output voltage. 
The signal being sent from the remote transmitter is detected and 

applied to the memory module. The neon bulb lets the capacitor 
charge. The polarity and amount of that charge, with the amount deter- 
mined mainly by how long the volume -up (or down) signal is received, 
sets conduction of the IGFET. That's what determines the d.c. control 
voltage that is applied to the special two -transistor audio amplifier. 
Essentially, the amplifier functions as a volume control. The control 
voltage sets the output level and effectively controls volume fed to 
the TV-set output amplifiers. 

The "on -off" function for the set is handled by the same signals, 
and is also shown in Fig. 1. When the volume -up button of the trans- 
mitter is pushed, the positive d.c. voltage that raises volume in the 
two -stage amp is also applied to a one -shot multivibrator (flip -flop). 
The flip -flop fires, and its output pulls in a relay whose contacts turn 
on the receiver. Pushing the transmitter's volume -down button not 
only turns the volume down by reversing the voltage from the memory 
module, it also unlatches the relay -control circuit; turning the set off. 

Other memory- module functions operate similarly. A two -stage hue 
amplifier simulates the up- and -down resistance variation of turning a 

hue potentiometer. Only one transistor stage is needed to handle the 
color- intensity function, with its variable emitter -collector resistance 
simulating the effect of a variable control. 

Channels are changed by the seventh button on the remote trans - 

mitter-it generates a 43 -kHz signal. No memory module is involved. 
In fact, this system is very similar to other remote channel- changing 
arrangements. A 

UP OR 
DOWN 

SIGNAL 
FROM 

SIGNAL 
AMP. 

Fig. 1. Signal from remote transmitter is detected 
by discriminator (Function Sensor) and sent to ap- 
propriate memory module. In the audio module in 
this diagram, a voltage is developed that can turn 
the set on or off and also can control output volume 
by its effect on the gain of 2- transistor amplifier. 
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Color -Organ Design 
(Continued from page 39) 

Color Organ" in the January, 1964 is- 
sue of this magazine) . The innovation 
presented here is the use of an active 
filter as a means of tone differentiation. 
The active filter is a single- transistor 
amplifier (Q1 in Fig. 1) with frequen- 
cy- sensitive positive feedback. One fre- 
quency band will be amplified much 
more than others, that frequency being 
determined by the RC values in the 
feedback circuit. By varying the ca- 
pacitor values, the different operating 
frequencies can be established to acti- 
vate the four display colors. 

The degree of amplification at the 
resonant frequency over other frequen- 
cies depends upon the amount of posi- 
tive feedback. The feedback for each 
channel is controlled by a 2000 -ohm 
trimmer, R9. As the potentiometer is 
advanced to increase the feedback, the 
filter selectivity increases until a point 
is reached where the circuit breaks into 
oscillation. Below this point the filter 
has maximum selectivity. 

The magnitude of the feedback is 
adjusted by advancing R9 until the 
corresponding lamp for each channel 
lights with no audio input. Each po- 
tentiometer is then turned back until 
the corresponding lamp just goes out. 
This adjustment procedure produces 
the sharpest display. 

Even with widely separated re- 
sponse frequencies, the average musical 
recording has more than enough spec- 
tral content to keep the display "alive." 
However, a softer display may be 
achieved by advancing color control, 
R3. This effectively widens the filter 
bandwidth to produce a color blend- 
ing. This is the only color adjustment 
used during operation once the feed- 
back has been set for each channel. 
The output of the active filter is fed to 
an emitter -follower amplifier (Q2) 
which triggers the SCR. 

Circuit layout is not critical, so the 
components may be positioned as de- 
sired. Heat- generating components 
(SCR's R1, and diodes, Dl, D2, D3, 
D4) should be mounted where air can 
circulate around them. If the system is 
operated at power levels over 70 watts 
per channel, the SCR's and bridge di- 
odes (Dl, D2, D3, D4) should be 
mounted on finned aluminum heat - 
sinks. Heavy wire, #14 or #16, should 
be used for all bridges, lamp, and SCR 
connections. 

The color organ may be attached to 
any music system by connecting the 
input terminals to the speaker. The in- 
put transformer, Ti, works well with 
4 -, 8 -, or 16-ohm speakers and provides 
isolation between the music system and 
the a.c. line power used in the color 
organ. 
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Schober 
Recital 
Organ 
for only 
$1725!* 

You couldn't touch an organ like this in a store for less than 
$4,000 -and there never has been an electronic instrument with 
this vast variety of genuine pipe -organ voices that you can add 

to and change any time you like! All four families of formal pipe 

tones are present in variety to delight players of classic and 

religious music. Yet you can change the entire organ for popular 
and theatrical sounds, or plug in special voices for baroque, 
romantic. or modern repertoires. If you've dreamed of the sound 
of a large pipe organ in your own home, if you're looking for an 

organ for your church, you'll be more thrilled and happy with a 

Schober Recital Organ than you could possibly imagine - kit or 
no kit. 

You can learn to play it -and a full -size, full- facility instrument 
is easier to learn on than any cut -down "home" model. And you 
can build it, from Schober Kits, world famous for ease of assembly 
without the slightest knowledge of electronics or music, for de- 
sign and parts quality from the ground up, and -above all -for 
the highest praise from musicians everywhere. 

Send right now for the full -color Schober 
catalog, containing specifications of all five 
Schober Organ models, beginning at $599.50. 
No charge, no obligation. If you like music, 
you owe yourself a Schober Organ! 

'Includes 
finished walnut console. (Only $1361 
if you build your own console.) Amplifier, 
speaker system, optional accessories extra. L 
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"He's a good worker. 
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 

d 
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. 
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You're eligible for a CREI Program if you work in elec- 
tronics and have a high school education. Our FREE 
book gives complete information. Airmail postpaid card 
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or write: CREI.. Dept. 1101H. 3224 16th St., N.W., Wash- 
ington, D.C. 20010. 
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am employed in electronics and have a high school education. 
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Color -TV for 1969 
(Continued from page 30) 

were discovered coming from a few malfunctioning color 
receivers, they were soft x -rays that have not been proven 
harmful to man nor animal. However, it was enough to 
touch off considerable investigation, and the culprit was 
pinned down: some faulty shunt regulator tubes in the high - 
voltage section. Sets with defective regulator tubes were 
hunted down and fixed. A few other sets were found to be 
radiating slightly more than was considered healthy, and 
those were cured by slight adjustments. 

Nevertheless, the spotlight on shunt regulators had a dis- 
tinct affect on 1969 models; almost half of the new chassis 
use some other means of regulating high voltage. 

By far the most popular is the pulse -sampling type. Basi- 
cally, this regulator takes advantage of the fact that high 
voltage in modern TV sets is developed from high- energy 
flyback pulses generated by the deflection yoke. The hori- 
zontal- output ( flyback) transformer has a large winding 
that builds up this pulse energy to many thousands of volts. 
The resulting high -voltage pulses are then rectified to make 
high -voltage d.c., which is applied to the color CRT. Any- 
thing that affects efficiency of the flyback transformer also af- 
fects the high voltage developed. 

So, a sample of the flyback pulse is fed to a diode (Fig. 
10) from which a stabilizing voltage is developed and ap- 
plied to the grid of the horizontal- output tube. Suppose 
the high voltage decreases for some reason. There is a cor- 
responding reduction in amplitude of the sampling pulse, 
which in turn produces less bias for the output tube. The 
tube amplifies more, building high voltage back up to nor- 
mal. 

If the high voltage gets too high, the pulse is larger than 
normal. So is the bias voltage at the grid of the horizontal 
output tube, and tube output is lowered to reduce the high 
voltage to normal. 

A resistive adjustment in the pulse -sampling and voltage - 
feedback network allows for high -voltage adjustment. It is 
set, with a meter measuring actual high voltage at the CRT, 
for whatever value the manufacturer recommends for that 
particular picture tube. This ranges from 21.5 kV in certain 
sets with small 14 -inch screens to as high as 26.5 kV in one 
Olympic model. For the usual 23 -inch set (picture tubes be- 
ginning with the number 25), the value is 25 kV. 

To avoid the possibility of even slight radiation from the 
high- voltage rectifier or from the picture -tube face, keep the 
high voltage within the manufacturer's specified limits. If 
you make any adjustments at all, use a dependable high - 
voltage meter to make sure the high- voltage level is kept 
where it belongs. 

There are several versions of pulse regulators. Many use 
a varistor instead of sampling diode. Functionally, these 
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Fig. 11. Olympic pulse h.v regulator, using keyed tube. 

versions work the same, controlling the horizontal -output 
stage. This, in turn, regulates high voltage developed by the 
flyback transformer. 

One Zenith model and some RCA's use a tube- controlled 
regulator circuit that doesn't feed its output back to the out- 
put tube. Instead, the tube acts like a reactance connected 
across the flyback transformer windings. If high voltage gets 
too high, the tube senses it by changes in boost voltage. The 
tube's impedance lowers and loads down the flyback wind- 
ing it is connected across. If high voltage gets too low, tube 
impedance rises; it becomes less of a load, and allows more 
high voltage to develop. As with simple pulse regulators, 
there is a potentiometer adjustment for setting the nominal 
operation point; it is adjusted while a high -voltage meter is 
connected to the CRT second -anode button to indicated 
exact high voltage. 

In the Olympic CTC -31 chassis there is a gated pulse 
regulator using a triode tube -a 6FQ7 -to set the bias level 
on the grid of the horizontal output tube. The circuit is 
shown in Fig. 11. A keying pulse from the flyback transform- 
er is applied to the plate. The tube, with its operating point 
determined by bias from an adjustable voltage -divider net- 
work, acts like a rectifier of sorts. It produces a negative d.c. 
voltage with a level that is the combined result of the ampli- 
tude of the keying pulse and the bias setting. If high volt- 
age rises, so does the pulse amplitude, and so does the nega- 
tive output voltage. The output d.c. is then applied as bias 
to the horizontal output tube grid. If high voltage goes 
down, the pulse is lower; regulator -tube output is reduced, 
and therefore so is the bias. The action is much like that of 
keyed a.g.e. 

What To Look For Next 
A lot of last year's predictions for 1969 sets have come to 

pass. You see plenty of transistors working their way into 
top models; there are more integrated circuits scattered 
around; and another all- transistor color receiver, an RCA, 
has made its debut. What are some things you can expect 
to hear about toward the end of 1969, when the 1970 color 
receivers start coming out? Set manufacturers are naturally 
reticent. Yet, a few things can be figured out from what we 
already know and from the answers to a few carefully 
placed questions. 

Watch, for example, for something exceptionally different 
in tuners. Of course, more tuners will be all- transistor for all 
channels. But something much more noticeable is in the 
offing. And it will make tuning a color set even more simple. 

You can expect at least three more all- transistor models, 
probably from three different manufacturers. One will be an 
import. 

Expect more small- screen portables, and at lower prices. 
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The second -set market will be as important to tinycolor as 
the new -set market. A few low -to- middle- income families 
will huy tinycolor as their first set, but most sales will be in 
the middle -income bracket. Top -of- the -line models will go 
to middle- and upper- income families, much as they do now. 

1s1ore innovations are forthcoming to make color sets easy 
to service. Sy/cm/ids idea of putting transistors into sockets 
is one step; 'Motorola's modula- concept is another. You'll 
see another, quite different, before the end of 1969. 

No manufacturer has found a cure for the "green -face 
syndrome" that still plagues color viewing. (This is the green- 
ish east that sometimes contes oser the /(Ces of TV per - 
foaners when color cenlrras are switched.- Editor) Receiver 
designers have toyed with it number of ideas, but noue has 

been practical or economical; set -makers collectively con- 
tend that the trouble is one the telecasters should overcome. 
Yet. don't be surprised if at least one receiver manufacturer 
takes positive action on a circuit. One 1970 model will have 
a truly automatic hue control, if present lab sketches work 
out. 

All -channel tuning- v.h.f. and u.h.f. -is still a perplexing 
matter for manufacturers. Yet, a means of putting them both 
on one indicator dial and in a simplified control bank is pos- 
sible. This, too, may get into production in time for 1970 
models. 

These are few of the developments you can look forward 
to in future sets. You may hear rumors of other innovations. 
If so, they are probably true. 

TRANSISTOR TRENDS in COLOR -TV 
Afunny thing happened on the way to the all- transistor color -TV. 

What happened was the hybrid -a part -tube, part- transistor 

mixture that first appeared some years back. It looked for a time as 

if the meaning of the word transistorization might be taken literally 

-that tubes would be replaced by transistors only slowly, one by one. 

And then, in mid -1967, it happened. Suddenly, there was an all -tran- 

sistor color -TV set. The first skeptical cry was that it was probably a 

promotion gimmick. But it wasn't; it was a full -fledged, all solid -state 

instrument, already rolling off Motorola's production line. The only 

vacuum tube in the whole receiver was the high -voltage rectifier (and, 

of course, the picture tube). No matter what anyone said about its 

practicality, solid -state color had arrived! 

Time has proven it is here to stay, too. It has even been improved. 

The 1969 version eliminated that last tube, replacing it with the 

industry's first solid -state high -voltage rectifier for color -TV (Fig. 1). 
In the new Quasar series, there's nothing left to go solid -state but 

the color CRT. Coupled with an unusual solid -state remote control 
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Fig 1 Tube and solid -state high -voltage rectifiers. 

system (see page 60), Motorola's 1969 transistor color chassis was 
just about the last word in transistor color -TV. 

Enter the Second One . . . 

But not for long. Now RCA has one, too. Its CTC 40 chassis has 
unique features all its own. 

For example, take the horizontal -deflection circuit -long the chief 

holdback for any kind of transistor TV. It was only recently that anyone 
made a transistor that could handle both the fast switching and high 
power demanded by this section of a TV chassis. The RCA CTC 40 got 
around that nicely. Instead of using a special transistor, or even a bank 
of them, silicon controlled rectifiers are used for horizontal deflection. 

The SCR's act as high- current switches that are gated by pulses from 

a transistor blocking oscillator. The high energy developed by suddenly 
switching such high currents through the deflection yoke is turned to 
another useful purpose: generating picture -tube high voltage. (The 

high -voltage rectifier is the only vacuum tube in the CTC 40.) 
An integrated circuit is used in the sound section, as in RCA tube 

sets, but it's a new IC that includes an extra audio amplifier. The 
tuner is something special; it's not only solid -state but is the first TV 
tuner we know of to use a MOSFET ri. amplifier for v.h.f. 

And The Almost . . . 

A few chassis came so close this year to being all- transistor that 

they can hardly be overlooked in any discussion of solid -state color 

sets. The record for most transistors in a hybrid design seems to be 

held by Packard -Bell; its CR -424 chassis has 33 transistors versus 11 

tubes. Highest ratios of transistors to tubes are in Admiral's K10 -2A 

and Setchell -Carlson's U809. Here are some highlights of the color sets 

we surveyed that are more than half transistor. 

Admiral -new K10 -2A chassis, with 7 tubes and 25 transistors. 

Screen size is 14 -inch. Horizontal sweep and high -voltage section 

uses tubes. Has diode -type pulse -sampling high -voltage regulator. 

Video and color output amps are tubes. Something unique is special 

use of a junction field- effect transistor (JFET) as reactance control for 

the 3.58 -MHz oscillator in the chroma section. (Only other FET we 

know of in color -TV is in tuner of RCA's all- transistor model.) Diagram 

of Admiral JFET reactance circuit is shown in Fig. 2. 

Delmonico- Another small- screen portable, 14 -inch. Chassis 7208, 

imported. Uses 9 tubes versus 26 transistors. Tubes used in vertical 

and horizontal sweep circuits, video output, color- difference amps, 

and v.h.f. tuner. Diode -type pulse h.v. regulator. 

Packard -Bell- Chassis CR -424, uses 14 -inch picture tube, imported. 

Has 11 tubes, used in both sweep chains, in color- difference amplifiers, 

video output, pincushioning. Also has 6BK4 shunt regulator. Uses 33 

transistors, three of them in v.h.f. tuner. 

Panasonic -Two chassis, both imported. CT -21 has 12 -inch screen. 

Uses 10 tubes, in same tube functions listed for other chassis plus 

audio amplifier and output. High voltage is regulated by a varistor in 

a pulse -sampling circuit. Transistors in this chassis number 25, 

including those in the v.h.f. tuner. Second chassis, the CT -63, has a 

15 -inch screen. Uses 10 tubes, in same functions as in CT -21 chassis. 

Has more transistors, 29 to be exact, owing to color- indicating circuit, 

extra color -killer amplifier. Both of these chassis have fine -tuning light. 

Setchell -Carlson- Chassis U809, portable, 14 -inch. Uses printed - 

circuit boards, new to Setchell -Carlson who formerly hand -wired 

everything. Uses 7 tubes, 25 transistors. Five of the transistors are in 

the u.h.f. /v.h.f. tuner. Damper is solid -state instead of tube, and so is 

high -voltage regulator. 

Sylvania- Chassis D12, only hybrid that drives a 23 -inch picture 

tube. Has 12 tubes and 23 transistors. Tubes used for sweep chains, 

high voltage and regulation, 3.58 -MHz oscillator and control, color - 

difference amplifiers, video output, tuner. Also has an integrated circuit 

to amplify sound i.f. and detect sound. One version, chassis D13, is 

used in Sylvania's Color Slide Theater -a unit with tri -color flying -spot 

scanner that shows 35 -mm photographic color slides on TV screen. 
You probably noticed that all the hybrid color -TV receivers except 

Sylvania's are small- screen. We keep hearing of other hybrids and 

transistor color chassis about to be introduced, but can get no further 

information at press time. A very -small- screen unit is promised by 

Sony, using a special picture tube called a Trinitron. It may be brought 
into this country in quantity sometime early in 1969, after this story 

goes to press. We have no details except that it will be mostly (or all) 

solid- state. 

Fig. 2. Junct :on FET used in Admiral hybrid color - 
TV set is employed to control 3.58 -MHz oscillator. 
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"Performance -Plus" Kits For Shop And 
NEW 

kit 1G -18 

56750 

wired IGW -18 

$9950 

kit 1M -18 

52850 
wired IMW -18 

$4795 

kit IM -38 

$3950 
wired IMW -38 

$5495 

kit IG -57 

513500 
wired IGW -57 

19900 

kit IM -28 

$3650 
wired IMW -28 

$5695 

kit IP -18 

$1995 

kit IT -18 

52495 

kit IM -17 

$2195 

HEATHKIT IG -18 Solid -State Sine -Square Wave Generator 
A precision source of sine or square waves at a low kit price ... that's the new solid - 
state IG -18 from Heath. Delivers 5% accuracy thru the wide range of 1 Hz to 100 kHz. 
The sine wave section features less than 0.1 % distortion thru the audio range, 8 out- 
put voltage ranges from 0.003 to 10V, switch -selected internal 600 ohm load or ex- 
ternal load and metered output of both voltage & dB. The square wave section has a 
50 nS rise time and three output voltage ranges from 0.1 to 10 V P -P. Both sine & 

square waves are available simultaneously and the frequency is switch -selected for con- 
stant repeatability and fast operation. Circuit board construction makes the new 
IG -18 easy to build ... new Heathkit styling and engineering excellence make it easy 
to use. Put the new IG -18 on your bench now. 10 lbs. 

HEATHKIT IM -18 VTVM 
The new Heathkit IM -18 continues the features that made the IM -11 famous ... 7 

AC and 7 DC voltage ranges that measure from 0 -1500 volts full scale ... 7 ohms 
ranges for measurements from 0.1 ohm to 1000 megohms ... the convenience of a 
single probe ... 11 megohm input impedance ... ± 1 dB 25 Hz to 1 MHz response . . . 

precision 1% resistors ... DC polarity reversing position on the function switch . . . 

RMS & P -P AC voltage and dB measurement capability ... precision 41/2", 200 uA 
meter for extra sensitivity. In addition, the new IM -18 has 120 V. or 240 V. AC wiring 
options, new Heathkit styling and a 3 -wire line cord for safety. 5 lbs. 

HEATHKIT 1M -28 "Service Bench" VTVM 
The new Heathkit IM -28 has the same performance specifications as the new IM -18 
above, but it also has other features that put it in a class by itself, like a large, easy -to- 
read 6" meter ... extra 1.5 & 5 volt AC ranges for additional accuracy ... convenient 
gimbal mounting ... "Set and Forget" calibration - all controls are adjustable from 
the front panel with a screwdriver ... smooth ten -turn vernier control of Zero and 
Ohms Adjust for greater accuracy and easier setting ... 120/240 VAC wiring options 
... safe 3 -wire line cord. The new look of Heath instrumentation styling is evident too 
-handsome brown & beige color scheme, and new knobs that are easy to grip and 
fast to read. 7 lbs. 

HEATHKIT IM -38 Laboratory AC VTVM 
For all around general service work, audio design or laboratory analysis, there isn't 
a better value than the new Heathkit IM -38 AC VTVM. Here's why - 10 voltage 
ranges measure from 0.01 to 300 volts RMS full scale ... extended frequency response 
of 10 Hz to 500 kHz at ± 1 dB ... 10 megohm input on all ranges for higher accuracy 
.... wide -52 to +52 dB range ... VU -type ballistic meter damping ... very low 
AC noise ... 120 or 240 VAC wiring options and new Heathkit styling in sharp beige 
& brown with an easy -to- grasp, easy -to -read knob. 5 lbs. 

HEATHKIT IP -18 1 -15 VDC Power Supply 
If you work with transistors, this is the power supply for you. All solid -state circuitry 
provides 1 -15 VDC at up to 500 mA continuous. Features adjustable current limiting, 
voltage regulation, floating output for either + or - ground, AC or DC programming, 

_ circuit board construction, and small, compact size. 110 or 220 VAC. 5 lbs. 

HEATH KIT IT -18 In- Circuit Transistor Tester 
In- Circuit transistor testers don't have to be expensive, and the IT -18 is proof of that 

.. tests DC Beta 2 -1000, in or out -of- circuit ... leakage Icbo and Iceo current 0 -5000 
uA out -of- circuit ... identifies NPN or PNP devices ... tests diodes in or out -of- circuit 
for opens & shorts ... identifies unknown diode leads ... matches PNP & NPN 
transistors. The IT -18 is completely portable - runs on just one "D" cell. Easy to 
use too ... rugged polypropylene case, attached 3' test leads, big 41/2" 200 uA meter, 
all front panel controls, 10 -turn calibrate control. 4 lbs. 

HEATHKIT IM -17 Solid -State Volt -Ohm Meter 
Another very popular volt -ohmmeter from Heathkit engineering and it's easy to see 
why - all solid -state circuitry ... high impedance FET input, 11 megohms on DC, 
1 megohm on AC ... 4 AC voltage ranges ... 4 DC voltage ranges ... 4 ohm ranges 

. 41/2" 200 uA meter ... 3 built -in test leads ... DC polarity reversing switch . 

zero -adjust & ohms -adjust controls ... continuous 12- position function switch. And 
that's not all - the IM -17 is battery powered for complete portability and comes in a 

rugged polypropylene case with built -in handle. Simple circuit board assembly. 4 lbs. 

HEATHKIT IG -57 Solid -State Post Marker /Sweep Generator 
The new IG -57 plus a 'scope is all you need ... no external sweep generator re- 
quired. Switch selection of any of 15 crystal -controlled marker frequencies (you can 
view up to six different frequencies on one 'scope trace). Select the sweep range and 
you are ready to instantly see the results of any changes you make. Four markers 
for setting color bandpass, one for TV sound, eight at IF frequencies between 39.75 
& 47.25 MHz plus picture and sound carrier markers for channels 4 & 10. Three 
sweep oscillators produce the 5 most -used ranges ... color bandpass, FM IF, color 
& B &W IF and VHF channels 4 & 10. Save hundreds of dollars and put full align- 
ment facilities in your shop too - order your IG -57 now. 14 lbs. Kit 1G -14, same 
as IG -57 w/o the sweep, 11 lbs. $99.95. 

HEATHKIT 10 -18 Wide -Band 5" 'Scope 
The New Heathkit 10 -18 is destined to be the world's most popular 'scope, just as 
its predecessor, the I0 -12 was. Features 5 MHz bandwidth, the famous Heath patented 
sweep circuit - 10 Hz to 500 kHz in 5 ranges, two extra sweep positions which can 
be preset to often -used rates, frequency compensated vertical attenuation, built -in 
P -P calibration reference, Z -axis input, retrace blanking, wiring options for 120 or 
240 VAC operation and new Heathkit styling in beige and brown. 24 lbs. 
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Now There are 4 Heathkit Color TV's ... 
All With 2 -Year Picture Tube Warranty 

NEW Deluxe "681" Color TV With Automatic Fine Tuning 
The new Heathkit GR -681 is the most advanced color TV on the market. A strong 
claim, but easy to prove. Compare the "681" against every other TV - there 
isn't one available for any price that has all these features. Automatic Fine Tuning 
on all 83 channels ... just push a button and the factory assembled solid -state 
circuit takes over to automatically tune the best color picture in the industry. 
Push another front -panel button and the VHF channel selector rotates until you 
reach the desired station, automatically. Built -in cable -type remote control that 
allows you to turn the "681" on and off and change VHF channels without 
moving from your chair. Or add the optional GRA -681 -6 Wireless Remote 
Control described below. A bridge -type low voltage power supply for superior 
regulation; high & low AC taps are provided to insure that the picture trans- 
mitted exactly fits the "681" screen. Automatic degaussing, 2 -speed transistor 
UHF tuner, hi -fi sound output, two VHF antenna inputs ... plus the built -in 
self -servicing aids that are standard on all Heathkit color TV's but can't be 
bought on any other set for any price ... plus all the features of the famous "295" 
below. Compare the "681" against the others ... and be convinced. 
GRA- 295 -4, Mediterranean cabinet shown $119.50 
Other cabinets from $62.95 

Deluxe "295" Color TV... Model GR -295 
Big, Bold, Beautiful ... and packed with features. Top quality American brand 
color tube with 295 sq. in. viewing area ... new improved phosphors and low 
voltage supply with boosted B + for brighter, livelier color ... automatic de- 
gaussing ... exclusive Heath Magna- Shield ... Automatic Color Control & 

Automatic Gain Control for color purity, and flutter -free pictures under all 
conditions ... preassembled IF strip with 3 stages instead of the usual two .. . 

deluxe VHF tuner with "memory" fine tuning ... three -way installation - wall, 
custom or any of the beautiful Heath factory assembled cabinets. Add to that 
the unique Heathkit self -servicing features like the built -in dot generator and 
full color photos in the comprehensive manual that let you set -up, converge and 
maintain the best color picture at all times, and can save you up to $200 over the 
life of your set in service calls. For the best color picture around, order your 
"295" now. 
G RA- 295 -1, Walnut cabinet shown . $62.95 
Other cabinets from $99.95 

Deluxe "227" Color TV... Model GR -227 
Has same high performance features and built -in servicing facilities as the 
GR -295, except for 227 sq. inch viewing area. The vertical swing -out chassis 
makes for fast, easy servicing and installation. The dynamic convergence control 
board can be placed so that it i5 easily accessible anytime you wish to "touch -up" 
the picture. 
GRA- 227 -1, Walnut cabinet shown $59.95 
Mediterranean style also available at $99.50 

Deluxe "180" Color TV... Model GR -180 
Same high performance features and exclusive self- servicing facilities as the 
GR -295 except for 180 sq. inch viewing area. Feature for feature the Heathkit 
"180" is your best buy in deluxe color TV viewing ... tubes alone list for over 
$245. For extra savings, extra beauty and convenience, add the table model 
cabinet and mobile cart. 
GRS- 180 -5, table model cabinet and cart $39.95 
Other cabinets from $24.95 

Now, Wireless Remote Control For Heathkit Color TV's 
Control your Heathkit Color TV from your easy chair, turn it on and off, 
change VHF channels, volume, color and tint, all by sonic remote control. No 
cables cluttering the room ... the handheld transmitter is all electronic, powered 
by a small 9 v. battery, housed in a small, smartly styled beige plastic case. The 
receiver contains an integrated circuit and a meter for adjustment ease. Installa- 
tion is easy even in older Heathkit color TV's thanks to circuit board wiring 
harness construction. For greater TV enjoyment, order yours now. 
kit GRA- 681 -6, 7 lbs., for Heathkit GR -681 Color TV's $59.95 
kit GRA- 295 -6, 9 lbs., for Héathkit GR -295 & GR -25 TV's $69.95 
kit GRA- 227 -6, 9 lbs., for Heathkit GR -227 & GR -180 TV's $69.95 

HEATHKIT 1969 

January, 1969 

NEW 
FREE 1969 CATALOG! 
Now with more kits, more color. 
Fully describes these along with 
over 300 kits for stereo /hi -fi, 
color TV, electronic organs, elec- 
tric guitar & amplifier, amateur 
radio, marine, educational, CB, 
home & hobby. Mail coupon or 
write Heath Company, Benton 
Harbor, Michigan 49022. 

L 

$49995 
(less cabinet) 

kit G R-227 
now only 

$39995 
(less cablinet) 

kiit GR -295 
now only 

$44995 
(lass cabinet) 

kit GR -180 
now only 

$34995 
(less cabinet) 

New Wireless 
TV Remote Control 

For GR -295, GR -227 
& GR -lee 

$69" 
New Wireless 

T'V Remote Control 
For OR-681 

$5995 

HEATH COMPANY, Dept. 15 -1 

Benton Harbor, Michigan 49022 
In Canada, Daystrom Ltd. 

Enclosed is $ , plus shipping. 

Please send model (s) 
Please send FREE Heathkit Catalog. 
Please send Credit Application. 

Name 

Address 

City State 
Prices & specifications subject to change without notice. 

-1 
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CL -351 
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BOOK 
REVIEWS 

"ELECTRONIC DIGITAL COMPONENTS AND CIRCUITS" by R.K. 
Richards. Published by D. Van Nostrand Company, Inc. 
Princeton, N.J. 520 pages. Price $15.00. 

This volume has been written for practicing engineers and 
students at the senior or graduate level in engineering 
courses. Although digital technology is only about twenty 
years old, its impact has been so great that virtually any 
engineers will, sooner or later, require a working knowledge 
of the field. 

The book is divided into eleven chapters covering the his- 
tory of digital circuits, diode switching and gating circuits, 
transistor switching circuits, magnetic core storage, mag- 
netic surface storage, magnetic core switching circuits, 
superconductive components and circuits, tunnel diode 
switching and storage circuits, components and circuits for 
decimal counting, miscellaneous digital components and cir- 
cuits, and analog- digital conversion. 

The text includes 192 diagrams and an extensive bibliog- 
raphy listing almost 1000 references. 

* * * 

"VHF -FM MARINE RADIO" by Leo G. Sands & G. Geoffrey 
Tellet. Published by Chilton Book Company, Philadelphia. 
325 pages. Price $6.50. Soft cover. 

This book is addressed to users of marine radio equipment 
as well as to those who service it. The authors outline various 
types of equipment available and discuss what equipment is 
suitable for what type of vessel. 

The ten chapters discuss the VHF marine band, marine 
radiotelephones, transmitters, receivers, power supplies and 
sources, antenna systems, walkie- talkies, boat installation 
and maintenance, coast stations, and operations. The balance 
of the book is given over to appendices which reprint all 
sorts of material pertinent to licensing and operating of 
marine radio, world -wide coast stations, FCC field offices, 
etc. The text material includes photographs, partial sche- 
matics, and line drawings to amplify the subject matter. 

* * * 

"TRANSISTOR CIRCUIT MEASUREMENTS" by Donald P. Leach. 
Published by McGraw -Hill Book Company, New York. 269 
pages. Price $5.50. Soft cover. 

This is a workbook designed to be used in conjunction 
with any good semiconductor or electronics textbook to give 
the student practical experience in working with semicon- 
ductor circuits. Most of the projects are at a fairly basic level 
although some of the experiments toward the end of the 
volume involve the independent design of circuits. 

There are 31 experiments in this workbook, most of them 
requiring a minimum amount of parts and equipment. Each 
experiment includes work sheets for the student to fill out 
and turn in to the instructor for grading or correction. 

Three appendices carry references, parts and equipment 
listings, and data sheets for various commercially available 
semiconductor devices. 

* * * 

"PULSE AND LOGIC CIRCUITS" by Angelo C. Gillie. Published 
by McGraw -l; ill Book Company, New York. 395 pages. Price 
$9.95. 

This volume is well suited to individual self- improvement 
programs as well as more formal classroom instruction at the 
technical institute and community college level. 

The twenty chapters cover an analysis of basic wave- 
forms, network analysis techniques and theorems, series RC 
high -pass: square -wave pulse input, the effect of shunt ca- 
pacitance, series RC high -pass with other input waveforms, 
series RC low -pass circuits; series RL and RLC ringing cir- 
cuits, fundamentals of delay lines, basic transistor switching 
characteristics, nonlinear waveshaping and diode gating, 
transistor gate and logic circuits, fundamentals of multivi- 
brators, multivibrator trigger circuits, some logic circuit 
generators, basic sweep generators, transistor bootstrap cir- 
cuits, diode matrix circuits, basic counting circuits, and other 
counters and register circuits. Five appendices and the an- 
swers to odd- numbered problems complete the book. 

* * * 

"EDUCATIONAL ELECTRONICS EQUIPMENT" edited by G.W.A. 
Dummer & J. Mackenzie Robertson. Published by Pergamon 
Press Inc., 44 -01 21st Street, Long Island City, N.Y. 11101. 
1129 pages. Price $38.00. 

This data book provides information on a wide range of 
electronic and electronic -based equipment designed spe- 
cifically for educational and instructional use. In addition to 
listing aids for general education, the book covers equipment 
for instruction and training in physics, electronics, industrial 
techniques, and computer operation as well as ETV systems. 

Specifications on the various products, manufacturers, 
typical applications, accessories available, etc. are provided 
in large, clear, easy -to -read format. The copy is lavishly 
amplified by photographs, cut -away views, typical applica- 
tion photos, adjustment and service notes, hook -up diagrams. 

School administrators and teachers of audio /visual courses 
will find this invaluable in making their choices of equip- 
ment to meet their specific needs. 

* * * 

"PORTABLE FM RADIOTELEPHONES" by Fred M. Link. Pub- 
lished by Chilton Book Company, Philadelphia. 155 pages. 
Price $4.50. Soft cover. 

This is a handbook for those who use, service, and manu- 
facture two -way FM portable radiotelephones. It is intended 
to supplement information available in user's manuals, ser- 
vice notes, and sales brochures. 

The chapter on applications outlines typical uses, fre- 
quency allocations, and permissible uses for the service. 
Transmitters and receivers are covered in the next two chap- 
ters while typical portable units are discussed in the fourth 
chapter. Power sources, accessories, maintenance, and licens- 
ing and operating procedures each command a chapter. 

Various units are illustrated and discussed and there are 
charts comparing specs on different available models. The 
section on maintenance includes a rundown on test equip- 
ment needed to handle such servicing work. 

* * * 

"VOLTAGE AND POWER AMPLIFIERS" by Robert E. Sentz. Pub- 
lished by Holt, Rinehart and Winston, Inc., New York. 277 
pages. Price $3.95. Soft cover. 

Designed as a textbook for classes at the technical insti- 
tute or junior college level, persons with the requisite back- 
ground could also use this as a home -study volume for up- 
grading their occupational skills. 

After an introductory chapter dealing with the various 
classes of amplifiers, the text goes on to cover the interstage 
coupling effects on gain and bandwidth; input impedance 
of an amplifier; effect on frequency response of incomplete 
bypassing of emitter, cathode, or screen; gain- bandwidth 
product, pulse response of wide -band amplifiers; frequency 
compensation techniques; cathode and emitter followers; 
special forms of amplifiers; phase inverters; direct- coupled 
amplifiers; class -A single -ended power amplifiers; push -pull 
power amplifiers; and class -B and C tuned power ampli- 
fiers. Questions, problems, and references are appended to 
each chapter with answers to the odd -numbered problems in- 
cluded in the text. 
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Adding Speakers to Hi -Fi System 
(Continued front page 33) 

the simplest arrangement. If the load presented by all the 
speakers in parallel is too low, individual resistors should be 
used in series with all the speakers. If the main speaker im- 
pedance is appreciably greater than the recommended mini- 
mum, it need not have a series resistor. Circuits to switch 
these resistors in and out as needed would be excessively 
complicated. 

When two speakers are operated in series, the switch can 
be connected most simply to short out the unwanted speak- 
er (Fig. 4C). 

Operating Levels and Controls 
Since modern amplifiers are essentially constant -voltage 

devices, the same voltage is applied to all speakers operated 
e in parallel. The power fed to a given speaker is inversely 

proportional to its impedance, while its output is directly 
proportional to its efficiency. For example, if an 8 -ohm and a 
16 -ohm speaker of equal efficiency are paralleled, the 8 -ohm 
speaker receives twice as much power as the 16 -ohm speak- 
er. When series resistors are incorporated into the ampli- 
fier, the effect is to reduce the discrepancy. In the circuit 
previously described for monophonic operation of remote 
speakers ( Fig. 5B) , there is a loss of about 9 dB for a 4 -ohm 
speaker, 6 dB for an 8 -ohm speaker, and 2 dB for a 
16 -ohm speaker. The 6 -dB loss, incidentally, is desirable 
when the additional speaker is operated as a center -channel 
speaker for stereo. 

Fig. 7 illustrates two methods of individual volume con- 
trol for remote speakers. The L -pad is the more elaborate 
and expensive of the two, but it offers the advantages of 
little or no loss of power when set to maximum, proper im- 
pedance load seen by the amplifier, and preservation of a 
high damping factor. The potentiometer uses up some of the 
available power even when set to a maximum (about 1 /5) 
and reduces the damping factor to a value of 1 at 50% of 
full rotation. A really elegant but expensive method is to 
use a small (0.5- ampere) variable transformer as a level 
control. Individual controls for all speakers provide means 
for balancing each stereo pair. 

When using local controls, care should be exercised to 
avoid operating them at an unnecessarily low setting, with 
the amplifier volume control turned up high. This wastes 
power and increases distortion. 

Power ratings on controls need not be as high as one 
might think. Heating in the controls is determined by the 
relatively long -term power dissipated. The average power, 
even of highly compressed program material, is well below 
10% of the amplifier rating. Consequently, a control rating 
of 10% of the power fed to the speaker is satisfactory. This 
means 2 -5 watts in most applications. A 

AMP. 

AMP. 

Fig. 7. Connections of L -pad and potentiometer in or- 
der to control the volume of sound of remote speaker. 

L-PAD 

SERIES 

SPKR. AMP. 

SPKR. AMP. 

SHUNT 

POTENTIOMETER 
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SPKR. 

SPKR. 

R= APPROX. 4X SPEAKER IMPEDANCE 
OR GREATER 

$99.90 
buys you 
Panther. 
3Ibs.of 

great 
. 

Panther, new from Pearce -Simpson. 
Small pricetag: $99.90. 
Small radio: just 3 compact lbs., in a 

high -impact Cycolac® cabinet. 
But big value: 5- channel solid state CB radio 

with a Class B push -pull audio amplifier, 
super -sensitive receiver, full powered transmitter 
(4 watts output), a noise limiting circuit that 
virtually eliminates ignition and alternator noise, 
very low current drain (0.3 amps received). 
All backed up by Pearce -Simpson. 

You can get Panther with a palm microphone 
at no extra cost; with a telephone handset 
its a little more. 

Panther. From Pearce -Simpson. 
Sleek. FCC type accepted. 

Pearce -Simpson, Inc./ P.O. Box 800 
Biscayne Annex, Miami, Fla. 3315' EW -169 

Gentlemen Please send me complete information 
about Panther and your other new CB radios, plus 
a list of dealers nearest me. 

Name 

Address 

City State Zip 

Pearce- Simpson 
Div. of the 4tAnnmz Corp. 
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Two more examples of how 
RCA Institutes provides 
up- to- the -minute Home Training 
in all phases of electronics: 

NEW CATV 
LESSONS 
The demand is heavy for technicians 
in the booming field of CATV 
(Community Antenna Television 
Systems). 

CATV was initially used to make it 
possible for large numbers of 
television receiver users to get good 
reception in remote areas through 
the use of a common antenna. It now 
brings to more people more programs 
than are available from local stations. 
It also improves reception where 
multi path signal transmission exists. 

RCA Institutes includes two 
comprehensive lessons, covering the 
practical phases of CATV systems 
and servicing in Television Servicing 
and Communications courses and 
programs at no additional total 
tuition cost. Get in on the ground 
floor of this rewarding and expanding 
field. Send for full information today! 

NEW 
COLOR TV KIT 
To make courses even more practical and 
to better prepare you for a more rewarding 
future, RCA Institutes now includes an 
exciting Color TV Kit in both the 
beginner's program and the advanced 
course in color TV servicing. The cost 
of the kit is included in the tuition - 
nothing extra to pay. You also get five 
construction /experiment manuals plus 
a comprehensive service manual. 

You'll receive all the materials and 
components to perform over 50 
information -packed experiments. When 
you finish you'll have constructed an 
18" (measured diagonally) high quality, 
color TV set, complete with rich 
cabinet in wood grain design. 

Get all the details on RCA Institutes' 
valuable new Color TV Kit! 

SEND THE ATTACHED CARD TODAY! 

Prepare yourself 
for a career 

in the expanding 
field of CATV. 

This is the high quality 
color TV set you'll 
construct, complete 

with rich cabinet 
in wood grain design. 
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Learn electronics at home faster, easier, 
almost automatically 
Are you just a beginner with an interest 
in the exciting field of electronics? 
Or, are you already earning a living in 
electronics and want to brush -up or 
expand your knowledge in a more 
rewarding field of electronics? In either 
case, AUTOTEXT, RCA Institutes' own 
method of Home Training will help you 
learn electronics more quickly and with 
less effort, even if you've had trouble 
with conventional learning methods 
in the past. 

THOUSANDS OF WELL PAID JOBS 
ARE OPEN NOW TO MEN SKILLED 
IN ELECTRONICS ! 

Thousands of well paid jobs in 
electronics go unfilled every year 
because not enough men have taken 
the opportunity 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 
developed a broad scope of Home 
Training 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 Programmed 
Instruction Method. And, all along the 
way, your program is supervised 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 
experiments, including building a 
working signal generator, multimeter, 
and a fully transistorized 
superheterodyne AM receiver. 

with RCA AUTOTEXT 
ONLY FROM RCA INSTITUTES - 
TRANSISTORIZED TV KIT - 
VALUABLE OSCILLOSCOPE 

All students receive a valuable 
oscilloscope. Those enrolled in the 
Television program receive the all -new 
transistorized 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 electronics, 
RCA Institutes offers advanced 
courses. You can start on a higher level 
without wasting time on work you 
already know. 

2 CONVENIENT PAYMENT PLANS 

RCA Institutes offers a unique tuition 
plan that lets you progress at your own 
pace. You only pay for lessons as you 
order them. You don't sign a contract 
obligating you to continue the course. 

r 

There's no large down -payment to lose 
if you decide not to continue. 

However, if you desire, RCA Institutes 
also offers a convenient monthly 
payment plan. 

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 
laboratory training, day and evening 
sessions, start four times a year. Simply 
check "Classroom Training" on the 
attached card for full information. 

JOB PLACEMENT SERVICE, TOO! 

Companies like IBM, Bell Telephone 
Labs, GE, RCA, Xerox, Honeywell, 
Grumman, Westinghouse, and major 
Radio and TV Networks have regularly 
employed graduates through RCA 
Institutes' own placement service. 

SEND ATTACHED POSTAGE PAID 
CARD TODAY. FREE DESCRIPTIVE 
BOOK YOURS WITHOUT OBLIGATION. 
NO SALESMAN WILL CALL. 

All RCA Institutes courses and 
programs are approved for veter- 
ans under the new G.I. Bill. 

Accredited Member 
National Home Study Council 

IF REPLY CARD IS DETACHED -SEND THIS COUPON TODAY 
RCA INSTITUTES, Inc., Dept. EWQ-19 
320 West 31st Street, N.Y., N.Y. 10001 

Please rush me FREE illustrated catalog. I understand that I am under no obligation, 
and that no salesman will call. 

Name Age 
(please print) 

Address 

City 

State Zip RC,' 
L J 
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WORLD'S 
FINEST 

EASIN 

MULTILORE 

ONLY 69C 
BUY IT AT RADIO -TV PARTS STORES 

MULTICORE SALES CORP., WESTBURY, N.Y. 11590 
CIRCLE NO. 102 ON READER SERVICE CARD 

through 

Earn 
Your 

Degree 
ELECTRONICS 
ENGINEERING 
HOME STUDY 

HIGHLY EFFECTIVE 
HOME STUDY COURSES IN 

Electronics Engineering Technology 
Electronics Engineering Mathematics 

Earn your Associate in Science Degree in 
Electronics Engineering and upgrade your 
status and pay to the engineering level. 
Complete college level courses in Elec- 
tronics Engineering. Were a forward 
looking school. Outstanding lesson ma- terial- thorough and easy to understand. 
Engineering taught on the basis of appli- 
cation and understanding rather than on 
the basis of memorization. Up to date 
in every respect. Acquire the knowledge 
and ability that means the difference 
between a low paying technician job and 
a high paying engineering position. Low 
tuition cost with low monthly payments. 
Free engineering placement service for 
our graduates. Write for free descriptive 
literature. Ask for bulletin H, - no sales- 
man will call on you. 

COOK'S INSTITUTE 
O CLecfronics engineering 

Forest Hill Road 
P. 0. Box 10634 

Jackson, Miss. 39209 
Established 1945 

Formerly Cook's School of Electronics 
CIRCLE NO. 119 ON READER SERVICE CARD 
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Triplett Model 3444 -A Tube Analyzer 
For copy of manufacturer's brochure, circle No. 3 on Reader Service Card. 

HERE are plenty of vacuum tubes 
still in use in home -entertainment 

and industrial equipment. For example, 
although transistors are coming to our 
TV sets, most such receivers use vac- 
uum tubes and these sets will have 
to be serviced for years to come. In addi- 
tion, various industrial equipment using 
tubes will be with us for some time. 
Therefore, there is still a need for tube 
testers or their somewhat more sophis- 
ticated counterpart, the tube analyzer. 

The new Triplett Model 3444 -A is a 
mutual -conductance tube analyzer that 
has been designed for use in industrial 
engineering laboratories, for production - 
line testing, and in service test centers. 
It can also be used for precisely plot- 
ting curves of the characteristics of in- 
dustrial tubes. 

The analyzer has 16 built -in sockets 
of which two are multiple, giving the 
operator the equivalent of 19 sockets. 
It will accept all vacuum tubes pres- 
ently used in electronic equipment. 

In making the Gm test, a calibrated 
known a.c. signal voltage is applied to 
the tube being checked. The plate cur- 

rent is monitored with a sensitive volt- 
meter across a small (33 -ohm) plate 
resistor. Readings are calibrated direct- 
ly in terms of G. up to a value of 60,- 
000 micromhos. A 5 -kHz test signal is 
used with a high -pass filter in the meter 
circuit input to eliminate any errors that 
could possibly be introduced due to hum 
pickup. 

The tester can also check: plate -cur- 
rent cut -off, tube gas, rectifiers under 
load, thyratron firing voltage and grid 
current, dual- section tubes with only 
one lever movement, cut -off measure- 
ments on voltage amplifiers, and shorts 
and leakage between electrodes. 

The updating of the roll chart is sim- 
plified by putting the chart in a separate 
compartment (at the bottom of the in- 
strument) that can be snapped out of 
the tester's carrying case. The arrange- 
ment sort of reminds us of the plug -in 
coils used in the National HRO receiv- 
ers we operated many years ago. 

The gray, leatherette- covered wood- 
en case measures about 151/4" x 183/4' x 
7%" and it has a hinged, removable lid. 
Price of the analyzer is $470.00. 

Simpson Model 313 Solid -State V.O.M. 
For copy of manufacturer's brochure, circle No. 4 on Reader Service Card. 

MORE and more test- equipment mak- 
ers are getting into the act with 

their own transistorized v.o.m.'s using 
FET's. The latest one to come to our 

attention is the new Simpson Model 
313. As we have said several times in 
this column, transistors are a natural 
to replace the tubes in the usual v.t.v.m. 
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or to upgrade the ordinary v.o.In. By 
using transistors, which can be battery - 
operated, and especially by incorporat- 
ing a field -effect transistor input stage, 
we have the portability of the v.o.m. 
and the high impedance of the v.t.v.m. 

The Model 313 has the 11- megohm 
input impedance of its vacuum -tube 
counterpart but it is completely porta- 
ble and independent of the a.c. power 
line. The single 9 -volt battery which 
powers the meter can keep it operating 
for over 300 hours. The meter itself is 
used to check the condition of the bat- 
tery. When battery replacement is re- 
quired, the round transistor -radio type 
is readily available. A 11 /2 -V flashlight 
cell is used for the ohmmeter section. 

The meter movement has a 7 -in scale 
and features a taut -band suspension. A 
back -to -back connected varistor across 
the movement (see diagram) protects 
it from overloads as great as 2000 
times the normal full -scale values. Fre- 
quency and temperature compensation 
keep the readings accurate and stable. 

There are eight full -scale voltage 

axi= 

s-I 

IF 5100.. iF- 
3F 11195 

o. 
I 05 

ranges from 0.3 to 1000 volts on both 
a.c. and d.c.; seven resistance ranges, 
and five d.c. current ranges from 100 
µA to 1A. Frequency response on a.c. 
is from 20 Hz to 100 kHz on the 
three lower ranges and from 20 Hz to 
20 kHz on the remaining ranges. Ac- 
curacy for both a.c. and d.c. measure - 
mens is 3± percent of full scale. Price 
of the Model 313 is $100.00. 
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B &K Model HV -30 High -Voltage Tester 
For copy of manufacturer's brochure, circle No. 5 on Reader 

ONE of the most important adjust- 
ments made by the TV service tech- 

nician on a color receiver is the setting 
of the high voltage. In order to do this 
properly, we need an accurate high -volt- 
age meter that will read between the 
20 to 25 kV used in most sets. Of 
course, it is possible to use a high -volt- 
age probe with a conventional v.o.m., 
but it's a lot more convenient to simply 

January, 1969 

Service Card. 

attach a 50-/LA meter movement to the 
probe. That's just what was done in the 
new B&K Model HV -30 tester. Unlike 
another such tester that we covered 
some time ago in this column, the meter 
case is simply clipped onto the body of 
the probe so that it can be readily de- 
tached and put down on its own adjust- 
able stand while the technician han- 
dles the probe separately. 

The meter has an accuracy of -+-2 

percent at 25 kV, and ±3 percent of 
full -scale (30 kV) over -all. Each meter 
is calibrated for best accuracy at the 
most commonly used voltage of 25 kV. 

Measuring 141/2-in long, the tester 
with all leads and insulated connectors 
attached is supplied in a soft -lined pro- 
tective carrying case. Price of the tester 
is $24.95. A 

NEW CONAR 
All -Channel 

COLOR TV KIT 
$366.00 

Model 6000K 

Easier to build because 
it's designed for learning 

Complete with cabinet - 
nothing else to buy! 

Tops for quality, simplicity of 
design, ease of building, the new 
CONAR 600 gives you the latest 
advances in the art of color TV 
receiver construction. In addition 
to 21 tubes, this all- channel re- 
ceiver incorporates a transistor 
UHF tuner, transistor noise can- 
cellation circuit and 16 solid - 
state diodes. Separate gun killer 
switches and a cross hatch gen- 
erator are built in. All hardware 
is engineered for accessibility. 
Attractive bronze -tone steel cab- 
inet with durable wood -grained 
vinyl covering. 
For information write Dept. AB9C 

CONAR instruments 
DIVISION OF NATIONAL RADIO INSTITUTE 
3939 Wisconsin Ave., Washington, D.C. 20016 

-73110, 
WRITE FOR FREE 4p** 
CONAR CATALOG 

77.-- r" +,c 

GET 
INTO ELECTRONICS 

V.T.I. training leads to success 
as technicians, field engineers. 
specialists in communications. 
guided missiles, computers. ra- 
dar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology and Elec- 
tronic Technology curricula 
both available. Assoc. degree in 
29 mos. B. S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Febru- 
ary, September. Dorms, cam- 
pus. High school graduate or 
equivalent. Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 

Dept. RD, Valparaiso, Indiana 46383 
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LAFAYETTE 
RADIO ELECTRONICS 

LUILIT 
1969 CATALOG No. 690 

JUST OFF THE PRESS!! 
SEND FOR YOUR EXCITING COPY NOW! 

LAFYETE 

__ /BIGGER 

YOUR 1st GUIDE TO 

EVERYTHING IN 

ELECTRONICS 

* CITIZENS BAND 
2 -WAY RADIO 

* STEREO HI -FI 
COMPONENTS 

* MUSICAL INSTRUMENTS 
AND AMPLIFIERS 

*PUBLIC ADDRESS 
*AMATEUR RADIO 
*TEST EQUIPMENT 
* PARTS 

Moil Th. Coupon Today 
.lot Your 1969 Catalog 
No 690 

& BETTER 

THAN EVER 
ER 

500 PA"S 

*PORTABLE AND 
TABLE RADIOS 

* PHOTO EQUIPMENT 
*TOOLS BOOKS 
*AUTO ACCESSORIES 
* EDUCATIONAL 

AND OPTICAL 
*TV AND ANTENNAS 

LAFAYETTE Radio ELECTRONICS 
Dept. 01019 P.O. Box 10 
Syosset, L.I., N.Y. 11791 

Please send the FREE 1969 LAFAYETTE Catalog 690 

Name 

Address 

City .,.._ 

Zip ._. 

State 

(11019 

(please include your Z.p Code NO.) 

CIRCLE NO. 106 ON READER SERVICE CARD 

ELECTRONICS INSTALLATION & SERV. HANDBOOK 
The only complete guide for servicemen and hobby- 
ists to every major phase of consumer electronics 
servicing. 

1968..$1.25..#58 1967..$1.25..##43 
1966..$1.25 ..##32 

Order by number from 
Ziff -Davis Service Div., 595 Broadway New York, 
N.Y. 10012. Enclose add'( 15¢ per copy for ship, 
ping and handling (50¢ for orders outside U.S.A.) 

CASSETTES 
C -30 1/z Hr.... .55 DISCOUNT MUSIC CATALOGS 
C -60 1 Hr. .69 4 track open reel; 
C -90 It /¢ Hr.. 1.19 s track, OR cassettes. 
C -120 2 Hr....1.39 _end for blank tame and 

1 111 Cass ettes i order II-count catalog.) ui't u(ru I,o,i 
7 net IRe In¢ ea_ addl. rin 12 I i,l 
1776 Columbia Rd., N.W. 
Washington, D.C. 20009 
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EW Lab Tested 
I Continued from page 22) 

standingly uniform over -all power out- 
put from the new radiators. 

The low- frequency harmonic distor- 
tion was very low indeed. We usually 
measure distortion at a 1 -watt level, 
but knowing the capabilities of the 
speaker, we used 10 watts in this test. 
Even at this house- shaking power, the 
woofer distortion hit a maximum of only 
X1`4, all the way down to 20 Hz. Above 
50 Hz, distortion in the bass area aver- 
aged a low 2 %. The tone -burst re- 
sponse was also excellent, as might be 
inferred from the exceptionally smooth 
frequency response. 

In our listening tests we compared 
the AR -3a with an AR -3 side by side. 
Depending on the choice of program 
material and the settings of the mid- 
range- and tweeter -level controls on the 
speakers, we could make either speaker 
sound marginally better than the other. 
The differences were all at the higher 
frequencies; lower down the two were 
identical. With the level adjustments 
set identically, there was an advantage 
to the AR -3a, but it could not be de- 
tected without an A -B comparison. 

The improved dispersion of the new 
upper -range drivers was more easily 
verified. With FM -tuner interstation 
hiss fed to the speakers, changes of the 
listener's head position relative to the 
AR -3 revealed a slight "beaming" of 
the highs. The AR -3a, on the other 
hand, had virtually perfect dispersion 
at all frequencies- perhaps the most 
non -directional forward -facing speaker 
we have tested. 

The slightly higher price of the AR- 
3a is principally due to the changes in 
the crossover- network capacitors (it 
uses a total of 206 p.F of paper- dielec- 
tric capacitors, as compared to 30 1AF 

in the AR -3) . We believe that the add- 
ed cost is justified on an initial pur- 
chase. However, the conversion of alt 
AR -3 to an AR -3a, while possible, must 
be done at the factory at a cost of $90, 
which in our (and AR's) view is hardly 
warranted. The AR -3 continues to be 
available at its original price of $225. 
The AR -3a sells for $250 in most fin- 
ishes and for $225 in unfinished pine. 
While the differences between the AR -3 
and the AR -3a are not earth -shaking, 
the AR -3a is unquestionably an im- 
proved design which can be considered 
\(Iy, very good by any loudspeaker 
,t;llldard. A 

Viking 433 Tape Deck /Preamp 
For copy of manufacturer's brochure, circlr \o. 2 on Reader Service Card. 

THE Viking 433 tape deck /preamp 
uses four tracks, three heads, and 

I las three speeds. This unusually flexible 
solid -state deck provides a wide variety 
If operating modes. Output of the unit 
k about 1 volt, making it suitable for 

se with any stereo power amplifier. 
The function switch can be set for 

Ilormal stereo play or to play either the 
left or right channel through both out- 
puts. It can be set to record in stereo, 
or on either channel alone. Finally, 
there are two positions that permit play- 
ing either channel and simultaneously 
recording it on the other, together with 
any added external program material. 

Each channel has a high -level Aux 
input and two ï\Iic inputs with separate 
recording -level controls. A stereo head- 

IO 

phone jack will drive phones of 4 -ohm 
or higher impedance. A pair of highly 
legible, illuminated meters indicate the 
signal levels of the program source or 
the tape -playback preamplifiers, de- 
pending on the setting of a front -panel 
rocker switch. The meters have a fast 
response time and good damping, and 
we would guess that they come closer 
to being real vu meters than most such 
level -indicating devices. 

Since it is a three -head machine, the 
Viking 433 has separate record and 
playback preamplifiers and provides in- 
stant off- the -tape monitoring. 

The Function knob setting is indi- 
cated by four colored lights which show 
the recording or playback status of each 
channel. (A supplementary panel mark- 

o 
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ing would be helpful since the user has 
no indication of which way to turn the 
knob to reach a given setting.) There 
is also a Normal /Echo rocker switch. 
When it is in the Echo position, a por- 
tion of the playback preamplifier output 
is fed into the recording preamplifiers, 
delayed by the interval between the 
record and playback heads. This does 
indeed produce a sort of echo for those 
who may want this kind of effect. 

The tape transport has three control 
levers. One sets the tape speed, to- 
gether with the necessary equalization. 
The basic transport operating lever has 
Off -Standby -Play positions. Above it 
is a red Record button which must be 
pressed simultaneously with moving the 
lever to Play in order to make a record- 
ing. As a further safeguard, the func- 
tion selector must be set to one of its 
Record positions before any recording 
can actually take place. A Pause but- 
ton stops and starts the tape instantly 
when pressed and released, and it can 
be locked in place by a slight twist. 

For wind or rewind, the control must 
be in Standby and the third lever must 
be moved from its Stop position to either 
Reverse or Forward. When it is re- 
turned to Stop, the tape must be allowed 
to come to a full stop before returning 
to the Play mode. Failure to obser\ 
this precaution, in our sample of the 
machine, broke a tape. Completing the 
deck controls and indicators are a four - 
digit push -button -reset index counter 
and a red light that indicates when the 
machine is ready to record. 

The Viking 433 proved to be a very 
good performer. The over -all record - 
playback frequency response at 71/z in 
was ±1.5 dB from 70 to 20,000 Hz and 
down 4 dB at 40 Hz. The playback 
response with the Ampex 31321 -04 test 
tape was +2, -1 dB from 50 to 15,000 
Hz. At 33/4 in /s, the record -playback 
response was better than many recorders 
operating at twice that speed. It was 
±5 dB from 40 to 16,000 Hz, with tllu 
major departure from flatness being a 
5 -dB peak at 12,500 Hz. 

The 17 /s -in /s speed, which on most 
tape recorders can barely reproduce in- 
telligible speech, has real musical value 
on this machine. The record -playback 
frequency response was ±2 dB from 70 

NEW DELTA DESIGN! 
MODEL 3000 FET VOM 

A unique 

and efficient 
instrument 

bridging the gap 

between a 

mu/timeter and a 

digital voltmeter! 

Delta, pioneer of the famous Mark Ten® CD System, 

now offers a compact, versatile, and extremely 
sensitive VOM which combines FETs and ICs for 
extreme accuracy. Compact (61/2" W x 8" H x 3 "2" 
D), portable, wt. 33/4 

lbs. In full production 
at only 

Would you believe: 

$14sá 

1. Mirror scale 200 A D'Arsonval meter 

2. Integrated circuit (IC) operational amplifier for extreme accuracy 

3. FET input stage with current regulator 

4. Two stage transistor current regulator and Zener diode on OHMS for 
absolute stability and accuracy 

5. Voltage clippers for protection of input stage 

6. Fully temperature compensated for low low zero drift 

7. Ten turns ZERO and OHMS adjust potentiometers 

8. Epoxy glass circuit boards and metal case 

9. Enclosed switches 

10. Uses readily available type AA cells 

11. Uses standard test leads for maximum flexibility and ease of 

measurement 

12. 10 Megohms input impedance 

Available in Kit form: 

Feedback network with 
pre- selected compo- 
nents to eliminate all 

final calibration. Ready 

to use when assem- 

bled! 

Kit: 
55995 

Only ppd. 

DELTA PRODUCTS, INC. 
P. O. Box 1147, Grand Junction, Colorado 81501 

I enclose S Please send postpaid: 

Model 3000 FET VOMs @ $74.95 assembled 

Model 3000 FET VOMs @ $59.95 kit form 

Name 

Address - 

City/State lip 
DP 8.7 

EW 
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Scott's new LR 88 receiver takes the 

1*** 

out of kit building 

Ladies and children needn't leave the room when you build Scott's new LR -88 
AM /FM stereo receiver kit. Full- color, full -size assembly drawings guide 
you through every stage ... wires are color- coded, pre -cut, pre- stripped ... 
and critical sections are completely wired and tested at the factory. 
In about 30 goof -proof hours, you'll have completed one great receiver. 
The LR -88 includes FET front end, Integrated Circuit IF strip, and all the 
goodies that would cost you over a hundred dollars more if Scott did 
all the assembling. 
Performance? Just check the specs below ... and write to Scott for your 
copy of the detailed LR -88 story. 
LR -88 Control Features: Dual Bass and Treble; Loudness; Balance; Volume compensation; Tape 
monitor; Mono /stereo control; Noise filter; Interstation muting; Dual speaker switches; Stereo 
microphone inputs; Front panel headphone output; Input selector; Signal strength meter; Zero - 
center meter; Stereo threshold control; Remote speaker mono /stereo control; Tuning control; 
Stereo indicator light. LR -88 Specifications: Music -Power rating (IHF), 100 Watts r 4 Ohms; 
Usable sensitivity, 2.0 µV; Harmonic distortion, 0.6%; Frequency response, 15- 25,000 Hz + 
1.5 dB; Cross modulation rejection, 80 dB; Selectivity, 45 dB; Capture ratio, 2.5 dB; Signal /noise 
ratio, 65 dB; Price ¶334.95 (Recommended Audiophile Net) 

You'll swear by it 
CaSCO-I'T- 
H. H. Scott. Inc., 
Dept. 1 6001, Maynard, Mass. 01754 
Walnut case optional 

Q 1968, H. H. Scott, Inc. 
CIRCLE NO. 96 ON READER SERVICE CARD 

Monday through Thursday 

ectrical 
l ectronics 

ngineering 
4 FLOORS OF EXHIBITS 

NEW YORK COLISEUM 

48 TECHNICAL SESSIONS 

NEW YORK HILTON 

48 TECHNICAL SESSIONS 
at the New York Hilton. 
Hours: 10:00- 12:30; 2:00 -4:30. 

FOUR FLOORS OF EXHIBITS at the 
N. Y. Coliseum including 'over 600 
firms. Hours: 10 a.m. -8 p.m. 4 Days. 
GALA ANNUAL BANQUET- Wednes- 
day 7:15 p.m. N. Y. Hilton Grand 
Ballroom - $18.00. 

FREE SHUTTLE BUSES between the 
Hilton and the Coliseum - every 
few minutes. 

REGISTRATION - Good all days - 
Technical Sessions and exhibits. In 
and out privileges. - IEEE Members 
$3.00. Non -members $6.00. Ladies 
$1.00. High School Students $3.00 if 
accompanied by an adult - One 
student per adult: Thursday only - 
limit of 3 students per adult. 
REG -IDENT CARD speeds request 
for exhibitors' literature. Ask for one 
when registering. 
ESCALATORS /EXPRESS ELEVATORS 
to the Fourth Floor. 

IEEE969 
\ÚINTERNATIONAL 

CONVENTION & EXHIBITION 
MARCH 24 -27, 1969 
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to 7500 Hz. Although some brilliance 
was lost from music recorded at this 
speed, it was always pleasant, listenable, 
and far superior to the customary "AM- 
radio" quality. 

The wow and flutter were extremely 
low at 71/2 in /s, measuring 0.03% and 
0.06 %, respectively. At 3% in /s, they 
increased slightly to a still insignificant 
0.07% and 0.10 %. The signal -to -noise 
ratio was 45 dB at 71/2 in/s, 44 dB at 
33/4 in /s, and 43.5 dB at 17 /s in /s. The 
"noise" was all hiss, no hum being au- 
dible or measurable. The tape speeds 
were slightly slow, with a timing error 
of about 45 seconds in 30 minutes of 
playing. The wind and rewind speeds 
were truly fast, less than 60 seconds 
being needed to pass 1200 feet of tape 
in either direction. 

After a brief familiarization period, 
we found the unit to be a very easy -to- 
use recorder. Its sound was above re- 
proach. At 71/2 in /s, the only audible 
difference between input and output 
signals was a very faint hiss. At 33/4 in /s, 
the chief difference was a slight added 
brilliance. And, as we mentioned ear- 
lier, it sounded fine even at 1'/8 in /s. The 
sound -on -sound mode worked perfectly, 
and after copying one channel onto the 
other about ten times, there was remark- 
ably little degradation of quality. One 
could hardly ask for more. 

The Viking 433, in a handsome wal- 
nut base, sells for $389.95. For custom 
installation, less base, it sells for `369.95. 
A plug -in remote -control pause acces- 
sory is available for $25.00. 

MORE SENSITIVITY FROM 

YOUR TRANSISTOR RADIO 
By JOHN E. CAMPBELL 

HAVE you ever wished that you could 
squeeze just a little bit more sensi- 

tivity from your transistorized AM broad- 
cast receiver, especially on a single sta- 
tion? If so, a gentle wave of a magic 
wand may make your wish come true. 

All you will need is a permanent mag- 
net and your receiver. If the magnet has 
a fairly strong field you won't even need 
to open the case of your set. Just tune 
in the station you wish to "perk up" and 
slake a slow pass with the magnet down 
the length of the built -in ferrite antenna 
rod. If you detect a rather sharp increase 
in volume anywhere along the line, slow 
down and find the peak. That's all there 
is to it. You can now either balance the 
magnet where it is, tape it in place, or 
obtain some small cera magnets and 
tie or glue them in position directly on 
the ferrite rod. 

Suitable magnets are available from 
Radio Shack, Edmund Scientific Co., and 
many others. A more ersal supplier 
may be your local hardware dealer who 
handles magnetic cabinet latches. Just 
about any magnet will do as long as the 
field is strong enough to saturate a small 
portion of the ferrite rod. A 
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Now, what's the best way to play your records for under $80? 

For years the AR turntable, at 
$78' has been the only truly fine 
record playing mechanism you 
could buy for under $80. 

A well informed audiophile, 
who wanted to save some money on 
his complete stereo system, bought 
the AR turntable. Period. 

But now, if you're out to make 
an informed choice of a low cost 
turntable, you'll have to take one 
other product into consideration. 

The new automatic Dual 1212. 
At $74.50 ".' 

Just like the AR, the Dual 1212 
exceeds every NAB standard for 
broadcast turntables in rumble, wow, 
flutter and speed accuracy. 

But only the Dual lets you vary 
any of its speeds by 6%. That'll come 
in handy if you're pitch- sensitive. 

The Dual has three speeds 
(including 78). The AR has two. 

Just like the AR, the Dual will 
accept any currently available 
cartridge, and track it at its 
optimum stylus force. 

But so that your cartridge will 
ride in the center of a stereo groove 
at low tracking forces, the Dual has 
built -in anti -skating compensation. 
(The AR has no equivalent device.) 

And to protect your cartridge, the 
Dual has a cueing control that gently 
lowers the arm anywhere on your 
record. It also lets you conveniently 
interrupt play for a time, and then 
continue in the same place. 
(Again, no AR equivalent.) 

The Dual is automatic. It can 
start or stop automatically. With one 
record or a stack of six. (The tracking 

force of the Dual arm won't 
vary from first record to last.) And 
even when you place its arm 
on a record by hand, 
the Dual will start turning 
automatically. 

The AR is a manual turntable 
with no automatic features. 

Your records will probably 
sound exactly the same played 
on whichever of the two turntables 
you choose. 

So go to your dealer and see 
them both. And then decide which 
way you want to play records. 

With a host of Dual 
convenience features, for $74.50. 

Or without them, for $78. 
United Audio Products, Inc., 

535 Madison Avenue, El 
New York, N.Y.10022.) 

'Including base and dust cover. "Base and dust cover are extra, 
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The TRUE electronic solution to a 

major problem of engine operation! 

DELTA'S FABULOUS 

MARK 

Only $44.95 ppd. 
In easy -to -build Deltakito 

Only $29.95 ppd. 

CAPACITIVE DISCHARGE 

IGNITION SYSTEM 
You've read about The Mark Ten in 

Mechanix Illustrated, Popular Mechan- 
ics, Electronics and other publications! 

Now discover for yourself the dramatic im- 
provement in performance of your car, 
camper, jeep, truck, boat - any vehicle! 
Delta's remarkable electronic achievement 
saves on gas, promotes better acceleration, 
gives your car that zip you've always wanted. 
Find out why even Detroit has. finally come 
around. In four years of proven reliability, 
Delta's Mark Ten has set new records of 
ignition benefits. No re- wiring! Works on 
literally any type of gasoline engine. 

Why settle for less when you can buy the 
original DELTA Mark Ten, never excelled and 
so unique that a U.S. Patent has been 
granted. 

READY FOR THESE BENEFITS? 

A Dramatic Increase in Performance and in 

Fast Acceleration 

A Promotes more Complete Combustion 

A Points and Plugs last 3 to 10 Times 
Longer 

A Up to 20% Mileage Increase (saves gas) 

LITERATURE SENT BY RETURN MAIL 

BETTER YET -- ORDER TODAY! 

DELTA PRODUCTS; ;c'.T 

P.O. Box 1147 EW Grand Junction, Colo. 81501 

Enclosed is $ Ship ppd. Ship C.O.D. 
Please send: 

Mark Tens (DeltakitR) @ $29.95 
(ta VOLT POSITIVE OR NEGATIVE GROUND ONLY) 

Mark Tens (Assembled) @ $44.95 
6 Volt: Negative Ground only. 

12 Volt; Specify positive Ground 
Negative Ground 

par Year Make 

Name 

Address 

City 'State Zip , 
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SPLIT PROBE 

MEASURES 

CURRENT 
By ROBERT E. BROCK 

Ampex Corp. 

WHENEVER it's necessary to mea- 
sure load current or battery voltage 

without removing batteries or discon- 
necting the battery holder, the split 
probe is a useful device. The split probe 
(Fig. 1) is a sandwich of two )4' x 11:i' 
strips of brass shim stock separated by a 
strip of thin paper. While the sandwich 
should be as thin as possible, it must be 
stiff enough to permit its insertion be- 
tween the battery terminals and the con- 
tact strips of the battery holder. 

When 0.006 -inch brass shim stock and 
0.002 -inch paper are used, the 0.014 - 
inch sandwich will be stiff enough to 
push between the cell's positive termi- 
nal and its contact strip in the battery 
holder. ( Before cementing the layers 
together, solder a short length of red 
insulated wire to one end of one of the 
brass strips; and a black insulated wire 
to the other. Later, these two leads 
will be used for metering purposes. ) 
Care should be taken to assure the leak- 
age resistance from shim to shim is 
higher than 1 megohm to avoid mea- 
surement errors in sensitive circuits. In 
addition, twist the black and red leads 
from the probe assembly together to 
minimize noise pickup. Additionally, 
alligator clips may be soldered to the 
wires to facilitate meter connections. 

Although the split probe falls in the 
general category of a "home brew" de- 
vice, its many applications will benefit 
service and laboratory technicians alike. 
For example, the load current of many 
types of portable electronic entertain- 
ment equipment exceeds the battery ca- 
pacity. Some small transistor radios 
have load current ranges of 6 to 10 mA. 
The electronics in transistorized tape re- 
corders draws about the same current - 
but when the motor is operating, the 
load is increased 50 to 200 mA. A 

Fig. 1. Brass shim stock with fish pa- 
per in between makes a good probe 
for metering battery -powered devices. 

PAPER BRASS SOLDER 
INSULATOR STRIP 

RED WIRE -I- 

BLACK WIRE - f 
SHARPEN BRAS S STRIP 

SHARPEN AND POLISH \ 

Delta Launches the 

OVWUTACU 
* 

The 
Great 
One! 

*An exclusive computer - 
tachometer for precise RPM 
measurement in easy -to- 
build Kit form! 

52995 
ppd. 

Delta, pioneers in CD ignition who pro- 

duced the fabulous MARK TEN ' 
, now offer 

a precise computer -tachometer which obso- 

Ietes any type tachometer on the market 
today! You achieve unbelievable accuracy 

in RPM readings due to the advanced, 

solid -state electronic matched components 

used in the computer, coupled with the 
finest precision meter in the world. Works 

on all 2, 3, 4, and 6 cylinder 2 cycle and 

with 4 -6 -8 cylinder -4 cycle 12 volt engines. 

A 0 -8000 RPM range 

Perfect linearity - zero paralax 

Adjustable set pointer 
Wide angle needle sweep 

A Translucent illuminated dial 

A Chrome plated die-cast housing 

All -angle ball & socket mounting 

Use it with ANY ignition system 

Meter: 31/4" dia. X 33/e" deep 

Calibration kit included, no test eqpt. 
needed. 

Orders shipped promptly. 
Satisfaction guaranteed. 

DP 8-2 

DELTA PRODUCTS, INC. 

Send check today! 
P.O. Box 1147 EW / Grand Junction, Colo. 81501 

Enclosed is $ Ship ppd. Ship C.O.D. 
Please send: 

D COMPUTACH'(,) Kits @ $29.95 ppd 
Sold in Kit Form ONLY! 

Name_ 

Address 

City /State Zip 
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CERTIFICATION FOR 

ENGINEERING TECHNICIANS 

By LOUIS E. FRENZEL, Jr. 

NO one can deny that technicians are extremely impor- 
tant members of our country's technological manpower 

team. Business, industry, and the government use techni- 
cians to perform many professional and semi -professional 
services. These include: maintenance, repair, and installa- 
tion of equipment; research and development projects; com- 
ponent design; and support functions such as drafting, tech- 
nical writing, and sales. 

Despite their contributions, technicians have not received 
nearly as much recognition as they deserve. It has only been 
within the past few years that their status has improved 
and their contributions been more fully recognized. 

There are two organizations which have helped techni- 
cians obtain this recognition. First, there is the Institute 
for the Certification of Engineering Technicians ( ICET) . 

Sponsored by the National Society for Professional En- 
gineers, this organization was established in 1961 to examine 
and determine the competency of technicians who volun- 
tarily applied for certification. Competency is determined 
by investigating the applicant's education, work experience, 
background, and character. References and endorsements 
are also solicited from employers and others familiar with 
the applicant's abilities. Upon verification of his competency, 
the technician is awarded a certificate in one of three 
grades: junior engineering technician, engineering techni- 
cian, and senior engineering technician. The junior grade 
(JET) is for those just entering the field either upon gradua- 
tion from an accredited technical school or upon completion 
of two or more years of basic training. After five years of 
experience beyond the junior level requirements, the tech- 
nician qualifies for the engineering technician ( ET) grade. 
Ten additional years of experience later qualifies the tech- 
nician for the senior level (SET). Applicants must be 25 years 
of age for the ET grade and 35 for the SET grade. 

At present there are well over 10,000 certified techni- 
cians in the United States in all fields. Most have found their 
certification an asset in seeking a new job or a promotion 
within their companies. In addition, many employers recog- 
nize certification as a valuable means of establishing the 
competency of their technician employers and recommend it 
highly. In fact, some companies require certification for 
some key technical positions. 

Another organization that furthers the technician's cause 
is known as ASCET, the American Society of Certified En- 
gineering Technicians. 

Certified technicians soon discovered that they would be 
more readily accepted as professionals if there were an or- 
ganization devoted to promoting their interests. As an ex- 
amining body, the ICET could not do this. Thus, in 1964, 
a group of certified technicians founded ASCET. The pur- 
pose of this independent organization is to foster recognition 
of the contributions of engineering technicians; cooperate 
with other engineering societies; improve utilization of tech- 
nicians; and to assist in his social, educational, economic, 
and ethical development. This program is implemented by lo- 
cal chapter meetings in major cities, an annual national 
meeting, and through various publications. Membership is 
open to any certified technician. 

If you are a career technician seeking a way to improve 
yourself, consider certification. It is well worth the time and 
effort involved. It may help you get a salary increase or a 
better, more responsible position. 

Complete information on either of these two programs 
can be obtained from the ICET at 2029 K Street, N. W., 
Washington, D. C. 20006, or ASCET Box 1627, Topeka, 
Kansas 66601. A 
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EE 
GIANT 1969 

RADIO -TV 
ELECTRONICS 

CATALOG 
228 GIANT VALUE - 

PACKED PAGES 

..7 ; ̂' " "' "'' 11 YOUR BUYING GUIDE FOR . . . wr 
TV's, Radios, Recorders, Phonos, 
Amateur and CB equipment, elec- 
tronic parts, tubes and test equip- 
ment . plus featuring B -A's 
famous bargain packed section! 

WRITE FOR YOUR FREE CATALOG TODAY: l M - - 
BURNSTEIN -APPLEBEE CO.. DEPT. EW -A 
3199 MERCIER S'I'., KANSAS CITY. MO. 64111 

I Name 

' 
Address 

City 

State Zip Code - if 
CIRCLE NO. 122 ON READER SERVICE CARD 

STEREO /HI -FI 
DIRECTORY 
Giant 180 page buyers guide to 
virtually every new audio compon- 
ent on the market - amplifiers 
changers and turn tables re- 
ceivers tuners tape machines 

speakers, etc. 

1968........ #56 
1967........ #45 

TAPE RECORDER 
ANNUAL 
The only buyers guide of its kind 
available to the brands and models 
on the market. Over 132 pages of 
full information on over 250 
models plus articles covering 
every aspect of tape recording. 

1968 #59 
1967 #42 

Ziff -Davis Service Division -Dept. W 595 B'way, New York, N.Y. 10012 

f am enclosing $ for the annuals circled below. My remittance 
includes an additional 150 per copy for shipping and handling (50e for orders 

outside U.S.A.). I understand quantities are limited and orders will be filled 
on a first come -first served basis. 

$1.25 each 
Print Name 

42 45 56 59 

Address 
EW-19 

City State Zip 

PAYMENT MUST BE ENCLOSED WITH ORDER - 
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This probe 
lights up 
when a pulse 
goes by. 
Even a pulse as short as 30 ns -posi- 
tive or negative -will cause this logic 
indicator to flash a signal.You can trace 
pulses, or test the logic state of TTL 
or DTL integrated circuits, without 
taking your eyes off your work. In 
effect, the probes act like a second 
oscilloscope at your fingertips. 
No adjustments of trigger level, slope 
or polarity are needed. A lamp in the 
tip will flash on 0.1 second for a posi- 
tive pulse, momentarily extinguish for 
a negative pulse, come on low for a 

pulse train, burn brightly for a high 
logic state, and turn off for a low logic 
state. 

The logic probe -with all circuits built 
into the handpiece -is rugged. Over- 
load protection: -50 to +200 V con- 
tinuous; 120 V ac for 10 s. Input im- 
pedance: 10 kst. Price of HP 10525A 
Logic Probe: $95, quantity discounts 
available. 
Ask your HP field engineer how you 
could put this new tool to work in logic 
circuit design or troubleshooting. Or 
write Hewlett- Packard, Palo Alto, Calif. 
94304; Europe: 54 Route des Acacias, 
Geneva. 

02825A 

HEWLETT kilo, PACKARD 
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BART: Electronics Aids Transit 
(Continued front page 38) 

The ATC will insure that all trains 
moving over a given section of track 
will operate at the same speed. The 
scheduling of trains will remain ex- 
tremely flexible, since the computer 
continually updates schedule conch- 
Hons. 

Train -control information is encoded 
by frequency -shift keying of a carrier 
frequency in the audio range (below 
10 kHz). By means of trackside and 
car -mounted loops, this information is 
transmitted to the on -train electronics. 
Each passenger station has associated 
with it a transmitter to encode addi- 
tional information used in stopping and 
starting trains. The train electronics 
systems make extensive use of inte- 
grated circuits for reliability and the 
other well -known advantages of IC's. 

A coding system in the ATC reduces 
the possibility that outside interference 
will cause spurious responses. Six bits 
must be transmitted in proper time se- 
quence over a particular time interval 
if the system electronics is to interpret 
the code as a command signal. 

Security and Communications 
In addition to the radio communica- 

tions link between the train attendant 
and wayside stations and central con- 

trol, each train will have an intercom 
system for announcements and passen- 
ger communications with the train at- 
tendant. The use of closed- circuit tele- 
vision is planned as a means of insuring 
safety and security for passenger sta- 
tions. The CCTV system would permit 
a single station attendant to monitor 
remote train platforms, as well as per- 
mit passengers to seek any assistance 
they may require. 

As a goal, BART expects a basic fare 
structure of approximately 5 cents per 
mile for distances up to 10 miles, the 
rate thereafter decreasing to about 2 
cents a mile. Thus the 30 -mile trip from 
Concord to downtown San Francisco 
would cost about a dollar and the trip 
will take less than 40 minutes. At rush 
hour, the same trip by car would re- 
quire about one hour and cost 25 cents 
in bridge toll, $1 to $2 in parking fees, 
and about $3 in operating costs. 

One cannot easily evaluate, in mone- 
tary terms, the safety and relaxed at- 
mosphere of the train as compared to 
the trip by car. The inherent advantage 
of BART is clear. If our cities are to 
survive strangulation by traffic, and if 
our citizens are to avoid the insidious 
poisoning of the air they breathe, mass 
transit must take over. BART is a first 
step in the right direction. And, as so 
often is the case with technological 
problems, electronics holds the key to a 
practical solution. 

Fig. 3. System power supply and distribution to he used for BART. 
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A.C. LINE 
VOLTAGE 

MONITOR 
By CHARLES D. GEILKER 

Research Associate 

Warner & Swasey Observatory 

IN situations where electronic equip- 
ment must be left operating unattend- 

ed for long periods of time, it is often 
desirable to have some check on wheth- 
er low supply voltage, or even outright 
power failure has occurred in the inter- 
val since the equipment Kvas last ser- 
viced. 

In the voltage monitor circuit shown 
in Fig. 1, the NE -2H lamp has a higher 
d.c. striking voltage than the NE -23 al- 
though they maintain the saule voltage 
level once the lamps have fired. In the 
circuit, D1 and CI form a simple half - 
wave rectifier which places 150 volts 
across the resistance divider string, R1, 
R2, and R3. When the line voltage is 
turned on, the voltage drop across R2 
is insufficient to fire the NE -2H; how- 
ever, it does exceed the 65 -volt firing 
level of the NE -23, and the NE -23 
blinks since a relaxation oscillator is 
formed by R4 and C2. 

Momentarily depressing the reset 
switch shorts out R3 and fires the NE- 
2H. Now the maintaining voltage of the 
NE -23 drops and the blinking stops. 
Should a power failure occur, or the line 
voltage drop below 100 volts, the NE- 
2H goes out and the NE -23 will signal 
the fact by blinking until it is reset again. 

R1 sets the "blink threshold" for low 
line voltage. Thus, increasing the value 
of Rl from 22,000 ohms to 26,000 ohms 
raises the threshold from 100 to 105 
volts. In addition, some NE -2H's are 
polarity sensitive and may require that 
the leads be transposed for proper op- 
eration. Ordinary 5% resistors work sat- 
isfactorily throughout the circuit. 

Fig. 1. Blinking NE -23 signals power failure. 

January, 1969 

Need high temperatures in tiny places? 
The amazing Little Torch is so tiny 
it can throw a flame of 6300 °F. 
through the eye of a needle. It sol- 
ders, brazes, welds and heats with 
exacting precision in the smallest 
places; uses oxygen and acetylene, 

hydrogen, propane, natural gas or 
Mapp. It's available with five tips 
ranging in size from one large 
enough to weld 16 ga. steel to one 
small enough to weld .002" copper 
wire. For free brochure write to: 

Instrument 

Dept. 133 -9. 2633 S.E. 4th St., Minneapolis, Minnesota 55414 
CIRCLE NO. 91 ON READER SERVICE CARD 

FOR FIRE, POLICE, SECURITY, BUSINESS 
AND INDUSTRIAL APPLICATIONS 

SONAR VHF-FM TRANSCEIVER 
(132 -174 MHz) 

YOU ALWAYS GET THROUGH ... OPERATES ANYWHERE! 
INDOORS, OUTDOORS, IN STEEL BUILDINGS 

More performance and features than much higher 
priced units. Engineered with space age techniques 
and military type components for high reliability. 

Provides instant voice contact with base 
stations, mobile units and other portable transceivers 
Compatible with all VHF narrow band systems 

Full frequency range for all public safety, industrial and 
land transportation services 

Exclusive "Push -to- Talk "` microphone for easy to use action 
Electronic mode switching, no relays 
Receiver and transmitter can be operated on independent 
frequencies 

External connections for antenna, earphone and battery charger 
Sensitive, noise immune squelch 

Single or split channel operation $37500 
1.6 watt output with 1 pair of crystals 

FCC TYPE 

ACCEPTED 

for parts 89,91,93 
and part 21 
telephone use 

and penlite batteries 

Sonar Radio Corporation 
73 Wortman Avenue, Brooklyn, N.Y. 11207 
Please send information on Model 2301 -the SONARCOM. 

Dept. 861 

Firm Name Title 

Address _ __ Phone 

City State Zip 

CIRCLE NO. 93 ON READER SERVICE CARD 
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WI 

NTSTRAININ8i 
YO LIVE ONLY SCRATCHED 

THE SURFACE IN 

ELECTRONIC .; 

Only NTS penetrates below the surface. Digs 
deeper. Example? Take the above close -up of the 
first transistorized digital computer trainer ever 
offered by a home study school. 

It "s called The Compu- Trainer -an NTS exclu- 
sive. Fascinating to assemble, it introduces you to 
the exciting world of computer electronics. Its de- 
sign includes advanced solid -state NOR circuitry, 

flip -flops, astable multivibrators and reset circuits. 
Plus two zener and transistorized voltage- regulated 
power supplies. The NTS Compu-Trainer is capa- 
ble of performing 50,000 operations per second. 

Sound fantastic? It is! And at that, it's only one of 
many ultra -advanced kits that National Technical 
Schools offers to give you incomparable, in -depth 
career training. 

PROVE IT YOURSELF. SEND FOR OUR NEW CATALOG. SEE THE LATEST, 

MOST ADVANCED KITS AND COURSES EVER OFFERED BY A HOME STUDY SCHOOL. 

86 ELECTRONICS WORLD 
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NTS ...THE FIRST HOME STUDY SCHOOL 

TO OFFER LIVE EXPERIMENTS 

WITH INTEGRATED CIRCUIT KITS 

You build a computer sub -system using the new, 
revolutionary integrated circuits. Each one, smaller 
than a dime, contains the equivalent of 15 resistors 
and 27 transistors. 

And your kits come to you at no extra cost. These 
kits are the foundation of the exclusive Project - 
Method home study system ... developed in our 
giant resident school and proven effective for thou- 
sands of men like yourself. 

With Project- Method, all your kits are carefully 
integrated with lesson material. Our servicing and 
communication kits are real equipment -not school - 
designed versions for training only. As you work on 
each of the projects, you soon realize that even the 
most complicated circuits and components are easy 
to understand. You learn how they work. You learn 
why they work. 

NTS Project- Method is a practical- experience 
approach to learning.The approach that works best! 
An all- theory training program can be hard to under- 
stand - difficult to remember. More than ever before 
you need the practical experience that comes from 
working with real circuits and components to make 
your training stick. 

NTS SENDS YOU KITS TO BUILD THESE 

IMPORTANT ELECTRONICS UNITS! 

25" COLOR TV 
21" BLACK & WHITE TV 

SOLID -STATE RADIO 
AM -SW TWIN- SPEAKER RADIO 

TUBE -TESTER 
TRANSCEIVER 

COMPU- TRAINER'D 
VTVM 

SIGNAL GENERATOR 
5" OSCILLOSCOPE 

See them all illustrated in 
the new NTS Color Catalog. 

NATIONAL SCHOOLS 
WORLD -WIDE TRAINING SINCE 1905 

4000 So. Figueroa Street, Los Angeles, Calif. 90037 

APPROVED FOR VETERANS 

Accredited Member: National Home Study Council 
Accredited Member: National Association of 
Trade and Technical Schools 

January, 1969 

;L1J17 

25" COLOR IVY 
Included in Color TV Servicing 
Courses. With it you advance 
yourself into this profitable 
field of servicing work. Color is 

the future of television, you 
can be in on it with NTS training. 

COMMUNICATIONS 

This transceiver is included 
in Communications courses. 
You build it. With it, you 
easily prepare for the F.C.C. 
license exam. You become 
a fully- trained man in com- 

munications, where career 
opportunities are unlimited. 

GET THE FACTS! SEE ALL NEW 
COURSES AND KITS OFFERED IN 

THE NEW NTS COLOR CATALOG. 
SEND THE 

CARD 

OR 

COUPON 
TODAY! 

There's no 
obligation. 
You enroll 
by mail. No 
salesman 
will call. 

NTS GUIDE 

YOUR OPPORTUNITY IS NOW 

New ideas, new inventions, are 

opening whole new fields of 
opportunity. The electronic 
industry is still the fastest grow- 
ing field in the U.S. There's a 

bigger, better place in it for the 
man who trains today. So, what- 
ever your goals are - advanced 
color TV servicing, broadcasting, 
F.C.C. license, computers, or 
industrial controls, NTS has a 

highly professional course to 
meet your needs. 

MINIM MIME MN III IllIIIII 
DEPT.. 240 -19 

NATIONAL TECHNICAL SCHOOLS 
4000 S. Figueroa St., Los Angeles, Calif. 90037 
Please rush Free Color Catalog and Sample Lesson, plus 

1. information on field checked below. No obligation. 
MASTER COURSE IN FCC LICENSE COURSE 
COLOR TV SERVICING 

COLOR TV SERVICING 

MASTER COURSE IN 
TV & RADIO SERVICING 

PRACTICAL TV & 
RADIO SERVICING 

MASTER COURSE 
IN ELECTRONIC 
COMMUNICATIONS 

MASTER COURSE IN 
ELECTRONICS 
TECHNOLOGY 

INDUSTRIAL & AUTO- 
MATION ELECTRONICS 

COMPUTER ELECTRONICS 

BASIC ELECTRONICS 

ADDRESS 

AGE 

CITY STATE ZIP 

Check if interested in Veteran Training under new G.I. Bill. 
o Check if interested ONLY in Classroom Training at Los Angeles. 11.uu11111 
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NEW PRODUCTS 
& LITERATURE 

Additional information On the items 
covered in this section is available 
from the manufacturers. Each item 
is identified by a code number. To 
obtain further details, fill in cou- 
pon on. the Reader Service Card. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

DIGITAL PANEL METERS 
A new instrument line consisting of three digi- 

tal panel meters and two panel- mounting remote 
readout units has been announced. 

The line is designed for a wide range of ap- 
plications by system and OEM manufacturers. 

The meters are all housed in the same compact 
aluminum casting, measuring 31/4" x 51/4" w. 
x 9" d. Weight of the meters is less than 5 
pounds. 

The Model 7020 is a three -digit unit, single 
range, single polarity, reading at a speed of three 
readings per second. It is available in five input 
ranges from 150 mV full -scale to 1000 V full - 

scale. The Models 7030 and 7040 both provide 
overrange, dual polarity with automatic indica- 
tion, and reading speed of six readings per sec- 
ond. The 7030 is a three -digit meter and the 
7040 has four digits. Both will operate remote 
readout units. The 7030 is available in five full - 
scale input ranges from 199.9 mV to 1000 V; 
the 7040 is offered in four input ranges from 
1.2 V to 1000 V. Fairchild Instrumentation 

Circle No. 156 on Reader Service Card 

WAVEFORM GENERATOR 
The Model F240A phase -lock waveform gen- 

n atur, when locked to an external frequency 
standard, will generate sine, square, triangle, 
and ramp outputs with the frequency, accuracy, 
and stability of the standard. A front -panel 
mounted phase -angle meter indicates the phase 
angle relationship of the output signal to the 
external standard. This phase angle may be ad- 
justed from 0° to 180 °, lead or lag without loss 
of phase lock. 

Selection of either "wide" or "narrow" cap- 
ture ranges is provided. In the "wide" mode, the 
unit will automatically lock to an external fre- 
quency within a given range without having to 
adjust the frequency control dial. The "narrow" 
mode allows the unit to be locked to various 

harmonics of the reference signal. Fast and slow 
tracking modes are also provided. Data Royal 

Circle No. 126 on Reader Service Card 

SOLAR- ACTUATED CONTROL 
A solar- actuated, automatic outdoor lighting 

control which is designed to provide 14 -20°% 
longer life is now available as the Series 5241. 

The "Post Lantern Control" has been tested 
for 6000 "on -off" operations -the equivalent of 
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18 years' continuous service. The unit is a photo- 
electric switch which incorporates a stationary 
heater element. The only moving parts are the 
bimetal and the contact, a feature which signifi- 
cantly extends heater life. The new unit has a 
shatter -proof polycarbonate window and all ex- 
posed parts are corrosion -resistant. Sigma Instru- 
ments 

Circle No. 127 on Reader Service Card 

CLEANER FOR TV TUNERS 
A new aerosol product which cleans all types 

of TV tuners has been put on the market under 
the tradename "Tun -o- Wash ". According to the 
company, the cleaner will completely remove 
deposits of grease, oil, and dirt from tuners with- 
out damage or danger to the set. The spray noz- 
zle is designed to apply the chemical with the 
proper propelling force to dissolve and wash 
away the foreign matter. Chemtronics 

Circle No. 6 on Reader Service Card 

NUMERIC READOUTS 
The 718 series seven -segment readout display 

features one -inch characters mounted directly 
on a printed- circuit board, together with selected 
neon lamps and the required series and shunt 
resistors. Displays are available in groupings of 

from 2 to 8 modules, which can include plus - 
minus, decimal, color, and special caption 
module. 

Installation is achieved with the boards plug- 
ging directly into standard PC board connectors, 
with a terminal spacing of 0.156 inch. Displays 
are available for operation at 150 -160 V d. c. 
or 110 -125 V a. c. 

Front portion modules for PC board mounting 
are also available separately for those wishing 
to use the readouts on PC boards of their own 
design. Dialight 

Circle No. 128 on Reader Service Card 

PC -BOARD TRIMMER 
A single -turn resistance trimmer specifically 

designed for 0.1 -inch printed -circuit grids has 
been introduced as the Type AFR. 

Rated at 1/4 watt, the new trimmers are built 
to withstand severe environmental conditions. 
Their design includes a hot- molded resistor track 
and low resistance collector track bridged by a 
single moving contact brush. Fifteen models 
cover the resistance range of 100 ohms to 5 

megohms ±20 %. Leads are designed for mount- 
ing directly on 0.1 -inch matrix PC wiring boards 
using the trimmer's leads. Ohmite 

Circle No. 129 on Reader Service Card 

ADJUSTABLE INDUCTORS 
A new series of miniature adjustable inductors 

in five sizes to cover a wide range of inductance 

is now available. The unique design allows for 
screwdriver adjustment, yet each adjustment is 
repeatable regardless of the number of times 

coil is readjusted. Positive stop at top and bot- 
tom of the adjustment range prevents damage 
and lost toning slugs. Standard units allows the 
nominal inductance to be varied by ±5 %. The 
adjustment range permits use of wide tolerance 
tuning capacitors in narrow frequency applica- 
tions, while the magnetic shielding allows the 
inductors to be mounted in close proximity to 
other components. They are designed for printed - 
circuit board mounting with the PC pins fas- 
tened to a phenolic base. Components Corpo- 
ration 

Circle No. 130 on Reader Service Card 

PC BUILDER'S KIT 
Kit No. 500 contains printed- circuit boards 

and all of the chemicals and supplies needed to 
make professional PC's. Each kit contains two 
PC boards, 43/4" x 33/4 ", a resist ink pen, one 
6 -ounce bottle of resist ink solvent, and one tl;" 
drill bit. The kit is packed in a see -through 
acrylic box which serves as a developing tray. 
Complete step -by -step instructions are supplied 
with each kit. Injectorall 

Circle No. 131 on Reader Service Card 

TIME -DELAY RELAYS 
A new line of transistorized time -delay relays 

is now available in more than 7000 different 
time delay and interval timing variations. Stan- 
dard timing ranges from 110 of a second to 15 
minutes can be supplied. Standard input voltages 

are from 24 to 220 volts with special variations 
available on order. 

Complete specifications on these new relays 
will be supplied on request. Arrow -Hart 

Circle No. 132 on Reader Service Card 

FAST -FIRING SCR's 
A new series of 80 -A fast -firing SCR's capable 

of handling 800 amps per microsecond inrush 
current has been introduced as the 8IRLB. The 
new series combines all the parameters necessary 
for service in applications demanding high pow- 
er, fast turn -on, and fast turn -off, even with high 
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reapplied dV /dt, such as high- frequency in- 
verters for a. c. motor drive systems, according 
to the company. 

Obtainable to 1200 V in a TO -94 package, 
the SCR's have lower switching losses, providing 
higher frequency operation at higher power levels. 
The combination of the epitaxial process, includ- 
ing contour groove and shorter emitter construc- 
tion, with accelerated cathode excitation provides 
the fast -firing parameters for this device. Inter- 
national Rectifier 

Circle No. 133 on Reader Service Card 

LINEAR- MOTION POTS 
The "Slide -Trol" linear motion potentiometer 

was designed specifically to meet the needs of 
circuit board and panel space limitations. It is 
available in values of 40 ohms to 15 megohms. 
The rectangular element permits higher wattage 
ratings due to uniform heat dissipation. A phe- 
nolic housing eliminates shock hazards. The 
movable contact is a patented design that pro- 
vides nine contact points for low noise and low 
contact resistance. 

The units may be mounted horizontally, verti- 
cally, or sideways; singly or in groups and with 
snap -in or twist -tab mounting. Stackpole 

Circle No. 134 on Reader Service Card 

SOLID -STATE FILTERS 
A new group of continuously adjustable solid - 

state active filters with a frequency range from 
0.2 Hz to 20 kHz is now available. 

Designated the Model AF -210 (single chan- 
nel) and the Model 220 (dual channel), this 
new series offers high parameter stability and 
uniformity, according to the maker. Featuring 

high -pass, low -pass, band -pass, and band- reject 
functions, they also provide selectable frequency 
response flatness (Butterworth or time domain). 
Attenuation is 80 dB or greater with a slope of 
24 dB /octave in stop bands and 48 dB / octave 
when the individual channels are connected in 
series. 

The filters use conservatively derated silicon 
semiconductors throughout. Multimetrics 

Circle No. 135 on Reader Service Card 

INVERTER /CHARGER 
A new combination inverter and charger has 

been introduced as the Model TIC -620. As an 
inverter, the unit delivers 620 VA output (120 
volt, 5 amp nominal) from a 12 -volt battery 
with no -load to full -load frequency stability of 
x-0.5 Hz and high efficiency performance at 
greater current draws. Fused input and output 
circuits protect the inverter and battery from 
overload and an automatic shut -off takes effect 
when battery voltage decreases to a value of 
10.5 volts. 

With 117 -V a.c. input, the charger provides 
25 amps maximum at a nominal 12 V d. c. A 
three- position switch provides low, medium, or 
high charge rates. One meter on the face of the 
unit shows in amps, charging rates, or current 
draw from battery when inverting. Three pilot 
lights signal "charge ", "invert ", and low battery 
voltage condition. The inverter -charger unit 
measures 71/4" high x 141/2" wide x 10" deep. 
Electro Products 

Circle No. 7 on Reader Service Card 

TRIMMERS WITH PC PINS 
Various combinations of PC pins are available 

with the recently introduced line of half -inch- 
square metal glaze trimmers, Type 255. 

January, 1969 

The units are availa :)!c w:th three different 
printed -circuit pin configurations and provide 
for flat mounting or for two versions of edge 
mounting. Flat mounting is identified with the 
suffix " -10 ". following the series: edge mount- 
ing, with adjustment made from the side, by the 
suffix "- 207 and edge mounting with adjust- 
ment from the top, by "- 208." 

The devices are rated at 3/4 watt at 70 °C. 
They are available in resistance values from 100 
ohms to 2 megohms, ±-10% standard toler- 
ance. IRC. 

Circle No. 136 on Reader Service Card 

FAST -SWITCHING TRANSISTOR 
Two "p -n -p" high -voltage silicon transistors 

designed for demanding power- switching appli- 
cations, have been introduced as the 2N5344 
and 2N5345. The 2N5345 is a 1- ampere unit 

capable of handling up to 300 V (V, r,) while 
the 2N5344 is rated at 250 V. According to the 
company, both transistors are excellent fast 
switches with a maximum total turn -on time of 
only 200 nanoseconds at 500 mA and 100 V. 

The transistors are packaged in hermetically 
sealed TO -66 cases for thermal efficiency which 
results in the high power dissipation rating of 
40 W at 25 °C case temperature. Operating tem- 
perature range is -65 °C to 200 °C. Motorola 
Semiconductor 

Circle No. 1 37 on Reader Service Card 

HIGH- TEMPERATURE LIGHTS 
The new "Hi -Temp Glo- Lites" are UL listed 

for operation in ambient temperatures up to 
150 °C, the maximum operating temperature 
for neon lamps. Built with an anodized alumi- 
num body and faceted glass lens, a special ce- 
ramic cement is used to seal the leads and lamp 
within the "Glo- Lite ". Stock leads are 10" and 
available only with #20 AWG stranded copper 
wire insulated with type "A" white asbestos in- 
sulation. 

They are specially suited for use in heating ap- 
pliances, ovens, and other industrial equipment. 
They can be mounted with either a plug button 
mount or speed nut in 516" to 251;}" diameter 
holes and on panels 1" to 'r,;" thick. A choice 
of 125 or 250 volt units is available. Drake 

Circle No. 138 on Reader Service Card 

INFRARED SLIDE CHART 
A new infrared wavelength /compound cir- 

cular slide chart has been issued. Of special in- 
terest to spectroscopists, one slide translates wave- 
length to compound. When the cursor is set to 
any given wavelength, the chart automatically 
identifies most of the compounds producing ab- 
sorption bands at that wavelength. The flip side 
presents wavelengths of the main absorption 
hands of 61 different classes of chemical com- 
pounds. 

Additional information on the slide chart and 
ordering details will be supplied on request. 
Barnes Engineering 

Circle No. 139 on Reader Service Card 

MICROMINIATURE TUNERS 
The MTLC line of microminiature tuners has 

recently been redesigned and ruggedized. This 
new line of LC circuits is packaged in TO -5 cans. 
Since the tuning element is a Modutrim variable 
ceramic capacitor measuring only 0.208" x 0.280" 
x 0.120" and all other circuit components are 

proportionally small. t :_c ;r_cd r plays an im- 
portant role in holding all elements securely 
in place. All components are pre -positioned on 
the header for perfect mechanical alignment. 
A new, improved potting compound is used and 
then the header, with components attached, is 
epoxied to the can. 

There are ten standard MTLC units, plus a 
wide range of variations and special designs for 
application in military and aerospace equipment. 
JFD 

Circle No. 140 on Reader Service Card 

ANTI- STATIC SPRAY 
A new aerosol, No. 610, has been developed 

to neutralize static electricity generated by fric- 
tion or atmospheric conditions. Used sparingly, 
the product is said to give immediate relief. 
Regular ttse keeps machinery and parts in pro- 
duction free from troublesome static. It dries in- 
stantly and clear and can be used on anything. 
The aerosol can has an extension tube for hard - 
to- reach areas. Sprayon Products 

Circle No. 8 on Reader Service Card 

SOLID -STATE CHANNEL STRIPS 
A complete line of 82- channel solid -state 

single -channel strips is now available for MATV 
installations. There is a model for every TV 
channel, 2 through 83, plus a special model cov- 
ering the entire FM spectrum. 

The new strips eliminate the need for con- 
verters. Encased in rugged, extruded aluminum 
housings, the SL -3000 strips can be rack, shelf, 
or panel mounted. Since each unit contains its 
own power supply, failure of one particular 
amplifier does not affect the rest of the system 
in any way. JFD 

Circle No. 141 on Reader Service Card 

A.C. -A.C. POWER CONVERTER 
A solid- state, convection- cooled 400 -Hz, three - 

phase to 50 -Hz single -phase power converter with 
European and American convenience outlets is 
now available. 

The unit features two output voltages: 115 V 
a. c. at 1 kVA and 200 V a. e. at 500 VA. The 
converter features simplified circuitry along with 
complete overload and short -circuit protection. 
Due to its 85% efficiency, the unit is contained 
in a standard rack -mounted chassis which mea- 
sures 83/4" x 19" x 18 ". Power Systems 

Circle No. 142 on Reader Service Card 

CABLE ASSEMBLIES 
A new packaged kit concept of providing elec- 

trical and electronic equipment engineers with 
combination connector and socket cable assem- 
blies for use without the need for short -run as- 
sembling of components has been developed as 
the "Uni- Kit." 

The 30 new combinations of connecting cable 
assemblies with connector components are de- 
igned for such applications as interconnecting 

laboratory electronic instruments, test equip- 
ment, production equipment, communications 
gear, etc. There are three basic configurations: 
connector- connector with interconnecting cable 
and two sockets; socket -socket and two connec- 
tors; and connector -socket and one socket and 
connector. Five conductor cable lengths are avail- 
able. Methode 

Circle No. 143 on Reader Service Card 

91 

www.americanradiohistory.com

www.americanradiohistory.com


HI -FI -AUDIO PRODUCTS 

STEREO RECORDER 
The Model TR -10811 solid -state stereo recorder 

features automatic reverse which permits the 
unit to record and play in both directions with- 
out reel turnover. It can be set for one complete 

play and shut off, continuous replay, or auto- 
matic stop at any predetermined point. 

The recorder is designed to permit sound -on- 
sound and sound- with -sound for special effects. 
It is equipped with a solid -state stereo amplifier 
and the preamp outputs permit use of the re- 
corder as a tape deck for playback through a 
stereo system. 

A pause control with instant release and push - 
to -reset four -digit counter make it easy to edit 
while recording. The recorder operates at 71/2, 
33/4 and 17 /í8 in /s. It has two mike and two aux- 
iliary inputs. The outputs are preamp, two ex- 
ternal speakers, front -panel stereo headphone 
jack. Response is 40- 19,000 Hz at 71/2 in/s and 
flutter and wow is under 0.15% at 71/2 in /s. It 
comes with two microphones with stands, patch 
cords, and sensing tape. It measures 123/4 " x 
191/8 " x 121/4 ". Allied Radio 

Circle No. 9 on Reader Service Card 

AM -FM STEREO RECEIVER 
The SA -70 is a 91) -watt AM -FM stereo re- 

ceiver which incorporates four IC's and three 
FET's. The circuit has two r.f. stages, a four - 
section tuning capacitor, and six tuned circuits 
for maximum sensitivity. 

To insure reliable automatic mono /stereo 
switching and to prevent accidental triggering 
of the stereo indicator light, the SA -70 uses a 
multiplex circuit with seven tuned circuits and 
a ceramic filter. A calibrated field -strength meter 
facilitates pin -point tuning. 

The receiver has a full complement of audio 
tone controls and professional lever switches. 
Dual bass and treble controls allow individual 
adjustment of each channel. High and low filter 
switches permit the listener to tailor the music 

to his taste. Up to five speakers and various ac- 
cessories can be connected to the SA -70 to form 
a complete home entertainment center. 

The receiver is housed in a wood cabinet with 
a sculptured control panel finished in silver with 
contrasting black trim. Panasonic 

Circle No. 10 on Reader Service Card 

INSTRUMENT AMPLIFIER 
The Model 140A amplifier is designed to be 

used with various types of electronic musical 
instruments to provide a clean 300 -watt equiva- 
lent peak power rating. 

It is flat up to 500(1 Hz and the acoustic en- 
ergy output at higher frequencies increases as 
the frequency approaches 20,000 Hz. Complete- 
ly solid- state, the Model 140A uses two JBL 
15" low and mid -range drivers and two very - 
high- frequency, high -efficiency drivers. Each of 
its two separate channels is equipped with bass, 
treble, presence, brightness, reverb, and volume 
controls. Tremolo operates on channel 2 alone. 
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All controls :und electronics are in a separate 
piggy -back unit that is fastened to the top of 
the speaker cabinet and can be separated if de- 
sired. A ten -foot extension cable to connect the 
control console and speaker and foot switches for 
both reverb and tremolo are available as acces- 
sories. RMI 

Circle No. 11 on Reader Service Card 

75 -WATT STEREO RECEIVER 
The Model DB250 AM -FM stereo receiver is 

rated at 75 watts (IHF) and features IC's for 
better limiting, improved capture ratio, lower 
distortion, and greater reliability. according to 
the manufacturer. 

FM selectivity is rated at 60 dB. Solid- state, 
resonant ceramic filters provide over ten times 
greater FM selectivity than conventional filters. 
A mechanical filter in the AM section similarly 
improves selectivity and eliminates interstation 
heterodyning. 

The receiver has functional linear attenuator 
slide controls for various levels and push -button 
control of function, speaker selection, loudness 
compensation, mode and power. The circuit is 
of modular construction. 

Response of the amplifier section is broad and 
flat from 20 to 20,000 Hz. The receiver comes 

in its own enclosure with solid walnut end 
pieces and measures 161" wide x 41/2" high x 
121 " deep. Bogen 
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INTEGRATED AMPLIFIER 
The SA660 integrated stereo amplifier sup- 

plies 60 watts of continuous r.m.s. power per 

channel with less than 0.2% harmonic distor- 
tion at any frequency from 20 to 20,000 Hz, 
both channels operating, according to the com- 
pany. IM distortion is less than 0.2% at 120 
Batts or any lower power level while noise is 
85 dB below rated output from high -level inputs 
and 72 dB from low -level inputs. 

Special features of the amplifier include con- 
centric bass and treble controls for optimum re- 
sponse from both channels in any environment, 
a built -in aural null stereo balancing system. and 
an exclusive T- circuit for precise control over the 
associated speaker system all the way down to 
zero hertz. The unit measures 5110 " x 161 :11;" 
x 1334 ". JBL 
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PORTABLE STEREO RECORDER 
Sony's new Model 770 is an a.c. -d.c. seven - 

inch portable stereo recorder which incorporates 
a number of features that make it suitable for 
professional recording applications. 

It features the company's SNR noise -redaction 
system which provides noise -free playback of all 
recorded tapes by automatically reducing the 
gain of the playback amplifier during quiet pas- 
sages. It reduces the noise level to almost in- 
audibility and doubles the dynastic range of the 
recorded material. 

Operating at three speeds, frequency response 
is 20- 22,000 Hz at 7Y2 in/s. Wow and flutter 
is 0.09% at 71/2 in /s and S/N ratio is 58 dB 
with the SNR switched off and 64 dB with it 
switched on. 

The recorder is available in two versions: the 
770 -2 has four heads, two -track erase, record 

sod playback, plus a four -track playback head. 
The 770 -4 has four heads, four -track erase, rec- 
ord and playback, plus a two -track playback 
head. Superscope 
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CONSOLE SPEAKER SYSTEM 
A new console speaker system which incorpo- 

rates two 12 -inch woofers with plastic foam cone 
suspension, an 8 -inch midrange with a rubber 
cone suspension, and an aluminum voice -coil 
tweeter is now on the market as the "Six -B ". 

The speakers are encased in a picture -frame 
cabinet with molding designed to blend in with 
furnishings of any period. A pedestal base 
"floats" the cabinet. A special grille cloth seems 
to change pattern in color and texture as the 
position of the viewer and of the light sources 
change. 

Frequency response is 20- 20,000 Hz and the 
system will handle 60 watts of program material. 
Impedance is 8 ohms. The enclosure measures 
25" high x 29" wide x 15" deep. Electro -Voice 
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DUAL -POWER RECCRDER 
The Model F -98 is designed for voice or mu- 

sic recording in business, schools, or the home. 
It features solid -state electronics, a high -power 
amplifier, and an acoustically matched speaker. 

The compact portable (12" x 9" x 41/2 ") 
contains a built -in dynamic remote- control mi- 
crophone with a separate microphone input for 
conference recording. It will record or play up 
to 11/2 hours on a single tape cassette. Record 
level control is selectable-automatic or manual. 

Other special features include vu recording 
level meter, tone control, cassette ejector, digital 
tape counter, push- button operation, monitoring 
while recording, battery or a.c. operation, and 
servo drive motor with electronic speed control. 
Concord 
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MARINE SOUND SYSTEM 
A new marine "Sound Center" designed to 

provide maximum clarity and range in voice 
projection and sound pickup, is now available 

in a single unit for various boating applications. 
In addition, the unit includes a manual and 

automatic fog horn, an intercom facility, and a 
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unique alarm feature which can be connected to 
warn of fires, bilge leaks, or break -ins. Operat- 
ing on 12 -volts d.c., the Sound Center has a 
compact 10" x 31/2" x 53 /s" console. The hous- 
ing is of vinyl -clad aluminum with an internal 
speaker mounted in its molded front panel. It 
also has a carbon microphone with a coiled cord, 
press -to -talk switch, and mounting clip. Simp- 
son Electronics 
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CASSETTE RECORDER /PLAYER 
A new version of the Micro 12 portable cas- 

sette recorder /player, featuring a leatherette 
carrying case with built -in speaker, is now avail- 
able as the Micro 22. 

In addition to the case /speaker, the outfit in- 
cludes an a.c. adapter, earphone, telephone pick- 

up, and remote -control dynamic microphone. It 
comes with three 60- minute blank cassettes. The 
recorder may be played through its own speaker 
or through the larger speaker mounted in the 
bottom of the carrying case. It operates on five 
"C" cells or a.c. current. The entire outfit weighs 
approximately 5 pounds and measures 10" x 
3'ír:" x 123,á ". Compartments in the carrying 
case are used to hold accessories and cassettes. 
Ampex 
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CB- HAM -COMMUNICATIONS 
CB TRANSCEIVERS 

A new line of portable CB transceivers which 
feature all- solid -state circuitry and new slim - 
design is now being marketed under the Realistic 
label. 

The line starts with a low -cost 100 -mW unit 
and steps up in power and price to a professional 
six -channel, 5 -watt model. 

The TRC -1B is a single -channel 100 -mW 
unit with 7 transistors and 1 diode; the TRC - 
25A is a dual -channel, 9- transistor 100 -mW unit 
with separate speaker and microphone; "Rover - 
1000" is a 1 -watt, single -channel, I I- transistor, 
2- diode, 1- thermistor model with automatic 
noise limiter and battery indicator; "Sportsman" 
has 2 watts output, a single channel, 10 silicon 
transistors, 3 diodes, 1 thermistor, automatic 
noise limiter, and battery indicator. 

The top -of- the -line models are the TRC -99A 
with 3 channels, 13 transistors, 6 diodes, 3 
thermistors, and one IC, base -loaded telescopic 
antenna, automatic range boost, noise limiter, 
battery and r.f. indicator, separate microphone 
and speaker, and adjustable squelch controls; the 
TRC -100 is a 5 -watt unit with 6 channels, 14 
transistors, 7 diodes, 3 thermistors, and one IC. 

All units come equipped with batteries, tele- 
scopic antenna, and crystals for CB channel 11. 
All 1- to 5 -watt units include a carrying case. 
Radio Shack 

Circle No. 19 on Reader Service Card 

AVIATION -BAND MONITOR 
The tunable "Flight Monitoradio" Model AR- 

136D covers the frequency range from 108 to 
136 MHz. It features a graphic dial that presents 
frequency assignment areas for navigation fa- 
cilities, terminal air traffic control, enroute air 
traffic, and the emergency channel. 

Three simple controls, "on /off- volume ", 
squelch, and tuning provide for trouble -free op- 
eration from standard 117 -volt a.c. lines. The 

receiver contains 9 tubes and delivers 0.8 -watt 
audio output at less than 10% distortion. A sim- 
ple 24 -inch wire antenna gives good reception in 
high signal- strength areas, according to the com- 
pany. 

The all -steel cabinet is vinyl -laminated in 
wood grain and measures 12" x 61/4" x 61/2" 
Regency 
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MANUFACTURERS' LITERATURE 
SEMICONDUCTOR CATALOGUE 

A 28 -page catalogue describing the company's 
line of semiconductor products is now available 
for distribution. Included are electrical specifi- 
cations and ratings on regulators, MIL -Spec 
items, general -purpose diodes, rectifiers, tunnel 
diodes, temperature- compensated reference de- 
vices, SCR's, TD /SCR switching system, tunnel 
diode trigger, photovoltaic components and de- 
vices, and readouts. 

Dimensional drawings are included for all case 
types. Centralab 
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BIOMEDICAL INSTRUMENTS 
A 36 -page brochure describing biomedical 

monitoring and recording systems has been pub- 
lished. The two -color, fully illustrated publica- 
tion describes physiological data instrumentation 
for clinical and research applications, operating 
rooms and intensive care units -from the basic 
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001/$077, FOR SOLDERING AND DESOLDERING 

unijOR maak vil 
SOLDER AND DESOLDER WITH ONE TOOL! 
The Uniline Mark VII is a dual purpose pencil soldering- desolder- 
ing tool. This truly revolutionary system allows you to solder 
and desolder any joint with finger tip ease and control. Simply 
press the button to desolder. How about that! 

The tool is composed of three basic components that give it 
unprecedented versatility. You can select what you need from: 
FOUR DIFFERENT COLORS OF HANDLES, FOUR INTERCHANGE- 
ABLE HEAT CARTRIDGES (20-30-40 & 50 WATTS), DOZENS OF 
DIFFERENT TIPS IN MANY DIFFERENT STYLES AND SHAPES. 

How's that for a combination tool? Exciting. isn't it! If you are 
interested in saving time and money you need one right now. 
See your local distributor today, and tomorrow start enjoying 
cost reduction you never thought possible. 

January, 1969 

AS LOW AS 

'12.9 
20 WATT ONLY 

SEE YOUR LOCAL DISTRIBUTOR TODAY! iv vanQuaRÖ 
ELECTRONIC TOOLS INC. NEWTON, KANSAS 
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LIKE MUSIC 
WITHOUT COMMERCIALS? 
The SCA -2B Sub -Carrier Adapter makes it possible 
for you to enjoy the background music transmitted 
on a 67KHz sub -carrier on many FM stations. 
(These programs cannot be heard on a FM set 
without an adapter) In the US there are approxi- 
mately 400 FM stations authorized by the FCC to 
transmit the 67KHz programs. If you are within 50 
miles of a city of 100.000 or more, it is probable 
that you are within the satisfactory reception range 
of one or more of these stations. If in doubt write 
for a list of such stations in your area. 

Patent Pending 

Sub -Carrier Adapter, Model SCA -2B with two 36" 
shielded cables. Price $39.95. 
117 Volt AC Operated Power Supply, PS.9, Price 
$4.95. 

SCA -2B FEATURES 
SIZE: 4" x 2i)" x 178'. Simple plug -in connec- 
tions to your FM tuner /amplifier. (If your FM 
tuner does not have a multiplex output jack, we 
supply hook -up information). No installation 
adjustments All silicon transistors Operates 
from our PS -9 Power Supply or 6 to 12 volts D.C. 

One Year Factory Guarantee 
For Custom Installations: Completely Wired SCA -2 
PC card (size: 21/2" x 3" x %') with installation 
instructions for 831.95. Also available SCA -2 
installed in AC operated Panasonic 7- Transistor 
AM -FM Radio Model R -E6137 $61.95. 

Write for Dealer Quantity Discounts. 
Commercial Ilse of tliese units is not advised, unless 
the consent of the originating station is obtained. 

Send order to KENZAC CO. 
P.O. Box 177. Stamford, Conn. 06904 

or KENZAC Co. 
P.O. Box 66251, Houston, Tex. 771106 

CIRCLE NO. 107 ON READER 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 -Fi's, and thousands 
of other Electronic Values. Credit plan 
available. 
NAME 

ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you have a friend interested in electronics 
send his name and address for a FREE svb- 
scription also. 

OLSON ELECTRONICS 

303 5. Forge Street Akron, Ohio 44308 
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transducers and signal conditioners to the final 
data readout and recording devices. Honeywell 
Test Instruments 
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INSTRUMENTS CATALOGUE 
A new 20 -page catalogue covering the firm's 

entire line of digital instruments is now available 
for distribution. 

The publication gives complete technical de- 
tails on a line of digital volt- and multimeters, 
panel- mounting meters, electronic time and fre- 
quency measurement instruments, and curve 
tracers. The booklet also includes pricing infor- 
mation as well as optional capabilities, plug -ins, 
and available accessories. Fairchild Instrumen- 
tation 
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RELAY DATA 
A 2(1 -page distributor stock catalogue that 

provides technical and buying data on more than 
50 electromechanical relays and optoelcctronic 
components is available. 

Three new products lines are included in the 
catalogue for the first time. All products are il- 
lustrated and dimensioned, and descriptive copy 
and tabular data provides basic specifications, 
ordering information, and prices. 

The catalogue also includes a relay selection 
guide which is cross -referenced for desired per- 
formance features to specific general -purpose, 
sensitive, power, and high -performance relays, 
and a section on engineering considerations in 
relay selections. Sigma 
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ALL- PURPOSE POWER SUPPLIES 
Catalogue # 154 is a 40 -page publication 

which describes a complete line of power sup- 
plies and related devices. It is designed to pro- 
vide simplified access to specific models which 
meet most power- supply requirements. 

Included in the catalogue are MIL -Spec d.c. 
power modules, wide -range d.c. power nodules, 
slot -voltage modules, d.c.- to -a.c. inverters, a.c.- 
to-a.c. frequency changers, solid -state a.c. regu- 
lators, dual -tracking modules, and a variety of 
laboratory power supplies intended for bench or 
experimental use. ERA 
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TAUT -BAND PANEL METERS 
Catalogue No. 868 describes three new lines 

of taut -band panel meters. The meters are high - 
precision, permanent- magnet /moving -coil units 
offered in a wide range of sizes and types. 

Complete specifications and prices are includ- 
ed, together with full information on options, 
modifications, and specials. Modutec 
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PHOTOCONDUCTIVE CELLS 
A new line of photoconductive cells which 

offers narrow resistance tolerance in an off -the- 
shelf product, is described in a one -page data 
sheet. 

Resistance tolerance of the "T" series of photo- 
cells is guaranteed to be within ±15% of stated 
values from 1 to 100 footcandles. The data sheet 
includes dimensions, a table of specifications, and 
a curve of resistance vs illumination level. Clai- 
rex 
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SOLID TANTALUM CAPACITORS 
Specifications GR500 and GR500 /J covering 

}Collet Style KG graded high -reliability solid 
tantalum capacitors are now available. 

Specification GR500 is general -product speci- 
fication covering Kemet's requirements for high 
reliability, solid -electrolyte, hermetically sealed 
solid tantalum capacitors with predetermined 
failure rates. Capacitors covered by this specifi- 
cation are intended for use where failure rate, 
shelf life, stability, leakage current, and maxi - 
mum resistance to environmental factors are of 
major importance. 

Specification GR500 /J is a complete section 
providing applications information and data for 

"KGJ ", which are available to 0.0001% per 
thousand hours failure rate level. Union Carbide 
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INSTRUMENT CATALOGUE 
A new line of precision industrial instruments 

is illustrated and described in a new 12 -page 
catalogue, Bulletin 368A. 

The catalogue has prices and specifications on 
solid -state digital equipment including a v.o.m., 
a new electronic counter, and a digital system 
featuring plug -in modules for voltage, current, 
and resistance measurements as well as auto- 
matic ranging. 

Also included are strip -chart recorders, a 
multi-range milliohmmeter, and multicorders. 
Simpson Electric 
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RESISTOR CATALOGUE 
A revised edition of Catalogue A covering 

standard wirewound and film resistors has been 
issued in a 56 -page format. 

Included for the first time in the expanded 
product lines shown in the catalogue are estab- 
lished- reliability film resistors and bobbin re- 
sistors, miniature epoxy molded bobbin resistors, 
housed film resistors for through- chassis mount- 
ing, and a complete line of wirewound, film, 
and Cermet packaged networks. 

The company's standard lines of precision and 
commercial wirewound resistors are also cov- 
ered. Dale 
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SOLID -STATE RELAY 
Catalogue 750 describes unique features of 

the SSA line of solid -state relays, such as inherent 
contact isolation and universal operating voltage 
range. 

Also included in the publication are electrical 
and mechanical specifications; contact forms, rat- 
ings, resistance on closed or open contacts, iso- 
lation characteristics, and timing. Mechanical 
specs include mounting and terminal informa- 
tion plus data on conformance to environmental 
conditions. Ohmite 
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POWER -LINE FILTERS 
Various custom- designed power -line filters, 

ranging from single- circuit to eight- circuit filter 
paks and designed for use in airborne, satellite, 
and commercial applications are covered in a 
new 8 -page brochure just issued. 

Attenuation curves, dimensional diagrams, and 
basic schematics are outlined for 13 filter pak 
models including all- purpose filter paks for in- 
put power lines in console systems, high- attenua- 
tion models (greater than 100 dB) from 14 kHz 
to 1 GHz either a.c. or d.c., special designs for 
multi -voltage power supplies, and the Model 
EMI -F0013 featuring six 10 -amp filters in a pak 
less than four cubic inches. Sanders Associates 
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PHOTO CILEI /ITS 
Page Credit 

22 Acoustic Research, Inc. 

25 (top left) RCA 

25 (top right) Admiral 

34 (top) North American Rockwell 

34 (center) Honeywell Marine Systems 

34 (bottom) Automatic Electric (Canada) Ltd. 

35 (top left) Automation Industries 

35 (top right) Sperry Rand 

35 (center) Dubbings Electronics 

35 (bottom) RCA 

36 San Francisco BART District 

38 Westinghouse 

49 Fairchild Semiconductor 
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ELECTRONICS 
MARKET PLACE 

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 850 per word (including name and address). Minimum order 
$8.50. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% 
for 12 months paid in advance. 
READER RATE: For individuals with a personal item to buy or sell. 50¢ per word (including name and address). No minimum! Payment must accom- 
pany copy. 
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 100 extra per word. 
All copy subject to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st). Send order and 
remittance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016. 

FOR SALE 

JUST starting in TV service? Write for free 32 
page catalog of service order books, invoices, 
job tickets, phone message books, statements 
and file systems. Oe!rich Publications, 6556 W. 
Higgins Rd., Chicago, III. 60656. 
GOVERNMENT Surplus Receivers, Transmitters, 
Snooperscopes, Radios, Parts, Picture Catalog 
250. Meshna, Nahant, Mass. 01908. 
METERS Surplus, new, used, panel or port- 
able. Send for list. Hanchett, Box 5577, River- 
side, Calif. 92507. 
CONVERT any television to sensitive big- screen 
oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans, $2.00. Relco -A22, Box 10563, Houston, 
Texas 77018. 
MUSIC LOVERS, CONTINUOUS, UNINTER- 
RUPTED BACKGROUND MUSIC FROM YOUR 
FM RADIO, USING NEW INEXPENSIVE ADAPT- 
ER. FREE LITERATURE, ELECTRONICS, 11500 -Z 
NW 7th AVE., MIAMI, FLORIDA 33168. 
TREASURE HUNTERS! Prospectors! Relco's new 
instruments detect buried gold, silver, coins. 
Kits, assembled models. Transistorized. Weighs 
3 pounds. $19.95 up. Free catalog. Relco -A22, 
Box 10839, Houston, Texas 77018. 
NEW Sensitive Treasure Metal Detectors. New 
low prices. Professional models from $29.95 to 
$129.50. Write for free catalog today. Jetco Elec- 
tronics, Box 132 -E, Huntsville, Texas 77340. 
WHOLESALE components: Manufacturers and 
distributors only. Request free catalog on busi- 
ness letterhead. WESCOM, Box 2536, El Cajon, 
California 92021. 
'BUG' DETECTORS, SURVEILLANCE TV, CON- 
FERENCE RECORDERS, TELEPHONE ACCES- 
SORIES, INTRUSION ALARMS. FREE DETAILS: 
SECURITY ELECTRONICS EW, 13 EAST 43RD 
STREET, NEW YORK, N.Y. 10017. 
ELECTRONIC ignition, various types. Free litera- 
ture. Anderson Engineering, Epsom, N.H. 03239. 
ALARMS! Controls and components. Complete 
stock. Installers welcome! Free catalog writing 
letterheads, business card. Otherwise $1.00 re- 
fundable first purchase. SILMAR ELECTRONICS, 
3476-78 N.W. 7th Street, Miami, Florida 33125. 
GARRARD Record Changers, Hi -Fi Components, 
Cartridges, Needles, Tape, TV Parts, Schematics. 
Write for Unbelievable Prices. Gregg Electronics, 
P.O. Box 184, Glen Head, N.Y. 11545. 

WRITE now for free 1969 catalog McGee Radio 
Company. 1001 bargains. Speakers - Parts - 
Tubes - High Fidelity Components - Record 
Changers -Tape Recorders -Kits. Everything in 
Electronics. 1901 McGee Street, Kansas City 
(GE), Missouri 64108. 
SEND ONLY 25¢ for TWO new & unique catalogs 
of unusual items for home & auto. You'll also 
receive certificate for $1.00 refund on your first 
order. Great ideas! Send now! J. Ross, 80 -34 
Kent St., Jamaica, N.Y. 11432. Dept. EW. 

21ST CENTURY SCIENCE PRODUCTS. Incredible 
science products of the future, available now! 
Amazing catalog and gift -500. R.J. Graham, 
171 East Bank, Fond du Lac, Wisconsin 54935. 
INVESTIGATORS, LATEST ELECTRONIC AIDS. 
FREE LITERATURE. CLIFTON, 11500 -J NW 7th 
AVE., MIAMI, FLORIDA 33168. 
LABORATORY chemicals supplies. 1969 catalog 
has over 400 listings many scientific publica- 
tions, catalogues $.25. Caseco, Dept. X, P.O. 
Box 77, Riverdale, New Jersey 07457. 
VX6 RESTORES old, weak or dead car battery, 
approximately 2 years longer life. $2.98. Money 
back guarantee. Fuller Distributor, 728 Hummel, 
Lemoyne, Pa. 17043. 
POCKET MONITOR RECEIVER, crystal con- 
trolled, low priced. Free catalog. JMD Electron- 
ics, 328 Madison Ave., West Hempstead, N.Y. 
11552. 
TELEVISION Doctor, $1.00. Thomas Garber, 104 
Ashley Street, Korn Krest, Wilkes -Barre, Penna. 
18702. 
FREE ELECTRONICS PARTS FLYER. Large cata- 
log $1.00 deposit. BIGELOW ELECTRONICS, 
BLUFFTON, OHIO 45817. 
3600 VOLT rectifier 650. 1200 volt shock mod- 
ule $5.95. 14" x 12" printed circuit boards, 
fiberglass epoxy $3.95. 35uí -35v tantalum ca- 
pacitors 5 for $2.00. 7 pin miniature tube socket 
test adaptor $1.00. Catalog 200. Franks Scien- 
tific Co., P.O. Box 156, Martelle, Iowa 52305. 

PLANS AND KITS 
BUILD -IT- YOURSELF. Save big dollars. Transis 
tor stereo amplifiers. Color organs. Speakers. 
Write Workshop, Box 393, Bethpage, NY, 11711 
INTEGRATED CIRCUIT KITS: COMPUTER, AU- 
DIO, Others. New catalog free. KAYE ENGI- 
NEERING, Box 3932 -B, Long Beach, California 
90803. 

FREE Catalog F fN E STV GOVT 
SURPLUS ELECTRONIC BARGAINS 

Now BIGGER and 
BETTER Than Ever! 

1 --- -MAIL COUPON TODAY - - - -1 

NAME: 

I ADDRESS: 

I CITY: STATE: ZIP NO 

FAIR RADIO SALES 
_I 

Dept. EW BOX 1105 
LIMA, OHIO 45802 
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METAL DETECTOR, for complete plans, dia- 
grams, to construct a sensitive metal detector. 
$2.00. Phaeton Corp., 292 W. Boylston St., W. 
Boylston, Mass. 01583. 

WANTED 

QUICK CASH . for Electronic Tubes, Semi- 
conductors, Equipment (Receivers, Transmit- 
ters, Scopes, Vacuum Variables, etc.) Send lists 
now! Write: BARRY ELECTRONICS, 512 Broad- 
way, New York, N.Y. 10012 (212 -WA 5- 7000). 

QUICKSILVER, Platinum, Silver, Gold. Ores An- 
alyzed. Free Circular. Mercury Terminal, Nor- 
wood, Mass. 02062. 

WANTED: Manufacturer to market receiver with 
novel crystal filter providing s.s.b. capability. 
Patent applied for. Atlantic Electronics Labs., 
1607 Holly Blvd., Manasquan, N.J. 08736. 

DO -IT- YOURSELF 

PROFESSIONAL ELECTRONICS PROJECTS - 
$1.00 up. Catalog 250. PARKS, Box 25655A, 
Seattle, Wash. 98125. 

,r LIBERTY PAYS MORE! 1 
WILL BUY FOR CASH 

ALL TYPES: 

* ELECTRON TUBES 

* SEMICONDUCTORS 
* TEST EQUIPMENT 

* Military Electronic Equipment 
WIRE -WRITE -PHONE COLLECT! 
We pay freight on all purchases- 

LIBERTY OFFERS MORE! 
PRESTEL FIELD STRENGTH 
METER 
(Model 6T4G) 

Only 

'12000 

Calibrated from 40 to 230, and 470 to 860 
in 4 Bands Megahertz, from 10 to 50,000 
Microvolts. Nothing makes it easier to prop- 
erly and speedily find the correct place to 
install TV, FM and Communication Antennas. 
You can measure and hear the signals with 
this 41/2 volt battery economically powered 
unit. There is nothing else like it! 

LIBERTY ELECTRONICS, Inc. 
548 Broadway, New York, New York 10012 

Phone (212) 925 -6000 
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"ARCTURUS SALE" 
Tube cartons 6AU6 etc. size, $2.15 per 100. 

6SN7 etc. size, $2.55 per 100. 5U4GB size, $2.95 
per 100. 5U4G size, .$3¢ each. 

7" 90° TV bench test picture tube with adapter. 
No ion trap needed. Cat. #7BP7, $7.99. 

Silicon rectifier, octal -based replacement for 
5U4, 5Y3, 5AS4, 5AW4, 514, 5V4, 5Z4. With 
diagram. Cat. # Rect 1, 99d each. 

5 transistor circuit boards containing up to 6 
transistors, plus diodes, resistors, capacitors, etc. 
Cat. # TB10. 990. 

Kit of 30 tested germanium diodes. Cat. #100, 
990. 

RCA -110° flyback transformer, latest type, in. 
cludes schematic diagram. Applicable to any TV. 
Cat. # BR -1, $2.99. 

Color yokes. 70° for all around color CRT's. Cat. 
# XRC70, $12.95. 90° for all rectangular 19 to 
25" color Cr<T's. Cat. #XRC90, $12.95. 

Transistorized U.H.F. tuners used in 1965 to 
1967 TV set; made by Admiral, RCA, Motorola, etc. 
Removable gearing may vary from one make to an- 
other. Need only 12 volts d.c. to function. No fila- 
ment voltage needed. Easy replacement units. Cat. 
# U.H.F. -567, $4.95. 

U.H.F. Tuner -original units as used in TV sets 
such as RCA, Admiral, etc. covering channels 14 
through 82, as part #94D173 -2. Complete with 
tube. Drive gearing is removable. Can be used in 
most sets. Cat. # U.H.F. -3, $4.95. 

F.M. tuner -Hi /Fi amplifier tuning unit. Tunes 
from 88 to 108 mc. Contains two 10.7 Mc. I.F. 
transformers, one 10.7 sound discriminator, R.F. 
oscillator and mixer tages and 12078 tube. I.F.'s 
are standard "K" type. Circuit diagram for build- 
ing F.M. radio included. Also p:an for building 
F.M. tuner. Sam's photofact #620 shows 2 app,i- 
cations, 1 for radio, 1 for Hi- Fidelity tuner and 
amplifier. Cat. #FM-20, $4.95. 
Send for our free catalog listing thousands of 
similar best buys in tubes, parts, transistors, 
rectifiers, etc. Orders under $5.00, add $1.00 
handling charge. Include 4% of dollar value of 
order for postage. Canadian postage $1.00 extra. 

ARCTURUS ELECTRONICS CORP. 
502 -22nd St., Union City, N.J. 07087 Dept. MEW 

Phone: 201 -UN 4 -5568 

CIRCLE NO. 123 ON READER SERVICE CARD 

RECTIFIERS & TRANSISTORS 
Silicon Rectifiers 

PIV 251 501100'200 400 6001 80011000 1200 
1A" - .03 .04 .06 .08 .10 .14 .171 .22 

3A .04 .05, .06 .08 .11, .15 .22 .30. .38 
18A" .09 .151 .19 .291 .391 .491 - - 

20A 1.151.20' .25 .39 .50 .75 .901 1.1511.40 
40A '.25 .35 .60 .90 1.20 1.50 1.80 2.10 2.40 

I I:u. ;tele -.. **l'rc..1a. 3, 20, .10 Studi 
Silicon Controlled Rectifiers 

1500 PIV 
STUD 

200 MA. 
290 Ea. 

PRV 251 501 1001200 
1 

4001 600 
1A" ,.08,.12.18 .30 .55 .85 
7A .11 .141 .201 .45 .90 1.20 

18A .15 .231 .35 i .601 1.10 1.40 
20A .18 .32 .45 .70,1.1511.95 

= TI,linl *:. i _,t .u.i, .tud 
Germanium Power Transistors 

150W- TO -3 -7A 
2N456A- 40V -.25 2N 458A- 80V -.45 
2N457A- 60V -.35 2N1021A- 100V -.60 

2N1038 -40V -8 /$1.00 -20W TO -5 -3A 
2N511- 40V -50d; 2N511A- 60V- 70f -25AMP TO -3 

Silicon Power Transistors 
2N 389A 85W, 60V -.55 2N1048A 40W 120V -.55 
2N 424A 85W, 80 '4-.65 2N1718 10W 60V -.15 
2N 497 4W, 60V -.10 2N1719 10W 100V -.20 
2N 498 4W, 1COV -.12 2N1724 50W 80V -.65 
2N1047A 40W, 801-.40 2N2151 30W 80V -.25 

Silicon Small Signal 
NPN, TO -5 

2N696 7/$1.00, 2N697 6/$1.00, 2N699 5/$1.00 
3N34 Tetrode -60¢; IN34A Diodes 100/$2.25; 
2N1142 Ge:. Hi -Freq. Amplifier 4/$1.00; Thermistor 
Beads, 900 ohmor 1200 ohm- 3/$1.00; Varicaps- 
27, 47, or 100 pF, 4V -$1.25 ea.; P.C. Board, 8 "x 
8 "xl /16" 1 oz. Copper- 2/.98d; Photo Cells, Herm 
Glass, 5 Diff. for $1.00; 2N1300 Series, TO -5, As- 
sorted -10 /$1.00; I.C. Dual -in- Line- 20/$1.00; Flat 
Pack -20/$1.00; TO -5- 15/$1.00 

ASSORTMENTS 
Precision resistors firm 50 /$1.00 
Precision resistors wirewound 40/$1.00 
Ceramic capacitors 70/$1.00 
Relays 6 different types 6 /$1.00 
Free $1.00 pack with $10.00 order; Min. 
order $3.00. Send sufficient postage, over- 
age refunded. Fully Guaranteed. Free Cata- 
log 

ELECTRONIC COMPONENTS CO. 
Box 2902 Baton Rouge, La. 70821 

RECORDS 
SPECIAL INTEREST RECORDS AVAILABLE, PRO - 
DUCED BY THE EDITORS OF THE WORLD'S 
LEADING SPECIAL INTEREST MAGAZINES. 
SEND FOR FREE CATALOG. RECORD CATALOG - 
EW, ZIFF -DAVIS PUBLISHING COMPANY, ONE 
PARK AVENUE, NEW YORK, N.Y. 10016. 

OLDIES-- 45RPM. Original hits. Over 1500 
available. Catalog 250. C & S Record Sales, Box 
197, Wampsville, N.Y. 13163. 

19¢ RECORDS from your tapes. Write Concert 
Recording, Lynwood, California 90262. 

CLASSIFIED ADVERTISING ORDER FORM 
Please refer to heading on first page of this 
frequency discounts, closing dates. etc. 

section for complete data concerning terms, 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 

Words ( @ .50 Reader Rate = 
( .85 Commercial Rate 

Insert time(s) Total Enclosed $ 

NAME 

ADDRESS 

CITY STATE 7IP 

SIGNATURE 
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one 
word each. Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does not permit.) 
Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols such as 
35mm, COD, PO. AC, etc., count as one word. Hyphenated words count as two words. EW -169 

MAIL SHOPPING MART LVA UES 
A selection of products available by mail for readers of Electronics World. 

All merchandise sold on a money -bock guarantee. Order direct by Stock No. Send check or M.O. 

ORDER 

-agg YOUR MUSIC IN DAllLING ACTION with 4151 310N) 

DRAMATIC BREAKTHROUGH IN 
AUDIOVISUAL ENJOYMENT 

See your favorite music translated into fan- 
tastically colorful patterns; each note creat- 
ing its own unique, everchanging image in 
perfect time with the music. Easily attached 
to stereo. radio. tape recorder. Send 25e 
in coin for 16 -page booklet. >~ 9096AK. 

No. 85,151AK- WALNUT CABINET MODEL ...... S99.50 FOB 
No. 71,030A1( 8" SET . .. .. .. .. 45.00 Ppd. 
No. 71,009ÁK 8" DO- IT- YOURSELF KIT 22.50 Ppd. 

GIANT WEATHER BALLOONS 
-11a II. , i inn" tot. kills. traffic stopper's 

terrific for alnatelu' nteteurulo- 
ui,ia. Create a neighborhood sensation. 
tireat backyard fun. Exciting beach at- 
traction. Made of heavy duty neoprene. 
Inflate with vacuum cleaner or auto air 
Lose; or locally available helium for 
high rise. 
Stock No.60.568AK ( 8'diam.) $2.00 Ppd. 
Stock No.60,632A I( (16'diate.) $7.00 Ppd. 

PLASTIC MODEL V -8 ENGINE 
Hours of tuul tiet thrill at building 
item own easily assembled engine 
i rota over 1 parts. Then push Hitler and tauclt it run. Crankshaft 
res.)tes. Iia.,lli move. valves open 
and ('lust' iu sequence with spars: 
!hugs. floes everything but burn oil. 
i scale. mudded hi 4 colors. Used 

in many auto -mechanic course,. Ex- 
cellent. easy -to- understand "tech 
manual." 
Stock No. 70.448M( $12.95 Ppd. 

GIANT FREE CATALOG 

148 Pages- 1000's of Bargains! 

FASCINATING MOIRE 
PATTERN KITS 

Nota expl.,r, the world st "Op PhOtog- 
rapliy." Pauhtst is visual effects. Lint - 
itle -. atpl ications. 1.1100's of uses for 
huhle l'in. photographers. home experi- 
menters. Fun! Profitable! Contains S 

basic patterns on bot)[ clear acetate 
and white Kronskete. 150 dot screen 
on film, book. Other sets incl. negatives 
available. Write for details. 
Stock No. 70.719AK ... ..$9.50 Ppd. 

SAME KIT IN FULL COLOR 
Stock No. 60,530A1< $12.50 Ppd. 

NEW SURPLUS Ni-Cd BATTERIES 
t hall ..11', 1...I14 I',I t' 

.I,ar;[e aloi ,li- ili:ll'_e cycles. 
I.Y. u,lt, per cell --.7u milliampere 
boor, czwavily. Excel. charge l'eten- 
tiuu. 1l eruu'tically sealed. Indefinite 
storage iii e. Multiple cells welded in 
series- eastty eut. Combine to form 
ht ry. 7,k" .lia. x 1 %" high. Spec. 
price toe Intl rip, Lou' -l'ont charger 
C epa l'tl te. 
Order s Cells DC Volt Price Ppd. 
40.986A K 1 1.25 $1.50 
40.987A i< .2. 2.50 2.75 
60.633A it 3 3.75 3.60 
60.634A l< 4 5.00 4.80 
60.703A I< I Battery Charger) 3.25 

EDMUND SCIENTIFIC 
CO. 300 EDSCORP 
BUILDING. BARRING. 
TON. N.J. 08007 
temp 

edition. New Items, 
categories. illustrations. 
electromagneticriC parts 

ries. Enormous 
selection of Astronom- 
ical Telescopes. Micro- 

scopes. Binoculars, Magnifiera. Magnets. 
Lenses, Prisms. Many war surplus 
items: for hobbyists. experimenters. 
workshop, factory. Mall coupon for 
,,ntalug "AK ". 

NAME 

ADDRESS 

('ITY 

sT ATF. ztr 
ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

EDMUND SCIENTIFIC CO 
300 EDSCORP BUILDING 
BARRINGTON. NEW JERSEY 08007 
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- GREGORY ELECTRONICS 

NINIC FM 
POCKET RECEIVER 

$5 
95 

WITH DRY BATTERY 

Add $7.50 for nickel -cad- 
mium battery. Add $20 
for crystals and tuning to 
your frequency. 

30 -50 MC or 150 -170 MC. 
All units new. Solid State, 
modular -assembly construc- 
tion. Adjustable squelch. 
Sensitivity 0.3 microvolts to 
break squelch. Dual conver- 
sion crystal controlled. With 
conventional dry cell or re- 
chargeable Bic -cad battery. 
Weight: less than 1 lb. Size: 
61/4 "x21/2 "x1 I /4 ". 

450 -470 me General- Electric 
Progress Line Accents 

10 watts, 12 volts /transistor power supply; front or 
rear mount- Complete accessories. 

Model No. EG48S 
Wide Band $178. 
Narrow Band $198. 
Same model with channel guard 5233. 

EG 48CT (Trunk) EG 48CF (Front) 

50 -Watt 450 -470 MHz 
Meets latest FCC narrow banding speci- 
fications. DumontM -430 RTN, with tran- 
sistorized power supply. New! In sealed 
factory cartons. 

with tone added $445., minus reeds. 

5. 

New! FM 100 -Watt 
Mobile Linear Amplifier 

High Band -146 -174 MC 
RF output 90 -120 watts into 50 ohms. 
Gonset Comtron Series -Model 972 -A 
In factory- sealed cartons. 
Installation Kit, if needed, Model 3459 

$150. 
$25 

Reconditioned & Used FM 

2 -WAY RADIO EQUIPMENT 
We have a most enlarged inventory 

now on hand for practically every- 

thing you need -at savings! Buy now! 

We Buy Late Model Equipment for Cash 
Send For '69 Catalog- Write; Wire or Phone! 

iarcr,aorvres.... 

GREGORY 
ELECTRONICS 
CORPORATION 

249 RT. 46, Saddle Brook, N.J. 07662 
Phone: (201) 489 -9000 

CIRCLE NO. 111 ON READER SERVICE CARD 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 
ASSOCIATE Degree in Electronics Engineering 
earned through combination correspondence - 
classroom educational program. Free brochure. 
Grantham Technical Institute, 1505 N. Western 
Ave., Hollywood, Calif. 90027. 
LEARN ELECTRONIC ORGAN SERVICING at 
home. All Makes including transistors. Experi- 
mental kit -troubleshooting. Accredited NHSC. 
Free Booklet. NILES BRYANT SCHOOL, 3631 
Stockton, Dept. A, Sacramento, Calif. 95820. 
HIGHLY effective home study course in Elec- 
tronics Engineering Mathematics with circuit 
applications. Earn your Associate in Science 
Degree. Free literature. COOK'S INSTITUTE OF 
ELECTRONICS ENGINEERING, P.O. Box 36185, 
Houston, Texas 77036. 
FCC First Class License in six weeks- nation's 
highest success rate -approved for Veterans 
Training. Write Elkins Institute, 2603C Inwood 
Road, Dallas, Texas 75235. 

January, 1969 

R.E.I.'s ramous (5) weak course for the First 
Class Radio Telephone License is the shortest, 
most effective course in the nation. Over 98% 
of R.E.I. graduates pass F.C.C. exams for 1st 
class license. Total tuition $350.00. Job place- 
ment free. Write for brochure Radio Engineering 
Incorporated Schools, 1336 Main Street, Sara- 
sota, Florida 33577 -or 3123 Gillham Road, Kan- 
sas City, Missouri 64109 -or 809 Caroline Street, 
Fredericksburg, Virginia 22401 -or 625 E. Colo- 
rado Street, Glendale, California 91205. 

ELECTRONICS! Associate degree -29 months. 
Technicians, field engineers, specialists in com- 
munications, missiles, computers, radar, auto- 
mation. Start February, September. Valparaiso 
Technical Institute, Dept. N, Valparaiso, Indiana. 

TUBES 
TUBES -33¢ each. Year guarantee. Tuner Clean- 
er $1.09. Free catalog. Cornell, 4213 -W Uni- 
versity, San Diego, Calif. 92105. 
TUBES, SEMICONDUCTORS, ELECTRONIC 
EQUIPMENT & COMPONENTS. Quality mer- 
chandise only! Serving engineers, Purchasing 
Agents, TV /HiFi Servicemen and Hams for 20 
years. Write for Catalog or call 212 -WA 5 -7000. 
BARRY ELECTRONICS, 512 Broadway, New 
York, N.Y. 10012. 
RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, All Brands -Biggest Discounts. Techni- 
cians, Hobbyists, Experimenters- Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jer- 
icho Turnpike, Mineola, N.Y. 11501. 
DON'T BUY TUBES -- Radio, TV- Xmitting, spe- 
cial- purpose types until you get our price list! 
Lowest prices in U.S.A. 5,000 types-- Guaran- 
teed Brand New. Send postcard for TV- Special 
Purpose Price List. UNITED RADIO COMPANY, 
P.O. BOX I000, NEWARK, N.J. 07101. 
TUBES, RCA, Sylvania, Eico, Dynakit. Electronic 
parts, books. Free catalog. Yankee Electronics, 
257 Huntington Ave., Boston, Mass. 02115. 

TAPE AND RECORDERS 
BEFORE renting Stereo Tapes, try us. Postpaid 
both ways - no deposit - immediate delivery. 
Quality- Dependability- Service -Satisfaction- 
prevail here. If you've been dissatisfied in the 
past, your initial order will prove this is no idle 
boast, Free Catalog. Gold Coast Tape Library, 
Box 2262, Palm Village Station, Hialeah, Fla. 
33012. 
TAPEMATES make available to you ALL 4 -TRACK 
STEREO TAPES -ALL LABELS- postpaid to your 
door -at tremendous savings. For free brochure 
write: TAPEMATES, 5727 W. Jefferson Blvd., 
Los Angeles, California 90016. 
RENT 4 -track open reel tapes -all major labels - 
3,000 different -free brochure. Stereo-Pa rti, 55 
St. James Drive, Santa Rosa, Calif. 95401. 
TAPE RECORDER SALE. Brand new nationally 
advertised brands, $10.00 above cost. Amazing 
discounts on stereo components. Arkay Elec- 
tronics, 1028 -B Commonwealth Ave., Boston, 
Mass. 02215. 
WHOLESALE - 4 -8 -track STEREOTAPES - Car, 
Home PLAYERS -CB, Recorders. MUSICO, Box 
11045, Montgomery, Alabama 36105. 
HI -FI Components, Tape Recorders at guaran- 
teed "We Will Not Be Undersold" prices. 15 -day 
money -back guarantee. Two -year warranty. No 
Catalog. Quotations Free. Hi- Fidelity Center, 
239 (LT) East 149th Street, New York 10451. 
STEREO TAPE CLUB; AVERAGE COST $3.78- 
$4.20 Cartridges, Cassettes, Reels. No minimum 
monthly purchases. Mail -10¢- catalog. Star 
Recordings, Box 1055, El Paso, Tex. 79946. 
STEREO Tapes, Save 30% and up; no member- 
ship or fees required: postpaid anywhere U.S.A. 
Free 70 -page catalog. We discount batteries, 
recorders, tape /accessories. Beware of slogans, 
"not undersold," as the discount information 
you supply our competitor Is invariably report- 
ed to the factory. SAXITONE, 1776 Columbia 
Road, N. W., Washington, D. C. 20009. 

HIGH FIDELITY 
FREE! Send for money saving stereo catalog 
#E1W and lowest quotations on your indi- 
vidual component, tape recorder or system re- 
quirements. Electronic Values Inc., 200 West 
20th Street, N.Y., N.Y. 10011. 
HI -FI Components, Tape Recorders at guaran- 
teed "We Will Not Be Undersold" prices. 15 -day 
money -back guarantee. Two -year warranty. No 
Catalog. Quotations Free. Hi- Fidelity Center, 
239 (L) East 149th Street, New York 10451. 

U.S. GOV'T ELECTRONIC SURPLUS 

Nationally Known -World Famous SURPLUS CENTER offers 
finest, most expensive, Government Surplus electronic units and 
components at a fraction of their original acquisition cost. 

ORDER DIRECT FROM AD or WRITE FOR CATALOGS 

(IBM) SILICON DIODE RECTIFIERS 
"Great Burs" in lop quality, surplus, silicon diode rectifier unit,. 

111111 Computer Units) 

(B) 

(C) ) ¡sit, 

fi( CREC4 I - - 'I .o 12- unau.. 3a -v'. silicon diodes on 
nest almi noun, sinks. II Ih. i I A) $2.69 

I n22 -925 1- - l' win 1,-a. p.. I5o.v, silicon diodes m, 
lin,..t aluminum sinks. II ib. i (B) $1.31 

( ell -949 ) - - s lcht 14 -amp.. lad -S. silicon diodes on 
heavy cooper heal sinks. ( i In. 1 (C) $3.97 

K( #11-900 ) - - Six I amp.. I OO.S. stile. diodes ,,, 
ulka .trip. SP, c, matile, ( I 1h.). (D) $1.71 

( #22-926 I - - 1 w n 25anup.. 314\. silion diodes om 

heat, supper twat sink. r I lb. I (E) $2.69 
( #22 -914 I - one 23-amp., So -á. silicon diodes oil 

heavy copper heal .ink. 11 In. I (F 1 $1.81 

COMPUTER TRANSISTORS ON HEAT SINKS 
IBM Computer Quality Units 

I #22 -928 ) -- h nit eoo .i.l.,r one ion - 
nR power transistor on neat', dhhed, 

aluminl heat sink. Hum experimental 
uses. ( in.) $1.99 Cost la,n'l over $111.19/ 

( #22-915 I 1 nit 1.1111siOlS i I 150- 

diodes. pacit ,r.. . etc. . J - 
ina 

h v n 
ribbed alum heal .inks. Ideal 1 s 4 
motor speed control. 1 4 Ins., . 

,,,,t I.,,n 't Oyer ,i, 00 $491 

COMPUTER GRADE FILTER CAPACITORS 
, drFe 

1NP 
units. I tin:mate need for c 

h 10 Ibs`1 

InC- 14 -1I -- (5,500 -dF . 10 -Volts .99 
IBC- 10 -2I -- 1500 -MF 150 -Volts .98 
(#C- 10 -31 -- 5000 -dF@ 55 -Volta .97 
(#C -14-11 - - 12,500 -dF @ 10 -Volts ........ $1.19 
( #C -14 -121 - 150 -MF @ 25 -Volts .98 -. 

RUNNING TIME METER 

(Cox-100 I -- Use to record umher of op- tar 
0,ltng hours of electric light.. and electrical rd'LLt I. 

devices such us refrigerators. furnaces, e 
Records total hours, tenths and hundredths up 
to 9,999.99 hours. For 115 -colt, how,cles. ' 

Sloe 4'," n.l" n 2', ". Shipping weight 2 lbs $5.69 
, aä.nn 

12 and 24 -VOLT TRANSFORMER 
(015920) 

1 Ft YI n 11 ^ 
a- I 1 1 '4 It 730-watts. 

capai di a' n + nit 94 p. 

1 1_ I I I rotten' chargers. running fl 
u motors, et. n 5 . I IS lbs., ^^ 

Cost ,.,,n't One, $35.00 

a 

$16.72 

EXPANDED SCALE 0 - 15 DCVM 

(#21-900)-- Brand oe expensive voltmeter 
cad, 9.3 to la -,olio 11b' and 3 u ie,oltw. ten' useh,l 
for automotive and aircraft ha ten charge indicator, 

t 1 1.val mu,remeni, black phenolic case. 
7 n 'n ". (3 IM.) 

'.Oa' 

List $32.30 $7.97 

SILICON DIODES 

$5.90 
. PREC-3 I- -New-, 0.1- 

275.. we, 30.,oil. äI40.1. 
Fine -,volt. r64044. 

Fine for ni urrent rectifier. 
(11 lb./ Lid ove $IS.Tm 

DIGITAL 
READ -OUT .,1 

UNIT 
Cost Gov't $230.00 y 

$3.97 ` ' 
(#EE -17) -- rains 

at". unit runt$ lux , "read- 
nut". 'Sxti!'.ï ° "nn u,...n 

gear.. inlays. 

TYPICAL BUYS FROM OUR 1969 CATALOGS 
Our new 1Nì9 Catalogs f101. =I and o2) contain hundreds of 

tremendous buys in electronic equipment. power plants, welding 
generators, hauen winches. hoists. elertrtc golf carts, hydraulic 
gear. walkie -talkies, laps recorders, binoculars, eying In. 
struments, all types 12.,11 power motors, blowers, relays, etc. 

S100.00 Automatic Telephone Step Switches $9.95 
0275.00 Geared Battery Motors For Electric Cars $26.95 
9 30.00 Standard Dial Handset Telephones $7.50 
S 4.50 Power Transformer I I5V to 25V $1.21 
S 31.50 150 -Watt Transformers I15V, to 24V $19.81 
5650.00 Power Plant 5000 -Watts, 115 -Volts $135.00 
S 30.00 115 -Volt AC Watt-hour Meters $5.95 
5 42.50 115-Volt, 35 -Amp. Clock Timer Switch $8.91 
15 -Vol. Discontinued Correspondence Course 

In Electrical Engineering $8.79 

SEND 251 COIN OR STAMPS FOR CATALOGS 

xtl r All Items FOB Money Back Guarantee 
. 

SURPLUS CENTER '1 DEPT. EW -U1 9 LINCOLN, NEBR. 69501 
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YOUR SERVICE AND 
QUALITY LEADER 

TRIACS 
TO -66 
5 AMP 

PRV 
100 
200 I 

300 I 

400 
500 

.90 
1.40 
1.75 
2.25 
2.60 

AVALANCHE MODE TRANSIS 
TORS, used for TRIGGERING 
SCR's & TRIACS, with diagrams 

3/$1.00 

UNIJUNCTIONS! 
Similar to 2N2419. RBB of 5 -7 
stand off ratio of .6 and Ip of 
12, with data sheet $1.50 

ZENERS 1 Watt 7 -68V $ .40 
10 Watt 7.200V $ .75 

MOUNTING 
HARDWARE KITS. 

These kits are used to mount our 
SCR's Zeners and Rectifiers etc. 

6X32 (3, 12 amp rectifiers, 
7 amp SCR's) 6 sets /$1.00 
1/4X28 (40 amp rectifiers, 

20 amp SCR's) 4 sets /$1.00 

O T A 
L A L 
I T E 
D E 

SIM to 2N3429 (NPN). SI r /s" 
stud. min HFE of 30, 7.5 Amps. 

175 watts, VCe of 75 $1.75 
N- CHANNEL FET'S TO-18 plastic 

units, low noise, low leakage, 25 volts 
source to gate, 50 ma gate current 
Gain to 9000 µmho's. $1.00 

NEON LIGHT OR NIXIE TUBE 
DRIVERS. An NPN, TO -18, SI 

Transistor. With a VCBO of 120 
3/$1.00 

IN2326 voltage and temperature 
compensating diodes 4/$1.00 
500 HFe plastic transistors. 
NPN, TO -18, SI unit similar to 

2N3565 4/$1.00 
Silicon Power Rectifiers 

PRV 3A I 12A 
100 .09 .30 
200 .16 .50 
400 .20 .70 
600 .30 1.00 
800 .40 1.25 

1000 .55 1.50 

40A 
.75 

1.25 
1.50 
1.80 

Terms: FOB Cambridge, Mass. 
Send check or Money Order. Include 
Postage. Average Wt. per package 
1/2 Ib. No C.O.D.'s. Minimum Order 
$3.00 

Rated companies 30 days net 
TELEPHONE (617) 547 -4005 

POST OFFICE BOX 74B 

SOMERVILLE, MASS. 02143 
featuring transistors & rectifiers 

SEND FOR OUR LATEST CATALOG 
Business Address: 325 Elm St., Cambridge, Mass 

INTEGRATED 
CIRCUITS 

9030 8 bit memories $4.95 

LINEAR CIRCUITS 
FM IF AMPLIFIERS ....,....... $ .90 
702C WIDE BAND DC AMPL. $2.20 
709C OPERATIONAL AMPL.. $2.75 
710C HI SPEED DIFF. AMP. $2.20 
711C DUAL COMPARATOR_... $2.75 

DIGITAL RTL CIRCUITS 
2-914 QUAD 2 input gates $1.25 
900 Buffer $1.25 
925 Dual 2 input gate expander 

$1.25 
923 JK flip flop $1.25 
2.923 Dual JK flip flops $1.50 

EPDXY and CONTROLLED AVA- 

LANCHE RECTIFIERS. 1 AMP. 

PRV 
loo .07 
200 .09 
400 .12 
600 .18 
800 .22 

1000 .35 

Silicon Control Rectifiers 
PRV 13A 7A I 20A I 70A 

50 1 .35 .45 
1 .701 

100 
1 

.50 .65 
I 1.00 I 4.00 

200 . .70 .95 1.30 I 8.00 
300 I .90 1.25 11.70 I 

400 
1 

1.20 1.60 12.10 I 12.00 
500 I 1.50 2.00 12.50 
600 1.80 2.40 3.00 I 16.00 
70012.20I 2.80 I 

1000 I I I 5.00 124.00 

CIRCLE NO. 94 ON READER SERVICE CARD 

HI -FI EQUIPMENT -GET Our "ROCK BOTTOM" 
prices on NAME BRAND amplifiers- tuners- 
tape -recorders - speakers FRANCHISED - 59 
YEARS IN BUSINESS. Write for this month's 
specials -NOW! Rabson's 57th St., Inc., Dept. 
569, 119 W. 57th St., New York, New York 10019. 
DON'T THROW YOUR OLD CARTRIDGE AWAY. 
Send us $50.00 and any old used cartridge and 
we will ship you via air Prepaid anywhere the 
following Top Stereo Cartridges: Shure V -15 
Type II, Empire 999VE, ADC 10EMK II, Stanton 
681EE. Write for lowest quotations all stereo 
components. DEFA ELECTRONICS, 2207 Broad- 
way, New York, N.Y. 10024. 
LOW, LOW quotes: all components and re- 
corders. Hi -Fi, Roslyn, Penn. 19001. 
HI -FI components, tape recorders, sleep learn 
equipment, tapes. Unusual Values. Free cata- 
log. Dressner, 1523 R Jericho Turnpike, New 
Hyde Park, N.Y. 11040. 
DON'T THROW YOUR OLD CARTRIDGE AWAY. 
Send us $19.95 and any old cartridge. We will 
ship PREPAID any one of the following top 
rated elliptical diamond stereo cartridges NEW: 
Shure M75E, M91E, M92E, Empire 888E, Picker- 
ing V15AME3, XV15 ATE, ADC 660E, 550E. 
Write for lowest quotations all stereo com- 
ponents. DEFA ELECTRONICS, 2207 Broadway, 
New York, N.Y. 10024. 
ACOUSTIC RESEARCH products now available. 
to overseas personnel, diplomats, and citizens 
of foreign countries. Write for full product and 
dealer information. AR International, Dept. EW, 
24 Thorndike St., Cambridge, Mass. 02141. 
NEW record changers. BSR -$13; V.M. -$16; Gar - 
rard-$22; Radio -Phono stereo -$15. "CHANG- 
ERS," E.W., 2737 Third Ave., Bronx, N.Y. 10451. 

PRINTING 
WPE- HAM -CB QSL'S samples 25¢. Dick, 
W8VXK, Gladwin, Mich. 48624. 

GOVERNMENT SURPLUS 
JEEPS Typically From $53.90 ... Trucks From 
$78.40 ... Boats, Typewriters, Airplanes, Multi - 
meters, Oscilloscopes, Transceivers, Electronics 
Equipment, Used. 100,000 Bid Bargains Direct 
From Government Nationwide. Complete Sales 
Directory and Surplus Catalog $1.00 (Deductible 
First $10.00 Order). Surplus Service, Box 820 -K, 
Holland, Michigan 49423. 

PERSONALS 
MAKE FRIENDS WORLDWIDE through interna- 
tional correspondence. Illustrated brochure free. 
Hermes, Berlin 11, Germany. 
LEMURIAN VIEWPOINT -Meaningful discussions 
of Cosmic Truth: the purpose of human life, 
reincarnation, man's place in a Higher Plan, 
and subjects from the Lemurian Philosophy. 
Send for FREE copy. Lemurian Fellowship, Dept. 
904, Box 397, Ramona, Calif. 92065. 

HYPNOTISM 
FREE Hypnotism, Self- Hypnosis, Sleep Learning. 
Catalog! Drawer H400, Ruidoso, N.M. 88345. 
AMAZING HYPNOTIC record kit releases fantas- 
tic mental power! Free offer expires soon. Write: 
Forum, Studio AA1, 333 North Michigan, Chi- 
cago 60601. 
HYPNOTIZE ANY SUBJECT, EVEN AGAINST 
WILL! Secret techniques of professional hypno- 
tists revealed. $1.00. SUCCESS OR MONEY 
BACK. R. J. Graham, 171 East Bank, Fond du 
Lac, Wisconsin 54935. 

CHEMTRONICS 

CLIEOR100E r usE 
SPECIALLY FORMULATED 
TUNER CLEANER FOR 
COLOR TV TUNERS 

Accept no substitutes, 
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HYPNOTIZE SUCCESSFULLY! RESULTS ABSO- 
LUTELY GUARANTEED! ONLY RESULTS COUNT 
-RIGHT? Complete illustrated course -including 
"SECRET NERVE METHOD." They never know! 
$2.00. H. Fowler, Box 4396, Woodbury, N.J. 
08096. 

BOOKS 
FREE CATALOG. BOOKS FOR ADULTS. CATA- 
LOG. 2217 LACKLAND, ST. LOUIS, MISSOURI 
63114. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

MEDICAL FILM -Adults only -"Childbirth" one 
reel, 8mm $7.50; 16mm $14.95. International 
W. Greenvale, Long Island, New York 11548. 

SCIENCE Bargains- Request Free Giant Catalog 
"CJ" -148 pages -Astronomical Telescopes, Mi- 
croscopes, Lenses, Binoculars, Kits, Parts, War 
Surplus bargains. Edmund Scientific Co., Bar- 
rington, New Jersey 08007. 

MAGNETS 

MAGNETS. All types. Specials -20 disc mag- 
nets, or 2 stick magnets, or 10 small bar mag- 
nets, or 8 assorted magnets, $1.00. Maryland 
Magnet Company, 5412 -E Gist, Baltimore, Mary- 
land 21215. 

EMPLOYMENT INFORMATION 

FOREIGN and USA job opportunities available 
now. Construction, all trades. Earnings to 
$3,000.00 monthly. Paid overtime, travel, 
bonuses. Write; Universal Employment, Wood- 
bridge, Conn. 06525. 

EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep, hypnotize with your re- 
corder, phonograph. Astonishing details, sensa- 
tional catalog free! Sleep- Learning Association, 
Box 24 -ZD, Olympia, Washington 98501. 

LEARN WHILE ASLEEP Miraculously build Mind 
Power, achieve Self- Confidence, improve Health, 
gain Success. Method 92% effective. Details 
free. ASR Foundation, Box 7021EG Henry Clay 
Station, Lexington, Kentucky 40502. 

USED Correspondence Courses and Books sold 
and rented. Money back guarantee. Catalog 
free (Courses Bought). Lee Mountain, Pisgah, 
Alabama 35765. 

NEW GEIG CATALOG! 
MILITARY ELECTRONICS 

G&G 24 PAGES crammed with 
Gov't Surplus Electronic 
Gear -the Biggest Bar - 
gain Buys in America! It 
will pay you to 

SEND 25 it 
for your copy- Refunded 
with your First Order! 

BC -645 TRANSCEIVER. 15 tubes. 
435 lu 'lai me. Easily adapted for 
2 way voice or orle on Hain. Mobile. 
Television Experimental and Clti. 

Bands. with tubes. less power gens' 
Brupply In tartn,. carton. $16.95 and new 
SPECIAL PACKAGE OFFER: BC-ill:, 
Transceiver. 

including 
and all ac- 

cessories, including ouplete,. UHF Antenna As. 
nembnes, control box, complete, BRAXII NEW $26.95 

AN /APR -4Y FM & AM RECEIVER 
"FR" FOR SATELLITE TRACKING! 

High precision lab Instrument. for monitoring and measuring frequency and relative signal Strength, 38 to 9000 Me, ln 5 tuning ranges. For 110 V 80 cycle 
AC. Built -in power supply- Original circuit QQn 8.So diagram included. Checked out, perfect, .pX 
LIKE NEW vJ o 
All Tuning Units Available for Above 

SCR -274 -N, ARC -5 COMMAND SET HQ! 
Freq. Exc. BRAND 
Range Type Used NEW 
RECEIVERS, Complete with Tubes 
190 -550 He BC -453 ...$18.95 $23.50 
3.6 MC. BC -454 ...$16.50 $21.50 
6.9.1 Mc. BC -455 ...514.95 $19.95 

$21.50 
TRANSMITTERS, Complete With Tubes 4.5.3 MC. BC -457 .. .S 6.95 $11.95 5.3.7 Me. BC -458 

.1.167.9955 
$12.95 

7.9.1 Mc. BC-459 .. $22.50 
2.1 -3 Me. T 18 .. - $10.95 
3 -4 MC. T -19 ...$10.50 $14.95 
IF YOU DON'T SEE WHAT YOU WANT, 
write its! Chances are, we can ship im- 
mediately from our huge stocks, or we can 
get it for you -at Lowest Published Prices! 
TERMS: Ellher ':l!° liepnsit e'Bh der. bslanre C.O.l1. 

-OR- Itr,mittanre to t'oli. \l inlnom, order 
g.in. All shipments F.O.R. warehouse. NYC. All 

'n rh: nndisr sn,lrrt to prior sale and price change. 

G & G RADIO SUPPLY COMPANY 
Telephone: (212) "CO 7 -4605 

75 -77 Leonard St., New York, N.Y. 10013 

ELECTRONICS WORLD 
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EVERYTHING UNCUDITIONALLY GUARANTEED! 

SILIC. RECTIF. 8000 PIV 400 MA. pair .... 5.30 
R -23 /ARC -5 Command revr 1911 -5311 ke. 14.95 
A.R.C. 12 = 22 Co romand r 54141000 kc. 17.95 
LM -14 fre,l. meter. .01'': 125 ke -211 me 57.90 
T5 -323: UR freq. meter 20 -4811 i 001% ..169.50 
BC -221 tt; I,tvr, 79.50. TS -175 t í'.(185.1g1), 125.00 
CLOSING OUT Radio Receivers 38 -4000 me at CRAZY 
LOW PRICES! Ask for APR -4Y /CY -253 sheet. 
ELDICO 556 ADAPTER SBA -1: Converts any revr with rev 
455 kc IF to SSB; select either nideband. 797. 50 
11.so adds C1V Ose. Exc., we /hook 1L ..1IVV 

R -392: Compact version of 11 -390! Some digital xtl- 
callb tuning 4_ -:32 me, same s nsit. Simpler Inter. 
No pwr sply in It: tubes work on 24vdc. 3A. only 
llot11'2514 ", only 52 lbs. 455 ke IF. aeady t 

OK grtd. w /pwr only. hook. intereotnlert 
525.00 ,rrI & plug 

R- 390A /URR: ('ream -puff c n,lition. with Noy 
plate. Back nag but With .phd cabinet beh`liel tl,. 
peuud. 0I: un !.nett ` as is. i'hecked for 

750.00 011 SellSil. & brat e cry 1110 kc 
SP- 600 -JX ultra-clean. In cabinet, aligned, 1 

' 1 

0.54.54 Inc. w /xtl tiller & provision, ti,r favorite stations to be x11 selected. 
355.00 Only 

R- 44 /ARR -5: AM /FM 27 -143 m modified !y 
greater s l lt.. w /pwr sply, ready to use. 149.50 IF is Hlli. t/hook 
S -36 aier ft ors commercial version of 79.50 ,i,ov c. oberk ea ,K ready to use. v; honk 1 

FAIRCHILD SOLID -STATE SCOPES all tv /dual -trace piugius 2.5 & 50 tt 
. 

w /delayed k: tndela yo,l tinte- base pillgi i IS t 1 1n,ó:, w /retient Nistraeea hie 

7;1.1,.. 
100 / grid. obtained during corporate 

875.00 change -heir to the Dumont 
't 

ty . I.o as 
WRIYE FOR LIST of thune &others 1Tekt.. me., 
MARCONI $890 Deviat. Meter 5/25/75 

149.50 
001°'0: heel seh FM -:3 w'/051 -2. pwr silly ....375.00 

FM -3 t- /invr silly, trithnttl 11M -2 275.00 
FM SIGNAL GENERATOR? Enough cidental l'ii 

a (rollt follriti' Ing l'1W /A111 sets for. all nerds i , 

_ :Mobile Itadloshop. All roil letely c 0ói. 
mil,,t. 

refinished. w /NHS. tiriorabllo Pert. of l'atit,.. 
book. tv /tenni nated cool: Meas. Corp. 4811 12 -4110 
01$2951. = BIIR 15.á7s rim. 8:3751. 14.0. 60SA 

11.5011 n,.. up to 1.0 Vo. :14751. 

Generate 10 Cy to 10 me! Hetvl -Pack 11:1 Ií:1- 
tetered output and otter,. clown to 1" , 11, Ili ilti stops. io 000 ohms. Vo up ta 3 t. ''295.00 Flat to 1 db. ('alti,. certitle,t 

Generate 10 kc to 50 roc: UItM -23D or F. ylier"v,, t 
cati!. 0.1 uv to 11.1 t sri ohms. Xtt 2 o-best e teh 

rate. Neat. compact. \With hook. 11F 
tm ol, `'.bru' ohm 

accurate. 
BNl' to headset- 

350.00 .iirtek adapter, fall). terril 
Wheatstone Bridge .05% accurate! LAN s 1- 2 -i. 
. I s thrn Ks. X.nnlrt tltru XtttK. Very tow 227.50 m tart rt ist. -:5-. coml. & grtd 
Pwr Sillies 

( 

which digit-dis! the VOLTS or 
the MA you want. 0. 1 1; .I, ,urate! Ask for Cat. :.I. 

WE PROBABLY HAVE THE BEST INVENTORY OF 
GOOD LAB TEST EQUIPMENT IN THE COUNTRY. 
BUT PLEASE DO NOT ASK FOR CATALOG! ASK FOR 
SPECIFIC ITEMS OR KINDS OF ITEMS YOU NEED! 
WE ALSO BUY! WHAT DO YOU HAVE? 

R. E. GOODHEART CO. INC. 
Box 1220 -A, Beverly Hills, Calif. 90213 

Phones: Area 213, office 272.5707, messages 275.3342 

Electronics World 
SUBSCRIBER SERVICE 

Please include an address label when writing about 
your subscription to help us serve you promptly. 
Write to: Portland Place, Boulder, Colo. 80302 

CHANGE OF ADDRESS: 
Please let us know you 
are moving at least 
four to six weeks in 
advance. Affix maga- 
zine address label in 
space to the right and 
print new address be- 
low. If you have a 
question about your 
subscription, attach 
address label to your 
letter. 

TO SUBSCRIBE: 
Check boxes below. 

New Renewal 
5 years $21 
3 years $15 
1 year $6 

SPECIFY: 

.-AFFIX LABEL 

r --r l 
§__ 

m o c 
m 

m 

o 
of 
co 

iv 
III 

o- 
o. 

Payment enclosed - 
You get 1 extra issue L 
per year as a BONUS! Add'I postage:$1 peryear outside 
Bill me later. u.s., its possessions 8 Canada. 

Filme please print 0275 

address 

city 

State 

January, 1969 

ZIP -code 

$100,000 "EYE SEE" BONANZA BY POLY PAK 

Fairchild No. 
900 Buffer 
902 It -S Plitt Flop 
903 3 In. Gate Nand /Nor 
903 -903* i Input gate Nand /Nor 
904 -904* Half arider 
910 Dual Two Input Gate 
914 Dual Two Input Gate 
914 -914* Dual Two Input Gate 
915 Dual 3 Input Gate Nanrl /Nor 
923 .1K -Flit Flop 
923 -923* .1K Flip Flop 
925 Dual 2 Input Gate, Expander 
927 Quad Inverter 
930 Dual 4 Input Gate Nand /Nor 
933 Dual Input Gate, Expander 
944 Dual 4 Input Power Gate 
945 Clocked Flip Flop 
946 Quad 2 Input Gate Nand /Nor 
948 Clocked Flip Flop 
950 :AC Binary 
952 Dual 2 Pinput Inverter Gate 
954 Puai 4 Input and Gate 
955 8 Input and Gate w 2 output 
956 Dual 2 Input bluffer 
957 Dual Rank (hold) Flip Flop 
961 Dual 4 Input Gate w /expander 
962 Triple Gate 
963 Triple Gate 

* 'furo identical IC's 

INTEGRATED CIRCUITS! 
I:> Lu' the biggest Integrated Circuit Sale in our 
hi =tory. NOBODY! That's right NOBODY under- 
sells Poly Paks. Imagine - buy 1 Integrated Circuit 
at Our bargain price and get. the 2nd one for 
()NI.Y le . that's right ONE CENT! NO 
1.1 MIT PER ITEM! Every item guaranteed as 
nJttrtiserl. All include data on Integrated Circuits, 
schematics, and or hookups, and as much as 40 
circuits. 'l'I!IS OFPER IS LIMITED! 

EACH 1c MORE 
1 for 1.49 2 for 1.50 
1 for 1.49 2 for 1.50 
1 for 1.49 2 for 1.50 
1 for 1.49 2 for 1.50 
1 for 1.49 2 for 1.50 
1 for 1,29 2 for 1.30 
1 for 1.29 2 for 1,30 
1 for 1.49 2 for 1.50 
1 for 1.49 2 for 1.50 
1 for 1.49 2 for 1,50 
1 for 1.69 2 for 1.70 
1 for 1.49 2 for 1.50 
1 for 1.49 2 for 1.50 
1 for 1.49 2 for 1.50 
1 for 1.49 2 for 1.50 
1 for 1.49 2 for 1.50 
1 for 1.69 2 for 1.70 
1 for 1.49 2 for 1.50 
1 for 1.69 2 for 1.70 
1 for 1.98 2 for 1.99 
1 for 1.29 2 for 1.30 
1 for 1.29 2 for 1.30 
1 for 1.29 2 for 1.30 
1 for 1.29 2 for 1.30 
1 for 1.98 2 for 1.99 
1 for 1.49 2 for 1.50 
1 for 1.49 2 for 1,50 
1 for 1.49 2 for 1.50 

1 AMP TOP HAT AND EPDXIES 

Ph, Sale PIV Soie 
50 E 5t 800 íJ 190 

100 7, 1000 79, 
200 [I 8f 1200 í ] 42, 
400 - 10, 1400 L 554 
600 I 15, 1600 , 69c 

PIV Sole 
1800 FI 82f 
2000 1.25 
3000 1.50 
4000 1.95 

Actual Size -,1. -1'r- 
' . AMrt 

PIV 56Ie PIV S.I. 
So 51 600 Si 1 

MICROMINIATURE 100 0 7t 800 19. 

SILICON RECTIFIERS 2: E 1ró¡ roar 29, 

'GLASS AMP' /SILICON RECTIFIERS 

ONE AMP / Ply Sole PIV Sole 
50 5, 600 191 

PR' ma loo 7, 800 0 211 
ter e ae4 ' 200 9, 1000 [ 321 
ereawlnc na.,,. 400 12, 1200 rI 45, 

NE -2 NEON BULBS 20 for S1 

Term S: a,l.t pi,.ta Ke. Rated: net 39, erero 
Phone Orders: Wakefield, Mass. (617) 245 -3.929 
Retail: 211 , 'tIhion, St., 'S urI. r-lield, Macs. 
GIANT 1969 ' CATALOG OB: Parts, Rectifiers OÇ 
E Transistors, SCRs, I.C.'s, Equipment, Etc. 

POLY PAKS 
P.O. BOX 942w 

LYNNFIELD, MASS 
01940 

one package 

"va, 
CHOO E e T RV V 

Lì50 COILS AND CHOKES, if, rf. ant. ose. peaking, et$1 
65 HALF WATTERS, to 1 meg. 5' popular values toll 
060 HI- QUALITY RESISTORS, 1, I, 2W asst values $1 10 RCA PHONO PLUGS It JACK SETS, tuners, etc..,41 
0$25 SURPRISE PAK: transistors. rest, diodes. etc. .$1 
D2-PC INFRA -RED DETECTOR 6 FILTER SETsciencepro$1 
02 FIELD EFFECT TRANSISTORS, n channel, hobby , S1 

050 TERMINAL STRIPS, 1 to x lug types $1 

03 PHOTO ELECTRIC CELLS, hi. imp., schematic $1 3 TRANS'TOR AMPLIFIER, WIRED, 3x2x- % "schematir$1 
010 PRINTED CIRCUIT BOARDS, copper clad, 100 use$) 
010 TRANSISTOR SOCKET$, for pop & npn types 51 

laPANEL SWITCHES, toggle, slide, micro, rotary 51 

EJ 40 CORNING "LOW NOISE" resistors. popular 5':.$1 
.] 40 "MICRO" RESISTORS, 1 (10W. Gib Hobby musl$1 
SO GERMANIUM GLASS DIODES, 1N34, 1N48 no test$) 40 TOP HAT SILICON RECTIFIERS, no testasst value$1 25 EPDXY RECTIFIERS, silicua asst, no test $1 
D40 PRECISION RESISTORS, 1,_ -2W. 171 asst values 41 
030 TRANSISTORS, rf, if, audio, osc. no test $1 

D60 TUBULAR CONDENSERS, to .5mf to IKV, asst , ,$1 
050 DISC CONDENSERS, to.05mfnpo, temp coef, asst$) 
060 TUBE SOCKETS, receptacles, plugs, audio, et'c $1 
030 POWER RESISTORS, to 25 watts, to 24K ohms -$1 
D6 "IBM" COMPUTER BOARDS, many trans,diortes$1 
D3 2N3563 TRANSISTORS, npn, 600mc, 100hfe, epoxy$) 
010 VOLUME CONTROLS, to 1 meg, switch too! . $1 

010 ELECTROLYTICS, to 100mf, tubulars too, asst 51 

050 RADIO d TV KNOBS, asstd colors & styles $1 
010 TRANS'TOR ELECTROLYTICS to 100mf, asst value$) 
40 "MICRO" CONDENSERS, for transistorcircuitr7$¡ 

CIRCLE NO. 99 ON READER SERVICE CARD 

INVENTIONS WANTED 

INVENTORS We will develop, help sell your 
idea or invention, patented or unpatented. Our 
national manufacturer clients are urgently 
seeking new items for outright cash sale or 
royalties. Financial assistance available. 10 
years proven performance. For free information, 
write Dept. 42, Wall Street Invention Brokerage, 
79 Wall Street, New York, N.Y. 10005. 

INVENTORS! Receive free invention analysis at 
no risk to you. Send for FREE disclosure form 
today. New York Invention Service, Dept. 19, 
160 Broadway, New York, N.Y. 10038. 

PATENT Searches including maximum speed, 
full airmail report and closest patent copies, 
$6.00. Quality searches expertly administered. 
Complete secrecy guaranteed. Free Invention 
Protection forms and "Patent Information." 
Write Dept. 23, Washington Patent Office Seach 
Bureau, 711 14th Street, N. W., Washington, D.C. 
20005. 

BUSINESS OPPORTUNITIES 

INVESTIGATE ACCIDENTS: Earn to $1000 
monthly. Men urgently needed. Car furnished. 
Business expenses paid. No selling. No college 
education necessary. Pick own job location. 
Investigate full time or earn to $8 hour spare 
time. Write for FREE information. No obligation. 
Universal Schools, CZ -1, 6801 Hillcrest, Dallas, 
Texas 75205. 
FREE CATALOGS. Repair air conditioning, re- 
frigeration. Tools, supplies, full instructions. 
Doolin, 2016 Canton, Dallas, Texas 75201. 

I MADE $40,000.00 YEAR by mailorder! Helped 
others make money! Start with $10.00 -Free 
proof. Torrey, Box 318 -N, Ypsilanti, Mich. 48197. 

JAPANESE Electronics New Products Monthly! 
Specimens copy $1, deductible. Dee, 10639 -W 
Riverside, North Hollywood, Calif. 91602. 
FREE BOOK "990 Successful Little -Known Busi- 
nesses." Work home! Plymouth 345 -R, Brook- 
lyn, New York 11218. 
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MAILORDER . Stop Looking! Start Your own 
Business! Methods, 1410 F.D., Lafayette Hill, 
Pennsylvania 19444. 

EMPLOYMENT OPPORTUNITIES 

FACULTY WANTED: Delta College, one of Michi- 
gan's finest, needs faculty for an electronics 
engin-cring technology program. Masters De- 
gree preferred. However, will consider a Bach- 
elors Degree in Electrical Engineering. Experi- 
ence is necessary. For further information con- 
tact Occupational Dean, Delta College, Uni- 
versity Censer, Michigan 48710. 
DESIGNER /manufacturer electronic music in- 
struments has opening for sales /service repre- 
sentative in East, Midwest and Northwest. Quali- 
fications: capable servicing professional audio 
equipment; effective in sales; free to travel 
within radius of 500 miles. Six months to year 
supervised training. Excellent opportunity in 
growing field. Send full resume including refer- 
ences to: R. A. Moog, Inc., Dept. Ill, Trumans- 
burg, New York 14886. 

REPAORS AND SERVICES 

SPEAKER REPAIR. Hi -Fi, guitar, organ speakers 
reconed good as new at fraction of new speaker 
price. For details and Reconing Center in your 
area write: Waldom Electronics, Inc., Dept. EW, 
4625 W. 53rd St., Chicago, Ill. 60632. 
PLAY PIANO, ORGAN, ACCORDIVI by astonish- 
ing Eurpean method! Free sample lessens 
(state instrument). KLAVAR, Studio 29, P.O. Box 
3714, Arlington, Virginia 22204. 

AUTHORS' SERVICES 

AUTHORS! Learn how to have your book p::b- 
lished, promoted, distributed. FREE booklet 
"ZD," Vantage, 120 West 31 St., New York 10001. 
PUBLISH your book! Join our successful au- 
thors: publicity advertising promotion, beautiful 
books. All subjects invited. Send for free ap- 
praisal and detailed booklet. Carlton Press, Dept. 
ZDM, 84 Fifth Avenue, New York 10011. 

MISCELLANEOUS 

WINEMAKERS: Free illustrated catalog of 
yeasts, equipment. Semplex, Box 7208, Minne- 
apolis, Minn. 55412. 

STATEMENT OF OWNERSHIP. MANAGEMENT AND 
CIRCUL.ATION 1 ACT OF OCTOBER 23. 1962: SEC- 
TION 4369, TITLE 39. UNITED STATES CODE 1. 

1. Date of filing: October 1, 1968. 2. Title of 
publication: Electronics World. 3. Frequency of 
issue: monthly. 4. Location of known office of pub- 
lication: 307 N. Michigan Avenue, Chicago, Illinois 
60601. 5. Location of the headquarters or general 
business offices of the publishers: One Park Avenue, 
New York, New York 10016. 

6. Names and addresses of publisher, editor, and 
managing editor: Publisher. Phillip T. Heffernan. 
One Park Avenue. New York, New York 10016: 
Editor. William A. Stocklin. One Park Avenue. New 
York. New York 10016: Managing Editor. Milton S. 
Snitzer, One Park Avenue, New York, New York 
10016. 

7. Owner: Ziff -Davis Publishing Company. One 
Park Avenue. New York, New York 10016: William 
B. Ziff, One Park Avenue. New York. New York 
10016: Priscilla R. Stafford. One Park Avenue. New 
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KENWOOD receivers offer you 

THREE WAYS TO IMPROVE YOUR HEARING 

...TK -88, TK -66 and TK -55 

Even speech sounds crisp, clear 

and natural, And music really 

comes alive because KENW00 

solid state receivers reproduce 

exactly the original material. 

Each of these KENWOOD s &ereo 

receivers is a magnificent 

instrument with the most 

advanced engineering features. 

Compare them with others for 

specifications, performance 

and value. Each KENWOOD 

receiver is known the world 

over for dependability, 

reliability and quality. 

There never will be a better time 

than now to improve your 

hearing. Sound test these 

KENWOOD receivers at your 

nearest KENWOOD -f ranch sed 

dealer ... and decide which 

one is best for you. 

(shown from top to bottom) 

KENWOOD TK -88... FET, solid state, FM /AM, 90 -watt atereo receiver 

KENWOOD TK -66... FET, solid state, FM /AM, 60 -watt stereo receiver 

KENWOOD TK -55 ... FET, solid state, FM only, 60 -watt stereo receiver 

the sound approach to quality- 1{ENW00D 
3700 S, Broadway PI. Los Angeles. Calif. 90007 
69.41 Calamus Ave, Woodside, N. V. 1137? 
Exclusive Canadian Distr. - Perfect Mfg. 2 Supplies Corp. Ltd. 

CIRCLE NO. los CN READER SERVICE WARD 
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RCA HI -LITE respects and protects 
...a well- earned service reputation 
A good service reputation takes time to come by. Its put together call by 
call, customer by customer, day after day. So why shouldn't you expect 
the color picture tubes you rely on every day in your business to have 
earned a good reputation for themselves, too. 

That's what you get when you specify RCA HI -LITE. It's the replacement 
picture tube with OEM specs ...the same quality ... the same tube that 
goes into original equipment sets. With all -new glass, gun, the works! And 
such technical advancements as PERMA- CHROME and Unity Current 
Ratios. Plus the broadest line of types in the industry. 

Insist on HI -LITE, the picture tube that respects and protects your service 
reputation. 

RCA Electronic Components, Harrison, N. J. 
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